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WD 2004/ 077031 PCT/ AU2004/ 000264 1 | magi ng Device
Field of the invention The present invention relates
wbroegi7yosio an i magi ng device and to a nethod mfr/av2004/000264
deriving an inmage of sanples on a transparent solid
phase such as a sanple slide. 5 Background of the
i nvention The anal ysis of sanples such as cells, for
exanpl e those obtained fron a patient, bound- to an
arrangenent of binding partners, such as a protein
mcro-array on a gla een proposed as a
di agnostic tool, Si mqﬁ'aﬁih tﬁg&éﬁal ysis of the
resence of. fl uorescent rrarkers i ndi cative of the
F“’@r@%ﬁwﬂ'ﬂ@"of particul ar nol ecul es such as proteins

in_a sanpl e has been proposed as_a diagnostic tool . It
i s THeBriabmeention fasy ibeadly toan mging devieadndur parpthod of deriving

an isélhi o k:m§Mles A b k@D Sre bolfl e 3 AShile sifc@Ci | i tate the

use and i nplenentati on of such a diagnostic tool. It

Backgréund &ithedewintiohl e to provide a device which can be
made readily available for w despread usage over a

di She ddalysledfaanmmmch aotellpddihaimagly thaabdstaihal fies o putknt, bound-

o f SRR PEShbBEb5Pis ek i C PO BBR S g e
rom@ﬂpaaﬂlagnoﬁwgmig devi ce and a nmethod of deriving an

i mge of sanples on a sanple slide suitable for
i iy, thetanglpiingf theprhseacedif dassreiionait indBatimeant fhegiresence

of pdriSis MBI ORGP NE AE fdshSin };fi‘é&@ééf as Qs aﬁ&%gc tool,

I nvention there is provi d an |1 magl ng devi ce

C CWEH dieitls twlprévifd b QEvisd B @a}:fuﬁhgfﬁglﬁééﬂ Hitd@nsSS ke samples o
lide, - a_light source for_illum natlng t he sa

fﬂcﬂ%at? the usesad &“E’Sﬁﬁf"@m& oF el B qiapurstinipoh i i furis dgpirab e to to provide

a dei@WPhiess can bc%dd& @eamﬁbm foPW¥ieBiflediNBage el listBb RS aetwork
relative to the sanp s|lide such that 25 successive

Ofpaﬁlﬁf}‘t@&’i’gm@ﬂesc%*%s% fé“@f‘eﬁde ar eI i|luninated by the
o8 % 5 e, otk e e PP ST oy 2 o

nnagtugl devies am:ﬂa fisthad ssdetmngaﬂhmmgwofm&mbﬁegm a kayde Widecdnitable for
sI ide at an off;et angle

Implg %% st“%rg ﬁ?@qﬁ'f’s from l'ight source transmitted
%um%%%@%%&ﬁﬁ&%g' ng from the sanple slide

Agcording to a (irst aspect of the invention there is provided am imaging device
comptiging:
- a gatier stage for carrying a samply slide,

- a light source for illyminating the sample slide, said sample slide including an array of

. samples,

25

- drive means for moving the cwvier stage relative to tho sumple shide such that

successive portions of the sample slide are illuminated by the light source;

- & digital optical cainera system disposed such that, in use, it caphores substantially only

._said successive portions of light rays which einerge from the sample slide at an offsel angle
relative to light rays from Hght source transmitted through and emerging from the sample slide
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WO 2004/ 077031 PCT/ AU2004/ 000264 to generate a series
of partial images arranged to be reconstructed into an
wioagk7of31t he sanple slide or array of sanpl eRiT/AU2004/000264

Preferably, the light source is a linear |ight source
arranged to emt. a substantially narrow beam

wher eby successive portions of the sanple slide that

are illumnated are band-like 5 portions, and whereby
the series of partial inmages are |inear inages.

o gure ¥ sevies| of partibimaip e dvaiged bt beoRborQ R dni6 WS iBPelod the sample
H that, in use, it receives substantially

Shdgjlr?f‘y ‘ﬁ’%@ﬁt rays which are diffracted or ot hervvl se
def#r&&taﬁg Bt 1R Gl 2% ien BER 5Btes, Aagrs 1o SRy gptantialy

- slide. Typica
AR % qmlg@pqcmswapmuoum it® sfrople plidevien brio Iilgumﬂ:@ed dr@bdnd-like

erﬁﬁiésan%)h&‘éb e ot herW| se defl ect ed
P 3?{ sdifil o &D% %eqme &d by the canera

e sanpl e array I'ng
s g i fhs %Lﬂ@%pﬁﬂﬁﬁg&r{ﬁ% R g fgpocives

blﬁ?‘&f‘ﬁdes at least o
su BB ety tays tiish aresiffigeied ercuheewiss defectedhgtsaid mengofignples
on the @implehfidsanpl e slide at the of fset angle towards an

i magi ng |l ens-of the canmera system 15 The digital

op{yidedly,onesisial Sy tidaBEiichiyaah it ROl S Snafor bl HOH! eﬁting

I mage.

et BAF e Y FRE 0 TRATAISE ooy Bntegtn by the e s fom heing

capiuted by the amsesysteiight rays emtted from fl uorescent
mar kers on the sanple slide are captured.
CoAdrenfageoubly, tht hliscrithiphtbamenptingdales RIEY ans yeSleaHn j)cfmtmned to

& I d
e RS o PRPL B4 s Rt e R B o Byomor

anglelfopnidy an epeb los béwisers gefthect ed at the array of
sanpl es on the sanple slide arc captured by the
c ahsrgilabpriical capemrcydse bpicalhoiddpdas n livk e chiablbtoameay sapable

of scRithd 4 Midad ih@pe, f | UOrescent markers on the any of sanples
are captured. The digital optical canmera system may be

arT g &ﬂcﬁpﬁh&%@yﬂtﬁn Hﬂ;@bg ghhRed SRR ol in &% 11%11 Tays emitied

ffractlo nmode whe drive neans mve

from flyprescgpt T Fe"‘?‘ﬁe%ﬂ‘?ﬁ’ﬂ?%‘fi“ﬁf’ﬁ’é@{f?‘bn and is arranged to

Pyl e B Wi Fge R outtid aipegeioR de
modagpeanedl a difirestion 2y shefisetionynols iR mhaRoea: t9s dEhRE b Ghlrwiee
dofbB Bl LY he' dapleh S ol ol ot cBpeired 1kt 'clihern, amd
fluorescent mode in which light rays emitted ftorn fluorescent markers on the array of samples
are captored,

The digital optical camera syslem may be armanged to operate in the deflection or
diffraction mode when the drive means 'moves the carrier stage in a first dircetion and is

- amranged to operate in the fluorescent mode when the drive means is moves the carrier gtage iria

 second diraction:

The aptical camera system may be srranged to detect light rays in both the visible and

non-visible portions of the spectrum,



WD 2004/ 077031 PCT/ AU2004/ 000264 3 Typically the

sanpl e conprise an array of cells bound to binding
wpaotderesion the sanple slide. In once form afcAeoe04/000264

i nvention, the imging device conprises a sanpling

conpartment in which, in use, the carrier stage is

| ocated, and an el ectrical conponents conpartnent,

wherein 5 the electrical .cpnponents conpartnent is

fluid sealed fromthe sanpling conpartnent, whereby,

| N Tyfieailyfihe HaftpleCOithAEIZA atrhyOdT olls HOBRIDRBRRING paftfdeslS: thb Sample

el ectrical conmponents conpartrent- fromthe sanpling :
side.onpartnent is inhibited, the currier stage including

ele t di spo use, underneath the
sautIPp‘I‘ 6‘?"3“% ﬁ’@&‘f‘?ﬁﬁ‘b@' eIy ﬁpﬂgﬁﬂtﬁ asgepling fomgartment in
wbl&ﬁﬁi’ph? mb bﬂﬁer siéfge Tmcdtdm?im mmcﬂauﬂipyneh@&?mﬁ;ﬁmt wherein
terf.ace uni or interfa Vi CeS 0
the o] rpents, GBI i hASsebd i i apiiie EotitRrtren,

| whetthyalbmaee, anid ewn&miﬁdnmtﬁr %ﬂpﬂdﬁ'ﬁﬁm then eleatiiad nwmpnnenm

10

13

28

23

30

comptip b ot nf Ko loerPidt i pHAERL B2 it Yot ipig 2 wey

clenfene fidpdseda G D5e, unddrmeattinthe n;hmplﬁ stidd ﬂ)lﬂ&ﬁll&ﬁn@lﬂuidr@ﬂlcﬂg‘mm the

' m i ncl udi ng an i magi ng device of the type 15
sm@é i

! bed above and processor neans for processing the

pr rernfbiok B8ISATR Roibed A0aRnE R Ko duo T EehPe of 2 rowp
inchglingay loaft omfph e:gemdrrefmnq;aﬁaabasv,@n epemetoetse dathkase, an external
PG, mvag%ée&glg‘j#ﬁ her extends to the processor neans for

processin e imge of the sanple slide or array of

S AR aRBodoRstP iR \adfil infRtenb %@%h&rﬁcﬂ{@iﬂg& are daile field itnages:.

representatlve of therarray of .0 sanples for
-COPNRALAENE cRHID O 8 imAMhEAdinae quﬁimg axl mgmg QeEES F the type

ans is arranged to normalise the i
desepbs\ AoV PEICEECSRFEP & PEYFEEHE shedpagg.o e F%‘@’iff %%gé'zs Areay of

samySe TR hRVIIB irh4}8 ifdnsThevAiie rd s @i €oft thearraly f SRpldk Yor@birparative
each sanple. The processor neans is preferably

P“‘T’a‘?eﬁanged to locate each sarrpl e by applying a 25
renc i 0
ebg go’gg"ﬁ%?r exgernr a{?gtg%l B8 i‘ga C%E‘Jl ﬁoegﬁmg%sﬁ L& Mb&? of the
sampldn dids anmmf witpliieno paeids Sopga intsnisity tahms gq:reaemm gf th eiray of
Mﬂp{ rm&gg@&&@#ﬁ to establish the 'range of the

Fther arranged to generate a
noﬁ%thfg%&sl}, "t BrlctoborV RbHE s fa&ﬂ@aﬁ B nodelMRGL the image by using

known reference samples on the slide to-locate each sample on the slide and to seale the

ittensity of each zaruple.

The processor means is proferably arranged to locate each sample by applying a
_réference-matﬁx or grid on the basis of the known reference sample arvanged to ecals the

 intensity of the samples within cach square in the grid using the reference samples to establish
 the range of the scale, and is firther arranged Lo generate 2 normaliscd inkensity values from the

~ image.

