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BACKGROUND OF THE INVENTION
25 [0006) The present invention is directed to image processing technology. More
particularly, the invention provides an image processing method and system for detecting
changes of an imaged object. Merely by way of example, the invention has been applied to
crystallization in a microfluidic device. But it would be recognized that the invention has a

much broader range of applicability.



Specifically, a high-quality crystal of a target conpound can be anal yzed by
x-ray diffraction techniqgues to produce an accurate three-dinensional
structure of the target. This three- dinensional structure information can
then be utilized to predict functionality and behavior of 5 the target.
[0008] In theory, the crystallization process is sinple. A target conpound
in pure formis dissolved in solvent. The chem cal environnment of the

di ssolved target material is then altered such that the target is |ess

sol ubl e an@oeRV &hjalliAtibhR a8 #diitaﬁhébﬁﬁ h&o%e\b%l@él:dlﬁﬁdéﬂéfnﬁ@al axtEh' s change in
chem cal environnment is typica acconpl i shed by introducing a

crystal | i zPnseifiaalyeruigh- q‘Eﬂ%X 0%%(% a fapgst Q%Pgéftd qeabepnafiized b rayaiiffisption al t hough

changes Inteélﬂala@srtagfbﬁ@c@aa%c&ategﬁw éiﬁ‘f&nﬁ'sﬁ&hh@f)f&l@fb?g%t Sﬁhymé el Ly Of the
target materi I'n practice however, form ng igh quality crystal

i s general qhgaeléﬁomh sa;rmttlreamfermaél@nﬁm theacheiupiiesd 49 predict fnwenahtm@dﬁmbamr ofal " and
error and paiigpce on the part of the researcher. Specifically, the highly
conpl ex structure of even sinple biological conpounds 15 neans that they are

not amenab 0 .f S I I | ne ructure Ther ef ore,
2 esoar cniiods In Sy Bolihulor QSRS Butid °h ikt BB Bl o 5 G
nunber  of digsolveld inisolventf @he clrepsdabérviraahenoor, theadmsehrbd\ g:rgmamamiiléf @esuch as

sanpl e con entr [ ol ven 0 rature, and
dur ati on | “ﬁ]ﬂ?%thc?ﬁ?rgftr’ls ’tﬁssrf'oé"ﬁﬁ ‘ie"?ﬁi?%ﬁ’{i C'Ilyﬁtaﬁggfnﬁ crystal
ca BI be obt 'ammd%%% g}%dénigﬁ @mhﬁabl hegt 1d‘@ﬁ8ﬂ]?,ac©tnp$bhed gg gg:f@ﬂudg@ha drydtilllzing
publicagion ubl i, an ereln

i ncorp ¢at argnty tP@’F@rﬂ%cntE%c IﬁatF‘F e@ﬁ"gﬁiﬁ é’&b&lﬁ chppges By FBREASF8d t he speci fi c
pur poses dprshre s@chldo e @inBe SNhillg bEhdtargdt hatg.t hr oughput system for
screening conditions for crystallization of target materials, for exanple,

proteins. Bh@]sﬁﬁbﬁ%de%o%%'ﬂﬁﬂngﬂ ghqlmw &%'td#is%eﬁer&i@’dx%uﬁ"ﬂ@d’ ein an array
of metering célls is formed by a nul filayer el astomeri'c 25 manufacturing

process. Espartimes iswpssthle éfrqulr%rlmwh mar@wgowdmem@cwn Bapwsoighe opposi ng
chanbers [ t ough an
i nterconne%t%%%g&agf’crofapﬂit 1&1&1# i O%Hél%?ﬁé‘%g e ﬂc%'ﬁ%lgglﬁ?ﬁg go%?%tel n
sol uti dh, meabs thabthest dre not «'mwpdziﬂ! Wg’omibéﬂyowmd mystalﬂlge giruguyst al | i zat i on

reagent. A'll“l?e fg‘or% haeres%gl%ﬂé}qnust Be ﬁ/aﬁleﬁﬁnd életﬁ&ﬁ&i?‘te%gengn%nﬁ(fg%pnh a large number

of conditions for crystallization, altering parameters such as sample concentration, solvent
type, countersolvent type, temperature, and duration in order to obtain a high guality crystal,

if in fact a crystal can be obtained at all.

20 [0010] Hansen, et al., describe in PCT publication WO 02/082047, published October 17,
2002 and herein incorporated by reference in its entirety for all purposes and the specific
purposes disclosed therein and herein, a high-throughput system for screening conditions for
crystallization of target materials, for example, proteins. The system is provided in a
microfluidic device wherein an array of metering cells is formed by a multilayer elastomeric

25  manufacturing process. Each metering cell comprises one or more of pairs of opposing
chambers, each pair being in fluid communication with the other through an interconnecting
microfluidic channel, one chamber containing a protein solution, and the other, opposing
chamber, containing a crystallization reagent. Along the channel, a valve is situated to keep
the contents of opposing chamber from each other until the valve is opened, thus allowing

30 free interface diffusion to occur between the opposing chambers through the interconnecting
microfluidic channel. As the opposing chambers approach equilibrium with respect to

crystallization reagent and protein concentrations as free interface diffusion progresses, it is



t he contents of opposing chanber from each other until the valve is opened,
thus allowing 30 free interface diffusion to occur between the opposing
chanbers through the interconnecting microfluidic channel. As the opposing
chanbers approach equilibriumw th respect to crystallization reagent and
protein concentrations as free interface diffusion progresses, it is 2 hoped
that the protein wll, at sonme point, forma crystal. In preferred

enbodi ments, the mcrofluidic devices taught by Hansen et al. have arrays

of net eri NgpeEhktShONBERIAILNG sontd PR HRn b B stROROME o tBO b SfiRldls, the .
crystalli zaf’l on _experinents therein. Use Of such arrays in _turn provides
for high- tmww@aﬂmflgw%ﬁ%hb%ﬁaq%ﬂh% b have aBwgiof IEteEng enlls gprieining

crystall i Zabihods fop coMdhGlhg hRAH hﬁstﬁﬁ@dﬁ)éﬁ bxperib BiRd thbreih €75k BY ith hQRYs G Scl osed
d net hods for co h

herei n provides systenms an t hot nducting such analysis to

det er ni ne WHAEEeEdes fr highithronghppt tsding of nysresus cendiiops fog pratsia eiysialliessioni t i ons

i ndeed ¢ ¢ : to form BRI EF SUVWARY OF THE | NVENTI ON 10 [0012]
5 g.me%a :

The preseﬁ\{vﬁ?ﬁrg nti onkslﬁss directed to i mage processing technol ogy. Mire .

particul ar t L nventi.on prQvides an i € PLOoCeSsi t hod and system
for det ectdoﬁlgl] ?ﬁ‘ghﬂ gngcméfd% 31r?g)?d Eénoprgﬂﬁeéég?%ﬁeaggfnﬁ%@s &gfloql‘é a@%ﬁ le, the

i nvent i on dmalysibeeikteanint imaethéra patticylat et dfipratin erystallizaioficondifidny irdie€d devi ce. But
it would be rgc%gtn' é?e)% that the invention has a nuch broader range of
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15 {0013] According to the present invention, a number of embodiments of the image
processing method and system for microfluidic devices are provided. Merely by way of an
example, a method for processing an image of a microfluidic device includes receiving a first
image of a microfluidic device. The first image corresponds to a first state. Additionally, the
method includes receiving a second image of the microfluidic device., The second image

20  corresponds to a second state. Moreover, the method includes transforming the first image
into a third coordinate space. The transforming uses at least a first fiductal on the first image,
Also, the method includes transforming the second image into the third coordinate space.
The transforming uses at least a second fiducial on the second image. Additionally, the
method includes obtaining a third image based on at least information associated with the

25  transformed first image and the transformed second image, and processing the third image to
obtain information associated with the first state and the second state. In one example, the
third coordinate space is based on the prior known geometry of the microfluidic device. In
another example, although there are certain advantages to using the first image, the method
can work adequately without the first image. The second image is transformed into the third

30  coordinate space.



The transform ng uses at |east a second fiducial on the second inmage.
Additionally, the nethod includes obtaining a third i mage based on at | east
i nformati on associated with the 25 transformed first image and the
transforned second i mage, and processing the third inage to obtain

i nformati on associated with the first state and the second state. In one
exanple, the third coordinate space is based on the prior known geonetry of
the mcrofluidic device. In another exanple, although there are certain
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anal ysis and crystalljzatjon detection. Some_enbodi ments of the present
i nvention QP?PB@P?VPDH the embodiment, one or more of these benefits may be achieved. For

example, certain embodiments of the present invention improves the speed of imaging
analysis and crystallization detection. Some embodiments of the present invention simplify
the image processing system for crystallization detection. Certain embodiments of the

20  present invention improve sensitivity of the image processing method and system.

[0016] According to yet another embodiment of the present invention, a method for
processing an image of a microfluidic device includes receiving a first image of a
microfluidic device. The first image includes a first fiducial marking and a first chamber
region, and the first chamber region is associated with a first chamber boundary.

25  Additionally, the method includes transforming the first image into a first coordinate space
based on at least information associated with the first fiducial marking, removing at least a
first part of the first chamber boundary from the first image, processing information
associated with the first chamber region, and determining whether a first crystal is present in

the first chamber region.

30  [0017) According to yet another embodiment of the present invention, a method for
processing a plurality of images of a microfiuidic device includes receiving at least a first

image and a second image of a microfluidic device. The first image and the second image are



the i mage processing systemfor crystallization detection. Certain

enbodi nents of the 20 present invention inprove sensitivity of the imge
processi ng nethod and system 100161 According to yet another enbodi nent of
the present invention, a method for processing an inmage of a mcrofluidic
device includes receiving a first image of a mcrofluidic device. The first
I mge includes a first fiducial marking and a first chanber region, and the
first chanber region is associated with a first chanber boundary. 25
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first imge, and selecting a second
on at least information associated with the second plurality of features, and processing

information associated with the third plurality of features. Also, the method includes
determining at least a first likelihood based on at least information based on the third plurality
of features and a first plurality of parameters, processing information associated with the first
20 likelihood and the at least a first predetermined characteristic, and adjusting the first plurality
of parameters based on at least information associated with the first likelihood and the at least

a first predetermined characteristic.

[0019] According to another embodiment of the present invention, a computer-readable
medium includes instructions for processing an image of a microfluidic device. The

25  computer-readable medium includes one or more instructions for receiving a first image of a
microfluidic device. The first image includes a first fiducial marking and a first chamber
region, and the first chamber region is associated with a first chamber boundary,
Additionally, the computer-readable medium includes one or more instructions for
transforming the first image into a first coordinate space based on at least information

30  associated with the first fiducial marking, and one or more instructions for removing at least a
first part of the first chamber boundary from the first image. Moreover, the computer-

readable medium includes one or more instructions for processing information associated



plurality of features fromthe first plurality of features based on at |east
i nformation associated with the first plurality of features and the at

| east a first predeterm ned 15 characteristic. Mreover, the nethod includes
determining a third plurality of features based on at |east information
associated with the second plurality of features, and processing

I nformati on associated with the third plurality of features. Al so, the
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image and jog$1S e£RRins 1RO afbtfer embodiment of the present invention, a computer-readable

medium includes instructions for adjusting a classifier and processing an image of a

microfluidic device, The computer-readable medium includes one or more instructions for
receiving a first image of a microfluidic device. The first image is associated with at least a
20 first predetermined characteristic. Additionally, the computer-readable medium includes one
or more instructions for generating a first plurality of features based on at least information
associated with the first image, and one or more instructions for selecting a second plurality
of features from the first plurality of features based on at least information associated with the
first plurality of features and the at least a first predetermined characteristic. Moreover, the
25  computer-readable medium includes one or more instructions for determining a third plurality
of features based on at least information associated with the second plurality of features, and
one or more instructions for processing information associated with the third plurality of
features. Also, the computer-readable medium includes one or more instructions for
determining at least a first likelihood based on at least information based on the third plurality
30 of features and a first plurality of parameters, one or more instructions for processing
information associated with the first likelihood and the at least a first predetermined

characteristic, and one or more instructions for adjusting the first plurality of parameters



associated with a first focal position and a second focal position
respectively, and each of the first image and the second i mage includes a
first chanber region. Additionally, the conputer-readable nedi umincl udes
one or nore instructions for processing information 10 associated with the
first inmage and the second inage, and one or nore instructions for
generating a third i mage based on at |east information associated wth the
first image and the second image. Moreover, the conputer-readabl e nmedi um
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plurality of paraneters, one or nore instructions for processing

i nf or mat i o[0024]s dtipateth tidotigh 4chiepitt theproddske&flmdsking amhichapdebatctiorast a first

pr edet ﬁém neﬂ gﬁhar acteri St'%@{l .and .one or nore instructions for adjusting
P Cig

the first BRIPECT §Fograps™ gengon.

[0027] Figure 5 is a simplified diagram for an image processing method according to an

embodiment of the present invention.

[0028] Figure 6 is a simplified process 520 for transforming images according to one

embodiment of the present invention,

20 [0029] Figure 7 shows simplified wells and channels according to one embodiment of the

present invention.
[0030] Figures 8-10 are simplified diagrams showing sample 1-D signals.

[0031) Figure 11 is a simplified diagram for masking images according to one embodiment

of the present invention.
25 [0032] Figure 12 is a simplified diagram for implosion-padding process.

[0033] Figure 13 is a simplified method for wall detection according to an embodiment of

the present invention.

[0034] Figures 14(a), (b) and (c) are simplified diagrams for wall detection according to an

embodiment of the present invention;



based on at | east information associated with the first |ikelihood and the
at least a first predeterm ned characteristic. [0022] Dependi ng upon the
enbodi ment under consi deration, one or nore these benefits of the present

i nvention may be achieved. These benefits and various additional objects, 5
features and advantages of the present invention can be fully appreciated
with reference to the detailed description and acconpanyi ng draw ngs that
foll ow. BRI EF DESCRI PTI ON OF THE DRAW NGS [0023] Figure 1 depicts overview
of an exenfobzs]y Higmgisig 2 singilidiad medod A0 2ddlosiingiadding sccamthg2b ardé@fbodimeat t Op pl an
and cross-sectional. view of an exenplary mcrofluidic device used in

accor dance® etmesfﬁémfeﬂ“%ti on. [0025] Figures 3a and 3b depict how metering
cell stretch and distortion_may be conpensated in accordance with the

i nvent i on. [0p3fd2afisues bﬁ.ﬁs%‘nﬁﬁlﬁf’%ﬁ‘é@@ﬁ@d”ﬂéﬁpbﬁm? Rreopsingcte ag ebodipaank phg and

i mge subthaglihinvéhpiogMPl oyed in accordance with the invention. [0027]
Figure 5is a sinplified diagramfor an inmage processing nethod according to

an enbpdi : r de b RS [ [: ' ' ' ified
process: STy Himie £t Bashinc BiERh Gl ki B UAE G ReBoBb B || 2
present i neaypdingmt of2e gre@ROhveElgure 7 shows sinplified wells and channel s
according to one enbodi nent of the present invention. [0030] Figures 8-10
are sinplifoozg] diigge B816 ashmified methioP Fo irdagDikpa@rian sccofd@3dd in fthigidieeni 1 is a
sinplifi edvgjﬁaqgrr antmf or..maski ng i mages according to one enbodi nent of the
present in BRI B 9h32) Figure 12 is a sinplified diagram for

i npl osi on-@addi ng process, [0033]. Figure 13 is a sinplified nethod for wall
det ecti on HE¥Br ditge {Disawgtist frainme msthod perardiede am pmpodirasnt phife pregrnb 4]

Fi gur esg l4{hadntiofb) and (c) are sinplified diagrans for wall detection
according to an

[0040] Figure 20 is a simplified method for classification according to an embodiment of

the present invention.

[0041] Figure 21 is a simplified method for combining images according to an embodiment

of the present invention.

15 [0042] Figure 22 is a simplified diagram for deep chamber according to an embodiment of

the present invention.

[0043) Figure 23 is a simplified diagram for capturing multiple images according to an

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
20 [0044]) The present invention is directed to image processing technology. More
particularly, the invention provides an image processing method and system for detecting
changes of an imaged object. Merely by way of example, the invention has been applied to
crystallization in a microfluidic device, But it would be recognized that the invention has a

much broader range of applicability.

25 [0045] Figure 1 is a simplified diagram for an imaging system according to an embodiment
of the present invention. Figures 2a and 2b are simplified diagrams for a top view and cross-
sectional view of a microfluidic device according to an embodiment of the present invention.
The microfluidic device as shown in Figures 2a and 2b can be used in conjunction with the

imaging system as shown in Figure 1. These diagrams are merely examples, which should



enbodi nent of the present invention; 7. [0035] Figure 15 is a sinplified

nmet hod for inplosion padding according to an enbodi nent of the present

i nvention. [0036] Figure 16 is a sinplified diagramfor wall inplosion
according to an enbodi nent of the present invention. 5 [0037] Figure 17 is
a sinplified diagramfor wall inplosion at another tinme according to an
enbodi nent of the present invention. [0038] Figure 18 is a sinplified nethod
for image inspection according to an enbodi nent of the present invention.

[0039] Fi @df@d&@rlinﬁtﬂieﬁdoﬁ@bﬂtﬁdﬁﬂm&h&bﬂl Oge RdrfiQshy 810 @ the B wioBldan embodi ment
of the present 10 |nvent|0ﬂ 0040 %tulre 20 is a sinplified method for

cl assifi cé?‘i°§?fz%‘€ér&¥rvd‘f‘ﬂ?f °cajpns. t he present invention. [0041]
Figure 21 |s a sinmplified nethod for conbi ning i mages according to an
embodi nent(004§} %@%%@f@ﬁtﬂq ROERES é}honefslbf@@ar% inghefol@vipg masnes Eirshpl i fi ed

di agram f Qﬁlcl@ﬁﬁﬁlcqaﬁ@p@v@) ﬁ@&gfe@ ﬂﬂ:e& 911 a&ge‘%ﬁﬁaoﬁh&ﬁ Bh aBiked FlGrdYr@REN!

I nventi on. 43] gure 23 I mpl d'diagram for capturing nmultiple

i mages acc@pr@ﬂwgmtd@waﬁ(wbrﬂq;@amﬁmangdgetoﬁﬁlefqa@g‘ywrtmﬁmeﬂmﬁc deyiceAl LED

DESCRI PTI [£04 gcted to
i mage pr o?gb SI n}lﬁﬁ Q}WEP%A cgﬁlse%/g di0¢ Q]S f};ﬁ‘q ar ggﬁb%"’{b&\{n%f]@q’g’?ﬁ%gﬁ% des an

i mage pr oclssist (3§) metfrgd mt!symtb mﬁfsa) pf z:téurem’ ofijducohmagéw (39), wherkimaged

obj ect. ' L, QP ed to

cryst ai 1 2 f b ptel koo SRRl Coich AR bR SRS AR, D20 ¢t

t he i nventdisdmchfisma chaleh céntey adist, coraesgeto ffcusippiragia dévite(60)Hasddaaasdd Fi gure 1

's 2 s{gPlLioRls HhAhAMh Hanfl A TBILATe SURESILACEIEL WlrlRe RRordiIRQM! MeNt

of the fiducial with the imaging system. Two or more additional fiducial marks are then

likewise mapped with the assistance of a user. In other embodiments, this process is
automatic as the centroids of the fiducials can be calculated precisely by locating the
symmetric XY fiducial object and removing any non-symmetric components. Imaging

15  device (60), under the control of computer (110) then adjusts the z dimension location of
focal plane (105) to focus upon the fiducial marking (not shown in figure 1, but shown in
figure 2). For example, once focused upon the first fiducial marking, the imaging system
then obtains a first x,y coordinate image of microfluidic device (30) looking for additional
fiducial markings within the field of view of image device (60). In preferred embodiments,

20  the field of view can embrace an entire metering cell. The computer then analyzes the first
X,y coordinate image to determine whether the microfluidic device has skew and stretch, and
if skew or stretch are determined, transforms the first x,y image to align the image and
coordinate map of the microfluidic device to an idealized coordinate map. The idealized

coordinate map is used later during image subtraction and masking steps.

25 [0047] In preferred embodiments, with the microfluidic device x,y coordinate image
aligned against the ideal coordinate map, the system then determines whether the stretch,
distortion or lack of co-registration between the various microfluidic layers is present in the
microfluidic device by comparing the location of the fiducial markings in the X,y coordinate
image with the fiducial markings locations in the x,y coordinate image of the ideal stored

30  image map. If differences are present between the actual fiducial locations and the imaged
fiducial locations, a matrix transformation, preferable an Affine transformation, is performed
to transform the imaged shape of the metering cell into a virtual shape of the ideal metering

cell shape. By converting the actual image to a known and fixed 1deal image using the matrix



of the present invention. Figures 2a and 2b are sinplified diagrans for a
top view and cross- sectional view of a mcrofluidic device according to an
enbodi ment of the present invention. The mcrofluidic device as shown in
Figures 2a and 2b can be used in conjunction with the inmaging system as
shown in Figure 1. These diagrans are nerely exanples, which should 8 not
unduly limt the scope of the clains herein. One of ordinary skill in the
art would recognize nmany variations, alternatives, and nodifications.

[ 0046] | Eaﬁilﬂgmﬁatﬁnheﬂi?f)ﬂt% e gfea!!if&Sencésrbeﬂ\Fben the l&QdéulE’@rHc’lmal ﬂi%ﬁ:ﬁ?lo&@i'oh@w( 28)
manner. First I,0 | evi ce I S secure ac on stage :
Based on alifter ch i‘ﬁ?cﬁgc’r?}’ THees YPTasron @ phe YS‘%‘*ET'mé npl e, an
edge of thﬁosaa@ewmﬁfcé F?iurmﬂé’pﬁﬁté dil i@HaCrmideoflucic de(vi’t@)sbord&(iﬂﬂgét(@étueﬁﬁflo) t hen
causes X,y drive ( ve sta (20) about to align mcrofluidic device
(30) in a fPFEdes &coyf%ﬁéﬁ ‘P%grﬁnﬁﬂﬁ? Lﬁiﬂsﬁogted,dmcraﬂqumdgwr:% image (AlsoftEsdal  mar ki ng
(30), Wher g doofdifelhdiitichindPilsh My REDC URUmphdcy e diftsepled Ui di ¢ device
at a known di rensi on distance from a center point, comes into
focus by i hettreadhereoTdaste e teushanagix anabyeis, BanadeBsforgationamayRe fi xed
feature. Adéb%ﬁo?ecpcﬁ retfgiﬁa Y 8dtRMich4}8 el SOaSH ﬁﬁe?getfmspm&la?e@uﬁ@@lbw Balhg of the

fiducial with the imaging system Two or nore additional fiducial marks are

then | i kedsgéefhppad °@“P1911tBHEﬂ iregednigredlaidiprdesic weonformn ton fiendadsbagi nent s,
this procegs, E?ubﬁ@&ioﬁ%ﬁ& Gsld i gizﬁﬁ@a RRifh%e Mo Vidible %fa}n%teg@g i

cal cul ated precis ocatln symetric I ducl a ct and
removi A apl;amhemi\éqrmm, nf defestsiop nmprdSthhlg theechdmbéraibting egro mmder t he
control of h sk ' ' | f.  focal
ol ane. (1055 FoR bbb ciibhed; 88, AR el St o S IRBRNRRE BB Intles. |7
shown in fa zgmdéal%)posxﬁw whmaapplym,g aotooeted oxystsl&dcugpidiun tukadysfsi fﬁsaddinodtm:i al

mar ki ng, thelma the btalns Ir elmage of
mi cr of | ui diFERps) &taéga(sgg)ﬁ b|eﬁsg Comaﬁdte%f)tﬁgf Eébflfé% %ﬁ ORI IPHRE Wi t hi n
the field ofaybeebtrated ﬂ'mgmbdmuemanz(geﬂ)agalﬂm qsn@ﬁc&matedfmwbmlmgmﬂﬂhe 20 the
field qf V|e can e rac ire nme I n The ut er hen

anal y2d3 + REMHErepSigt st IR b e B R e SHFtee R

m crof | ui d centdEMy <« andihs cEdﬂﬁWl@l@d cat dlgwtbe balowmed baséd skiwpaxttiontof @ fwihd ar e
determ ned, obj :[ecrt ?nn gggnqrgl 1%9& Jucli gstthé( do¥11:r(|)1qle sethén?se ves. glrxl a%gtgerleg:?nqﬁe %lr]}s

correction is determined based on the control layer fiducials themselves. For certain

embodiments, this extra transformation is important since the control layer partitions the

20  protein chamber from the rest of the control lire.

[0048] Figures 4a through 4c depict how the above image subtraction and masking occur at
time zero prior to crystal formation. Figure 4a depicts a metering cell with debris, shown as
the letter "D" distributed about the metering cell chambers. Using the technique described
above, after the metering cell has been rotated, if needed, to align with the ideal metering

25  coordinate system, and after the metering cell has been stretch compensated to make the
imaged metering cell dimensions match those of the ideal metering cell dimensions, then
foreign objects not present in the ideal image are masked out, meaning that those regions
including, and immediately surrounding the foreign objects are masked so as to avoid falsely
triggering the crystal detection analysis into deeming the foreign object as a crystal that was

30 formed. Figure 4b depicts an image wherein the mask has removed the foreign objects from
the image so as to not provide false triggers for image analysis. Figure 4c¢ depicts how image
subtraction is applied to remove the chamber edge features from the image to reduce the raw

image into one of just wall-less chambers. From this final image, further masking may occur

10



coordinate map of the mcrofluidic device to an idealized coordi nate nmap.
The idealized coordinate map is used |ater during inmage subtraction and
maski ng steps. 25 [0047] In preferred enbodinents, with the mcrofluidic
device x,y coordinate inmage aligned against the ideal coordinate map, the
system then determ nes whether the stretch, distortion or |ack of
co-registration between the various mcrofluidic layers is present in the
m croflui dic device by conparing the | ocation of the fiducial markings in
the X,y cogkdilnasiesion FBgectd, hbevehahdtusliaqy adcutBitih BBSnikROaMIcMRFicd B the X,y
coordi nate inmage of the ideal stored 30 1nmage map. If differences are
present betepdpingsad thechanber penicnisAre peagating Ausidaef thhehambgry esing pduci al

| ocati ons, ng.fRbkdsdurd hare! A6 MRE] Wil colkRt 6iRBloSioRNSith rnfiRr IhaRsf gf mation, is
performed to transformthe inaged shape of "'the netering ce Into a virtual
shape of t eplasipeamplayt parisyof knahn skapegybat opyr vbendemberduplesionesayesiand nage to a
known and ﬁga%ﬁﬁhb%shaw%réﬁémiﬁonﬁdmrtfzsccl ¢ rtﬁ{fa&dg@me%ww”put ed from
the differences between the neasured actual fiducial locations and the
stored i dewfrudingiimpleded Weldsat i ons, i mage subtraction and other inmmge analysis
are made possible, For instance, Figure 3 depicts an ideal mcrofluidic
devi ce st ofdd9]i rigee § &ct simplified dsgmnefdr asimageprocedsimpmethod@xordigdo an act ual |
distorted, mcrofluidic device..i e (.al so.stor.ed 5 as,a _coprdi nate map

det er ni ned“F4 ?‘F\l?llk ?igutg?%r S%rl%talﬁ‘ﬁn%&%&@%bsﬁ?ﬂyﬁgx 128 gﬁ%ﬁéﬁ‘?ﬂﬁﬁ’ tween the
coor di nat eumdpdintihthe s@be ofths clinshateis iOhe ofordimbrtyiskilltin &rattovdild le@nizey be
devel oped to ref.ormthe actual .i e intq.an ideal image for in further
mage. 1P oc e Vi Ll AisS RBY BORTCHpR: ST Mo R IR G BECH SHUT ui di o

devi ce to wesifngfidudidls,a psdcaida tor slaaietming iBES a Hrobéss 880 fob Maskivh ifAgK NG i S

possible to maxpmze the.viewabl e area of met eri.ng. cel | chanber .
Mbr eover , P@Cﬁ%%@ﬁ%mmpwag%aw W%@r#g\%ﬂrfﬁ?ﬁ“?g@@ﬁa%g?ugg %ime zero

in a seri@ovohastbbsishbRs adng ARRked séjdeite EHiB6dsses, Aerd e e Rlt@BativaS ked out
of subsequent, inmages to avoid fal se posit)ve when applying autonated

crystal reBSgHFaioRn aahriplons. ForexagplpsPuR ot e PIRersRss MY OF Fxeendedangpr ¢ he
chanberns WodriingaO Witeek ProdRbRGhay bR inse@darth Sosd fiRaWBbveS Rperddify pbRIEBEr s may be

subtracted from subsequent images, again so as to not cause fal se reading
with the 15mbadjmenk/the Beplniapase armpdpsrsmayhanigicheeduith pthssrabased.var i ous
layers, sughe @8cleiA086 okip8ring images may be performed prior to the process 530 for

masking image, during the process 530 for masking image, and/or after the process 530 for

masking image. Future detail of the present invention can be found throughout the present

20  specification and more particularly below.

[0050] At the process 510, marking fiducials are located on an image. The image may be
renormalized against a reference image, which was previously taken with either a
standardized slab or nothing under the microscope, for white balancing or for exposure
normalization, or other desirable characteristics. Marking fiducials may include cross hairs,

25  In one embodiment of the present invention, the image includes metering cells in addition to
a Fluidigm logo. Each metering cell has cross-hair fiducials at known locations around the
metering cell. During the image acquisition, the positions of these fiducials are determined to
within +/- 100 microns through the X-Y correction process. This estimation accuracy may be
achieved even under rotational orientations. During the process 510, some sub-images are

30  extracted around these estimated locations. Within these sub-images, the cross-hair fiducials
are found, and their global positions are determined. The global positions in the T0 image are
compared to the global positions in a subsequent image, such as the T1 image, the T2 image,

..., the TM image, ..., or the TN image. N is a positive integer, and M is a positive integer

1



control layer and the channel |ayer, can also be cal cul ated based on the
position of a found object in the control |ayer, such as the control |ines
t hensel ves. I n another exanple, this correction is determ ned based on the
control layer fiducials thenselves. For certain enbodinents, this extra
transformation is inportant since the control |ayer partitions the 20
protein chanber fromthe rest of the control line. [0048] Figures 4a through
4c depict how the above inmage subtraction and masking occur at tinme zero

prior to CyhRbathan @eqmd to0. TH HHEA A@cqﬁeeccatqoawﬁettﬁwmnﬁ I cWirirBy debri s,
shown as the letter "D dlstrlbuted about the netering cell chanpers. Using

the techni#HuM Jose¥3mds ot Hhae erystalfizalion pHproteoeerh Ayl crrﬁavéhmwfr otated, if
needed, t OyatkinGihyWaldodchi®ed. IeAlngRERLLNY ﬁéﬂ&ﬁ%ﬁ@tﬁa@y&%ﬁéﬂ and after the
nmetering cell has been stretch conpensated to make the "I maged netering cel
di mensi onssubsggest THozegs fhempased fduial ippseally ngt contiderel} dnsing thevabsequean  f or ei gn
obj ect ss nof . pLES émlm%%t he ideal imge are masked out, neaning that those
regions inc udlng, d i nmedi ately surroundi ng the forelgn obj ects are

o deom Q00 G Bt Plodlata po 95 LD R RE KELE SFRERBR: 27 V0%

depi cts anenhhmﬂg:mnvwfeheprmenhnvm&k "J]’lmsdmmmmenbr&lhm émlegwhio]n}sl&mldmot rom the

i mage so as .t0.not., provi rlg ers.f i € an e 4c
deprct o nome S8t m s el 8158 pbinoRRLSr pihp UG RRE-XRliebblic
features fmamvtaﬁmdnﬁg&ganﬁtbfeﬁ eﬁﬂJmemﬁMoﬁsaWhe prmg;e 520nincludéde podeegsled 0 fwal | - | ess

chanbe s.final i e her ccur i f wal

i mpl os t&H g‘%‘l 5‘5]5,’ a grgoess o} fop ?‘Fictu aﬁ%ﬁﬁ{”ﬂ%@ﬂ? é%efsrﬁé&%‘? Ter of | ui di ¢
devi ce ls trﬁeﬁanﬁimghm@ AltHough éhecBaveing b&ﬁ@lﬁ(ﬁﬁlﬁﬁlﬂ@h@&lﬁﬁéd@ﬁﬁdﬂﬂﬂoﬂ)m si de of

t he chanber, cau5|ng I]ilﬁjglatlveafngress re there n .and tg col | apse or
i npl osi on. PrRFFETTS AT FRE e Fa(%’f‘soﬁn YRHRIRPE Eorexpa §= $81€ known

shapes tha&ft@@;ﬁwessmﬁﬁysba@ﬁeduimémmeme@cnwpsocammfmesms@fgh known shapes
to create addjitional pasks to occlude fromthe |na e the now intruding

i npl oded WEITFSTM3gH A8q thepragess 680 fog rapsEyrmyne imags nay;b, 5@?19 PbrOBH i mage
pr oces s NG, aBkde thad 66 BhéHed o thoseddted AFRRJ) ?ﬂamgﬁpanhﬁeaﬁ&%&aém igvention. This

diagramis nmerely an exanple, which shoul
specific sequence of processes may be interchanged with others replaced. Future detail of the

present invention can be found throughout the present specification and more particularly

below.

[0052] At the process 610, fiducials in an image is matched with corresponding fiducials in

20  anideal coordinate map. For example, the image is the TO image or the TM image. In one
embodiment, the image is an x-y coordinate image, and the ideal coordinate map is an x-y
coordinate map. The image is aligned against the ideal coordinate map. Locations of the
fiducials in the image are compared with locations of the fiducials in the ideal coordinate
map. Such comparison can reveal any distortion including a stretch of the microfividic

25  device when the image is captured, such as at TO or TM.

[0053]) At the process 620, a spatial transformation from an image to an ideal coordinate
space is calculated. The ideal coordinate space corresponds to the ideal coordinate map. In
one embodiment, a matrix transformation, such as an Affine transformation, is calculated.
For example, two least squares transformations are calculated from the T0 image to an ideal

30 coordinate space and from the TM image to the ideal coordinate space.

[0054] At the process 630, an image is transformed into an ideal coordinate space. The

image may be the TO image or the TM image. For example, a matrix transformation, such as

12



unduly Iimt the scope of the clains herein. One of ordinary skill in the
art would recognize 10 nmany variations, alternatives, and nodifications. The
met hod i ncludes a process 510 for locating fiducials, a process 520 for
transform ng i mage, a process 530 for masking image, a process 540 for
conparing i mages, and a process 550 for inspecting inmge. Although the

above has been shown using a sel ected sequence of processes, there can be
many alternatives, nodifications, and variations. For exanple, sone of the
processes JHayfiRarRXBRies ARMbOhe RpSHMhAGH £l Phe P1aQ6 GRS &SIaBRY e i nserted
to those noted above. Dependi ng_upon the engodlnent, the specific sequence
of procesdSb¥engle Beteing oofl @nyhg dlicedinthhrse pemerediffispasgperimenis. | tess 540 f or

conpari ng onfEBaRSntMYurl 8a BRAWsQlsiHaHifRE 10041 cbRGhAE mi3h, 068 Fur D s o MBSKi NG

i mage, during the process 530 for _rraskléi%g I mage, and/or after the process
530 for wﬁmiﬁﬁ@@mwmazatﬁygv@&%nh_e eten@esg?t@@@hthe fitieiadiqcatipne din be f ound
t hr OughOUtyyd 6raplaRifiband ) REELIEAER 1BoR hedftdrlod hilfel Yufpekow [ 0050]

At the process 510, marking fiducials are located on an inmage. The image
maybe r erfonsfermiaiienimaybg pestormaedrte perver the djstptgdimagh inshanndeal pmesgi ousl y t aken
with either a standardized slab or nothing under the m croscope, for white
bal anci ng [6055] oAt éheposeusse30,rihe Timagatrddig TMimede et trabefoimedbint the ideal

characteristi.cs, Murking fiduci may i.ncl ude. cr hairs. .25 l.n one

cbod mentO0R Rk s o SO RN G B R i o Fie D B PRy el s i
addi ti on tthe safekbardiclatg 8pdee@o thelrarivoi@fistered@d cahparitdstomno ssotedl Thei duci al s at
known | ocati gns und t he eri cel Dur i he 1| e.acquj sition, the
posi t i L%satf?f‘&{’lwgé’%f‘?“ﬁﬁfcciaﬁpi g&%‘%“ﬁ@?“@?ﬁf mnfaéc P"%e{eﬁ‘i Gysigi a&ﬂbﬁﬁmcr ons

t hr ough t NEM ¥nageC Baf ®El subradtiod desSiot réfb e AShd Koideisomrcachdy Elamyd ey be

achi eved even Hnder rotational orientations. During the process 510, sone
sub-i mages"3P¥°30 extracted around these estinmated locations. Wthin these
sub-inmages, the cross-hair fiducials are found, and their gl obal positions

are det er niPPR8. Irfheory) thplerations pthowdlsiimthe fiearoprdipaigapace ds knemsaeedct o t he
gl obal  pOSirfd RR? filnbidk afsfﬁgég}lﬁl@ﬁﬁmaym@ w@ﬁé?ﬁ‘ut%?;#a&ﬁeach'n‘i@aﬁg cbilg T2 image,

the TMinmage, ..., or t] image. Nis a positive integer, and Mis a
posi ti V& iwimgePeadireckonimg therwallHaeations lealiuding wal-wellspseslly 6o nptgevides captured at

TG while Jct\ﬁathf&r@ﬁ&. ilﬁstga%,p& éﬁrb-efgctangular is usually extracted around each well
location, and the TO image is used to look for the well walls. For example, four linear lines
are fitted to the four walls of the well. In addition, four vertical lines are usually used to

determine four of the six walls for the three channel segments.

20 [0057] Figure 7 shows simplified wells and channels according to one embodiment of the
present invention. This diagram is merely an example, which should not unduly limit the
scope of the claims herein. One of ordinary skill in the art would recognize many variations,
alternatives, and modifications. The four vertical lines as discussed above include the left-
wall of the right channel, the right wall and the Ieft wall of the middle channel, and the right

25  wall of the left channel, The remaining two walls, e.g., the right wall of the right channel and
the left wall of the left channel are demarcated by the containment lines which are found
through thresholding a 1-D horizontal signal of a gross left and right sub-image. The analysis
of one-dimensional horizontal signal can also locate an interface line in the center channel
and the top and bottom walls of the horizontal channels using small windows across the x-

30 dimension. The horizontal channels can be tilted out of the horizontal due to alignment
errors. The interface lines and the top and bottom walls of the channels are used in the

subsequently processes.
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at TM For exanple, at TO, no crystallization of protein occurs. At TM
crystallization of protein nmay have occurred. If a single fiducial is

m ssed fromthe TO i nage or the subsequent TMimage, the m ssed fiducial is
usual | y not considered during the subsequent 5 analysis of the inmages.
[0051] Figure 6 is a sinplified process 520 for transform ng i nages
according to one enbodinent of the present invention. This diagramis
merely an exanple, which should not wunduly limt the scope of the clains

hler ei n. OnposH cmgurmn%o Akiimblifisd dlér%@mrshowmglbainplewgal@ﬁa TH®B Yiagafs at | onfs

al ternatives, i fi The, process 520 inc es a.process 610 for
10 mat chi nY® FE qxgpges,g%ﬁﬁléggi ncg%d gﬂeéfﬂpﬁpf’h‘@ #’Wn@i"l%n and a
process 63gdinafy skﬂlﬁﬁfhéﬁ@mmgedogﬁgﬁma@lﬁaﬁﬂwﬁ@ altffatieq ved MAGDARAs. shown usi ng
a sel ected sequenc t here can_ be rrany al ternpatives,

ces
modi fi cat i SHaN exigeripgnt F’éﬁi e v-‘ells ALA0HH ESP Gsimal asrheein figes $sl¥camy be
expandes aimg koGO Eghal Jéil@hcﬁ bR BRSS0R86h ft e tﬁﬁé &tﬂnagel R mﬁénansf Or mat i on

and the process 630 for transfornm ng i mage naybe conbi ne her

processes Preyiliisely;, Figwedye simphifrdbaerm bainmboelinesisetinn ﬁ@“ﬁpﬁh‘s g he
enmbodi ment g higed dgRemd fob Elt&@&&ﬁ%@th?ﬁatoﬂ&?ﬁ@ﬁ? 8 sBRY eRfoditiédd, @aanged with

ot hers replaced. Future detail predent invention can be found
t hr oughout fidusialspreacthe sagsdeyer ascthft ¢h9meénﬂlembmelpmw1@ eAnhel fgundydd they,.  10052] At

the procesggh hg&% %hixh? f tched with correspondi ng
fiducials ?% ;g%m& gaﬁ 800? ggg £mlﬂ%w@gr exanple, the inage is the TO

I mage t M to.the il mage ordlnate

i mage, ?gndfb%h% ‘Adea 8%8?#%%11}1%%%%%% gnﬂ)l(c I§/1a8km§ ?aﬁ%?ttfgcnvﬁ%vﬁ%l g i mage is
al i gned agaﬁm&tm’(ﬂg@e}ﬂ clmaibendﬁddwma:tr@lebmpre Iire:sentmr:mmsa cfarrblbyein tfei Timagd, s 1 n t he

i mage are h Io n coordi nate
mp such FMSaES o it PR ol orns s rebeR e tlrengu Tl Puetn of { he
m crof | ui diTge raﬁom\tfdnﬁecmﬁeﬁrheanﬁ&@eth@mmaffm positieds i@ sutarhatdd or T™M

[ 0053] At the proce s 620,. a spatial transformation froman imge to an

i deal  coor ERYHATEFOSUARADANES o) cul at ed. The i deal coordinate space
corresponds to the ideal coordinate map one enhodinment, a matrix

t ransf éf matl08%, Hanerpmpe, aﬁtWPrh@afhla%qu&%ff%we T04mage ip grdst tagaask

out regions of the TO image that contain signals not of interest to the crystal recognition

analysis. Figure 11 is a simplified diagram for masking images according {o one embodiment
of the present invention. The T0 image and the T1 image are captured and transformed to the
ideal coordinate space. Each rectilinear region contains four bounding walls. The region

20  beyond the four bounding walls in the TO image is masked out of the subsequent analysis.
Similarly, the interface line is masked out. Additionally, large blob objects that appear in the
region of interest and exceed threshold in the T( image are similarly masked as they are
assumed to be pre-existing before crystallization. As shown in Figure 11, a blob object
appears in the right channel in both the TO image and the T1 image, but the blob object does

25  not exist in the scrubbed lower-right image.

[0061] The cells, voids, and spaces are deformable in microfiuidic devices, so they can
change in size from TO to TM. Such deformation of the cell surfaces is modeled, and the
mask is accordingly modified for the corresponding TM. For example, as shown in Figure
11, the left and right well subcomponents have their “implosion-padding” values calculated.
30  Thisis necessary because the substantial pressure difference in the well between TO and TM

implodes the walls from their original position.
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For exanple, two | east squares transformations are calculated fromthe TO

Il mge to an ideal 30 coordinate space and fromthe TMinmage to the ideal
coordi nate space. 10054] At the process 630, an inage is transforned into an
i deal coordi nate space. The inmage naybe the TO i mage or the TM i mage. For
exanple, a matrix transformation, such as 12 an Affine transformation,
changes the shape of a netering cell in the image into an ideal shape. The
nmetering cell maybe sliced into three or nore diffusion experinents. In one
embodi m?nt[OUGE]gw::eor&agﬁﬂﬁmmo&mﬁﬁﬂolfﬂ:ﬂe%ﬁsédﬂﬂﬁkntﬁﬁ%éihﬁtﬂésﬁmniﬁﬂdmgnd Figure 3b

shows a nplified distorted i conputing the djfferences between
the fi dumpé‘i’ce?sd’&%‘f e} Feractinge tﬁ’@@%ﬁ“ﬁ?ﬁé@éﬂnﬁﬁgo Hprer REPUEHRE BL5HEr Ay

fiducial |Opadchshsoridttanbe- éﬁhﬁét@rrsfﬁ%& thd"P@Bnagd ﬂﬁaﬁlglammhﬁﬁmamrdmhé on may be
performed to convert the distorted image into an ideal ima (00551 At the

process 63G¢tor #id theandexatsaeating the H@VTMI?WQ@SS&?@ xfratisg.crivele Eﬂf‘%ﬂ t he i deal
coor di mat eﬁ:ﬁﬁ%@@f thel f4Bsdqli @S TR iMRL, ﬂi@rﬂh‘}ﬁ&% ar}ﬂe TR8mbEANS LY WBENTM | MRge are

| ocated in e sanme coordi nate space, th }1 are co- regl stered and
'Ffér

conpar abl emegs: gfcalehlgtipgihe dfﬁ?@“&@nﬁh%m@ iffevenogarythe indicep s vsedier act ed
fromthe TMil,RIGidR0R086E toctﬁé’ ﬁﬁs@ing r@?ﬁﬂ BPhk Hnélﬁ‘ﬁ To-g%{ﬁéseh %éig aSuch

subtracti on does not renove al se sourc renoved.
[0056] | n sithelifieg diagtam ﬂowranthsmsna@mg Preceak| Asglifenssehaboivel el ﬁlﬁhﬁljr di nate space

IS known sif6 6t ere GhA%Hs 1%&%%&%@1@! %hf%ﬂsﬁc%gd%@r ec Gh RS the wells,

but in practice each netering ce oning the
wel | - | 8tatscopefiheclainds myeineOhe efardisary siithin tire a;towmid rqgogmedmnyammpas,

i nformat i oqtmameg%gg%nﬁ%ﬁ%%%ug ectangul ar is usually extracted around each

wel | | ocation rragels used to look for the well walls. For
well. In

exanpl e, f i ines  .are fitted t u
caat L on, B0 AR ReaeR 0 Bagee ot roliapied o 8B olBkrisPn st B of ¢t he six
wal |'s for éxhtaplterer@mlaaﬂi@m@hgc&&gneﬂm the2(btdQiXm ok tHel TWifrRge/ frsh ST Npl i fi ed
wel I s and chan ccordin 0 one rrbo t of the resent invention.
This di agraiféy gﬁ}?é?rg\"i}n%?fm FEToY ﬂ%%ﬁ?ﬂ“’%?“u If?ﬂ‘i"f  the scope
of theig| aledifee Rde@bdlingGh the@tysAI Bidbaltlin Sidlysls. IAR disB@ssall dbovatld duftREOGNI ze many

t
variati Onsemphasmed here, the process 540 for image comparison may be performed prior to the

process 530 for masking image, during the process 530 for masking image, and/or after the

process 530 for masking image.

[0064] In one embodiment, the comparison image is median re-centered to push the middle
20 to 128 instead of the arbitrary value that would otherwise result. The intensity of the image

can vary even with respect to the reference image as it is dependent on the hydration

conditions on the chip. The mask generated in the process 530 is applied to the comparison

image to create an attenuating front which softens the harsh borders that the mask would

introduce to an image. The closer an image pixel is to a mask pixel, the more the image pixel
25  isattenuated. This process is one example of scrubbing, The distance map describing the

distance of each image pixel from a mask pixel is calculated separately from the T0 image.

[0065] Figures 4a through 4c are simplified diagrams for image subtraction, masking and
scrubbing, These diagrams are merely examples, which should not unduly limit the scope of
the claims herein. One of ordinary skill in the art would recognize many variations,

30  alternatives, and modifications, As shown in Figure 4a, a metering cell contains debris
indicated by the letter D’s distributed about the metering cell chambers, With the processes

described above, the metering cell may be rotated to align with the ideal coordinate map, and



alternatives, and nodifications. The four vertical lines as discussed above
include the left- wall of the right channel, the right wall and the left

wal | of the mddle channel, and the right 25 wall of the |eft channel. The
remaining two walls, e.g., the right wall of the right channel and the left
wal | of the left channel are demarcated by the containment |ines which are
found through thresholding a 1-D horizontal signal of a gross left and

ri ght sub-inage. The analysis of one-dinensional horizontal signal can al so

locate an js Au@drme@td thik@ themiali ?&e1pd]ﬁ&eﬂinsnﬁféﬂtﬁda@oﬂﬁ@1d@ﬂd bottom wal | s
of the horizontal _.channel s _usin wi ndows across the x 30 di nensi on.

The hor i zoREEHNEAH ArRAngoRs, Fopgx h@a%ﬁonafﬂwelﬂ%hfewensafa@e to al i gnnent
errors. ThgnabitRibbatentlyi the fordBtotihe &P@e@ﬂﬂnhﬁéﬁ&éﬁ%éh@nﬁ%ﬁdt&ﬁt chgnnel s are

used in the subsequently processes ures 10 are sinplified
di agr ams SHEKINEFTOSEITEFROVES Peadlsfinm e reginas @Cbﬂ@g iatelyreuydieg anpl es,

whi ch sfio U{!(lg fdi‘é?én bH?é&g )ThE &éﬁ‘l&valtéaﬁ reAG QY idbiticth b BFmb /&L ?bJ £ EasOT

ordinary s recogni ze many variations, alternatives, and
modi fi cat i @M@als Ifnguré é‘? 1531 Sﬁnlélfﬁﬁééllamﬁsf antimagectitirfoesignehierts remavedot as cri sp

in signal %ur’élac?m cgﬁfaﬁxém%‘? SiveaciPe ﬁ{eﬁﬁggetsfagﬂgé:gﬁf?% %nal depends

on the z-1o€ation at e tl ge acqui'sition y, Figure 9
i s a sinpl differecedbetyyparthd 69 inhage m&th@"éMllmﬂB, @teltteezrcbmo‘ﬁsgwoeambbnesgea

sinmplifi Edfegth%gﬁ&%tﬂeofolﬁl}i Sred TRAY gt} gtcghm dgntgr ?m%@%avm Yaft QI

enbodi nent’s ducials are on he 'Chafne
channell0 podiambas. can be found via the afflne transfornatlon mﬁthout finding
the channel walls. 10 [0059] At the process 530, an image is nasked. The

maski ng | npme@}sq&rtﬂﬂ@oﬁvmhﬁ@e@mﬁhere{asﬁnmhﬁd ﬂ%ﬁdd&&f\lvall:i%ﬁimwh ig | f defects
or debris are present thin chanb in the T t hese defects or
debris cand g@d‘% 10p, psyafly 0opRys v ﬁ‘ﬁ‘b@e %OQ‘H‘@‘“ Q%@éa%wﬂraw 4Rfe. The

removal of cumaecaoﬁteﬂﬁ m@@&&ﬂeau@gadmtdi&waﬁ cﬁﬁ@cﬂmgyérnﬁanérﬁ&aﬁﬁas@(%gafub&es in
automated crystal ;recognition analé H“BIS 006 For exanple a stanp or a

mask is caPEHrgikee pwalheolimsg i d%‘?‘:htf@ﬂ}?ﬁ’slﬂsm'&ﬁf primplisigRs of the TO
i mage hat efRPfsal il @ RAdwn dhBpes Hat bddhiolIRA thintbet ihidsiondodirs ARIGRH YubH ON

known shapes to create additional masks to occlude from the image the now intruding

imploded walls.

[0067] According to one embodiment of the present invention, an output scrubbed image is
calculated by first renormalizing the T0 image and the TM image with respect to each other.

20  The renormalization process can reduce a DC or background signal resulting from
environmental changes to the chip, such as loss of chip moisture. A simple subtraction image
is then calculated with a 128 offset. This subtraction image is then “scrubbed” by stamping
all the pixel jocations in the stamp with 128 and thereby obliterating their output signal.
Additionally, pixel locations are progressively attenuated based on their x-y distance to a

25  stamped pixel in the mask. Therefore the subtraction image is scrubbed around the mask

pixels to ensure a smooth transition from the stamped 128 value and the real image values.

[0068] At aprocess 550, an image is inspected for crystals. For example, the final
scrubbed image is sent through a feature extractor which performs additional image

processing techniques on the image.

30 [0069] Training and selection of these features is a semi-automatic process using Matlab
scripts. A random combination of these features is selected. The higher dimensional space is

mapped to a lower dimensionality through fisher-linear discriminant analysis to increase the
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analysis. Figure 11 is a sinplified diagramfor masking i mages according to
one enbodi nent of the present invention. The TO imge and the Ti inage are
captured and transforned to the ideal coordinate space. Each rectilinear
regi on contains four bounding walls. The region 20 beyond the four boundi ng
walls in the TO imge is nmasked out of the subsequent analysis. Simlarly,
the interface line is masked out. Additionally, |large bl ob objects that
appear in the region of interest and exceed threshold in the TO image are
sinilarly samsiady 8fcrfdayfrah StheAnstivd Gl&sﬂﬁ@aﬂ%ﬁ?s I?‘el(ﬁ)ﬁ:ﬁédr]ﬂ g N
crystallization. As shown in Figure 11, a bj ect appears in the right
channel i rfimensionglspaceapingakaneasse neighbor ﬂgP%@eAM@SPﬁ@MT‘@DP?é@?ﬂldoes 25
not exist fahitd\Re 8 esRESY &wﬁamgk%%stag@@ﬁmé&%l& colih‘aatﬁﬁl.é@ tefqh ds, and
spaces are deformable in mcrof evi ces, soO }l; can Range in size
from TO t Sherpinisy Rt evalnatei tor eopdnessd of e iraining e dbe best irptisEaen isand t he
mask i ss a%%t@'d@ﬂhﬁn@ﬂ@hﬁ&@éﬂoiﬁeﬁ%ﬁb e [N oEifigsqxael €. as shown
in Figure 11, the |left and righ 1 subconponents have their

"i npl osi orfﬂ]é%\mmtwgmwﬁpllj@@f@@mﬂ%éﬁccm This is necessary because the
substantial pressure difference in the well between TO and TM i npl odes the
wal | s froni0eTei rAcoommg tmyet mmﬁdr emboditheht pOBEREseACmOEHiong comporemedibodi nent  of

t he presen ven he i 05|on I.n ocess J.ncl udes extractlng
rectangl e B‘{]?ﬁ Hlsﬁu‘i%@ﬁ ftof WOY Eg‘gd gﬂ%‘ 16deYige #eaf\‘?]@i"é a
successi o rmaﬁum £16ica 0 grep e codertha rdﬁ'ecftsr Opfodebr bQetfomg the 1ﬁv1eﬁlﬁie@g)cass% A1 mum

val ue é Efpi S % ctor,and the index, re eatieﬁ%é{}} gjgve thre rocesses of
extrac iscpsspd FROXE-| AN XCHIRIECOTNIS Fgie By U %"r?ﬁrfpﬁ}teﬁ'a“ e, the T2
i mage, .. .anduh§ nkl\dd FeGEm PC.or omad:otﬂpeterT N'he coeagifer calldlis B3] ifitéhdl tdMBimi he

difference_in the i.ce Th ence_in_the indices is used to
esti mat e a%ﬁ?“f’?%‘?’fé#“ % f’?fﬁmt @nfﬂ OIﬁ’H?P(FIHH 1‘?’@5?‘6?‘?"’?’8@@%%@1’@ nal TO i mage.

Figure 12 yg$iations Sha@tidafibRandiaBgh@ved, Or i npl osi on- paddi ng process. As
di scussed above and further enphasized here, this diagramis nerely an

exanpl es, d[‘IMri]ij FP AN oA eddatll inolil} iR O llord REmEliS Ty Ner el n-

One of or woul'd recogni ze many variations,
al t er nat i vieesivingitie 0 dnfge ohe mdarefluidic device. The TO image is captured prior to

crystailization. Additionally, the computer-readable medium includes one or more

instructions for receiving the TM image of the microfluidic device. The TM image is
captured after the TO image. Moreover the computer readable medium includes one or more
instructions for transforming the TO image into an ideal coordinate space using at least a

20  fiducial on the T0 image, one or more instructions for transforming the TM image into the
ideal coordinate space using at least a fiducial on the TM image, one or more instructions for
obtaining a comparison image based on at least information associated with the transformed
T0 image and the transformed TM image, and one or more instructions for processing the

comparison image to obtain information associated with the crystallization.

25 [0072] As another example, the computer code can perform locating fiducials, transforming
image, masking image, comparing images, and inspecting image. As yet another example,

the computer code performs some or all of the processes as described in Figures 1-12.

[0073] As discussed above and further emphasized here, the above examples of computer-

readable medium and computer code are merely examples, which should not unduly limit the
30  scope of the claims herein. One of ordinary skill in the art would recognize many variations,

alternatives, and modifications. For example, some processes may be achieved with

hardware while other processes may be achieved with software. Some processes may be
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[0063] At the process 540, inmmges are conpared to generate a conparison

I mge. For exanple, a conparison image results fromthe subtraction of the
TO image fromthe TM inage. The scrubbing can usually renove the walls of
t he chanbers. Such renoval can 15 reduce false reading in the crystal
recogni tion analysis. As discussed above and further enphasized here, the
process 540 for imge conpari son may be perforned prior to the process 530
for masking imge, during the process 530 for masking i mage, and/or after

the proceskiewdGrifharcoftbikfisigofhamgere ah@Bdklare MIBBIANOABVEBRDbeer dA8wE ONMPAri son
I mage is nedianlfﬁéfentereq to $usg@;he ﬁ%ddle 20, to 128 instead of the
ar bi t rary WP A& PHU SCRBIF P IPIESHy Derecay bn Pany phempties faqdificoiensi € | mage can
vary even Jatiithnk CERRLAm1E sbi€of B ROERES mayBISpafiel bnd/S AgBRLgENt on the
hydration _conditions on_the chi The mask generated in the process 530 is

p. 1l g L
appl i ed t PWPRRAREIRGR fresarodimpplyie fReokic sequencs AT RIPFSENRS A1) R ereipesthi ch
sof t enss t hehak@treplabder s that the mask would introduce to an inage. The
closer an image pixel is to a mask pixel, the nore the inage pixel 25 is

at t enuat eglo?—ﬁgi mgg{se&sasﬁéne@ Mﬁﬁmrﬁeﬁgtrfafmv%ﬁtgdﬁbo@lan&nvésﬁgs%@@ Qe Map

describin . tance of each image pixel froma na I's cal cul at ed
separ at el yDdpensting ypen 1® embadiment, $r@06 Sloreif theselsendfits triay beigdhioved. dfoe si npl i fi ed

di agrans f ' - o)™ ] ad. . ' . i agrans are
ror ol y o hupRE R daboRab Al TR AR B ORE Bted INERGRE 0] T

her ei n. Omaalyfis exddirystalljzatidi detection. tSome ambodimentsiofitbemgsehziaventioy simalifyat i ons, 30
alterngtives, .and Lfi I QNs, ho .n FEigure 4a,. a ring cell

cont ai ﬁi otg%irnlmge PIoY %g%@%ﬁb@r ?rﬁsetaﬁﬁ%ﬁ?%wﬁbgn' 0¢ %%ﬁ?@&lcgﬁgtﬁct he netering
cel | chanyesssnt iWentior iprqye eassisitg of theiampd frecksalmmethod e symérer i ng cel | may be
rotated to align with the ideal coordinate map, and 15 is transfornmed to

make the ipemgd ARliRudsEYat0es inddinfin ShsHASizdiHe ) Figh@s e 10kepkddenticelgmd  neteri ng
cel |l di nmensi oa,s. For. _exanpl e, the transformtion can stretch conpensate the
i mage. SubEEGtERIsyT hepEese i PRion B diepsemhorimenis dundeimany REamplesain | nage ar e

nmasked OUtgne ER@npléBptkb PRbcdds SUE SRriif MIGEE]s Bledftated oh bR thdB e ThEMaROHa) NC! udi ng
and i nmmedi ately surrounding 5 the foreign objects. The renpval can reduce

fal sel {5 i desrienormalized agrénshi refgrece spage.griciIyas £eyioysly taken with either a

standardized slab or nothing under the microscope, for white halancing or for exposure
normalization, or other desirable characteristics. The image may be 8-bit renormalized with
high resolution, or other desirable characteristics. Marking fiducials may include cross hairs.
In one embodiment of the present invention, the image includes metering cells in addition to
20  aFluidigm logo. Each metering cell has cross-hair fiducials at known locations around the
metering cell. During the image acquisition, the positions of these fiducials are determined to
within +/- 100 microns through the X-Y correction process. This estimation accuracy may be
achieved even under rotational orientations. During the process 510, some sub-images are
extracted around these estimated locations. Within these sub-images, the cross-hair fiducials
25  are found, and their global positions are determined. In one example, the TQ image is
analyzed at the process 510, and in another example, the TO jmage is not analyzed at the
process 520. For example, the TO image is captured at TO. At T0, no crystallization of

protein occurs. At TM, crystallization of protein may have occurred.

[0076] If the TO image is analyzed at the process 520, the global positions in the TO image
30  are compared to the global positions in a subsequent image, such as the T1 image, the T2
image, ..., the TM image, ..., or the TN image. N is a positive integer, and M is a positive

integer smaller than or equal to N. The TM image is captured at TM. If a single fiducial is
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crystals. Figure 4b is a sinplified diagramfor an inmage with foreign

objects renoved. Figure 4c is a sinplified diagramfor imge subtraction.
The image subtraction calculates differences between the TO i mage and the
TM i mage, and thereby renoves the chanber edge features fromthe TM i mage.

The TMinmage is converted into an i mage having wall-less 10 chanbers. [0066]
For this converted image, a further nmasking maybe needed if wall i nplosion
is detected. WAll inplosion usually occurs when the mcrofluidic device is

dehydr at i Rgssef o fie: TOGHABHE th€RBEeq MG TRI B2 £ (IR AdRiH & dealRinot he chanber .
The perneati on causes a negative pressure therein and thus wall coll apse or
i mpl osi on.® F?d%f}?’ﬂgrfg?sﬁg‘ik‘?qdnﬁlﬁﬁs 9t #R511B888n 15 enpl oys a series of known
shapes that occur when chanber inplosion occurs and uses such known shapes
to creat e [B¥dl t lowmathengrsteple e proetss 8RO ingledes ¢ procespbfelor metchivg fidvaisludi ng

i mpl oded v@ichs 620 AP Ealilu1 e MafkiBiehatih, AN (RORAE BB s eRf b nvention,
an out put \ﬁzdgrubbed I mage :ésl cal gul at ed ]%y ?sgérBst_ reno?ﬁngﬁ%{zﬁ?a%g 1!t%]t(léléTO I mage
and t hé Tiwrdcan@dl.fidpeials Exancergy is metshedl withnorrespondingfiduciabripamidledlzat i on process
can reduc b [ OLk ' {119 T .changes to
t he chip, %g%gﬁggg{ 'ogglj%% mﬁﬂ%@ﬁﬁ%{s&?eﬁﬁ%kﬁ%%{@%&@?ﬁg {gig% eésg I's then
cal cul at ednwit deowlinb28megd, st the iflaal sosydibste aep isan xinwgalinate mireThedwagebbed” by
stanpi ng .al e pixel. ti-ons _in the. L.t h,128 and t hereby

obi | Ler ot Fhepree ot T EREA AR mul £efiah AR ol CR el 85 2 o

pr ogr essi wehyarat ginlvatteds bitbefdueizlstih thelidesl opordinateaipe Stich andarivhaaped pi xel

I n the mask. Therefore.the.subtraction i e..l s scruybbed.around the mask

pi xel glotor%vﬁglﬁlgdlgo d’[‘%udtmrgaansstﬁeﬁ;ﬁ(?#%? %Cnﬁ?%ﬁﬁ Céﬁvécﬁpw Y538 e and the real
i mage val westured,[sGéiGR]at TH. dn pucommainfehOthe &dzal comginaicIndprsiee ditestchian cryst al s.
For exanple, .the fjnal rubbed i I s, sent through a feature extractor
whi chpor g hersleRriss af BF e Sy BH AL ag Ru GBSt TR rage. | 30

[ 0069] Tr akirhple tedhaaekadics BOludd sdhdemperfeeitdny kfBvr & phedicdll at Gidttiai¥akd C process
usi ng I\/atl,gb S%@%ﬂ%ﬁ A randon&corrbi nati on of these features is selected.
The hi gherldeH 8 fP Wi £eReTHed. apped to a | ower dimensionality through

fisher-linear discrimnant analysis to increase the ‘ .
15 [0078] At the process 620, a spafial transformation from an image to an ideal coordinate

space is calculated. The ideal coordinate space corresponds to the ideal coordinate map. In
one example, a least squares transformation is calculated from the TO image to the ideal
coordinate space. In another example, a least squares transformation is not calculated from

the TO image to the ideal coordinate space.

