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[0003] Once assembied a microarray represents a multiplex platform for analysis of specific

and non-specific interactions with simple or complex mixtures of molecular targets that are
brought into physical contact with the array, typically in a medium of surface-solution
interface. Target entities may be generically or specifically labeled, as with fluorescent tags
or intermediate binding elements such as biotin, before or after the interaction of target

mixtures with fixed-probe arrays. Alternatively, site-specific interactions across the array
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BRIEF SUMMARY OF THE INVENTIONS
An exemplary embodiment of the present inventions is directed to an apparatus for

creating an image of a microarray. The apparatus includes at least one light source
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[0011] Fig. 2 is an image of a point spread function (PSF);

[0012] Fig. 3 is an image of an LED array in accordance with Figure 1;

[0013] Fig. 4 is an image of the array of Fig. 3 illuminated LED in the upper pane and

diffusion of light in the lower pane;

[0014] Fig. 5 is an expanded view of the imaging system of Figure 1;
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applications, the description of which is omitted here for the sake of brevity.

Whole array imaging —

10025] Figure 1 1s a high level block diagram of the imaging system in accordance with the
exemplary embodiment. The system, generally designated 100, includes a charge coupling
device (CCD) 2, a pinhole aperture 4, a light emitting diode (LED) illumination array 6, and a
microarray 8. In operation, the CCD 2 captures the image of the microarray 8 when a target

on the microarray 8 is activated. For example, the LED illumination array 6 illuminates the



device (CCD) 2, a pinhole aperture 4. a light emtting
diode (LED) illumnation array 6, and a m croarra} 8.
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{0031] In the exemplary embodiment, a digital camera with a CCD’s sensor is used for
imaging a microarray. A discussion of digital cameras and CCD’s suitable for imaging are
found in HanVision Product Sheet (2004) HVDUO-10M digital color camera with Foveon

X3® CMOS color image sensor; and Optronics Product Sheet — QuantiFIRE Advanced

L
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pinhBASipMR-&fi feelsShe Fﬁﬁt%sszﬁgﬁmi{ﬁl th&hn ARSI ééﬂz@ﬁig%ﬁ%ﬁng patterns in

requires increase in'the exposure tinme, inve
the rpsioipeg thiagsal to the area of the aperture, |n order to

00 RSB %4TH BPLEh HERL e BLORUES IR HAMARUINS e v

any a@etl Ue@@blifibacdciniqhes foi ahlizPassisnggt b%@é%gz'alﬂtﬁ% is the process of
aperture causi qurrlng patterns in the resulting
rem¢ g elunpigngsicts I%eﬂ BIGEIE ng a%ﬁi@%}%ﬁ@i‘ vofnlgidithescddconvanieon is

achi&¥ rb%f%ﬁ%piy%gt tlilrg F%’%rq.ragzis%e%ln og%:)e 1aw gﬁfﬂ%&g 1mage with the Fourier

transform of the point spread function (PSF), and taking the inverse Fourier transform of that
product. The PSF is a modeled function (empirical or theoretical) describing the spread of a
point light source on the microarray plane through the aperture to the CCD imaging plane.
The deconvolution method is illustrated in the equations below.

[0036] Let f(x) represent the Fourier transform of signal x while /() represent the inverse

Fourier transform of signal . R is the received convoluted image on the CCD imaging
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any desired deconvol ution techniques for inmage
processi ng. Deconvolution is the process of renoving
WORLWIAPG ef fects fromimages. I n an exenpl ar yPCT/US2007/063721
enbodi nent deconvol ution is achieved by multiplying
planet |Yels RGuaefeptdsamsfoahaPsf. Thes, rféw) ditigi FalrieCGBnsfomgef the received

h the Fourier transformof t
imag OHieE1/6R) (EEF OV SR G 150 Sy BRUGEBLI B0 product o the
r f product. The PSF is a nodel ed

rmﬁﬁ@d@g@%gg §ﬁ€%§?5a| or theoretical) describing the

spread of a point |ight/(Bpfi'ce dh)the nicroarray plane

through the aperture to the CCD i magi ng pl ane. The

deconvol ution nethod i #ustrated .n the %Pft ons
Let | pareswnt 10 ée@yrfﬁ%tmf?aex) e imeed Poios o Bl BRER s the
1mas%) Inv%} M3 t\f\gﬂsgoﬁré{ o@gth{r?e? ‘ﬁﬁﬁ&tm bheutmnverse Fourier

rans orn1of Si he recei ved convol ut ed
i mage on the CCD |nag§ﬂgbﬁéﬁéfﬁﬁﬂﬁg}a si gna
representing the PSF. Thus, /(R) is the Fourier
transform of the received inage while /(Y) is the

(}3"3 otif i @zﬁpfrfe@ﬁ%ﬁ@&%%e e PSkadiThevikeuEl beimbgiapsharcially
roduct of the received image and the PSF is /(R -Z

(Y)
av aﬁﬁﬂi& fluetesdentlg gta@yénﬁqusgh@@mmgiﬁ@@wﬁ%@s athe PHEB[oh Fegarray to

d |
ve g B ST P S PP RO Y o
CCD[1Q1@§%]G pThe. enpirt Reabwhodetsiloff afwntRSicaneligieadidiyg through 2

obt ai ned by i magi ng commerci ally avail abl e deally
pinhdl gperese 6ROl 3 IFREINBEERS dPBSpheres Brsigicass capdel PST. Ideally,

one p%}lullt §%1 %kp% e?‘f eg}rﬁ%&g {)%%tt% \?Evér nBgedye Eir&ereaperture

acted through a
diffrfdhedt ecoaperttitl hﬁg@a&pg&a@@hﬁs magiing pphan®he Fagutae o2 the concentric

ringsedipBRIPPATp P AHUFREABGHEr Qe SHES O HIFRAT-HC SRt ongth of
pmhailg Y$ 1mfénzg@%§ TZ T%xh’ﬂﬂe% 8 e 2R IRI dGRh g P ﬁzuﬂiréig@ﬁl Fiure 2

one t %hou appear on the i mging pl ane.
zegﬂHQﬂ@MﬁEﬁﬁ&tnaeﬁbnﬁoﬁﬁﬁﬁﬁfdiapé@%&xe diffracts |ight,

005§ ISR el RS SERERT A0 AL, omaln plans IR i

0. 17:‘!\@\/5§h@f@%hh @fzeéﬂ @ht 515 ashzegOfsabheopiphieb&s (ardatde
I 'ength of pinhole to inaging pl ane. Taklng t he
nm/eRoemdrermi pafsfroranafolitimagecs o dsteramat i cRpgieel 2F. An

aiten?a?%%l)et Sbr/éﬁ%%ﬁ? %%\E%Ier h% ;: ;‘R\éf [ gg)i?}g {&Qfgﬂigéa %Iaiigﬁ Kits, Green and