" The invention sfill fm‘thcr provides a l’l’wﬂlﬂd of deriving an lmagc rcpresentat:tve of

samples ot 2 sample shde, the method cumpnsmg
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The invention still farther provides a nethod of
deriving an inmago representative of 30 sanples on a

woam/@7eshi de, the method conprising WO 2004/Qﬁﬁ%ﬁhmmmmn@t
PCT/ AU2004/ 000264 4 - providing a sanple slid

including an array of sanples - |oading the sanple
slide onto a carrier, stage - illumnating at |east a
portion of the sanple indeqz - nmoving the carrier

stage relative to the sanpl®e slide such that

succges n fi:.Lh slide are
SRR wﬁ‘a eagwylgflﬁle%}cﬁ' sgru%ce capturing
sub P%{gg lé)Jﬁldé(o&?‘ﬁEﬁﬁ Sya%edl ffract ed or otherw se

def t Ions 0 rays which enmerge from
the,tﬁmhﬁgﬁhaaggpsﬁngsmmﬁ@s;ﬁ@rI es of partial

i mges arranged to be reconstructed into an inage-of

t henﬁhﬂ Yo @:tm&@fﬁgé REtPY SRS ARbY sl LGARESI MR RNelpbROfs of the
esa le slide that are illum nated are -

samalsﬁbﬂqwumfn&fedbbm@ Hightgowss: i nated by ultilising a

Ilnear ll Q and wher, the seri.es
Sﬂb beJ{X Wy speeqsRivG 5\%&?&9"&“ STYiES Hé{%%ﬁ B of
hgha@lymam@ fion€ e panEedid: heg@mbae aabricagbartitlitages arranged to |

LR oo, ol T

r Fie egaﬁgré 3%1%3 n%dotf tﬂ% %Qﬁ;ﬁe %ﬂ;ﬂg'é&létsu?e? ﬂi{&ﬂxkileﬁi 8 band-fike.

I Spose nmanner suc
portichgiiimirated byl ufilising & Bokaplighs stacairsowiedbly dlot swticson! patiel images
LEDGE si?ggl es are captured during the deriving of
e e |dmage, 5 ndi cat i ng the biol ogical condition of

(0)
t NS AT dadv AL Ry c@ﬁlﬁﬁﬁb i sRp of baﬂgmng B stmiNg SnFBkht rmys

I ncl'ude processi n%wt e reconstructed” Tnage to arfive
diffraetedeor piieedan dgfectod by or steamplpam thesagglpslidabl e with a

li bra[i% of nol'ecul ar profile si gnatures 20 The pet hod

bh e wﬁb%&g'-hgreﬁ@%f% {:]mﬂ%’é iR ﬁ%‘?‘l"ﬁg Jupeseg in

@rsuaaem S0P mmﬁﬁe rodt ditgwide GOMIcRY ot ARDrefibrericBRGAplos are
nsities . nt.our

ng e objects within.co
BﬂptawFsiw S%ﬂ&ﬂb‘rlaef G Ve 1 wgwﬂ*g\g.“aﬁ ool spaftitis) of Shegsample
anafa'ﬂiﬁteﬁe&pmﬂng;ypl cal I y furt her includes deskcw ng the
i mage, obtaining an enhanced grid, and calcul ating

X- TheCoetivddinmainelsid pmmsfmhg ﬂmﬁm&eﬁte@ ringkze @BSartive ot a molecular
profi G Bl S IS R hGhUIRS pRBl kB0 a0

orrec INLenstt eacH sanpl e,

?L%ﬂc??a%adt 8y §6hne Bbtubsd %%&agﬂg iR ARE B 88 sQfple,
genorating a contour map of image intensities identifying image objeets within contour lines,

and placing a virtual grid over said objects.
The method typically further includes deskewing the image, obtaining an snhanced grid,
and calculating X-Y co-ondinates lrom the enhanced grid. '

Preferably, the method includes calenlating an averaged corrected iﬁtensity for cach
sample, whereby at least two sets of identical samples are provided om the slide, and

normalising the intensity dala associated with each sample on the basis of referance samplcs and

_ duphcate samples,
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normalising the intensity data associated with each
sanpl e on the basis of reference sanples and
woupbdaise sanpl es. WO 2004/ 077031 PCT/ AU2004/ (8026%04/600264

The method further extends to an inmagi ng processing

nmet hod for processing an inmage of the type obtained
fromthe device, as well as to a conputer readable

medi um havi ng stored thereon executable instructions

for causing a conmputer to <,5arry out the nethod. Brief

SR BBl B i P AsteRns HebR PEBRoADS iniy e of
the gfpe obtsinep Frgr_n(lhé ylevid&@, hdweld ﬁ!ﬁfﬂem ft_ﬁnfiumr trdsrﬂa’:&f: m@gﬂ, ¥ g stored
raw n . re IS a sche | C er s ctive,-draw n
thesp SRRt inekeHeicRe o et B ERFS: ooty PRl oot ment

et k DV ion, with parts of the housing
Bn%édﬁ%@@gﬁéﬁ%?ﬂﬁ%geﬁ%t ed conponents shown for

ol ariiy: : . - e . :
| Pt chiaFlt oy P SRR, G L0 it by s o
exafplg ol With refeteheedo the acfomphryingolrstings. r enoved and only
sel ected conponents shown for clarity, Figure 3 is a
schigniatl & airchomstls nerspertive dtaing Mupepag ar {maging dexige of a first
emtBRmENYMhE pRATR i eStond Frith Phutd S hofiing FBBYADaENHIE Sclected
enbodyi ng Fhe present invention; Figure 3Ais a top
comppngats hasg (Fclids sanple slide of Figure 3; 15 Figure 4

is_a schematjc drawi ng j |l ustrat: the optical , \
ooBigwE Ay iS Arschamatic Aot Uipetrsfing.a cistereps ey o e Taging device of

 Figie$1, Wit @RS th€hdisihg REPEVMI dhlgeblaged dohpisdenn shaven fr clarity;

secand preferred enbodi nent of an inaging device of }

t hBigpe Ssie Rtschamadio tiaeing Hbguatigy S Aerbigctivetvdgw plurs peoipleveample
Sview of a sl.ide tr Ly farm part of the
siopfie R e R SRR e Rilelibe8 | )

scﬁg&g'-. .0Q:.0f f Lo he i magi ng

devi ceg%ﬁsgggmaggle%agﬁlgs%?ﬁ E%S%?@%%‘R%f s a functional -

. bl Bglre 4i;20 tdBnRHfic d:B@ink TR ARVdMeal QborfnGUh BreTinging device
Figure 7 shows an image taken of "a sanpl e slide
ofFighti; si ng a prototype i magi ng device enbodying -t he
present .invention; 25 Figure8 .shows a data -arra .
| Vgt 548 7 FGCEHE HerpotNeFsmE i S Ted e pefried epbodjgent
of apiaB A0l dei ofia dlcb i veiothi Ng program enbodying the
present invention; .
Figure 54 is a top perspective view of a glide tray assembly forming part of the imaging

device of Figure 5;
Figmre 6 is a schematic drawing of a front view of the imaging device of Fignres 1 and 5; '
Figura 64 is a finctional block diagram of the imaging device of Figure 5;
Figure 7 shows an image taken of a sample slide whilising & prolotype imaging device
embodying the present invention;
. Figure 8 shows a data array illustrating the information from a sample slide to be pussed
to a pattem-matching program, cmbodying the present invention; '

Figure 9 is a schemalic drawing illustrai':ing the optical geom_etlj; in the imaging device

 of Figures I and 3, for a different sample type;



10

i5

20

25

30

Figure 9 is a schematic drawing illustrating the

optical geonetry in the inmaging device of figures 1
woendosd77dser a different sanple type; WO 2004/ GecAQ8da004/000264

PCT/ AU2004/ 000264 6 Figure 10 is a flowhart show ng

the steps involved in deriving and processi ng an i nage

in an enbodi nent of an inage deriving and processing

nmet hod of the invention; Figure 10A shows a step in

t he i magi ng processing met Bod. of the invention in

which th h and g
S B0 Ao B o TR TR P R B e o Tsge

, mmg&ﬂl%dhﬁmﬂéfraﬂﬂﬁ&d @iy Ridlpeasessinp encihmbgithe Mmehtiohgur e | OC

shows' a histogramillustrating average intensities
r e}@i@ﬁ‘&&ﬂh@hﬂm& st ibihediraging eocessing nicthotl loéthd ingmidsitin which the

arrays in the processed i mage of Figure 1013.
'ma%e‘fﬂ??“gﬂm&@é’g?'f i on of the enbodiments 10 In t he
ferr
508 PR RE bR dSRE R A SRS drtgenty &9““;

themﬁga;emtl al series of dark field linear i rmges to
construct an offset planar inmage of a bound cel | ul % )
ar Figyre dAC shevesmphistogienm iusypiing avraes aspdns rrgpseniplive of bmding

even%éji'n"tl?e% &éaanf %&2 in%ﬁo&é&lz@&iﬁh%fﬂ%&émﬁ t her eby

I npl ene ting a ostic tool which utilises

Pet&ifa aédéip%n%amsﬁm@.anﬁer&anpl e slide or other
transparent. solid phase-support nedia. 15 The of fset

Pl BNe Ijréﬁl@:ﬂ dnfbotinginisadidsyribed; -ths pendat dobebitvrpprovideiea imaging

digital i ch can. as t.er
vt e R S o P SR o ol et an
aﬁsétdgﬂﬂiar friug@tdf onbounil Gthearl arsiycoass sanpleh emidtining diuangﬁfamh wfrkers,

o WSS b SEHE M, AABAREN BN

wtilisek lagtysisdoffsarplenal y siispletlide or bdwntmemirdit belid phepeasppprOmadia.

el S i e e 08 3
on ih@piem r@chirg; pregre bytheilmivedolechie plobleddmtificalienpr | s es

two.biasing elements in the farmof spring nenbers ,
22Figurefloghowe nedssmmy diagrewsi ofian dmegieg devicgel O1¢nbodying the present

mveht'{%g' A% HGHL 66 o xflééé %t};%aﬁe.of@f‘dr %ﬁﬁmﬁ:g”@ﬂﬁﬁt 114CEP hﬁallysls of a

tepper drive mechani sm of a_ pul 26.i s

boughesi sToF(ria FIETR) i b ghis 1 SHIPSEG 12 PSS 70

gmdﬁfg%ﬁsemzw Pﬁwiﬂbﬂ 4 aiRB holddB0GHaBYab %ﬁmﬁtemmﬁid!m Bnghmprises
or connecting to the hol der 20 e&;ﬁd%m

two gra%g @ffmwts ip thedirm ofispangfpgirhersi 22 %&P@Fieﬁab@ﬁ?@"ﬂ@é
: m

B

whidhed ﬁmﬁiﬂi@ig SIWEE Fgare heAyenibe ot (eatll stvhrin Figurs 2, the pull bar
26 comprises a magnetic end portion 28 for eonnacung to the holder 20, which is made of a
suitable magnetic material. The use of a magnetic pull stepper drive, mechaznism in the example
embodiment has the advantage of providing a readily releasable connection between the puii bar
26 and the holder 20, to facilitate removal of the carriage 12 for cleaning or other maintenance

g purposes of he carriage and/or the nterior of the imaging device 10,

Figure 3 shuws an isometric drawmg of m examplc of the sample slide 14, The slide 14

