1 METHOD AND SYSTEM FOR AUTOVATI C VI SI ON | NSPECTI ON AND CLASSI FI CATI ON OF
M CROARRAY SLIDES Field of the Invention [0001] The present invention
relates generally to mcroarray technology, and nore particularly to
automated i nspection and classification systens for mcroarray slides and
met hods of inspection and classification using the autonmated inspection
and classification systens. Background of the Invention [0002] M croarray

el oB S SRR ST SonS B AarRSPER RO ) on
2o a9 OSEPRCHOSPR GEFcy AT IR ] "

nol ecul es. [0003] M croarray techngtﬁ% npl oys ntiroarray slides to assay
hundreds and thousands of interest %ets si mul t aneously. For the

i nstance of gene expression profiling, a mcroarray slide contains arrays
of imobilized DNA sanples, often called spots. The spots are usually

probed by two dye-tagged or @q@%@g&t&gqh&ehﬁgﬁl |l ed cDNAs. These cDNAs are

made by reverse transcription o rom bi ol ogi cal sanpl es of
interest, such as cells frompatients, cells or organisns subjected to
different stresses, or cells or organisns at 2 varying devel opnent al

stages. 000w ng The Mrbkegli siatvieaidit ervlatdie generally to microarray
technology, and more particularly to automated inspection and
classification systems for microarray slides and methods of inspection
and classification using the automated inspection and classification

systems.
Background of the Invention

[0002] Microarray technology revolutionizes the ways by which
genes and their functions are understood. Diverse applications of the
microarray technology include profiling of gene expressions,
classifying of tumors and cancers, cloning of genes, identifying of
cancer genes, and discovering of therapeutic molecules.

[0003] Microarray technology employs mciroarray slides to
assay hundreds and thousands of interested targets simultaneously.
For the instance of gene expression profiling, a microarray slide
contains arrays of immobilized DNA samples, often called spots. The
spots are usually probed by two dye-tagged or radioactively labelled
cDNAs. These cDNAs are made by reverse transcription of mRNAs
from biological samples of interest, such as cells from patients, cells

or organisms subjected to different stresses, or cells or organisms at



DNA arrays are scanned to generate an array imge showi ng the fluorescence
or radioactive intensity of each spot. The fluorescence or radioactive
intensity is assunmed to correlate with the expression |evel of each gene
represented by a correspondi ng spot. Therefore, processing of an array
imge of a single slide can generate gxpression data of a |arge nunber of
genes. [0004] However, the task of tr&nslating an image of spots with
varying intensities into a table linking intensity values to each gene has
been i npgdBdngy davelenineaial: siagesi odpllaving theshymgdisatiomsitep, the shape,
si ze andp ation of spots fluctuate sig;ificantly. acrogﬁﬁan array. These
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to variations of print ti’ps, €nvironne The

par anmet eggtahe£d Eagggqldrﬂﬁgflofflr dsime to tinme. Moreover, for existing

systens, best printTing actual means that the printing paraneters are
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even for the best printed slides. In addition; randomerrors do occur,

i ntroducvangiagt irtensitied iintts a tdllesdaksng Intensity values to each gene
has been impeded by microarray technology challenges. For
example, the shape, size and location of spots fluctuate significantly
across an array. These fluctuations may be caused by many factors
such as printing, hybridisation, and slide-surface chemistry factors,
and can significantly affect the interpretation of an array image.
Actually, a small manufacturing defect in the same batch of arrays
could affect the data analysis of specific genes.
[0005] For minimizing the printing variations, a known way is to
have on-line inspection on printing quality and then, tune the printing
parameters until the best print is obtained. U.S. Pat. No. 6,558,623.
Unfortunately, even best printing parameters are subjected to
variations of print tips, environmental factors, and the like. The
parameters need to be tuned from time to time. Moreover, for
existing systems, best printing actually means that the printing
parameters are within certain tolerance, so that there will be
variations among spots, even for the best printed slides. In addition,

random errors do occur, introducing extra variations into spots.




[ 0006] Anot her challenge for mcroarray technology is that it needs to
process and anal yse nunerous inmages where a single inmage nay contain

t housands of spots. As discussed above, an imge of a mcroarray slide may
not be inits perfect orientation. Thus, prior to any correlation of two
or nore inmages, the inmges nust have the same orientation, and spots on
the i mages nust have the sane alignment. One way of alignnment of arrays in
one inage i s to use ri ds. Sophisticated machine vision algorithns have
been i nf1®fnt ed Arnoghﬁr ckaldengeafar paiskageay depbnplogy eist ithat dt gri ds
wi th high ecision. In st cases, the user wll jdentify the bounding
area of %eg‘ii)%rl?r@cﬁyﬁs s%&g@ﬂa ¢ BUBReraifoimagrEKVhaTe A SINGHEN§I28¢ ay i nage
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both confrol and sanple images. |mage segnentation algorithms are used to
appr opri ghplemeheantinf yadods sadht wage pidiagis @) helpsadestion vridrigach spot

signal area

with high precision. In most cases, the user will identify the
bounding area of a sub-grid by selecting corner spots. Kuklin, A.
Using array image analysis to combat HTS bottlenecks, Genetic Eng.
News, 19(19): 32 (1999). The number of columns and rows enclosed
in the rectangle should match the expected number of rows and
columns of spots in the array, which is known a priori.

[0007] The next step is to identify the location of the corner
spots of the bounding sub-grids in the image. Then, the spot-finding
algorithm uses that information to create the grid. It adjusts the
location of the grid points and lines to locate the arrayed spots in the
image. The software should allow for additional, quick manual
adjustment of the grid points if the automatic spot finding method has
not been identified certain spot positions.

[0008] After positioning of the grids and identifying of the spot
location and size, the software will process both control and sample

images. Image segmentation algorithms are used to appropriately

identify and segregate the pixels associated with each spot signal area




4 from

its |l ocal background and possi bl e other contam nations-even

contam nation has | anded on the spot. [0009] This approach invol ves

intervention in the process

cunber sone when hundreds of mcroarray imges need to be processed
the case in high- throughput screening. A single |lab could produce

few to

t housands of array inages per "week. Any approach invol ving

t he smal [ est human efforts per spot is certainly inpractical at thi
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[0010] Therefore, it is desirable to have an automated system
that needs only input of the microarray configuration (e.g., number of
rows and columns of spots) and a list of image files to process, after
which analysis should be performed automatically. This system
should be able to search the image for grid position, identify the
layout of the array, localize the spots, and perform measurements
without the need of user’s intervention. The goals of complete
automation in microarray image processing are to provide high
accuracy in spot location, eliminate noise signals from the data
analysis process, and minimize operator involvement in the
procedure. This approach reduces time for personnel training and
operator involvement. Automation ensures consistent, high quality
control of data extraction.

[0011] However, microarray slides and fully automated
microarray slide machine with vision inspection capability are
expensive. The present invention provides a low cost and effective
automated inspection system that can run on a personal computer for

the quality control of microarray slides. In addition, the present
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autonmat ed i nspection systemthat can run on a personal conputer for the
quality control of mcroarray slides. In addition, the present 5 invention
enabl es a user to use microarray slides that are only partially well
printed, so that nore saving is provided. Oher advantages of this
invention wll be apparent with refergnce to the detailed description.
Summary of the Invention [0012] The present invention provides a unique |ow
cost visjon |[nspectjon and classification system and nethods for_automatic
i nspect i BYAHEPR| aBabkasc & i wieroftoa usecmaiarearay idedes tihedt aranoaly
interventi Mor e ipec.i fically, the present ,invention

n. proyi de n
aut omat eﬁa&%lillﬁn“f‘ﬂ pBEMted, a1 thals NPT 283 WM Es ISt é’ﬁpf’ﬁiﬁg i nasﬁﬁr
pref erred,enbodi nent., ,i.ncl udes. a progcessi ng unit, i e capture wunit, a
Cont 1ol HGARIAERY Of hitidnNGhHORy Y 0 ARDAETEY Yo HeBETenGhaParl « he
pr ocessi Eholl .aj.ns application prograns that are used to execute the
i nspecti@%agw@[ g%%@éﬁ#l?@ati on of the mcroarray slides. [0013] In one
enbodi ment, the present invention provides a method of autonmatic
i nspection of a mcroarray slide, where the nethod first perforns

nor phol ogi cal dilation ope(risqhhﬁ{h e Ifﬂ/?ﬁtgons‘mh t hat internal
S €

m croarray spots are nerged as a bi g connec conponent; then, the
orientation of the nerged spots, with respect to the X-axis and Y-axis is
conputed by conputing the angle of the external boundaries of the

connect el OnenTh@Spf&eﬁQﬁ?ﬂveﬁYiorPI%ﬂbﬂi&é§ af ahid@s No®d @RSt adion

orientation determnation, or using the
inspection and classification system and methods for automatic

