1 PROCESS AND DEVI CE FOR AUTOVATED GRADI NG OF BI O SPECI MENS Fi el d of the

I nvention [0001] The present invention generally relates to the field of

bi o- speci nen anal ysis, and nore particularly to a process and device for
aut omat ed gradi ng of bi o-speci nens. Bacgground of the Invention [0002]
Many di seases are manifested by their expressions or |ost of expressions of
one or nDre&ﬁﬁﬂgﬁ in the affected tissues or cells; the genes specifically
associ at ed 8P SR A VHGEE FORAUT QMA BEDHFRARING QF BIDUSPRCAMINS s of
t he di seases can be done with the biospecinens taken from patients by

anal ysing the expressions of bionmarkers. [0003] One of the exenplary

bi omarkers is Her2/ neu. The Her 2/ Field ¢fthe Inkéi@ioh as c-erbB2) oncogene is a
cell -surface nmenbrane tyrosine kinase receptor that is overexpressed in
20% to 30% of breast cancer cases and is significantly associated with

breast can@eg1]r eCur r gRSFredd 1&@%&;{ %é?lf{?}ﬂ? L1385 td 4R ﬂ%«ﬁ%‘?f—sﬁg%%ﬁ%l&ﬁﬂs%n’

breast cancer cases associated w e~ over expressi on o have
been knownaitdoneieqgeinilaboe layprowss auimesiteifonaitothaedrpradingtofiéiamecimens.
chenot herapy or other cytotoxic treatnents. [0004] Hence, detection of
Her 2/ neu in breast carcinomas is inportant to determ ne appropriate

therapeuti c managenment and treghfRstouRdl oPald BRWERtigH agnosed with breast
cancer. Oten, evaluation of the presence of Her2/neu proteins is perfornmed

t hrough neans of inmunohi stochem stry (1 HC), which has been the expertise

of the hi t hol ogj : | e~tissue t.hat is.staipe sing .
henat oxy| ﬁ%d eos %%‘ME%%F% gl\%;%amrg%Stga %yggg%g@éassm&ﬁ dk Posﬁ-?]g?‘é’é%@ﬁ% of
revi ew, whinelorrebieegenes it e dftberdi dsseat drasellef the tiahsesheiEkhl REBEBRESHith
[ 0005] Al tacﬂough aﬁr ot oi:ol s are in place for all observers to grade cell
sanpl es  dC¥8TGidG G insalshiremarksrs g, diaemesia o heghiseasesican be idppe with the

i ntrinsi caliddpeSHRNE LY &o ﬁgﬁt@%9\%ﬂif%ﬁ{%Eeﬂeﬂeg‘ﬁeﬁigwﬁ‘%b%%kg servers. As

such, an objective quantification circunventing the
probl em ofl0898] ng subfeevf the dxgmphey bhserkes & H&26eupUhe Hayabs L kiowmge
anal ysi s S, sé_erg%ll be benefi ciﬁll rgot only in providing such a neans _of
quantifi cati on. > But “RRECH b h&elsrdacss H%fnh@%}??s typsigeclopeopicAprion. thilowever ,
current 2oveekheseddh 200E (RUORIGL eIk ePQa&% ahdi %§H§niﬁ%&¥ﬂg§a§s8@}9@8 vifh ong

tedi ous and conplex, resulting in high use of conpufing resources an
runni ng t ibpgast cancer recurrence and death in the last two decades. In addition, breast cancer cases

associated with the overexpression of Her2/neu have been known to respond poorly to
conventional hormonal therapy, chemotherapy or other cytotoxic treatments.

[0004] Hence, detection of Her2/neu in breast carcinomas is important to determine
appropriate therapeutic management and treatment of patients diagnosed with breast
cancer. Often, evaluation of the presence of Her2/neu proteins is performed through means
of immunohistochemistry (IHC), which has been the expertise of the histopathologist. The
sample tissue that is stained using hematoxylin and eosin (H&E) is viewed and assessed
under microscopic review, which relies on the identification of stained cell membranes.
[0005] Although protocols are in place for all observers to grade cell samples
according to membrane staining, the assessment is still intrinsically subjective and presents
variability between observers. As such, an objective quantification would be useful in
circumventing the problem of being subjective by the observers. A computer-assisted
image analysis system will be beneficial not only in providing such a means of

quantification, but can also be used as a means of second opinion. However, current



Summary of the Invention [0006] One enbodi nent of the present invention
provi des a process for automated grading of bio-specinens by enploying a
2-di mensi onal histogramplotted fromthe pixel values of the imges of the
bi o- speci nens. The process conprises the.,steps of converting an inage into
Cl ELAB col or space if the image is not ifi the CIELAB col or space, plotting
a 2-dinmensio aId hiﬁt&ggramw’éh A channel and B channel val ues fromthe

Cl ELAB val JE§1°9% 0l Henayinard i giading afnidgae seoimlcefmaasy is Hediousippd eempfeal

hi st ogr am d3tBind iR hidar m&, I | s havi ng val ues O,
and scoring 1 f%r ailé‘lﬁu\éeelbl S él\lgi}{%ééggr{chg%aglpeggu&?ﬂr{gﬁgﬁé 0, cleaning the

bi nary i mage by renoving small spots and filling of holes, calculating from
the binary inmage the orientatiog angl e ?f the ellipse that best fits the
binary i mage, and grading the DYBMEFXOLtesHveption 4 grades according to
pre-determ ned thresholds based on the orientation angle. [0007] Another
enbodi ment_of the present invention provides a process of automated

gradi ng of [0B9&- speci Ransmbydiewpt oftha greserd-idientios ipomades i pbogs &m aplomdied

from the pix : i es of, the bi o-speci nens and_ usi the L
conponent %J? eﬁt‘?1 hé)\f%é(?l'?fec\i\ﬁ/{i nltsq)g'iefggti‘:11 % ad"é{l‘é‘?eﬁ?‘r‘?galtsfﬁgoaﬁ‘& otgad ferm tF‘grﬁ’@‘Sl. The
process covghudssdshd meaget Pthe Mho-sgeoim@is! iMH@ ;ﬁ&ésﬂ@&ﬁgﬂis@& the %Js%@ 6N PfingSpace