comprises a pluraliy of indents 100 containing localised binding events. I par_tmulm_', 'fa"h. of
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26 and the holder 20, to facilitate renoval of the
carriage 12 for cleaning or other naintenance
wbUeRRFas: of the carriage and/or the interior gdrAfRos000264
i magi ng device 10. Figure 3 shows an isonetric draw ng
of an exanple of the sanple slide' 14. The slide 14
30 conprises a plurality of indents 100 contai ning
| ocal i sed bi nding events. IZn particul ar, each of WD
2004/ 077031 PCT/ AU2004/ 000264 7 which typically '
HGOPHEN S othihd bt HRdBE | @aRdSaetGholh P EB?&{ '
v ar ?%y_ gf |lndfﬁﬁtg@r}ar tdﬁiegr]gndfoz_iﬁ]mee sl de 1&?3 o?ﬁggxe:s
1025 Teplide SdisSoramed ittt asubpentiely enficallydrsgirarestmatenial.opsleds glass or
itBUCHadR Gh h 38 b La&ahmws V2 %olyyingt
sut ol @styrentgéag[s‘a%olayg’a oﬁfﬁg ?q]t/yrolfpn 3 (fn g&wﬁ?ﬁ’y”?’“”’
alcobglomill or cippenitenthersefBedi supgorimgendatals Wy eifhes witated pnigeated
it Bldehd i GlrbOGE i 4i€ BRAIRE oP el i .
W absorggh'tsb'orﬁ%?{ng‘lnn&%%ﬁ%ﬁ%’g”cofatié_ngs 8' ?%%itbpllﬁngtpgmer
In thegabpdimentnBASE frem Sehlpiched pidSqhtielt RioBcience,dng, (98 10 Optical Avenue,
Kooy 85 4EsA S vl UBISBIAEHRRR A ARALERERPA b bich auality
*“Bi 05Ci B wheh 105&&; P AR ra e g

i oSci ence, Inc, t1cal Avenue, Keene

. withaQyiirasrqilglese cpating. Howl be mprsemdated hyyorersop skifedhigrtbe ot fhalghere ate

sevebal BRI BndObRbibdl xg,gb@ﬁgs to'\Wbcult FofinttaQuiGRtbridk 85 8aid solid phase
coating. It  will be appreciated by a person skilled in
matgrigls. Hpgh Sltdﬁ&%aﬁ’%#‘%“léﬂ“ew@@vw&b“&&ﬁ“@ﬁ% and physi cal

appr oaches to secure_protein bas terial on, said .
solpge aﬁa?ﬁw a@mﬁ%&%@.ﬁﬂ e §1%F Brgpe abn figpppstifpieol in
diagﬁnlrain; J&Q&nﬁﬁfmﬁ:m@fﬁm:mg p&‘ﬁ%ﬂil \ lﬁ iz’fé'ﬂ:ﬂw;ew%fﬁhmmaﬂuﬁmms
: view. of the sanpl.e slide or use as.a -
104 Bo ettt Mictimsh S AR Rty Bhiphiba AR o cayering thg ol
expebied dptital agel femdichR to dekes| QSutdrQusptafal @ ol calibration dots 108
' 6 for ali

i bration dots ,104 and 10 nnent. d .
wnt i} tAcR A e PG AP Toeh ey P AR RS erprepneiee
of tht hindih bhrtnesyeppateddo pipkiitioadaearigege. Lir anjuhtiing s buttperipheral

dar k . t er.i.pheral r .;0f. calibrati.on,d 10
catt§RoA Sl 4t Hhe, P BGR By (o ROk Rl 5P iyl e
constgtiomnTicd emmial calitration ddoes 10 pnd deatady be fomfedt faen monoclonal

bi.ndi n a.exXpeGt o,vield the d ' .
DAL Lol Rl e ARG 13 |D1o% Rlerodinl ot 3ot fton.
Amaghedfi andiagrhgicspakérall 1 hevintdraye bialsheairpibineh thy stisks rvthishf fgxther
_ L O : ) ] = )
inclol @ bt R 203 14y £0htyal0F o BB a0 GC ks
118. Fbmawiyo i3 and HAtaicabitasialnidpttiey sortm cpn belvacd dor aresg-checking
pupf i e 1ol SORGRR i rhaD il BROGIRE PREE Rt b ind e
includesepialoye numbeh20s4n eipicy dute 127 shd abiyeede 124 enending s and other
informbtinniRYsE@d, t herapeutic markers 116 and a sub-array

of diagnostic and QC markers 118. The arrays 112 and

1 Reuddify AHPRIERRN Blhdpulidanid SalndSGrdubeY diheieall B v the
. for cross-checking  purposes, and_the results averaged
imagng devicg il arhich dpvidsp dieduirayind thepptiel dFvisentOopioe sapmling Area 32,
and doh@eoticalempolehd 885 38 Gt RENSle RibbbEmed2 the di*ﬂdiﬂ% Riall 30 is

- date 122 ang g bar . code 4 encoding this and other ,
adapted such that a finid seal is created’ Detween the sampling area and the clecirical

components area, whereby contamination of electrical components insido the electrical

- components area 34 from the sampling area 32 is inhibited,



25 information on the slide. Returning now to Figure

1, the pull bar 26 extends through a dividing wall 30
woi2bbor7dshe i magi ng device 10, which divi des pdigau2004/000264

interior of the optical device 10 into a sanpling area

32, and an electrical conponents area 34. In the

exanpl e enbodi nent, the dividing wall 30 is adapted

such that a fluid seal is greated between the

sanpllng area and the el ectrical 30 conponents area,

Ha OB Q{@nﬁc aidigh e dRfidifd WAICH vikQ Qﬁﬁﬁg&hﬁbér 1z vﬁﬁch i

'the lectric ents area 34 from sanpl

 adapidely allowimodepightoft e pubb@ommrﬂa GEntgong A@mmwﬂ@m the

- samgl lﬁlg a{:ég- |32 eﬁ?rthazge [a?&gf%)gfx s sxcd hh34|t gﬁt@ qu %g‘ﬂ@ H‘ovfﬁgd with
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23

30

'thro

the qaigen i for @ﬂteqtm flpidithat ey deeromtlie|sEdendi lagthr: ppbaisf | ui d
seal between the sanpling area 32, and the electrica

c oRsdmasivg dexics 4 0 furthepcoppmigesep PP Asickely37 ey GilbyE 4 @tpstantially
plaquEﬂn of it Pk t@g af indeR bf meb&&s bt u ﬁ%bfémtahﬁfrldﬁ‘hgures 3

fromthe e 14 during the, anal ysis

and Pﬁaaalpwedd%w theeslide) 18 (TR dearg G initisdly seflepie by 2 firiopimyy (not

shmﬁ@ buch Thd: 54 ip auectma%@m mcqhha/&orﬁ ANRReRaRERE Abbe e 3fc,
for taking an inm of the bound cellular or protein

sceonf} wircor {ngh i 5@1 to gifert 4 RPrigp A¥ pEde ity wghtéﬂem ganfajning

rays WhRh BRI BedBdiSact=Aiok bkiviselRil¢cRAtaE oY bidirg pikind® (doPEhown)
i rected towards

0 uch, th t it is th
wwa&r Lﬁf‘ed grﬁ“%“ﬁ@ t“Fo S HEEE SR FHEFESSIR JINSRT 12 eszﬁ the offset
planéi‘@t@ﬂﬂﬂfﬁﬁ&téd’ af otlﬂdfl@itse fwﬂéﬂﬁd atithe diiklé bi @AM phe quﬁﬁfaht as it moves

rtlon f t.he ht beam cont
oo AL EL i eteptsafhatiot G o oo e g et
capaﬁhtyhﬂlsﬁid chingdi NMowilBbd BREialed oy asﬁmm)slﬁﬂb@\hﬁﬂﬁ&rﬂ ther through

sty Qe ST Sy g B O R A PR JAT PR e ppeen

the imuginy dewicnild @atlbé biapted dn @ inahive sevhiibie sebstaatidllydmphadifiacted or
ves . throu t he ‘band of

uivalent. as it h
ouverGfke BT pnniton B el Y P iR St 4d bf Bhvins on
imagewfthe bowadjarayapt ure capability of said canera It wll
be appreciated by a person skilled in the art, that
t An Gigyre 452 soharmbt alradpg) dt shown iistating fier aptical cgeoment in an

exa_mﬁsf;%nbﬁﬁl&\@ﬁ r&g@m&i E£6h00 %:H ﬁwg,apt %9 iDRAMNP A &k Q:'ihm 14,

c‘

vice 10 can |n a manner such

One pasian é!xcgwnéﬁ [contipig rays é@iwﬁfb@ﬁﬂé'@impmwmmhgw) bound
on tﬂé%fhh@% Fipe ro[ehlaé?éh g&uénsm? Ltpc.eglﬁdé“})i he 511 %&&P
0 dun

deriving

undcﬂwteﬁmgtme 43., Tlas sagheopris mc‘db'amgmr% of ﬁtﬁﬂmrndlmayshc rcaxpirwglly
doterfuB OPL;Rherl BOAP hiifor! Roding) S ARRLALRIIPRARIY the hifror

beam™3 tted fromt array 37 i1s 1ncident

45, utcwbbesqnﬂw tkat subscaa@aqymnm tbw«ff@cf@qlquﬂﬁ@tefbemﬁsst@lﬂnarpm!mn40 is
dmmcl‘é&’MﬂQ uﬁqmt-.m ﬁ&h%%ﬁ&m@mmnms fbﬁéc‘iod(a% from the

shown) bound slide 14 energes as

custompoperh oot 4 oyl WrawBrorigied Bgtho mrsvawk@inginéheaart sighlonst one

other portion (not shown) of the initial beam coutaining light rays deflected or diffracted at
binding partncrs (not shown) bound on the skide 14 is expected to emerge after the slide 14, at

é;n angle (-} to the undeflected portion 43, The other diffracted/deflected or offset portion or

 portions may collectively, aliernatively, or additionally be directed towards the line scan camera
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undefl ected portion 43. This angle a is typically in
the range of 3-51, and nay be enpirically determ ned
woy2eedy7oestiment of the mirror Accordi ngly, throwghavzecd/o00264
suitable orientation of the mrror 25 45, it can be
ensured that substantially only the
diffracted/ defl ected or offset planar portion 40 is
directed towards the |ine scan canera 44, and the
undef |l ected portion is reflf%cted away fromthe
canera, as is shown at_ 42. It will be appreciated %%
P’ﬂﬂn

44 ipiffepsi gehpdiments usie p guitahls reflepting aprangement o through epticat

in tRGd Vi T ihedamagaof the initial beam containing
l'ight rays deflected or diffracted at binding

PaftHAS béen rEBEni Sl zﬂﬂ)caP (ijbﬁﬁi fﬁ‘ﬂ tﬂe?ﬂhﬁtlbﬂﬁdaﬂstmw&?ﬂhm
| de a

av% ﬁ@eﬁ%ﬁ&%g g{jot ?ﬂ‘vfsf’&ﬁ gptpd a?ﬁeregg%%tfbm partngrs%}oumf on the

smnglefshﬂeam ﬁﬂbl@@ﬁﬂa %E{Itﬁdig@f a@t.é‘.mtm@gﬂ & thbohd apSk tTa @R words,
%‘jdect [ ve aI ternati v or .additional l %/% 5 14
the grrler, elioqlls, i U (Rt & g@ il Rt gS SEGATBIF BsE 14 Is

R AUSGR iR Qrierkity 9n A damtgiﬂflﬁegce lltereﬁmgﬁﬁhg"rﬁﬁttﬁ zu&ir]ﬂ Geld

.ma%rmabl 5 [Sp’:ll%c“ A s@:rdr at ?pgv[})tgfo%laﬁgmémﬂg}a gvt&}d% ﬁ:foblcma

assobR&d he@n HgcRghirswd inynsithef apalsndied pofiida bf theélinminating beam.