@rag%@nﬁ%@ﬂﬁ{&m 2 M 2HGSEpeitPail fitveSouEGeerte b with, 804780 3%, 1%
gheres with Geen (505/515) and Orange (540/560) d e
and §.afsencs spleskeios AUPBRCHAP RN L8FEs fPudrjcrasnipg dsrasvemm

[0039f tsg{r“t‘\rr]\é? Bgﬁémn%rﬁ%k %o?ﬁmagéf%%ﬂgaﬁlt@ g}% Eﬁﬁ%ﬂ ﬁ%ﬁe af%‘rtlo extract or

t uses t croscopy
predicht%ﬁ@ﬁ}hﬁt)ﬁp@a& fibrcathofr KiptsiculGr e&agimﬂsgfs@namghuse these for image
m crospheres, 2.5 and 6.0 m wth relative
PIOCES G, §{&1@’r{? 196f 100% 30% 10% 3% 1% and 0. 3% per

;ﬁg§ﬁ9@§ﬁ15§§3&5g§ﬁ§§§ent poi nt sources for determ ning
e enpirical

[0040] Conventional high performance confocal epifluorescence scanning systems for
microarray image data acquisition use one or more lasers to illuminate the microarray for
excitation and mapping of probe or target fluorophore labels. The high intensity of the laser
beam provides sufficient illuminate during the brief transit period of the scanner in serial

passage from one imaged pixel to the next.
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[0039] Software inplenenting algorithnms are known to
those skilled in the art to extract or predict the
W 0At049pT ead functions for a particul ar i nagi PGI/E§20EM3721
and use these for inmage processing deconvol ution. Hi gh
[004OMBexhER el Jf kiR Ak @DmicrbARAAL a0RY BRIL 988 is HeDuire system
performance confocal epifluorescence scanning systens
manuffrtumil by dar Genetixrfigeorddeainddeupgiei BK- (s st prerpice with up

| asers to illum nat.e the i croakr for I ' o
B e
532 dth 074 phensk tyyoic e diaseruheans prioy b e s csuf AMHLNH39 nm/695

illum nate during the brief transit (gﬁri od of the
nm figenitnés Cvh-5s Sr7alT s §ag &4 r 6 68 Baged: pr&en/to Tpélter

= [ f inf]] a c
(OrPLBHIGIRB42, R Sl 5191CPLER OHLESART SLARER sy o
scan Bycrbheaysenétrhixrd@aripo rabitonniinaHanpshinne, petkn” Thi s

syst em oper at eg %{vith ug to three different hl asers ftord1 e

(004311 Parfrerap|2h =8P O I 15 CAr TGRS oD 6™ (Sed ' R EPei B onee!
{acl; LS , fBné andkd litres) d QY BiusBd%a Figure 1,

Semgfié%a&%?%g%sé%%%?&%ﬁ%%}éE%% L0 ?TAAI\/RA)>;€(’639 B 695 nm

to illfiinirtaer th¢ ©yi8Se 20p5 sb;facAl lexi@e Ebﬂ@ﬁ: sf B8BIngBAPosB60] theg@ay to the

ConBeRL s 53PS i S 5y AT e st o

1abelc@RfQ6RacBY ShEPIEARs SGARhIAGHORES @YStiat pdlyMesierthpinkelction
resolution in about 1 mnute per cnm . [0042] An

(RTRSE@ENPLER yeentrodpwentls asiatthges o dxeat LicHentovGRSIEIgEs

the | ower ,cost and.l o r Y! i '
e G S b AP R L ofhe P ¥ard 0
systdnlsl USHID ab@eed dic FigubR wWith &0iskibh univeiat @ht hetegas ilicerange of

array surface for the period of inmaging exposure of
fluorgsrenialepeyrtiont WeYICoD ShEgericsHen: LED devi ces have

n .used for nt:itative ' o

004 L0 ST Y QR e LSS SRR BB YL gt povr
LEDE eadduttdmey peliymenaseraehia Gorpeadtn anNERTBER).. FigED shows an IC chip

devi ces provide the advantages of |onger |ifeti]
20 hyiper herrePgy Fedal FErBAtSeSaM B it §?dﬁs%@ﬁp?§w0g% each of
whicﬁ'igg %Eg&gﬁé 2N of everqioperatiNe Aazar ds £ omPALRdchOis embedded

a tems. " LED devi ces are avail able with em ssi on
in a wamelcenpithse gui faeditdies dilvet diangsicafoffhkudres dentEDabel

004gE 5 St BaT Tl B eihes BeTeR TER Ty ek bt hergine
CerathiddBe Qﬁi%ié)&v’tﬁ%éfg%e Rrec4cRGr Ry b/ ka@n:Nai &ehdNhe€ 870 nm

Corporation in w Jersey Fig. 3 shows an IC chip 20 )
(blushavil A0 arHexergonarelargtiay obssegvencigiipstre fayofadalor 20pitation of

20c, 2 20, 2 , h_af which i hexagonal .
uorgbae B SFiRonti et R s el SR R A RE M proeins
partibSagirbeddeshetinoanicRbany epSlibsdisaRe-HlREnd atict hicddcesr

di rect dissi Eati on of heat fromthe LED. [0044] Two

blockspairpy estiororresBT20/e0 188263 o SncamCARCISEDY aitiaylsr LED amays.
produced by Lam na
Series Mumination Wavelength Power Rating | Luminous
Color Range Flux

BL-22B1-0140 | Blue 470 + 5 nm 45 W 28 lumens
BL-22C1-0141 | Green 525+ 10 nm 43 W 78 lumens
BL-21E0-0131 | Amber 589+ 7 nm 13.7W 290 lumens

| BL-21A0-0121 | Red 618 + 5 nm 13.6 W 70 lumens

Tabie 1.
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Cerami cs are suitable as they provide intense, narrow
bandwi dt h em ssion around 470 nm (bl ue) and 530 nm
W@ grgamosivavel engt hs. These wavel engths are f aR@F/EHBI087/063721
for elicitation of fluorescence from fluorophores
j - =Y i.ds_and
00%53 g?g{yﬁg{ Rbg)gggél %‘fulf}lgbﬁaﬁg ﬁfa%tu?gb anx%gl[t?mg P@% m§tpg§ent (the
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eleaxlﬁegtgi Htgs\é Ir‘%%%:& &%{Pg Q»gtth {e%%ze) o st%%% ﬂﬁgfafcgii%%slt glagl%ﬁg?fﬁ}éaf heat from
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In an exenpl ary enbodi nent, LED desi gn nount
06457& r dlé?ereﬁaprf hgleénm éﬁ%lrﬁféhf( BBl mm amsmrm@e an
s | I