20 [0079] Atthe process 630, an image is transformed into an ideal coordinate space. For
example, the T( image is transformed. In another example, the TO image is not transformed.
In one embodiment, the transformed images are located in the same coordinate space, so they
are co-registered and comparable to one another. In another embodiment, the transformed
image includes at least part of the microfluidic device 30. For example, the microfluidic

25  device 30 has the channel regions and well regions. In certain embodiments, the channel
regions and the well regions are interchangeable. The channels and the wells refer to
recessed regions in the microflutdic device. In other embodiments, the microfluidic device
uses channel regions to function as well regions. In yet other embodiments, the microfluidic

device includes chambers that can be used as fluid channels, control channels, and wells.

30 [0080] At the process 530, an image is masked. For example, a stamp or a mask is
calculated using predetermined information about the idealized image. As shown in Figure

11, the TM image is captured and transformed to the ideal coordinate space. Each rectilinear
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16 separability of crystals fromother materials. Classification is
performed in this | ower dinensional space using a K-nearest nei ghbor

al gorithm A confusion matrix for the original training set is calculated
by excluding the instance under test and a cost matrix is applied to the
training matrix to evaluate the "goodness" of the training run. The best
training run is 5 used to determ ne the nunber of neighbors, the features
used and two thresholds used for false positive rejection and false

negati ve rnegi@csdntins fHd®saillingceis. dT]itgeglm y@bnmsfd&%oxﬁﬁﬁ@d«ianmahh@fm he
present |nvent|on onput nedij u n s .instructions for roce55|ng
an i mage OF% [T ‘%??PH E%Esgté\?‘ﬁ?ﬁt c%??’ﬁ?ﬁé?he f]r?igisd?aégedaf’ Eonput er
code that di rects a processor to erformthe i nventive Frocesses as 10

di scussed B8 e I methes example Jiswghp it asimplyise methed deravalldetesoro (Thit her conput er

| anguage, gifagh [§@YerdlyiBn M@nwmmﬁgd%tmdti@ﬁnﬁﬂﬁ@%ﬁé of hO8aBRMPHE 6f code i's
not intended to limt the scope of the clains herein. One of ordinary skill

i n the Sr tordipay skill Sribe aq euldreragnizemany yeriasiens, alisaatives and wadificasiaes.

alternati I | udes one
o o1 o 1 1T B B e e S 1

devi ce. Thatermsgyy iapelyses, procesa hiA0rferropyariing intonsitipe,ypsecass| h3é@1fqrdntectmmaﬂ$ onal |y,

the conput |G iEd I for

Fecei ving Tra R R e RadiEt bidBricds 1437 fr ABEeE wiR SR sodoRELGHL BRI IT ot urea
after the Aldobghnge 2badve hesdheen shola usingrperlested sespdeds o€ prveetsasnthemchnisles one or
nor e st t r di nat e
Space uds‘l nx{ééhgtakt?rﬂawfeg’ %ﬁ?ﬁ%&cﬁg P&a‘iﬁfsh%{éx“ fe éh%l%c%'s?es 1‘3?@&]1(105 %’@ Cruetions
for transfiocombigedt feaitiliier eragplel the procésees 18 dkadd lémrsdombmed s(ptberqarwssng at

| east a fldu pr Luction obt ai ning a
compar | soriitsgaeRi o dfos Mrrd RS X0 eple B s HBLEHELY BSosely « ne

t r ansf or mesdquehéasiofiprgecssas thaly be irftereiranged withchthEdd rb;ﬂitgé mehér analsef themr e
instructionsfor r.ocessin arl on| in information
associ at ed W ETT éou ﬁ&?‘ﬁgﬂt?&eﬁr?ﬁn nfc tﬁf‘f’f]“ cl‘l'ialr IQWpI e, the
corrputer caode can performlocating.fiducials, transform ng inmage, masking
i mage, [tonB%3l ndighesdde). (aand(QpreinyiHgd riﬁ&f@@s for g} detechipsraRendiag @Bl e,

embodiment of the present invention. These diagrams are only illustrative, which should not

unduly limit the scope of the claims herein. One of ordinary skill in the art would recognize

many variations, alternatives, and modifications.

[0083] At the process 1310, an image is received. For example, the image is the TC image
20  orthe TM image. In one embodiment, as shown in Figure 14(a), an image 1400 includes an

interface line 1410 as a first control channel, a containment line 1420 as a second control

channel, and a reaction channel 1430. The interface line 1410 includes walls 1412 and 1414,

and the containment line 1420 includes a wall 1422, The reaction channel includes walls

1432 and 1434. For example, the interface ling 1410 and the containment line 1420 are in the
25  control! layer. In another example, the reaction channel 1430 is used for protein

crystallization.

[0084] At the process 1320, an intensity analysis is performed. In one embodiment, as
shown in Figure 14(b), the image 1400 is analyzed based on intensity. A curve 1440
represents image intensity along the direction of the reaction channel 1430. The curve 1440
30 includes at least five peaks 1442, 1444, 1452, 1454, and 1456. The peaks 1442 and 1444
correspond to bright regions, and the peaks 1452, 1454, and 1456 correspond to dark regions.
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the conputer code perfornms sonme or all of the processes as described in
Figures 1-12. [0073] As discussed above and further enphasized here, the
above exanpl es of conputer- readabl e nmedi um and conputer code are nerely
exanpl es, which should not unduly Iimt the 30 scope of the clains herein.
One of ordinary skill in the art would recogni ze many vari ati ons,
alternatives, and nodifications. For exanple, sonme processes nmay be achi eved
wi th hardware whil e other processes may be achieved with software. Sone
processes mayeabemnzmamaemdsmatea withGOthS waR 1 4 12) the fpedkan dypdra 1a5vdars Of t war e.

Al t hough the as a selected se e of processes,
there can®¥ m%ﬂﬁv%gﬁ? ﬂggﬂb §4Q%%P%ﬂ%“mgﬁgﬁﬂ@§ghigf For exanpl e,
sonme of the Erocesses ¥ be ex anded and/ or comnbi ned. gendlng upon t he

enbodi ment08fhe tHa oSS %‘éhﬁ?éﬁ&@%ﬁs P rwecds Iherp smbofimen BNEAYRE 5 wi th
others replAagad(c)[iR0dfe MUW&H%ﬂ@@&ﬁJd&ﬁveaMSo apﬁyc%we@lmmeﬂlgvéshe i nvention

over conventional techni ques. pend |ng upon the enbodi nent, one or nore of

t hese Ben@platly diffsyenges b&é"l‘ﬁcé#@d’ealﬁdﬁ@ aagd ﬂiﬂ@dbe@ieelaﬁhﬁp@akﬁé@mrmﬁﬂéﬂof t he
present i nyefbhag, mm&xﬁﬁnmﬁgﬁpﬁegmﬁéoﬁg&og@ 72 &@1@ 3 kensi
the presen

crystal lization detection nbodi nmen t 1 nvention
sinplify Yeluesos therearye 1p#bic cerspaneyl agyivstéhn aﬁr@ﬁgmntysmfalvmuz af tho purde 464 i on.

Certain enbogli %Gfu&:m 5& gﬁge @ggﬁg&% af[egggt%j al%gg %mﬁfée%i{& egeaan\sht y of the

I mage processing netho | ScCusse ove and further
enphasi zedbhdveeld 43¢ s weoltl the2urve péE@sroindes trqegiaks 16T ddT4remt 8761 Thehe present

| nventjon,,. 3’5&9%6% Po%%egq(oﬁﬁ? é(}?eglli 31]445‘%1&‘1‘1§2 g egl?i‘:?ﬂ‘%o&?s%ndé to @ﬁgea%a”p' e, at

t he proce s are Tdcat on an 'mage may 15
be renor rrdHMzemd 1&@4aiandsﬁhe aeakéﬂﬁ mnrespondﬁg&;e pedki leii6 V\h:sonplembod)msdtytha aken with

either a d rdi zed sla t he CI OSCO f white
bal anci ng S%nr aﬁl Pléoﬁ%s(%‘seﬂs e l&ﬁ Fﬁkﬁ gﬂaaﬁgc}ﬁw%? G%V%e?%tggls}% ngak 472
charaﬁtergsMmﬁ&g?ihﬁﬁnamgﬁmap&&hEmﬁaMbﬂtMﬂﬁ@wm@mdmpdﬁmnﬁmmmhnghﬁresolut|on
or other desirable characteristjcs € Cross
o re 1 AR REGTe L TP Giruedn M s imale e Eh A e BT RE s
met erirng ekt of thépeakdli 442 and I4522®Io&m5bt!i:h1§bﬂiﬁ]ih1h9§ﬂhe feacieaket fdedey cel | has
cross-hair fiducials at known | ocations around the

[0086] At the process 1340, walls of the first control channel are detected. In one

embodiment, as shown in Figures 14(c), the peaks 1472 and 1474 are associated with the
walls 1412 and 1414 of the first control channel 1410. A line 1488 is drawn parallel to the x
axis along the direction of the reaction channel. The line 1488 intersects with the curve 1460

20  at four intersections 1482, 1484, 1486, and 1488. The average x value of intersections 1482
and 1484 and the average x value of the intersections 1486 and 1488 are calculated. The
difference between the two average x values is determined as the calculated width of the
interface line 1410. The calculated width is compared against the predetermined width of the
interface line 1410. By moving the line 1488 up and down along the y direction, the

25  difference between the calculated width and the predetermined width is minimized at a
certain y position for the line 1488. At this y position, the average x value of intersections
1482 and 1484 is considered to be the position of the wall 1412, and the average x value of
the intersections 1486 and 1488 is considered to be the position of the wall 1414.

[0087] At the process 1350, a wall of the second control channel is detected. In one
30  embodiment, once the interface line 1410 is located, the predetermined tength of the reaction
channel 1430 between the interface line 1410 and the containment line 1420 is used to

calculate the position of the containment line 1420. The calcylation provides an approximate
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nmetering cell. During the imge acquisition, the positions of these
fiducials are determined to wthin +/- 100 m crons through the X-Y
correction process. This estimation accuracy nay be achieved even under
rotational orientations. During the process 510, sone sub-inmages are
extracted around these estimated | ocations. Wthin these sub-inmages, the
cross-hair fiducials 25 are found, and their gl obal positions are

determ ned. In one exanple, the TOinage is analyzed at the process 510,
and i n andbdagon fox temlall, 142 eAffdDvirdg tie approxiniatcdtatiymdok the wﬁllmemmamt:es s 520.

For exanpl apt ur d at TO,, At. TO, no stal li zati on of
protein oc ﬁ'&?’ %Kg‘eﬁ‘?\‘}l]usgé?)%t a]InF %?cﬁ?ﬂ‘npr?)‘fesspr ?“lc?ﬁe&? Ce&%a&?”f [ 0076]
If the TOthenmeltymmad oz thel vail mhmmnmemﬁ@mde&mmb@bedmmlpwms in the
Toeh R e B ot B AR R R
imagfe N hﬁto_??]m{irﬂ'\tﬂhd dighal iteRGBids, ofﬂi&d,gi\/la use%hpgﬁ)tﬂewempllmﬂfe@embﬁa}al | er than or
equal to e | e i s captu at a single fiducial is

mi ssed fr GFPEl&UEEPR @%émeracwﬁt%i@%aaéﬁweep@? reeptad wakl pesiftens Mluc. aI i s
usual I'y theaﬁﬂﬁ%ﬂ@%ﬁﬂp&ﬂfoh@ﬁlﬁ&@ﬁﬁé&&@%ﬁnh)%ﬂﬁloﬂfek& 1d, g i mages. [0077]
I n anot her exanple, the process_ 520 includes a process 610 for matching

fiducials m’ém“ﬁ‘%@é%m@?@ pegrincinetiondhs H@“P?%Hféhed?%tlﬁ%mddﬁ%lz #eprocess 630

for transfoidmhmed. 'IH%GleanoeﬁEr éx&‘ﬁple%y&h@ﬁﬁﬁlﬁ ﬂﬁjegmbfnb&i{s'&iaﬁi( Amb#fbndfhei MaQE S
mat ched with correspond |4r;19 ducials in an id coordi nate map. For

exanpl & tlﬁ%:ﬂﬂpli*ﬁéééhel"éauﬁh il i datgmingé enbodl nment, the image is an x-y
coordi nate inmage, and the ideal coordinate nap is an x-y coordi nate map. The

image is [3088gne’d: dasgudserbabovéend; failzer empimsidddmateeFilgmp 13 ionereiyen sxaniple, he
fiducials j,n. ”919@ e osat i-on Lals in the
| deal coorvgih'lCh h%uld gﬁc‘f Eflm]ﬁﬁgpcg %‘%ﬁh ecctzlan Oﬁﬁaeo\;%aﬁnag)ﬁﬁp%t[’ g‘-?l%olﬂdl ncl udi ng
a stretch Ietﬁogmlzemanwvamhhmnsmmenﬂtfw,@advdoéuﬁcettioes |ng:eampée, ticapdlsd 432 anduch as at

™ I n one gabp tﬂqea@oncilﬁ}%en%@ Oord'fg&:eel oﬁﬁc?m'a”\%% R 1o the certain

characteristics ng sys A HE" MG ORI evi ce 30.
For ekanphdls 14hk lernaamblt@.?. | Shd digtarice bétwrebm tlsoie WalﬁpMﬂemﬂlldmlsarknovm or

predicted a prede%ermmcél rﬁulttlpﬁa reglléjn%%lf th%?é)agt%nn% e T2R0 % sm%&nc? { generate a
composite estimate locations for the walls 1432 and 1434, In another example, the fiducial
markings are detected and registered on the channel layer, and the walls 1432 and 1434 are
thereby determined. In yet another exampls, the locations of the walls 1432, 1434, 1414 and

20 1422 can be determined based on at least mformation obtained from a bar code on the
microfluidic device 30. In yet another example, as shown in Figure 14(a), the region beyond
the four bounding walls 1432, 1434, 1414 and 1422 can be masked out of the subsequent
analysis.

[0089] Also, various fiducial markings can be included in the microfluidic system 30. In

25  one embodiment, a fiducial marking comprises a recessed region in a deformable layer. The
recessed region becomes a volume or open region surrounded by portions of the deformable
layer or other layers. The volume or open region is preferably filled with a fluid such as a gas
including air or other non-reactive fluid. The fluid also has a substantially different refractive
index to light relative to the smrrounding deformable layer. The open region is preferably

30 filed with an air or air type mixture and has a low refractive index. Similarly, the fiducial
marking in the control layer has similar characteristics according to a specific embodiment.
In another embodiment, the fiducial marking has sharp edges that highlight the marking from

its surroundings. In yet another embodiment, the fiducial markings can be any physical
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15 [0078] At the process 620, a spatial transformation froman imge to an
| deal coordinate space is calculated. The ideal coordi nate space
corresponds to the ideal coordinate nap. In one exanple, a |east squares
transformation is calculated fromthe TOinmage to the ideal coordinate
space. In another exanple, a |least squares transformation is not cal cul ated
from the TOinage to the ideal coordinate space, 20 [0079] At the process
630, an inage is transforned into an ideal coordi nate space. For exanple,
the TO i Wﬁ'%nbﬁasidcﬂteﬂfvﬂﬂﬂmimwfdﬂuﬁmﬁeﬁeé 3@ XRuipknpld, kiR fiGLikIMgRIngS Not

transf or ned I n, on t he t ansforrrec | mages are |located in the
same coor AAHHES BFRey ya %@%Of%y%ﬁﬁq@@p@’t‘@ﬁéd and conparable to one

another. In another enbodi nment, the transformed inage includes at |east
part of tHEO9Y cAofedrsess SR magss ag compateddip emsrate 4 sORRPARFAYIBRELIRIF ¢ 25 devi ce

30 has th%xﬁﬂ;ﬁé‘@%m{:ﬁ&bﬁ’ﬁﬁag@?é@ulﬁo‘m ﬂh@gibaaambmheqmlﬁa% fyEb@dyent s, the
channel regions and the well regions are interchan The channel s and

the weld s inageedn frpther preaplee  comnINERdmage replis fpmthtsubliragtion é@b?@@l I n ot her
enbodi Mentigage fisn i T triakdl Eachl SMILE Bnd M B SRR Gte gt AR iror el fol ON as
wel |l regions. In yet other enbodinents, the m crof Igw dic device 1ncludes
chanbers thhalfor gxammbe Misie gmajter thay Mg @n@lm@p@l cagpduce falsgeadinglig theand wel |'s. 30
[0080] At np or a
sk |5 R REABRRA akie 30 R0 BB SR oo R RERR SHAT, DL

i mge. As ashlwdm the cEngpaisen infhge t0tcrﬁate‘ﬁMatt¢mgmglbntwhbh:scé‘dnsamdharshansf ormed to
the idgal .coprdi t|||n r .19 region. o nt.ai ns_.four

boundi ﬁ)g V\b/é)%%rss.%#%' %}%P%%ﬁldgg%gﬂc %‘ egborslelaﬁé i elqlxe lsﬁofi fes kI'M i mage

I s masked pixed, thn‘mmrh&lesmb@qquémattmaﬂe@sms/et 8t exptyle, thévmaskntlesfrace line is

masked out 00 n anot her a qure 1 simpljfied method for
wal | detec ETC?D twa?f]‘}n%a osﬁ’fjg&?%nn%lﬁl%smr?g’%%f% aﬁ%fscuss ?bc%gg?]dotfh‘ft@ernot undul y
limt the cphmizedhert tbe whedssHA0 rﬁyebe@hpﬁedom s‘hmaaxympiks Il in the art would
recogni ze many variations, alternatives, and nodifications. The nethod 1300

i ncl udes qomrssaé\ffelﬁ 1§QEmfpﬁﬁ&l Méthe fbf@ﬁ;ﬁmoﬁ&rﬁkﬁﬁﬁg&c&&&ﬁgi@dh d®oliien Ng
Intensity analysis, process. 1330 for convertln I ntensities, process 1340

for detdectd i Wﬁ?r}tén"e?téﬂn fihjsGiageapyis msre mwéwle “éh%‘ﬂl Hpyd @gtamgaly dimaty
det ecti ng M@dehpd SHitheS@GRR dORDEH Ok Rhar £ {k&NAGhe art would recognize many variations,

alternatives, and modifications, The method 4500 includes process 4510 for selecting image

area, process 4520 for defermining median intensity, process 4530 for determining need for
additional image area, process 4540 for determining minimum intensity, and process 4550 for

20  determining implosion padding. Although the above has been shown using a selected
sequence of processes, there can be many alternatives, modifications, and variations. For
example, some processes are combined or expanded. Other processes may be inserted to
those noted above. Depending upon the embodiment, the specific sequences of processes
may be interchanged with others replaced. Further details of these processes are found

25  throughout the present specification and more particularly below.

[0092] At the process 4510, an image area is selected from the TO image or the TM image.
For example, the selected image area is associated with a rectangular boundary. Figure 16 is
a simplified diagram for wall implosion according to an embodiment of the present invention,
This diagram is merely an example, which should not unduly limit the scope of the claims.

30  One of ordinary skill in the art would recognize many variations, alternatives, and
modifications. An image area along the perimeter of a rectangle 4610 is selected from an

image. The rectangle 4610 is assigned with an index.
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Al t hough the above has been shown using a sel ected sequence of processes,
there can be 10 many alternatives, nodifications, and variations. For
exanpl e, the processes 1310 and 1320 is conbined. In another exanple, the
processes 1340 and 1350 is conbined. O her processes nmay be inserted to

t hose noted above. Dependi ng upon the enbodi nent, the specific sequences of
processes nmaybe interchanged with others replaced. Further details of these
processes are found throughout the present specification and nore

parti cul ar[bwspemme pldredsOB8E ] niddGl irhsibis Adterndilod. ARGhédwd indiGuSidTRlel f 1 ed

di agrams for. wall gg_ctlon according to an enbodi nent of the present

i nventi on. meF‘H’é‘éIéterﬁ}% MAimegsAref galsulateds The median mjgRsighis apaeipted WHk 2 undul y

limt the jsggReTRboddbR t6Eh%lr%anﬁﬁrﬁlmancﬁk?enﬁfne@ﬁﬂbd‘@ﬂbéwsﬂikél kntdnfiibe art woul d
recogni ze many variations, alternatives, and nodifications. [0083] At the

process 1Fmg theperimgigeos the fegfapgle 4ai0. Ircﬁmféﬁrﬁﬁbpélmeph@euwg&e ipigngitie TO i nage
20 or tfe {MaUPEE mekiin ﬁﬂémﬁf!aﬁgfewl% are@?s &&ﬁmea nAFﬂaag{oeesM&s@ an i mge

1400 includes an interface first contr channel a
cont ai nmenhethena aﬂmﬂ%sm%ﬁes‘ié@éh@ﬂ%w]ﬁ@bd is defarmingd, lbgrdadditiopalémagsn channel

1430. The e

cont ai nnen%r&tn?%%qﬁ%z%lepﬁg %ﬁ%@g&%&ﬁ?ﬁ %EET#%%gggﬁ%n %ﬁgﬁ%g% ?Jﬁtcl udes
wal | s 1432e&hﬁqcbeie4®md thg prasssa pA s perframedatle pheagemplentie prteserid2@ ind

cont ai nen 4 I h anpl e, the
reaction c anne ep%%’%%fo?a%dg%éﬁﬁgfgét?%?ee| Sa&laﬁ}%rﬁt&%}fﬁﬂ %&1{ ?1{1818%4] At the
proces$0 138ipstédr detwnaimscilmydlammte;lstysas slmwynem&meémol n one enbodi nent, as
shown in Figure 14(b), the imge 1400 is anal yzed based on intensity. A
curve 1440{0094¢ prig siprecess5de, thavhimint pedibroin@ndityds détérﬁﬁiddﬂﬂs@ﬁowhhﬁ reaction

channel curve 1440 30 | ude | east f 1442, 1444,
1452, 1454*3{%%? @32“3“5%@%“‘@8%"&%@8%& ®5MY§ht regi ons,

and the pesks. A%ande%wal t@muﬂl%ﬁe £RdiEeHRONE dfrofididely RYIHRHSminidlnThe peaks
1442 and 1452 are, assocCi ate W|th to the wall 1412 the peaks 1444 and 1454

are assoclireRAngie@psopiated Wt thepipimumymedisnatensity s related t9 Ehea‘&a%ﬁﬁ%i ed with the
wal | 1422 rel808&Hambtr, Eﬂlﬁls REcAGE Scterhmd the ket IIMLFIBSLA. | RInAEE HOONREAEd. | N one

enbodi nent, as _shown in
the minimum average intensity instead of the minimum median intensity for the image area is 5

determired.

[0095] At the process 4550, the implosion padding is determined. Figure 17 is a simplified
diagram for wall implosion at another time according to an embodiment of the present

20  invention. This diagram is merely an example, which should not unduly limit the scope of
the claims. One of ordinary skill in the art would recognize many variations, alternatives, and
modifications. Figure 17 shows the processes 4510, 4520, 4530, and 4540 performed on an
image taken later than the image analyzed in Figure 16. For example, Figure 16 is associated
with the TO image or the TM1 image. Figure 17 is associated with TM2 image, and M2 is

25  larger than M1. In Figure 17, the index that corresponds to minimum median intensity has
shifted from 10 to about 29. The change in index values indicates the wall implosion. Based
on the location of the rectangles corresponding to the two index values, the additional
implosion padding that should be applied for the image in Figure 17 is determined. The mask

can be designed to cover the wall implosion.

30 {0096] At aprocess 550, an image is inspected for crystals. For example, Figure 18isa
simplified method for image inspection. This diagram is merely an example, which should

not unduly limit the scope of the claims. One of ordinary skill in the art would recognize
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Figure 14(c), the curve 1440 is converted into a curve 1460. The conversion
renoves 5 polarity differences between the peaks 1442 and 1452 and between

t he peaks 1444 and 1454. Additionally, the conversion also provide a

snoot hi ng process. For exanple, the intensity values of the curve 1440 is
conpared agai nst the average intensity value of the curve 1440, and the
absol ute values of the differences are plotted along the direction of the
reaction channel 1430. As a result, the curve 1460 includes three peaks
1472, 1474nan9mﬂiaﬁéas§aueﬁmvés@axmadﬂiﬂc4ﬂ&s.c@ﬁé@&@&ﬂwmommta@%e@e@m1%{}2 and
1452, the peak 1474 corresponds to the peaks 1444 and 1454, and the peak
1476 cor r éép¥Erlastifierand prosesk 194Her clpifiinrgamags obifhensh the abpye haghser hi ng process
ensures t hEopeaks akiltdediudtoof BbRsed MR daff e inhyPalRrmtiPG! GofifdKonsd72.  In
anot her enbodi ment of the present invention, the conversion is perforned

wi t hout t Hed vaisgensh Fate gTB ey PRsEsses@smioined heexpanded. Piheppiaesssea si ngl e
peak wist h Jel} ' ' : i 1452. No
snoot hisﬁlg n(q;aryso:‘ %g%ﬁegﬁgﬁgéh%&?dv%so%%e&gga@ggﬁl&%%@g.elﬂ Oog%ftﬁ%\%p%tag process 1340,
val | s of tsheucngep afpreqspacs Bley bhiiercbianged avith othewsrendaced. nFas examperiisdironesst ,  as

shown in R ok ( .4 i.at L.t h the
vl I's 1412 S8 TS o e PR L B P g R e S S SRy G
paral | el tRurthéraletails ehithese ploogsepstatedfoutidribmovghowt thf predent specificationacianeel . The

i ne 1488 iaﬂ}cﬁgﬁg%,g@vwm the curve 1460 20 at four intersections 1482,
1484, 1486, .- The average x value of intersections 1482 and 1484
and t hg av, e x.value qof. the intersections 1486 and 1488 are cal cul at ed.
The ' aft { apie Al neResRetnud ArpigiSGE Pl ShGettcl it Gddihe
cal cul at echcwirdihfitoch etbedimemtof tfepesent inventibd 1 Ohis dagratdb sistedt ckxwhpleh i s
conpar ed agai.nst .the predetermned wdth of the_ interface |ine 1410. By
novi ng the‘%f‘?hff O%gg%t ‘@Bﬁéﬁam&g]%ﬁ"%ﬂ %Aﬁbﬁ &%S'ﬁ?ﬁorfgg?qaﬂhﬁk%f@% ‘H‘?“f!‘%er ence
bet ween t hecoghiz€mhiyt welatidng ditexsiilcb,hed modidedtionsriThe grosksdt1B10 incladesi m zed at a
certainy position for the |ine 1488. At %}gis _pQsition, the average x
val ue of ~iHpeErss@L? fop generaiiig Seatlies, pragess 5620 ﬁ‘“%?%‘%% g"’&t“fﬁ’ aceEhio3PLi t i on of
the waid I4didoting RidtukddCar@\HRERHE 650 WA bd&s1iE claésﬁi%r.iﬂﬁ}ﬁahglﬁﬁ% labVe hdskden and 1488
is considered to be t he position of the wall 1414. 087] At the process-
1350, a weshpwopsingpscloaisd prAuensh of BPcceiraniiee capéeaJémé@;l{eér&.twwnmet#iécayenS;

embodi ment ,ng QRERioA & ol Mlafifpledbind fritRssdddDcdnbil AR LGAnddan @Ry BRsdses M ned

| ength of the reaction )
may be inserted to those noted above. Depending upon the embodiment, the specific

sequences of processes may be interchanged with others replaced. Further details of these

20  processes are found throughout the present specification and more particularly below.

[0098] At the process 1610, a number of features are generated. In one embodiment, the

features are computed on the entire image. In another embodiment, the image is divided info

overlapping tiles or spatial components, and the features are computed on each image tile or

spatial component. These features describe certain characteristics of the image useful for the
25  classification of the image. For example, the image can be classified into crystal,

phase/precipitate and clear types.

[0099) In one embodiment, some characteristics of the image are predetermined. The

predetermination is accomplished by manually and/or automatically inspecting the image.

The characteristics may describe with which of the crystal, phase/precipitate and clear classes
30  the image is associated. The predetermined characteristics can be used to assess the accuracy

and adjust the various settings of the classifier.

[0100] In one embodiment, the features inciuding some or all of the following:

25



channel 1430 between the interface Iine 1410 and the contai nnent |ine 1420
is used to calculate the position of the containnent |ine 1420. The

cal cul ati on provides an approximate 21 |location for the wall 1422.
Afterwards, the approximate |ocations for the walls 1414 and 1422 are
further adjusted by a fine-correction process. The fine-correction process
calculates the penalty functions for the wall 1414 and the wall 1416 and
determ nes a conbined penalty function as a function of wall positions. In
one exanpli@o1}l h€oasnbiage Stapeivalglopallimbgd fedited;akes 5 into account the signal
intensities of the curve 1460. In another exanple, the conbined penalty
function Y@loep TRt RGEQITaidRailliis! anatorREtASe Rl chitReafiiset ed wal |
positions and the approximate wall positions without fine correction. In

yet anot hegio8 agﬁ&iﬁ% Fﬂ'\éshofé P@aﬂ(ﬁl HQsHoRE AR R WIES B |0|}‘ YurfBG 0% the

| ocations of the walls 1414 and 1422 are determned. In yet another
exanpl e, IssgmeAtsd hi ng t he conbi ned penalty function, the 10 | ocations of the
wal | s 1414 and 1422 are determ ned. [0088] As discussed above and further
enphasisz ed010d} e Biggeq DbgeciBeaiusesnieatedey ofthe xgeerHleh or obfetitbwsintedmags: undul y
limt the scope of the clains. One of ordinary skill in the art would

recogni ze [gRBY VDadciedd Fodiss TradstRmFahth e Freqavnely MRtk rGaakéons. For exanpl e, the
wal I s 1432 and 1434 of the reaction channel 1430 as shown in Figure 14(a)

are found [beep manﬁhﬂwi@ﬁeaﬁsbs.tdﬂgpeaﬁéye,@@fehﬁxeaﬁll 1414, and 1422. The
di stance between the two walls 1432 and 1434 are predeterm ned. Miltiple

O & A e s s i TR
Lot ol T S bR S AR L T e

| ocat i Wns Gafinyt dige dstbdtar; 1432, 1434, 1414 and 20 1422 can be determ ned based
on at |least infornmati on obtained froma bar code on the mcrofluidic device

30. In yetpmopt MRuclCRanitbréth Faafarss ohired Sbriputtd fi8nd Ab@oh TrhMoraRémy tpeyond the
four bounding walls 14 1434, 1414 and 1422 can be masked out of the

32
subsequen@ﬂﬁﬁﬁgwﬁgﬂ§W$FB@SQ] Al so, various fiducial markings can be included

inthe mcrofluidic system30. In
[0110] Neighborhood Line Detector Features: features computed in local neighborhoods

detecting straight line patterns.

15 [0111] The above list of features is merely an example, which should not unduly limit the
scope of the claims. One of ordinary skill in the art would recognize many variations,
alternatives, and modifications. In one embodiment, for neighborhood line detector features,
a N-by-N-pixel square neighborhood is centered around each pixel in the image and
considered for a fixed value of N. For example, N is equal to 9. The gradient of each pixel in

20  the neighborhood is computed. Based on all the gradients of the pixels in the neighborhood,
the dominant orientation angle indicative of the straight line pattern in the neighborhood is
determined. Also, based on the number of pixels in the neighborhood aligned with the
dominant orientation, the strength of the straight line pattern is determined. If there arc a
number of pixels forming a line and each of the neighborhoods centered at those pixels has

25  strong and similarly oriented straight line patterns, the number of such pixels and the strength

and similarity of orientations can be used as features for classification

[0112] At the process 1620, certain features are selected from the plurality of features
generated. For example, a subset of features is selected using an automatic method in which

features ave added and removed iteratively and classification accuracy is improved or
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25 one enbodi ment, a fiducial marking conprises a recessed region in a
deformabl e | ayer. The recessed region becones a volune or open region
surrounded by portions of the deformable |ayer or other |layers. The vol une
or open region is preferably filled with a fluid such as a gas i ncluding
air or other non-reactive fluid. The fluid also has a substantially
different refractive index to light relative to the surroundi ng def ornabl e
| ayer. The open region is preferably 30 filed with an air or air type

M xture anghifgsd.anloa¥ehbddiR&d] Hefchthd8Xectioh Plobak itepdald@ fériediiGlailor maBI Ki Ng i N
the control |ayer has sim|ar characteristics according to a specific

enbodi mentelassesing s eparacy fyskistinghhingbreem epgl par ofplasges igimpeayedhBep edges
that hi ghlgoghioyt$ vBREK IS YeRlen the SesRI bR WA Rer dn tHSreRRRARE! .
enbodi ment, theé fiducial markings can be any physical 22 features associated
with the rahapgensts of the WeagecBorzgample thedsaagaib assoairied Withitheselassegineludige i ncl ude
a channel yal plisc/Bfts A8 aflf clbd? e InGthekathl GorlBM n%ag{ Hasded QU AL the

process 540, irmges are conpared to generat€ a co rrson r'mage. For

exanpl e, afeatwrpae pelestedifionyal the fatures otrined at the poerossrlat.i Bie solectidne TO i mage

fromthe T .ﬁ@ﬁ S AR QIRAL | ! Asults from

t he subtré%@?%ﬁbo ?H%&gﬁﬁﬂgﬁggéngron1tﬁgn Y |naggéﬂﬁg@£ﬁ%%mbﬁa§ﬁ M is a

posi tive iattwgpyusisgedctiver opbranngnhameieristic (ROCNurveareaowtaeiyik e plobbetiveensmal | er

t han M. [ val ! I readi.ng. kn. t [ys recognition
YR TRIRL et MG BRSO e SR BB

anal ysis. Thn
appl i eth t dfestives oo dgaminsdn Eathegeupt correspeals ¢ apniraificiee) atd may ba differestifiomh sof t ens

the harsh 1Q borders that the sk ul.d.introduce.to an image. The cl oser
an i mage. BTSSR SO Rrate ARty Y fop e NHEOPHAOORE DEFSPL o't enuat ed.
I n yet anckchiares ebtaifipd £ the grecesslsl O ttddegure Bélection po0es8 is paBlbimddPbosi on by an

I mpl osi on- paddi ocess. .As, di scuss abave aand further enphasized here,
Lhe. pr ocoSanis WhGIREERR bt £ veuRar Sraapral CrsoaH PH gemsols | = a

si npli fi edseletedNeightdihdodLireIDebdtiop TehtlireiQradetRintic0.0Int Y2t aidvtiprbastdiest, 15 of
the present inveption. This diagramis nerely an exanple, whjich should not
undul y? i nie threeglasseg eapbe b‘?ﬂé‘%d‘ls‘élﬁﬁﬁl.“t%%%’“%1%&%%%‘?1’@% the art
woul d r ecogbiZLesT8NNe MatidedkleOS procadst er nati ves, and nodifications. The

met hod 4500 i ncludes process 4510 for selecting inmge

[0113] At the process 1630, the selected features are projected. In one embodiment, all of

the selected features are projected onto the lower dimensional feature space. For example,
from 130 original features, 5 groups of features are selected. As discussed above, 3 groups of

20  features are selected from all features for 3 pairs of classes, and 2 groups of features are
selected from only Neighborhood Line Detector Features for 2 pairs of ¢classes, These 5
groups of selected features are used to calculate 5 Fisher features. The number of dimensions
is reduced from 130 to 5.

[0114] At the process 1640, the classifier is adjusted. In one embodiment, the Fisher

25  features are input to a Feed Forward neural network. This network is trained using a neural
network training algorithm such as backpropagation algorithm. The neural network can have
multiple outputs, each output indicating the likelihood of the image or the image tile being in
one of the classes such as crystal, phase/precipitate or clear. If the image is divided into
image tiles, the neural network outputs for the different image tiles are combined into a single

30  output using a spatial fusion algorithm. Based on the comparison between the output from
the neural network and the predetermined characteristics of the image, the neural network is

adjusted. For example, the weights and/or biases of the neural network is changed.
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area, process 4520 for determ ning nedian intensity, process 4530 for
determ ning need for additional inmage area, process 4540 for determ ning

m nimumintensity, and process 4550 for 20 determ ning inplosion padding.

Al t hough the above has been shown using a selected sequence of processes,
there can be many alternatives, nodifications, and variations. For exanple,
sone processes are conbi ned or expanded. Other processes may be inserted to
t hose noted above. Dependi ng upon the enbodi ment, the specific sequences of

pL ocesses [0TWEY bEtHelj)}rcﬁ:E:ﬁth@adumgehs QishiﬁéthFiQﬂéwﬂ@suﬁﬂfﬁeb?feﬂﬁ&lﬁﬁi I's of

t hese processes are faun t t the present_specification and nore
parti cul arq 8 %ﬁHBWCC?%%iT o\ l?%@“’ﬁ’?ﬁgtg"sgreﬁgtl yenien. |ﬂ’é§§‘aﬁi’%&s ngelye| ect ed
fromthe T dkifge vhichtsheuld: Mtluﬁmgsahmltlﬁwsc?e%mlcelauﬁéﬁ%&erﬁliﬁdy ddpgle area is
associated with 1a{yect angul ar boundary igure 16 is a_sinplified diagram

for wall itHpFbEPUGreseerirednany VEptiars: altasestyered mypdificaions, QQ%WPC‘?SM@Ht i on.
Thi s d'ﬁgrlﬁéﬁldeggo s@lMO&&@ﬁ&Hﬁiﬁwﬁﬁ@& ?Jﬁbc&l@@wmm&e@m@%mg Hhd the scope

of the clains One of ordinary he art ‘woul'd recogni ze many
vari at i onsProsss @?%&Eﬁ@i@@%&@iﬁgﬁﬁm .Aéraw&bﬁ%e abpye haghepa shpemusiiomg t he

perineter @fecidd Eeﬁﬁén@@&lﬂp%oéﬁ%w thePe @a‘ﬁ'b‘é‘?}aﬁgﬁalfefﬂaﬂ%%‘r}nod:ﬁ&%ns evahgehangl e 4610

I s assigned w th ani ndex. 0093] A rocess 4520, a nedian intensity
i s det er i Pléer. PWSSSWWQWGFP iSPrﬂéDSiBOtGQ theve. rﬁ@p%natmoéﬁl@i empofligtent, e | mage

area is caledhddegitncebepBLbdhd 'Ue%ﬂérl:ﬁ&ﬁg iR, i Betaits A X

corresponding to the rectangle 60 an ase on raw pi xel

i nt ensi@ i ethese atoowgeStarﬁefomtimg@ut &F preprat specifientigh endagare partinulamotatey.

enbodi ment, the average intensjty 5 instead of the nmedian intensity for the
I mage ar ea{ﬂl]sﬁ]deﬂtteherprmst 1748, atﬂumbprafd‘mseszhﬁes’@neraMeTMe featurea ditivide elhal | mage

area shoul sel ected, s deter addi.tional inma rea needs to
be sel ect eg P Sﬁﬁ%iegsa%{hﬁﬂoﬁeﬁs g%wﬁfl(?’?er@a’oglﬂ ntahmegaa&frfﬁ %ﬁ&&ﬁ'ﬂ@é’& area does
not need theerhee isege dhatothdriembpdioeststhe 4hahd id divifalrifito loverthpping tikeer exanpl e, the
processes 45%2 and 530 I eated for a succession of, nested rectangles
G the.r cBREGRE Prtia AR B febiRatr St eRelh Fie AR sl st

i ntensidy agetdnomer enbodinteut, e sé0Bting did@Pding Aperitions @t perfsifned br the idpe M ni mum

medi an i nt ensi t%{ i's debeirm ned. As shown in
prior to the process

[0117] At the process 1720, the selected features are projected. In one embodiment, all of
the features selected at the process 1620 are projected onto the lower dimensional feature
space. For example, from 130 originel features, 5 groups of features are selected at the

20 process 1620. These selected features are computed at the process 1710, and are used to

calculate 5 Fisher features.

[0118] At the process 1730, the image class is determined. In one embodiment, the Fisher
features are input to a Feed Forward neural network, The neural network can have multiple
outputs, each output indicating the likelihood of the image or the image tile being in one of

25  the classes such as crystal, phase/precipitate or clear. If the image is divided into image tiles,
the neural network outputs for the different image tiles are combined into a single output
using a spatial fusion algorithm. In another embodiment, the crystal likelihood is compared
against a threshold. If the crystal likelihood is above the threshold, the image is classified as
a crystal image. For example, the threshold is 50%.

30 {0119] As discussed above and further emphasized here, Figures 1-17 represent certain
embodiments of the present invention, and these embodiments include many examples. For

example, the TO image and/or the TM image associated with some or all of the processes 510,
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Figure 16, the nmedian intensity is a function of the index, and may be
plotted as the curve 4620. At an index equal to about 10, the nedian
intensity approximately reaches a mninum The rectangle associated with
the m ninmum nedian intensity is related to the walls of the 15 reaction
chanmber, and is used to determ ne the extent of inplosion. In another

enbodi nent, the mninum average intensity instead of the m ni nrum nedi an
intensity for the image area is determned. [0095] At the process 4550, the

i npl osi on5pREs, 590,ia8d 65 iy B tRdetlyFc@iifed b} heliSagingdyRRhi 1f0I &dbenddbtd@fgin for wal |
i npl osi on a]twﬂ%yther time, according. to an enbodi nent of the present 20

i nventi on2P of imgpes arquired by e imaginasysierp 1R In\gpe embadimment of e presmtiul y | mi t

the scopeiffntich/\8e fhapinFystéh €0 @qu@és%nﬁamy 8firdabesi B thb @ dreatfPiled T €COgNI ZE
many vari ations, alternatives, difications. Figure 17 shows the

pr ocess es Masaindia system Y e plosaliy %@C%QP‘PB?WPW"%H herlgaliyaken | ater than
the i mggepagal mef@lereﬂa wraﬂw e dinbire@ int® SRTRbS usbd BURET Bndes oPBHOLEG €d W th

t he TO|rrage or the TML inage. Figure 17 1s associated wth TM2 | fage, and
M is 25 , r 0 m ni num
medi an | nt[@l%gft y%EI%QIM%SI#?Mgéd rom %‘(7)r COEHQ%%% g%eéw:% gﬁgﬁelgéh%ﬁ?ntrt\dex

val ues i ndf thaprsent wentioh) Thlﬁrﬂﬂagmmomwrsla@edxanmhe tvsrhe:hlsb@ﬂd nanndfly ihg

rect angl eﬁlccsgorre ﬁ"gQ Irrlrsg (Sl}elotfhr %ﬂg‘ﬁ{é GM%VouFdSIECOt&lB]reZ%%%gl ti o aI i mpl osi on

paddi ng t hat e iage 1N Y Y9 r ni ned. The
mask can almnarha& gmhﬂodlﬁcauomerrhb hethmllsomumhldaspxecass BSlO[f&QE&hnAtnga pr ocess

550, image | S i.nspected f r.e

si npliti ed™ th%'ﬁa?%; % FRgEs ?%QS%IY 8@%&“@?3&?6”%% Fsé;|1§§% exarrpl e,
whi ch shogbsirating torblsited ishake. nAlthot ghethS aHoPEhae oedolstowh ﬂsluli@a se@dﬁd edquercedi nary
skill in t e art \ggul d reco%é e 24 rna&%?varl at ons er natives, and

o 11 cat PHREC BT FHE THRB STEME oo praoes Bid Gigterd, Ortfrxarﬂr’ng

cl assifi ersoxﬁmptowsmeﬁ&oﬁsﬁed braaxpaideds thatipR@edsengH: beAhdetedighhdsbaotabove has
been sho us . sel ec e uence of .processes, there can be many
alternati 3@&' bﬁg‘? (AR Eem nG4he Sgﬁqlig“ngiq“eﬁﬁ)"rs °§R’§?ﬁi§?‘§ maydfe processes
are copbi iRetchg P GBS s replabRY FRAE A&SRDS thebBHERsde 5@ T tﬁr&lgthb.ﬁse not ed

above. Dependi ng upon the enbodi nent, the specific
the present specification and more particularly below.

[0121] At the process 1810, certain image characteristics are determined for the plurality of
images. In one embodiment, for each pixel of each image, the sharpness and colomess are
determined. For example, the sharpness is determined with Laplacian operator, and the

20 colomess is determined with Saturation of the HSV color mode. At the process 1820, a
statistical analysis is performed. In one embodiment, the statistics such as mean of sharpness

and mean of colorness are determined for all the images.

[0122) At the process 1830, a combined image is generated. For example,

N
Zwrm(x’y)x Irnagem (‘x’y)
[0123] Combined Image(x, y)= 2=t— (Equation 1)

> wh, (x,3)

m=1

25 [0124] wherein N is the number of images for the plurality of images. Combinedlmage
{x,y) is the intensity of the combined image at pixel (x,y), and Image(,y) is the intensity of
image m at pixel (x,y). For example, the image intensity has three components including red
intensity, green intensity, and blue intensity. The intensity of the combined image associated

with a given color is dependent upon the intensity of image m associated with the same color,

29



sequences of processes may be interchanged with others replaced. For
exanpl e, the process 1510 is skipped. In another exanple, the process 1510
is repeated for a plurality of imges. Further details of these processes
are found throughout the present specification and nore particularly bel ow
10 [0097] At the process 1510, a classifier is trained. Figure 19 is a
sinplified training nethod according to an enbodi nent of the present
invention. This diagramis nerely an exanple, which should not unduly limt
the scope THe vicidit &1, Ak BBern@Na bafed Of teRy esslqnhLcolbﬂmgspraeﬁ(xw;%rdma%eecogni ze
many variatigns, alternatives, and nodifications. The process 1510 i ncl udes
process 16%07¥6FeRker ating features, process 1620 for sel ecting features,
process 1630 for 15 projec%&gg‘fezsgges, and pro esi 1640 for adjusting
classifier t ECHR S Y Hiaaona S il a sel e : ence of
processes,m%%%rgaggaybe'Eﬁhykaﬂhpﬂmafﬁgﬁék@mﬂﬁh&&ﬁ&mﬂ ons, gﬁgawggggtions.
For exanple, sone processes are conbi ned or expanded. O her processes nmaybe
inserted t o] i i At specific
equences S ) R R e R oy e

det ai | s of and fpalgeatiomreppegiiecds ®s thgpixe} B vhen inhigomg MrgnLapesispristhe measefeci f i cat i on
and nore I r I . - : . N r of
features g?%&%%ﬁg%g%gb. ﬁﬁﬁ%ﬂgLE%E%%Pﬁ%%@?EFﬁ%QQg%gy%gégngﬁggggﬁguted on the
entire i nagesn of Batwberheatuee fyel ipivelstin alt theplinatityeof irgagdé.vi ded i nto overl appi ng
tiles or spatial conponents, and the features are conputed on each i nmge
tile or sjoazrd] alThe orhod dntcombingmemhgeahasrvesoud egdichiivms C Botedtbpleiacatirer i Sti cs
of the imge ful for the. 25 classification of the jnage, For,exanple,
Che. i mage. Sispyeiexcsy » ettty tits S Kanit P tusbd BBl bar ¢y pes.
[ 0039] 16 n lﬁfggd@_lﬁ_boﬂier&y‘stals AN belocited agtvhere @tmiﬁﬁ;@%?::ﬁg@cﬁamgﬁ Rﬁgll.'ﬁe 22 isd/
predeterm ned.  The. predeternjnation is acco i she manua .and/ or

Pt ot 1 caf TpPET dieRbT 0478 Shafays Sctoring FLAIRO GPLY] PR BESERY be wi ¢ h
whi ch of tgs gkgtah & merblfas xDRE which Skl e uduBAmIE 1R $66pS 0Ble blaRnsl MBYE i
associ ated, The predeternm ned characteristics. can be used to assess the
accuracy SGRPISERREY skilhw theit woawd sepgmssquany yaraHgnse plicmativeseand [ 0100] I n one

enbodi ment podihGibRatahesin Wl 1980 Ak SRPB oPibod! J00Rkiclohs 1hoht SWHRE; the
15 depth of focus of 10X objective is less than 300 microns, and the single z-plane image

capture cannot capture all the crystals 1910, 1920, and 1930. If the imaging system focuses
on the middle of the protein well, the image may capture only the crystal 1920,

[0128] Figure 23 is a simplified diagram for capturing multiple images according to an
embodiment of the present invention. This diagram is merely an example, which should not
20  unduly limit the scope of the claims. One of ordinary skill in the art would recognize many
variations, alternatives, and modifications. In one example, three images are acquired.
Image #1 captures the crystal 1910, Image #2 captures the crystal 1920, and Image #3
captures the crystal 1930. The number of images are depending on the objective and aperture
setting of the imaging system. The smaller the aperture, the larger of the depth of field, and
25  the less the images needed. For example, 5 images with 70 micron step size may be used
with 10X objective. The captured multiple images are combined according to the method
1800.

[0129] In one embodiment, each of the three images has three components for a given (x,

y) location. The three components include red intensity, green intensity, and blue intensity.
30  Similarly, the combined image has the same three components for a given (¥, y) location.

For example, at the pixel location (10, 10), Image; (10, 10) = (200, 100, 50), Image, (10, 10)

30



25 [0101] Coarse Inmage Statistics: global imge features; [0102] Grcle
Counting Image Statistics: count of different kinds of circles and ellipse;
[0103] Sliding Threshold Features: threshold values at which objects of
sufficient size are segnented; 5 [0104] Biggest Object Features: features
of the biggest blob or object found in the inmage; [0105] D screte Fourier
Transform Features: frequency analysis features; [0106] Form Anal ysis
Features: shape anal ysis features; [0107] X-axis Syrmetry Features: features

descri bi ng- t1pe zwrmfa}aﬁmﬁa@yn@ ?@)@1'5@150 iO?l'ﬁ:ﬁ']co?@sﬁ u5| ght§ %F bPPi Ng

Features: features describin ‘'edge

det ect or; J0OTO} WHALGAOTT Hh dﬁ:ﬁlﬁe@ﬂupés Aep@dmaﬁceﬁq@b%ht ed u5| ng Hough

Tr ansform@@ﬁﬂmhﬁ& (He1§G asSbiighsght 1ines; and [0110] Nei ghborhood Line
Det ect or Features features conputed in local nei ghbor hoods detecting

A ght V\IIRI C S OOU no#g,{}nﬁ L][T,V-IIVR?(% qm']qy&aé t],O qf() 1% ? !(imgrer g o

exanpl e, e of
ordi nary skill iwi ki, Hptx Imamgdm Q)b Jlivtz@, y]lﬁﬂytz(aaw)amﬂmsy)] aI ternatives,
and nodifications. In one enbodi nent, for nei ghborhood |ine detector

features, a Nby[omﬂiz&@nommanexr(emogizb@,nhop;do.izs(s@rm,em}d(euemoezlch pi xel
in the imge and considered for a fixed value of N For exanple i s equal

to 9. The gradi engy, szoeam%\ubv%%s@)no%o (é e 0 e 326R0IRee) /1053 conput ed.  Based
on all the gradients of égl xel s in the nei ghborhood, t'he doni nant

orientation angl 0 1h69+é9’f]i5\9 &F0/h@3Btrai ght Iine pattern in the

nei ghborhood is determ ned. Al so, based on the nunber of pixels in the

nei ghbor hood al ie® 196.1%h 1¢he%) domi nant orientation, the str@&aetindf the
straight line pattern is determned. If there are a nunber of pixels

form ngo a 0131¢ aviréreethc:dmnﬂiinetlIhnageéxiaxghbdmhmﬂtsofcl@m@gm iatndithos 9qili2xel s has 25

strong and simlarly.orjiented str rps,. t he nber . of such
pi xel s andm?ﬁgllusetl?tg%ﬁy Hf ﬁ@ﬁ) ax ﬁqulggtg%ﬁn Eﬁgﬁuﬁa‘f‘f s Qﬁg%vé Bled as
feat ures fRrth@lepbisizedrdre, Bquation 3 is only an example, which should not unduly limit the

scope of the claims. One of ordinary skill in the art would recognize many variations,

alternatives, and modifications.

15 [0132] Examples of the present invention include code that directs a processor to perform
all or certain inventive processes as discussed above. The computer code is implemented
using C++ or other computer language. The computer code is not intended to limit the scope
of the claims herein. One of ordinary skill in the art would recognize other variations,

modifications, and alternatives.

20 {0133] According to one embodiment of the present invention, a computer-readable
medium includes instructions for processing an image of a microfluidic device. The
computer-readable medium includes one or more instructions for receiving a first image of a
microfluidic device. The first image includes a first fiducial marking and a first chamber
region, and the first chamber region is associated with a first chamber boundary.

25  Additionally, the computer-readable medium includes one or more instructions for
transforming the first image into a first coordinate space based on at least information
associated with the first fiducial marking, and one or more instructions for removing at least a
first part of the first chamber boundary from the first image. Moreover, the computer-
readable medium includes one or more instructions for processing information associated

30  with the first chamber region, and one or more instructions for determining whether a first

crystal is present in the first chamber region.
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[0112] At the process 1620, certain features are selected fromthe plurality
of features generated. For exanple, a subset of features is selected using
an automatic nmethod in which features are added and renoved iteratively and
classification accuracy is inproved or 26 optim zed. In one enbodi nent, the
feature selection process is repeated for each pair of the classes, and the
accuracy for distinguishing between each pair of classes is inproved. The
accuracy may be determ ned between the result fromthe classifier and the

pr edet er m&[nm;u] hoatbadsramgem h:&:tﬁeﬁer@liod}dibg_tbfrt&glﬁeseﬁqﬁveiﬁﬁwﬁc Empiitherekd¥BEe 1S g
aSSOCIate th. three classes includin ta ase cipi.tate an
roar 1 n s OSASnERo G siema AT Ry {iaess of s Bare e ah

2t ures are

sel ect ed fmmbﬂbﬁteﬂﬂ&@dabﬁaﬁddiﬁmﬂbﬁs@ loRE6t ridre InbiRudBbROBSRcolfAPat 19436 S8l ection
I ncl udes conputi ng thg Fi sh a a@ll m nant befween the pair and eval uati ng
B’gqr

its classiPRgsAYgrecos figde¥icgelh fb%’é‘rlalaﬁﬁﬁl fesnddmpgaare (ROC)
curve af eay¥diatd with rdd f@&al B&.Etwﬁ%ﬁﬁ a éee&rﬁ%&%moﬁ@es{;&hee@ Neld b SemeOSI tive
rate. For three pairs of classes, three roups of sel ected 10 features are
det er m nedirstEzags d Sipseend ivagsanrdus CQ ofigt ghampergegies. a@lﬂf’éﬁﬂ&’ they be different
from or theg,3RNRadbiAREHRR incHio e oﬁqgﬂeﬁﬁsﬁlﬂ&iohyfor lﬁg Sgrdiei ghbor hood
Li ne Det ect0|P Feat ures obtained at the process 16 eature sel ection
process i sesprsiaegivriidhe st imags andihesecqnd émags) @étomprmgremtrmt@usfoo two out of
three pair

Dot ot br . FEag ) B B g B A e R pion e TR IO K0 e

cl asses0 casrcdrd imegsd iMdroesdr, ti canpputeteiedisble mediymeingudes phaerimore indewctipns use pairs
of subcl t ocess
T630; 1 he Lopayrdle P iRl MERE R AR PEREE SR ol ke ShploiptbTE S
sel ected f@earmnmgvdxeﬁlepacﬁ;secrwﬁl1&1mbann1t1ﬂéaelﬁns.txehar1ﬂ:emg$nbmﬂoﬁetdbasre space

For exanpl e tmnasso at?wnﬂ q#m%eatures 5 groups of features are sel ected.
As di scusslggmg%ove 5 5 oup %F%atures are selected fromall features
for 3 pair atures,are, selected fr only

Nei ghbor ho@&:?{' d%“a%zlg%é? §$ %ﬁ%tﬁ% F%gig g‘;t °];§t gresent gwention. A computer; éﬁ?ga%g gr oups
of sel ggt egledi@ntnenss @steuctic®dor 48 6RlgGltl i Berand pob&Eing Rimbgesfa The nunber of
di mensi o nSrnlclrosfluﬁd(;"cfj c%l %ﬁ:g lerlt(:) g(}n'ilin%%r}e%d%h medium includes one or more instructions for
receiving a first image of a microfluidic device. The first image is associated with at least a
first predetermined characteristic, Additionally, the computer-readable medium includes one
or more instructions for generating a first plurality of features based on at least information
20  associated with the first image, and one or more instructions for selecting a second plurality
of features from the first plurality of features based on at least information associated with the
first plurality of features and the at least a first predetermined characteristic. Moreover, the
computer-readable medium includes one or more instructions for determining a third plurality
of features based on at least information associated with the second plurality of features, and
25  one or more instructions for processing information associated with the third plurality of
features. Also, the computer-readable medium includes one or more instructions for
determining at least a first likelihood based on at least information based on the third plurality
of features and a first plurality of parameters, one or more instructions for processing
information associated with the first likelihood and the at least a first predetermined
30  characteristic, and one or more instructions for adjusting the first plurality of parameters

based on at least information associated with the first likelihood and the at least a first

predetermined characteristic.
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[0114] At the process 1640, the classifier is adjusted. In one enbodinent,
the Fisher 25 features are input to a Feed Forward neural network. This
network is trained using a neural network training algorithmsuch as
backpropagation algorithm The neural network can have nultiple outputs,
each output indicating the |ikelihood of the image or the image tile being
in one of the classes such as crystal, phase/precipitate or clear. |If the
image is divided into image tiles, the neural network outputs for the

di fferent [Ulﬂ@g%tybd&Sthaﬂ@nlﬁ@méhﬂﬂdhd}ﬂb&sﬁl’ﬁb NGkl cI%hedéRM oMt Ng a spati al
fusion algorithm Based on the conparison bet ween t he out put from the

neur al ne% qleé‘ﬁt?G‘@ﬁeInﬁPé&@?@%ﬂﬁé&@h&%@éﬁa@rh@ﬂﬂ&wécfcateﬁ,éhq nmage, the
neur al %fé@ertéimhx%d 1&@1}1@%%%&?{@%?@@%6%& t’l’:}@iugal?fa& RVa96 i RS ES Of the

neur al work is chan At the process 1520, an inmge is

cl assi f i eepntammepmt bnezmg i ugedstp p#Fulate the pABiaNGd tesentaiomenidineilé2R iBe accor di ng

to an enb : di i an

exapl o A RCAROtICE e ERERle lbER L Bt vel T2, SRR, e BpicRintre 70

ordi nary bkatlops fonthetweds a4 and 147d aracloglpniadivsterbnya fingrdomedtion procedst dnnat | | ves

and modi f |, ?f@la%“ @%C&' ?&%@c&?e%ﬁoﬂs?ﬂb%’“b@ﬁﬁv process 1710 for generating
pr SS or

features, projectin eatures, and process 1730 for

determnin ggh. th ha own sel ected
sequence BgDBﬁ%%Bgég?agﬁTﬁ@P%Ecﬂ %geﬁﬁfﬂgmﬁﬂ?ﬁﬁ@%@sﬂﬂw ?q%%'ﬁgar"%[ns and
vari at i ongroteifQhbfiel FughaRgheielpi tbRlPratssC ekl gihPielg)ot ed above. Dependi ng
upon the enbodi nent, the specific sequences of processes naybe interchanged
with gbhegs replaced. Further details of 10 these processes are found

t hroughout the present specification and nore particularly below. [0116] At
the procesg 1710, a nunber of features are generated. These features include
all the features selected at the process 1620. I n one enbodi nent, the

feat ures &nduoddipencetCONTRObeLARERIANENBGNE PISTARGIE) AN _MKBUINHEER, the i mage
is divided,i g}%&e@ %ﬁ%gﬁ gget &éns?éer%Wt' al conponents, and the features

are conputed on eac e or spatidl conponent. 15 In yet another
enbodi nent Di and ri.pping.operations are perfornmed on the inmage
prior to tth‘@gggg'@%asgguﬁflﬁ e[cﬁlﬂcyﬁgﬁ?‘gt)’he process 1720, the selected features
are pr(gj eCREeCdTleﬁlQ one errbodl ment, all of

RECT rightRect;

leftRect.top=0;

lefiRect.bottom=t0Image->height-1;

leftRect.left=proteinChannelBeginninginPixels-fineTuneDistance/2;
20 leftRect.right=proteinChannelBeginningnPixels+fineTuneDistance/2;

rightRect.top=0;

rightRect.bottom=t0Image->height-1;

rightRect. left=proteinChannelBeginningnPixels+totalProteinChannelLengthInPixels-
fineTuneDistance/2;

25  rightRect.right=proteinChannelBeginningInPixels+totalProteinChannelLengthInPixels+fineT

uneDistance/2;

Iplimage* leftSide=ImageProcessor::extractimageRect(t0Image,&leftRect);
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the features selected at the process 1620 are projected onto the | ower

di nensi onal feature space. For exanple, from 130 original features, 5
groups of features are selected at the 20 process 1620. These sel ected
features are conputed at the process 1710, and are used to calculate 5

Fi sher features. [0118] At the process 1730, the image class is determ ned.
I n one enbodi nent, the Fisher features are input to a Feed Forward neural
networ k. The neural network can have nultiple outputs, each output

i ndi cat i ngplithage¥ tiglebideaangefrodekior: ek EmageReRA0INIRE & rghiR@ctRei Ng i n one of 25
the classes such as crystal, phase/precipitate or clear. If the inmage is

di vi ded i NhQetii®¥aRetirbteRCharinBBepignh@hpiv@s;wor k out puts for the different
image tiles are conbined into a single output using a spatial fusion

aIgorithan%Qﬁgaggﬁﬁﬁlgm?gggggﬁgﬁngficrystal |'i kel'i hood is conpared

agai nst a threshold. | kel i hood i s above the threshold, the
image is cﬂassified as a crystal imge. For exanple, the threshold is 50%
30 [0119] As discussed above and further enphasized here, Figures 1-17

represent gertain enpodjnents. of the present invention, d.these

enbodi fent ¢ ﬁ%‘tlﬁ'}@l %EH&#‘ %YBP?@TS@B}ﬁe%Téﬂ%?aé?PIPWE‘G%@W d/ or the TM
i mge associated with sonme or all of the processes 510, 28 520, 530, 540,
and 550 nﬁybe directly acquired by the imgi ng system 10, or generated from
a plurality of inmages acquired by the imgi ng system 10. In one enbodi nent
of the pred®nt invention, the inmaging system 10 captures a plurality of
images for the sane area of the mecrofluidic system30 at a plurality of
z-focus pokitions respectively. The plurality of 5 imges at different
z-planes are conbined into one image used as the TO i mage or TM i mage.

