| MAGE PROCESSI NG METHOD AND SYSTEM FOR M CROFLUI DI C DEVI CES
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BACKGROUND OF THE | NVENTI ON 25 [0006] The present invention is directed to
i mage processing technology. Mre particularly, the invention provides an
| Tege processing et hedo3RReritekRERd f6 RAEARED WBFLENARGEs Of an |maged

obj ect. Nbrelq\; by way of exanple, the iInvention has been applied to
crystal | $ za0PGh iThis apnieation Fleimsarierity éal.& Eroviianal ApplieatipeiNpS04BEBGNI zed t hat
t he lnventlﬁa_@dﬁa&s@zdmshﬁ&ripﬁel&,sorﬁt@m%ef&%m@m&kih.cab' lity. [0001

Crystallization’is an inportant technique to the biological and chem cal

arts. Speci fohga! |aininy, ans Rkl SEYSERh 0/ A7 hRk Eﬁ%z&%@@éﬁﬁﬂﬂéﬁa” be
anal yzed by x-ray diffraction techniques to produce ah accurate

t hr ee- di men Y @ipdiand$ysigay foy MicepluidicdDeiige gpdiimaghtg Ehefenf duineprppmteibonal structure
i nformati oneGan.dhipgh be utilized to predict functionality and behavior of
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STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0003] NOT APPLICABLE
15 REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER

PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT DISK.
[0004] NOT APPLICABLE

COPYRIGHT NOTICE
20 [0005] A portion of this application contains computer codes, which are owned by
Fluidigm Corporation. All rights have been preserved under the copyright protection,
Fluidigm Corporation ©2004,

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.



5the target. [0008] In theory, the crystallization process is sinple. A
target conpound in pure formis dissolved in solvent. The chem cal

envi ronnment of the dissolved target nmaterial is then altered such that the
target is |l ess soluble and reverts to the solid phase in crystalline form
This change in chem cal environnment is typically acconplished by
introducing a crystallizing 10 agent that nmakes the target material |ess
sol ubl e, al though changes in tenperature and pressure can al so influence
solubility of the target material. /0009] In practice however, formng a

hi gh qual it ystal. .i ener al | ifficult and .sonetines inpossible,
requiring nl%o(?ﬁ]rt?V%i’mﬁaﬁaggraﬂf?mgﬁageﬁ@ﬂquEW&ﬁetli%c’%l?‘f‘gﬂfilaf#‘?mlﬁ‘fla’ftnge resear cher .
Speci f i cal ISpecifichléy, hhighHqyalityerpdts? xf stirged ebroanddan By @falysédHyxeraPiictaoginc al

conpounds 15, means th t he re nqt ame le to. formng.a highly ordered

crystall i né”]sj?%c% °lfrr°ed.%e‘ﬁ‘?é‘r° ééf%?@',“’%%%"é‘%%%ﬁ%?e RLISY figen gQFiﬂEﬁc? and

met hodi cal ,direcnpenal stentrerigfomation canliten beutilivethe predift fomhdiatityandbéhavior of

crystall§ zatﬁitg_g?t_ altering paraneters such as sanple concentration, solvent
sol'v

type, count er ent type, tenperature, and duration in order to obtain a

hi gh qualit yst LE LR f:aG cry.st.al, can.b tained at _al.l. 20
[0010]  Hand LS 3 ‘g’{"?",’ ty shhiffon oot tilfple; 82l “U{}PB%TQS"ZF‘/",‘S publ i shed
Cct ober 17,di2@¢@ imsvdivehte (The chemimabampiomaesdf thy diseived @rpecematerial fssheentirety for
al | purpos L] gkﬁ Leln.aF rein, a

hi gh-t hr oug%%r%{]ﬁg%@?t et?na?%%t 1&51%?%2'1%9%%%2%” | t8 :thgﬁg%fﬁg?s% ézfélrgﬁtagjﬁ%ifz ation of

t ar get mat efbiszhange fnsherpigal pptiwonment Gitypiaally acimaplished b mtbducing e eiveteltizing a

m crof | y4 di | 685 j ; ' I | med by a
11 5y orBef B ARGt bl bl B E Biilabr TS o

conpri ses omesw cappbeingpenge solupiliyy ofghsiyedt mgteddanbers, each pair being in
fluid communication with the other through an interconnecting mcrofluidic
channel , onl80@hafnstctiecdiegyeri fapnine prighpliy ergteliy ssperalbwdéffieieendt her, opposi ng

chanber, C%ﬂx@&rﬁﬂsﬂﬂpd@ﬁlﬁéﬁé&uﬁl&g%@ﬁ"W&n&é‘rﬁ_ﬁﬁﬂtpaﬁél:é)&gth%ﬁh?to?hﬁ””e' , a valve

is situated to keep the contents of opposing chanber from each other until
the val ve ilssearphenetpecifieplly. the highiy epgrbs structge qf gres siuptebielpgisaledmpaurddy occur

bet ween{ hey, OBDASHRY afchBRRn 1L BHARED 2 hiyaly ol 6QRARSS dnbGuw@l crof | ui dic
channel . As the opp0Osing chanbers appr oacﬁr equilirbriumw th respect to

crystal | i zatiewfre e gerbesmest by rient prdaasthodipntlr Apsrgsatingithadues W ace

di ffusi on pérREHd@REE®r cristallifatior) ARy fahddetetsREchiHE SinGildcoMbehkatioAlsos@E POi Nt ,
fonn a crystal. In preferred embodi nents, the mcrofluidic devices taught
by Hansen e‘iYPea?‘!““‘ﬁ’églﬁe“éW&&“é“Rﬁa%F‘E‘rdi‘q‘i‘a‘“b‘& Prder g 8&?‘8? gﬁ@“@ﬁéﬁ%@ﬁs for
conduct i ng pmdheh Bry@ilyadt @ dbtal@ti el experi ments therein. Use of such arrays
in torn provides for high-throughput testing of nunmerous conditions for

protei nagr ymhe) | ibaadeh,@al3 Wkttt ik BQTipubBcaBiaWysi2ms 2040 Bhbldshdd@ctéeyent i on

di scl osed herei n _provides sgste and,nethod? for conducting such anal ysis
to determ nePOhAR st incomporated hy refprence n ifsentgpty for alh vurpgses anf fhesBeSn condi ti ons
i ndeed causgfipdés\istioted tHegeird ﬁigmbreiBHIE@-tﬁUﬁ@ﬂﬁﬂ\éyﬂﬁl fBHE;rdﬁNHiE%Ehﬁbhsm{ 0012] The
present invention.is_.directed. tq inm rocessing, technal.ogy. More

particul arl quuﬁéhqﬂﬁ\;gaﬁefﬂﬁeﬁ?%&ra’@gggrﬁ?tﬂ%2315F%E%’s‘%?rﬁﬂd?@gﬁod and system
for det ecti ngrfhidivgesceoihepein armnsge of rodtgriag tells foraley bpymultilayafelaemaeripl e, t he

i nventi has_be Led. t.o t i I i l idi c device. But
it woul @bemranecaogn?@é@éeﬁgﬁaoht%%%%&@n%ﬁé%eﬁgﬂsl ogﬁﬁﬁgﬁ—b%%gg@ P&Illrgange of

appl i cabi | i thambers, 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 chanuel, 2 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



15 [0013] According to the present invention, a nunber of enbodi nents of
the i mage processing nethod and system for mcrofluidic devices are

provi ded. Merely by way of an exanple, a nmethod for processing an i mage of
a mcrofluidic device includes receiving a first image of a mcrofluidic
device. The first imge corresponds to a first state. Additionally, the
nmet hod i ncludes receiving a second i nage of the mcrofluidic device. The
second i mage 20 corresponds to a second state. Mreover, the nethod

i ncludes transformng the first inage into a third coordinate space. The
transfornlng uses at least a first fiducial on the first imge. Al so, the

met hod i nc PRFELE R8 ARG il Al SOl fuhd il do pratered Febodiments tBOor di nat e

space. The ofi¢rafmsdiodevicaganbets, m’hsdneaﬁ thae e@xeymdaefehﬂg&uaéon&mﬁghe second
i mage based on

i mge. Addi nal met hod | udes gbtai nin

at |east i %‘%’tqlr?ﬁtf?%ﬂndt&g%e?f%%ﬂy fqnrEpeEIents He 0?7 B‘ISF? WRYSPage and the
t r ansf or nedurs goeides fortighethroaghfuipestopstaungrodsitenditing fr pritgecristilipbioni n
|nfornat|on associated wth the first state and the second state. In one
exanpl e, tﬁve"m?ﬁ?qr“]ﬁe%% ordi nate space i s based on the prior known geonetry of
the m crofl c..devi ce. anot her ex al.t h theeare certain
advant ages [{‘ﬂ}qtsTl?'Fdn‘feﬂtémdeF]gfeg?‘Ffﬁl&é’mvtdﬁ@ﬁﬁWﬁ m(‘?g‘ﬂg BRe el y wi t hout
the first iaEgdsto Erhemsﬁmaﬁcrlammgaﬂirsatofﬁﬁﬁih@mﬁmzaﬁahmﬁdftenstJhdiereﬂil

30coor di natcgusgéac § lsto[fo 0141 According to anot her enbodi nent of the present
i nvention, ﬁ"% ater- readabl e nmedi umincluding instructions for processing
an i nage of a mcrof Lui di c device conpri ses one or nore instructions for
receiving a first imge ohpg Q%\gmk on'he first image
corresponds to a first state Itionally, the corrput er -readabl e nedi um

i ncl ude¥) orlB013} Fhamsesentiinysntionadirgeied tb drage poedssigierhaclsme dfte | mage of t he

i cr of | Ui di os e f e inlBifiol GRORE FRAR pfRLKLSRORTIE &SBERAMR! At -

Mor eover, t'he conp uter-read lrumi1 ncC es one or nore iInstructions
for transf @h@ﬁgnfgoftamﬂagtdr@tcct r%@@mnvw od cxamplegthe Bentiom basdeensaplisd toThe

transform rlﬂyst&ﬁﬁﬁwﬁﬁndﬁﬁﬁ:‘ﬂuﬁmfdbﬁ&t phut #6ddbe Bebehib@ thit iR linveifRESas #A SO the
conput er -readabl e nmedi um i ncl udes one or nore instructions for transformng

t he second Mg fg8e HaPRIKIYIHY 10 coor di nate space. The transformi ng uses
at least a second fiducial on the second |m':1€c X Addi tionally, the
bR

conput et r d48idb| AcerEtina e RESTYEYeYHL 25PbHP deye o thhis2B%r obt ai ning a

third i mgerfased nthodhnd s9agh for i @sRld RicAaRGRdvaited dnvbiely byl of mansf or med
first imge and the trans orned second |na%+u&1and one Qr nore instructions

for processTAGPIEREEIL [ Progestas Fmas o4 2 Aigrofusicis eo e idesscrixingat™i t h t he

first statenapsbithGorsGhOdtvitatie. ﬁrék%éh@@&‘@ﬂpomwf@ﬁﬁﬁﬁstﬁ@nﬁédlﬁoﬁa@rtﬁe achi eved
using the |nvent“6cﬁn over .convent | onal echnl es. De%gndl n on the
'3 devigen

enbodi nent , MEh Budgtreceivire A sreond mpgh ek et‘E":Wﬁ §&gon Ii’a exanpl e,
cer t ai n2enbaicsoiisso Ddecdnb etates m&atermmmeﬁddmmwmfaﬁsmmﬁgtme Siefdgeof | magi ng

anal ysi s and cr alllzatlon ion. resent

i nvention st q)ﬁfc{/: rdinate spage. 5”3 EE"'&F?& i ;}'ﬁgg%ge%aﬁ OQ%EFE’IWaEGZatl on

detection. Ales,tiw umtlmdmmdmmfomﬁngtthzese@ﬁd ragsmtotthe third ctordinutd spage.ove

sensitivity.of t es system,.. 61, According to
e ae mﬁt S ase§onﬂ%d Inven%cgld,l%g ehe[%dﬁlg‘)lgm#l jth

yet another resen proce55|ng an
i mge of a mthwdoﬁcthtdesjmbrtamd@/atbedmt brdeionmatieasi mfongaﬁanhsspettedwnﬂgbe of a

m cr of | yk di fdr d ki ng and
2 11 st TSnatpap i S bl ehTRAR LERRS, B phkBbing LOMT BB
first chambettaibipimeiation : assoclated with the first state and the second state. In one example, the

third coordinate space i3 based on the prior known geomefry of the microfluidic device. In
another example, although there are certain advantages to using the first image, the methad
can work adequately without the first image. The second image is transformed into the third

30  coordinate space.



25 Additionally, the nethod includes transformng the first inmage into a
first coordi nate space based on at |east information associated wth the
first fiducial marking, renoving at least a first part of the first chanber
boundary fromthe first inmage, processing information associated with the
first chanber region, and determ ning whether a first crystal is present in
the first chanber region. 30 [0017] According to yet another enbodi nent of
the present invention, a nmethod for processing a plurality of inages of a

m crof | ui di ¢ device includes receiving at least a first i mage and a second

| mage of a [H&lﬁ{]of& ;&'cgﬁ-sg[cto ol po‘sgnr%entofghsé e gen%gn a e%—%ga Irm'ge are

associ at ed Ton ana a sezondf ST19 on
respecti vellgﬂdluarﬁdcle@nﬁin@mcﬁmefw pnoeetssmgmgeamnﬂamhmﬂsﬂmmca crmgaseis ncl udes a
first chamhgr r.6gk %@&u&ﬁ‘gg'f rr&@i%:%)é’ﬁrswﬁﬁ Qf&ta'ﬁ%ﬂahﬂﬁ Hé’a?c% eéég

i nformati on assocl a the Tirst e secon

gener at i ng caueshprdg to aﬁgetatfaéééllﬂ@mlmthelcerasltterirwﬂdﬂm@dlmmalgé@@nmred with the
first i ”?genlég'ﬁmm&mé f&‘“r‘?éi:%ﬂg'a@é%% lmQ%a%?%%ﬂl&gﬂdlﬂé LBt e&ﬁé%gé‘t ed with
the third i mge, and determ ning er a first crystal is pres in the
first chamferrespe@iswSisepeééiatenMateoméJzetcomnwterrWéﬂblwe %m:»iuéqseaew th the
third i magenerk Rkl es etk firs TelRé: irRdye k] meIRRHiIRAbacef ThE present

invention, a nmethod for adjusting a classifier and processing an inage of a

mi crof | ui di@ﬁ%‘%?ﬁicﬂé@si%amw fyst otger Afso thegeparweTeadanler of | ui dic

devi ce. Thendin$includdR G drincRSIEAREERLE R WirkRrmahe ﬂh@%ﬁ&nd@mﬁgeﬁﬁte tREgMet er m ned
characteristic, Additignal I'¥ t he nmet hod i ncl ﬁﬁqs generati ng a first

plural i €§ oforinziespace Thedwarriymingpses aHesst 3 eogf Adtciabop e LceIdAmass with t he

first i mgeﬁdma@eﬁee&mmr&mmu&i itdded b1 oPfnode rktritiofs th gpadidpe fir st
plurality of atures base east .information as'ﬁgﬁﬂéated ith the

first plur a‘r‘ii’if§”‘&ﬁ g ‘iﬁ‘raegasgﬂ’g’“f‘?f@néfs°?"é%ijs‘fltl § Faugprme ERfMed 15
char act er i stht tansfybricdGwend inabe anbdna ofimbra tistda snsdatpescessing thg tardtifkgedo pl ural ity
of features_base somdaga d wth the second

plurality ofP#p4 ﬁ‘?g’fga%ﬂ%g%#%@l es’iﬁrﬁtdia%eﬁfl% P s soci ated with the third

pl urali hod .i ncl ydes det er ng, at | east a

i | el RtDa i Ra 5nih = Bich™ s e ettt Bur aor B¥efionss b ur al i 1y
of feat ur esDemnﬂnag dpioti $h eppbadivednt, oye @fmomaafamtenﬁts rpaydmeslﬁévn@ Fonf or mat i on
associ ated wi t first. 20 |iLkelih and .t he a first

predet er m néd &R ar%ﬁl nrﬂioé:1 ments O%!ﬁgpm entwn l?lﬁrgvefsitﬂiessije Ioi‘cilrmaai;’in%y of

par anet er s msisdarmlrumtalliwmstdetmﬁmrSm:teiemhochmsmmfateecbswm tnhexltlhie sifnplifyt

| i kel i hood an r ic. [0019]
Accor ding. t B GxF rofisuER Rk e ol RERRRLALE IR, GORARL R 3
corrputeiﬂOreadmﬂilevmmlmmowmhamOfﬂismﬂtmrp@mlgfmnﬂwplﬂmbe’stsmng an i mage of a
m crofl ui di e device. The 25 conputer-readabl e nedi umincl udes one or nore

i nstructi on®i@r Acewding oyt smotherestbodimeny ef thé prasent inventidnyd wetkodfevi ce. The
It RO Sl Bherdih ke RGNS ROGARES il ihBdqehaner 1 eal on,

and the fir Ion 1S assocl ate hanmber boundary.
Addi ti onal | yllcrqfl’tileh%dmptit'Jékiﬂ-ﬁﬁémeiﬂeluﬂmdiﬁ[ﬁtrﬁim@@l mefking anvien et chagrher

instructiong fermEiih@ i%aﬁb&geégiﬁ‘%sischﬁiedeQ%rdt&Iaﬂbé}th{d&% coordi nate space
based on at east I n rma I on assoclated with the first fiducial

mar ki ng,25anddghiemaly, thesreibon instuderdtensorminedie firdimpage fde wfis copinatg space st part  of

the first chashalat ey dEafMtidn atihtB@w it the firsl ARG mdMEKE 4@Fing bBascONPUL er -
readabl e nedi um i ncl udes one or nore i nst ructions for ug)r oceSS| ng

i nf or mat i onESERAGT e dist clammber beypdagyfomy thefirshipage prasisdis giehe or nore

:c nstr UCL [ ?Tgﬁss&ﬁteddﬂ&ﬁﬁémr&cﬂgnhﬁhﬁbhﬁ  anddekdriBiing Gihyhéral firdt SrypielaSiedentin t he
irst cha %_lr

_)—4

first 9hamlger region.

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

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



100201 According to yet another enbodi nent of the present invention, a
conput er -readabl e nmedi um i ncludes instructions for processing a plurality
of images of a mcrolluidic device. 5 The conputer-readabl e nedi umi ncl udes
one or nore instructions for receiving at least a first image and a second
image of a mcrofluidic device. The first imge and the second i nage are
associated with a first focal position and a second focal position
respectively, and each of the first inmage and the second i mage i ncludes a
first chamber region. Additionally, the conputer-readabl e nedium includes
one or nore inst uctl ns, for processin nformation 10 associated wth the
first i nngé”sﬁﬂﬁtec[‘ﬂ'éhas ???”?E‘Q%anda?ﬁﬁw C3, POSHIGP EPspeL el &t gt hs
generating ﬂistﬁ:ﬂage dldlﬂmgebnhaﬁqd iRudeits fire etginberrégdnraiddibion Mg 3Rchakeid W th the

first i mege a S t he cqnput er 5 readabl e nmedi um

i ncl udes on® ‘@Fs pﬁ%clp?esmgr#n PG h?tl‘ %ﬁogla%?veﬁb¥|8§1“gg]§}aﬁcgan] SF9RRE IB8% associ at ed

wi th the tgenahtingathird insapd bamé oroat leasi indorinminssotiatedhsit the fideitegadndilag whet her
a first cry n at |east 15
i nfor matfons %?gésg{ca?dgog&%g%ﬁot@ﬁg&g agsog %dn\gﬁ%%%‘?%? %gdcﬂc%% I nggt 0 yet

anot her enbdaﬂtmﬂrst@fysttahepqswatsmme ﬁrswemwrmon@mdnpatﬂ@stmfemam e nmedi um

i ncl udes i Jwﬂt’ﬂ&e{t@-dnﬂ Lusting a classifier and processing an inage of
a mcrofl ui evi ce onput er-readabl e medi umincludes one or nore

t t Th
;.“fs:“fn;ggﬁ. AR e s v oo

rédet er m ned
char act er i sidjvetingAdBpsifiep prdl prgeessingen mmﬁa@ncrpféladiadﬂvme mebidesrredeivolgades one or
more i n§¢ r UL QRS of DhvicERRRE 'n@@ 'ﬂaeﬁfs[ l?&agaqls %Hsd’@l:lldtéd%«ﬁfat {525 ;€S based on at

| east informati onh associ ate I mage, and one or nore
i nst ruct i ormedeigymingg| chaadtarigticy %c@@@n@y,ﬁhmﬁhthu}ch@ﬁs deawttingadist plomlityiod f i r st

plural ity Ofsthedtakti®a «NBReHlfcARatRh adsSidd wWith HRATHIR 20, A SRt £t h the

first plurality of features and the at |east a first predeterm ned

char act er i stifalty pifpatgeadfom the Srspruiglifypl fralireshessd ap pideasaforpation | udes one or

mor e |nStrU&&deﬁﬁ&w{t@&eﬁﬁﬁﬁﬁﬁh@b@ﬂea@r&Bﬂmapﬂe&ﬁ@ﬂslﬁe&ferﬁﬁéﬁ ures based on at
| east |nformat| on.associated with t second pluralli of features, and one

or nor e 11 nsPrEeeTsEh Mprayvep s ardhiod gy ﬁ#ﬁ?%?&ﬁﬁ%@%ﬁ%éﬁa%ei b2¢he t hird
plurality odndRat Lm:cfcﬁﬁanﬂawmgtbc_hﬁlﬂ@m%n@bhﬁaﬁﬁgﬂtﬁaﬁrc@%ﬂﬁﬁbdsﬂi(ijé gdesdone or
nore instructions for term nin t afirs eliho ased on at

| east i nfor Bign B %o‘ﬂthtrgheet‘“t“ﬂ?[}“&h%f’%s APS yMSQO&B ‘F%‘g‘f"a}l § and a first
pl ]lc,lr ality odetepainmpgetledsss ﬁr@ﬂ‘likclﬁl’(ood%ﬁf_ dn:ﬁﬁlﬁis}lﬁfghﬁﬁﬁn f:adaéd cﬁftb@tﬁﬁ'd;jalmghty f
|norrrat|onsma irst |ikelihqgo nd t he ast a first
br edet er m red R Rt Bl ey Spnirits micorme A bR P EE Wb ER R Ust i ng
the firgo p]ﬂam:iodmtbéatﬂmstarfmtereeetemmauaﬂer&nc Iaedaaﬂgushmgtmﬁmﬁpmmtgassom ated

with the fi I t L e

characteri s fSthn tglgbéﬁlg(?\%gm% “Efg‘%a%‘gdln“i%ﬁ%dﬂb‘{@? ﬁrrré'tnl eﬁ‘% er co%glgaser ation,
one or nor eaﬁﬂam@etbnranil@@ardeSMe present invention may be achieved. These
benefits and various additional objects, 5 features and advantages of the

present i nv®atd] orceadinpte ahefhéryembpiiment ofaliegaeseut idventiof arcomp@ertreaditie det ai | ed
description BRI EF
DESCRI PTI G\F%@W&%‘g@%&% %?@Eigtﬁé’m% ydig devics; T of an

exenpl a2y i erampiegresdable aedivii(nglaBoare omg@mem@aoramr@bwmeplﬁmtmgtcfm pl an and

cross-secti gnalauit o] a0 ﬁf‘s%ﬁﬁs@é ﬁEMdeETL ﬁfspﬁdueim%aﬁhégmd%%eéﬁgmw accordance
V\nththelnventlon %,m 5] Figures 3a and how netering cell

stretch andregiostps e %vb%ée%ﬁwf%a%w%ﬁﬁb@aﬂmm@dwm the invention.

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 &
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



[ 0026] Figures 4a through 4c depict the process of masking and i mage
subtraction 15 enpl oyed in accordance with the invention. [0027] Figure 5
is a sinplified diagram for an i mage processi ng nethod according to an
enbodi mrent of the present invention. [0028] Figure 6 is a sinplified
process 520 for transform ng i mages according to one enbodi ment of the
present invention. 20 [0029] Figure 7 shows sinplified wells and channel s
according to one enbodi nent of the present invention. [0030] Figures 8-10
are sinplified diagrans show ng sanple 1-D signals. [0031] Figure 11 is a

sinplified dt'h%%rﬁast rg%kl n ongglgﬂ?s %gtgu%%o%lg?qu?t’t???nr% n‘g}j nt of t he

present I nvent I on. I gur e

i mpl osi on- paduhmgewmnmésﬁmtd@mbaﬁmmﬁlgure 13 is a sinplified nethod for
wal | detection according to an enbodi nent of the present invention.

[ 0035] Fi gye0e0]l5A¢cerdingde Ythﬁoﬂieednbmﬂihlhmcbfﬂﬁprebdﬂﬁhmﬁmap@ﬂﬁidﬂgeambﬁor ding to
an enbodi f. L pve -l on 61 F u is asinmplified
di agram fglrm i mcthnl%? %éu%ﬁo@l%{%gmd& 1ggatlj(%ur(z?llE Ig“{mm u]tdﬁ dc"f)l?cesent

i nventi dn. Thp @c@@‘ﬁ]er-ma@bh@leglmmuschaiesdmerpt momemmnergrfmdemg\nalleastafupﬂ osi on at

n f i 0038
anot her ti HR.AGHEK Ql;dlﬁlglﬁ%e%f‘a H’g:‘?@idﬁ%:%ngo Thi B i gfzg@ihels&‘é dc]iﬁd gé”are[ ]

Figure 18 is a si e I nspec n accor to an
enmbodi nent a@:ocmtnbwﬁr wliyatrfocal ppgitian fngr. second focql D@Q@]l respegiively, 2181 dach of thei npl i fi ed

training meghed, g@&ﬁﬁﬁé@e&&dhﬁ’a hehiRadiaBRlyAledde RiRERAY A0 nvent i on.

[0040] Figure 20 1s a si I ed method for classificatiOn according to art
enmbodi nent cemplttﬁéeqéﬁfé%@mm m@éﬂspquomns@pcqnpg@r@vmw ipfognatipl i f i ed met hod

for conpj nla%mhtewﬁémaﬁﬁ%ggmcims@aamﬁmagedsﬂﬁ%ﬂ& oidhort RErRAGREHt | nvention.
15 [0042] Figwe 22 is. a sinplified diagramfor deep chamber according to an

enbodi ment &5eergtiRga Blllrg apage baspd At jegft information associated with the first image and the

second image. Moreover, the computer-readable medium mncludes one or more instructions
for processing information associated with the third image, and one or more instructions for
determining whether a first crystal is present in the first chamber region based on at least

15 information associated with the third image.

[00211 According to yet another 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 1s 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 pluratity of parameters



[0043] Figure 23 is a sinplified diagramfor capturing nultiple inmges
according to an enbodi nent of the present invention. DETAILED DESCRI PTI ON
OF THE | NVENTI ON 20 [0044] The present invention is directed to i mge
processi ng technol ogy. Mire particularly, the invention provides an inmge
processi ng nmethod and system for detecting changes of an imged object.
Merely by way of exanple, the invention has been applied to crystallization
inamcrofiuidic device. But it would be recognized that the invention has
a nmuch broader range of applicability. 25 [0045] Figure 1 is a sinplified

diagram for_an i i.ng system accordi ng.to an enbodi nent of_ the present

i nvention. °P°g0% gggfﬁgﬁ%ﬁ%asﬁfléteg?v%fb?ﬁ%@‘eg?"zi’gbra‘é cfdpsta sy vi ew and

Cr 0ss- sect ipeedetbrmined whapdcteaistivi cr of | ui di ¢ devi ce according to an enbodi nent of
the present invention. The microfluidic device as shown in Figures 2a and
2b can be y&2d] i Depeodipguyoh the amb dirtent waeed comsiieragors ysd @ mogsthabbaafits of Fi gure 1.
These di agr,ans_ar.e rel X S ich.shquld npot.unduly limt the
scope of thtﬁeie LTS Y Qlﬁgwerlﬁ ¥|.§e %ﬁigé’egf T%e\ré%?eﬁartilmgﬁﬂqus F&r?ltioﬁ%logrc *woul d

recogni ze rfeanyesaad adventegesof tod resem atventies candon dhlkywphréd apwitwitireferejd®@@ibd | nagi ng
system (10) r i |ent .| e follow ng manner. First,
rai crofiui &B%H%e%%cgéﬁ?fgg%@g@?gﬁ@n%l%ggolL‘g'n stage (20). Based on a
fixed feature of the 5 raicrofiuidic device (30), for exanple, an edge of

t he base support of inicrofiuidic device (30), conputer (110) then causes
X,y drive (25) to nove siBRJEF PEIRIBHON OF DHRDRGWINGSr of | ui di ¢ devi ce (30)

ina first PRSI QY -',Qr‘gﬁvj'f%ge@l iRh by of fiducial marking
(30), V\herellﬁ%ﬁ][ hgaﬁe(}ugjflg%snar iéngs xaréa@r%%e%ﬁoégghwﬁt hin m crof Lui di ¢ device
at a kn g0 Mens) i st & 1o | o1} cones into
Focus by | HeihoF At AAait BGRIGE ooy SURRRRonE ARk ety PO e
feature. A miswofluidi devics vegidn eneprdimenwitiee Bwveantiant he preci se coordi nate of the
fiducial with the inmaging system Two or nore additional fiducial marks are
then |i kew [8€25hapigeds v b 3b hepichlssi sttemgeelbdiretzh alalistortion mayiber enbodi nent s,

this process | - | : : troids of the fiducials can be
cal cul at ed %rrng%sagﬁlgg%ydﬁlgggﬁ%@%(Iaﬁtoéymmt ric XY fiducial object and

renoving a N+ i I i : i , under the
control of r‘é%ﬁ uE %r % ?1%%08%}‘2%%%?&? Cisc‘ests H@gésﬂ%? %ﬁ'{sﬁlﬁ%éns ?ﬂoa((‘itgo?]i) on of focal

pl ane ( 195)entpipybdivascordonns withdhefiingotidnal mar ki ng (not shown in figure 1, but
shown in. figure 2). For exanple, once focused upon the first fiducial

mar ki ng, t hié037hagienty Sdy s simplified diagrai tiexian dmage pioressingansthasdporadiiveren i nage of
rni crofl uidj 0%\%&&%?{%&&@9&&9 for additional fiducial markings wthin

the field of view o ge device (60). In preferred enbodi nents, 20 the
field of vi aR. r I [ el r then

anal yzes th@“\ffsﬁr gﬁgﬁ%(g,%fggggﬁﬁ?cﬁgtog&g%ﬁg{éﬂ{%g%e rl}rlrlla%ggc\%ﬁ@?ﬁg&rj %he

m cr of Lui di entgéiriestef Hgpresfobinveation. st ret ch, and if skew or stretch are
determ ned, transforns the first x,y image to align the imge and

coor di ngfe 1839 offiguted shivey siifplified wellsded sheenelsocaariingde ate enbadivedofibnat e map.
The idealiz gseﬁ%gfcﬁi%gte map i s used later during inmage subtraction and
maski ng ste%s. 0047] In preferred enbodi nents, with the raicrofluidic

device X,y diFﬂn-%qg; i ik 1 %Q@ e goordi nate map, the
systemthen&ggehper negg 1%?@15%%;%@3t@g I tecl)(ri?ig r? or lack of

CO-regi straf,| bl veq [ ' b dl A0 | in the
Torofl i ar e ce‘byq%%%g%%ﬁggﬂ%%%}ro%gﬁ%% i a%‘:he o i BB GAEL ngs in
the x,y cooefdbetagsentinyagfionwi t h the fiducial markings locations in the x,y

coordi nate i mage of the ideal stored
25 00632} 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 (¢} are simplified diagrams for wall detection according to an

embodiment of the present invention;



30 image map. If differences are present between the actual fiducial

| ocations and the imged fiducial |ocations, a matrix transformation,
preferable an Affrme transformation, is perforned to transformthe inmged
shape of the netering cell into a virtual shape of the ideal netering cell
shape. By converting the actual inmage to a known and fixed ideal inage
using the matrix transformation conputed fromthe differences between the
measured actual fiducial |ocations and the stored ideal fiducial |ocations,
i mge subtraction and other inage anal ysis are nade possi bl e. For instance,
Figure 3 d {s v uaIy stored
as a coordﬁﬁug'?]e ﬂ%ﬂgiﬁjﬁﬁam %ﬁ%dg%&qd%rgm §m$ cho(l;% cﬁlﬁ‘o i %:e i mage
(al so st or @fthgprgsentingeniierdi nat e map det er m ned fromfi du0| aI mappi ng) . By
conputing the differences between the coordi nate nmaps through matrix

anal ysi s, 40036k r Figure i@issfimmirfied drpramafpr wel idplosibn peording ta afemboditbg ofict ual

i mage |ntoﬂ§egﬂésg.gﬂ.}vc¢] gqroe for use in further image processing described
her ei n By causi ng the imaged microfluidic device to conformto a standard

shape, S he, Vi ewabl e
area of a 321:] 5@ fgqf@ﬁ%ﬁﬁ@n@%&gﬁggw §°Sllan%ah&¥'ec scach ngbl’l S are
present wi tembndlmﬁéOf:Thapmntla‘(eﬂhonne zero in a series of time based inmages,
such defects or debris can be masked out of subsequent inages to avoid

f al se posi t[P38] whigrre dpislayimydified methwit ferdmegeyisspation scading to :oemborihansi s. | n
addition t Lo reas of the chanbers which contain defects O
debri s, thgf%?{%&g?%%%@chanbers may be subtracted from subsequent inages,
again so a Ja i 0 tion
anal ysi o THOE] oBuE RS A8 £SO Al bbbl bR SR |

cont r ol 19 ayieventiand t he channel |ayer, can al so be cal cul ated based on the
position of a found object in the control |ayer, such as the control I|ines
t hensel ves.[0048] aRigtth@P isevstmplified methedsforniasyi Batiproascdrdingletag embadagenbefsed on t he
control |aygl, tdducialss thensel ves. For certain enbodiments, this extra
transformation 1s inportant since the control |ayer partitions the 20
protein ch

t hrough 4c ep’ct Igvlzv]i 'E}' ﬁaesm%toﬁ\?lgﬁ]ie%a&gfgﬁgglbwge% %ﬁ“&%‘éﬂ%&‘}éfﬁg%cur at tinme
zero prior aftheoropet miention. matl on. Figure 4a depicts a netering cell with
debris, shown as the letter "D' distributed about the netering cell

chanber &5 U643y Flgeret2e ctasiroplified disgrarh e deca lobapiber sgfarding tohe emeddandnhef cel | has
been rot at g ,bdniffled, to align with the ideal netering 25 coordinate
system and after the neteri ng cell has been stretch conpensated to nake
the i maged r f: tering cell
di nensi ons, ﬂ?ﬁi ® reg?gén% ect hgﬁ&f pr sen?ﬂl?"lﬁ::l tgﬁ%’; ggég %Frag% are masked
out, rmeani n@nhoﬁﬂalenttoﬁ@lsereﬁﬁeg wemion.ncl udi ng, and i medi ately surrounding the
foreign objects are masked so as to avoid falsely triggering the crystal

detection analysis into_deem the foreign object as a crystal that was 30
formed. Figure 4b depi cPBT %H‘Epg%%@ Cﬁ’m Ms renoved the foreign
obj ect s 261 ofoddpe méragamaeveaﬁont@dm{edw@ %j(ﬁ?océs%héfécﬁn'blogﬁeﬂ&ef or image

anal ysis. Figure 4c depicts how i mage subtractjon is %céi t.o renmove the

chanber edgearyoalatty, thednventimproyiles ?'Fa‘&égetpbocF%’&EE“@ thpghgnd rsaﬁk‘?ni‘f‘?a f#% o0 one
of just wal ctime@soitahaﬂiged 6bjedtr Meiclylbly Sraf bﬂb%nﬁlmenveﬁﬁﬂhmhﬂfccﬂmﬂﬁdn@ may occur

if wall |an0 on.i s dete t usual curs en the

M crof | ui ) EYREE S RERYIRLI Ty AT bl S il MeEOR i b eat i ng
out si de of mheh bedaderiveipe oft-ppldiabijtya negati ve pressure therein and thus, wall
col I apse or inplosion. Such further masking for inplosion enploys a series

of knowtssh@pes Eﬁ@fc 1de & simplifierli aginantinesn mmi)lige,s:i.tam adeciding $o arechbbdima®s such

known shape e addit i onal sk he inmm [ t he now
i ntruding |?*rp$edjées (e f‘%ﬁgﬁ%aﬁ?gburis h%%%m amsFor? 3([3'1 .aé‘%% M for an

i mage processiiomg! viat df(aalmaoﬂqulid ﬁﬂg:etacroalmgemmmhbmmbnt@f tht beesept ivwetidn.

i nvention. I l; e duly Iimt
the scope Oﬁ!rﬁc&h %ﬁé@lﬁkg@nﬁ%gﬂgﬁz&o |bnd§?msﬁﬁ]lﬁ%g§%{cﬁ I{ej‘%glr <pwo | d
recogni ze 10nagmayysieawrds sitomonis Figutetl e Trrae disgsgns manlmdxaﬁllptﬂa,t‘?}mhs!howe met hod

i ncludes a process 510 for locating fiducials, a process 520 for

transform ng i mage, a process 530 for masking inmage, a process 540 for
conparing Sages, and a process 550 for inspecting inmage. Although the above
has been shown using a sel ected sequenge of processes, there can be nmany
alternatives, nodifications, and variations. For exanple, sone of the
processes may be expanded and/ or




15 conbi ned. Ot her processes may be inserted to those noted above.
Dependi ng upon the enbodi nent, the specific sequence of processes nay be

i nterchanged with others replaced. The process 540 for conparing inmages may
be perforned prior to the process 530 for nasking inage, during the process
530 for masking image, and/or after the process 530 for masking imge.
Future detail of the present invention can be found throughout the present
20 specification and nore particularly below [0050] At the process 510,

mar ki ng fiducials are |ocated on an inage. The inage may be renonnali zed

agai nst a reference. i.mage ich s.previously taken. wih either a

st andar di z%‘% ug‘lqug]bﬁ%lrt hlﬁé’i%ﬁ? %ﬁét\ﬁ]euérf]a&gmﬁ’fg %8?‘3@3%551951‘%]” ?Iéff"?“i& bal anci ng or
f or exposuregognizemshy vaugiiaes altgmativeshewd résicatiald. e characteri stics. Marking
fiducials may include cross hairs. 25 In one enbodi ment of the present

i nvent i on, [@0HE | Imageg sysehytl Sperstseiniongenteisnthia tleddidwitgménoera Fiétui di gm

| ogo. Each_n I -hair filgue) al | ocati ons around
the et or | Ao oiE g o) 8RR RRBEN S et ) By RSB 5OEF 1 T hece
fiduci albs areofiudiedayica &), tier ewinipld, an edge of H(basei suproriof inferadluiglic dekiee X- Y
correction T I i Y. I n. under

ot at i onal CopRapler (It BefBhiclEY Wb @6 hARA R0 R RN Bl BHER, 0031
extracted dedenid)ihedet pyposivon wih ¢ Srsteaf i pliglityf fidkiciel mbrkive (Yhiwherimges, t he

cr 0ss- hai I ofdl G130 8i s GrelcRbfed Bitth hldRinkiaRORA at PRRIWhI-MRer@b det er mi ned.
The gl obal positions in the TO inmage are conpared to the i"obal posi tions
in a subsedisirate forpp@ambyy et gointyeompy inforfpgye by Iwging deviqgd (B basedien depd | mage,

.y 0rot N@eckMind WB@Fethe MkddFeaturd O ide ¥hel Pt SOBEn re?ﬂ&s MelpfecRe RRRAidaleve | Nt eger
smal ler than or equal to N  The TOinage is captured at TO, while the T™M

i mage is ca&ptafideriapityive imagingsysiprp| Tvo opmorpelditiepalfidycielmarksag them of protein

occurs. At jikMischippbahitt tRedskiftined b A6t B dheiBYbJARNRBIORE Prok@dis | f @ single
fiducial is msse e or the subsequent TM i mage, the m ssed

fromthe TO.i nn

fiducial i<Wea% qsf}wﬁattm@eﬁ%%@"@algsamheﬁ olpied el Y dEgMval ysi s of the
rCoordi N0 to b ot Ment o b et R s oS
nerely an éj?é{ﬁi)(?@ '%%ﬁﬁqjé%cogﬁ?iﬁh?nﬁ’gfp@ﬁoé&eg}a"rj‘fs 't{‘]"tcﬁ’@é’?{%;goé’m&" 0? he cl ai ns
her ei n. Oneowaf platedl Matoyfomk ioh therfididia narking\fmat Elabwh e Hgyné 7 dutrshewn ar i at i ons,
alternativ modi ficat .+ 1h r . 520, 1 ncl udes_a_process 610 for
10 nat chi n?sg}]ﬁegzglfoé ’ga,mp!f’ ‘%}Cg%esssed ‘é’fgt@g%?g‘g‘i%%g %F?‘ﬁgh"t“rnaﬁ’s‘%ﬂﬁ%ti on, and a
process 63Chdn@btaine afissf 0y cdondpateimges. of Alidrdfidifetribe(38)oakangHasadidensl shown usi ng

a selected e . . : i ,
modi 11 cat i ARE ISR i SL AT ek WL F AR RIS PRI, | e
expandeD artbd @ cionryi qre enbritean prtiveBeering26)l. flie couiutntben ialyzesthatastor mat i on
and the progess #3f uan%e t ﬁe?e%ﬁ{ngﬁvﬂétﬁkg file @%ﬁ@&’de@%gﬁ%%uﬂﬁ%n&&bt&ﬁew

processes nay be Inserted to those noted above. o] ng upon
enmbodi ment ,if skew oz pesten piedetgarined aasterins thediew 5.8 dgagaipalige the fmage emhnged with

others replRa6Rfate Bl W e ARt RIdicUevibd 16 aPiERSAlobrBRAD ik NTHeAdkaRRq f Ound
t hroughout the present specification and nore particularly below 100521 At

t he processcogrimatemmag iscised later dyring imagraybiractionsad wpkiediersh corr espondi ng
fiducials in 20 an ideal coordinate map. For exanple, the image is the TO
i mge of3 t H804f Ingrgfarred epbedimentiyitt theanerofiidiedevisn g cpasdingte aage coor di nat e

i mage, and jfiBgedi.gemdk the QRidbaabfe B the Systthh KenMeCRBhA Wheh& thPRetcdhe 1 Mage is
al i gned agai nst, the ideal coordinate map.. Locations of the fiducials in the

i mage are cOTIRFEPRY 14tk oheortsgisiieioistvren the garopspiciogidicilayess fresgl 3 the oor di nat e
map. Such ceifAndEAsyicay compRink tha Téatthn o B fidueRl lakingdh 0@ x @bldrieh of the
mcrofiuidic 22,84 EEi Sl G0l lBYG e § AR B magt 1T e BRailorat® O ™™
30 image map. If differences are present between the actual fiducial locations and the imaged
fiducial locations, a inatyix 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 ideal image using the matrix



[ 0053] At the process 620, a spatial transformation froman inmage to an

i deal coordinate space is cal cul ated. The ideal coordinate space
corresponds to the ideal coordinate nmap. In one enbodinent, a nmatrix
transformation, such as an Affine transformation, is calculated. For
exanple, two | east squares transformations are calculated fromthe TO i nage
to an ideal 30 coordinate space and front the TMinage to the ideal

coordi nate space. 10054] At the process 630, an inmage is transforned into
an ideal coordinate space. The image may be the TO inmage or the TMi nage.
For exarrple rix transfo ch an A Aff sf ormati on,
changes the s%ﬂrgﬂg&m computec{%orl ﬁlngtffeﬁcfdesg%f' gﬁ% %ﬂgﬂmﬂa@g 5f"°8hape. The
met eri ng ceifl thnatyrebélesllﬁdmed lqcmcms titvige eubiractimpared odwﬁfmngq: onlyex pematent s. | n

one enbodi 3 ' %13% n and

Fi gure 3b ﬁgév\%e alr%glMEt 0?1311 di 1?‘3 [Eg&?ﬁ%&gd%&@icc&S’r@é%mégtaﬁmﬁ[ﬁgp fferences
bet ween t hesidrgddne p@lrdmmw)(ﬁné arj agtugl, @Hetﬂdmmﬂn@mdemmamalsmared
correspondi £R5n . dTBkr i X
transfor:fr]naltai@gﬁgdn%a%b]ﬁJip ?ﬁ&%red t%&g%ﬁﬁgﬂnﬁ){ %fg gﬂgddﬂ? |mage into an

i deal i magebﬁt\'{m'%fooﬁbnﬂfﬂri@apﬁ%@@b@at%@m%lﬁ@ 1Rg mg@n@hdﬂmPﬁebfr M i mage are
transf or medgel J@dt @fom@&ehct@a@ﬁﬁagbﬁ%tasx&a%gge fJﬁeearfﬁ&%Iﬂa?@ﬁmEQﬂgmge and

the transforne Mimge are | ocated in the sane coordi na ace, so they

are co-r egi $t&bethersn BHorrprned maged m(b‘i*i%ﬂ“éj%‘ief'i’é’? to cpparm g 2seadesd Hemred TO

i mage can DighagdkibifeednReld naskinglifitssTthd ﬂofﬂﬁﬂmi&h&@é@ﬁfe afeh B4 Abtbringatll on in the
TM i mage, But such subtrﬁa&:e |on %g es not renove all the noise sources that

shoul d B rBABRAEGMOTERYSE A} defests ORdaSrs Are Rrsemt v bin theshambar akthpe 250 R 8 i n t he

i deal coor df!eﬂ@to@nﬁ@&ﬁai ﬁr&gé@l’bﬂﬂﬁﬁeﬁct@@@deﬁﬁﬁaﬁb@ﬁ&k@%uﬁ offsust@ eﬁthﬁaag%se on the
same |ayer as t ractice e@lch met.erin éF“iLs 15 uni que.