if the image i s not g{ﬁ the CIELAB col or space, plotting a 2-di nensional

hi st ogr am W PHEA LRSI REABodorspedsah el image irseot i the GIRE A BGatorABasea plottingof
each pi xelz 2 QikhdLid ty e, 2Z-di nensi onal Ai st.o intg a

bi nary i maage Eyagédgrg?%gmg&ﬁg%ﬁgﬁ &gag%l Flsa %a]\gfzﬁe efaY%éeg f%"m gﬁ%@?&@ H%uels f or
al | cel | s Hize¢mpixelial the ingreeadmertingahe 0,dikRaARiaNgistdpean iMa b bidhPaBadby

removi ng smalil @EOt@naﬂd filli g of holes, obtaining the "orientation" for
2D hi st ograthipl Gfor a3 having ﬁf’g b epd scarig 1 fosall splishaving values giester ghan

pr edet er mopeRating @ ehshy iBEML OFAD 155‘?% i i

"orientation” i sgpver t e1 _pgé;dgt erm e%gﬂﬁ% es %]dgahéétgfg(ggsl’ﬁgk@gﬁ?g \f/flg?ll

pi xel s frdkg bingryABnagenthg eriefitatitrearige ioéheatilipss tHas bbe Ihs theabinhiyeimage, and
predeterm rashal d. obt.ajnjng nmean | ELAB val ue (L value) of cell

et pi xoieiding BEABERpaimER: Bl 3G Biror Sy iare fastoutedershers Ssddmment
of the presesnientaiiograbiien provides an el ectronic device conprising an

el ectroni ¢ _storage nmedi um enbedded with an el ectronically executable 3
program #987la m cr dodes saphodinenigo|thet present alnvsntioouptoaitieni 4 hprotms of

Slr gg? gl(r)nn: gut?g%ge‘g?gga(ggg gg El?bsp%ﬁlégst ﬂ,}P gni[)n)%fin%ngjf-ggn?gns olhg%izsitg]gravn%qp l;)&iﬂp fr;[)rple
the pixel values of the images of the bio-specimens and using the L. component of the cell
wall pixels to determine the grade of the image. The process comprises the steps of
converting an image into CIELAB color space if the image is not in the CIELAB color
space, plotting a 2-dimensional histogram with A channel and B channel values from the
CIELAB values of each pixel in the image, converting the 2-dimensional histogram into a
binary image by scoring 0 for all cells having values 0, and scoring 1 for all cells having
values greater than 0, cleaning the binary image by removing small spots and filling of
holes, obtaining the “orientation” for 2D histogram plot, and checking whether the
“orientation” is over a predetermined threshold, then grading the image as Grade 0 if the
“orientation” is over the predetermined threshold, extracting cell wall pixels from CIELAB
image if the “orientation” is less than the predetermined threshold, obtaining mean
CIELAB value (L value) of cell wall pixels, and grading image based on L value.

[0008] Another embodiment of the present invention provides an electronic device

comprising an electronic storage medium embedded with an electronically executable



the operations of converting an image into Cl ELAB col or space if the inmge
is not in the CIELAB color space, plotting a 2-dinmensional histogramwth
A channel and B channel values fromthe Cl ELAB val ues of each pixel in the
i mge, converting the 2-dinensional hi s&ogr aminto a binary inmge by
scoring O for all cells having values 0, and scoring 1 for all cells

havi ng val ues greater than 0, cleani n(;i) t he bi nary i mage by renoving snall
spots andPPEA et THEoRCessar Reingtglesgonicatky cheplesl mathyth relseopigestorage
orientati opeding, @x&Qhuti i : £ ' ' n

gradi ng the bio- sp%ilfl%rgﬁﬂsee%dﬁ%agagd B{Oggigs’b\g%%%l%&%%%%?%nplﬁ& %E %el% grP %&g%rgugg

t hr eshol dsthsapention efhenyeitioptratimege angCEELABAO: shietibere amgod narih tef t he
present i ngfﬁt&g% provi des. an el 2;: .roni.c 21?1” ce canprising . an electronic

storage medi U efBeldRH PRI erdipersiona iseeran sdiit Anthenteasg i shangsl a

M cropr ocessays fagh i EIRICAB QRleabl ¥adhoiip ] fR Qi
medi um executing the enbeddeéljl prog% a%H %/{/‘n%grﬂg %ﬁigﬁg&él?%‘gﬁg%@%géﬁiﬁ cff'lgleof

per f or ni nghistegamoipk &bingrisingtee durseering Adomall ¢atmgevinptvelu€s BLAR wcoting 1 fpace
if the i j b | ELAB,cgl or_space lotti.ng a 2-di nensi onal
i st ogr am s 7S A8 g ALfD Breal il e SR E e B el e VRIS ot
each pi xelandrfilfihg of helge, caRlviAg tfiohd the gy A eWrthtatibh %h%groarfhéj BlliBsca

bi nary inaﬂe by fcoLing 0 for all cells having values 0, and scoring 1 for
al | cel | s HANARGIGheibtnagy wageer andharpdme the bimbnegindse inpagipdenaagerding to
renovi ng siyBkibtesRatet AN aining the "orientation" for
2D hi st ogram pleot , ar?é@sltf:&glggl?%%\ég%\fﬁée?ﬁ%lrﬁ?%ea%%%ri entation" is over a

predet er nilA®E] t hr es olather tehbodpiiend oA ghet freschngentas prévideeaDeleétrdniedevice
"orientation” .i.s over, the gr edeterm ped threshold, extracting cell wall

pi xel s fCOMPEEE A8 FlraGRNs rstarpge msdiuamemtbiedded math) &k glegtamicallye executable
e b e o ek PR ford iy R (i o LB e

e
t he presemediyererwing the cudeddedgregramo mbateirt therpragramris ohygibleod! mofoning

clusters L ckly determ ned, .and sser total apopunt of, )

conput at i SRl B iR Bt B%ae%sémgc"rﬁiﬁsﬁeﬁ?ler ﬁ%@é&%ﬁém&%wqt i es
with no siCiEbas cold aa@q)létﬁiaﬁIarﬁdilﬁ&éioﬁﬂmkt%graﬁﬁwl,@tcham%i ahl€ B Enanhd] MY
be used as a means_of high- throughput screening using a tissue mcroarray.