[ 0120] Fi gthiss-EdlihageBinfek(Mith foh26k svBmbBwd; f or conbi ni ng i mages according to an
enbodi nent of the present invention. This diagramis nerely an exanple,

whi ch 1ghoul/@RREORMYAUE ¥INE CORRECTEONS caPetRTibR Hrgd 5. One of ordinary
skill in the art would recogni ze many variations, alternatives, and

modi ficati 9@%&5&?@1%@&%&&99:@&% o&&lﬁ%ﬁ%ﬁ%ﬁ%@ﬁ&&’éﬂeﬁ%ﬁ)ﬁ m ning 10

i mage characteri cs, process 1820 for performng Statistic anal ysi s, and

process 1830x! AlcigBPBHAkASSOMAL 1A TRAEDeA VMG bAGARRNS, has been
// this->PolllmageTimer("calculated derivative signals");
if (leftSignal I =NULL)&&(rightSignal|=NULL))
15 {
this->PollImageTimer("both are non-null");
it signalWidth=lefiSide->width;
int minLeftSignal=INT MAX;,
int minRightSignal=INT MAX;
20 /! determine the min of each signal
for (int i=0;i<signalWidth-1;i++) // skip the last value as it is always zero
{
if (leftSignal[ij<minLefiSignal)

minLeftSignal=leftSignalli];
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of processes, there can be many alternatives, nodifications, and variations.
For exanple, sone processes are conbi ned or expanded. O her processes nmay
be inserted to those noted above. Dependi ng upon the enbodi nent, the

speci fic sequences of processes may be 15 interchanged with others repl aced.
Further details of these processes are found throughout the present
specification and nore particularly below [01211 At the process 1810,
certain image characteristics are determ ned for the plurality of i nages.

I n one enbod(rpdtSignal{lempRGtPE4Yl of each inmage, the sharpness and col oness
are determ ned. For exanple the sharpness is determned with Laplacian

operator, apghiifesighhl h@g@eag is determned with Saturation of the HSV
col or node. At the process 1820, a statistical analysis is perfornmed. In
one enbodi pent, the statistics such as nean of sharpness and nean of

col onmess are determned for all the imges. [01221 At the process 1830, a

combi ned i er For example, N x | mage.. (X, Y, w,, (X,
[0123] manfh%%cf“ﬁm’%% ‘jﬁu“' N (EqugFi on 1) E vvt?xY§ ,,Y?_I 25 [(()1223

wher e| ) s far l.urali t i mges. Conbi nedl mage
(X,Y) H@r(?:blé‘ﬂ 1 fﬁgﬁggﬁﬁ?eﬁ ?r]\‘Fazgé“é Wﬁ?’ F° (x,y), and | magen(X, y)
i's the |ntenS|ty of image m at pixel (x,y). For exanple, the inage
intensity Has three conponents including red intensity, green intensity,

and blue intensit The intensity of the conbined i mage associated wth a
gi ven col orleﬂ@gwé%]e‘l‘@eb@ﬂ%y@h the intensity of inmage massociated with the
sane color. 29 The weight wmis determ ned based on the sharpness and

col orness atightSigmll[ij(=minRighfStgnal; vage M For exanpl e, Laplacian,, (X,
y)Saturation"' (x y) [0125] wtmx,y~=0.7x +0.3x (Equation 2)
-}
10 // now interrogate the possible benefit from each of the possible fine tuning values
this->PolllmageTimer("calculating penality function for each side"),
int *leftPenality=new int[signalWidth];
int *rightPenality=new int[signal Width];
int leftSum=0;
15 int rightSum=0;
for (i=0;i<signal Width;i++}
{
// caleulate the sum to determine to normalize left and right side
leftSum+=lefiSignai[i];
20 rightSum-+=rightSignal[iJ;
// now calculate the penality for each side
leftPenality[i]=0;
rightPenality[i]=0;

// left penality are all the signal contributions to the left of this perturbation



MeanLapci an MeanSaturation [0126] wherein Lapaciann(x,y) and
Saturationn(x,y) are the values of Laplacian operator 5 and Saturation
respectively for the pixel (x,y) on inmage m MeanLapl acian is the nean of
Lapl aci an values for all pixels in all of the plurality of imges, and
MeanSaturation is the nean of Saturation values for all pixels in all the
plurality of images. [0127] The nethod for conbining i mages has vari ous
applications. For exanple, in certain mcrofluidic devices, a reaction
chanber, sughias=@&j<igaotion channel or the protein well, has a 10 large
depth. The crystals can be | ocated anywhere within the reaction chanber.

Fi gure 22 ig a sinplified diagram for deep chanber according to an

enbodi ment of the present invention. This diagramis nerely an exanpl e,

whi ch shoul d. Lidn tbhe scope of the clainms. One of ordinary
skill in th%gg?%ﬁﬂyﬁﬁﬁﬁéﬁﬁéﬁyg@ many variations, alternatives, and

nodi ficatiops. A protein well 1900 has a depth of about 300 mi.crons. In one
exanple, thé 15 depth of focus of | OX objective is | ess than 300 m crons,
and the single z-plane jnmage capture cannot capture all the crystals 1910,
1920, and 181&%‘61.1‘t pepalityigciudes sl iy sigpakcopribyions dhe geht philisperehaons "t he prot ein
well, the image may capture only the crystal 1920. [0128] Figure 23 is a
sinplified &régsiawa Wolth-daptiar) ng mul tiple i mages according to an enbodi nent
of the present invention. This diagramis nmerely an exanple, which should
not 20 undfly Ilimt the scope of the clains. One of ordinary skill in the
art would recogni ze many variations, alternatives, and nodifications. In one
exanpl e, thnePehdlitgis=laft8igadfifyi red. | nage #1 captures the crystal 1910,

| mage #2 captures the crystal 1920, and |Inage #3 captures the crystal 1930.
The number of inmages are depending on the objective and aperture setting of
the i magi ng system The snmaller the aperture, the |arger of the depth of
field,@and ?5 the | ess the i mages needed. For exanple, 5 images with 70

m cron step size maybe used w th 10X objective. The captured nultiple

i mages are ined accordin t h 00. 129] ..l n one enbodi nent,
each of t he&?%%?%aée t?lﬁﬁognésm% S g%hﬁlfaésea%%g%hﬁ%% Sa]i? %d(r)l’eﬁhg‘{ 9/%4?11{“%?11 ﬁf}‘)n | ocati on.
Igfeag{fs-q&gﬁggﬁggﬁmégghﬂde red intensity, green intensity, and bl ue

this->PolllmageTimer("calculating combined penality function™);
double *combinedPenality=new double[signal Width];
15 double *combinedPenalityRaw=new double[signalWidth}];
for (i=0;i<signal Width;i++)
{
double leftValue=((double)lefiPenality[i])/(leftSum);
double rightValue=((double) rightPenality[i])/(rightSum);
20 /f unless we're in the area in which we can average...
combinedPenalityRaw(i]=rightValuetleftValue;

}

// smooth the penality function to force the minimum peak to the center of the acceptable
band

25 /! and calculate the minimum index
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30 Simlarly, the conbined i mage has the sane three conponents for a given
(x, y) location. For exanple, at the pixel location (10, 10), I|mage, (10,
10) _ (200, 100, 50), Imge2 (10, 10) 30 _ (100, 200, 150) and I mage3 (10,
10) = (50, 50, 50). The correspondi ng weights are w1 (10, 10) = 0.1, w2
(10, 10) = 10 and w3 (10, 10) = 0.2. According to Equation 1,

Conbi nedl mage (10, 10) is as follows: [01301 Conbi nedl mage (10, 10) = [w,
(10, 10) x Image, (10, 10) + w2 (10, 10) x Image2 5 + w3 (10, 10) x

| mage3 (104oib@® hinPedatibt1dos; Y) + w2 (x, Y) + w3 (x, Y)] =[0.1 x (200,
100, 5) + 10 x (100, =200, 150 + 0.2 x (50, 50, 50)] / (0.1+10.0+0.2)

=( (0. 1xzoo#%@$§[gy@{éo%j 10. 3 (0. 1x100+10x200+0. 2x50) / 10. 3, (0. 1x50+10x
10. 3

150+0. 2x50 196.12, 147.09) (Equation 3) 10 [0131] where the
conbi ned i grge has a red intensity of 100, a green intensity of 196,12, and
a blue intensity of 147.09 at x equal to 10 and y equal to 10. As di scussed

above andsmémhﬂ@ﬂﬁnmemﬁﬁﬁéofﬁmﬂﬁeWEﬂDGﬁmEORo@OETR@LghnﬁiaﬁﬂﬁxaﬂbMﬂiowhich

shouldénagmﬁ‘gul t th ongpo IPBW%G$H§1 i ns. One of ordinary skill in

t he ar n|ze ’ernatives, and nodifications.
15 101321 Exqules o Qf resent i nvention include code that directs a
processor tY ATl %H certain inventive processes as di scussed above.
The conput er code is inmplemented using C++ or other conputer |anguage. The
computer cdde is not intended to limt the scope of the clains herein. One
of ordinary skill in the art would recognize other variations,

modi fi cat i dnideft=imsthoathingtiadowves. 20 [ 01331 According to one enbodi ment of
the present invention, a conputer-readable nmediumincludes instructions for
pr ocessi ng iamrightaepmoothirggWindawgf | ui di ¢ devi ce. The conput er-readabl e nedi um
i ncl udes one or nore instructions for receiving a first inmage of a

m cr offpui diig(ekew) r@=0;The first inmage includes a first fiducial marking and a
first chanber region, and the first chanber region is associated with a

first chanbeReuRfaWdih-1) right=signalWidth-1;
combinedPenality[i]=0;
for (int j=left; j<=right;j++)
{

15 combinedPenality[i]H=combinedPenalityRaw[j];

}

combinedPenality[i]/=(right-1eft); // normalize based on how much we Were able to

integrate
if (combinedPenality[i]<minPenality)
20 {
minPenality=combinedPenality[i];
minPenalityIndex=i;
}
}

25 this->PolllmageTimer("calculating offset");
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25 Additionally, the conputer-readabl e nediumincludes one or nore
instructions for transformng the first image into a first coordi nate space
based on at |least information associated with the first fiducial narking,
and one or nore instructions for renoving at least a first part of the
first chanber boundary fromthe first inage. Moreover, the conputer-
readabl e medi um i ncl udes one or nore instructions for processing information
associated 30 with the first chanber region, and one or nore instructions
for determni.08 id&le : o | | is present in the first chanber

regi on. 31/?%?g4] AcEgﬁﬁﬁﬁgh{%ﬁgﬁg%ﬁéﬁéenbodinent of the present invention

a conputer- . (S Ta e Paley P - NSt I : S| a plurality
of i mages 5%%%q%$%ro d?%#@hggg#ggﬁﬁkmﬁé/%%%%ﬁfgig$§%%§%ﬁ%ﬁﬁgﬁgﬂ%¥includes
one or nomasesrgtentrred ons for receiving at least a first inmge and a second
image of a mcrofluidic device. The first imge and the second inmage are 5
associ at ed/idefute BEBUG SUINEOCGRRBOTI CHANNBNd a second focal position
respectively, and each of the first imge and the second inage includes a

first sghanhgerpegueFNvdddoRRECa CMANNEE, conputer-readabl e medi um i ncl udes
one or nore instructions for processing information associated with the

first imge.an ﬁ%eg% utlgg&fgide%q[;lﬂ e or nore instructions for
[ e

generating a thir mage based on at ist information associated with the

first inag%mgﬁg*ﬁgﬁg%?ﬁéﬁ%ggge@gﬁﬂﬁ%ggggﬁover, t he conputer-readabl e nmedi um

i ncl udes one or ructrons ocessing information associ at ed
with the thjrd | e, .and o r re.instructions for determ ning whether
a first cry%?QFk?@Q%?%§§Hﬁbﬁﬁdﬁﬁ§l iTet™ e hanber regi on based on at | east
information associated with the third i mage. [0135] According to yet another
enbodi nent donble iV alvesdary doptlelialiSis>vddtBbnput er - readabl e 15 medi um i ncl udes
instructions for adjusting a classifier and processing an i mage of a

m cr of 10ui didsuble fi'éduesFmewalsnpleliefiSideeaddtbl;e nedi um i ncl udes one or nore
instructions for receiving a first image of a mcrofluidic device. The
first i magedor@ntasSticsiptab¥lidth;iht)at | east a first predetern ned
characteristic. Additionally, the conputer-readable nmediumincludes one or
more instrugctions for generating a first plurality of features based on at

| east information

xValues[ii}=ii;
yValuesl[ii]=leftSignal[ii];

15 yValues2[ii]=rightSignal[ii];
yValues3[ii]=((double)lefiPenality{ii])}/leftSum*2;
yValues4[ii]=((double)rightPenality[ii])/rightSum*2;
}

CVGraphUtility newGraph;

20 newGraph.plotDoubleX YData(xValues,yValuesl,signal Width,x Values,yValues2, signalWidt
h,"HorizontalDerivativeSignals");

CVGraphUtility newGraph2,

newGraph2.plotTripleX YData(x Values,yValues3,signal Width,xValues,yValues4,signal Widt
h,

25 xValues,combinedPenality,signal Width, "Penality Function™);
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20 associated with the first inmage, and one or nore instructions for
selecting a second plurality of features fromthe first plurality of
features based on at |east infornmation associated with the first plurality
of features and the at |least a first predeterm ned characteristic. Mreover,
the conputer-readable nmediumincludes one or nore instructions for
determning a third plurality of features based on at |east information
associated with the second plurality of features, and 25 one or nore

i nstructi omglefepxvaluegessi ng i nformation associated with the third plurality
of features. Also, the conputer-readabl e nmedi umincludes one or nore

i nstructionglefeplyvafigdier mning at least a first likelihood based on at |east
information baséd on fhe third plurality of features and a first plurality
of paranet gL, QRGIEL, MOr € instructions for processing information

associ at ed mntH the first likelihood and the at least a first predeternined
30 charact%%kégi%%mg%d one or nore instructions for adjusting the first
plurality of'p rafeters based on at |east information associated with the
first Likeljhood d the at least a first predeterm ned characteristic. 32
[0136] °I n 9%?e§ﬁ8§ﬂ§ﬁ5enbodinent, at the process 1350, a wall of the second
control channel is detected. In one enbodi nent, once the interface |line
1410 is | Jeadied, the predeterm ned | ength of the reaction channel 1430
between the interface line 1410 and the <containnent |ine 1420 is used to
cal cul at e thiceppgblngson of the contai nment |ine 1420. The 5 cal cul ation

provi des an approximate | ocation for the wall 1422. Afterwards, the

appr oxi mat éf (coroia¢dPemdity?elULhe wal | s 1414 and 1422 are further adjusted by a
fine-correction process. An exenplary conputer code for fine correction is
shown bel ow, int

Di ffusi onCel | hnageTenpl at e: : fi neCorrect Prot ei nChannel Locati on(I pl | nage*

t A mage, i nt geldi[ Paiviicap&agyBegi nni ngl nPi xel s, i nt

t ot al Prot ei nChannel Lengt hl nPi xel s) 10 { int fineTuneD stance=CONTROL LAYER

FI NE TUNE D&?I,ﬁ,{ggmm .CRONS/ t hi s-
}

>m engi neConf | gur at i on- 3get XM cr onsPer Pi xel o;

if (cornbinedPenalityRaw!=NULL)
{

15 delete[] combinedPenalityRaw;
combinedPenalityRaw=0;
}
if (leftPenality!=NULL)
{

20 delete[] leftPenality;
lefiPenality=0;
3
if (rightPenality!=NULL)

{
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this->Startl mageTinmer("fine correction start"); 15 RECT leftRect; RECT
rightRect; leftRect.top=0; |eftRect.bottomtd mage->hei ght-1;

| ef t Rect . | ef t =pr ot ei nChannel Begi nni ngl nPi xel s-fi neTuneDi stance/2; 20

| ef t Rect . ri ght =pr ot ei nChannel Begi nni ngl nPi xel s+fi neTuneDi st ance/ 2;

ri ght Rect.top=0; rightRect.bottomtd mage->height-1; rightRect.left

pr ot ei nChannel Begi nni ngl nPi xel s+t ot al Pr ot ei nChannel Lengt hl nPi xel s-

fi neTuneDi st ance/ 2; 25

ri ght Rect. r pa@tFapebazmghannel Begi nni ngl nPi xel s+t ot al Pr ot ei nChannel Lengt hl nP
i xel s+fineT wuneD stance/2; |pllmge*

| ef t Si de=l nﬁgﬁﬁgng%s@or: cextract| mageRect (t Ol nage, & eft Rect); 33 Ipll mage*
ri ght Si de=I nagePr oCessor::extract| mageRect (t A nage, & i ghtRect); int

ret unval ue;’or ot ei nChannel Begi nni ngl npi xel s; if ((leftside=NULL)
lj(rightSide=NULL)) { 5 no additional calculation done here - sinply return
t he base protein channel beginning } else { this->Polll mageTi nmer("both

i mages nonJnul | "); 10 PERFORM THE FI NE CORRECTI ON CALCULATI ON HERE i nt

*| eft Siﬁgnal_:l magePr ocessor: : cal cul at eHori zont al Deri vati veAnplitude(l eft Si de)
- int if (leftSignal!'=NULL)

*;i ght Si gnal =l magePr ocessor: : cal cul ateHori zont al Deri vati veAnplitude(rightSid
e),
delete[] leftSignal;
leftSignal=0;
3
10 if (rightSignal!=NULL)
{
delete[] rightSignal;
rightSignal=0;
}
5 )
if (leftSide!=NULL)
cvReleaselmage(&leftSide);
if (rightSide!=NULL)
cvReleaselmage(&rightSide);
20  this->StopImageTimer();
return returnValue;

}

[0137}: As discussed above and further emphasized here, the above examples of computer-
readable medium and computer code are merely examples, which should not unduly limit the

25  scope of the claims herein. One of ordinary skill in the art would recognize many variations,
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[l this->Pol || mageTi mer ("cal cul ated derivative signals"); if
((leftSignal!=NULL)&&(rightSignal!=NULL)) 15 { this->Polll mageTi nmer("both
are non-null™); int signal Wdth=leftSide->w dth; int mnLeftSi gnal =l NTMAX;
int mnRightSignal =INT_MAX; 20 // determine the m n of each signal for (int
i =0;i<signal Wdth-1;i++) // skip the last value as it is always zero { if
(leftSignal[i]<m nLeftSignal) mnLeftSignal=leftSignal[i]; 34 if
(rightSignal [i]<m nRightSignal) mnR ght Signal =rightSignal[i]; } now
subtract gyl \éﬁ&ﬁ{edlﬁcaftmﬁs (HoT 9{35115 a!p}lxcgésbgéﬂglgegchfeé &P the last
value as it Is always zero IF[-=mn |gna7;

ri ght Si gndlla{dw]m—wlnléthgmm@mmayb? atzb&w‘:d Wiﬂ@wfﬁwateerSpmgarceesSﬁenngsi bl e
benefit f r f S [

t hi s->Pol 13 rrage%hth(%lc Fcou 0§?1|erﬁgla%élpﬁ(g y f%‘rll%l uggﬁﬁef%’rovee%aéﬁem s&%wﬁl

*| eft Penalusﬂagas@wtedrsbt[[@wmmbchsﬂ] therelcm be‘manghitBeatives, myodifations, and
int[si %nal

._
=

29101'1; 'For Ie}rc]z;[mﬂléa fsctm?e b processes may be expanded and/or combined.

Depending upon the embodiment, the specific sequence of processes may be interchanged

with others replaced.

[0138] Appendix A and Appendix B are attached as part of the present patent application.
These appendices provide some examples and should not unduly limit the scope of the claims
10 herein. One of ordinary skill in the art would recognize many variations, alternatives, and

modifications.

[0139] It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are fo be included within the spirit and purview of

15  this application and scope of the appended claims.
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15 int ri ghtSumeQ for (i=0i<signal Wdth;i++) { f/ calculate the sumto
determne to nornmalize left and right side leftSum=leftSignal[i]; 20
right Sumt=rightSignal[i]; /1 now calculate the penality for each side
leftPenality[i]-O rightPenality[i]=0; Ileft penality are all the signal
contributions to the left of this perturbation 35 for (int j=0Qj<i;j++) {
rightPenality[i]+--rightsignal[j]; } 5 // right penality includes all the
signal contributions to the right of this pertubation for (j=signalWdth-1,
j>=1j--) leftPenality[i]+=leftSignal [j j; } 10 } // calculate the conbi ned
penality as a sumof the normalized penality contribution from each side of
the signal this->Polll mageTi nmer("cal cul ati ng conbi ned penality function");
doubl e *conbi nedPenal i t y=new doubl e[ si gnal Wdt h]; 15 doubl e

*conbi nedPenal i t yRaw=new doubl e[ signal Wdth]; for (i=0i<signalWdth;i++) {

Appendix A
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doubl e | eftVal ue=((doubl e)l eftPenal it
ri ght Val ue=((double) rightPenality[i]
the area in which we can average..
conbi nedPenal i tyRaw i ] =ri ght Val ue+l eftValue; } // snooth the penality
function to force the m ninum peak to the center of the acceptable band 25

y[i])/(leftSum; double
)/ (r

[
[(rightSum); 20 Il unless we're in

and cal cul ate the m nimumindex 36 double m nPenality=1e99; int

m nPenal i tyl ndex=0; int snoot hi ngW ndow=SMOOTHI NG W NDOW FOR CONTROL LI NE
DETERM NATI[O 5 Nt h Configur a €t XM cronspPer Prxet—f0

(i =0;i<signal \i =i hi ngW ndow;, i nt

ri ght =i +sngot X 3 K ft=0; if (right>signal Wdth-1)

ri ght =si gndl W, 3 ik efalll t Y4+ ] FO; for (int j=left; j<zight;]++)
{ 15 conbijned : i tiyRaw(j]; Gy nedPenal ity[l]/=
(right-left]); much % egréép

1

ClassificsSeor=Crystal

II - Extract and X-Y Register T(0)
III - Calculate Erased Images, Extract Features and Class

The Process

Classification=Clear

I- Raw Z-reg Images




i f (conbinedPenality[i]<m nPenality) 20 {

m nPenal i ty--conbi nedPenal ity[i]; mnPenalitylndex=i; } } 25

t hi s->Pol | | mageTi ner ("cal cul ating offset"); 37 // apply the fine correction
to our return val ue retunval ue+ m nPenalityl ndex-signal Wdth/2; 1/ subtract
hal f the signal width since this was zero centered //#define

DEBUG- FI NE- CORRECT- CHANNEL 5 #i f def DEBUG FI NE- CORRECT- CHANNEL doubl e
*xVal ues=new doubl e[ | eft Si de->wi dt h]; doubl e *yVal uesl =new

doubl e[l eft Si de->wi dt h] ; doubl e *yVal ues2=new doubl e[ | ef t Si de- >wi dt h];
doubl e *yVal ues3=new doubl e[| eft Si de->w dth]; 10 doubl e *yVal ues4=new
doubl e[l eftSide->width}; for (int ii=Cii<signal Wdth ii++) {
xValues[ii]=ii; yValues | [ii]=leftSignal[ii]; 15

yVal ue32[||]—r|ght ) L[||1 I\/\/.ql upq? r||1—((doubl e)leftP

enal ity[ii])/leftSuht 2y~ mr

yVal ues4[ii]=((douk
newG aph;

Fiducial Registration

Fiename [&\Tmﬁmn\mhd&dwd revB-Brathght b
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20

newG aph. pl ot Doubl eXYDat a( xVal ues, yVal uesl, si gnal W dt h, xVal ues, yVal ues2, si g
nal Wdt h,"Horizontal DerivativeSignals"); CVGaphUility newG aph2;

newG aph2. pl ot Tri pl eXYDat a( xVal ues, yVal ues3, si gnal W dt h, xVal ues, yV

al ues4, signal Wdt h, 25 xVal ues, conbi nedPenal ity, signal Wdth, "Penal ity
Function"); 38 delete[] xValues; delete[] yValuesi; delete[] yValues2;
del ete[] yValues3; 5 delete[] yValues4;, #endif // free up values if

(conbi nedPenal ity!=NULL) { 10 delete[] conbi nedPenality;

conbi nedPenal ity=0, } if (conbi nedPenalityRawi =NULL) {=15 delete[]

conbi nedPenal i tyRaw, conbi nedPenal i t yRaw=0, } i fs(l eftPenatityl =NULL) ({

-
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| eftPenality=0; } if
rightPenality=0; } }
leftSignal=0; } 10 if
rightSignal=0; } 15}
(rightSidel =NULL) cVvRe
return returnVal ue; 1

(rightPenalityl NULL) { 39 delete[] rightPenality;
5
(
[
I

if (leftSignal!=NULL) { delete[] leftSignal;
rightSignal!=NULL) { delete[] rightSignal;

f (leftSide!=NULL) cvRel easel nage(& eftSide); if
easel mage( & i ght Side); 20 this->Stopl mageTi nero;

[oeaaraArzJ@on 7 - S "Inaije,
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[013711 As di scussed above and further enphasized here, the above exanpl es
of conputer- readabl e nedi um and conputer code are merely exanples, which
should not unduly Iimt the 25 scope of the clainms herein. One of ordinary
skill in the art would recogni ze many variations, 40 alternatives, and
nodi fications. For exanple, sone processes may be achieved with hardware
whi | e ot her processes may be achieved with software. Some processes nmay be
achieved with a conbi nati on of hardmare and softmare Al t hough the above

: 01 - ’§, there can be nmany

has been showtUsing a Sel'ected sk
al ternatives, | ;'_|Carlqpﬁh and” cgnpl e, sone of the
processes may e pand;;ﬁand/or“ 1g.jupon t he enbodi nent,
the specific of . pr ' : with others
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CA, 94080 Entity: Small TOANSEND and TOANSEND and CREWLLP Two

Enbar cadero Center, 8 h Floor San Francisco, California 94111-3834 Tel:
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STATEMENT AS TO RI GHTS TO | NVENTI ONS MADE UNDER 10 FEDERALLY SPONSORED
RESEARCH AND DEVELOPMENT (00021 NOT APPLI CABLE REFERENCE TO A " SEQUENCE

LI STING " A TABLE, OR A COWPUTER PROGRAM LI STI NG APPENDI X SUBM TTED ON A
COVWPACT DI SK. 15 (00031 NOT APPLI CABLE BACKGROUND OF THE | NVENTI ON 100041
According to the present invention, techniques for mcrofluidic systens,
including a mcrofluidic chip or circuit, are provided. Mre particularly,
the invention provides a 20 mcrofluidic structure and net hod of

manuf acture, and a system and nethod for inmaging a mcrofluidic device.
Merely by way of exanple, the fiducial markings are used for processing and
imaging a mcrofluidic chip, but it would be recognized that the invention
has a nuch broader range of applicability. [0005] M crofluidic techniques
have progressed overtine. Certain techniques of producing 25

m croel ectronmechani cal (MEMS) structures have been proposed. Such MEMS
structures include punps and val ves. The punps and val ves are often
silicon-based and are made from bulk mcro-machining (which is a
subtractive fabrication nmethod whereby single crystal silicon is

| i thographically patterned and then etched to formthree-di mensi onal
structures). The punps and val ves al so use surface m cro-mnmachi ning (which
is an additive nmethod where 30 | ayers of sem conductor-type nmaterials such
as polysilicon, silicon nitride, silicon dioxide, 58 and various netals are
sequentially added and patterned to nake three-di nensional structures).
Unfortunately, certain limtations exist wth these conventional MENMS
structures and techni ques for making them [00061 As nerely an exanple, a
limtation of silicon-based mcro-machining is that the 5 stiffness of the
sem conductor materials used necessitates high actuation forces, which
result in large and conpl ex design n fact, both bul k and surface

m cr o- machi ni ng nmet hods are Z:Cj

Appendix
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often limted by the stiffness of the materials used. Additionally, adhesion
bet ween various |layers of the fabricated device is also a problem For
exanpl e, in bulk mcro-nmachining, wafer bonding techni ques nust be enpl oyed
to create nultilayer structures. On the other 10 hand, when surfac

m cr o-machi ning, thermal stresses between the various |ayers of the device
limts the total device thickness, often to approximately 20 m crons. Using
either of the above nethods, clean roomfabrication and careful quality
control are required. [00071 Accordingly, techniques for manufacturing mcro
fluidic systens using an elastoneric structure have been proposed. As
nmerely an exanple, these structures are often 15 nmade by form ng an

el astoneric |ayer on top OPAquWf@RWI d. The m cromachi ned nol d has
a raised protrusion which torns a recess extending along a bottom surface of
the elastoneric |layer. The elastoneric |layer is bonded to other elastonerie
|l ayers to fBTHOD ANBRYSTEM @ORIMICROFILIEDICEDEVIEIE aNBYer has
overcone certain limtations_ of conventional MEMS based structures. Further
details of other characteri $MAGING THERES st oneric layers 20 for

m crof lui dic applications such as crystallization have been provi ded bel ow
100081 Crystallization is an inportant technique to the biol ogical and

chem cajnvafths. BRRGLAEaAl!lY, a high-quality crystal of a target conpound
can be anal yzed Bysidehdyadihiteshieon techniques to produce an accurate

t hr ee- di nensi onabast £Med usg of the target. This three- dinensional structure
information can &h&h sheruhditdozes dqosgor edi ct functionality and behavior of

25 the target. [0009] In theory, the crystallization process is sinple. A
target conpound Colipimmelsfylor,m ditizen df thsChited@tatas sol vent, The chem cal

envi ronment of t ke6-di2s'dulerRehdt arget material is then altered such that the
target is | ess s&udlgenakdh PéW8rts to the solid phase in crystalline form
This change in chem cal environment is typically acconplished by introducing
a crystallizing 30ckegege t hat nakes the target material |ess sol uble,

al t hough changesFPrilak&ffer ature and pressure can al so influence solubility
of the target material. 59 100101 In practice however, formng a high
quality crystal @“&éﬂ;ﬁéﬁ‘}s? difficult, often

Suntiyvale,

Greg Harris
Longmont, CO

Assignee: Fluidigm Corporation
7100 Shoreline Court
South San Francisco, CA, 94080

Emntity: Small
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requiring nmuch trial and error and patience on the part of the researcher.
Specifically, the highly conplex structure of even sinple biological
conpounds neans that they are usually not anmenable to formng a highly
ordered crystalline structure. Therefore, a researcher needs 5 to be patient
and net hodi cal, experinmenting with a |arge nunber of conditions for
crystallization, altering paraneters such as sanple concentration, solvent
type, countersolvent type, tenperature, and duration in order to obtain a
high quality crystal. [00111 A hi gh-throughput system for screening
conditions for crystallization of target materials, for exanple proteins,

i's provided i ) (NI | r i cells is
formed by a mw&wﬁﬁﬁ‘ﬁﬁiﬁmmﬁwgﬁﬁﬁ%ﬁ@?y@ tering cell
conpri ses one or nore of pairsSINAGPNOSTRERRGWers, each chanber being in
fluid comunication wth the other through an interconnecting mcrofluidic

channel , one chanber CRORS-REFERBNEGEDAOIRELATEL APPIITATHDONSt he ot her, opposing

chamber, c i nj .CI.. | |izat.j ent . ong_t.he. nel, a val ve
e unt o LRSSl s £ Bl W S BROE DN PSR BRI AR L 5 b,
until the (A 2RA6HIwiRdme]), 2803U60/400/660/ kg Jily 88, 2003, end 6 50 Bt fiilsi Joly 280 occur

bet veen o @RS ik CIATRELS 1 LA Ind REAILES GPRASGLL AU/ | Ui di c

channel . As the opposing cha pproach equi lumw th respect to
crystal |l i zatPesas.-r eagent and protein concentrations as free interface

di ffusion progresses, the protein would at sone point, forma crystal under
certain conditions. In sone enbodi nents, the mcrofluidic devices taught by

20 Hansen et al. %ﬁfm@?h@%mm@@ﬁm@@ﬁ§mmﬁg chanbers for

conducting protein crgs all1zation experinments therein. Use of such arrays

in turAOprovi des fBED Y APOU§HBEP RESEARGIAYP DEEQMEYSndi ti ons for

protein crygbgl | hortirppwbimioh require analysis. See PCT publication WO

02/ 082047, published Cctober 17, 2002 and by Hansen, et al. PCT publication
WO 02/ 082047 is incorporated by reference herein inits entirety for all
purposes. 25 100121 From the above i S_seen that gnfrgév t echni ques for

et ot i 6 dedERERENGE T Ar s EROERCE IS ERG Ad 4BLELP R or THE
| NVENTI ON { 0013 PRAGROG IUSTING AFPENDIESRIEMITTEBON oNCOMPRIOT Dises f or

m crof | ui dio sy SkETpr fCALEL N9 2

BACKGRGUND OF THE INVENTION
10004] According to the present invention, techniques for microfluidic systems, including 2
microfluidic chip or circuit, are provided. More particularly, the invention provides a
20  microfluidic structure and method of manufacture, and 2 system and method for imaging a
microfluidic device. Merely by way of example, the fiducial markings are used for
processing and imaging a microfluidic chip, but it would be recognized that the invention has

a much broader range of applicability.

[0005] Microfluidic techniques have progressed overtime. Certain techniques of produsing
25  microelecttomechanical (MEMS) structures have been proposed. Such MEMS structures
include pumps and valves, The pumps and valves are often silicon-based and are made from
bulk micro-machining (which is a subtractive fabrication method whereby s_ingle crysial
silicon is lithographically pattemned and then etched to form three-dimensional structures).
The pumps and valves also use surface micro-machining {which is an additive method where

30 layers of semiconductor-type materials such as polysilicon, silicon nitride, silicon dioxide,
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30 microfluidic chip or circuit, are provided. Mre particularly, the

i nvention provides a mcrofluidic structure and nethod of manufacture, and
a system and nethod for inmaging a 60 mcrofluidic device. Merely by way of
exanpl e, the fiducial markings are used for processing and inmaging a
mcrofluidic chip, but it would be recognized that the invention has a nuch
broader range of applicability. [0014] Ina specific enbodi nent, the
invention provides a biological substrate, e.g., 5 mcrofluidic chip. The

substrate i ncI udes erial ch has a urface region
capabl e of® aé{‘?‘ﬁj“%% %{e Eﬂ%é c%ig‘% ?Iﬁltpghc ?ﬁ%ﬁ tllhr angsiog? has a def or mabl e
fluid | aygmetufes). gjnfoqnnﬂagelpecam:nrmmnoml exisswith mmepnwuﬁumuﬂﬁmman;esr ubber,

pl asti c, apnlal\{?sc)hp%{lééqlonﬁaktu? %]nt hsurface region. One or nore well regions are

formed in por e deformabl e fl UI d layer and are capabl e of

hol ding a |d ther nn e ] rmed 10 in a
second po? b R b aaef‘amp%% tf%{l?ﬂnglsﬁEVerm 'cg)rlg!‘wgmﬁ%% 1s‘ghycgmone or nore
of thes vve*tlffness@gtt@rssmlcmuafetma&malev@pe@ncqesnﬁtcsrhmdacmtuum%mefv‘dnmbdué fluid

ayer. Sugh.aeLiNE g0 kUGS bR 1SRl oIDG SudtBble whi ch are

designed to non-active region 1s forned £|§ the def or mabl e
fluid | ayeften linHisd iy thegt fisseoftheyinatanslsused r Additionglyiedhesion betiyeert Yate¥s porti on

and the Sﬁ&&E‘thHQFaEh&fEd J20ief RRABL Yrobfn. |I%§‘§ hr fr‘l%ufidrﬂi‘dFd ﬁLch;mﬁﬁkl ngs are
formed wit the non-active regi on and IS ose |nasat| manner

associ at et2if kagding tgohaigyes aHet ‘I?fen"tpllfé’e@\ﬁ?l createrraytily Yf‘é Stnﬁ‘%%?ntqrﬁhe Pher is

coupl g¢d tﬁlantihethlsufoelnﬁyrermacBhﬁgeta@fmaysm;d@@b&mﬁ%%so@mrsjdr@ﬂeudes an
ot her fiducial, markin g wi th pre-desjgned shape and size, Ind“‘{fﬁﬁfg at | east
di

an edge affgicedighs e tpabiegive “‘[“3@358=1°ﬂi3ﬂ OAPPENRA at] DTS LR £t i ment,
t he i nventhe@bfoveh@tiods Sican redmfalshicafion’td kabfut Gatityngnteol bieabgdied¢al substrate.
The nmethod includes providing a rigid substrate material, which has a

surf ace rg]g'onn Mrdxﬁglﬁwﬁﬁh&s(ﬁfrrﬁ@lﬁfaﬂﬂnﬁ’@mﬁr&ﬂa{ﬁw ®stoibedifigde. The met hod

{he- 1 o o GURETFIPBeepare bigh BPRRst: 1 BYBD Atk T oS R Fegi ons
fornmedsi nmadefuyrfstrmﬁ@ 3] elmiﬂor@efncllaf}er stethp aNaflceomachinéddndldy The alvebroained nor e
channel r egld%gssa I‘a?sre p%h!usr}ona whi Cﬁ)rllr%s R (r)e';:gsls %}rtlter(ajc{mg arlloeng%% e sttljrfa%s of the
elastomeric fayer. The elastomeric layer is bonded to other elastomeric layers to form fluid
and control regions. The elastomeric layer has overcome certain limitations of conventional
- MEMS based structures. Further details of other characteristics of these elastomeric layers

20  for microfluidic applications such as crystallization have been provided below.

[0008] Crystallization is an important technique to the biological and chemical arts.

Specifically, a high-quality crystal of a target compound can be analyécd by x-ray diffraction

techniques to produce an accurate three-dimensional structure of the target. This three-

dimensional structure information can then be utilized to predict functionality and behavior of
25  the target.

[0009] In theory, the crystallization process is simple. A target compound in pure form is

dissolved in solvent. The chemical environment of the dissolved target material is then

altered such that the target is less soluble and reverts to the solid phasé in crystalline form,

This change in chemical environment is typically accomplished by introducing a crystallizing
30 agent that makes the target material less soluble, although changes in temperature and

pressure can also influence solubility of the target material.



25 fluid layer. An active region is fornmed in the deformable fluid layer. A
non-active regionis fornmed in the deformable fluid | ayer and is forned
outside of the first portion and the second portion. Preferably, at |east
three fiducial markings are forned within the non-active region and are

di sposed in a spatial manner associated with at |east one of the well
regions. The nethod also includes coupling a control |layer to the fluid

| ayer. 30 [00161 In yet an alternative enbodi nent, the invention provides a

net hod of (g@epf ﬂ'@ﬁrﬂ&{.c@gewéﬂiﬁﬁ?&'fnﬁ%ﬂh@qQElltPc@hﬁM@EéHé?aﬁy ah&uBRp0d i ncl udes

providing a mpld substrage inc]udin of well patte Each of
the wel | }5%{’3‘{’8’136‘%‘“’&“% %4‘m° 015“‘58?‘{ ?E(%e ﬁ%/ea oL PFS Cas ’1‘["? egion of a
fluidic chighly c'Bhfplamtrhmkeioﬂodeud:efpIefkﬁﬂdsgmgccmg@hwsaﬂlaaﬁym@ffthéylﬁlumdually mar ki ng
patterns _aroun C|n|t rns. Each of the

D Lral 1oy "BrHRRE I il el B eRhalEedifluie PR et e Fortbn act i ve
r egi on sof tcabef;bameﬂlaod chihpdical v pgrinsndhg wish Okrgk ndibiralf conditioks fog patt er ns

Ll u0ee 2R Elngler L AATE B R 3 4 SPERSS, SRS LB GRER AL (e el
mat eri al Wpehiempé¢rhtere, piduiuadtmnym)dier\medbltaup:ahlgleqmt}amktw thin the plurality of
fiducial marking patterns to fill a portion of the nold substrate. The

met hod i nd¢@ldEs Adugipthravghpuheysteli Pkressingfonddiboy frabrlyaallizdtion bétargei ncl udi ng a
plurality of I d ' f fiducial
marking A tof Sl the  ifeh b rRAAGRD SR e Bidy Prieiding

subst ré e callstieformpd by omeioGyFriclasiempae mamfaafuriag peocesy eFychandistigwelht , t he
present i RYGROBndY, ‘P&{:‘r&' Bs 5} QSH Whidhiers, SMR bEMbel BensHThfM has a rigid
substrate na?irla rvvhlc anc l'u gs a surfgze regloﬁ th 5? capabl e of
acting as CAMFARERONSHSR eihe thrywgh agjusrespeeaas aﬂvd@%@lﬁataﬂnéelf icHEmREy er

coupl ed t Qonthii® atﬁéraﬁsomml ﬂ{&theqm:r %péﬁﬂ{g@hmﬁar oRGIndR% dr,%mﬂl%ﬂad in a
first portion OF The one or norg_@pe regi ons

nmabl e
i s capabl éeaﬁ?nthé-ll‘ﬁ‘ﬁﬁ‘& %@qeh?dalt"ﬁﬁrsé‘i‘%d “T\‘Fép HrePRIFR 8F PRESEH PGP Hpr e channel
regi ons f dyoresch atha: HECRE dalipois bp@id, Gus biteviiefres ihrabdcatifilsitndo ba:)aer The one

or nore channel ions is co 0. one or.nore |ons. An
active r&gVEH | h§ FRes ‘i"?'Pefs#BmH%t SR 'BICFOE&V@C&W e regi on
i ncl udes toh@:sﬁig@hmnbmp@roaweédumbagmm resﬁccntmmrﬁ&ﬂlkmﬁoﬂm&eﬂmrﬂ?prdtﬂn med in the

def or mabl %ogclen actixollsa YsHee lrzlt-er?acc it fusmn progresses the protein would at some point, form a

crystal under cerlain conditions. In some embodiments, the microfluidic devices taught by
20  Hansen er al. are have arrays of metering cells containing chambers for conducting protein
crystallization experiments therein. Use of such arrays in turn provides for high-throughput
testing of numerous conditions for protein crystallization which require analysis. See PCT
publication WO 02/082047, published October 17,2002 and by Hansen, et al. PCT
publication WO 02/082047 is incorporated by reference herein in its entirety for all purposes.

25 [001Z] From the above, it is seen that improved techniques for elastomeric design and
analysis are highly desirable.

BRIEF SUMMARY OF THE INVENTION
{0013] According to the present invention, techniques for microfluidic systems, including a
30  microfluidic chip or circuit, are provided. More particularly, the invention provides a

microfluidie structure and method of manufacture, and a system and method for imaging a
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region is fornmed outside of the first portion and the second portion. A
first fiducial marking 20 is forned within the non-active region and is

di sposed in a spatial manner associated with at |east one of the channel
regions. A second fiducial marking is formed within the non-active region
and is disposed in a spatial manner associated with at |east one of the well
regions. A control layer is coupled to the fluid |layer. The control |ayer

i ncludes one or nore control regions. Athird fiducial marking is forned

wthin thege ‘5‘9"“"‘9‘*’%‘“"% PRk B MRS AR PLLRIAILI BT 1 C

enbodi nent resent ention provides anot m crofluidic system The
syst em hagroaesgmgslndﬂma@ngamp%mﬁgC*ap,%\#lﬁa’e@drbégqceﬁuze/i tert therimeeplian haf ayer i s

coupl ed tg";ulagb@mefr%ge&fapsmgblggbstrate The deformabl e | ayer conprises at
| east a thickness of first material. A control layer is coupled to the

def or mabl @olay efn 4 Dedi M SAR din%AN M iBRnES p164id: & bidhsdidtibngiral, dlgast the
substrate the deformabl e | aye d the control layer, 30 The_control |ayer

i s madé of“‘%{Pﬂ‘f‘%‘%‘[‘maﬂf‘?ﬁ“wﬁéé’é"‘ s & BEid §tbsHeie averesipl Whichhasa @i i duci al
mar ki ng i &gﬂfn&‘dpdﬁﬂbf%ltﬁglaﬂa piddReubdaR. TROsbStatd ﬁébﬂfas@ﬁefohﬁabﬂi@ﬂuﬁﬂ npél e | ayer

or the substrate. . The f ci al . marki IS cha act vi sual pattern
ot ovi ded (5F-cbyGIEIrGpk Bliipec TROTPgron a Pt PVEY cartiedadt he ©

subst r at e surfdaerdgions Oneed drk &ell rapiont ke f&ﬁ@ﬁhda ﬁmt ;em&l of the2dcRymbigle abidy, a
fluid is disposed w uci al k|g The
fluid s R bl by R R PR e ot e rear L HE P R ouer
t han i10s &ux scoomighont®n pé tis defermabie. fipid 1ajérasd art houpkades sncodr et efthaw;ll second

Ui CKNSS, gl UBAS . Ml o HPS Wil i 0 lrorkiots IR ILRET SR LgEX MY be

associ at e air or surfoundi ng Tegions are 5
char act er inchdedtpe anerceﬁnoa%mil/regmmwnhgmwmeé@ kaid Auid. dondncictiveciegiot ng to a

speci fic ; &EROM B Uefol bl tuidVA0E ?Hén&h %ﬁlﬁé &éoﬁfs%‘ A RUER JWiteRgse t he

present invention over conventional = techni ques. The invention provi des at
| east onePyRégn &t theserens] vogione Rrefasey, at aest thene fguciglanakingbire foamed vhipegi on for

a mcrefl me%oﬁ-a&%trggﬂr?eﬁﬁQfs{%s@&mtaospﬁla'iﬂﬁﬁi& hﬁo&ﬂ&?«dﬂtﬁ‘ﬁ%ast dRer i wefiventi on
can al so use conventional naterials, whi are relatively easy to use.

Pr ef er abl §E81OTE-hA SPRiAb Y PRCayPlsd tajibe fuid l#&/@&s&mfﬁﬂb%@? §“b6?a‘af"ﬁ‘gﬁﬁ’€ﬂ‘is mar ks,
i ncl udi ng apBBersfucial m&RAL wath bhe-designed shape and size, including at least an edge and

center region.

{0015} In an alternative specific embodiment, the invention provides a method of

20  fabricating a biological substrate. The method includes providing a rigid substrate material,
which has a surface region and is capable of acting as a handle substrate. The method
includes coupling a deformable fluid layer to the surface region of therigid substrate. The
deformable layer has one or more well regions formed in a first portion of the deformable
fluid 1ayer and one or more channel regions formed in a second portion of the deformable

25 fluid layer. An active region is formed in the deformable fluid layer. A non-active region is
formed in the deformable fluid layer and is formed outside of the first portion and the second
portion. Preferably, at least three fiducial markings are formed within the non-active region
and are disposed in a spatial manner associated with at least one of the well regions. The

method also includes coupling a contro! layer to the fluid layer.

30 [0016] In yet an alternative embodiment, the invention provides a2 method of manufacturing
microfluidic chip structures. The method includes providing a mold substrate including a

plurality of well patterns. Each of the well patterns is provided within a portion of an active
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di sposed fiducial markings and a pre-designated pattern, which has an edge
and center region. Depending upon the enbodi nent, one or nore of these
benefits nmay exist. These and other benefits have been descri bed throughout
the present specification and nore 15 particularly below [0020] In yet

anot her specific enbodi nent, the invention provides a nmethod for processing
a mcrofluidic device, e.g., merofluidic chip, biological chip. The nethod
i ncludes providing a flexible substrate including a first plurality of

fiduci al f@rdﬁlomgmdmmdamemhea ﬂﬁlu@lebﬁzﬁh aalu%aldftmuasl nakiH@patleR at i ons

corresponding to st ural it |du0|al ki hgs, 20 respectively.
The fir st 29rit %IY‘F‘PW Bf;ea?)? ﬁd‘gﬁ Wl R’?’&F‘% -nigrsh Pgth%%‘ﬁé‘Fya‘tfé@“?ﬂﬁlt‘Wﬂé‘“ﬁ r st

pl ulr aldl typafemsdemtlgﬁabmaﬁ bnnﬁnraeﬁ\p&egmn/&iammdwdw I ﬂ&?lﬁr&l;tybhﬂdd&&l hod f
i nclu ES Cess SSOCI e I r 0
ot ol L e R et Sfboelspaiely atoutd tasRot bl yah”

det er nb n| pgtetnst TansbbodEtd inrludee fovmig athidfesgiT depaosblametedal WediRithenent space.

The desi SSOgI LIS Iural f ..desi
| ocat i onsglr‘]1-al%lc[?fﬁltfcf‘r’:i;ve‘3 ur":r’egfl Ure %g’tr'lgl %Z@A %!Drgété' Ofgducm arkl?gepﬁ tea{‘? ﬁ) ff]ﬂ‘c"“'ep’:fﬂi%r]“st
pl ural i t yoUthe motdrabstiatsc dhé watbod Wméeswemphngltie thigkressch fidpfotrordéomatpal f or m ng a

first ali 8\@%&% atpﬂhﬁlnf?[fdz&%'f%gd ?rUrQ?l% \Ag;eaﬁ@x%ﬁ%dga}h?r&htb%ﬁﬁ&udéﬁ or mation

associ at e ansformation pace and the

measur eneferkingnagemnafosped @%*hcrﬁéﬁ‘h@mﬁmw pettems fomgid 74 %ﬁ‘gﬁtamﬁteﬂ@lt plurality of
i mges of the first fiducial marking, processing information associated
with fihe f000%k ol gt 2n altespatbiely apghgdiment; dhefpersernit inyentio peeyides am“gﬁﬂ@ﬁip to 30 the

flexible sl ke dhast OidhndERthabdd ML Akas S06kaladnt i the first
plurality "o I mages, urri a seco | mage o exl bl e
subst r at ecapglle m@wma%‘@aﬁ*emﬂcetr#@ lg/la%ﬁmhh%%de&m@w ﬂﬂﬁtlayeac%leﬁéu for

processi Nghedudtice "régfxénu icshe &r mQ&WeﬁQegxélﬁhéJfé%ﬁednﬁ Q\ﬁh-sd bé}ﬂoﬁoif thexdrbiRbeuUbstrat e
i ncluding _at, | east three fidugial mar i rst dj tléwo]nal fiduci al

mar ki ng, 4Wd layer .?Ffsstone ﬂramwérweﬂ KGS0F & %Pabgﬁﬂf&‘PW&gé f?%ﬁherctnh gyptem

Addi t i1enahdsyonc bh@olRhinel efcsUsakdded &Eﬁﬂdrboﬁﬂ}nanfﬂfeaﬁﬁ)fwﬂd‘tﬁmﬁlmd) ryhet ween a
desi gn spgﬁe and a 5 _neasur enent spaGe based %tﬁ East I nf ormati on
R ¥y

associ at ed W FRE LFVeLHEPny iR F%pé’ i"QERY Yimor YOBIRAY ‘MBIFSF i ng a
first ali epgiverit fotoed ihehefdetxmitl eflsd byer. ahe alibve eghiarinaides é@he or more

well regions. A non-active region is formed in the deformable fluid layer. The non-active
region is formed outside of the first portion and the second portion, A first fiducial marking
20  is formed within the non-active region and is disposed in a spatial manner associated with at
least one of the channcl regions. A second fiducial rmarking is formed within the non-active
region and is disposed in a spatial manner associated with at least one of the well regions. A
control layer is coupled to the fluid layer. The contro! layer includes one or more control

regions. A third fiducial marking is formed within the control layer.

25  [0018] In yet an alternative specific embodiment, the present invention provides another
microfluidic system. The system has a substrate comprising a surface region. A deformable
layer is coupled to the surface of the substrate. The deformable layer comprises at leasta
thickmess of first material. A control layer is coupled to the deformable layer to form a
sandwich structure including at least the substrate, the deformable layer and the control layer.

30 The control layer is made of at least a thickness of second material. At least one fiducial
marking ig provided within either the coniro} layer or the deformable layer or the substrate,
The fiducial marking is characterized by a visual pattern provided in a volume surrounded

wholly or partially by at least the substrate, the first material, or the second material,
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information associated with the transformation between the design space and
the neasurenent space. Mreover, the nethod includes acquiring at |east a
first image of the first additional fiducial marking associated with the
first chanmber, performng a second 10 alignnent to the flexible substrate
based on at |east information associated with the first inage, and
acquiring a second image of the first chanber associated wth the flexible
substrate. 100221 According to yet another enbodi nent, the invention

provi des Bﬁe&é&l}emﬂﬁ;ﬂhs dRpREEHRhiAGheWpen %ur@&f%&ﬂn%ﬁiﬁﬁ%ﬂi:ﬁﬁrﬁngem&ﬂﬁd fThe
system i ngl udes on GO er 1 rrela and. a stage for

| ocati ng %fcg‘f’@‘if‘? b%ﬁbers%f’té‘ieénc{g?lt’#@ F‘I%‘?@faﬂﬁmzﬁg tés%%&ngée@o » | east
three fidegi gist thickidst gSmataridl) d’e&indalddmkts(mﬂﬂﬂaleﬁtlﬁhnmtﬂle m&aaknsrtge refadiva first
chamber %grgb' Co s 0h0|e%ng] §1 Il%hf? Sl e G QI O

conput er - '€ B % BEEEEG he ife S M o e e Pt uc’ﬁ%ﬂgmf%? providing a
fl exi bbe shibsteriadddy aanﬂa@xnelrrdax mooaatednsitlr asolid ewsrdingrto a dgfeificri ni ng a

transforn%i)%[ between a design space and a neasurenent space based on at 20
| east infornation associated with the at |east three fiducial markings.

Addl Ui onaldooy L6805 GlherTRSLRIRUAEL nE FRUAPhArBA b LSk ONE O ore

i nstructi exi bl e substrate
based on Ephﬂiwst'fhmflmnrmmpt@wdmwﬁtameﬂamotfmd*ﬂgnm{:rrtazﬁ%ﬂfmﬁrﬁqm| on bet ween

the desi g@ef§ 6 AE ¢ %%\gn F@?%%Er@ﬂﬂ?fe %s?@l?&cor@ﬂg tP4 spdBE em%&‘féﬁl@ﬂci‘hcons for

acquiring at east a rst im I rst addi tional cial marking 25
associl8t einveition cerhadse yse s?nvehtmmlemtcm which pis rdatjvalyrepsictpivsh Prefeseblyer f or mi ng a

second al p@RRMon ﬁr@m&éa%t feh @ NPl o?uﬁé&ﬂea&ﬁarb@%ﬂm&g oAt sdt 8psheidiRf or mation
associated with_t first inmage, and one or nore instructjons for acquiring

a second Prrgyed @“Ct%@mf}ﬁ”f% F“‘Eﬁ&rﬁtﬁ’éi“g‘&?g@é‘i&‘é‘i Sticiibphan wige 284 @Rl e substrat e.
[0023] Ac Edg{oﬂl mgpén@@gexpozaﬂ@te&aﬁd@emo&iemeﬂbre@ff th'@&eaeﬂétﬁ§ﬁxla§ etiVeRdston, a

met hod for eSS|n geV|ce |nc udes oviding a
{1 exi bl ¢ SHbAET BrEtiamys Peep SryHEr troup L h - BASRE IBb &R ™ Bmpr | i g one
or norié \A@&rhcm@mhm&r and a plurality of fiducial marks. The well regions
are capable of holding a fluid therein and at |east three of the fiducial
mar ks ar ¢oadjt hinnyeganother fp'et:rﬁc embodigentf thé {neennen provides DinsthodPfoe perakihy, t he
fl exible subst at.e ‘has bee
a microfluidic€ device, €.8., ©lhicrofluidic chip, biological chip. The method includes providing
a flexible substrate including a first plurality of fiducial markings, and determining a first
plurality of actual locations corresponding to the first plurality of fiducial markings
20  respectively. The first plurality of fiducial markings is associated with a first plurality of
design locations respectively. Additionally, the method includes processing information
associated with fhe first plurality of actual locations and the first plurality of design locations,
and determining a transformation between a design space and a measurement space. The
design space is associated with the first plurality of design locations, and the measurement
25  space is associated with the first plurality of actual locations. Moreover, the method includes
performing a first alignment to the flexible substrate based on at least information associated
with the transformation between the design space and the measurement space. Also, the
method includes acquiring a first plurality of images of the first fiducial marking, processing
information associated with the first plurality of images, performing a second alignment to
30 the flexible substrate based on at least information associated with the first plurality of

images, and acquiring a second image of the flexible substrate.
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64 provided on a rigid nenber. The nmethod includes |locating the flexible
substrate on a stage and capturing an inage of at |least the three fiducial
marks within the vicinity of the one well region of the flexible substrate
to generate a mapping froma design space to a neasurenent space. The

met hod al so includes aligning the flexible substrate to an inmage acquisition
5 location using at |east the mapping fromthe design space and one
additional fiducial mark, wherein the at |east one additional fiducial mark

i s associ geadl Wl‘\E&br&lh@tﬁ%ﬁﬁﬂ%H crﬁtﬁtgiﬂféﬂt a-ﬂé@lod ?@%ﬂ@&sﬁ;ﬁ%bﬂ&ﬁhz‘&ﬁes acquiring
ahlghresolutlonlma | east th regi on_and storlngthe

hi gh- r esoFEfiFORC IR EE ?‘%‘n“ge? ff?émﬁs;‘f‘ S"ﬂ?d‘?ﬁ‘f"}gr?‘ irat tt!‘;’i‘i"?o‘i‘ﬁ’éia’ wegkinentfirete
speci fic eddi@stialBdicial inB&irgunamnaifirQohaiteytpete & R)SiaMdi@tereld processing one

or nore m.crofl yjdic devices. stem i ncl udes one or, nore corrput er
menori es. ffidio t@ﬁﬂieﬁ"gg ‘Wcﬁéﬁ%&m ‘%Féﬁ%ﬁq‘f‘@rz‘“‘?‘b@ﬁf 9RG 558 wereAnd 2

substr at ememmrﬂﬂihnhﬂﬁcﬁheed cmratm@atmfmiahorrsg:lcﬁms uamdhaaatméaurtas}eeﬁyudﬁ! fiduci al
kS ot Tl POl o fARR0N G oo ROUL DB Bl Lt T g 0 AL 1 east

t hree of marks ar N et one o
regi ons. Trﬁmnen mﬂomdewvcfcﬂmumﬁmnﬁmrbp@&e!cibnmslgepmﬂ@n@rhermre conput er

codes. 15, The il acd WiSioARURN RIS L RALMTEaAedl £ B fEohE eCt ed to

capturing an inmage inthe vicinity
of the on@ff\kéqidmf?“@bﬁ@ﬁmbm*% agspeigiEhrih ‘f@tﬁﬁéﬁhﬁaﬁ’éf p@fmwwﬁ mappi ng from

a desijgn $parSnt @ fe MBATBIRM 2SR Gt leddt HRERDELCRUR atddSyHith theflsed 10
aligning the flexible substrate to an inmage acquisition |ocation using at

| east t he imiggpidRgayinesd &eﬁ@dd@%@ﬁt@p’%eﬁmf pasiaipdarith Badexibleduci al mark,
wher ei n t k@ sgktc! €east one 20 additional fiducial mark is associated with t he
one well region. Athird code is directed to acquiring a high-resolution

i mge of iﬁiozhfa%c&@iﬁg%t%{hbré&wd%t ﬁqefxﬁléﬁtﬁdﬁ FOA@sasydémested to storing
t he high-resol ution inage.in_a ne pendi ng .upon t he enbodi ment, there

may al soPPESSIRAPe CORYE Fé‘?m%‘a‘ége‘i“ﬁg mﬂ Sé‘ﬁ% fn"g‘ﬂ%s PG Qe POBFIPPEY ™ descri bed
her ei nsas reseidie Media @l Siigle f@fiodaticy SPSEHI substiated IThe 2bxilRGRmtrate RoyiptisenOt her

alternaftivtels cief' .e{rb?gfﬁiie 641%0 nt.i.on EOV'% A t hod  of o
processi ng Sﬂgﬁ'ﬁ 0851%813 m Sof;fitf d Hgvﬁ%l el Tl g ap %@ﬁ%ﬁes provi ding a
def or mabl eapable of holding a fluid therein. The one or more computer-readable media include one or
more instructions for providing a flexible substrate, and one or more instructions for
determining a transformation between a design space and a measurement space based on at
20 least information associated with the at least three fiducial markings. Additionally, the one or
more compuier-readable mediz include one or more instructions for performing a first
alignment to the flexible substrate based on at least information assoc'iated with the
transformation between the design space and the measurement space, one or more
instructions for acquiring at least a first image of the first additional fiducial marking
25  associated with the first chamber, one or more instructions for performing a second alignment
to the flexible substrate based on at least information associated with the fivst image, and one
or more instructions for acquiring a second image of the first chamber associated with the

flexible substrate.

[0023] According to yet another embodiment of the present invention, a method for

30  processing a microfluidic device includes providing a flexible substrate {e.g., polymer,
silicone based, rubber) comprising one or more well regions and a plurality of fiducial marks.
The well regions are capable of holding a fluid therein and at least three of the fiducial marks

are within a vicinity of one of the well regions. Preferably, the flexible substrate has been
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substrate conprising one or nore netering cells, which are capabl e of
containing a fluid therein. The nethod al so i ncludes |ocating the
def ot mabl e substrate on a stage translatable in x, y, and z directions and
translating the stage to imge at |east four fiducial marks associated 30
with the deformabl e substrate. The nethod determnes x, y, and z positions
(or other like spatial positions) of the at |east four frducial marks
according to a preferred enbodi ment. The method conputes a non-pl anar
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is directed to aligning the flexible snbstrate to an image acquisition location using at least the

mapping from the design space and one additional fiducial mark, wherein the at least one

20  additional fiducial mark is agsociated with the one well region. A third code is directed to

acquiting a high-resolution image of at least the one well region. A fourth code is directed to

storing the high-resolution image in 2 memory. Depending upon the embodiment, there may

also be other computer codes to implement the functionality described herein as well as

outside of the specification.

25 [0025] In yet another alternative specific embodiment, the invention provides method of
processing a biological microfluidic device. The method includes providing a deformable
substrate comprising one or more metering cells, which are capable of containing a fluid
therein. The method also includes locating the deformable substrate on a stage translatable in
X, ¥, and z directions and translating the stage to image at least four fiducial marks associated

30 with the deformable substrate, The method determinéé X, ¥, and z pogitions (or other like
spatial positions) of the at least four fiducial marks according to a preferred embodiment.
The method computes a non-planar mapping between a design space and a measurement

space based on the X, y, and z positions of the at [east four fiducial marks and translates the



20 transmt the image of the object. Additionally, the nethod includes
controlling the optical device with the inmage processing device to cause
the focal plane to nove along the optical path until the optical device
maxi mal | y detects the fiducial marking. Mreover, the nethod includes
controlling the optical device with the imge processing device to nove the
focal plane along the optical path the z dinension distance to cause the
field depth center point to 25 be |ocated at the chanber depth center point.

Mor eover, st olmﬁrhﬁgiabtﬂﬁémkdﬁﬁmhﬂiﬁgild%&téd%ng Rin6&-bladrinipPink A stdparber whil e
t he focal ne is located at the h center point. [0027]
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op%icgi?device to cause the focal plane to move along the z axis and move the focal plane to

maximally detect the fiducial marking. The image processing device is further able to

20  transmit the image of the object. Additionally, the method includes controlling the optical
device with the image processing device to cause the focal plane to move along the optical
path until the optical device maximally detects the fiducial marking. Moreover, the method
includes controlling the optical device with the image processing device to move the focal
plane along the optical path the z dimension distance to cause the field depth center point to

25  belocated at the chamber depth center point. Moreover, the method includes imaging the

object within the chamber while the focal plane is located at the chamber depth center point.

[0027] According to yet another embodiment of the present invention, a system for
producing an image of an object within a chamber of a microfluidic device includes the
microfluidic device. The microfiuidic device has x, ¥, and z dimensions and a chamber

30 depth center point located between a top wall and a bottom wall of the chamber along the z
dimension. The chamber depth center point is located a known z dimension distance from 2
optically detectable fiducial marking embedded within the microfluidic device at a z depth.