[
Dead-r ec konﬁoﬁﬁo‘gﬁge R%gfqve Wg&‘h?’[PP]é’W aRORa e Frts BpitigR, fay S‘Ers onde not
provi de accisaing oﬁﬂfewdrﬂielcﬁmbefswcﬁa&twadﬁdmnf eecbhe,mgauiraaﬁ of tBe dhSiBdrd Y
extracted aro nd Cegfctedge Isoca ion, and t ﬁ Q usequ&}o | ook for
the well wal'f% ”P—b ACted Som Y eq}’%h}maﬁ?snaegg%”? REt4PE® 5?f°é‘€1‘“¥8 & four walls
of the Wl | crydtah reaciphition emlysfsoUhe dl&fq:mabctﬂveenemoas kyas sahlaybetged theo det er m ne
four of the_s] f t Figure 7
shovs. si rpl TS et gk oS RPN oS BRRF B ot P TL 12
present i nvexct iothe cﬂtﬁ@Iadi;raayplamthes:omt@iblieythalmseéwanfplmqthmaumlesﬂhuul d not
undul y 1M Lorkliin SCRRR AL A of bl Mo VRloPEfleia Rl Gl sy SKI || T Lhe
art woul d recogni ze many varl ations ernat Ives, and i cations. The
four verti cembolimeess, this extiadransiometicaigvectantsingd the conirol leyer patitiqns 8% t he ri ght

channel gt h o{dngg&nﬁé@hg,mmqﬁ;gﬁhgcgﬁ&om@I of the mddle channel, and the
right 25 wall of the left channel. The remaining two walls, e.g., the right

wal | of the ht f AC
demar cat ed g]mgh@%?gﬁonen?c &B?IE%]% \& a‘ﬁ@t‘eé?lgga s%ﬁl}ﬁ%ﬁo;ﬁ@%%ﬁsﬁﬂaﬁ% g@%ol ding a
1- D hori zontUaFZ%Q v fo coystah fognasion. Figpre 4aamevct|sag1¢ten§mllwgebnsm@wraﬁal ysis of

one- di Mensi gRgkie1OF H%Giﬁﬁ:@& ab%higﬁl?tjnet&ﬁig ol c‘é&nﬁe&‘?%ﬁlg%técﬂﬂﬁ&efcﬁ&ﬁbéd' he in the
center channel and the top and bottomwalls of the horizontal channels

using smal | 284V G@Kéhcd%‘?t@%ls cglhhss Reen mepted; i prdsdote Aligmuithile jds8 megring hannel s can

be tilted owdordatdHRerQhll 2R I8 melHR: &Qh@'ﬂeﬂﬂﬁ'@tﬁﬁ coRpbRhiad to thie that er f ace
| i nes and the tcb‘_g and b ttomvvallsrg lh@ channel,s are, used in the
& P8

subsequent | yRagFegEmgSe TRORF mptcly ¢ iflgal metening ool dfmpsngiensihehy - ans
showi ng sanmgréignlobics In@tljﬁis&lt mTtheﬂa:l dmggﬁamaskad éut rmeraﬂhythemmp teglns Whi ch

houl d t | I t th h d
SRETT ot R it Pt RS Bong s g rT B Moy el Fudlabiy "
nodi fi cat i onfggering tleerysal chamudmaaialmmms dectringg thdhfareipnlobjestlab s crgete tmomsas crisp
hown_ i n,.Fi . 81 h
:jgpzlnggagona %%C(fz?%?%%egﬁbi dgﬁ&gﬁ Fﬁaée %@m?m%s#éaiéﬁlgﬂ%klf?mﬁ&ha ;t)sec i cal ly,
Figure 9 i s the imagepd asftp et pdividg fasmtfiggers fonineast anpbysisi Rigudde depicksdw iBaggure 10 is
a sinplifi equbqeﬁal% A 1RE td detbRIEnARL: Wod tn B GRS i8h NG edude P IR

enbodi ment s
image into one of just wall-less chambers. From this final image, further masking may occur
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fiducials are on the same | ayer as the channel. The channel position can be
found via the affine transformation wi thout finding the channel walls 10

[ 0059] At the process 530, an inmge is masked. The maski ng increases the
viewabl e area of a netering cell chanber. |If defects or debris are present
within a chanber in the TO i nage, these defects or debris can be nmasked out
of the TO image and the subsequent TMinmage. The renoval of defects or
debris can reduce the nunber of false positives in automated crystal

recogni tion analysis. 15 [0060] For exanple, a stanp or a mask is
calculated fromthe TO ima in order to mask out re ns of the TO image
that cont ai’h% §1P] ’&F?Q?P’gn H&Fteﬁ?d?ﬁ?"é’?tég“f “SE‘?]lyt"ﬁ‘é‘“t:‘T"&?gfbﬁlm "8 HlAfeiEH anal ysis.
Flnrgutr]I e 11 Ic&?ﬁﬁrﬁiﬂ@ﬁiﬂitﬁd @dmnhra@mmamfenmﬁﬂglh oi@ide aﬁgee@aﬂsﬁwaﬁhﬂgg to one
enbodi nent of the enti The TO i mag t he TI mageare
capt ur ed an‘?fg?ul"&?fgg %ﬁ’ aﬁ@&@”@&é’r“ﬂ’il%%eg’%"gg‘w TBSORE Lt i | i near
regi on contiaiphsiof en;rlo)lselaembsn@cmahbMpesmeocm&gwhemchzﬁbérémplndoﬁdwﬁmdr boundi ng
vvaIIS|nth t t._an sis. Simlarly,
t he int erfa%gsﬁgl ne |sSﬂné“@%§§%fd8%ﬂ tl(gna lfUdse ar emﬁga% ects t hat
appear in tinsudingginplndedfwailnt er est and exceed thr eshol dinthe TOinmage are
simlarly nmasked as they are assuned to be pre-existing before

crystal |l i zajoD49h. FiasreshioawimplificHidggram fdrlan iraagh pobestihg meathodpmedingtoiam t he ri ght

chan ne! i n Qt?nto Elénteg&%f ILJE%B% ﬁv%ﬁgn t d?;{gm}nr{?ggrflég.g&)ja}n?ﬁeé bianbi uqh g&t does 25

not exist int ower-r| voi ds, and
spaces are dafilylimtiliescips Oﬁihepleﬁﬂsmﬂrdmcodewfonhswskﬂmmeyflrtmnldmm in size

from TO.50 LM I\%Lﬂﬂ%@nsdﬁ%ﬂ{H@e%fagﬁ'm%ﬁ&h@nsc%ém &%ﬁﬁﬁ&or&%%‘ and the

mask i s accor e correspondi exahpl e, as
shown in Fi lgt;ﬁﬂes lalsheprpfeﬁﬂaﬁd m@wquge,gmwwmnm@mwemeu r

"inpl OSIon-ﬁeetggsa@for\e&hﬁéeﬁgﬁ&g@sumta%fbces@@so ﬁspb&ngﬁﬁ%éand T@ﬂﬁﬁ@use the

substantial” pressure difference in the wel et ween i mpl odes the

wal | s from ¢99% hﬂsbeert@howamﬁeeﬁqlqctsﬁchuenpmf@mcesﬁectbﬁr@w%@emnbﬁeme%edu nent of

the present mbfiN@BbdsORd vird8olsMEbQs ke, Baekclir fd pRIASR 5y bD BlpdsiRs afidk r act i ng
rectangle around_ a_well in the TOmng)ﬂth cal cul ating an average of a
t

successilén Eﬂmegét%ﬁh@]P@cﬁ%FﬁWtbél‘%erﬁ 35 80t 80P Yea JEEPeOFNg #PRGIS i ni mum

val ue of thisbodRhQhe aieifit B@uhﬂ@i%ocﬁdﬂﬁ%ﬁﬁﬂbﬂﬁlt&dhﬁlga@ﬁtﬁoﬂnéﬁ fegla&aocesses of
extracti ng, cal cul aw? and 5 findin e . sub e uently Ti image, the

T2 i mage, . \DePrqogEs o FrERpame mages&iﬂig??? OPFN PRYJRhe Braese 21080 ati ng t he
di fference ﬁmﬁnlganagewuﬁ@@ﬂw pila ees¢ls 30ffermensiceg unlage‘, Be/or ﬂﬁrtﬂ@&‘prdc&s @SEEr t 0

estimate addi nal he Skl r i nal TO

i mge. Fi guP® “P%g aﬁé%”ﬁggf”i?fé‘ae ?Sg'g %ﬁ«gﬂ“&%iﬁ’& E FH 5B ocess. As
di scussed aleviécatiodankutordyerticelayirbdswz ed here this diagramis nerely an
exanpl es, which should not unduly Iimt the 10 scope of the clains herein.
One of ordi uasy sitithelpracesstSh naritingfiutials sre bogai chen ipdpy. Vi imagd mdyde
alternatives agﬁi de lcat i mges are

00
conpared to °8e mgcc'%£ g%lw‘ﬁlff)ci'vwgﬂg{ag‘fnm tﬂt:égr?*pan son i mage

c onpari's
results fro mdhﬂlzsdmabreamthmg wipder tﬂlhmlcT@qpqﬁgevhﬁte bﬂamhe off fok 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 orfentations. 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 TO 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
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i mage. The scrubbing can usually renove the walls of the chanbers. Such
renmoval can 15 reduce false reading in the crystal recognition analysis. As
di scussed above and further enphasized here, the process 540 for image
conpari son may be perfornmed prior to the process 530 for masking i mage,
during the process 530 for masking inage, and/or after the process 530 for
maski ng i nmage. [0064] In one enbodi nent, the conparison inage is nedian
re-centered to push the mddle 20 to 128 instead of the arbitrary val ue
that woul d otherwi se result. The intensity of the inmage can vary even with
respect to the reference as it is dependent on_ the hydration

condi ti ons Slaﬂiemén@ﬁﬂﬁ?tﬁgﬂ%@%wmﬁgﬁﬂ:%%ﬂ%@g@ewtﬁgd applied to
t he conpar iasTM. Foregemilg «CTead @ysdliizatidne pidtelntgeurd. QatrMyaivelalisssibts ehs t he harsh
borders that thegﬁask vvouldde ntrfgﬂce to .an jimag]gTOThe cl oser an image

pi xel is t8OFTHEDINART Qcspred; e S MG S RS A TR 81 T0 7Be8° T Ve t enuat ed. This
process i s soneuex divpinegg thesdssedfidunigh is Tdnalythiosdoasideecdrinpnglbsabsehieny t he

di stance of _each .| e pixel froma mask pixel is calculated separately
fromt hgs Ténaﬁ%é’ghga["gﬁgg] Figures 4a through 4c are sinplified diagrans for

i mage subtr, | O skin n I i.ng. These.di agrans _are merely
exanpl es, \kﬂfsyn %ﬁgﬁ ' ansg?plﬁﬁgﬂr%esﬁuﬁﬁiﬁi&taﬁé%gp%agoegmf%gm%{oé)? fs herein. One
of ordi nar yembhditbnt bfithe preseatritventbanl This diegrgmiisrecretp myexampleathichrsboulddit

alternativ A, i £ ' S H ?i e, 4 ri ng cell
cont ai ns dg’%?ﬁl}z&?lrtlg‘?%@%égﬁ%&ﬁ?ﬁ?t%@ﬂs ssgyi[ubttl}? %Elwa kg% egf“ﬁg met eri ng
cel | chanberay vifatitnst ditempiives; essaulifitetions.i Begratse §20 intlivdss aptoesss Gi§ forel | may be
rotated;fo ali i & W Qb ; ' ormed to nmake
the i mabéed r%lvtst e i_ﬁ\r%h&égse’%P%aésm?%lsffﬁc%s&gnﬁé{géﬁ%tfﬁ%%g’g%ﬂg? ﬁ}eog?sgé%{}g{ret ering cell
di mensi ons.traEfermingdnpgce Althesh the abpye basrpagn shovicusing s selestedseqionppehsat e t he

i mage. SubsRAURAl e cdd 1R niAY SleBRiAE) fdlRaal, aif RRSRhs. | Fr HiGpledeak | MAgE are
masked out. The maski ng process renoves signals fromthe regions including

and i mredi £f&eprserEsHRar Mpasicd med/or straiingd. Bisrees S29Recll@idtal can reduce
fal sely i daphifbriafdd D8 the@focksh 630 BFf QinGBrdY RGeS De 6oMiiiadl DiheFi gure 4b is a
sinplified diagramfor an inmage V\A(ﬁh foreign objects renopved., Figure 4c is
a si npl 15 i GEsEFagPYReiseradinigese aest 19¥s iTRending BbqniheranbofiBrntalbe i on

cal cul at es gidificRe@RERSS POtdREMa} MantdiChainFRIGEh ¥ ErstrdpacddV FufildRtailafge t her eby
renmoves the chanber. ed%e%f eat yres fr&mthe M, 5 mage. The TMinpge is .

converted iBEEINeTORGE 95 frobghqut g BEseR(sP dMOBEARFUEST ¢ hi s
converted ivmrge, a further nmasking may be needed if wall inplosion is
detected, Wall inplosion usually occurs when the mcrofluidic device is

dehydratingoesyl tAhehe phoateb 610, Gaueisknii o ifke ipRLtiRG With goreidiontide fiodiatshie chanber .

ol bsi O et PHRERe o b T R R Bl etk Sy LiRst B pa "of “Rnown
shapes t hat cnﬁp&ipmnty\mehnagh'ambmy chanfihas inoge, aatthe isl_eaawmbrd.im@uchl_ }kYIOWI’l_ shapes
to create adihhdah. TRARed 0uR8e Ak bl DS ahiTBAS, Nt T udi ng
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 microfluidic

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, ia ealeulated.
For example, two least squares transformations are calculated from the TO 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
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[ 0067] According to one enbodi ment of the present invention, an out put
scrubbed inmage is calculated by first renonnalizing the TO image and the TM
imge wth respect to each other. 20 The renornalization process can reduce
a DC or background signal resulting fromenvironnmental changes to the chip,
such as loss of chip noisture. A sinple subtraction inmage is then
calculated with a 128 offset. This subtraction imge is then "scrubbed" by
stanping all the pixel locations in the stanp with 128 and t hereby
obliterating their output si gnal Addi ti onal | y, pi xel |ocations are
progressively tenyat ed based on their x-y distance to, a 25 stanped pixel
in the msl@?ﬁﬁ’érhé‘?sg%atf‘)ﬁe 1 e epedil @ pisiegee gel indtbs IR iloAfAY t he nask

pi xels to %H@Hr'ﬂleanmgbd‘lllﬁiyéb@Shdeﬂmmtﬁrémﬁohﬁdﬁﬁs@mﬁﬂmﬁﬁ&svmoue and the

real image v 1. At a. s. 550 n_im ectedfor
crystal s.g Iﬁﬂ% %?%’1}'{‘%“ r‘?’go‘?sar'?ﬁﬁphg‘gf@%%"ardﬁn JuPi 35193 #ﬁ&d‘ﬁé‘h a feature
extractor \[nhmphﬁcqotbsttﬁradmsamdﬂyburnmamg thmgacrpcajEe&s:mgﬁﬂ@mhmmumnon t he

i mage. t

semg aufsgrrat c(ggrhlrng%g{s Lﬁt}g}“ﬁ&g{ﬁ%ﬁ&% ﬂdwal?‘{ca&o m%le dg&}m con% na %xn of these
f eatures |§Ias€e°¢1mefloednaﬁheerfnng¢ﬂeo c@wwbﬂnsﬂlﬁtmdmwmo asidemhjopee to a | ower

di mensionality through fisher-linear discrimnant analysis to increase the
separ abi | i t[{056F At hspratess §30pthe T inepe am the MMVhingge G aasiofmeldnth dr idesl per f or ned

inthis lo i ithm A
conf usi on \rlr@t;rgﬁifg&g% ?ﬁgh%u}?&gﬁﬁia ftu?%aﬁcllﬁeg&%O%gsd Ilégi:&%?at egh%igglexcl udi ng

t he i nstandke aamdetmrmsmmcméhwe@tco registeiest alldscompghhletsb oneatother.t Tl ni ng matrix
to eval Yt G im0 EES S 10k }:Q&:atfro 154 10 i1 JeAE: DRRAEAIAIRO TT M TS 5
used to determne the nu er of nei ors the tfeatures used and two

t hr eshol ds Th4 &epes- o?utﬁwhéébfﬁﬁmth%é‘Otr@]l‘é’éﬁl@Hn@lﬁﬂfoﬁlaﬁs’eﬂl Fhegdtbeve rej ection.
[0070] Accagging to yet another enbodi ment of the present invention, a
conmput er nmedi umincludes instructions for processing an inmge of a

m crof | ui di GogdfV iliReory! B I&QﬁHﬁHBﬁﬁe ﬂ@ﬁiﬂiﬂéﬁéa@éo%ﬁh&te%ﬁ@%ﬁ%wﬁ% gfenat
directs a processor to performthe inventive processes as 10 di scussed

above. An e¥efrptniidicials ayson de saprieyerafihe s, put in aractice eeshmeterieg et er

| anguages amﬂltuweaa%ke&gﬁsmémma%s%m%g%u SAMNULSR do IrHRRPUL er code s
not i ntended |imt the scope of the clains herein. One of ordi nary skill

in the art WOUNHTRIRHER Tatewh ﬁw-rv%eaeulﬂﬁsﬂuym\e# EgydsAd wellng
a|ternath€l§cat1&rQQ7thﬂe’Fﬂ)1f mageélamhenoamtﬁ@mh %@1& maﬁ@?ﬂ@fd@meumnwg! udes one
or nore instructions_for rece t he e of a mecr ui dic

devi ce. The®™T %t‘?dltﬂa gopgwalls of e gl pr?‘nguTUfO'étrvﬁ’?Pn%%F?sféths YUREA ti onal Iy,

t he conput edetetBinelfit of teasth witlds fod e ideschatel segmed®r € | nstructions for
receiving the TMinage of the mcrofluidic device. The TMinage is captured
after the TOVi7TragRureVahe@sahplifiee welBnilidhainels @evdallgeo mmM&ﬁbﬂuﬂes one or
nore instructions for ansform the TO.i o an coor di nat e
Space. us ngPEERRREEEn TG At e e G e e S B

instructi onsoﬁeaufthb bhmfhenem @e bivediddyf skithig ¢heiantwoulkibeogrdeabang ootadommat e space
usi ng at t a fiduc 0 Str ons for

bt atning iR PR Rhsliho, T ANy B0 Rpes B0 Becklip RS RARLIMGI TP o Wi ¢ 1
t he transf owabdf tHE(ﬂghMgme]athd right evall pradrilsf left weltlo (TiM mhididlg ehanaehdndtheright nor e

instruc 0 o) t|on
hSsoci afbd il RelPaRaR] Mo AR TRRERI, SRR b & Bl SOl 4R

conput er codieledaiall pethe¢ bﬁﬁhﬂﬂe@atcldn@arﬁﬁf@l!wﬂwcsmﬂmmaﬁhlﬂt‘er\”hchgrelfmée mas k| ng
i mage, COWD@]f&uélgthfeEﬂém,a1@5%0&!8&91%%&1&1'8% gramﬁt anBSight 8lu-A00L hek a.ﬁ‘xgﬂﬁpl e, the

comput er code perforns sone or al processes as describ in Figures

1-12. [ 007F|onpdimgnsiqupldhorgpnigh sgns! %@ﬁalsq @F%Wrmterlﬁaﬁﬁh%ql%@d cefder ghanpgle gbove

exanpl es of ;AEASY A bERACALs B KB Hrizfatd BRhnEM R ShalCHR 8w LrofRASL-Y exanpl es,

whi ch shoul d not unduly limt the
dimension. The hotizontal 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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30 scope of the clains herein. One of ordinary skill in the art would
recogni ze many variations, alternatives, and nodifications. For exanple,
sonme processes may be achieved with hardware while other processes nay be
achieved with software. Sonme processes maybe achieved with a conbi nation
of hardware and software. Although the above has been shown using a

sel ected sequence of processes, there can be many alternatives,

nodi fications, and variations. For exanple, sone of the processes nay be
expanded and/or conbi ned. Dependi ng upon the enbodinent, the speci fic
sequence of o erchan ed DWW t r c [ 0074]
Nuner ous b P]?tg%%%(? iz;'é%?sgt\[} 'c'ﬁ]umﬁmst RVET ?llg% %Sr Tglgsﬁ\%leﬁfl onal

t echni ques ardméh ehanmgleyy mhsﬂvgldewbmdulyrbmtt ﬂlecsmpe of therglaims béreith@seofbenef i t s

may be achig Mﬁg, e @ggg t; i nvention
I mproves t B eggﬂﬁ h%|)§fferrlatwé13{|u§T c8 y5| s an qcr y%&l %%&ggﬁgﬁiﬁ&ﬁg&‘. on. Sone
enmbodi ment sertdin m’pedlpxeetsélmchﬁmvlewﬂls oang angisp insighal a5 sewnppljgurprfoliesssi ng
system f.0r o ystaa Jfk&?&%@{/ﬁeﬁ@fd@&&ﬂnﬁﬂmﬁ@ﬁEt%m%gg%ﬁﬁig% the present

i nvention i ITpI‘ ove sensi e | rocessin and syst em
[0075] As cﬁpsce’rirgléiealsaltsa\z%asamhﬁeéﬁtaﬁ@n fq;nqéﬁ&sﬂzr@dleqq@we Figglf s 1- 12

represent GRELBEI;SIRORH: Hﬁ&&cﬁan@fwﬂtﬂ"ﬁatﬁﬁ@ SIS0 ThRYRNHRBimeAS dnd hESE
enbodi ments_incl ude nmany exanp In one exanple, at the cgﬁocess 510,

mar ki ng fi difesials g o ke FW&%YWW Bl @ hRehanprkpopifeRyEn R iPuadvise r enor mal i zed

agai nst a refREeneemhisaSehoMihdiy Mehaiice¥ilRUS| y taken with either a
standardi zed sl ab or nothing under the mcroscope, for white bal ancing or

for expasurgesopr Aedhb FidkdsO430, @imBieEhasteas ThahRing RArAGE Bl vBlvbii§aeal e | MRYE
may be 8-bit renmormali zed W th_hi gh_resolution, or other desirable

char act er i SXfp@gteripgge chagnbes. d{l%%fﬁaisgf Srhys areRIpsTafaVithin fuchamber indhe Thimagg

enmbodi nent tBdse 8dIRtslr @SER bani b YAEKei emfﬂhheo iﬁﬁ@@@ldltlﬁbc‘shwé@ﬁnﬂm Bhdghlg cells in
addition t Bach has cross-hair

20 a FlI rn.l.ogo ri
i duct al's TR o BHes AT PR S HE PG PERITE FFRRGE he. | mage
acqui si ti ongrystah®cgeasibt amansis.of these fiducials are determned to within +1-
100 mcrons through the X-Y correction process. This estinmation accuracy

may be achievssy BM%ﬂarh{ﬂd@rstampbﬁzthﬂ&lcaleﬂht&ﬂﬁ@ﬁﬂ16ﬂ‘84m@ﬂﬁﬂd?@3r'tchﬁasprOcess 510,
sonme sub-i mages, ar ract und the e.estimte catlons Wthin

t hese sub- ,‘}lﬁgﬁ@gn“}?ﬂlgﬁ 8‘1‘ S}Ri?:l'f’%\ f‘%re”‘é&"?fi’ﬁ QB Phei r gl obal
positions aanelyﬁketﬁgma Ndgda sdn@hﬁl:ﬂ@agﬂﬁlﬁ&ln&skﬂé‘l&aﬂ'@atdﬁﬂ@gto sne emhadzmmd at the
process 510 and in, th JO | e n ed at the
P ocess 520" areeufufR” Tt I Gk gl 5 B0 el S B

crystalli zanieabcpou:ﬁnaprspacel Fach cestilinsar rgionivhtaios @omﬂ@hﬂldum&allanﬂmfregmnot ei n may

nave 0B i LRORBhol k16 T0 TS, ABLIES BlbificlfRsS 520, e

gl obal positrons 1n ared to p03|t|ons in
a subseque nSHmlnrbg@c intanfobe Lins lim%ékeﬂpui n’d@@omaﬂlhéﬂrﬂ?zblohm@@’rs thaheppdavin theage, or

the TN inmagg u% r@sfﬁﬁlﬁéfkﬁeﬁﬁrésﬂch@ﬁi‘%ﬁeToaﬂgg %}é sﬁmi?aﬁ}?% lIeh‘As?thé gger smal | er

0
t han or equaF1 Image Is capture le fiducial is

m ssed f romsﬁqmdmclﬁﬁag@ﬂwbqfﬁécryﬂﬁ%hﬂmmﬁ Showlpﬁwll:t%brﬁbﬁéted fiduci al

is usually pot. CORS rﬁﬁmg%b&‘ﬂﬂa&ﬁ'@ baRGhent bt He1Blobiefi@odsTRIES.
[0077] Ln a%gtarrler ei%ﬂc roce]sl%gSZO mcl%ﬁ%@ a |§r ocgs]s G?LOs for

mat chi ng>f i ?ﬂﬁﬂlﬁ%the%f%la%@@% {308#%r cal cul ating transformation, and a

process 630 for transformng i mage. At the
[0061] The cells, voids, and spaces are deformable in microfluidic 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 subcomyponents have their “implosion-padding” values calculated.

30  This is necessary because the substantial pressure difference in the well between TO and TM
implodes the walls from their original position.
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5 process 610, fiducials in an image is matched with correspondi ng
fiducials in an ideal coordinate map. For exanple, the inege is the TM

i mage. |In one enbodinent, the inage is an x-y coordinate image, and the

i deal coordinate map is an x-y coordi nate map. The image is aligned agai nst
the ideal coordinate map. Locations of the fiducials in the inage are
conpared with locations of the fiducials in the ideal coordinate map. Such
conparison can 10 reveal any distortion including a stretch of the

m crofluidic device when the image is captured, such as at TM In one

enbodi nment oor.di take i.nto cou t certain

char act er i 490%@ ng% it °mﬁ§$“§§/“ét’e ﬁ”df’gjlpnalﬁe OEIPBPT‘ "§i ¢ device 30.
For exanpl erocwhac]aﬂmremerrgrsdtangb ammﬂamélmdmﬂ‘[)mnqze,wbbdhmma avarpenf or

predi ct ed i } ener ted 15[ 0078] At
the pr ocesgtsﬁp%%,?m%&%&t#gﬁpc %ﬁss %?Ftr%trpg% rom 9 5 afdm deal

coor di nat e vegaeed ﬂ1€iné<a<l, teptatingsitie abﬁ?@hédyabesmmﬁedhwanm CQMMg,caod responds to
the i deal qf %{opﬂ@&bg&iﬁcnﬂéﬁ‘lgﬂa%e e attagﬁt.mggguaraﬁ o RST Or mation is

calculated e to the ide coor di na space. I n anot her
exanpl e, am@aeﬁtﬂd sddeviating the Aidigenesinthe Iﬂdﬁ%} §hm@ﬂere@pemlamérdcsﬁwnd tthe TO i nage

to the i deqlirpRokaihnal daegeeherazgiﬂg%%bn f%tmthﬁgm ?@ﬁﬁa@et?ﬁxgﬁems' ,mege 1s

transforned into an i coordi nate Space. For exa e TO i mage is

transf or nedlmpﬂlﬁcdaﬁﬁ’tﬂfﬁef‘:’f espéemrleaddmsewres. fradecugsed Eﬁ’e'(e wdfudeor med. | n one

enbodi ment enbRRiztd RRSHR dRshnl FRELH 28 ERmbRE MR shdlidReuRaRBiL&ey di nat e
space, soO they are co-regi stered and conparable to one another, In another

embodi mht SGQPF-.@ fthe defws B?r?ﬂﬁdoilerﬁ@@qaﬁémd’e@eQ’EWP%%?PO%FP’%‘WH@DS
m cr of | ui diaGerfiRivisCaaIdditeonexanpl e, the mcrofluidic 25 device 30 has the
channel regions and wel | regions. In certain enbodi nents, the channel

regi ons anqodsBp Methé pro@gd s:msmage@ aﬂe@tﬁﬁaﬁéaa@gt@a%@coﬂthas@haa@eh:a and the
wells refer to.recessed regi ons, i °B’et Egjgtgcrofl c devj ce. I n other

enbodi nent SXAH% 2 FFIERAET9R jmegedesy acHppGH) ﬁ@@ﬁedff?? 5 ™Muncti on as
wel | regi onaagel Thy/Rfubbihf & zﬁrm@dmwmewattstoethmmtrh LElﬁhﬁer@@Mhﬁﬁ i ncl udes

chanber be..use ui d .channel.s,, contral . chan and wel | s.
3010080 | At Bl PRttt bl o SRR RGPE RN PREE st anp o a
mask is caIemphatzedjhwstluagrqcesedﬁtfe:rmgee:dmpaﬁsmmue(parfmempndrInﬂhc deal i zed

i mage. As shown 1 tured a sfornmed to
the i deal 00T F%‘g{ emspa e, agi%adg‘lﬁn’% %?m?cls%gglf a‘% fon 6% acirﬁé &ur boundi ng
wal | s, The maegis¢B0 foeyaskihgtihagef our bounding walls in the TM i mage i s masked
out of the subsequent analysis. Simlarly, the interface line is nasked

out . [0081][00&4] ahmnbennbcﬁimmmhiﬁcoﬁja@mzﬂmi@mamsé nqa;tdrdditeplushﬁtclmdﬂlé or wall
det ecti ner X houl d..pot unduly limt
t he scogde of mgeaﬁgftﬁe arlb%lg alfl é‘atwo ﬁr?%lrn%msckeﬁ% fhe'm" l{}'ic’fttgmﬁgd recogni ze
many var i atdaowmsy eah tvéh respactte the referehcrbuligé amarsd@nmient'bh@mﬂﬂamdl 1300 i ncl udes
process 13 LMl [Mye:Tof-WN iptensity
anal ysi s, :)c(ragéégcélg Elfglggﬁékgrﬂl T’convgr %%@%?%fpé%g%s ?ilggpp%% IO%JEO%%%Q# or

det ecting vtallatestol‘ﬂlmteﬂiatmuaemﬁqﬂewhlehmﬁﬁelﬂwhammb%ﬂmwéhembwﬂ‘dﬂ det ecti ng
vl | Tor SeaOReOR ke CHRUAGK m fblitON « M ARRNCLRAR NSRSl USI N0 8

sel ected sequence of p ocesses there can many al t ernatrves,
modi f i cat i onstenvaied. Fhis Prpeshisene txemplesz%ﬁsfwbens t%e%ewe@@ésscr_tm&)thand 1320 i s

conbi ned. | fis:2R04 L8 iR PR Lirorh DB RAGES SASaled 4 0hapigly 2300 T8 1hQADI ned.
O her processes nmay be Tnserted to those noted above. Dependi ng upon the

enbodi ment , (obd3¢ %%ﬁﬁk hd Bros@AMERCERnIfkd BLAERSISERa BN bR hedkERaRged with
ot hers replaced urther details of these_processSes are f ound t hr pughout

t he present 5"%‘5‘%‘83 f ThesedasFRLS 3EF TPRETLLCXSWPIS: Bﬂ"]af‘l'i%}ldlﬁ‘étl wRly imtissegee o gur es

14(a), (b) t@eelaifn® herdineOsd sRkdidalesttilith 8@ adaBulll fkophede mafletLiafidnen according to
an

30  alternaiives, 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
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enbodi nent of the present invention. These diagranms are only illustrative,
whi ch should not unduly limt the scope of the clains herein. One of
ordinary skill in the art would recognize many variations, alternatives,
and nodifications. [0083] At the process 1310, an inmage is received. For
exanple, the inmage is the TO imge 20 or the TMinage. In one enbodi nent,
as shown in Figure 14(a), an inmage 1400 includes an interface |line 1410 as
a first control channel, a containnent |ine 1420 as a second control
channel, and a reaction channel 1430 The interface |ine 1410 includes

wal | s 1412 nd d t he co I.nme | ine 142 i ncl a wall 1422.
The reacti d?}ﬁc?é Iﬁlﬁdm%gewglle 31"’5]?1 PR et ﬂ‘ﬁ%ﬁ” g&?é‘?sf’ﬁﬁ t he

i nt erface Imetaanadb]l@:mmsiomméowamac,rmmaﬁsfdnnmﬂ:&%eaheomﬁtnia&&he% cont rol

| ayer. h t|on C ne 430 is U rotein
cr zst al i z%f‘g% gﬁb[‘%é%g? @E’ o fﬂ% oli)ﬁ oo greieﬁ%%éélcﬂljiﬁ'f%en%‘? i‘ﬁﬂ%‘? g is
per f or med. manlﬂwowwhad@mmmalsaﬁ@mmwoﬁs incRidipg rel Lﬁm:(eblﬁtelytshmmdmge 1400 is

anal yzed b gaentsy & sity al ong
t he di rect ?%ﬁtgro thg&sreg%%%%gﬁﬁc nne?é%%glf{&%e O(I:’?J?ve {ﬁ%% @ |£r%cl udes at

| east fi ve cpetalesFigdd 2b ispsipaplifigdidgprant fpHan imagedvith45@ign Thiectpemked1442 and 1444
corr espond piedVe/i 8 limfIE0 03 3l CuRESS. 3 Rngeliion ARAARS COT T espond

to dark reglons he peaks 1442 a are associated to the wall
1412, the pifecabaweentte Tnesnnd theddbimage enfl thirety remevesithp thamharadgeand t he
peak 1456 israasRinl @l et iMhdch ThireMuRl e;ﬁc%%%rtedﬂ@%ﬁ]m@kh& Wwi9&ess 1330, the
intensities are converted. In one enbodi nent, as shown Figure 14(c), the
curve 1440 $antsBnverted into a curve 1460. The conversi on renmoves 5
polarity differences between the peaks 1442 and 1452 and between the peaks
1444 and 1490651 AHefithis epyagrieg imaghe faghanmesking maybesisedsd dfalldmplogeriot hi ng

process. Fofte@¥R MPhIimplddRn LhS tbdry wie iéeS crofluidib Bevidd Esvﬁhﬁd%ﬂ bl ggonpar ed
agai nst the average intensity value of the curve 1440, ﬁe absol ute

val ues of tHEnRST squiepls AePSEr@nB piside %fdh%ﬂhéfﬁb’rt% P&F“Fé‘é‘tﬂl%‘r’fe%ﬁn%%f’r eaction

channel 143;933m£§thamxh@§@dhﬁswmhﬁ11@wat@n 4G BRblfeREmiRMe SorRe@AkSonl 472, 1474,
and 1476. The 10 eak 472 orrg}z s . to t %éﬁr&?ks 1442 and 1452, the peak

1474 colt esHwirys? 86‘"’%9{ ELEPeY 4’°‘é’f‘ﬁ8hTAP§%n 35108 OffEIAnd WPESUCD 1 esponds
to the peakmd#bhapdsio @ase ﬁﬂﬁ@ﬁﬂm&mobhﬁem%ﬂnﬂ@ﬂ%m&ﬁ@umsur es the
peaks 1442 anp 1452 are converted into a single peak 1472. b another

enbodi nent BPHF S esent i nventi on, the conversion is performed w thout

t he snoot hin rocess. For exa the curve 1440 has a single peak with a
si ngl e pol a[Pﬁ?q"i/) ﬁﬁcﬁ@%?éﬁ%“%?%ﬁ%t o {5 REgseatiAvEntiore an optpst Scﬂﬁb%‘ﬁﬁlﬁ ¥ ng or

f usi ng of tda&urhwwerad«snohﬁamegded‘o i} &6 thATM Mgz pritheapet b4 otienl | s of the
first contr chan are detected. di nent shown in Figures
14(c), fhe 'BE& %"éméﬁf&"‘fﬁ“fﬂf%ﬂ“ee AJCQ%%F%F‘@H“ {FER TREGAPRS 1412 and 1414
of the fi rsdnvm@nientellchmigaq’maie cﬂu@,ls@ch al\ldss ofehipABBhirs fdmpla sftamatioh éhagbo t he x
axis along the dir tlo t r act.i on. channel e.line 1488 |ntersects
Mt the out e SRER 6RG Tost B, TRRSRRCERRR R "kt BaaEPakg Thse.
The averageal];«ha/mkallﬁacﬁfommtﬂers&mpmmnzs éhdﬂﬁrehﬁablﬁaﬂﬁﬁgm@dohthﬂmﬂr age x val ue
of the int ef eh bRl SRt Ans, bBSRLE ARNMLALEdon INE . dSEeAGE Det ween

the two average XV FUes s ecalcu of the
interfaég | stén@etim;cl@n thg aske ﬁlhgraﬂoatt@duwamdn insgeconplyeddraagbihngeskt he

predet erm nﬁgelwoqme%&mkm tﬂaﬁﬁt%ﬁf&@:ﬁ%e slaf}f Beclt4 amndh B B d %b?ahlels ne 1488 up

and down al ong the Irection, the 2 difference between the cal cul at ed
wi dth and t gcid?r?ﬂ%hf%'&&h @ﬁﬂm&'\&nqmshﬁaeﬁ‘?ed“fom&&ﬂs %r@xaﬁ fettﬁ‘éﬁhal/ posi tion for
the line 14 tion, the average x valu I nt ersections

1482 and 14%mbba imageds ﬁétrt u&bd* fepsure ﬁféraﬁ@ié’rh@qh@ﬁrf@mmetwmnmag@412 and the
average X VabMgiRftedtiSuds Bh B85kl ONS 1486 and 1488 is considered to be the
position of the wall I414. [0087] At the process 1350, a wall of the second

control sghappgy; S.8l6] ﬁﬁtsagchorlx B tRd3€ features is a semi-automatic process using Matlab
scripis. 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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30 enbodi mrent, once the interface |ine 1410 is |ocated, the predeterm ned

| ength of the reaction channel 1430 between the interface |line 1410 and the
containment line 1420 is used to calculate the position of the contai nnent

| ine 1420. The cal cul ation provides an approxinmate |ocation 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
cal cul ates the penalty functions for the wall 1414 and the wall 1416 and
determ nes a conbined penalty fin-lotion as a function of wall positions.
I'n one exanpl t he conbi ned pena function takes 5 |nto account the

si gnal i nt éﬁ’é’%’“@‘thE@f&fYStﬁlﬁé’mEBﬂ‘&re‘“?%é Clapsifigatnnrisperiosmgdit &is lewfe  conbi ned
penal ty f unGhdn@itaal @:Ia@axsmgh <@ YY) uaghbbmgoduﬁt FeRfildRh WReR i dikfg- correct ed
wal | positions and tr oximgra %ewal I gm%l ti o wi t houyt, fine correction.
In yet anotREPE&LIH E\Iate Ey?ﬁc e UF Hg'29eR HeAS IR § 2BRIAEE on, t he

| ocati ons ale tialengwretdisto l:v%]:ﬁte&lﬁ‘ﬂ?f g&dﬂﬂé’ss’aj’fﬂledﬁin&irglﬁma(&e bésﬂtrzyﬁig @Gt her
exanple b th| ng.the I unct i on, cations of
the wal s %ﬂ%ﬁv g ngrrng ae % f%gﬁ% Z{r%ﬁ aﬂé&d)l {]1013%85 goéve and
further enﬁﬁ&&om&ﬂrhe@mnaﬂf@mngaﬁ?cw&cm ely an exanpl e, which should not
unduly limt the scope of the clains. One of ordinary skill in the art

woul d recoqn[i'm]e m;dmgaﬁ el icOlies emiRidinesnid the yeSent @wehtiom dicbmpadr madism For

exanpl e, and 1434 of the reaction chanpnel 1430 as shown in
gure: 1a( PSR RTiEe o Pooint oo dF FERFHIRAREE e comt® 1215 and
1422. The dnaltaarm;@esbefbmp\aer cbdechdt idectsalpkasesint 3@peafionn thd Bdertiveprpocesdeiser m ned.
conposi 1 S Bbye A8 ok SRk AR e ST Bl SR B BE 0 ©
exanpl e, tad ﬁlﬂﬁmmoaPermlPﬂvgstharcemmétre@‘bwmamméglﬁg@témtedectm lite channel
| ayer, and s of dolé S OB ARY [ ysal-To yet anot her
exanpl e, tht{égﬁgooﬁgg)t#oﬁéé%%éﬁ gfbs&ﬁ% EE{% @}%&@ ‘%g 28-J Q422 can be
det enni ned sasfiods, ovdifeatipesazid ajternadivefat | on obt ai ned from a bar code on the

m crofluidic device 30. In yet another exanple, as shown in Figure 14(a),
t he regi on [BanHOItehGn}ﬂmhc chpuietiregabah¢dimingRdes oued motedastruciiods 422 can be

masked @ i duci al
it S i L R R T SR
enbodi nent, Cfﬁmﬂlzém?@l Ardifenally, iy cempyirrirepdaplemediwrinelades pryir@wraM a def or mabl e

layer. The ;&GaRReH: EGAMDERaRES o@thvaﬁdﬂ@wade%@nrﬁeqmm syrrounded by
portions of the deformable |ayer or other he volune or open region

i s pref er apisytured piiathedOinags °Eﬁ°Hef§11?6PP1%§eféea ?W‘?ﬁ‘&‘lﬂlj’&? Ijgys gEor Beteot her
non-reacti Vlﬁstifubtwngforfmﬂfo%lﬂgfﬁe&b&@aggﬁﬁofﬁhdiﬂdlb)%&l@ﬂxhtb deyushighaf BEseNt refractive
index to l;)‘q? relative to the surroundi ng defoi nabl e | ayer. The open

regi on % gl onthe T0Jmags; prisPr fPTernspFgRs T ransfprauing e T WG BAd has a | ow
refractive idelexordidatetpdca bivg at 1€ affidahite biddhe TRIHthdYorer b iG:GiMtioad fod ayer has

simlar characteristics according to a, specific enbodi anot her
enbodi ment , *HaENE 3 PP H‘Elg?(‘(’j i‘fg leﬁsﬁ'ﬁgﬁm"él&@é%s Cﬂﬁﬁ‘tmﬁetgﬁntﬁnﬁfnﬂ‘?mflhe mar | dng
fromits suTGdeanﬂg&trahsfomﬁed mﬁﬁhgteahdeﬁdmdmfﬂafﬁtmcttohefo‘rpﬂms:@ﬂneﬁar ki ngs can
be any physical . feat u{?ai ass ted %Q gﬁlﬁ er f|n%l di ¢ device 30. For
exanpl e, t NS PrHTR THE° PR 3 g?ﬁsﬁﬁgm SHEAR&PS F"f Br an edge of the

m crof | yLdi vice 0] At t roce re.c ared to
gener at fL’a @gﬁgar‘ﬁl% eirf?{fﬁlé’% 8?0"&3'3 %Ganzgerit' q%ctafuég(rﬁ‘ﬂf%ﬁgrémfé?glgts from
t he subt r aciirags) maskidghme geCranpaudyg ifnpgesnatidu@spédiing image. As yet another example,

the computer code perfonms 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 medivwm 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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5 image. I n another exanple, a conparison inmage results fromthe
subtraction of the TML image fromthe |I'M2 inage. Each of M. and M is a
positive integer smaller than or equal to N. For exanple, ML is smaller
than M2. Such renoval can reduce false reading in the crystal recognition
anal ysis. In another exanple, the nmask generated in the process 530 is
applied to the conparison inmge to create an attenuating front which
softens the harsh 10 borders that the nask would introduce to an i mage. The
closer an image pixel is to a mask pixel, the nore the inage pixel is
attenuated. .ln yet another e | e, the nmask tak i nto account wal |

i npl osi on Bf}negﬁy?”#paf B5 %%ﬁgoﬁfggﬁﬁﬂ%?gé%ﬁgg& Kﬁ&ﬂ'i‘gg‘zlffsag%‘ff hé%?f\?‘é&ﬁ?fﬂ further
enphasi zedusieg sseletthiseguencead grobebes teye das bshbqypitemitivess owifiesiampiods. [ 0091]
Figure 15 is. i gpl Ll hod fQL..d sion paddi n ccagrding to an
enbodi nment v%?a%r_ﬁ' Pﬁrg&%&pﬁ%g«%ﬁél nvé’ﬁ%i”%ﬁ%ﬁ? %}{pﬁdﬁg?narﬂr?%lgbﬁ@?'el y an exanpl e,
whi ch shoulPdpending upeehifieyenibpaiinent; thespenifiypequelice ofiprocckeé may beGnterchdngal di nar y
skill i they,amt L& recogni ze many variations, alternatives, and

nodi fications. 'I'rﬁ\gﬁ}réet hod 4500 includes process 4510 for sel ecting i mage

area, proc gﬁ? LI, Yol I nsLt . 0 for
determ ni nzﬁ)zgg oé;ra{g %ﬁ?ﬁgﬁl élPﬂJ ﬁgn%g%%é%%%?‘ﬁgs%“ﬂ?@i%&? ?)cfﬁmg%?'er m ni ng
m ni mum i nDspeiding upcad smbodiment, oh§ SOmdre of thGe bratfts maybarghieved! Bsi on paddi ng.

Al t hough t %r@@@ ; tsscgqyg% i nce. gf processes,
there can Ee mngﬁgp?gl?ﬁg]tﬂi&vesl r%%?ﬂg%ﬁfﬁﬁg%%ﬁ%%gﬁﬁgﬁq%ﬁ For exanpl e,
some pr ocedsdgisapderyriRaheyicsetiony Semcerhodimeniee! thy preseridmsntipagintpbifyi nsetted to
those nol eehcaRMtProcbRRE BitleRFo PRI BN ATRAGA, Bhbin BE:SARSI L Sequences of
processes may be’interchanged with others replaced. Further details of

t hese proc@ss@énygniion IprYe SSHKN] G fraee Precsprewed o eBier: cat i on and nore
parti cul arldﬁ/ bel ow. [0092] At the process 4510, an image area is sel ected
from t he TdI47Raghs gpcuisrdabpks ddggther qrphasizsdhier, Bigweh 13 wpeenyifage area i s

associ at ed ey bdimehtd Felenaet: Bfverdtok REBHY%e elfbdAithdts 1 ids manpdxampibd ied di agram
for wall inplosion accordi ng to an enbodi nent of the present invention.

This di agr &A% Femplsrd iy ProRess X Hinippiking fifycials asgatsted on 8t imgel by IN9e§MmaY t he scope
of the o aibEBenodfiikdQeBtist Prethdnad dhafdlivhich Wik grdvRudly taxDuikih@GOgNi ze many
variations, alternatives, and nodifications. An Inmage area al ong the
perinet er oFRdEdizs slab en nothingider the SigreRCRE O Wi i RS IRy & SHIIETS ect angl e 4610
I's assi gnechomhdibation of StH& desirablo Ok tevdticd. MR PiQRE LEFLADBDrendtmaRAd @th | Nt ensi ty

i s determ ned. .Sshown in Fiqure 16, .th dian .intensity for the inmage
oy ea | o oaiNadEPBHo gt B et ety UG A erE s Rt e
cor r espondilngnet embbdiment ef thapgeat ideehilon, the thagenelodds hetribactginadditiawo pi xel
intensitdies .al.ong,the rineter ..qf the.reetangle 4610. 1n another
enbod: néht > rigen el R B Foes i AF pERPAR Bttty FRSIE) 1 or the
i mage ar ea maergigtdl Munegithe Avage hauisitios 8 positEBOof tdsefihwialsare dagomitédomal | nage
area shoul d_. e : i r}gns',q : n_addi t] I needs to
be sel ect eg‘,q&?h% {p?(rao%é%g%s titg%tﬂ?es 'pe(rg %;P!r)%pcfgcefsf qgiﬁtc!ét%g’?{n} %C%%%?in%ggg area
does not neelieved evym vadsr etatiohl otidutatipnsoDedng tipt@reisS 1 hephosuradages ire one
examl e, NG RiAGRAREfed 3aARGhARAD Wi HERSAL EleliOhe BoRUGTRIRNAN Of

t ang plotfed 1

nested rectangles and the rectangle index Is agal nst the
det er m &kd mfgwsdnmdﬁh@rﬁqb@gpoaw@mwweé- g exag@Egthe TO image is

analyzed at the process 510, and in another example, the T0 image is not analyzed at the

process 520. For example, the TO image is captured at TO. At TG, no crystallization of

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

[0076] 1If the TO image is analyzed at the process 520, the global positions in the TQ 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 & 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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[0094] At the process 4540, the mninmum nedian intensity is determ ned. As
shown in Figure 16, the nedian 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 mninmum The rectangl e associated with
the m ninmum nedian intensity is related to the walls of the 15 reaction
chanber, and is used to determ ne the extent of inplosion. In another

enbodi ment, the m nimum average intensity instead of the m ni mum nedi an
intensity for the image area is determ ned. [0095] At the process 4550, the

Pl osi on B BPHET T Firee S R O e AU LBl s e Resent 20
i nvent i on. cobkidgrediduaigg tharsubsequant edajysianf tedanpdse, whi ch shoul d not unduly limt

the scope of the clains. One of ordinary skill in the art would recognize
many var i a{iosTs,hatditer eatblease pratess 370 tichi®atpiooes 61 Hoguitehide/AdREaws t he

processes 4510 0 30, .and 40 perfor on._an inmage ta | ater than
t he i nage 3%3 %zlea) ricﬁlcéh?hﬂ e B?Wé%&m&%g?%ﬁsn&%&?&ﬁ go%nﬂiqg’aﬁsggﬁe ated with
t he TO Snagecss 610h&dutibds in megege iFngthed witll coresppadiogfidiciel ivantileaTMR2 | mage, and

M is 25 | n F'%Hr . T_mg'ne that.,.corresponds to
m ni mum negﬁgogﬁﬁa}t%]lﬁ hsF M ?}cmk'glg dé I ?eelgl.&;} rom i%?' s%&gg%nﬁéduﬂﬁt’ t%ﬁ‘g‘g%eﬁsange in
i ndex val uesx-ynclirdieateimaph endthé ideal eprdimieomp iBasedcoortinatrenapo Tl image of t He

rectangl es. ' , - i tional inplosion
paddi ng théstcaﬁ g%egaé%gcﬂgﬂéggﬁ% ?ote{%ﬁaft%%f E‘ggﬁ%églh?ﬁ&ﬁayﬁg%%ég% sm% det er m ned.
The mask caempseed géibilagaténds pigheEdneiels intfhe el toofdirgtedndpo fuch3ompABREBIn At a

processlo559weﬁ@mihm&eoa iBclh BRPERER oY mitloN SR isviceFMen ¥ RLE, Figure 18 is

a sinplified net'hod for inmage inspection. This diagramis nerely an
exanmpl e, witREHed FSPLRt Ad Ty pRempodimpRtthe ifes! epewinateatap iakes iglogrqeunt” One of

ordinary skéran dhitadtéHRti@ok theiidothesREROI A& or thBBMroViaidlcdeligi®, pal t ernati ves,
and nodifications. The net hod 1500 includes process 1510 for training

cl assi fi er AmPlehp chaestensisginclyde some uanerfortiony knovgh pregjcied gUBHETRHES above has
been shown jdésli Bgrdmats Bheehe@dnaaelience of processes, there can be many
alternatives, nodifications, and variations. For exanple, sone processes

are conmai negh7ey SxRSRERE: 6201 NBEPERAGESHAS ForRYmAL th ASREL esbrdihid hose not ed
above. Dependin e. enbodi nment he specific_ sequences of_ processes

ng .upon, the, , , t fic
may be i nt SPCREAYENG: tTﬁelﬁlFﬂéP%leaéiﬁPE@éﬁfTeSF‘lS‘F‘S@} riffekcoodifate srgcliss 1510 i s
ski pped. | Rn@f@inpleSa 1e:xE8Pdr &, rahdIGmpicncesRuldd Borth eTepoade@siht Gleala plural ity
of images. Further de ailﬁwgf tléjlesq gtroces es. are, found %g\ghout t he
present sp&RIHPEAIRRE A TLFETR RA TR SRYSF ”B@FBW’“iSd’f’bﬁg%t “Phe process
1510, a cl alssiofimege to the idealico@dinatbspgesr e 19 is a sinplified training nethod
according to an enbodi nent of the present invention. This diagramis nerely

an exanml e,[00m) chs tibiprodess §30] antinaleliytraniforded infranSdap@ o@dinats Bgace | e 5. One of
ordinary skill i e art woul d recognj ze many variations, alternatives,
ond mod £ corma B T i i el 1B SR Baelermt AL kb 5 O Geor at | ng
features, [Inomeadodified), thotansfemedtimapgs dehtardds the phereatindte Sicd, or they

1obr o] ectl N8 el ERa S0 PRAGSSS AGA0 Lo AdluSnG: ELARRILLE - A1t hough
t he above has béen shown Using a Séf'ected “seguénce o processes, there can
be many al timagrandudesat leass giarf ofclet rivore§yidiaderioedP. Edriexawple, o mieofbndid e, sone
process i e (o JETYO ¥ al-Ty §‘di1H§-¥ Lisgqted to those
noted a ovgfeﬁﬁ%greﬂr%d@n%aﬁ%é%)é?ﬁ%%gnbtl)gﬁlﬁgilthp&?%g%%gec| |%ﬁ1§'gquerllces of

12

processes rregiondend the welkiesipwseer inferchangtabler '§h°’r0éﬂ1ﬂa‘é al theryiells fer telet ai | s of

these recessed regions in the microfluidic device. Tn 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 oxample, 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 coordinatc space. Each rectilinear
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20 processes are found throughout the present specification and nore
particularly bel ow. [0098] At the process 1610, a nunber of features are
generated. I n one enbodinent, the features are conputed on the entire

i mge. In another enbodinment, the inmage is divided into overlapping tiles
or spatial conponents, and the features are conputed on each inmage tile or
spatial conponent. These features describe certain characteristics of the
i mge useful for the 25classification of the image. For exanple, the inmage
can be classified into crystal phase/ precipitate and clear types. [0099]
I n one enbodi ment stics. of i .are m ned. The
predet er mi F&T Shptfins fo‘(’:ICS'?Pp |gs %l erel%ﬁﬁ%ﬂ"?ég F?HJ/U%O%“%%‘H?}E %‘éff

i nspect i ngirdge isinmaakpd. ouifdf ¢hechtmeqment enalystsi Similady tddgefichinais miskediueh of t he
crystal, phase/precipitate and clear classes 30 the inmage i s associ at ed.
The predet ¢r0&i]nel asdikar axcrpie Bipure §3 is a nindpBfiadsethotl doragt dsisctibheTidccur acy and

he T eat ur deBRdY Pt LB sl ol A Raaob G o8¥ o B £ ZBRC e e
St ati stiscs ordgiatybaillmﬂag&%détmom mBO P ptiods, laktdrmn@aumdlmnglﬂcamge Statistics:

count of  Jhbl 880 1K DUReRm bl $1 183300 B i3 Srocek G307, Sl g Thr eshol d

Feat ur es: Fes u S “at Ich o icrentsrze

segnent ed; Hﬁffr@ll)()fmpl)@ﬁ,gg)emlmjf@@pnvﬁé!azmtcasﬁeﬁmurlé@ of detdetingovadlgest bl ob or
obj ect foung q:& cdrdB1 dh%ﬂ?and[p@&@s@h%@f&%@hﬁq RN Fdrlcodd BREHNML ﬁeat ures.
frequency analysis features Form Anal ysi s Feat ures: ape anal ysis
features: [“‘@@@%]1 the-2hgtiedrasiippralip Vi usmERtselp et seque@p@fnrsceas@gélﬁemange the symetry

around % @%afy alternativek, Mca@? RYd JRREEs, Sl’ogékaﬁkﬂcﬂﬁé ﬂgcéﬁéiﬂb%ﬁd shgat ures
describing the fli pp| of sign using det ect or; [0109] Hough

Tr ansf or m FeRphingd : In ppoiiey pregip othim@arewﬁ%gmééﬁbﬁ copptipesy GINeF PrESSFSE t 0
det ect str afagBt inkdria@ & théxd fotbd:bd & d&ﬁdnﬁmp@,iohmc&nibbme@&b@@mﬁc Feat ur es:
or

features conmputed jn | ocal nejgh ods detecting_strajght |ine patterns.
se%).lenccs of processes maybellncrc anged with others replaced.gFMerd aﬂs of these P

processes are found throughout the present specification and mere particularly below.