~inspection and classification of a microarray slide without manual
intervention. More specifically, the present invention provides an
automated vision inspection and classification system that, in one
preferred embodiment, includes a processing unit, an image capture
unit, a control means and a slide holding and transporting means,
wherein the processing unit contains application programs that are
used to execute the inspection and classification of the microarray
slides.
[0013] In one embodiment, the present invention provides a
method of automatic inspection of a microarray slide, where the
method first performs morphological dilation operation several times
such that internal microarray spots are merged as a big connected
component; then, the orientation of the merged spots, with respect to
the X-axis and Y-axis is computed by computing the angle of the
external boundaries of the connected component using Sobel XY
operators for both edges and orientation determination, or using the
moment-based algorithm for direct orientation determination; and the

translational offset is determined by finding the X and Y centroids of



nonent - based algorithmfor direct orientation determ nation; and the
translational offset is determined by finding the X and Y centroids of 6

t he connected conponent. Moreover, the present invention provides

t hreshol d net hods for classifying spots into normal spots, weak spots,

m ssing spots, or overlapping spots. [0014] Accordingly, one object of the
present invention is to provide an inhspection and classification system

and met hq{j that inspect mcroarray slides automatically, without user's
i nt er ventigonnegtab compongnt M azgavanyEhf Resendi InILPRIIVIdeY ent i on

will begone, apparent fromthe follow ng detail ed description of preferred
enmbodi me rgshﬁﬁf&qtﬂoﬁsc n%]@tsﬁggfmgtsﬁ?o?%én%ee yﬁpr?ésaszif\ﬁiﬂn&Ot%Bri ef
Descri ptjon_.of Dratvvi nas ‘%O(i%gé Pr ef e{red enbodi ments according to the

pr esent PHORME OSSO W& BRA"with reference to the FIGs, in which
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resol uti PFOPﬁ]nt he TheegBfe 8 Sarit Q’!dtvfarﬂﬁ%e@dfeﬂhe POIt Hverdishaydlan
overall Tlowchart of one preferred nethod for automated vision inspection
and cl asbetogrt hppatdntniroiaheatbllowing detailed description of preferred

embodiments thereof in connection with the accompanying drawings.
Brief Description of Drawings

[0016] Preferred embodiments according to the present invention
will be described with reference to the FIGs, in which like reference
numerals denote like elements.

[0017] FIG 1 shows the major components of a preferred
embodiment of the automated inspection and classification system in
accordance with the present invention.

[0018] FIG 2 shows exemplary images of cDNA slides printed
on poly-L-lysine coated slides wusing the Virtek SDDC-2
microarrayer, wherein the images were captured by a CCD camera
with a resolution of 768 by 578 pixels, and the resolution of the
images was 8 bits per pixel.

[0019] FIG 3 shows an overall flowchart of one preferred method
for automated vision inspection and classification of microarray

slides.



slides. 7 [0020] FIG 4 shows a detailed flowhart of the steps for
capturing images of cDNA mcroarray slides and determ ning of rotational
and transl ational offsets of the captured inages. [0021] FIG5A is an
illustration of a binarized i nage of one block on a cDNA slide. [0022] FIG
5B shows an internedi ate i mage during, norphol ogical dilation. [0023] FIG
5C shows a nerged conponent as a resuft of multi pl e successive

nmor phol ogi cal dilation. [0024] FIG 6 illustrates the translational offset

of one blM¥0lon a FHicrbashayssia ddetdibadsflowcharti |afusheatssepsndor

m croarray slide having t four, blocks with the |eft-upper corner

bl ocks d%%ﬁ’%bﬁ%dl%%gﬁ o@}ge&b, Apmaigroppraynlislesc sl 1detesoupingiefs is a
fl owmchart of. metho for . classifylin k spots,, mssing spots, and

over | appﬁ”cﬁﬁ{lg §P%§W§n8@té9%@ﬁn?f%egspgf?h%i°§8§ur§rﬁjd1m?‘8ﬁﬁng strengths for
over | appy pot s. tail ed Description of the Invention [0027] Unl ess

def i ned m se,Fgﬁl %t‘%clﬁniaeallﬁggga OPe i #i RIN3TLEed Haage nat ST have t he

same ne C | yi:ynderstood by one of ordinary skill in the art to
whi ch tﬂﬂs&%ngénat ?W%e%q&ﬁgs. [ 0028] Throughout this application, where

pUbLLcatMpmer e ERE <98CS.yides, 6L S RHBIARCSORIBE B
appl i cat 4RfFphBlogical dilation.
[0023] FIG 5C shows a merged component as a result of multiple
successive morphological dilation.
[0024] FIG 6 illustrates the translational offset of one block on a
microarray slide.
[0025] FIG 7 illustrates one microarray slide having twenty four
blocks with the left-upper corner blocks designated as Block Al,
Block A2 and Block B1.
[0026] FIG 8 is a flowchart of methods for classifying weak
spots, missing spots, and overlapping spots, and determining spot

sizes and linking strengths for overlapping spots.
Detailed Description of the Invention

[0027] Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly understood by
one of ordinary skill in the art to which this invention belongs.

[0028] Throughout this application, where publications are
referenced, the disclosures of these publications are hereby

incorporated by reference, in their entireties, into this application in



8 order to nore fully describe the state of art to which this invention
pertains. [0029] Referring to FIG 1, an i mge-based vision inspection and
classification system 10 includes a processing unit 20, a keyboard 30, a
di splay 31, an inmage capture unit 40, a control neans 50, and a slide
hol di ng and transporting neans 60. The processing unit 20 is electrically
connected to the keyboard 30, the display 31, the imge capture unit 40,
and the control means 50 via separate bus |lines. The processing unit 20

i ncl udesorggn teamose flbgrdessribe thatstate ofsart to wiicdc this ireentien on

i nspection and classification, and a systemnmenory 22 that includes nenory
space foPCE@#$.ng the application prograns 21,, and initial, internediate
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det ect i opre@ayding lunit 20 includes application programs 21 that are used to

execute the vision inspection and classification, and a system memory

22 that includes memory space for storing the application programs

21, and initial, intermediate and finished data from execution of the

application programs of the vision inspection and classification,

where the data include gray scale image data, binary image data,

dilated image data, offset data, and data of spot qualities. The

application programs 21 and their execution in accordance with the

present invention will be discussed in detail later. Preferably, the

processing unit 20 is a microcomputer, and the system memory is a

random access type of memory. Suitable microcomputers and

memories are readily available in the market place. Their structure

and operation are well known and, therefore, will not be described.

[0030] The keyboard 30 and display 31 can be any commercial

products that are suitable for instructions/data input and image/data

display. Therefore, they will not be described in detail herein.

[0031] The image capture unit 40 includes a detection means 41

and a light source 42. The image which is an object of processing can

be obtained by optically capturing the object with a camera or the



and a light source 42. The imge which is an object of processing can be
obt ai ned by optically capturing the object with a canmera or the 9 Iike.
The detection nmeans 41 to be used is not specifically limted as 1ong as
it is capable of converting the captured inage of the object into an
el ectric signal for output, so that i% can be a charge-coupl ed device
(CCD), a charge injection device, a photodiode array or a scanner. |In one
preferred enbodi nent, the detection nmeans 41 is a CCD canera, For exanple,
t he ccD kkgerhhe defeptiogr mesinsed b darbe visndris not specifiapdly dimied @/~ MLOBX
from manuf act ur er, JAI orporation, It will be apparent {o thqgse skilled
in the atang @sutlils gapab ediogf%%ﬁ@ftmﬁtbén%ﬁﬁmﬁgdmﬂlgﬁ?rP the Abject
enbodi nents, an ordi.nar.é VL(%eo canera i s used as.,the canera,, S (i)hat t he
pa y

capt ur edmtﬁa'«lg% qllgcmﬁ ﬁ? lag %p&&aseg@ft i b bsi 8 arﬁ%ﬁ% |

Seann DOUARIMIEY o BB SipiERRRLIA oS PRATERIST: e T °92P e
of or SRS IR She oot bRInGAH e e dBr I I RaHE AL S 3 e T o
i al : _ tare d dtatt

bt noCLCEID B St FGR cfAliple SREICED Whmb: (05 MABTESNE did 20, |
pref er ablamerd" 3th 2P eROALM MU Ber (AR V10BN | GBe dnbRuit Rty 1At vaves

over a wde range of wavel engt referably, e |l ght source IS
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l'ight source 42 is a bulb actured by General Electric Corporation
havi ng té@#ferent CCD camera.