LR PR L A LBt DL Sy o
{Oﬂéﬁjt Blmd’liﬁdcdm sf mkologOQUiZ]diTiner bletsqeem searE@rrhy gid thk i OMinated

ach of the LED el I.ﬂ such arrays provide an
mwioﬁ}éf?% HE1AGIS Y EF At ‘Eatf'%@r PRHEHPR EHPY iegipsathe array. Figure 4
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Laﬂan?r Biuealrﬁi?‘ etvey (INikaml W&} edowdhor o) k ainhpleayvides. Mbr@ane below
m nation.intensity across the

l. |
ima 3 York LB i BB R e B e i Hypirular

holobRe huppiefusanen@f (Fifondnghaovms %ét[c% Clied, @'&Qéﬂg}e%eeﬁ the LED array
Lam na Blue LED array (N kon D7 through a 260 m

and ginkRs] S@Sﬁb@r tTGﬂeéOquhEﬁp dhstrhies tmt therév@égrmec @éﬁmemeﬁfem y

dﬁ%g % Yggﬁg ogr ap fEIEQ%T? f Ius lgi & &F g}%ﬁ?ua(%&%)ﬁ&re 1t visible.

[004% dnsa meaipieaaemsﬁmwewslepeﬁw etwee mheth@sildbe adh@¥ntation of
and %bn hol e aperture The | o pane illustrates that
Hlurgwatieap ot At & 08T fiedisst Jigheregn ﬁir«yg%a fiprues of He LED cavities is

muc'hlblre&ﬂ@epé{ah% iﬁeﬂﬁ}e #3915'3? gg%%{ @f%.ﬁ e TRBS., c%%’tsei?dl vi dual

Ds are not visib exenp eénbodi nent

905% Tapablee"©D tmagdk isygeth Her mopstg ﬁa@rescfeﬁw @S&Btn&ttc@ﬁay can be
when the i di spersion

unm nat o of .an. arra t
confera i Tromeunnut TEiBn Rt G40 e auay surtHerns BaneY o
comph@iotNeoapeldhurend ocosad taBae iQhedhe: LER: ?9 i 9}?@;‘{&%:1011 light

itself. [0050] The same CCD imaging system for nap
levefs| agoriaadencd donarch é}fﬁm thercosral apine aﬁﬂheﬁmniatzg;u ﬁe&d‘i t o
t.fromthe a

. asure reflec rray .. _
00 ety BT Bteoub s BedmE et Ol iBpstipes i
Figu%E) falsue re@§ﬁ§%9§ad&dﬁ@@$@ﬁr@5 Yahi@l 0OM o BX6hEAE LD imaging
piane i%’é and detector 116a is used as the imaging device, with a pinhole aperture in a
surface on the camera (in lieu of a mounted lens system). As an example, the typical distance

from aperture to CCD plane 116 is about 50 mm, inviting a comparable working distance to

contain the optical pathway from the microarray to the aperture.



| evel s as a function of distance fromthe central

point of the illumnation field. [0051] An exenplary
wepwadd4sht of the conpl ete i nagi ng system 100P¢EHUS2007/063721

[llustrated In Figure 5. As an exanple, shown in

008 AL oty SR AR ENLIR, Ay R I o e
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distpiipgs ﬁarb’fpmﬁrvraa‘ywb’mtmewap efftaive Iiﬁ@ﬁﬁ}caﬁ\cm:o;mbﬁmglmmfthe array's
embodi ment of .the present |nventians,
imag R ke e SR B AT fﬁegﬁ&w%aﬁw I that s
focDGtuIpk anedddd.dbatamitdieork e BReHcat@n PidThke s@RSE IUhE aperture.
n the surface 114 is kept the sanme in or§er to

(003t HEDHUuEHEliPe aralel Btmypricrhe roapeayy 102thwighian
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varil a rom equa I stances
difftser p@@mcdﬁs@ftﬁ@ﬁsﬁzfmzﬂjﬁg nivd il @atihonofitehAUGThOfle@fork B etic
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radi iy L T LD {BHGHEn GEAT ¢ &% & PXSrEatins perueihee of 1 to2
mchgé‘ ?sl doﬁyeﬂ;&t fb%%@i@ﬁg%ﬁh afe éi&%né@@ﬁsﬁfg%gg %{F%p gﬁj:_%{o%med in

| mage source to the aperture
appﬂekimmﬂmdt inomutas fayepif0dréscbnmrirmatoasotche Sndichinardiays 02ide an
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illumnation Intensity of 'the el ectromagnetic

at a fesdicd Y aoAlcegintrpedthfougmie. BD ditHromimator 610 ard aycrdsrand2. The

wor Kin e of 1t
mm%%lﬁg%ﬁz? ésnlieﬁgﬁc ONST e e] ntf)“%‘[d(sﬁ i} engicﬁﬁqﬁsquﬂ gacc?fg%?ﬁ gty a
dichfdit tiéfros e1(EmoDuBY ederhMlaRPr OXdd¥idealny|chyith £4D8S f OL incident
epi fl uorescence m croscopes. Such filter cubes provide

beamgn excitati on bandpass filter 108 on one face of the

0005 L0 B0 e ISR LAl LLEL LM it

proxfimity er tht@Beattionsed tebtiningahd olebieghici @it Bedesin @ 1 ED
pass through to the dichroic m rror 110 and

ﬂuf%ﬁ@%g&? v B SCorh B g | (P eaipn §36rf@‘f3riéi‘é1t&ééﬂffac‘3 102 are treated
as pbiAt ’@é‘ﬂa %Blliﬁéest Q"Eﬁ bSR3 REK %@Q% (Sn%hé%g&?&{s z@%? N hc%‘ ar

cube” by dichroic mrror 11 erna
ﬂu&%h@@@}eﬁim@b@mm theropspectditeotitihef tha @Eﬁﬁﬂﬁtl(ﬁﬁm (back into the
pl.ane of the m croarray

cube) 3k e Rh isko Rt bl iR b srises iespert fotdluorescence

wav&@@cﬂhéﬂéﬁeeﬁfﬁé‘rﬁth%%ﬁﬁw' AYighneas &%lfﬁz%}e% A mehdent
fromthe LED Il um naaltOorig104 Fl uor escent - %}glr%ékeesstﬁﬁ%o ¢ it passes

thropghcal §rziedion hatdhessnilor 0 AP lah%yié surd aceolfRitatie mrsmg 1a8. In this

our em Ssi| on wavel.e
oL b SRR PP TS0 SRSk i
in fﬂEhfhthi ieseeneey bntHeheniopposite 1di recti on of the
| | um nati on_beam (back into the
{98355 Figures 6 and 7 are graphs 1llustrating filter characteristics of two epifluorescence
filters used in an exemplary embodiment of the present inventions. According to an
exemplary embodiment of the present inventions, two products of the Semrock Corporation

in New York — The FITC and TRITC filter sets can be used be used with the Lamina Blue
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cube) engages the sanme dichroic mrror 110, which in
this case is transparent for fluorescence wavel engt hs
WO awgas4othan the excitation light. As the fl uoPErbEW7/063721
light | eaves the cube it passes through an em s? on
Sef 4t t f. : i e ..
e e T ey B, PR PSS BRBRSAR, {ffecuively. Table
2 ilipstrdted the apanttaneics of thedilgusdétace 114 of the inmaging
systemls placed.In i mediate proximty of the_
emission filter*1¥9°" (0S5] Fi gﬁic 15 and 7 ar eEgiEpsHs