The preseXtlUshifentthe K TREAB yduestifeeagly pipehitethe dmege, samysréng thea-tinsmsional
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all cells having values greater than 0, cleaning the binary image by removing small spots
and filling of holes, obtaining the “orientation” for 2D histogram plot, and checking
whether the “orientation” is over a predetermined threshold, then grading the image as
Grade 0 if the “orientation™ is over the predetermined threshold, extracting cell wall pixels
from CIELAB image if the “orientation” is less than the predetermined threshold,
obtaining mean CIELAB value (L value) of cell wall pixels; and grading image based on L
value.
[0010] The advantages of the present invention include faster computation as
number of color clusters can be quickly determined, and lesser total amount of
computational resources when processing multiple images as those images with no stained
membrane require less complex calculations. Hence, it may be used as a means of high-
throughput screening using a tissue microarray. The present invention will be able to grade

each sample in a tissue microarray to provide a putative score that can be used in



objective and is not subjected to fatigue from assessing |arge sets of
i mages. [0011] The objectives and advantages of the invention will becone
apparent from the follow ng detail ed description of preferred enbodi nents
t hereof in connection with the acconpanying drawi ngs. Brief Description of
the Draw ngs [0012] Preferred enbodi ments according to the present
i nventi on ‘é’io .lm(gpw be[ tﬁejﬁri bel?lw'th reference to the Figures, in which
li ke refer SRUEMAEReP P NG dRteRETIIgst se PRIROR: < In [addition. thecPresens inventighdinar t
of the aut obRttt GladhNGuPkOEE&Stati r | odi ment of the
pr esent invgﬁti on. [0014 _QJFI.G 2 sﬁguﬁﬁggﬁgﬁgfﬁ%y’é%ﬁfoﬁ%‘?% nor mal and
cancerous {9%%ue sanphesbjeci\ons{ agvaBta@eshbis inhattion vellrecomt appssudrosanpl e
t akes a 2Dghi i . ellipse.superinpose, [0016] FIG 4 sho t hat
the cancer (t)ﬂuésf%%kl?‘g{»pgerHl egél%r% Fg&flg loer;sogprﬁ%rrﬁg 5?1(}5’58% ‘Lﬁreﬁﬁ ORGP with the
super i mposeccopP@iyihg Htabrifgsi s a functional flowchart of the automated
gradi ng process utilizing the L, A and B conponents in accordance wth
one enbodi nent of the present invention. Detailed Description of the
I nvention [0018] The present g I.on. may. be under stood nore readily by
reference to the following é;erfb\gﬁ%%ﬁ@éosncﬁtg‘f’il%jrﬁwé?gscertai n enbodi ments’ of
the invention. [0019] Throughout this application, where publications are
ref erenced er di s I?sures of .these publications are hereby incorporated
by referen@82in t hefTelestse| sbqdiments jaqesdingi ©© Hisppresent i igmentionowdle oW obarpr e
fully descadsbeodingidtiakeRt @'the (000 A Lhich IVRALLEN nBALLR oyl AO2C]
The present invention provides a p%ocess for automated grading o B| 0-
speci mens |epEESi ng a 2- di mensi onal histogram plotted fromthe pixel val ues
of the i of t i o-specipens,. It is to be noted that the format of
the pixel gﬁies i shrﬁlgtb ! 55 4} O?ﬁcg%il of e jopated ickading ProRess4a acepidange with s
sui tabl e fae ehflﬁdﬁlmkbﬁﬁlteifp@éle&fin&éhﬁoﬂri nciples of the present invention.
ormat i

Briefly, when the Cl ELAB is used for illustration, the autonmated
gradi ng priB¥éks conpilBskgiorsie meatliobiburdympematharsd chiicerdis tsse- apptismen
| mages [0015] FIG 3 shows that the normal tissue sample takes a 2D histogram with an

ellipse superimpose.

[0016] FIG 4 shows that the cancerous tissue sample takes a 2D histogram with a
triangle superimpose.

[0017] FIG 5 is a functional flowchart of the automated grading process utilizing

the L, A, and B components in accordance with one embodiment of the present invention.

Detailed Description of the Invention

[0018] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0019] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0020] The present invention provides a process for automated grading of bio-
specimens employing a 2-dimensional histogram plotted from the pixel values of the

images of the bio-specimens. It is to be noted that the format of the pixel values is not



are originally obtained in their RGB format, they are first converted into
ClELAB format. A 2-dinensional histogramw th A channel and B channel
values is then plotted fromthe ClELAB values of each pixel in the image.
The 2-di nensional histogramis then converted into a binary inmage by
scoring O for all cells having val ues 0, Sand scoring 1 for all cells

havi ng val reater than 0. The binary inmage is then cleaned by renoving
smal | spot m”&%(‘i" 01 parfigplen origoisdeng Frivin witeblbiforahy appigion m‘hthe prm@p]reabf on
angle of t e fits the y.image is. c ate d
used to gr If’;}lleaee&t %éélpgl?vc?mgﬁecr)grri%\ﬂ ' TR h‘ Mﬁ fﬁ%%}r‘ai‘f‘?ﬁd g gr‘@”@é‘%ﬁeaﬂ? ned
t hr eshol ds autpﬁi@@dkrd‘dm/g pfref:@lé comPrided tid ﬁll&wﬂg"@%ﬁitlbﬁs PIF il e dp @i Bhages