Additionally, the system includes an imaging system for placing the microfluidic device
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optical device maximally detects the fiducial rnarking. Wen the inmage
processi ng device causes the optical device to nove the focal plane al ong
the optical path the z dinmension 15 distance, the focal point is |ocated at
sai d chanber depth center point. [00281 According to yet another enbodi nent
of the present invention, a nethod for producing an inage of a chanber
within a mcrofluidic device includes inmaging the mcrofluidic device to
produce an imge using an i nmaging system having an optical path in the z
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posi tison ftttat:xehﬂmamgls inyximelpdetderd vk facl Hldna fisdibstampibil pin-fhaicwabnhe he first
set of coo Jnat es of,th LLC, ic.25 devic the. coor di. t.e map of
the ideal® CE?F% ra(s)1“‘”!”“?7‘5ed fo g’\E/’Er%‘:h(eé fgboééég\?fé“rm e e %gsg&n%@&nw sewé ?h aining a
time zer o depthgedditionilly, e omedilasysem lrd:bmbw imhgaeressingzvice e zero i mage

cont ai s JRAGRBly 81l 1EAGI BLESCHe ol e ALLULLE WEhEne A SO 1 he

met hod inc es o tal ning a secon m Ccro devi ce chanber
and subt reptied] dgvieshie caysp thetfodajpleme t@fﬂ%’hdomﬁ the viNigAndineove ¢ fiskd deptinber from t he

secongh | MREE Mintld FraRialiPhidibbh ﬁiecﬁduég n%éﬂ% Of o liRa ARl itvicdRAB Y t he

chamber without time zero artifacts. Nuner ous benefits are achi eved
usi ng t heTqpptal terimpend g GirchVide Wﬁswﬁépmméwab’é@msmat@ﬁbod| ment s

provi de aliBeBiticaPicLto dafsUfe RB8ABHnOR mmoﬂ%mle%bmaﬁ th ki adesi gn space
and the neasurenent space" The tr nsformatlon etween the desjgn space 67

and the rfPHed F%ng’aa‘&édﬁﬁ@éh" abRakiPee Vhat the &BEE° PIOTFERSIOCHER | al
mar Ki ngs. caG®k tnaloanca@ ABOSH 1RV Sth FRwll flkehe aRAKI 8 btidaDRSihB g diyensigglui i ng and
el BT BB oo Toouer g on o
m cr of | ui device_incl udin ast e flexible substrafe. The alignnent
5 and f oclﬁé%srlng AKRYEMESP 3oL 4R ?Eﬁf“b?‘ﬁ@c?fé’g 8‘[‘: H’EFW“BWV?}F“’PW"’F*%&%BI e substrate.
Certai n producing an image of a chamber within 2 microfluidic device includes imaging the
microfluidic device to produce an image using an imaging system having an optical path in
the z plane of the microfluidic device, and mapping from the image a first set of coordinates
20 ofthe microfluidie device to determine whether the microfluidic device is skewed or
distorted when compared to a coordinate map of an ideal microfluidic device. Additionally,
the method includes positioning the microfleidic device so as to position the chamber within
the optical path based on a matrix transformation calculated coordinate position determined
by computing a matrix iransformation between the first set of coordinates of the microfluidic
25  device and the coordinate map of the ideal microfluidic device. Moreover, the method
includes obtaining a time zero image of the microfluidic device chamber. The time zero
image containg images of artifacts present in the microfluidic device. Also, the method
includes obtaining a second image of the microfluidic device chamber and subtracting the
first image of the microfluidic device chamber from the second image of the microfluidic

30 chamber to produce an image of the chamber without time zero artifacts.

{0029] Numerous benefits are achieved using the present invention over conventional
techniques. Some embodiments provide alignment and/or focus based on mapping between ~

the design space and the measurement space. The transformation between the design space
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enbodi nents i nprove throughput in inmging system For exanple, the inmaging
systemuses a conputer systemto automatically perform alignnment and
focusing. In another exanple, mapping fromthe design space to the

measur enent space increases the accuracy of stage positioning, and thereby,
the efficiency of high-resolution imge acquisition. Depending 10 upon the
enbodi nent, one or nore of these benefits may exi st. These and ot her
benefits have been described throughout the present specification and nore

parti cul ainhxhet}ﬁéaewemeﬁtgpa%ghseya&aeseuﬁpx@tidneut mlﬁdqmﬁ% ol adddines and
advant ages of the present inventiaon can be nore ful Iy appreC| ated with
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[0036] Fidure i's a sinpli I'magin tem | magi ng obj ects vmthlna
m cr of | ui léh"ebeeééwcﬁ’éech@ws‘@ﬂuh@ﬁ PIgseahs PIPTE*NIth)"P P@fﬁé‘ﬂ?ﬁ}é?ém i nvention;

[ 00371 Figures 15A and 15B are a sinplified mcrofluidic device according to
an 30 err% meYRrioys actdn@nﬁroé@@mfethwﬁ@wmaw of BGPegsetiityghtied casle and 16B

are sinpl ﬂnf)ﬂe?ﬁl}%}:fé@i'ateh R Pe brBn e RABE HARRA e RFEH 28H ocompanying drawings
that follow.

15
BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Figures 1-10 are simplified diagrams illustrating a method for fabricating a

microfluidic system according to an embodiment of the present invention;

[0032] Figure 11 is a simplified cross-sectional view diagram of a microfluidic system

20  according to an embodiment of the present invention;

[0033] Figure 12 is a simplified top-view diagram of a microfiuidic system according to an

altemative embodiment of the present invention;

[0034] Figure 13 is a simplified top and side-view diagram of a microfluidic system

according to an alternative embodiment of the present invention;

25 [0035] Figure 13A is a simplified top-view diagram of a microfluidic system including

carrier and identification code according to an embodiment of the present invention;

[0036] Figure 14 is a simplified imaging system for imaging objects within a microfiuidic

device according to an embodiment of the present invention;

[6037] Tigures 15A and 15B are a simplified microfluidic device according fo an

30 embodiment of the present invention;
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sinplified virtual image in design space respectively according to an

enbodi nent of the present invention; [0039] Figures 17A, 17B, and 17C show
a sinplified nmethod for inage subtraction and 5 nasking according to an
enbodi nent ofthe present invention; [0040] Figure 18 is a sinplified inmging
met hod for mcro fluidic device according to an enbodi nent of the present
invention; [00411 Figure 19 is a sinplified nmethod for nmapping between the
measur enent space and the design space according to an enbodi ment of the

present i pgsyt | @Bures fsA HEE abd SHpIRied Aothal idaginPbdshicfdndpbaghaga for fiduci al
mar ki ngs accgrding to an _enbodi nent of the present invention; [00431 Figure
21 is a sPmplifisd vvatupassdn fesien F%ﬁfe?m’(j“‘f‘ilyo%&‘?rg‘f‘g efEhgdieetdieng to an
enbodi menpregdnt fhentiphesent i nvention; [0044) Figure 22 is a sinplified
metering cell shifted fromdesign position according to an 15 enbodi nent of

t he presepdo3sNVERiikoOIA,[10B4n) 17T ghtinea simpliffed aneSlod b ik getbubiedchedaddor al i gni ng
and focusing.ina edsg tenhgfgordgqgr to qn‘pqpodinent of the present
RERET O RE R DRt R gt

i nvent P on™ &t hod for acquiring i mages of
fiducial parki according .tq.an.enbodi nent. of. the present.invention; 20
(041 i R S8eite 185 Ao aBmei Rated B e oy R AP R | mge

syst em ace@sshibgt of Be pres@whoeitiornt of the present invention; [0048] Figure
26 is a sinplified inage acquired and anal yzed according to an enbodi nent

of the prament Figwend isusimpliid Hettiod GotRapgifig BE@esn tht MPdstifelnest sparems for focus
score as fdur,\cti on of Z: EOSi ti QN 4 25 ?g{?ai nerg.at L he process 804 according
to an embSHiCHEFSPAT FHEYRR LA HMOPAPEt B PSP BHR gure 28 shows

i mplifi fqr.f . ti f iti di t
one” etboaltiart “BRe R s BRI veR pone huatRerostB o AR Ll | e’
curves f opfthopusnsiooergioas a function of z position

[6043] Figure 21 is a simplified method for locating fiducial marking according to an

embodiment of the present invention;

[0044] Figure 22 is a simplified metering cell shifted from design position according to an

15  cmbodiment of the present invention;

[0045) Figure 23 is a simplified method for aligning and focusing image system according

to an embodiment of the present imvention ;

[0046] Figure 24 is a simplified method for acquiring images of fiducial marking acoording

to an embodiment of the present invention;

20 [0047] Figure 25 is a simplified method for aligning and focusing image system according

to an embodiment of the present invention;

{0048] Figure 26 is a simplified image acquired and analyzed according to an embodiment

of the present invention;

{0049] Figure 27 shows simplified curves for focus score as a function of z position

25  obtained at the process 804 according to an embodiment of the present invention;

[0050] Figure 28 shows simplified curves for focus score as a function of z position

according to one embodiment of the present invention;

[0051] Figure 29 shows simplified curves for focus score as a function of z position

according to another embodiment of the present invention; and
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according to anot her enbodi nent of the present invention; and 69 [00521
Figure 30 is a sinplified surface map of a three dinensional flexible
substrate according to an enbodi ment of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON 100531 According to the present invention,
techniques for mcrofluidic systens, including a 5 mcrofluidic chip or
circuit, are provided. Mre particularly, the invention provides a

m crofluidic structure and net hod of nmanufacture, and a system and net hod

for imagi pesy  Finee ab ksl Stheifde virtee mbEsl trebyimsaylonfl N8XABRIRt he fi duci al
mar ki ngs are used for gfrocqﬁﬁ%gg nd iﬁa ing a mcrofluidic chip, but it
woul d be PERGHEITFYSRIPYOFRHY WO W8S a nuch broader range of
applicability. 10 METHOD FOR MANUFACTURI NG FLUI DI C CHI P [0054] A nethod for
manuf acturing a fluidig %Fﬁﬁgﬂégb qﬁ%%g?ﬂﬁ of the present

i nvention may be outllnedQ%é OW. 3%852 ai ﬁé met hod 100 are al so
provi ded [0a8Hor dicaglingio ghefrraent divagicantestiniquet bamzt floidicéygleme, idsludig £h i s not
Lok PP bbb dhib biYiut A6 SRR nfihe L ! PGB Broy S, OF OF ol nary

skill in e art recog ze man ternatives, and
modi fi cat mmﬁ@ﬂmqlwssmandmhﬁd@f ml!fﬂ%‘!!b en¢ anstoriond methofl detimegibtiannel  and

el |1 2y ikt Bekuad Ry by G d bt 10piial ABRA: 2 wfan ol dod channel

and well layers 102, |nclud|n$ duci al. mar ki , overl% g the nold
subst r at ePRFEASBHIHMAG ISR M %ﬁ ehiprbtiif ayld b?GCT@GS‘? thathe piyeptioq iap)| d

subst r at e; fRkRb ORI aBbEo it ayer 103; [00581 4. Form nol ded contr ol
| ayer overlying the nold substrate via spinning of silicone material 104;

[0059J 5. Align nolded channel and well |ayers overlying the nol ded control
| ayer 1¢05; [0060] 6. NﬁﬁﬂﬂﬂEFﬂnmmgﬂupm63mmh«anﬂumﬂtk}hayers fromthe nold

substrate,f Lg | ded channeh L ayers to for sandw ched
struct ur e{(lﬁ%i]l Inﬁghofiﬁzo rﬁﬂé{ﬁﬁ%‘f‘“%?, mgic chip accorchngyto an embodimen o?t
present invention may be outlined below. Certain details of the method 100 are also provided
according to a flow diagram illustrated by Figure 1, which is not intended to unduly limit the
scope of the claims herein. One of ordinary skill in the art would recognize many variations,

15 alternatives, and modifications,

[0055] 1. Fomm amold substrate for a moldable channel and well layer 101, including

fiducial markings;

[0056] 2. ¥orm molded channel and well layers 102, including fiducial markings,

overlying the mold substrate via spinning of silicone material;
20 [0057] 3. Form ameold substrate for a moldable control layer i0§;

[0058] 4. Form molded control layer overlying the mold substrate via spinning of

silicone material 104;
[0058} 5.  Align molded channel and well layers overlying the molded control layer 105;

[0060] 6. Remove molded channel and well layers from the mold substrate for the
25  molded channel and well 1ayers to form a sandwiched structure including the channel and

well layers and control layer 106;
[0061] 7.  Align the channel and well layers to a transparent substrate surface 107;

{0062] 8. Bond the sandwiched structure including the aligned channel and well layers
to the transparent substrate 108;
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wel | layers and control |ayer 106; [00611 7. Align the channel and well

| ayers to a transparent substrate surface 107; [00621 8. Bond the

sandwi ched structure including the aligned channel and well |ayers to the
transparent substrate 108; 70 (0063) 9. Provide the sandw ched structure for
use in a fluidic processing system 109; and [0064) 10. Perform other steps
110, as desired. (0065) The above sequence of steps provides a nethod for
manufacturing a mcrofluidic 5 system having nol ded channel, well, and

control | agghs 9. N pRovRReE Jamia{m@@&cmtmp@aﬁﬁﬂmhic_pt,&%ss@%gaanqbﬁnnel , well,

and control l'ayers is defornmable or elastic. That is, we regions may vary
slightly #dmwel|l to well throughout a single mcnfluidic system which has
been provided on a chip. To conpensate for such deformabl e characteristic,
the preself64ystlemPeifem dbragtent ! 1Pedes6the or nore fiducial narkings that
have been placed in predeterm ned spatial 10 |ocations to be used with inmage
pr ocessi n98Hc hHefies seqpaeipieprrrpates paraiof dor manpBgiuring 2 migiflyidiner ent

er r or s5 CaggRe vink At idalRiRaD: 81, ahtPdoncsigsyea! Ifa {RciRe capimaRRMaao@at | east in
part using the inmage pr?cesa nglét echni ques,, Further details of nethods and

resul ti ngth&molded ghangelowell, ppioogiraldaysts heelparbl rariesticy That is el s8if88n descri bed
t hr oughougnaj By PEMSG RomSPACH el Blrdr@Aord B dingloRficto Madit kptdnd WhichRb seen 15 METHOD
FOR NANUFACT‘H% NG DrFCR FLUI LA\@%{%%%@G‘)J A et hod for manufacturing a
mol d for BOTLEH W # 4R Seutryritdonsse G YeREPSHEESEMR i nventi on
may be ouinbiut@dt kadtone orGedsrt Aduriall edhkidgs thaf havhBeeplabalin pOdetarmeinad spatial pr ovi ded
accordjng, to.a fl.ow diagramillustrated. by ELgqure 2. whi.ch I t intended
o undbi yiobflifs o s L I3 L bttt T Rede ipkGBRARAY o\ T
the art weoligherent ogers zaiswinyhQ@formalhle thaoutsristinl 10 b eranensaded at bedstiFophirtf | cat i ons.

[00671 1. ugﬂg?l{é gﬁalggg}rgr)gf%ﬁ{ E%ﬁéu&g%@%ﬂ tﬁtailggfglﬁctﬁodg Qgcp@ulgng é%l‘apt'uyes Lrst layer

of phot oresi
the present microfluidic system have been described throughout the present specification and

more particularly below.

13 METHOD FOR MANUFACTURING MOLD ROR FLUID LAYER
{0066] A method for manufacturing a mold for a fluid layer according to an embodiment of
the present invention may be outlined below. Certain details of the method 200 are also
provided according o a flow diagram illustrated by Figure 2, which is not intended to unduly
{imit the scope of the claims herein. One of ordinary skill in the art would recognize many

20  vanations, alternatives, and modifications.
[0067] 1. Provide mold substrate material 201; -
[0068] 2.  Apply first layer of photoresist onto maold substrate 202;

{0069) 3. Pattern including fiducials (e.g., dots) the first layer of photoresist to form

channel regions 203;

25 [0070} 4. Form channel regions including fiducials through the patterned film on the

mold substrate material 204;
[0071} 5.  Strip first layer of photoresist 205;
[0072] 6.  Apply second layer of photoresist 206;

{0073] 7.  Align pattern onto the second layer of phatoresist based upon one or more of
30 the channel regions 207;
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[0069) 3. Pattern including fiducials (e.g., dots) the first |ayer of
photoresist to form channel regions 203; 25 [0070) 4. Form channel regions
including fiducials through the patterned filmon the nold substrate
material 204; [0071) 5. Strip first layer of photoresist 205; [00721 6.
Apply second | ayer of photoresist 206; [0073) 7. Align pattern onto the
second | ayer of photoresi st based upon one or nore of 30 the channel regions
207; 71 [0074] 8. Pattern including wells, x-marks, and conpany |ogo aligned

to Cha””eh%'r (V‘é‘er%a@érﬁ %&L%% RiaMisded o Rﬁgﬁ.ﬁ ?JSLa guekan@%ﬁmg the second

| ayer of phot oresi st 20 75! 9. Form mar ks, ~and conpany

| ogo t hr olvgtere akignipet fsaroaded ingibragkets) thersheondiayer efipbeteiesiste0fat eri al 209
5 [00761 10. Strip second |ayer of photoresist to formconpleted nold
subst r at el0f&8ler9-al Foimnehiapesils §reradnne comprity ol thropgh the patieged sgondfilet [ 0077]

11. Perf opMn@tReS sublt@RSmaténl 8@si red. [0078) The above sequence of steps
provides a nethod for manufacturing a nold for a nolded channel and well

| ayer Ssacftﬁ‘?ﬁ' N, t Qirfh s%&%@'lﬁyhﬁof%ﬁ&@n@h&%?om k&nﬁ‘lcé&’%&i dubstehtt 2¥hadi ment, each
of the no channel’ and weuU | aﬁers is defornable or elastic. To

conpensat &ckgirs stashel ded WPHEBICE™E AP 4B eri stic, the present systemincludes
at least one or nore fiducial markings that have been placed in
predet er iU splat PaIfTRBT FEPGs24SIHE- used with inmage processing

techni ques. These fiducial markings allow for any inherent errors caused by
t he def or IfF8le Thvabaraseayents of steps Mevides mpyetvd fudnanufapugsag 2 mMalddara  using t he

i mge 15 phReesHhid aﬁ@@amaw@&mrﬁmgwﬁpeaﬁ& ahﬁo%meém mtafleééﬁ@nd resul ting
structures of the present "m crof di ¢ system have been descri bed

t hr oudRoutmbediment, é’ﬁ‘é’tﬂft%epré‘élfl?di ‘-"@é‘ﬂe’o%‘da‘ﬁ“dl Taseses defarpablagyr sleste- 3@l ow.  METHOD
FOR MANUF fatd diéabGio F420H B brrltabiéharacteristic, the present system includes 2t least one or

more fiducial markings that have been placed in predetermined spatial locations to be used
with image processing techniques. These fiducial markings allow for any inherent errors
caused by the deformable characteristic to be compensated at least in part using the image
15  processing techniques. Further details of methods and resulting structures of the present
microfluidic system have been described throughout the present specification and more

particularly below.

METHOD FOR MANUFACTURING CONTROL LAYER
[0079] A method for manufacturing a mold for a control layer according to an embodiment
20  of the present invention may be outlined below. Certain details of the method 300 are also
provided according to a flow diagram illustrated by Figure 3, which is not intended to unduly
limit the scope of the claims herein. One of ordinary skill in the art would recognize many

variations, alfematives, and modifications.
{0086] 1. Provide mold substrate material 301;
25 [008%] 2. Apply first layer of photoresist onto mold substrate 302;
[0082] 3. Pattern the first layer of photoresist to form control fluid regions 303;

[0083] 4. Form control fluid regions through the patterned film on the mold substrate
material 304;

[6084} 5.  Strip first layer of photoresist to form completed mold substrate material
30  including contro! fluid regions 305; and
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[0079] A nethod for manufacturing a nold for a control |ayer according to an
enbodi nent 20 of the present invention nmay be outlined below Certain
details of the method 300 are also provided according to a flow di agram
illustrated by Figure 3, which is not intended to unduly 1limt the scope of
the clains herein. One of ordinary skill in the art would recognize many
variations, alternatives, and nodifications. [0080] 1. Provide nold
substrate material 301; 25 [0081] 2. Apply first layer of photoresist onto

nmol d subst e 302; 082 . Pattern the first |ayer of photoresist to form
contr ol [@1%] 8yi 0?1%85‘53 ““fe@ffé‘éficslfad Form control fluid regions through the
patterned strate e 304 0084] Strip first

| ayer of pk@{'s(ﬂ e%gf‘b"t"f)sefqé}? 8{%@%%“%‘%5?‘?%‘#@‘ ’?‘g? or30 i ncl udi ng

control f |rhtﬂdiadl‘cegtr<ﬂﬂ@cr3&5c;rdlagtb ﬂs%cc(lﬂaaa)od&:eni:’dnfa@pmf‘mtdnerod&teapme as desired.
[ 0086] The e _se nce r QVi t b r| ng a
mol d for %Y 515(:]&]6? rma 1:: Lt 3%3?9 as}“:cg%olm e%% fg‘r Sg_&s etg'n'\agle B ngcll!ta'w? e e 7 "
speci fisc @metmdlspmm mCluhe attv‘@mpnmr rmcayéﬁlslai stamwhmalblvebmn pidcedtni c. To
conpensat réd%{mﬁ&ig& Qfgii @JCH‘@DQF & Ifeh.E @&&ﬂr a5 lsrsces&#%mém&{u% ffesSHikM i ncl udes
at |least dne or re fiducial mar have been placed in

predet er m%@n@paéb}”afpf W(&f&ﬁewof@ab?éd hlét@&d#wbler?é@@ctﬁ?%'@é%@ ng techni ques.

These f|d%h§!ensat€@5thbdggﬁp§rlt Lé?:’{é tnarma%symbmﬁg@mm e§, OitherdbsMd oby the
def ormabl e characteristic to onpensat ed east in part _using the

i mage pr od@dkgdagnd @E‘H‘Pﬂchﬂ'é%mfeﬁfrtbWPseﬂféF‘a'i"ﬂE‘dﬁfSYSt%Pﬁ‘(ﬁd’:?e‘h%cribéguI ting

st ruct uy eshRfigHolenPpRf8NMpedilisatioh bl Hbe pSM&lRLRRVE been described 10
t hroughout the present specification and nore particularly below [0087]

Figures 1- J@d&'l@” @rlgiﬂrémL1ufame§m9meard@d§m ilideddngliniha ebhiediips fabricating a
m cr of | ui stem according to an enbodi nent of the present i nvention.

These di agP"éW@“ld&’rSéStﬁ”éla‘é’l"Sﬂl aApPRLCIIHEN EHISPESRRBLORNIRFYIPFAPE the scope

of the cl akdBelB RhdipleIMBichEhoutt ht BRIy It Ihb sdoe binBe AbimsWettid GRGPYNI ze nany

vari ations, .nodifjcations nd alternative As
ordinary skill (i:n € artwoulg recognize many var\{ati%ns, madifications, and alternatives. As

15  noted above, Figures 1 through 3 have been described. Certain features with regard to
illustrating features of the fluidic system bave been provided by way of Figures 4 through 11.
For easy viewing, the left side illustrates an overview of the entire substrate, including
patterns, while the right side illustrates a portion of the pattern that is pertinent according io a

feature being described.

20 [0088] Referring to Figure 4, fluid channel layer is illustrated, The fluid channel layer (or
contfrol layer) includes fluid channels 401 to deliver fluid throughout the substrate 403.
Fiducial markings in shape of cireles 405 are used to locate the channels themselves. These
circles are part of the fluid channel layer mask and are transferred with the charmels onto the
substrate. The circles are recessed regions, which da not extend all the way through the

25  tayer, in preferred embodiments.

[0089] Refernng to Figure 5, a well layer 501 including well regions 501, 503 on the
substrate are illustrated. The well layer includes the well regions and the company logo 507
(which serves as a predetermined fiducial marking according to preferred embodiments) that
enables x-y spatial location of a metering cell. In addition the logo is also used for focusing
30 onto the wells as the logo height is the same height as the wells, The well layer also includes
a plurality of fiducial markings 505, ¢.g., crosses. Such crosses are located within a vicinity

of each of the well regions. The crosses are at a finite distance and are translated from the
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15 noted above, Figures 1 through 3 have been described. Certain features
wth regard to illustrating features of the fluidic system have been

provi ded by way of Figures 4 through 11. For easy viewing, the left side
illustrates an overview of the entire substrate, including patterns, while

the right side illustrates a portion of the pattern that is pertinent
according to a feature being described. 20 [0088] Referring to Figure 4,
fluid channel layer is illustrated. The fluid channel |ayer (or control

| ayer) i nmbdkde melshbstateC MaRNdisg idfAde froccddhd algiritinsitb thchfdloht gh@dke of the Ssubstrate

403. Fidycial markin I n_shape. of 405 re used to.locate the
channel s ?”ﬁ‘knﬁ’&ﬁ?é%e? c%ibé:é.\éedsaéra%%?rg%ceg gﬂp@? tog ? Fewy ¢ACq © gwgﬁﬁ’éieﬁ ayer mask
and are taratshed rneakpmﬁdi maﬁrkuearohmramhshanymﬁ}hemelregums‘l‘hsauaaac‘ﬁhéﬂmi rcles are
recessed LeqLons ch do _not, ext en hro he 25 layer, in
preferred’® chc‘?'Pé?ic’t ontebﬁ’glgf }ﬂﬁfgéi?tragn%ﬂtndglgﬁe\é@é ewe { | ayer 501

I ncl udj gIePR on 0l 3 on the  subst e.a lustrated. The well

| ayer %nc‘ Yi%dés ﬁ&nﬁ%ﬁ’lé g| on emoctCHmbctWE%tE hT'dc{la"gﬁ aye(\?\#f?‘é'qpserves as a
pr edet er mMaperdedordingioa speafidkdng disrssto Fifre gicmttpd@ﬁmﬁ@de twblegkrsraiittes) t hat

enabl es x; t?a@t%]blﬁlmdkﬂx(‘gg%dcgﬁ %e @e1ﬂﬁ§&ﬁlagwmﬁ§£mhmeés%hfswe tallfhe! 09O i

al so used or focusin onto [ s as % is the sane
hei ght asfltifidaygre|The we h@cwerptilucp%ﬁ}l@t) eégewfui%&wa’@@ne éammroavqewum fi duci al

mar ki ngs é:h%@s P?cfgmbl C4 Q&ﬁﬁﬁo hﬁH%w%fl?&&ﬁ% Be l:t%ﬁét@ﬁd%ér%rﬂh@ vicinity of
each of the we %Pons The crosses are at a finite distance and are

t ransit@t e‘d‘a#u?ﬂeéﬁfﬂdﬁ & fridsiinte Grepylls- sthssrelidner m%#éﬁ'ﬂ“t%‘F‘i‘]E‘j’ thefyid 14¥focessi ng

al gori t hni phRe Wellfd @r B0 Sl chiRER, BEhdhe AlbBLLS is JBSLEFRARERS dhmerused as a
reference to we each of the crosses are located in a

o)
spati al n'&ﬁﬁ’élrl 'aé’FrdﬂrﬁlEFéla“ffé%fF"t?HIé'FV%ﬁ‘?n° B¥rwel | region. That is, each of the
cCrosses o i es a corner ion that is not active and i S fre fromthe

well itse npg I5 T@O@%’i"dﬁéf“ﬁ?’} ATPSTBPTR TG PRe dssisn /LR ATPSTiCDRET) 88 ween t he
fluid c hame;h ul Bigee 7afll3§cl\/\6f|tﬂlese h@m cal®e edpdiated ukifig acgsaaecoa‘ acsor@inigadi ment .

Here, .{ he m d al I hes S, at e str te mol.d maki ng

pr oce%é ?[qu 'h fflﬁrl’]éﬁr a‘tafﬁ?cg&’ﬂ’e ﬁ ASBT HEh the fluid
| ayer. ThﬁaMﬂdU has aye:rpopfdadb;ﬁ%elﬁdsk&f the digieceiMbyet Rofdlaud dmbanimeﬂye} ayer
produces {ngfdpgrcferably, the final assembly is made when the control layer of silicone is gligned to

the fluid layer of silicone. Matching alignment marks are located on the fluid and control

layer that need to overlay each other for proper alignment.

20 [0092] To align the patterned substrate to the blank substrate, the method includes placing a
template of the patterned substrate undemeath the blank substrate, which is transparent, as
illustrated by Figure 8. The template allows carrier top access to reag_ent inputs. In addition
proper alignment of the patterned substrate onto the blank transparent substrate enables the
imaging station to view the global fiducials on the chip through the carrier bottom. As

25  shown, Figure 9 illustrates the pattemed substrate, including wells and channels, overlying
the transparent substrate. Details of the fiducial markings are provided throughout the

present specification and more particularly below.

{0093] TFigure 10 is a simplified top-view diagram 1000 of a completed microfluidic system
including well 1001 and channel regions 1003, As shown, fiducial markings 1005 are

30  disposed spatially around 2 periphery of the well region. The system also has company
log 1007, which is a predetermined fiducial marking, which is larger in size than the other

fiducial markings. The predetsrmined fiducial marking has one or more edges and a center
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edges. Preferably, a goal is to have the wells overlaying the channels in
order for the 10 channels to distribute fluids into the wells. The well

| ayer mask is aligned to the fluid layer to place wells over the fluid
channel s, as shown. Alignnent is done by matching the frame of the well

| ayer to the frane of the fluid channel l[ayer. [0091} The nethod generally
forms nore than one design 701 on a substrate material as shown in Figure
7. Each of these designs can be separated using regions 703 according to a

15 pref err@?@n QHRRLEAE Thaturdd) s ﬁeeaéapdafee&réé) Bﬁgsoffokd?@dry 288 Bt Yt Ablugr silicone
(or other ke materjal) has ured separ.at e@\;eo er the fluid/ well

| ayer ol 6CO8AEe FARY YBH{ FB?“"P%{)‘F@‘:‘ g‘t‘ﬂ“& angbplEmAHX s} e RithaeeEhhl y i s

made wheno titgréaemisyddm hayas palvidel biicpmesitisvialvidgigeeh fliosiratddaelolwi d | ayer of
silicone. Matching alignment marks are |ocated on the fluid and control

| ayer thamomedﬁg@e OVie b lsiyplifiad brogtdaaiondladevpdingran 1a13 cgrarma:toﬂum& [ 00921 To

ol aci ry e eeipredre i ph L S S R RS

substr at eexatﬂplepxhtublﬁshbﬁlﬁmsp.mﬁemumlatﬁe sdobé afshe adimel h«b‘ymFchl peorBinafiskillt enpl at e

al l ows carr,ier Lop: a access n_gag r agﬁ (ﬂpijal as. bty A9, {14/ %e{heal I gnment
sSu s

the art
of the palflterne"'lflD ransparen iate &nabl es t he
i magi ng siyabmmwhtdes a/glewstﬂimeraglléﬁhtbr ahy Hhﬁ:tr@b:@r@nswwt@mtpmlmbdg@nt he carrier

bottom A& mhay bs@tguasecrgy.dg dinhaBLERLOR MY GNPt o3URSLER! & L nC uding

wells and ¢ over | transpar ent substrat talls of the

fi duct@l Iﬁmrﬂiwgéfhaﬂetd@@mcméweﬁiﬂwgmwa Cﬂpm@ﬂ‘?ﬁﬁ@%éﬁmg@é@ﬁﬂ%m| on and

nore partigyk %lt%lch@}e?é’v Thl@lﬁ%%aﬁ!e%%dé&h {hﬁt 1§1e§éﬂm“hfs W%Q JAQB] Sk di agram
1000 of a conpleted mcrofluidic system 1ncluding well 1001 and channel

regi ons 1013he seeleipiin Prefgrailyithy fu ?hé%éﬂdl‘ﬁﬂla‘aﬁféferH%BS%%Fa@ﬁat ially

around a ReEekdEehYs ficdnbsiivgh lmubegheaer pl8c PIRS Br @ih&%dﬂﬁﬁcrﬁmﬁy | og

1007, which is a predeterm ned duci al E‘{fg{ lslaﬁ er in size

than the JeREPL. fp gtearal s alse Wﬁaee"fﬁ%m@f ﬁg%ﬁ?lﬁeaalferf&ﬂ&% el 1 ng has

cc))[\e 0l5 ND¢heraeeges. aﬁdsﬁteﬁﬂiﬁoafas a&#nrbelﬁydamlliammg:mtdaeicohealtchml as needed
cour se nary the art

vari ati onylgh‘gﬁ?cfahg‘églc(fﬁg °‘§%¥8f Iéﬂag? Y45 v&%ﬂb\f%aa%“%i %(fe?'['c?ne‘r@ﬂ%éﬂ regar d

rubber, rubber, plastic, PDMS, or other polymeric material. Depending upon the

embodiment, there may also be other features in the system.

[0095] One 1102 of a plurality of fiducial markings is also shown. The markingis ata

20  vicinity of the well region and also has a height relative to the wells that are substantially
similar. That is, optically the height of the marking is about the same as the well relative to a
plane parallel to the substrate. Alternatively, the marking may be formed based upon a
predetermined off-set relative to the plane parallel to the substrate in other embodiments.
Certain dimension are also shown, but are not intended to be limiting in any manner.

25  Depending upon the embodiment, there can be many variations, alternatives, and

modifications.
[8096] Other embodiments of the present invention are provided below.

[0097] Figure 12 is a simplified top-view diagram of a microfluidic system according to an
alternative embodiment of the present invention. This diagram is merely an example, which
30 should not unduly limit the scope of the claims herein. One of ordinary skill in the art would
recoghize many variations, modifications, and alternatives. As shown, the system comprises

a biological substrate 1200. The substrate includes a rigid substrate material, which has a
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to the present systemare al so provided using the side-view di agram
illustrated below. [00941 Figure 11 is a sinplified cross-sectional view

di agram 1115 of a microfluidic 5 system 1100 accordi ng to an enbodi nent of
the present invention- This diagramis nmerely an exanple, which should not
unduly Iimt the scope of the clains herein. One of ordinary skill in the
art woul d recogni ze many variations, nodifications, and alternatives. As
shown, the systemincludes a glass substrate 1103 or any |ike transparent
subst r at esuBtSlebdh. THWLEAraEANCapaBlt o Pt Q%ﬂﬁbcﬁe ﬁlﬂhﬁdté amnga@bét&tawg t he

handl e substrate |§ fluid channel 1 10 L 10 ¥ 07 The fluid
channel aff® brapade p @%ﬁ*ta%%‘%@‘éﬂ%ﬂ%ﬁ?aa%ap 1nS1 ‘foﬁgﬁ"@” aff”(?@ or can be

mul tipl e hawgss, or ecokdbitiadortranRe andd &S lie. d@mbrse mw:ypasoﬂse@s&amm the well,
whi ch extgnds I nt the]' single layer. Preferably, the fluid channel and well
| ayer are®f& 5‘5“88"}%5 E3i¥abl e nmaterial such as silicone, silicon rubber,

r ubber or ot her teri efe t he
mat er i al t@gé{l thetSF’ T e 11 %)gﬁévagléﬁagq e”‘ leed (t)ortlilaf‘{re?rc?lﬁ%‘l Vel y
fl exi bl e Prfetdbly; iverfhid Iayarsiattacheﬂ‘luangygihehyalosmthbrag:atatmhmimiquba@eer 1111,

whi ch i ncgturﬂgr% w%ﬁ (9\5 a? mﬁlm a ailjsi‘l? rtuﬁ o‘%ftlﬁ:rd% abié Hﬁdﬁaggr; er i's made

using a suitable such I cone, I con
pl astic, mMeImglonMecappbibyﬁmidmg arfitid theedn. %mn@m@w&bmtvh@ls errbodi ment ,

B e
vi ci nilfy ofupleddo o dr mpoegp fohe ‘aﬁhrcaibs&a Ta shaand] e¢eipms inchidg projein ¢hampdie wel | s t hat
are subst gigighlhgers l:mnhaf 1208 N etk &anemegmé b AdSeRABE Of the marking is

about the sane as the well relative to a plane parallel to the substrate.
Al ternati Fﬁb iﬁ@ﬂxﬁ@fa%rriﬂcﬂﬁiy Q&wfe a{mq-a&%%&eoaﬁaw@a&mmne@d of f -set
relative the plane parallel to the substrate in other enbodi nents.

Certain di%ﬁ%qf?fﬁ‘aélre@%ﬂ lagr. sm?tlv%rﬁg‘oﬁF‘éf“ﬁﬁtthq GE ShEISEP “t"ﬂl BEYS i ting in any

manner. 2o PRBes Hghel idRaRed iR thettRRdhIRMid 1A Mhe 63120l FRINY iV@fhadl | ONS,
al ternatlves and _nodi fications. [00961 Cther enbodi ments of the present
i nvent'? onouFide irths firbrpriien B hesetead Porpy yHhe tarm “aclivg” andrRPT-ASHYE” 4B p- vi ew
di agram Ofnel@lmssclm‘rLtmsaatﬁénw@bﬁahmemdhaguﬁlpthagbopa&fttﬂé ﬂatﬂs\hereﬂ.nbtaell ment  of
the present inventjon. This diagramis. ne eI%/ an e%sﬁrrB
non-active regxon generally corresp n s {0 regions ffom use of fluids or other transport

medium, and the like.

[0100] The substrate includes a plurality of fiducial markings. Each of the fiducial

20  markings is selectively placed within a certain layer region. In a specific embodiment, a first
fiducial marking 1205 is formed within the non-active region and disposed in a spatial
manner associated with at least one of the channel regions. That is, the first fiducial marking
is within the channel regions. Preferably, the first fiducial marking is a recessed region that
includes a selected width and depth. The recessed region forms a pattem to be captured by an

25 image processing technique. In a specific embodiment, a second fiducial marking 1213 is
formed within the non-active region and disposed in a spatial manner associated with at least
one of the well regions. That is, the second fiducial marking is within the channel regions.
Preferably, the second fiducial marking is a recessed region that includes a selected width and

depth. The recessed region forms a pattern to be captured by an image processing technique,

30 [6101] The substrate also has a control layer coupled to the fluid layer. The control layer
includes one or more control regions. The control layer includes interface control line 1207

and containment control line 1209. Other control lines can also be included. Preferably, a
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30 should not unduly limt the scope of the clainms herein. One of ordinary
skill in the art would recogni ze many vari ati ons, nodifications, and
alternatives. As shown, the system conprises a biological substrate 1200.
The substrate includes a rigid substrate material, which has a 75 surface
region. The substrate is capable of acting as a handle substrate. The rigid
substrate can be nmade of a suitable material such as a glass, a plastic,
silicon, quartz nulti-layered materials, or any conbination of these, and

the |ike. ur

applicati ond]f%io ’6%3?!_( ﬁ% %’18?5 ?Hﬁﬁ %%Bﬁ]dg?ﬁ%egﬂj%@r ggtp‘?rg‘gr? ﬁld?“qu d | ayer
coupl ed t@natltm Jsarrtmﬁﬁed regiph ¢t mcllﬂﬂ@faeplam%/widﬂmdﬁpm dThearpeessadgemant ached
using a 9 gxgmwbe%p@fedaym t%@ﬁﬁocésﬁﬁé‘f&bﬂﬁkﬁm mfam%ta\wf% wel | regions

are for rre I rst portiaon of deformabl e fluid | ayer. The one or

nore wel | smh,sgmeﬁ@ li’ﬂsf%f&‘pfﬁw@"’é‘fthﬁﬁl"ﬁm‘ﬁge‘éﬁ?aﬂaﬁl #ndumese aaiculolibedW. mor e channel
regions is forned in a second portion of the deformable fluid |ayer, The
one or 5rrm{%10§haﬁmé'rc Bdyp opplified tamandsidstvisy ¢iagremnd Yol ppniarofpidicraston| |

regions. The & Qslauérﬁaiv@ @ﬁbédlﬁédiq?th%n@&&t Rv&iieh ﬂﬁk@dlag&% RAed a@agent
channel s 1203 her channel glons can al so be includéd. [0099] The fluid

| ayer i ncltamede. xdighsaodld B‘”r\’&‘i’f«l‘& B sFeRgiob s clepps gy vengfgrdinay M or med i n

the defor rmdalegnuoulddeéo@weé maﬁlsmna@&nb \iEodERGHI 613, dneaitémmeg hes B@nakic NOr e wel |

regi ons. non-active_region | med, i n the defonn fluid | ayer. The
non- actlvglaﬁﬁﬂﬁlﬁﬂ“?"'faf Eﬂpn‘gﬂ” 1% %EEIEJtﬂ%VSWn% side vigp Bg?‘f‘g'ﬁn and the second

pf)lr tian. HieodtekRiresaciordify to@BBodimens afthé Nﬁsenﬁtﬁ@enuﬂiﬁl’ﬁé ?hobﬂi Sile f}@fem ]
illustrati r e scope of the clains herein.
The non- 3@? ?‘{;E“ Eseée%?g‘éﬁ‘é%% T@ﬁ?"é@ﬁ%"ﬁ& cousfcg LS80 APEEPt om use of
fluids or pﬁlfpbﬁa& dlthmpmytbe ugsidbifne alirandnhes wélk dn ofed:hadimEne tissgddsbal at e
I ncl udes It fiduci Eagh of t fiducial 20 markings
o ol eot FUBTY By iSRS P R POyt B ST LearpP
enbodi menthe glotal fidiiciald ihelUdd aabngavaxdﬁlarvgdm 205bon8180qimRd Molpm maspebgvelon- act i ve
regi on_and disposed in a s nner associ at ed | east one of the
channdf r &yfmshier sephogiment, ﬂ"gaﬁbaﬁﬁf“é‘f Sy oeheragienaad iy |ar‘?§% g taﬁsh’fq’:“’f’ he channel
regi ons. Rﬁtﬁfﬂtﬁbkﬂe.ss biRe hdo-ativd dcgiot| Bir eRd@ie, g dibaBfidueRBSs@6ers2gi On t hat

thickness of about 20 um and are within the deformable layer 1305 as shown. The side view

diagram includes a substrate 1302, which is preferably rigid, with an upper surface region.

The rigid subsirate can be made of a suitable material such as a glass, a plastic, silicon,

20  guartz, multi-layered materials, or any combination of these, and the like. Of course, the type

of substrate used depends upon the application.

{0103] The substrate also includes a deformable fluid layer coupled to the surface region.
Preferably, the fluid layer is attached using a glue layer or other attachment technique. One
or more well regions are formed in a first portion of the deformable fluid layer. The one or

25  more well regions 1309 is capable of holding a fluid therein. As shown, the well region has a
certain thickness within the deformable layer. One or more channel regions 1311 is formed
in a second portion of the deformabile fluid layer. The one or more channel regions is
coupled to one or more of the well regions. The ¢hannel regions include protein channels and
reagent channels. Other channel regions can also be included. As shown, the channel

30 regions are not as thick as the well regions. The deformable layer includes an upper surface,
which couples to control layer 1307. As shown, the control layer includes a plurality of

cantrol channels 1313,
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i ncludes a selected width and depth. The recessed region forns a pattern to
be captured by an 25 i nage processing technique. In a specific enbodinent, a
second fiducial marking 1213 is forned within the non-active region and

di sposed in a spatial manner associated with at |east one of the well
regions. That is, the second fiducial marking is within the channel regions.
Preferably, the second fiducial marking is a recessed region that includes a
selected width and depth. The recessed region forns a pattern to be

captured fodn HIRASRAAGE SR L0 ORILANE PRI AIA L e nasORkEEL e 8l 50 has

a control [ayer cou he control I ncl udes one

or nore c%’ﬁ&emolm?SQjF@ﬁ§mbqq%°fﬁdh? glgpal P@W“‘lﬁﬁ*&?@dﬁ%‘k‘iﬂﬁt‘%@wn%nt rol line

1207 anddéf&ﬂa@#e%mmﬁ@mrc&h bi Gell2@8n. %ﬁ&id@&:ﬂfrﬁaﬂhné is@geL@ithidl SO be
i ncluded. Preferably, a %lrdfldumal mar king 1211 is _formed within the

control |&ysiity piihe é(F%’fﬂESP“ i"rfé‘et"’ﬁ‘leCHmF‘FtofBE‘" whlls f‘H’ﬁ*rW?f@“‘f%“H fBtessed region

that isncl M@@ﬁn@ccﬁ@xh@@feﬁ%b Wt \hrdﬂa%ckﬂﬁl@ﬁt@ . h?hr-!fﬂ&&ﬁi%@idl h&Qing ik plded N a
pattern to be captured I mage procesmgg t echni_que, Further details of

t he subsﬁb@fﬁ@a&éﬁrtb%ccpﬁaﬂﬂhﬁ RPSTREGIt Avrrong Puca matkiag gy bepl*6fh and nore

par ti cul awliyinRetcauty B thkQAhAd! rbdigH N Bhid the ldeo&namenwer f Aeidrd fucRnGakinde- vi ew

di agram 1300, of adn1grofIU|db§ E%/ste % an te%natlve

enbodi ment2HPe RIFED SHBTAEepih A A5 gRire T’?ﬁ“§° &t Eiy‘?ﬁa SPSPHIE P& anpl e,

whi ch ShOlhbdp;ﬂmhndnnﬁerbmalylbﬁwinahhﬁ sleapdvaf at headtﬂcmdm Tieat s, two &Bnles of

ordin n the r.ecagni vari.atio di fications,

ona aft o fisie matdhel Ay B iR e S0 R ol AR R i o™ &' St T el

top vi ew mankthg nsiythe withiawd' vighity d fubedioatrdi @haminelin g cowtol tayer. adtonrdvalyg t o

enbodlnen t I ncl udes

gl obal caqué K ﬁ]d‘f‘?ggrgér%g m’liy%c% lﬁﬁpﬁﬂéﬁigﬁmdu '8%%?1& ‘?‘?%h“gh afﬁﬂgnrrent

pur pos es matlktrllgonﬁglben‘atyimtﬁewusresdaf’fthﬁcot!ﬁrmiehmnclgmmemnta)é tayedl. |Prefemblprthe

enbodinen r than 100
i and | bsclef fiafliagle plol WL Wity B AP Rulet bplly SRATRAN o PR EPbEL T ength

and aldi detanesd regisost T meiﬂuwbn@tmﬂselamdrveﬁwe@@ tapéiplayer o anothen lytservenbodi ment ,

the gl obal, &'aﬂ%ﬁﬂﬁlt Soift'tE cGRRT REaGH] Jf?ﬂldth o@xmdcﬁzﬂr:tﬁ cﬁ)zfra&éns igast 10 m within a

t hi ckness of t noh-active region. exanple, the global fiducials

;20'5 Eg e aj %ﬂ' g%@%ﬁ&rg{ FigReuE. 1?@%@%&@& Satlif fAichh bdRcil&laqh FRGbAskigyer 1305
systems. In one embodiment, preferably a fiducial marking comprises a recessed regionin

the deformable layer. The recessed region becomes a volume or open region surrounded by

20 portions of the deformable layer or other layers. The volume or open region is preferably
filled with a fluid such as a gas including air or other non-reactive fluid. The fluid also has a
substantially different refractive index to light relative to the surrounding deformable layer.
The open region is preferably filed with an air or air type mixture and has a low refractive
index. Similarly, the fiducial marking in the control layer has similar characteristics

25  according to a specific embodiment. In certain embodiments, the fiducial marking has sharp
edges that highlight the marking from its surroundings. For example, the edges are
preferably 90 degree corers or the like. Of course, one of ordinary skill in the art would

recognize other vatiations, modifications, and alternatives,

{0106] Additionally, as shown in Figures 1-13, the fluid channel and well layer are made
30  using a suitable material such as silicone, silicon rubber, rubber, plastic, PDMS, or other

polymeric material in certain embediments. The control layer can be made also using a

suitable material such as silicone, silicon rubber, rubber, plastic, PDMS, or other polymeric

material in sornc embodiments. In other embodiments, the fluid channel and well layer and
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di agramincludes a substrate 1302, which is preferably rigid, with an upper
surface region. The rigid substrate can be nade of a suitable material such
as a glass, a plastic, silicon, 20 quartz, nulti-layered materials, or any
conbi nati on of these, and the like. O course, the type of substrate used
depends upon the application. 10103) The substrate al so includes a

defonnabl e fluid | ayer coupled to the surface region. Preferably, the fluid
| ayer is attached using a glue |ayer or other attachment technique. One or

more wel lthe g&atmp ¥ g? &9&&%‘%9\ *cﬂalawtlose T'gag&géf@cgca A F'c%stq?hho ble fluid

| ayer. The on I ons ding a fluid
t her ei n. mmhomn therhd Cwéﬁtlﬂﬂté@ge?rfrm@‘“am 188y @afp@mthccmb e thsimel t he

def or mabl of Y equbienf AT ﬁcp@e{m@.l enﬂlﬁgir&ﬂé tﬂéé&dlcﬁﬂneluﬁs%ma}ma second

portion o e deformabl e uid layer. The one or nore channel regions is
coupl ed t@ddh@comrolr%mm@ﬂnadﬁe %FfFaLr"é@F?)‘ﬁ%‘mg'Fh‘éO%ériﬁéqm?séé’i‘Wnqufncl ude

protei f chappl Seadng§ FRAGRE raapaHA Sx100ohexighannel regions can al so be
i ncl uded. As shown, %e channel 30 regions are not as thick as the well

regions. {He7dedrs rgg@ﬁo%mlxaxbﬁgﬁmbnqhwﬂemmm&m&%ﬁmﬁhecmhahe, gples to
contr ol Iayer 1307. As shown, the control I|ayer includes lurality of

control chshivllresignsy hespriagrerpary merely crample vl pet vadyl ég’é‘it\ﬁéﬁ y placed in

a spati al saapdlerahe aﬁnreh@nabwr@rhﬁrwsﬂuen the Y% (el récngﬁzeSlﬁﬂ(y\fah@u&EI}bOdl ment, the
gl obal ali %nrrent fi duc er Wi t hin

or
O o i LSRR Aol et ) et poiorts PR oto0 BRARSe'ly hi

Vi ﬂ nuUK &fgwhh&evmérbhmggzmﬂ Thé Ehafimﬂs mimdwmerﬂfer td &Uéssdtﬁleglgnsflﬂ[ﬁﬂ a rreL eric ng
cell. The 5 r,ng c as.a,.l en each, a The first
et o TEOEE 19t Tt Rt ds Aol dhite RS hodpittadsl e,
cell. A sﬁmahnkafsm&u(mgdnsrrﬁrjet mgerrmbo&hmepxb dlperdicrofluidiv devivewichides ty of the

channel q% n the d o] a th|rd | duci al marking may be
pl aced w f ick m\%/alE ?ﬁ%etufled ?{ﬁircgga%lﬁ *t B X@hgﬁﬁg aimrilw:tche control |ayer. ,

Cepenct 0B e R | S P S TS D S o7, =
vi ci nilfy ofridriaed clastifivetion @ge aworting to irecrotivdingtnf ofduecpredent imeenkibmgTay be wi t hin
a vicini ty, gt 8 SR Qb GR ANRE! srbila b GnGBPhE nelsBYR of afd dBLORELY S Y
One of ordinary skill in the art would recognize other variations, modifications, and
alternatives. As shown, a system 1350 includes a chip 1353, which has associated carrier
1351, The chip can be any one of the embodiments referred to as a microfluidic system
20 herein as well as others. The chip generally includes a substrate, deformable layer, and
control layer, among other features. The chip also has well regions coupled to channel
regions in the deformable layer. The control 1ayer is coupled to the deformable layer. The
carrier includes various features such as inlets/outlets 1355 that couple to elements in the
chip. The carrier also includes accumulation reservoirs 1357, which couple to the
25  inlets/outlets. The carrier has an identification region 1358 that includes barcode or other
identification element. Other identification features, which can be identified visually, may
also be used. Further embodiments may also include other identification devices such as

radio frequency identification, pattern recognition, and the like.

[0109] Preferably, the bar code is an encoded set of lines and spaces of different widths that
30  canbe scanned and interpreted into numbers to identify certain features of the microfluidic
system. The barcode includes intrinsic and/or extrinsic information associated with the chip.

The intrinsic information may be pattern recognition information and/or alignment
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two of the fiducial markings may be within a vicinity of the well region and
the third fiducial marking may be within a vicinity of the control channel
in the control layer. Preferably, the fiducial markings are placed within a
vicinity of the region being exam ned, such as well or 15 channel regions.
The fiducial marking placed wwthin the control |ayer or another |ayer serves
as an alignnent point to correct for depth of field or other optical
characteristics. 101051 As shown in Figures 1-13, various fiducial markings
?ag be : rﬁﬁl’dﬂnﬁlﬁ%nia@soﬁia&&@»fidhuwﬁdhciawﬁkiﬁgas ‘Thhtris, 0R&: i&ﬁiﬁﬁg&t?ﬂaﬁd agfgﬁ.ﬁfgﬂr abl y ﬁ

I ducial markin onprises a recessed . region.in the_ defor, e, layer. The
recessed $tRf ’ﬁﬁ%‘ﬁg’é%gﬂ ‘{fﬁ’lg&hlﬁaséﬁ’e%‘ﬂ%%gpggﬁ W YR ‘s@ﬂﬁ‘&@d“ B 38" por ti ons of
t he def orgmbk stoled i membryalf B esmpiaing beprocEbing\egbterTecrdine an EAbbdinei: of
prefer abl% filled wt hTE fluid tSQLDfCh gs %nggss Lacl udi .a'hr or thher
non- r eact PHREPHIRECR P ThS BTt IFOHRLoL uBs?flaon‘P?%?leFf&w&l Y PEFERt refracti ve
I ndex % 0 dpegifit cligliatlndies Hao cddacfos eartninumdicatipnel eTier atigivhent irdyrenation The open
region is ef er ahl I | e i r._ai . il nd has a | ow
refracti v‘q"es'Eorcfaﬁe e‘%& téle Ir%hfcga? f“@ﬁl{kﬁg&i& E?gsi%é? gﬁ%ﬁ '}2‘?/‘%3 m{%é{ %[er%g%rll ol | ayer has
simlar chrassagtesysiems ewofingio cwbatiiments of the prpentiifvetianiFodherdatrils ¢fn certain
enbodi ne ' | | : ' I ght the
mar ki ng Pt;h %%p?#gssgﬂgggﬁtﬁédﬁaﬁgé kd”g%?hb‘g’ggﬁ’gﬁ’épre?ﬁ‘gg%@ggﬁ’gf‘gd lglEltaef erably 90
degree coranéquigrigbelowe | i ke. OF course, one of ordinary skill in the art
woul d recogni ze other variations, nodifications, and alternatives. 101061
Addi t 1Snal0r10] JSgush bdus a ssmrifigd iraaging system for emdging abicstsavithen 2 mistpfvédis | ayer are

made 30 &é%ic@gc&rcﬁ&%t(:%{%"eﬁb{?&%ﬁ@ﬁtioﬂhe%fé%t R%erdibh| BA&agrahlid @aQHbber, rubber,
pl astic, PDM5S, or other polyneric material in certain enbodinents. The

control | epmplee whick ghomlscet wp by livait thesegpe ofibe deme Rue ehardipary gl desi | i cone,
Silicon rubRglid rdebfiRimalvagitions, afSMBvesOindOhdMicaBisy e i ¢ mmterial in some

enbodi ments. I n other enbodi ments, the fluid channel and wel | layer and 78
the contrel1fjayLd siBhg il Rigfeqh, MBS PysteWRORFInbINGE TRl 8RS ITRé s at
| east 10-4 For _exanpl é, the thermal coefficient ranges from 10-0 to 10.

In yetd an$2Rdrmevehiedn & v: erbz dimepsiens. as shpsmiy armas 4 8Qu dhe mevarant aftha 0- 3. | n
yet ot herstr0g fRELsSd b NQafd diive 463anaR odtloBdomphidyfitemandot he contr ol
layer ar eAEﬁ%tqoena ;, e 1tmeajgilnglsj/sté,\£ ‘?OSE% inYc?ulégsge;nslmgnggéJ clieuv?ce |4 GOétThgqgggir?gX 105. For
device 4060 includes an lens system 4070 with lenses 4075 therein, and a detector 4080. The
lens system 4070 is under contro}l of the computer system 4110 to automatically adjust the
20 focus of the lens system 4070 in response to image information gathered by the detector
4080. The image is communicated to the computer system 4110 and stored in a database

4115. -

[0112] The lens system 4070 can focus on a microfluidic device 4030 by adjusting a focal
plane 4100 in the z direction. For example, the focal plane is at a chamber centerline of the

25  microfluidic device 4030. The microfluidic device 4030 is situated upon the stage 4020 and
can have various structures. For example, the microfluidic device has a structure and is
manufactured by a method as described in Figures 1-13. In another example, the microfluidic
device 4030 has a chamber 4050 wherein an object, such as a protein erystal, may be formed
or otherwise located. For example, the chamber 4050 is capable to hold a volume of flnid

30 less than ! nanoliter. A plurality of chambers can be combined to form a metering cell. The

chamber 4050 has a chamber centerline that is located between a top wall and a bottom wall
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5 exanpl e, the Young's nodul us ranges from 8x 104 to 7.5x 105. (01071 Al so,
as shown in Figures 1-13, the mcrofluidic device includes the channel
regions and well regions. These diagramare nerely exanples, which should
not unduly limt the scope of the clains. One of ordinary skill in the art
woul d recogni ze many variations, alternatives, and nodifications. In
certain enbodi nents, the channel regions and the well 10 regions are

i nt erchangeabl e. The channels and the wells refer to recessed regions in the
m crof | ui gie . dR\iHef s0d0n FOL B&hpRIROSHBALD50 IshSydlissit b uhHingl £aM, 62 uses
channel regions to function as well regions. In yet other enbodi nents, the
m crof | ui &P devi ce includes chanbers that can be used as fluid channels,
control channels, and wells. 101081 Figure 13A is a sinplified top-view

di agr am ofl03hi dassaver we@nw@t%ﬁmdew&dﬁw ifwniggiionideyicahldOifRfent i f i cat i on
code accorpmaa% & ANmEARAHH IR 30 Fdr RRanti& BR Miurhi PMBRA bR 418bNiIgmin&tkAgr am i s
nmerely an exanple, which shoul d not un the scope of the clains

i ( hc duly lLimt

hereins chisciitBindhaaicieividiq 9evicn 4030 Additiongly he sumptryderdt Hamaydei at i ons,
rlrggigf i \(/:\ﬁ't ihﬂ&ﬁmh m@ﬂ&tio@httﬁa;gabhmmt d@ﬁ?m‘hﬂ]ﬂab&%&e@wd&&g@m Thd w&ae? cﬂi p

, iC as _.associ ated carrjer . chip can be apy,one of the
enbodi rrentr%adFrefi@SF@b“’Tcﬁ?‘%cﬁ%rﬁli‘f%?‘ﬂlcm]ﬂé"dév&'@?#%' %8? ‘Eﬁaﬁ"’%ﬂ\ﬁel | as
ot hers. Theioehiipicgievies 4l4bys isad bsthemicafidisdavat é)3odef or mabl e | ayer, and
control |ayer, anong other features. The chip also has well regions coupled
t o channel[oi14pgiadBcughnhd dbovelek bediahdven hstgarseledibbgro@ndfrapparhtayee foritte: coupl ed to
t he d%forna Ie4q§y§r. Thg carrgerring%gﬂfsﬁvarigus.teat es such as
i nl et sPoutVEFE 44195 Beresap be g Alfemgtiver. cgtiqng A &aNaRMS) OTHE™PSEr ri er al so
i ncl udes acmenithatppantkeseiye exgand@bahd/ontrinttinedo O e afiparatiaes ALy be

i nl ets/out.] ets h rri.er s an_ identifi .0 eqgion 1358.that incl udes
bar code oPnSSFﬁ[etPIho:g%lgtﬁﬁ%bf‘é%t |egﬁn é‘?geur‘r’é“ﬁkh.ee %ﬁée“rm?tfé?\% i ?llgg%?n?% f eat ur es,

whi ch can apprritekentnaf beiitordheugeh byth ofteys repddcsd Dethersistijls Blthedseppagativetli nent s may
al so i ncl yde: ot har %%gp‘_thgg;egg&j;pgaﬁgﬁ\éhces such as radio frequency

identification, p:fljtu ern recognition, and the like. 101091 Preferably, the
can b sclidh SOGAMRRePEL Bl il AN Al SR ARl 10 ot s of
t he mi cr ofsyuémlisech asygeteting et halred tack tpd rabidic syaten, itmisicreasetlly or extrinsic
I nformat i Qﬂo@g?lﬁﬁ)tg gk ﬁﬂagi\‘igtsﬁ}st&ﬂ%ofdﬂaﬁ communicate with the robotic system and control

the flow of microfluidic devices into and out of the imaging system, acquire infarmation

about the microfluidic devices and their contents, and supply image data and results from the

20  imaging system to the robotic system. If the robotic system includes a database, the imaging
system can contribute image and results to the database. The robotic system, in-turn, may
automatically design firther experiments based upon the results provi;:ied by the imaging

systern.

[0116] According to an embodiment of the present invention, the irnaging system 4010

25  operates in the following manner including a plurality of processes. These processes are
merely examples, which should not unduly limit the scope of the ¢laims. One of ordinary
gkill in the art would recognize many vaciations, altematives, and modifications. The
microfluidic device 4030 is securely placed on the stage 4020. Based on a fixed feature of
the microfluidic device 4030, the computer system 4110 instructs the drive 4025 to move the

30  stage 4020 and align the microfluidic device 4030 with a first fiducial marking. For example,
the fiducial marking is embedded within the microfluidic device 4030 at a known z

dimension distance from the chamber centerline. In another cxample, the first fiducial
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The intrinsic information may be pattern recognition information and/or
alignnment 79 information associated with the fiducial markings. That is,
once identification and alignment of the system has occurred using at | east
the fiducial markings, such alignnment information can be stored in nenory
of a conmputing or processing systemaccording to an enbodi nent of the
present invention. The alignnent information can be used to nore efficiently
process the 5 specific chip, including bar code, for certain applications.

ine all 9nngfbed L BRI bAR by ARIALLAL 8icblabd da0R ol diikalonlBISLIgE Can be
stored in nmenoty that 1s later retrievable using processing systens
accor di ngfixes festived Thesrtugl eoprdingies of te Erst fidupiabmetking is thgp meesuredendii | s of  t hese

Processi NE,RYSLERE iR fsgmeizmhr QAUERORH Ly [ hEacRESRinSRRE W Gabdon and
nore part ;'gcﬁelgarl ‘bei:?lg\?v. g1 [0110] Fi lgu.r ey1t4 ?cs aa Si rlr?)l ified i rragri ng system

for inagi Afitéspiidusialiackings a5e meesest ped Bristerefevi ce according to an enbodi ment
of the present invention. This diagramis nerely an _exanple, which should
not undul P17 Thaaskedegiansst thefiduaiplmarinesarecospatst fitdhsy ¥RBRI in the art
woul d 1 ece@icasid Mo @Imazt AP Sespalitdy. N bx@iple, BRdtoradinkgcadp ions. [0111] As
shown in Flgﬁre 14, an Lnaglng system 4010 jncl udes a stage 4020. The stage
15 4020 | &sfadferbyvith thp dgsignsbacgy Ip 2nother £XARPpISHAS stofed EPASGMAR S 4 8990. The

movenment fiapt Bovet SloB@Lex4RPR, the storRY Shdhe Map & MicaBeddith\wendhidmtitadgad. control of
a conputer system 4110, ddi ti.onal | vy, i magi ng system 4010.,i ncl udes an
gl g QRO &N B saTPsen HHBEHGE Dt 1900 AnBTIA SRS SRR CAEIL) SR o 4070
W t h llens etheddefdambtiereriss in thiachicrofhdtie devide 48R OLf diffeeencdsarsprasyatitetwed 70 1 S
under control, gf..the .copputer .syste 110 to autonptica | ust the 20
focus of HiacrRrbas FaipH 556 i e e ol ol SRR S Rl Fhcher e by

t he det ectwAffing@@0sforagon, rpgdoingdc Thertums hataivn convetiethe astprisimpe s§st em 4110

and ot O g AU o AL TSl 50, SYSHRRARTR £amy oeus on

m cr of | ui adj usting a foca

di r ect i onimBero & simyrldmagenan insgafubphdien apdotar imagshaastpey meekrnerformeed. of the 25
m crofluidic device 4030. The mcrofluidic device 4030 is situated upon the
st age 1402(1a8Id Although the above has been shown using a selected sequence of processes for

operating the imaging systern 4010, there can be many alternatives, modifications, and
vaniations, For example, some of the processes may' be expanded and/or combined. Other
processes may be inserted to those noted above. Depending upon the embodiment, the
specific sequences of steps may be interchanged with others replaced. Further details of

20  these processes are found throughout the present specification.