FITCIdsd708th NG TAd(LER - CH@RACT €TTSYd &F OF TWO 575 555
epi fluorescence filters used in an exenplary

TRIgAbodi(hntmpf 4Berpreent i nvemtSions. Accor di ngpd @narnsgo nm
exenpl ary enbodi nent of th(;\r giﬁe}sent i nventions, two
products of the Senrock Corporation in New York - The

[0059) TG apchel RLdkp by dn@iods@Es ot Ak Pe:HERYeR USE aWtBr model

. the Lam na Blue(470 nm (Fig. 6) and Green (525 nm

mnclpggsgerig)imagpeidilimiensthierpaary ayisg diféspediliovelles afd bl

N i St i f the filter. sets. ,
oS OB Send  b i FnBB Spracin
wittb00 sae 5Q6roaMh Lhdiidus $8BbtdNHT KRFiGSeld di2BoMierd £2d dichroic

. nm -545 nm 555 nm 560 nm 580 nm Table 2. |56] In ‘
MITQHS} f?éﬁls%%’étﬁfﬁmé? YIeshe Bl A ptasfcat Riso priaseirmultaneous analysis of

mork MY ere‘%ﬂl%m;;h%{% detiector nodel includes serial imaging
o?l ?)he I

same ‘mcroarray using different filter cubes
[002w dif WEDmidrbarmiynad ot gicdl Os takeaadvaniageraod omilrbhphent gﬁiass slide,
fl.uorophore | abels on target m xtures interacting wt|
or Py aéfé( r?etgiﬂ PRSPV i tg? 818y §@Y 86 Lpdrd b agwEpttateinpifror

surf@c!’é? 18 $8LRMrbiilit 5& AR i ShrolCiah] trﬂe%u(tﬁz)oufv? "t Sorescent
Wi

h color imaging CCD arrays can al so suppor
targefs pulthanepusiranaldpshisighe neeivehidmongord blorigphomebly the

| abel .. [57] 1f the mcroarray, as is typical, i
uopGRPY S EH U e { L% BFY b ¢ PRRERAY BHYe giegabo from the back
refl@tibeler f10srepreatefiahd] Yha ot Bkt RES cONEskLibn. tHERtP@1is 1atter
array may be backed by a reflective mrror surface.

signghip kP degrevitderalized ordlpassesfimpheat the Cdehplabeane to

o . fi : nt_ targets on,.the arr surface, ..
o A D 0RO PRSPt B SR SUB BBty of
this hiborfal luobesoendi gisil ghiadnc frhemMap R atiargel s (o TheeRrmBkdbe is

percei ved advantage also fromthe back reflection of
FGSS%?}E Gre8rEHER 28V e TRHate wilgied botRBl satise oeddipenal deconvolution
- -y | is. likely.to
e e ey B oyt PR Bl Rl BEP hgescence
path@ER pl ane, due to refractive and angul ar diversity
m poi nt source}'a1 on the array surface. The
I}

fr
Sh“HFaﬁsieé‘BP?‘frﬁ 8F"Phi's notionally four-fold signal
00 NSRS, SRDSSAED, PR3 L 0l DR, gl .
exergpptyi watddonewfuseddiligitdnamedetonvodiupd ohdging. In an alternative
embodiment, a high resolution CCD imaging array is employed, which offers features of
higher numbers of imaging pixels, and Peltier cooling to lower dark current and background
of the CCD elements. In such an instance there are perceived advantages over use of a digital
camera, particularly an SLR type of camera. If the CCD is optically contained, it is only
exposed to Jow intensities of fluorescent light from the filter cube, and then only ifa

fluorescent microarray is under incident beam illumination. Since exposures through a

pinhole aperture are anticipated to be of significant duration (seconds to minutes), a virtual

s
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i mage processing steps or additional optical filtering
conponents in the epifluorescence pathway. Shutterless

W (93404087 control - f0058] One desi gn consi der BET/65200E063721
to m nimze nechanical conmplexity (nmoving parts). An

' digital ¢ ra.for . )
oSSR AL GRS 85 oP Db AbA, LS QTR R hehogcal i oo
SLiniighmeleaotarf ¢ledrddGignm gl hg GID ayayi fRisk iR S¥Eh rwhileh or
offers features of higher nunbers of inmaging pixels,
backqupebia et ac&a%au?%%@ﬁ% & st earRndgiaReloraection (virtual shutter
}Kﬂgaggg%gHgd of the CCD elenents In such an instance

there are percei ved advant ages over use of a digital
Codranmreaturpartiewl arly an SLR type of canera. |If the CCD

' i cal ined, it i I dtol
00kl &R opERabbet TR G Eaushbra Ty Rl e (PP E@Prs Beging have
emBHeEdt DeR @M Yori ilﬁia%e brd4ese8Ce R T, 61081 E A¥m éseﬁﬁﬁlﬁ{-gméﬁg

_incident beamillum nation. Since exposures throug

diffsichbio fleoepertair @ednes afving iop dteeds tsenipearo hosingniablecaniptical

e durati on {§§coqgs.t9 pingte;),,a irt‘%I.l LelecIroni% )
TSR 8T RO MECHERT &A1) i p&éxé}r/fﬁ%{}l 8 Mpgi88 gaige srrgle photon

emitdien seehasd cahodddhy (9PECe @e@&o'@@l@?fe@ &by tAEdeTBhlications have
electronic signal to the CCD may flush the array of

devpleBrdigaImiey Betek gpoiing a6has gethdecunpie atsubn&rdndh imaging resolution
1 1 rei.nitiate photon collection (virtua
aﬂdgﬁ%??éé¥§%%xﬁ%%?%%£parts). Coded aperture arrays

[00¢0 052 ireAsilnetrees aboeenplirhenfbbeles: of 2 asleti0peMe array. The concept
: niqrosc%g¥ and tomogr aphi c i magi ng have enpl oyed _
i Fggonvol’dt 1o e I otessisR g TeRlet aF peydepuramms a (modified)

. - T g N
oGS L 10 B 3400 YO TR e e s
as voptddahtougk trdctfitonafeomrdsmegiaugee light Budichgs xa eayvated target in a