[0032] In certain embodiments, an ordinary video camera is used
as the camera, so that the captured image is outputted as an analogue
video signal obtained by scanning a plurality of pixels. Accordingly,
conversion of the analogue video signal into a digital signal
represented in gray-scale (multi-valued image), conversion of the
digital signal into a binary signal, conversion of the binary signal into
a neighbor pixel state value, and calculation of the spot characteristics
can be carried out in the processing unit 20 having a CPU, a ROM, a
RAM, and an I/O port.

[0033] The light source 42 is preferably a broad spectrum bulb
that is configured to output light waves over a wide range of
wavelengths. Preferably, the light source 42 is optically coupled to
an inspected slide. In a preferred embodiment, the light source 42 is
a bulb manufactured by General Electric Corporation having the
model number 9W 400 Lumen. It will be apparent to those skilled in
the art to select a different high frequency light source.

[0034] Various illumination methods are suitable for the present

invention. The parameters that should be considered in choosing an




nodel nunmber 9W 400 Lunen. It will be apparent to those skilled in the art
to select a different high frequency |light source. [0034] Various
illum nation nmethods are suitable for the present invention. The

parameters that should be considered in choosing an 10 illum nation nethod
i nclude positions of the |ight sourc (é front or back), illumnation
angle, effects of DNA slides prlntlng’ urface intensity of illumnation,
choice of |ighting types choi ce of _diffuser and optical alignnent. In
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SDDC-2 m croarrayer at t ncer nt re o S ngapor e he i1 mages
were caplidedh¥dér Caik CanBr @n@hﬁﬂng deSCOIi Msidn 76BmYa S€8r Pixe! s. The

resol ution of the inage was bi t s per pixel.

inspection.

[0035] The key challenge here is to be able to magnify the very
small little spots on the microarray slides for the inspection by normal
CCD camera without resorting to the use of microscope. By
incorporating suitable optical extension tube to extend the image
distance, and with a lens with a fixed focal length, the spots on the
microarray slide can be clearly imaged for vision inspection.
Exemplary images captured on cDNA slides are shown in FIG 2. The
cDNA slides shown were printed on poly-L-lysine coated slides using
the Virtek SDDC-2 microarrayer at the National Cancer Centre of
Singapore. The images were captured by a CCD camera with a
resolution of 768 by 578 pixels. The resolution of the image was 8
bits per pixel.

[0036] The control means 50 receives instructions from the
processing unit 20 and controls the operations of the slide holding and
transporting means 60, where the processing unit 20 in turn receives
signals about an inspected slide from the image capture unit 40 and
processes the signals to form the instructions for the control means

50. In one preferred embodiment, the control means 50 is an SA-




[0036] The control neans 50 receives instructions fromthe processing unit
20 and controls the operations of the slide-holding and transporting neans
60, where the processing unit 20 in turn receives signals about an

i nspected slide fromthe image capture unit 40 and processes the signals
to formthe instructions for the con;rol means 50. In one preferred

enbodi nent, the control neans 50 is d SA 11 S5M Controller (IAI Aneri ca,

I NC, address 2360 205th Street, Torrance, CA90501 It will be apparent
to t hoseS8M | CeatiallemélAlt Amaerica) dNCa asidresseRd t,r305ne§ﬁ'§et{ 0037]
The slide holdin trans ort means near, slider
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disposed f é%g actuator so that the slide holder can linearly slide
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[0038] Ipne ﬂfh]ﬁd@’@f?ﬂg@ﬁ& Sact@af@Nt ' Rh! {1\ etidd A & arS btéuldeh ded © ”DVG

the pallet t olds the mcroarray from one position to anot
fixture patalthe Blidet hb@d@P'eﬁld hakehcbadr anhandlide Hegdér eﬁ'thé’ierby S used

to nove the fixture with the cDNA mcroarray slide for automatic “vision

I nspect i gutorhatic smeans eremaadiallyi. nTheHmage of the slide can be captured
by moving the slide holder with a fixed light source or by fixing the
holding fixture with a moving light sources. @ The ways of
coordinating of the movements of the light source and the holding
fixture can vary in accordance with any specific application, so long
as the coordination allows the capture of the image of the slide.
[0038] In certain embodiments, a controlling sub-module is built
to move the pallet that holds the microarray from one position to
another. A fixture is also built to hold the microarray and a linear
slider is used to move the fixture with the cDNA microarray slide for
automatic vision inspection. It is implemented using SEL
programming language and VB6.
[0039] While the preferred embodiments of the present invention
are illustrated mostly by using cDNA slides shown in FIG 2,
inventors contemplate that the inspection and classification system
and method disclosed herein may be applied to any suitable
microarray slides. A microarray slide may contain any of a variety of

materials including, but not Ilimited to, nucleic acids,

oligonucleotides, polynucleotides, non-nucleic acid organic or



progranm ng | anguage and V136. [0039] Wiile the preferred enbodi nents of
the present invention are illustrated nostly by using cDNA slides shown in
FIG 2, inventors contenplate that the inspection and cl assification system
and net hod di scl osed herein may be applied to any suitable microarray
slides. A mcroarray slide nmay contain any of a variety of materials

i ncluding, but not limted to, nucl eile aci ds, oligonucleoti des,

pol ynucl eoti des, non-nucleic acid organic or 12 inorganic chem cal

speci es, inmiggonerchemotalnspacicandligamersispolfmersy andapradginsan Bheo be a
non- posi ti,onal array or "l ab-on-a-chip" _system The rr‘|‘ croarray may be
suppor t eIpjoATgY as§8Npladd@, bayponontppaitianalotanery eoui Vabean-a@bpprt. The
spot size is not_critical and can yvary, preferably from5 to 500 mcrons
in di arre%iésrt?n}-oolglje micreafgyemandie unratedyby 4 ddasyalatpt ni proper
alignnmeng..in the,printin Sone may be printed tao near .the top edge, sone
may be t égrolfl%é‘ ?‘B%%V%A%E,SUEB - maerP Y HEEJE RAwEH Ciallmém%r%}ﬁt hand
side, and so on.. Tg .t agkl e I ese possibl.e variations in mcroarray

sl i des, Yﬁ@'?p‘?@gﬁafqb]iynﬁ@misgh’ éb \VIAEEons i di3MCi8Tor i thm that makes use
of nor ph hcal filter ct.the ali nt of each slide

aut onat i CUPROF “rnetta S afoleRl AL Shicrairia SRR nipy BF habic mipper

i nspecti hﬁi{p}gs c t i r 4 w
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i nspecti ﬁgln,én Sidd [ o 11 argr j [ ' kRt he
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met hod 18@hitedndiesds! 8R8 Y ofl aMtd B8ckiRCaBYHHeR8) possible variations in

microarray slides, the present invention provides a vision algorithm
that makes use of morphological filters to detect the alignment of
each slide automatically. The algorithm has greatly speeded up the
automatic inspection process, and enhanced the detection accuracy.
[0041] Now referring to FIG 3, one preferred method for the
automated vision inspection and classification of microarray slides is
provided in the overall flowchart. The automated vision inspection
and classification method 100 includes steps of starting the system,
capturing the images of slides, normalizing the images by computing
rotational and translational offsets, determining the quality of spots
on the slide, and outputting the processed data to be stored. Details
of each step are described in detail below by using a cDNA
microarray slide as an example.