[0119] Figures 15A and 158 are a simplified microfluidic device according to an
embodiment of the present invention. These processes are merely exa:mples, which should
not unduly limit the scope of the claims. One of ordinary skill in the art would recognize
many variations, alternatives, and modifications, Figures 15A and 15B depict a top view and
25  across-sectional view of a microfiuidic device respectively. A microfluidic device 4230
includes at ieast a flexible substrate with a chamber 4250 and a fiducial marking 4254, For
example, the fiducial markings 4254 are wsed for xyz alignment and focus of an imaging
system. In one embodiment, the imaging system focuses upon the fiducial markings 4254
within the microfluidic device 4230 and conduct mapping between the measurement space
30  and the design space. The imaging system then adjusts a focal plane with respect to the 2
dimension of the microfluidic device 4230 and places the focal plane in plane with a selected
point within the chamber 4250, preferably at chamber focus posttion 4256, The chamber
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can have various structures. For exanple, the mcrofluidic device has a
structure and is manufactured by a nethod as described in Figures 1-13. In
anot her exanple, the mcrofluidic device 4030 has a chanber 4050 wherein an
obj ect, such as a protein crystal, maybe fornmed or otherw se | ocated. For
exanpl e, the chanber 4050 is capable to hold a volunme of fluid 30 |less than
1 nanoliter. A plurality of chanbers can be conbined to forma netering
cell. The chamber 4050 has a chanber centerline that is |ocated between a

top wall and a hot .wal | .. 80 of _the chamber 4050, For. exanpl e, the chanber
4050 is afg%ﬁlpf’“f“é‘b%"%?,‘s ”a‘&’c‘ﬂé‘ﬁ?‘fg ﬁz?ze"dfaéi%”moarfgmﬁggﬁ? 41{%f’f§f k%ig‘é'over , the
i magi ng sygkeE 404 el axchapiepmn thel thansplRad 4208, thkefiducial #dkbhigk 0254 g9¢ oduci ng an
illumnation heam 4180. Far I t he, i 11 wni ' eam 4180 il lum nates
5 obj ect <R Fepied el B Geme M ARA RS B comput er
syst em 4 litBrafimididdevica 46Hnin anatizer embedimett, thermicrpfuidicolevisemad by made BY160 and a
barco ﬁ%&%&!sééa%m }Eggg%ggggg reader 4120 can read a bar code 4130 on a
uitdi ¢ d 3 . :

m cr of evi ce or exanple, the mcrofluidic device 4140 is used

as the margh! Yiele d8v6Red0a0d Bl dhufl Ui Llenahoya:haF been shomn

using a se roup of apparatuses systen there can be
many al t eximplifiededrfuabineigé irodesign spnce werEcvaly satardingsto afgmbedimepti df the sone of t he

appar at usp%&emx&gti%p@%ggﬁ%@gmaé e UxBGfes, hidf ShARPR: BhFEEmITRE be

inserted to those not . Dependi ng upon the enbodi nent, the
ar r angenmexepest! theghpime. aDusefordiparp ekill it the ahweidé treoantas npndi gpdatioaph| aced. Furt her

detai{$ OfyclNgns ARRH IR HSES. FHRarhPNEE deBEPHABAV delthEndth €38R brement
specification. 15 101151 For exanple, the rmagi ng system 4010 maybe

i nt egr at e@2Gerit dis@rtthr ger robotic system such as a rotating armor railroad
track type robotic system to increase the throughput. The inaging system
4010 can 88iunibedifErgics hetypra thoylrsien epass Wddhs BEATUEHPREEHACE CUHRE f | ow

of m cr of | d4icHliaCeaBeUh SARIubAl Rappitth. WbhseQhentia rhABOASENSIAM dReidptd e
informati on about the mcrof]|uidic devices and their_contents, and supply

i mage dat@"SHENE aLval fRageigne v D RaEHE Sa i B Brtm s oRBINg ¥BEUS . system 1 f
the r obotdcaabinib@iThiolkd J4fe HederkphaifasBated MLimaFBQibRGetion and masking in

order to maximize the viewable area of a metering cell chamber. Moreover, if a defect or
debris is present within the chamber at time zero in a series of time based images, such defect
or debris can be masked out of subsequent images to avoid false positive when applying
automated crystal recognition analysis. Additionally, the walls of a chamber may be

20  subtracted from subsequent images to reduce the likelihood of false reading in the crystal

recognition analysis.

[03122] Figures 174, 17B, and 17C show a simplified method for irr-lage subtraction and
masking according to an embodiment of the present invention. These diagrams are merely
exarnples, which should not unduly limit the scope of the claims. One of ordinary skill in the

25 artwould recognize many variations, alternatives, and modifications.

[0123] Figure 17A depicts a metering cell with debris, shown as the letter "D" distributed
about the metering cell chambers. The metering cell is fransformed into the design space.
For example, the metering cell is rotated fo align with the design coordinate system and
stretch compensated to make the metering cell dimensions match those of the design

30  metering cell dimensions. The foreign objects not present in the design metering cell are
masked out such that the regions including and immediately surrounding the foreign objects

are masked. The masking can reduce the likelihood of falsely triggering the crystal detection
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system can contribute inage and results to the database. The robotic system
in-turn, nmay autonatically design further experinents based upon the
results provided by the imging system [01161 According to an enbodi nent
of the present invention, the imagi ng system 4010 25 operates in the
foll ow ng manner including a plurality of processes. These processes are
nmerely exanples, which should not unduly Iimt the scope of the clains. One

of ordinary skill in the art would recognize many vari ations, alternatives,
and nodi fi cat i ops. crof L di Mo 403Q, s Secur | aced on the
st age 4020. éss%% dg%ﬁ%g%@){%r%%elg%%cg? Stﬁﬁé m[%c?%r%fl‘uﬁﬁf%el év#E%gEOSO, t he

conput er gysitedimagelgheratbe fonrignsobieqis hayeibgen m&r8l.t 0 nove the 30 stage 4020 and
align the mcrofluidic device 4030 with a first fiducial marking, For
exanpl e, [Q134] f Addidiprdllynthy Willsgn FigureriBé gaiels romeverd by ithegesiveiraohidni Kgwe devi ce

4030 at ' ' ' ' Al
at ajhkoQuRcg an gﬁagiemaﬁpmg@ma ELRMILNE | RN RS m‘a&mfgg{éiys&gy o

anot her exanpl'e, . first fiducial 81 mar lél ng conmes Into
i magi n§ d@Fmed Porrlimelogionis daecterd: (TRERGH iR FIomes areur WhepdRe f eat ure. The

actual coefighnguReAte & Rshyhiatisd andivelUbbbber bHidats e ptmbdiBp ci®RASUr @ and

regi stered with the i magi ng system 4010, Additignally, the actuyal

coor di nat &2grencgsing 2 ‘?‘?ﬁ?téfePﬁgsdfettg%ﬂﬁﬁndfthmndﬁmﬁ? Rl s ioPe sured and
regi ste;I e@qr{h'érfngskﬁglfgfﬁa@@@hrt&yeﬂtnpmﬁ k@m?xﬁ&omtma&ﬂmioaémmeki ngs a[_e |
conpare eir .design locatiqns i e stored, image map respectively.
For exanp\lg%?“qicﬁ@@?%?’b‘&c'?rﬁﬁﬁém??ﬁbcﬁgmwﬁ ‘Efit%\f’@ﬁfeﬂg‘l‘wqaﬁ‘@aﬁlfé% ﬁﬁﬁigﬁace. In
anot hap examheimdgh eheSiooisehdinyagplod@pvalls an i deal inmage map. In yet another
exanple, the stored inage map i s associated with a mathenmatical grid. Based

on the congas] s®ipurd 136s & FRGIiRG ivygheReH0r HRtauibinesicshedohdnig Btanet ch,
0oLt O Sy SISl 5 SLIBL! . SR %, ch 2 eUhlypul co 1030
desi gn fi dudilplimitaieedcomns thealaimd rGne of srdinafyakillth thenrt veubireagnizamady f i ne
st TS, R P SRR Ry Mo i U shape
By conder tmapging hewaeat medsureinern ggact andtdes grvipadeliprocdsnddyd foraahighmargend ubt r act i on
and ot her ﬂ&c%gg, a 5'84(%@3'3 A4 950 ct?s&uxqgé 1&%&4"«919 one embadiment, the method 4400 may
be performed by the imaging system 4010 on the microfinidic device 4030. For example, the
imaging system 4010 performs the processes 4410,. 4420, and 4430 according to the
instructions of the computer systern 4110 or another computer system. Although the above
20 has been shown using a selected sequence of processes, there can be many alternatives,
modifications, and variations. For example, some of the processes may be expanded and/or
combined. Other processes may be inserted to those noted above. For example, a process of
placing a microfluidic device on the stage of an imaging system is performed prior to the
process 4410. Depending upon the embodiment, the specific sequences of processes may be
25  interchanged with others replaced. For example, the process 4420 may be skipped. Further
details of these processes are found throughout the present specification and more particularly

below,

[0126] At the process 4410, the measurement space and the design space are mapped.

Figure 19 is a simplified process 4410 for mapping between the measurement space and the
30 design space according to an embodiment of the present invention. This diagram is merely

an example, which should not unduly limit the scope of the claims. One of ordinary skill in

the art would recognize many variations, alternatives, and modifications. The process 4410

84



15 [0118] Al though the above has been shown using a sel ected sequence of
processes for operating the imagi ng system 4010, there can be many
alternatives, nodifications, and variations. For exanple, sone of the
processes may be expanded and/or conbi ned. OQther processes nay be inserted
to those noted above. Dependi ng upon the enbodi ment, the specific sequences
of steps may be interchanged with others replaced. Further details of 20

t hese processes are found throughout the present specification. [01191

Fi gures | SAaidpbeBs difaoshbimhk itk Habdf pbdl £440 Q4 h&s@igQAEALING tO an
enbodi nent, of tﬁ |nvent|on These processes_ are nerely exanpl es,

] resent
whi ch shouPertiongkt “ﬁﬁ‘ﬁUPVk‘i“E receisid+4 fop rumpsring prival [ogatinn and e IOgheR nar v
skill in tdygidadidl meekihg] pfoees@gmszfer detminingafctdifot fttionall fidaERPLARE, and
nodi fi cati ons, 5B .de |ct a tOE Vi ew

a
T oss. cactirmtn P ki Spranind BisRRarien botisor m P elht sp ard fesn spsbor | ui di ¢
devi ce #A23nd ptonesls ddisfoadoatse aldgnmmant |Adthbiidhahsabbgd kaabeenwhbdin asimghaseherzd 4250 and

a fiducial mark I t.he ial narkln S 4 4 are used
for xyz al "giiEn qtr%%mcﬁfs?sotélﬁ? 0 beﬁ)éﬁ@r?geﬁnﬁtwes moql%%atm“f‘ fug agl ‘hent, the

i magi ng systspiefonastde upgmttsrmelyﬂ)p dm;ntadd an@(pkwn@pmedzemer mtdssqa ntﬁl?l be
m crof | ui q'n%rlgt?t\é'tlﬁﬁe égtg’é)ab%%ej l?%ﬂlqd'ﬁﬁgtu gﬁﬂ%‘e%oﬁen a@plﬁsq?gc 1 Hpnt space

30 and the design space 0 systen1t oca ane with
respect t opreqseseymayihaypiesihangcdvith H@erﬁf@mﬁd dﬂdﬂ%cr@h?dl%f@t Alra@ocgsrgs ﬁ&ﬁc es the

focal pd ang@sb NnPhfRGnWideeorifeh & ik msa%datﬁd%smﬂmh&%@s}am@ focésgS0,

preferably at chamber 'f ocus position 4256, 82 focus position

4256 is a 4456 iirstionmed. Emmawawwﬂﬁfiw%@d@nqm%ecwz%d greagErd- {1 duci al
mar ki ngs 4gad; erE&ﬁm?@ﬁamﬁ@ce%chh&afl E@ﬁfo%@%cﬂlgéﬁ\océsgﬁmg al marki ngs

4254 are optimally focused. In _one di ment, m crof | ui di ¢ device 4230
may be uselfieaBnedRs adgitiopgfmags pReds feé%a% hgther der%ls aﬁ‘@mé’.mwﬁw* favpd . the

m crof | Ui Ghfpugl@Mi BEpREYt HRciINBEBn B mére pLAGASEARIALSCri bed in Figures 1-13A
101201 Figures 16A and 16B are sinplified actual image in neasurenent space

and sispl joiimgd A&ltﬁetﬂzlédesde% flddcitlesdrEing fNSARd bR & REGb vl Yiersd Bodi Ng to an
enbodi nent of the f@ﬁ? |nven ion. These diagrans are nerely exanples,
1§

whi ch s hOLﬁxamﬁlB’tthiﬁtﬂfEﬂ ‘flﬁvfcefarf e microfiuidic device 4030, Figure 20 is a simplified
diagram for fiducial markings according to an embodiment of the present invention. This

diagram is merely an example, which should not unduly limit the scope of the claims. One of

ordinary skill in the art would recognize many variations, alternatives, and modifications. As
Zﬁ shown in Figure 20, each of fiducial markings 4520, 4522, and 4524 includes threc plus signs

or crosses located at three corners of a square and a company logo located at the fourth comer

of the square. The fiducial marking 4520, 4522, or 4524 ig the ﬁducis_xl marking located at the

process 4440, In one example, the fiducial marking 4520, 4522, or 4524 is a global fiducial.

In another exarmple, the fiducial marking 4520, 4522, or 4524 serves as both a global fiducial
25  and alocal fiducial. In yet another example, the fiducial marking 4520, 4522, or 4524 is

located in the same plane as the well regions of the microfluidic device.
)

[0128] In another embodiment of the present invention, the located fiducial marking has a
configuration different from the fiducial marking 4520, 4522, or 4524. In another
embodiment, the located fiducial marking is readily recognizable by the image processing

30  algorithm. Operation of the image processing algorithm is improved when the fiducial
marking is readily visible, with minimal optical interference from the edge of the microfluidic

device or other channels.
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scope of the clainms. One of ordinary skill in the art would recogni ze many
variations, 10 alternatives, and nodifications. For exanple, the design
space is ideal, and the neasurenment space is distorted. [01211 The

di fference between the design space and the neasurenent space can be

cal cul ated through fiducial mapping. Consequently, a matrix transformation

I s devel oped to convert the actual imge into a virtual imge in the design
space. Transform ng various 15 actual images into the sane design space
facilitate e . | pn ' ' r i ze the

vi ewabl e a (la% O%o%{%ﬁﬁ%%%é% n%%gﬁ%@?&% 9%&(\;}&&6{}?&5&%&5&2@ or debris

i s pr esentawmnaticalyt drdothh Fabexamate, the fiduciad marking inmgend;agd idshtifiddin tisdfielld | mages,
such def ects,,: ' 0 'gﬁg&§] oid fal se
positive fgﬁgghp yﬁ% ng%ﬁ?gﬁg?§§&§?§§#§T'ngggﬁﬁﬁﬁgﬁggﬁalyS|é%%ﬂax

Addi t i onal 3ematipslywéaceseang fdegti fgsaeitducirayarkios 20befitld PEEPEd from subsequent

i mages to reduce the likelihood of false reading in the crystal recognition
anal ysis. [08&3022)Awpdinséosaniemyodinemt oheiprese@ intsotivnaFighas3iliis 4 guphiBadchod f or

| mage subtgactd o 8 heafiRSiduBEl ARKNE IR dhaa@ GEEOGLTROLpIO wilidle Pr esent

I nvention. These di agrans are nerely exanples, which should not unduly
linit the $eYpacigmdglylimd)thy %@eq&ﬁ’@%ﬂﬁm&r@r%ﬂﬂl@m Sk inghe ewowd a1 ¢ woul d
recogni ze @Edpyiz¥ tahpddridiishs, Xein@iivia] dn¥ @S difeNdndOtebideadsi4aBG inch@ds23) Fi gure
17A depicts a netering cell with debris, shown as the letter "D' distributed
about the W@%@é%%%@ B SR AT Brocesp, A8 20T FPing {faer st P8 %ed into the

desi gni® pageformifi®bloR ¥alRlsEprod BE43MBIGT deftfmisR Whbeflduahiadarkie & lo@itedM t h t he

desi gn coordi na stem and ..stretfch co sat ed ke t.he netering cell
di nensi onsprﬁ‘iffsc‘{ﬁ?ﬁ%&é’”ﬂ?‘gt"ﬁ%“‘a’eéﬁ‘ 0%’63‘%%1’ W@‘“&E‘g]‘cq%i‘%ﬁgg'ons. The
forei gn obAkeiugh thekbdoe Aschrén shawh Sing @ SéigedBjuetide RPproedskespthere camisked out such

that the regions includi and | di.ately surroundi ng.the forei obj ect s
are maoked AR R LER PR AR TREP MBS o QPSR TEOE | g ¢ he
crystal detpatdedmd/&3oabiatdy Stberipndcessekereng trgndehet th thoes gmeddljoret s as crystal s

t hat wes € ﬁ%eﬁ%g%u% g%reeg'lb%gﬁleg@ Blie%%&ifﬁ secﬂ%a}ég gf ]:lrg@%gs )P{Qf %3 inEJP&aﬂg%Ei gn

obj ects hav
with others replaced. For example, the process 4860 may be skipped. Further details of these

processes are found throughout the present specification and more particulacly below.

{0131] At the process 4810, an image of the fiducial marking is acquired. Prior to the
process 4810, the stage is positioned to an initial position defined as 7, =x,2+ y, P +z,Z. At

20  the process 4810, an image of the fiducial marking is captures. In one embodiment, the
image is captured by a digital camera such as a Leica DC500. In another embodiment, the
image has a low resolution. For example, the irﬁage is 640 x 480 pix€ls in size, and the color
depth resolution is 16 bits. In another example, the pixel and color depth resolutions are
varted to optimize system performance. After the image is acquired, the image may be

25  adjusted to compensate for variations in lamp intensity and color. This compensation may
take the form of image normalization. Additionally, the red, blue, and green components of
the image can be adjusted to white balance the image. The white-balancing of the image may

be accomplished by median correction or other known techniques.

[0132] At the process 4320, the image is segmented. Segmentation of the image can
30 separate desired images from the background signal and produce “blobs” useful in further
analysis steps. At the process 4830, the blob analysis is performed. The blobs in the image

are compared against a training set contained in a database. The training set contains images
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[01241 Additionally, the walls in Figure 17A can be renoved by inmge
subtraction. Figure 17C depicts an inage w thout chanber walls. From Figure
17C, further nmasking may be 5 performed if wall inplosion is detected. The
wal | inplosion may occur when the merofluidic device is dehydrating and

t he chanber contents are perneating outside of the chanber, causing a
negative pressure therein and thus wall collapse or inplosion. Such further
maski ng for inplosion nmay enploy a series of known shapes that occur when

chanber inpl osion occurs and .uses such known, s s.tpo create additional
Tmaks 1o BELPGB TS TSR SR A AR A TP Oar s g b O dEas e | o [ 0125]
Fi gur e 18ciitonsi Paplekdrse thenfalyrinlgnariein) Gahd @impanyclogd. | IniadotBerdeaigle, tic cor di ng
to an e di. nent, .of. t he pr invention. This diagramis nerely an
exanpl e, " e meHAs | Oﬁ%?tgergﬁaggﬁﬁeycoﬁ‘:f’ﬁ?ytlo%(he scope of the clains. One of
ordi nary Ll iLp.the art u C iZ ny. .vari.ations | t.er nati ves,
and nodi ffdég{']i oﬁgt.hcfhoézesﬁé‘{‘ )ﬁ%g E‘%ﬂ%gh‘*?‘%@ 165'3%%3 gé%?gedéisélﬁcge@é)‘}cglg%%ppi ng
bet weeh mBdsial ementg s peeed dbrdess 42 sypadermedr bressmbdditehitoif thelieggnment  and
f ocusi ng, 4 I, i b , the

9 S%Qgrggfhg %ﬁ)% 1o tfiggarfdglrdg &%{S’L&H tb BOwliiRY gredéréhrﬁﬁegx lngG?@élhﬁ% e

met hod 44 _ e perforne e I magli ng system on the mcrofluidic
devi ce 408ducigtoraridnmisgprsidersd¢o bg laeatdn dosgremein thopedyierringd gpeciflvatior ocesses

4410, . 44%1@1ud@§%r6)€i§9{tngrﬁ9{g(yffbgs &ﬁ%@. rﬂtmﬁéuulﬁiwmﬁgéwg gag&&mut er system

4110 or anot her conpufer system t hough the above een shown using
a sel ect etroswg agHde peforpedcesses, there can be many al ternatives,
nodi fi cations, and variations. For exanple, sonme of the processes nay be

expand@d HHaslor At Bepisicrrs d85Ots@psifieroridhesinge ipaivped.| Aertheadjustnanhde not ed

above. FOpL 8aaRRe, 4820405EHR 4840 arPbAEIrfE, an BhCoMokitthdit, Gt @l@g}oe&son the stage
of an imagi ng systemis $erforrred prior to_the process 4410. Dependi ng upon

t he enbodf¥dnthe siageissnyed 4 xdiggelioncadorgr ¥ Hrestias dpangiisy cphodmentifier changed
Wit h ot hegigpd i RloREEE a ZiiectORANTL Brocdsh 239U FeLSEmArAfle B DSk BRed. Furt her
details of these processes are found throughout the tilresen_t ipemfl cation

1

and nore PATtIEHONRY iy 2 fsd poiection 1473 by peprivthg F-Brois of tha #9g° PAditteasur enent
space jgnd s&l&?qd%%étﬂﬁ. 34k s@bﬁzdm@ﬂ the proc@ssE1218, 4880, 21830 gl dghp @d process
4410 for miPpl ndq bet ween t he neasurenent space and the

performed. The process 4850 is repeated until the fiducial marking is determined to be

located at the process 4840 or the stage reaches the end of its range of motion in the first z

direction. If the stage reaches the end of its range of motion, the stage is returned to the

initial position, 7,, and the stage is stepped by Az in a second selected z-direction. For

20  example, the second z-direction is opposite to the first z-direction. The step size Az can be
uniform in both directions, or vary as a function of direction or distance from 7,. At each
stepped z-height in the second direction, the processes 4810, 4820, 4830, and 4840 are
performed. The process 4850 is repeated until the fiducial marking is located or the stage
reaches the end of its range of motion in the second z direction. If the fiducial marking

25  cannot be located within the range of motion, an error message is generated. In yet another
embodiment, at the process 4850, the stage is moved in an x direction, a y direction, and/or a

z direction.

[0135] At the process 4860, the stage is translated to move the fiducial marking to
substantially the center of the field of view of the imaging system.

30  {0136] Asshown in Figure 19, at the process 4442, the actual location of the located

fiducial marking is measured. As shown in Figure 20, the measured location of the fiducial
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30 design space according to an enbodi nrent of the present invention. This
diagramis nerely an exanple, which should not unduly limt the scope of the

claims. One of ordinary skill in the art would recognize nany vari ati ons,
alternatives, and nodifications. The process 4410 84 includes process 4440
for locating fiducial marking, process 4442 for neasuring actual |ocation

of fiducial marking, process 4444 for conparing actual |ocation and design
| ocation of fiducial marking, process 4446 for determ ning need for

ddi tional_fi dugial Ki , 4448 for det.ernjning t f ti
bet vieen mIMCITTANE: ETA=ARY VLo ey EPE 1S RRERILILOS PhemENEE coar se
al i gnment oAt NOoNGRIAR: AL AMEal RRBIdARER ﬁ&k@é@%aH&:}iﬂgn 310 Bk GittEiflas: SEQUENCE Of

processes, thef'e can be many alternatives, nodifications, and variations.

For exanple, sone of .the processes may be expanded and/or conbi ned. O her
processes may be iifsgrted to those noted above. Dependi ng upon the

enbodi menfQi3theispagifli c sequences of processes nay be int €Eqphtonggd with
others replaced. In,one enbodi nent, the processes 4440, 10 4442, and 4444
may be performed formore than one fiduciat markings before the process

4446 is performed. For exanple, several fiducial markings are | ocated and
neasur ed. ?qlr?l% aﬁg?féf”seanfﬂf’d’(ﬁ'i%ﬁg?r't ﬂéexﬁF‘B{?e‘gga%ﬂchﬁW-be‘sﬁéWP??@H after the

process 4446.:ba5y andRhs fhiegh19udddi tional mark needs to |ocated. Further
details of these processes are found throughout the present specification

and nore pakbj cUl AEbwcbelow tlééct_[tﬁ}c%z&orﬁ}xdEh}&%egérpﬁgeﬁﬁn%?ﬂ’tgﬁdﬁci i ducial
marking is |ocated on a mcrofluidic device. For exanple, the mcrofluidic
devi ce i s RHENEF eeTaRAredh dine derigr leqetionpafiihe fijugial markipei482Q, referegnefifd a8d  di agr am
for fiducpwalk; j i i kovention.
Thi s di agrame S uR Sy ERERA By Bl A e Atk PSSR he scope
of the cl desiglodaXien of a fiducl dadking ki dldo HerwritleRadar t woul d recogni ze many
variations, alternatives, and nodifications. As 20 shown in Figure 20, each
of fiducial markings 4520, 4522, and 4524 includes three plus signs or

Cross I d.at |thrlee corners of a square and a conpany | ; ated at
t he fgértﬂﬁgg nef %1‘" t he square. The fiducial narking 4520,( ﬁ%&%‘?ﬁor 4524

is the fiducial nankisdg | ocated at the process 4440. In one exanple, the
fiducial marking 4520, 4522, or 4524 is a global fiducial.

[0141] where n is a positive integer. The difference in the design location 7, and the

measured location 7, canbe caleulated as 7, =7, —7, ..

[0142] As discussed above and further emphasized here, the processes 4440, 4442, and
4444 are only examples. One of ordinary skill in the art would recognize many variations,

15  altematives, and modifications. In one embodiment, at the processes 4440, 4442, and 4444,
the imaging system uses a predetermined magnification objective. For example, a 10X

magnification objective is used for the Ienses 4075 of the imaging system 4010,

[0143] In another embodiment, the imaging system first uses a lower power magnification
objective, such as a 2,5X magnification objective, at the processes 4440, 4442, and 4446,
20  Subsequently, for the same fiducial marking, the coarse alignment of the microfluidic device

is performed. For example, the coarse alignment uses the difference vector 7,,. The vector
F., represents the translation of the located fiducial marking in the X, y, and z axes from the
design location. Using the x and y scaiar values from 7, the stage position of the imaging

system can be adjusted in the x-y plane to position the located fiducial marking at a pre-

25  determined location in the x-y plane. Additionally, using the z-axis scalar value from 7, the
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I n anot her exanple, the fiducial marking 4520, 4522, or 4524 serves as both
a global fiducial 25 and a local fiducial. In yet another exanple, the
fiducial marking 4520, 4522, or 4524 is |ocated in the sane plane as the
wel | regions of the mcrofluidic device. [0128] In another enbodi ment of the
present invention, the |ocated fiducial marking has a configuration
different fromthe fiducial marking 4520, 4522, or 4524. |n another

enbodi ment, the located fiducial marking is readily recognizable by the

i mage proceSS|n atl ro essing al gorithm
i's inprov 885 ﬂf’eﬁta%{; 9;%. be. agjlngtetg%q igrﬂ-ztg osrltgﬁ therg\itlﬁgla arkivig, k?\ i ni mal
optical i ﬁtlaﬁéddp@neelrrfth@mlm Téldg@xeﬁomhedjwmmhubmecfommeé@e aftept her
channel s. aﬁgogQﬁ%g%négﬁgggﬂgmﬁgﬁn&thﬁéggfﬁggking at the process 4440 can be

per f or med manua automati Cal |y, For exanple, the fiducial

mar ki ng i §o/3Ry esiﬁ@,%rdsdepﬁﬁarga@qywn E\Uﬁ:ihfsé l%la%ghgx];#aWerexWaglﬁéahgu btg@&wg system

by visual ‘I nspection. 1n another exa gi ng system tormatically
pl aces Sandoricdanelp.fa 18X mmlfwwabww@am Frgmple, thhmessprergnispndj ew, 5 [ 01301

Accor di ng ,50s@Bns FRAAL AR owef pduite oﬂgeaﬁe Btaca aY ﬁmklamarkﬁig%nﬁn e fibR of
sinplified  process 4440 for ]i)ocatl ng duci al mar is diagramis

nerely an VéNghihedmaging E‘Piec“é’ﬁﬁftl]FIchﬁﬁl?leﬁYfﬂtﬁSy”tF}i%“t the H’@%’d’@ﬁé’ of the clains.

One of or diBmk¥arskbbjbctivl, WG 188 KighPPbwer ni-BRiBIBH0A BbjPRNY, Heintaat bRk
alternatives, and nodifications. The process 4440 includes process 4810 for

acqui ri ngciﬂhﬁgﬁ aoqurase s delerminRghe BctosemdM ng | mage, process 4830 for 10
perform ng bl ob anal ysis, process 4840 for determ ning whet her fiduci al
mar ki ig i $01146r,aﬁet11,e propess eé4% whBhE shaddidajatSduchympdsigishond belncktgrandess 4860

for movi ngneag is Q‘At rgx%lrc I adﬂ]érﬁlpy&ﬂﬂaﬁ gg{)k%%%\égs n%?‘n?ﬁe ?o?ﬁe alt%?a\?ég; an!i'si ng a

sel ected sequence of proce sses
modi f i cat imeagiredathd preaess 48480im gerfoFmed. e&mdetxonslcﬁﬁecxdfmqrheg phoolidedestedny be

expanded apgf ok Lcegqpé ggess@he{%epﬁgggsses may be inserted to those noted
n

above. 15 Depen i ng upo iment, the specific sequences of processes

may be '”E&r EPaF am;‘r{i'et??ﬁ%.tl%£e§4&®0h@&e&d4ﬁ@z{ar§ %@d e BfRnREREESS 4860 may

be ski urt deta t hesé rocesses ound t hroughout the

pres er'lt5 s plereg ﬁ@é&i H‘ﬂé‘ﬂﬂnﬁﬁ @%ﬁ*@%@ﬂﬁﬁ%@éhmfﬂ @eﬂlﬁw 20. For the fiducial

marking 4520, 7_ and 7, are determined. For the fiducial marking 4522, 7, and 7, are
determined. For the fiducial marking 4524, 7, and F, arc determined. In other

_embodiments, more than three global fiducial markings are located and measured.

[0147] At the process 4448, the transformation between measurement space and desigh
20  spaceis determined. For example, a mairix transformation, such as an Affine transformation,

is determined based on the difference vectors 7.

[0148] In one embodiment of the present invention, using a flexible microfluidic device,
non-uniform absorption of fluids, non-uniform hydration and dehydration, or other factors,
can result in flexing, stretching, shrinking, bowing, swelling, contracting and other distortions
25  inthe microfluidic device. In addition, fabrication processes for the device, handling during
packaging and testing, and other protocols can introduce deformations and distortions in the
device. These deformations may be dimensionally uniform or non-uniform, including both
linear and non-linear distortions. The effects of these distorlions may impact the magnitude

and direction of the measured vectors 7, . Accordingly, the deviation of these measured

30 vectors from their corresponding design vectors 7 , represent the linear and non-linear
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[01311 At the process 4810, an image of the fiducial marking is acquired.
Prior to the process 4810, the stage is positioned to an initial position
defined as Po =xpx+yoy+z.i. At 20 the process 4810, an imge of the
fiducial marking is captures. In one enbodinent, the inage is captured by a
digital canmera such as a Leica DC500. |In another enbodinent, the inmage has
a low resolution. For exanple, the image is 640 x 480 pixels in size, and
the color depth resolution is 16 bits. In another exanple, the pixel and

col or depth reso f.Qns vari ed,.t e s m per f or mance. After
the i mage TEURIES T e&"crf’ﬁmg’ic dRE Ty OU r%éh n%&erg?c\éae?%?fsc,’dnﬁensat e for

variati onsmmo&xﬁrml ba{ﬁtb@f&&'afekfb&wgerﬁﬁé&ﬁ’srf IhksaRmPaEM R PR, Thake the form
, the red, blue, and qreen conmponents of

of image nornalizatj on. ‘f ’i}\ﬁ‘in%@

the i mage "GasioHEtoysGaTEaed it XiRg susiching Poviparage othvHESiPR a8 al anci ng of
t he | mage deRymatides pesanilhahetbiididmdicanTieeahdathiadth Mhy RiveeihedinOWN

t echni ques 013t2 rocess 4820, the inage is segnented. Segnentation

of the”] ma(?,)‘él 5 S?ﬁﬁgrnﬁﬁ 5‘?%"8‘“8?“‘3“* i rrages from the background signal and
d " f ul f | At. .th 4830, th
bl ob " anal 87| EOEhple et (St bt o e B R Rl ot o

training saethca‘xdnd:xallmﬂngsmsao dlaB:ataaekesuTlSechttraﬂsfmgorsmn peovided plsnak neges 86
0t ST B RS DB o ol AR EHRPRT T L v o0

| ogo. In am@ttheharexarzp ke, tmhhs&xonfordlamnabﬂmc Hevig in e thiree ditressiotshvdin, %t he

conpa I r fi i kKing is

| ocat e |ggge?%g%?%éﬂﬁ%P¢E§ﬂﬂégﬁz 3ﬁ0|gPG &Qﬁ ﬂ&?@ Sgggggga?ﬂgﬁ%rocess
4442 is peefior ndg.roll, mltdn@ndammthenkane Gah atShbe %@@t‘-wnmmbdhhwlatte@ﬁmdobs to the

st andar ds y $hd PP dab Qa1 REMhdhi n @ predeterm ned specification, the fiducial
marking is considered to be |ocated. For exanple, the predeterm ned

speci fi cay oﬁm n%@melbq@c%ssaﬁm% %cghﬁyﬂ{gaﬁat%e%nﬁ&%mtn@&an%@g@m df the

fiduci al % I's ‘not detecte rocess 4850 1s é‘ 10 [01341
At the pr delgen hggesisn pecerod mcurmqsmmqnh@am fgeeﬁa@p&d}hagﬁtéd posifiereef at he

adj ust f¥eNtnerdiAg cclpéﬂﬁgﬁ‘lﬁﬁéﬂuéltﬁé-Qewc%%enﬂﬁg@ afdlle ABAANAEAL RELSiRSHEBH: | n one
enbodi nent, at "the process
preparatmn for imaging. For example, the actual location of a metering cell can be shifted

from the design location due to distortions and deformations of the microfluidic device. Not

only can the plane of the microfluidic device be translated and tilted, the microfluidic device

can be stretched in the plane of the microfluidic device, further shifting the actual position of
20  the metering cell. In one embodiment, the metering cell is shifted in the x dimension and/or

the y dimension. In another embodiment, the metering cell is shifted in the z dimension.

[0151] Figure 22 is a simplified metering cell shifted from design position according to an

embodiment of the present invention. This diagra;n is merely an example, which should not

unduly limit the scope of the claims herein. One of ordinary skill in the art would recognize
25  many variations, modifications, and alternatives. In Figure 22, a metering cell 4710 in the

design space is schematically illustrated with solid lines and the same metering cell 4730 in
the measurement space is schematically illustrated in dashed lines. The design vector F,
points to a design location 4715 of a fiducial marking of the metering cell 4710, and the

measured vector 7, points to a design location 4735 of the same fiducial marking of the
30  same metering cell 4730. The tip of the measured vector 7, is offset from the design vector

7, by an error vector 7, . This error vector can have compouents in all three dimensions.
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4850, the stage is noved in an x direction and/or a y direction. |In another
enbodi nent, the stage is noved in a z direction at the process 4850. For
exanple, the stage is noved by a selected amount in a first z-direction
(Oz) by stepping the z-notor of the stage in a first 15 selected direction.
At each stepped z-height, the processes 4810, 4820, 4830 and 4840 are
performed. The process 4850 is repeated until the fiducial marking is
determned to be I|ocated at the process 4840 or the stage reaches the end
of its range of nmotion in the first z direction. If the stage reaches the
end of i tsgﬂ{smg%e EmsioEPItoR foptissigh spges P repRameRE Rt the Reproximateiagitatposi t i on,
T., alnd thﬁoc&h&gﬁ‘aljrﬁetﬁggﬁﬁﬂdanmécﬁZulhtEH@yt&lﬁﬁ@iﬂd} ﬁﬁ:h.ﬂ?ﬂ-aegrr&n@tatbecﬁﬂeon F% 20
exanpl e, the second z-directio opp irst z-dir i on. e
step size Rﬁag%%ﬁ b ERES sg?’?rfzf“ﬂ’e%')tvﬁ"!) ?l? ‘ﬁ“ﬁ‘ﬁé‘m %‘F Y\‘}‘}j{PVS’;SE ﬂgdf]%[, &fi on of
di recti on alimgisehaneeition dramdering Atll iepedparaidncfppiedtginghei ght in the second
direction, the processes 4810, 4820, 4830, and 4840 are perfornmed. The

process 48501528 m@ﬂ&aﬁsedi dwotd, Fighled 9fid wereliyah exwaipld, #ich shdubbwdt @studr lichihe st age
ond z directian. If the

reaches the end of inthe s

e " mapiny Sttt SR oulB AN e R PRy e RSB b o'y or
nmessage i s aganﬂwai end mhdifiyeibnarfot bemplectohntiteate micrafuitihdeproeeisisatid850, t he
stage i s | ' ection.
(01951 ac S 8 SRty b0 dbiser e TRGLRAe oBAL B Bepeby BHICC L 0N
mar ki ng to Cosfdbstpamihﬁimaﬁlr@hﬁst%muekd tsf catira ahd e dtepd. Besedwrodetarhimafionagi ng
syst em ;430 aGQ/mlluﬁﬁaéb H‘(?st'acﬁc - @Hfaﬁce%%'om%e ﬁl@@ragﬁ%ﬂ'ﬁﬁm&‘%ﬁ&mé g actual

| ocation of the |ocated | ducial mar | S measure shown 1 n Figure
20, the méﬂ@ﬁé@dl%a@mwpéﬁtaﬁ%é°1qri!!¥§'élmeﬁlcs cag e adir Ki oty embodimest, hepr esent ed by

vector . Mibfbe RIAAE Lokl it Rhck Gicidbarifbita &H&m%%@@mﬁ%f&m& "

repr esenti ng the actual | ocation of duci al” marK can al so be witten

as: X. 101y aveilable whophg ’@Eﬁﬂé@ﬁ@ﬂmmse aZﬁPﬁ JhipetE w-ﬁépléraﬁcq defigitiphsi t i ve
i nteger. FQllo@Xaiihion bl@e &BkdiAlinbiRL FobRNard Atdnfind ¥ s@aRbBaioh Y In another

15  embodiment, an automated system can locate a fiducial marking outside the current field of
view of the imaging system through a search routine. Additionally, the movement of the
fiducial mark can be performed, for example, by moving the stage with respect to the
imaging device, moving the imaging device with respect to the stage, or both. The stage

carries the microfluidic device to which the fiducial mark belongs.

20 |0153] As shown in Figure 18, at the process 4420, the alignment and focusing are
performed. Figure 23 is a simplified process 4420 for aligning and focusing image system
according to an embodiment of the present invention. This diagram is merely an example,
which should not unduly limit the scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications. The process 4420 includes

25  process 4802 for acquiring images of and process 4804 for determining alignment and focus,
Although the above has been shown using a selected sequence of processes, there can be
many alternatives, modifications, and vaniations. For example, some of the processes may be
expanded and/or combined. Other processes may be inserted to those noted above. For
example, a process substantially similar to the process 4440 as described in Figure 21 is

30  performed on a metering cell and its associated fiducial marking, which are aligned, focused
and imaged at the processes 4802 and 4804. Depending upon the embodiment, the specific
sequences of processes may be interchanged with others replaced. Further details of these

processes are found throughout the present specification and more particularly below.
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5 detected by an inmage processing routine. [0139) At the process 4444, the
actual |ocation and the design |ocation of the fiducial marking is
conpared. The design |location of the fiducial marking 4520, referenced to an
origin 0, can be represented by a design vector F,,,, The design vector F.
representing the design location of a fiducial marking can also be witten
as: x"D 10 [01401 T D = YnD (Equation 2) Z"D [01411 where n is a positive
i nteger. The difference in the design location Fie and the neasured

| ocation F ca e calc t.ed as.F =T - F'm 10142] As, di scussed
bhove and PIPInaR BERRGEr AR fEsd bt ke hakingin Sl HihemPiste Caang ar o
only exanpfi@gial @adingfis Sratiavairyithstke inbteding delheviach s bbenl aligwsdgwsing érenany

vari ations 15 .alt erpati dificati .. ln._one e igent, at the
o bcoss e HaprtE PhiEh B ER e @l TRl E G PR ot heBRELT05 B P

magni f i cat 24is aeinjpdicied meces4102 dxamplisng imagOx! Ndrmiphmprkimtdcomdiopjoswt i ve i s used
for the:le | LOe L0 0 le! i f

enbodi nsentaﬁ‘?%lern%?rg%?{l% sﬁts‘%] g%g?r?rs@cg%ggi& g'q%g%r %xéﬁ%re’ nagﬂ%#q:acaqtolton

obj ect i ve, usiybHimiktba sppsol thegainsi B8 elowdiesy gdil inthe argyoyld secpemizessdgys 4440,

4442, and ¢f4#Bens2Dterpdd e 8 Rlokiicad . TR@r&ad¥Rshi fbchdlprdtsskio@sort he coarse
al i gnnent of the m.crofl uidic device |rs performed. For exanple, the coarse

al i gnment THEWEE $P8S Wit YFeSHUL PIPEESE 6720PT mevdng AAge gt second, dischon pipeess 1o

transl at i 0mp30fortabquiteamadecshdlrebdss ko FRBIHERGIAINdel ©r4dditonaieveineakes from the
desi gn 4}]00 I on hUs n% the x and y scal ar values fromF a_, the stage
s RAR

positi oh o o ges ks phasndiing p eteptd fequerpeiaf ProRessss: Metscale + o posi ti on
t he | ocat efdady degihtdes, ddifidcagioral and varigioRd Fdetample&thd deatipr@Rssehmihies X- Y

pl ane. Additiopall using,t z-axis scalar value fro .. the 88 position
Pt The ot agwa iR ader iRbde Ofelritissds SHnaheel S Tt B #EvSH Guci ol "rar ki ng
at a sel ebteddihygapitioremtodinkeat, thepbaife. seqilascez efpcb@sdeo nag batlfaudangeit may be

)Fz_e;f glr g‘;g DL Oh&s rl& For RO, 0Rlab AR nRANR; JsbdB APurbOSs ABL URLTERL TN the
15 company logo having a height the same as that of the wells. In another example, the fiducial
marking has a height different from that of the wells. The known offset between the plane of
the fiducial marking and that of the wells would enable accurate z-axis adjustments to be
made. Further details of these processes are found throughout the present specification and

more particularly below.

20 [0155] Atthe process 4910, the stage of the imaging system is moved in a first z direction.
As discussed above, at the process 4450, the metering cell and its associated fiducial marking
can be aligned in the x dimension, the y dimension, and/or the z dimension based on the
transformation between the design space and the measurement space. At the end of process
4450, the z position of the stage is referred to as z;. At the process 4910, the stage is moved

25  from z by a distance in a first z-direction equal to z, +&.

[0156] At the process 4020, the stage is moved in a second z-direction by a distance equal
to dz. For example, this second z direction is opposite to the first z direction. The step size

&z can be uniform or vary as a function of distance from zy.

[0157] At the process 4930, an image of the fiducial marking is acquired. Inone
30  embodiment, the image is captured by a digital camera such as a Leica DC500. In another
embodiment, the image has a low resolution. For example, the image is 640 x 480 pixels in

size, and the color depth resolution is 16 bits. In another example, the pixel and color depth
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[01441 Afterwards, the inmaging systemsw tches to a hi gher power

magni fi cation objective, 5 for exanple, a | OX nmagnification objective. For
exanpl e, the nmeasurenents and adjustnments nade with a | ower power objective
pl ace the fiducial marking within the field of view of the inmaging

obj ective when the objective is swtched to the higher power nmagnification
objective. Wth the higher power magnification objective, the image system
can nore accurately determine the vectors F. and FO. 10 [0145] At the
process 4446, whether an additional fiducial marking should be |ocated and
measur ed | wsalettons areryatied to pptimizestiem nerfaimansed fienthe Heggeiinepadiosthaot need to
be | ocat ed; Egma @%ﬁs%ﬂo&h@pc%a%ﬁ@ar&%xd ﬁmpﬁﬁéngﬂwmcoiofr s 2ddi ti onal

fiduci al shoul d | ocat ed measur ed process 4440 is

per f or med. cwf%&l)way @B&%‘Hﬁf%m of H%agﬁr"ﬁ‘&'@é‘é”é‘@“ 4&%“0%&&2*16 retcblugqemd ar e

per f or med ér@énd%ﬁ@hnéhfsdfﬂ% lmigedahbemjﬁdtsau@waitemkdtﬂgﬁnaégéZQhe%&’aZ and 4524
as shown in Fi ﬁ 20. For he fldH gg ng.rkl ng 4520, and F,, are

det er ni hed®?138§ gp @ef'}‘%ﬁ?é‘?ﬁ’l ©REPRP %’ pHe ?’)C" ‘Of—*?rﬁwgh‘&merm ned. For
the fiduciebhoiqueki ng 4524, F,,, and rF,, are determned. In other

enbodi nents, nore than three global fiducial markings are |ocated and

measur edOI {o@3st7 [ArAhe ﬁrh&s@#%ﬁgﬁetﬁbﬂﬂﬁimdnb&tdﬁgé #RsdntsHob@bepeifvara isTeasur enent
space an eS| 2 ace, i s determ.ned. For .exa e, .a trix

P anst or et T, i Eies R skePT HEv A e AR b hrigh debRier Fel BaSed on
the differpagemweet ArsE MdaddHdaA8ked RowRrnarhedidrant pikedsheopieaiant

i nvent| on using a flexible mcrofluidic device, non-unjform absorptl on of
f1 ui ds 1O noPeriRrnedo rhihR yaectas Beenarryed Iryeisesendsirecton thongler dpdpeesralier can resul t

in flexi ngthm?hf.o,etr@)' anddﬁxhﬁdlﬂtlég@ﬁovebrﬁm 1@9&ed§iNeﬂhEbe%ssﬁm;Eg€r‘fdrﬁgd and ot her

di stortions i'n the mcrofiurdic device, in addition rication
processes th evi ce I dur| g % St d ot her
prot ocol s Lg%9}| n%srsg1 ucé’ E&é*orargfa gocgsr§3904 SHS I'n u%%_ ‘fé{e‘)’g‘i“é‘%p These

def ormat i oﬁtgumray'lm simphafmdlpmva:tsltﬁﬁ%fw flggnimgend fw@umnmnlhmmten1rm¢qndinmg bot h
| i near and i | may
| mpact_t netaneriiiEgce 4 Shahd h0RRun e Meifichndly B ShEh e
Accor dithgl yot u{uhéy Heitithet scepe offhetchime Qe ordirdnadillis dheartsvuldreragnise r

correspondj;ng, esk g MEGLRVES, P BREARAN! THeFockds R8EY inBilfes¥RT0 fo near

selecting image, process 6820 for segmenting image, process 6830 for performing blob
analysis, process 6840 for determining whether fiducial marking is located, process 6850 for
determining need for additional image, process 6860 for determining alignment, process 6870

20  for determining focus scores, and process 6880 for determining focus position. Although the
above has been shown using a selected sequence of processes, there can be many alternatives,
modifications, and variations. For example, some of the processes m:ay be expanded and/or
combined. Other processes may be inserted to those noted above. Depending upon the
embodiment, the specific sequences of processes may be interchanged with others replaced.

25  For example, the process 6860 is skipped. In another example, the process 6860 is performed

. after the process 6880. Further details of these processes are found throughout the present

specification and more particularly below.

[0160] At the process 6810, an image is selected from the images taken in the process 4802
for further analysis. At the process 6820, the selected image is segmented. Segmentation of

30 the image can separate desired image from the background signal and produce “blobs” useful
in further analysis steps.
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89 distortions of the mcrofluidic device nmedia. Using the difference
vectors r a, a transformation can be created between the design space and
t he neasurenent space. This transformation is correlated with the flexing,
stretching, bow ng, and other distortions and deformations present in the
m crofluidic device. The transformati on may have |inear 5 conponents and/ or
non-1i near conponents. [0149) For exanple, a transformation is determ ned
based on three fiducial markings, such as the fiducial markings 4520, 4522,

and 4524, é(ﬁtsqh fak BREQERBEIN theGRId REION] ﬂseramaécﬁnnfe bld¥8 RPIhE Gn&pke aleh e
m crofluidic device. The 'E)I ane defi ned %ﬁﬁg ﬁpthree fiducial markings can be

used to cRePBAEEIEANSt & {FRINitE Ssheqnigied ip e CFURPE P ‘&“tﬂé'\*/ﬁ”@écﬁqﬁat he three

di mensi Onfﬁdch;[al)imarkfng dhainaiirain & fargbelumbasof slidreftuidié 6@1@5 afidlignagingr of | ui di ¢

devi ce mat er in the plane.of. the mcrofluidic vice, The roll, pitch,
and yaw 0F°‘E‘Jﬁ‘|‘%‘s pF%frFéa‘BEﬁa{gﬁ %‘gmﬁ muking SIRLPrPAY l8§‘Jt é“‘ffﬂ’%fr’f‘éa'a’é’?’lﬂﬁfed by the
t hree Bi dudidhl nEEiky BEse ofhe ) thé tontphgy Ipgocess 4450, the coarse alignment is
performed with the transformati on between the design space and the

measur en‘emOlG&pa&@theE@d’ceﬁmmm;zthéd’lﬁe fidicidbdhariag istlb@fedad ddermidednelitey i ng cel |

of the m ¢rof.luidi.c dev and nmet.er | cell . is

posi t i onegrdl Peelspalae gﬁ c(%rg?g‘fﬂ reg‘f”ﬁ%ﬁf“ﬁﬁs ?ggp 5’1&%‘11% Ounfigl?ee @%ﬁﬁgﬁnaﬁkg‘éat ion of a
nmet eri ng @eduire 256in a bienpdilfied irege adamosd anfi enadiesd groeriding a¢ ém&mlthdhnmoﬂhst ortions
and def or ' t i | - ane of the
mcrof | ui §e 8g\gl"‘e@]ecmb(E\t?l *ral a%aﬁ{ ggegf\ﬁdﬁﬁ%(dl@g’xh%go@n@é%o@wr ‘géew ce can
be striét checwcmﬁtht:lqblqm dive obprdiviary sillon felag vl remm@emarﬁmmbmsm fting the
act ual pos«ﬂt%:’n& ﬁm&:‘ﬁ‘é at3Rd, e H3ubifl E}arkdglnﬂﬂ% %gﬂgg&aﬁﬁgﬁﬁdéﬂﬁoﬁﬁt ering

cell is shi |nen3|on an | n anot her
enmbodi mentby 3tf¢%°m§°tl@ﬁieﬁd76‘él Ip ongembhpdimentl ifithe heﬁenachmfﬂmﬁohfﬁo the[ 01511 Fi gure

22 is a sIsfmhd:éé@ﬁau'f{@%oeéclﬁ&;&@é&dé&m&@sﬂpe&ﬁ%ﬂ#% fiicRPshir s according to
an enbodi nent of the present i1nvention.” This |§gram is merely an exanple,

whi ch shodPepigserd to awmﬁ?d IITOHP’ENTEPFFE“@@EH%‘B‘H‘FWE‘H@C CAHPSNFRIE AR TOXAY of
ordi namsy Siikide drffest en &¥do. woul d recogni ze 25 many variations, nodifications,
and alteratives. In Figure 22, a netering cell 4710 in the design space is

schemat i cgbiegy i lak ustpraedzvd, el dadhtibia) B%agd BduldiR SAPRdIBIinRgacel | 4730
in

For example, if any of the images taken at the process 4802 has not been selected at the

process 6810, the process 6810 is performed to select the image not yet selected. If all of the

images taken at the process 4802 have been selected, the process 6860 is performed.

20  {0164] At the process 6860, the alignment in the x and y dimensions is determined. In one
embodiment, the aligniment uses the actual location of an ROI and the design location of the
ROI. For example, the alignment in the x and y dimensions are determined by the difference
between the actual location and the design location. In another embodiment, the fiducial
marking has a known spatial relationship with chambers within the metering cell in the x and

25  ydimensions. The alignment in the x and y dimensions of the metering cell is determined
based on the alignment in the X and y dimensions of the fiducial marking. For example, the
metering cell has a length and a width each about 2 ym. The fiducial marking is placed
substantially at the center of the metering cell. In another example, the fiducial markingisin
the vicinity of or within the metering cell and their actual spatial relationship in the x and ¥

30  dimensions does not change significantly from the design spatial relationship.

[0165] At the process 6870, a focus score is determined and stored. In one embodiment,

the focus score is calculated based on the standard deviation. In another embodiment, the
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t he neasurenent space is schematically illustrated in dashed |ines. The
design vector F. points to a design |ocation 4715 of a fiducial marking of
the netering cell 4710, and the neasured vector F,,, points to a design

| ocation 4735 of the sanme fiducial marking of the 30 same netering cel

4730. The tip of the neasured vector F. is offset fromthe design vector FD
by an error vector P6. This error vector can have conponents in all three

di mrensions. 90 Using the transformation from desi gn space to nmeasurenent

space, thegapnr &étsreatceae%st%h on bRG@ RN efm@mts%t eﬁarreqmﬁat'mg% iR&gcal cul ated
by taking i'nto account the error vector. The stage of the 1nmaging system

can be noveldhs imaghis asserrdarasabal operier. yindP‘?Fbﬁﬁﬂ"é‘FP‘c’ éh‘?dP@ﬁmqs feofshe igRgeensi on to
posi ti on t RQ.wEplifdd H}&n%&%&—sehﬂttﬂ!cﬁﬁ@ﬁt@ftﬂ %E:atﬂ etnnbmglh@t pass f{z&iLFrﬁ}c As di scussed

above, Figure 19 is nerely an ex nB shquld not unduly limt the
scope of t1EEIuss brsed Rfae oHBBrY fid g/ image 'I‘ﬁualtyrtﬂf%@“’é?“t‘m%m*d"}@éﬁ‘&gn| ze many
vari a]E : Qngtmagélstl@ﬁﬁﬁi foi@Shigh frehusii delalldre GiiSle, ﬁarwtex&mllnege ik gutloﬂl tij ate the
m cr of | ui i strat. cess or| an _be ysed to
register th’ ?‘8:1tﬂ?‘lf{?ﬂ'g‘inﬁyﬁeéﬁ}iséée%%eaqﬁg‘ﬁéﬁ‘{] 1’?5 aﬂ%‘ Pﬁ‘f”r‘?ﬁ'tg’g of the

i magi ng sy&bﬁﬁbﬂemﬂaedlated b@@ﬂ”enatsa:gﬂmt Mae Bis@gem dasiqdesane shetiéic m nati ons 10

and/ or evalhuaat{ S o{‘the ngatl ma.rlim%'l ob ol re\;eal,nces fromthe integrated
ni cr of | ui df @Iaevl CRana " TER FPe AR g RAE %scope stage, tolerance netrics

can be set nt. t erances i nsure.t hat at
Canst one. bl B FeCHRRS haiimel’ ?efytheaﬁseﬁam% prdfe e T ERBOF vi ew
avai | abbe intvedst drh ecqupabiesthd DadgingaRgden. slmraacﬁ 05X lensl seieiof the adduiired t ol er ance

definition, mat i on_ of the findin ) streani i ne
syst em opef aaﬁFso?twrSSf Snolégl(r)lgtl?{ Fum B dgiene rreqlrf:’? > glngpgmﬁ)r lsgapg{§%§§§?cg§1§gan | ocate a
fiduci al nmtt@nonghmqlsredemagweE@drncsmntfvamdsq;faredva::é\wllafﬂteheuarwaglunsg system

through a %& th?b{Ex‘ NWdit ﬁQ!J E:Q'aﬁ)lré‘dt ? is BRVEHCRr ¢ {{nﬁl@%&giﬁlﬁ“ tal mark

can be perfor exanpl e VI ng e stage wit respect to the
i magi ng dewpxkes acmlﬁgedttwepplmg *%gssaevtneféhw tolthe aegpizestimpes- tIhenst age, or

both. The shidQd8nent Md GASsidd\GnoBitidgQbivil Qla%\aﬁe BRertaRetBiitdhiliedubddyci al  mar k
bel ongs. 20 [0153] As shown in Figure 18, at the process 4420, the al i gnnment

and f ocusi FRPPEPERIS ¢fdhe 5AEd ‘mﬁegti'i‘ gother ‘F’%b°§’“$5Phﬁtelqai“é’éfi“ﬁFl98‘é‘§‘§ AU f or
al i gni ng aadcdiRe usioNewi:mge system

[0167] For the blurred image, a second sobel square sum is determined by applying the
scbel pperator to the blurred image, squaring each resultant value, and summing ali the

20  squared values. Afierwards, clipping is applied to the second sobel square sum. If the
second sobel square is smaller than a predetel:mined thireshold, the second sobel square sum is
set to the predetermined threshold. Dividing the clipped second sobel square sum by the first
sobel square sum, the resuitant ratio is used as the focus score. The focus score for each of at

least some of the acquired images is then stored.

25 [0168] At the process 6880, the focus position for the metering cell is determined. As
discussed above, at the process 6870, the focus scores are obtained for various z positions.
At the process 6880, in one embodiment, the z position corresponding to a peak focus score is
used as the focus position. In another embodiment, the z positions corresponding to two peak
focus scores are determined and averaged. The average z position is used as the focus |
30  position. In yet another embodiment, the focus position is determined based on the

characteristic of the entire curve representing the focus score as a function of z position.



according to an enbodi nent of the present invention. This diagramis nerely
an exanple, which should not unduly Iimt the scope of the clains. One of
ordinary skill in the art would recognize many variations, alternatives,
and nodifications. The process 4420 includes 25 process 4802 for acquiring
i mges of and process 4804 for determ ning alignment and focus, Although

t he above has been shown using a sel ected sequence of processes, there can
be many alternatives, nodifications, and variations. For exanple, sone of

t he proces be, expanded and/.or .conbined. Ot her ocesses be
i nserted tEﬁ?ﬂg?%aﬁ%?gﬁngﬁggﬁvh%8%ém@§§ﬁ%%§,a%a%F3@€B¥Eéﬁ%§?3§%ﬁéﬁqy sinilar
to the procesbed4Alinabe tesdug dzdidn iba z Bingusien. Zlheifsu8fospnfiotheediramsannet er i ng

cell and it ' ' i ) [ r.e. ak. cused and
Cmged at PaC REREAER T By B R Reuliastidh e St ot S0 (e
specific fégirdmdingmFopeooplsts mrayinpellihat electinagiedvidilt dactosbivet Zpmepl aced.
Furt her . det.ai hese rgcesse r ut_ .t he esent

spect 11 2ar Moyt phlEls o SRERRTGaFu S of §f BHERA RFBBEECC 40,

i mges of asfamgle ﬂ?&lﬂdnmlklilan!gn$ i§ ira@qukh@ﬁﬂﬁxwimmmetpﬁmmﬂ afid theiziaethal mar ki ng
i s associ aped. Miibdbrk) iRt ShikR8s6Shdes b £he DaTaLsENRah uRE N0 t he
mappi ng between the design space and the neasurenent space at the process
4450. Fi gurdatiopshin. s g sinplified process 4802 for acquiring images of
fiducial marking according to an 5 enbodi nent of the present invention. This
di agram i s(H@elel §izwn 22 skavsisenplified evrvesiorfpays prore asarfenstign efizositiphe scope of
the cl apms b Me QhneGhrcH-0HsY0 Sttbidtngtad bodident i iilet SR ANRhES, PR Yocus
variations, alternatives, and nodifications. The process 4802 I ncl udes
process 493098 rachigalund astosigedivithithe sebel gquesepnder thoprauissldmagowitigyt novi ng

stage in sgrAg GhisAGkiaaNic mfPL8SkamM IhidiOhods At vkt TRAEShe 36 dFirRCess 4940
for determ njing need tor additional npvenent. 10 ALthou%B t he above has been

shown usi nfaiss fngof wdinagyghidhie hegrt Worlioeroerize minyapRations afigmatiygs, gnd

alternati vmdiﬁgﬁmné.i &ﬁihig@g&l Figﬂ/ild 2v,abdua_§doed§a:e &Elﬁﬁlal@d(arfpdx&. poSHiBHs oL the .
processes nay expanded, and/ or, conpl n ; er processes nmy be | nserte
to thoég nﬁetpér&wg%\?@gmlﬁétﬁléﬁdfrﬁ@“‘lfd‘fﬁgg‘f’ﬁg’ré%%PPré‘ I SIERHR % peli PREC sequences

of pr ocessgguidRY thee-akidbesiGhanandinedb fhe plobs 800 edvatestlas thopeaitigl €, the

fiducial marking used in the process 4802 nmay be a
focus score distributions are located approximately 20 fim from z,.

[0171] In another embodiment, the method by which the stage is scanned, the density of
measurement points, and the range over which the measurements extend can be varied, as

20 would be evident to those skilled in the art, For example, focus scores are collected at fewer
locations separated by greater distances. In another example, focus scores cotlected at 10 ym
spacing located on alternating sides of z,is used as inputs to the image processing software,

only obtaining additional focus scores and filling in the curve if needed.