15 [0082] Figures 14(a), (b) and (c) are simplified diagrams for wall detection according to an
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 TO image
20  or the 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 line 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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15[ 0111] The above |ist of features is nerely an exanple, which should not
unduly limt the scope of the clains. One of ordinary skill in the art

woul d recogni ze many vari ations, alternatives, and nodifications, In one
enbodi ment, for neighborhood Iine detector features, a N by-N pixel square
nei ghborhood is centered around each pixel in the inage and consi dered for
a fixed value of N. For exanple, Nis equal to 9. The gradient of each

pi xel in 20 the nei ghborhood is conputed. Based on all the gradients of the
pi xel s in the nei ghbor hood, the domi nant orientation angle indicative of
the straig I|n |nthe i r dee i ned. Al so, based on
t he nunber&]lbef ﬁ‘i&#ﬁ%ﬂ RO ]ﬂﬁtt?gt?f “ﬁ’&qg}#e Ii‘{?ﬁémg]o { it
orientati oassodalwdvsmrtlan@ﬂilh4m, and"tbemﬁk aisghtassbcwled‘paltmewmll i€@2determned. If
there are a nunber of pixels formng a |line and each of the nei ghborhoods
cent er ed af0083)osd tipipxees 1h31$ﬂ1251t81biﬁ&m@ caiv@rt&d, I brierelp oditme®) s eltbwatini ai ght |1 ne

patterns, the n andth ength and simlarity of

orientati o%gmglwrggleﬁg%% a lsfc a‘feure ‘°F8¥”%F4é§ ’ﬁ? r‘gré‘fcfsboﬁrf'ﬂ’ﬁ] At the

process 516ﬁcﬂant3c¢£fmanqus bebwden (e peaks é44§ahdeb!15@d1dfb|emxt thepqakama& aﬂdwtﬁnf features

gener at ed. I an automatic
. &{ltﬁlﬁp}ggﬁ C&Veﬁloﬁ lﬂgé ﬁl’h‘}lgé POC%?? fglpaeﬁ e]n g

nmet hod in ures are
cl assi f i cavalem oftbe enreech4d §00rmpﬁmﬂ\netdnsmhe a\@pm mcmﬁyalhﬂofdmumwbm ment, the

feature selgGld AGRL Of %nhémﬁ@@&@éﬁg%&ﬁeaaalg o RclioXle l}Bcfdiases, and the

accuracy for distinguis bet ween asses IS | rrpr oved. The
accuracy melipntsd 18t és pravely ﬂlﬁét‘%woqu@dﬁé@ﬁﬁneﬂlfsrléﬁ 144, add4% fTher and t he

pr edet efgm pegd 1@%6@&5&{(15&%&13% mhneananm Eéafn@?&%apésﬁmds BGnd JERGE | S

associated wth three classes_includin cr stal, phase/precipitate and

clear. In éi’f’&t%?f“és)@&ﬁﬁ'lcé‘eakflé?s @E&sﬂm}ﬁ‘égqth%ﬁwél“é%@sonﬁ embadieat, fheat ures are

sel ected f &ﬁmﬁﬁéprsm eﬁﬁ@ésléﬁe%%ak@@ﬁ@aﬁ@fhsﬁfa:etc&ﬁreﬂéd%igiﬁné{@ﬁ&k 14he sel ection
includes conputing the Fisher Discrimnant between H‘gal r and eval uati ng

its classi i @abrsRmbadmamteEie FeRnYEEw; Deronyiarn P‘?{E?“E WHeHEr stic (ROO)
curve Er easmﬂﬁfgprsceas mbmxlmﬁ&\mmﬁthﬁm@dpé?cm%@s oiagh?.@ positive
rate. For t alrs a t hree groups sel ecte eatures are
determlr?edp &F%’ﬁﬁ% ?é%goﬁ%m?%h’%ﬁ é‘fsfng(?f&‘c’:m?s@ Sésrﬂf‘*‘#ﬂy be different
fromor th anot h u ditio for the Nei ghborhood
Li ne Det ecﬁWP%Fe%rtt 13%"’“6"‘0‘55? %"&g‘s l{-‘)ftﬂ“’t C%“B@é‘?cllaﬁﬁ‘%,t“tt’ﬁ’rehpﬁ%t ure selection
pL ocess |Seﬁ66dﬁrﬂénlﬂﬁdshoﬁﬁﬁnlﬁgtaéml4©), tﬁc|i:&ak§e473@ﬁd m4hﬁa§se¢1ﬁtﬁced1ﬂtt@etv\0 out of
three pairs 0 Li ne

Det ect or é"&ﬁﬂr’l& ?‘b‘éftafg Wtﬁ%ﬂgiﬁgﬁ%bﬁlg hlﬁee 4%&?‘%%8&%{1&?01% ¥ he three
cl asses canxibelosg theldirecitdche ths irdagtion chantiadt Fitei ling 1488 gmersdetsmithrheaude 14800 use
pairs of., supcl asses for e |on roc 0 t he
process{016 our RS tipnz %%??Bfé‘a rlt}reagd g“sé J[f\)]l@reol ufﬂf%t%“ if#fc}% frent, all
of the sel emdquﬁ@ahe.mremgeaxmltpro«ﬁ}hemmamntmsﬁhtei]lmemﬂm?fdsﬂ‘bmal feature
space. For &g‘f%% ) Giwebh BTSN eREd Qéaﬂl%lud&%n%ﬁgsméca%ﬁ%%ﬂ e’{ gRatures are

sel ect ed. gcussed abo ove, fires are selected from al |l
features fomterﬁﬂ@merlél%f'fh@lcdsé@@ Wiéthdi cpmpyrest Azaing the fpredetermined awidsh efdbeect ed from

only Nei ght?ﬂ 1B0Okhelifte @%E&E&g%e ﬂi%%éér g%:ﬁ &&m%loﬁ@ih%?dﬂécugé %}%Ses- These 5

groups of se ected features are used calcul ate Fi sh eatures. The
nunber 3% dliffeesnes tstreeen ﬂlercé@%@quith@mtmemette@ngnod[\mtb49mmm1@qdétzprocess 1640,

the classi fobfin + sosRieh K5 R Gine 1438 OREME YROSHABAL avelafEx FnReH2 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 js detected. In one
30 embodiment, once the interface line 1410 is located, the predetermined length 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 calculation provides an approximate
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25 features are input to a Feed Forward neural network. This network is
trained using a neural network training algorithmsuch as backpropagati on
al gorithm The neural network can have nmultiple outputs, each output
indicating the likelihood of the image or the inage tile being in one of
the classes such as crystal, phase/precipitate or clear. If the inmage is
divided into image tiles, the neural network outputs for the different
image tiles are conbined into a single 30 output using a spatial fusion
al gorithm Based on the conparison bet ween t he output fromthe neural

net wor k an r.edet.er, racterist neur al
net wor k i sga ki fc?glc? a&??ﬂe% ‘% ‘3?1%“ f/\éﬁmé‘t?q%cag%% ebwnggg@d’g?det he neur al
network is I%Zﬁaxﬁgfemer adjl@@iﬁjfame tmctpnpmms_’msmq camgctiompgpeesis salmllma fied.
Figure 20 b pihafl MRblokd RE-PREROM 4L mERAPRAE h%%tegﬂn&%%%ﬁt&ga
enbodi nent o e present 1nvention ramis nere arrpl e,
whi ch shoulfuictrtas gifvderop of we positines. élwpexaoﬂtnletmcmbmeﬂmenammen@ton@m nary
skill igt [ , and
3,1 B BEbll gl SEAMS SPQIBNG AL 120 BR%exafiph ShRLES

nmodi fications rocess 0 for generating

features, pm&)e%ecnw prestigtp agspwyt ﬂ@tdlshg%foe‘@mmtbﬂsﬁﬂﬂa?ﬁue%ﬂdd@&mmlm@df or

det er m ni NgelaPREEmEL A postioh \GHBL: b BorRRRY.C HN\REmBRERRAWRyUSI Ng a sel ect ed
sequence of processes, Itj here can hbe nmany alternatives, m)dlfl cations, and

vari at i ons RiEREEE tecgpbaedrengiy furston, fe @Pt“éﬂs tgeryls 1A e H2aB8ve. Dependi ng
upon the eaagidEarin vl ieaRRRlL by SEUBNIRS0RbiA RARBARE TR MDE

i nterchanged with others repl zced Further details of 10 these processes
are fould L95PRRNIRR VAR &4 142ad B 2resEtemi®etat i on and nore particul arly bel ow.

[0116] At the process 1710, a nunber of feattues are generated. These
features i MiOBBldetsdiscussprbaboyesnd fadereawhsizethers Figwe L ssiadkangomple, n one

enbodi ment which 8hduRidlothi@8Ly Afrt tRSIFH4beMHe Ofimb.NEndTotdiRry dmgﬁthe Iaft wanet her

nmbodi t, th divyid t t I
Cmmonmes s e Vet B aHSAE D ke 10 8Ll o
conponent . 14% dflmeyet:tmra:b;txhelrl4mimhbmﬁmmgmb I a)ceed fotadai ih @ wan slmilirp@ihe g
operatiqQns._a rf e ! to h ro 1710. [0117] At
t he prolgess ﬁﬁsilzd'gE Mﬁ dd]l‘%%t rete“}s% e 1%@’{32 .ﬁeﬁﬁgﬁe enbodi nent,
all of the pfﬂﬂettmmed Mﬁltxpmtr@bnabfthheaqnomdml mewﬁreamlq:ﬂrtogmtaed onto the
o T DShOARL AR OIPAESe bR S RS, il B iyt o2t U S ©
features am@rlmmsputdehdctaianﬂr@smﬂdweﬂe chanfid) Jayernahd sreovalis d482tand teik el at e 5
Fi sher fea g’%fﬁ 1 AN et er m ned.
I n one enbo %gn%t § E%Ich ﬁ%gwiore |Sh$u ‘{J%Eg%lg dgﬁé‘*lrl?/\?an?d neur al
net wor k20 THélfhceu badetmmﬂ)b%emt ha@mﬂ‘{mﬁmn p‘btemts!tﬁogut or caigeh thout put
I ndi cating rtltt@ﬂttaltﬁéaléa@@dm% tnt}ﬁeﬂeqm ersht‘tteniptmwap e r@ﬁb an'a one of

25t he cl asses such as cryst ag ase/ Erem itate or ear. he image is
di vi ded |nttt¢ﬁow@g@dmgweﬂs lt3ﬁ=e14 dft e an &%ﬂbe@r@ﬁlﬁdpetqf&whmuemffer ent

image til es gL conbined into a single output using a spatial fusion

algorithm In another enbodiment, the crystal |ikelihood is conpared
agai nst. a yfgophald, vatsustﬁtts-mmat@t otk BLhARGEL S ABRIE, bBEnBhrBShol d, the
image is classified cryst i'mage. For exanple, the'threshold is 50%

30 10113 Ase apwmbaﬂamea&ﬁw CPRIPTISPRATCCSHEHISEIPY BicP qﬁmablqﬂm@ar% 1-17
represent Gedebsed ftgteﬂb&dméwuoﬁmefmtmr@roamf&meﬂw 1643 of B defbiasS

enbodi ments i ncl yde many | es. For, exa TO i e.and/or the T™M
i rage assocP4t ¥t F?F”‘so"‘r?ﬁ @E&Pfl OPE TeipRps E@%%@ggm%aﬂ%%wmgm

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

30  filed with an air or ajr type mixture and has a low refractive index. Similarly, the fiducial
marking in the confrol 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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520, 530, 540, and 550 may be directly acquired by the inmaging system 10,
or generated froma plurality of inmages acquired by the imging system 10.

I n one enbodi nent of the present invention, the imagi ng system 10 captures
a plurality of inmages for the sane area of the mcrofluidic system 30 at a
plurality of z-focus positions respectively. The plurality of 5 inmages at
different z-planes are conbined into one inmage used as the TO image or T™™

i mge. [0120] Figure 21 is a sinplified nethod for conbining inages
according to an enbodi nent of the present invention. This diagramis nerely
an exanpl e, ) tthes e .of .the clains. One of
ordinary sk %]mgssoq[mh%wx%[tﬂe Imcfog ?lg)é%vécﬁgz)eF%ﬁ? a8'1 z];? ucéah? a8 o1 nat i ves,

and nodi f i dehdonshaniEhealhetah edie dBBOmicrdhiddalsvigridscess 1810 for determ ning 10
i mge characteristics, process 1820 for performng statistical analysis,
and pr oces $009@30Aftr propesseid B timaggs Toedmpard to gengse a Alnipadeg imdgaeFabove has been
shown usin (o] h y

alternati vggﬂhpnb%jlgo%&%l ;ﬁﬂiﬁ?%&%%gﬁeﬂ;ﬁ%ﬁg& Oﬁh %%na gl%ogeﬂé%ﬂ&e processes
are conti néulazor InarpberdeapliOn baspariop Feags eesuliydipmiike Slubtsaemnedﬂxed?Mlhose not ed
above. Depeng Agn4ROFMS 1o R IR nd M€ SRAGE lbeGer RGNS 2By Ocesses
may be IS m%lgrcﬁan ed w th others re I\F‘ac?ag.ﬁ.%urte%’er cetgﬂ?grﬁp these
processes é‘k@of@f@ﬁﬂle»tl‘i‘ﬂ wgnl@aﬂmm saval spereiver dseresding dharor e

par ti cul ar loyshebohitddhaildis AL aﬂoner RLAEIR r&éﬂgeneﬁ@a trAthdlprb EBOR is

characterlstlcs are detefmned for the plural 'ty of |mages I'n"one

embodi ment 2PRlisd todkrqemprrican e to stepte phafigauatingeons Whiclhyrdiens thaersbol omess are

det er m fped.pofiRk (HBXARAR wolilGntRBRE RIYaSRadeS TREHAE T R Lhe Wkls eARhRET an
oper at or, and the 20 coloness is determned wth Saturation of the HSV

col or mode P8 the Feredheimagepinegistienyated, B yet pnofhsr exgmplesfag mask kg or med.  En

one enbodi rEddtmt viahen;ﬂ&sainlbstah ﬁxﬁ:l&mlgacm&gm&s OAs &tassBNDS6e @A Gyriiean of

col oness are detg{ 949 t he .i. a es%w% 012 At the process 1830, a
combi ned i PRSI B%"é‘ﬁs GpaY &% SPppPEin s T’S?m % Tin age,,,(x,y) [0123]
Conmbi ned I ) (Equatlon 1) [0124] wherein N is the
nunber rﬁ%@esﬁﬁ'ﬁ? 1315 mpbfvl%ﬂmﬁtﬂyﬂé Pllﬁ‘ij@sl’ad PRUBE PR GELS s t he

i nt ensi 13/ (bffthEb@s@Qﬁmnﬁ@d Trhrgmg@raaltls mbrxﬂ@hnémysi)e, wlﬁﬂﬁkhbmgﬁmﬁmm)mt s the
intensity t he i mage jintensity has

three corrpleFeSﬁ?Pse%?ﬁﬁ F‘ﬁ‘&}%&n? %fd’gcf{‘}?%/)esﬂ I??e mﬁ?” ﬂr‘"‘ic?ﬁ“ézﬁﬁaﬂ/ arigfigisn| ue
intensity 'Eh&nameseﬂﬁllmoﬁlﬂmﬁncmherlﬁmmmwmﬁxg&pmsﬁaﬁmfenkemaﬂg irfaggi ven col or

s dependengt. upon L bPENSIEY kol RIS, R0 A1 SLMLEY LG, same col or.

additional image area, process 4540 for determining minimum intensity, and process 4550 for

p:

20  determining implosion padding, Although the above has been shown using a selected
sequence of processes, there can be many altematives, 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] Atthe process 4510, an image area is selected from the TO image or the TM fmage,
For example, the selected image area is associated with a rectangular boundary. Figure 161s
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 4510 is selected from an

image. The rectangle 4610 is assigned with an index.

23



The weight wt, is determ ned based on the sharpness and col oness at pi xel
(x, y) for image m For exanple, [0125] w. (x, y)= 0.7 Laplacian",(x, O
3x Saturation.,(x, y) x MeanLapci an* MeanSaturation (Equation 2) [0126]
wher ei n Lapaci anax,y) and Saturationnm(x,y) are the values of Lapl aci an
operator 5 and Saturation respectively for the pixel (x,y) on imge rn.
MeanLapl acian is the nean of Laplacian values for all pixels in all of the
plurality of inmages, and MeanSaturation is the nean of Saturation val ues
for all pixels in all the plurality of images. [0127] The nethod for

conbi ni ng | s vari applications. Faor exanple, in certain

m crof | ui dil e\/é‘trcag PrOogss 48%@ f%%”%lﬁfﬁmis de‘ﬁ%ﬂedaésg&”@d%ﬁgﬁﬁ %Mnnel or the
prot ei n welrediahiasnsity ¢ tllleamg@ agke i dalculdtbe The yediad Bitendty ibRsdcRedingdaanywher e
within the.reac h a _si ified.d m for deep
chanber acc’:nél%wng%?nﬁn atme}%bocfnﬁlg%l% ﬂPgFﬁ%mﬁ‘Féé%%%Iﬁvgﬁf':‘%gﬂs%ﬁ. s di agram
is merely alngtepgivster aftheirctaipbnd6iD. o tnothackmibpdimient, the tveeags twgpeityofl  t he
claims. On i vari ations,

al ternat vg%%d&ggnr%g{a%{lngg{tsﬁwofﬁgﬂe% '&aelf %&\%’%ﬂ& ‘%8%" récgssggg%pt h of about
300 i cr onsvhether ap prditionaliphas arce BouliBe shiqoteth isgibtefnuneds o addtionebijregst i ve is | ess
than 300 maprongs (, BOCdRE, tﬁ%ﬁwe% 4§rdq‘l; rﬂléﬁa%ﬁﬁcﬂﬁ&hﬁﬁm MDAl GRR LT e al'l

the crystals 1910, 1920, an e I magl ng Ssys ocuses on the
m ddl e of merd pbeselested, figprocess H@wulmgfmwn@amwledm groeehres €20 andal  1920.

[0128] Fi gussy g&eﬁeaw@foslamlcas&b@s’fn@gtéags 1E%d%9&%g1@%d@yisgioeéde | mages
according to _an enbodi nent of the present invention lagramis nmerely

an exanyl e,283ist Eh W%@P@@%MWH‘FWW%%OSCOW of the claims. One
of ordinary skill in the art would recogni ze many variations, alternatives,

and nmodi fi d#9onAt thy progsaeSa% drpphisimupiyedian infeageds datemiseduisshevm inmmge #1
captures tReggs M%&hedlﬁﬂ@tensﬁtgﬁg%ﬁgo&ﬁme'ﬁ{d@}? a.ﬁchﬁaﬁéﬁ?&t@h askBi@veand | mage #3

captures the crystal 1930 I mages are dependi ng on the
obj ective #fE- dPer intreraud ic 3Ry 10rthe hdian FGFIRPRSImBIAY athesmRIRITER. t he

aperture, tmerdc@ﬁg%sdafateah@thd@mlmm%ﬁddﬂmm% rRfatell Retht 8K los i mages
needed. . For exa mcron step size ma e, used with 10X
obj ect i Ye. TREPNCHIR é’ﬂjlﬁﬂ% W@”@H"a@%@“‘*&f‘%ﬁ Blrtivthe “&’é@?b?moﬁﬁuef‘to t he

met hod 180Qge 1{.1913;&91] averagaﬂeusﬁgrb@dadrwme miaeh nRfliah hentifrreahd fRgesaas t hree

conponents for ,a given (x, y) location. The three conponents include red
intensity, FRURFY ntensity, and bl ue intensity.

[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 T0 image or the TM1 image, Figure 17 is associated with TM?2 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] Ala process 550, an image is inspected for crystals. For example, Figure 18isa
simplified method for image inspection. This diagram is merely an example, which shounld
not unduly limit the scope of the claims, One of ordinary skill in the art would recognize
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30 Simlarly, the conbined i mage has the sane three conponents for a given
(X, y) | ocati on. For exanple, at the pixel |ocation (10, 10), I|mage, (10,
10) = (200, 100, 50), Imge2 (10, 10) = (100, 200, 150) and Inmage3 (10,
10) = (50, 50, 50). The corresponding weights are wt1 (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: [0130] Conbi nedl mage (10, 10) =
[wti (10, 10) x Image]. (10, 10) + w2 (10, 10) x Inmge2 5+ wt3 (10, 10) x
| mge3 (10, 10)] / [wit (x, y) +wt, (x, y) + w3 (x, y)] [0.1 x (200,

100, 5 10 x (100, 2 150 1+10Q.0+0.2) =
((o0. 1)x500ﬂ36¥£’%6"w96’*’g }”Pd“%dmz‘:ﬁ?“%iﬁwé&%?%%?ﬂﬁgﬁf%%d?ﬂ@ 3)

\(Ag 1X5?;10thﬁnﬁgxg®la%lﬁﬂadd];ﬁoc3§;)1520fbrésﬂ@s:{yﬂngﬁmé@ Aﬂlﬂe?lgl@ﬁ)élﬁﬂblﬁdslbwﬂ f) 10{013f1]
ere the cpnbine ed i ntensi i nt ensi 0
196, 12, andia e « HREE Pl ol HSksteio B -aba pad e B A 1o S0,
As di scusswdm@wsmeimmmwmﬁlmdmmm epgodetli OtheSprocessen| y an
exampl &5 Whi. Gl SRk b ARk Btk lﬂe fiak o %%%pn%oa%e e G One. O

or di nary ski e art vvou rec vari ation wﬁternatlves
and nodi fi @mwmmfpﬁfswmybm wi’th theas rpwlssénfoncmna:ﬂﬁ, fhepropsse| ude code

that di T ectsi s B EESAGhotd PEIORDMALL R0 BEELAKY! MR KRALACCSSes as

di scussed ab he conput er e Is inplenente ot her
conput er Idiﬂghﬂﬁéémlsvﬁ@G@@mﬁﬁﬁ@ﬁrecfewth@lgmﬂmmt@mﬁ@ﬂm amilmotehe scope of
the clai ms hgtRidyvefdde of ordinary skill in the art would recognize other
vari ations, nodifications, and alternatives. 20 [0133] Accordl ng to one
enbodi Mgt @he7} NGt BE FO6AL 1519Vaecﬁgs§19é?mtﬂ?n RSl L € &H&hwcl udes
instructions for processing an I mage of a nicroflul eV|c The

conput er - r eepEHNE° %WWW%WG&F@S“%@VWOM@ q‘%éamdﬁmefeb‘rﬂg exampls ecei ving a

first imageya should sot Gdulli ighichslRy n%&ﬁthe-gﬁﬁlsf ohﬁfdrdm;esmmﬁlﬂw%smamf irst
fiducial marking and a. first cha first chanmber region

e
i s associ at BPEHFT ALY VRTatigrs, AIEREEs %ﬁ?ﬁéwm 2§1°mp%s.18wa}ml§des t he

conputer-r qa&ba&al1e1aleldgenmm@¢éauﬁl@sprwaﬁ 1@10 feweﬁcun@%aw&tpr@da& 1690 fof  ansf or m ng
the first inage into a f rst coorg’ gﬁﬁbﬁ ed on at least infornation
d

associ atad RIPEGHRS frauses ag prP‘?"Bﬂé“% ghyihe aRAvRIES R&H it i ons
for renovi n@maﬂushr@asmeoaedfsbq@ﬁceraﬁprbceﬁsf«;s tﬂa@ cﬁﬂb’eﬁﬁan? bl@dﬁthﬂ{rcshﬁw‘lﬁhaﬁc)hsf romthe
first i mege. . ove% t he co?rﬁ)ut er - readabg c[TEd' u @ udes one or nore
i nstructi on2’§l & SETRI® PR BTG TR FeaR™ MERPIPREES i r st
chanber regmo_/(he nambdmmm)@momat@vc I3dp endiviy iuponshd atbodi@ienty e Bietifc whet her a
first cryst al uencscs gfp?oc%ssgs ﬁlfgr btch]n erc[{axrlgel«;i w‘ﬁngﬂgﬂcpl@t&g! Blkther 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 into

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 inchiding some or ell of the following:
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[ 01341 According to another enbodi nent of the present invention, a
conput er -readabl e nmedi um i ncludes instructions for processing a plurality
of images of a mcrofluidic device. The conputer-readabl e nedi umi ncl udes
one or nore instructions for receiving at least a first image and a second
image of a mcrofluidic device. The first imge and the second inage are 5
associated with a first focal position and a second focal position
respectively, and each of the first inmage and the second i mage i ncludes a
first chanber region. Additionally, the conputer-readable nedi umincl udes

one or nnr@lgﬂzt(ﬁ%%g&@g%@ﬁ?ﬁégggﬁiﬁgg information associated with the

first imag BAY™Sr nore instructions for

generating hi r.d, i e hase .at |lea i nforpmation assqociated with the
first i naggﬁlgir]d Gikle éf%%@?@?ﬁf%“ﬁ&&&:“‘%?%%ﬁn} Ko el g Figadabl e medi um
includes o r re_inst tionsg for processing, jnfo [ on_associ at ed
with the t Rﬁpﬂ i%@?‘“ﬁa’d’hﬁﬁmﬁ? ﬁﬁﬁﬁ?—}d ?%?f Fﬂ@’t“i}‘%ﬁgaiﬁ Btisggﬁt@le@?ﬁ‘ﬁeﬁieng whet her
a first crysiadted;s present in the first chanber regi on based on at | east

i nformation associated with the third i mage. [01351 According to yet

anot her 5enfin 04} MeRiggesfOL REFRMES SourésHY 819 bigBidt bléb GQBfRH tand iiBsiRbLe 15 medi um
i ncludes instructions for adjusting a classifier and processing an i mage of
a mcrofl ujrds) devir&eFouhiBeET AR FehréseRdallfadiBEk Wituisac! udes one or nore
instructions for receiving a first imge of a mcrofluidic device. The
first i magpibg aws0AnhaYedraiutd shdpe h@BEk fabdy St predet em ned
characteristic. Additionally, the conputer-readabl e nmedi umincludes one or

nor e i nst r yabioNsaiosyReas mktined fantd i&tiuoUiddyntnbrpiohRiat-tiigs based on at

| east informtion 20 associated with the first imge, and one or nore
i nstructi offe$|orcasy Risb Bign BliHBEFRMuD: Bhflel beboringlRAdibiS oA Mibe first
plurality of features based on at |east information associated wth the
first pOur&raypdesrdeteglat ures and the at least a first predeterm ned
characteristic. Mreover, the conputer-readabl e medi umincludes one or nore
i nst ruct i oHE 09lorHengk drenstommiipanres: Heatuges spopuigdiusips Bpushdamsoaa medied on at
| east i nf opgdd: kipfphesReGhat ed with the second plurality of features, and 25
one or nore instructions for processing information associated with the
third plurahithy RéigHvembst Bfe DAER Fedih&: £aIRILS LA KidhBshébay i ncl udes
one or nore instructions for determining at least a first |ikelihood based
on at | eastelPRiPREL H1¢ PBYUE®d on the third plurality of features and a
first plurality of Baraneters, one or nore instructions for processing

Foy

i nf or malsi oMM1AYs obesabesg ligh of Featuppg 1smaeraly any examanle, dbish shoyld nohendaly imitdka o first

predet er m pege SORENAMICHRY df Sididery sRiGh MO St NouldREGnizabiyati@Ag for adjusting
the first plurality of paranmeters based on at, | east information associated

y ¢ > . .

with the fRitepstrescdmodiigationg Ip Are spbodimgisforpeignbaghood lingdstasion feams:
chfllr ac]E e{ L%N—By—N—pﬁ)@ﬂ@ﬁ:,]t.re hﬁgﬁ%&hoc’ﬂﬂ?&ehﬁfeg amt ?hdﬁ@ﬂcd | 1inde i aag oc eSf 1350, ?h
wal | o e second cantrol chanpel is ec : one, enhodj nent,, once the
interface IC?’?‘?@erfﬁgcﬁ“' eJ‘@lﬂ“ﬁPgﬁ; ‘frl‘?ﬁmﬁ’lleeﬁéﬁ @Fﬁit%élq\eé??g‘ceﬁmg?a REeiRact i on
chan neldzol41ﬂ£}, rb@hwmlal d ishempuiéd Hasden ]lcall mﬁ gradidids apick pidee ifmhaglm' 0bd, Ihi ne 1420
is used to _cal culate the positi.on o caontainnent line,1420.. The 5
cal cutati ofsPaPRsE o bl s b e R R e AP ERAS i Af' e war s,
t he appr oxidemtntinddo&ésb] basesl of dite niiber wepikeds if 4 deighbarhbdlRigaedeviflithe her adj ust ed
by a fine- %B%Qﬁto'ﬂa{? ti%f.,%aes%rﬁ%ﬁu&}ﬂ%)ﬁmt%ﬁé’pa&&ﬁ%%ﬁﬁmﬁéﬁq%f&85 al €

Shown bel ow ]

correction s o]

Di f f usi onCeluinberafpiTasiotraing 2 lifd ané Qoh pkthe RigbbaharGheentest hidbese palf hsl | mage*

t 0l mage,d nty, pr.of el; ﬁ%]ﬂ)H%ﬁ%t Ga{bR 1RO b ek heSmumb&lof such pixels and the str

total Protein annéﬁ engt hl'n |xels? EoeFﬁt flneTﬁngﬁ¥ tance= 0 _LAYER
FI NE_TUNE and similarity of orientations can be used as features for classification

DI STANCEJN_M CRONS/ t hi s>m _engi neConf i gur ati on->get XNfi cr onsRer Pi xel0;
[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 are added and removed iteratively and classification accuracy is itmproved or

26



this->StartlmageTinmer("fine correction start"); 15 RECT |efi Rect; RECT
right Rect; leftRect.top----0; |eftRect. bottonrtOIl mage->hei ght-1;

| ef t Recti ef t 9not ei nChannel Begi nni ngl nPi xel s-fi neTuneDi st ance/ 2;

20l ef t Rect si ght =pr ot ei nChannel Begi nni ngl nPbcel s+f neTuneDi st ance/ 2;

ri ght Rect.top=0; rightRect.bottomtOlrnage->hei ght-1,

ri ght Rect. | eft =pr ot ei nChannel Begi nni nghi Pbcel s+t ot al Pr ot ei nChannel Lengt hl nP
i xel sfineTuneDi stance/2; 25

ri ght Rect ai ght =pr ot ei nChannel Begi nni ngl nPi xel s+t ot al Pr ot ei nChannel Lengt hl nP
bcel s+f aneT Lnelg i ance
e

| ef t Si dez4RBYEF oCEREEF? dn??ﬂl?a %@ﬂnﬁﬁgﬁé%ﬂn@fﬁsﬁﬁdgcﬁﬁ B pai of they| | ppge*
ri ght Si de= Icmgﬁﬂrdohﬁessmacyéoﬂdusanguishmgmh éﬁcﬂpﬂﬂ@f&la&i}ﬁ Isgdapret The hi t

E(elt gm/ g: ggrip %Eﬁ@q%rl gﬁ%@éd}g tﬁ% uE/&/om tgd %aédﬁfrl%%glf PRARITNE | on done

here - si nmphapactegistigrofithe nsagoale epanariep thp incigeis nssbciltevitnthreg clissed isduding
this- >P%| | lc%tgleaﬂa%ré ﬂ?t%*ﬂnd BICR Kk %b )fbr each pair of classes, certain

features are selected from all the features obtained at the process 1610, The selection

includes computing the Fisher Discriminant between the pair and evaluating its classification
accuracy using receiver operating characteristic (ROC) curve area which is a plot between
false negative rate and falsc positive rate. For three pairs of classes, three groups of selected
10  features are determined. Each group comesponds to a pair of class, and may be different from
or the same as another group. Additionally, only for the Neighborhood Line Detector
Features obtained at the process 1610, the feature selection process is petformed. For
example, the selection is related to two out of three pairs of classes, and two groups of
selected Neighbothood Line Detector Features are determined. In yet another embodiment,
15  the three classes can be subdivided using a clustering algorithm in order to use pairs of

subclasses for the feature selection process.

[0113] At the process 1630, the selected features arc 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 nenral network is

adjusted. For example, the weights and/or biases of the neural network is changed.
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10 // PERFORM THE FI NE CORRECTI ON CALCULATI ON HERE hi t

*| ef t Si gnal =l magePr ocessor: : cal cul at eHori zont al Deri vati veAnplitude(l eftSi de
); it

*right Si gnal -1 mageProcessor: : cal cul at eHori zont al Deri vati veAnpl i tude(ri ghtSi
de); // this->Poll |l mgeTi nerC cal cul ated derivative signals"); if
((leftSignal!=NULL)&8(rightSignall-NULL)) 15 this->PolllmageTi ner("both are
non-nul | "); jut sigmal Wdth=l eftSide->width; jut mnLeftSignal = NT_MAX; hit
mnRightSignal .--E T I\/AX 20/ determ ne the min of each signal for (int

| 20: i osi ; | it
(1 eft S ghatT P Bies 37 o il ooty e £ Shglipodipetiod =7 !
(ri ght Si gnalasificativnnéioginzSe mmljodmmﬁfgiapﬁs@mavmﬁmrgﬁmﬁldgagmhiih nprely/ now
e

ri ghtSi gnal’r[eﬁ}tv@nidmﬂpgmcglﬁgmmnatm/ dltemawveﬂ, Atdgnadifigations. tTkeppmssﬂﬁﬂOe benefit

from eagh %Glﬁgﬁpr&%??m fr gek&mn%lf& %@ée&éei?m fmi prgech}pg features, and

t hi s->Pol | i mage cal cl reach side");
process 1730 for determining image class A]though the above has been shown using a

selected sequence of processes, there can be many alternatives, modifications, and variations.
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

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

{0116] At the process 1710, a number of features are generated. These features include all
the features selected at the process 1620, In one embodiment, the features are computed on
the entire image. In anotber embodiment, the image is divided into overlapping tiles or
spatial components, and the features are computed on each image tile or spatial component.

15  In yet another embodiment, the scrubbing and ripping operations are performed on the image
prior to the process 1710.

[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 original features, 5 groups of features are selected at the

20  process 1620. These sclected 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
foatures are input to a Feed Forward neural network. The neural network can have multiple
outputs, each output indicating the likelihood of the mage 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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hit *leftPenality=new int[signal Wdth]; int *rightPenality=new

int[signal Wdthl, int leftSum=-0; 15jut rightSum=0; for (i=0;i<signal Wdth;
i-H) // calculate the sumto deternmne to nornalize |left and right side

| ef 1Sum F=l et 1Si gnal [i]; 20ri ght Sumt=rightSignal[i]; 11 now cal cul ate the
penality for each side leftPenality[i]=0; rightPenality[i]=0; // left
penality are all the signal contributions to the left of this perturbation
for (int j=0;j4;7?-4-) rightPenality[i]+=rightSignal[j]; 5// right penality
i ncludes all the signal contributions to the right of this pertubation for

(j =signal ng%t Pjol % dJSSB mayeb lylzut:q)élxed] by ﬂlneeu];:gglsrll s@?l Ib,;or %c%!érated from
a plurality of images acquired by the imaging system 10. In one embodiment of the present
mmvention, the irmaging system 10 captures a plurality of images for the same area of the
microfluidic system 30 at a plurality of z-focus positions respectively. The plurality of

5  images at different z-planes are combined into one image used as the TO image or TM image.

[0120] Figure 21 is a simplified method for combining images 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 method 1800 includes process 1810 for determining

10  image characteristics, process 1820 for performing statistical analysis, and process 1830 for
generating combined fmage. 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

15 interchanged with othess replaced. Further details of these processes are found throughout
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  colomness 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 colomess are determined for all the images.

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

N
2w, (5, y)x Image, (z, y)
[0123) Combined Image(x, y) ==t = (Equation 1)

> wi,(x,)

m=l

25 [0124] wherein N is the number of images for the pluralify of images. CombinedImage
{x,y) is the intensity of the combined image at pixel (x,y), and Imagen(x,y) is the intensity of
image m at pixel (x,y). For example, the irnage 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.

23



/1 calculate the conmbined penality as a sumof the normalized penality
contribution from// each side of the signal

t hi s->Pol | | mageTi ner (" cal cul ati ng conbi ned penality function"); double
*conbi nedPenal i t y=new doubl e[ si gnal Wdt hl, 15doubl e

*conbi nedPenal i t yRaw=new doubl e[ si gnal Wdth]; for (i=0;i<signal Wdth;i++)
doubl e | et\Wal ue=((double)leftPenalitYlii)/(leftSun); double

ri ght Val ue=((doubl e) rightPenality[i])/(rightSum; 20/1 unless we're in the
area in whi ch we can average

conbi nedPe wWil= fchIue snoot.h the enality
function t éga“ft‘hg dﬁtle ¥ﬁ?§ 8‘2"EPH?§S %}r‘ff’ et PR ( XHepineBt ¢ band
25// and caﬁd&kaﬂewmhe nlnlnun1|ndex doubl e m nPenalitrle99; hit

m nPenal i tyl ndex=0; hit snmoot hi ngW ndow=SMOO FHI NG W NDOW FOR

N Lt S5 NI e P DT A e A O o). for (Fgin)

i <signal Wdth;i-Hint I eft--sm)ot h| ngW ndow; int right=i+snoot hi ngW ndow,
[0126] wherein Lapaciang(x,y) and Saturation(x,y) are the values of Laplacian operator

5  and Saturation respectively for the pixel (x,y) on image m, MeanLaplacian is the mean of
Laplacian values for all pixels in all of the plurality of images, and MeanSaturation is the

mean of Saturation values for all pixels in all the plurality of images.

[0127] The method for combining images has various applications. For example, in certain
microfluidic devices, a reaction chamber, such as a reaction channel or the protein well, has a

10 large depth. The crystals can be located anywhere within the reaction chamber. Figure 22 is
a simplified diagram for deep chamber 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. A protein well 1900 has a depth of about 300 microns, In one example, 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 ouly 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 imeages 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] Inone 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



10if (left<O left=0; if (right>signal Wdth-1) rightignal Wdth-1,

conbi nedPenal ity[i]=0; for (int j=left; j<=rightd-HE)

15conbi nedPenal ity[i | +- conbi nedPenal ityRaw j ] ;

conbi nedPenal ity[i]/=(right-left); // normalize based on how nmuch we were
able to integrate I f (conmbi nedPenality[i]<m nPenality) 20{

m nPenal i t y=conbi nedPenal ity[i]; m nPenalityl ndex=i

25t his->PollirriageTinmer("calculating offset™); /1 apply the fine
correction to our return value ret ur nVal ue=i ni nPenal i t yl ndex- si gnal W dt ha,;

/] subtract l|f th width since this was zero centered //#define
DEBUG FI NE ‘C@Rﬁ@féﬁ% a%%@] 05 {far (&%@)FFREW_WW@GM e

*xVal ues=naw) doupke{1peiol Silglgdxmi @10 hbj = doultBrding eFsRsdkNEW
doubl e[ | ef t ng > dt@% doub ﬁ yvalueSZ---rneM/double[leftS|de >wi dt h] ;
doubl e *yVargResdags Godfi e s i8iee; de- >WI dth]; 10doubl e *yVal ues4=new

ot ves 1 TPLAT: b PG T .15 e

+ wts (10, 10) x Images (10, 10)} / [wty (%, y) + Wtz (%, ¥) + Wi (x, )]
=[0.1 x (200, 100, 5) + 10 (100, 200, 150) + 0.2 x (50, 50, 50)} / (0.1+10.0+0.2)

= ((0.1x200+10x100+0.2x50)/10.3, (0.1x100+10x200+0.2x50)/10.3,
(0.1%50+10x150+0.2%50)/10.3))

={100, 196.12, 147.09) (Equation 3)

10 [0131] where the combined image 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 discussed above and
further emphasized here, Equation 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 languege. 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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15yVal ues2M=right Signal [ii];

yVal ues3[ii]-((double)lefiPenality[ii])/leftSunt2;

yVal ues4[ H =((doubl e)rightPenality[ii])/rightSuntr2; 1 CVG aphUtility

newG aph; 20

new& aph. pl ot Doubl eX YDat a( xVal ues, yVal uest si gnal W dt h, xVal ues, yVal ues2, si g
nal Wdt h, "Horizontal DerivativeSignals"); CVGaphUtility newG aph2;

new& aph2. pl ot Tri pl eXYDat a( xVal ues, yVal ues3, si gnal W dt h, xVal ues, yVal ues4, si
gnhal Wdt h, 25xVal ues, conbi nedPenal ity, signal Wdthi Penality Function");

el ot ol | JVarbetiro Bt R Hipdefr Bk Pl Pyl e legnlish y 1 NoLL)
10del et e[ | nepdivisi incheiieemsthictigns fa prebissiegiRewrality bfim@ges bf 4 ficrofluidic device.
(conbi nedPegga l:drﬁﬂﬁ@?—‘f\éamwﬂﬁduﬂn includes 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 are
5  associated with a first focal position and a second focal position respectively, and each of the
first image and the second image includes a first chamber region. Additionally, the
computer-readable medium includes one or more instructions for processing information
associated with the first image and the second image, and one or more instructions for
generating a third image based on at least information associated with the first image and the
10  second image. Moreover, the computer-readable medium includes one or more instructions
for processing information associated with the third image, and one or more instructions for
determining whether a first crystal is present in the first chamber region based on at least

information associated with the third image.

[0135] According to yet another embodiment of the present invention, a eomputer-readable

15 medium includes instructions for adjusting a classifier and processing an imags 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
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 st least information associated with the
first plurality of features and the at least a first predetermined characteristic, Moreover, the
computer-readable medivm 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 plorality of parameters, one or more instructions for processing
information associated with the first likelihood and the st 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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15del et e[] conbi nedPenal i tyRaw;, conbi nedPenalityRaw=0; 1 if
(leftPenality!=NULL) 20del eteg leftPenality; leftPenality=0; if
(rightPenalityl=NULL) 1 deleteO rightPenality; rightPenality=0; 5if
(leftSignal !l =NULL) delete[] leftSignal; |eftSignal=0; 10if
(rightSignal!=NULL) delete[] rightSignal; rightSignal=0; 15) if
(leftSide!'r-NULL) cvRel easel mage(& eftSide); if (rightSidel=NULL)
cvRel easel mage(8cri ght Si de); 20t his->S topl nageTi rner0;

[0136] In yet another embodiment, at the process 1350, a wall of the second control
channel is detected. In one embodiment, once the interface line 1410 is located, the
predetermined length 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

5  calculation provides an approximate location for the wall 1422, Afterwards, the approximate
Iocations for the walls 1414 and 1422 are further adjusted by a fine-correction process. An

exemplary computer code for fine correction is shown below,

int DiffusionCelllmageTemplate::fineCorrectProteinChannelLocation(Iplimage* t0Image,int
proteinChannelBeginningnPixels, int totalProteinChannellengfhnPixels)

10 {
int
fineTuneDistance=CONTROL _LAYER FINE TUNE DISTANCE IN MICRONS/this-
>m_engineConfiguration->getXMicronsPerPixel();

this->StartimageTimer("fine correction start");
15 RECT lefiRect;
RECT rightRect;
leftRect.top=0;
leftRect.bottorn=t0Image->height-1;
leftRect.left=proteinChanneBeginninginPixels-fineTuneDistance/2;
"20  lefiRect.right=proteinChannelBeginningInPixels+ineTuneDistance/2;
rightRect.top=0;
tightRect.bottom=t0Image->height-1;

rightRect.left=proteinChannelBeginningluPixels+totalProteinChannellLengthInPixels-
fineTuneDistance/2;

25 rightRect.right=proteinChannelBeginningInPixelsHotalProteinChannelLengthInPixels+fineT

uneDistance/2;

Iplimage* leftSide=ImageProcessor::exiractimageRect(t0Image,&leftRect);
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return retunval ue; [01371, As discussed above and further enphasized here,
t he above exanpl es of conputer-readabl e nmedi um and conputer code are nerely
exanpl es, which should not unduly Iimt the 25 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 may be

achi eved with hardware while other processes may be achieved with software.
Sonme processes may be achieved with a conbination of hardware and software.
Al t hough the above has been shown using a sel ected sequence of processes,

t here can -alder I i_flcati nd 5 ryations. For

exanpl e, sgﬁ@%&?%&astl%Fg%é%g%sSﬁ%y%gthg%gﬁ%e%g@gm%ﬁ’g?g?&g% i ned. Dependi ng
upon the e gjﬁg _ ifil.c.s ence of processes nmay be interchanged
W th othergB?ep a@%ﬁ?ﬁﬁﬁ%%@fﬁg%benﬁﬁgDﬁﬁand Appendi x B are attached as part
of the pres te | %ti hese appendi ces provi de sonme exanpl es
and shoul dlﬁ@%ﬁsg%dﬁ%mﬁﬁ%gb@f e%@&]‘e of the clains 10 herein. One of

ordinary skill in the art would recognize many variations, alternatives,
and nodifications. 10139] It is understood that the exanpl es and

enbodi nent s, desgri bed herein are for illustrative purposes only and that
vari ougg modf 77 & ’tnlogaﬁgal%'ﬁatl(%g%’aégmfﬂmPIVQﬂﬁ‘frﬂ %hﬁg?sgﬁm% ‘fhgmﬁgbe?&%ést ed to
persons skilled in the art and are to be included within the spirit and
purvi ew of 15 this application and scope of the appended clai ns. r-t

else

{
this->PolllmageTimer("both images non-null");
10  //PERFORM THE FINE CORRECTION CALCULATION HERE
int *leftSignal=ImageProcessor::calculateHorizontalDerivativeAmplitude(lefiSide);
int *rightSignal=ImageProcessor::calculateHorizontal DerivativeAmplitude(rightSide);
// this->PollimageTimer (" calculated derivative signals");
if (leftSignal =NULL)&&(rightSignal =NULL))
15 {
this->PolllmmageTimer("both are non-null");
int signal Width=leftSide->width;
int minLefiSignal=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 (leftSignallil<minLefiSignal)

minLefiSignai=leRSignal(i];
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if (rightSignal[i]<minRightSignal)
minRightSignal=rightSignalli];
}
// now subtract the min value
5 for (i=0;i<signalWidth-1;i++) // skip the last value as it is always zero
{
leftSignal[i]-=minLeftSignal;
rightSignal[i]-=minRightSignal;
}

10 // mow interrogate the possible benefit from each of the possible fine tuning values
this->PolllmageTimer("calculating penality function for each side™);
int *leftPenality=new int[signal Width];
int *rightPenality=new int[signal Width];
int leftSum=0;

15 int rightSum=0;
for (i=0;i<signalWidth;i++)

{
// caleulate the sum o determine fo normalize left and right side
lefiSum+=lefiSignal[i];

20 rightSum-+=rightSignal[i];

// now caleulate the penality for each side
leftPenality[i1=0;
rightPenality[i]=0;

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



10

15

20

25

5 -454 czt ct E '-4 ,¢) cn 00 1--(0 bi) cl) vnt

for (int j=0;j<ig++H)
{
rightPenality[i]l+=rightSignallj];
}
// right penality includes all the signal contributions to the right of this pertubation
for (j=signalWidth-1;j>=i;j—)
{
lefiPenality]i]+=leftSignal[j];
}
}
/! caloulate the combined penality as a sum of the normalized penality contribution from
// each side of the signal
this->PolllmageTimer("calculating combined penality function');
double *combinedPenality=new double[signalWidth];
double *combinedPenalityRaw=new double[signalWidth];
for (i=0;i<sipnal Width;i-++)
{
double leftValue=((double)lefiPenality[i])/(leftSumy);
double rightValve=((double) rightPenality[i])/(rightSum);
// 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

// and caleulate the mimmum index
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double minPenality=1¢99;
int minPenalitylndex=0;
int

smoothingWindow=SMOOTHING_WINDOW_FOR_CONTROL_ILINE_DETERMINATIO
5 N/this->m_engineConfiguration->getXMicronsPerPixel();

for‘ (i=0;i<signalWidth;i++)
{
int left=i-smoothingWindow;
int right=i+smoothingWindow;
10 if (left<0) left=0;
if (right>signalWidth-1) right=signal Width-1;
combinedPenality[i]=0;
for (int j=left; j<=right;j++)
{
15 combinedPenality[i]+=combinedPenalityRaw[j];

}

combinedPenality{i}/=(right-left); // normalize based on how much we wére able fo
integrate

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

25 this->PolllmageTimer{"calculating offset");
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// apply the fine correction to our return value

returnValuet=minPenalityindex-signalWidth/2; // subtract half the signal width since this
was zero centered

/#itdefine DEBUG_FINE_CORRECT_CHANNEL
5  #ifdef DEBUG_FINE_CORRECT_CHANNEL
double *xValues=new double[lefiSide->width];
double *yValuesl=new double[leftSide->width];
double *yValues2=new double[leftSide->width];
double *yValues3=new double[lefiSide->width];

10 double *yValuesd=new double{leftSide->width};

for (int ii=0;ii<signalWidth;ii++)
{
xValues[ii]=ii;
yValues1[ii}=leftSignal[ii];

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

CVGraphUtility newGraph;

20 newGraphplotDoubleXYData(xValues,yValues],signalWidth,xValues,yValnes2 signalWidt
h,"HorizontalDerivativeSignals");

CVGraphUtility newGraph2;

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

25 xValues,combinedPenality,signalWidth,"Penality Function'’);
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PATENT APPLI CATI ON METHOD AND SYSTEM FOR M CROFLUI DI C DEVI CE AND | MAG NG
THEREOF | nvent or: Enerson Quan A citizen of the United States 2415 Ardee

Lane South San Franci sco, CA 94080 Cohn Jon Tayl or,
States 506-1/2 Al nmer Road Burlinganme, CA 94010

delete[] xValues;
delete[] yValuesl;
delete[] yValues2;
delete[] yValues3;
5 delete[] yValuesd;
#endif

{ free up values
if {combinedPenality!=NULL)
{

10 delete[] combinedPenality;
combinedPenality=0;
}
if {(combinedPenalityRaw!=NULL)
{

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

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

{
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M chael Lee Portland, OR Christopher Ceasar Sunnyvale, CA Geg Barris
Longnmont, CO Assi gnee: Fl ui di gm Cor porati on 7100 Shoreline Court South San
Franci sco, CA, 94080 Entity: Small TOANSEND and TOANSEND and CREW LLP Two
Enbar cadero Center, 8th Floor San Francisco, California 94111-3834 Tel:
650- 326- 2400 METHOD AND SYSTEM FOR M CROFLUI DI C DEVI CE AND | MAG NG THEREOF
CROSS- REFERENCES TO RELATED APPLI CATI ONS 100011 This application clainms
priority to U S. Provisional Patent Application Nos. 560/472,226 filed My
20, 2003, 601490,666 filed July 28, 2003, arid 601490,584 filed July 28,
2003, all of i-ch, gre.commonly assigned and incorporated by reference
herein for aq"mbd’ﬁb’%%“élé?’ STATEMENT AS TO RI GHTS TO | NVENTI ONS
MADE UNDER 1@&5@:‘?5@%\{ SPONSORED RESEARCH AND DEVELOPMENT

}
}
5  if (QeftSignal!=NULL}
{
delete]] leftSignal;
leftSignal=0;
}
10 if (rightSignal!=NULL)
{
delete[] rightSignal;
rightSignal=0;
3
15 )
if (leftSide!=NULL)
cvReleaseImage(&leftSide);
if (rightSide}=NULL)
cvReleaselmage(SoaightSide);
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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(00021 NOT APPLI CABLE REFERENCE TO A "SEQUENCE LI STING " A TABLE, OR A
COVPUTER PROGRAM LI STI NG APPENDI X SUBM TTED ON A COVPACT DI SK. 15 (00031
NOT APPLI CABLE BACKGROUND OF THE | NVENTI ON 100041 According to the present
i nvention, techniques for mcrofluidic systens, including a mcrofluidic
chip or circuit, are provided. Mdrre particularly, the invention provides a
20 mcrofluidic structure and nmethod of nmanufacture, and a system and
met hod for imaging a mcrofluidic device. Merely by way of exanple, the
fiducial markings are used for processing and i maging a mcrofluidic chip,
but it would be recogni zed that the invention has a nuch broader range of
appl i cabi | e¥gmatifgond mofiifigations. Frtixemplesbint procsssetvaydbeprlugieéwithd overti ne.
Certain te i ; i i i ) structures
%H%QU%&@J&&E&%&E%&S fidy BePaciRbFl fth S aglTR g@@go‘%’s‘i&s%

have been proposed. Suc ructures | s and val ves. The

punps and vwelieyedwitly ecoginatengf hardwae td seltvasg diltheeeh, overhenbesw fiewn

m cr o- mac hiyfh Nose{eWBl Ehudnse 3 pRe&itds Akdd 48 bl AR MathhiRBs, FRlRCMMDRIgebY single
crystal silicaon is lithographically patterned and then etched to form

Y .
t hr ee- di‘ne Y&iAgPRE Ferterarerle seas of thepEocpisehpey & erpoaded aul/os cambitpde sur f ace
m cr o- machipapdading WinGke drbodeA8d dpboifo Qf WossRs B} Beiflesh@bed
sem conduct Qr -t ype terials such as polysilicon, silicon nitride, silicon
di oxi de, &G oPgsIBlEdetal s are sequentially added and patterned to make
t hree-di nensi onal structures). Unfortunately, certain limtations exist

with these [B3Bl efibneagins RENRPeaix e ptadedasaar eldhearepseatryrtisiong t hem

[ 00061 As mBEésehpheticed ¥RMRE Smedxdnhglstaid dhid Bt ufidully EAPLE &S HSbMeGl@ndTBCHI NI NY
is that the 5stiffness of the sem conductor naterjals used, necessitates

hi gh actluatffh- P8f elessnapnielhn hedouidecraaganagn HarEriRs Fngueh gs. In fact,
bot h bul k amdifsmichece m cro-machi ning nethods are often Iimted by the
stiffness of the materials used. Additionally, adhesion between various
layers of h_t[tm_es]f amsi@aérﬁﬁbdd%ymeex&x@}]eahﬁ%ﬁomam (%Baribb_tﬁlﬁerﬁi(agme, in bul kI _
m cr o- machi.pi ng, waf er ndi t echni qyes. nust_be enpl oyed to create multi
Layer str udﬁ‘ﬁ?%?.e p‘ﬁ’n“st’srﬂé‘?ycf’t“ﬂggt %0%&‘%?31%‘%’?&%0‘ Weasdlgﬁ t%‘rﬂﬁ‘-”fﬁgﬁi’ ni ng,
thermal st egses (bpdvvResdlledén tHadt Oidsrelt@eindudad withie tdeyiHcad pidvewaft he t ot al
devi ce i ckness, ,often to r oxXi ely 20 mcrons. Using either of the
above nt;{mfé%@ﬁ‘f%%“ﬁ&%%PQB%PBE{F?%%\WE% careful quality control are
requi red. [0007] Accordingly, techniques for manufacturing mcrofluidic
systens using an el astoneric structure have been proposed. As nerely an

exanpl e, these structures are often 15 made by form ng an el astoneric |ayer
on top of a m cromachi ned nold. The m cronmachi ned