[0042] For vision inspection, a cDNA microarray slide is loaded
onto the actuator of the slide holding and transporting means 60. It is
appreciated that, while the slides can be manually loaded, an
automatic loading means will also be suitable as long as be capable of

delivering the slides to the vision field of the image capture unit 40.



capturing the i mages of slides, normalizing the i mages by conputing
rotational and translational offsets, determning the quality of spots on
the slide, and outputting the processed data to be stored. Details of each
step are described in detail below by using a cDNA mcroarray slide as an
exanpl e. [0042] For vision inspection, a cDNA microarray slide is |oaded
onto the actuator of the slide holdi rlg3and transporting neans 60. It is
appreciated that, while the slides can be manually | oaded, an autonatic

| oadi ng Mame automatiis oldselingi tedsns dor | delgveringeshidpabhre &nowrl tover i ng
the slides to the vision field of the inmage capture unit 40. 13 Many

aut onat i thassagkihlgdrbntle pov and) th@erfnge,sw%dlemtdmeadmowbeddaemse skilled
in the aft g}lg ther%f ore, w.ll not be described herei,n.mA0043 . Referring
still tolMBhB, stBslamongrstdi 4ptFiGcl.ustep L80tohgtartinchides seiing

i nspection gnd cl assi.ficatj.on syste The systemis initiated by,.pressing
the startPpti& oASKN (REPESEPD; ﬁg rPEi;cgé“gﬁaftlﬂE SYStSHay 131 SYSEM: &5 run t he

Vhose! PHERREEY b Bresstnd i R Iel pilion, efibthPonser isHatE) 58, tithr bshol d
hods, i i .es. The li l.id ill.then. h

oo, e o4 B O AR on PO AR el b B Y,

under t hgyCCP) rfhé: [as9gf§%1i %\%Sfpaghﬁ[sé' e L5 ! ﬁt%{fe&ecgg{?kf?ets' P Wi th FIG

4, there "is provPde Scription of capturin e 1 nages of
o e SSRSTRATIE LFRDye RIEDIPHATREL4BH ISR AL,
the step¥hbAinéAPSHAEP Wi Eh&P niEY ¢ ThGctiftor RPfRtOhe T DNA Sldde is
moved to a position where the slide is under the CCD camera.
[0044] Now referring to FIG 3 in combination with FIG 4, there
is provided a detailed description of capturing the images of slides
and normalizing the images by computing the rotational and
translational offsets of the images. FIG 4 shows a detailed flowchart
of the steps for capturing and normalizing the images of microarray
slides. In step 121, the image of one cDNA slide will then be
captured by the CCD camera, wherein the image information is stored
in the system memory 22 of the processing unit 20 through the frame
grabber which converts the analog image to digital image. Many
algorithms are available for the function of converting the analog
image to digital image. The process of capturing an image of a slide
and storing the image as gray scale image data in the system memory
22 is known and, therefore, will not be described.
[0045] Microarray images consist of arrays of spots arranged in
grids. All grids have the same numbers of rows and columns of spots.
A microarray may have several grids, called blocks, which are

arranged in relatively equal spacing with each other to form a meta-



slides. In step 121, the inmage of one cDNA slide will then be captured by
the CCD canera, wherein the inage information is stored in the system
menory 22 of the processing unit 20 through the frane grabber which
converts the analog image to digital inage. Many algorithns are avail able
for the function of converting the a a%og image to digital inmage. The
process of capturing an image of a sl and storing the inage as gray
scale image data in the systemnmenory 22 is known and, therefore, will not
be descraltrey Fhezhﬁ]egm-mayrs’taucﬁumgesamam‘aifmt of aana'yapsoablflctspntmchr ranged
in grids. grids haye the same numbers of rows and colums of spots. A
i croar riy Weﬁia vy sasingl agripaint-bepded vitlockayltigliec spatingarpiasged in
relatively equi spaci ng th each other to forma nmeta 14 array. The
mega- ar r ayPi¢alivs areh ininaof dhe rpheticorrrayerylenosdisc Db mderind Wiused by

using a &gll ﬁbrl ead” with nultiple spotting pins. Typically, each pin of
t he robot r deposits DNA material in a single block. [0046] A
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for fi nefnteger in the range [O, 255], with 0 correspondmg to black, 255
corresponding to white, and shades of gray distributed over the
middle values. However, most microarray scanners have higher than
8-bit sensitivity (closer to 12-13 bits, typically) and thus use a 16-bit
TIFF format to store the images. A higher sensitivity allows for finer
differentiation in the range of intensity values. A '16-bit
representation produces up to 65,536 different shades of gray.
Precise identification of signal pixels for microarray spots is crucial
for obtaining accurate data in expression analysis.
[0047] The image stored in the system memory 22 is in gray
scale. This gray scale is of 0 - 255 scale for the 8-bits frame grabber
used. There could be other scales if different resolutions of frame
grabber are used.
[0048] = In step 122 of FIG 4, the stored images are binarized, and
morphologically dilated. Typically, image binarization converts a
gray level image of typically 256 gray levels (intensity levels or
brightness levels) to a black and white image. Many different
binarization programs are known and, therefore, will not be described

in detail herein. Simply put, the binarization is carried out by setting



differentiation in the range of intensity values. A'l 6-bit

representati on produces up to 65,536 different shades of gray. Precise
identification of signal pixels for mcroarray spots is crucial for

obtai ning accurate data in expression analysis. [0047] The inmage stored in

the systemnenory 22 is in gray scal This gray scale is of 0 - 255 scale
for the 8-bits frame grabber wused. ‘II ere could be other scales if
different resolutions of frame grabber are used. [0048] , In step 122 of

FI G 4, tadhsesdradd. i dhgethresbobd maay i sehng byor presiasyi eamegthgidsated.
Typi cal ly, inmage bi nafriza iop converts a gray, |level ipage of tyﬁi}ﬁ(;ally 256
gray | eviSRATRIGSPRES yomeParkgspuney i AT resunpls; elfsthe ngnsityckalifd white
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bi nari zati on ?éﬁ%re et earIIIIIgneéIv y conputing the histogram of the inmage
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setup phggesohputielg &hé histogram of the image intensity histogram, which
is a bi-polar image histogram. A specific threshold value will depend
on slide types and be calibrated during system setup phase. In certain
embodiments, the threshold intensity is preferably set up at about 150
to 180. FIG 5A illustrates a binarized image of one block on a cDNA
slide.
[0050] Referring still to step 122 of FIG 4, a binarized image is
morphologically dilated in multiple steps to merge all individual
cDNA spots within the same cDNA block, as shown in FIG 5A, 5B
and 5SC. Theoretically, morphological dilation is performed to fill up
the gaps between spots so that the external boundary can be detected.
When morphological dilation operation is performed on a binary
image, it will enlarge the image by generally one pixel and fill up
small holes and gaps between components. As illustrated in FIG 5A,
there are a total of 32 cDNA microarray spots in a block. Typically,
there are a total of 8 by 4 or 12 by 4 blocks in single microarray slide.
[0051] Dilation is one of the two basic operators in mathematical
morphology. The basic effect of dilation on binary images is to

enlarge the areas of foreground pixels at their borders. The areas of



enbodi nments, the threshold intensity is preferably set up at about 150 to

180. FIG5A illustrates a binarized i mage of one block on a cDNA slide.
[ 0050] Referring still to step 122 of FIG 4, a binarized inmage is

nmor phol ogically dilated in nultiple steps to nerge all individual cDNA
spots within the same cDNA bl ock, as s(?own in FIG5A 5B and 5C
Theoretically, norphological dilati on1 s perforned to fill up the gaps
bet ween spots so that the external, boundary, can be det ected, .

mor phol ofgtegroundapils oburagrew iis pies owiile dhe baslkegtiopnd n@éﬁesw will
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basi c operators in mathematical norphol ogy. The basic effect of dilation

on binary images is to eprarge th|e—orreas of foreground pixels at their
borders. The areas of 16 [1oregiount pilxels thus grow in size, while the
background "holes”™ wth tliuems rink. As an illustration, a 3 x 3 matrix is
shown bel ow for the norppotegrecatl—St+dcturing elenents (a total of 9
elements). 111 11 111 All|¢ef the stqyuctiuring el enments are shown as "I". The

nunber of dilation operations Is 8 for a 3 x 3 matrix. The dilation can be
performed using the logical OR function: 1) If the pixel is set to

All of the structuring elements are shown as “1”. The number of
dilation operations is 8 for a 3 x 3 matrix. The dilation can be
performed using the logical OR function: 1) If the pixel is set to
foreground, it remains such; 2) If the pixel is set to background, but at
least one of its eight neighbours is set to foreground, the pixel is
converted to foreground; or 3) If the pixel is set to background and
none of its eight neighbours is set to foreground, the pixel remains set
to background.