[6172] PFigure 27 shows two different focus score runs in which the aperture of the
25  condenser of the imaging system is operated in either a namrow or a wide setting. A curve
5030 comresponds to a narrow setting and represents a bi-modal distribution of focus scores.
The twin peaks are each associated with the detection of the top and bottom edges of the
fiducial marking, such as a company logo. This bi-modal distribution can be characterized by
a full width half magnitude (FWHM) 5035. If the condenser aperture is operated at a wide
36 setting, the bi-modal distribution merges info a single peaked distribution represented by a

curve 5020, The amplitude of the single peak is reduced from the amplitude characteristic of
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15 conpany | ogo having a height the sane as that of the wells. In another
exanpl e, the fiducial nmarking has a height different fromthat of the

wel I's. The known of fset between the plane of the fiducial marking and that
of the wells would enable accurate z-axis adjustnents to be made. Further
details of these processes are found throughout the present specification
and nore particularly below 20 [0155] At the process 4910, the stage of
the imagi ng systemis noved in a first z direction. As discussed above, at

t he process 4450, ,the neteri l..and its a i fiducia rking can
be al i gnedtg? B-rpiet é(‘sﬁf’%oﬁ'safl %ﬁ‘g Ftﬁﬁ%M)l/S ﬁ?ur%ngs’l%%l;sq‘éﬁg t"l’{g“’z’”“g °r?§n%%i on based

on the trdsahuionitrepmsepet Webme I0B® desi gn space and the neasurenent space.
At the end of process 4450, the z position of the stage is referred to as
zr. At t hel0prdceshlitit@dily, Fighe 28tskaye sirsplifisd edv@TForf foowmmsgare bya fancliostoace in a
first z-direet] ; I Zks 4884 acch Qi { R 1e stage is
nmoved in Oggé%n mgg‘giﬁrﬁé%:p?? on by ?ic.ccf? s?g(lnglg'cglth Ecgfn ﬁt’fb gﬂ%%%g%qg?a%'e, this
second ¥ dfiedetus sepre & caphyogiueds asepciatrd withrtisg sobel giyaesomofer thylaeauiredp size &

can be unifoEMRhouY BhiRS This UABGH 19MeRfy Al iANE SldhAm Al notlQdmy limfit t he
process 4930, an inmage of the Tiducial ‘'marking is acquired. In one 30

embodi nent the fogee ehihgyeaims. Pappiardinery yil infibgpt wpuld sreezenl vadatient.ej ca DC500.
I N anot her ajte@BthRe] 4¥8 Modiftchfonk."BYhoRA T Pighreye 788 0k Uhd PBusiffltoeXait@h®, the

i mage is 640 x 480 pixels in size, and the col gr depth resolution is 16
bits. In a‘ﬁ‘&"ﬁb‘t‘“aé‘?(g\‘?ﬁ'l"é,matyr?émﬁ?e)(‘wg”iﬂdbc@{;‘feé"fs "iﬂ‘gﬁtcﬁng@)?“rdé?&f'ut ions are

variedidg o S;M&i?ai&a@&!ﬂd@@ih@éﬁ%@dlﬁﬁﬁ@?neﬁﬁé;&ék tsrm&nioaagﬁlldimaagwﬁeadis theOI

i mage may be justed to c nsate for varjations in |la intensity an
o or . iy S St re” REER 2R s Rl ot v o P PRt PR,

Addi t i onal dng pedkherer the pthbt ragy, resuitdn a frreeplarcenposmaht srdafofttdns of megescEn be

adj usted t ' .t he | e | te | I |.rage may
be acconpl @%ﬁ:%g% %y&ﬁde%iqg%méag' rF %’gﬁg‘o‘%‘%&%m@e’%“ﬁ%ﬁ‘ bg{‘l‘gé‘h%‘f’%%émf 1$81 At
t he pr oceswodgdeignifinatiient ofdehius imnged st age novenent shoul d be perforned is

determned. If the stage has been noved in the second direction though a
di st ante elfial] tThedisadvantage for obtaining focusing scores without image bluring can be

improved by blurring the image and calculating ratios as discussed above, Figure 29 shows
simplified curves for focus score as a function of z position obtained at the process 4804
according to another embodiment of the present invention. This diagram is merely an
example, which shiould not unduly limit the scope of the claims. One of ordinary skill in the
20 art would recognize many variations, alternatives, and modifications. The focus score at each
z value is associated with a ratio that is taken between the sobel square sum for the acquired
image and the clipped sobel square sum for the blurred image. Figures 28 and Figure 29 are

produced from the same acquired images.

[01751 As shown in Figure 29, the blurming and ratio technique in effect normalizes the

25  sobel output by the amount of that same output on a blurry version of the original. The peak
of the curves in Figure 29 occurs for the image which suffers the largest degradation as a
result of the blurring operation. An image which suffers no degradation produces a ratio
value of 1.0. This normalization process can remove the dependency of the sobel operation

on the intensity of a particular image plane, which can fluctuate due to optical variations.

30 [0176] In certain embodiments, the number and scope of adjustments performed at the
process 4420 for alignment and focusing depend on the accuracy of the mapping from the

design space to the measurement space at the process 4410. For example, bending or tilting
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| arger than 2 - z, +Sz , no additional stage novenent is needed. The process
4804 should be 10 perforned. If the stage has been noved in the second
direction though a distance snmaller than 2 - z, +Sz , an additional stage
novenent is needed. The process 4920 is perforned. [01591 As shown in
Figure 23, at the process 4804, the alignnment and focus are determ ned.
Figure 25 is a sinplified process 4804 for aligning and focusing i nage
systen1according to an enbodi ment of the present invention. This diagramis
merely an he cl ai ns.
ne of ord ar y's &ﬁnwh&nc Egﬁﬁﬁnﬁpém?%% ()riélnz(J 'lelmttthé &?%&?Pigﬁ? %ﬁg&

al ternati mOHU&h@dmi PeeEeylion gdditiugal wx@cfe@gmaampm n@h@ee@dxfwzb f or

sel ecti ngfolcﬁgag{swppﬁfa g gl £88Qud- Qe AMNBRRUAIYE HTRAGrdRS RGERS RO for
perform ng blo anal ysis, process 6840 for determ ning whether fiducial

mar ki ng i Eselefioniwgee ‘ifyr‘@fdé‘?%“r@% 1 Feproved mapning btwepniieedrsizgerasaand i onal i mage,

process 6&@&.‘%&%@9&&%@ aagﬂamegrﬂfg&[gtsystaﬁmasse zﬁ%@teagg EMs tlgdshioR1 Ni Ng
focus scores, E 8%HOC€SS §8§0 { eternl gggltlgg Al t hough the
above has!™y¥EF bt “ﬁ@Fﬂ§‘§'§§W8%¥%Hm§%&ﬂb %%ﬁ? eSSt here can be
many al t eefiiaiehayes, nodifications, and varlatlons For exanple, sone of the
processes may be expanded and/or conbined. O her processes may be inserted
to those [mvﬂd BOBWRer 1RO the AGpppPIchiaey, imbﬁdmmmnﬁshﬁoﬁmﬁitﬂréec sequences
of pr oces 18( i nt erbcha g‘g W th %Qﬂgrs riﬁﬁl aced, 25 sgj exanpl e, the
process 6 ‘ﬁl K185 J ¢ PiFC Zh'GE RiFese % erovigh a npR-Blpa drapedatien per f or ned
aL ter ur}] heb@wemesesdeegfs@pacEwdthfmeaeﬁembﬁtsp@é Figee SO &)ﬁﬁ@ﬁﬁ]&! s&ffﬁcicfr@pn? |

t hr oughout . t he present ci f.ication .an artlc ar elow. [0160] At
the proceS& ‘Eﬁigmegﬁmﬁlrg’g °SUb§ﬁ?a%c°tcgﬁmigr%?ﬂ?ﬂe PR };&‘ngk I’IPI n the process
4802 formfvmﬂ‘tohei“hfamablytgpsdefmnatlheofphm:es’ﬂuﬁ&mvme hellmiae@ta:edimﬁrage is
segment ed,; _ fromthe
backgrounélmgnafkth%t pro Yfggn%F%Bhgﬁuse ﬂf §§§ﬂ§uggﬁg§éh&§?§%?§g§teps 93
[01611 At inphie fqptige kighero8BOdimehdoral ippingabyldiceme Sopdedabpmindormdhan bl obs in the
| MBgE ;2 € uGRIRRL g%&gmﬂﬁ&eﬁ Eid st 9 BN %Q%E  fpdietahage. The

training set contdins Inages o I markin ed froma | arge
number of pievidedbased e reeaa@rvﬁne@s ma%lom thepgptergg cell at the prowss 4420. Feedback

from these measurements can be used to update and refine the mapping as a function of time.

Consequently, for another metering cell, placement of the microfluidic device in preparation
for the process 4420 would improve in accuracy as more data is obtained. The generation of
20 sucha higher order dimensional mapping can substantially increase the system throughput by

reducing or even eliminating the need for the process 4420 for some or all metering cells.

{0178} In one embodiment of the present invention, a 12 point micrefluidic device
registration process can be used that fits at least four fiducial markings with a non-planar
surface. For example, a three dimensional parabela could be used as the mapping surface.

25  For example, the process of determining the coarse and fine Jocations of each fiducial
marking can contribute information used in calculation of the parabolic fitting parameters. In
one embodiment, fiducials near the edges, the center, and other locations on the microfluidic
device could be utilized, in various orders, in the calculation of the parabolic fitting
parameters. In another embodiment, the processes 4410 and 4420 could be combined into a

30  single predictive focus-based algorithm that uses higher order fitting and localized

corrections to irnprove system throughput.
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conditions. For exanple, the fiducial marking is the conpany |ogo. In

anot her exanple, the 5 fiducial marking is one other than the conpany | ogo.
101621 At the process 6840, whether the fiducial marking is located is
determned. If the fiducial marking is |ocated, a region of interest (RA)
is created around the fiducial marking. Figure 26 is a sinplified inmage
acquired and anal yzed according to an enbodi nent of the present invention.
This diagramis merely an exanple, which should not unduly limt the 10
scope of the clainms. One of ordi nar%ioski Il in the art would recogni ze many

vari at i oni1791a] dedisrapsed aove dprametBef 4408 4568 Hivroorsses $4l0aed 44204 ki ng nmay be a
plgrr{)ﬁnybl Q?nﬁzlftgﬁ@ﬂ;][cﬁf@dge&ybn artmoatgﬂr;]éa&. qrtbr éxgﬁ@l'e?éi?hedp]cm:ss 44{10,(1&@ emtoﬁdi nment,
i e best matc s. to,the stapdards is found to be. ina
pr edet er nﬁﬁﬁﬁﬁ‘“‘étﬁg% ?‘ﬂ“]‘%‘gﬁ offucegaking ﬁ‘("f‘f"é{f‘t“‘ﬂﬂf‘{%ﬁﬁé“ﬁ{?“g Eﬂﬂérf' B@P‘é’ﬂ%"b be
llocated. FomruwR¥evipks, IntahethereR )16, M8 prbcpati(f ihe afijrdent Sahyg@riah proxinmty
15 ranking of less than 4200. (01631 At the process 6850, whether additional
i mage &hoWRMEds WIHHD 9hwl 118 sgeiraqyniimid anothes examspifvpl the profesaAdROpthet he | nages

taken at [RERRURIRuGTARarRAS sNAhuPRBR SRheeledyat the process 6810, the
process 6810 i's perfornmed to select the 1 mage not yet selected. If all of

the i maggsshakendln iBioht 94 68 fhe 4806 BEUL RGRRLARE LAFE Sfbved RALPHOKEESS 6860
is perforned,” 20 10164] %\t t he process 6860, the alignment in the x and y

di mensi onBosition @ Wy imaaRef. the Heterng ool insapedn For axprapls thesapitd iFees ™ he act ual
| ocati on ghigh fesé¥iona Nl ofid @ntd e ) tHe GG adel 19 Rbq@iedi e SBfde cafnra uRX RN, the
alignnpent in the and i/_di mensi ops are determ ned t}g the difference

bet wedh t HE2RRE A oy Fesqiutian maga 2t theprgesss 44101 Srarihghemtadmsnsedsi®enbodi nent ,

the fiducbaboo digitdktagrdas b uksdAMEapfilp@d high-rds6hiBdr iRAH 1 For'ekdnipi€ i@y s Wi thin
the metering cell in the x_ and %5 . di mensi ons. The al'gnrrent in the x and y
G menet o BeriEerb RN B F S 07a ek SR FRHEA A Yol TORE r P APt i n i ho
X and y dihgansiaafspediks ithieofor Gapti ol 16 HRE KinrgothdrekargX e i itagt meluded@her i ng cel |
has a | ength.and wi dth eac bout The fiducia rki,ng is placed
st ant | AR foed e fe B AL el ol oot e o o R U el 0”1 e
fiducital wmendeienige £l if movedie theixadimensionahd/or they timensibihia anddr &g impgoveel | and
their act | i.pnship. 4 . d y 30 di mensi ons does not

U ERGE B hRlile RLRRERo! 0. DR AN

change sig srgn spati rel ati onshi p.
{0181] The captured image is then normalized. Tn one embodiment, the color and intensity
of the acquired ireage is significantly affected by the condition and operating voltage of the
illumination source of the imaging system. For example, the illumination source is a bulb.

20 Asabulb ages, the overall hue of the image changes, with the red component of the light
increasing in intensity in comparison with the other colors. This increase in red intensity may
result from a decrease in the bulb temperature. Additionally, even with a constant
illumination source, the opacity of the microfluidic device, which can depend on hydration
levels and vary with time, may result in differences in image brightness. To correct for these

25 artifacts and any radial vignetting introduced by the microscope, a technique called image

normalization can be employed.

[0182] For image normalization, a calibration image is taken with the microfluidic device
removed from the imaging system with the stage at a z calibration position. In one example,
the z calibration position ig different ﬁoﬁx the focus position. The z calibration position may
BQ take into accaunt changes to the illumination beam as the beam passes through the
microfluidic device. In anther example, the z calibration position is the same as the focus

position. The calibration image is then used to correct for the effects resuiting from the
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(01651 At the process 6870, a focus score is determned and stored. In one
enbodi nent, the focus score is cal cul ated based on the standard devi ati on.

I n anot her enbodi nent, the 94 focus score is cal cul ated based on the

"edgi ness"” of the imge. For exanple, the "edginess” of the inmage is
assessed by a sobel operator. In another exanple, the "edgi ness" of the
image is determ ned by an edge-sensitive conputer progran1sini|ar to a high
pass filter. The techniques based on the "edgi ness" of the image usually

t ake 'ntoc&%w%dt){saauﬂgv%ﬁagmtré i FRERioh Sour 2. w@rr&utb%mt licgh frequency
details are visible he image is out of focus, the high frequency

detai | s arionihgrgaly ia&ﬁs therpingeldhe infensirof ths asqvaed B f the meterinpeell deus scor e

is cal cul ahefadiasaskedn Ak egﬁa@nbasﬁh eTHeinsb et aR dbAENEINUR S diSR 1eReci i C
characteristics of he fiducial marking to inprove focusing. [01661 In yet

anot her eﬁ%ﬂf‘ﬁ\‘;‘%‘if“"% tydn greationt iy W%ﬁqtf‘%‘ﬁtmf‘w@ i Wﬁﬁee@g‘f”bsr'sﬁ‘ﬁé‘l‘&? ®a of 10
interest angy. anﬂumemymtmtlmem fRlip g B)StARY h@lr teaGinde 1 dyne@it sone of

t he acquired |maog a first sobel square sumis determned. The sobel
oper at or r%"ggﬁrﬁl“‘? Y% each data point on the acquired image. Each

resul t ant an squared values are ed

toget hor . 10Gkal's Pfalery R iRt Pissiwege aap T ACde RaR BRAEPE. t he
blurri ng iiﬁwdbetoammaﬂngsm@tmys aﬂﬂéﬂpa&}h@&gtﬁ&eaﬁrsm&hlﬂm@ 4nd/ck he acquired
i mage. odi nen ng servesg pass

11 Per ot CLY HE ARGy S A e RO Beer e oty i i

anot held ervhedanderden cdrhporEatd » Siha hmapaD atiditiomgileahe oege xﬂceﬁmhzahedxrasofcel I ows
[01671 For S term ned by
appl yi ng ARy EES hERERey S QRESR SAYE Rl B A B B OO, A
val ue, andffsﬁmﬁ‘v'r‘kgtcé?lalan@mdcmissiqebalnwvvlablue@ Slmfﬂcemtvfatrlds' il l@hmptpmng is

appl i ed t Qo diors GRPHMILSOR B n RALALRYS Whrtulelseltilgs if SARALmSRRAGInesRty@r € 1S

smal l er than a predeterm ned threshold, the seécond sobel square sumis set
to the prd@@ReBiEined threshol d. E]V|d|ng the clipped second sobel square sum
by the first sobel square sum the resultant ratio is used as the focus
scor e. 1I5Thd0¥8dt uMaseyere thedimagsaie medipe ghifted|temere b pmtrpid of e imeggfiptegammages i s

then stored. counts as a function of intensity, to a known value. The image is also downgraded

around that centroid to reduce the data size in the image. For example, the intensity ratio is
sampled at random locations on the microfluidic device. Using these sampled intensity ratio
values, the image is adjusted to shift the centroid of the image to the known value. Inone
20 embodiment, the centroid is shifted to align with an intensity level of 128, and the image is
downgraded to 8 bits. This shift may be used to either darken or brighten the image. In one
embodiment, the normalized, white balanced, and downgraded image-is stored in a computer

memory available for further processing.

[0185] Asdiscussed above and further emphasized here, the above description of the

25  process 4430 includes merely examples, which should not uaduly fimit the scope of the
claims. One of ordinary skill in the art would recognize many variations, alternatives, and
modifications. Although the above has been shown using a selected sequence of processes,
there can be many alternatives, modifications, and variations, For example, some of the
processes may be expanded and/or combined. Other processes may be inserted ta those

30  noted above. Depending upon the embodiment, the specific sequences of processes may be

interchanged with others replaced. Further details of these processes are found throughout

the present specification.
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25 [01681 At the process 6880, the focus position for the netering cell is
determ ned. As discussed above, at the process 6870, the focus scores are
obtained for various z positions. At the process 6880, in one enbodi nent,
the z position corresponding to a peak focus score is wused as the focus
position. In another enbodinment, the z positions corresponding to two peak
focus scores are determ ned and averaged. The average z position is used as
the focus 30 position. In yet another enbodinment, the focus position is

det er m ned(dage g Bxdife, iCHRERELBEddRbdnE ofthe 6r€t@nﬁﬂ¢e‘nﬁ@n GHEMRbEBESa&NT | Ng the
focus score as a function.of z position.. 95 [01691 |n another embodi ment,

the fiduci#i ﬂ“‘rﬁ?%?%"g‘”ﬂ&%“‘%"%ﬁ?&@ﬁ datpipputs fop 'é‘F BITPRONE Httneaf the Pracpsdb bl s wi t hi n
the neteri fgagotter mettribf el 16l iHiddRstiotitent] iR tirecdisiepomiil beliohdofithe z di mensi on

of the metering cell is det on.the focus. n in he z

di nensi on B‘Ftef“%ewﬁ asadﬁ%""ﬁllnecﬁé?r& 3‘&8?" Won e, cop RV t'é‘JPWFg'OEETe has a

| engt h ﬁndtrﬁiemﬁhfmgeﬁqua)bmjﬁttiﬁg mnéiera'hmfejcmme #le maedaigroglls mezq:)thac ed
substantially a C of Py n _anot t he
fi duci al r“{ Pthe m"fr%ﬁlf'% 890 ?ﬁ’? y(ng%’m& %‘ﬁlﬂm m?rk‘é‘g‘?r%?aé?l ﬁggeée and their
actual s pamqraluxdxeﬂa'uqeonnahbqaneasumdh earlierdh treeihrometeidrgscatle hieag Hmrfgiecial

St ant 1 cant ot ofd 18, 9831 A0, aRtL Al ELALIARSNER 0470848l BES,P7 Shows

S|an|f|ed cu focus Scor tai ned at
t he processong8EScacthe diting atggrram @Mwm loggfion héthpae@s@radiy taveteditdllon. The

focus §cong, ArCRGH e p Yﬁ&ﬁaﬂp&g@ﬁ&&’ﬁ{aﬁ‘{ R heldutdd 164330:%%@%Llls%?d§§{t9tkﬁum for the

acquired |nage w t hout " blurrin Thi s agran1|s nerely an exanpl e, which
shoul d notﬁ@mmﬂWﬁWHEHt the scope of the clainms. One of ordinary skill in
the art woul d recogni ze many variations, alternatives, and nodifications.
As shown i I#7lg u-?ﬁa‘g scpssefl gbays, the mebad 4408 vees|vendua fiderizl markingsiin vigisiEt i ons 15

separ at ed pascé&er%ﬂ%&&@beﬁm%nmh@ﬁeu&ﬂh@.ﬂ&&g@gamfan}g%smapﬂaﬁe& babeisbfe of zf
The coarse nature of the z-axis position determ he oces§ 4802 i s
o

evi dent, a¥ith HE nerafuigic depies- Kop expEnnde W@dm‘@WWS|W the hand
appr oxiirat 6f tfe ArgIidit 8d%ceP InlibihtdedapRAE RBIciab BRI g8 BRton thé’lﬂbxﬁlﬂé hod by

whi ch the s scanned, the density.of . neasure oi nts, .and the
range over L@ﬁ?ag%"fsﬂﬁ %ﬁfﬂ‘%ﬁﬁé’ﬁ?s %&%‘i“?‘{lﬁﬂ@%mﬁ%m@%@fﬂé‘g el Wall or an

edge of the microfluidic device. In yet another example, the fiducials markings are selected

from ones described in Figures 1-13A and 15A-15B.

[0188] Additionally, the method 4400 align and focus a metering cell and acquire an image

20  ofthe metering cell. The alignment and focus process may use at least one fiducial marking
for the process 4420. The spatial relationship between the fiducial marking and the metering
cell does not change significantly. For example, the fiducial marking-s in the vicinity of the
metering cell. The metering cell is merely an example, which should not unduly limit the
scope of the claims. One of ordinary skill in the art would recognize many variations,

25  alternatives, and modifications. In one embodiment, the method 4400 is applied to any
physical feature on the microfluidic device. The physical feature is aligned and focused, and
an image of the physical feature is taken. For example, the physical feature is a chamber.

The chamber may be a well, 2 fluid channel, a control channel, or else.

[0189] Moreover, the method 4400 may be performed by the imaging system 4010 or
30 another imaging system according to the instructions of the computer system 4110 or another
computer system. For example, a system for prc;cessing one or more microfluidic devices

includes one or more computer-readable media and a stage for locating a flexible substrate.
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20 woul d be evident to those skilled in the art. For exanple, focus scores
are collected at fewer |ocations separated by greater distances. |In another
exanpl e, focus scores collected at 10 m spacing | ocated on alternating
sides of zfis used as inputs to the imge processing software, only
obt ai ni ng addi tional focus scores and filling in the curve if needed. [01721
Figure 27 shows two different focus score runs in which the aperture of the
25 cpndenser of the imagi ng systemis operated in either a narrow or a w de
setting. te 0GR ORRAIRANGS: ihfee%dna&;rn%ﬁg%t § ERG. AN AGRLESENt S 2

bi - nodal dlstrl ution of Cus scores. eaks are each associ ated
Wi th the detkioeiasd ad’FStPhPéﬂbceb?FPa’ﬂﬂf}B@ﬁctﬂéﬁﬁ %‘d@é’@fcm HOhexaﬂfpi%laevlamc réthki ng,
such -as a dm %tﬂaﬁg(ﬂ&no]_mrsﬂm onmaslaibm%&},ﬁzbmsdag@ nfe iRQudeAE BFh6fl zed by
a full h hal f magni tude ( FVWHM t he condenserﬁégerture S

oper at ed destaicfprgdorzueviding ¢ fgkible sbstste. spdiene mers pBIETUNR frslelyriningto a

Slh ngl e ﬁf&k&gfoﬁhﬁioﬁrbag»‘eerp%ue][s@ﬁ@@aﬁmdaﬂn&ym&ge& HEbReL6h at 1h6: a][rpl :3 g Udﬁ of
the single peak,is reduce rom:t ec teristi,c o t he

bi < rrodar dPBTPRAPER g s SIS TBLeT e o HMRbT ¢ ho
single peakorcdompmex’auidabla meﬂlanamx&saabﬂdorbmsiwdmenﬁﬁﬂl&:roﬁrﬁﬁzaiﬁrs%\dd| tionally,
Fi gure 28 shows | f. rves for focus.sc on of z
position d Wﬁ%g‘)%fg glee bggéétggasﬁ%%ate{%a%'}i{?m ‘°P8558ﬂ56(£“n}f;{ﬁg’ ®rent of the

present i rtmmﬂnnmuon bEthbrethé Cb@st@ spa@ad e measttenznisphasgorier amsoci ated with the
sobel uar h na t u This diagramis
nmerely an lgimc I?ns forv%;%mﬁn%% aftc? H-S(’)tt[mf‘%cﬂf% ﬁfgr‘ﬁ& ‘%’PO'FLQA sco’f)%rkgfg t he cl ai ns.
One of or dasmw;edWltH the first dhembert onaeu brebrer iegmginong dorpranfiyrmieg 4 ﬂmrxdrwgmnent _

al ternati g, %Qi%lé%@éufake Eéd%ﬂsab\eﬁ ;rﬁé}f’u‘éﬁod Alsd:ia WG ﬁx@ﬂﬁmgﬁ focusi ng
scores obtain out 1 nmage urring uce I rregu '#oca peaks
under cer tAimPre AERctipefer acm@n&)mprmb@ae ﬂpfefémt qhém%qrﬁ{fpelatﬁ@)ﬁ’ah thesonet i mes
the peak igexiicdi@slak, and usually the peak is a conbination of the two.
Nei t her peak is guaranteed to be the top peak and thus grabbing one peak

over the Qqbhwy nﬁbéoﬁ@ér%&rcHr{’étr@chfo%féﬁd&érﬁ&ﬂﬁngee[t&é?l%foﬂﬁ‘ation%et%gﬁi a&ignt ens of

mcrons. If +the depth of fiel he 1 magi ng systemis Iessthan 10
m crons, ﬁ%&ﬁﬂg%@ﬁ@rwe@h@aﬁeaﬂuwe opmegigaRsEuetognfor fetarrHRipe shleasbf f ocus
I mages. three actual locations corresponding to the at least three fidueial markings respectively. The

at least three fiducial markings are associated with at least three design locations respectively.
Additionally, the one or more instructions for determining a transformation include one or

20 more instructions for processing information associated with the at least three actual locations
and the at least three design locations. The design space is associated with the at least three
design locations and the measurement space is associated with the at least three actual
locations. The one or more instructions for acquiring at least a first image of the first
additional fiducial marking include one or more instructions for acquiring a first pluratity of

25  images of the first additional fiducial marking, The first plurality of images includes the first
image. Additionally, the one or more instructions for acquiring at least a first image includes

one or more instructions for processing information associated with the first plurality of

images.

[0191] Moreover, the one or more computer-readable media includes one or more

30 instructions for storing the second image in 2 memory. The memory is a computer memory.
The second image includes 3900 by 3030 pixels. The second image comprises a 16 bit
image. The one or more instructions for performing a second alignment to the flexible

substrate includes one or more instructions for translating the flexible substrate in at least one
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15 (01741 The di sadvantage for obtaining focusing scores w thout inage
blurring can be inproved by blurring the inage and calculating ratios as
di scussed above. Figure 29 shows sinplified curves for focus score as a
function of z position obtained at the process 4804 according to another
enbodi nent of the present invention. This diagramis nerely an exanple,
whi ch should not unduly Iimt the scope of the clains. One of ordinary skil
in the 20 art woul d recognize nany vari ations, alternatives, and

nDdlflcatl Ti.ce ocus LG a,u SOCIat ith aratio
that is t rflsﬁ’gttc\’/\goes’nm%’ ReD eéfnp agﬁgrbfsoﬂ?np ?ﬁ %‘é S |maegncand t he
clipped saioeior@@mner-mmblmemmclbdqapnmf mqmgletmcﬁmgafpevs)r@@mmhﬁ gure 29 are

produced f@@%&ﬁfgg%@% A6 AHhd Rtidy 0B Shite 6%&@ ﬂé%eécm ada'ogl%{e 29, the

blurring and ratio technique in e normal rzes th e Sobel out put by the
amount of rdfainsERtEnOir Y eriRe e Eﬁcarrchgm%ﬁr@v a Arsbmagh degsh fof 5§80nd impge peak  of

the curyvesehi, Fhidth8pi; Qhé)ﬁﬁw}égé Qpt B €6 bitBAE RLE R Sk @Esin Ishenitsar gest
degradation as a result of thé blurring operation. An inmage which suffers

no degradghifp R &%%%d@nea?me%st&@dlmamdu&aﬂwi{ b § mmmw %341 B 2Pr OCess

can renove the dependency o Sobel operation "on the inténsity of a

parti cul arleastiirge fifpcif aarkipgsdpreleds s cppry (Rgee thti’éthbefbtpldFE%‘I‘f thefisxi¥s ons. 30

[01761 I n sasdidhRiiddBevR@sle iXPiRteS dishdASiond rﬁaﬁéxaﬁmé zﬁ@ﬁ&@bzeau@dwsstdamgd per forned
at the process 4420 f or alhgnnent and Hé)cusm epen on th curacy of

the mappi My *F1HPEpRted Froy ity group sensishing ¢f) e process
4410. foor peatadH n rdaeinfhi tRG&XIbIE subbtdigsweing af cdnh&tmgcnojek hhdfheﬁ: devi ce,

t hereby shifti.ng the nmetecing cell out of the original plane.of the

o of | ut dPEOHBUT Arel Ry e S et 3 el Sope sPRG BRRL i ons. These
addi ti onalpianfaomwﬂmglb&tseuimramdelfmd $uch mamlmmﬁﬁmhtﬁbmk\mpmmt of time
desired tq_ac sql u ne el,l npr oved
mappi g bePRenalh ftafi an a8 G IR ot JEL el e Che

i magi ng sy temsitommueemvhai ﬂretislgnrsgaos@hd e toaspegient apm:c 1$ mlwﬂilr@h Fdve

acqui sj | %Quﬁ%i%c%hf dﬁ 2 & %‘Isf%pmﬁt{gfﬁgrﬁpr?s@pa ﬁ%e%ﬁﬁén%ﬂﬁ%aﬁ%&ﬂ &:@B&gased

efficienc ove the mapping accuracy
enbodi nentde nppyplangrigpsformatien is updated using information obtalned by charactenzanon ofa

second additional fiducial marking.

(0193] Numerous benefits are achieved using the present invention over conventional
techniques. Some embodiments provide at least one way to form alignment patterns for a

20  deformable active region for a microfluidic system. Certain embodiments rely on
conventional materials, which are relatively easy to use. Some embodiments provide
alignment and/or focus based on mapping between the design space and the mesasurement
space. The fransformation between the design space and the measurement space uses, for
example, at least three fiducial markings, Certain embodiments provide accurate focusing by

25  acquiring and analyzing a plurality of images along at least one dimension. Some
embodiments of the présent invention perform alignment and focusing on a microfluidic
device including at least one flexible substrate. The alignment and focusing take into account
the deformation of the flexible substrate. Certain embodiments improve throughput in
imaging systemn. For example, the imaging system uses a computer system to automatically

30  perform alignment and focusing. In another example, mapping from the design space to the
measurement space increases the accuracy of stage positioning, and thereby, the efficiency of

high-resolution image acquisition. Depending upon the embadiment, one or more of these
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fiducial markings may be used at the process 4410 to provide a non-pl anar
transformati on 10 between the design space and the neasurenent space.
Figure 30 is a sinplified surface map of a three dinensional flexible
substrate according to an enbodi nent of the present inveniion. The warping
or deformation of the mcrofluidic device is illustrated as an increase in
z-axis height at certain x-y positions across the flexible substrate. In one
enbodi ment, the inputs for this higher order dinmensional mapping could come
fromloc atblceém iR T1IRe At GAk BEdRBM b Hagh dBakifbel BRSuhDAAR: drbddpcCi al

mar ki ngs. Pnother enbodi nment, inputs could be provided based on
neasureneﬁP%“ & on t he neterlng cell at the process 4420. Feedback from

t hese neasurenents can be u

a updat e ﬂnd refine the nﬁfg as a
function dP mitis alegpndarsioan ef’ P BRhEPLOREReaIS; dqtFried llfil‘igc,f%rmsnt of the
m crof | U| ditgstéexeipagobdd oplyepatiat vdius :hmiﬁaahmswaeaagés 114431& twwifdnm Bprove in

accuragy as_ mnor talne JThe gene a .hi gher order
di rrensmneﬂlg%ﬁ mr’i"ersg%f’&gﬁgs {gnf"gaﬂ?eio% eg"ge ﬁhmgif : a’t1 ?urﬂg‘ﬁgﬁt by
reduci ng dhmemﬂmmehmndnah¢m@hthmcmbédhﬁmr t he process 4420 for sone or al
metering cells. 101781 In one enbodi nent of the present invention, a 12
point mcrofluidic device registration process can be used that fits at

| east four fiducial markings with a non-planar surface. For exanple, a

t hree di nensi onal parabola could be used as the nmapping surface. 25 For
exanpl e, the process of determ ning the coarse and fine |ocations of each
fiducial marking can contribute information used in calculation of the
parabolic fitting paraneters. In one enbodi nent, fiducials near the edges,
the center, and other |ocations on the mcrofluidic device could be
utilized, in various orders, in the calculation of the parabolic fitting
paraneters. |In another enbodi nent, the processes 4410 and 4420 coul d be
conbined into a 30 single predictive focus-based al gorithmthat uses higher
order fitting and | ocalized corrections to inprove systemthroughput. 98
10179] As discussed above, the nethod 4400 uses the processes 4410 and 4420
for alignnment and focusing in certain enbodi nents. For exanple, at the
process 4410, the alignment and focus of the fiducial narking associated
with the netering cell are each within
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100-m accuracy. In another exanple, at the process 4420, the alignnent of
the fiducial 5 marking is within about |I-maccuracy. In yet another exanple,
at the process 4420, the focusing of the fiducial marking is w thin about
1-m accuracy. [0180] As shown in Figure 18, at the process 4430, the
metering cell is noved to the focus position and an inmage of the netering
cell is captured. For exanple, the captured i mage has a high resolution. In
one enbodi nent, the inmage is acquired by the sane canera that is used 10 to

capture themllmggggmgbqgr_ i mge at the process 4810. In another enbodi nent,

a Leica O digital canera can be used to capture a high-resolution

i mage. Eor exanpl e, t he QJ gﬁ%ﬁ)'ﬁ%té@{L&h?%ﬁ%l%c?xﬁéﬁsﬁ?om 3900 x 3030 pixels

and covers at | east one Wet?%logf‘legl on 1 _ qid and species at a
col or deépth of 16 biarigid substeetronstenialdivangid sibstratromatertal bavingd sitise tebien,

cOnt i et |8 e Bl Lsi1 AR RSs ERBARSLALBat connect the wells. 1n

yet anof her exanpl €] the neteri I's noved in the x dinension and/or
t hey di frensi on in oradieformeble fhyd dayer coupledjietkasurfpeiregionso capturing the i mage

of the getering cellone LPhSblyehheisRRHEH 4 ATRYErtion of BRNARLIM fsgd. | n one
enbodi nent, the color and intensity of the acquired inmage is significantly

af fect el byeyemh&1eOBmaT BP15 M oH MiEiosp BFIAE FanaPle of holding affuid herein| | uni nati on source

of the kmagi ng syst ek oF@6re @KBMBl rEgiodsTemel il ¥eflipBRioth QB ik @efofmabidul b. 20 As
a bulb %ge%i,u_the overall hue, of the ing e ch?nges, W th tp red conponent of
the ight TFidPERSPHYCoRMPRICEHERLyBIPR SRR EAPIEN T T RYhE® 1BF HEY 88 %rs. This
increase in red inteaskhiy rég@ynh forr@&ith thefdeformacRid ReSethe Activie@egian b

t enper bure. ddit i onal Ip_é e%lgrn W th a constant illum nation source, the
opaci t3 of RTERT FECE MG HLI#EE: whi ch can depend on hydration |evels
and varly with tinme, avep-acisubdion fondedih dredntbesablafhuidriager, the nginheiys segioho
correct,,for _these ifacts.” ny..radi vignetting introduced by the
m crosé%pe,belggfog@ﬁ%?‘aﬁﬁeé%fg% er%p%ﬁgjgéngﬁgg%ﬁ |pz°5tt'c?10n can be enpl oyed. [0182]
For imdde nor mal i zatdt teast taecduclol meskings forraggeviitdn thakemaakive kegidsendi cr of | ui di ¢
devi ce j4re 11 Sk R g A .at. a3z calibration
posi ti olﬁ . Pﬁggﬁgtr{éz@nﬁ}g} tﬂgéggatg%?#tg%pé%%oﬁe Iﬁ%@? %@%%}Og&ﬁ ?f erent fromthe
focus pésition. The acostdlilpentoupkd frobe (ki feveraifie c@trol ke ingheding@edunt changes

to the il | ygdahhene-feam as the beam passes through the

| 2, The substrate of claim 1 wherein the three fiducial markings are

2 spatially disposed around at least the one well region,

1 3. The substrate of claim 1 wherein the three fidueial markings are

2 outside of the one or more well regions.

1 4, The substrate of claim 1 wherein each of the three fiducial markings

2 are spatially disposed around a perimeter of the one well region.

1 5. The substrate of ¢laim 1 further comprising a preselected fiducial
2 marking, the preselected fiducial marking including at least an edge and a center region, the

preselected fiducial making being characterized by a predetermined shape.

1 6. The substrate of claim 1 wherein the rigid substrate material is selected

2 from glass, plastic, metal, and composite materials.
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m crofluidic device. In anther exanple, the z calibration position is the
sane as the focus position. The calibration inage is then used to correct
for the effects resulting fromthe 99 condition and operating voltage of
the illum nation source. In one enbodiment, the algorithmcalculates the
ratio of the intensity of the acquired inage of the nmetering cell to the
calibration image on a pixel by pixel basis. The mcrofluidic device

i ncludes regions that contain substantially no information, the ratio of
the intensities in these regions is set equal to 5 unity. The intensity
ratio is then nultipli edriysubstacal tlagh [ aidrcin theaigbsobiitembdealtynani ¢ range
around unit éﬁéo%ﬁg% Althoqgh the mapping fromthis calibration imge to the
actual T magEATEY*HNSE BEPF'hear due to the bending of light rays as they
pass through the microfluidic device and/or glass slab, the ina

e
normal i zati on ef fec8i velPhwb%tewéplamwh@rwéﬂnﬂrﬁ&@:émweﬂuidd@miﬁgmgﬁ@f red, 10

bl ue, and greRR.ISOERANRE SiliBdne! RByhd¥BE6ber, Adhd, LaAblrg, the inmage
normal i zation | nproves consi stency between the attenuated edge pixels and

the center pixels. E the effects of white halance and
Consi ot bncy | npr oveiont  LRCRRIgH K FEER| MROF A TIEP R B SEBRAY i ons and

parti cut arwraepdaenser and/ or aperture settings in which the non-linearity is
pronounced. 15 [01841 Moreover, the inmage is median shifted to nove the
centroifl of the image hi FhaGbAMe ofbiafhn 1 whALRIS ke Bl HakGAesAl dabf eNST LY,
to a known value. The image Is al so downgraded around that centroid to
reduce #hechagckrizgdas aipFrdetseninsigesssi@sia®xanpl e, the intensity ratio is
sanpl ed at random | ocations on the mcrofluidic device. Using these sanpled
intensity ratio valiues, Thdmbstrmegd clain ddhereingbk theee Sidudid! ridiangdmthediigd of t he
i mage to the kpown value. In e 20 embodinment, .the centroid is shifted to
o o e BRER T e B S S5nE SR AT ¢ B8 F BB aved to 8
bits. This shift may be used to either darken or brighten the imge. In one
enbodi mént, the nor &l i zAdvetigdiof Ebbedtian e bivlosinabsuliguieg ha arsthod sergersing: st or ed
n a cogputer memohyoddahk ukRiie hkeliflohe REASARELD hatckiBlifAbhgds di scussed
e

above and further enphasized here, the above description o
3 surface region, the surface region being capable of acting as a handle substrate;

coupling a deformable fluid layer to the surface region of the rigid substrate,
the deformable fluid layer comprising:
one or more well regions formed in a first portion of the deformable
fluid layer, the one or more well regions being capable of holding 2 fluid therein;

one or more channel regions formed in a second portion of the

W 90 = & Lh

deformable fluid layer, the one or more channel regions being coupled to one or more of the
10 well regions;

i1 an active region formed in the deformable fluid layer, the active region
12 including the one or more well regions;

13 a non-active region formed in the deformable fluid layer, the non-

14 active region being formed outside of the first portion and the second portion,

15 at least three fiducial markings formed within the non-active region

16 and disposed in a spatial manner associated with at least one of the well regions; and

17 coupling a control layer to the fluid layer, the control layer including one or

i8  more control regions.
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25 process 4430 includes nerely exanples, which should not unduly Iimt the
scope of the <clainms. One of ordinary skill in the art would recogni ze many
variations, alternatives, and nodifications. Al though the above has been
shown using a sel ected sequence of processes, there can be nany
alternatives, nodifications, and variations. For exanple, sone of the
processes nmay be expanded and/or conbi ned. Qther processes may be inserted
to those 30 noted above. Dependi ng upon the enbodi nent, the specific
sequences of processes maybe interchanged with others replaced. Further
det ai | stof these prddessdhe mpthod ol pldmtiAwbergin dhet three fiduqial@sekingssipeci fi cati on.
100 101861 f%llﬁiﬁ?ﬂﬁ&é&mdnﬁ 224 Bl ng\;}gplq%lg;%nt of the present invention,

i nfor mafi on' obtai ned at the process 4430 coul d be used as data inputs for
the parabolic fitting at s 4410 for another metering cell. In
this enbodinent, thehré eﬁ‘F’E’B‘ﬁgﬁg"rﬂ‘allsz lal g’cﬁf-‘di“ﬁ@ MRS AT cel |, as
det er m aedoﬁtﬁiaﬂ’bftheoﬁﬂ(ghnd’reﬁfﬂh tdgioay i mage, can provide information useful 5
in determining the parabolic fitting paranmeters. For exanple, the netering

cel |s ngar the centg@r Oﬁhéﬂgth%% :Mih%&eﬂ%}i ‘?’thst%%rfﬁ&c‘?ﬂr{am the

fiducial markings near the edges o mcro evice

measur ed eawwpéw"vﬂw@wwémkuham@m@wrw@hv@wmguﬁgam the fiduci al narklngs.
The early neasurenents of centrally |ocated netering cells nay provide for
fﬁster 1convle|rge|nce mdt hﬁeﬁﬂeﬂib%ﬂ&iﬁin%@}ﬁ%rﬁbﬁfo&@nhﬂ a PRadevt@diduaigiat i on of

t hese centra ocated c S. ipffer fromt anar nor e
than th Rl R R e R AR e

101871 As gtessiasaiattivaiaDvsking fréngihtdacieli=4dl00a pradesermitiet el | duci al narklngs in
vari ous processes. |In one enbodinent, the fiducial markings can be any

physi cal features asgoci %Q%cth\‘}ﬁwcﬁ:ﬁelz%‘&%ﬁ%ftﬂxé%ﬁ& ?ubgﬁéﬂa ﬁﬁtenﬁ% sefX@lP! €, the

fiducial markings are on the handl e substrate e mcrofluidic device.
I n anot Rer TeRcaiise-@lastinsompepie miferipr ki Agstshre on the flexible substrate of
the mcro fluidic device, The fiducial markings may include a channel wall
or an edge of the niscr oftheidihed denliime 2 whereineke dgid bibetrateraareyhbles t he

Egiu%glzs nﬁéggter}ggdgsréaangp%lw%?t ed fromones described in Figures 1-13A and

1 19, The method of claim 12 wherein the deformable fluid layer is made of

2 amaterial selected from silicone, rubber, polymer, plastic, and PDMS.

1 20.  The method of claim 12 wherein the deformable fluid layer is optically
2 t{ransparent.

I 21. The method of claim 12 wherein the three ﬁduc-zial markings are each

2 characterized as a predetermined recessed region.

1 22, The method of claim 12 wherein the three-fiducial markings including

2 rospective images that are capable of being captured with a charge coupled camera.

1 23, A method of manufacturing microfluidic chip structures, the method

2  comprising:

3 providing a mold substrate including a plurality of well patterns, each of the

4 well patterns being provided within a portion of an active region of a fluidic chip;

5 forming a plurality of fiducial marking patterns around a vicinity of each of

6  the well pattems, each of the plurality of fiducial marking patterns being within a portion of a
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10188] Additionally, the nmethod 4400 align and focus a netering cell and
acquire an image 20 of the netering cell. The alignnent and focus process
may use at | east one fiducial marking for the process 4420. The spati al

rel ati onship between the fiducial marking and the nmetering cell does not
change significantly. For exanple, the fiducial markingis in the vicinity of
the netering cell. The netering cell is nerely an exanple, which should not
unduly Iimt the scope of the clains. One of ordinary skill in the art

woul d r gcoghhzetiveasgionafa fatidioctsp, tmﬁalmhmt@bnmubﬁmmkﬁgqbamnﬁ ihtladitg @RBof | N one
enbodi ngnt,_..t he pet 44 ' jed L feature on the

m cr of FE di é‘%@nq%agg%ﬁlggg%@éss?%%%%lé’ fture eacwftlhp Ct?emc? focused, and an

i mage of9 t he physi caforthizgriiriekniess of d%emablé@ratmawﬁilethemhealrbhyfs'i!@hl feature is
a cha kgl : channel ,

or el g‘gﬁ)r [ a;ét-gls ﬁwgr eovetrhgg%ﬁf\%%rrg‘tﬂggghin %Séﬁ@%g&%ﬁf?{%romﬂ] by tl}rqse)ﬂdl magi ng
syst em 4¥010uBfraBpadnot her i nagi ng system according to the instructions of

the conmputer system &hifadhe &mm%fd&&ﬂmsﬁatcﬁmc@mangFaq;nu@ﬁ@rmL@lqs a system
for proceSS| ng one or nore mcrofluidic devices  includes oné or nore

conput e r dawand fErhse gl aptEms apg é@%‘fﬂ‘l‘&f of|figucia!megring Hﬂlﬁé%? freed fipgtheate. 101

The fl e bl @iusidbairkak @ae0Hs HERISuBtrate @a&kiatt Nree fiducial markings, a first
addi ti onal fiduci al rrarki ng, and a first chanber capable of holding a fluid

t herei n For exarrpl e \gﬂb%tﬁf f Elg% 23|fwlg=,re(#n éhg %%Sﬁbsttr a@e a?‘:rs] lf'l!eéte%r The

one or rmre corrputer-rea 'e"medra in ructrons for
provi di iy afrdnk exlast esibiedns e patpositaaetl oplestior nore instructi ons for determn ning
a 5 transformati on between a desi gn space and a neasurenent space based on

at leasty informatiops assagindiifd ofbihih 13Weneddin 18 &3dkntdd o8 Gethinthb dter 3R Ki NQS.
Addi tionally, the gne or nmore conputer-readabl e nedia include one or nore

i nst ructd orf® SiHgHn HEFRGHRRCh bk PF Y erpahmatﬁﬁ]%ﬂ?n% the flexible substrate

based on at |east infornmati on associated with the transformation between
the desilgn space and2§.he Treastirdmt chinsiiaeirciohe s of sgneedOnarksdmangtticons  f or

acqui ring aﬁdukﬁﬂ?%rkﬁnﬁ ath Céﬁﬁ?rabglg dREosEé‘Qmﬁddrc%éh o‘ﬂ%@&él RAbrnl &ﬂ:‘g&ﬁ—lsé‘éa mar ki ng

associ ated wt one or nore instr t|0n erformnga
second & i geastiree recgssedheegions epdhl of theuppsesedregiopheing sprtially dispessd al'oﬁlf“b% mat i on

associ ated pibherd b8nt Wk badefROe, and one

1 27.  The method of claim 26 wherein the coupling comprises bonding the

2 thickness of deformable material overlying the rigid substrate material.

28.  The method of claim 26 wherein the set of alignment marks comprises
2 at least three recessed regions being spatially disposed around a periphery of the well

patterns.

29. A microfluidic system, the system corprising:

a rigid substrate material, the rigid substrate material having a surface region,
the surface region being capable of acting as a handle substrate;

a deformable fluid layer coupled to thc. surface region;

one or more well regions formed in a first portion of the deformable fluid
layer, the one or more well regions being capable of holding a fluid therein;

one or more chanpel regions formed in a second portion of the deformable

o ~1 O W B W R e

fluid layer, the one or more channel regions being coupled to one or more of the well regions;
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or nore instructions for acquiring a second i nage of the first chanber
associated with the flexible substrate. 15 [0190] The one or nore
instructions for determning a transformati on between a design space and a
measur enent space include one or nore instructions for determ ning at |east
three actual |ocations corresponding to the at |east three fiducial markings
respectively. The at least three fiducial markings are associated with at

| east three design | ocations respectively. Additionally, the one or nore
instructiions for dekesicHidiepgn forintdinsficotefBmiatonfiia tdyed heQbtvebgid® nor e

i nstru qr‘l on %ﬂ%th roggssci' ng 1il réf%r mati on associated with the at | east three
actual "1 ocgt't SRYCWEC A 1°8R8Y three desi gn locations. The design space
is assbciated with &herativé egiot fctrtwé'ea thetieirgrblé Oaidtidyon sheanod-atfive regi@s ur enent
Space | ocations. The one or
nore i I}étrabu r%i%%e%%u}r%dggf%ﬁﬂfs%orh s?[l&gﬁ??ﬁ-{ ?@l mage of the first

addi ti &hal fiduci al affest Riusipt mﬁmr\gd@n@ﬁmtbm tioog-actinstregien andrdspbesd imequi ring a
first phurgbbdifnaRferaolifBOGRN Afledblific bt hS Luafilidglonal {1 ducial marking. -The
first plurality of images includes t first 1nmage, Additionally, the one
or nor & i nstruction8sicend &gl ffli*fh'ggzﬁ‘lfmle‘éﬂ%m&WF@?“WG%@’ Jdclispersd in one or

nore i pgtryl hQ%nﬁé}rassB&%@&ﬁh&Qeds(ﬁn@'bﬁ%%bv@ﬂre%%@m ated with the first
pl ural i ty o] i mges. (0191] Moreover, nor e conRut er - readabl e

medi a hcl udes one &f° P@Y%Gmipﬁé'tt?G’E@P@H%Yef’btfe%{“&'lh’d’ﬁ”f‘ﬁlé BBEYY i mage in a
Menoryis Th@olRB®F rdgfond ag@NMPuUt er nmenory. The second i mage includes 3900 by

3030 pixels. The secaqr e cQ ises a.16 bit mage. The one or nore
instruétions for pe?ﬁlﬁrﬁdﬂﬁ é"%’@gf‘i’ﬁm%ﬁs‘i" Afong! {“H‘g flexible substrate

i ncl udes one or nore instructions for translating the flexible substrate in
at |least one 102 di @@nsi B shltrge of ¢tlaiorSavteteantbesccomd fidveishmarkingris £ or
capturifg é%aﬁffrég@%d %r th éi&ertgnfe‘ﬁrsPﬁcﬁma Eadth; %rﬁl%f{%h% %&eﬁdab' e media

i ncl udes one “or rein I ONS norna Izin second 1 nage, one or
mor e i nst raekingns for white bal ancing the second i mage, and one or nore’

instructions for converting the second inmage froma first inmage depth to a
second inmage 5 dept B1. FOTheQuB&Blke @f clhife2ofviefdin thedge fidhefl hatlSnglnbiites and t he

second ﬁ naggrst 31 nnel hguc§al Efa}kxsdg and a second channel fiducial marking, the first channel

3  fiducial marking being spatially disposed from the second channel fiducial marking.

1 32.  The substrate of claim 29 wherein the third fiducial marking comprises
2 afirst control fiducial marking and a second control fiducial marking, the first control

fiducial marking being spatially disposed from the second contro! fiducial marking.

1 33. The substrate of claim 29 wherein the first fiducial marking, the second
2 fiducial marking, and the third fiducial marking, being spatially disposed from each other

along the surface region.

1 34.  The substrate of claim 29 wherein the first fiducial marking is

2 characterized by a spatial dimension of greater than 100 yim and less than 250 pm.

1 35.  The substrate of claim 29 wherein the first fiducial marking is
2 characterized by a depth of at least 10 pm within a thickness of the non-active region.

36.  The substrate of claim 29 wherein the second fiducial marking is

2 characterized by a depth of at least 10 pm within a thickness of the non-active region.
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[0192] In one enbodinent, the first additional fiducial marking is a conpany
| ogo. The at I|east three ftdueial markings include a conpany | ogo. in

anot her enbodi ment, the flexible substrate is deformable in three

di mensi ons. For exanple, the flexible substrate is deformed by actions
selected fromthe group consisting of fabrication, handling, and protocols.
The 10 protocols can result in the flexible substrate swelling or
contracting. In yet another enbodi nent, a relationship between the design
space and the neasurenent space is non- planar. The flexible substrate is
def or medi such t hat a3'p| argte sbvsaatebdelamnt 290rherein thapﬁblﬂeuctiﬁn maRippe &xi mat el y

determn act ual e first ch anot her

enbodi neht , Cr}'a’faﬁtenfefja?ﬁé"?] thﬁ??tgenasrbet"‘v"\ég%m g‘% slsﬁﬁthgﬁ%l ‘E’E BXH t he measur enent
space i s non-planar. For 15 exanple, the non-planar transformation conprises
a three dinensional p&rabbkicthofrappemipcturiTamigrefivigie emsiruchugssthometioion i s
updat ed ysi h%é‘r mat i on obtai ned by characterization of a second

addi tional fiducral marking. [01931 Nunerous benefits are achieved using the
present §nvention ovapviddwrenild sibarate ngluding ¢ pleslilyos el @atrses mehosther ovi de at

| east ong way Isa@mfneBmgﬂ%rbgla@@mm%b&ﬁsmfafn%uv% reg?& diﬁff&'idm%ﬁ» active region
for a mcro fluidic sys em Certai nmbodj ments rely on _conventi onal

mat eri ald, which arefBinget {rat gnetidugial markiog pa‘@&'h"é"‘\‘é‘ﬁ‘ﬁd’d‘i‘ﬁ’é’?ﬂ tongpbF de
al i gnmeng  awell @ttefn@%k&ﬁd)ﬁ&ﬁﬁamﬂlglﬁﬂ@h ROndEtMREST aliEneilemb@s, space and the

measur engnt space. transformgt.i tween t he desi ce.and the
measur eneént space usg"émmfgc?rt ue Ef‘g%ldgfo"‘é??cl%ﬁﬁalf’ﬁ?’e "fpl'%\r?}lf?’gfl “ihr ki ngs.
Certain @nbpmtiame&tcswﬂ&rwmcdﬁuﬁﬂ@mﬁﬁ@pémmsﬁng pbxyiu%ftaemuldrmhgrawnd anal yzi ng
a pl uraléty of images,al.on t qne I’ISI oaggéflgrrbodi ments of the

present Tnvention peffBr H?%Fad@ﬁﬁﬁ ° e %8’3 f8° %ﬁ"bé fluidic device
i ncludi hg at | east onm;:fzh@the Hidmesd b daf@tnable Taenall inguniisd plandtyfddewels Nng t ake

into ac¢pun def or mat i on of e.f.l exi.bl e str in enbodi nents
i mpr ove?f r%)ané pu m e weﬁB I%attems and atfgucxal rr'.ga 111%&att§mt%ome??;mm t%fi%hg balsys t em uses

a conputar mgaktnemtt@n Mt@gxth‘subetadwrylatsﬂalperform aI i gnment and focusing. In
anot her exanple, mapping fromthe design space to the neasurenment space

increases the accuragy, ofAﬁ{@gﬁm@@gysﬁdﬂpme@gster@agngﬁagl eby, the efficiency of
hi gh-respl ution i mage a clw sition. endi ng upon the enbodi nent, .one or
more of *hese arigid substrate matenal the rigid substrate material having a surface region,
the surface region being capable of acting as a handle substrate;
a deformabtle fluid layer coupled to the surface region;

one or more well regions formed in a first portion of the deformable fluid

3
4
5
6 layer, the one or more well regions being capable of holding a fluid therein;
7 ong or more channel regions formed in a second portion of the deformable
&  fluid layer, the one or more channel regions be coupled to one or more of the well regions;
9 an active region formed in the deformable fluid layer, the active region
10  including the one or more well regions;
11 a non-active region formed in the deformable fluid layer, the non-active region
12 being formed outside of the first portion and the second portion;
13 a control layer coupled to the fluid layer, the control layer including one or
14 more control regions; and
I5 at least three fiducial markings comprising: .
16 at least a global alignment fiducial marking within a portion of the
17 deformable layer;
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103 benefits may exist. These and other benefits have been descri bed
t hroughout the present specification. [0194} It is also understood that the
exanpl es and enbodi nents described herein are for illustrative purposes
only and that various nodifications or changes in light thereof will be 5
suggested to persons skilled in the art and are to be included within the
spirit and purview of this application and scope of the appended cl ai ns.
104 WHAT IS CLAIMED IS: | | . A biological substrate, the substrate
conpri signg: 2 a rigid suRgid AlieidTeafddgabithid 06 ddihGha81cIRs b @L ol er i al
having a surface region, 3 the surface region being capable of acting as a
handl e 1Subd¥Pate; 4 a deformable fluid | ayer coupled to the surface region;
5 one or nore well regions fornmed in a first portion of the defornmable fluid
6 | ayer20 the one or nor e awsbohd fidgiabmsrkingiwiinohgpddibrenabk et i thgeamtrbll ui d
t her ei Ny 7]%Qe or nore channel regions formed in a second portion of the
def or mabl e 8 fl ui d | ayer, the one or nore channel regions being coupled to
one or nore of the well regions; 9 an active region forned in the
deformabl e fluid | ay¥r, #heethed PyeoreserMERigd driicadhe methede or nore wel |
regionsz | cdmprish- active region formed in the deformable fluid layer, the
non-active region 12 being _faqornmed outside of the first portion and the
second portion; 13 &Y Hggﬂ?ﬂ?léé&ﬁ%’(?f'ﬁ‘ﬁnﬁgﬁW@@l‘?yd’rfﬁgﬁc‘%h“f % he
non- act 4ve regi on anddterhthigiapapedatityofactfiabdabdnsanepondssiochaiad W th at
| east one of the |. regions; and 15.a_contr l.ayer. .coupled to.the fluid
| ayor , *One Pt o s lAHARRT tretRe imi® oRe Pty U P oGl 2" The
subst rae ofithcl faktipldralishef dxsign tdesticnhregeectivetitici al markings are 2 spatially
di sposec} around at lpergc%gsiggqgfo%a?io\rlx\%gcizgtg Lhe first plurality of actual locations

8  and the first plurality of design locations;

9 determining a transformation between a design space and a measurement

10 space, the design space associated with the first plurality of design locations, the

i1l measurement space asscciated with the first plurality of actual locations;

12 performing a first alignment to the flexible substrate based on at least

13 information associated with the transformation between the design space and the

14  measurement space;

15 acquiring a fizst plurality of images of the first fiducial marking;
16 processing information associated with the first plurality of images;
17 performing a second alignment to the flexible substrate based on at Ieast

18- information associated with the first plurality of images;

19 acquiring a second image of the flexible substrate,

i 41. The method of claim 40 wherein the flexible subsirate further

2 comprises a first chamber, the first chamber being capable of holding a fluid therein.

1 41 The method of claim 41 wherein the first fiducial marking is within &

2 vicinity of the first chamber.

1 43.  The method of claim 42 wherein the second image of the flexible

2 substrate is associated with the first chamber,
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1 3. The substrate of claim1l wherein the three fiducial markings are 2
outside of the one or nore well regions. 1 4. The substrate of claiml
wherein each of the three fiducial markings 2 are spatially disposed around
a perinmeter of the one well region. 1 5. The substrate of claiml further
conprising a preselected fiducial 2 marking, the presel ected fiducial
mar ki ng i ncluding at | east an edge and a center region, the 3 preselected
fiducial making being characterized by a predeterm ned shape. 1 6. The
substrate of claiml wherein the rigid substrate naterial is selected 2
from gliass, plasti ci4. netTh methadotaaipddi and furtheesamprising pOFidingrthe irablsubst r at e
of clai,m| i rigid substrate material is 2 characterized as
transpgreﬁ?&ﬁg£gbg%%§§substrate of claiml wherein the deformable fluid
| ayer iis nade of 2 a erial selected fromsilicone, polyner, rubber,
plasti ¢, and PDVS. %' 9. ﬁg"’gﬁﬁgf‘f)ﬂ?’égo?“d@l"ﬁeﬁ?qm‘{ﬂﬁ@ﬁéfo ng (f& sgEfdnnabl e
fluid RayemageSnepiemeal |y 2 transparent. 1 10. The substrate of claiml
wherein the three fiducial markings are each 2 characterized as a
predet gr mi ned recesged Kegj : . i in the
t hree ?i duci al mar kﬁ%ﬁgs Tﬁ%g‘é’gﬁ? g\’%&él[? 4}@6%2}{{?%/%&%@&[8%?@%%%?@%%abI e of
bei ng éapt30#kpix¢li-t h a charge coupled canera. 1 12. A nethod of fabricating a
bi ol ogi cal substrate, the method conprising; 2 providing a rigid substrate
material, the rigi d7subghe afe@olBt @fiindls WiRMin e ScondSitiabasmnpriel D18, bitt he
surface regi on being capable of acting as a handl e substrate; 4 coupling a
def or mébl é°#4%ui d | ayer to the surface region of the rigid substrate, 5 the
deformabl e fluid layer conprising; 6 one or nore well regions forned in a
first portion of tH&8. defloe mathbe of claifn|47iwcheteintie meinbey ipmeomputeramesiofe| | regi ons
bei ng capable of holding a fluid therein;

1 49,  The method of claim 40 wherein the first plurality of fiducial markings

2 comprises three fiducial markings.

i 50.  The method of claim 49 wherein the first plurality of fiducial markings

2 s free from the first fiducial marking,

51, The method of claim 50 wherein the processing information associated
with the first plurality of images comprises:

determining a first plurality of focus scores associated with the first plurality
of images;

processing information associated with the first plurality of focus scores;

determining a focus position based on at least information associated with the

o T = N . T - N ¥

first plurality of focus scores,

1 52, The method of claim 51 wherein the determining a first plurality of
focus scores associated with the first plurality of images comprises:

for each of the first plurality of images,

determining a first value associated with a first characteristic of the cach of the
first plurality of images;

blurring the each of the first plurality of images;

determining a second value associated with the first characteristic of the

Lz L U L I

blurred each of the first plurality of images;
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8 one or nore channel regions formed in a second portion of the 9 deformable
fluid layer, the one or nore channel regions being coupled to one or nore of
the 10 well regions; | 1 an active region forned in the deformable fluid

| ayer, the active region 12 including the one or nore well regions; 13 a
non-active region forned in the defonnable fluid | ayer, the non- 14 active
regi on being fornmed outside of the first portion and the second portion; IS
at least three ftducial markings forned within the non-active region 16 and

di sposed in a spati ﬁlthmgwmaéégeaaatoeo@w%&hma;piemﬁufwﬁlame the vell
regions; and 17 cgéplln a control ' ayer, the control

| ayer l(hclflﬂﬁfﬁgﬂftﬁ ogys scorgeqyalta 2giptbeieen by finh aluegnd the SESO“d'IVH@e’rTet hod of

claim i wherein thﬁ’tlté‘t&&ﬂdfvhld&l@Is@hudmfaktﬂag)&d%ﬁ‘mn&i et aaérhﬁlﬂg @posed
around at | east the one well The thod of claim 12 wherein

t he thtee ff’?ﬁﬁ%‘i’%Fq“ﬁh‘Plﬁrﬁt&beh‘Y%gmf f’&”ﬁt"%'}‘%l‘g‘délf"'l{r tgREedvalifhr e wel | regi ons.
1 15. The nethod of claim 12 wherein each of the three fiducial markings 2
are spatially di spos?ed a'ﬂmumvddeﬁdﬂiimﬁtveherm tht hayuoing avfebtplurdgyofh. 1 16. The
net hod pf ﬁ! s fiﬂqﬁn &‘ﬁﬁﬂné?ﬁﬁ%gﬁa presel ected fiducial 2 marking, the
preselecte ucl a Ing 1n ng at | east an edge and a center region,
the 3 Jresel ect ed fﬂpdugﬁalﬂcmklshig"ﬁhieimﬁr@m“akwefpmnﬁy a predeterm ned
shape. 17. The me I t rial is
sel ect e% 2 fromgl gﬁg&hgﬁggt@émug%%%%&smd@ 1“‘? 6&03';}1%%&&%9&%@?&1? 18. The
met hod f iglagdsm 12 wherein the rigid substrate material is 2 characterized
as transparent. 1 19. The nethod of claim 12 wherein the deformable fluid
| ayer is made of 258 nmatiRimheBlod9eLiea] SokvAdraiihs phdf g a debdHaQiignaRal poner ,

| astic, apd PQNB. . . s
P 2 tﬂe flexible substrate comprises moving the flexible substrate to the focus position.