Fimﬁ?#ﬁo%%%%%% cGPARaC P St A et B o7 "

bi R Mg ' t@nel‘sigur k”igd sﬂ t&@?con? p§&émdeen’ﬁmhiﬁ:%{1ﬁéi lmagmg

ena € capruring Ve | mage o
devigs A@s. shbwnom Iwémhvmmdments rvéuthmt) gipilaf Oncléblhtmldp thse drdthe frst

emb%{nteﬁ%v?e bidn Hmﬂﬂfaéﬂf« éé@:#{dﬁ@?t 82%rmQla Esj}tﬁ,y %ar!@k&n&e'oﬁi%hd’e“tmy

roportlona t I nt en I n
12a @ap@w sarilvelifls, 140 mmeejysxmivhm‘gomﬁ aEey i@ W@&qdkow fhe slie. An

LEEL est:n.u'géJ fr{c?lﬁfngtﬁ'h & braliiel b7 LSRR dﬁe Pst&r@{lﬂn' & crits a

turl ositive | hage avol

narvens bt e gt Hhaniich lgevied vt mpderi a8 Meylids Indhe purticlar
emb m@ﬁ,ﬂa i.;ﬁ&ﬂ cIHQEL dre @ﬁntshi@ ubédlﬂmhgavomqnﬂ%ﬁmwava&gm of 490

ure owWs an exarrp e |l nm
nm 'ee wrined bl grothe sliflsthating bé*ll%lwf el mgA TRt 49 directs the

pom%h Qﬁé 662 iR 12 bedmSBEAR: RANARAERvE ﬁ@é&dd;ﬂﬁ&%d af ol@ftwise

ng device 46 is, shown in which conpone whi.ch
deficgieg % PRRINGRE PUHE] Balhe Pt HBERE orlLif ey epao > g dmera

devifd4aQ Gh R Mnbb@enD SRR IR BMe ittcataakrlidgky., and
suffixed by an "a". A carriage or slide tray 12a

c aAEshcﬁ‘Slra@ 15@%&313&&&@ rl]ﬁﬁ afdrﬁ'ﬁ: Hacka 4y 5 Ilﬁ_cggﬁ td ‘hﬁ oty mekans of
on e .Sl
a palf g s A A e Rl 7O Pt iy P nelp RE R or 1 B L et

buticdf 78LikbleSsc@ 10 r2seht the Slideaivy h2adfor disertiow 6ff thS Sanplhslalh, Tis sample

st P e ™ s A (oot 2 i B i ol gy wice

pushing upSagﬁnsh a\spigz Rwa@duﬁdﬂﬁaﬂﬁr 8§ awdithe eitigs bduafof ﬂﬁ@hdembutﬁng

~ el ide 160 s & sty ke e e ot g Pgtion

in thelvatoin8e st it dighibeddagthe dideahnvindow 8y sllows b light/beatneifia to

. t’ill.rrncilr'm]ctéc [h%%nﬁerm&a of Ehe 'i]&\é, Sa%d finger aperture 88" enables the slide to be readily
30 :

removed and replaced.



10

15

20

25

30

20 defl ected at bound binding partners in the array
towards a line scan capable digital canera device
wabaed4/drmosthe enbodi ment, a Basler L101K |ine SE@NAu2004/000264

canera is used A slide tray 12a which includes a pair

of drive tracks 48 is noved to and fro by neans of a

pair of drive rollers 18a and idler rollers 70 which

are rotated using a DC notor 16a. A push button 78 is

pressed to present the slid@ tray 12a for insertion of
The sanp |ide is inserted i

t he.s | e slide. I S
- b sag B0 eRises v ey Eﬂﬁ%mm? 534 igpraesontotler Sato
corhlﬂaﬂb E@uﬁﬂﬁﬁ. Tife rhdt6r Faia@ancdd WSIIAE P 1 AOA  RFded BuifiBEA T8r the
d- sl |%§ retai ner 83, and. the t ﬁ‘glln dégge of the .
tne, PR SR A1 1 AR e e WO B ipd or ottrrwise -
def&eteds?f thie I’&dﬂ:rﬁia:teﬁsSm% irl]ie slilie?ﬁi@ l&ﬁﬁz@ﬁcr&sb Fﬁmﬂﬁ [kglﬁt mﬂbﬁhm from
uratjo n e cuto s itis dis
to T SobeR 275 A sl SR FONEES b B PR OSSP J84NE & wiath of
onel diieﬂlﬁﬁtfhﬂ&@tﬁ e mqﬂe&] M eheOreskiQrbbdiShent, mﬁ%ﬁdws &4 linear image

enabl es to. be readil
havlg g f‘i Eaﬁgs ot %a,uﬂ%? EB%ZPH‘?NS“L‘%F %‘2@5‘&7 s mrpved
ford9dsAa shéceiva emrof Bificas afiges ofvhe hou’:hdsdall Qlﬁ-ayhﬁ‘é AR by the line

nsert nd, s contr
scal BREHLEE, BRI B0 oS o e e rria oot g g o
roledin the ferpmtich oftifid mgeenm i mﬂﬁcté&maylﬂoﬂﬂhe Hiddar spam&& af HdBne scan

f th
T T T Ce——
micgpgwitdhe(nol shdwn) 45 4 sesrﬁbwfadhtdnthodghtt doareb aid isabmbd offtnd 8@ tight
souflbh Es‘%g% &ﬁnﬁnﬁnﬂﬁatla N lig SRy LS8, %Zr %{&e ) ng. B ot G318 124 10 be

canera near array
inclyged dm thefimagen & nyisbeity sanebr &1 Ide!ngs ﬂlcqatasﬂnc@ Réthpishidel ity abbsignals

a to a,linea
the pogranlbRRE Theic HRRGNATELC) 2008 nFBHR K ok o bR RO of
the gapple sfide g, lflﬁlél'%@ioﬁGéﬂmmﬂyewsViﬁﬁueﬁchrﬁmmmmmj&;edahe light souree

37a wa&%a%&@ ofF. qfu'll%%.teﬁ&oﬂ hﬁﬁ?lshé%gﬁ Rlecki'$ %g y: c%im%?sc'ngcr B0

array are scanned an caner

SEHS&Eé‘éPmW BracH e ae sméw o sighafiftyzbs edtroiler fromimdhe diveabtor
lﬁabﬁ'ght 42 pl ays no 10 role in the fornation of the
image as it is reflected away fromthe |linear aperture

of rntzmré a;met, m:mna WHRBRbRrol e SRR LS GO HS ke ‘Jwﬁ% %hﬁshawn

h .S] i de reaches, ing, regi this i s sense

i B BERO TN SeHOmAD S AN gl sor ihipas e i Mg

78, mwmoaﬁm iRluties N {bi'vfxat.r%@ﬁh feb%‘sé bitflts foéi&ulbt @%&Q 1'65, and
nat e e slide bar code, thereb

LEDIURE AR d ot e obonig A ey P BV oo e

are uutmgelbr ﬁot}mtbﬂimg el Maeﬁﬁﬁﬂxs Olf the ﬁﬁﬁ@e bBbR6 420 %‘gfmle ﬂfmmatmg

e si gnal s e progranmmabl'e | ogic

l:ghtsmﬁ?e%P 9[’?%&)“'}‘%6‘5“?% oo e thg d?l ve notor tg
I d 14 L f d t

of 0B it BN oF boork i of BT ingle wiebic i 10358 i gmoding

the Ptcﬂgilhmvwm 6w as Billaws, svithuetuecotiaBiguen i, &6 kuhd &xt ensi on of

the slide tray is detected by a prOX|mty sensor- 80
. -Developed “slides 14 are imseried into the slide camiage 12 and 124 in 2

honzontal orisntation,

* - The slides 14 ave fransported thmugh the planar light beam 38 to obiain a series

of lmedr tmages o
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sensing a sensor target 89 on the slide tray, and
signalling the controller to turn the drive notor 16a
wof2004/2@31n Fi gure 6A, a PLC 50a whi ch contr olmtAez064/000264

operation of the inmaging device 46 is shown having as
Inputs the proximty sensors 80 and 81 and slide

sensor 89, together with pushbutton 78. The PLC

out puts includes notor forward and reverse outputs for
the 'DC notor 16a, and LED outputs 48a and 49a for

i ndi catirpg sﬁa@wn@gwmx%ﬁ&@ aCanaET Simde@sfﬁﬂgﬁrl LED ¥8 (Figure 6)
Al so inc| u@gd I:ﬁare out,puts for _,controll.in
IGP

oper at i Bl dhe é%é%f?%etflrllf oab 7 oy H%}cat@f) 4R and optional
1T um nagivlgalamdbwill BOhetivfed. CHGndTia t@n a i Be dipllyed di aviinuid

of e SHARIBIAY LGP G s henmictii 9 8 SpEay Py Redional

the Fpr eﬁsseﬁmﬂs rm@melqammag Q,Eﬁglf?lflpi‘ti‘dg\mll” léﬂl! hsi.ﬁ ghreinditiag a full
to Figures |, yeloped s )

i nsert etff ﬁ% b. a{"ille"'?‘inl d'@bc‘ﬁ lmglj’ W %’gii‘ﬁagf“}g ‘gem@ requires
hori zondlghingr i entation. 30 The slides 14 are

transported through the planar |ight beam 38 to obtain

a seri ephe stific 14 in ejgeted g e maviinH@ 4¢npEd 3 1 ‘

PCT/ AU2004/ 000264 11 If the slide 14 has been

sequentThl Fngas i:mm:e édresm@mé fiy Ithwpmeﬂﬂsinﬁwgﬂ(@imr 8 or an

6 I
o ror Sl et Bt BBbide e ROMR Bty il BNIA, me 1CD
acti vat@dplasoﬁhglﬁm ﬁ}; atseial pait|5e, nd/oging ;ﬂﬂ@y@ﬁp@ﬁ 54por the PC

liquid g grystal display (LCD) display 51 of the
.machi ne or a connected PC. Additional 5 indicators

I NG meley %GHM%DM blﬂdht%)f)mftﬁhlr:’ are #IE@ \flﬁlﬂg bf @ﬁlsnuttmg

|nd|cat|n a full iptra and "cl ean"
light Hrgpugh e ﬁgdw%éﬁﬂw ?r‘g%il ragisd .%%Ih?rwﬁudﬁ%tﬁde? @a{}qﬂﬁgﬂm
nneﬁtﬁﬁonsw 18 bilinsSvaite ahe dndde F:hdidh nm 9 i BdaeDMGGkntially

linear inmages are, processed in groce55|ng uni t

%sec’ﬁ Hfifigar Snages tﬂgﬁﬂ usiiga PERletERe L Fhe

35‘? WE gl% %%‘gﬁﬂ 1§ Tf‘zfﬁlvelgggaégs % avg e %Jze ﬂtg%at;vg agmemate that
oty intatttiod tp sakprbhereia i‘mpécmﬂ thek @ nivle clearnipizge can

he, bound bi d
be oGP R e g B R e ST de anc

vi ﬁlvgzgg,g{oggf of @0 s dlohd 5RHHE L he SRSV 81 MRS B0 R band
acmss the slide (apprommately 2 mm). The slide is moved with respect to the light source and
camera, with a thin (0.025 mm) slice of imags taken for each meoventent, and then reassembled
in _thé processing unit 30, which may form part of the camera. Aliernatively, the -camera

communicates with a frame grabber card in a host computer via a camera link or data

- communication cable. Image acquisition and processing is perfotraed using appropriate in the

computer-base software.

Tn the following, some further aspects of example emibodiments of the present invention

are discussed.