det ai | ed descr.i g}ﬁ the automated grading process in accordance W|t

one enbodi A& EGRLLY I‘?Qtaﬁ}eélsléﬁlﬂeli Ripnforoat thegars fivsmonverted Gtd CIEhABaotarat ed
gradi ng pr Acegsnechsih: ert. .ima om RGB to
Cl ELAB 20, obt ai n512DﬂE|ﬁ§§§%‘%Irnaﬁ'qﬁg Erh IR0 MRannEPRIGS s gfelafc: Sfrr%the

hi st ogr am €8H1AB valpeoef e40h pocbtmlthe trh@e“ d?hleerkhﬁﬁehﬁ 1al hi%fog?dﬂqkﬁtﬁ&@@fr@@?t&i ot
50, and gr%go thelrr%%s 60, one of the operations will be
described 'Y HOFESqRREER Bhsosng F cells having valuecBnangy scoring il fagall eelsm

Red- Gr een- Biviigy IRB)grsss GhELA
conver si on fV[rq%m RGBgtro mﬁﬁgp?g%e%ﬁary tep % @?IJ} gffégne?:io veHEOQ/%&Jr?Jp&%fZ
t hen convetd e pﬁhQileELEEmThmbmxeznmi@eythe adiestation amgWef theREBpdecthateés@ar e
as follo 255 ) //R fromQ to 2 G=( G/ 255 /11G
fromo to Usd® \glé“ra”(Bm:‘aé B f é“s‘%teﬁl aPﬁB“F& 6%85345 th25@01SP€°(1m9%% into 4 éfaé%fo45 )

var _R = ( decordingRo predded&mined thies@Sds) 2.4 else varR = varR/ 12.92 if (
var_G > 0. 04045) var G= (. ( varG+ 0.055 ) / 1.055 ) 2.4 else varG =

varG / 121821t ( yafovprefening4oFE3)l, there Bprm(ldf(d amordetailedaisSeription bf €65 )

é ‘:1 v:lr se a\t’tﬁ‘)rma?éd‘gr\é@ﬁlg%récejsg iD ot Rankt Wit embeliment 3t the presen% invettion. V8"

As shown in FIG 1, the automated grading process 1 comprises: acquire images 10, convert
images from RGB to CIELAB 20, obtain 2D histogram for channels A and B 30, clean up
2D histogram contour plot 40, obtain the “orientation” for 2D histogram plot 50, and grade

the images 60, where some of the operations will be described in more detail herein below.

[0022] 1. Convert an image from Red-Green-Blue (RGB) colour space to
CIELAB colour space

[0023] The conversion from RGB to CIELAB takes 2 steps: first, convert RGB to
XYZ, then convert XYZ to CIELAB. The exemplary codes to convert RGB to XYZ are
as follows:

var R = ( R / 255 ) //R from 0 to 255

var G = ( G / 255 ) //G from 0 to 255

var B = ( B / 255 ) //B from 0 to 255

if { var R > 0.04045 ) var R ( ( var R + 0.055 ) / 1.055 ) ~ 2.4

glse var R = var R / 12.92

if ( var G > 0.04045 ) var G = ( ( var G + 0.055 ) / 1.055 ) ~ 2.4
else var G = var G / 12.92

if (var_ B > 0.04045 ) var B = ( ( var B + 0.055 ) / 1.055 ) ~ 2.4
else var B = var B / 12.92

var R = var R * 100

var G = var G * 100

var B = var:B * 100

X =var R * 0.4124 + var G * 0.3576 + var B * 0.1805



X =var_R* 0.4124 + var G* 0.3576 + var B* 0.1805 6 Y = var_R * 0.2126
+ var_G* 0.7152 + var_ B * 0.0722 Z = var_R * 0.0193 + var G* 0.1192 +
var B * 0.9505 [0024] The exenplary codes to convert XYZ to ClIELAB are as
follows: varX = X/ ref X //ref X =95.Q47 var Y =Y [ ref Y //ref Y =
100.000 var_ Z =2Z [ ref -Z [/ref -Z = 188.883 if ( var_X > 0.008856 )
var_X = varYX_ Q 1/3 el se varX = 7.787 * varX) + ( 16/ 116 if ( var_ Y
> 0. 008856 ,) _VA v%lgnga §/30)7]e5| st WarBy 2 572? 787 * var_Y ) + ( 16
/ 116 if (zvar %R 8 856" ~var V722 hvaz K (019595 else var_Z = ( 7.787
*var Z) + ( 16 / 116 CIE-L* ( 116 * varY) - 16 ClE-a* = 500 * ( varX
- varyY CI\%?* = ZOOT* %}Havar k 2. Plot a 2-di mensi onal

hi st ogram WtH A and Be SRy C%tst}%goweerﬁﬂ a EI%]P&BIM%?S foHewel ELAB i nage
[0026] For ,each_pixel_jin the Cl EL/AB mage, t he A channel value and the B
channel vaL,ngaLeg pl pgftﬂed on a gr/ép to cci@n the nunber of times when the
A and B vakueg -have-appear ed togetlt@TZ ina Z{g.)é3)<el This graph will have the
A channel on the x-axis, B channel on the y-axi s and the count as the
z-axis. After( ptazobctprtgoatadamt hevd{AxB) walies orysthe graph, a 2D histogram
(a 2-di rrenSlS@n hi stogram i s anvaXYX graph)s7i s bkt ained ikhe 1mexenpl ary
pseudocode§f i"afoﬁ't alqwﬁ@&%%he 2D _Kistvegriam arie3as follows: m= w dt h of

i mge; n e“l ht of e; faorix=1t onfe7f brvay ¥ ) 1+t©nl6{ /(146a) b) = get

pi xel val U& %t %2yy ;0 OP\? oér‘éﬁ?(—é =b)"e'hﬂstogrlafﬁ(ét b)+

16 / 116 )
CIE-L* = ( 116 * var Y ) - 16
CIE-a* = 500 * ( var X - var Y )
CIE-b* = 200 * ¢ var Y - var:Z )
[0025] 2. Plot a 2-dimensional histogram with A and B channel values from
each pixel of the CIELAB image
[0026] For each pixel in the CIELAB image, the A channel value and the B

channel value are plotted on a graph to count the number of times when the A and B values
have appeared together in a pixel. This graph will have the A channel on the x-axis, B
channel on the y-axis and the count as the z-axis. After plotting all the (A,B) values on the
graph, a 2D histogram (a 2-dimension histogram is an XYZ graph) is obtained. The
exemplary pseudocodes for obtaining the 2D histogram are as follows:

m = width of image;

n = height of image;

forx=1tom {
fory=1ton {
(La,b) = get pixel value at (x,y);
histogram(a,b)=histogram(a,b)+1;
5
3