55.  The method of claim 40, and further comprising:
acquiring a first image of a first fiducial marking associated with the flexible
substrate;

perforning a third alignment to the flexible substrate based on at least

[V G T T NG S

information associated with the first image,

P

56.  The method of claim 55 wherein the acquiring a first image of the first
fiducial marking comprises:

acquiring a second image;

processing information associated the second image; )

determining whether the first fiducial marking is present in the second image;

if the first fiducial marking is not present in the second image, translate the
flexible substrate in at least one dimension;

wherein the second image is the first image if the first fiducial marking is

K e S N = U I - S S B o

present in the second image;

k.
<

wherein the processing information associated the second image includes:

et
—t

segmenting the second image;

—
M

performing blob analysis to the second image.

1 57. A method for processing a microfluidic device, the method

2 comprising:
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1 20. The nmethod of claim 12 wherein the deformable fluid layer is optically
2 transparent. 1 21. The nethod of claim 12 wherein the three fiducial
mar ki ngs are each 2 characterized as a predeterm ned recessed region. 1 22.
The met hod of claim 12 wherein the threefrducial markings including 2
respective imges that are capable of being captured with a charge coupl ed
canera. 1 23. A nethod of manufacturing mcrofluidic chip structures, the
met hod 2 conprising: 3 providing a nold substrate including a plurality of
wel | patterns, eac fpr@sfxdzhge ﬂe:ﬁbmehﬂswamcmﬂmg abieasngirde favtiaiaplbritinkd) b firsh pPOrtion

v ki ng. A CETRO TSR 14 1 Fey oo SR B RES QPSS or ne. oach of

the plurality of f|ddetmhaﬂmgmattdﬁsfbgnqnaﬁbﬁwamMSngugsmdﬁiﬂmrmamememn of a 107
7 non- %Ctl e %sgtl:l on atCIeas n DLT%ngc!nCﬁss%ma{%d u}ltp%cp i;r qghr%eyﬁtpf la{ I‘éCI gl marking

patterns iRcrUd ng o 6 t nar rSposed ogpatial | y
around7each of the peefbtmipat fiest ntsgnn@ntftgthmﬂnga snlh:lm:tkhmé onft Icksf or mabl e

mat eri 8l W R Aol NERhUL Bl 1% 12heililon ADRANLALDS S0k iy n the plurality

of fiduci g patterns to a portion 11 substrate;
and 12 9cowmamgnqnh@atm ckness of defor mabl e mat erl al including a plurality

of weljps 13 formedactl&gg% ﬁthgasy\@ﬁljst 191%&4&&[&?‘@'&%1%;% Hédid dn@g 1 duci al
mar ki ng patterns formed Tromt duci al mar ki ng patterns torigid

subst rldt e 2feaeialed gith the forst. Chq'ﬁ'éeffret hod of claim 23 wherein the rigid substrate

materijal is select %Sirfo%nﬁéggéc%n&&l?g%ﬁwnt@o ik KLEPR cuRt SO BRES b K leadd a pl astic.
1 25. The nmethod of claim 23 wherein the thickness of deformable materi al 2

i s silPcofnfoRalipg gifositiehwrth thedbyépagcor ot her polymeric material. 1 26. The

net hod4of cl ai m 23 aharies NsdcbRl HRke Mfthafide AR 28788 kiSd ARR NG fleRdle 2 i duci al
mar Ki n patter ns spatially disposed around each of the well patterns

conpr i ‘Ses Syistrate:

58.  The method of claim 57 wherein the determining a transformation
between a design space and a measurement space comprises:

determining at least three actual locations corresponding to the at least three
fiducial markings respectively, the at least three fiducial markings being associated with at
least three design locations respectively;

processing information associated with the at least three actual locations and

P N S U USSR

the at least three design lacations.

et

59.  The method of claim 58 wherein the design space is associated with
2 the at least three design locations and the measurement space is associated with the at least

3 three actual locations.

60.  The method of claim 57 wherein the acquiring at least a first image of
the first additional fiducial marking comprises: ,

acquiring a first plurality of images of the first additional fiducial marking, the
first plurality of images including the first image;

L L s N

processing information associated with the first plurality of images.

—

61.  The method of claim 57, and further comprising locating the flexible
2  substrate on a stage.
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3 least three recessed regions, each of the recessed regions being spatially
di sposed around a 4 periphery of the well pattern. 1 27. The net hod of
claim 26 wherein the coupling conprises bonding the 2 thickness of
deformabl e material overlying the rigid substrate material. 1 28. The net hod
of claim 26 wherein the set of alignnent marks conprises 2 at |east three
recessed regions being spatially disposed around a peri phery of the well 3
patterns. 1 29. A mcrofluidic system the systemconprising: 2 arigid
substrate material, the rigid substrate nmaterial having a surface region, 3
t he surface regi onébei nGheaapiadl of cim 8 tdiyrtbs cambdgioll worbgbd vead®; 4 a

def ormpbl ¢ f | ui r coupled to the surface region; 5 one or nore well
regioﬁg f%ﬁﬁEH“ﬁﬁgﬁ&sirst portion of the defornable fluid 6 layer, the one
or nore well regions being capable of holding a fluid therein; 7 one or nore
channel regi ons fofRed Thf BetReASSHiImHE? PIaFHD B mgnory BrEoRRBERmEeYyi d | ayer,
the one or nore channel regions being coupled to-one or nore of the well
regions; 108 9 anéacti Vies hebpdon cfaon HEdhérein tHeeewbal onapelobapfidesB2b0tayer, the
activezreﬂhgnbwﬁp i ncluding the one or nore well regions; 11 a non-active
region” forned in the deformable fluid | ayer, the non-active region 12 being
formed outside of the first portion and the second portion; 13 a first
fiduci &l narking féﬁnedTWmﬁﬁwqfﬁb‘luﬁéﬁwhmmv@SP@@ﬂanas&ﬁamav%emé@Htin a 14
spatia) ngppger associated with at |east one of the channel regions; 15 a
second fiducial marking fornmed within the non-active region and di sposed in

16 a spatial manner assgciated wth east. one, of the we]l. regions; 17 a
control |ayer coup®d t3“?%%"?‘?‘11%“E‘TS@WL?“‘PH@PE%W‘Wafeé't a“igWB?rﬁﬁi‘? ng one or
18 nore cwefletblesegaRsompids: 19 a third fiducial marking formed within the

contr O% layer. translating the flexible substrate in at least one dimension to position a -

4 chamber in preparation for capturing the sccond image.

1 67. The method of ¢laim 57 wherein a volume of the fluid is less than &

2 nanoliter.

1 68. The method of claim 57 wherein the first additional fiducial marking is

2 acompany logo.

1 69.  Themethod of claim 57 wherein the at Jeast three fiducial markings

2  comprise a company logo.

1 70. The method of claim 57 wherein the flexible su-bstrate is deformable in

2  three dimensions.

1 71.  The method of claim 70 wherein the flexible subsirate 1s deformed by

2 actions sclected from the group consisting of fabrication, handling, and protocols.

I 72.  The method of claim 71 wherein the protocols can result in the flexible

2 substrate swelling or contracting.

1 73.  The method of claim 70 wherein a relationship between the design

2 space and the measuwrement space is non-planar.

115



1 30. The substrate of claim29 wherein the second fiducial marking is a 2
conpany logo and is larger than either the first fiducial marking or the
second fiducial 3 marking, 1 31. The substrate of claim?29 wherein the first
fiducial marking conprises 2 a first channel fiducial marking and a second
channel fiducial marking, the first channel 3 fiducial marking being
spatially disposed fromthe second channel fiducial marking. 1 32. The
substrate of claim?29 wherein the third fiducial marking conprises 2 a
first control fiducial marking and a second control fiducial marking, the

first gontrol 3 fiduci alrnéBethbder e whidin (R ﬂamm m&s@@lmfdemmdhe second
control fiducjal Farkiqg, 1.33, TQ@ substratelof cl ai erein the first
fiduci &l ﬁ%f?‘l&'i‘%@? apgrdransRgIRYOn 1 CARaglsde SPTREPHEY ﬁm‘é'H‘&F ‘T“haé tEHF P Pliuci al
mar ki n@, lieimg chsasteral | y di sposed from each other 3 along the surface
region. 1 34. The substrate of claim?29 wherein the first fiducial marking
is 2 gharacterizedy:by Qﬁgﬂ than 100 pm and | ess

t han 2%0 m 1 35. $Se s3%2??2%§B%?ﬁ§%2?#?%39&%er Eﬁ%he first fiducia
marking is 2 char aere#lizrgdhbipeaudd@pich of at | east 10 mwithin a thickness
of thejnon-active nﬁgkqghn&ngﬁe&ibﬁhgﬂg§trate of claim29 wherein the second
fiducial marking is 2 characterized by a depth of at least 10 pmwthin a
thicknéss of the noRrEEtahe fegiddmase s frgmeeqieptisigiseroad énese dElPtHl m 29
wherein the third fiducial marking is 2 characterized by a depth ofat |east
10 pmwithin a t hi ciénes Shofnethhé otadaitridiwheminahe fidt i3Bge deptieisH 6 ditodnd the
nanufagtursécgg(1 % 8 tulsqhﬁschlp structures, the nethod 2 conprising: 3
provi ding a no il tat & including a pIurallty of well patterns, each of
the 4 well patterns belng provided within a portion of an actlve region of

a fluidic chip; 5 fOrm Age arthedabilaipgd whegindhairansorpating Ysereee s dsFBund a

Vi ci ni by aggaﬁugénkﬁgmn@nMQE&”pg&{@&ﬁs the fiducial marking pattern is one
of a set of alignnent marks;

1 78.  The method of claim 77 wherein the non-planar {ransformation

2 comprises a three dimensional parabolic mapping.

1 79.  The method of claim 77 wherein the non-planar transformation is
2 updated using information obtained by characterization of a second additional fiducial

3 marking.

fu—

80. A system for processing one or more microfluidic devices, the system
including one or more computer-readable media, the system also including a stage for
locating a flexible substrate, the flexible substrate comprising at least three fiducial markings,
a first additional fiducial marking, and a first chamber capable of holding a fluid therein, the
one or more computer-readable media including:

one or more instructions for providing a flexible substrate;

one or more instructions for determining a transformation between a design

space and a measurement space based on at least information associated with the at least

o O i s W b

three fiducial markings;

—
=]

one or more instnictions for performing a first alignment to the flexible

oy
—

substrate based on at least information associated with the transformation between the design

o
2

space and the measurement space;
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7 formng a thickness of defonrable material within the plurality of well 8
patterns and within the fiducial marking pattcmto fill a portion of the

nol d substrate; 9 releasing the deformable material fromthe nold
substrate; and 10 coupling the thickness of defornmable material including a
plurality of wells 11 fornmed fromthe well patterns and a fiducial marking
pattern formed fromthe frducial 12 marking pattern to a rigid substrate
material. 1 39. A mcrofluidic system the systemconprising: 2 arigid
substrate material, the rigid substrate.material havin sw face region, 3
the sutface region Bléf’l°ﬁﬂmﬁe§8%ﬂﬂ°§°“5ff°ra?5?‘1“ﬁ'bgaggcasgaﬁ%ﬁb'fl%g% Egg‘#{matte; 4 a
def or mabl eadfiltiohal fidagigmaciougpisedtidta wikkehs firsf diembsregi on; 5 one or nore wel |

regl On?S for med I.n aogécrr%orsoiggtwcg sqgr;:;[e 2953 laﬂ%ﬁ%%thgﬂé er. the one
or nore well regions being capable of "holdithg a tlu thereil n; one or nore
channelé r egborits Hesgdmadt lemst mnfermetieniaspoiaddoyithdbe fidtdmdgsor mable 8 fluid | ayer,
the ong, or nore cha 1 : : f wel |

regi ongr; 9 an acti %edrrg{gol?%hg?%trl&ngﬁ E‘%ﬁ{g& %fg?@?%ﬁee efﬁrg cll}%n;;/%{ , the

act i vel¥ egaseasiated wWikdhe/dexpide sheiradhe or nore wel | regions; 11 a non-active
region formed in the deformable fluid |layer, the non-active region 12 being
formed putside of tBe fiTiglonporhéeBodnderirbudatseaedia opelsitn 8Nyheidn theott 1 Ol

| ayer copupled to the fluid |layer, the control |ayer .includi one or 14
ot e coht rEmYEEFHTots A deres e a el e eyt e e St "Compr i si ng:
16 at |®ashemrumgedabacakomgprivent fiducial marking wthin a portion of the 17
deformapl e layer; 110 1 f LISt iES“iE. - mar ki it 0 ef or mabl e

| ayer OLP t he cont ro?me ofgmﬁ%!ygelh%h?{)‘ a sEB%%‘H £ f('é%g?“ge a%?ﬁélz’%g"% thin the

def or mehl ecoraspendiog tottheatdeasttthnoé fiducial markings respectively, the at least three fiducial

markings being associated with at least three design locations respectively;

o

7 one or more instructions for processing information associated with the at least

8 three actual locafions and the at least three design locations.

82,  The one or more computer-readable media of claim 81 wherein the

2 design space is assoociated with the at least three design locations and the measurement space

[#%]

15 associated with the at least three actual locations.

83.  The one or more computer-readable media of claim 80 wherein the one
or more instructions for acquiring at least a first image of the first additional fiducial marking
comprise:

one or more instructions for acquiring a first plurality of images of the first
additional fiducial marking, the first plurality of images including the first image;

one or more instructions for processing information associated with the first

B I = R T N

plurality of images.

Y

84.  The one or more computer-readable media of claim 80, and further

2 comprising one or more instructions for storing the second image in a memory.

H 85.  The one or more computer-readable media of claim 84 wherein the

2 memory is a computer memory.

1 86,  The one or more computer-readable media of claim 80 wherein the

2 second image comprises 3900 by 3030 pixels.

117



21 layer. 1 40. A nethod for processing a mcrofluidic device, the nethod 2
conprising-. 3 providing a flexible substrate including a first plurality of
fiducial markings; 4 determining a first plurality of actual |ocations
corresponding to the first S plurality of fiducial markings respectively,
the first plurality of fiducial markings associated 6 with a first
plurality of design |ocations respectively; 7 processing information
associated with the first plurality of actual locations 8 and the first
plurality of design locations; 9 determning a transformation between a

desi gn; space and aSVreaS'IlIlic&mEBfmoibQ:oﬁzBﬁt@ter,eadaBl@nﬁ&ﬁiogﬂlaﬁtp&@@haﬁia@lﬁ‘ei ated with
the first Iurallt qﬂ .Jocations, the 1 | neasurenent space

associ at etf Wdt‘h‘a’? %’"tpf‘s“ssts‘é Uraf$%y of actual |ocations; 12 performing a
first alignment to the flexible substrate based on at | east 13 information
associ hted wi t h t h&81 r afisf e rnmpmToettareinisblsacdasf ghim @ pacmindbadre 14

nmeasur et SRk Ructibrs AF Ptdrnig a@ccfoh& Sk gritleh' 18 ke xiBle shﬁﬁgﬁ%o En&he first
fiducial marking; 16 processi gwln ormati on associ at ed first

plural $ty of image$§re a7mYyepEy ﬁ@foatreebwhaﬂwgmwwwfﬁéfawoe%(| bl e

subst r at eqikaagsh @Podtiod £aberkS prephrafiddl IPdah@AnAGS bRl Rthowi th the first
plurality of images; 19 acquiring a second |nage of the gIeX|bIe substrate.

1 41. il'he nmet hod of cl a‘yﬁ@ﬁ%o‘%‘he&e&o“ the f agfé cdl §up E?\ e fltglrther 2
conpriSes a first Chamb&re oFREMPIGSH B RG E&PABY &8F ol di ng a
fluid 2hev@umeoﬂmﬂﬂumThbmnbmhadnﬁhmcla|n141 wher ei n the first fiducia

marking is within a 2 vicinity of the first chanber. 1 43. The method of
claim42 wherein theg s e¢melomﬁe RinphierehdaBlinRlaf 0212 BE Whakf thes associ at ed
W th the first_chanmber. 11
first additional fiducial markmg is a company logo.
91. The one or more computer-readable media of claitn 80 wherein the at

2 least three fiducial markings comprise a company logo.

1 92.  The one or more computer-readable media of claim 80 wherein the

2 flexible substrate is deformable in three dimensions,

L 93.  The one or more computer-readable media of claim 92 wherein the
2 flexible substrate is deformed by actions selected from the group congisting of fabrication,

handling, and protacols.

1 4.  The one or more computer-readable media of claim 93 wherein the

2  protocols can result in the flexible substrate swelling or contracting.

1 9s. The one or more compuier-readable mediza of claim 92 wherein a

2 relationship between the design space and the measurement space is non-planar.

96.  The one or more computer-readable media of claim 95 wherein the
2 flexible substrate is deformed such that a planar transformation is capable to approximately

determine an actual location of the first chamber,

1 97.  The one or more computer-readable media of claim 80, and further
2 comprising:

3 one or more instructions for normalizing the second image;

118



1 44. The nmethod of claim43, and further conprising providing the flexible
2 substrate on a stage. 1 45. The nethod of claim43, and further conprising
storing the second 2 inmge in a nenory. 1 46. The nethod of claim45
wherein the second i mage conprises 3900 by 2 3030 pixels. 1 47. The nethod
of claim46 wherein the second i nage conprises a 16 bit 2 inmage. 1 48. The
nmet hod of claim47 wherein the nenory is a conputer nenory. 1 49. The net hod
of claim40 wherein the first plurality of fiducial markings 2 conprises

three f4 ducial mar kédagémoﬂeé&uccﬂagfﬁ%ﬂm@&nﬂ@is&uﬁame&g%;ei n the first

plurality of fiducial markings 2 is free fromthe first fiducial marking. 1
51. Thé method of cP%ioRMSTF iRFLEATH for RenvpTing ks secqpd imass fivan 3 et iBa%oci ated 2
with the f‘jc‘gtgttopgdéas,aiih{agaagpmi_ mages conprises: 3 determining a first
plurality of focus scores associated with the first plurality 4 of inmages;
5 procgssing infor ngy i O @sSOGi Al Ethotleldhlifeid bt} oidtf 3 iecl f OCUS
scores; 6 determning a fhocus posI 0N based on at_least intornation

associ & edirstiinhgetdepth 1716 bisgnd bk swcatd impgodepfigeBibitscores. 1 52. The net hod of
claim51 wherein the determning a first plurality of 2 focus scores

associ gted W th thegdir sthephdldrahdré YonGutck-feadM T MTPEH FB8M 803 Herdin gaCh of the
first plurality o,fphmages determining a first val ue associated with a

4

first c¢hariesianmalion petgpen thedesizn fPa5¢ addhe mepsyrement spAcE ISAPIBAS | rages: 6
blurring the each of the first plurality of imges; 7 determ ning a second
val ue dssoci at ed wi t09. t Hhebne stmebamgoteerdadthileomedia ofudaim 99 wherein the

2 non-planar transformation comprises a three dimensional parabolic mapping.

1 101.  The one or more computer-readable media of claim 99 wherein the
2 non-planar transformation is updated using information obtained by characterization of a

3 second additional fiducial marking.

1 102. A method for processing a microfluidic device, the method
2 comprising:
3 providing a flexible substrate comprising one or more well regions and a
4  plurality of fiducial marks, the well regions being capable of holding a fluid therein, at least
5 three of the fiducial marks being within a vicinity of one of the well regions;
6 locating the flexible subsirate on a stage;
7 capturing an image of at least the three fiducial marks within the vicinity of
8  the one well region of the flexible substrate to generate a mapping from a design space to a
9 measurement space; A
10 aligning the flexible substrate to an image acquisition location using at least
11 the mapping from the design space and one additional fiducial mark, wherein the at least one
12 additional fiducial mark is associated with the one well region;
13 acquiring a high-resolution image of at least the one well region; and
14 storing the high-resolution image in 2 memory.
1 103. The method of claim 102 wherein a high-resolution image of at least

2 the one well region is acquired.
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8 blurred each of the first plurality of images; 112 9 if the second val ue
is equal to or larger than a predeterm ned value, 10 determ ning a focus
score equal to a ratio between the first value and the second value; 11 if
the second value is smaller than the predeterm ned val ue, determning the
12 focus score equal to a ratio between the first value and the
predeterm ned value. 1 53. The nethod of claimb52 wherein the acquiring a
first plurality of 2 inmages of the first fiducial marking conprises: 3
moving the flexible substrate to a first plurality of positions; 4 for each
of the ¥irst plural 194 ofbepeshadiofpigim wqtherqlm@ebwér@p%up%masﬁmmmsasr ality of
S images. ibobfy 3d30iked hod of claim 50 wherein the performng a second
alignnent to E the flexible substrate conprises noving the flexible

substrate to the fo siti.on. 55 _The nethod, of .aim40, and further
conpri :]i ng: 2 acqui ﬂ’%ﬁg ‘e"fni”?ﬂéqtrgi ",f‘#aﬁ%l%‘f“’q}f"% ’ﬁ’gﬁlgf‘ir%fﬂ@}%? ImaEs B Sssoci at ed
with the fd Bxbiblkege.3 substrate; 4 performng a third alignment to the

fl exi ble substrate based on at least 5 infornmation associated with the

first ifitage. 1 564¢6heryrelduQd @@tiaf A2 IRRNAE LRIBriDE cAREIM AR Ti TSt
imge of the first 2 fiducial marking conprises: 3 acquiring a second

i mge; 4 processing,infagnmati.o ssociated the. second, | e. 5 determ ning
whet her! the first ft m%“‘f‘%‘?%ogﬁéi i(%r“é eé%qﬁlgﬂ‘%ﬁ@d%eéﬁ%%fbf%ge; 6 if the
first 1 dusrghseaaediinig 4 Bwhedohpioe geape, nonndllz@gdiedondedolupige imdgecand| ate the 7

flexi ble sybstrate.dnat |e ;t. n mensi on; 8 wherein the second image is
the first I#nag"tra I ?C ’t“%e cflflr:rgsﬁull Iﬁ%m }5 marking is 9 present in the second
i mage;
g 108. The method of claim 107 wherein aligning the flexible substrate
2 fusther comprises segmenting the image, performing blob analysis, and translating the

flexible substrate in at least one dimension.

1 109. The method of claim 108 wherein translating the flexible substrate in
2 atleast one dimenston comprises translating the stage to position a metering cell in

3 preparation for capturing a high-resolution image.

1 110. The method of ctaim 102 wherein a volume of the fluid is less than a

2  nanoliter.

1 111. The method of claim 102 wherein the at least one additional fiducial

2 mark is a company logo. -

112. The method of claim 102 wherein the af least three fiducial marks are

2  alignment marks.

-1 113. The method of claim 112 wherein the alignment marks are portions of
2  the wells.
1 114. The method of claim 102 wherein the flexible substrate is deformable

2 in three dimensions.

115. The method of claim 114 wherein the flexible substrate is deformed by

2 actions selected from the group consisting of fabrication, handling, and protocols.
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10 wherein the processing informati on associ ated the second i nmage incl udes:
11 segnenting the second image; 12 perform ng bl ob analysis to the second
image. 1 57. A nmethod for processing a mcrofluidic device, the nethod 2
conprising: 113 3 providing a flexible substrate including at |east three
fiducial markings, a first 4 additional fiducial marking, and a first
chanber capable of holding a fluid therein; 5 determning a transfornmation
bet ween a desi gn space and a neasurenent 6 space based on at | east
information associated with the at | east three fiducial markings; 7

perfonmng a first1igl | aREBBIhod 6F didif 1115 @Xérbh ehePrdiodolsiah ritan atkhon at | east 8
i nformati on_associated with the transformati on between the design space and

the ¢ nmdg&lilcHRYReSyE RS orenREB#ring at |east a first image of the first
additional fiducial marking 1l associated with the first chanber; 12

per forlmi ng a second7al iTyametipd phclaite 16 Waxeib it foutbit substetdiadefdomd at | east
13 i nf,or i L&l ¢ e [ H% and-the 3N ELOE sGeseCoNd | mage
of the2 f{I?%httﬂélﬁgénig?lbgégggl:ég‘%g%ﬁé\?\ﬁeh t}{cﬁltgs‘ %Pebalne e%g ststrg g, 1 58. The
met hod of claim57 wherein the deternmning a transformation .2 between a

desi gn space and a!lSeadiif BisERe osHaipe L& shpFn deedlexDloubErah RAHg™d | east three

act ualz | egad thanieer hapRRndindghitiont th@cihelyeadict hbiBge adqdididsiCloadionar ki ngs
respectively, the at least three fiducial markings being associated with at

5 least three desi | o¢ation S Lely; .6 brocessi I tion
associslat ed with thg@at Ofl%gams? oﬁﬁgggg‘:‘c%ukvé%e%@ggrtl gﬁgggﬁgwg}”t@ Oglha f east
t hr ee 2dedingge ih @ ertriogn ¢he hlghS@solidftlve imege ixowhrroflized, aihite B8anghdrapd pontvieddesi gn

space 4 s (g3 ?‘éaﬁej:eﬁtiﬁggevﬂcﬁtﬂ

i 120.  The method of claim 119 wherein the reduced image depth is reduced

2  from a 16 bit image to an 8 bit image.

1 - 121.  The method of claim 102 wherein aligning the flexible substrate in the
2  three dimensions to an image acquisition location using at least one additional fiducial mark

3 comprises creating a higher order mapping from a design space to a measurement space.

1 122. The method of claim 121 wherein the higher order mapping comprises

2 athree dimensional parabolic mapping.

1 123, The method of claim 121 wherein the higher order mapping is updated

2  using information obtained by characterization of a second additional fiducial mark.

1 124. A method of processing a biological microflnidic device comprising:

2 providing a deformable substrate comprising one or more metering cells, the

3 metering cells being capable of containing a fluid therein;

4 locating the deformable substrate an a stage translatable in x, y, and z

3 directions;

6 translating the stage to image at least four fiducial marks associated with the

7  deformable substrate;

8 determining x, y, and z positions of the at least four fiducial marks;

9 computing a non-planar mapping between a design space and a measurement
10 space based on the %, y, and z positions of the at least four fiducial marks;
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2 the at

associated with the at least 3 three actual locations. 1 60. The net hod of

| east three design | ocations and the neasurenent space is

cl aim57 wherein the acquiring at least a first inage of 2 the first

additional fiducial marking conprises: 3 acquiring a first plurality of
I mmges of the first additional fiducial marking, the 4 first plurality of
I mges including the first imge; 5 processing information associated with
the first plurality of images. 1 61. The nethod of claim57, and further

conpr i(ﬁi ng locati ngragﬂgiqg'@g%glﬁ & m%ﬁ#gﬁlna&&l R0t SHaHfed deih ke Q. The

net ho

of claim®6l

urt g storing the secon

conpr

menor Y2 1p88r nPgpingeandod of claim 62 wherein the nenory is a conputer

menorys 1 64. The ngh

conpriges a 16 bit 12 | RoGudy %l 15 URLDR0:0% SISl Mg Sl he

performng a secon
transl at i iegstiohemklegrg talle scurding thastegeiimthatz diredion; one di mension to position a
4 chamber in preparg

DR e B b T 2 2 manoiiter. 1 66

al i gnhen S

claim57 wherein av .
The met#hod of cl ai meBWlatihgs febus matres; fid st addi tional fiducial marking is

conpan
fiducial

T e e T e e o S S S
-~ O W s e e = D

= N e W N

mar ki ngs I se a
126. A system for processing one or more microfluidic devices, the system
including one or more computer memories, the system also including a stage for locating a
flexible substrate, the flexible substrate comprising one or mare well regions and a plurality
of fiducial marks, the well regions being capable of holding a fluid therein, at least three of
the fiducial marks being within a vicinity of one of the well regions, the one or more
camputer memoeries COmprising one ¢r more computer codes, the one or more computer
codes including:

a first code directed lo capturing an image of at least the three fiducial marks
within the vicinity of the one well region of the flexible substrate to generate a mapping from
a design space to a measurement space;

a second code directed to aligning the flexible substrate to an image
acquisition location using at least the mapping from the design space and one additional
fiducial mark, wherein the at least one additional fiducial mark is associated with the one well
region; )

a third code directed to acquiring a high-resolution image of at ieast the one
well region; and

a fourth code directed to storing the high-resolution image in a memory.

127. A method for producing an image of an object within a chamber of a
microfluidic device comprising the steps of:

providing said microfluidic device, said microfluidic device having x , v, and
z dimensions and further comprising a chamber depth center point located between & top wall
and a bottom wall of said chamber along said z dimension, said chamber depth center point
being located a known z dimension distance from an optically detectable fiducial marking

cmbedded within said microfluidic device at a z depth;

122

e conprises: 3

¥ logo. 1 69T§JEI§§?T%§$&Qg‘i’%&%{?lﬁgﬁg}ﬁiéé%mﬁmk@teI”be at |least three

2 1mage in a

2

AfimGLeds M 126 WGERdAgLAE second i mage conprises 3900
by 2 3030 pixels.. 1 65. The nethod of claim64 wherein the second i nmage
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1 70. The nmethod of claim57 wherein the flexible substrate is deformable in
2 three dinensions. 1 71. The nethod of claim 70 wherein the flexible
substrate is defornmed by 2 actions selected fromthe group consisting of
fabrication, handling, and protocols. 1 72. The nethod of claim 71 wherein
the protocols can result in the flexible 2 substrate swelling or
contracting. 1 73. The nethod of claim 70 wherein a relationship between the
design 2 space and the nmeasurenent space is non-planar. 115 1 74. The

met hod of claim 73 V\{nerel n theﬂfLu &emew%{“%rat e s tgle Q ornmed 2 such that a
pl anar iransformati BRCMESALBEEHY proxi nat & EFEF e WB“%‘?F act ual

| ocatidh of 3 the fi rstandpamwlcelzapﬁsieofﬂmecnag#&uﬂﬁmfcmd:harhm@i;i and further
conpri $4 ng e second
age: 4 Gonvertiating sl sl e SREARAL LEPAR30b btk ANGRTRAAT 200

i mage depth. BxiaBy aligned wish bairdiz difﬂeeﬂlmqfﬁﬂmrrm@h@#md@‘h@ #nd heving afegd depth is
16 bitgy;and th | d of claim
57 whers n t he M TSREFaraler BAUR opRRl Pl Mol in sy Rt IR (ROIRS

measur &hent spa&,@gﬁ@dﬁﬁmamaanaﬂmewmtd fidveiahehiog: Scafd ugiahmarkinger ei n t he

non- pl gpar t r anshandiBlde@ed &R bRENarR if 88 z@bﬁﬁﬂﬁé&rﬂﬁl‘xscﬂ% aplic
mappl ng?)dl 79. The nethod of claim 77 wherein the ngn-planar transformation

at ed daiederel piregriseat F‘Hﬁta%%”él‘%%lanwﬁbﬂﬁirza@@* i zati on of a second

addl tiopal fiducial 3 madkindgh prdceSihg dbvisyinlcoiinlfiathaeeSEidNgticd @evide, NOT €
m crofluidic devjices, the system, 2 i one aqr r.e co uteg-readable

| udi ng,
nedi a, ll he Systsé]ﬂ‘luaf‘%c(?r?cﬁﬁ dlreﬂae léelrégtagééo ?o&t said optical device to cause sai

18 focal plane to rnove zlong said z axis and move said focal plane to maximally detect
19 said fiducial marking, said image processing device being further able to transrnit said
20 image of said object;

21 controfling said optical device with said image processing device to cause said

22 focal plane to move along said opticat path until said optical device maximally detects said
23 fiducial marking;

24 further controlling said optical device with said image processing device to
25 move said focal plane along said optical path said z dimension distance to cause said field
26  depth center point to be located at said chamber depth center point; and,

27 imaging szid object within said chamber while said focal plane is located said

28  chamber depth center point.

1 128. The method of claim 127 wherein said microfluidic device is made

2 wholly or parily from an elastomeric material.

128, The method of claim [28 wherein said elastomeric material is

2  polydimethlysiloxane,

1 130. The method of claim 127 wherein said microfluidic device is partly

2 made from glass material,

1 131.  The method of claim 130 wherein said chamber is formed wholly or
2 partly in said glass material.

1 132.  The method of claim 128 wherein said chamber is wholly or partly

2 within said elastomeric material.
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3 locating a flexible substrate, the flexible substrate conprising at |east
three fiducial markings, 4 a first additional fiducial marking, and a first
chanber capable of holding a fluid therein, the 5 one or nore
conput er -readabl e nedi a including: 6 one or nore instructions for providing
a flexible substrate; 7 one or nore instructions for determning a
transformati on between a design 8 space and a neasurenent space based on at
| east information associated with the at | east 9 three fiducial markings; 10
one or nore instructions for performng a first alignment to the flexible 11
substriat e based oniiat |ThasgiethodbDelnni 120 whassaeidaiept offitld id dreatértigansf or mat i on
bet ween the,design .. 12, space d surenent space; 116 13 one or nore
instrgktfﬁﬁg '8?g§%aﬂﬁp?%%"593§gg§%%§'?ﬁ?gt imge of the first 14
additional fiducial marking associated with the first chanber; 15 one or
nore ilnstructions r pJérrstetsfclainsedorhereln Sigirrbcy dedcaRBLFFSEN bl e 16
subst rat enhias edp@Rhabed @atd AR RSN ReSOCInALAE imhdepridassof | rst i mage; 17
one or_ nore Instructions for acquiring a second image of the first chanber
18 assbciQMeHsERAT Araagde MigislicBN ¥ st rate. 1 81. The one or nore
conput er -readabl e medi a of claim80 wherein the one 2 or nore instructions
for determ ning a t¥ansifhenttodofichiet lFerheairdesiiopticd dade: @ngprises3 nmeasur enent
space L0 1&%?3&&% ope.or nore instructions for determning at |east three
act ual” | ocati ons b corresponding to the at |least three fiducial markings
respectively, the at least three fiducial .6 markings being associated with
at |edst three desi¥n I'BeHtvdS! plagpbtwhpednsaidamggrprasessipg €visist ruct i ons for

processi n@mphco b ABlitdmMaRPLIA Bth sWrid delie., at | east 8 three actual
| ocations and the at |east three design locations. 1 82. The one or nore

conput.er - readabl e ﬁ’di of ¢laimg@8l erein the.2 design space is associated
G th the at Toast [ ectsmefisd Fhity MASHSIh il ERh M SRARTcL S,
2 oufput display for displaying szid image of said object.

1 138, A gystem for producing an image of an object within a chamber of a
2 microfinidic device comprising:
3 said microfluidic device, said microfluidic device havingx , y, and z
4  dimensions and further comprising a chamber depth center point located between a top wall
5  and a bottorn wall of said chamber along said z dimension, said chamber depth center point
6  being located a known z dimension distance from a optically detectable fiducial marking
7  embedded within said microfiuidic device at a z depth,
8 an imaging system for placing said microfluidic device therein comprising:
g an oplical device capable of detecting said fiducial marking and
10 © transtnitting said image of said object, said optical device defining an optical path
il axially aligned with said z dimension of said microfluidic device and having a focal
12 plane, wherein when said focal plane is moved along said optical path in line with
13 said fiducial marking, said fiducial marking is maximally detected when said focal
14 plane is substantially in-plane with said z depth as compared to when said field depth
15 center point is not substantially in-plane with said z depth,
16 an image processing device in communication with said optical device,
17 said image processing device being able to control said optical device to cause said
18 focal plane to move along said z axis and move said field depth center point to
19 maximally detect said fiducial marking, said image processing device being further
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3 is associated with the at |east three actual locations. 1 83. The one or
nore conputer-readable nedia of claim80 wherein the one 2 or nore
instructions for acquiring at least a first imge of the first additional
fiducial marking 3 conprise: 4 one or nore instructions for acquiring a
first plurality of images of the first 5 additional fiducial marking, the
first plurality of inmages including the first inage; 6 one or nore
instructions for processing infornmation associated with the first 7

plural gy of | MBASS trarkmfitais iec Ul Gai@bu ! Ba GRER REccirpaflalol feiipfl @ of claim

80, and further onpri sing re i1nstructions for storing the
second?} mage | rPPafah'éﬁﬁF‘meEMB'B withityeid gplicalgievispioeses Fpid fedal plavstamae nedi a of

clai m 84 wher eijygReid ogumfﬁam ¥ntit Sai@oRRARIISS mIVBRARIYdetebtsR8id al&aoNe or nore
conputer-readable media of claim80 wherein the 2 second inmage conprises

3900 by3 3030 pim&Kigs: 117 1 87. The one or nore conputer-readabl e media of
claim 86 wherein themel%uﬁet&ara@ldhrﬁag@r&mgumcauslﬁséiu&pﬂcm&gemefJo 88. The one

or nore_conputer-read bIe nedia o n the nor e

st T udt | oV i (68 PBRTIAE S CBRTH B AF BNt e e DB 898t ot e
conpri se: Becqieat@4id BRdngbet B estilet P, f Or transl ating the flexible substrate
in at least one 4 dinension to position a chanber in preparation for

capturipg the secondspmge. » befi%rciThe) 8RRl ARGGCAARM Rhickeafafl e media of

claim 80 wherein a une 0 ess than a nanoliter. 1 90.
The onezorWHHH@“@@#MGF@?mﬂ@ﬁ&ﬁﬁﬁé“ﬁﬁﬂﬂa of cIa|n180 wherein the 2 first
additional fiducial marking is a conpany logo. 1 91. The one or nore
conput et - r eadabl e madd.a wﬁe@émmnﬁ8@mmhsnﬂm&uhhmeﬁkmnﬁnbﬁ&&imtbree fiducia

narklng§ co qyl ﬁyﬁﬂmmggany | ogo.

1 141. The system of claim 138 wherein said microfluidic device is partly

2 made from glass material,

t 142, The system of claim 138 wherein said chamber is formed wholly or

2 partly in said glass material.

1 143, The system of claim 139 wherein said chamber is wholly or partly

2  within said clastomeric material.

1 144.  The system of claim 138 wherein said depth of field is greater than,

2 equal to, or less than the z dimension of said chamber.

1 145.  The systemn of claim 138 wherein said optical device comprises an
2 analog output charged coupled device type image detector and said image processor

3 comprises an analog to digital converter.

1 146. The system of claim 138 wherein said optical device comprises a
2 digital detection device.

L 147. The system of claim 138 wherein said image processing device

2 comprises a digital computer and a data storage device.

1 148.  The system of claim 147 wherein said digital computer comprises an
2 output display for displaying said image of said object.
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1 92. The one or nore conputer-readable nedia of claim80 wherein the 2
flexible substrate is defornmable in three dinensions, 1 93. The one or nore
conput er -readabl e nmedia of claim92 wherein the 2 flexible substrate is
defornmed by actions selected fromthe group consisting of fabrication, 3
handl i ng, and protocols. 1 94. The one or nore conputer-readabl e nedia of
claim93 wherein the 2 protocols can result in the flexible substrate
swelling or contracting. 1 95. The one or nore conputer-readabl e nedi a of
claim92 wherein a 2 relationship between the design space and the

measur gnent space i BIOnoImhphgiat of claifld 48 Whereio Rdd olitpuidisplayaompties s eadabl e
medi a cif claa' Pc1a19u§ rvmt%[fgéen the 2 flexible substrate is defornmed such that a
pl anar tranator mati on I'S capabl e to approximately 3 determ ne an actual

| ocation of the first chanber. 1 97. The one or nore conputer-readabl e nedia
of clailm 80, and f ut¥herA mothed foppiodiaing andmegreefgchapehes Withgramictaflgidee f or

nor mal i;Zi ngyithEnifsARhd $BPEs 1ts 4 one or nore instructions for white

bal anci ng the second”i mage; 5 one or nore instructions for converting the
second Ji mage from aitfaginggaig pagreflluidic desiecto pduccoa (BT YSIBJR I'ENEh. 1 98- The
one 0r_4nDrsgst&ﬁ>HP.1iﬁ§.In'cfpﬁ@&i§Qh@n e dbAnobf alddhiRofdiditaerieé:n the 2 first image
depth is 16 bits and the second. i mage depth is. 8 bl{Ls._ 1.99 .The one or nore
conput €r - r eadabl e nBEAPARESOR Faif {HaBH {HFFb Tt Piropiinates o saathoiesids § et ween

t he desi gno s@aaencawitktich el asiieiEBiicsip aledrel S digbridal imlcomparddth.a The one or
nore c rrputer.—rteadablfe rga%i a og ,ﬁl aai m 99 wherein the 2 non-planar

t r ansf dr maPPIFPE BT 8B £'°8 BRPRUAGISERSi onal parabol i ¢ mapping. 1 101. The
one or 87ore conput epositivanigbdié rheciddio flevideab s ©Dovilier sidichatuber Withirosaidol anar

;r ansf o Ml oR Hhik wiBY3E §haty Milerbi QhAREL Q0 ARLA IS HoPYetGRRMAGY T | 281 on of
10  computing a matrix transformation between said first set of coordinates of said microfluidic
Il device and said coordinate map of said ideal microfluidic device;

12 obtaining 2 time zero image of said microfluidic device chamber; wherein said
13 time zero image contains images of artifacts present in said microfluidic device;

14 obtaining a second image of said microfluidic device chamber; and,

15 subtracting the first image of said microfluidic device chamber from said

16  second image of said microfluidic chamber to produce an image of said chamber without

17  time zero artifacts,
1 151. A microfluidic system, the system comprising:
2 a substrate comprising a surface region; -
3 a deformable {ayer coupled to the surface of the substrate, the deformable
4 layer being made of at least a thickness of first material;
5 a control layer coupled to the deformable layer to formn a sandwich structure
¢  including at least the substrate, the deformabie layer and the coutrol layer, the control layer
7  being made of at least a thickness of second material;
8 at least one fiducial marking provided within either the control layer or the
9  deformable layer or the substrate, the fiducial marking being characterized by a visual pattern
10 provided in a volume surrounded wholly or partially by at least the substrate, the first
11 materal, or the second material; and
12 a fluid disposed within the open volume of the one fiducial marking, the fluid
13 being characterized by a refractive index.
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3 second additional fiducial marking. 1 102. A nethod for processing a

m crofluidic device, the method 2 conprising: 3 providing a flexible
substrate conprising one or nore well regions and a 4 plurality of fiducial
mar ks, the well regions being capable of holding a fluid therein, at |east
5 three of the fiducial marks being within a vicinity of one of the well
regions; 6 locating the flexible substrate on a stage; 7 capturing an i mge
of at least the three fiducial marks within the vicinity of 8 the one well
region of the flexible substrate to generate a nmapping froma design space
to a 9 neasurenent 13pachie sienabf @aiing] Whereihltiexefiictivs inldet isassecibed an | mage
acqui siti ontl gcation using at least 11 the mapping fromthe design space
and oné addMi%nal fi duci al mark, wherein the at | east one 12 additional
fiducial mark is associated with the one well region; 13 acquiring a

hi gh-rdsol ution i ma§®: of Thatsystem 8 fclaimd 5 whergia|the fadposmprisasag 2irpRIx8FGr i ng t he
hi gh-resolution image in a nenory. 1 103. The nethod of claim 102 wherein a
hi gh-rasol uti on i magst. of Tistsydi@astclaid IShehada thefllid c@airides dis acquired. 119 1
104. The nethod of claim 103 wherein the high-resolution i mage conprises 2
3900 by; 3030 pixel syecl . : j i

hi gh-r eIsoI ution i naég%s'cﬁﬂrr%rs' %ﬁopgélglq%%ﬁinﬁﬁéégﬁm@gEs. ihagéﬁnggﬁ%d of

cl ai m 102 aifesssdpegione nenory is a conputer menory. 1 107. The nethod of
claim 102 wherein aligning the flexible substrate 2 conprises acquiring a

| ow-resiol ution i magess. NoTHERYdLh BEcliing 5t QlverlemIRY fdfrhdbive indBHR sulbEtialB, medi an

;ﬂ rgﬁ:::?g ng:}i. Q‘%tlé’s%vp\%{ %1?1;? o %éjrg?tlgrmgtge sulrmt}n%%ig Jsﬂgﬁa t;[itl‘?go eqthgrf thg hx?élt trx]?at]éggl wher ei n
3 or the second material or the substrate,

1 157. The system of claim 151 wherein the fiducial marking is characterized

2 by edges to form the pattern.

1 158. The system of claim 157 wherein the edges comprises 90 degree

2 comers.

1 159. The system of claim 151 wherein the fluid is non-reactive.

1 160.  The system of claim 151 wherein the substrate is selected from silicon,

2 quartz, glass, or rigid plastic.
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2 further conprises segnenting the inmge, perform ng blob analysis, and
translating the 3 flexible substrate in at |east one dinension. 1 109. The
met hod of claim 108 wherein translating the flexible substrate in 2 at

| east one di nmension conprises translating the stage to position a netering
cell in 3 preparation for capturing a high-resolution image. 1 110. The

met hod of claim 102 wherein a volune of the fluid is less than a 2
nanoliter. 1 111. The method of claim 102 wherein the at |east one
additional fiducial 2 mark is a company logo. 1 112. The nethod of claim
102 wherein the at |east three fiducial marks are 2 alignnment marks. 1 113.
The nmethod of claim 112 wherein the alignnent marks are portions of 2 the
wells. 1 114. The nethod of claim 102 wherein the flexible substrate is
deformable’ 2 in three dimensions. 1 115. The method of claim 114 wherein
the flexible substrate is deformed by 2 actions selected fromthe group
consisting of fabrication, handling, and protocols. 139 1 116. The net hod of
claim 115 wherein the projocols canSwtesult in {be 2 flexible substrate

swel ling or contracting. 117. The thod of Cl ai 16 wherein the
flexible substrate is deforned 2 sugh that there is no |ineaét mappi ng

bet ween t he de |gnFgma&ec@ndeMGﬁnea&bﬂ&nﬁnﬁmspAGeuhy& 118., ~Fhe nmethod of
claim 117 mherELn#the f | exi hineludipg ffycinl waskiagsiof or npd 2 such that a pl anar

mapping is insufficient to accurately predict the inmage ach|S|t|on
| ocati on. 1 119 __The fhnd of —cl ai 102 \A,her eun nu nr_t st@{‘h ng t he

hi gh-resol uti op 2° 3ﬁﬂ$ ’%T%E“ 2 i fede i s
no?mal i zed, white Rq'ﬂg!@étbﬁmog Y spianne of }ll,gon_@u;;g ed—iimage dept h.

GO v A2~ mue |

Y 103

l— Form a mold substrate for a moldable control layer. |
\d 104

Form molded control layer overlying the mold substrate via spinning of |_—

silicone material. 3

¥ 105

Align molded channel and well layers overlying (

the molded control layer.

166

. Y st

Remove molded channel and well layers from the mold substrate for the molded channe! and well
Iayers to form 2 sandwiched structure including the channel and well Iayers and control layer.

Y 107
Align the channel and well layers to a transparent substrate surface.

108

Bond the sandwiched structures including the aligned channel and well | _—
layers to the transparent substrate.

109
Provide the sandwiched structure for use |~
in a fluidic processing system.
\ 110
Perform other steps as desired. —
L

L Stop ]
FlauRe |
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1 120. The nethod of claim 119 wherein the reduced i mage depth is reduced 2
froma 16 bit imge to an 8 bit imge. 1 121. The nethod of claim 102
wherein aligning the flexible substrate in the 2 three dinmensions to an

i mge acquisition |ocation using at |east one additional fiducial mark 3
conprises creating a higher order mapping froma design space to a

measur enent space. 1 122. The nethod of claim 121 wherein the higher order
mappi ng conprises 2 a three dinensional parabolic mapping. 1 123. The

met hod of claim 121 wherein the higher order mapping is updated 2 using

i nformati on obtained by characterization of a second additional -fiducial
mark. 1 124. A nethod of processing a biological mcrofluidic device
conprising: 2 providing a defornable substrate conprising one or nore
nmetering cells, the 3 netering cells being capable of containing a fluid
therein; 4 locating the deformable substrate on a stage translatable in x,
y, and z 5 directions; 6 translatlng t he stage to image at | east four
fiducial marks associated subs#Pbte; 8 determning x,
y, and z positions of the ia 0 all marks7 9 conputing a

non- pl anar mappi ng between a de5|gn sPace and a neaSurenent %8 space based
on t he X, y’ and—z Jp,ncj tions—of—+the | east—four—fiduci-al TR 121 11
translating the stage to anPunngeuﬁhmmmmehwwndp05|t|on calc Lt at ed using the

non- 12 p| anar nnpf)i ¢ atre—13 La}J‘L R g—an— IIUIQC*UI at—teasSt one neteri ng
cell. 1 125. The nmethod or claim124 ereln prior to capturlﬂg t he i mage of
at 2 | east oneg mEtEerimng. Tett;—SCarmm re—stage T the—~zdi rection; 3

acquiring an irfage of %RPIYaq“F‘dWﬁ‘leﬂ’h‘?ﬁfF%“°“‘ﬂ“@51ISEWP’a‘F1 ng a fPcus netric; and

i 203
Pattemn including fiducials (e.g., dots) the first layer of |~
photoresist to form channel regions.

3 204

Form channel regions including fiducials through the patterned -
film on the mold substrate material.

¥ 205

Strip first fayer of photoresist. K
\ 206

L Apply second layer of photoresist. /
A 207

Align pattern onto the second layer of photoresast basad npott |

onc or more of the channel regions.

A 208
Pattern including wells, x-marks, and company logo aligned to channels {(where | —
alignment is prowded by matching brackets) the second layer of photoresist.

5 209

Form channels, x-marks, and company logo through the patterned |
second film on the mold substrate material.

Vi 210
Strip second layer of pbotoresist to form completed mold substrate
material including channel and well structures.

!
r Stop j

Fleute 7.
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5 repeating the scanning, acquiring, and calculating steps. 1 126. A system
for processing one or nore mcrofluidic devices, the system 2 including one
or nore conputer nmenories, the systemalso including a stage for locating a
3 flexible substrate, the flexible substrate conprising one or nore well
regions and a plurality 4 of fiducial marks, the well regions being capable
of holding a fluid therein, at least three of 5 the fiducial marks being
within a vicinity of one of the well regions, the one or nore 6 conputer
menories conprising one or nore conputer codes, the one or nore conputer 7
codes including: 8 a first code directed to capturing an image of at | east
the three fiducial marks :9 within the vicinity of the one well region of
the flexible substrate to generate a mapping from 10 a design space to a
measur enent space; 11 a second code directed to aligning the flexible
substrate to an image 12 acquisition |ocation using at |east the mapping
fromthe design space and one additional 13 fiducial nmark, wherein the at

| east one additional fiducial mark is associated with the one well 14
region; 15 a third code directed to acquiring a high- Sgolutlon i mge of at

| east the one 16 well regfon; and Iga,g fourth cpde difected to storing the
hi gh-resol ution inmage in a od f producing an inage of
an object within a chamnber of a 2 megrofluidic device conpri s¢ing the steps
of : 3 providing sald'nlcrorT # é&X%ce sal mcrofTuirdicjdevice having x
, y, and 4 z di nensions and PU%H a chanber dépth center point
| ocat ed between a top wall 5 and a b tton1warr of said chanmber along said z
di mensi on, said chanber depth center point 6 being | ocated a kotown z

di mensi on di st gnce froﬂ%&?fﬁﬁ%&&@i’ﬂh&m@ﬁiﬁ%ﬁ& fgguggm al marking 7 enbedded

within said mcrofluidi ¢ device at said
m crof | uidi ¢ device within an imaging systen1conpr|5|ng.

303
Pattern the first layer of photoresist to form control fluid regions. L

304
Form control fluid regions through the patterned film L~
on the mold substrate material.
b 305

Strip first layer of photoresist to form completed mold substrate |
materizal including control fluid regions.

v
Stop j

FEHE 3
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9 an optical device capable of detecting said fiducial marking and 10
transmtting said i mage of said object, said optical device defining an
optical path 11 axially aligned with said z dinension o [said mcrofluidic
devi ce and having a focal 12 plane perpendicular to said optical path,
wherein when said focal plane is noved 13 along said optical path in Iine
with said fiducial marking, said fiducial marking is 14 nmaximally detected
when said focal plane is at said z depth in conparison to when 15 said

focal plane is not substantially in-plane with said z depth, 16 an inmge
processi ng device in communication with said optical device, 17 said inmge
processi ng device being able to control said optical device cause said 18
focal plane to nove along said z axis and nove sa| d focal /plane to maxi mally
detect 19 said fIdUCIa| narking, sai d i mage procgessing device being further
abl e to trangmt—satd LU—Inugc of id objpect; 21 )l 1ing said optical
device with e g 8 e i ce to] ¢gause %aid 42 focal plane to
nove al ong spi dg gi d opt| ¢al deJice 1xi mal |y detects
said 23 fid . contrpliling|gaid pptical device with
said i mage pf ovecsal ¢ focall pl ang aPong said opti cal
path said z Hi se saifdj|fiel ) 26 pth center point to
be |l ocated a er poi ht; and,| 27 [ragrng sai d obj ect
within said pl ane {$ | ocatled sqijd 28 chanber depth
center point ai my12f |{wher eijn saldq nycrofluidic
device is ma om an eliastongric terlal 129. The
met hod of cl | agtongri ¢ |maf e Lalol %,
pol ydi met hl yki et jod of ¢llaim 127 wh eln sald
m crof | ui di cj de from gliass mgteri 1 131. The net hod
of claim 130 f or med| whol | y [or
n &b ;
S k
( Figure 4

-~
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2 partly in said glass material. 1 1
chanber is wholly or partly 2 wthi
The met hod of claim 127 wherein said
equal to, or less than the z dinensi
claim 127 wherein said optical

devi ce conprises an

32. The nethod of claim 128 wherein said
n said elastoneric material. 123 1 133.
depth of field is greater than, 2

on of said chanmber. 1 134. The net hod of
2 anal og out put charged

coupl ed device type image detector and said i mage processor 3 conprises an

analog to digital converter. |
opti cal
claim 127 wherein said i nrage process

conputer and a data storage device.

135. The nethod of claim 127 wherein said
device conprises a 2 digital

detection device. 1 136. The net hod of
ing device 2 conprises a digital
1 137. The nmethod of claim 136 wherein

sai d digital comporer——comprTSes am 2| out put display for displ?¥ing said
i mge of said object. 1 138, A systenjfor producing an ge of an obj ect
within a charfber of a 2 mcrofluidic|device conprisi é; 3 said mcrofluidic
device, said|mcrofluidic device havihg x, v, and z di mensi ons and further
conpri si ng a {chafrbar ~depth sent gf 0oi it | oc atqQp wall 5 and a
bottom wal | 'fof sai d. ¢ghapbgr..al.ong sajd z di SIO ; s d chanber depth
center point | 6 béifig™ dcated & Knhownf z ding celAroma optically
det ect abl e filduci aF markiFig=7~efbeddef mﬁthln sd%? rofIU|d|c device at a
z depth; 8 arl imaging systemfor placfng said m device therein
conprising: |9 an @pki galzdevizce: capapl e of detect i3d fiducial marking
and 10 transrittigng.sai d.ipoage.of. sai | obj egt—s p&lcalgdeV|ce defining
an optical pgth | 1 aX|aTIy allgned Wth said zdi SI0.0f sai d
m erof | ui dic deVTcE‘&hd‘Haang'a’Fbga 12 pliane s r€i n when said focal
pl ane is novgdd along said optical path in line wt
503
— 600
Figure 5 /’J
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13 said fiducial marking, said fiducial marking is maxi mally detected when
said focal 14 plane is substantially in-plane with said z depth as conpared
to when said field depth 15 center point is not substantially in-plane with
said z depth, 16 an inmage processing device in conmunication with said
optical device, 17 said inmage processing device being able to control said
optical device to cause said 18 focal plane to nove along said z axis and
nove said field depth center point to 19 maxi mally detect said fiducial
mar ki ng, said i mage processing device being further 124 20 able to transmt
said i mage of said object, said ig%ﬂe processi ng devi ce bei ng7D& 21 operable
comuni cation with said optica ilcej tjolcause said ﬁial p%éne to nove 22
al ong said optical path until /said opt| galf device |1y detects said
fiducial 23 nmerkg 20T 71 when spijdji mage prockegsiing devi ce causes
sai d opti cals |t sai d fpcall plane along said optical path
said z dinendi f int is 26 | pgated—at- sai d chanber
dept h cent er {pRElF R 1 G pystemo6H ¢l aim 138 +etnA-—said mcrofluidic
i

—h

b

OO W

DO _(n —.

device is ma [ | y—F+rom-an el astonerte—rater+al. 1 140. The
system of cl & H elastomeric terial is 2

pol ydi net hyl = stem of cl 138 wherein said
m crof | ui dic | fes .0 made from glass—material. 1 142. The system
of claim 138 §i S {2 r is formed wholly or 2 partly in said
gl ass materi @) FEdE il :pm of claim 139 wherein said chanber is
whol |y or parft i1 | elastonerifjc material [ {I 144. The system of
cl ai m 138 widy il N [Ifield s| greater thap.} 12 equal to, or |ess
than the z dis SA—gt=ss mber .
ll-ﬂ!;:ﬂ:;;tﬂﬂll
Allgnment Figure 7
Marks
I 800
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1 145. The system of claim 138 wherein said optical

device conprises an 2

anal og out put charged coupl ed device type i nage detector and said inage

processor 3 conprises an analog to digital
cl aim 138 wherein said optical

devi ce.

2 conprises a digital
of claim 147 wherein said digital
for displaying said i nage of said object.
wherein said output display conprises a 2 graphical

A met hod f or

conprising the steps of.
i mage using am inaging 4 systen1haV|ng
_ ‘ f

sai d nicrofIU|d_

coor di nat es of

m crofluidic delyi

map of an ideal
SO0 as to posi ti
transform cal ¢
transformation
11 device and
obtaining a ti
said 13 time
m crof | ui di c d
chanber; and,

chanber from g

— s

)

L2

3 imaging sai d

device conprises a 2 digital
1 147. The system of claim 138 wherein said i mage processing device
conputer and a data storage device.
conmput er conprises an

converter. 1 146. The system of

det ecti on

1 148. The system
2 out put display
125 1 149. The system of clai m 148
user interface. 1 150.
nmber within a mcrofluidic 2 device
m crofl uidic device to produce an
an optical path in the z plane of
hsaid image a first set of

6 tg2det erm ne whet her the
eg~¢hen conpared to a 7 coordinate

dosi tioni ng said nicrofluidic device
5did 9 optical

path based on a matrix
determ ned by 10 conputing a matrix
coordi nates of said mcrofluidic

ild ideal mcrofluidic device; 12
of L9034di c device chanber; wherein
of artifacts present in said

nd i mage of said mcrofluidic device

ijmage of said mcrofluidic device

j/907

Figure 9
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16 second image of said mcrofluidic chanber to produce an image of said
chanber without 17 time zero artifacts. 1 151. A microfluidic system the
system conprising: 2 a substrate conprising a surface region; 3 a

def ormabl e | ayer coupled to the surface of the substrate, the defornable 4
| ayer being made of at |east a thickness of first material; a control |ayer
coupled to the deformabl e layer to forma sandwi ch structure 6 including
at | east the substrate, the deformable |ayer and the control |ayer, the
control layer 7 being nade of at |east a thickness of second material; 8
at least one fiducial markin ovided within either the control .layer or
the 9 def or n& v L fa
characteri zed hys

tkern 10 prOV|ded in a volume surrou

whol Iy or partiall he At .| or

t he second ] f the
one fiduci al f faetijve
index. 126 1 1L kAdex is
associ ated 2% { the filuid
conprises an gi in the fluid
conprises air, vol ume is
characteri ze { m 151
wherein the refractifve*in a

surroundi ng naiﬁwe‘  oiey : | first
material 3 oriLh&:$ ; : m of
claim 151 mhere?hatf o form

the pattern.