Image normalisation and processing:
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15 orientation by the binding events. The i mage 60

shown in Figure 7 is assenbled sequentially froma
woehiew7ei | i near i nmages taken using a prot ot sy aizebdienoze4

exanpl e enbodi nent. Al though the imge 60 is

relatively coarse, a person skilled in the art wl|l

appreciate that there is sufficient information to

interpret a result. It is expected that a nuch cl eaner

i mage can be captured by 6?oduction scanners

O, B LSSl 0L e iy 5y 0 B i

| duel {0 FisaRoAlepRILON 1D ARClghA GaeSs tinkging Hivie, Clale bilognred piher

2 mm. The_ slide is noved with.respect to the Light
o s S Ei S P PES, Raemhs i gg° procione
antibRSEMAKRS 521 (BlguRantn D YwAER fontkemeh @l cachaste nid ether outer
in th.e,(Pro ssing unit ‘?O, which,nay form part of the
periphgrglregions o @Fﬁ‘é"‘m F‘il‘fs‘? foeopnglisg the v nicates with a
frame gygbber card i.n,a er via a canera
li Ak orhgﬁg&gﬁ@i%?%hwggﬁﬁ%ﬁ pgﬁd&é’. | mage acqui sition
angd pr osceﬁﬁlg' ﬁﬁgu%jfs:lt' R Bk R ixﬁ&is?ﬂ of RRSORS BlaChy hehdd@ing the
pdse S the tol

conput er - ware. |In > I'Tow ng, some further
aspect sbavkgrovednarbende v ouiaye me dntefsity rangpreas dift set from zero to

i nventi . i Sefh LBy G minimise
or oces sERgras-BBAES o e ERR RBh ReishRY, Wirsh

i mges fyorialion/desadaiion in tesyemiBhd across time will
differ for the same patient sanple due t

var at | SHRIBE A BAHCE i N PAER By oFRfgyfor patiern
devi ce, regdgnfin 5f RIdMiMiEhE paRkkrOt her  envi ronnent al
conditions. The use of reference binding partners .

S UQihe MRS s%52 Gan ARV TR 10RR the 4o drhach srsy( (i tik)cofigrs of each array

e TRRE 5 el B G B R e S o

" bindisg pa@chrd OTIRObiRiToaE tdnethenrdgereligied braldihe aitriapg) eblivmced Dsing

o GE Ll AL R e TS B R i
thert Be usedato kqynmiifn chearel hidirahen eacndot antbk ptren s gpantifipgien of the

b t f ' Lndi -
rouigh e e e A RE BF bRt G 8 ey na e Py it
expachdi Bibli guadibgtedktdo well in tthess yb théniopid bedahiemdbty dtheill be
or B AP A M LS B0 A,o s
fewgraequiblpesnshis difiens eigifodonents, depoiniingon pedficprerssisprcguispments.
Such %9&@&5&98%11 @&%‘qﬁé?& eithBF IHchiky & re?lﬁa?é?y HomP¥e camera and either

immediately afier image capiure or ai a later time in the fiturs

Figure 8 shows a matrix illuétraiing the digital information that may be ohtained from an

_arﬁay for passing on to a pattern-recogition program nsed to idehtify a molecular profile.

' The following model outlines the example interaction betwesn a scanner embodying the

" present invention and other devices it communicates with,

The device is preferably able to communicate with:
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are identified, a virtual grid can be overlayed on the

i mge, locating or other non-reference 15 binding
wb20d#Rh¢s1- The background can then be renoved@ndydelfo00264

i mage enhanced Usi ng techni ques known to those skilled

in the art. The average intensity of each square in

the grid can then be used to quantify the cell

bi ndi ng on each dot in the array. A quantification of

the resulting scale fromdé3g. 0-100 or equival ent

pi xel intensity has been easily achieved. It is

expect eiktbraat o irambdl fdopmbisnatdepraitas, el pathplasycegpulsrs and

this should be,achi evabl: i LJs j dards

by ¢ he. T4 B B o copply i bistg dald BRRAAE Rty

bi ndi ngand@gidtevelss, or i ndeed fewer, could be used in

di fferent enbodi nents, depending on specific

pr ecessiAmgferemguatabayent s.  Such processing can be

conpleted either locally or renot eI{y fromthe %%tnl}?.@a on of

andn gietfbltawing, expsplastof pacrimecerses pragdng A llawipe sation o

'iga-!' 3 MIWE Be GutlifRli r foX an example

# chﬁnglgtaﬁatl ngtﬁg%ﬁsﬁﬁﬁeﬁﬁg?or mation that may he - i
impbateatahel froman 25 . array for passing .onto a

pattern-recognition programused to identify-a

o IFEREETSEF PT & Th8 SCapE: f o | owi ng nodel outlines the

exanpl e.i.nteraction, bet ween a,scanner. ' t e
B
allo%ﬁégt toﬁhmatd,e:}«mhisg ﬂreeii&ria phaspladybefftred edine{RRSE exiee, With or
W th: WD 2004/ 077031 PCT 004/ 00 ,
it SPTHFe RS P P R Eoh B ol ld SR Blinow
flud@oRilly attveanolecsi o). dhsroclaonds magkerseedert to diffmpit wxaginlh sample

exi St,i at a,copnuni .00 t fo
ol 3ol Gt HERes B0 o EREH B i8a0at fefldtping i
FPRO e npiroibesses precedi ng and foll owi ng the

utilisation of a scanner enbodying the present

i nRegresserfollbwing the s¢mnhesf | y outlined for an exanple

i npl ementation. Processes preceding the scanner: By

wayite slidewelipe disposedoidn biglegicel mestgev el oped by
i B AR e
b Ehou Ceriebatagihe o dEERk " OF ael ul ar

P Sor eonGP A b in A0l ottt ol fidtbdiiPiid oneny.

marker Ség&g élﬁ% vrvég\%fttgﬂé {08 lhneR X AR &1 8 MRfiRd of M nids that may

descri bec \ reference to Figure d), fixing in

f or mal da¥l/Gen fkdlidhen washing in

. Accept a standard glass slide format or equivalent and sustain in excess of
500,000 operation cycles.

Figure 9 is a schematic drawing illustrating the optical geometry in an fimaging device
embodying the presemt invention, for the operation of dual detection modalities. ln this
embodiment, a substantially flat beam 116 is emitted from an LED light sourcel 10, capable of

- variable wavelength emissions towards the underside of a sample slide 114. As described

‘above with reference to ngure 4, a narrow portion of the light beam 116 is transmitted thirough

the slide 114 and emerges as a transmitted portion 118 from the tap of the sample slide 114.
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30
* Inc., and Chroma filters supplied by Chroma Technology Corp., mdy be used to ensure that the

et AP o2 ek it Hrataetonpi

PBS two or nore tinmes. 15 Processes follow ng the

scanner: The slide will be disposed of in biological
woapbn770BIne scanner is preferably designed W tRET/AU2004/000264

suitable materials and features to enable: o External

cleaning with a mld detergent. (c) Not to allow

contam nation of the slide (biological and other). 20

Al'l ow slide receptacle to be cleaned, sterilized and

drai ned of any fluids that ]ﬁay spill fromthe slide.

Acc : nglar. ass s)ide format, or, equivalent and

sus]tﬁgql?] Q‘?nﬁ%@%@o s‘ges‘%b’e gbg’g%%' gﬁe@ﬁ‘?’r"oﬁﬁ“‘%ﬁé‘i &eptaing gmpdes in
whighifiorssosetmaredrs avel besni yiigsddlid WAL tHeRgestite n@@?»hﬁ@&]ar molecule,

e

t N oan. i maging.deyi ce 25 enbodying th ' )
suc QTR el Bl e 3 bl Sasea it s s sowes 11075
chedet is ¢his enbodiatat iotcoain wilhinl iRispectrRiaQevaB YN mitable for exciting the

: ial fl b 1 [ ] d f LED
e E NN AT REEHCWC] R T

in Egrire & tomlight cmﬁtﬂcgﬁom e ﬂiﬁfb&feﬁﬂ' ks may sgzgir@easiz loflBindtidk from
f weabove w.th.reference . to,Fli re- a .
= pAiit 6 MR SR FantiPrord! RS RR e P 1%, forons toyseren of

_narrow’por
linephiprggeg fior sulivequshtretendihdtiioand emerges as a transmitted
portion 11% fromthe top of the sanple slide 114. WO

2084t ading 31 P ORY A0 00 GRBdnt 122, |an portien andié Quirddiietibnal

fucRRGHT light gmhﬁovfwl’;fngﬁﬁﬁ % anbollS ziﬁ&‘ﬁ’&e‘é@ 't&xx%ﬁdg\%d‘z‘%@g%&%}a”%ﬁne in

sanples I n uorescent nmarkers
the form pf g line spagmersamenn tepabln of pemskmuis 208 palyghasthic detkaion 126, sach

BakieciLy m@ - ' [ the.sames. of ... .
“ agi nIdi n U'?%Lart ner gaﬁp{ﬁ%ﬁ tr?a'\jra F&g{v?/gtggglrgh %ug]}aﬁtp o Qdhe oy 122, it
oo e thdragstaniisd periiemt 8106 the dhwinatingdiglitibean 1 85 is reflected at
the @S &R 15!@\&%&? %Bﬁth%qh{ea@%:ﬁmf Qdn e Gb G4 ngav%lpﬁ g%ﬁﬁf ie. the

uorescent marKers and resu ting emssion o

L1 | El T +, -
_ “"‘{ﬁ?‘t&'h fes ip pilfst mslotienie Upronaniied bramippttigad it ed i n
F

igure 9, the light emtted fromthe fl uorescent
e e r Py BRSSP alRion, B ofvseTany FRloiona PR necquiring
recomUELDR of lidSinag@)| &t BRed?l tOdsthe BlseQNBInetal SHMr coneurrently or
i,eld 120, creating fhe series of [|inear .
glttlﬂa & bERk ntilissd whep e wgvelgngth of
light\idymiodting frist the iflaeligneareelapgrox a8 b R exOkatiksh Svavelength of the

.di rectional, 10 fluqQrescent |ight qQm.ssion, . .
oSG R0 w20 o TE%’?“?‘?% e B haE, Toplpsine of

diffeppinBrcgcsckaly eetiviemeléduizs foadure dfer dirkdtios of GRANCIICHRTERE plamyr
chroni c, detection

. abl.e of nochrom c_and ,pol . 126,
tmag B RE B caRler TR ot S R O A AP OB gpevabondl o,
depengletiagitthegolycirombigs deteglidnanpsptiny édcamaal the mirror 322, -