. tel escop closer field imagi usi si ngl e phot on _
iR B S ONSUELE TR ABRy CSPEET © INETHoLHY opfteletector 144 is
anylbiesirddheseiraprliceatdions; hawe devel oped to enpl oy coded

aperture arrays, with favorable results for both

[00¢Ihaghaigstiesplintdcom Andeicedutds onhoforexposiinegt ipaming through the
06 Figure.8 |llustrates an e | ar mbodi ment of .
codiPRneT SPAF TPt LA EOmEL BRI e EPOOHTRE e the toh

front hattiga pahbly. Ohypicfieliezapetdour&Stion fRREAQMQAaN be used to deblurr
pseudor ando as a (nodified) uniformy redundant
the wgpplgpe (TPM%J% SKEPBiGE € dhvolchEsed thesiipeier inposesn phige convoluted

A SO 0 VB S B R 1 AL s o

the eided epcmay arrpasse S(M hieptegdntathe ddederaper ot fakd ayekdZuask, If]
to a(%etec or 144 The detector 144 |s any desired
equalpigidsgoaaviedatsent’ss a cop,

I=f(f(R)-f(M)) (3)
As illustrated in the equation above, an image cannot be deconvoluted (i.e. deblurred) without
knowledge of the particular inverse mask of the coded aperture array. Thus, the inverse mask
of the coded aperture array serves as an instantaneous optical encryption key for encrypting
an image.
[0062] In an exemplary embodiment, the coded aperture array is designed to be an inverse of
itself. The methods for creating a coded aperture array that is the inverse of itself and
deblurring an image are described in Gottesman, S R and Fenimore, E E (1989) New family

of binary arrays for coded aperture imaging. Appl Optics 28, 4344-4352; and Vanier ( 1973)
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[0061] The resulting inmage on the detector 144 is the

convol ut ed i mage passi ng through the coded aperture
WQ2(G0aAt0405he resulting image is blurred becauseP€HES2007/063721

detector receives the |light frommultiple pinholes.
U e e e P PR LA BR L AP OB 2Pyt . e
Cont‘espsrce@ﬁnth tarellBbavd mrted redémsifoms predferdih mcoqmmbcﬁj bedeference. A

RO E B oREER Pt I SRR SR B e

perf@BaAAd4IE valthayl @E&nﬁéﬁ@aﬂa?@@%@@lpﬁ& e 3’5@2‘ r35 €0, Fenimore, E E
t ransf orm of tge | nver se equal’s

(19¢ 8 orive kperede bneges: thhendilafion yrgrﬂfdr(mgus@fﬁ}r Wsformly redundant

ol SRS 0 450, SRR 50-280151, A0 LTS0S, E99RL S

zma@@lgtwﬁuhrﬁfoﬂﬂw%daﬁddﬂiaéﬂfa}&f ﬁﬁzeo@me;d APERL LN Ss@hb@YJ S Patent No.
hus, the inverse mask of the coded aperture array

4 2%9@?% §mas 1R A hST aRean e”—‘es-’lsf@wbé% {268l @ﬁ%g@@f me@h ﬁR@y@Gﬁ@i aperture
ca”n%ﬂa%r déggea%ﬁe{lrt{ %?%&i‘é@raﬁ g}é{i" ndﬂ%ﬂgl % gg{axu gmig g’ﬁ' ié)Faéi éi;ssertatzen,

Maﬂﬁchﬂ;&&l ThstitihefMethedseyf Qumeriegd,iNNg.; ant odessaPe abfRini, F and
that is the |nverse of itself and debl urpng an

LanZnitie (GH00) Ae9dFe B, loEat s TN OISR AR A CFEHICrd T TBaging with
! I
a coggééz%%ﬁl?}é Ah\gééfl e gclﬁﬁgia %}&En@hﬁbgg&zﬁg{ i2ye Iﬁ»% gg@cﬂﬁﬁe qG 48, 24112417,
the ¢197 8)itaps o eientisr dlhalwodedicdpefetanres arheemal innepbraont by
f [ gl ng BNL -71468 -2003 - CP, the contents of which
%% al I above noted references are herein incor por at ed
[004®] et ebenserandiotinSGUS iR oRE 0f 9dednanekLtd ro? 1R doBYS ap Sture array
also found in Feninore, E E (1978) Predicted
masfepade i pranes f@‘fﬁﬂlﬁiﬁiﬁﬁ?@ﬂrﬁ? yespleition dapTpacdnraps limAppime@pivi of the

bl SRR SR b S GPERE AREALR ime e

(yaw)ﬁmfa@ef rﬂrydwoed mﬂ@@bﬁ@m@m nuARE o Oek €8s 19 the248%- 2471,
Feni nor e and Cannon, T M (1978) Coded aperture

(0064 aigieht Yl Wﬂﬁ?ﬁ FoFer grpedtraant andreays. syNep! Z%ﬁh@smaemg
AL R
holdgralhtt ¢i6dest ?@ﬁea:ﬁéwxeﬁﬁmaﬁi% 2bBra {hblgbrcr ety vy OJhd emission filter

and j ndystr| anme-ray_im Doct o
2”@%&@&%%&%@ %a’@g} 1 detptiet 3 koat % guﬁlféiéﬁﬁﬁ e@@ythese
confpBROH A38milie %@é’d&%‘éﬁ%@ IR oA RARH My BRMcsribed in Figure
5. Tﬁuohegmgw&iemlmé uptsamnarded apgiung amit hi apqﬁm@ftmm%o}e aperture

AE er _canera: experinental results. |IEEE Trans Nuc
l14¢ ?@f&e ‘48, 241 1-2417, the entire contents of which
{0065@ rTiad dxcaloye cHoll efzﬁfe%%a@se@{m@aﬁ%@%'m Xlznqez %g@qs&n or
reference. (0063] The Fourier transform based
ClGS@%mﬂ@jphpff@’zﬁ gt hSt hepenvercs end 2 Ohetived a lapepttueeng power of a

smg% d1@¥ent aperture.