[0027] Since the 2D histogram keeps a count of the number of times when (a,b) has

been plotted together in a pixel, it is a 3-dimensional graph in essence where the 3rd

dimension is the count).

[0028] 3. Convert the 2-dimensional histogram to a binary image



[0027] Since the 2D hi stogram keeps a count of the nunber of tines when
(a,b) has been plotted together in a pixel, it is a 3-dinensional graph in
essence where the 3rd dinension is the count). [0028] 3. Convert the

2-di mensi onal histogramto a binary image 7 [0029] For every cell (or
pixel) in the histogram if the cell val fle is greater than 0, the pixel in
the binary imge wll be given a value of 1. Else, the pixel in the binary
i mge wil[9%B¥ gi venFer evgnuesligor pixelTtie thextestpgramy ifithe vebeadess frostercthav 61 si on

e, Che 20 Wiaegsett oz PR LIERR, 0 Slold e Rl |

bi nary_i magel{ ke yiyeda vhiQO3D). Fhe BtepaiayBDsliR BB EYcohIBH8n bOAR LD Hi8gram

background. noj,se.fromthe binary imge is elimnated by renoving of ~ snall
spots and ¢ ThF%Q“a{Pme?cﬂeéé‘? asfRBOW&noval of snall spots is done by erosion
operation faghlomgd,Ry dilation operation. In one embodiment, the erosion
of inmage is d@&g},_@yt&ﬁl{ng di sk of dianeter 5 pixels, and the dilation of

i mge by disk . net.er i.xels. The filling up of holes in the inage
is done by dil gl{}}l%hﬁ%%g’%)[?&ﬁ:_ aﬁ?ﬂ—%ﬂ?é\ﬁ)ﬁ erosion operation. In one
enbodi nent , tg%seel?%%riyewl%le ¥»¥ade i s done by using disk of dianeter 5

pi xel s, and e dilation of image by disk of dianeter 5 pixels. [0032] 5.
obtain the tentation angle [0033] Fromthe cleaned binary inmage, the

orientation of the ellipse that best fits the imge is calculated by the
equat i ons and ( belqw. Orjentation angle = 0.5 x tan-' [U2,0 2E' 1,1
(D b0, 2B B s i SR e B 2)

[0031] The background noise from the binary image is eliminated by removing of
small spots and filling up holes. The removal of small spots is done by erosion operation
followed by dilation operation. In one embodiment, the erosion of image is done by using
disk of diameter 5 pixels, and the dilation of image by disk of diameter 5 pixels. The
filling up of holes in the image is done by dilation operation and follow by erosion
operation. In one embodiment, the erosion of image is done by using disk of diameter 5
pixels, and the dilation of image by disk of diameter § pixels.

[0032] 5. Obtain the Orientation angle

[0033] From the cleaned binary image, the orientation of the ellipse that best fits
the image is calculated by the equations (1) and (2) below:

I

Orientation angle = 0.5 % tan™! [ J
K20~ Moz, (1)

Hp,q=33 (x—2)P (y—7)9)
(,X’F} ER
2)
[0034] Where p,g=0,1,2 and region R represents the image that contains N pixels
(N is the total number of pixels in region R), x and y are the 2-dimensional coordinate

variables and

_ 1
_ 1
y=y XXy

(xy) €R 4)



[ 0034] Where p,g=0,1,2 and region R represents the image that contains N
pixels (Nis the total nunber of pixels in region R}, x and y are the
2-di mensi onal coordinate variables and 1 N 2IX (x, Y) ER(3) N 2:y
(x,y) ER (4) 8 [0035] 6. Use the orientgtion angl e to grade the inmages
into 4 grades [0036] If orientation angl& > threshold 1, imge is grade O;
if threshold 2 < orientation angle _< threshold 1, inage is grade 1; if

t hreshol d $935lor i ent 4t i onUsaiieeriertation prgditl grade, the images igo graaates 2; i f

orade 15 dRCe bed Hnoreitaldh thett "l En et 1L Ergegydgiitola®s £2°°
threshol d @rientat®0. &ifgldegheshodnd i geﬁbgkéﬂie?’l;ﬁf%@e&%l@%@k%ienﬁg%%glglsG 2
shows a panel of four typical normal and cancerous tissue sanples. FIG 3

shows t hat ther@olot nEtage iis giade Qanfporeentation sangle2D thnsHoby B anmagietih geade 8. | Thse
superi nposg; sho that. the cancerous tjssue sanpl e take D

hi st ogr am {\?mnffsﬁblg flotrr?agﬁzgrgd%d%gﬁﬁ%% _en[xmjg%*y, The: ﬁﬂggwﬁﬂ fj ﬁvz(hgi Cf?ﬁreea
further prowéstels 2a= mOEe&E@f adbiheRsIad -9padhagyef.  bi o- speci mens by

enpl oyi ng a 2-di mensjonal histogramplotted fromthe pixel values of the

i mages of WRA¥1bi o- speléi Aehewaadandi afgdothipicabnorpahend cafcetdve tisslel sawplds.