[0052] It is noted that the number of morphological operation
performed is dependent on the type of slide, which can be determined
during the system setup phase. In the example described above,
morphological transformation is conducted using a 3 x 3 matrix in the
image. Those skilled in the art will appreciate that, though typical,
such a matrix size is not necessitated by the invention, which
contemplates the use of rectangular and square matrixes of other sizes
as well, such as 5 x 5, or 7 x 7 matrixes.

[0053] After all spots on one block are merged into one
component, a rectangle-bounding-box method is used to form a

rectangle of the filled-image, FIG 5C. In the implementation,



foreground, it remains such; 2) If the pixel is set to background, but at

| east one of its eight neighbours is set to foreground, the pixel is
converted to foreground; or 3) If the pixel is set to background and none
of its eight neighbours is set to foreground, the pixel remains set to
background. [0052] It is noted that t nunber of norphol ogi cal operation
performed i s dependent on the type oﬂ-sllde whi ch can be determ ned

during the system setup phase. In the exanple descri bed above,

nor phol obouadmg aps¢ay nthatorates toondsmiedld willnper o dyatso xas nta he

i mge. e skilled in_the art wl]l reciate that, though typical, such
a mgat rix b&%@méatﬁ eneldbA; blackdneym toﬂigei’ nEEsas oh disiitbANCeHNt enpl at es t he
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taken out and converted by means of a look-up table into a single

value, which is then stored in another frame memory. Through this

step, only the pixels on the boundary of an object are allowed to have |

a non-zero value, and the pixels on the inside and outside of the

object are allowed to have a value of “0”. See also, U.S. Pat. Nos.

4,538,299 and 5,220,647.

[0055] Now referring to step 123 of FIG 4, rotational offset of a

cDNA block is calculated by using Sobel operation. While a slide has

more than one block as discussed above, it is assumed that the

rotational offset for each cDNA block on the same slide is the same.

Thus, the description of Sobel operation for the image of one slide is

represented by one block.

[0056] Rotational offset refers to the angle that a particular

cDNA block makes with respect to the reference line of the respective

cDNA microarray block being compared. The rotational offset is

zero if the cDNA slide is printed and placed on the holder in perfect

orientation.

[0057] The next step of performing Sobel XY operation will

result in edges being detected, and the magnitude of the edge in the



val ue, which is then stored in another frame nenory. Through this step,
only the pixels on the boundary of an object are allowed to have a
non-zero val ue, and the pixels on the inside and outside of the object are
all owed to have a value of "0". See also, U S Pat. Nos. 4,538,299 and
5,220, 647. [0055] Now referring to step 123 of FIG 4, rotational offset of
a CcDNA block is calculated by using1 bel operation. Wiile a slide has
nmore than one bl ock as di scussed above, it is assuned that the rotational
of f set fwertesadhdirBblion! awd horizdwetad adeestions wil bredsaoted agHuy,arde
description of Sobel operation for the image of one slide is represented
by one blasRvheon6h] iRdetaimomed byfusdngredkelsYt maskeofingl e that a
particular cDNA bl ock makes with respect to the reference line of the
respective CcDNA microarray bl ock being conpared. The rotational offset is
zero if the cDNA slide is printed-ard—ptaced on the holder in perfect
orientation. [0057] The next stap4of rfolning Sobel XY operation wl|
result in edges being detected, rand-thBe—ggHi tude of the edge in the 18
vertical direction and horizontal Odijrdkt| &hd will be denoted as Gy and (&,
where Gy is determ ned by usingrSebet—Y Wﬁgk of -1-2-1 000 121 The & is
determ ned by using Sobel X mask ;f - 201

The Gx is determined by using Sobel X mask of:

-1 10 |1
-2 10 |2
-1 (0 |1

The above edge magnitude for each image pixel is computed by
computing G for each edge point by:
G = |Gx| + |Gy

The orientation will be determined as:

tan™ (Gy/ Gx)

The rotational offset is computed by getting maximum number of
edge directions. Under the Sobel operation, the rotational offset
value is the maximum number of edge points that give the same edge
direction.

[0058] Now referring to step 124 of FIG 4, the translational
offset of one block is calculated by using 1st order moment analysis.
Translational offset refers to individual block where each block has
392 spots (or other values depending on the slide type).

The calculation of the translational offset is totally separated from the



-202 -101 The above edge nagnitude for each i nmage pixel is conputed by
conputing G for each edge point by: G=|G&| + |G| The orientation wll be
determ ned as: tan-' (Gy/ Gx) The rotational offset is conmputed by getting
maxi mum nunber of edge directions. Under the Sobel operation, the
rotational offset value is the nHX|gEﬁ1nunber of edge points that give the
sane edge direction. [0058] hbm/ref ring to step 124 of FIG 4, the
translatlonal of fset of .one black is calculated by using 1st order noment
anal ysi scalcplatienaet gesationak exfiseir bysSebel wmerption, axesad tadr Botach bl ock
has 392 sp (or other values depending . on th lide ty The

cal cul atwﬁgastwtwﬂ& e o oSty mapEhqlogical s Blied, Gand ne 19
calculatio tati h@offset by Sobel operation, except that both

net hods 3%8 Hg‘% PW@%QZ Xgi3A89 sed, nnrphologlcal dllated and
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refers tot In vertlc e‘rererence point is the
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distance in vertical direction. The reference point is the centroid of

the respective reference cDNA microarray block being compared,

when the cDNA slide is printed and placed accurately on the holder.

[0060] As illustrated in FIG 6, the translational offset is the
vertical and horizontal distance between the coordinate of the A dot
and the B dot. The A dot denotes the centroid of the reference cDNA
block in correct position. The B dot denotes the centroid of the
reference ¢cDNA block in offset position and slightly different
orientation. The rotational angle is the one between the b line and the

a line.

[0061] The translational offset is determined by finding the x and
y centroids of the connected component through first order moment.
The determination of centriod X and centroid Y will give the
translational offset for the cDNA micro array slide vision inspection.

The first order moment is performed on the dilated image of a cDNA

block, as shown in FIG 5C.

[0062] The general moment formulation is given in the formula

below:

M;; = 23x'YP(x,y) (1)



[0060] As illustrated in FIG 6, the translational offset is the wvertical
and horizontal distance between the coordinate of the A dot and the B dot.
The A dot denotes the centroid of the reference cDNA block in correct
position. The B dot. denotes the centroid of the reference cDNA block in
of fset position and slightly differ egt0 orientation. The rotational angle
is the one between the b line and th a line. [0061] The transl ati onal
offset is determned by finding the x and_y centrQids of_ the connected
conponentvhere dugarei thet memaent padises; X Ththaisteooidiaatoeidhecpizeli Bd X and

centroid Y.wll give the _translation of fset for, t cDNA micro array
slide vili B8 yreQuudingte of the pixe angf hé?(a}f'}dﬁeﬁm pixeles imhemsiyon t he

dilated | of DNA bl o s sh in FIG 5C. . [0062] Th ener al

ronont UG at 1 onTRS BN S FEAGERY £erbeXsan b COmppied afix vy (1)
20 where i, j are the nonent indices; x is the x-coordinate of the pixel,
y 1s the y-coordi evof_{he pijx¥el, and P(x,y) is pi xel's intensity.
[ 0063] The centr oi g%iz,—)gen%?’eﬁp Len_X can be conp&?zd as: Cen_ X = M, 0 /

conv = SERTrBlity (SRrpbechgted WG, CRal s LogiPuRE §8Tr™ °
rotational offset may be calculated alternatively by using 2nd order
nonent. This Cen_ Y =M1/ Moy (3)

[0064] Referring to step 125 of FIG 4, the rotational offset may
be calculated alternatively by using 2nd order moment. This
calculation is optional because the rotational offset has been
calculated by using Sobel operation as discussed above. Nevertheless,
this alternative method may substantiate or verify the rotational offset
obtained from the Sobel operation.

[0065] The second order moment analysis is always performed
after the 1st order moment analysis to obtain the rotational offset. If
only translational offset is desired, the first order moment analysis

will do. The second order moment analysis is performed on the

dilated image of a cDNA block, as shown in FIG 5C.