St i
H one cmbodiment of the invention, the Hine scan colour camera js arranged o delect

diffracted or otherwise deflected Hght during a forward pass of the slide and fluoreseent

emissions of light during 2 reverse pass of the slide as it is ejected from the device. The camera
accordingly vperates jn a monochromic detection mode ¢n .the forward pass and sonverts to
polychromic detection mode during the reverse pass. On the refum pass the slide travels ot a
slower specd, allowing for greater exposure time fo detect the weaker signal emitted Fom the
finorechromes. Suitable band pass .ﬁlter scts, such as Qmega filters supb]ied by Omeéa Optical,
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20

can be ensured that the transmtted portion 118 of the
illumnating |ight beam 116 is reflected at the
woi206477081 enment 122 away fromthe |ine scorer pgayire0®o264
is shown at 126, i.e. the 15 "collection"” angle is
offset relative to the transmtted beam portion 118.
The optical diffraction/deflection and fl uorescent
detection, both requiring 1feconstruction of |incar
i mges, are directed towards.the |ine scan canera
corettt Waricapn rfmrratremwnyg excitaidnt aeﬂnmssionl pealtsoin @gel éMhg eetected

ayel e S BB o R erdRosiiy, By B oVl 6 P seefi such

thatsietectalde aypitnting mmhemd witlidnethe xeidt fait fileers, way adigngtivaefregulated

drsc‘i'm}?naﬁ ?’hg‘o {Jr%% cérfe ?&e:%u\ﬁﬁ %%%g}ggs %Pserﬂodxlf sr%igé guitfrbhla for the
celih‘:hcﬂharmn élnbl‘nphm& i it riiB lagaeciangl the bleddowmbt Bi-coldur EEDi'sGﬁay be

- wseDl o e e O R o B S RO el RS, msge

recmp]mcﬁﬁn mtahhshh:gobeqh bintbmendntis basad bin enepe yer digitalt images derived
fro det g ca&)abl ity of camera. In one enbodi nent of
e |nv AT on, the Irne scan col our canera is arranged

toTﬂ@i&lﬁgé i%orlgléhsm fafni ?.n ru&hlp‘giﬁfé ttpﬁ:‘!’zglfsi Hi Heﬁmnce tol

durin ormar uor éscent
Figuses; Toad riwill gpw bp gmanrm mgfesrlcraé\mrhsrefqua@sm @ire frorechat jof Bigure

10 Rd thd aa:lk:ﬁnq‘ahﬁﬁé Gbhebd %Erﬂ&‘gu%g&@vﬁﬁ rmE 6 t& digital dafa in tho

accor operates In noc om¢c et ecti oh nod
MANGRY nrwevuﬁlas ﬂmn@dp@@hovaw 138feen grahber soBwrapdh p iting grabber card

forn63 Ft 4198 BRAR HMbd Q\Qcﬂaﬁ qmrs@yr%ée%.&» B@tﬁﬁuct@ cBBFosﬁt@hH!F fnage

pass the slide travels at a " sl ower

Fighe®) Frmabe pequsniaklinee stipgs.(a igdowe at lﬁ’e Wr@we@rﬂ@rﬁaﬁw@
mp&r@ zhé ¢t compssik %g@ Quslehotd £9 @r m&eraéqmﬁgahﬁnamrur@@% pach

ter sets, such as Orega filtérs supplied by Orega
bm‘j%tﬁi"‘?,ﬂél hie., and Chrona f| Iters supplied by Chroma

i nol CQr .,.my be used to .ensure that,
fhf»‘/ o boeBe TEIEE ot asmfiféh%ﬁr&er@% érrl%gffd? [fracove
h:ghfﬁi:ﬁuéi:&jr valatidris g pie Ghibettics 3oumd e cosicamyRBaiimgt fv-cight levels

S RPN o G GHE O G PR 0 SPPBHCS Pgoies of
cmuﬁﬁtheﬁﬁﬁ@ﬁh thel Glam of b adntihe t:rﬁp; b igtemeitizk tag thooi it Step i3l Bmedthing
usi n

t he need f or er S
remfst (g el b gt 18 g 52 R8s optory Jings foeed s
leavegape Tht hsagh hmmhaEE);l wrdghh estesigrayon aligsetinms scbbluﬁ brightness is

e

25

39

valusspyariady 1023 ekl 81 t6, BLoM aed usbmaimage piaviguizbiesnerabics ngti fas an

inaef PR Bl oA, Tk PRI bR By Bnp et o w0

creatb leedntowy lipeme or nore di.gital imges derived from each
detection node. The i mage nornalising and processing
prBeaduioe mapfie pyrepsedoriip tack apamsil of wpipumdntonsiy Péxefsel.c. white

pixels having a valuc of 255, The process iraverses the image by visiting every pixel element
ingide x and y loops. That clement is treated as the venire of its eight swwonnding pixels. If the
program finds a sentre pixel with any pixel of the eight that is brighter than it, it marks that

L centre pixel as being on a contour. The marking is done by capying the pixel value (holding
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10 Figures 7 and 8 will now be described in nore
detail with reference to the flow chart of Figure 10
weandogmsacconpanyi ng i mages. The i magi ng devima/Afroos000264
46 generates digital data in the manner previously
descri bed, as shown as 130, |mage grabber software in
a frame grabber card formng part of the canera or an
external mcroprocessor comngtructs a conposite raw
i mge (Figure 8) fromthe sequential |inear sections,

onlyong of b valmesal,2,4,826, 33,68108) P (BE SR Ed ﬁg&v\%&g{oﬁ!{]@e pixcls of thé

con P Ao e THE B 95 P G G ne @spepeonson e gage, with

generate I

pzxelv ganto 255mcepmg~@n¢elsm efbud fnddblIagohogyy MHEL- Hﬁﬁe outer edpes of
tp renove

T IPOhi Q]!l ag d%rtf(e i n@ﬁii Initaxghbﬁprrrggf typicplgoatops map .Ig{qg@rctbﬁgn ihectmage

requency vari

of Kigme Bistshoven 4t 140 inmgee 10z ei ght | evel s  of greyness on a
oggri'thm c scale of brightness before generating and .

¢ bopiting sad sdeniifimtiaf of2l ineRcdREiviLkd Me ﬁnﬂuﬂu-thhﬁ dc@Ekng
shown at ste

; intensjities
the A L 1 BB o P Biv ot i it o 195 o
subsfegmﬁ nqm@aﬂsntu:ge;tqnﬁdﬂ, image enbenecneahissatiatdd wigithe QBGREERS docurs
to rénﬁ*ﬁ)! ExddaRm- da@ng&zst tﬁ?ﬁ%@r it aC g—;rl%?\;n%ge ?i Isagg ngxlmea\g/:g{; 2 O]:mage

rey on.a logari
in ofles in gddress sptipl varibtiok auhinteadiies asrots thaoarmpriy pasticidhy] eabNBPSate -
na

cnut@ﬁr' 19 tr&ﬁﬁlﬁ% lf:%%:eljhé gigoqre %@nge)rl o é‘%%ﬁiﬁ'%%! %feeiglnte xmagleyob}ect. As
‘QH% clpasifieds ity pixdls gt WieD® dnrftidreadyoprbaatedt Brrdyhivish the
sam@ﬂiﬁﬂﬁsmngrﬁﬁ tﬂ@:qmgg@ th%:all@»% %@?Ié%ﬂp.gc@hlfl faf {oetﬂhetl%r F%H’S‘é contour

| evel s are use e cont our

line agealreachitbeen pragssel or seinpoloddnmip auyiperckof the fink. d’he coordinates of

' the PERK &40 1R 1H L QRS theY co?l‘e%h«ﬁng Lertient YWikb e‘?‘xﬁ&d?ﬁa %g ia_é‘a%r, Sich

val ue of 255. The process traverses
W@SWEP‘{SM@&@%W pi xel elenent inside x and y | oops."
is treated as the centre of its eight

t
& Ry R B i SRR e T = SO B o H e oo 4 pize i

K foump itoc 8 aVnbhibaR N Pl | (widhockdGT) oMb, tﬂQ oorkdfhales a8 bREed to the

mar ks that _ centre pi xel as bei ng on a
Tmag R R 191 Soige 5 o syl omdinppoRes fne and
classifial e cdpiak 8 Agn WR12RH4/ 077031 PCT/ AU2004/ 000264 16
only one of the values 1,2,4,8, 16, 32,64,128) to the
s borrathad rituds bl tho bitcle F yhet dvatopt ¥ed andftagshch 6@NEO W Ircady
“ the r It is a ay of the
Procce 2 85 Aol FRRSsrd i e xgoind b e, R ona
Regiaa¥Oethat bolglr thy coredsponding Comdow nodmimaees dtaneh Figettil elegbﬁm line.

f I_:€ f. i ans. Whi are, darker
Tiesd ot S8 ool A o 0 BB F B BREHEE. s i pgimmes
cl:m.tampd)m thére tivorayays de ten Fsmgeﬁ E 371 ar&yﬂi imapeaibjedig le ddntonr lines)

- which ol ranagwf all e y\ix&%% éa?ﬁg@ng n{ug%.? L vtre ) tﬂb cxglgi};gr (gtjﬂ:amls in the

i mage obj ects

‘object, and the gray scale brightness of that objeet (i.e. of thcc coniuur line which contains a grey

scale region of ihat logarithmiv grey-scale bnghtnESS)

The result is that each image objest (represented by a contour line) is identified and

listed in the TmageObject() array, and can be rapidly traversed by processing each pixel in the
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the confirmati on O and enhancenents to the
circularity are provided, as shown at step 139. In a
wowesymsnt normal i sati on step 142, i mage enhanoexeiabs/o00264
associated with the contour lines occurs to renove
excessi ve darkness, thereby further inproving
circularity and nornmalising the image 10 in order to
address spatial variations d intensities across the
array. In particular, each Separate contour line
sl % w.cl assified a
et 00 ek 0 P A UL o R MR 1550 B 45
Pﬁ@fsél%g‘fs'fﬂiwédo thep hedmagslisreierted wifllthe ntessagm " Al r eady -
pro ssed" array with the same dinmensions as the
IS 1agesis dpq Eﬁ)% ¢ pippus. i etriofsboaedgnisatis dotg). Rirbapheahe slide

haﬁir&uuanpﬁmtr@%tmhgdg@a q‘lr_l%?ég%(ﬂ been processed or
not, by l.ooking up any” pi xe He line. The

COdBgbicess s thdFuldskifieisbBhg BEQI B8 Phe IEERB LA performen

corres ding elenent in the r eady processe
by & peho o, Wﬁ Yifaé Sels, e iohicgt dhis gautine,ia ropligsl ook lesp which

probdss:s em& Ghijdct offhe BhdzaYA totifsis Meﬁ% EWcufhfd th leﬁélg oYthfe %ntour ling
is. found to be a nenber of

I
o 350 b b 155 rlasE of PER i, lesa BB ecoptess s Ioep. Open
megnadt is § lmmmhﬁ @ﬁi}ﬂnﬁ@ﬂ(ﬁiﬁﬂ Bt BAG obidel KB 2 fcbﬁ%oﬁ%nwur line.