pi xel s to peter edr A6 P Lhe e,..One dvant ages, of the

aut omat ed grada;e rslg%‘géra(gltg{e%stshgi S aﬁé[fsgqut S g@g fekes raeg{}i ﬁ’éyowgf"@?'laﬁn efﬂpse

i nf or mat i owpstmposes Fi@14 shoowrthatahel catefRs tRfud Rdipld duad a 20ehisko ot withadi ng.
[ 0039] Nogggieferrin to FIG5, there is provided a functional Tgl owchart of
the auto ‘&:}eéﬁ‘p&ﬂ‘%ﬁ’@%ropess utilizing the L, A and B conponents in
accor danceoygsj h one Tk%”fﬁ%@n%nﬁ&n tﬁﬂﬁleprﬁgcﬁgggs.el Poelds! c%nautgrg%&i‘%;agd%ggf he

gradi ng process 100 conpri ses: ocate 1mages i nta database
i mages 102bio-spavireetts yhemploagesa RrdimeR@hat histdrdzh AotkQ3roalhaipkeR alnéssOgr am

the "o enl St BRR Yoh D FsTBgr R pruEE Tor SHesRewe: ercelgal pixcls 1o
determine the grade of the image. One of advantages of the automated grading process is
that it does not require additional information such as cell count and scores of individual
cells for grading.

[0039] Now referring to FIG 5, there is provided a functional flowchart of the
automated grading process utilizing the L, A, and B components in accordance with one
embodiment of the present invention. The automated grading process 100 comprises:
locate images in a database 101, open the images 102, convert the images from RGB to
CIELAB 103, obtain 2D histogram for channels A and B 104, clean up 2D histogram
contour plot 105, obtain the “orientation” for 2D histogram plot 106, check whether the
“orientation” is over a predetermined threshold 110, grade the image as Grade 0 if the
“orientation” is over the predetermined threshold 120, extract cell wall pixels from
CIELAB image if the “orientation” is less than the predetermined threshold 130, obtain
mean CIELAB value of cell wall pixels 140, check grade of image based on L value 150,
grade the image as Grade 1 if the L value is no less than 195 160, grade the image as Grade
2 if the L value is no less than 173 but less than 195 170, and grade the image as Grade 3 if
the L value is less than 173 180. The predetermined threshold is determined empirically by
measuring the angles from the images collected; the value is dependent on the CIELAB
values of the images and may differ for a different set of images. The similar operations

having been described above will not be repeated herein.



"orientation” is over a predeterm ned threshold 110, grade the inmage as
Grade O if the "orientation" is over the predeterm ned threshold 120,
extract cell wall pixels from CIELAB image if the "orientation” is |ess
than the predeterm ned threshold 130, obtain nean Cl ELAB val ue of cel

wal | pixel s 140, check grade of image bafed on L val ue 150, grade the
image as G.ade 1 if the L value is no less than 195 160, grade the imge as
Grade 2 if9%fe L vailbe eﬁgaqﬁ@nuésogllt\h@lh pixeSs ﬁunn CEIAR haagekIB01LROs siande

rade the i f ue. is less than 173 180. The
gr edet er ni ned t a?igeg%r&gﬁmﬁng Héﬁrjx et %n’ff tplpéeaf‘ﬁisﬁgnﬁ va H@a@”ﬁﬁ‘?%“otrﬂ@e%‘ﬁl es
fromthe i ﬂmdaskgrohﬂcb@uﬂdus drlde:eMaldle f¢rsexaﬁa@%1@$m G}'foﬂﬁh%k%bé%% yadugs of

thelrrages a different set i mages he simlar

f
oper ati ons™ %R?r ﬁéd gieg 1%@5& |C%1édV3ébWéeWVﬁly mofABé f@@gﬁéat Ehbnhéhfedmtange
[0040] Theb&%érﬁ@atch%nxé? %ﬁﬁét eallBbt th%érl S, 1s e@sucrle%gA%t%r&E}g hggscys ?Hga is

sinple mathenmati cal at1ons. Seé
val ues ar ethgsdartess; t}@ps@slewhoset dhetab@eckglﬂ%@d\sel gl ehee bisor@mdisC el clidiflcatior

exanpl e, ( for. hackground, (0, -128) for nucleus, and (127,127)
for cell ﬁ%g%éde@%%tﬁ ly in (A B) format. Then, the distance between

each pi xel [oagRi nst eﬂsabp&adoheo%bﬁa% fie deSmBRAEHIERR |91 S RL p‘&‘élﬁ:m

distance is the shortest; the seed ose distance to the |xe
shortest i&cqikRs the aueis fepreserding the selfvedl ﬁrmntthahxqmcmeh of k:é)lﬂ)%]l pikels from

h | |1 wal | pixels 140
ecerves. 1 oy PR A BelTn s P RaBlaFen il pielnremescosif A Svel ivel |

wal | pi xel avefagedrio &l EthdBndafBIBS ABIud (19 rLBewalI BLAR, val ues of all pixels
representln(? the cell wall is averaged to give the nean Cl ELAB val ue (L)

of cell wdP¥¥2pixel s.If @Gﬂezl}lﬁllsﬁléﬁ ginthe iinggests s¢@Bd ahen the image is

scored as [do43p043] Iif i < 195.then the inage is
scored as 3 0044] %hte egﬂxlgﬁ Llﬁsang L1%§9€ﬂlgﬂlf]ﬁ@%gﬁ§gsé?ofega§§ored as 3
[ 0045] Thdog#sksent |IﬁuheMGanﬂL1fswlt?h&herptlh@\fmégfﬁls@cd}é&)ﬁﬁ§s for autonated
grading o 0- speilélrrens that first enploys a 2-dinensional histogram

plotted f r[%%gi he pi X8F RigeRewvension fygheipgaidenp Hfﬁ@sbif@-%mﬁltﬁda geadingr of
di stingui $i- Eiﬂ:cﬂl‘i‘egﬁtthéfq}réteerﬂplo¥_ﬂ9 DB QbR %Ps?&%rgﬁgﬁottedrp@n e 'pltxle]g ¥al ?efe%t ’

cancer) ones and then grades e positive bio

oper at i on®f thedmagksrg th@blpapsclmb%mﬂlsuagmxelﬂng seginiealag.i aanantifepsineaent .