[0066] In the calculation of rotational offset by using 2nd order
moment analysis, central moment needs to be computed, as given in

the formula below:
uij = XX (x-Cen_x)(y-Cen_y)P(x,y) (4

[0067] The rotational offset can then be computed based on the

central moments, as follows:

6 = 0.5tan™ [2p11/(120 - po2)] (5)




calculation is optional because the rotational offset has been calcul ated
by using Sobel operation as discussed above. Nevertheless, this
alternative nethod may substantiate or verify the rotational offset
obtained fromthe Sobel operation. [0065] The second order nonent anal ysis
is always perforned after the 1st o er nonent analysis to obtain the,
rotational offset. If onlytranslat nal offset is desired, the first

or der nt analysis wll do. The second order  nonent anal SI S i

per f or rreg)EQﬁ\g]t he ~HPI aqrﬁwnqeag@leof rebRIiNASH| Odk,thgs mma . [0066]
In the cal cu.I at f ro at.i on ffset i ng 2nd order nt
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taken as the final value. ’However, {f the offs val ues ‘are |larger than a
pre- det epffisBelatdiglER |, tH EMal hﬁalﬁé?pﬂd%é‘bertﬁf the offset values are

larger than a pre-determined threshold, then the steps will be

performed for another block, e.g., block B1. The final offset values

will be based on the average of the two closet sets of values, out of

the 3 sets of values obtained. It is appreciated that the process may

be repeated by taking additional blocks (e.g., Block B2) in the same

manner for greater robustness.

[0069] Referring to step 130 of FIG 3 in combination with FIG 8,
missing, weak or irregular (overlapping) spots are detected by using
threshold methods. The detection uses the grayscale images that have
been corrected through rotational and translational offset as discussed
above. The significance of the offsets is to allow users to accurately
locate the individual spots within a cDNA block. Without this step, it
would not be possible to locate each spot, and one block may confuse
with other c¢cDNA blocks (due to missing spots, weak spots,
overlapping spots etc.). With this step, there is no need to locate each
cDNA spot using complicated algorithms or select each cDNA slide
image through user via input device. Furthermore, rotational and

translational offsets may be calculated by using only one or two



performed for another block, e.g., block Bl . The final offset val ues

w Il be based on the average of the two cl oset sets of values, out of the
3 sets of values obtained. It is appreciated that the process nay be
repeated by taking additional blocks (e.g., Block B2) in the same nanner
for greater robustness. [0069] Referrijng to step 130 of FIG3 in
conbination with FIG 8, m ssing, wedd or | rregul ar (overl apping) spots are
detected by usi n? t hreshol d net hods. The detection uses the grayscale

i mages t Aavbloden (@sr r eppededhr tuglitheot antiveal slade),t r svtsicht | onal

of fset as discussed  above. The significance of the offsets is to allow
users t ocedwtatienglly vent effiptentndi vi dual spots within a cDNA bl ock.

o b el A2 Noe e B BT 5o et v PoTngn oF pcisentl ™
chch ORI S AoCsnB f deleBitingnHes oveekl et RUROBENPS! | de
i mge throwgh user .via intout evi ce. . Fuiitﬁﬁ(er nore, rotational 1and.
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o e s REEE R AR a0 IR 1o DR s PR e
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It is apﬁff%?éﬁéegshé@ﬁ{e iiﬁ\ﬁéﬁtiBﬁrhéé‘?oWﬁr ti G YE theg&s dribe d193aE+ bi ng the

i nvention step step. There 1s no inpltcation or inference that the
i nventi O@fb@ps{o be practiced in the described order

[0071] Referring to FIG 8, there is provided a flowchart of
methods that inspect weak spots, missing spots, overlapping spot
locations on a large cDNA layout and view the inspection results on
the display 31 interactively. One of the benefits for knowing that a
specific spot is a missing spot, weak spot or overlapping spot is to
improve the printing process for future ¢cDNA microarray slide
printing as far as possible.

[0072] Statistical data on the locations of missing spots, weak
spots and overlapping spots facilitates the analysis of printing errors
and their causes. For example, if a small percentage of the cDNA
spots are not well printed, such spots can be identified early, and the
results of this small percentage of the cDNA microarray spots can
thus be excluded from further analysis. The exclusion can be
realisable through the storing and subsequent retrieval of inspection
results for each slide in a separate excel spread sheet. That the
missing spots, weak spots and overlapping spots can be detected early
and excluded from further analysis provides great saving and more

accurate analysis results.



of steps. [0071] Referring to FIG 8, there is provided a flowhart of

nmet hods that inspect weak spots, m ssing spots, overlapping spot |ocations
on a large cDNA [ ayout and view the inspection results on the display 31
interactively. One of the benefits for knowing that a specific spot is a
m ssi ng spot, weak spot or overl appi spot is to inprove the printing
process for future cDNA mcroarray sl4de printing as far as possible.
[0072] Statistical data on the |ocations of mssing spots, weak spots and
over | appilM/ Fpot s Thei determemation afalspst ssiaé ior iinttiatgde byostep their
causes. For exanple, if a smal|l percentage of the cDNA spots are not well
pri nt ed, selgetingpothe canginn | @dntintexastedrased ann tthe refationalofandi s smal |

Dol yoi cHanRatioml e ion e an GucThEard dabreIng 1O GROINAS AS U RGUarRA
subsequent retrjeval. of i ection results for ch slide i.n separ at e
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[0074] The determination of whether a spot is normal, weak or

missing in step 134 is also initiated by step 131 selecting the region

of interest based on the rotational and translational offsets as

determined by using the methods as discussed above. The missing

spot is determined when the average intensity of the image intensity

of the spot is below a threshold T1. The weak spot is determined

when the average intensity of the image intensity of the spot is

between T1 and another threshold T2 (where T2 is greater than T1).

The overlapping spot is determined when the linking image intensity

between spots is between T1 and another threshold T3 (where T3 is

greater than T1).

[0075] Optionally, each threshold could have multiple levels.

For example, if T1 has three levels, the three levels could be labelled

as Tla, T1b and Tlc. Similarly, T2 could have three levels such as

T2a, T2b and T2c; and T3 could have T3a, T3b and T3c. The number

of levels in each threshold could be determined by requirements of

specific applications and computer time and capacity.

[0076] In setting up the threshold T1, T2, and T3, there are three

methods that can be used. The details are given below.



133, the size of each spot is determ ned on the basis of pixel count

(e.g., white pixels within each cDNA spot). [0074] The determ nation of
whet her a spot is normal, weak or missing in step 134 is also initiated by
step 131 selecting the region of interest based on the rotational and
transl ational offsets as determ ned by using the nethods as di scussed
above. The mssing spot is determn when the average intensity of the
imge intensity of the spot is below a threshold Tl. The weak spot is

det er m ngi)7Then tRasavethgdocal dnsishpldmetimd mdgehi nsentie pvefagde spot
is between T1 and another threshold T2 (where T2 is greater than Tl). The
over | appintgnsisgtof thaibleeks (6dmBdrocke Withii theisaage slidednsndgr theet ween
spots is between Tl and another threshold T3 (where T3 is greater than
TI). [O00v&necptasols referened foncosmputingolil d TRagadnliB ¢ i Pupppsing the For
exanple, if Tl has three levels, the three |eyels could be |ahelled as
Tla, T1bAYGI@SPLANtesHY 48| pveral,c duew Bhvwilln hee s Eoastamtdrabsd &ba, T2b
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computing T1, T2 and T3 as the local threshold method as discussed

above.

[0079] Third is the universal threshold method which uses the

average intensity of all the slides with the same batch as the reference

for computing T1, T2 and T3 as the local threshold method as

discussed above.

[0080] There are two implementation arrangements for the third

method. One requires each cDNA slide to be placed twice, with the

first time placement for threshold determination, and the second time

for spot characteristic determination. Another requires the auto-

storing of slide image in computer RAM when it is placed on the slide

holder the first time for threshold determination. There is no need to

place the cDNA slide on the slide holder the second time as all the

pre-stored cDNA slide images will be automatically retrieved for spot

characteristics determination once the threshold is determined for the

entire batch of cDNA slides.

[0081] Any of the three methods can be selected to best suit

specific application domains under the system setup mode.



mul tiplied by Ave_1, T2 another constant (called b) multiplied by Ave_1,
and T3 a third constant (called c¢c) nultiplied by Ave 1. [0078] Second is
the gl obal threshold nethod which uses the average intensity of the entire
mcroarray slide as the reference for conputing T1, T2 and T3 as the |ocal
t hreshol d net hod as di scussed above._[0079] Third is the universal

t hreshol d nmet hod which uses the average intensity of all the slides with
the same batch as the reference for conputing TI, T2 and T3 as the | ocal

t hreshol P82 hod abn sdepclid3Sedoabidne def@msniatiherad avertappingpspoksnt ati on
arrangenments for the third nmethod. One requires each cDNA s|ide to be

pl aced ttheelinkpgn beswernr dwa i spots dserinectionak hsesibatl ekghdr dBhat i on,
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less than threshold T3b, the linking strength is denoted as T3a. If two

spots are connected by image pixels of intensity exceeding threshold

T3b, but less than threshold T3c, the linking strength is denoted as

T3b. If two spots are connected by image pixels of intensity values

exceeding threshold T3c, the linking strength is denoted as T3c, and

SO on.