1T ne and

54l 05, B B SOBAPHD bl et

cl aSSI
objfel, mud alad» iis thhmeq:n fne’hasx @hd Yhirecrivit. Qling the E‘Er@lﬂﬂ'cr&hc%%% the object

he " A
and%@oc ndte eaﬁs ng E{tmglté ﬁa %sﬁl%el qu]%%t -’gtc}{@flgfg:\?ﬂﬁtys
% Tt he W callR0 AERE il e OO el 00 R e e

candiiatascfor the camtpary of dets eznttln-amm The tentrkd of an bR dbjects wili
es..2b contalned

‘coinkide m&tﬁ MeOdhirdal ot B ‘?héoér?ﬁﬁ o@%c%’ésn Q‘tl%cagngg g’??va%;’] sfs and their

in these two arrays are
centyed ggakedhy hagle of the teskoas nceting thq ms):ommmnm itteg® abd sllows the

vn'hﬁfgrﬂtbhéatb@mﬂcmhgwﬁgv gch i mage object, as well as the

nber of pixéls in t(ﬁ obj ect; and t he grey scale.

b r %@Mh@fmﬁé?@ﬁuuaﬁa &bdnck the%nagéfm % &%ﬂ&g Wingh bf\ighiness

scal e regi on of

ch contain s a
that F%‘@’%\’}ﬂu%ﬁﬁrﬁ@ S il c@hmegzg)comw@fﬂwsmmmm parts of
he ﬂﬁgﬂbylx@@&g&*@bﬂﬁﬁc :ﬁ'é&@ RRASEDVES M ifFoSOBLE Wiid JiflSdakk & easicr

i d ntified, an sted I n the imageQbject() array
0 d4f oLy Bﬁ'@'“ﬂ%md&ﬁlvﬂﬂa% apdsplep t5ydsdp @9@@@% Hrodeiesr qmm@@mat to

enhaie Ragrosi:icd@@d/ 077031 PCT/ AU2004/ 000264 17 |ist of
pi xel s for that object. If the nunber of circular

objrectay inilistoveroniiiciLbrightibasTBvek coltai idBrmddion & 6 lbdk ﬂgﬁ&é first
Iogmﬁtﬁﬁﬁrﬂ b%l%hi}zasg qﬁwepﬁn o°°5‘%§Plﬂ?1%r e{:@zgtéggoﬁg((kg{t}nge S arlgegt' level).

I's Fnage

- Contpuw duightivsa pine fdat bjo 12Beinlvight stbifsedﬁibhﬁgim Bridirklssl @eryQithe? The

first Ie J/e*f @ﬁm‘?ﬂnﬁﬁg éﬁé %rﬁg Suttable mrc%? hject isla ]ebelﬁcc? as%evel . Then the image is

reprocessed to ghow only the information between the Brightness B of lovel -1 (B, and 255, °

This 15 done by applying the followinyg formula to sach pixel of the image to produce the pixcls
of the new enhanced contrast image: ’

| PiKCIValne(t,Y )uew =Max(0, (255 * (PixelVahe(,yjo — Bul) / (255 - Bpa))))
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5 I mage objects are then classified as being circul ar

or not The classification is perforned by a nethod,
wolrad4/ansh yses a singl e i mage object. This roudmmeniosd/o00264

called in a | oop which processes every object on the

image: Aroutine is used to calculate the I ength of

the contour line, of the object and whether is a

cl osed or open object. Cos nmeans the contour is a

| oop- Open neans it is a I1The whose end points do not

“Coi mmﬁxellg@&ﬁingpg,gﬂfm conti guous contour |ine.

10 The routine al so uses an | mageQoj eotCenter to find

t heWhers e Mk (Phndtdf smfih &S |
valal So its di ar?é{uer in theéX antgﬁgﬁéi&{ﬁg%t&%ohﬁg&@%\tﬁvg%?%lémﬂss

8 r cunf erence of the object and its dianeter - N

inf,ﬂ{rmt i-eg}; the routjne then classifies the object as

ci r sy eBpenAes mags s thaacqmplefely reprasested e ajspron to obiain a
byt ebemionr shGUGITIE REké BitpRRL/Likbthiiy 1] 0R5A Wbfincss rogions
andfl ngatcﬁiac or th&c&gt urs_of dots on the array. _'Fﬁe___
centr S BHECIERG G Ps D BempHawever, {iis gnhanpgment grogess iscobvicusly
omigfed fotnhibe caaid pims©bf HHodcish) Th3 Gt bwalRa4B) iﬁﬁﬁﬁlﬁg&ﬁg of 2

sl Y th objects and their centres breaks t
, "“‘E‘g%@&%‘?’g‘tv“é %We’ﬁfmlsg‘%‘“ﬁi’inﬁbg Barray somewhere on

t hepgi low=s the .virtual grid to be .
ac?g rﬁzﬁag%yc%ﬁig (5}9 eoa\l/%?" %]?lpgjel'hlémgﬁﬁ’ A EsH i dinage of the
nuphgy ef cirgularvibisns evithoc-daoalirete failisg e enh Yistopam @D JEsOram cells

' St ' ' ' ifigant..in rpat i .
ore Bt (150 SRS Thed 1ber il Bin 1 ORI} B3 oo R B teor g finding
coluiys; e yooordipate ivé thierrirgdaropjeckisngtiond. (/& siniliapdocas Baged to find

_rowh, At s FheYiny ?E%%Jaﬁtjé %v% 4?518{ tﬂ@&riragpaud | eic%f %%Anélgr?cgfe)rdi{{?@s is

easier to detecl cir regrons’n
revegged yIfghedals flbinfeow lvaing, A Hdesrimuibshourmpabiofr txoh calmhance

di ostic accuracy. One way to discover which

br ﬁ% Fﬂf’??@% &t g peaks aidbfinding e gﬁ‘sblﬂmﬁl efluing sepgratioothe flagation of
each ddbunin dnsthe eddD@@ bl {2l SedDil AR IHARSSe &1&%@] od ié@atda Gl iﬁlﬁge to

a cirgular regions (starting at th éar est |evel).
maks KiiepespigiGy The Higiparare suuiremg e sepihing ofo pligwireliablegiatection of its
peakst eps, doubling in brightness every tinme. The first

| evel containing at | east one suitable circul ar object

it Sif ielyeilised ttmﬁét@mﬂfxa i u;igrdaﬁsa &ﬂi?ey HRe tezﬁg@%,_gﬁggd%{dgg%gggm@
alidels Vg, nf.qr on_het ween 1 he ﬁrl L ness
slide é@a,%g%él‘fzﬁ)%w slmeée_%. Jl“ej )118 gﬁgn%vgluaﬁqpsm@g b%gmg, it may help

to drays heyliistegranivensian obarialy 06 hE hnaps] As b ees@le e Jiskioh 0Pkt 1B some of
of .t he new, enhanced

_ ' h i xel
T TR a1 N

ontras
be esgaplished. WHiwiag & JoppibidsaveBivhscale 1025 BesBivpkd betyeddhe array design and
the aeBAda8/ 7031 PCT/ AU2004/ 000264 18 for all pixel
coordrnates x,y of the inmage -

Each image objest is allocated to one of the identificd grid vows il possible. Any image

- object fagged as circular and lying on a valid cohamm is allocated to onc of the rows found
- providing it falls within specified Limits.

' Due lo various factors, it has been found that it is not safe to assume that the row sKew is
the same as the column skew, in other words the skew may not be all due to Image rotation,
soms may be due to other forms. of imaye distortion. Thus vertical and horizoutal skew is
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Where the Max() function sinply ensures that no new

pi xel s have a negative brightness value. The new
weeressti mage is then conpletely reprocessedpdtiag004/000264

second phase to obtain a 5 new set of contour

objects. This includes conpletely regenerating the 8

| evel brightness regions and the contour objects and

recl assi fying them However,. this enhancenent process

is obviously omtted fron1l%e second phase of

146, initial placing

redfRg 6eRalifl, ullbier ShSP SR The Ehort it any Db asoeB oo are

a vir
noRjogyentad. 10B. To find the coI ums of the array, a single

-histogramis drawn across the inmage of the 10 nunber
of Treav gaid ashjrechendaitteslope xf taveollinnals ddentfitd ts),gfmg 9 straight
r) eI I on
e Rl RPN Fh ol MR ARG Fhinat Bl By e

he hi stogram c
perfmued, wingthegyelandgidenst sqnatbsgethah ﬂ'hmziqze of IaHe tl;e-comﬂmd isnskrgzed to

fin@helddEafe SehitPUfcR PR ihibe) AN pmind of2h T Rl RU0F 157 o

- is use
Hloy ghagt: Bow slerdia fauné 2wtk qomrgoteddyan tindogusemetfiods - and -
coordinates is reversed.) If the dots fall into

colUshdbe imnge Hps bergr derskowdd, nss\analypie ik repantedeaeh more on the
eniﬁ@l:ﬂl W skewed aﬁaéco&kdr%nﬁtmalgg Grdaf Q‘Kﬁcoﬁfbg% gfeélgg%ﬁgrf cﬂgmia:]lg the

i nt raI col um separation the
m&%?ﬂ?ﬁ‘? 9§ PPl B ieehagesmenteind delmiiaaaocesnes o skipprdrfor tisahird
phasd. npl'y too few dots in the image to make this
possi bl e. The hi stogram requires .some snoot hing, to
al Moews rmhul?binfmgd ebfet ifallingObn lcmﬁmn nt@ﬁkiﬁtersb&mﬁil &/itBRAkSonable
i S ra snear or e
vouflfagh e Qb s Do SRR it B goisiferied gt md ace ignored
forl[bﬁﬁ!lﬂabingpsicmed To aid algorithmeval uation, testing
and debugging, it nmay help. to draw the hi stogranms as
anTMﬁwa;slj(ﬁemrhﬁed tervoane . cnl&mnaep’amuﬁstare e wgmblhle(aﬁprﬁfsumte
X 2l vls t“’:ﬁﬁ% Ittg le gﬁtgr'lgiﬁl S of l!%%eb@ Usad B convert

are urm S

“‘ﬂa%eelﬂﬁfﬂ%tq wim etahth) a;wrss s fiipicaived , in aihd Oide nigﬂﬂubxe&glt e related Io

smE TG SRRSEG S PSRNl DAY RENBERL MG Y

desi gn and

al li&Ctﬁ'EL%dtlékt e5leme ofttﬁ@sﬂdg %f%t dﬁ*{ed ﬁ:qn&ié filo raﬂ%f?éﬂfmtmn gver that

i mage object flagged as cir

part |°§ *Q?g‘“lﬁ‘ﬁe 3019 githe e%%ﬁhe % @-@ﬁm@f%@r@dﬂwﬂd’wm &% firbicand last
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Using the pew comer dot positions it is possibls to calculate 2 more accurals conversion
scalc between images pixels and mm. This allows the virtual grid representing the plan of the
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possible to cal culate a nore accurate conversion
At step 158, background correction caleulated using averaged corrected m‘oensuy for

each dot as identified is performed. Intensity values are read off one by one. As is shown in
Figure 10C, hiai:o_gram 162 & formied of the image intensity from 0 to 255 of every pixel in the

~ grid square locator containing the dot. The local background intensity is found and defined as

the pixe;l brighiness level M. M divides the pixels in the region into two sets, namely a dimmer
set comprising all the piiels which are dirmer or cqual in brightness to M, and a brighter sct B
compzising all the pixels in the set that are brighler than M. The number or pixeis in set A bears
a pfc-set ratio to the mumber of pixels in sst B and is typically 50%.. '
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appreciated that the present invention is nol Limited to the analysis of particular sarnple

- materials, Furthermore, it will be appreciated that the present fnvention is uot limited to use in

diagnostic or prognostic applications.
In the claims that follow and i the summary of the invention, except where the context
requircs otherwise due to express language or necessary implication the word “comprising” is



the pixel brightness Ievel M Mdivides the pixels in
the region into two sets, nanely a di mer set