1601

Figure 10
1000
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1 158. The system of claim 157 wherein the edges conprises 90 degree 2
corners. 1 159. The systemof claim 151 wherein the fluid is non-reactive. 1
160. The system of claim 151 wherein the substrate is selected fromsilicon,
2 quartz, glass, or rigid plastic. 127 100 start / 101 Forma nold

substrate for a nol dabl e channel and well layer, including fiducial
mar ki ngs 102 Form nol ded channel and well |ayers, including fiducial
mar ki ngs, overlying the nold substrate via spinning of silicone material,
103 | Forma nold substrate for a noldable control |ayer. 104 Form nol ded
control |ayer overlying the nold substrate via spinning of silicone
material. - 105 Align nolded channel and well |ayers overlying the nol ded
control layer. 106 Renove nol ded channel and well layers fromthe nold
substrate for the nolded channelibnd well, |ayers to fronym a sandw ched
structure including the channel and well layers éﬁ? comtyol l|ayer. 107
Align the channel and well layers to a tranﬁgé}e__"subsxjate surface.
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108 Bond the sandw ched structured including the aligned channel and wel |l

| ayers to the transparent substrate. 109 Provide the sandw ched structure
for use in a fluidic processing system 110 Perform other steps as desired.
Stop FEiu2 i 128 200 Start 201 Provide nold substrate material. 202

Apply first layer of photoresist onto nold: ubstrate. 203 Pattern including
fiducials (e.g., dots) the first |layer of photoresist to form channel
regions. 204 C Form channel regions including fiducials through the
patterned filmon the nold substrate material. 205 Strip first |ayer of
phot oresist. 206

j200

{/2s

10
1105 0o

{229

| Ar

Fats
2

o

¢
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Apply second | ayer of photoresist. 207 Align pattern onto the second | ayer
of photoresi st based upon one or nore of the channel regions. 208 Pattern
i ncluding wells, x-marks, and conpany |ogo aligned to channels (where
alignment is provided by matching brackets) the second |ayer of photoresist.
209 Form channel s, x-marks, and conpany |ogo through the patterned second
filmon the nold substrate material. 210 Strip second | ayer of photoresist
to formconpleted nold substrate material including channel and wel |
structures. | Stop cl6 6Z 129 Start 300 301 Provide nold substrate
material. 302 Apply first layer of photoresist onto nold substrate. .303
Pattern the first layer of photoresist to formcontrol fluid regions. 304
Form control fluid regions through the patterned filmon the nold substrate

material. 305 éj @U@

Fiducial Locations on Topaz Microprocessors
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Strip first layer of photoresist to formconpleted nold substrate materi al
including control fluid regions, Stop F~ 3 130 400 0Ooaa. aooaOU
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143 4400 Map Between 4410 Measurenent Space and L Design Space 4420 Align
and Focus 4430 r Capture Image FIG 18 144 4410 N 4440 Locate Fiduci al
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6860 Determ ne Alignnment 6870 1 Determ ne Focus Scores 6880 Determ ne
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ly.. 4, t 154 Y 71 P~ 3d 155 1 WHAT IS CLAIMED IS: 1 1. A nethod for
processing an image of a mcrofluidic device, the method 2 conprising: 3
receiving a first image of a mcrofluidic device, the first inmage
corresponding 4 to a first state; 5 receiving a second i mage of the

m crofl uidic device, the second inage 6 corresponding to a second state; 7
transformng the first image into a third coordi nate space, the transform ng
8 using at least a first fiducial on the first inmage; 9 transformng the
second image into the third coordi nate space, the 10 transform ng using at
| east a second fiducial on the second inage; 11 obtaining a third i mge
based on at | east information associated with the 12 transformed first

i mage and the transfornmed second i nage;
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13 processing the third image to obtain information associated with the
first state 14 and the second state. 1 2. The nmethod of claim1, the nethod
further conprising: 2 locating the at least a first fiducial on the first
imge; 3 locating the at |east a second fiducial on the second inage. 1 3.
The method of claim 1l wherein the transformng the first inmage into a 2
third coordi nate space conprises: 3 associating the at least a first

fiducial to at least a third fiducial in the third 4 coordinate space; 5
performng a first transformation to the first inmage based on at |east 6
information associated with the at least a first fiducial and the at |east a
third fiducial. 1 4. The nethod of claim3 wherein the performng a first
transformation 2 conprises: 3 estimating the first transformati on based on
at least information associated 4 with the at least a first fiducial and
the at |least a ffysrd fiducial; 5 converting the first inage into the third
coordi nate space, tRe converting using 6 the first transformation. 156 1 5.
The net hod of clain?h\ﬁggrein the transform ng the second inage into 2 the
third coordi nate space nprises: 3 associating the at |east a second

fiducial to the at |east a third“TngﬁgTﬂgngWAﬂ}/ £8thi rd coordinate space;
5 perform ng a second trangformfti on 6"%ﬁe sécond i mge based on at | east

6 informati on associated wth the at TehRSt a second fiducial and the at

| east a third fiducial. 1]6. The ﬂBIhQE of clajm Bsmherein the performng a
second 2 transformation copprisqs:S&M§MWmﬁﬂi t he second transformation
based on at | east infornat }

6830
Parform Blob Analysis f/\/

‘l[ 6840

Determine Whether f\/
Fiducial

Marking Is Located

Destermine Need /\/

I for

Additional Image

Alignment

i N 6860
l Determine ~

\ 6870
Determine /\/

Focus Scoras

\l/ . 6880
Determine
Focus Position

Fig. 25

151



4 wwth the at |least a second fiducial and the at least a third fiducial; 5
converting the second image into the third coordi nate space, the converting
6 using the second transformation. 1 7. The nethod of claimI| wherein the
obtaining a third i mage conprises: 2 obtaining a difference between the
first image and the second image. 1 8. The nethod of claim7 wherein the
obtaining a third inmage further 2 conprises: 3 masking at |least a first
part of the first imge, the at least a first part free from 4 information
associated with the first state; 5 masking at |east a second part of the
second imge, the at |east a second part 6 free frominformation associ ated
with the second state. 1 9. The nethod of claim8 wherein the at |east a
second part corre nds 2 to the._.at t afirst part, the at least a
second part base AL o8 ol 280 j 3 with a change of a
feature fromthe|first imge to the second image. 1 104 The nmethod of claim
7 wherein the oltaining a third iA Urther 2 conprilses nmasking at | east
athird part of the third inage, least a third part free from 3
information asso¢iated with the te and the sedond state. 1 11. The
met hod of cl ai m®I0 wherein the § 2% S thiF% art i§ based on at 2 | east
information assoc¢iated with a change pf afeature fromjthe first image to
the second 3 i%mge. 157 1 12. A cgnputyer-jeadabl e nedidn1inc|uding

i nstructions fé@r [processing an i ) 2 nigﬁ | ui di c device, the
conputer-readébg nmedi um conyy fsihg (= i nsyructions for
receiving a fi¥sf image of a rf ¥ device, 4 tRe first image
corresponding tofa first statg,; : e instructi

Q e
[ OH€

thﬂs/f,erﬂrb@ei ving a
mage correspondi ng
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7 one or nore instructions for transformng the first inage into a third 8
coordi nate space, the transform ng using at least a first fiducial on the
first image; 9 one or nore instructions for transform ng the second inage
into the third 10 coordinate space, the transform ng using at |east a
second fiducial on the second inmage; 11 one or nore instructions for
obtaining a third i nage based on at least 12 information associated with the
transforned first inage and the transformed second i nage; 13 one or nore
instructions for processing the third inmage to obtain information 14
associated with the first state and the second state. 1 13. The
conput er -readabl e nedi um of claim 12, the conputer-readable 2 nedium
further conprising: 3 one or nore instructions for locating the at |east a
first fiducial on the first 4 inmge; 5 one or nore instructions for
| ocat i nG=EFeTaEFeast-a - second figuchelme: .6. second: i mage. 1 14. The
conputer”re&dable nedlun1of clah 2 mhere|n-1he one or pore 2 instructions
to .a thlrd coordlnate space conprises: 3
a;ﬁﬁg ﬁ _ﬂﬁea EE first fiducial to at
ﬁ?d 6bvr n te 15 one or nore

\v’

|nstructﬂa e first 6 i mge
based oqg 4.t a first fiducia
and the* readabl e nedi um of
C|alﬁll&” h.yﬁ*& g etf ormng a first
transf or| 42@3' I LOE| estimating the
first transtorimtron. @3soci ated with the at
| east a-fF ! 158 5 one or nore

instructions for convertlng t he flrst |nage |nto the third coordinate

F;jure. L7
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6 space, the converting using the first transformation. 1 16. The
conput er -readabl e nedi um of claim 15 wherein the one or nore 2 instructions
for transform ng the second image into the third coordi nate space conpri ses:
3 one or nore instructions for associating the at |east a second fiducial to
the at 4 least a third fiducial in the third coordi nate space; 5 one or
nore instructions for performng a second transformation to the second 6

i mge based on at |east information associated with the at | east a second
fiducial and the at 7 least a third fiducial. 1 17. The conputer-readabl e
medi um of claim 16 wherein the one or nore 2 instructions for performng a
second transformati on conprises: 3 one or nore instructions for estinmating

t he second transformati on based on at Ieast information associated with
the at Iz At £ duci al SRty G i a third. fiducial; 5 one or
nor e |nstg0@§¢0ns f-op: convert i ng’ ﬁ‘“ﬁ“eéend hnage into the third 6
coordlnafl”ﬁﬁace tﬁé convert|no‘h ng 't he second transfpormation. 1 18. The

conput er¥ é&&&blé naﬁtunrﬁm= - Sge ek &he 7O R Dre 2 instructions
for obt afdi h&%“%'ﬁt#ﬂ‘“"ﬁﬁ@é@ é‘%.:«'-n’@"s. T&‘@{‘" Y ‘8 9@% ructions for
obtalnlng gl f ecaped i i ;-“?*f ol #2i%k second i mage. 1
19. Thegdaﬁﬂ e one or nore 2
|nstructiﬂu

pwPs: 3 one or nore

i nstruct, Ry St i mage, the 4 at
h&

| east a* hg g the first state; 5
sl vl R

one or K8 Wwprt of the second 6

i mge, C ' %9.5500|ated with the

second state. 1 20. The conputer-readable nedlun1of cIa|n119 wherein the at
| east a 2 second part corresponds to the at least a first part, the at | east
a second part based on at least 3 information associated with a change of a
feature fromthe first image to the second i mge.

F;jure N
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1 21. The conputer-readabl e nedi um of claim 18 wherein the one or nore 2
instructions for obtaining a third image further conprises one or nore
instructions for 159 3 masking at least a third part of the third i mge, the
at least a third part free frominformation 4 associated with the first
state and the second state. 1 22. The conputer-readabl e nedi um of claim 21
wherein the at least a third 2 part is based on at |east information
associated with a change of a feature fromthe first image 3 to the second
image. 1 23. The nmethod of claim1l wherein the first state is different from
the 2 second state. 1 24. The nethod of claim|l wherein the first state is
the sane as the second 2 state. 1 25. The nethod of claim1l wherein the
first state is associated with 2 absence of crystallization. 1 26. The

met hod of claim25 wherein the second state is associated with 2 presence
of crystallization. 1 27. The nmethod of claim25 wherein the second state is
associated with 2 absence of crystalliza¥ion. 1 28. The conputer-readabl e
medi um of claim 12 wherein the first stAte’lLs 2 different fromthe second

state. 1 29. The conputer-readabl e nedi uhro | aim 12 wherein the first
state is 2 the sane as the second</;;'e./ B0~ The conpyter-readabl e nmedi um
of claim12 wherein the first statg S SO Tated wy absence of

dafl e pedi ym of cl ai m 30 wherein the
sy/allization. 1 32. The
écond state is

crystallization. 1 31. The conp
second state i s 2 associ ated
conputer-r eada'gl medi um of B

i
@y a
v
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2 associated with absence of crystallization. 1 33. A nethod for processing
an image of a mcrofluidic device, the nmethod 2 conprising: 160 3 receivVving
a first image of a mcrofluidic device, the first image including a 4 first
fiducial marking and a first chanber region, the first chanber region being
associated 5 with a first chanber boundary; 6 transformng the first inage
into a first coordi nate space based on at least 7 information associated
with the first fiducial marking; 8 renoving at least a first part of the
first changeratosungamedgomthe first 9 inmage; 10 processing information
associated wth the first chanber region; 11 determ ning whether a first
crystal_is present |[n thg fjr chamber region. 1.34, .The nethod of .claim33
wherei n' t he det er ni L‘i ng m{hﬂiiorgrchlgg a?:"‘%@? 3famjfrcilh§ndr5? g%vécﬁttﬂ\eﬁle@ﬂ% first
chanber2 r egngfisiagnpri ses: 3 generating a first plurality of features based
on at |east informatiaon as;&?iat ed 4.vvi¢?gﬁt$1e.fi sﬁﬁﬁc.hanber regi.on; S
processi ng i nf or mat 167148 & SE 4pagq of wicrofii "‘F’ECFJE‘T Liragy coprespouding r es: 6
det er m pi ng aFrggeend plurality of features based on at |east information 7
associated with the first plurality of features; 8 processjng information

associ al ed with the*SEEBAA ssrRs wpagt of the miczofluidicdevics, thetssond IBPEY whet her t he

first cgystilesgoidiRg RREonAstaPSENt i N the first chamber 10 region. 1 35.
The met hod of ‘claim 34 wherein the determ ning whether the first 2 crystal

is presént or absentransfprnig the firstimageiptoe ihirdcgprinatssrpne; the Fansfora@ger ni ni ng a
First |keldDootade D@t fbcidlioh He f&gtyﬁggél is present in the chanber 4 region
based on at [‘east information associated with the second plurality of
feature$: transforming the second image into the third coordinate space, the

10  transforming using at least a second fiducial on the second image;

11 obtaining a third image based on at least information associated with the

12 transformed first image and the transformed second image;

13 processing the third image to obtain information associated with the first state

14  and the second state.

1 2. The method of claim 1, the method further comprising:
2 locating the at least a first fiducial on the first image;

locating the at least a second fiducial on the second image.

1 3. The method of claim 1 wherein the transforming the first image into a
2 third coordinate space comprises:

3 associating the at least a first fiducial to at least a third fiducial in the third

4  coordinate space;

5 performing a first transformation to the first image based on at least

6  information associated with the at least a first fiducial and the at least a third fiducial.

1 4. The method of claim 3 wherein the performing a first transformation
2 comprises:

3 estimating the first transformation based on at least information associated

4  with the at least a first fiducial and the at least a third fiducial;

5 converting the first image into the third coordinate space, the converting using
6  the first transformation.
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5 processing informati on associated with the first |ikelihood and a
threshold; 7 determning that the first crystal is present if the f
| i kel i hood exceeds a first 8 threshold and the first crystal is absent if
| i kel i hood does not exceed the first 9 threshold. 1 36. The net hod

the first
of claim

34 wherein the first plurality of features 2 conprises at

nei ghborhood |ine detector feature, the neighborhood |Iine detector
feature being associated with detecting at |east a straight line pattern.
161 1 37. The nethod of claim 34 wherein the second plurality of features
conprises a first FbsherTHeemthodef cliim38whettie thvriahdoindig thb adcondimagbtei n t he

first Fjsher
i mge a

bei ng szl

phase/precipitat&ystateh 4 and a clear state. 1 39. The nethod of claim 33
&g seeffanber boundary conprises a first section and a second

wher ei rft 2t geor

sections
section;

fromtr@

ect ed fr omig@odidtidg fheGORedt & bécoRld Aducl ©tbeSd Mastaithit®HdwRial in the

first
i rst

| east a
3

ature is associated 2 with a first imge state and a second

f
t ?thérgfﬂorglpa@ﬁ@cffmmf’%ge state and the second 3 immge state

the 3 fir pdfor@niliaQbcoR@iritBfotmRfnadtht adcbid Rdkabased onktlibust he second

4 the renoving at | east a first Eart of the first chanber boundary

Ueiahindgheat fgapte thisd fidugialt y of

f infogmation assogigled Biif e 2§ least 2 gecgad f

intensities associated with a first 7 plurality of pixels along a first
directipn, the firsg di rgeinhdibdoitenseehirtd thHeitolrigs 4 4dkc6dd 8 section and

t he second section;

9 processing information associated with the first

plurality BMSORREIRBCOTRES: 10 deternining a first location associated with
the first section apginftiddthe $&eRHrdn9RaAhdtioR bASEHEAN8niMhationhssosiBcend

section based on at least information 12 related to the first plurality of

intensi4i
5

6

L= Y . T o

—

ewith the at least a second fiducial and the at least a third fiducial;
converting the second image into the third coordinate space, the converting

using the second transformation.

7. The method of claim 1 wherein the obtaining a third image comprises:

obtaining a difference between the first image and the second image.

8. The method of claim 7 wherein the obtaining a third image further
comprises:

masking at least a first part of the first image, the at least a first part free from
information associated with the first state;

masking at least a second part of the second image, the at least a second part

free from information associated with the second state.

9. The method of claim 8 wherein the at least a second part corresponds
to the at least a first part, the at least a second part based on at least information associated
with a change of a feature from the first image to the second image.

10.  The method of claim 7 wherein the obtaining a third image further
comprises masking at least a third part of the third image, the at least a third part free from

information assoctated with the first state and the second state.

11.  The method of claim 10 wherein the at least a third part is based on at
least information associated with a change of a feature from the first image to the second

image.
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1 40. The nmethod of claim 39 wherein the determning a first |ocation 2
associated with the first section and a second |ocation associated with the
second section 3 conprises: 4 determining a third | ocation associated with
the first section based on at least 5 information related to the first
plurality of intensities; 6 determning a fourth | ocation associated with
the second section based on at 7 least information related to the third

| ocation and a predeterm ned di stance between the first 8 section and the
second section; 9 processing at |east information associated with the third
| ocation, the fourti2 10Atooatiraendatdamediine ifcludiiy ipdtuetidns for pedeessiigansi ti es;
11 deteymnin he fi r].tatadocatﬂon and tgf %ec%]d | ocati on based on at | east
12 i nf of mefPEReladuigrofinidic AeTiCr(hq SOmPpIEF-1epdabls MEH{GHCOMIRISINE r t h | ocati on, and
the first pluralityomfor nbge nsthetisistfiresceivify fikstdhageldfa nietolgidicafevies, ai m 40
wherein the determnin tBe firﬁ% | ocation and 2 the second | ocation based
on at |daste Lﬁfla%aﬁ%ﬁqr@gp & 4EFRIFth the third location, the fourth 3
location, and the fjdeSdr nithdHnsthictivns@or rbdaivaipS seboRe iR AUFIRT ReSSicrofluidRt er nining a
first penalty function associated with the third | ocation; 5 determning a
second pendvich the 356900 FHASFCOFEIPARURE RirtserophEourt h | ocation; 6 processing

i nformed i on associ @ WidibinbtARtibrs S raREPRiAYhE UREnh@R e thke 7 Second
penalty functjion; 8 determining a third penalty function, the third penalty

functi oh beorknategpeesstbe ransdumigeiing pesst ¢ Sust fidiial enythe firftmage and the second
penal tyg function: 10 e mbiiibiiroH Hal bl fHe Scbit Bthevirkdint il N 1

penalty function; 11 determning the first location and the second | ocation
based &% atootdnatetspacethe friusiormingoeing gkleast asceehddidupial duche svicond ipegesl t y

functiop. 1 42. The nethode ofmeligls b £hla G 46k bALNLRY the first

| ocati on and
12 information associated with the transformed first image and the transformed second image;

13 one or more instructions for processing the third image to obtain information

14  associated with the first state and the second state.

13,  The computer-readable medium of claim 12, the computer-readable
medium further comprising:

one or more instructions for }o'cating the at least a first fiducial on the first
image;

one or more instructions for locating the at least a second fiducial on the

[ R O L O S L =

second image.

14, The computer-readable medium of claim 12 wherein the one or more
instructions for transforming the first image into a third coordinate space comprises:

one or more instructions for associating the at least a first fiducial to at least a
third fiducial in the third coordinate space;

one or more instructions for performing a first transformation to the first
image based on at least information associated with the at least a first fiducial and the at least
a third fiducial.

~l n Lbh B W b e

15, The computer-readable medium of claim 14 wherein the one or more
instructions for performing a first transformation comprises:

one or more instructions for estimating the first transformation based on at

B W RN =

least information associated with the at least a first fiducial and the at least a third fiducial;
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2 the second | ocation based on at |east information associated with the
third penalty function 3 conprises minimzing the third penalty function. 1
43. A nethod for processing a plurality of imges of a mcrofluidic device,
2 the nmethod conprising: 3 receiving at least a first imge and a second

i mge of a mcrofluidic device, 4 the first inmage and the second i mage being
associated with a first focal position and a second 5 focal position
respectively, each of the first inage and the second i mage including a first
6 chanber region; 7omRloPrBRShitbctidth BrtBiveiy BRIRA IR Intdhld hid\Gotdifipd | MROE
and the second inmage;, 8 generating a third i mage based on at | east

i nf or meft | FHAcEsBYeIuNEERS yinathe fist rgnsHEmationi rpge and t he second i mage; 10
processing information associated with the third imge; 11 determ ning

whet hery a first crygdal ThscRhps@ttadable ble@uhiof Slkint PWREEn RGO Br Rased 12 on
at least information associated with the third image. 1 44. The net hod of

cl ai m 43 WRBPeigys foy trppslorpyng the ‘Feﬁﬁﬁj’éméﬂﬁfﬁ'ioi%eégmécqoﬂg%ﬁte fPRERFOMRISSYar ki ng; 3
the firgst chanber rg@ioPmoteSindtMe@sis RrQskovhiidy tBe diidasila setaRRNciNoYRdar Y, 163 4
the determning whether a first crystal is present in the first chanber

regi on 4 5 leashipthird Sduciad int the fimdspordingtespaseit hi rd i mage into a first coordinate
space sed on at I -' d ' ASSRG ] i lwduci al

mar Ki ngf 8 renovi nggngtoc??@gasl?ﬁ%u c|;Hr§réfd'tn%[%)]rafrt Cﬁ%ﬁ@ﬁﬁﬂg%&ﬁgﬂ%ﬂ%gé %%Hdary from
the 9 G hiimdgd baaggeon al Bagd infomsdipmessoaiftest with tho lestsoetanddiducipliand theat i r st

chanber. regi on:. . term ning whether a first crystal is present or absent
in the 71;i ‘ralgéfswtfﬂ‘dc};#éc?}%er regi on.

17.  The computer-readable medium of claim 16 wherein the one or more
instructions for performing a second transformation comprises:

one or more instructions for estimating the second transformation based on at
least information associated with the at least a second fiducial and the at least a third fiducial;

one or more instructions for converting the second image into the third

o L B e =

coordinate space, the converting using the second transformation.

18.  The computer-readable medium of claim 12 wherein the one or more
instructions for obtaining a third image comprises:

one or more instructions for obtaining a difference between the first image and

BoW OB

the second image.

19.  The computer-readable medium of claim 18 wherein the one or more
instructions for obtaining a third image further comprises:

one or more instructions for masking at least a first part of the first image, the
at least a first part free from information associated with the first state;

one or more instructions for masking at least a second part of the second

h Lh & W N =

image, the at least a second pari free from information associated with the second state.

[a—y

20.  The computer-readable medium of claim 19 wherein the at least a
2 second part corresponds to the at least a first part, the at least a second part based on at least

3  information associated with a change of a feature from the first image to the second image.

1 21.  The computer-readable medium of claim 18 wheretn the one or more

2 instructions for obtaining a third image further comprises one or more instructions for
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1 45. The nmethod of claim44 wherein the determ ning whether a first crystal
2 is present or absent in the chanber region conprises: 3 generating a first
P!ur?IiLyngf features gased on at Iea?t inIprnation QSfogiapfﬁ tﬁ m@ph Ehe

i rst chanber region; processing i nformati on associ ated wi e firs
plurality of features; 6 determning a second plurality of features based on
at least information 7 associated with the first plurality of features; 8
processing information associated with the second plurality of features; 9
det er mi3ni RgaskRg biedst 4 hed phrk 5t th&hitd trAdge] the RN@GQNhirdparORGESm inforod | I St
chanmber 10 reg%on ba%%d on at Ieast% nf ormati on ﬁgsociated with the second
pl ur al i% y estocitEed Fith gt sipfe ang e sgenA8@of ¢l ai m 43 wherein the generating a
third image 2 conprises: 3 determining a first plurality of sharpness
val ues jand a first 79 ur aibebym@iter-réadakle Medied DI VRPSwhGEO Godlk Rdst withiRl t he
second I QAT 9P * o8 SBT RS e S eEh SR PR S DU GRS nag
second pl I G mage; 7
processj ngy kdfsedorminh4e. associated with the first plurality of sharpness
values, 8 the first plurality of colorness values, the second plurality of
shar pness val ues, the second 9 raljty af .c mess v.alues. 10 determ nin
a fi Irost1 plurality of”int &ﬁﬁ%gkéé%fcwl\é?%%%ﬁ#ﬁés %?#F’?eat FBE 11 based gn
at | east igatopdrmtel on associated with the first plurality of sharpness
values, the first 12 plurality of col orness values, the second plurality of
shar pness val ues, t second .pl.ural.t f . 13 | opess val ues, 164 .1 47. The
net hod %f clai m 46 aﬁergﬁ’ﬁqeﬂg’df’faﬂn %Wﬁ?ﬂ?ﬁ?ﬁ%ﬁmgﬁ? é‘ﬁﬁnﬁ ﬂézl"’z“&"&ﬁpri ses a
pluralily #ftered intensities, a plurality of green intensities, and a
plurality of blue 3 intensities.

1 25, The method of claim 1 wherein the first state is associated with

2 absence of crystallization.

1 26. The method of claim 25 wherein the second state is associated with

2 presence of crystallization.

1 27. The method of claim 25 wherein the second state is associated with

2 absence of crystallization.

1 28.  The computer-readable medium of claim 12 wherein the first state is

2 different from the second state,

1 29.  The computer-readable medium of claim 12 wherein the first state is

2  the same as the second state,

1 30.  The computer-readable medium of claim 12 wherein the first state is

2 associated with absence of crystallization.

1 31.  The computer-readable medium of claim 30 wherein the second state is

2 associated with presence of crystallization.

1 32.  The computer-readable medium of claim 30 wherein the second state is

2 associated with absence of crystallization.

1 33. A method for processing an image of a microfluidic device, the method

2 comprising:
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1 48. A nmethod for adjusting a classifier and processing an inmage of a 2
m crofl uidic device, the nmethod conprising: 3 receiving a first inmage of a
m crofluidic device, the first image being 4 associated with at |east a
first predeterm ned characteristic; 5 generating a first plurality of
features based on at least information associated 6 with the first image; 7
selecting a second plurality of features fromthe first plurality of
features based 8 on at |least information associated with the first

plhur alizy of f eat1 grzg&iﬁﬁlgie} fheinale biﬁi&ﬁigroﬂluiﬁﬂcrdl%ﬁc@ tlﬂifﬁﬁi&ﬁ;f egermaaagng y
characteristic; . etermning a third plurality of features based on at

| east i‘hf dEshdidrgip meplgng Tt R Fegionnibe g@&ﬂﬁébfflrﬁg@? 08 Fpocfaled yres; 12
processy NowitHy Mt vakhbR bagRiast ated with the third plurality of features; 13
determining at least a first |jkelihood based ﬁ'@?ﬁpﬁ' east_infornati on based

on 14 &he third pliAesiorpipe g fre dpage duo a fiEst cpof pefiagtd anat Bestnar amet er s;

15 pr oCes Sihfdgndtidh AésBBAtbOWitR BTt KliRshl WMatiingt he first likelihood and the at
|l east a 16 first predeterm ned _characteristic; 17 adjusting the first

plural iy of paranetereyingaiest piirsppartiof hsdirst ghagthepbudary figm4Beliet ated with
the first jfikelihood and the at least a first predeterm ned characteristic.
1 49. The nmethod of claim48, and further conprising: 2 receiving a second

i mge 8 a microf | ubrdeessigipformation agopiaied with retfing charehentegbural ity of

feat ur based on | Sashe o i 4 | 1 .second i mage;
5 pr ocggsi ng i nfor ?r%ettl on fs\glg%%fgggkaﬁtﬂﬁ;ﬁ?@g%gﬁgg%%raelip%%’f feat ures;

6 determining the third plurality of features based on at |east information
7 assochated with t¥e scdsmethodof elpim 33 wersinthe detarminigs pheberadirstgristat or mat i on
associ aj edis Wekdt ik fil¥ chimbdrégdd dodhpRfes§ €atures and the 9 first plurality

of adjusted paraneters; )
3 generating a first plurality of features based on at least information associated

4  with the first chamber region;

5 processing information associated with the first plurality of features;

6 determining a second plurality of features based on at least information

7  associated with the first plurality of features;

8 processing information associated with the second plurality of features;

9 determining whether the first crystal is present or absent in the first chamber
10 region.

1 35.  The method of claim 34 wherein the determining whether the first

2 crystal is present or absent in the first chamber region comprises:

3 determining a first likelihood that the first crystal is present in the chamber

4  region based on at least information associated with the second plurality of features;

5 processing mformation associated with the first likelihood and a first

6  threshold;

7 determining that the first crystal is present if the first likelihood exceeds a first

8  threshold and the first crystal is absent if the first likelihood does not exceed the first

9  threshold.

—

36.  The method of claim 34 wherein the first plurality of features
2 comprises at least a neighborhood line detector feature, the neighborhood line detector
3  feature being associated with detecting at least a straight line pattern.
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165 10 determ ning whether a first crystal is present or absent in the
second image 11 based on at |east information associated with the third
plurality of features and the first 12 plurality of adjusted paraneters. 1
50. The nethod of claim49 wherein the determ ning whether the first 2
crystal is present or absent in the second image conprises: 3 determning a
second |ikelihood that the first crystal is present in the second 4 inage
based on at |east information associated with the third plurality of
features; 5 processing information associated with the second |ikelihood and
a firstt 6 threshold; 7 THetethnd of cigmtddathetelicthé sacoid plurytyal faatirgdr esent i f t he
second | i kel i hood_.e £ ed 8 first threshold and the first crystal is
absent 4 f %%@n§§3gﬁ% g??%?ﬁﬁ%od does not exceed the first 9 threshold. 1
51. The nethod of claim48 wherein the first plurality of features 2

conpri des at |east ¥. neilphhethhdoficlhimtd vieteercthe first Bislien feajurt hessoaatgdhbor hood

line detect.qr ~.3.feature hein ssoci ated w et ecti at , l,east strai ght
i ne pat ¢ orih e sk T8 S s sebo i lc e B e e B o Rbnd' T o
features Rageougos bedpselactbd froih afgraupedndistiag off ecrystal Siate, dptasdapretipithtodtate,| ai m 48
wherein the fi%t It:isher feature is associated 2 with a first inage state
and a secdid?rHEG¥ %St ate, each of the first i mage state and the second 3

i mge state being selected froma group consisting of a crystal state, a
phase/ preci pi t at e si%t e The method ofclaineBrwistedri:e. 1 54. A conput er-readabl e

di j ncl udi [ ' f S| 2 1 f ' f1uidi
dovi co.2 the comput A1 FBEHEBPE B IBARP oAt BYEFBroiaPahriet ot ons

for recei VirftGedioh béifg subsag il paralléliwith el sudopld eecdayii ce, 4 the first imge
includipng a first fjducial Ki n nd a. first, chanber regjon he first
chanber‘{] 5 region b ?W&loé{%gﬁc?ﬁ égl%"’(rh"aféhef Ftﬁa%lliﬁnﬁﬁ‘g’rda‘%’gg[?ﬁﬂt}f’;m?

5  image comprises:

6 determining a first plurality of intensities associated with a first
7 plurality of pixels along a first direction, the first direction intersecting both the first
8 section and the second section;
9 processing information associated with the first plurality of intensities;
10 determining a first location associated with the first section and a
11 second location associated with the second section based on at least information
12 related to the first plurality of intensities.
1 40.  The method of claim 39 wherein the determining a first location
2  associated with the first section and a second location associated with the second section
3 comprises:
4 determining a third location associated with the first section based on at least
5  information related to the first plurality of intensities;
6 determining a fourth [ocation associated with the second section based on at
7 least information related to the third location and a predetermined distance between the first
&  section and the second section;
9 processing at least information associated with the third location, the fourth
10 location, and the first plurality of intensities;
11 determining the first location and the second location based on at least
12 information associated with the third location, the fourth location, and the first plurality of
13  intensities.
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6 one or nore instructions for transformng the first inmage into a first
coordinate 7 space based on at l|least information associated with the first
fiducial marking; 8 one or nore instructions for renoving at |east a first
part of the first chanmber 9 boundary fromthe first imge; 166 10 one or
nore instructions for processing information associated wwth the first 11
chanber region; 12 one or nore instructions for determning whether a first
crystal is present in 13 the first chanber region. 1 55. The
conput er -r eadabl e medi um of claim54 wherein the one or nore 2 instructions
f or detler m ni ng whetlher Taefucthod ofelgimt4diwheringhe deermining thi dirst iacationahdinber

regi on ' ot ' . ' . K al . | St

ol ar al 14 y B Rt A% Al TG GREL SRR BLOPRIGHAB O | ¢ e
first chartbation, eyl ba firseplorsityof intensitics eostprisest i ons f or processi ng i nformati on

associated with th 'gﬁ& 7=hl i . e res. . _nore
instru%ions for de?eérr'm nl%agﬁrglpg%@gr%&ég I{Jarsfg(fc{%ttteé oﬁﬂpggﬁgﬁoecgﬁ%nased 9 on at
| east informati on adsomirigoserdnt ipetaitg fifnctiat aspiciated lwithythofouftebtatioas; 10 one or
nore instructions for processi i nf ormat i ociated with . the second 1I1
pl ur al inqu of featur%fg‘fegs.ﬁﬁg]aﬁoém%}gmﬁﬁﬁpgaﬁ &‘ﬁﬁ%ﬁf‘%ﬁ%ﬂaﬂﬁ“&}@%"eﬁ%% ng whet her
the first setonspealalty fmptiesent or 13 absent in the first chanber region. 1
56. The conputer-readable nmedi ym o | ai m 55 wherein_the one or nore 2
instructions for de&g‘m‘i‘?’ﬂ‘i‘ B‘?"ﬁ&q‘ﬁ‘f‘ﬂﬁmftﬁ?@fr EF%F@WQF“"P%“%ent or absent
i n the ¢ i rstocitaidithe BT RIS TNCHOP frldIBSsecchd P8I Turl¥R6E | NSt ructions for
determining a first likelihgod that the first crystal 5 is present in the
first thanber regi on"Beé%“é%lmg’ﬁmétf°niaé§9§’tateﬂWF WF%??“%}%%E‘?%P’M with the

secondi determining the first location and the second location based on at least
12 information associated with the third penalty function.

1 42.  The method of claim 4] wherein the determining the first location and
2  the second location based on at least information associated with the third penalty function

3 comprises minimizing the third penalty function.

43. A method for processing a plurality of images of a microfluidic device,

1
2 the method comprising:
3 receiving at least a first image and a second image of a2 microfluidic device,
4 the first image and the second image being associated with a first focal position and a second
5  focal position respectively, each of the first image and the second image including a first
6 chamber region;
7 processing information associated with the first image and the second image;
8 generating a third image based on at least information associated with the first
9  image and the second image;
10 processing information associated with the third image;
11 determining whether a first crystal is present in the first chamber region based
12 on at least information associated with the third image.
1 44,  The method of claim 43 wherein:
2 the third image comprises a first fiducial marking;
3 the first chamber region is associated with a first chamber boundary;
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6 plurality of features; 7 one or nore instructions for processing
information associated with the first 8 likelihood and a first threshold; 9
one or nore instructions for determning that the first crystal is present

if the 10 first likelihood exceeds a first threshold and the first crystal
is absent if the first |likelihood 11 does not exceed the first threshold. 1
57. The conput er-readabl e nedi um of claim55 wherein the first plurality 2
of features conprises at |east a nei ghborhood |ine detector feature, the

nei ghbot hood | i ne 3thddétetiiting vbethétadird Qivagl iapeeat altkelfingi dhamBatregéd ng at

| east a_straight Iine pattern. 167 1 58. The conputer-readabl e medi um of
clai m 55 WWEPEFS the second 2 plurality of features conprises a first

Fi sher geature. 1 59. Thensofpbi ok tHiQamad it AEENt UsBr@hate kb8 ¥harei n the

first Fisher 2 fegture js assoclated with a first imge state and a second

i mage sfate, ed®s Blormationprspeiated prhthe fimst &fupial MIFGNE he second | nage state
bei ng sgl ected froma greMBviR©RIbae1d B paft oPthe ik Eilnbel BuRdarffrfm the
phase/precipitate state, and a clear state. 1 60. The conputer-readabl e
nmedi um ®f cl ai MiBYORESrein: 2 the first chamber boundary conprises a first
sectiofpgand a second 5egg;rb&ﬁbingtiﬂﬁnngﬁoﬁ'a£s§$iat§c?ﬁftﬁ@1@ ﬁﬁ?bﬁ%b%%ﬁfoﬁ;”t' ally
parallel with the second section; 4 the one or nore instructrons for
renmovi A at | east a fi r sietepginingsyhetheea finstagystal &5 presention pbserfimthgdiystf r om t he
first hymge CORpIiReRgidd One or nore instructions for determning a first
plurality of intensities 7 associated with a first plurality of pixels
along a first direction, the first direction 8 intersecting both the first

sectionland the secthd sBetmehpd of clampdhvhesgin theidgierminag whgherafirstrystabssi ng

informaji ogpﬁéggg&gggm%é ShaHE@rrcéiQnédnEp?iEcsP' urality of intensities; I | one
or nore instructions for determning a first |ocation associ ated
generating a first plurality of features based on at least information associated
with the first chamber region;

processing information associated with the first plurality of features;

4
5
6 determining a second plurality of features based on at least information
7  associated with the first plurality of features;

8 processing information associated with the second plurality of features;

9 determining whether the first crystal is present or absent in the first chamber

10  region based on at least information associated with the second plurality of features.

1 46.  The method of claim 43 wherein the generating a third image
2 comprises:
3 determining a first plurality of sharpness values and a first plurality of
4 colorness values associated with the first image;
5 determining a second plurality of sharpness values and a second plurality of
6 colorness values associated with the second image;
7 processing information associated with the first plurality of sharpness values,
8  the first plurality of colomess values, the second plurality of sharpness values, the second
9  plurality of colomess values;
10 determining a first plurality of intensities associated with the third image
11 based on at least information associated with the first plurality of sharpness values, the first
12 plurality of colorness values, the second plurality of sharpness values, the second plurality of
13 colomess values.
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12 with the first section and a second | ocation associated with the second
section based 13 on at least information related to the first plurality of
intensities. 1 61. The conputer-readabl e medi um of claim60 wherein the one
or nore 2 instructions for determning a first |ocation associated with the
first section and a second 3 | ocation associated with the second section
conprises: 4 one or nore instructions for determining a third | ocation
associated with the 5 first section based on at |east information rel ated
to the first plurality of intensities; 6 one or nore instructions for
deternmilni ng a f ourt4.1 odae imsthod sfdaimatbenhemiit the fitsepluialiyefantehsiiest i on based on

I [ - [ -1 h hi.J.d .l .ang ined 8
i st ance BAPREEEEpREFoR RichRnn uldhlit o bREThIAR A I MEEERENE "

i nstruct i ansnditges. processi ng at | east informati on associated with the 10
third location, the fourth location, and the first plurality of intensities;

168 11 one or nore jnstr j 1A .1 rst. I ocati on and the
second 122 | ocati on %se&y%%&g?&fé‘ggﬁtﬂgﬁﬁ%n%%F%lr#rg‘%g%ﬁc%r%tnélagew tah the third
| ocat i ¢h, thisrofiuidid dseiae,ithermethottcomp8singie first plurality of intensities. 1 62.

The conput er -readab] e .med of claimé6 erein.th ne of .nore 2

i nstructions for deﬁe%?‘%“%%’#gs}%aéePf$‘E¥°fﬂjf‘ \ e&ﬁc’éﬁ%@ﬁ@%‘gt&c&ﬁj | ocati on
based oh adssdeisedtwith at lehsd b fibdt predetarssodichirateriaii¢;h t he third | ocation, the
fourth Jocation, and the figks | ural.Lty o 4 intensities.conprises: 5 one
or “tore® ot ruct i oneenppna a3 ek bosed o 1R P oG B RGRBE, at e
Wi th the twithdelincaidggn; 7 one or nore instructions for determining a second
penal ty_function assocj.ated ith t fourth | ocation;, 9.one o re

i nstructions for pr ffgeé qﬁc?rﬁlfpg}rﬁlﬂy P’gﬁatﬁ@§f§%‘?’é]%° St\ﬂhlralt%’ﬂ@%f‘tf“feé[’ase 0

penal t yg f ugitdt icas ioshatibe assetatwiBema bitsyplhmistor eatureb hn@the aPleadtB Fifst

instructions for determining a third penalty function, the third
predetermined characteristic;

O

10 determining a third plurality of features based on at least information

11  associated with the second plurality of features,

12 processing information associated with the third plurality of features;

13 determining at least a first likelihood based on at least information based on

14  the third plurality of features and a first plurality of parameters;

15 processing information associated with the first likelihood and the at least a
16  first predetermined characteristic;

17 adjusting the first plurality of parameters based on at least information

18  associated with the first likelihood and the at least a first predetermined characteristic,

49.  The method of claim 48, and further comprising:

receiving a second image of a microfluidic device;

generating the second plurality of features based on at least information
associated with the second image;

processing information associated with the second plurality of features;

determining the third plurality of features based on at least information
associated with the second plurality of features;

processing information associated with the third plurality of features and the

DG 1 vt s W

first plurality of adjusted parameters;
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12 penalty function being associated with the first penalty function and the
second penalty 13 function; 14 one or nore instructions for processing
information associated with the third 15 penalty function; 16 one or nore
instructions for determning the first |ocation and the second 17 |ocation
based on at | east information associated with the third penalty function. 1
63. The conputer-readabl e nmediumof claim®62 wherein the one or nore 2
instructions for determining the first |ocation and the second | ocation

based an at |east 3cduhidghbieditr AEROEYMISbridehttor blentil ileQed@A@hdge function
conprises one or nore instructions for zing the third penalty

4
functi bn. bpsegAn aleashipirrmation ssspeiatndavithdby melgé?ir?ﬂ’cﬂfﬁij‘“FWP etfit¥ns for

process) NG @alitd ofddillsRl iphiimefers. Mages of a microfluidic device, the
conput er - readabl e nmedi um conprising: 3 one or nore instructions for

recei ving at | east first i e_and a second inmage 4 of a mcrofluidic
device,! the first iﬁjage @ﬁ&lﬁg"g@é’m‘?q%t Bé?tﬁﬁn%g%ﬁ’g?tg?r&P %Y h a first 5
focal poOsidstMisprded of HEkGh heeRbndBRfbs iprk@spectively, each of the first

i mge and the second 6 image including a first chanber region; 7 one or
nore imstructions f‘éﬁter‘&%‘éﬂe%%?ﬂ?&1$WPﬁgrﬁ‘ﬁ%ﬁﬁﬁ%§%41é%ﬁﬁFeﬁlﬁﬁlﬁsF@nﬂi rst 8

i mage apd i}dage 52810t 18R GForndafn SslBedOit e firl BREAIAC S O4tSred; O generating a
third i mage based on at |least 10 information associated with the first

i mge ahd the seconkossigpeinformatignasypiated with theseqond likeliheod ayd afirgcessi ng

i nfor meg i Ofe@RfpCi ated with the third 12 image; 13 one or nore instructions
for determning whether a first crystal is present in 14 the first chanber
regi on based on at detamimpgtheiihmiinsionysts seedsent ddhanverdndilirelitolef extepdsrge. 1 65.

The cOnpUt L LIRS T ARRE! 1k ] Alchcod okl or it st FRO®

conprises a fi ucl a
9  threshold.
1 51.  The method of claim 48 wherein the first plurality of features

2 comprises at least a neighborhood line detector feature, the neighborhood line detector

3  feature being associated with detecting at least a straight line pattern.

1 52.  The method of claim 48 wherein the third plurality of features
comprises a first Fisher feature.

53.  The method of claim 48 wherein the first Fisher feature is associated
with a first image state and a second image state, each of the first image state and the second

image state being selected from a group consisting of a crystal state, a phase/precipitate state,

P WO

and a clear state.

54. A computer-readable medium including instructions for processing an
image of a microfluidic device, the computer-readable medium comprising:

one or more instructions for receiving a first image of a microfluidic device,
the first image including a first fiducial marking and a first chamber region, the first chamber
region being associated with a first chamber boundary;

one or more instructions for transforming the first image into a first coordinate
space based on at least information associated with the first fiducial marking;

one or more instructions for removing at least a first part of the first chamber

W 00 1 W e W N

boundary from the first image;
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3 the first chanber region is associated with a first chanber boundary; 4
the one or nore instructions for determ ning whether a first crystal is
present 5 in the first chanber region conprises: 6 one or nore instructions
for transformng the third inage into a first 7 coordinate space based on
at least information associated with the first fiducial 8 marking; 9 one or
nore instructions for renoving at least a first part of the first 10
chanmber boundary fromthe third image; 11 one or nore instructions for.
procesKi ng i nf or matdnser assdrstattes fir proctskiag inf@mhiiosissahastbeith thefison; 13 one
or norg instructions for determ ning whether a first crystal is 14 present
or absent ?'}nlfeﬁéeg*olnrst chanber region. 1 66. The conputer-readabl e nedi um of
claimB5 wherein t heeonmomrinsmtiions Poridestntinifg whetheradirstdaistl Biprdséig invhet her a
first gyﬁéafjﬁl icc?lf_lg%esent or absent in the chanber region 3 conprises: 4 one
or nor¥ i A&t E 198 generating a first plurality of features based on
at 5 least information associated with the first chanber region; 6 one or
nore irnistructions fi priheesspuig-readblle nediivanf asizo®4 wheein Wietdne bhmorei r st 7

pluralijy .of features: 8 .one.o I nstructions,fer, determning a second
D1 L al 115 BopEa i Sendull Srghe TR nRRLE B Pt R HBEBEHANLT W Th the
first @ urceimbiiyes:of features; 10 one or nore instructions for processing
informati on associated with the.second 11 plurality of features; 170 12 one
or nor e‘fi nst r uct i oneRGFOFIRUHRRS ﬁ&ﬁﬁéﬁ%‘ﬁégﬁfﬁﬁg{“ﬁﬁlﬁs‘&fmgﬁ%ﬁ@ resent or

13 absent lkdt femitiohSksociaraheth tHecit@Ranitas fdiogn at | east information

associ aéted with the second , 14 plurality of featuyres. . .
one or more instructions for processing information associated with the first

7  plurality of features;

8 one or more instructions for determining a second plurality of features based

9  on at least information associated with the first plurality of features;
10 one or more instructions for processing information associated with the second
11 plurality of features;

12 one or more instructions for determining whether the first crystal is present or

—
[ ¥%]

absent in the first chamber region.

56.  The computer-readable medium of claim 55 wherein the one or more
instructions for determining whether the first crystal is present or absent in the first chamber
region comprises:

one or more instructions for determining a first likelihood that the first crystal
is present in the first chamber region based on at least information associated with the second
plurality of features;

one or mote instructions for processing information associated with the first
likelihood and a first threshold;

one or more instructions for determining that the first crystal is present if the
first likelihood exceeds a first threshold and the first crystal is absent if the first likelihood
does not exceed the first threshold.

WO =1 vt P W R
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1 57.  The computer-readable medium of claim 55 wherein the first plurality
2 of features comprises at least a neighborhood line detector feature, the neighborhood line
3 detector feature being associated with detecting at least a straight line pattern.
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1 67. The conputer-readabl e nedi um of claim64 wherein the one or nore 2
instructions for generating a third i nage conprises: 3 one or nore
instructions for determning a first plurality of sharpness values 4 and a
first plurality of col omess values associated with the first inmage; 5 one or
nore instructions for determning a second plurality of sharpness 6 val ues
and a second plurality of col orness val ues associated with the second i nage;
7 one or nore instructions for processing informati on associated with the
first 8 plurality of sharpness values, the first plurality of col orness

val ues,1 the second 38l ur dhe tomputer-rédshicunpdiag of Maiin Fowhdrdie theeeend pl ural ity of
col orngss yal.ues;. 10 one or ns tlons for determning a first
plurali ypﬁ'?m]#%?%fﬁ%f“ﬁ%oénpﬁ%%ﬁ%%% Fth the third i rage based on at

| east information associated with the first plurality 12 of sharpness

val ues,1 the first pA%ur allht yongfuterotadiaiemediva bfidsim $8wheen tredirgFished i ty of
shar pness 3 val ues n ral.ity of. col Qr.nes 68. The
conmput & - s R R ST L Faar e e ro R e PrPapo iR iphed”

i ntensiz i emtccamiyife ssmdanﬁcwtatelheing selbctédeftbnl A @S bdnkidng of apkwtabbtiteya of green

i ntensi f. blue intensities. 1 69. A

conput e‘{-rggsﬁﬁmcgmﬁt&aﬂ? %ﬁcﬁﬁ%ﬂ& § instructions for adjusting a 2

classifier and processing an image of a mcrofluidic device, the

conput er - r eadabl e né&di urﬂleaoxqmmnéﬂhm@me&ummécleﬁm Sowker¢inst ruct i ons for
receiving a first i e, of i crofluidi.c dey 5 the first. e being
associ aijed with at %Qﬁ&'ﬁmﬁfrmﬂm eqBPRF% S‘?‘f’ﬂ%‘?g@t {EpQsgatio %’qgefg]e or nore
instrucdi anst sécﬁhbnE&ﬂ@fﬁbk’thﬂ@llﬁpirhllesimtbﬂmrs@dohd yectddn;f eat ures based on at 7

| east ipformation associated with . th irst i eet%fone r re
instructions for sé %8??%@05395WHWS§?TJF%?YW%F St fthe 9 first

pluraligy imbedbuhdes faswhe fithinfige beddises: Nf or mati on associ at ed with the
first plurality of 10 features,and the &Féleast a_first tEgﬁdeterm ned

charact®ristic; 11 one &P°FJPYeimETIciges ﬁﬂb e‘?lﬁltmgcfe@ré?ﬁh“ﬁ? wtenpifiesy
plurality of f @@BM&@&W%S gifbt HlBrality of pixels along a first direction, the first direction

8 intersecting both the first section and the second section;

9 one or more instructions for processing information associated with the
10 first plurality of intensities;
1 one or njore instructions for determining a first location associated
12 with the first section and a second location associated with the second section based
13 on at least information related to the first plurality of intensities.

1 61.  The computer-readable medium of claim 60 wherein the one or more

2 instructions for determining a first location associated with the first section and a second

3 location associated with the second section comprises:

4 one or more instructions for determining a third location associated with the

5  first section based on at least information related to the first plurality of intensities;

6 one or more instructions for determining a fourth location associated with the

7  second section based on at least information related to the third Jocation and a predetermined

8  distance between the first section and the second section;

9 one or more instructions for processing at least information associated with the
10 third location, the fourth location, and the first plurality of intensities;
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12 at least information associated with the second plurality of features;
171 13 one or nore instructions for processing information associated with
the third 14 plurality of features; 15 one or nore instructions for
determining at least a first likelihood based on at 16 |east infornmation
based on the third plurality of features and a first plurality of
paraneters; 17 one or nore instructions for processing information
associated with the first 18 likelihood and the at |least a first

predet®Hr mi ned char agier msteiiggtrudithne fug deterniining thee fisst tasationand tHegecoadj usti ng t he

first plurali.ty of. par ters hased o 20 at lLeast .information associ ated
o FePseloe el O e R S e tth 86 prof S B e B B0

char act3er ithd firet phiralit§ of ihieasitiesrput er - r eadabl e nmedi um of cl ai m 69, and further
conprising: 2 one or nore instructions for receiving a second i mage of a
m crof l.ui dic 3 devigg; I ' - L.Q0S . f rati he second
pl ural ilty of featurét;zg bgfgggan@ﬂ%n@%?m%@gépﬂ%%?%ﬁn%lt%eﬁgggggg%gfgﬁewth t he
second 2 maggructine fie determnmning thedi4t lacatidnang tHeaecopd ncammibagpdionfableasht | on

associated with the secon 7. .plural.it atures: n r .nor

oty | artbieh aSeRRE Rt pé et ot et Rtb S ang B BT abIRG o o
| east inf oftemditicoBoramesi ated with the second plurality of features; 10 one
or nore_instructions for pr.o essin? i.nformatiqn asspc'ated with the third
21 plursl ity of foatsBmokRstRRess far dplemTiTg P ATy PRI, ARG Ao ot er 5. 12
one or ¢vorgitH Asthirdtdch@ss for determ ning whether a first crystal is present
or 13 absent in the second ima(%e gased on, at Ieaqst informati on associ at ed
with the third pl ur®loF Jropymstagtiqng for defemining a secand penalty pctoniassogiatsd 44 ust ed
par amet®r swithlihd fourtl RRate@pput er - r eadabl e nedi um of claim 70 wherein the one

or nore. 2 instructions for, determ ning whether the first c,ryrit al is present
or abseht in the sefds’d n}o;ﬁilagmctlons for processing information associated with the first

10  penalty function and the second penalty function;

11 one or more instructions for determining a third penalty function, the third
12 penalty function being associated with the first penalty function and the second penalty

13 function;

14 one or more instructions for processing information associated with the third

15  penalty function,
16 one or more instructions for determining the first location and the second
17 location based on at least information associated with the third penalty function.

63.  The computer-readable medium of claim 62 wherein the one or more
instructions for determining the first location and the second location based on at least

information associated with the third penalty function comprises one or more instructions for

B W b2 =

minimizing the third penalty function.

64. A computer-readable medium including instructions for processing a
plurality of images of a microfluidic device, the computer-readable medium comprising:

one or more instructions for receiving at least a first image and a second image
of a microfluidic device, the first image and the second image being associated with a first
focal position and a second focal position respectively, each of the first image and the second
image including a first chamber region;

one or more instructions for processing information associated with the first

OO0 ~I Ch h o W RS e

image and the second image;
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3 conprises: 4 one or nore instructions for determ ning a second |ikelihood
that the first 5 crystal is present in the second i mage based on at | east
information associated with the third 6 plurality of features; 7 one or
nore instructions for processing information associated with the second 8
|'i keli hood and a first threshold; 172 9 one or nore instructions for
determning that the first crystal is present if the 10 second I|ikelihood
exceeds a first threshold and the first crystal is absent if the second 11
l'i kel i hwod does not ore ek infiticlidrsFor gelvramb Qliided ihagebasckhvh £ @aRUt er - r eadabl e

medi um of claim69 wherein the first plurality 2 of features conprises at
| east & ne‘P'gj’HB"HPH@%?&“P?&&’“Hé‘}eé'gité?m&eég@E’Fé‘?co? 48%i ghbor hood |ine 3 detector

feat ur g bei ng associmideehord bl RTSr PR edingliFoStation Sdsbcdi@ith ihBeRat tern. 1
73. The comput er-readabl e medi um of cIa|n1§9 wherein the third plurality 2
of fealdre®28¥nprises a first Fisher feature. 1 74. The conputer-readable

medi umppf clai m 69 ygjr &l ibiRiclibdsSir deteRmiing VhbRAT S It BIRGERESD W th a
first image state and a second 1 nage state, each of the first inage 3 state

and t hé# selbofitt chamber ragion baserbonyy legaliformagon pseopiatedgvich e thirddmage ng of a
crystal state, a 4 phase/precipitate state, and a clear state. 1 75. The
nmet hod of claim 1l whereiThe cdmplter-febdable ncdRECfeRIREL ¥8&red: f | rst chanber
region associated with a firs 3 chanber boundary; 4 the second i nmage
conpri ses a second URARKdmageepmpRsaddsd fidued Mg a second 5 chanber
boundary; 6 the Obtﬁab@mehﬁﬁemegﬁnqm&eia&@mhmcﬁlﬂb%mxﬁwgg; an i npl osion
paddi ng based 7 on information associated wth the first |Inhge and the
second 4mage. 1 76. thFleee pranere thstvctionsiondersmiging véicther ¢ arstierydalns pressgt an

i pl osi on - RA A% hamber region comprises:

6 one or more instractions for transforming the third image into a first
7 coordinate space based on at least information associated with the first fiducial
8 marking;
9 one or more instructions for removing at least a first part of the first
10 chamber boundary from the third image;
11 one or more instructions for processing information associated with the
12 first chamber region;
13 one or more instructions for determining whether a first crystal is
14 present or absent in the first chamber region.
l 66.  The computer-readable medium of claim 65 wherein the one or more
2 instructions for determining whether a first crystal is present or absent in the chamber region
3 comprises:
4 one or more instructions for generating a first plurality of features based on at
5 least information assoclated with the first chamber region;
6 one or more instructions for processing information associated with the first
7 plurality of features;
8 one or more instructions for determining a second plurality of features based
9  on at least information associated with the first plurality of features;
10 one or more instructions for processing information associated with the second
11 plurality of features;
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2 conprises: 3 processing information associated with the first inmage; 4
determning a first index related to a first inplosion associated wth the
first 5 chanber boundary based on at |east information associated with the
first image; 6 processing information associated with the second i mage; 7
determ ning a second index related to a second inplosion associated with the
8 second chanber boundary based on at |east infornmation associated with the
second imge; 9 processing information associated with the first index and

t he segpnd i ndex; t er.m,ni n he i mpl.osi di based on .at | east
i nf or i on associ a?lngag&f%ﬁtﬁuﬁu%%ﬁkorﬁf' %.‘"’lg‘igl g‘%‘%ﬁ% tﬁxﬁ%r%sg%bsr%esﬁﬁd’éx. 173 1
77. ThE nmedbkatindle firktavhamtess regivartesad dnheleabe indrrmiatiinregsogiatadrvath theisbeondr el at ed 2

to a fjrst | gsion conprises: 3 selecting a plurality of inmge areas, the
i %ﬁﬁg%ggrreg'as associated 4 with a plurality of boundaries

-

i
plurality p(%'fr
respectively; S5 determining a plurality of nmedian intensities associated
with thie plurality ®  &hiscompleriresiable sydivmiod clain 647whereipdleesing gr inpfeor mat i on

associ af edlaé’é@ugtli"bn% hﬁgﬁ‘%ﬂ@k%tgﬁﬁ‘éﬁa@%&%@%ém ensities; 8 determning the first

i ndex based on a sociated with the 9 plurality of
medi an 3 nt ensi ti es. orb of &orelingructdny dat deferntihiag afivst phvadityeo fishirhesthedhes m ni ng t he

first ipdex.b d 0 | east infornmati. associated with the plurality
of medi‘an qnﬁtaﬁsgp{u}'ai‘lgy %&ﬁ%ﬂe%\éu%asa%qag%ﬁnﬁﬂ% 5t 38 num i ntensity from the
pluraligy of nedi ancreftk &dsd ihétRBtiorsHéer dedmithing Bsetondipletasityl of sheepegs associ at ed
w th one of the plurali f boundaries, 5 determning the first index based
on a1 Sastlieh R AU B ERE S GHLS POHLREG T al i 1y of
boundartes. 1 79. The o abpiihgfucti®Rdaipr@eiginfbineliof habdatdPwitinee G

8  plurality of sharpness values, the first plurality of colomess values, the second plurality of

9  sharpness values, the second plurality of colorness values;
10 one or more instructions for determining a first plurality of intensities
11  associated with the third image based on at least information associated with the first plurality
12 of sharpness values, the first plurality of colorness values, the second plurality of sharpness

13 values, the second plurality of colomess values.

1 68.  The computer-readable medium of claim 67 wherein the first plurality

2 of intensities comprises a plurality of red intensities, a plurality of green intensities, and a

3 plurality of blue intensities.
1 69. A computer-readable medium including instructions for adjusting a
2 classifier and processing an image of a microfluidic device, the computer-readable medium
3 comprising:
4 one or more instructions for receiving a first image of a microfluidic device,
5  the first image being associated with at least a first predetermined characteristic;
6 one or more instructions for generating a first plurality of features based on at
7  least information associated with the first image;
8 one or more instructions for selecting a second plurality of features from the
9  first plurality of features based on at least information associated with the first plurality of
10  features and the at least a first predetermined characteristic;
11 one or more instructions for determining a third plurality of features based on
12 atleast information associated with the second plurality of features;
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2 the first image conprises a first chanber region associated with a first
3 chanber boundary; 4 the second i mage conpri ses a second chanber region
associated with a second 5 chanmber boundary; 6 the one or nore instructions
for obtaining a third image conprises one or nore 7 instructions for
determ ning an inpl osi on paddi ng based on information associated with the 8
first image and the second inmage. 1 80. The nethod of claim 79 wherein the
one or nore instructions for 2 determ ning an inplosion padding conpri ses:
3 one py nore 'nstr&ﬁ%&%&&&@@&@@&@%@ﬁm@mﬂmgﬁ%@&é@&ﬁ@&_@%ﬁ@th the
first 4 image; 5 one or nore instructions for determning a first index
rel at eth t cplerelity pEfeatgredinpl osi on associated with the first chanber boundary
based at | east i |00 RS ' Egm-”ig ' ol s iﬂgg\ﬂ 174 8 one
or rmrie)jﬂli nstructionéﬁe%@%e%]gcess@ﬁgér?i% or mgw&%‘i&g&sgﬁ}ﬁ%‘%@%ﬁwt %tnﬁge‘ second
9 i magty lessbmbratiopbasediondherthicd plorabityfod featiests andvi firshpjuzalityerf pandmetatsex r el at ed
to a second 11 inp ' . at W th. tk ary based
on at ﬁéast inform%@%h%?@%ﬁ%%&g? %(?r%%{g}?%t %&gagglggﬁgﬁ%%‘g{m%%ﬁe or nore
i nstrutt i oliislihand apd the eslsashg fitshprodatatmined cless@dstct ed with the first 14 index

and the, second index; 15 one or.nore instructions far determning,the

I mpl os?gon paddi ng b%ﬂseeoa%lé’ elgfmcﬁ%nsIf%ra?gjtusqrﬁflﬂger%ﬁttpﬁ]gﬁl%gs?g%%%?'?a l"'\’ﬁg‘? Rt he
first 2ihdeat lastidnfoinetior enodatedreitix the irsBlikelibrel and thpuat st o diad atedetemmnlidum of

cl ai mgg vvqerei n.the one or nore 2 instructions for determning a first

I ndex | aTBHETN first | npl osi on conprises: 3 one or nore instructions for
selecting a plurality of inage areas, the plurality

1 70.  The computer-readable medium of claim 69, and further comprising:

2 one or more instructions for receiving a second image of a microfluidic

3  device;

4 one or more instructions for generating the second plurality of features based

5  on at least information associated with the second image;

6 one or more instructions for processing information associated with the second
7  plurality of features;

8 one or more insfructions for determining the third plurality of features based

9  on at least information associated with the second plurality of features;

10 one or more instructions for processing information associated with the third
11 plurality of features and the first plurality of adjusted parameters;
12 one or more instructions for determining whether a first crystal is present or
13 absent in the second image based on at least information associated with the third plurality of
14  features and the first plurality of adjusted parameters.
1 71.  The computer-readable medium of claim 70 wherein the one or more
2  instructions for determining whether the first crystal is present or absent in the second image
3 comprises:
4 one or more instructions for determining a second likelihood that the first
5  crystal is present in the second image based on at least information associated with the third
6  plurality of features;
7 one or more instructions for processing information associated with the second
8  likelihood and a first threshold;
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4 of image areas associated with a plurality of boundaries respectively; 5
one or nore instructions for determning a plurality of nedian intensities
6 associated with the plurality of boundaries respectively; 7 one or nore

i nstructions for processing information associated with the 8 plurality of
medi an intensities; 9 one or nore instructions for determning the first

I ndex based on at least 10 infornation associated with the plurality of
medi an intensities. 175

9 one or more instructions for determining that the first crystal is present if the
10 second likelihood exceeds a first threshold and the first crystal is absent if the second
11 likelihood does not exceed the first threshold.

1 72.  The computer-readable medium of claim 69 wherein the first plurality
2 of features comprises at least a neighborhood line detector feature, the neighborhood line
3  detector feature being associated with detecting at least a straight line pattern.

1 73.  The computer-readable medium of claim 69 wherein the third plurality
2 of features comprises a first Fisher feature.

1 74. The computer-readable medium of claim 69 wherein the first Fisher
2 feature is associated with a first image state and a second image state, each of the first image
3  state and the second image state being selected from a group consisting of a crystal state, a
4  phase/precipitate state, and a clear state.
1 75.  The method of claim 1 wherein:
2 the first image comprises a first chamber region associated with a first
3 chamber boundary;
4 the second image comprises 2 second chamber region associated with a second
5  chamber boundary;
6 the obtaining a third image comprises determining an implosion padding based
7  oninformation associated with the first image and the second image.
1 76.  The method of claim 75 wherein the determining an implosion padding
2 comprises:
3 processing information associated with the first image;
4 determining a first index related to a first implosion associated with the first
5  chamber boundary based on at least information associated with the first image;
6 processing information associated with the second image;
7 determining a second index related to a second implosion associated with the
8  second chamber boundary based on at least information associated with the second image;
9 processing information associated with the first index and the second index;

10 determining the implosion padding based on at least information associated

11 with the first index and the second index.
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77.  The method of claim 76 wherein the determining a first index related
to a first implosion comprises:

selecting a plurality of image areas, the plurality of image areas associated
with a plurality of boundaries respectively;

determining a plurality of median intensities associated with the plurality of
boundaries respectively;

processing information associated with the plurality of median intensities;

determining the first index based on at least information associated with the

plurality of median intensities.

78.  The method of claim 77 wherein the detenmining the first index based
on at least information associated with the plurality of median intensities comprises:

determining a minimum intensity from the plurality of median intensities, the
minimum intensity being associated with one of the plurality of boundaries;

determining the first index based on at least information associated with the

one of the plurality of boundaries.

79.  The computer-readable medium of claim 12 wherein:

the first image comprises a first chamber region associated with a first
chamber boundary;

the second image comprises a second chamber region associated with a second
chamber boundary;

the one or more instructions for obiaining a third image comprises one or more
instructions for determining an implosion padding based on information associated with the

first image and the second image.

80.  The method of claim 79 wherein the one or more instructions for
determining an implosion padding comprises:

one or more instructions for processing information associated with the first
image;

one or more mstructions for determining a first index related to a first
implosion associated with the first chamber boundary based on at least information associated

with the first image;
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one or more instructions for processing information associated with the second
image;

one or more instructions for determining a second index related to a second
implosion associated with the second chamber boundary based on at least information
associated with the second image;

one or more instructions for processing information associated with the first
index and the second index;

one or more instructions for determining the implosion padding based on at

least information associated with the first index and the second index.

81.  The computer-readable medium of claim 80 wherein the one or more
instructions for determining a first index related to a first implosion comprises:

one or more instructions for selecting a plurality of image areas, the plurality
of image areas associated with a plurality of boundaries respectively;

one or more instructions for determining a plurality of median intensities
associated with the plurality of boundaries respectively;

one or more instructions for processing information associated with the
plurality of median intensities;

one or more instructions for determining the first index based on at least

information associated with the plurality of median intensities.
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