[0083] In step 136, all intermediate results from each

determination including spot size, spot quality (normal, weak, or

missing), and overlapping strength are stored in the system memory

22. In step 137, a user can set up another threshold to repeat the steps

discussed above. If no more threshold is desired, step 130 will come

to an end. Once the first cDNA slide is inspected, the linear slider

will move to the home position, and the characteristics (weak spot,

missing spot, etc...) will be stored in a database (e.g., Excel i/0) (step

140). The first cDNA slide will be taken out, and a new slide will be

placed on the fixture. This process will repeat itself (step 150) until

all slides are inspected.

[0084] The present invention provides Excel i/o and VB6

programming for interactive display of inspection results, and a user-



ei ght directional |inkages include N (north), S (south), E(east), Wwest),
NE (north-east), NW(north-west), SE (south-east) and SW (south-west). The
|l inking strength is determ ned based on image intensity and the
connectivity between spots. If two spots are connected by inmage pixels of
intensity exceeding threshold T3a, bti6 | ess than threshold T3b, the
linking strength is denoted as T3a. 4 two spots are connected by inmage

pi xel s of .intensity exceeding threshold T3b, but |ess than threshold T3c,

t he | i nkftigndly spfiranesindenisiced Agiserdbiendlytinteefpeesisprovidadest asl by
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i nter f acprinsin} proeesk.sA1es locations of these pre-planned absent spots are

given in the form of excel spread sheet with a specific format. The

algorithms disclosed in the present invention make it unnecessary to

look at the large excel spread sheet and the cDNA layout to work out

which spot is pre-planned to be missing, and which spot is caused by

printing defects.

[0086] The present invention has been described in terms of

specific embodiments incorporating details to facilitate the

understanding of the principles of construction and operation of the

invention. Such reference herein to specific embodiments and details

thereof is not intended to limit the scope of the claims appended

hereto. It will be apparent to those skilled in the art that modifications

can be made in the embodiments chosen for illustration without

departing from the spirit and scope of the invention.

[0087] Specifically, it will be apparent to one of ordinary skill in

the art that the device of the present invention could be implemented

in several different ways and the apparatus disclosed above is only

illustrative of the preferred embodiment of the invention and is in no

way a limitation. For example, it would be within the scope of the



to facilitate the use of the |ow cost and reconfigurable vision inspection
system The interface includes the display of internediate results,

sel ection of vision algorithms, operation of |linear slider, interactive

di spl ay of gene data in excel spread sheet formats. [0085] In sone

enbodi nents, a mcroarray slide contg%?s pre- planned absent spots, which
nmeans that the cDNA spots at the sp fic locations are intentionally |eft
enpty during ¢cDNA slide printing process. The |ocations of these,

pr e- pl anHEEHbRR AP ¥t theydemegisvens idiselosetlionenedn. draddisipmsad wHeet with
a specif%c format. The _al gorithns disclgsed in the present.invention make
it unnecB8sHBATEHt thabhevarkeus aspectsketithe prhone-sisseribgddinnteoma | ayout
to work out

cause, i vt of obadfiecy Subeit dnfiobbindlls
faci |t aneqes ol il iniRAfing GeSTRBCHr Presin: ol chedifiosty S  Geridna
and det arlnebHE of PHF ChESRne AT LPRR 15 Rulbst BRI HE EBF e

appended kﬂﬁéﬁﬂ?' It wll be apparent to those skilled in the art that

nodi fi cations ¢can be made in the enbodi nents chosen for illustration

wi t hout departing fromthe spirit and scope of the invention. [0087]
Specifically, it will be apparent to one of ordinary skill in the art that
t he device of the present invention could be inplenented in several
different ways and the apparatus disclosed above is only illustrative of

the preferred enbodi nent of the invention and is in no way a limtation.
For exanple, it would be within the scope of the




27 invention to vary the dinensions disclosed herein. In addition, it wll
be apparent that the various aspects of the above-described invention can
be utilized singly or in conbination with one or nore of the other aspects
of the invention described herein. In addition, the various elenents of
the present invention could be substituted with other elenments. 28 CLAI M5
Wiat is clainmed is: 1. A nethod for &ftomatic i nspection of a mcroarray
slide, conprising the steps of: obtaining a gray scal e i mage of the

m croarray slide, wherein the m dCbAIM$ slide conprises one or nore

bl ocks containing arrays of spots; binarizing the gray scale image by
seIectin@Vba&h&@ ﬁkﬁilﬁnnrphologically dilating the binarized i rage so as
to generate a nerged conponent; calculating rotational offset and
transl ati onal offset of the nerged conponent so as to align the gray scale
imge with a ,referenge i mge; and determ ning alities of the .spots on
the mcréarra smea]éoéy floﬁs?‘HBOIPPrFI@SHBﬁHe?ﬂiﬂlPHodgj & MREOGFERY 0dLI8€: cl ai m 1,

wherein the gray scale image is captured by a detection neans. 3. The
net hod o?oaéﬂﬁg,&\%@}e@ig ‘he detection neans is sel ected

obtaining a gray scale image of the microarray slide, wherein
the microarray slide comprises one or more blocks containing arrays
of spots;

binarizing the gray scale image by selecting a threshold;

morphologically dilating the binarized image so as to generate a
merged component;

calculating rotational offset and translational offset of the
merged component so as to align the gray scale image with a
reference image; and

determining qualities of the spots on the microarray slide by

using threshold methods.

2. The method of claim 1, wherein the gray scale image is

captured by a detection means.

3. The method of claim 2, wherein the detection means is selected
from the group consisting of a charge-coupled device (CCD), a

charge injection device, a photodiode array and a scanner.

4, The method of claim 3, wherein the detection means is a CCD

camera.



fromthe group consisting of a charge-coupled device (CCD), a charge

i njection device, a photodiode array and a scanner. 4. The nethod of claim
3, wherein the detection neans is a CCD canera. 29 5. The nethod of any of
clainms 1-4, wherein, in the binarization process, the threshold is
predet erm ned by conputing the histogﬁ£n1 of the gray scal e imge, thereby
the spots are separated from backgr d for having intensity val ues
exceeding the threshold. 6. The nethod of any of clains 1-5, wherein, in

t he nnrpgologTbaInuﬂhbdt@ﬁanyrofeﬁahnshbJHi“&KﬂehyohEth@ihmums%ﬁuuhy odd
nunber matrix that is conputational feasible. 7. The nethod of claim6,
wher ei n Praceasa: thg threahgld is piedefgrmined hy compeuting de MstOgraper ati on
is 8 8. The nethod of claimb®, erein the matrix is a 5 x 5 one. 9. The
met hod off cthe ng&y whealei Amage, ndhersby sthe 7spots @e. separatsd rifgpﬁbd of any
of clai H%Q, q@grei the rotational K offset |.s C@%F | at ed, by usi ng any

al gor i t hRackeraund for hpving dRtensity: ¥a G somsfeedings TC§AOYDj ect having a
rectangul ar shape with a boundary. 11. The nethod of claim 10, wherein the
rotational offset is calculated by using Sobel operation, where the

nort zont 81 ai § DG BEHEoqAG AL orafBradl2e WYCHhT & BGHBPLORYI AL, e mi ne
by usindy$91eh ¥rolBsk @e dfltiok dpbration uses any odd number matrix

that is computational feasible.

7. The method of claim 6, wherein the matrix is a 3 x 3 one where

the number of dilation operation is 8.
8. The method of claim 6, wherein the matrix is a 5 x 5 one.
9. The method of claim 6, wherein the matrix is a 7 x 7 one.

10. The method of any of claims 1-9, wherein the rotational offset
is calculated by using any algorithms that can calculate the rotational

offset of an object having a rectangular shape with a boundary.