[0066] Within the scope of this invention, the (M)URA or other designs of coded aperture
arrays are fabricated for the intended application by means of high resolution black and white
or color film reduction, as positive and or negative images of printed coded aperture arrays.
This approach transcends the resolution limits of common digital printers in use today (about

25 g at 1400 dpi) to the finer resolution of familiar microfilm/microfiche substrates (1 to 5 p).



mask | eads to image reconstruction at resol ution
approaching the limt dinension of the coded aperture
WQ2G0aAt04957 ndi vi dual pi nhol e el enents. Additi onBCT/Y$200He63721
exposure time for the (raw) inmage is reduced in
0BTIORRE L AR e
(0P8} iGane & e IR S BREE heR Rkl BEFER e aperure
arralysrﬁglthlg isyestiemh200milTigesi tradongosiyatteod 208, fonelaudLstude of
croarra targets 202a an. L
ool GRS B P AL D54 OGP e P T PN g grovided i
Dot8hd nexcictat b aadd dt6sn, 208008 dive BEQherDAsr |
OemSS|on fil te? 212, E%niﬁ ‘%CDV?nagln&ﬁgig%%$§%gﬁmﬁ?%
Progeedetze of te 2216 aXSEBﬁECSLﬁIGmgMIf@rbm@sApﬁ} t2hése the entire contents of
ar. to those described for the

. t
‘ﬂﬁgg%%qggggiF%%%ﬂ%gﬁt%?gﬁﬁgg%r|bed In Figure 5. The

0048TEGHAGErSYEL 61912001 HSBStrahsEAded, AReIS dHheraal 1haY
i gﬁgce of the pinhole apérfgre 114 of %ﬁgﬁfe 5. p%%%% sk

DIOIRE @WERpIVAY i o dedaape ihia e canomipr psmary M WRM DTy Ritdgtation of
ff
on e RS TRILE AR0 % B R e SR SRS e perore

arrapower of a S|ngle el ement aperture. [0066] Wthin the
scope of this invention, the (MURA or other designs

(0065} "Eaederapartcdrd 2arrapaieny Fabe Pt el tf-aruiHeathway for
prod&ggﬂ g?%@?@@ﬁ‘é@%ﬁﬁ@ ?Olbf g@ﬁg@ i ALOR 1 6% 8{ HELON, gppglrca‘mons. It

te or uction, as positive an
is alpe gateil Vit ihmageso oo goapihng mdsiaeﬂecﬂuﬁhe tlaut@card aysartidinas

h .t d e resol t|on [imts of common
mic QRS TG Gh300E TE83Y. PUBBIKIDE Ge apdsiporiasiapray

desit®s thgsifhdaarikigse! ubhorr @fs ihamibhar
mcrofilmmcrofiche substrates ( 1 to 5 m .[0067]

Trayplatiappf reatvege éftartd deofiohmuaditaindubsatiat e f or

nerati.on of the oded e arrays for th
oo R URR AR KR ST B Pt e Bet Rt Rbmapsggeired CPU
prode®dor Mdthagtuehe Carnot-oldnt Ao g apdi igtcrasK STACMEMR cessor has a
manuf acture. A description of MEMS is provided in

menpyst slenice Napstokis e BB emanitaMasdns 2l (2 004)selrowwke é:stcoded

apez%gg%% us(lﬂs'@ .@g Eglﬁfé%cger izrg\zéaoacr% Ieo(zd é)g%“%mmgﬁgugﬁrt trangforms, or

any c0Rt epdirsd @fsze‘i\ﬂmrﬁ,fb;ﬁaﬁ@f ihepetapikBe oy RAT@D &de PYF empirical model, or
refe§§hce [0068] Furthernore the use of col or

IV EARRTTAL Srfe e@?ﬂ@ﬁ%&ﬁﬁﬁénerate the aperture masks
pr @ﬁkfgf@% QRROLEWRA Ty %Qﬁt\’!ﬁ% rg&gﬁ A 0 3%151 hﬁl%ﬁbgr GYal:0 Wocessor

primry or secon Inte ion 0
may(t@rmmgﬂynd)suﬁn bt ;emgramrhd&tﬂeh@ﬁb AEH?S)tahﬁFMS:enﬁaﬁﬁeﬂ,&@carﬁﬂt

e ace of the erture_arrays 69] This is
exer R BAGAmSE Wb eaBROER PypoerabfliTaisaip. implemented in the
}maﬁﬁakj&é{m a% s b B G RAtTEY: [ rRhRAUCE Q)r‘]he@fde% F@%Sa?g ithm, on any
nponents for the subject Inventlo as we For
imagst drerurappl p €ALD.0nsPST tmpsical soddiotedyvarbatatihel a caded aperture
araphotolithographic masks used In the manufacture of
particular
MURA Apertures - Preparation of Body Cap —

ues.

[0071] As seen in Figure 10, the front-plane of a standard black plastic body cap 240 was
photographed. Digital image in Microsoft PowerPoint was enlarged, and a superimposed
circle drawn to same diameter as the cap image. On the printed copy the geometric center of
the circle was determined by intersection of two secants. A sharp steel punch is used to pilot

the center for drilling an opening in the cap. A pinhole aperture is indicated by 240a. The cap
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m croarrays are Intrinsically of simlar scale and
conplexity to the coded aperture array designs

wWeprap49ned within the scope of this I nventi onPCI/US2007/063721
Transl ation of raw i mage data to deci sion quality

is ciaﬁi‘p@fl &% 'W%Bden ‘5&/91@{?1% s AEEOLMH REELQ h%dtg&(ieg}i) CP% ¥p668 SEBBg to

nbodi nent of present inventions
pre‘f:nnowﬁs“a@: isiused mmdtﬂmghahe bap iﬁ@[énldﬂg@ﬂhg heﬂﬁyh@le $hdr@8entally
as a nenory device that

frory 4 fBa8 R FepebgrFieOR T ROUERE cna Ee: ik s oress g disgonal
of NTOR ACO6@6n AR 8F ki @tcl Ma¥Sronl P&:ERBY, éﬁlﬁ% %fb%%é§ ugﬁg a conical

firmvare for performng Fourier tra
storgtchérl/ el ot ediroak e ot tiHmhe @reﬁanlyband'aa@é Tapt lskéiddhnytm art will

rece%d%cpfg é{l%ﬁ eSE %Ei Tur %n%r & S‘Gq} ﬁ?‘gvﬁ %%t ﬂe? ??8%% i%%uls?‘ggjf Iar?‘}flﬁeéllent

desafdiioni | | recogni ze that any nunber of data processor
nay be enpl oyed such as progranmmabl e logic ASICS, a
w@'ﬁ?ér@o%m@@ﬁﬁ%ﬁ%ﬁawe@@@mﬁﬂéx FPICH Jeerbiodiarint bugesdaired surface

ha e 2 PR B b S0 R P 7 A im e s

and @ienwmy 20t hestrales ir Bdual @ ossbtQimel;0nAgnyrfaaBgeyiea @tp‘}k&@@e aperture
PSF enpirical nodel, or inverse mask of