{1



nol d has a raised protrusion which forns a recess extending along a bottom
surface of the elastoneric layer. The elastoneric |ayer is bonded to other
el astorneric layers to formfluid and control regions, The el astoneric

| ayer has overcone certain limtations of conventional MEMS based
structures. Further details of other characteristics of these elastontric

| ayers 20 for mcrofluidic applications such as crystallization have been
provi ded bel ow., 100081 Crystallization is an inportant technique to the

bi ol ogi cal and chemical arts. Specifically, a high-quality crystal of a
target conpound can be anal yzed by x-ray diffraction techniques to produce
an accurate three-di nensional structure of the target. This

t hree-di nensional structure information can then be utilized to predict
functionality and behavior of 25the target. [0009] In theory, the
crystallization process is sinple. A target conpound in pure formis

di ssolved in solvent. The chem cal environnent of the dissol ved target
material is then altered such that the target is |less soluble and reverts
to the solid phase in crystalline form This change in chem cal environnment
is typically acconplished by introducing a crystallizing 30 agent that
makes the target material |ess soluble, although changes in tenperature and
pressure can al so influence solubility of the target material. WY In
practice however, formng a high quality crystal is generally difficult,
often requiring nmuch trial and error and patience on the part of the
researcher. Specifically, the highly conplex structure of even sinple

bi ol ogi cal compounds nmeans that they are usually not anenable to formng a
hi ghly ordered crystalline structure. Therefore, a researcher needs 5 to be
patient and nethodical, experinenting with a |arge nunber of conditions for
crystallization, altering paraneters such as sanple concentration, solvent
type, counters& vent type, tenp ure, and duration in order in obtain a
high quality crystal. 100111 A hi gW-throughput system for screening
conditions for crystallization of target materials, for exanple proteins,
is provided in a rnicrofluidic d ce. The array of netering 10 cells is
formed by a nmultil ayer el ast onerivesmanuf acturing process. Each netering
cell conprises one or nore of p of opposing chanbers, each chanber
being in fluid comunication wt he ot her through an interconnecting

m cr of /ui di ¢ channel, one chanbe ontaining a protein solution, and the

ot her, opposi ng chanber, contai ni a crystallization reagent. Al ong the
channel, a vake is situated to k the contents of opposing chanbers
15from each other until the valv opened, thus allowing free interface
diffusion to occur between the o sing chanbers through the

i nterconnecting mcrofluidic cha . As the opposi ng chanbers approach
equilibriumw th respect to cry | ization reagent and protein
concentrations as free interface UHffusion progresses, the protein wuld at
sone point, forma crystal under certain conditions. In sonme enbodi nents,
the m crofluidic devices taught by 20 Hansen et al. are have arrays of
netering cells containing chanbers for conducting protein crystallization
experinments therein. Use of such arrays in tarn provides for

hi gh-t hr oughput testing of nunmerous conditions for protein crystallization
whi ch require analysis, See PCT publication WD 02/ 082047, published Cctober
17,2002 and by Hansen, et at PCT publicati on WO 02/082047 is incorporated
by reference herein inits entirety for all purposes, 25 100121 Fromthe
above, it is seen that inproved techniques for elastoneric design and

anal ysis are highly desirable. BRI EF SUMMARY OF THE | NVENTION  (0013]
According to the present invention, techniques for mcrofluidic systens,
including a 30 mcrofluidic chip or circuit, are provided. Mre
particularly, the invention provides a mcrofluidie structure and net hod of
manuf acture, and a system and nmethod for inmaging a
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plurality of well patterns and within the plurality of fiducial marking
patterns to fill a portion of the nold substrate. The nethod i ncl udes
coupling the thickness of deformable material including a plurality of
wells formed fromthe well patterns and a plurality of fiducial marking
patterns formed fromthe fiducial marking patterns to rigid substrate
material. 10[ 00171 In yet an alternatively enbodi nent, the present
invention provides a mcrofluidic system The systemhas a rigid substrate
material, which includes a surface region that is capable of acting as a
handl e substrate. The system has a deformable fluid | ayer coupled to the
surface region. One or nore well regions is forned in a first portion of
the deformable fluid |ayer. The one or nore welt regions is capable of
holding a fluid therein. The system 15 has one or nore channel regions
formed in a second portion of the deformable fluid layer. The one or nore
channel regions is Eb _ -to one or nore of the welT-Tegions. AN acl|ive
region is formed ingth igrarbl e fIU|d'Iayer The active region i ncl|udes
the one or nore wel 01 wéeynmn actlve reglon IS fornedwln t he:

def ormabl e fluid | ayer. ~naf A is forneﬂ out si de of "t He
first portion and the: s 5 ng ‘20 i's:|f or med
wi thin the non-actiye reg k ol ner assqciated
with at |east pne of:t mar ki ng ifs
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[ 0020]
for

In yet another specific enbodinent,
processing a mcrofluidic device,

t

e.g.,

he invention provides a nethod
m crofl uidic chip, biological

chip. The nethod includes providing a flexible substrate including a first

plurality of fiducial markings,

and determning a first plurality of actual
| ocations corresponding to the first plurality of fiducial
respectively. The first plurality of fiducial
first plurality of design |ocations respectively. Additionally,

mar ki ngs 20
mar kings i s associated with a
t he met hod

i ncl udes processing informati on associated with the first plurality of

act ual

| ocations and the first plurality of design |ocations,

and

determ ning a transformation between a design space and a neasurenent

space.
| ocations, and the neasurenent 25 space is

plurality of actual |ocations. Mreover, the
first alignnent to the flexible - 271b3g

associated with the transformati gn
measur enent sp Al so, 10
i mges of the st fiducial nmarki
wth the first ural ity of"i mages

flexible subsicake based on at | eas
plurality of Lgages and agcgquiri
substrate. 10@231 Accordi to ¥
processing a nr“'ofIU|d|c Vi celi

i ncl udi ng at | &bt three fiduci aF—farki
mar ki ng, and P st chanﬁET capakl e 76f, hol d
Addi tional ly, met hfd iRe! udegCdetet nj nin
desi gn space & nt sp"c%ﬁﬁased
associ ated w th_{i t hiige | fitduc al
first alignment to the&l exible Sabstratp ba
associ ated w th=the tnaﬂsfgﬁnatﬁgh betneen t
measur enent spae@. Mrepvert. the'aet hod | ncl
i mge of the fixst addid@i ondl f|Bﬁ'|awaarm
chanber, perfo ng a §§c0@ﬂ 10 ig nt tg
on at |east inkefnmatio a$§p0|ap§a W [ he
second i mage o ;ue first bﬂanb-rn;s§p i at ed
10022J Accordj Po yetyanot her modlient,
for processing ggde or ®bre~nicrdéTlui drt devi
nor e conput er i, ,readqgh dia and a ;;age
substrate. The fl exi bl trate conprdises
mar ki ngs, a f i==sd addvf“o fid C|al- rkin
of holding a fsHd therein.  The r e@or e
one or nore ing}puctions for proyidingis f|l €
nore instructkQns for determnin r @asflor
and a nmeasur epr#t space based on| at ZOEEﬁast
the at |east {aP8e fidggial markings. Addi|ti
conput er - r eadapl e nedi &i ncl ude re
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[ 0026] ;
a nett
a mcrofluidic d

m crofluidic device includes providing a flexible substrate
silicone based, rubber) conprising one or nore well regions
of fiducial marks. The well regions are capable of holding
and at least three of the fiducid marks are within a
of the well regions. Preferably, the flexible substrate has
narigid menber. The nethod includes |ocating the flexible
tage and capturing an inmage of at |east the three fiducial
vicinity of the one well region of the flexible substrate
pping froma design space to a neasurenment space. The
udes aligning the flexible substrate to an inage
Eﬂlun usi'ng. at teastthe- MeppiAg romthe design space and
cral nar K ,mheve{n the at [east lone additional fiducial
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S5providing the mcroftuidic device. The mcrofluidic device has x, y, and z
di mensi ons and a chanber depth center point |ocated between a top wall and
a bottomwall of the chanber along the z di nension. The chanber depth
center point is |ocated a known z di nension distance froman optically
detectabl e fiducial marking enbedded within the mcrofluidic device at a z
depth. Additionally, the nethod includes placing the mcrofluidic device
within 10 an i magi ng system The imagi ng systemincludes an optical device
capabl e of detectlng the fiducial marking and transmitting the inage of the
obj ect. The opt x , _f| nes..an_opt |=r_aAI oath aXI ally aligned Wlth t he
z di nensi on of ' idic devi’ et
to the optical i
inline with th f|UUC|ak

det ect ed when the. oc 15p|ane'*

the focal s ot Aoy in th'the z degbh

Addi tionally, the inagi =prpcessi ng device in
comuni cation With th ; I ng;device is able

to control flp_E*"” h nvue along the z
axi s and HEQEE ocal: i uci mar ki ng. The
i mage processi BV €

object. Ad

e opti cal device
with the § i
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&It he %iclucial

opti cal
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t he i mage gg@c. al @dg thggoptlcal pat h
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causes the optical device to nove the focal plane along the optical path
the z di nension 15di stance, the focal point is |ocated at said chanber
depth center point. [0028] According to yet another enbodi nent of the
present invention, a nethod for producing an image of a chanber within a

m crofluidic device includes imaging the mcrofluidic device to produce an
i mage using an inmagi ng system having an optical path in the z plane of the
m croftuidic device, and mapping fromthe image a rust set of coordi nates
20 of the mcrofluidic device to determ ne whether the m erofluidic device
is skewed or distorted when conpared to a coordinate map of an ideal

m crofluidic device. Additionally, the nethod includes positioning the

m crofluidic device so as to position the chanber within the optical path
based on a matri x transformati on cal cul ated coordi nat eposition determ ned
by conputing a matrix transformati on between the first set of coordinates
of the mcrofluidic 25 device and the coordi nate nmap of the ideal

m crofl ui di c device. Mreover, the nethod includes obtaining a tinme zero

i mage of the mcrofluidic device chanber. The tine zero image contains

i mages of arginfacts present in the mcrofluidic device. Al so, the nethod

i ncludes obtgfning a second inage of. .the rnicrofluidic device chamber and
subtracting e first. |nage ‘?ﬂthefnlcroﬁlU|d|cidev10e chanber fromthe
second i mage=ef t he! n1crotuid" : er to. pro_uce an image of the
chamber witholit tine, : 43‘ ) %9 ' ot itsfare achi eved

using the ent in nal t i : So enmbodi ment s
pi ng between - desi gn space
ion between the de @gm space and

provi de al i gngent ahd/or”fﬁ?ﬁ';
| east three fldug ah mar ki ngs.

and the neailﬁenentgspace Th
t he measur enger CE uses, ]

Certain enboff, L provi Isi ng by acquiring a naly2|ng a
plurality N “al ong Jmensi on. Somne enbodlw nts of the
present in ion pefformalign ‘o¢using on a mcrofl |d|c devi ce

i ncl udi ng atg=keast ophe fl pxiblle e. i The alignment 5an T@cu5|ng t ake
i nto accountf]fhe defprmatjon of ! _bLe substrate. CertajEn enbodi nents
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[0032] Figure 11 is a sinplified cross-sectional view diagramof a

m crofluidic system 20 according to an enbodi nent of the present invention;
[0033] Figure 12 is a sinplified top-view diagramof a mcrofluidic system
according to an alternative enbodi nent of the present invention; [0034]
Figure 13 is a sinplified top and side-view diagramof a mcrofluidic
system according to an alternative enbodi nent of the present invention;

25[ 0035] Figure 13Ais a sinplified top-view diagramof a mcroftuidic
systemincluding carrier and identification code according to an enbodi nent
of the present invention; [0036] Figure 14 is a sinplified i magi ng system
for imagi ng objects within a mcrofluidic device according to an enbodi nent
of the present invention; [ 0037] Figures 15A and 15B are a sinpljified
m crotl uidic device accordlng to an 30 enbodi ment of the present invention;

[00381 Fifyres 164 si npl I mage pnt ~’space

and si npl : n desi ectiv & an

enbodi ne sent ntion; i gure nd7l17C

show a sinnlifie ; ‘mage s d>5 fzglto

an enbodi ' eson nventi gure d
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pr esent re 19 ed ne igg
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i nvent i [ 0043] a d for u€ila
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20 (00471 Figure 25 is a sinplified nethod for aligning sad focusing inmage
system according to an enbodi nent of the present invention; 100481 Figure
26 is a sinplified inage acquired and anal yzed according to an enbodi nent
of the present invention; [ 0049] Figure 27 shows sinplified curves for
focus score as a function of z position 25 obtained at the process 804
according to an enbodi nent of the present invention; [00501 Figure 28 shows
sinplified curves for focus score as a function of z position according to
one enbodi nent of the present invention; [0051] Figure 29 shows sinplified
curves for focus score as a function of z position according to another
enbodi nent of the presengj ' i iIs asinplified
surface map of a three dup rding to an
enmbodi nent of the presenigi OF THE | NVENTI ON
[ 0053] According to the pt m crofluidic
systens, including a 5m ¢p ovi ded. Mbore
particularly, the invent¥D ture and et hod
of manufacture, and a syt of l ui di ¢ devi ce.
Merely by way of exanple, t or processing and
imaging a mcrofluidic ¥ﬁ at the invention
has a much broader range,0fi NUFACTURI NG
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20 [0057] 3. Forma nold substrate for a nol dable control |ayer 103; [0058]
4. Form nol ded control |ayer overlying the nold substrate via spinning of
silicone material 104; [0059f 5. Align nolded channel and well |ayers
overlying the nolded control |ayer 105; [ 0060] 6. Renove nol ded channel
and well layers fromthe nold substrate for the 25 nol ded channel and wel |

| ayers to forma sandw ched structure including the channel and well | ayers
and control |ayer 106; [0062] 7.Align the channel and well layers to a
transparent substrate surface 107; [0062] 8.Bond the sandw ched structure
including the aligned channel and well |ayers to the transparent substrate
108; [00631 9.Provide the sandwi ched structure for use in a fluidic
processi ng system 109; and [00641 10. Perform other steps 110, as desired.

[ 0066] The aboye sequence of steps provides a nethod for manufacturing a

m croflui di c ¥-system havi ng nol ded channel, well, and control layers. In a
speci fic enjodi hent, each of the nol dedgghannel, well, and gontrol |ayers
is defornableici elastic. That is, well ¥egions nay vary s|@ghtly from wel |
to well throughout a single mcrofluidie€system which has™been provi ded on
a chip. To sensate for such defornmabl® characeristic, tge present
system i ncl - at | east one or nore fidhcial mafllciags th have been

pl aced in pr&deternined spatial 10 | ocdflons tovﬁé used w t® i mage
processi ng tegchpj ques. These fi duci al ki ngs a ow for aﬁ? i Aher ent
errors cause t he def ormabl e charact stic tg, be conperigat at | east
in part usinggEthe image processing techdbques. Fgfther detad sgpf nethods

and resul ting=Structures of the present croflurﬁlc systeﬁfh e been
descri bed thr hout the present ci figati on &l nore par rIy bel ow.
15METHOD FOR WANUFACTURI NG MOLD F FLUED LAYER 066] A

manuf acturingla) mold for a fluid I Eﬁcordlng o0 an enb néht of t he
pr esent |nvenﬂio may be outlined IomﬂJCbrtaln etails OfmﬁhéanthOd 200
are al so prov’ fed according to a flpw “égran1ll+ﬂstrated Ftyure 2,
which is not_jntended to unduly Iifit t scope the clai Ehereln One
of ordinary ﬂf: | in the art moulé:?ecognlze many- 20var i at '@n

al ternati ves, hd nodi fications.
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[00671 |.Provide nold substrate material 201; [00681 2. Apply first |ayer of
phot oresi st onto nold substrate 202; [0069] 3.Pattern including fiducials
(e.g., dots) the first layer of photoresist to form channel regions 203;
25(00701 4. Form channel regions including fiducials through the patterned
filmon the nold substrate material 204; [00711 5.Strip first |ayer of

phot oresi st 205; [00721 6. Apply second | ayer of photoresist 206; [ 00731
7, Align pattern onto the second | ayer of photoresist based upon one or
nore of 30 the channel regions 207; [00741 8. Pattern including wells,
x-marks, and conpany |ogo aligned to channels (where alignnment is provided
by natchlng brackets) the-sécond- Iayer of «phot or esi st _.208; [0075] 9. Form
channel s, x-marks, and_conpany: 4 “gugh (f e patterned seeona Bl mon the
nol d substrate naterlal 209; 5[00761 10131 hot or esi st
to form conpl eted | d substrate materiEk ¢l'udi ng channel and |1
structures 210; and {[00771 Il. Perform g 'xkteps as desired. [10078) The
above sequence of stieps brOV|des a meth d fo manuf act uri ng amld:-for a
nol ded channel and wel| l.ayers according toa-specific enbodi|je In a
specific 10 enbodi nent, é@ach of the nol harmel and wel | Hayens S

def ormabl e or el astilc. Tg conpensate fof'§ ﬁdefornable ch listic,
the present systemijncludes at |east ong:0 ' t hat
have been pl aced ihgpred term ned spatil th I mage
processi ng techni ques. THese fiducial nark lent
errors caused by th' defg@rmabl e charactri ( t | east
in part using the inage 15 processing tgc Jes. Furt her detalla of

, s
ent nicrofluidic syéken1have
| 'Laimgat__m_ng,a_@xme__gg_ftﬂ cularly

|

met hods and resul ting stfuctures of fthefpr
been descri bed thrOGghQut_, :
bel ow. g1

Note how the black well border
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METHOD FOR MANUFACTURI NG CONTROL LAYER [00791 A nethod for manufacturing a
nold for a control |ayer according to an enbodi ntent 20 of the present
invention may be outlined below Certain details of the nmethod 300 are al so
provi ded according to a flow diagramillustrated by Figure 3, which 'gnat
intended to unduly limt the scope of the clains herein. One of ordinary
skill in the art would recogni ze many vari ations, alternatives, and

nodi fications. [00801 1.Provide nold substrate material 301; 25[0081]

2. Appty first |ayer of photoresist onto nold substrate 302; 100821
3.Pattern the first layer of photoresist to formcontrol fluid regions 303;
[0083) 4. Form control A luid: regions .t hroygh.the -patterned filmon the nold
substrate material 304; . 00841 5. Strhp f rer “of photore5|st to form
conmpl eted nol d substrate materi al 30klnc_ud|ng control={ T'urd, riegi ons 305;
and 100861 6. Perfiorm other steps, as desfired. [00861 e a ove sequprce of
steps provides a nmethod for nanufactqfln' a nold for aljrol d gscoﬁﬁrOWSIayer
according to a specific enbodi nent. [|n.; @ |specific enbodment:: | com ro

|l ayers is deformable dr elastic. To conpgnsate fat suchdef I =
characteristic, the 5Spresent system ificludes at | east e oi” nor g=f i guci al
mar ki ngs that have begn pl aced in predetérm-ned spatlaﬁiloc tlon t Q

used with inage pn@ce sing techni ques. .. T} QPoﬁggor
any inherent errorls caused by the deﬁ%qﬁ% aracteristic|{to
conpensated at |east kn part using t1eeﬁnage processing tectmi Lg?rther
details of nethods and resulting str*ctures of the present nlqrotnu C
syst em have been desgggggizigﬁﬁgggghout ‘tthe present speC|f|@at|o%)anﬁ?nDre
particularly below {£ igures 1+11° are S|an|f|ed dlagrans
illustrating a netd F-apri i G ;qlaQCO@é}dB to an
enbodi nent of the present‘i it € =“

whi ch shoul d not unduly | kit st he se r “hey oﬁ?
ordi nary skill |n the art, mould recognlze nany varlatlons nDdlflcatlons
and al t er nat jyxes - abg h 3 have been
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il lustrating features of the fluidic system have 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 to a
feature being described. 20[0088] Referring to Figure 4, fluid channel

| ayer is illustrated. The fluid channel |ayer (or control |ayer) includes
fluid channels 401 to deliver fluid throughout the substrate 403. Fiduci al
mar ki ngs in shape of circles 405 are used to |ocate the channels

t hensel ves. These circles are part of the fluid channel l[ayer mask and are
transferred wwth the channels onto the substrate. The circles are recessed
regi ons, which do not extend all the way through the 25 layer, in preferred
enbodi ments. [0089] Referring to Figures, a well layer 501 including well
regions 501, 503 on the substrate are illustrated. The well layer includes
the well re ns and the conpany | ogo 507 (which serves as a predeterm ned
fiducial ma ng ac ena
spatial |o¢ on of @
focusing 30&ehto th
wel I's. The && | | ay
e.g., crossé&) Such
wel | regiong
the mask tg¢

| ocate one QFE
<)

wel | | ocati o=t As s manna
around a pe@thhery
occupies a ner r

itself. 5[0 ] Ref

channel | ay€r} and t he
nmet hod al i gns, t hese he

wel | | ayer ﬁﬁi a dij hc

wel | |ayer pebduces nd

edges. PreféZthy, ; 5 in

order for t 10chag

| ayer mask 45 al i gng _

channel s, a hown. I

| ayer to th rane ally

forns nore jur e

7. Each of to a

15 preferreg cone

(or other

| ayer nol d S

made when t | of

silicone. I

| ayer that’

Scrubbed t1



20[ 00921 To align the patterned substrate to the blank substrate, the

nmet hod i ncludes placing a tenplate of thc patterned substrate underneath
the bl ank substrate, which is transparent, as illustrated by Figure 8. The
tenplate allows carrier top access to reagent inputs. In addition proper

al ignment of the patterned substrate onto the blank transparent substrate
enabl es the imaging station to view the global fiducials on the chip
through the carrier bottom As 25 shown, Figure 9 illustrates the patterned
substrate, including wells and channels, overlying the transparent
substrate. Details of the fiducial markings are provided throughout the
present specification and nomparticularly below [00931 Figure 10 is a
sinplified top-view di agram 1000 of a conpleted mcrofluidic system

i ncluding well 1001 and channel regions 1003. As shown, fiducial markings
1005 are 30 di sposed spatlally around a perlphery of the mell region. The

he

r egi on,
anmong othetﬁﬁ n the
art would r natives
Speci fic dega d using
t he side-vi Fified
Cross-secti
according t s nerely
an exanpl e, erein.
One of ordi
nmodi ficati o ass
substrate 1 n act as

a handl e su tr; = 1105
and well 10 Fay

on a singl ecHaye has a
depth that ws | r.
Pr ef er abl y® =tthe | bl e
material su as r ot her

pol yneric eri: 1 : At bBut may
be def or mab
al so has a

Preferably, h as
silicon; si%ycon

mat eri al . en at ur es
in the syst s al so
shown. The® Tar kif as a
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simlar. That is, optically the height of the marking is about the sane as
the well relative to a plane parallel to the substrate. Alternatively, the
mar ki ng may be forned based upon a predeterm ned off-set relative to the

pl ane parallel to the substrate in other enbodi ments. Certain dinension are
al so shown, but are not intended to be Iimting in any manner. 25 Dependi ng
upon the enbodi nent, there can be many variations, alternatives, and

nodi fications. [0096] O her enbodi nents of the present invention are

provi ded bel ow. [0097] Figure 12 is a sinplified top-view diagramof a

m crofluidic systemaccording to an alternative enbodi nent of the present
invention. This diagramis nerely an exanple, which 30 should not unduly
limt 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 system conprises a biological substrate 1200. The substrate includes a
rigid substrate material, which has a surface region. The substrate is
capabl e of acting as a handle substrate. The rigid substrate can be nmade of
a suitable material such as a glass, a plastic, silicon, quartz,

mul ti-layered materials, or any conbination of these, and the like. O
course, the type of substrate used depends upon the application. 5[0098]
The substrate al so includes a deformable fluid | ayer coupled to the surface
region. Preferably, the fluid layer is attached using a glue |ayer or other
attachnment technique. One or nore well regions are forned in a first
portion of the deforrnable fluid |ayer. The one or nore well regions is
capable o f holding a fluid therein. One or nore channel regions is forned
in a second portion of the deformable fluid |ayer, The one O MOTO channe
regions is 10 coupled to one or nore of the well regions. The channel
regions include protein channels 1201 and reagent channels 1203. O her
channel regions can al so be include 0099] The fluid layer includes
active and non-active regions. An eregion is forned in the deformable
fluid layer. The active region includes the one or nore well regions. A
non-active region is forned in the d rmable fluid | ayer. The non-active
region is formed 15outside of the fiwaf portion and the second portion. The
term "active" and "non-active" are |y used for illustration purposes
and should not limt the scope of th | ai s herein The non-active region
generally corresponds to regions fr romuse of fluids or other transport
medium and the like. [0100] The Sﬁgégizte includes a plurality of fiducial

mar ki ngs. Each of the fidueial 20 ings is selectively placed within a
certain layer region. In a specific dinment, a first fiducial marlcing

1205 is formed within the non-activ ion and disposed in a spati al
manner associated with at | east one he channel regions. That is, the
first Oducial marking is within th€<%g%nnel regions. Preferably, the first
fiducial marking is a recessed region that includes a selected wdth and
depth. The recessed region forns a pattern to be captured by an
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25 i mage processing technique. In a specific enbodi nent a second fiduci al
mar king 1213 is formed 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 wdth
and depth. The recessed region forns a pattern to be captured by &an inmage
processi ng techni que. 30 [0101] The substrate al so has a control |ayer
coupled to the fluid |ayer. The control |ayer includes one or nore control
regions. The control l|ayer includes interface control |line 1207 and

contai nment control line 1209. Oher control |ines can also be included.
Preferably, a third fiducial marking 1211 is formed within the control

| ayer. Preferably, the thir i i rki is a recessed region that

i ncludes a selected width 5%9E3§g§ﬁ3h4g§ﬂbg@gssed region forns a pattern to
be captured by an i nage processing technique. Further details of the
substrate caEiEOBUAND HYSUEM EOR NICROFUIIRREDEMIES AN and nore
particularly below, 5[0102] Figure 13 is a sinplified tdp and side-view

di agram 1300 of a microfl ui SNGCREEED i ng to an alternative

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

whi ch should not unduly limt the scope of the clainms herein. One of

or di nar ymsitdrl 1 Nehdt@naidan Woul d recogni ze many variations, nodifications,
and al ternatives. A Asizslv@de UnitkieStglisagr am i ncl udes a "top-view," a "detail ed
top view' and "sizieswdeewlaef fluidic 10 mcrostructures according to

enbodi nents of t h¥upgrlas&mncisoey@ntHesd. As shown, the system also includes
gl obal fiducials 1301. The gl obal fiducials are used for rough alignment
pur poses, al t hough® b\ qpestfizref the Udted$itenent as well. In one

enbodi nent, the SHA A %ﬁﬁbs by a spatial dinension of greater than 100
um and | ess than 25 M%Wﬁ r ‘exanple, , the global fiducials include a

|l ength and a w dt{y;pfe phout 180 p.mand 160 umrespectively. 15l n another
embodi ment, the gppkak dpducials are characterized by a depth of at |east
10 pmwithin a thickness of the non-active region. For exanple, the gl obal
fiduci aLs i ncl udecgistdphzlkoagss of about 20 pmand are within the defortnable
| ayer 1305 as shoswnnyvhleCsi de vi ew di agram i ncl udes a substrate 1302, which
is preferably rigid, with an upper surface region. The rigid substrate can
be made of a suit@tsE&amsterial such as a glass, a plastic, silicon,
90quartz, nulti-|bspemed. ®dterials, or any conbination of these, and the
like. O course, the type of substrate used depends upon the application.
[0103] The substrate al so includes a deformable fluid | ayer coupled to the
surface pegined. Pmeﬁ@ﬁaghﬁrmhhe fluid layer is attached using a glue |ayer
or ot her attachnmentoSeabinle@dart One or nore well regions are formed in a
first portion of $duth Sheffesitiedal @sfdsodod | ayer. The one or 25 nore well
regions 1309 is capable of holding a fluid therein. As shown, the well

regi on hgﬁ.a certg%Qlthickness within the deformable |ayer. One or nore
channel r%ﬁrons 1 is formed in a second portion of the deforrnable fluid
| ayer. The one or nore channel regions is coupled to one or nore of the
wel | regions. The channel regions include protein channels and reagent
channels. O her channel regions can al so be included. As shown, the channel
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30 regions are not as thick as the well regions. The defornmabl e | ayer

i ncl udes an upper surface, which couples to control |ayer 1307. As shown,
the control layer includes a plurality of control channels 1313. 101041
Fi duci al markings are selectively placed in a spatial manner on the
mcrofluidie system In a specific enbodi ment, the gl obal alignnment
fiducial marking is forned in the deformable layer within a vicinity of a
well region. Afirst fit:1=Wmarking is placed within a vicinity of the
well region. In one enbodinent, four wells forma netering cell. The
S5netering cell has a length and a width each about 2 urn. The first
fiducial marking is placed substantially at the center of the netering

cell. A second fiducial marking m | aced within a vicinity of the
channel region MEEHWW@&T&TW @ROELUEDIIG BEHECEANRar ki ng may be
placed within a vicinity of t in the control |ayer.
Dependi ng upon the applicati o ere né-@% ariations, alternatives, and

modi fi cations. That i rokWREPERANERSHY REUSTES APRITkARGSATRY be within a
vicinity of the ¢ fiducial marking may be within

an i,on an
a vicinity 8§04 hérg‘éﬁ?fﬁ‘f’%'l"” ﬂﬁ’ﬁﬁ‘é‘?“qtﬁ’qfﬁgmé’m??”r]8?‘“?‘5?81#““% 1’fh?ir natively, two
of the f3§dusoréak 2maﬁikdmrg;s2m3m/m,sm flledalulyi2g,| 2003, yndod0/49D.8848ikd Julyed§i on and
the third f 2 Wt R e trol channel
in the contirog%l%?!ghedrﬁm%’ era s?g“%%nlaf“?dﬂgﬁx{g&ﬁeh angji}s&eel;hrfgp%raced within a
vicinity ofP¥H®e*Sr egi on bei ng exam’ ned, such as well or 15channel regions.
The &Lucial marking placed within the control |ayer or another |ayer serves
as an alignment point to correct for depth of field or other optical

characteristics. [@t@bvpsT sboericATETOUNENTIONS Myariaser | duci al mar ki ngs

{1 duct afd mar ki ng. cSRBERELY SPrieaiE 8 Sr AR A SER B o ol ayer.  The
recessed re@d@h BEIONMEIGARIH unme or open regi on surrounded by 20 portions

of the deformable |ayer or other layers. The volume or open region is
preferably filled with a fluid such as a gas including air or other

non-reactive flpeeErENIE: Td WirSr@imGchesTNGURTARNE! OR layceibieernt refractive

index to |ight f The open
region is pref er%@‘%ﬁ%{ll&%ﬁf@ﬁﬁgﬁbﬂﬁw&%ﬁ%g@g@aﬁ%d has a | ow
refract i¥ve [opasex NCOI APHIACARLEt he fiducial marking in the control |ayer has
simlar characteristics 25according to a specific enbodinent. In certain
enbodi ments, the fiducial marking has sharp edges that highlight the
marking fromits surroundi ngs. For exanple, the edges are preferably 90
degree corners or the IikeBA@’K@mmquHngmmjmary skill in the art
woul d recog ther. vari ations difcati ns. tern [ 0106)
Addi ti onal IGbgﬁ OAcﬁordmgﬁ tﬁ cgsﬁnrt'eﬁsv“goiéwh‘flﬂmsg' caoad?lhdécnsﬁsetf %}ﬁiu\ﬁ?f‘ | ayer
are nmade 30migsithigicabipwr mepbﬂt,ercrmmdcd aMosmerhchyslw ingetien providésgon r ubber,

rubber, »pl aﬁfcfcﬁlmdP%tu:QEndQﬁcﬁﬁH o%&%fﬁ@ﬁée%ﬁ%)‘fsfebﬂnd o 8 b FhapigrabOd ment s.

The control | ayer  can be made al so using a sultable material such as
si i cone, s‘i"!cfwwr%b‘b%rMef?lh%ﬂ?}’ of syagple; e figuoigianarkingstiressed (61 yer i ¢

mat eri al i Npr6 s pauil) BB A hrforohiliOdni}s but @RI RIRE Shizel Rt the Midie@anel and

wel | layer angch broader range of applicability.

[0005] Microfluidic techniques have progressed overtime. Certain technigues of producing
25  microelectromechanical (MEMS) structures have been proposed. Such MEMS structures
include pumps and valves, The pumps and valves are often silican-based and are made from
bulk micro-machining (which is a subtractive fabrication method whereby single crystal
silicon is lithograpbically patterned 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-typs materials such as polysilicon, silicon pitride, silicon dioxide,
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the control |ayer are nmade of material, whose thermal coefficient is at

| east 10-4. For exanple, the thernmal coefficient ranges fromle to le. In
yet anot her exanple, the thermal coefficient equals about 3x10-3. In yet
ot her enbodi nents, the fluid channel and well |ayer and the control |ayer
are made of material, whose Young's nodulus is at nost 5x106. For 5exanple,
the Young's nodul us ranges from 8x104 to 7.5 x1.05. (0107) Also, as shown
in Figures 1-13, the mcrofluidic device includes the channel regions and
wel | regions. These diagram are nerely exanples, which should not unduly
limt the scope of the clains. One of ordinary skill in the art would
recogni ze Mrvynmarrieatsiamvsqueaﬂaﬂxem@ai indesttered b makd thfdeglitenoosal | n certain
embodi ment g, %ﬁ% Eiteg; g aﬂﬁmfcﬁ& liflese BhRAIRAOMBIS structures

i nt erchangeab The ¢ anne o| s refer to recessed regions in
the rnicr offldd?"ﬂi“&“ea&h“@ﬁmg?hﬁmot her enbodi ments, the microfluidic device
uses channel regions to function.as well regions. In yet other enbodi nents,
the mi crof [%4Pi Asdesiiivan ‘?"ﬁ‘@?@&é‘?'@%%é‘ﬂ‘%”“ﬂﬁf’ micmpRiqiugdE thaths | yi d
channel s, ﬂtfﬁtasrs@hhelmrimhmormntdnaAe\ksbtsnccAsQaaﬁthgEh@unm fhAs, waica regilerpl i i ed
top-view diggs é‘éHngm@eme%{ 'n!r'fagt' oS ¥ nl%:?nﬁ"sur@a%i MQ o1 c&é&g leliBhs S0
identificatio ccor th esent 1 nvention.
Thi s di agraﬁﬁm1@1%%%98@&'6%%8%%&“%#5941 %6HF@YH6EGSHHQW9€HIWLF t he scope

of the cl aifds HeRhbticaleN vt mcusdla@mems by dxarhiile, ﬁMu@ﬁicmvmaehﬁwgecogm ze
ot her vari at%ons nodi ficatio alter nagl ves, system 1350

S

i ncl udes a™& T‘i?“i‘ﬁ%?“m’x}ﬂﬁ'ﬁ'ﬁ“shg‘ °"5’Z°§'B‘1:‘i°§fcé'a“t’,‘ 'rlatyfré}mcfg??l “\%\ﬂeec’t%ﬁ‘n p can be
any onagof hitdewlenboticomaitt smidiness bembltasesdetveartvf tadb g lgyespsthem 20 her ei n
as wel | as,othens tﬁl%algwl&tﬂ%@éat#ex to'anéljoﬂglgt%lya() c’ﬁﬁr% il i&r mabl e

| ayer, and controf er, anon er features C % as well

regi ons coﬂ’ﬁlaweffﬁﬂ’eﬁaﬁﬁ?@lm%@ Qﬂ%§°ﬁﬁﬂdﬁi}i@ﬁl'cfk§ﬂéhmﬁ?[équa‘v1§?d The control

| ayer is coupled to the deformable |ayer. The_carrier includes various
features sifOR7asAsopIdiney; Eehnjantsdormenntaptunne migafidc piste@s BWMERs i n the chip.
The carri eaa,adus@mlsimlnmdmea@ﬁwmsad Iﬁhérﬁﬁﬁfékﬁhﬁlaﬂﬂ%cmdﬁkﬂboﬂ@upl e to the
25 inl eltSSS/ oua betts can- | et as > @n #dento{n];éhf%é on ke |on 1 586dt hat

i ncl uded barcode’® r(‘)“rm%zf"ﬁearq' OPEREADICE THRR PSSP BARHEY e &F mﬁ iCation
f eat ures, whlddhs erisebpoing@ntvibich dmy b saeEk byendwaylﬂw st su@e@lof thur t her

embodi Ment g iBerR1SRr IR kGG L MEr ik SERLd & bﬁ@ftcta%m%waﬁ@su R fmuas radio
frequency identification, pattern reco%nl tion, the |ike. 91

Pref er abl y 3% JB9 5581985 Ehcjelastamens oty 'éeé‘f"“t?f:erfa?“rl@gta‘a\‘?fﬁ °§‘f5’33‘“é’§°‘3ﬂ di fferent
wi dt hs t hatE34s eadt soectaea rmnekkr daallsion bikérphaiosthsticabtheze abesmscric dayerdent i f y
certai fe I includes intrinsic
and/ or r.kext %ﬁﬁéﬁﬂuﬁéﬁ? %J}%F:D%ﬁg‘g’saggrg%t%%‘ §a¥§1h%. bexﬂgropﬁéd%%{%%he intrinsic
informatio Y B85 gnhment

|t or mat o uly (CFaRRieE Bl GRaApk bl Wm?‘%é‘%“mmﬂéﬂ“%%%nce

i dent i fi catPeiicalive® Aleh Q%WYSH off ey yarRIhus bb@@lﬁqﬂé’d Xray diffragton east t he
fiducial medkkiifi@sto psdiabe Alst@RRAee- H1E}fcﬁd"xdmlduﬁcﬁur6§ﬂhé3@rg§tt qnRerkd menory of a

vent | on. STREISH SRRBSRFGPHGE LA LAzt BRUE OOy Bl pReNE A y

pr ocessist hd:tesfsgmam fic chip, including bar code, for certain applications.

The al i gnment information
(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 envitonment 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.



associated with the fiduci al markings can be stored in nmenory that is

| ater retrievabl e using processing systens according to enbodi nents of the
present invention. Further details of these processing systens can be found
t hroughout the present specification and nore particularly below 10(01101
Figure 14 is a sinplified imging systemfor inmaging objects within a

m crofl ui dic device according to an enbodi nent of the present invention,
This diagramis merely an exanple, which should not unduly limt the scope
of the clains. One of ordinary skill in the art would recogni ze many

vari ati ons, t n Figure 14,
an i magi ng s?/‘l tglr:lng%%ti ﬁ?\jﬁeg mn}?‘g thg’?i%}ahtgg% ot 1%%“3“1 }A&fﬁ:ﬂ@v\gﬁbo i s novabl e
inx, v, aWﬂ“lanj‘i“PFé‘ﬁ%‘ﬂé‘Fﬁscma@d@HW o Jhe AT pffhe weearsherT @cwﬂm}@mﬁm of the
stage 42]22}61|gﬁAgd @dsubgtul lrvaoSév@Q&anEbMﬁgt@@Z&nﬂéﬂﬁiﬁhe&%ﬂﬁe&lCHe)a gt ugBPPUL er
system a ma stem ncl udes . an i magi ng

dovi 6. 4068 SPHELIEEITE KPR e TO R AR o PERE: SSTORPAsHs i (b

| enses 4075)Helpetreatam;inamddleal,cbepmtcmrngmala:g“élmembemsccmymbﬁrbeAWO i s under
control of 0 focus of
the | ens syrg'{[l@rln %q;g&?%gﬁ %%L‘%cn%s%%%g s 19&%8:??&:%0%%%}'%% 'Senrtéer %l%% t he

det ect or 40’8@te“ﬂ?@t”if‘?m@élur%‘%@mﬁdfniﬂ@mahtﬂb%ﬂl’\‘é’%%uter system 4110 and
stored in a database 4115. 101121 The_ |l ens system 4070 can focus on a

m cr of | ui di%@ HevA Bigh-aesgnmyy systam fansropeging opnditiahs fo1 enyéalleation of fiathe 2
direction. mEﬂﬁalﬁXc&rﬂanﬁzle pri€ing, @Oabvided anenitefiadic devidBamielrag eNh@dogne of the
25 mcrof | ui.di ce e rnicrofluidic dev 30 i§ situated upon
t he stalge ﬁ%‘ib&’ (?E“J mﬁggagﬂ\féfmgﬁ%c néatr'r%%lfmﬁgrc’cssls—'o?acg ag ﬁt he

m cr of | ui dienndiessionecttase of iy efoPpAses ehagbirs ewhnhﬁnémhmgdnﬁyda met hod as

descri bed h&mﬁma&m& tﬂr@othérﬁhr&fgﬁta:hﬁ{em@ﬁf@mﬁhﬁmcr&ﬁ!ﬁ‘m@&lﬁﬁxﬁf it GhfbeeVi Ce 4030
has a chanber 4050 wherein an oeject such as a protein cry ?tal may

formed or OYHAHTR LRIOEHEAIERE: gy Whmngq‘ﬂébeéﬁa%lé?‘gﬂﬁgﬁﬂl %at‘f!‘épabl e to
hol d a vol wagnofAlbigihekchidthel, @ $8lvd th aimatdd 1 &ep|the cofitentPofppesilgichiambeds chanber s
can be., 5CO a chanber
centerl | ne t[h’}%ﬁlloﬂh% %ngg{ﬁlé:gatgé%V\;één&ﬂthﬁseéilowwgﬂﬁe ,ﬁ@%g@g%[)g,?'tgg%o\?\a | of the
chanber 40B8Gweqndhe @mewmﬁémemmemerwmmsmw@ww chegplods g channel

regi on, or ohRtike cla@bd3h MAE Vifibriurh Rk 4 Gy SNEh G rddedeBEd prgles an
illum natlgﬁgdg%/?ceﬁ%%‘})g e m eﬁgl [ | um natlcf%\&beta }51*80 For

ucin

exanpl e, t f@eP iR %ﬂﬂ%@&&fﬁiww T AR KoYf aewe gy ”E“h °H" ¢ he
m cr of | ui diwystalewile eerd@30ndidehdi In somatdibpdintehte tleonipuil@dic dygdeermgi B nay be in
comrunigat o NRK o] Vi CE: - LT Yo o{of er 4120.
The bar%odgq‘r%eég@ a%?lfjb %%&d %g%grdogtgﬁé%g%ggﬂgn ' n‘1ﬁcr gfpfogql%gl e device
4140. For é%th*bwél?n mémm%%tberwn uUﬂioésuéem%nmmorlécaferéﬂ@a@wﬁ@m
m crof | ui diegtih@¥ heLeré@3Bnditions for protein crystallization which requite 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 100YZ}] From the above, it is seen that improved technigues 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 microftuidic chip or circuit, are provided. More particularly, the invention provides a

microfluidic struchure and method of manufacture, and a system and method for imaging a
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[0114] Al though the above has been shown using a sel ected group of

appar atuses for the 10system 4010, there can be many alternatives,

nodi fications, and variations. For exanple, sone of the apparatuses nay be
expanded and/or conbi ned. O her apparatuses nmay be inserted to those noted
above. Dependi ng upon the enbodi nent, the arrangenent of apparatuses nmay be
i nterchanged with others replaced. Further details of these apparatuses are
found t hroughout the present specification. 15[0115] For exanple, the

i mgi ng system 4010 nay be integrated into a |larger robotic system such as
a 1ot al i NG, 3L afc LBy bY 6Kl XBGIL AR Rl FURLENL\RalICT ease the

t hr oughput e 1 mgl ng sy dt'em 4 can conmuni cat e robotic system
and cont r oProgefEng %\W‘anmnﬁ?%@{“ﬂh’ Eﬂ’fb byt elibeirprognized dhabihe "UPthéasl magi ng
system acgveRbrbdteokipbr pLiakait the mcrofiuidic devices and their
contents, and supply inmage data and results fromthe 20 inmagi ng systemto

t he robot i ¢rogyst l@mspecific BB dinddag thiednveytivh erovidesc] Hidlescadsudataahage, the i magi ng
system can te he da robotic

syst em gl nrr%crg'tjiuldm ohi yp 'fh??l.%etfaﬁaqgﬁh](£§ é§sutb8‘f %enaf gé%gr%?smsﬁ ace Sced upon

t he resul t segipnowmabledf 4siing d3e hvrrmgwﬁgats y"s‘heenhstrfta&laceljas Aéefemd’bhglutddayan

enbodi ment epé &o%eﬁéﬁﬁ%ﬁ sih%%ﬁn&ﬂbmﬁﬂéﬁdbﬂ@%ﬂﬂc %bﬁ/ﬁs‘i%uﬂo%% @ooperates in
the foll ow ngﬁgm&mner i ncl'udi ng a_pl ural |%ﬁp9ﬁﬁprocesses These processes

are merel ySWesmisEay | ORfer BRTe I u?géP“ﬁHP fqr prrtion; ¢f ghedetgppablifividye ¢ ai ms.
One of or di1a§ya:rsmd5rkhiplablb 6f Holdgnza i dabdidial mwgcnwoecmmel Bb@lbhs@dré formsed

altern |v devi 0 securely
pl acedalz())n Ew%b‘féh adlgk Rﬂ%leoﬂ#ﬁf‘laﬁ %{g éﬁédcto om? Orwr%%%:r‘%? | ui dic

devi ce 40393g1qnhe41te¢mmeewn @f@m@mw&elc@fqnnéxlqw lgyer h@maraptw; regB5 t o nove the

30 stage 4%&@%@%&%&&@11%5@%% gkt GesthBM 16 8014 B3 Wﬁoh-aawt:lrergﬁ)h fiducial
I’kl ng i s. enbedded within

Ki F the fid I
rrllazzr IOP Igw dlcl){:ﬁ”g%gl ‘Ee S‘ﬁ? I‘Héjl%h%mﬁ ez“"B‘laFfB'ﬁécigl?ﬁ ifeany peisidr Pidht %‘rﬁ chamber
center| i ne pottin mﬂcﬁtehejbnemml Syefdrdbey, hii leastthubd fHucibrharkings d¢ Pguaoritadm i nt o
focus bpg t Iﬁ\% nngcgi'vn%(glog gndiccﬁsgosgg 91 s%ﬁ%gm n %?s%gatracﬁ&ﬁ? 15 OElE Qmé\Liélle fixed

feature. The actua tes o 1S then
measur ed afdionegh seuiteldayenis coprich do ‘ihfrﬁ@ii Hgﬂfsﬁ@fe@ﬁiy4@i€}1b%‘tl‘ilﬂlm%‘ﬁﬂ°$ y, the

act ual CcookflbfiatMRgeiAl mafkiy vk praddcRigRdQhdpk QiieH ze fihdhiiilead: (AREKERGSndar e neasur ed
and registered. 5[01171 The actual |ocations of the fiducial markings are

conpar ed W' ?rﬁ treﬁéc’r design locations in the stored i mage map respectively.

For  SXamD! Sunrb1er, 3t iyl IROS BRohSASBORL ARSI LlefsP! a0 Space. 10

anot her exanp In yet anot her
exanpl €0 t Habristiog eHiologag) eubstagc. |E:ca@§1od;lnahléa pvidmea nmtdqbamftcur@ahalgrl d. Based

on the CO”&%Ich%Qs’Lsqu&@rdg[Eﬁ%ﬂQc Uik G0 AEbRIMpaS Mshdia Sstretch,

di stortion, 10 ot her eforrratl on exists in th m crofiuidic device 4030
If differ el’i'??B’ée‘%?P%P“ﬁE 8 defprmable flpid dayer tp the serfegemesion of fby agio Fhetsts IS and t he
desi gn fi ddefohabledalti=o6s: or toftBkelliragidnk ﬁﬂﬁ&ﬂﬁ Afiist fiionSdfEe daeonadbleAf | | ne

t ransf orma r e.fr nsf tion converts the.,actual shape
of a neterltdu%ri%yef%dggg%%g?}:ﬂr Ipf@mﬁ mt AT ny%om?n g dﬁlten%ae%i gn space.
By con@rt |ﬂ|bl§i Ipie Pat@ﬂ‘@lmmqmg@nn@mﬁédvfpmablaﬂmdrmge Aaw jcfivgyegiani®t r act i on

and ot her igffRERInARAd ¥t I RN Rfer BES ib RiH&Rutside 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 control layer to the fluid layer.

30 [0016] Inyet an alternative embodiment, the invention provides z method of manufacturing
microfluidic chip structures. The method includes providing 2 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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15 [01181 Al t hough the above has been shown using a sel ected sequence of
processes for operating the i maging system 4010, there 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 inserted
to those noted above. Dependi ng upon the enbodi nent, 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
Figures 15A and 153 are a sinplified mcrofluidic device according to an
enbodi ment regfon bhetyidie &Nt The m¢abd in@lﬂdes-ﬂ?ﬁ&? a@ru%m@'a i thaf@zehkieoRXxanpl es,

whi ch shoul d not . undul he _sco 0 of ordi nary
skill in tHE Y IWWI‘J&X*’ID{%% S PRy %{’rqutelpglﬁagw ﬁjp‘?gﬁ’aﬁh and

nodi ficati pqtt;mﬁlsgmhesa pbﬁmamomégmdeq@antofaﬂmapchap e'thamlaliZsSd fingds- sect i onal
view of a b gmungl ,qu@svaz LR CLBAR @ﬁt.ﬁam'dxﬁoséa %ht@a?rgyoﬁ“ddég% FaULER 4230

i ncl udes at exi bl e substrate wt and a fiduci al

mar ki ng? 428temEoFhedneiiof pigo inglides fqrging i flickaese RS defpsmabdomateriabwitie et or xyz
al i gnnent ﬁlﬂﬁlilnyEWSlI ﬁa‘ueramaddmgjumg: psr)muga@ﬂﬁahamml@mﬁaﬁmmi,a pbdfién | Magi ng

system focu the i duci rkin iin. the mcrofluidic

devi ce 423 @uh conah%? r?ﬁf)[b 9‘“51(@?\?\@%‘13%% g%eﬁir‘jgl’?%fﬂ’fmglﬁgbagm 0 and the
desi gn spainelud“mephumgloﬁgelbymW@mGw velljpuitns awd £ poality pf &ueiali t h respect to
the z di mepshaR ptendshGmdh &6 te Wachid ﬂ&Yﬂg@%eﬂ%@@n@&‘ﬁb%a@&ﬁéeﬁa@e focal plane

in plane with a selected point wthin th hanber 4250, preferably at

chamberof ogno‘mpqgly&ﬂamfeil&@&ly éﬂtb%dﬁdz@tnmeg csemmtzcmqﬁavtlde@a]m#c%ﬁﬁms a Az
di stance 4252 away from a focus plane 4258 of fiduci al rrarkl ngs 4254.

For exanpl &5t g} T?‘ﬁ@“‘i%é‘ﬁ%“bﬂ‘“a%%‘f%‘mﬁh@mﬂ k&e}e?eaﬁsw&meﬁg% thatis /1 are
opti mal |y tspetisethetidgns @ hehdRAREAEETHe ayddiEhash GéfOlabld ifididdayehesoistel t4230 may be

Used as t hﬁ'lBrS &%E % JOHI Srlleborgn%% C?‘ %9%9 is fLIgJCQplOtfgl'&gcr :T% Iﬂ{l H)'E_:D'la]}lé.le

m crofl uidic devic rocesses I'gures 1-13A,
101201 Fi gﬂmééay%/’x“ham Oleﬁrca?eér@imiswmabld offiotding 2 fuidiigercipn Thesg8Ef enent  space
and singl i mse;.elcWrﬁ&ruaimemasndfaﬂm@aco%@a&ﬁoﬁmn@eﬁhmhcmumeﬁfdl ng to an

enbodi nent _of the present 1nventio These di agra are exanples,
whi ch shouft %t"rﬁﬁ ??“Tlr?ﬂws'?ﬁ‘@‘pgﬂé&p 8fm?rﬁ89[53fgi§lhfgmﬁq§“ *6r di nary

skill in t hgloaidfonwed lickhe éfagnble Suidtegyt. The dctitd regien ind@dealte ennatmoves, and
modi ficati QQﬁregFQJ E?%Ji‘%eﬁ&?ﬁ?ﬁwﬂ oS RfFmdbte AL yer. ﬁ(&%& hgi,geasur enent
ort iffe

space is dist rence between t desi gIn space and the
f

nmeasur eme nfﬂﬁﬁ&féﬂ@&ﬁmﬂée 0“(% st pattieyandiibeoatpra Pettiere |*‘aﬁf5‘i“ﬁ§‘ﬁf} eicking
Consequent isyfornidd MRbik | |t% nbﬁ-aﬂﬁé nghﬂdamdlk@smws&mﬁ chatu@r SQevsdtwithhe act ual

I mage | nt Olc%st\{){lcl: gf'{hc cha:mc sgvlong }& scconde P clu%n] Sa%gng 18 Eor:l“ng'ci.' '.%{ﬂgrl; {pc Qt% -acfil {fel ous
region and is disposed in a spatial manner associated with at least one of the well regions. A
control layer is coupled to the flnid layer. The control layer includes one or more control

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

25 [0018] In yet an ajternative 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 least a
thickness 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 thickmess of second material, At least one fiducial
marking ig provided within either the conirol layer or the deformable layer or the substrate,
The fidneial marking is characterized by a visual pattern provided in a volume swrounded
wholly or pastially by at least the substrate, the first material, or the second material.
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15actual inmages into the sane design space facilitates the imge
subtraction and nmasking in order to maxim ze the viewable area of a
netering cell chanber. Mreover, if a defect or debris is present within
the chanber at tine zero in a series of tinme based i nages, such defect or
debris can be masked out of subsequent images to avoid false positive when
appl ying automated crystal recognition analysis. Additionally, the walls of
a chanber may be 20 subtracted from subsequent images to reduce the

| i kel i hood of false reading in the crystal recognition analysis. 10122]
Figures 17Pserelab, = Anldisldidposeomhia ti&iopi dofuh@dfiﬁ?&d‘&(ﬁducflﬂrmakm@%sHBE[I’ action

and maski n ccC rd| to. a resent inventian. These

di agr ans agéﬁl%%cgf‘ éﬁ%ﬁcg‘? “r%%ﬂeg'h’é “a‘t‘ A ‘f’g)rdt??ﬂbtﬁ?“rfciuﬁqe'fg FHE s cope of

t he cl ai nse.gOmest t’mtfckr@sschf narepalsderdnld thicknesh of 2fiamipl subsitated Thetdg greiraf@ctivgny

vari ati ons; d@&aeyrb@qyoméwﬁqm:mmet (afsHlaQRPene b arlngfrb Gt Gl 74 dePI CLS @
netering ce debris, shown as tter "A" ributed about the
net er i ng c BlFFacteriasi e p seiraqtive index peditpdet p solld apsordingitor meeifit nt o the desi gn
space. For axq@mhe, the netering cell is rotated to align with the design
coordi nate system and stretch conpensated to nake the netering cell

di nensi onswmjchsmzﬂmlebafeﬁtshe ack@6eg Dsighd st inveptio bber dorveri®hadns. The
forei gn obj S0t eS| ar.e masked out such
that the rleegh“t‘) 1€ nc wnpmvgesaw"’a 35@&1?5%{%8& bep TR or ei gn obj ect s
ar e maskeddeffrablapsive mglooéwamem&'edlt‘- hlefelﬂlak@rdlﬂﬂdiz)@lsn@ﬁf it efnkndingent. rihggeri ng t he

crystal 10de'f1rﬁf9rl£ti095hn a@@%éa/o%hv%nh&[faﬂn&i@rﬁm @ﬂcﬂa@@rel‘%@%ﬁl agy 18 Rk BheFerably, Cryst al s
that were fornmed gure 7B depicts a masked where the foreign

obj ects ha@é“ﬁé‘éﬁ“ﬁﬁ’é’l@é‘b‘“ I?ﬁf%ﬂ%ﬁﬁaﬁlw&aﬁ’ ‘““ﬁ‘?‘?@’%??"é"qsﬁa‘ﬁ]}gure 17A can
be r enpved disyostdbiyealshdbkingCing 0 pre-desigiated paté@, wiéi ot sn @lge midng@er t hout
chamber wallg, 5t E&xgé%h%e mlgfmk%t&%nﬁ@%'t&% ORYitP & Bﬁfﬂ{ ced if wall

|an05|on|§13e 1'0sion may occur e mcitfluidic
device is d@#ﬂmrhqnpﬁﬁghﬁﬁ@eqmﬁ@m@hﬁqgéﬁgbe@me@r%@tW@ﬁfﬁépmtmmg out si de of

t he chanbeparigdusibagwa nNegative pressure therein and thus wall collapse or
i npl osi on. Such fturther masking for inplosion my enploy a series of known
shapes t hatgoegc un ymﬁmherhadmﬁremibamine:&j tﬂd’lnﬁﬁﬁ}iﬂrp&vﬁiﬁda el Biygbeelsigun shapes

to create additlona S C ueJ e, no rudi ng
ol oded va Pt RAE o dEh 40E ool At ne HRRR B PRRh
m crof | ui diaéladtalvb@etra@mdndinmgﬁltstpl‘anhtnnltﬁyldw#mkmﬁ, anﬂ]éemmﬂﬁmnventl on.