11. The method of claim 10, wherein the rotational offset is
calculated by using Sobel operation, where the magnitude of the edge
of the image in the vertical direction and horizontal directions will be
denoted as Gy and Gx, where Gy is determined by using Sobel Y

mask of:



000 121 The Gx is determ ned by using Sobel X mask of -101 -202 -101 The
above edge magnitude for each inmage pixel is conputed by conputing G for
each edge point by: G=1G&Gl + 1GI The orientation will be determ ned as:

tanlll

(Gy/ &) The rotational offset is conputed by getting the nmaxi num

nunber of edge points that give theﬁqarre edge directions. 12. The net hod

of claim 10, wherein the rotational

order

set is calculated by using second
nonent anal ysis, where the-central mpnent needs to be conputed, as

given in the fornula below, 1,i|=WHx20enlx)1(y-Cen_y)' P(x,y) thereby the
rotational offset can then be computled-b on the central nonents, as

follows: 0 = 0.5tan-1 [2] 1/(20|-00d)
1-12, wherein the translational —effiset
that are suitable for cal cul at né tih

10 311 013. The method of any of cl ains
an—be cal cul ated by any al gorithns
vierltilcal and horizontal distances

bet ween the coordi nate of one bleek-and-—andt her reference bl ock. 14. The
met hod of claim 13, wherein the transl ati onal offset

The Gx is determined by using Sobel X mask of:

-1 10 |1
2 |0 |2
-1 10 |1

The above edge magnitude for each image pixel is computed by

computing G for each edge point by:

G = |Gx| + |Gy
The orientation will be determined as:
tan' (Gy/ Gx)
The rotational offset is computed by getting the maximum number of

edge points that give the same edge directions.

12. The method of claim 10, wherein the rotational offset is
calculated by using second order moment analysis, where the central

moment needs to be computed, as given in the formula below;
Hij = X2(x-Cen_x)'(y-Cen_yYP(x.y)

thereby the rotational offset can then be computed based on the

central moments, as follows:

0 = 0.5tan™ [2p11/(t20 - po2)]



is calculated by using first order nonent analysis, where the general
nmonent formulation is given in the formula below Mj = 1Ix"y' P(x,y) where
i, ] are the nmonment indices; x is the x-coordinate of the pixel, y 1is the
pi xel 's y-coordinate, and P(x,y) is the pixel's intensity; thereby the
centroid X, denoted by Cen_X can be 038](rerput ed as: Cen_X = ML, 0/ M,O and,
the centroid Y, denoted as Cen_Y can conputed as: Cen.Y = M),1/ M,O
therefore, the determ nation of centroid X and centroid Y will give the
transl ational offset. 15. The method of any of clainms 1-14, wherein the
qual iti ei i nclude spot, size, spqot types_ and overlapping strengths, 16. The
met hod of 3¢l alRe1Bietiner efnanyeot pdaimpzb-12, adhesern nide srandafiensl ng a
region of .interest. fromthe g scal e image; binarizing the 32 _selected
regi on oﬁfﬁsﬁé B33 E%ngtﬂﬁfi%é%yd agy| adgeHtgisy tﬁ@%r%realﬂlt%é?elfﬂ{ ni ng the
spot size pn,basis Qf pixel. count., 17. .The thod of an f clai 1- 16,
wherei n- SHEWSRBE° e pytklicile Rhide Torrantdbofefiet hsdveern B ng
spots, a e i . 118 e t hod of, chaim 17, wherein the
determ ngs?g%%gig&ﬁ{éﬂ%epﬁg&& éﬁl&ital?%tﬁ%rr%ﬁ?r,e%gwo lrk‘rri ssing conprises the
steps of selecting a region of interest fromthe gray scal e i nage;
establishing multi-level thresholds; and determ ning the type of a spot on
the basis of its %ositi oninrelation to the multi-Ilevel thresholds.

14. he method of claim 13, wherein the translational offset

is calculated by using first order moment analysis, where the general

moment formulation is given in the formula below:

M;; = XXx'y'P(x,y)
where i, j are the moment indices; x is the x-coordinate of the pixel, y
is the pixel’s y-coordinate, and P(x,y) is the pixel’s intensity; thereby

the centroid X, denoted by Cen_X can be computed as:

Cen_X = M1>0 / Mo,o

and, the centroid Y, denoted as Cen_Y can be computed as:
CCI]_Y = M0,1 / M0,0

therefore, the determination of centroid X and centroid Y will give the

translational offset.

15. The method of any of claims 1-14, wherein the qualities include
spot size, spot types and overlapping strengths.
16. The method of claim 15, wherein the spot size is determined by

selecting a region of interest from the gray scale image; binarizing the



19. The method of claim 18, wherein the thresholds are determ ned by

nmet hods sel ected fromthe group consisting of local threshold nethod,

gl obal threshold nmethod and universal threshold nmethod. 20. The met hod of
claim17, wherein the linkage strength of the overlapping spots is
determ ned by image intensity and thg% connectivity between spots, and any
| i nkage between two spots is design :%d as one of the eight directional
linkages: N, S, E, W NE,  NW SE and SW 21. The nethod of any of clains
1-20, whéelkeicked Hegipnr oar the basigo! asthresbrid selestad &y @ vget; 38d 22, A
systen1f8r autonmatic inspection Ef a 'croqéra slide, conprising: a
keyboar d9FHTRITNE A€ | H4E LT RBELS O1 RI¥EG %@éQtfor showi ng i mages; an

i mge capture unit for capturing a gray scale inage of the microarray
slide; a slide holding and transporting nmeans for delivering the

™t o hA0E, MO OB SOPLAEE T OB o e
reans IR PEERRINIRURL" 0 SRR AR PO AT S

fron1theﬁ%gﬁge capture unit, and sending controlling instructions to the
control ans; wherein the processing unit is electrically connected to the

18. The method of claim 17, wherein the determination of whether a
spot is normal, weak or missing comprises the steps of selecting a
region of interest from the gray scale image; establishing multi-level
thresholds; and determining the type of a spot on the basis of its

position in relation to the multi-level thresholds.

19. The method of claim 18, wherein the thresholds are determined
by methods selected from the group consisting of local threshold

method, global threshold method and universal threshold method.

20. The method of claim 17, wherein the linkage strength of the
overlapping spots is determined by image intensity and the
connectivity between spots, and any linkage between two spots is
designated as one of the eight directional linkages: N, S, E, W, NE,
NW, SE and SW.

21. The method of any of claims 1-20, wherein the microarray slide

is a cDNA microarray slide.



keyboard, the display, the inmage capture unit and the control neans via
separate bus lines. 23. The system of claim 22, wherein the i nage capture
unit conprises a detection nmeans for capturing the inage of the slide, and
a light source for providing the slide with illum nation. 24. The system of
claim 23, wherein the detection m&*an(s;3 s selected fromthe group

consi sting of a charge-coupl ed devic i(CCD), a charge injection device, a
phot odi ode array, and a scanner. 34 25. The system of_ claim 24, wherein

t he det e22i onAnesisens foxcomutamatica.ingpectibe fst @ muwicroheday 2dideher ei n
the light source is a directional frontal lighting system 27. The system
of any ofOBIMITHE22- 26, wherein the processing unit conprises a system

menory and applicatio raograns, . wherein the application prograns are
capabl e of cogé‘i‘?‘é‘[ Q?tjat]ﬁ)é l%ﬁérb@&q dataein@ts of clains 1-21. 28. The

32;55?521" cl aaraigglay\/\@&[ Sehgwtiplg in?fglés%at' on prograns include excel i/o

an image capture unit for capturing a gray scale image of the
microarray slide;

a slide holding and transporting means for delivering the
microarray slide to the image capture unit for image capturing;

a control means for controlling the operation of the slide holding
and transporting means; and

a processing unit for receiving instructions/ data from the
keyboard, sending image signals to the display, receiving the image
data from the image capture unit, and sending controlling instructions
to the control means;

wherein the processing unit is electrically connected to the
keyboard, the display, the image capture unit and the control means

via separate bus lines.

23. The system of claim 22, wherein the image capture unit
comprises a detection means for capturing the image of the slide, and

a light source for providing the slide with illumination.

24. The system of claim 23, wherein the detection means is selected
from the group consisting of a charge-coupled device (CCD), a charge

injection device, a photodiode array, and a scanner.



34

25. The system of claim 24, wherein the detection means is a CCD

camera.

26. The system of claim 23, wherein the light source is a directional

frontal lighting system.

27. The system of any of claims 22-26, wherein the processing unit
comprises a system memory and application programs, wherein the
application programs are capable of conducting the inspection

methods of claims 1-21.

28. The system of claim 27, wherein the application programs

include excel i/0 database.