Woehpvi73i3mg, all the pixels which are di mer @ CRAUML4/000264
in brightness to M and a brighter set B 30 conpri sing
all the pixels in the set that are brighter than M
The nunber of pixels in set A bears a pro-set ratio
to the nunber of pixels in X®xet B and is typically
50% . WO 2004/077031 PCT/ AU2004/ 000264 21 Havi ng

ussd et dispavenl oftinchiipg 'k db.sthaféanpar speafied hgy h{e stl%biated uﬁth further

fen 'ﬁ%n‘ —ehl .1 S now easy to calculate the '
?@%E?%€§ rﬁg ﬁ@%gfgfugggﬁmdot. The process starts by
summ ng the image intensities of all the pixels inside
the dot region, based on its cal cul ated radius. The
al gorithmal so i ncl udes consi deration of pixels that
5 1lie partly inside the dot radius, accunulating a
fractional part pro-rata according to the fraction of-
the pixel lying inside the dot. The nunber summed
(Delta) is the pixel brightness less the |oca
background bri ghtness cal cul ated above. The average
val ue of this sum per pixel (lInnerAverageValue) is
then cal cul ated by dividi.ng the sum by. the total
nunber of pixels inside the dot, including fractiona
parts, 10 The Dot value is then forned by taking the
I nner Aver ageVal ue and normalizing it to represent it
as a ratio against the maxi num possi bl e brightness
above the | ocal background. As indicated at step 164,
once the dot val ues have been identified and
incorporated in a matrix such as that illustrated in
Figure 8, the software perforns an iterative approach
to best match unknown dot patterns or nol ecul ar
profiles to a known consensus pattern froma library
15 of disease signatures. G aphical and tabul ation
presentation of a nolecular profile is provided at
166, and the best matched nol ecular profile is
confirnmed against the library of consensus patterns
‘as the basis for diagnostic or prognostic
det ermi nati ons based on a ranki ng nmet hod, The
anal ysis may be repeated at 168 if unsatisfactory, or
the i mage naybe rescanned at 180. Once a matched
nol ecul ar profile has been obtai ned, a diagnostic
report is printed and the data is sent 20 to a _
centralised database, as is shown at 170. It will be
appreci ated by the person skilled in the art that
nunmer ous nodi fications and/or variations nay be nade
to the present invention as shown in the specific
enbodi ments W thout departing fromthe spirit or
scope of the invention as broadly described. The _
present enbodi nents are, therefore, to be considered
in all respects to be illustrative and not -
restrictive., o
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have been described, it will be appreciated that the

present invention is not limtaxd to the anal ysis of

particular sanple materials. Furthernore, it will be

appreci ated that the present invention is not limted
(Haﬁﬁ%use in diagnostic or prognostic applications. In.
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PCT? supgoMgasdonearyinpa sanpde slidet he sense of | ncl udi ng”,

i.e. the features specified may be associated with

f ura hght sofireatforilmimting theoampbndbiddj smehiaspdé slidedncluding an array

inyention. 23 Cains 1. An imaging device conprising:
of samp Scarrier stage for carrying a sanple slide, - a

l'i ght source for illumnating the sanple slide, said )
sanfliee geppe fompioyimgrge arrisr stage fl wapht slide relafiverte the light

r L; ier sta and..sanmpl.e, sl i,d
sourdERER 0 00 p e O S L9 pRRBAGL by s o
the light douses of the sanple slide are illumnated by |ight
rays from the light source; - a digital optica
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subst%ﬁt igglr 'y only fs?eght gys Whi chare tranamtted oY
only tiphtoraghwhigh dres@ashetts] thoeghraid dehpeciidd and defidefedactdédracted at
at the successive portions of the sanple slide;
the sygeessiiePoLigny of the -é’&e%ld& defl ected |ight rays are
used to generate a series of partial inmages, said, )
s evhesein sridghirqciad orfsfeeied Hebirrgrsare @sesbtor genenatn 7 srsics @f partial

. Ny . r f, sanpl es _on. the sanp|
mag g e ARl et G g PRRNES T L PR & e ey
of samPRE oh fhd Sagpléd glle. source is a linear |ight source

arranged to emt a substantially narrow beam whereby

successin fnfRhd HORSe KcordilitSaR § wihdrdg thd ﬁgl'é@sroﬁ]cg is a linear

~illTumnated are band-Iike portions, and wher

light seurce srrarfgepdo teidt a silbsgeiallpnerrdw rveam, wiegby su&essive portions of
. . . . . ¢ ,

the sa{pﬁ? :ﬁ@g%\ﬁ%gt\rgég ﬁlh{%ﬁ]@g{e Iapegb;ng—l g%o?tpo?ls,oandtw%eer r_yet ee (sjén%g of partial

images are linear images. -

3. An imaging device according to any one of the preceding claims wherein the
digital optical camera system includes discriminator means for preventing light rays which
are not diffracted or otherwise deflected by the sample array from being captured by the

camera system.

4. An imaging device according to claim 3 wherein the discriminator means
includes at least one reflector positioned to direct diffracted or otherwise deflected light rays
“emerging from the sample slide at the offset angle towards an imaging lens of the camera

system.
5. An imaging device according to either one of claims 3 or 4 wherein the digital
optical camera system means includes a line scan capable camera capable of sensing a linear B

~ image.
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nmeans for preventing |ight rays which are not
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frombeing captured by the canera system 4. An
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which igh Uiy BHIEE Y RRGPRt TP anghs fesc el o Cepres

system is._arranged to operate jn at | east two
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movdsttke carier siagealﬂdl st divietien Glai’lis aﬂi@ﬂged tolopetd ﬁlhhé tfigbrescent mode
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whengRfrivg msprs is gpver b camier wAgq inegiergndditacien-accor di ng

toclaim7 in which the digital optical canmera system

| §9 ar r dhgletice acopdingtte anp onhefdhé pexediog chaims wherein the optical

actlon en e dri ans
camef eloBF s PRERY o QPR HER Tl MO e Aol i Pl petions of
the ssReuAt € in the fluorescent node when the drive neans
[
is noves the carrier stage in a second direction. 9. A

deyy ce @9&859 b Bla frﬁ?edalﬂy ng%ﬁe %ff tl%egﬁae@erd%%?ablﬁ% vgflet%lﬁqhe samples

wher ei ra sys range
comptiet edts Houghto blaﬂmglpartﬁmtbnﬁfe&ampiﬁ dtlde. and non-vi si bl e
portions of the spectrum 10. A device as clained in

any, oney gévitd g AkiakAdh ﬁﬁ}é 6hélbhe WARE8inB cldi@s SARERLiRShe imaging
conprise cells bound to binding partners on t he sanpl e

devicg [cpagriscsia sijm@@mpagm@ntanrvﬁdch nnm tben@mer itm is located, and
o IR oo SR R iR B arE e oral NPTl ompspent i
fluid GR4lbd SForf { G Csabiplin® C@nBfArnRAE whereby, in use, fluid contamination of
~components inside the electrical components compartment from the sampling compartment
is inhibited, the carrier stage including a tray clement disposed, in use, underneath the

sample slide for collecting fluid spilled from the sample slide.

12. A device as claimed in any one of the preceding claims, wherein the imaging
‘device includes an interface unit for interfacing to devices of a group including at least one
of an external reference database, an external storage database, an external PC, and an

external printer.

13. A device according to claim 5 wherein the line scan capable camera is a line

scan camera adapted to scan linear images having a width of one pixel.
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el ectrical conponents conpartnent is fluid sealed
fromthe sanpling conpartnent,25whereby, in use, fluid
contami nation of conponents inside the electrica
conmponents conpartnent fromthe sanpling conpartnent
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12. A device as clained in any one of the preceding
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i nterface unlt for interfacing to devices of a group
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partial images are al|l dark field inmges. 15. An

the Slllf?f?a@gidﬁ@ s therptertlydicnd wRPlaragi ng devi ce accor ding
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nmeldns flosysern wscm‘dng tprféthbnm@mﬁlahmﬁel 5 amiﬁ evleir¢in éhe processor

meaef i Banll 48 PRl Rl b e mh TR b A Sa bl 42 i %n the basis
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15 wherein the processor neans is arranged to
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according to either one of clains 15 or 16 wherein the
pr1§c esgbmethpdpfderiying animpen rersetcpttive ob senplenappaapple slide,

eference matrix or grid on the basis of
them%ﬁ:%d nlql%n§l gference sanple, is arranged to scal e the

intensity of t Wi thin ach square in the
or Pk g Sk AR PN L Aot b1 | Sh e
range, of the sca and is, further arranged to
geheidinathg sHupl ﬁﬁ]lﬁ?%@ﬁoﬁmﬁtﬁge val ues fromthe image.
18. A method of deriving an inmage representative of
samhirainaing at leashppertion pgéle sample shide Heids e dight sostagg -

provi ding a sanple slide including an array of sanples
- -lmeadingght herrsamige aid sdengntsdida ehtive e¢o the dght source so that

successive portions of the sample slide are illuminated by the lght source;

'_';J_

_ - capturing substantially only successive diffracted or otherwise deflected portions of
light rays which are transmitted through and deflected or diffracted at samples on the sample
‘slide so as to generate a series of partial images arranged to be reconstructed into an image of

 the array of samples on the sample slide.
19. Anmethod as claimed in claim 18, whereby successive portions of the sample
slide that are illuminated are band-like portions illuminated by utilising a linear light source,

and whereby the series of partial images are captured as linear images.
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second pass is in a second opposite direction.
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wher |n th rth ri ses i si.n
o i Be dic3BaiFiede gectlsoattion S Birsmmale r i srgine
% di ffracted or othermnse defl ected at the
ere

Aewethgrse @Tg lagéo chpn Focthaein thyreferencrermplssqre reference
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26. A nethod
a ordln cIa| 25 wherein t referenc .
28 ref’*e?%e#@éi RS 63¥t°|’i’8r%th G PreGa TG g 26 which
include8! pret&sinBi the 1’%@0@&&&5&5 -image to arrive at a molecular profile which is
comparable with a library of molecular profile signatures.

28. A method according to claim 27 which includes generating image intensity
values for each sample, generating a contour map of image intensities identifying image

- objects within contour lines, and placing a virtual grid over said objects.

29. A method according to claim 28 which includes deskewing the image,

~ obtaining an enhanced grid, and calculating X-Y co-ordinates from the enhanced grid.

30. A method according to either one of claims 28 or 29 which includes

~ calculating an averaged corrected intensity for each sample, whereby at least two sets of



27. A nethod according to any one of the preceding
clains 18 to 26 which includes processing the
reconstructed inmage to arrive 2t a nol ecul ar profile
which is conparable with a library of nol ecul ar
profile signatures. 28. A nmethod according to claim 27

1den¥i@il %Bmgféﬁ'a&’éj ﬁ?ovgfféa (%@{Henﬁldenﬁgfn&maﬁ%g t¥e i&%s%?sda{aogssociated

npl e, “generating a contour I mage

W1th| aatlemmﬁle a5 tHedasit iof yofergndersaaiples ahd &ﬁ;ili:‘sawi shiiplescont our
lines, and placing a virtual grid over said objects.
2931 A NRIROReca66RAHE RS aﬁ;@oﬁ‘é & iRl 1Y GhedelCihd dBEt source is one
deskewi ng the i mage, obtaining an enhanced grid, and

or motd leightdimitigng@ivdes- or di nat es from t he enhanced grid.
30. A nethod according to either one of clains 28 or
29 which includes calculating an averaged corrected
intensity for each sanple, whereby at |east two sets
of 27 identical sanples are provided on the slide,
and normalising the intensity data associated wth .
each sanple on the basis of reference sanples and
duplicate sanples. 31. A device according to any one
of claims 1-14 wherein the |ight source is one or
nore Light Emtting Diodes. L