Thi s di agramangm@%s'dlyocmn§m Eam%Malufefﬁm%B@thoﬁﬁ&ucuﬂﬂsmgé imt the scope
of the clains. of di nary in the arf | d recogni ze many

vari atidns res&qci“é"}}’n érthF \ﬁ-@él’l“%ﬁ'@' °ﬁﬁ€H°fa|1 pakingyigassopked vt g dist ABBEYi%8cl udes

process 44B&ign0dcations respectively. Additionally, the method includes processing information

associated with the 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 fiest plurality of design locations, and the measurement
25 spaceis agsociated with the first plurality of actual locations. Moreover, the method includes
performing 2 first alignment to the flexible subsirate 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 fiduciat 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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15 mappi ng between neasurenent space and desi gn space, process 4420 for

al i gnnent and focusing, and process 4430 for capturing i mge. In one

enbodi ment, the nethod 4400 may be perforned by the imagi ng system 4010 on
the mcrofiuidic device 4030. For exanple, the inmaging system 4010 perforns
t he processes 4410,. 4420, and 4430 according to the instructions of the
conputer system 4110 or another conputer system Although the above 20 has
been shown using a sel ected sequence of processes, there can be nany
alternatives, nodifications, and variations. For exanple, sone of the

processes i PeASHRARAS et aehcPdmu @i edeindd thehoRi:REESaGSAIBY be inserted
to those nqted .above. For exanple, a pr ¢ess of placing a mcrofluidic

devi ce on FRACIIANES %’Pv‘gﬁg?ﬁrﬁ‘&?%sﬁb%??'@ﬁ\ T%af‘ﬂ@f"ft@ﬁ%fgd“ﬁ’ﬂ 'B?‘rmf‘ﬁ'fﬂ'é‘ process
4410. Dependditgpalipmmiatdeekisgyeici fire obambthepabpethdldicy stfadeers of processes
may be 25 i .y e | . EOr le. t.he cess 4420
may be skKi f)%é%?ga@g'gfgﬁg?{m&ét é@%ﬁgﬁn I'E' ﬁgég&ggﬁag@%%@%ggd % na-t %‘E(gaughout t he
present Ssparehfurssint rro apdd i eap ritrmelisnasspiatsbiigiine ftdestiresidueigle process
4_410|, _ ]Ehedmlugrs,%&giriog@?geﬁamig{uh&t%e@mibﬁtpaﬁ@atasz@emm&%t Figure é9t Ih s a
sinplified,process: 0 i.ng between the neasurement space an e
30 design & %rg@g%f‘c%%%ﬁfeﬂé“t{‘g%&?ggm&rﬁﬁfm&&ﬁﬁ@sﬁ?cél%ﬁei nvention. This
di agram i s mreneimenapasx Meplwr, trmhahedsibdbicqoingiat loaitis frst imagd ofttiee scope  of
the clai m5'ﬁrs%@ditmnalcﬁdgéiﬂ%aﬁ(ir%@%léfatl‘:qﬂwfﬂhﬁe ﬁrrsltch%l', eﬁ&&ﬂ'&%‘s&%n&mny

variations, alternatives, an Ifications. T rocess 4410 incl udes
pr ocessl044abermsat tp edlexihly seutriehassd onat iRashinforpatigr wsesiaed asthier tasur i ng
actual | ocahigNan@hcduirtigisatbnd Bk JTthe Rk OGRES adddded Hifh GORBAE Ng act ual

| ocati on anc{ﬁdetsi gn |l ocation of fiducial marking, process 4446 for

det er ni ni nd"1H88% for additional fiducial marking, process 4448 for

determ nin nsformation _bet ween .neasuwrenent space .a si gn space, 5
and procesg{mkzgoi %F‘{E’a 2 %énoa ?8?1#8?1 eﬁ’ﬁﬂnﬁ%nﬁlﬁ?lprfgﬁgesa sgs\cgeerg as been shown
usi ng a selreetssils Sepraeemicfofiydig dedass SThe systemdndedes ¢ne orENiE cainpeemat i ves,
nodi f 11 cgt I Qghﬁabl@qﬂgdié/;ﬁ{dag.{aké&ﬂﬁlocaﬁﬂé a B YuEirats OTR fgfcibmtabsaﬁtgg&fpzﬁ& may t bg
expanded and/ or conhbi ned. er. proces e inserte ose note
above. De péh{iﬁh&‘iﬁ:ﬂ%ﬁ“ﬁ R &@irﬁé‘ﬁifnfamﬁ ﬁgucg%é‘ﬁﬁgmt?né 8 “'of processes
may be i nt espmbRrgedding & Huid theeins The@leac@oks cdnpueneadastzonkdimandtydebheorpr ocesses
4440, 10 4442,. .4 . f r i duci al

mar ki ngs bé?%? gﬁﬁ%goné?%g@&m%}ﬁ%ﬁ?lg?%% %%&m&gﬁé&%ﬁﬁgﬁgﬁ&several

fiduci al maeRiTHpsE afrensfopusios Heryerd feugngpaseandapneatirinent PasdaicAent!, t he

pr oces syA44dsBHrRRioR &b ARG M 2B least e BHQGE S ihEd aamnslBi @& Bieked NO
addi ti onal mark needs %g Iéig)#ateg. Furt her _det gll_:%t of heseu{F)rtocesses are
found t hr o TRBTRPRIETRI B2 MRET P CRPP S ANE WP PITTRUFSr | y bel ow.
15[ 0127] AtaligthesnpiocisalesibiesdBiratabdsedinct mbst inforrkatiog asseeidtaiceithetlle on a

m crof | ui di ' g ' el ' .S the

i or of | ui dif%mg%ﬁag%bfg%? S gurgpaﬁ’%)g‘?s a“gés;’éiE'Irrp&‘}é!u'_ﬁf,l !’%8’%3‘%25‘?%% for fiducial
mar ki ngs adesgrelionyfor arauigngargetiafier imags of thrdling pdditiarel fdycialiva™ene Thi s di agram
IS Nerepy absoSKRARIE the\WRk GRMSGHe Or MG insfEtiboy FripbAfdmmtd3e s8coaPAipdherd: he

claims. On f ordingry skill in the art., would recognize.many vari ations,
o) ter nat  vasthe SRRBe R rpiepal e D b R G eSS TN 91 11 duch al
mar ki ngs 452tered@Rctionn fbr 4g2idng nekbond dsagk bf thefip digntsi gnsciaed withdbses | ocat ed
at three copfis s¥fsngesquare and a conpany |ogo located at the fourth corner
of the square. The fiducial marking 4520, 4522, or 4524 is the fiducial
marking | o r . on.t j ial marking
4520, 452236%2?94?2331%@232 %ﬁ?%ﬁifé‘?‘?%a‘%%“g?mﬁ’ﬁ%ﬁ% Jﬁ@? n’é‘%ﬁpﬁdg&t he fiduci al
mar ki ng?%5epoesting » migpiludis devicg ingludes providings fgxibe sbatrats (e ®PYMeR5 and a | ocal
}‘i duci gl _. Eﬂiﬁylﬁ:tbaﬁﬁapﬁdlﬁl&lf} cﬁiﬁﬁﬁﬁmﬁ@me &P@r&ml:ragiorm?& ﬁl&aﬁ@%@ﬁ?\_ﬁﬁ_&gm{@a 4524 is
ocated in e sanme plane as .wel] . regi.on e r ui di evi ce.
[0128] In a#hgf”ﬁgfegéj of ic?%nfoo}?%f%é’ Aﬂf’rde@‘%?’l’f ﬁ\&é’ar‘#l ocﬁfg}g‘ gld'fcgggfr fi duci al
mar ki ng haseewvigont viginitae] onoithd wekregitns{ Profrrablycthé flakilds substreterties brgn 4520, 4522,
or4524. In another enbodi nent, the |located fiducial marking is readily
recogni zabl e by the i mage processing 30 algorithm Operation of the inmge
processing algorithmis inproved when the fiducial marking is readily
visible, with mnimal optical interference fromthe edge of the

m crofl ui dic device or other channels.
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[ 01291 Locating the fiducial marking at the process 4440 can be perforned
manual | y, automatically, or both. For exanple, the fiducial marking is
noved and identified in the field of view of the imagi ng system by vi sual

i nspection. In another exanple, the imagi ng system automatically places and
identifie-s the fiducial marking in the field of view, 5[0130] According to
an enbodi nent of the present invention, Figure 21 is a sinplified process
44-40 for locating fiducial marking. This diagramis nmerely an exanple,

whi ch should not unduly Iimt the scope of the clains. One of ordinary

skill in thevaked ow\mu@dmelemgmcmmmmcmanbcaﬁﬁgcmsﬂex&h&ﬁsmﬁsioﬁ%mgaand
di ficat 10 f i ,
o L bR R BRGRSR 440 el ISR RLIESRS AP Bl OO G | moe

anal ysi s, mmngﬂs&!@icﬁ@ﬂﬁ@é? MamawgipwneﬁWEﬁdﬁalaziumcarwrmqaktmgmts | ocat ed,

process 4830hE, Orhca@uuwafausmcmsmggmgxheamsakbrars%%@m%ﬁ%gt%quﬁmw ng fiduci al
mar ki ng. Although thel love has been shown USIB‘?%I"‘ gLsel ec ed sequence of

processds, AR SRR AT HEAPPER FaP Mades/ @t Pashs HieRsT “%{ﬁ[dn riations.
For exanpl eybegtitke olcaitiee @ﬂmcnhﬂmtahmgtkbassenﬁmmeldtham&/\mur@gmnbn‘hed. O her
processes n the
enbodi nent Whgglgé nglﬁéefsgéihﬂﬁﬁe z%sgﬁgog%g%gggéeﬁg%gq’?ﬁ{e anged with

ot hers replsé?ﬁé&lthe 'Tﬁstla‘ilﬁall‘éﬁgeﬂmwm%ess 4860 may be ski pped Furt her
details of these processes are found throughout the present specification
and nore pdf@kulnaiet pothen Bepatvesgiic mdodinenl he dwsdion SPUdsHfYIMGE of the
fiduci alo MykdebRBig bfe ARG hiedNuille uSlicet. OTHR St DE18ES ofbDL rorslcb@pgtrage | s
p05|t|onedto anl |t|g51fap03| |on i. At 20 the

D oo 26 ftsoar: (The bl PR kiR 5t PR RE n 10T Rty W ot
enbodi ment o e Wektagmons sndogbirlited fidycid marlgi Thd wallangens ageitblacfa Leif-a

00500. In ap h%%rﬂu?dm?é?ﬁh MRNEast thid€of (RPEHRCIRARrS sk OWHiHES R FBne IHe €xanpl e,
the image is_640 x 480 pixes in size, and the color depth resolution is 16

bits. In arfs! H’eﬂ“’“éxg‘?ﬁﬂ"%‘” TPERCHIPHIET METRTTeE B ISRIS ORmPE SHTRIT 6785 ar e var i ed
t 0 optiIs Zerhs ysd & Mopedofnpitande inchitié first ddde difsagtol cSptadn@uah irge of € | Tage may
be 25 adjute r riatiqps i i .ty and col or.
Thi s conpeﬁls 'ﬂp%tﬁmgng%fapwﬂ(f'ﬁ[ﬁ? %lg?r’f{(l)l ¥ %’ﬁg%c’emr%dr] ﬁ%ﬁ’f’fg{h?g%bl%«ddi tionally,
the red, blsu‘@trataﬁdgegw@emm@mmdmm@s@ Spadreto i agErcTian stpec-atifassndeddt o white
bal ance t hgs &ifB@€1w0 afiben éﬁﬁxﬂw&u@dﬂeﬂe%q&agm?mmqbcm Wit AG&QNR | shed by

nmedi an correctjon or. ot her kno t echni qu t he, process 4820,
the i mage i"%*PREG BRI es‘%b"@f‘cr‘?é%\‘{]%{‘ﬁf’%‘ q”fdﬁ‘éa[ @LE‘B‘Ht l§§b%ﬂ"ate desired

i mages o onmdibienabfducipl raatk th assogited wistnitle preovblla€gidnb lAabisd cods @ flizdetddmo f ur t her
anayst s SLERSmAl I REBE 85 A3PRe G ARANE W B dote RELUIPS. The

bl obs in the re conp d agalnst a trarhing set contained 1n a
dat abase. THEDg ﬁlail"w?lﬁw‘g@qﬂ I@é&?t“ail mgmprya Geesndipg upen fiegmbedimentdhad 1Y obt ai ned

from a I ar gobe B combutéAcededd ibtbRingnt ARV BSnaff Gedo IBATAGInGOREL 45 ONS.  For

exanmpl e, the fiducial rking is the conpany 'l ogo. In another exanple, the
fiduci al OF’ff}dﬁﬁyﬁigs%ﬂgaagP‘her than the conpany | ogo. [01331 At the process

4840, t I k t d. 5

1 doei o8 ralitash o o et e Bt e bRk oo

e_nbopli nent prq:‘:bsstnh@_btﬂéxsgtcammﬂm@rb d¢vire. Dhoipsthédondlintes poadidas dgoringblf ou_nd to be
M 2 PIsEELR LA R he SREG Lok SALL AR ol gy&;pgdle SRRbthiftly 4 fiugonsi dered to

be | ocated. For exa rm ne catl on es a

proxinity rBRPnEpegrethodsliso tnﬁlagﬁsms ﬁrﬁdefqﬁeabrlq HbREPigIon AEpSe Hrpstateblaip
detected, the, eaaeaie&aoréaﬁd)nanaam@&ﬁeqfagm im [amwﬂauﬁﬁdualbﬁn@h%@asw%& t he

posi ti %y Ofwxhnge c?ctfc?'rggblé ssubs?fg o %‘}1& methé%f c{eg:nmnesex ?,da!uéj % pOST oo (r.v:E or}l?cr like

spatial positions} of the at least four fiducial marks according to a preferred embodiment.

The method computes a ron-planar mapping between a design space and a measurement

space based on the x, y, and z positions of the at [sast four fiducial marks and translates the
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processes 4810, 4820, 4830 and 4840 are performed. In one enbodi nent, at
the process 4850, the stage is noved in an x direction and/or ay
direction. In another enbodinment, the stage is noved in a z direction at
t he process 4850. For exanple, the stage is noved by a selected anpbunt in a
first z-direction (Az) by stepping the z-notor of the stage in a first
15sel ected direction. At each stepped z-height, the processes 4810, 4820,
4830 and 4840 are perforned. The process 4850 is repeated until the
fiducial marking is determned to be |located at the process 4840 or the
stage reacheget Iaﬂirmgdaaqfusih6rSpolSlaﬁlg&lcolaEMﬂgth rion-plah@ nldppisg. & stép sfection. |f
t he stage r % Eﬂgwg% % 5%t &ﬁ:?& fiRLion, the stage is returned to
initi p05|t|on

the initial ge Is stepped by Az in a second

sel ected 271glPChlBRingiPle %ﬁémso@mm?m%s&%mnzmw SELLQ}S opposite (o
e s e

the first z-direction. tep size can uniformin di recti ons,
or vary as PEIPGiRERiBageef 2trbistyitime demppr of wRcwIpidisdees inditdepach st epped

z- hei ghts i iprdvithgaROeBEAAGIdIc@€dideD The hidf APIRGESEASs ;AS,ZLde #8i3Rnsich8 3,2 and 4840

are perforned. The. .prqcess, 48 peat n f|du iagl marking is
| ocated or ° bers‘?eg ece@egg% ; éjc%ﬁe o?’p"""feiplanéil h"mm R5e oﬁ ﬁ’n t he second z

direction. alohg thhe dirtedsioi. éﬂheniambﬁrribpiﬁgcn@amlms lb@teﬂ@(saqvedz dimerision t he range of
motion, an L&5orsdeasRl&y Eet&?a'ﬂ?crfﬁ&é?ﬂ malkhgbfbeRRPLRRS e RPN, at the

process 4850, the stage 15 nmoved in an x direction, a_ y direction, and/or a

z direct i orfeviper 85 deptly Addisiopally dhewethplguriudespiacg fhganipre Ifigis Aigrddin o move

t Ee fiduci ah uﬁ@fr‘lﬁlsﬂﬁcé% o%h%ﬂg@m@wﬁﬁ ﬂnMurleB& SpaEH: ecfvicgf:aﬁaﬁle of de@tkhpQfie Vi 2\2/4?
the i magin shown ur.e t process

t he actual %dB%é a‘g‘%‘Pgo“f‘ e tB'},gﬂe Rkl Lh? i E’F‘g *ﬁapw‘gﬂ‘ °ﬁg§i§'ﬁ$ ®d. As shown
in Figure 20ticatbuh avizdly dlignelt Wiche & dimenfontohbe ficghilyidid deviceaaidibate B&R0 i S

repr esent eqy Ry patinbifiartd the Whtlcll Ja@S REch mb ﬁsc)&ltﬂﬁm@ls i3l a@onﬂ%@phﬂ"ﬁtﬁmas ur ed

vector Fn, representing the actual. | ocation of fiducial matting can al so
be witten lagﬂe v therAduigl Wﬂes&u‘ %EHmarkms[lmmafméfﬁfécdfﬂwp§1=éf°°|5'os. tive

i nt eger 15 Fallanexanpb depttia catiatisin tb @bdttheficalplariess rauimmmmahlp;enéwﬂet ected by
an | mge prgececﬁgtlllng‘d&lptlﬂ;[ap%gae nglcﬁ:!(ltiggbs%s %rgrllm'g:lhg 91181% proc %41111 dc chi act ual

| ocation an desi at'i ucl a I'S corrpar ed. The
desi gn | ocaempwnigtion Wéh ﬂxedmbdﬂvmr’ffhpFrgagdﬁ@eﬂ,ssmmieélp*enqe@eltottemmﬂm| gin 0,

can be reprgganicile BVeafse YHANpINRES Rbvelziodg thE S 2desld HbvY 8¢ kREIBRE RSENt i ng the

maximally detect the fiducial marking. The image provessing 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 ta

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 froage of an object within a chamber of a microfluidic device includes the
microfluidic device. The microfiuidic device hasx , y, and z dimensions and a chamber

30  depth center point located between a top wall and a bottom wall of the chamber atong the z
dimension. The chamber depth center point is located a known z dimension distance from a
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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design location of a fiducial marking can also be witten as: 10 [ 0140]
[0141] F= where X ADril) Z an 11 is (Equation 2) a positive integer. The

difference in the design location F'," and the neasured |location F, can be
calculated as F',, = F,D - 10142] As discussed above and further enphasized
here, the processes 4440, 4442, and 4444 are only exanples. One of ordinary
skill in the art would recogni ze many vari ations, 15 alternatives, and

nodi fications. In one enbodi ment, at the processes 4440, 4-442, and 4444,
t he i magi ng system uses a predeterm ned magni ficati on objective. For

exanpl e, andehX 'g%gﬂ\hﬁmg:@hmmc&mseﬁbma deGicdtsBleloetdchge hen&Rm 4075 of ]E he

i magi ng system ystem first
uses a | ovi¥ B%@\’El]t aﬂﬂ‘bﬁ'ﬁ?%a’?ﬁg aﬂg%?t%éc&’ e@gu‘g‘gg‘gﬁ“ée dtcg“eﬁ %%%ﬁagﬁﬁf i cation
obj ective, uaﬂlytlignecpw@chss@meﬂbmwf thd iiRe fluidirdedid|d h@OngSufbsabplarent | y, for the
same fiducy hn B ng WLQ,@véaqa,ﬁgmea,mcgrf,qmlmqtmtmﬁ ﬁah&m; pa'.{gdihs; device is

perfor nmed. exa he coarse all gnnment uses erence vector
F,,, . SThefidugia ltreqzkmg 1smax1ma]1ydeiected when the focal plane is substantially in-piane with the

z depth as cornpared to when the fizid depth center point is ot substantially in-plane with the
z depth. Additionally, the imaging system includes an image processing deviee in
communication with the optical device. The jmage processing device is able to control the
optical device to cause the focal plane to move along the z axis and move the field depth

10  center point to maximally detect the fiducial marking, The image processing device is able to
transinit the image of the object. The kmage processing device is in operable communication
with the optical device to cause the focal plane to mave along the optical path until the
optical device maximally detects the fiducial marking. When the image processing device
causes the optical device to move the focal plane along the optical path the z dimension

15  distance, the focal point is located at said chamber depth center point.

[0028] According to yet another embodiment of the present invention, a method for
producing an image of a chamber within a microfluidic device includes imaging the
microfluidic device o 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 microfluidic device to determine whether the microfluidic device is skewed or
distorted when compared to a coordinats map of an ideal microffuidic device. Additionally,
the method includes positioning the microfluidic device so as to position the chamber within
the optical path based on a matrix transformation calculated coordinate position determined
by computing a matrix transformation 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 microffuidic device chamber. The time zexo
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 charber from the second image of the microfividic

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

{0029] Numerous benefits are achicved 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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represents the translation of the located fiducial marking in the x, y, and
z axes fromthe design location. Using the x and y scalar values fromFI,"
the stage position of the imagi ng system can be adjusted in the x-y plane
to position the |l ocated fiducial marking at a pre- 25 determ ned | ocation
in the x-y plane. Additionally, using the z-axis scalar value fromFo, the
position of the stage can be adjusted in the z plane to position the
fiducial marking at a selected location in the z plane. The z-axis focus
adj ustmrent may be perforned before, after, and/or at the sanme tinme as the
adj usL mi‘ﬂtanli Bncm%uiﬁmysnﬂbﬂsﬁﬁses [r&kﬂﬂrﬂpze%tu@ktmgafiuahn@am gte@x%it em sw t ches
to a highe ective 0 a

magni f | catT® ﬁ ms Emf%e aee %ehcusg'ﬁp%acqui“ﬁ%mr‘}eaas}m{% ™S ust nent s nade
with 131 oalmgawemewnedbpe@;atm \Bemp bralecdintdnig of fhelproseat inventida pegorwi aﬂlbmrment he field
of view of 4 I?cﬁuén@:ﬂﬂaﬁﬂcxghh@lgﬁév%@ m\eﬁgﬂg chést%m ﬁ&tlﬂlé’é?xbéu%tes%é &E@erﬁo the

hi gher power magnification objective. I gher_ power fmagnification

obj ect i mﬁ‘%“‘“l“fﬁd@‘?‘%‘%"ccé‘l‘ﬂ‘@éﬁef%?@%gﬁﬂﬁf@w‘b&a‘%Wﬁé the vectors F and
Fo. 10[Olﬁbo&heﬁmmm@m&&@ﬁmﬁmamym I&lﬂcﬁﬂ@lct lheﬁﬁgmﬁnsgiwﬁna&s mar ki ng
shoul d be Iocatted q JTBAS Eaﬁ et erm ned nlﬂ 0319 ona fiduci al

mar ki ng dot¥"HOf" Feea 1B BE ?%Hm?f'eﬁ%dtff’%’&'“gt &"H16 %ag‘g 1448 i s

per f or med. mipping fromdtl derigmeplaceft féieumhremaﬁ Rnapring braes| thk dveuricyofittazd and

measur ed, goﬁaomgogz%ﬁeré%ﬂe bifciBRY éﬁﬁgﬁ%omum[ ﬂ&é@@fﬁﬁﬁﬁ@hﬁ%t he

processes 4440, 4444 are perfornmed for_ eéach t hree
fiduci &f n‘éPPRF"ﬁ@%‘bQP?S’Q@‘ oaswm%ﬁﬁam@zaeﬁa%mwm These ppdifesbaefits for t he

fiducial newkbdegddbaiad throughdnte frlk@ntah&ifiaton and Ned parti@iiarlyBeloki duci al mar ki ng
4522, i and FR, are determ ned, For the fiducial marking 4524, Fin and |Iso
are deternjondy. Variowtahdtoreidbpets, fants andrpivantdzleod thelpresent lvaitiad cahibeluci al

mar ki ngs e

t ransf or m%‘?%%ﬂ%%%g%ﬁ&qn’ggﬁﬁgﬁﬁncg%tm%%ﬁ@ %%lpgﬁgﬁng%%ﬁﬁﬁ ééﬁf’g‘%}et er m ned.
For exanpl &t fellomatri x transformation, such as an Affme transformation, is
determ ned based on the difference vectors P. [0148] In one enbodi nent of
the pré%ent invention, using a flexible mictofluidic device, non-uniform
absorption of fluids, non-uniform héfratl on _and _deh dratl on, or other

factors, can result in fﬁperﬁfﬁésc%?F RERF RHE YR ®hg, bowi ng, swel ling,
contractin nd_ ot her di stor i.h the mcrofluidic.device, In

addi ti on, ggﬁﬁ Ers AL gﬁﬁég@g@ ??F”‘F‘HS’ %‘9?%@"&‘?{%{98 ‘Ff@tulﬁfrl ng packagi ng
and t est i ngicrcdlnidicalydten agoeding bah smbakmennt ftixdueent dotwionpt | ons and di stortions

in the device. These deformati ons may be di nensionally uniform or
non- uni f or ¥P32] nFlawd gs bomhlified rreswrsocionki mow diagrmat 2 dilgeftyidid stem The effects

of thegg d&cggr%yo%gmmmém lsB§ wiBgRht ude and direction of the neasured
vectors F,,. Accordingly, the opew ation of these neasured 30vectors from

their corr@epqndigies 9654 SRpMRE kL Swlifagfrl RRTESEMiL BitehiBE&RInABe, noN- 1 i near

altermative embodiment of the present invention;

[0034] Figuore 13 is 3 simplified top and side-view diagram of a microfluidic system

according fo an alternative embodiment of the present invention;

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

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

[0036] Figare 14 is a simplified imaging system for imaging objects within 2 microfluidic

device according to an embodiment of the present invention;

[0037] Figores 15A and 15B are a simplified microfluidic device according to an
30 embodiment of the present invention;
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distortions of the mcro fluidic device nmedia. Using the difference vectors
Pg, , a transformation can be created between the design space and the
measur enent space. This transformation is correlated with the fl exing,
stretching, bow ng, and other distortions and deformati ons present in the
rnicrofluidic device. The transformati on may have |inear 5 conponents

and/ or non-linear conponents. [0149] For exanple, a transformation is
determ ned based on three fiducial markings, such as the fiducial markings
4520, 4522, and 4524. Such transformati on can provide a planar mappi ng of
the mcrof jpghe]i EiReKii6& and1t8 R saRiceeictaBthadbin BQuihbRgpatd Sl4Ci al  mar ki ngs
can be used to gharalcteri_zg the translation (c)lf thesﬁ?qibc ofluidic device in
the three HMREGSVEWE TREsN IFIED I5CHRIPeYIvEIY acepicing JaoembRiiment RIS ¢ he

m cr of | ui dpresedigwicaorgrat erial in the plane of the mcrofluidic device. The
roll, pitch, and yaw of this plane can al so be characterized by the plane
defined byioekH tHiguess 17AJTEI 2ad 1 FastoivragenplifieilBOhod Apr inkge spinteeiessndi450, t he
coarse ali &Qi@@facdo?dir@%E@érﬁﬂ%@iﬂ%%@thﬂﬁs&f%ﬁ&ﬁ mation between the design
space and the neasurenent space. For exanple, the actual position of a 15
met ering Cgjpkojofrifuber s £ EiRblifibh Gth i Ve HO® for ridlSHiuRfiddedRacc @Bl thg mMetering
cell is positioned in preparation for imaging. For exanple, the actual

| ocati on ofRpdiRERAltIRPTSEt fvEdAThe shifted from the design |ocation due to
di stortions_and deformations.of the_mcrofluidic device. Not only can the
pl ane of t W8 JiBFe fiiER &mg é’?thﬁgfcf PR PG HAUT e ERE SRR cr of | ui di ¢
devi ce canthbéesiginrgdce bredrding td dnerpbdinent of thé tresemimveditlodj di ¢ devi ce, furt her
shifting the actual position of 20 the netering cell. In one enbodi nent,

t he netléri W4 elHigures2igha fimpiad dizghm for e meikings andidoe td dnempodinenénsi on. | n
anot her enpadi FBRLinJeforTet ering cell is shifted in the z dinmension. [0151]
Figure 22 is a sinplified netering cell shifted from design position
accordi ng {ga4 8N RO I RinpPfed R0l R KRR Ing iBWANINbRRAg 2kBlaig@ Agram i s nerely
an exanple, which shmld not unduly Iimt the scope of the clainsherein.
One of or dPRMMELeIhe Fresetiyentiols woul d recogni ze 25 many vari ati ons,

nodi ficati 1d ternatjyves. I.n Fiqure 22, a neterin el/ 4710 in the
desi gn spa@@ﬁ‘f]safg%‘ﬁ £ REAF lé}%iwefeﬂgg?eygg'g Phoegigr pefihion ﬁ%gééﬁ%“ ¥he sane

met eri g cehboddiredOofitke prdventiragion,enent space is schematically illustrated in
dashed lines. The design vector FD points to a design |location 4715 of a
fiducial nidRFInFipfe 1o a pipplifdd mpthed Far aligning andfaehsing émage sisigmedeopdiegt or F, |
points to g MAesbeiinlRctht Hasefimrn®h t he sane fiducial marking of the 30
sanme netering cell 4730. The tip of the measured vector F," is offset from

the desi gnoegst Ofigkrd243Y a Qifp Bidd Qethiok &f bfuiring indBésdf BAURE m¥RGE coBR have
conponents in all_three, dinensions. Using the transformation from design
space to mPFSSmboAiRnt elyhe weseRHRY BB oxi mat e actual |ocation of a metering

cell c b | cul ated by, taking into account_the en-or vector, The stage
of the Pt el satimplmtant iR PR hhe Foe e SR on
and/ or t hetozndmbeirsent of the prpostiiticatipnt he netering cell in preparation for

i magi ng.
[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 fanction 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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5[ 0152] As di scussed above, Figure 19 is nerely an exanple, 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. For
exanple, to initiate the mcrofluidic device registration process, an

al gorithm can be used to register the mcrofluidic device with respect to
the coordinates of the i mging systemcoupled to canera and thc stage.
Based on determ nations 10and/ or eval uations of the stack-up tol erances
fromthe integrated mcrofluidic device and carrier and the m croscope
stage, tol pnﬁnceﬁgmtzd:sss.lﬁﬁmebauﬁ&tmaplomafmedﬁt&bﬂdianmtb,te dub&ratic0l erances is

set to ensure .t h?tanaé%b Uﬁ’ﬁceprgseq% ntlfmr_lducr al generally appears within

the field 8f° rdm%w avarT Fenses 4075 conprise a 2.5X objective.
This tolerance definiti on al l ows automation of the fi ducr al finding process
and streanmine system g@@kg@mﬁmdg@ﬁ@gt@eﬁ@mm an aut onat ed
systemcan |ocate a fiducial mark out.side the current f| el d of view of

the i magi n§ @st"éﬁ?‘flﬁﬁwrﬁ%é‘%%“ﬁ%‘t’ﬂ%fm werEn s sxsierps, inclidingdyvement  of
the fidsiCi alerdMRidic hiibr Bigeupdid @évided, Mﬁa&rpaﬁx.aﬁm e mbgnumoymﬂgcstahe stage with
respect to Vi in [ with respect to

t he stage, 6:?0%5“':’?%%—“%% ggd\[/%&lgddé)gg ﬁugagm hag"dﬁ‘ls %o gt\ﬁogge\lﬁ‘a &0 which the
fiduci al mmfbeillmgse Meelﬁrewmofmmmﬁﬂwamghmes aguscdifort he process
4420, the ghtQERb it 0a48MHd: A bROWAIATR theodmiBYIMEL 1Binkchtidh 1k mpl i fi ed
process 4420 for aligning and focusing imge systemaccording to an

enbodi ment 2 BRchbieaderrangs REpEGREY; on. This diagramis nerely an exanpl e,

whi ch should not unduly Iimt the scope of the clains. One of ordinary

skill i,p the art woul g[{fﬁ?‘y Pﬁﬁ??gé rnatives, and
nmodi fi clgtr ons. The pr gvci:ess 44% I nc es lprggjelg? 02 for acquiring
i mages of WA préometbed DgBznufaciurings Brde ‘FhlPr?gC ingtnpeenbodimeenf ofdkes, Al t hough

the above hasnfieQnHANEAWD, euﬁmﬁrﬁbeoﬁebe&trﬁﬂtaﬁmmoeﬁom&@ete@ﬁeﬁdedt here can
be many alter atr ve m‘éé}odrf i.cati vari.ations sone of

r )
the pr ocesEEeRg(p G P et o s ieaap SRR by e
i nserted tsopddsie cthﬁhﬂtbrea:bcﬂm of érdinare xldihinlte, artavopldoere giszestdngtvaridtipas, | y sim | ar

to the,pro |bed|n Figure 21 is 30 perforned on a neterin
(B’ OGfem 3 g p g
cell and its agﬁ:ﬁé&?gﬁﬁgﬂﬁt uci al mar ki ng, which are aligned, focused and

| mged at {gags)Priocessns AdPanaRed H30hia-He BeRtt B AWML 18, KHkasE ment, the
speci fi c sequences of processes may be I nterchanged with others repl aced
Further defidiciekmakingtiese processes are found throughout the present

speci fication and Mre particul ar | ow. rocess 4802,

i mages of H]%??idt?cr aF“Wﬂ?WCHQhﬁ“E‘*l&E%‘Yﬁ?'ﬁ@’d“#% “é&‘&ﬁ%ﬁ@m‘ ‘Pi‘ér "Huci al  mar ki ng
I S associ atetlyng tha nidisub@hie vianginaied of siliedtie efateHals been al i gned using the
mappi ng between the design space and t he nmeasurenent space at the process
4450. ROgQuitds3a4 i.s Borsiatpdld fubachtefaorddnblé 8Qdrof layer 83qui ri ng i mages of
fiducial marking according to an 5 enbodi nent of the present invention-
Thi s di agr 8%68|s 4rer Ebop ragidedxemipl Bysr wieriging thi galdgulstite vadpibning ¢fimit t he scope
of the cl akjiB. ResQf0Qrdinary skill in the art would recognize many

vari ations, alternativés, and nodifications. The process 4802 incl udes

process 49idaa§10rs MYk A SIHRGBarkn®) hd #/8] 125tk SEiyi e RNQRLSRT B9E 109 MOVi Ng
stage in second direction, process 4930 for acquire inmge, and process 4940

for determonk#)g deeledfiik i EH QbR nd Y @478 trom the mold substrate for the
25 molded channel and well layers 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 stmcture including the aligned channel and well layers
to the transparent substrate 108;
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10 Although the above has been shown using a sel ected sequence of
processes, there can be many alternatives, nodifications, and variations.
For exanpl e,, sone of the processes nay be expanded and/or conbi ned. O her
processes may be inserted to those noted above. Dependi ng upon the

enbodi nent, the specific sequences of processes may be interchanged with
ot hers replaced. For exanple, the fiducial marking used in the process 4802
may be a 15 conpany | ogo having a height the sane as that of the wells. In
anot her exanple, the fiducial marking has a height different from that of
the wells. dfg 1cnNopRyia dSahaREWRRRIS: wd BRGRI: frddessinyIphedafloomar Ki Ng and
that of the wells would enable accurate z-axis adjustnents to be nade.
Further def™®i|s of these processes are found throughout the present

specificat| a r ticularly bel ow 20[0155] At the process 4910,
the stage L@g"ﬁlhg&%i Eﬁﬁﬂgg‘é‘if&%ﬁ%ﬂsﬂgﬂﬁ%ﬁ inafirst z direction. As

di scussed e,.at. the proc 4450, ering cell and.ts associated
fiduci al n@rggl ngjr hgé%cvﬁaqu?nf‘bcﬁ%%psipﬁwtl%e'séa%%%ﬁms?mn?m]t—'?fgea T/mg)iﬂlrlr{ed‘ﬁsi on, and/ or
the z dbnessicornatiasmddgiehedrel, vk msfcontroh ayiro in b ecviée pmbdignaib sicgnf space and
the measur goGils.sBARST, wel, m%negﬂaéﬁis iURGRBR of d2lc. TREiZwlPRkibion of the

stage is referred to as zr, rocess 4910, the stag,e IS noved 25from

zi by a di pareestighthaftqm pelf toxel] yeughqubmsingls microflgdis system, ghich Rasdeqe At t he

proc Ies S 4(9jgxevid§dhﬂ aSchipg wr E&nﬂ’éﬁbﬂedorisﬁbhaigﬁ&ﬁkgl’ddh&adaiﬂ%ﬂﬂ: PfsaRysysterdli St aﬂc ef

equal to .. For _example, this.secon irection, .is osite tq the first

z directi o'ﬁ'?luﬁea{'g:fs g%msaf I?grcgguczaéﬁ‘%%'élgsutﬁ%fh a(')vrf’r%":‘;’(ﬁ1 l]a\l?%drﬂr} pffggg rﬁ'ﬁ(s: alEl%n of

di st andé f joeations to b¢ Osk8 Fth ppage precepyingdechuiqurs Stnesedifupipipmpekings atigre foi t duci al

mar ki ng i SaRGAHdlehedrors duLiSy ROIRHRAM FBALierislid@ bbmqa%nga&dqaegsu,mﬁm by a

digital canera such as a_Leica DC500. In anather enbodiment, the inmage has

a | ow r esol'¥i8 BHmepHRToEssg Tk Firthy Jeiaiisot mahods andygsylingsirectyg; ofj ze” and

t he col or gepiehent BRI UIdicaPsidnshalbbdeh tGcribedthanngidiahe grRpfbeificalid apd xel and

col or depth rg%gllﬂgrgi ons, are varied to optim ze system perfornmance. After
eyd)cow

t he i mage fngregcqw r the i mage may be adjusted to conpensate for

variatijgns in Ia%ﬂi@ﬂigﬁkmmﬁ%@%gwgw&gngy take the form

of inmage nornalization, itionally, e red, ue, and green conponents
of the i maf8s¥art Bethediorgemropgngdndle i a fuif byeraprorditgtg an enpppdimi afe- 5

bal anci ng @k pfkt ind@@en MERYbRGtAGHARR Cahtddnis HEERH mdthdaiob @elisen or ot her
known t echni gues. 1581 At the proces 40, et her .addjtional stage
novenent stSﬂH?ii e ’E%‘P&F@%di’aig%mﬂ@'iségmﬁ@rﬂ‘%' %"%‘Pé’ﬁt@“%aéu lg'g'élﬁ noved in
t he secondliditthestdpenf hhdsigh haecioli Gteanfi odimeqyuikill irt the ot whdd gesenizhanan?2- ; + Sz

no addifi ogﬂaﬁ%ts,aaggmggg\é’ oditaigeded. The process 4804 shoul d be 10
performed. lithe stage has been noved in the second direction though a

di stance spgbher:.t NARvige mola tutlfate m@QiapdAl ti onal stage nmovenent is needed.
The process 45120 is perfornmed. [01591 AS shown in Figure 23, at the process

4804, the mhbgnnent AgNdnfs0eHs cBlBodel ShBidetunEueYse 25 is a sinplified
process 4804 for aligning and focusing i mage system according to an

enbodi nent joo69t e prAsAThchidgdabdifd(e.z] Bdts @i @ 9ok phofdaésak s fath 6xanple,
whi ch should 1 nptst#)g\duly limt the scope of the clains. One of ordinary
skill in tHE% e * recogni ze

25 (0070] 4. Form channel regions including fiducials through the patierned film on the
mold substrate material 204;

[0871] 5.  Strip first layer of photoresist 205;
[0072] 6.  Apply second layer of photoresist 205;

[0073] 7.  Align pattern onto the second tayer of photoresist based upon one or more of
30  the channel regions 207;
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many variations, alternatives, and nodifications. The process 4804 incl udes
6810 for selecting i mage, process 6820 for segnenting inage, process 6830
for perform ng blob analysis, process 6840 for determ ning whether fiduci al
marking is |ocated, process 6850 for determ ning need for additional inage,
process 6860 for deternining al i gnment, process 6870 20 for determ ning
focus scores, and process 6880 for determ ning focus position. Al though the
above has been shown using a sel ected sequence of processes, there can be
many al ternatives, nodifications, and variations. For exanple, sone of the

processes ihaya be. exﬁa@t@rﬂ%lu%ﬂﬁ@@l‘is Qﬁﬁm Qﬁ‘cﬁcom Q5 g0 Mih (el SodhanddRY be inserted
to those noted above. F)}g% H&‘E tg rrent t he S1£_§CI fic sequences
of process@ﬂ‘%%‘é"“ﬁ‘ﬁ?r@ é‘g& W’k&?h ??“?r@ﬂ?-"’&’c‘?arcﬂh"t‘f%’" ‘exanpl e, the

process 68 s ski anot her ,exanpl e, 860 per f or med
after the &95% s 6 h"lf'ﬂ%]‘f REPIaePd s %“’%%%@ég*gfl §r§e se%ﬁngﬁfnbund
t hr oughout ortﬂhenandesslsmtempﬂamlﬂﬁ)%atl on and nore particularly below. [01601 At

the process 6810, an imge is selected fromthe i mages taken in the process
4802 fob f [0¥§erl0andthy sicend it ¢fipbolprsit bdomGaaPictetl holdsebe gdtelitage | s

segnent ed. ingﬁgiggq;ﬂgﬁeh Qﬂ\,gilslﬁ&mt,gggld gRge can separate desired inmage fromthe
background si gnal and produce "bl obs" useful in further analysis steps,

[01611 At {ga®7)PrQCessnkS ofer slepSadteqRaanal ysis is perfornmed. The blobs in
the imago are conpared against a training set contained in a database. The

training Sﬁiovslontralame bﬁﬁ@ﬂ@oi@fep@pr@ﬂ:diﬂ@h@lhomfJﬁhﬂﬁcﬂﬁﬁgﬁi Bedrfraom a | arge
nunber of flu es a i in ﬂgl ti og‘ FOA’ exanpl e, the
fi duci al %F‘ﬁ "l‘"ﬁ ﬁXﬁ’fﬁﬁﬁc\‘j"rp’Béf? sg?f“%ﬁg‘g ety BASPE TS he 5fi duci al
mar ki ngoi Serohftehmﬁnheichbfmelmbfdei dhamplany wet dpgers s@ibAdabikior tlagicpTeocess 6840,
whet her t hg, nf.ﬂegéé Aﬂjsuéﬁ%%h%lé Lc‘?&%ceﬁim b\?ﬁgﬁﬁémﬂﬁgw of feash BiR oPNCI @

marking is {"ocat e I on o created around the

fiduci al nEewRfdycialrregiines . Bhai"%bfan B’F-%MW@E‘MW@@’&UE&?P?‘@GP beedanal yzed

accordi ng wan aﬁhgem@amﬁ@rﬂamiqﬁcsl s PHREENbarkiPRQNEW wﬂanyThme&ndérﬁgsr amis nerely
e of .the clains. One

an exanpl €, uhich s undu imt sco

of ordi nar {*%& thh"y%f’ﬂzg’l dXPe?f’B'ﬁ’ﬁ’iS%‘FﬁiWW/% i1 8134228 t er nat i ves,
and nodisf i patesgmstechiiygesf ithﬁI;rtaﬂtallsrafrrhecthOﬁgandwulbeg dructonmpeliiye frognt4770 surr ound
by a regi Oﬁl&éﬂdlﬂég{i hav%%?gl deécﬂbéﬁ@ﬁofgﬁaﬂq{e%@éﬂh c(f,lﬁéahgn H@siordrt ch of the
bl obs to t st andar s Is found to be wthin a predeterm ned specification,
the fiduci BFtigRaiid Mg¥i s considered to be Located. For exanple, the

pr edet er mi ned speci f| catl on i ncl udes a proxim tﬁg@laankl ng of less than
4200. [0163] At the pHde WWH@P‘ kdtA ¥ age shoul d be

anal yzed i modmt e&ﬁdeﬂhﬁdﬂforﬁ&fufaﬁxﬂﬂg)i@old e aadi]'yroDIEyei' Beoidig ges chbkdimeat t he
process, rscscgtﬁgyfcﬁt?o%nm m;%eogtﬁeegbe?w eTnaP %‘?ss cr%'ft681ﬁg‘lod?6(f ?{QEIQCGSS 6810 is

perforned € 1 nmages taken
at the pr oe@%ielﬂmdlham@ fb@/ehﬂgw Iéw,slreteld byt Himirp?, ohish 4 ©8BFded toendilyr ned.

20[ 01641 Afimithice PERGEHS cIBRE Hereih h@madrbﬂimamhulumm& b2 w18 Rido hizd RS Ons i s
determ ned. | n one enbodi nent, the aligrunent uses the actual |ocation of

an ROT and"FT?E‘Wie@'i“@‘ﬁ“‘F%é%ﬁ?%ﬁcﬁ?o“Fhe RO . For exanple, the alignment in
the x and (‘Bil rrenS| ns, are_determ ned b(z/} the difference between the actual
| ocation atf*Phel-de&ioyHe moldrhstrio mpferial i ther enbodi ment, the fiduej al

mar ki n ha known ,s t  onshi rs vmthlnthe net eri ng
cel |925 ﬂgllaﬂzg 2§P‘9y§fsﬁé¥l %)‘%‘gmm?ﬁtém I“? n%"?‘l’ia%gﬁf‘t he x and y di nensions
of the met ?Jﬂkiﬂ?hgel k’ d'lemtg rgtrlgepcﬁdhgfcs#s(?toofnnn ntrcﬁtdn%r}ggiec@lts Bbf the X and y

di nrensi ons"0 cia
[00B3} 4. Form control fluid regions through the patterned film on the mold substrate
material 304;

[0084] 5.  Strip first layer of photoresist o form completed mold substrate materiat

30  including control fluid regions 305; and
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metering cell has a length and a wi dth each about 2 pm The fiduci al
marking is placed substantially at the center of the netering cell. In
anot her exanple, the fiducial marking is in the vicinity of or within the
metering cell and their actual spatial relationship in the x and y

30di nensi ons does not change significantly fromthe design spatial

rel ati onship. [01651 At the process 6870, a focus score is determ ned and
stored. In one enbodi ment, the focus score is cal cul ated based on the
standard deviation. In another enbodinent, the focus score is calculated

based on t redgin " e. . For exanple, the "edgi ness" of the
e 00 Ll Dbl s i

image is a by a so I n anot her exanple t he "edgi ness

of the im i msimlar to
a high pasgﬁ?}%"ft gﬁé et? s ug%tg)rélf&gleg baseg orﬁer o ol \PngR kp@ ?he i mge
usual |y takreolﬂmceﬂ@é@wmﬂﬂtdhﬁﬁo rerifig W@O‘Qmﬂ'ﬁg@%%w W@Waﬁlpleﬂtotbms hi gh
frequency dﬁh@dl|]a§!:1§fs%c%h§dbmo@claﬁ@d’m’\@ﬁ'@m{sﬂ@f& ERE Be fhi$nabld bhddcrciQfcU@e t he hi gh

frequency det ai are urred or snu nbodi ment, the
gl B LA A
speci fi ¢ chaeremsintdspitebloationstiebd iselueitreinagraprdeessigs techriiqvps. GRheseffdigeidi ng.

[0166] | n yglianakibe rforwrm&;m%ﬁg@@y Bl EAERLL BUEDLEAR dhe T mges Tor

the area of nterest "are acquire e I magl ng_system_ For each of at
| east sone ©mpersaeh fast ioretivpiagbe image Pm?ﬁésén%%@ﬂ“éq dtii ¢ det er mi ned.

The sobel oca&ﬁ@it;@:sd mmag@dma%bmmdmda&mm& HteRMatdRerbdesitivked | mage.
Each reféjl nt val Ee i S squar ed val ues are added

th
t oget he Fghepi W”iﬁmtlsﬁé%éﬂ‘ﬁﬁﬂa‘ﬂﬁorfﬂaﬁt&@ af1§b ™irred. For exanple, the

blurrin cco she ng to the ac red
|rrgtgeI 1 NB%%%S gg‘ L@ﬁf‘mp{)%eéi%‘g%ﬁ%%ﬂ g’ﬁm lflfr%%'li”%‘)dsgpp é té'%as a | ow pggls
filter at t emigatilitidy shitghackerdiggions ymeaimanditieprasént tnhmbamq’mcsediasramge In

anot her erhpgj, Q?é{]tcxanjﬁh:@ ‘ﬁaéﬁ%ﬁamcﬁmﬂgmnﬁah&%e*a@mdeﬁﬁsm%ﬁ& e bp! | Ons:

[01671 For the blurred , a second sohel square sum.is determ ned by
appl yi ng t HEdiagp gl wﬁaﬁr%&wldﬂ@%éelbww&awmﬁéﬂw%ﬂﬁépﬁ Alymetivas Pesul t ant
val ue, and :&wmihcng Iagdresuh&oega 3&qvaatreeddgvaibues:en£ﬁ featfuiea ivls regﬁrl:lltd)pl ng is
applied to e uar second._.sobe are is

smal | er théh"sgra nrgefé’iae'fr %B‘e ﬂalsd% SFSte%oa\gg}j *F Hrémgeedcb&'r}'% 4 09151 GSJ qiSE LH::um is set
to the pr ediﬂtreasnwneulgttmleéhé# Jd“ﬂ!@jﬁs/mvmlgwr-'héthe?ntm@ust@@cmﬂddlsmbet squar e
sum by the Jahérﬁé vﬁﬂ@ﬁén?ﬂk@élﬂuﬁr‘d@aﬁc’?@onro@&'e'bitﬁﬁttm{t %tﬂe&me,ﬁ abt3RfhgdSa t he focus
score. The focus score Tor each of at |east sonme of the ach|red i mages is
t hen storedfea%f’@%@ef“q&ta ‘the process 6880, the focus p05|t| on for the

meteri n s . determ ned di scussed. gapave, ss 6870, the

f ocus s ellghgfh ﬁ%la'g‘frﬁ'l*%%Wgﬁgcblﬁgﬁfqaﬁs%%é Eeéé%r 6880, in
one errbodl nentrgl laylaemlumsﬂutdmbmnemnwmspdmhﬂw rhrouaaomelaﬂsuﬁmua(&core is used
as the T 0CusiaRARkidlls in'sthp@ BAABEL 4RIRAELATE Rbato B rafi AU 1HRET espondi ng

to two peak OCus scaores term ne aver age € average z
posi ti on i scifglsaareazt ¢fiee ﬂugbq}pgnnel layer mask and are transferrcd with the channels onto the

substrate. The circles are recessed regions, which do not extend al] the way through the

25  layer, in preferred embodiments.