13&%&5 8@S§§@§¥h?%h%}ray MURA Apertures - Preparation
(002 ﬁﬁ@iﬁe@ﬁrw ezﬁ%?x%knt%e%ﬁ%athﬁbaﬁ (E E}gregéﬁg ge copsiruct and

front-plane ‘of a standar
repm@git ﬁ;h@tﬁowab‘h ederiide girr&ﬁl asidnggé HnasgeM @ﬁ@@ﬁfgtthe explicit algorithmic

descgirp SR p{ovzé él}f@/s l ar I,ang g%ﬁ%;r% E@%%}&gg‘? g%y%b r gl c?eﬂvatlve 1mage is

conffdcrdes); &WWEH@ 1}@%@[@5 FldGhie @NEEY is @EnitRE v Lh %vﬁ?@%ectan gle of
determined by intersection of two secants. A sharp

dimgpsgsts et v ugles- tiae pizk of tehvquaenf ERAf i@ﬁh@imﬂtd&n afghe large

iSRS ke €38y AupLENS By BBCLL Mg e Obeated o oy
mchaﬁd)z Bnenel 0, (blﬁﬁhdh O henQie tOWHEPE ﬁéit %Iet dnﬁgzehi%m@ VSN image are
is used to drill _throu e cap and enl arge

pho t@ﬁé@é%fg PP blskeviifacanrian yes @Wi/t‘leaagm@mmteiy gaur-fold

r Iec 0. be y
e 60t BELETENS S 4T DRy ATEL ALy SALESS Sl Qb it orcon
170Jhﬁdﬁé®nﬁe@€gﬁ&ﬁpf openi ng are bevel ed using a conica

e or a 1/ 8" piloted router bit with the Drene
1007 s 1 Wik sRa 1t SUeRent LA paiire eSO Zehet gty includes

a bl&k%@%@qéﬁigi caeha atégg}ésp%QEsa%%z[ﬁ%%{ZV] ré%%? %{ ﬁavzggt Wsgd

for a convenient descriptio
baﬁ@?@mﬁl arhy regifodi imept squehve 20z dievired@ick so MMSKEdhdwlyamy, 4.44 and

d f hol e a e ure or coded
s 0 A AL ST M e e T
appfﬁ!x@zbﬁt@y@ @and. 2%'3%63%56%%% fekhdagt Lt @ﬁ%@r}’ﬂﬁf %gvgim%ges are then

respectlvely. Any surface havi ng” a pi nhol rt
centered and mounted onto body caps with opening diameters of approximately 1/8 inch, 1/4

inch and 1/2 inch, respectively.

Film images of MURA aperture arrays —

[0075] Black/white images of the inverse MURA images are photographed (Nikon N80
camera) using a 60 mm Nikkor MICRO lens, with slow Ilford Delta 100 (ISO 100) 35mm
black and white negative film. The printed MURA inverse images were illuminated on a
copy stand with four 5200 K photoflood lamps approximately 40 cm from the camera, and

exposure speed settings at lens opening f8 are bracketed about the gray card metered speed of
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is referred to as a pinhole blind [0073] An exenpl ary
enbodi nent uses A Mathematlca (v5.2) programto
WeRaWIMNI95T and represent square MJRA aperture BET/H§20HE63721
digital images, followng the explicit algorithmc
i Bt ' Fenj-nore (198
1 T arov s SO iR b BB R s T st extended
agitbliacio-anhite dontrests Bost resudis t dsitdack npgeitsi ﬁld&eﬂﬁteﬁﬂ%ﬁ@garerécy are
within a white rectangle of dinensions 4 Inches by
typEHBREEh SHRBUER SR 4f T e TEOURFE MR IorErE Hesra g Aot e abou
edthesl ' ' LSt I ' ;
1/6theclarger seet andkerel sictapl t@&lg#ty t«:}ﬁgiagi?,rbgis a%{;) r%ﬁg il? 8&Pasing gray

each square aperture el enen (
tong pighlosQoiZnsprstnErofOhaO8hitmatvrtuiien t he conposite

ctan and centered MJUBA i nmage hot ogr aphed
00 P S e Sy VU T g S MePb 1 ABec 5500v. The
uppappmexicoatielwys frodketdiokdodiegdugt 1enof /1 b, fect@n Qéceres%ectiveiy‘
di mensions results in aperture el enent sizes on the

th

Thergrpnef-re0frd R0 ENd 1 240mset esplegddvellye po74parRi Hdbeo show

1Ak Tent RA _positive arr. -
et oS R e B U B ST B G Bl bt U e ama
magorsrrespoatdi Nng negati ve array 250b having a mhltg

ckground. The negative inmage squares are sized to
w@%gdﬁ%‘es" %EWBW%%%P%/&??? %&T&A@@eﬁw 282882 G ingess, at corners of

the §188REGE Ly el YereDiagonakl ;70 1 AL RA L ITBOES back of the
. % an é. 6 mMm

are thus approxi mately 3. 14,
Nikpe8pelct bvél yap. Thés entfi nlomtiegatst weouk fragesadr ®iyhienne sheet

i.th ni .
(B R EoEr e Mok A AT BICES ProH? 0 T k) G i o
centeNEdle i @8REERIHEhY cenfirbdd ) IBALS 10F b MIRALARGE L6 4 Megaﬁve

arrays - [0075] Black/white images of the inverse '
is cqnyglesntaries pitot graphedtr¢dNihkomilNgde palyeyahe dsicnghah690in tum

NI k M | el ith sl Il.ford Delta 100 (ISO
ﬁxe%%%h“ ?E&%YBP%C(%%%ES%SW? %88&81 Q}Iécufq(%?rﬁ?e%he print ed
[00MURA annviefsevé BRES&SMARS, enel dokibiThai eda @, @&sGoBy ﬁ”ﬁ%\%él{jthe

with four 5200 K photofl ood | anps approxi mately 40 cm

MathprgpH @HE0 gamef 1P amdnies posur ésspeedmyetet tngsnatd Design (CAD)

ni f. ..brack bout- the gra ard t er ed .
o QBET 10, G5 SR ABELEM BRI U5, QU SRS LN e
etchby obloackcasidhydritiec Bédk. priecessselimbdribiext@RERALen placed on the

itation to enhance contrast. Best results, as black

b@dgg%%‘? /C A WHT TEER RSP SPEREY Car é1a jisi @ atistynagktiha photoresist

) r D [ r.thar r . P
e et o TR Rl bR O RL Sl i PA! Iyl B in the cente
of thexprosures algredsgnbpachdynof 100 acdkon blitneddrso resul t

o0 3L Pt G B0C 0SS, S L SpSPRencL o o
micRegat.i ves 386 anned oAt +§890Q; APiooR:. @?egpﬁéj 6818200 light into a
first g‘eZﬁency band. Step 304 reflects light in the first frequency band onto a microarray
causing the microarray fo emit electromagnetic energy. Step 306 filters the electromagnetic
energy within a second frequency band. Step 307 directs light through a pinhole blind mask.
In an alternative embodiment, Step 307 directs light through a surface having a coded
aperture array. Step 308 forms an image of the microarray on a CCD.