Briefly, tﬁ%?n ut-oma t(ed gr adi g roce uses the 2D histogram descri bed

above 1o & C% mve (e cancer)~ones, an then grades the positive bio-specimens with
subsequent operations including various classification, segmentation and measurement.
Briefly, the automated grading process uses the 2D histogram described above to quickly
separate score 0 samples (i.e., negative ones) from samples of other scores (i.e., positive
ones). Finally, the stain of the cell membranes of the resultant cells is measured to
determine the final score of the sample.
[0046] The present invention further provides an electronic device that includes an
electronic storage medium for storing the programs that are capable of performing the
processes as discussed above, and a microprocessor being electronically coupled with the
storage medium. The electronic device includes, but not limited to, computers, desktops
and laptops.
[0047] The following examples are provided herein for illustrating the principles of

the present invention.

[0048] Examples



separate score O sanples (i.e., negative ones) from sanples of other scores
(i.e., positive ones). Finally, the stain of the cell nenbranes of the
resultant cells is nmeasured to deternmne the final score of the sanple.

[ 0046] The present invention further provides an el ectronic device that

i ncludes an el ectronic storage nedi um fH stori ng the prograns that are

capabl e of (g)grforn‘i ng} the processes as discussed above, and a
ni cr opr oced®8P! bei ng TéF Hetd/oni (6lsb kypowoapt-eBil) bheddese isstwet ageacedimmand he

el ectronic L, CE: , Ja not limgte ters, desktops . and
L G L o RS BT AR e Lo L R
the princi peessigdificdntly apsoefesnt withyait @hcer [QABhcE%aMBERSs JQurtOMEL 1 Lhe

Her 2/ neu (?I sgi known gs. c-erbB2) oncogene is a cell-surface nmenbrane
tyrosine kiHagE4EEept tie prmprotecobieinerlsee dercdl pathobwistsoto3gulotelbraaples

cancer casgs LR fi | oci ated w th, breast cancer
recurrences gﬁcgg%zg??]eﬁ%%u?t?gg{ i rtlﬁe?%%ase%@g%?‘ v % W m&lgé%agd&e%@e%ﬁ 3n(gﬁéesems
pr ot ocol i %ariabilpy hetovebopbskterpat hol ogi sts to grade cell sanples according
to nmenbr ané)0 J]ai ning, the assessnment is intrinsically subjective and
presents aritabi | i t{}roﬁféis\{een observers. [0050] Process | [0051] I nage
Acqui si ti ojp0o§1052] Tn@ggrp&gggit%ed were acqui red through m croscopic

i mgi ng of normal breast tissues as well as the breast tissues of varying
grades of E8%der. Theha imagse used tweomscquisdathtoughroicideopioagagingi dfhn@mal

di i ixels by 1030 pixels: the i then . ted and
saved i n et ASsel s P alhectrinn Bt S eirecbier of picer. THOUBAL SIRIGES  ar o
manual f ocusselty prusidet Migfoed Reth @aﬁq&&%hrﬂfzg@ofﬁie@wq?ﬁ%eﬁ; RS hﬁé%egg&é)“ by

t he hi st opat hol%gidst. The tissues were imunohi stochem cally stal such
C
tE%H ey

t hat cel |l 233 sepd i dAEK foineas e RedeGtaend3lwhi(REBY) lrator afpaed nidesal

breast ti ' f  or d ..[0053] FIG 2
hove 1 yprpaEet e seeuloUsRd Ao ETRe e RS AL R e lbngu e o
cancer ous Histepehologists Tas tighjes (bt inthanehisbehdMedIRi staithed QidhSthhadsl WRllGLP! ue

stain, and th Her -.2/ neu is inmmunohi stochem call'y stained of varying
degr ees Ofnogpglntagaséﬂasus @Fapliue while that of abnormal breast tissue are of varying degrees of

orange and brown.

[0053] FIG 2 shows typical images of normal breast tissue (a) and different stages
of cancerous breast tissues (b)-(d), where the nuclei of cells take up a blue stain, and the
Her-2/neu is immunohistochemically stained of varying degrees of orange and brown.
From visual observations, normal breast tissue cells do not exhibit strong straining vis-a-
vis abnormal breast tissue cells. Strong contrast is usually lacking in normal breast tissue
cells while abnormal breast tissue cell walls usually exhibit varying contrasts of orange,
which determines the score to be assigned to the sample. For visual classification, a score
of 0 is assigned to a sample when no observable staining occurs or when there is less than
10% membranous staining of the tissue cells; score of 1 is given when there is faint or
barely perceptible membrane staining in greater than 10% of cells and the cells are stained
only in part of the sample; score of 2 is given when there is weak to moderate complete
membrane staining in greater than 10% of the tissue cells; and the maximum score of 3 is
assigned when there is strong complete membrane staining in greater than 10% of the
tissue cells.

[0054] Convert an image from Red-Green-Blue (RGB) colour space to CIELAB

colour space



From vi sual observations, normal breast tissue cells do not exhibit strong
straining vis-a- vis abnormal breast tissue cells. Strong contrast is
usually lacking in nornmal breast tissue cells while abnormal breast tissue
cell walls usually exhibit varying contrasts of orange, which determ nes
the score to be assigned to the sanple. For visual classification, a score
of O is assigned to a sanple when no observabl e staining occurs or when
there is | &985t han Tbhomemirbd anaaes isthei RGBJonfat tleee tinssiiel @a) ths pn&ciarnke: of 1

is given e I.s fai.nt o bar el er.cepti bl e menbrane staining in

gr eat er tﬁ%‘égﬁ?{c}ffm%gﬁ%&l%&) tﬁ“ﬁgp%réfl?’é %l’d{-’fc%s #ARYS only in part of the

sanpl e; scmoes]of 2 i Pi@iaenlimBeibdah o drsm Weik Al Qn&fﬁda{afiﬁ&é‘a ! each
ells;

menbr ane st ai ni ng in greater than 10% of the tissue c and the maxi mum
score of 3PielofdBe{HietBiese t here is strong conpl ete menbrane staining in

greater thggs40% of esntissue cells. [005 Vv, an i mage from
Red- & een-%l ue (RGB) qhtl(;eo %lﬁlrl&gs%grg% ?romagEiKBtﬂeccgﬁgég éoﬁlﬁﬁtew‘irf%‘ft&ﬁl@ﬁ’]th The
acqui red i arsig@shirmel hdueRGE o dinged the¥peraGiony e difdsdeAtBodche ones in the

to the operations as discussed above. [0056] Plot a

Cl ELAB fo(r)ﬁgé accordi n%Y . [ _ .