[0089] Referring 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 fiducjal marking according to preferred embodiments) that
enables x-y spatial location of @ 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 503, e.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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30 position. In yet another enbodi nent, the focus position is determ ned
based on the characteristic of the entire curve representing the focus
score as a function of z position. [0169] In another enbodi nent, the
fiducial marking has a known spatial relationship with chanbers within the
metering cell in the z dinmension. The focus position in the z di nension of
the nmetering cell is determ ned based on the focus position in the z

di rension of the fiducial marking. For exanple, the netering cell has a

|l ength and a width each about 2 pm 5The fiducial marking is placed

subst ant i ainksg tddhe fubraL IWIRh uiz itnBg: piRERing Hgorttighd to ldcite anndrheke axi@npl e, the
fiduci al LKi 1S.0n e Vi cini far wthip th i ng cell and
their act ngdgstggﬁsg?s c?%‘%egF ?d\(;alsnghc?%énfg?léat cg lozcm(ﬂ}"n!ég‘g‘logﬁ’ %gé?tﬁleocgoséﬁ%ange

si gni f i canirt jpcdtedone siesldemng rrowdatpedphoryef it welhhiop. That Baepdioffiegur e 27 shows

sinplifiedg ggés\eecg. 108 o Jr 6 USioR AR i€ A SctRe bidNEhdeMINAfe GePRSict | ON 10 obt ai ned
at the process 6 90 accordi'ng to an enbodi nent of the present invention.

The focys REsY € REerfRENFZul 8Bkt RSRPstAk e fhe Whill ihdnh& 15eDRL weguare sum for
the acquired inmage withoy amis nerel exanpl e,

blurring, This d . a
whi ch shoulP¥T ASPREERE iP"f‘%"?ﬁ“Ebc’?‘ﬁ'émsTé&ﬁethco’?“’dﬂ%g’ﬂ@'lSé}?eﬁ%t.wc’éf’?’é&@f 'Rfér di nary
skill in tivbstatetmoibinkidng @oegn Faewsidayr va p ideicninigcknadstaed stapd thiaghe and
modi ficati [ he LT ; ed at z-axis
posi 1 ons. e e L R e 4 00 on
ei t her si dedsef Ppferabiya ged drte avp e yels qypriqying the chappels is@sder fopkredet er ni ned by
the }or qng&d AR % &i&iﬁ%ﬁé fi@&tim@ﬁ W]Ecﬂ@ TREAkK! @%ci E;J%ﬁc if RN t?ﬁ&rfﬁxiﬂh}%g ri bu% i O?ﬁ
are | ocated approxi mately. rqm zi .. n_anot her epbodi nent, e
met hod by W%‘ﬁw’flﬁ@“?gtﬂ&g%ﬂfgmg‘?&ﬁﬁ wny §%?°§‘°B¥mﬁ1§]§§%’lh5 ¢ °'hoi nt s,
and the r athgeclbiager tanhe fhm¢ dfgherfbalctirrapidnes ext end can be varied, as 20 woul d

be evident to those skilled in the art, For exanple, focus scores are
col | ect ed BPY evide meboheingnlly oupsanpoat Beh doy desiza A0 legn dhiubitialsaeatenialay anot her

exanpl e, fapWsiS80keP BRhbARLEE:sRhs bdNeParaRAGInD helocRE Ai8d.ROnAbker Nat i ng
sides of zf is used as inputs to the inmage processing software, only

. > f  wa
obt ai nilhg Befares hatimerc Jae setbrdaertormg fing! pyssmRly 25t tiRoDe (fr et ke heeded.
[]917%] Fi ghlﬁte:éaZ)Trxﬁlb&H\@ottrf]&cﬁHrJtJl;eﬁ\QMe flag/wsll ﬁ?@ﬁﬁldl’dﬂﬂlgleicﬁmwmaﬁh the aperture
of the 25 ¢ nser, 0O I in stemis operated.in either a narrow or
a wide set’f‘?ﬁ‘g.ﬁm rai’l?r{Pﬁ%ggéﬁg%g¥?gﬂgg%ﬁ%gﬁegoﬁmggw 85\?%%’? BEESNE represents
a bi - nodal thdfigitl fdybnaf sibieenef Mpobnsaligenmemakhae topdtes qpdbaduidiand conttoh associ at ed

with the dgle@lat Q83 Qfcvids h@RRNE: Reflel hadges of the fiducial marking,
such as a conpany |l ogo. This bi-nodal distribution can be characterized by

a full 2gvi dfobsalth aRBOME pateRied JEWEEM Lt)c) th5913:5c|- sul%jsf:rat&, hl&bﬁ@maﬁtﬁﬂlés ARgiglaure is
operated at V\Ag 303etagin t i = LStributjon nerges into a
si ngl e pea i r ©"35020. itude o
| Ao Be PHTTIS bRl R e bR ST WD 6 TRERE ) [t ude of

t he si ngl eillpgated bg Riged Bc 8te feinpiate tivevs anpibn topuiesscth agagat pitst In@ddifion

proper alignment of the pattemed substrate onto the blank transparent substrate enables the

imaging station to view the globel fiducials on the ehip through the carrier bottom. As

25  shown, Figure 9 illustrates the palterned substrate, including wells and channels, overlying
the transparent substrate. Details of the fiducial markings are provided throughout the

present specification and mare particularly below.

[0093] Figure 10 is a simplified top-view diagram 1000 of a completed microfluidic system
including well 1001 and channel regions 1003. Ag shown, fiducial markings 1005 are

30  disposed spatially around a 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 predetermined fiducial marking has one or more edges and a center

74



the bi-nodal distribution and the FWHM i s reduced as well. The FWHM of the
single peak distribution is represented by line 5025. [0173) Additionally,
Figure 28 shows sinplified curves for focus score as a function of z
position obtained at the process 4804 according to one enbodi ment of the
present invention. 5 The focus score at each z value is associated with the
sobel square sumfor the acquired image without blurring. This diagramis
nmerely an exanple, which should not unduly limt the scope of the clains.
One of ordinary skill in the art would recognize many variations,

al ternat i V@gion, aRtha Bt fhat |a§’ﬁ'§cded’°‘@f§&@§éﬁn& Br Fedig4HY S8u %m&& the

focusi ng scores obtained Wi, t hout e blurr yce. irregul ar focal
peaks undeFeogBizt By °8’8ﬁﬁi”t“i‘°6‘ﬁ§“°dfﬁa g’hﬁ?q aﬁ%‘?“’t"’%se Bé’éﬁc ‘F?‘%‘I"’WQT‘"’E“ dal ,
soneti mes tblie peak sysembire siogadvided ndngibaridel wewt digrpreiiksiiagd delgonbi nat i on of
the two. Neither peak is guaranteed to be the top peak and thus grabbing
one peak olp@g4]t IFegueetlhéya simplifieé snobstsedtionad vibw dizgrapl 1aheofemiopfladict he or der of
tens of sm gk tgmg)% afccofré? HeR bR m&!ﬁltﬂp&fsenﬁh.eednemgtmmsgyaﬁﬁme}e@ahess t han

10 m crons, e vvronig can produce significantly dut of focus
i mages. 15‘5’@@?&]“’%@’1‘%’&&9‘%‘! vt %ﬁ”ﬁﬂﬂf diE ARy hFG’(E‘uQ“ﬁ@f‘%‘E‘%@“‘W t hout
i mage bl urrnltwmidb&ogrm:ﬂaﬁgdmmo@l M&cﬁﬁda@onkhﬂdalfmg&veands smawauheat i Ng ratios

as di scussed abogﬁ%s %%‘[%Sétfa%eag ra%%k”%ra%sgagg@ﬂ%gﬁ for focus score as a

function of'F™pE Daterial,

AL R EY anot her
enbodi ment acbés aHaedlprubsiuetet Qvn%mmth@md!ﬂ'mbsraulla@ﬁéﬂth&ml higp endvedin  exanpl e,

whi ch ﬁ@ouiagar'lgi’f HRCmkY cl'lahml Endtxh:ﬁ 186G &Enﬁr@ﬁdé&'oﬂ'a@ﬁglcg}& 19hg & di nary
skill in the 20 art would recognize nany variations, altérnatives, and

modi fi cat | %fﬁ§ﬂrrww81¢fladerasi‘%eémfb° ekt 0%t it idess B e gl SHFAR. o rat i o
that is taiﬁeﬂhbﬁ{g\VE@&r tmamﬁmb,ehe ﬁmﬁemmm[ayérh& iaig udirigetbuitdbkge and t he
clipped sobe uare.sum rre ures 28 and.Figure 29
are produce?jt Iﬁgl ﬁﬁséhco“e SIPCO“ mrb%eré‘algbeﬁﬁ’ asnc”??%f’?%f AP 5%”?%“‘?—’ I gure 29,
t he bl urri Pregfesehl, thaunpterial mmitrwearm baf riaydie defommileioy dpmative ) Bxibisliel  out put

by the 19maﬁﬁac9&sn&hme 2 AR 218 H Eor@Bl wyclohqltrwaﬁeﬁomd@meefmmmnarI ginal . The
peak of the curves gure 29 oceur s for ggge whi ch suffers t he

| ar gest deb! adgrl‘f"ﬁaﬁlya@“ %P”F%'s‘ﬁ"f"f“&?“ ‘T‘ﬁé'gﬁls‘tﬂa ﬁﬁte Pl FHcong sl Fifage which
suf f er s nontlegratbat, plasicBTMSIce sther podinkdc Madrise Wdperliin®.updithe nomi al i zat i on

process cap r%unmgtherg% deggged% aﬁires%nQE? 3&? operation on the intensity
of a parti cu ane can uate due to optical variations.

30 (01761 erdai s C st ment s
performed at étihedn%r]gocegggg}wdmﬁarﬁamrégpgElsgglq?%cﬁ%?%ﬂg&afggrjl&d on the
accur ad oficinheofifniprily gﬁlql?aéﬁﬂlﬁﬁbaséé%l‘g Felatiyatodhe wells fet Feadtitdabnt space at
the proc essmﬁérl&nat ansptieaq@nw r&;ghhﬁnw ik Rl is auohtmmmeeé thé Wen waGiaab b ui di C

devi ce, t he er| cel or| i nal plane of the
ni cr of | ui dF d’éVﬁQ ?r% s ?F’f’%‘r‘i‘gfmﬁcﬁ) i EPRG act i ons.

These addi prlctdﬂmknnﬁfbdﬁsntw@pus@ep@Mypardbbﬂotthelsnbsaatelmheeaa@dlmﬂmhe anmount of
tine desi réQ-LatuPduﬂ ik b8 a%oEH Q@ ﬁu‘?&%&{tﬂt%edtgggﬁmﬂi‘h Gy BRieE 1 ng cell.

| mproved mappi ng tvveen esi gn space an &sur enent space woul d
enabl e2t5heDmadgmg>os§hsp@h¢a‘emcmw qah be meyepiigignediematives 496si tion in which

t he acqui sihhasaenueds, hi gh-resol ution i mages can be perfornmed with increased
efficiency. [01771 To further inprove the mapping accuracy, in sone

enbodi ment f@p9610r@hdr BABodiinee fhticPtsdndinvamibkirogovid@dbelde. used at the process
4410 to provide a non-planar transformati on 10 between the 'design space
and t he nelwgTiefinte Rias dmpHisguspevidOdingar ofsd miplofliidiedysat dcagdingmpnof a three
di nensi ona | pr esent
nventi_on. UFRat s BanRl St ghRoA Ao ol bRl IR TR el bl PO

i 11 ust Pt ethonls natrimfiviy. Himl ghs spape of thx $laimp birejint Omofe@wwllxn@ep@ymlﬁons across

the flexi blgoshhh alah P28 atidnt) nRAGIAHRO dhd BB kAt vbd) 845 shown, the system comprises
a biological substrate 1200. The substrate includes a rigid substrate material, which has a
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inputs for this higher order dinensional mapping could conme fromlocation
information 15 obtained using nore than three fiducial markings. In

anot her enbodi nent, inputs could be provided based on neasurenents nade on
the netering cell at the process 4420. Feedback from these neasurenents can
be used to update and refine the mapping as a function of tine.
Consequently, for another netering cell, placenent of the mcrofluidic
device in preparation for the process 4420 would i nprove in accuracy as
nore data i s obtained. The generation of 20 such a higher order di nmensional

nmappi ng Caﬁrﬁbméél@;ntmakdbwrmmE@aﬁ@oftaaﬁ]gayﬁﬁaemhmﬁtaimghmuhglbyutfs@dacu ng or
rocess 442 neterlng

even elimnatin ne

cell s. (m%fepﬁd‘b é"S@Wg%&?aﬁﬂﬁ&su%fagf'ﬁléssparpéas“’gcf'lfﬂm “v‘é“ﬁﬁ? R’ 'aYTJf poi nt

m cr of | ui dinetedely/ bCanycaghisdtivasfi these, pndtbebis. Odcpulse, turstemk df satbtedt dsed at | east

f our fiducF% &n aggba non- pl anar surface. For exanple, a three

di nensi ona para oIa d be used as the mappi ng surface. 25 For exanpl e,

the progesgogf dms@&uz&mm mme&p@eﬁraaaam&w@cd eatd A e 82N fiduci al
mar ki ng cap contrlbute i nformation used in cal cu %ll on ogmthe arabolic

fitting paf&ieaoly be I lRyFrds ¥hesd Pﬂ%grﬁ gluerlaygr AL PRPAARTIENG 5 8‘b°g ® the
center, anckmérbetil tegdad drofdamdrin & ilt ;fmtbhefmuﬂdmrmatdeﬂmdmyero[]rhcdoriaer utilized,

| var ous, grdensed DS Rk FULRLL AR RGPt AROb G Lhiiag parameter s

| n anot her enb e conblned into a
30 single fomel :otasqpend‘mmcb&sédormaglgﬂmﬂPmmrt Wmnrasemoﬂqpml regigiels fitting

and | oggl i Z&:glcﬁWJn@BIhS’:Q%f&Qw&IFREnQA’se Tﬁé/élta:%@? 6 UERR broteinkBdnhdth AS

di scussed above uses processes 4410 and 4420 for

al i gnnent é?rpd W%@ﬁ%"f“rf@a"i“ﬁ“&@t Qt*ﬁr @%bﬁcﬁ‘é‘ﬁfé“ alge b ingludedy| o at t he process
4410, the n d focus of, the fiducial markin associ a with the
rotori ng c PR i B foist ERrar i e PHel AR SRS BY €. at the
process 44i0he defiemalhic Gridiemer. The dches hgicuisslales Bererelor mgreiwelVWeidns. nAabout 1- pan
accuracy. (I;}‘k%ﬁpe r@%\gﬁ i}g?cf] @cﬁﬁ’:'ﬁﬂ:‘ o%fonﬁflbletﬂ?d chpCﬁé%on éﬁ%@c re%snﬁlsffé}ﬁlwl ng of the

fiduci al bout 1-um accuracy. shown in Figure
18, at 1t5he°‘t5$1@m‘éé‘§ ﬁMBB’“‘)@ﬁ@ heeseeops pryticne (The fegn r?’é‘%}"é OnetastiYes@¥s posi ti on

and an 'nB-Q\@rlefus&h@nﬂEi&@ﬂ'dnrbgrp%?Jslandﬁom W the sEoRE NSNS hertiRETIRAPT UT ed
i mage has a high resol uti In one is aCﬁglred by

e
the same cAWEFH"TREP" FE°H yeCﬁ”f@"'f St"c'ﬁﬂ?’ﬁg'@g{?%hfe@gﬁ?‘&?fg TG iage at the
process 48medivihyandtietiker enbodi nent a Lei ca DC500 digital canera can be

used to capture a high-resolution inmage. For exanple, the high resolution
i mge has 380t Boedswatgpeodsiaphiralitynf Gdesinl wakings Haglpefithedidaciglel | r egi on

i ncl udlzrog hﬁl@mfg“é'sge@ﬂ'My ﬁﬁaamnaatccauﬂ@}eefegﬂﬁpm spémﬁla@mbbaaem,larﬁranot her
exanpl e, i mage. i ncl udes the contai nnent |ne€§e the wells, and the

channel s t ﬁg‘{c‘%ﬁ‘ﬁ%@t 12958 Topmed waithin the ponractiys seaingend dispasddn 2 guaf gfitle et er | ng
cell is rmuﬁdmtnsaamdmldlmmc&rbf&ﬁdnme&dgﬁny THARHE BHEifoR ﬁuummmderngt o i nprove

al i gnment R i t{I h%mr}%{ rlélgilo&g Pre crablm%rs?%ducglem E’ige {slarll&es%e:i 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, 2 second fiducial marking 1213 is
formed within the non-active region and disposed in 8 spatial manner associated with at least
cne 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 [0101] The substrate also has a control layer coupled to the fluid layer. The control layer
includes one or more conirol 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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[01811 The captured inmage is then normalized. in one enbodi ment, the color
and intensity of the acquired inage is significantly affected by the
condition and operating voltage of the il/um nation source of the inaging
system For exanple, the illumnation source is a bulb. 20 As a bul b ages,
the overall hue of the inmage changes, with the red conmponent of the |ight
increasing in intensity in conparison with the other colors. This increase
inredintensity may result froma decrease in the bulb tenperature.

Addi tionally, even with a constant illum nation source, the opacity of the
m crof | ui digg d%gé a?nage’@ & E%%Qﬂﬁ&'m@ébnhmmi 'w&erhﬁwam@mduw y with
tinme, may resu in erences 1 n I mage t ness o correct for these

25art i f act &aghing inhircradiragonfaynepdes ﬁ@“’l‘i"ﬁf{?"ﬁﬁ‘hwd‘%? Hiaehie? B8EBpe, a
t echni que G@Jmkegaﬂeﬁfﬁgec mrumlhymamre@nxn@mmnmcoyadm ddlig3dind-or i mage

l'i zat luidic d
pg:rnnsehz?r Iogﬁn rﬂ%c Gk fouﬁgghéoygl{ou%g ﬁgﬁt s%e%*ﬁ%%}lon an arfxors parm, %Irlly% yldi ¢ device

lé’l‘fﬂ on position.
I n one exa i f ocus
bost ¢ on HeT, Blif-f SRl GPaR gAY gw*g@ab%m%&f i %ﬁéfeﬁc%ﬁﬁ%ﬁs@ﬁanges to
the illum metordomE t@eafmcalstwemb@fblamtp%té«smwmwwewn Thiedipgron sfopandigitic devi ce.

In anther exampl Gnich MBuf rsﬁlnm{, Brhlt 08 sRPSSARAMithSht i GRTBoRMadyRRNT OCUS
position- The calibration inmage .is then_used to correct for the effects

resul ting B KeWd EaoRZ rEN ‘aﬁefmabawglﬁf%l@ﬂwdtaaa@atms £RE1P™ i nat i on
source. | ndﬁ@ﬁmemdmm nesg-yied,h e dladartod Hienw'cal tiideatess of ihédicati 0 of the

| ntensty SlehiReACObL e |08 Rk B TRLEL | 08.EE! ke b0 LIE Sl Prati on

i mage on a ST ot &Vi ce incr uges regi ons
t hat cont alaho mbé%ﬁ&iﬂbﬂldidhiyalﬂb?mlnThHamllftﬂncmls fre used far pough alighmentnt ensities in

these regi ahsiodes aﬁﬁr}ugﬁﬂﬂﬁbe s B elN gnmEhtGs 'w@ﬁ SR Shd dntodikdef, 8 globiEN

multiplied by a scal mg factor to maximze the dynam c range around unity.

[01831 Al t KRR RitresPrpiimerFio s Fetfitan ¢y %F%étlFsaH*av?r%)gént‘@IFWP&et ual i mage

may not be yld gidairsicl il trexutabﬂc@gamﬁaanm oﬂab&msummamo LAe¥spBssay.t hrough the
mcro flui'dic device and/or glass i mage nornmali zat| on effectively

white Dal aftaehergnbodimgat By glahﬁl ﬁ%‘f"i‘“ﬁg‘“’t‘ﬂ%‘a"r‘%e’d G Pt &t grEen
conponent s “mhlutahmcmwthemmc&mmﬁbd. yFor éﬂﬁﬁpleﬁﬁ@@omnndmlals zra:tudem i mproves

con tenc t att n at. t he ¢ el For
exa?r;)ISe, %]Bq(@?sf;@g{?’@t fe ﬁgﬁ ﬁg'ﬁrgabi ﬁagﬁ T vgﬁ%ﬁ%s a?e

si gni f i candiagam modnﬂciMubsmmelBwahmbadardfermmmtpam tppewduefaceeepibenser and/ or
aperture S%ﬁé h@9§ub'st9até"&h%gmﬁ&%rﬁ%mhk peak Elych'asg%égsg ’Lﬁ:‘rh@ﬁc? licoh 101841

Mor eover I's medi an s to nove troi “the i mage
hi st ogm@m qpar, muladwﬂ{eé mglsrigls, PUHECPBHNASPD phiitiesh end the likeg Oécwm U8f ue. The

i mage is absabdewigiadpchdanRud phiaitiogentroid to reduce the data size in
the i mage. For exanple, the intensity ratio is sanpled at random | ocati ons

on the m cqmbpimﬂuﬁb&micam musiid@gdéfhﬁ&elesxaiﬁndyenobohm&rhﬂsictsgﬂa*catdgmnval ues, the
imge is a d |ftt en1r0|d t knwnvalue In
one 20 enit)glerJ‘.’lil ﬁ’f ?P’I'é eent® r0| “%Flf"?g t"f)&é gi%%ﬁnm?ﬁgan " enS|ty | evel
of 128, andrinhee weﬁmnﬁ sredqmn@mad'eaﬂpqml@fmcﬂsfonrﬁhicsluslha}fct Treyndbe used to

ei ther darken, V%H rb%bxghwmtéés%[k mﬁﬁmghmum&r&&*btse&hmmc FelGeghipa®d | Zed,

whi t e bal anced -i's stored In a computer menory
avai | abl e Fgfalqthlpméermsyxb@égg?rﬁ@blc aycr One or more channel regions 1311 is formed

in a second portion of the deformable fluid layer. The one or mare channel regions is
coupled to one or more of the well regions. The channel regions include protein channels and
reagent channels. Qther chiannel regions can also be included. As shown, the channel

30 repions 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

control channels 1313.
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(01851 As discussed above and further enphasized here, the above
description of the 25 process 4-430 includes nerely exanples, which should
not unduly limt the scope of the clainms. One of ordinary skill in the art
woul d recogni ze many variations, alternatives, and nodifications. Al though
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
the Processes may be expanded and/ or conbi ned. O her processes nay be
inserted to those 30 noted above. Dependi ng upon the enbodi nent, the

specific 5@%”%0@%%%%&%@&%3‘p}Q&d'nd'ﬁa%&tﬁhﬂﬂﬂ@ndon%érhm@afﬂbﬁfcs repl aced.
Further details_ of t pgoce e founﬁ&j| thé%%gout tﬂg R esent

speci fi cat /&AM h[@f%‘ﬁqe rhPliEsn) 9 °a Wg%fﬁeé‘f dypia B BT S Bhe present

i nvention, défdﬂ'fn@flimydrmithmhtv&imil?dfﬂ&eltrhﬁorprﬁoﬁlﬁts’ﬁiuddl&&rlowhd]ad:lé“ulhﬂd as data

| nput s fOI‘ \trlck,]iﬁesp lllab\93 glo H&&n@gmggdl ?I‘OQUQ'EI? rg\‘gcrfn rc:::lile teher metering
cell, In th ot e rrensi onal 1 ocati 6ns of the net eri ng
cell, a$ dstfemnmcnlemfari@mhtahma md@haﬂ@bmt@umoﬁhft fmstfEinciglanerignow pdesdi nf or mat i on
usef ul_5i ek Ll RifdeddSe AZLARH chIfAEetuéﬂagidE@%?rﬁﬁ&‘?grrﬁa dehcxanpl e, the

metering cells near the center o m crof i ul devi ce separated from
the fiduci ¥itipdrkiniyel hrekrunelfesiaygitiin by defommabls layest £ dhich fdueiahimaddng nay be
measur ed eﬁhﬁ}}E@laclec[b;llliuﬂﬁvi&lhﬁg%fﬁl&lcﬁﬁtl‘dﬂGaa.ﬁ‘a&l ih heremiol 12he. belcbumh@ixpoﬁar ki ngs.
The early s of .centr.al | ocat ed rovide for
f ast er con{vﬁg?pg"gﬁaggn Q‘?eret'ﬂ@’t?’lv G é‘lcﬁ%tfwi ﬁ‘?%mc’d’ffecﬁm"gregﬁt ‘r%‘é‘("r%‘(‘:’gt. on of

t hese @dent fidiclaymirkiopt raay beelibis a¥@ingpf dé ¢hbenel Egiomand e tikdfvcialmappi ng nor e
than the nﬁemgegyw&g%ﬁ Q%mﬁ%ﬁﬁeléoa E@Lﬁﬁerlnmcamquu%@&mmk' ngs.

[01871 As discussed 00 uses vari ous duci al mar ki ngs
in vari oush‘f‘j‘r"éé’éé'é’é%ﬂl“’H‘F%ﬁ@ale‘?ﬁb’é‘é’i'%‘ﬁ%‘mtmﬁ@eFF’&!EF&P&IM%‘B?Wifﬁéé‘lcb"hn be any

physi cal fﬁ&kimg&ﬁy 8BS &HGh ﬁt’leﬂlty\bﬂtﬂih Joﬁl&nl EﬂaﬁﬁeDiﬁﬂtﬂ.élcdhtE‘oHi@M-l eeferdbOr, thexanpl e, the

fi duci al U.Clﬂ rlu"rjige e:o ccdw1t m 101 gft%ﬁe rr at el % m Qx‘c};?rovff lIIUI di c device.
In anot her exa YR Icaue Al AR 5‘% ?t“ﬁ’e PEXI B substrate of

the midfo ¢Hamc{jxegmd9e\ﬁhe Gduciphmarking ubqicalwﬂhlartﬂmcmg@l laggy ot mothenfeyepsestsannel wal |
or an edge,Oh Jfi enefi fofnPlo chrQ:’t for ﬁ'e;ﬁw dffeld E%M&Bpt&ﬂ%ﬁ%ﬁmﬁﬁc@m' e, the

fiducials markihgs are sel ected from ones describ in Figures 1-13A and

15A- | 5B. o@dﬁ&m%gi@lﬁlhma!ek Y413 tv%@ougﬁ&mﬁm&ﬂﬁ& cﬁﬁbtglﬂcl@&g if RietbIuicet eri ng

cell and acquire an ima ring cell, The alignpent and focus
process ma?gﬁg’e Bng %’%f?gml‘iﬁ‘eprf‘i—eﬁ% aé-ﬂqeﬁlfﬁf’ﬂkﬁﬁ CPTBR SR TG g°§§’nlf‘42 0. The
spatial rethatiefamsblc paybre tThveerestcd eepfdndeminad a vohuniei an gpeanekidneromati@ityng cel |

does ngp Qﬁ-@ﬂg oPéhQE‘éf&h&?:QIan _Irﬁérlaﬁér@nﬁlc%b}u;nh?ﬁ Jﬂcﬂ%ﬁgﬁ ﬂ?&&%ﬂl?g is inthe

VICInItyO neterin terin an arrple
whi ch shoufitedridth afiéfmeh 4s|arzﬁstmqlwbrlseﬂerc9mthmon-mctm ﬂwﬁﬂh@\@i Jpo be% di nary

skill in tﬁ@stﬂtﬁl[%ﬁir@n&&ﬁ&g@hﬁ@xﬂﬂ{%ﬂ rélﬁfvb%tdlﬁﬂﬁoun%ﬁ@dﬁﬁfnﬁﬁtelléé&s and
nodi ficatigns, In one enbaqdi pent e nmet hod 4400 |§ appll d to any

physi cal £ S dpPRroBn x%}ffimﬂa?ncw@éwwm‘fwaaﬂ Ay S G o 1 5
al i gned anthdéxo Susiealy, thafiduaial rageinaie dolte! plnr asGihilar iesdetsrigtics S t aken. For

| t I,
a0 ahanhepin e R ar AR ol PG ARG B R 17 1 Sa00
may be per tdsestbel highlishie matdsiefgmsipseuayp s P example, the edges are

preferably 90 degree corners or the like. Of course, one of ordinary skill in the art would

recognize other variations, 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 embodiments. The control layer can be made also using a

suitable material such as silicone, silicon rubber, rubber, plastic, PDMS, or other polymeric

material in some embodiments. In other embodiments, the fluid channel and well layer and
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30 anot her imaging systemaccording to the instructions of the conputer
system 4110 or another conputer system For exanple, a systemfor
processi ng one or nore mcrofluidic devices includes one or nore

conput er-readabl e media and a stage for locating a flexible substrate. The
flexi ble substrate conprises at |east three fiducial markings, a first
additional fiducial marking, and a first chanber capable of holding a fluid
therein. For exanple, a volune of the fluid is less than a nano liter. The
one or nore conputer-readable nedia include one or nore instructions for

providing g,fl g%ﬁfQleﬁaréHQ&Jm&a@mla@ﬂhsp{ﬁ@rmqlrcoama&tnmicw%# aRs for

deternmining a btransformation bet ween g desi g_gys ace and ‘a neasur enent
space basetk2Bplcdhe ?‘@H?FOFWF’GWWF#FP"&%%]OM ehinetict sFample: thedhgmalt hr ee

fiduci al rr&remc@gtsequawﬁbmua@rm‘l Iuyyerbdne: eQNGTBEnsIE ﬁuxﬁ@ﬁ@umﬁdmﬂdﬁbl e nedia
i ncl ude on

e .0 instructions fo ormi n nt to the
flexible s%éercﬁ?téo b%f%"eaae BHe3 E m?te hg‘rﬁ Or et i g'ri]uq‘éss' (a)tc”imﬁl[84 &gbmgeh t he
transf of nat}damplebhﬂsz@Stmedudilesﬁngﬁsf@p@e‘eO ém'ﬂS’tlﬁsé measur enent space, one or
nmore 10instructions for acquiring at least a first image of the first
addi ti onal (B9 Hucties asrieka indiiguers bdP dbermicfleific deviccfitctues ©heintnet regionte or nore

I NStructi ORY eflregRl. Picdd fighréin S8 GRAL Rhd rmn&hsmﬂ& A& uhdu® il @ SUbStrate
based on at Ieast i nf ormat i on. assogi at e h the first i'mage, and one or

mor e i nst r FFERG BHE clagpe. LG 6F Pty k18 PR ‘7‘1’1‘5‘@8"05?”%‘?’@%“’??%‘?“5@ hamber
associ at edatwiratives rad frioéiXicdibes. dnrshin aheodiddn{stiOhpanEhegoneind the well e

I nstr uclbi OREloBsoarrc% fn&azm q"hccgaﬁx?eﬂs tu?{h %ﬂsqgketqgh:\ées 28 g%gnt%%{ gt space and a

neasur enen nor e ructi or ernlnlng at | east
three act uaticrqf@@mdcmqs Ia@rhem@eﬂmcwg tlte@r@rh@f@@ dgvisg ytes chanecd regiogie al

mar ki ngs- r gsagaLEE val aég.o{ﬂﬁqnfetmdha@%o&mr@semfahmu%c ARk iPfgsar e associ ated
with at |east three eS|gn ocations respectively. Addltlonally t he one or

mor e i nst r fERFPEH LTSGR ﬁ'@?‘éﬁﬂ”ﬁﬂ‘iﬁ‘@“ﬁls’t*%{ ‘fha?“r?ﬁt*lngﬁ"’iﬁcl ude one or 20 nore
i nstructionps, for ocessi n formati on asspciated with the at | east three
act ual Ioc&’t’?%nsl:‘%ﬁ‘bl]w& é‘g‘l’i g“é‘é“ﬁp ‘f‘ﬁ"fgl fﬁﬁ‘cﬁog‘éﬁ‘flsﬁﬁﬁ"éﬂmﬂﬁ&%esi gn space
i S assd6i atapderand ilertifieatiah cdde agbrdingtem «hbsdigent bitbeprewnsin@ntbnt Mais measur enent

space is a§1§§% ?strﬁogdw &anﬁ Biict! sﬁé]aa ndt M6 %tm@c rga%%fe T}Qe one or

nore instructi ons I ng at east 1 rst
addi ti onal Owr%meflu&ryﬁﬂl«%ﬁwgmuvwelduerewﬂtﬁmﬂﬁw@wwét EH?E‘?G‘H% for acquiring

]9_ fi rstI pl ufe_a{aii-tcy.f L sh%’@h%&&? @jSOthtda;cﬁip 1ashgiwhﬂc@ﬁzalas§‘ometw:¢aa+lelr mar klh ng. The
1 rst pt ur t or .| es 1 nc t he 1 r nm ally, t he one
or nore inggﬁuﬁq%’%”"‘? ?ara'coﬂ%?tfﬁ bﬁ?“‘le'g%@ b a?%?‘?‘ﬂg‘ﬁié PHEl udes one or
nor e i 28t r betin engellf 28 bthgds O Tshiprpgndralfyduchmets sanbsasis,glefoarhabdk tayet,land he i r st
plurality ecfémmmﬁml;goc;l&&keagﬁg CPhip o Isbﬁas%ﬁ rHonlDuB1c RTAMES T eadabl e

medi a i ncl udes one or nore nstructions for storing t second inmage in
a nenory. TBEIHE Hsdpforgabe 1@8%@@%3}%@#@%@&%@1@%&% R8s udes 3900
by 3030 pi X&h}&mcﬁh&?ﬂmﬂ&tdrﬁ&% asﬁx(njawduaa&ms ﬂlﬁtdﬂhﬁlﬁtd’?&ﬁntsg{lﬁe ong or nore
i nstructions r per a second align tg.the i bl e substrate
i ncl udes o 'oﬁwﬁg’f” "] é’?cil@ﬁﬁcﬁw?%%? ’%’%ﬁﬁ%&i%ﬁ%@“ﬁ Tble substrate in
at | eagt ométs/mitioe Hicearitthapasidéntifieation ehiowtaSe tHaninflndep dtredde orotlieor capt uri ng
e Second ideflifion i, OBy AARIAOLREGrck TRNLE i ANA FuiBflhd, | N udes

one or nore instructions norna I Z1 ng secon or nore

i nst ruct i oR&° Yegwsedyfnrteer pmbamdntsgnayiaiso B’é’(‘?@ﬁrﬂihqr rﬁa-gé’lcatmdlc‘em SUsh apr e

i nstruct i oRiofiREueaOHPMEHHLAB, IPh P RECHAK N, BROBe fiteOM @ first inmage depth to a
second i mage

[0109] Preferably, the bar code is an encoded set of lines and spaces of different widths that
30  canbescanned and interpreted into numbers to identify cerain features of the microfluidic
system. The barcode includes infringic and/or extrinsic information assocjated with the chip.

The intrinsic information may be pattern recognition information and/or alignment
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5depth. For exanple, the first inmage depth is 16 bits and the second i nmage
depth is 8 bits. 101921 In one enbodinent, the first additional fiducial
marking is a conpany | ogo. The at |least three fiducial narkings include a
conpany | ogo, in another enbodiment, the flexible substrate is deformable
in three dinmensions. For exanple, the flexible substrate is defornmed 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 enbodinent, a relationship between the
desi gn spa@@raribnkieciensil waBhiiabpakiegsi ThanBnenpt daaificatibh end dligachdat e
substrate i s, deforned such tha I tion i.s. capable to
Sor oxt ot 8115 Seph M os Dol e o RARIa RS R Blenhe o BRE0 P10
anot her entzodi sterst in émeory oiAPoMPRtivg £1 IEPFEITEE WSEM Féredingig jay pmimdieat dnd t he

Measur enenf,, SRAGEHFSEHL Prib k ARdHent ifiinatlon B GTRL 0 rb& AT PHBEA the
transformati on conprises a three di nensignal r_#_)‘ar abol i ¢ _mappi ng. The

non- pl anar SPEF BneR rkEing Raricedsy [oF eiriaig apriiraigns: P digaers nlymeligtned by
char act er i Zsadci#04a vih tite fRCiANShridskdickd eR@ted tn Htttdr@thatriBialéel REievdb@h9@dd Numer ous
benefits are_ achi eved usi n?%{ hebg)c{i i.nvention over

esen onvent i.onal
t echni ques?rogésﬁ%g Sgﬂ%%saﬁcﬁ%?f Dpﬂn ovi de é{rthlegfacg A lgﬁeém?/\rby F%ﬁrp %?’%Dgl i gnnent

patterns fhrsear@esside fistemabincdedamil theoughoyi thypréssniapsrificethled wWidte syst em
Certai n enppdiuiBPbsiosel y on conventional materials, which are relatively
easy to use. Sone enbodi nents provide . , alignnent and/or focus based on

nmeppi ndobefowe|n wihe: 0ash GRpsRAGRaARykALHLIMBASHE SR wiGRACHK crofibigic
t ransfor ma%l on bet ween theb a,em gOrP sBace .and .t her measur enent %Eace uses, for
exanpl e, af*fBALLTYNEIRY FoQtEIeHTOf HE PITERYRYN Sy (BF APERABSUTHENES provi de

accurat e f ecuplenghitlyshadid aciqinduly firgit ta eboprihy zlaings. Dnpblurdihary ykildk therages al ong
at | east og_@gg#lmgéw ma@%aﬁo@%ﬁ%ﬁgi&%gkoﬁiﬂ%ﬁgﬁfsent i nvention perform

al i gnnent an ocusing on a mcr evice 1ncluding at | east one

[ exi bl e SHRFLT Alno S kI o SR L AT HAb AR L DAR0ARRANRL t he

deformation of t | e sUbstrate. Certain enbodi’ments | nprove

t hr ougHput 4928 1§ egPIA & % ys208 AAinfEsTions,e8 IR by RFvsi4hely i Thg meyacatnithtes a
corrplﬁter SMSﬁe@UIGi@cﬁMéd(Hm]Esiaﬁ@ﬁﬁ%43ﬁuﬂﬁ_ toatBN Ak bgpRRtysRAGi i@cusi ng. In
anot her ex .e pi ng_front e design space .to measur enent space

i ncreases ?‘E@Lf’é{@g{%é?ag?g sgftﬁrﬁéibgd%"?@iesoaﬂinﬂag’,nggﬁﬂcﬁﬂéggﬁhﬁ TIE ef ficiency of
hi gh-r esol devicor0§0TRgeleantjmssitinnt070 Beh bnwds 4175 tpom, e delettotiO8®fhe one or

nore of th R67d it SnddPYnB! g;};ﬁ.ﬁ it Sahawe bean
descri bed tﬁc Ef%ﬁtﬁpog{dl%ﬁ% rg‘?gﬁ? ﬁgpecifﬁirbgga}%{?gl‘ﬁl@ﬁ%}%gﬁgﬁl% ?}s \gjléso
g eter

under st?8odfoersAf 028 ingprgonshisdmnaserergairgpthrisd by hefdicttrare for

i1 ustrati ¥@opWhP@REesis Obtnyuddttd tdxat corplteQySeriBiohhCadrbdinG datkbagdanges in
| i ght thergﬂ:‘gjwi Il be 5suggested to persons skilled in the art and are to
be include thin the spirit and purview of this application and scope of

the appe ndFﬂqlﬁl alihrﬁéns 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 microfuidic 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 113, 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 js capable to hold a volume of fluid

30  less than 1 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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WHAT IS CLAIMED 1S: 11. A biological substrate, the substrate conprising: 2a
rigid substrate material, the rigid substrate material having a surface
region, 3the surface region being capable of :acting as a handl e substrate;
4a deformable fluid layer coupled to the surface region; 5one or nore well
regions forned in a first portion of the deformaable fluid 6layer, the one
or nore well regions being capable of holding a fluid therein; 7one or nore
channel regions forned in a second portion of the deformable 8fluid |ayer,
the one or nore channel regi ons being coupled to one or nore of the well

regi ons; 9%@:@%&:}6@:40@@'mata%m@lewamweoﬁeéma&bb&,,fakwngcw@ﬁror the active

regi on 10|nclud|ng the one or nore well regions;
non-active P@glon formed in the defornmable fluid |layer, the non- actlve

regi on 1.2bhein nned out si.de of e arst rtlon and second portion;
13at | east | ?Iﬂﬁg ”‘I%fcﬂtﬁlthedpaﬂﬁgﬁftﬁ@égf%@?f’éan THRRPLARECS 28 B&tive region and
14di sposed prdduéingspdthinsinatioa bewer 4188 SKe exatnpld, the lbmiabtion desid 4 B dluofinatehe wel |

regions;s %g_\egl‘?@ttﬁg%mi ﬂl&é‘@&w&guﬂoeﬁdﬁlﬁor&ﬁ?t %%-h@héré%?cgis-ﬂfﬁ@ﬁe O“t r ol

| ayer |nclu T6more cont rol f claiml
wherein t hen FW@@@E@O’GI@P Py outm s vige @5 sy tiaprpdereaficsdd e hedpouid at | east

the one welrkadb@qb®hn read a bar code 4130 on a microfluidic device 4140. For example, the

microfluidic device 4140 1s used as the microfluidic device 4030.

[0114] Although the above has been shown using a selected group of apparatuses for the
10 system 4010, there can be many alternatives, modifications, and variations. For example,
some of the apparatuses may be expanded and/or combined, Other apparatuses may be
inserted to those noted above. Depending upon the embodiment, the arrangement of
apparatuses may be interchanged with others replaced. Further details of these apparatuses

are found throughout the present specification.

15 [0115] For example, the imaging systern 4010 may be integrated into a [arger robotic
system, sich as a rotating arm or railroad track type robotic system, to increase the
throughput. The imaging system 4010 can communicate with the robotic system and control
the flow of microfluidic devices into and out of the imaging system, acquire information
about the microfluidic devices and their contents, and supply image data and results from the

20  imaging system to the robotic system. If the robetic system includes a database, the imaging
system can contribute image and results to the database. The robotic system, in-turn, may
automatically design further experiments based upon ihe results provided by the imaging

system.

[0116) According to an embodiment of the present invention, the imaging 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 claims. One of ordinary
gkill in the art would recognize many variations, alternatives, and modifications. The
microfluidic device 4030 {s 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 ai a known z

dimension distance from the chamber centerline. In another example, the first fiducial
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13. The substrate of claim| wherein the three fiducial markings are 2
outside of the one or nore well regions. 14. The substrate of claim!]

wherein each of the three fiducial markings 2are spatially disposed around
a perinmeter of the one well region. 15.The substrate of claim 1 further
conprising a preselected flducial 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. 16. The
substrate of claim1l wherein the rigid substrate material is selected 2from

gl ass, pl aglikfye -HRisRhte oMby GV TRASHE &viBBI0BE bALSon deddredddRing HhRtat € of claim

| wherein the rigid SUbiiEat material is. che[act%élzed gg t.ransparent.

18. The sub&¥sdeadiny s The Py Elor‘ﬁﬁécfé tHe Ay SRR P BPEUPSEr i s made of

2a mat er i ategisetea &tk thefirqingsdtincdtie, ApdlonaiBy the sanbbeordiqateasfivo or @erd PE/ VS

9. The subs&ﬁﬁ&plgé q&gﬁ&%% m@g&gh&d&pge%gL%rnable fluid layer is optically
OO e TSUDSt ctarm 1 v

2t ransparen rate o wherein the three fiducia

mar ki ng§ a1 BACHe 2ubd) R ARHES A AN b SIS L& HASAn iRERSSEd egi on.

locations in the stored image map respectively. For exampie, the stored image map is

associated with the design space. In another example, the stored image map is an ideal image
map. In yet another example, the stored image map is associated with a mathematical grid.
Based on the comparison, the imaging system 4010 determines whether stretch, distortion, or
10 other deformation exists in the microfluidic device 4030. If differences are present between
the actual fiducial locations and the design fiducial locations, a matrix transformation, such as
an Affine transformation, is performed. The transformation converts the actual shape of a
metering cell into a virtual shape with respect to the design space. By converting the actual

image to the virtual image, an image subtraction and other image analysis may be performed.

15 {0118} 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
variations. For example, some of the processes ma)} be expanded and/or combined. Other
processes may be inserted to those noled 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 preseni specification.

[0119] Figures 15A and 15B are a simplified microfluidic device according to an
embodiment of the present invention. These processes are merely exémples, 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 158 depict a top view and
25  across-sectional view of a microfluidic device tespectively. A microfluidic device 4230
includes at least a flexible substrate with a chamber 4250 and a fiducial marking 4254. For
example, the fiducial markings 4254 are used for xyz alignment and focus of an imaging
system. In one embodiment, the imaging system focuses upon the fiducial markings 4254
within the microffuidic device 4230 and conduct mapping between the measuremant space
30  and the design space. The imaging system then adjusts a focal plane with respect fo the z
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 position 4256, The chamber
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1 11. The substrate of claim 1l wherein the three fidueial markings including
2 respective imges that are capable of being captured with a charge
coupl ed canera. 112. A method of fabricating a biological substrate, the

met hod conprising: 2providing a rigid substrate material, the rigid
substrate material having a 3surface region, the surface region being
capabl e of acting as a handl e substrate; 4coupling a deformable fluid | ayer
to the surface region of the rigid substrate, 5the defornmable fluid |ayer
conpri sing: 6one or nore well regions fornmed in a first portion of the

def or mabl eff:(l‘,ualp?js 14904 4'2?&’13 ab@%zh%nc%g%z awa}pB splanggisg e?‘iﬁg l.CapabI e of

hol ding a ereln, fore channel regions in a second
portion ofmdrkiegs9i26tef Renembipts, 4t theifebuk plyrerd?58, the fidneil mrkma*@Selmannel regi ons

bei ng C_Oumpﬁglaﬁ 0 OREs. G ofEB oafne&thﬁe.mwhhwea@aeqmmmmsa%{h\ée regi on
formed in th forrnable e actjve rgglon 12 i ncluding the

lu

one or rmrfé‘c‘&ﬂ@'r“ﬁlcrdéﬁ?ecﬁ'ﬂ)éo [23%1"‘}?1"6 Fl‘“%l?é‘t“i'e\l)fethl‘ B HieREmAY, b TRse B f or nabl e
fluid |ay&ioecetshedet@bed ikFigatshs IMe@Ar egi on being formed outside of the first
portion and the second portion; 15at |east three Edueial markings forned
Wi t hi n t heormmn- &gty €64 @@l 168 are simplified actual image in measurement space and

simplified virtual image in design space respectively according to an embodiment of the
present invention. These diagraras sre merely examples, which should not unduly limit the
scope of the ¢laims. One of ordinary skill in the art would recognize many variations,

10  aHernatives, and modifications. For example, the design space is ideal, and the measurement

space is distorted.

[0121] The difference between the design space and the measurement space can be
caloulated through fiducial mapping. Consequently, a matrix transformation is developed to
convert the actual image into a virtual image in the design space. Transforming various

15  actual images into the same design space facilitates the image subtraction and masking in
order to maximize the viewable area of a metering cell chamber. Moreover, if a defect or
debris i3 present within the chamber at time zero in a series of time based imapes, such defect
or debris can be masked out of subsequent images to avoid false positive when applying
antomated 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.

[0122] Figures 174, 17B, and 17C show a simplified method for in;age subtracion and
magking according to an embodiment of the present invention. These diagrams are merely
examples, which should not unduly limit the scope of the claims. One of ordinary skill in the

25 art would recognize many variations, altematives, 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 transformed into the design space.
For example, the metering cell is rotated to align with the design coordinate system and
stretch compensated to make the metering cell dimensions match these 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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16 and disposed in a spatial manner associated with at |east one of the
wel | regions; and 17coupling a control layer to the fluid |ayer, the
control layer including one or 18 nore control regions. 113.The nethod of
claim12 wherein the three fiducial markings arc 2spatially di sposed around
at least the one well region. 11.4.The nethod of claim 12 wherein the three
fiducial markings are 2 outside of the one or nore well regions. 15.The

met hod of claim 12 wherein each of the throe fiducial madcings 2are
spatially disposed around a perineter of the one well region. 116, The

met hod of m: A rking, the
presel ect egj'%r lfitlgg%%n%ﬁgfﬁm%wﬁ Qwﬁlp&ﬁtﬁkﬁgﬁqegﬁég?ﬁ t:‘f%cen

regi on, thenaskedimags et f‘?“F‘&U@-’IJ%{S hﬁ‘ﬁ%F%@“%ﬁﬂg characterized by a
predetern1ned shape. 17.The nethod of claim 12 wherein the rigid substrate
material i 4924l eéf“@ﬂ“ﬂw Eh"n‘”@‘l‘sdég‘gu'iﬁll%ﬂ"@‘? reRRMESiiTeEe fplterion §iRusnd a
nmetal . 118. ]Tthﬂe;ﬁ&li MHaag]efw:ﬂ]b&Icmnber wdlier &b Fighe 17C,Jhthestb&inzadag bemt erial i s

ZCharacterl ar ent 1 e od of cl ai wherein the
def or mabl e %I UI aé 11" wa 1m| osmrr%a dictegl dq -l; walm;npposlon may occur w cn%h

microfhuidic devme is dehydrating and the chamber contents are permeating outside of the
chamber, causing a negative pressure therein and thus wall collapse or implosion. Such
further masking for implosion may employ a series of known shapes that ocour when
chamber implosion occurs and uses such known shapes to create additional masks to occlude

10 from the image the now intruding imploded walls.

[(0125] Figure 18 is 5 simplified imaging method for microfluidic device 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, altematives, and modifications. The method 4400 mmeludes process 4410 for

15  mapping between measuwement space and design space, process 4420 for alignment and
foeusing, and process 4430 for capturing image. In one embodiment, the method 4400 may
be performed by the imaging system 4010 on the microfluidic device 4030. For exampls, the
imaging system 4010 performs the processes 4410,. 4420, and 4430 according to the
instructions of the computer system 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 ahove. 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 umduly limit the scope of the claims. One of ordinary skill in

the art would recognize many variations, alternatives, and modifications. The process 4410
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2 a material selected fromsilicon; rubber, polymer, plastic, and PDVS.
120. The nmethod of claim 12 wherein the deformable fluid layer is optically
2transparent. 1 21. The nethod of claim 12 wherein the three fl ducial
mar ki ngs are each . 2 characterized as a predeterrni ned recessed region.
122. The met hod of claim 12 wherein the three-flducial makings including 2
respective inages that are capable of being captured with a charge coupl ed
canmera. 123. A nethod of manufacturing microfluidic chip structures, the
met hod 2 conprising: 3providing a nold substrate including a plurality of

vel | patter:ﬂcﬁuae@ﬁséassomd iaﬂoéamghéucaaamamrda@g B2 RSrQNd- ez Wirddhi N a portion
of an active r.egqi

ormn ura f ftducial
mar ki ng pat! P@Pﬂ"s"fgaﬁﬁlﬁmg’“@‘lpé?t’ﬁ?s %JF"C@&*B?P“&PC‘%‘?%@ ‘H"ﬁ%?f K88, each of
the pl ural idfyidefal hitting] pabocsvetddd foglepatitiog ned fieaddftionalttRlisialanagong, i on of a
/non-active <F°§%.4§4§ f ae?erélkffﬁbﬂhiﬁfnﬂmngn bdtD&a Rl Abdeidp 2t ald UG @heeTaI Ki NG

patterns I FPC
* 5 and process 4450 for coarse alignment. Although the above has been shown using a selected

sequence of processes, there can be many alternatives, modifications, and variations. For
cxample, 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
pracesses may be interchanged with others replaced. In one embodiment, the processes 4440,
16 4442, and 4444 may be performed for more than one fiducial markings before the process
4446 is performed. For example, several fiducial markings are located and measured. In
anther embodiment, the ﬁroccss 4444 may be performed after the process 4446 has
determined no additional mark needs to located, Further details of these processes are found

throughout the present specification and more particularly below.

15 [0127] At the process 4440, a fiducial marking is located on a microfluidic device. For
example, the microfluidic device is the microfinidic device 4030, Figure 20 is a simplified
diagram for fiducial markings according to an embodiment of the present invention. Thig
diagram is merely an example, which should not unduly limit the scape of the claims. One of
ordinary skill in the art would recognize many variations, alternatives, and modifications, As

20 shown in Figure 20, each of fiducial markings 4520, 4522, and 4524 includes three plus signs
or crosses located at three corners of 4 square and a company logo located at the fourth comer
of the square, The fiducial marking 4520, 4522, or 4524 is the fiducial marking located at the
process 4440, In one example, the fiducial marking 4520, 4522, or 4524 is a global fiducial,
In another example, 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.
1

[0128] Jo another embodiment of the present Invention, the located fiducial marking has a
configuration different from the fiducial marking 4520, 4522, or4524. In another
embodiment, the located fiducial marking is readily recognizable by the image processing

30  algorithm. Operation of the image processing algorithm is imiproved 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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8al i gnment mar ks being di sposed spatially around each of the well patterns;
9f ormi ng a thickness of deformable material within the plurality of well
l0patterns and within the plurality of fiducial nmarking patterns to fill a
portion of the nold llsubstrate; and 12coupling the thickness of deformable
material including a plurality of wells 13fornmed fromthe well patterns
arid a plurality of fiducial marking patterns fornmed fromthe 14fi duci al
mar ki ng patterns to rigid substrate material. 24. The nethod of claim 23
wherein the ri gi d substrate material is sel ected 2froma glass, a silicon,
tahfglr(rﬁg:lst gLPllgE f Locagﬁ%l?ct tlidcfx allrr% SIFJ-rI;g?el lhrgga%qréc g%%fo cdf I:ie perfonneg\'h B%nuahnr ngel’ or

ot her pol yretometicaly. or hadli- Fon%mﬂ#ethn’édmr@m@lﬁn&lb alpdeBd Whlmﬁedmthm%eldset of

al i gnment gy, mo@fﬁenﬂagt@@ys?emfﬁ%m%s SREK i choRRL dx&h wa&gﬁéé}xmﬂl sposed

g,
around each of the well "patterns corrprl ses at 3l easIE1 ‘ hree recessed
r egi ons, ea@ﬁ“ﬁ?ca{]h%‘a‘%&&%@é@éﬂwé@lf@H%a‘BETkH@1‘5‘]5‘%1@?%PW‘SF"‘(M sposed around a
4peri phery of the we pattern, 127. The nethod of. claim 26 wherein the
coupl i ng® coffi® sé‘é“b‘%? ARy ETRYREimept R e pEeseat igyention B%%F&we@&f% over | yi ng
the rigid spasisrattefonadadng MducialmGkihf erhmatidanch iomeetlyah exzdplapieicei n t he set of

al i gnment néﬁ&lht? not WY 135iCthe scope of the claims. One of ordinary skill in the art would

recognize many variations, altematives, and modifications. The process 4440 includes

process 4810 for acquiring image, process 4820 for segmenting image, process 4830 for

10 performing blob analysis, process 4840 for determining whether fiducial marking is located,
process 4850 for adjustiag position, and process 4860 for moving fiducial marking.
Although the above has been shown using a selected sequence of processes, there can be
many alternatives, modifications, and variations. For example, sorne of the processes may be
expanded and/or combined. Other processes may be inserted to those noted above.