[0080] Any processes descriptions or blocks in flow charts should be understood as
representing modules, segments, portions of code which include one or more executable

wnstructions for implementing specific logical functions or steps in the process, and alternate



upper pane 260a shows bracketed exposures at 1/1 80th,

/120 th and 1/90* sec respectively. The gray
W@ 21034095 r ed exposure at 1/12011 sec i s enl arBEHUB2907/063721

the | ower pane 260b to show detail. The circle
impl SRTeARAL &

e R Ptk D D M85 hons g the presen
invesdios @Q @’&iiqﬁefgmtme niayigescofied de olbidar &per thatrsboanroayicussed,
inci@he, b bnng} rneﬁs of the slide to fjt as centered

wi TR A T A a§¥ TR e FYinErcp e deigrere Ul uppieonality

mvdlaé‘d( a®lvollienNirkientB3iG- Hy%@&@hife@@n th% A0 nm nmounting

disc is cut from bl ack (¥ yrene sheet (Evergreen
[00%d a8V 1&9@1@4 f§ad%<bmeﬁvblelf@e ﬁwﬁosh eet sar@stzzss ¢{gh@ pEsaminvention
are %@ﬁﬁ)ﬁ le gglg}e)#%e %Qal}% tt%%c% t 1§ ?}berg’f?h Otble uﬁﬁ%%t%]gfi%}m% within the
sco;ftecg“ahda a‘@enéa&ﬁ@;h&l; &ﬁ @*fﬁn&eh h&yﬁ@@ﬂa&@@d amerEoveneds specifically

QFE W th the ol rene disc, which is in turn fixed
desqiten hsirat | %Féﬁ@? £ Bi16 S b eSO g uton e and hardware

V, 0 "y

C e oo bl A BB B A Arigr PEgerein
maypreogremeil sniirept ErseﬁWax:é i Theanftwdeshiete Ganplt®n a carrier such as

e S CaL T oF RO GBI ShF S hdeauen caper fare
(008 I'BYusl Sre€bCDEIE s ANLOssBrPNQU QL 5@@&@1@@5%%}%@% rgzgﬁﬁ’y

photollthographlc mask is then placed on cap
embgflingeng aﬁ*éxe@maqﬁfanvq»t@npﬁawﬁénbmd@mnﬁ by thee skilled in the art, the
tor SISt t oresi st wafer ggx%ng an area

e A 5 b TR OGBS0 1! Shl DG B 20 R v

or e@éﬁt@ailcﬁaﬂa&%ﬁﬁﬁﬁtﬂﬁre&f Aherdhet onesisshswalern-Lh
pi nhol es_having a 100 n1croﬁgg|anefers [ O7§%ﬁ |SE$VaﬁKmIS

mfeq@ﬁﬁ@ ba ifysg@ilehapt ngtlinuseg af thageans ofdenmplantypnnet hdblas other

r croarra 300
claif " SR8 LRGSOl T GL O PLl FORaTsSren,
éeﬁmﬁ ped thd glabe bhthe farebbing tsiah&@@&ﬁﬁﬁ!dg)b%ﬂ tha2b8RnAhve subject
reflects Ilght in the first frequency band onto a
matigy S 968 r) [CHESIUAECt he microarray to emit
el ectromagneti c energy. Step 306 filters the
el ectromagneti c energy within a second frequency band.
Step 307 directs light through a pinhole blind mask.
In an alternative enbodi nent, Step 307 directs |ight
through a surface having a coded aperture array. Step
308 forns an inage of the mcroarray on a CCD. [0080]
Any processes descriptions or blocks in flow charts
shoul d be understood as representi ng nodul es, segnents
portions of code which include one or nore executable
instructions for inplenenting specific |ogical
functions or steps in the process and
al ternatel npl enentations are included within the scope
of the exenplary enbodi nent of the present invention
in which functions may be executed out of order from
t hat shown or discussed, including substantially
concurrently or B reverse order, dependi ng upon the
functionality




i nvol ved, as woul d be understood by those skilled in
the art. [0081] Cbviously, readily discernible
WO fp49at i ons and vari ati ons of the present i|PUERSI007063721
are possible in light of the above teachings it is
cLAhexefore to be understood that wthin the scope of
the appended clains, the invention may be practiced
Whagtihelawngbkist han as specifically described herein. For
exanpl e, while described in ternms of both software and
har dwar e conponents interactively cooperating, it is
cont epplated;stibatreldie syistemdesstbbed, herginimy be
practiced entirely in software. The software be
entibdiceidorienight eared @nfiguch tadirpadight iowaot thoptitmatray having
LSk, . [ .or audi.q frequency carrier
Eﬁd%%%%?ﬂﬁ%ﬁg?&$%&§§{%ﬁggggﬁéﬁgﬁﬁﬁagﬁggﬁ?§g h di scl oses
andndescaticeStareseigurexenplearye e ods aent: Miuthe band;
present invention. As will be understood by those
skid Pegomatie Rerar fonfighedde edient e fgentitemiifmyetency band onto the
cebodi.ed. i fic.f it rtin :
e Che oy 11 e e e ol Ae el oMl BBk Mbps activated
by tae ogadiang biyqudanhe ratigs ¢heo suneniof thtdugh prees enbniaty entiban
is intended.to be_illuystrative, but not |limting. of
t h&ﬂ§88ﬁé‘>fbﬁﬁ?fr?8ﬂﬁ%¥f8§f? er thg ClRRlrmapsictt pe 2 Mahs? second
freqifydiaggl Qgure, including any readily discernible
variants of the teachings herein, define, In part, the
scapemegingheitfioregog aghoked mupérdnienck @Gy DsLibh Gdiahariog an

. __l.nventd ve subj ect tter.is dedicated.to.th ublic. 1

imay B AT g BF oo el R e B B reeivs
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4. The apparatus of claim 1, wherein a first distance between the CCD imaging
surface and the pinhole blind is equal to a second distance between the microarray plane and

the pinhole aperture when the image of the microarray is created.
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10. The apparatus according to claim 9, wherein the enclosure further comprises:
a data processor configured to receive the image of the entire microarray and perform
image deconvolution by multiplying a Fourier transform of the image of the entire microarray

with a Fourier transform of a inverse of the coded aperture array.

11. The apparatus according to claim 9, wherein the coded aperture array is a

modified uniformly redundant array (MURA).
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19. A light emitting unit, comprising:

at least one light source configured to direct light toward an object;

a holographic diffuser configured to increase uniformity of a illumination intensity of
the light emitted by the at least one light source; and

an excitation filter configured to filter the light into a first frequency band.

20. A method for creating an image of a microarray, comprising:
directing light toward the microarray having addressed probes with at least on label

that is activated by targets;
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22. A method for optical encryption, comprising:

receiving light from an object through a surface masked by a coded aperture array;
and

forming an image of the object on a CCD having an imaging surface, the coded

aperture array configured to encrypt the image on the imaging surface of the CCD.