15  Depending upon the embodiment, the specific sequences of processes may be interchanged
with others replaced. For example, the process 4860 may be skipped. Further details of these

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

[0131] At the process 4810, an irnage of the fiducial marking is acquired. Prior to the
process 4810, the stage is positioned to an initial position defined as %, =x, &+ y,J+2,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 in-':ags 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
varied to optimize system performance. After the image is acquired, the image may be

25 adjusted to cornpensate for variations in lamp intensity and color. This compensation may
take the form of image normmalization. Additionally, the red, blue, and green cornponents 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 4820, the image is segmented. Segimnentation of the image can
30  separate desired images from the background signal and produce “blobs™ nseful in further
analysis steps. At the process 4830, the blob analysis is performed. The blobs in the image

are compared against a training set contzained in a database, The training set contains images
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2 at least three recessed regions being spatially disposed around a
periphery of the well 3patterns. 129.A mcrofluidic system the system
conprising: 2a rigid substrate material, the rigid substrate materi al
having a surface region, 3the surface region bei ng capable of acting as a
handl e substrate; 4a deforrnable fluid |ayer coupled to the surface region;
50ne or nore well regions forned in a first portion of the deformable fluid
6l ayer, the onc or nore well regions being capable of holding a fluid
therein; 7one or nore channel regions formed in a second portion of the

def or rm'bl N Paot% nﬁ[én%FF bbtaul'? ﬁomea l:?rre %Pn-%grtoct“nucr%ldxc %cgpa%ggﬁ'w%t coupl ed to

one or - ons; Ve T eglon
def or rrabl ecdnldumk IFayeqamphhbe mm\lwlumsmncwanhbgmdnmg)mmamb tbqs nore wel |

regi ons; 1%&mﬂ@&m§ﬁ%1¥&mo$&&%ﬁi&9ﬁ Ql' ,2Lhe deformabie fluid layer, the
non-active region 1Zbeing formed ou & of the first portion and the

second por §o184); A3Re 3:1:&:5&43&0 %&h@lmanﬁﬁéﬁmg,ﬂ@m 1%@1@%@&&%&!5@ ma active
regi on and _di sposed nanner associ at ed | east one of

the channef ‘f"é’é PgTns ‘?L'B%?“é’e‘&‘g?fa"cfﬁ Wiy afrmEik |I‘h‘@“3feB‘Pﬁ‘E’6‘e% ‘f ’ﬂF Rest he

non- act i vemaefbithe blogh td it pesiads isfound to be within a predetermined specification, the
fiducial marking is considered to be located. For example, the predetermined specification
includes 2 proximity ranking of less than 4200, If the fiducial marking is not detected, the
process 4850 is performed.

10 [0134] At the process 4850, the position of the stage is adjusted, After the adjustment, the
processes 4810, 4820, 4830 and 4840 are performed. In ong embodiment, at the process
4850, the stage is moved in an x direction and/or a y direction. In another embodiment, the
stage is moved in a z direction at the process 4850. For example, the stage is moved by a
selected amount in a first z-direction (Az) by stepping the z-motor 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 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 finction 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 fidocial marking 1s 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 4360, the stage is iranslated 1o move the fiducial marcking to
substantially the center of the field of view of the imaging system.

30 [0136] As shownin Figure 19, at the process 4442, the actual locetion of the located

fiducial marking is measured. As shown in Figure 20, the measured location of the fiducial
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16a spatial manner associated with at | east one of the well regions; 17a
control |ayer coupled to the fluid |layer, the control |ayer including one
or 18 nore control regions; and 19a third fiducial nmarking forned within
the control layer. 130. 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. 131. The substrate of
claim 29 wherein the first Uncial marking conprises 2a first channel
fiducial marking and a second channel fiducial marking, the first channel

3fi duci al rKi ' Lally =di 1:h d channel fiducia
mar ki ng. 132. (rahgzs&&g??rga%%ag#’a%:clogf“’f‘n%%\%ﬁgtrtéFh%%%llé%tlﬁsﬁg‘d i"%umegl mar ki ng
conpri ses 2étdrirl Stprésoming Ole afthvd uehidh ofpfidokiBignakifg an SB6 BOEnea@ntr ol fi duci al
mar ki ng, the first control 3 fiducial marking being spatially disposed from
the second control fjdyoial marking. 133.The substrate of claim29 wherein
the first fiducial T king, the second 2 fiducial marking, and the third
fiducial MRV g Belmg spatial |y di sposed from each ot her E8HU8RE t he
surface region. 134 Zhe substrate of clai'rm 29 wherein the first fiducial
marking is 2 characterized by a spatial dinension of greater than 100 pm

and | ess t p@B8250hapdN is 2 positive integer. For example, the actual location 7, is automatically
5  detected by an image processing rouline.
[0139] At the process 4444, the actual location and the dasign location of the fiducial

marking is compared. The design location of the fiducial marking 4528, referenced to an

origin O, can be represented by a design vector 7,. The design vector 7, representing the
design location of a fiducial marking can also be written as:

erD

10 [01401 Fp=|y, (Equation 2)

an

[0141] where n is a positive integer, The difference in the design location 7, and the

measured location 7, can becalculated as 7,y =7, -7, .

10142] As discussed above and further emphasized here, the processes 4440, 44432, and
4444 are only examples. One of ordinary skill in the art would recognize many variations,

13 altematives, and modifications. In one embodimnent, 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 pracesses 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
¥, ropresents the translation of the located fiducial marking in the x, y, and z a‘xes from the
design location. Using the x and y scalar values from F,,, 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 F,y, the
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135. The substrate of claim29 wherein the first fiducial marking is 2
characterized by a depth of at |east 10 pmwithin a thickness of the
non-active region. 136. The substrate of claim?29 wherein the second
fiducial marking is 2 characterized by a depth of at least 10 pla within a
t hi ckness of the non-active region. 137, The substrate of claim 29 wherein
the third Uncial marking is 2characterized by a depth of at |east 10 pm
within a thickness of the control layer. 138. A nethod of nmanufacturing

m crofluidic chip structures, the nethod 2 conprising: 3providing a nold

substrate ggs%aﬁ%ifagmg%cgéa_w%ﬁmm Qlft%eﬁdlineﬂ?ﬁfogi%ﬂﬁe ﬁmﬁhn&&mga% 4 el |

patterns being provid In_a portion of an active region of a fluidic
chi p; 5Conn¢ieripddecaticnds the g plang.  Tg &i2xip fosvrradivptgens sey be peclarendrdgons: #esi nity of
one of the afi/uvak ihe pateligiens ihe kdjesahindinahad-y pldeki Ng pattern is one of a set of
alignment marks; 7form ng a thickness of deforrnable material within the
plurality oqflaeel hfBwiad tteinssiagsgstes fWitchestth£hiflictlptietinagrfidstisupbbpadvecrn to
fill a portiq f.th d- sibs ; el easing the deformable nmateria
fromt hg mg?rﬁ QESIQLPnl%%rl g’% gl%“ éfﬁ: H%bot(]:)t{fg%vl%i ﬁ‘gfr“’%‘ %?e”q?' hhlc gi%*f“e’?? e%tf,gng?ef or mabl e

material i ndbsribrymade plitedtier povot obiedtivepldce thsifidete! fadingttidinget fielieft t er ns and
a fiducial o/ driemiiildBfelive WnBRale bt Qe B Switch UG i@ higher power

magnification objective. With the higher power magnification objective, the image system

can more accurately determine the vectors 7 and 7,.

10 [0145] Atthe process 4446, whether an additional fiducial marking should be located and
measured is determined. If an additional fiducial marking does not need to be Jocaled and
measured, the process 4448 is performed. If an additional Gducial marking should be located

and measured, the process 4440 is performed.

[0146] For example, the processes 4440, 4442, and 4444 are performed for each of the
15 three fiducial markings 4520, 4522, and 4524 as shown in Figure 20. For the fiducial

marking 4520, 7, and %; are determined. For the fiducial marking 4522, 7, and 7, are
determined. For the fiducial marking 4524, 7, and F, ar¢ 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 designh
20  spaceis determnined. For example, a matrix transformation, sach as an Affine transformation,

is determined based on the difference vectors 7.

[0148] In one embodiment of the present invention, using 2 flexible microfiuidic 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 durng
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 distoriions may impact the magnitude

and direction of the measured veclors 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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12marking pattern to a rigid substrate material. 39. A rnicrofluidic system
the systemconprising: 2a rigid substrate material, the rigid substrate

mat eri al having a surface region, 3 the surface region being capabl e of
acting as a handle substrate; 4a deformable fluid |ayer coupled to the
surface region; 5one or nore well regions forned in a first portion of the
deformable fluid 6 |ayer, the one or nore well regions being capabl e of
holding a fluid therein; 7one or nore channel regions forned in a second
portion of the defornable 8 fluid |layer, the one or nore channel regions be

coupl ed 0 %% oF L fichlnu MSIEL hod CUARR. 4 BB ABLLYS 1201 0N Tormed i

the deform ayer, e activer 8 fﬁgFJﬂrng the one or nore

wel | regi ongasfdhatidhinn Becdriaud bete@inahe desipi@ekeiand hbRedekaemailce fiiui d | ayer,

t he non-active region_ 12bei ar, outside of the first portipn and the
second porf?%ﬁ?ﬂﬁgg'%%ﬁ??%ﬁuﬁg§gf£§9‘gﬁgﬁm’§°FW§?ﬁ ﬁ?ﬁ"ﬁ%%ﬁ??a? e control
| ayer i ncl defonpationepresent imthpregiceofRigirtderite. (Tgiranormatineimapbave liesast t hr ee

fiduci als mapkhdtass SRR RbSiifek cohféents €ast a gl obal alignnent fiduci al
marking within a portion of the 17 deformable | ayer;

{0149] For example, a transformation is determined based on three fiducial markings, such
as the fiducial markings 4520, 4522, and 4524. Such transformation can provide a planar
mapping of the microfluidic device. The plane defined by the three fiducial markings can be
used to characterize the translation of the microflunidic device in the three dimensions of x, ¥,

10 and z as well as stretching of the microfluidic device material in the plane of the microfluidic
device. The roll, pitch, and yaw of'this plane can also be characterized by the plane defined
by the three fiducial markings.

{01501 At the process 4450, the coarse alignment is performed with the transformation
between the design space and the measurement space. For exarsple, the actual position of a
15  metering cell of the microfluidic device is determined, and the metering cell is positioned in
preparation 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 translaied 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

embadiment of the present invention, This diagram is merely an example, which shoild not

unduly limit the scope of Lhe claims-herein. One <;f 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 locatior 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 offsct from the design vector

F, by an error vector F;. This error vector can have components in all three dimensions.

90



18a first fiducial marking wthin the deformable | ayer or the control

191 ayer; 20a second fiducial marking within the deformable | ayer or the
control 21l ayer. 140.A nethod for processing a mcrofluidic device, the
met hod 2 conprising: 3providing a flexible substrate including a first
plurality of fiducial markings; 4determning a first plurality of actual

| ocati ons corresponding to the first 5Splurality of fiducial markings
respectively, the first plurality of fiducial narkings associated 6with a
first plurality of design |ocations respectively; 7processing information
associated with the first plurality of actual |ocations 8and the first
plurality of’stedicqnsfsEatdivm deggupar i RIFHCaErt AT RHrarEtdBHe s8eheen a
desi gn spacéocatiis ofla Rie@sShY @ifedibe Lo pacidy tdkhg itlestgn: Space vasaoTheat ed Wit h

e TSt DAt 1581 A0 000 G4 RAS UL AIRAL 39RGE o000t at od

with the first pluralTt actual Tocations; ormng a first

al i gnnent t ¢imengorf fo@giifindhaspabeing s3lldn prapasation fr mregingast  13i nf or mat i on

associated with the transformati on between the design space and the
5 [0L52} Asdiscussed above, Figure 19 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,
altematives, and modifications. For example, to initiate the microfluidic device registration
process, an algorithm, can be used to register the microfluidic device with respect to the
coordinates of the imaging system coupled to camera and the stage. Based on determinations
10 and/or evaluations of the stack-up tolerances from the integrated microfiuidic device and
carrier and the microscope slage, tolerance metrics can be set. In one embodiment, the
tolerances is set to ensure that at [east one global fiducial generally appears within the ficld of
view available when the lenses 4075 comprise a 2.5X objective. This tolerance definition
allows automation of the fiducial finding process and streamline system operation. In another
15 cmbodiment, 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

carties the microfluidic device to which the fiducial mark betongs.

20 J0153) 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 skil] in the art would
recognize many varigtions, alternatives, and modifications. The process 4420 includes

25  process 4802 for acquiting images of and process 4804 for determining alignment and focus,
Although the above has been shown using a selected sequence of processes, thers can be
many alternatives, modifications, and varations. For example, some of the processes may be
expanded and/or combined. Other processes may be inserted to those noted above. For
cxample, 2 process substantially similar to the process 4440 as described in Figure 21 is

30  perfonmed on a metering cell and ils 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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14 neasurenent space; 1l5acquiring a first plurality of inmges of the first
Unci al marking; 16processing information associated with the first
plurality of images; 17perform ng a second alignnment to the flexible
substrate based on at |least 18 - information associated with the first
plurality of images; 19acquiring a second image of the flexible substrate.
141. The method of claim40 wherein the flexible substrate further , 2
conprises a first chanber, the first chanber being capable of holding a
fluid therein. 142. The nethod of claim41l wherein the first fiducial

marking is withi .Gk RdbY; L; L hod of claim
42 wherein m%ﬁsellggﬁéyc’:c%nge&’o?g eﬁ'téjhﬁ%&‘%ﬁ%ﬁ%gg%ﬁ?tgéi%%égg%i ated with
the first chduslsbmarkingis assp@atearifoie Bfterss a¢lkrivhigh haghepnfaligned ssingBopri si ng

provi di ng t e, fde@¥ilanLEtibs bjadd Md 8 nRastiABR spabd tEpeoctR bR FRureCl ai m 43,

and Further_conprising storing the.second 2 j e in a nmenory. 23030
pi xel s 24 s gEimpﬁﬁed%rOcess 4%02%% acqu:r?ng?mages of ﬁdlr:lr&a marking accordrxrr?g t%/ an _

5  embodiment of the present invention. This diagram is mercly an example, which should not
unduly limit the scope of the claims. One of ordinary skiil in the art would recognize many
variations, alternatives, and modifications, The process 4802 includes process 4910 for
moving stage in first direction, process 4920 for moving stage in second direction, process
4930 for acquire image, and process 4940 for determining need for additional movement.

10 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. QOther processes may be inseried o those noted abave,
Depending upon the embodiment, the specific sequences of processes may be interchanged
with others replaced. For example, the fiducial marking used in the process 4302 may be a

15 company logo having a height the same as that of the wells, In another example, the fiducial
marking has a height different frorm. 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 2, +&.

[0156] At the process 4920, the stage is moved in a second z-direction by a distance equal
to J. For example, this second z direction is opposite to the first z direction. The step size

& 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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1 2 imge. 1 46. The nmethod of claim45 wherein the second i mage conpri ses
3900 by 47. The nethod of claim46 wherein the second i nage conprises a 16
bit 48. The nethod of claim47 wherein the nmenory is a conputer nenory.
149, The met hod of claim 40 wherein the first plurality of fiducial markings
2conprises three fiducial markings. 50. The nethod of claim49 wherein the
first plurality of fiducial markings 2is free fromthe first fiducial
mar ki ng. 151. Thenet hod of claim50 wherein the processing information
associated 2with the first plurality of inages conprises: 3determning a
first plurality of focus scores associated with the first plurality 4 of
i mages: 5prigedsiehyrs YaRrbioraENERsYasT Aefamanse wh i the fraage ixagquitgildbenl i ty of
focus scor egagSHalRMMuitbdYg canfeRGUToPAbitohOR 1R HRhsBNndleob LIt | Nfor mati on
associ at ed ggrl}pgnsgtporel rr?a];flta!‘kst:{hc%n%ro?lrrll;g nc?r}cnalgzgtcl;olill.s Aﬁgiggn% ¥, the red, blue, and
green components of the image can be adjusted to white balance the image. The white-
5  balancing of the image may be accomplished by median correction or other known

techniques.

[0158| At the process 4940, whether additional stage movement should be performed is

determined. If the stage has been moved in the second direction though a distance equal to or

largerthan 2-z, + &, no additional stape movement is needed. The process 4804 should be
10  performed. If the stage has been moved in the second direction though a distance smaller

than 2.z, + & , an additional stage movement is needed. The process 4920 is performed.

[0159] As shown in Figure 23, at the process 4804, the alignment and focus are determined.
Figure 25 is a simplified process 4804 for aligning and focusing image system according to
an embodiment of the present invention. This diagram is merely an example, which should

15 not unduly limit the scope of the claims. One of ordinary skill in the art would recognize
many variations, alternatives, and modifications. The process 4804 includes 6810 for
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 foous scores, and process 6880 for determining focus position. Although the
above has been shown using a selected sequence of processes, there can be many altemnatives,
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  Forexample, the process 6860 is skipped. In another example, the process 6860 is performed

. after the process 68380. 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, Atthe process 6820, the selected image is segmented. Segmentation of

30  theimage can separate desired image from the background signal and produce “blobs™ usefinl
in further analysis steps,
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152. The method of claim51 wherein the determining a first plurality of

2f ocus scores associated with the first plurality of images conprises: 3for
each of the first plurality o f images, 4determning a |lust val ue
associated wwth a first characteristic of the each of the 5first plurality
of images; 6blurring the each of the first plurality of inmages;

7determ ning a second val ue associated with the first characteristic of the
8blurred each of the first plurality of imges; 9if the second value is
equal to or larger than a predeterm ned value, 10 determ ning a focus score

equal to a{mhi OAbc&& m@aes 53@@ :ﬂeiw&tanaz@lsusqm&mea hﬂm&;&i&@ﬂﬁhé’lﬁ{agl&a:c 11i f the
second val ue i term ue, deter.m ni the 12

f ocus scor §°@Wlagi”85t "? QW f)et f)D %W atdﬂ'ébafl rst tmm’l“ﬁ%et SHERIPHRES ¥det er mi ned
val ue. 153 filixgal matldmgcbbafncd:fran AlaG2 Hmwefnmcltoﬂle;dladquncs amigmagifig r st plurality

of 2images Qlyf e t;,app | el AREHL D% CHIRLS RES: 1n M, Bk AL | €X1 I €
substrate to a fir k urality of posTtion ¥ eac f first
plural ity @ﬁ“%%ﬁlwsoﬂ%’éﬁuﬁﬁ theromaayddsot he first plurality of 5images.
[0162] At the process 6840, whether the fiducial marking is located 1s determined. If the
fiducial marking is located, a region of interest (ROT) is created around the fiducial marking.
Figure 26 is a simplified image acauvired and analyzed according to an embodiment of the
present inventton. This diagram is merely an example, which should not unduly limit the
10 scope of the claims. One oF ordinary skill in the art would recognize many variations,
alternatives, and modifications. The fiducial marking may be a company log 4770 surround
by a region of interest 4760. In one embodiment, if the best match of the blobs to the
standards is found to be within 2 predetermined specification, the fiducial marking is
considered to be located. For example, the predetermined specification includes a proximity
15 ranking of less than 4200.

[0163] At the process 6850, whether additional image should be analyzed is determined.
For example, if any of the images taken at the process 4802 has not been sclected 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] Atthe process 6860, the alignment in the ¥ and y dimensions is determined. In one
embodiment, the alignment 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 retationship 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 v dimensions of the fiducial marking. For example, the
metering cell has a length and a width each about 2 pm. The fiducial marking is placed
substantially at the center of the metering cell. In another example, the fiducial marking is in .
the vicinity of or within the metering cell 2nd their actual spatial relationship in the x and y

30  dimensions does not change significantly from the desipn 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. Tn another embodiment, the
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154. The met hod of claim50 wherein the performng a second alignnent to 2
the flexible substrate conprises noving the flexible substrate to the focus
position. 155, The nethod of claim40, and further conprising: 2acquiring a
first image of a first fiducial marking associated with the flexible
3substrate; 4performng a third alignnment to the flexible substrate based
on at least 5information associated with the first ithage. 156. The net hod
of claimb55 wherein the acquiring a first inmage of the first 2fiduci al
mar ki ng conprises: 3acquiring a second image; 4processing information

associ at ed fhg s&)@&@ﬂﬂcdﬁ@gﬁscd5@&Eeﬁﬁn%’r&tm3£éaef’ortehﬁnpﬁé E}?‘et“ indyei al
6i.f the firs ' marking is
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pr ocessi ng In OI’ mat | on asso | ate econd %I | nc udes segn”enti ng
t he secohd ll'l'rﬁﬁg]é!ﬂ sharp focus, high frequency details are visible, and when the image 1s out of .

focus, the high frequency details are blurred or smudged. In yet another embodiment, the
focus score is calculated based on histogram. The histogram techniques use specific

characteristics of the fiducial marking to improve focusing.

[0166] In yet another embodiment of the present invention, the images for the area of

10  interest are acquired by the imaging syslem. For each of at least 5ome of the acqui}ed
images, a first sobel square sum is determined. The sobel operator is applied to each data
point on the acquired image. Each resultant value is squared, and all of the squared values
are added together. Additionally, the acquired image is blurred. For example, the blurring
may be accomplished by applying Gaussian smoothing to the acquired image. In one

15  embodiment, the Gaussian smoothing serves as a low pass filter attenuating high frequency
cornponents of the acquired image. In another embodiment, the Gaussian smoothing can be

deseribed as follows:

[0167] For the blurred image, a second sobel square sum is determined by applying the
sobel pperator to the blurred image, squaring each resultant value, and summing all the

20  squared values. Afterwards, clipping is applied to the second sobel square sum. Ifthe
second sobel square is smaller than 2 predeter‘mined threshold, the second sobel square sum is
set to the predetennined threshold. Dividing the clipped second sobel square sum by the first
sobel square sum, the resultant 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 procass 6880, the focus position for the metering cell is determined. As
discussed above, af 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. Tn 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,
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12perform ng blob analysis to the second i nage. 157. A nmethod for processing
a mcrofluidie device, the nethod 2 conprising: 3providing a flexible
substrate including at |east three fiducial markings, a first 4additional
fiducial marking, and a first chanber capable of holding a fluid therein;
S5determ ning a transformati on between a desi gn space and a neasurenent
6space based on at |east information associated wth the at |east three
fiducial markings; 7performng a first alignment to the flexible substrate
based on at |east 8information associated with the transformati on between

t he design and the 9 measyr ace. 10acquiring.at. least a first
i mge of thzﬂqgl rsf'améh(fr PSR en ?%Egﬁ&ﬂ mrfglrnﬁlﬁdﬁékﬁ “éngs%lb“?r %“Sanpt“ﬂit he first
chanber; 12pewfbens withig the nextriog ¢ellh thg p emrtsidno Théhigeus pestidpliethe adistensidre based on

at | east 13| P&Qﬁu@i@ﬁﬂg‘&@u é%é@ﬁdx@éd%%e%r{ e bR pBén{o%.tm ﬁlgﬁgﬁ}ers}o‘hao(fg‘lél ring a

second image of the first chanmber associated wt exi bl'e 15substrate.
158. The net H8eridmakingi Rersramite theimtteringcel drserenetiand widthrashstbertum on

5 The fiducial marking is placed substantially at the center of the metering cell. In another
example, the fiducial marking is in the vicinity of or within the metering cell and their actual
spatial relationship in the z dimension does not change significantly from the design spatial

relationship.

[0170) Tigure 27 shows simplified curves for focus score as a function of z position

10  obtained at the process 6870 according to an embodiment of the present invention. The focus
scotre at each z value is associated with the sobel square sum for the acquired image without
blurring. 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, altermatives, and
modifications. As shown in Figure 27, focus scores are calculated at z-axis positions

15  separated by approximately 2 um and extending for 100 pm on either side of zz The coarse
nature of the z-axis position determined by the process 4802 is evident, as the peak of the

focus score distributions are located approximately 20 pm from zy.

[0171] In another embodiment, the method by which the stags 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
locaticns separated by greater distances. In another example, focus scores collected at 10 m
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.

[01772] Pigure 27 shows two different focus score runs in which the aperture of the

25  condenser of the imaging system is operated in either a narrow or a wide sefting. A curve
5030 corresponds 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 botiom edges of the
fiducial marking, such as a company logo. This bi-modal distribution can be characterized by
a full widih half magnitude (FWHM) 5035. If the condenser aperture is operated at a wide

30  setting, the bi-modal distribution merges into 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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2 between a design space and a neasurenent space conprises: 3determ ning at
| east three actual |ocations corresponding to the at |east three 4fiduci al
mar ki ngs respectively, the at |east three fiducial markings being
associated with at 5l east three design |ocations respectively; 6processing
i nformati on associated with the at |east three actual |ocations and 7the at
| east three design locations. 159.The nethod of claim58 wherein the
design space is associated with 2the at |east three design |ocations and

t he neasurenent space is associated with the at | east 3three actual

| ocat i ons. : : QI R L0801, 0 t AR F ast a
first inagé%ggq%¥ﬁgﬁﬁéﬁgguggg§fiona?r idué?gﬁhéggﬁing 82%%%?§%§%E3acquiring
a first plulsiyolion is epresenigdy 5% he first additional fiducial marldng, the
Afirst plurality of. . s including the first iLnage; 5processin
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of cl ai m 57osisiadotidinedlabthe pomr4884 wgortiag atonfigntobinef o Xiclpgen? Bwhisibi.at e on a
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second
image without blurring. This diagram is merely an example, which should not unduly lirnit

the scope of the ¢laims. One of ordinary skill in the art would recognize many variations,
alternatives, and modifications. Asshown in Figures 2’7.and 28, the focusing scores obtained
without image blurring may produce irregular focal peaks under certain conditions.

10 Sometimes the peak is single modal, sometimes the peak is bi-modal, and usually the peak is
a combination of the two, Neither peak is guaranteed to be the top peak and thus grabbing
one peak over the other may result in a focus plane emror on the ordet of tens of microns. If
the depth of field of the imaging system is less than 10 microns, grabbing the wrong peak can

produce significantly out of focus images,

-

15 [0174] The disadvantage for obtaining focusing scores without irnage blurring 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 should not unduly limit the scope of the claims. One of ordinary skill in the

20  art would recognize many variatiops, 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.

[0175] As shown in Figure 29, the blumring 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 degradationas 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 cmbodiments, 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 spacc to the measurement space at the process 4410. For example, bending or tilting
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2 image in a nenory. 163. The nethod of claim62 wherein the nenory is a
conputer nenory. 164. The nethod of claim57 wherein the second i nage
conprises 3900 by 23030 pi xels.. 165. The nethod of claim 64 wherein the
second i mage conprises a 16 bit 2 inmage. 166. The nethod of claim57 wherein
the perform ng a second alignnent to 2the flexible substrate conpri ses:
3translating the flexible substrate in at |east one dinension to position a
4 chamber in preparation for capturing the second i mage. 167. The net hod of
claim57 wherein a volune of the fluid is less than a 2nanoliter. 168, The

met hod of gird MicRAuivl @E@EdNhbleey shittiglmARlidnk: Bdur S4B Bal fiBMelERE 1S 2 a
conpany Iogo.fﬁBQ.The nethqgrof(@Laln157 wherein the at | east three
fiducial nEHRGMEE dVich MY 8 4 HAmpalaaxk Rynersbonen Lhsipiddsends clai m 57
wher ei n t hidcdsingxiepd @aysednd i atiecrdas: id e amomibbb Binenie@reti ly @uicki atighsi ons.
resolution image of the metering cell. Improved mapping between the design space and '
5  measurement space wonld enable the imaging system to move the melering cells to position
in which the acquisition of high-resolution images can be performed with increased

efficiency.

[0177] To further improve the mapping accuracy, in some embodiments, more than three
fiducial markings may be used at the process 4410 to provide a non-planar {rans{formation

10 between the design space and the measurement space. Figure 30 is a simplified surface map
of a three dimensional flexible substrate according to an embodiment of the present
invention. The warping or deformation of the microfluidic device is illustrated as an increase
in z-axis height at certain x-y positions across the (Iexible substrate. In one embodimetit, the
inputs for this higher order dimensional mapping could come from location information

15  obtained using more than thres fiducial markings. In another embodiment, inputs could be
provided based on measurements made on the metering cell at the process 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 devics in preparation
for the process 4420 would improve in accuracy as more data is obtained. The generation of

20  such a higher arder dimenstonal wapping can substantially increase the system throughput by

reducing or even eliminaling the need for the process 4420 for some or all metering cells.

{0178] In one embodiment of the present invention, 2 12 point micrefluidic device
registration process can be used that {its at least four fiducial markings with a non-planar
surface. For example, a three dimensional parabola could be used as the mapping surface.
25  For example, the process of determining the coarse and fine Jocations of each fiducial
marking cen comtribute 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 algorithmn that uses higher order fitling and localized

cosTections to improve system throughpui,
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171. The method of claim70 wherein the flexible substrate is deforned by 2
actions selected fromthe group consisting of fabrication, handling, and
protocols. 172. The nmethod of claim 71 wherein the protocols can result in
the flexible 2substrate swelling or contracting. 173, The nethod of claim 70
wherein a relationship between the design 2 space and the nmeasurenent space
I's non-planar. 174. The nethod of claim 73 wherein the flexible substrate
is deformed 2such that a planar transformation is capable to approximately
determ ne an actual |ocation of 3the first chanber. 75.The nethod of claim

57, and f r c ri si pg: 0 | Z] t he second i nage. 3white bal ancin
t he secong{oﬁﬁgé&%ﬁ%ﬁ%épg’i‘eﬁéy‘?ﬁ °d|sqéécg'%8s LF?T’E&‘?SSF?%H# a“f?"r‘*?%?”i mage depth tg
a second i siggmerd epl focusiby B cEitein ersiiodipdntef§ Falegample/ 8 thehescessiathigef i r st i mage
depth is 1§ieglr24n&§ aﬁmc&'a?thggﬁﬁam_ukﬂg ocERLRinlnR: nﬁﬂeté%gg%ﬂ calGiafRt hod of

claim57 wherein thc transtormati on between the desi space and the
measur enentfspmesupay. AvHofiesaample, at the process 4420, the alignment of the fiducial

5  marking is within about 1-pm accuracy. Tn yet another example, at the process 4420, the

focusing of the fiducial marking is within about 1-pm accuracy.

[01801 Asshown in Figure 18, at the process 4430, the metering cell is moved to the facus
position and an image of the metering cell is captured. For example, the captured image has
a high resolution. In one embodiment, the image is acquired by the same camera that is used
i0  to capture the low-resolution image at the process 4810, In another embodiment, a Leica
DC500 digital camera can be used to capture a high-resolution image. For example, the high
rcso[t;tion irmage has about 3900 x 3030 pixels and covers at least one well region including
tha fluid and species at a color depth of 16 bits. In another example, the image includes the
containment lines, the wells, and the channels that connect the wells. In yet another example,
15 the metering cell is moved in the x dimension and/or the y dimension in order to improve

alipnument prior to capturing the image of the metenng cell.

{0181] The captured image is then normalized. In one embodiment, the color and intensity
of the acquired image is significantly affectod by the condition and operating voltage of the
illumiration 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 differcnces 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 fom the imaging system with the stage at a z calibration position. In one example,
the z calibration position is different from the focus position. The z calibration position may
39 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 ag the focus

position. The calibration image is then used to correct for the effects resulting from the
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178. The nmethod of claim77 wherein the non-planar transformation 2
parabolic mapping. 79. The nethod of claim77
wherein the non-planar transformation is 2updated using information
obt ai ned by characterization of a second additional ftducial 3 marking.

conpri ses a three dinensional

180. A system for processing one or nore mcrofluidic devices, the system 2
I ncl udi ng one or nore conputer-readable nedia, the systemalso including a

stage for 3locating a flexible substrate,

the flexible substrate conpri sing

at least three fiducial markings, 4a first additional fiducial marking, and
a first chasdeion eaPablagnOfonh@lof ing gnirfalist sdurtd Gh Gidtmbbiig.cR, @pe or nore
conputer-re uctions provi di ng

a flexible?
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[0183] Although the mapping from this calibration image to the actual image may not be
linear due to the bending of light rays as they pass through the microfluidic device and/or
glass slab, the image normalization effectively white balances the image by adjusting the red,
blue, and green components of the image. Additionally, the image normalization improves
consistency between the attenuated edge pixels and the center pixels. For example, the
effects of white balance and consistency improvement are significant for low illurnination
conditions and particular condenser and/or aperture settings in which the non-linearity is

proniounced,

[0184] Moccover, the image; is median shifted to move the centroid of the image histogram,
i.e., counts as a function of intensity, to 2 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 microfividic device. Using these sampled intensity ratio
values, the image is adjusted to shift the centroid of the image to the known value. Inone
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 cither darken or brighten the image. Inone
embodiment, the normalized, white balanced, and downgraded tmage-is stored in a computer

memory available for further processing.

[0185] Asdiscussed above and further emphasized here, the above description of the
process 4430 includes merely examples, which should not unduly limit 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 cornbined. Other processes may be inserted to those
noted above. Depending upon the embodiment, the specific sequences of processes may be

interchanged with others replaced. Purther details of these processes are found throughout
the present specification.
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13one or nore instructions for acquiring at least a first inmage of the
first 14additional fiducial marking associated with the first chanber;
150ne or nore instructions for performng a second alignnment to the

flexi ble 16substrate based on at |east information associated with the
first image; 17one or nore instructions for acquiring a second i mage of the
first chanber 18associated with the flexible substrate. 181, The one or nore
conput er -readabl e nmedi a of claim 80 wherein the one 2or nore instructions
for determning a transformati on between a design space and a 3 neasurenent
space conpr [p3€s} %ﬂ@caﬁiblcmEﬁtﬂeﬂ&ﬁu’ouﬁtehm&eBﬁﬁcndiﬁvtreﬁflm RHfbtghafidn db@Sd t hree
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markings. The early measurements of centrally located meteting cells may provide for faster
convergence of the fitting atgorithm as the measured location of these centrally located celis
10 may differ from the planar mapping more than the measured locations of cells closer to the

fiducial markings.

[0187] As discussed above, the method 4400 uses various fiducial markings in various
processes. [n one embodiment, the fiducial markings can be any physical features associated
with the microfluidic device. For example, the fiducial markings are on the handle substrate

15 of the microfluidic device. In another example, the fiducial markings are on the flexible
substrate of the microfluidic device. The fidueial markings may include a channel wall or an
edge of the microfluidic devise. In yet another example, the fiducials mackings are selected
from ones described in Figures 1-13A and 15A-15B.

[0188] Additionally, the method 4400 align and focus a metermg 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 bebween the fiducial marking and the metering
cell does not change significantly. For example, the fidncial marking s in the vicinity of the
metering cell. The metering cell is merely an example, which shounld not unduly limit the
scope of the claims. One of ordinary skill in the art would recognize many variations,

25  altematives, 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, a fluid chanrel, 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
comnputer system. For example, a system for processing one or more microfluidic devices

includes one or more computer-readable media and a stage for locating a flexible substrate,
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20r nore instructions for acquiring at least a first imge of the fast

addi tional fiducial marking 3conprise: 4one or nore instructions for
acquiring a first plurality of inages of the first 5additional fiducial
marking, the first plurality of inmages including the first imge; 6one or
nore instructions for processing information associated with the first
7plurality of images. 184.The one or nore conputer-readable nedia of claim
SO, and further 2 conprising one or nore instructions for storing the
second image in a nmenory. 185. The one or nore conputer-readabl e nmedi a of
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information associated with the at least three fidueial markings. Additionally, the one or

mare computer-readable media include one or more instructions for 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, one or more

10 instructions for acquiring at least a first image of the first additional fiducial marking

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 first image, and one

or more instructions for acquiring a second image of the first chamber associated with the

flexible substrate,

[5 [0190] The one or more instructions for deteqinining a transformation between a design
space and a mecasurement space include one or more instructions for determining at least
three actual locations corresponding to the at least three fiducial markings vespectively. The
at least {hree fidueial 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 instnictions foc acquiring at least a first image of the first
additional fiducial marking include one or more instructions for acquiring a first plurality 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 a memory. The memory is a computer memory.
The second image inshides 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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4di mensi on to position a chanber
I mge. 189. The one or

2volune of the fluid is |l ess than a nanofiter. 90. The one or nore

conput er -readabl e medi a of claim80 wherein the 2first additional

in preparation for capturing the second
nore conputer-readable nedia of claima80 wherein a

fiduci al

marking is a conmpany | ogo. 191. The one or nore conputer-readabl e nedia of
claim80 wherein the at 2 |least three fiducial markings conprise a conpany

| ogo. 192. The one or
2fl exi bl e substrate is deformable in three dinensions,
conput er - r egglahlog RAitien Qéhaﬁbélumr%mm@dapmﬁ;@h;&&mhmg@ Aupshd e 1S
.consj sting of tabglcatlon

% nedi a of
cl ai m 93 whetoad imdghen2prodrehethstioamrsbiatatanting thhecdridémngyl @dsubst r at e

def or ned by actions sel ec

3handl i ng,

AR HPBPEEST 3‘t’li @&S‘Tf?é'“é“ﬁ éneo‘}r ipgitpteereralinnes

nore conputer-readabl e nmedia of claim80 wherein the
193. The one or

nor e

swel 1 ing or conlraahlng co&\%‘émgm%s%@d Bhed b i es%,%% 5ih GA0R0)E i ,H%Qi a of

claim92 wherein a 2 relation
measur enknt des{yaEer xampy Hhediey Hense dpdes Thidt grtthetecond inaeedrplisédit.eadabl e

hip b n space an

nedi a of claim95 wherein the 2 flexible substrate is defornmed such that a

pl anar t r ani@t Wi nét Psrmbetipens Abn fstegditigyp figeishaeing is a company logo. The at

10

i3

20

23

least three fiducial markings include a company logo. In another embodiment, the flexible
substrate is deformable in three dimensions. For example, the flexible substrate is deformed
by actions selected from the group consisling of fabrication, handling, and protocols. The
protocols can result in the flexible substrate swelling or cortracting. In yet another
embodiment, a relationship between the design space and the measurement space is non-
planar. The flexible substrate is deformed such that a planar transformation is capable to
approximately determine an actual location of the first chamber. In yet another embodiment,
the transformation between the design space and the measurement space is non-planar, For
example, the non-planar transformation comprises a three dimensional parabolic mapping.
The non-planar fransformation is updated using information obtained by characterization of a

second additional fiducial marking.

[0193] WNumerous benefits are achieved using the present invention over conventional
techmiques. Some embodiments provide at least one way to form alignment patterps for a
deformable active region for a2 microfluidic system. Certain embodiments rely on
conventional materials, which are refatively easy to use. Some embodiments provide
alignment and/or focus based on mapping between the design space and the measurcmént '
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
acquiring and analyzing a plurality of images along at least one dimension. Some
embodiments of the present invention perform alignment and focusing on a microfluidic
device including at least one flexible substrate. The alignment and focusing take into acconnt
the deformation of the flexible substrate, Ceriain embodiments improve throughput in
imaging system, For example, the imaging system uses a computer system to automaticalty
perform alignment and focusing. In another example, mepping from the design space to the
measutemnent space increases the accuracy of stage positioning, and thereby, the efficiency of

high-resolution image acquisition. Depending upon the embodiment, one or more of these
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3determ ne an actual |ocation of the first chanber, 197. The one O nore
conput er -readabl e nedi a of claim80, and further 2 conprising: 3one or nore
instructions for normalizing the second i mage; 4one or nore instructions
for white bal ancing the second i mage; 5one or nore instructions for
converting the second inmage froma first inmage 6depth to a second i nmage
depth. 98. The one or nore conputer-readable nedia of claim97 wherein the
2first image depth is 16 bits and the second inmage depth is 8 bits. 199. The
one or nore conputer-readable nmedia of claim80 wherein the 2

t r ansf or nathendfitdiedyween Thie agtbathq hersfiiabave &td dedadbedttasupgheurentprapace i S

non- pl anar. %} WQsonThe one or nore conputer-readable nmedia of claim99
wherein thé?? non- planar transformation conprises a three dinensional

parabol i ¢ rgppy nﬂqs%Q;derimtm&egfamm%m&%sJc ebhLeiRdka of claim

99 wherein the 2 non-planar transformation i s updated using I nformation
obt ai ned byl'eFavERIRPTSARLY Hi thyf vagiouyraodiirationsioh Chfrtsﬁsarl hﬁk*falafeﬁﬂérﬂﬂdaar ki ng.
1102. A 3retsapgtstbdib ppsoe eldbddin tha abeY 04 th bé Htleded @Nthinehe sphti amgiuhay of

this application and scope of the appended elaims.
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2 conprising: 3providing a flexible substrate conprising one or nore well
regions and a 4plurality of fiducial marks, the well regions being capable
of holding a fluid therein, at |east 5three of the fiducial nmarks being
within a vicinity of one of the well regions; 6locating the flexible
substrate on a stage; 7capturing an inmage of at |east the three fiducial
marks within the vicinity of 8 the one well region of the flexible
substrate to generate a mapping froma design space to a 9 nmeasurenent
space; 1l0aligning the flexible substrate to an image acqui sition | ocation
using at |east 11the mapping fromthe design space and one additi onal
fiducial mwbHATMBRELAMMEDAE at | east one 12additional fiducial mark is
associated with the one well region; 13acquiring a high-resolution i mage of
at |eastyithe one weli. regitiogicandbstds] e dub@at Bangtis@ig- r esol ution image in a
menory. m, 10

hi gh-Tesbl ution i magd’ %ag?“Pégé agﬁﬁgmgﬁgﬂﬁgi ﬂ?@é?ﬁ aBm%%aE$P%d 1.104.
The met hbd bé suefaed mgidiOBingtrepable nf tching dsiagndfesuipiraitsi on | mage conpri ses 2 3900
by 3030 pixels. 1105 sof 1By @kopled tdthlQfadthgisi N the high-resolution

i mage conprlses
oue or more well regions formed in a first portion of the deformable fluid

6 layer, the one or more well regions being capable of holding 2 fluid therein;
7 ont; or more channel regions formed in a second portion of the deformable
8  fluid layer, the one or more channel regions being coupled to one or more of the well regions;
9 an active region formed in the deformable fluid 1ayer, the active region
10 including the one or more well regions; '
1t 2 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 at lenst three fiducial markings formed within the non-zactive region and
14  disposed in a spatial manner associated with at least one of the well regions; and
_ 15 a control layer coupled to the fluid layer, the contro! layer including one or

16 more control regions.

1 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 fiducial markings are

2  outside of the one or more well regions. -

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.

5. The substrate of claim 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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2 a 16 bit image. 1106. The nethod of claim 102 wherein the nenory is a
conputer nenory. 1107. The nethod of claim 102 wherein aligning the
flexible substrate 2 conprises acquiring a | owresol ution imge,
normal i zing the lowresolution image, and 3 nedian correcting the

| ow-resol ution i mge, 108. The nethod of claim 107 wherein aligning the
flexible substrate 2 further conprises segnenting the inmage, performng

bl ob anal ysis, and translating the 3flexible substrate in at |east one

di rension. 1109. The nethod of claim 108 wherein translating the flexible
substrate in 2at |east one dinension conprises translating the stage to
position a nmetering cell in 3preparation for capturing a high-resol ution

i mge. 1110. Ti m net’hod e sebsptapiidam ndersinthesisiobyigtosiaennesf [ uid is | ess
than a 2nan@ithdi@ized dklddspartile met hod of claim 102 wherein the at |east one
additional flducial 2 mark is a conpany |ogo. 1112. The net hod of claim 102

wherein jthe at |eastg t hreg fbAeh Al B WidreRthe defdRh MR fayd W diRe ol 113, The
met hod of claim 112 wherein the alignment marks are portions of
a material selected from silicone, polymer, rubber, plastic, and PDMS.

1 9. The substrate of ¢claim 1 wherein the deformable fluid layer is optically

2 transparent.

1 10.  The substrate of claim 1 wherein the three fiducial markings are each

2  characterized as a predetermined recessed region.

1 11.  The subsirate of claim 1 wherein the (hree fiducial markings including

2  respective images that are capabie of being caplured with a charge coupled camera.

—

12. A method of fabricating a biological substrate, the method comprising;

2 providing a rigid substrate material, the rigid substrale material having a
3 surface region, the surface region being capable of acting as a handle substrate;
4 coupling a deformable fluid layer to the surface region of the rigid substrate,
5  the deformable fluid layer comprising:
6 one or more well regions formed in a first portion of the deformable
7  fluid layer, the one or more well regions being capable of holding a fluid therein;
8 one or more channel regions formed in a second portion of the
%  defonmable fluid layer, the one or more channel regions being coupled to one ar more of the
10 well regions;
11 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 agsociated with at least one of the well regions; and
17 coupling a control layer to the fluid layer, the control layer including one or
18 more control regions.
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2the wells. 1114. The nmethod of claim 102 wherein the flexible substrate is
deformable 2 in three dinensions. 1115. The nethod of claim 114 wherein the
flexible substrate is deformed by 2 actions selected fromthe group

consi sting of fabrication, handling, and protocols. 116.
The nethod of claim 115 wherein the protocols can result in the 2flexible
substrate swelling or contracting. 1117. The nethod of claim 116 wherein
the flexible substrate is deformed 2 such that there is no |inear mapping
bet ween the desi gn space and t he nmeasurenent space. 1118. The net hod of
claim 117 wherein the flexible substrate is deformed 2such that a pl anar

mapping is insufficient to accurately predjct cqui sition
| ocationt 1119. The et holf BIHE© gflﬁ‘f’%@ RIS éfe‘f)?‘f“(ﬂ"’g‘i“ﬁr%g'gsoar’? ng the
hi gh- r espl udphtintty Rispesercaround at lpastibe gne wieheeglongh-r esol ution i mage i s

normal i zed, white bal anced, and converted 3to a reduced i mage depth. 1120.
The et hpd of claim ﬂ419 Wﬁ@tﬁ&héﬂ drbRint RdueRMA thdRYe ndiRRI hakmgd Reluced 2from a
16 bit jage t, it 1121. The method of claim 102 wherein
allgnlng th@“??éggﬁfﬁcﬁﬁﬁgivgﬁﬁgﬁﬁ the 2three dimensions to an inage
acqui sition |ocation u5|2% at | east one additional fiducial nark

1 15 e method of claim 12 wherein each of the three fiducial markings

2 are spatially disposed around a perimeler of the one well region.

1 16,  The method of claim 12 further comprising a preselected fiducial
marking, the preselected fiducial marking including at least an edge and = center region, the

preselected fiducial making being charactlerized by a predetermined shape.

I 17. The method of claim 12 wherein the rigid substrate material is selected

2 from glass, plastic, composite materials, and a metal.

1 18.  The method of claim 12 wherein the rgid substrate material is

2 characterized as transparent.

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 transparent.

1 21.  The method of claim 12 wherein the three ﬁdu;:ial markings are each

2 characterized as a predetermined recessed region.

1 22.  The method of claim 12 wherein the three-fiducial morkings including

respective images that are capable of being capturcd with a charge coupled camera.

—

23. A method of manafacturing microfluidic chip structures, the method
comprising:

providing = mold substrate including a plurzlity of well patterns, each of the
well patterns being provided within a portion of an active region of a fluidic chip;

forming a plurality of fiducial marking patterns arcund a vicinity of each of

the well pattermns, each of the plurality of fiducial marking patterns being within a portion of a

A L A L
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3 conprises creating a higher order mapping froma design space to a
measur enment space. 1122. The nethod of claim 121 wherein the higher order
mappi ng conpti ses 2a three dinensional parabolic mapping. 1123. The net hod
of claim 121 wherein the higher order mapping is updated 2 using
i nfonnati on obtained by characterization of a second additional .flducial
mark. 1124. A nmethod of processing a biological merofluidic device
conprising: 2providing a defornmable substrate conprising one or nore
nmetering cells, the 3netering cells being capable of containing a fluid
therein; 4locating the defornmable substrate on a stage translatable in x,
y, and z 75dmnpestivoresion of a it chtin, fg piurrditysf Sdpsial warking getene Wchding ago of
fi ducidal am@h%slnﬁaﬁﬂﬁ%@a{eﬁgam%&lm mengsl@&&a][elmgtalrﬁe l&uf@géurea.&;e 9 8det te_r m ning X,
y, and z positions o e at | eas our uci al_.marks; 9c ing a
non- pl andr mappi ng bgfwgﬁﬁ%ﬁdﬂﬁgPéﬁﬁ§ﬁﬁﬁﬁ“ﬁﬁﬁlﬁﬂmggggwgﬂﬁﬁggg space based
on the X0 vy patgnd azd pitign the plesliof of fitheriah nadking pattefud torfil F d Ehetiinak theredokds ;
11transh§ti@gfggga§3age to an i mage acqui sition position calcul ated using
2 p '

the non- 1 anar nappi ng; and .
12 coupling the thickness of deformable material including a plurality of wells

13 formed from the well patterns and a plurality of fiducial marking patterns formed from the

14  fiducial marking patterns to rigid substrate material.

| 24.  The method of claim 23 wherein the rigid substrate material is selected

2 froma gléss, a silicon, a composite, and a plastic.

1 25. The method of ¢laim 23 wherein the thickness of deformable material

2 1ssilicon, silicon rubber, rubber, or other polymeric material.

1 26.  The method of claim 23 wherein the sct of alignment marks among the
2 fiducial masking pattems spatially disposed around each of the well patterns comprises at

3 least three recessed regions, each of the recessed regions being spatially disposed around a

4  periphery of the well pattemn.

1 27.  The method of claim 26 wherein the coupling comprises bonding the

2 thickness of deformable material overlying the rigid subsirate material.

28.  The method of claim 26 wherein the get of alignment marks comprises
2 atleast three recessed regions being spatially disposed around a periphery of the well
patterns.

29. A microfluidic system, the system comprising:

arigid 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 mare well regions formed in a first portion of the deformable fluid
layer, the onc or more well regions being capable of holding a Auid therein;

one or more channel regions formed in a second portion of the deformable

W ~a & W b W R e

fluid layer, the one or more channel regions being coupled 1o one or more of the well regions;
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13capturing an imge of at |east one netering cell. 1125. The nethod of
claim 124 wherein prior to capturing the image of at 2l east one netering
cell, scanning the stage in the z direction; 3acquiring an inage of an

al i gnment mark; 4calculating a focus netric; and 5repeating the scanning,
acquiring, and calculating steps. 1126. A system for processing one or nore
m crofl uidic devices, the system 2 including one or nore conputer nenories,
the systemalso including a stage for locating a 3flexible substrate, the
fl exi bl e substrate conprising one or nore well regions and a plurality 4of
fiducial marks, the wel] regions bei n% capabl e of holding a fluid therein,
at |east® three of 5tafectiv graien Ermsfdp e defasmable A fave Beot e Meiof of one of the
vel | reg ongludidiRhddi@ ofhoBWERreGiof®TPUL €r Menori es conprising one or nore
comput e&l codes, the aongx?-auq{ve gao'%r?fcom}ilfhgheﬁcgﬂgﬁ ii Ii]a?lt:ru&iﬁngr:m— (\:}exfei irOSt code
directet! to capturi i AR 1 HREe  of at oSt Fhe FAras: fegukrare $arks

wi t hi n the beingiforined owfide of Fie figshporiaaiand thegricond potiotshe f | exi bl e substrate to

generate; a mappi ng ffOMnadehi AadRS kiReSRRGEHRL frtciRASHEIRUpaRAGE, 112
second code directed to, aligning the flexible substrate to an i mage 12

acqui si t4 orfPHBLREETESISTRE WEE 2 @ ope 2fike SAUBHITEP™Fr om t he desi gn space and
one addi4ional 13fi ditedoad fiduiakmarkihgfofrhdd vifhi thd noh-@abie repive aadl dikiobednial

fi duci | may k.| 525505k ahaH Wi b8 8% Wl dgions
17 a control layer coupled to the fluid layer, the control layer including one or

18  more control regions; and

19 a third fiducial marking formed within the control layer,
1 30.  The substrate of claim 29 whetein the second fiducial marking is 2
2 company logo and is larger than either the first fiducial marking or the second fiducial
marking,
1 31.  The substrate of claim 29 wherein the first fiducjal marking comprises

2 afirst channel fiducial marking and a second channel fiducial marking, the first channel

fiducial marking being spatially disposed from the second channgl 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 control fiducial marking.

L 33.  The substrate of claim 29 wherein the first fiducial marking, the second
2 fiduecial marking, and the third fiducial marking, bsing spatially disposed from each other

along the surface region.

1 34, The substraie of claim 29 wherein the first fiducial marking is

2 characterized by a spatial dimension of greater than 100 pm 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 xm within a thickness of the non-active region.

1 36.  The substrate of claim 29 wherein the second fiducial marking is

2 characterized by 2 depth of at least 10 pun Within a thickness of the non-active region.
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l4region; 15a third code directed to acquiring a high-resolution inage of
at least the one 16 well region; and 17a fourth code directed to storing
the high-resolution inage in a nenory. 1.127. A nethod for produci ng an

i mage of an object within a chanber of a 2 merofluidic device conprising
the steps of; 3providing said mcrofluidic device, said mcrofluidic device
having x , y, and 4 z dinensions and further conprising a chanber depth
center point |ocated between a top wall 5 arid a bottomwall of said
chanmber al ong said z di mension, said chanber depth center point 6 being

| ocated a known z dinension distance froman optically detectable fiducial
mar ki ng 7enbedded within said mcrofluidlc device at a z depth; 8placing
said mcrbfluidic device Wetsﬂﬁ'ﬁqataﬂqulaﬁfﬁégﬁ'bﬂg‘gi??M@SWIi"?f“i’f@ﬁ's 9an opti cal
devi ce capahbhgaadizeletecdehngs Sadsst 1D pshudinkd a thiakiesspOthabshdDeyfeansmi tting sai d
| mage of said object, said optical device defining an optical path
Llaxially aligned witd sajddofbFRmLORR misBhdlaotny Qfbakdife daydce and
having a focal 12plane perpendicular to sald optical path, wherein when
sai d focat prERESHE noved 13along said optical path in line with said
fiducial frarking, saipdovidigitohatl subBrakd if@udic 2 plurality of well pattemns, each of the

4  well patterns being provided within a portion of an active region of a fluidic chip;
5 forming at least one fidueial marking pattern around a vicinity of one of the
&  well patterns, the fiducial marking pattern is one of a set of alignment marks;
7 forming a thickness of deformable material within the plurality of well
8  patterns and within the fiducial marking pattem to fill a portion of the mold substrate;
9 releasing the deformable material from the mold substrate; and
10 coupling the thickness of deformable matetial including a plurality of wells

11 formed from the well patterns and a fiducial marking pattermn formed from the fiducial

12 marking pattern to 2 rigid substrate material,
i a9, A nijerofluidie system, the system comprising:
2 a rigid substrate material, the rigid substrate material having a surface region,
3 the surface region being capable of acting as a handle substrate;
4 3 deformable fluid layer coupled to the surface region;
5 one or more well regions formed in a first portion of the deformable fluid
6 layer, the one or more well regions being capable of holding a fluid therein;
7 one 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
{2 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
is at least three fiducial markings comprising: .
16 at least a global alignmeni fiducial marking within a portion of the
17 deformable layer;
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14maxi mal | y detected when said foceplane is at said z depth in conparison

to when 15sai d focal

17sai d i mage processing device being able to control said optical

cause said 18focal

pl ane is not substantially in-plane with said z depth,

16an i mage processing device in comunication with said optical device,

device to

pl ane to nove along said z axis and nove said focal

plane to maximally detect 19said fidueial marking, said i mage processing
device being further able to transmt said 20i mage of said object;

21controlling said optica

device with said i mage processing device to

cause said 22 focal plane to nove along said optical path until said
optical devi ce maxi mal | y adedt&decinl matkihg ¥Bhin thecleatmalrizrliiengy; thexdfimi t her

control ljgng,sgl d optical device with said inmage processing device to 25nove
plane along said optical path said z di nension distance to cause

sai d fi%%d 26 depth Center'%055&?&ﬁr$ﬁrégﬁﬁﬁﬁgg%éﬁﬁg%%m%??q%%Ema?pth center

said foca

poi nt; and, 27i magi ng saﬁﬁcoﬁjec
pl ane i <1l okatred sai d 28 chanber depth center point.

e sal

f ocal
1128. The net hod of

claim 127 wherein said morofluidic device is made 2 wholly or partly from

an el astoneric materhkal . Ahdlod fihgokBingachi@bihidiaddvick A8 métrddei n sai d

el ast ome&i C 418y erial is
pnsing:

W =~ Oy v ohA

10

12
13
14
15
16
17
18-
19

providing a flexible substrate including a first plurality of fiducial markings;

determining a first plurality of actual locations corresponding to the first
plurality of fiducial markings respectively, the first plurality of fiducial markings associated
with a first plurality of design locations respectively;

processing infonmation asscciated with the first plurality of actual locations
and the first plurality of design locations;

determining a transformation between a design space and a measurement
space, the design spacc associated with the first plurality of design locations, the
measurement space associated with the first plurality of actual locations;

performing a first alignment to the flexible substrate based on at least
information associated with the transformation between the design space and the
mMEeAsurement space;

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 the flexible substrate based on at least
information associated with the first plurality of images; )

acquiring a second image of the flexible substrate.

41. The method of claim 40 wherein the flexible substrate further

comprises a first chamber, the first chamber being capable of holding a fluid therein.

47, The method of claim 41 wherein the first fiducial marking is within a
vicinity of the first chamber.

43.  The method of claim 42 wherein the second image of the flexible
substrate is associated with the first chamber,
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2pol ycl i nmet hl ysi | oxane, 1130. The nethod of claim 127 wherein said
mcrofluidic device is partly 2 nmade from glass material .
of claim 130 wherein said chanber is fornmed wholly or 2partly hi said gl ass
material. 1132. The nethod of claim 128 wherein said chanber is wholly or
partly 2 within said elastoneric material. 1133. The nethod of claim 127

wherein said depth of field is greater than, 2equal to,

or

1131. The net hod

| ess than the z

di mensi on of said chanber. 1134. The nethod of claim 127 wherein said
optical device conprises an 2 anal og output charged coupl ed device type
i mge detector and said inage processor 3conprises an analog to digital

cow t eag}s a113.5' . ThFﬁf ot ec odc(:lijc?almnlﬂ]'% ecl; %m&:ré%%ﬁrggat !

conpris 2digita eVl CE

mherein2sahdm¢magespmgce55|ng devi ce 2 conprlses a digital
data storage devi ce. 137. The nethod of claim 136 wherein
said digital conputet. cOmpmethesofanin?ol)kplfitith Sqphpmiying etbrifh thpdeadyndng sai d

i mage of, said. obj &¢lor,.

cal
e “é”’i“rgr‘f 127

conputer and a

b 46.  Themethod of claim 45 wherein the second image comprises 3500 by

2 3030 pixels.

47.  The method of claim 46 wherein the second image comprises a 16 bit

2 image.

1 48.  The method of claim 47 wherein the memory is a computer memory.

49,  The method of claim 40 wherein the first plurality of fiducial markings

2 comprses three fiducial markings.

i 50.  The method of claim 49 wherein the first plurality of fiducial markings

2 isfree from the first fiducial marking.

with the first plurality of images comprises:

of images;

S e Y A L

first plurality of focus scores,

51.  Themethod of claim 50 wherein the processing information associated

determining a first plurality of focus scores associated with the first plurality

processing information associated with the first plurality of focus scores;

determining a focus position based on at least information associated with the

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,

first plurality of images;

blurring the each of the first plurality of images;

o~ v LA B W N

blurred each of the first plurality of images;

112

determining a first value associated with a first characteristic of the each of the

determining a second value associated with the first characteristic of the



1138, A system for producing an inmage of an object within a chanber of a
2m crofl uidic device conprising: 3said mcrofluidic device, said

m crofluidic device having x, y, and z 4 dinmensions and further conprising
a chanber depth center point |ocated between a top wall 5 and a bottom wal |
, of said chanber along said z dinension, said chanber depth center point 6
being | ocated a known z di nension distance froma optically detectable
fiducial marking 7enbedded within said mcrofluidic device at a z depth;
8an imagi ng systemfor placing said mcrofluidic device therein conprising:
9an optical device capable of detecting said fiducial marking and

10transmi tting said tithagendialeds equaip edirgersipnd poptitredieddaud,ce defining an
optical gpathfdax) Qkoh% sa%re ngasndo mahbbe%@éeq e fitkt m&%eg]\ ?&:oﬁf‘{' e crofluidie

devi ce and "having a foca | ane, wherein when sai oca ane i s nmoved
al ong sHid optical bféﬁﬂrﬁcfcﬁ‘dl”?l&‘i%‘s Stnallpr thandie Rﬂeqbieaﬁﬁ?ddﬁamﬁﬂe%mgmg $8i d fiducial

mar ki ngia s fhmRXicoRlehiyal e reed R thesB8 istiafhe bR prddttaned vaesubst anti al |y
in-plane with said z depth as conpared to when said field depth 15center

point i§ not substangi a'iﬁéﬁe&o@h?ﬂ?ﬁm%&ﬂer&%ﬁ g‘afhmﬂ:@?aﬂtf Jrage

processi ng device in conmuni cation wth said device,” 17said image
pr ocessing iwessF efdhpiEtfigudpmerking wEREsesl sai d opt| cal device to cause said

18f ocal 3pl ane to oWk @RAlcHiBle Gubdirteth & Aik0sluiBYRF Saiudnd; i el d depth center
point t 94 far each of the first plurality of positions, acquiring one of the first plarality of

5 images.

1 54,  The method of claim 50 wherein the performing a second alignment to

2  the flexible substraie comprises moving the flexible substrate to the focus position.

55, The method of claim 40, and further comprising:
acquiniog a figst image of a ficst fiducial marking associated with the flexible
subsirate;

performing a third alignment to the flexible substrate based on at lsast

Lh A W b o~

information associated with the first image.

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 fidycial marking is present in the second image;

if the first fiducial matking is not present in {he second image, translate the
flexible substrate in at least one ditnension;

wherein the second image is the first image if the first fiducial marking is

= B = Y L I o B

present in the second image;

Pk
o]

wherein the processing information assoctated the second image includes:

—_—
—

segrnenting the second image;

™

performing biob analysis to the second image.

1 57. A method for processing a microfluidic device, the method
2 comprising:
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19maxi mal | y detect said fiducial marking, said inmage processing device
being further 20able to transmt said inage of said object, said inage
processi ng device being in 2loperabl e conmunication with said optical
device to cause said focal plane to nove 22al ong said optical path until
said optical device maxinmally detects said fiducial 23marking, 24wherein
when sai d i mage processing device causes said optical device to 25nove said
focal plane along said optical path said z dinmension distance, said focal
point is 26l ocated at said chanber depth center point. 1139. The system of
claim 138 wherein said mcro fluidic device is nmade 2wholly or partly from
an el asgoneri c mat epioating 4 B140ble Tiberagisdetingaf lcot thiemid B8l whaddrgs,n i d
el ast oM | 6o ARLA i ki @ROLYC MR LIS LOKRRE i n T pafy ST om of cl al m
138 mhereiﬁisapﬁ h1&%8?Tg|ch evi ce |§:%§rtfj3 %% r%nfglass mat eri al .
142. Thé system of ettanniEIgraHealien bshieer TiralFb@Ece 29d p SIEpEFTRAol | y or
2partlysi Nynad glsddloSbiciBin@ih@lon associated with the at least titdbJidudilenasiisdsem of clai m
139 Wher7el n said c hg'er O?nrliﬂlg g ﬁ}/sw?glg%%cnﬂo r.l?eai{eub% substrate based on at least
8  information associated with the transformation between the design space and the
9  measurement space;

10 acquiring at least a first image of the first additional fiducial marking

11 associated with the first chamber;

12 performing a second alignment to the flexible substrate baged on at least

13 information associated with the first image;

14 acquiring a second image of the Arst chamber associated with the flexible

15  subsfrate.

58.  The method of claim 57 wherein the determining a transformation
between a design space aud a moasurcment space comprises:

determining at least three actual locations comesponding to the at least three
fiducial markings respectively, the at least three fiducial raarkings being associated with at
least three design locations respectively;

processing information associated with the at least three actual locations and
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the at least thres design locations.

—

59.  The method of claim 58 wherein the design space is associated with
2 theat least three design Jocations and the measurement space is associated with the at least

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

fivst plurality of images including the first image;

th A W 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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2within said elastoneric material. 1144. The system
said depth of field is p-eater than, 2 equal to, or

of claim 138 wherein
| ess than the z

di mensi on of said chanber. 1145. The system of claim 138 wherein said
optical device conprises an 2 anal og output charged coupl ed device type
i mge detector and said i mage processor 3conprises an analog to digital
converter. 1146. The system of claim 138 wherein said optical device
conprises a 2digital detection device. 1147. The system of claim 138
wherein said i mage processi ng device 2conprises a digital conputer and a
data storage device. 1148. The system of claim 147 wherein said digital

conmputer conprises an 2 output, display far displayin
object.! 1149. The @yst &hsBrihed drimUgantifuthes mediies

said i mage of said

g e sefeap| ay

conpri ses imeZghaphn@al. user interface. 1150. A nethod for producing an
i mge of a chanber within a mcrofluidic 2device conprising the steps of

3i magi ng sai d nicrofd ui ¢jemeld &t 1anPsAMRRKGR Ridork BUEmMRIEnRE,. | MagI NG

I 64. The method of clatta 57 wherein the second image comprises 3900 by
2 3030 pixels.

1 65.  The method of claim 64 wherein the second image comprises a 16 bit
2 image.

1 66.  The method of claim 57 wherein the performing a second alignment to
2 the flexible substrate comprises:

3 translating the flexible substrate in at Jeast one dimension to position a -

4 chamber in preparation for capturing the sccond image.

et

67. The method of claim 57 wherein a volume of the

2  nanoliter.

fluid is less than a

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 ¢laim 57 wherein the flexible su—bsh-ate is deformable in

2  three dimensions.

1 71.  The method of claim 70 wherein the flaxible substrate is deformed by

2 actions selected from the group consisting of fabrication, handling, and

protocols,

1 72.  The method of claim 71 wherein the protocols can result in the flexible

2 snbstrate swelling or contracting.

73.  The method of claim 70 wherein a relationship between the design

2 space and the measurement space is non-planar.
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4system having an optical path in the z plane of said mcrofluidic
S5mapping fromsaid inage a first set of coordinates of said mcro fluidic
device 6to determ ne whether the mcrofluidic device is skewed or
when conpared to a 7coordi nate map of an ideal mcrofluidic device;
8positioning said mcrofluidic device so as to position said chanber w thin
said 9 optical path based on a matrix transform cal cul ated coordin
position determ ned by 10conputing a matrix. transformati on betwee
first set of coordinates of said mcrofluidic 1lldevice and said coordinate
map of said ideal mcrofluidic device; 12obtaining a tinme zero inmage of

said mcrofluidic device chanber

devi ce;

di storted

ate
n said

wherein said 13tinme zero i mage contai ns

i mages of artifact s74r eSéninethod fglain 1 eleofid hé Bixiblaabitetsis dfuiredi ni ng a
second hmagey @hfat asjﬁérg.r t@n%@rﬁdu% ngpaﬂl@wasﬁoﬁmae@@smm% a2 URLEAGEI Ng the

first |nage of said mcrofluidic device chanbér fromsaid 16 second i mage

of sai d’m ¥ &FS ehepP

17time zero artifacts. 1 I1S!'. A mcrofluidic system the systemco
2a substfirate conpri %i.ng Té.lewﬂiﬁ%l%félﬂltf@é?aewﬁl@@f@l@fﬂ?@ﬁln&bl e layer coupled to

the surface of the gihsfidimftiBe sebdag ifif;0r Nabl e

3
4
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white balancing the second image;

converting the sccond image from a first image depth to a second image depth,

76.  The method of claim 75 wherein the first image depth is 16 bits and the
second image depth is 8 bits,

77.  The method of claim 57 wherein the transformation hetween the &esign

space and the measurement space is non-planar.

78.  The method of claim 77 wherein the non-planar transformation

comprises a three dimensional parabolic mapping.

79.  The method of elaim 77 wherein the non-planar transformation is
updated using information obtained by characterization of a second additional fiducial

marking.

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 measuremnent space based on at least information associated with the at least
three fiducial markings;

one or more instructions for 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;
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4| ayer being made of at |east a thickness of first material; a control

| ayer coupled to the deformable |ayer to forma sandwi ch structure

6i ncl udi ng at | east the substrate, the defornmable |ayer and the control

| ayer, the control |ayer 7being nmade of at |east a thickness of second
material; 8at |east one fiducial marking provided within either the control
| ayer or the 9deformable |ayer or the substrate, the fiducial marking being
characterized by a visual pattern 10 provided in a volume surrounded whol |y
or partially by at |least the substrate, the first 1lmaterial, or the second
material; and 12a fluid disposed within the open volunme of the one fiducial

mar ki ng,, the fluid 1, mﬁ&%&ﬁ&%@&&g&a&mnwnastraq{rgtmxmﬁgpx 1152. The

system of claim 151 wnerein the refractive index Is associated 2with air.
1153. THe sydifien] el mirkpeseciidvah e SMife conprises an air mxture.
1154. Tie system of oﬁéairﬁ&diﬁamwﬁwaseiracrroheiuﬁLubdqd@nmarehaeﬂaeaicﬁibxellss The

system f cI mn‘bf\%&@ %ﬁgmrgor;nhtcleono s}%cr:}atva nﬁ%ﬁsﬁ,ﬁfhar acterized by 2 a

recesse glon e sys emo &ein the refractive index
is su bst7ant ially one or more instructions for acquiring a second image of the first chamber

18  associated with the flexible substrate.

81.  The one or more computer-readable media of claim 80 wherein the one
or more instructions for determining a transformation between a design space and a
measurement space comprise:

one or more instructions for determining at least three actuzl 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,

one or more instructions for processing information associated with the at least

o B N N T T T o )

three actual] locafions and the at least three design locations.

f

82,  The one or more computer-readable media of clatm 81 wherein the

2 design space is associated with the at least three design locations and the measurement space

[T

is associated with the at least three actual locations.

83. The one or more computer-readable media of claim 80 wherein the ane
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;

ong or more insttuctions for processing information associated with the first

=3 h L ;W e

plurality of images.

—

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 a2 memory.

1 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 inage comprises 3900 by 3030 pixels.

117



2 different froma surrounding material, the surrounding materi al
either the first material 3or the second material or the substrat
The system of claim 151 wherein the fiducial marking is character

edges to formthe pattern.
conprises 90 degree 2corners.

bei ng
e. 1157.
i zed 2by

1158. The system of cl ai m 157 wherein the edges
1159. The system of claim 151 wherein the

fluid is non-reactive. 1160. The system of claim 151 wherein the substrate
is selected fromsilicon, 2quartz, glass, or rigid plastic. 10 Start Form
a nold substrate for a nol dabl e channel and well | ayer, including Uncial
mar ki ngs Form nol ded channel and well |ayers, including fiducial markings,
overlying the nold substrate via spinning of silicone material. 103 Form a
nmol d substrate for 8. noTigaipk er mayntangputet-gegdable media of claim 86 wherein the
2 second image comprises a 16 bil image.
1 B3. The one or more computer-readable mediz of claim 80 wherein the one
2" or more instructions for performing a second alignment to the flexible substrate comprise:
3 one or more insfructions for translating the fiexible substrate in at least one
4  dimension to position a chamber in preparation for capturing the second 1mage.
1 89.  The one or more computer-readable media of claim 80 whetein a
2 volume of the fluid is Jess than a nanoliter.
1 90. The one or more computer-readable media of claim 8Q wherein the
2 first additional fiducial markiag is 2 company logo.
91. The ene or more computer-readable media of claim 80 wherein the at
2 least three fiducial markings comprise a company loge.
1 92. The one or more computer-readable media of claim 80 wherein the
2 flexible substrate is deformable in three dimensions,
93.  Theone or more compter-readable media of claim 52 wherein the
2 flexible substrate is deformed by actions selected from the group consisting of fabrication,
3 handling, and protocols.
94,  The one or more compuler-readable media of claim 53 wherein the
2 protocols can result in the flexible substrate swelling or contracting,
95.  The one or more computer-readable media of claim 92 wherein a
2 relationship between the design space and the measurement space is non-planar.
1 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,
57.  The one or more cornputer-readable media of claim 80, and fusther
2 comprising:

one or more instructions for normalizing the second image;
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104 Form nol ded control |ayer overlying the nold substrate via spinning of
silicone material. Align nolded channel and well |ayers overlying the
nol ded control |ayer. 106 Renove nol ded channel and well |ayers fromthe
nol d substrate for the nolded channel and well, layers to forma sandw ched
structure including the channel and well |ayers and control layer. V Align
the channel and well layers to a transparent substrate surface. Bond the
sandwi ched sttuctureti including the aligned channel and well Layers to the
transparent substrate. 109 Provi de the sandw ched structure for use in a
fluidic processing system 110 Perform other steps as desired. Stop

4 one ot more instructions for white balaneing the second image;

5 one or more instructions for converting the second image from a first image

6  depth to a second image depth.

l 98.  The one or more computer-readable media of claim 97 wherein the

2 first image depth is 16 bits and the second image depth is 8 bits.

1 . 99, The one or mare computer-readable media of claim 80 wherein the

2 transformation between the design space and the measurement space is non-planar.

1 100. The one or more computer-readable media of claim 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 obtaingd by characterization of 2

second additional fiducial marking.

1 102. A method for processing a microfluidic device, the method
2  compiising:
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;
] lacating 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 subsirate to generate a mapping from a design space to a
9  measurement space; ) '
10 aligning the flexible substrate to an image acquisition location vsing 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 a memory.
[ 103. The method of elaim 102 wherein a high-resolution image of at least

2 the one well region is acquired.
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ciurbe I 200 Start fl Fonn channel regions including fiducials through the
patterned filmon the nold substrate material . 205 Strip first |ayer of
phot oresi st. 206 Apply second |ayer of photoresist. Align pattern onto the
second | ayer of photoresist based u_pon one or nore of the channel regions.
208 Pattern "including wells, x-marks, and conpany |ogo aligned to channels
(where alignnment is provided by matchi ng brackets) the second | ayer of

phot oresi st. 209

104. The method of claim 103 whersin the high-tesolution image comprises
2 3900 by 3030 pixels.

1 105. The method of claim 104 wherein the high-resolution image comprises

2 216 bit image.
1 106, The method of claim 102 wherein the memory is a computer memory.

1 107. The method of claim 102 wherein aligning the flexible substrate
2  cornprises acquiring e low-resolution image, normalizing the low-resolution image, and

median correcting the low-resolution image.

108.  The method of claim 107 wherein aligning the flexible substrate
2 further comprises segmenting the image, performing blob analysis, and translating the

3 flexibls substrate in at least one dimension.

1 109.  The method of claim 108 wherein translating the flexible substrats in
2  atleast one dimension eomprises translating the stage to position a metering cell in

3 preparation for capturing a high-resolution image.

1 110. The method of claim 102 wherein & 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. -

1 112. The method of claim 102 wherein the at least three fiducial marks are
2 alignment marks.

-1 113. The method of claim 112 wherein the alignment marks are portions of
Z  the wells,

114, The method of claim 102 wherein the flexible substrate is deformable

2 inthree dimensions.

1 115. The method of claim 114 wherein the flexible substrate is deformed by

2 actions selected from the group consisting of fabrication, handling, and protocols,

120



Stop 16knie 300 Start 301 Provide nold substrate material. ..----- 302

b

[
[

wWoog ~d ohn W A W N

Apply first layer of photoresist onto nold substrate.

116, The method of claim 115 wherein the protocols can result in the

flexible substrate swelling ar contracting,

117. The method of claim 116 wherein the flexible substrate is deformed

such that there is no lincar mapping between the design space and the measurement space.

118. The methad of claim 117 wherein the flexible substrate is deformed

such that a planar mapping is insufficient to accurately predict the image acquisition location.

119. The method of claim 102 wherein prior to storing the high-resolution
image in a memory, the high-resolution image is normalized, white balanced, and converted

to a reduced image depth.

120.  The method of claim 119 wherein the reduced image depth is reduced
from a 16 bit image to an § bit image.

121. The method of claim 102 wherein aligning the flexible substrate in the
three dimensions to an image acquisition location using at least one additional fiducial mark

comprises creating a higher order mapping flom a design space to a measurement space.

122.  The method of claim 121 wherein the higher order mapping comptises

a three dimensional parabelic mapping.

123. Themethod of claim 121 wherein the higher order mapping is updated

using information obtained by characterization of a second additional fiducial mark,

124, A method of processing a biological microfluidic deviee comprising:

providing a deformable substrate comprising one or more metering cells, the
metering cells being capable of containing a fluid therein;

locating the deformable substrate on a stage translatable in x, y, and z
directions;

translating the stage to image at least four fiducial marks associated with the
deformable substrate;

determining x, y, and z positions of the at {east four fiducial marks;

computing 2 non-planar mapping between a design space and a measurement

space based on the ¥, y, and 2 positions of the at least four fiducial marks;
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translating the stage to an image acquisition position calculated using the non-
planar mapping; and

capturing an image of at least one metering cell.

125. The method of claim 124 wherein prior to capfuting the image of at
least one metering cell, scanning the staée in the z direction;

acquiring an image of an alignment mark;

calculating a focus metric; and

repeating the scanning, acquiring, and calculating steps.

126. A system for processing one or more microfiuidic 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 more well regions and a plurality
of fducial marks, the well ragions 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
cormputer memories comprising one or more computer codes, the one or more computer
codes including:

a first code directed to capturing an image of at least the three fiducial marks
within the vicinity of the one well region of the flexible substrate {o gencrate a mapping from
a design space to a measurement space;

a second code direcled 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 aequiring 2 high~resolution image of at least the one
wel] region; and

a fourth code directed to storing the high-resolutiont 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 microflnidic device, said microfluidic device having x , y, and
z dimensions and further comprising a chamber depth center point located between a top wall
and a bottom wall of said chamber along said z dimension, said chamber depth center point
being Iocated a known z dimension distance from an optically detectable fiducial marking

embedded within said microfluidic device at a z depth;
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placing said microfluidic device within an imaging system comprising:
an optical device capable of detecting said fiducial marking and
transmitting said image of said object, said optical device defining an oplical path
axially aligned with sald z dimension of said microfluidic device and having a focal
plane perpendicular to said oplical path, wherein when said focal plane is moved
along said optical path in line with said fiducial marking, said fiducial marking is
maximally detected when said focal'plane is at said z depth in comparison to when
said foeal plane is not substantially in-plane with said z depth,
an image processing device in communication with said oplical device,
said image processing device being able to control said optical device to cause said
focal plane to rmove zlong said z axis and move said facal plane to maximally detect
said fiducial marking, said image processing device being further able to transmit said
image of said object;
controlling said optical device with said image processing device to cause said
focal plane to move along said optical path until said optical device maximally detects said
fiducial marking;
further controlling said optical device with said image processing device to
move said focal plane along said optical path said z dimension distance to cause said field
depth center point to be located at said chamber depth center point; and,
imaging said object within said chamber while said focal plane is located said

chamber depth center point.

128, The method of claim 127 wherein said microfluidic device is made

wholly or partly from an elastorneric material.

~

129. The method of claim 128 wherein said elasiomeric material is
polydimaethtysiloxane,

130. Themethod of claim 127 wherein said microfluidic device is partly

made from glass material.

131. The method of claim 130 wherein said chamber is formed wholly or
partly in said glass material.

132. The method of claim 128 wherein said chamber is wholly or partly
within said c]asjomeric material,
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133. The methad of claim 127 wherein said depth of field is greater than,

equal lo, or less than the z dimension of said chamber.

134. The method of claim 127 wherein said optical device comprises an
analog output charged coupled device type image detector and said image processor

comprises an analog to digital converter.

135.  The method of claim 127 wherein said optical device comprises a

digital detection device.

136. The method of claim 127 wherein said image processing device

comprises a digital computer and a data storage device.

137. The method of claim 136 wherein said digital computer comprises ar

output display for displaying said image of said object.

138. A gystem for producing an image of an object within a chamber ofa
microfluidic device comprising:
said microfluidic device, said microfluidic device havingx , vy, and z
dimensions and further comprising a chamber depth center point located between a top wall
and a bottom wall of said charmber along said z dimension, said chamber depth center point
being located a known 2 dimension distance from a optically detectable fiducial marking
embedded within said microfluidic device al a z depth;
an imaging system for placing said microfluidic device therein comprising:
an aptical device capable of detecting said fiducial marking and
transmitting said image of said object, said optical device defining an optical path
axially aligned with said z dimension of said microfluidie device and having a foeal
plane, wherein when said focal plane is moved along said optical path in line with
gaid fiducial marking, said fiducial marking is maximally detected when said focal
plane ig substantially in-plane with said z depth as ¢ompared to when said field depth
center peint is not substantially in-plane with said z depth,
an image processing device in cornmunication with said optical device,
said image processing device being able to control said optical device to cause said
focal plane to move along said z axis and move szid ficld depth center point to

maximally detect said fiducial marking, said image processing device being further
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able (o transmit said image of said ohject, said image processing device being in
operable communication with said optical device to cause said focal plane to move
along said optical path until said optical device maximally detects said fiducial
marking,
wherein when said image processing device causes sald optical device to
maove said focal plane along said optical path said z dimension distance, said focal point is

located at said chamber depth center point.

139.  The system of claim 138 wherein said microfluidic device is made

wholly or partly from an elastomeric material,

140, The system of ctaim 139 wherein said elastomeric material is

polydimethylsiloxane.

141, Thesystem of claim 138 wherein said microfluidic device is parily

made from glass material.

142. The system of claim 138 wherein said chamber is formed wholly or
partly in said glass material.

143, Thesystem of claim 139 whercin said chamber is wholly or partly

within sald clastomeric matenal,

144,  The system of claim 138 wherein said depth of field is greater than,

equal to, or less than the z dimension of said chamber.

145, The system of claim 138 wherein said optical device comprises an
analog ountput charged coupled device type image detector and said image processor

comprises an analog to digital converter.

146.  The system of claim 138 wherein sajd optical device comprises 2
digital detection device.

147. The system of claim 138 wherein said image processing device

comprises a digital computer aud a data storage device.

148.  The system of claim 147 wherein said digital computer cornprises an
output display for displaying said image of said object.
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149. The system of claim 148 wherein said output display comprises a

graphical user interface.

150. A method for produecing an image of a chamber within a microfluidic
device comprising the steps of:

imaging said microfluidic device to produce an image using an imaging
system having an optical path iu the z plane of said microfluidic device;

mapping from said image a first set of coordinates of said microflnidic device
to determine whether the microflnidic device is skewed or distorted when compared to a
coordinate map of an ideal microfluidic device;

positioning said microfluidic device so as to position said chamber within said
opticat path based on a matrix transform calculated coordinate position determined by
computing a matrix, transformation between said first set of coordinates of said microfluidic
device and said coordinate map of said ideal microfluidic device;

obtaining a time zero image of said microfluidic device chamber; wherein said
time zero image contains images of antifacts present in said microfluidic device;

oblaining a second image of said microfluidic device chamber; and,

subtracting the first image of said microfluidic device chamber from said
second image of said microfluidic chamber to produce an image of said chamber without

time zero artifacls.

151, A microfluidic system, the system comprising:

a substrate comprising a surface region; -

a deformable layer coupled to the surface of the substrate, the deformable
layer being made of at least a thickness of first material;

a control layer coupled to the deformable layer to form a sandwich structure
including at least the substrate, the deformabie layer and the control layer, the control layer
being made of at least a thickness of second mmaterial;

at least one fiducial marking provided within either the control layer or the
deformable layer or the substrate, the fiducial marking being characterized by a visual pattern
ptovided in a volume surrounded wholly or partially by at least the substrate, the first
material, or the second material; and

a fluid disposed within the open volume of the one fiducial marking, the fluid

being characterized by a refractive index.
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152. The system ofclaim 151 wherein the refractive index is associated

with air.
153,  The system of claim 151 wherein the fluid comprises an air mixture.
154, The system ofclaim 151 wherein the fluid comprises air.

155, The system of claim 151 whersin the open volume is characterized by

arecessed region, |

156. The system of claim 131 wherein the refractive index is substantially
different from a surrounding material, the surrounding material being either the first material

or the second material or the substrate,

157. The system ofclaim. 151 wherein the fiducial marking is characterized
by edges to form the pattern.

158. The system ofclaim 157 wherein the edges comprises 90 degree

corners.
159. The system of claim 151 wherein the fluid is non-reactive.

160. The system of claim 151 wherein the substrate iz selected from silicon,

quartz, glass, or rigid plastic,
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i1 rre a 94 Fig. 3 Wat is clainmed is: 1. A nethod for processing
an image of a mcrofiuidic device, the nethod conprising: receiving a first
imge of a mcrofinidic device, the first imge corresponding to a first
state; receiving a second inage of the mcrolluidic device, the second

i mge corresponding to a second state; transformng the first image into a
third coordi nate space, using a processor, the transform ng using at |east
a first fiducial on the first image; transform ng the second inage into the
third coordinate space, using the processor, the transform ng using at

| east a second fiducial on the second image; obtaining a third i mage based
on at least information associated with the transforned first inmage and the
transforned second i mage; processing the third imge to obtain information
associated wth the first state and the second state using the processor.

2. The net hod of&ﬁha|n11 the nethod further conprising: |locating the at

| east a first fi on the first inmage; locating the at |east a second
fiducial on the secdﬁﬁ\Eggge. 3. The method of claim1l wherein the
transformng the first ge into a third coordi nate space conpri ses:

associ ating the at least a f|rstr+fgggngzgke}ahu463§1 athird fiducial in

the third coordi nate space;
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performng a first transformation to the first inmage based on at |east
information associated with the at least a first fiducial and the at | east
a third fiducial. 4. The method of claim3 wherein the performng a first
transformation conprises: estimating the first transformation based on at

| east information associated with the at least a first fiducial and the at
|l east a third fiducial; converting the first image into the third

coordi nate space, the converting using the first transformtion. 5. The
met hod of claim4 wherein the transform ng the second inage into the third
coordi nate space conprises: associating the at |east a second fiducial to
the at least a third fiducial in the third coordinate space; performng a
second transformatiqgn to the second inaqe based on at |east information
associated with tMd%at 1east af$¥EHRHFFduci al and the at least a third
fiducial. 6. Thé method of claimb5 wherein the perfgrm ng a second
transformation cqopprises: estimat g he second transflormation based on at
| east information|associated w t daef al | east a second fiducial and the at
|l east a third fiducial; converti e decond inmage iffto the third

coordi nate spaceﬁ(the converti ng Ui he sgﬁﬁﬁd;trarsfornation. 7.
The nmethod of claim 1l wherein the fobtg 0 ird image conprises:

obtai ning a dif§arence between fi i mage and thg second i nmage. 8.
The met hod of qfain17 wher ei n tjhe jopt a Ng. 3 iL£d image further

c3fpthe Tirst [i mage, the at |east a
L with the flirst state, masking
 the at |edst a—sédfi part free

conprises: maskZrRg at |east aAff ?m; al
first part free~frominformtipn T
at |east a secondjpart of thegsegond i
frominformati on“associ ated wtthfthe sedan e 9. The met hod of
claim8 wherein the at |eastFa gecgeufpayt cyrrespondg to the at least a
first part, the df |east ggSegBhd part based ign at |edst information
associ ated with ajchangasdf & feature frofgthexfjrst ijmage to the second

i ) s : PNV AL s TP
mage RSD ~i00 0 1 50 180
Z-position {mierans)

(FC'{;{rcr\L{ﬂ Yo %{‘:3
FIG, 2__7




10. The nmethod of claim7 wherein the obtaining a third i nage further
conprises nmasking at least a third part of the third imge, the at |east a
third part free frominformation associated 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 |east information associated with a change of a feature
fromthe first image to the second i mage 12. A conputer-readabl e nedi um
including instructions for processing an inage of a mcrofluidic device,
t he conputer-readabl e nmedi um conprising: one or nore instructions for
receiving a first image of a mcrofluidic device, the first inage
corresponding to a first state: one or nore instructions for receiving a
second i mage of the mcrofluidic device, the second image corresponding to
a second state; one or nore instructions for transformng the first image
into a tfFEIZETO a) frat e~ 'space,. *F'-¢u~~ Eeng using -af | east a first
f|dUC|aI.Q?L?';flfstﬂlnage S ond nbre |nsfruc1|on$ f or transfornlng t he
second i nmage.d Q h tthd Qngaiabe S GQ..the t ransformng nsing at
o -ggéﬁéf ‘ %ﬁﬁgg’Jm”ﬁnxﬁéﬁﬁg&-|nstruct|ons f or
T@@& i mn@ sociated with the
z o one or nore

obtalnlng ;’
t r ansf or reééh

i nst ruct EEBS R nl SS AT e e : "'.. ) &nf ormation
associ at etk ERSL e : & 13. The
conput er g } ) eatitp it sk e T onenar Res@atiabl e medi um furt her
conpri si ngas 5o : it S Re N & |east a first
fiduci al gok R SEI e SR ke Bk EosEtor | ocating the at
| east a second fIdUCIa| on the second |nage 14. The conput er - r eadabl e

medi um of claim 12 wherein the one or nore instructions for transform ng
the first inage into a third coordi nate space conpri ses: one or nore
instructions for associating the at least a first fiducial to at |least a
third fiducial in the third coordinate space; one or nore instructions for
performng a first transformation to the first inmage based on at |east

i nformati on associated with v | 888t a first fiducial and the at |east
a third fiducial. 15. The'c uter-readable medi um of claim 14 wherein
the one or nore instructions for performng a first transformation
conprises: one or nore instructions for estimating the first transformation
based on at |east information associated with the at least a first fiducial
and the at least a third fiducial;



one or nore instructions for converting the first inmage into the third
coordi nate space, the converting using the first transformation. 16. The
conput er -r eadabl e nmedi um of claim 15 wherein the one or nore instructions
for transformng the second image into the third coordi nate space
conprises: one or nore instructions for associating the at |east a second
fiducial to the at least a third fiducial in the third coordi nate space;
one or nore instructions for performng a second transformation to the
second i mage based on at |east information associated with the at | east a
second fiducial and the at least a third fiducial. 17. The
conput er -readabl e nmedi um of claim 16 wherein the one or nore instructions
for performng a second transfornmati on conprises: one or nore instructions
for estipaliRa.ddasacond trangfornation based on at Ieast i nformation
a5500|atedym¢{h‘ihe af | east.:a Jegpnu:. 4ou0|£ﬂ and théjat least a third

fi duci al :#gme=ar- nnrg-lnstructruﬁ§ for conveftlng tthe second inmage into the

third coorw.ﬁaﬁewspaée 35?“ G- 1 dnit.he: seirgnd transformation.
18. The coiputEwbHakkYE ﬁﬁﬁ 'k‘ﬁﬁﬁ%ﬂrﬁnfﬁﬁﬁéi &%ﬁ e one or nore
i nstruct i_g#s:: &4 3 : or nore

'f"wObﬂaPﬁ e
L1 ?ﬂ %%%? st i mage and the
b e #]l ai m 18 wherein the

@Qﬂrther conpri ses: one

i nstruct EHNE
second i,fﬁ‘.

one or
or nore ﬁof the first inage,
t he at pRted with the first
st at e; Zf-second part of the

second i mage, the at |east a second part free frominformation associ ated
with the second state. 20. The conput er-readabl e nmedi um of claim 19
wherein the at | east a second part corresponds to the at |east a first
part, the at | east a second pan based on at |east information associated
with a change of a feature fron1the first image to the second i nmage. 21
The conput er -readabl e nediu %’al 8 wherein the one or nore
instructions for obtaining jﬁ d i'frelge further conprises one or nore

i nstructions for masking at st athird part of the third i mge, the at
| east a third part free fron1|nfornat|on associated with the first state
and the second state. 22. The conputer-readabl e nmedi um of claim 21
wherein the at least a third part is based on at |east information
associated with a change of a feature fromthe first imge to the second
i mage. 23. The nethod of claim1 wherein the first state is different
fromthe second state. 24. The nmethod of claim1 wherein the first state
is the sane as the second state.
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25. The nmethod of claim1l wherein the first state is associated with
absence of crystallization. 26. The nmethod of claim25 wherein the second
state is associated with presence of crystallization. 27. The net hod of
claim 25 wherein the second state is associated with absence of
crystallization. 28. The conputer-readabl e medi um of claim 12 wherein the
first state is different fromthe second state. 29. The conputer-readabl e
medi um of claim 12 wherein the first state is the sane as the second state.
30. The conputer-readabl e nmediumof claim12 wherein the first state is
associ ated with absence of crystallization. 31. The conputer-readabl e
medi um of claim 30 wherein the second state is associated with presence of
crystallization. 32. The conputer-readabl e medi um of claim 30 wherein the
second state is associated with absence of crystallization. 33. The

met hod of claim1 wherein: the first inmage conprises a first chanber region
associated with a first chanber boundary,/ t he second i mage conprises a
second chanber regi on associated with @ s€cond chanber boundary; the
obtaining a third i nmage conpri ses de{£ V'g?rq an i npl osi on paddi ng based on
i nformation associated with the fira”| uwﬁ‘t d,the secpnd i nage. 34.
The met hod of claim 33 wherein tq; det-e1rm-L-1g aw .|, nplosi on paddi ng

conpri ses: processing infor i : the first imge;

determning a fyrst ; 8/ f Pl 0&1 on asso- ciated with
the first chanmbeR\boundary baS8g oy A - f@f mati on associated with
the first inmage; ' ¥sogl gt'ed with the second i nage;
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determ ning a second index related to a second i npl osion associated with
t he second chanber boundary based on at | east information associated with
t he second inage; processing infornmation associated with the first index
and the second index; determ ning the inplosion padding based on at |east
information associated with the first index and the second i ndex. 35. The
nmet hod of claim 34 wherein the determning a first index related to a first
i npl osi on conphiiSeSaims€isecting a plurality of inage areas, the plurality of
i mage areas aps0GieAbethrWrdBssihghUfadd éfya @fcrdliiandari es respectivel y;
det er m ni ng davig, the aleihibd cofpriglgi an i ntensities associated with the plurality
of boundar i esretedgies tilsvilage opd oeadmidigdaviaé akdddéi on associated with the
plurality of madigaroiraap@dmigtd €fstsdeterm ning the first i ndex based on at
| east i nf or matetavings socidaimegk ofi thdmichdlnicuteaics, thye of nedi an i ntensiti es.
36. The net hod sgbndtiagerddBspahdngion stdoed fl@t:er mi ni ng the first index based on
at | east i nfotramsfornging tis SoCinagenitov thind ¢dosliplespat) ty of nmedian intensities
conpri ses: det esing mpmepsarthatransfomiing wmgiatlyasfa ot t he plurality of nedian
intensities, tHduagilpadrst mageisity bei ng associated with one of the
plurality of tagldeing és;seaped @nage mnghetthiel ddordtatd udex based on at | east
i nformation assprst.aswd th prcesive neansforning vphaiptal i ty of boundaries. 37. The
conput er - r eadabtad arpecond fdusfal e e seea® WppES ei n: the first image conprises a
first chanber obtgiging B tadsneicdhed onatlbasanfonhsionab@nber boundary; the second
i mage conpri sesiadedsedond ichsoined firedinoge assbeirmised W th a second chanber
boundary; the dosnedredond @mdgastructi ons for obtaining a third i mage
conpri ses oneptessing the ihird image td dbnén ihformaehessatimedig an i npl osi on paddi ng
based on i nf or reth thafiraissocind tledecand krate heng the piocésrage and t he second i mage.
38. The nethodsof claim 37 wherein the one or nore instructions for
det er m ni ng a& lhapletdei oficlpiady itrgmalonidiitee somprising:
locating the at least a first fiducial on the first image;
locating the at least a second fiducial on the second image.
3. The method of claim 1 wherein the transforming the first
image into a third coordinate space comprises:
associating the at least a first fiducial to at least a third
fiducial in the third coordinate space;
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.
4. The method of claim 3 wherein the performing a first
transformation comprises:
estimating the first transformation based on at least infor-
mation associated with the at least a first fiducial and the
at least a third fiducial;
converting the first image into the third coordinate space,
the converting using the first transformation.
5. The method of claim 4 wherein the transtforining the
second 1mage into the third coordinate space comprises:
associating the at least a second fiducial to the at least a
third fiducial in the third coordinate space;
performing a second translormation to the second image
based on at least information associated with the at least
a second fiducial and the at least a third fiducial.
6. The method of claim 5 wherein the performing a second
transformation comprises:
estimating the second transformation based on at least
information associated with 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.
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one or nore instructions for processing information associated with the
first image; one or nore instructions for determning a first index rel ated
to a first inplosion associated with the first chanber boundary based on at
| east information associated with the first inmage; one or nore instructions
for processing information associated with the second i mage; one or nore
instructions for determning a second index related to a second i npl osion
associ at ed w th Thhecthed ohdlaghdnereubdyrmptnmgpaded on at | east information
associ at ed windgeroreprssecond | nage; one or nore instructions for processing

i nformati on asdtdiieg edliffdrence thhievepy et firsthdeige andl tiehe second i ndex; one or
nmor e i nstructi opsofibimagat er m ni ng t he i npl osi on paddi ng based on at | east

i nf or mati on astdbt atetdhed wif chin Fevierqis thej abtheningam thitdhe second i ndex. 39.
The conput er imagadubieecompdisesm of cl ai m 38 wherein the one or nore

i nstructions frowskdetErasi nfingpad of thedirst imrgexthe dlasted to a first inplosion
conpri ses: one &rst past feeei from infrympidmsasfogiatededidsdhd fivsf a plurality of image
areas, the plurahtety of inage areas associated with a plurality of

boundari es r espeskingatlsst a sagendpartmd il seerad fyagei tbogt f or deternmining a
plurality of medbasinsécandrstifice bematfemisiion assboitedividihe plural ity of boundaries
respectivel y; ot setongsiale. i nstructions for processing information

associ at ed wi thThhwsethodolglaim § wherehndlli aateastasesasd narles; one or nore

i nstruct i ons cfrespads ieihviapicpya filyeraftj theat lqapidescorsbizeid on at | east infommtion
associ at ed wPesed phat Ipasyindrmpijorossqesgidarity sehapgs afides . 40. The

conput er - r eaéabirelom dicdint gnagltathasggndiiagei n the one or nore instructions
for determ ni - Thempthedef ¢lamek whersiadhaebtaining afytd i nf or mati on associ at ed
with the pl uiBdgedytss copdisemmpsiingdslepst eshigonrgrafdies: one or nore

i nstructi onsUHErimges demt Aganicp Burdh Dart Agm ToRt BHFSMENCY rom the plurality of

medi an i nt endfspfigied witlh e Frsh ptatg aig e sspend satpej ng associated with one of the
plurality of bBuhbrrslestof gaplhibareiythe pdeasiaairdpadex based on at | east

i nf or mat i on §StRdicaPEERs{orIpt Js1elae witha chnge afig ty of boundari es.

feature from the first image to the second image.

12. A computer-readable medium including instructions
for processing an image of a microfluidic device, the com-
puter-readable medium comprising;

one or more instructions for receiving a first image of a

microfluidic device, the first image corresponding to a
first state:
one or more instructions for receiving a second image of
the microfluidic device, the second image correspond-
ing to a second state;
one or more nstructions for transforming the first image
into a third coordinate space, the transforming using at
least a first fiducial on the first image;
one or more instructions for transforming the second image
into the third coordinate space, the transforming nsing at
least a second fiducial on the second image;
one or more instructions for obtaining a third image based
on at least information associated with the transformed
first image and the transformed second image;
one or more instructions for processing the third image to
obtain information associated with the first state and the
second state.

13. The computer-readable medium of claim 12, the com-
puter-readable medium further comprising:
one or more instructions for locating the at least a first
fiducial on the first image;

one or more instructions for locating the at least a second
fiducial on the second image.
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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 transforma-

tion to the first image based on at least information
associated with the at least a first fiducial and the at least
a third fiducial.
15. The computer-readable medium of claim 14 wherein
the one or more instructions for performing a first transfor-
mation comprises:
one or more instructions for estimating the first transfor-
mation based on at least information associated with the
at least a first fiducial and the at least a third fiducial;

one or more instructions for converting the first image into
the third coordinate space, the converting using the first
transformation.

16. The computer-readable medium of claim 15 wherein
the one or more instructions for transforming the second
image into the third coordinate space comprises:

one or more instructions for associating the at least a sec-

ond fiducial to the at least a third fiducial in the third
coordinate space;

one or more instructions for performing a second transfor-

mation to the second image based on at least information
associated with the at least a second fiducial and the at
least a third fducial.

17. The computer-readable medium of claim 16 wherein
the one or more instructions for performing a second trans-
formation comprises:

one or more instructions for estimating the second trans-

fonmation 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 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 com-
prises:

one or more instructions for obtaining a difference between

the first image and the second image.
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19. The computer-readable medium of claim 18 wherein
the one or more instructions for obtaining a third image fur-
ther comprises:

one or more instructions for masking at least a first part of

the first image, the at least a first part free from informa-
tion associated with the first state;

one or more instructions for masking at least a second part

of the second image, the at least a second part free from
information associated with the second state.

20. The computer-readable medium of claim 19 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 asso-
ciated with a change of a feature from the first image to the
second image.

21. The computer-readable medium of claim 18 wherein
the one or more instructions for obtaming a third image fur-
ther comprises one or more instructions for masking at least a
third part of the third image,. the at least a third part free from
information associated with the first state and the second
state.

22. The computer-readable medium of claim 21 wherein
the at least a third part is based on at least information asso-
ciated with a change of a feature from the first image to the
second image.

23. The method of claim 1 wherein the first state is different
from the second state.

24.The method of claim 1 wherein the first state is the same
as the second state.

25. The method of claim 1 wherein the first state is asso-
ciated with absence of crystallization.

26. The method of claim 25 wherein the second state is
associated with presence of crystallization.

27. The method of claim 25 wherein the second state is
associated with absence of crystallization.

28. The computer-readable medium of claim 12 wherein
the first state is different from the second state.

29. The computer-readable medium of claim 12 wherein
the first state is the same as the second state.

30. The computer-readable medinm of claim 12 wherein
the first state is associated with absence of crystallization.

31. The computer-readable medinm of claim 30 wherein
the second state is associated with presence of crystallization.

32. The computer-readable medium of claim 30 wherein
the second state is associated with absence of crystallization.

33. The method of claim 1 wherein:

the first image coinprises a first chamber region associated

with a first chamber boundary;

the second image comprises a second chamber region asso-

ciated with a second chamber boundary;

the obtaining a third image comprises determining an

implosion padding based on information associated
with the first image and the second image.
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34. The method of claim 33 wherein the determining an
implosion padding comprises:

processing information associated with the first image;

determining a first index related to a first iniplosion asso-
ciated with the first chamber boundary based on at least
information associated with the first image;

processing information associated with the second image;

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;

processing information associated with the first index and
the second index;

determining the implosion padding based on at least infor-
mation associated with the first index and the second
index.

35. The method of claim 34 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 respec-
tively;

determining a plurality of niedian 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.

36. The method of claim 35 wherein the determining 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 minumum intensity being associ-

ated 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.

37. 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 asso-

ciated with a second chamber boundary;

the one or more instructions for obtaining a third image

comprises one or more instructions for deterniining an
implosion padding based on information associated
with the first image and the second image.
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38. The method of claim 37 wherein the one or more
instructions for determining an implosion padding com-
prises:

one or more instructions for processing information asso-

ciated with the first image;

one or more instructions for determining a first index

related to a first implosion associated with the first
chamber boundary based on at least information associ-
ated with the first image;

one or more instructions for processing information asso-

ciated with the second 1mage;

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 associ-
ated with the second image;

one or more instructions for processing information asso-

ciated 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.

39. The computer-readable medium of claim 38 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 asso-

ciated with the plurality of median intensities;

one or more instructions for determining the first mdex

based on at least information associated with the plural-
ity of median intensities.

40. The computer-readable medium of claim 39 wherein
the one or more instructions for determining the first index
based on at least information associated with the plurality of
median intensities conmprises:
one or more instructions for determining a minimum inten-

sity from the plurality of median intensities, the mini-

mum intensity being associated with one of the plurality
of boundaries;

determiming the first index based on at least information
associated with the one of the plurality of boundaries.
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