2- di nensi 81hi st ogFaRYSH R 2alimgasienal histoesim yan bieeryfimage each  pi xel of the
Cl ELAB | 6591 0057] Hal r .l es hn the ClIELAB for wer e
ol ottod wiepeh oy TGS B ATNRP R b R Re! e B e o St B I e

di scussed eistaiens pOd58ksedmboues.t t he 2-di nensional histogramto a binary

I mage [ 00 ;solhe 2D istorgrargs were converted into the binary inmages
according 1o the opefdtt {he bHaryimagissed above. [0060] C ean up the binary

i mge [006Gdde1The bi MeHelhidREBS MRS CleBal | i i ons
as di scussed above. [0062 O%%eai n ?hg od n#g?@g%qgg%f{]%efagﬁgg% ‘?Jﬁag"{sgetd
orientati &8°%¢ the elli pse that best fits the binary i nages was cal cul at ed

anal e to e O e B G RIE  Co6s] The not mal and- cancer
sanpl es wgoos3pr aded Thasednt@iiond BEihe eMips8 MAbLQMits the binary images was calculated
according to the operations as discussed above.
[0064] Use the orientation angle to grade the images into 4 grades
[0065] The normal and cancer samples were graded based on their orientation
angles according to the operations as discussed above.
[0066] Results
[0067] A total of 42 samples were obtained and graded, of which 3 samples were
score-0 images, 12 score-1 images, 11 score-2 images, and 16 score-3 images. The grading
process returned 100% accuracy for the score-0 images, 83.33% accuracy for score-1
images, 81.81% for score-2 images, and 87.50% for score-3 images. Overall, 36 out of 42,
or 85.71% of the tissue sample images were scored correctly. The results are summarized

in Table 1 below.

[0068] Table 1. Summary of grading results using A and B components




angl es according to the operations as di scussed above. [0066] Results
[0067] A total of 42 sanples were obtained and graded, of which 3 sanples
were score-0 inages, 12 score-1 images, 11 score-2 inmages, and 16 score-3
I mages. The grading process returned 100% accuracy for the score-0 inmages,
83. 33% accuracy for score-1 inages, 81.¥% for score-2 | mages, and 87.50%
for score-3 images. Overall, 36 out of 42, or 85.71% of the tissue sanple
i mages were scored epnligct!ly. The results are summarized in Table 1 bel ow
[0068] Table 1. Summary of grading results using A and B conponents Actual
score 3 12 11 16 swoaunt 12 Autgdmated scorep3 10 9 149 count [0069] Process
Il [0070] The automated grading process utilizing the L, A and B
conmponent s was aﬁﬂpfed to sanples follow ng the operations as descri bed
above. The predetermned threshold for the "orientation” for 2D hi stogram
pl ot was enpirically obtained as 10. For all sanples, graded the inmage as
Gade O if Bgﬁa"oriep&@%$?p" Is over 10, or extracted cell wall pixels
fronchELAB I rage i f Che®"orientation" is Iess than the 10. Then, gr aded

the inmagewomsed onThdaitbmbed dralsy picadi RGizidient TA9e A K:8880dentd wide L
val ue was no.less than 195,,g?%dingpthe inagé@hs G'ade 2 if tﬁ% Eibg%ﬂe

was no | es®Plipd o 1spmplast follewing Hienoperationsassd desceitiechgbotee iThegeredgeGiinde 3
i f the L valdgoas: eSSy 1.7 071] A total of 42 sanples we
subj ected to the éhtong?% Q§¥h |%%bg¥%%%§§yﬂgﬁﬁﬁsmﬂ@“ﬂ?%HﬁgmBa%@%Bgngﬂis as
descri bed abwwplesOradae tHe2insgaab €ade30 $BMB“BFcMBich”SS oL 8- ), Jr FRE&Sed I
score-1 inqg S. 1%.sc?é€%$ i.mages, and 16 score-3 inmages. Thi s represented
100% accur'’¥ Cp?%lr‘ FarR B_imagerfgbe “otente g ax lesy they theot0.s Ehere gladerslires,
100% f or _ if@@sehaded BRIRSy LaARMAL00%A:E0" " ¢ S L ahk wa L ol of
42, or 97.6% of the tissue sgﬁﬁ%e1%%&%22&#%f%(%%ggzdfg%¥¢é%#?ﬁwmfwge$
resul ts arfkanslttmgrddingitherinfigbhe GRadeel tthe L value was no less than 173 but less than
195, and grading the image as Grade 3 if the L value was less than 173.
[0071] A total of 42 samples were subjected to the automated grading process using
L, A, and B components as described above. Of the 42 samples, 3 samples were score-0
images, 12 score-1 images, 11 score-2 images, and 16 score-3 images. This represented
100% accuracy for the score-0 images, 91.67% accuracy for score-1 images, 100% for
score-2 images, and 100% for score-3 images. Overall, 41 out of 42, or 97.6% of the tissue

sample images were scored correctly. The results are summarized in Table 2 below.

[0072] Table 2. Summary of grading results using L, A and B components

Automated

score 3 11 11 16

count



[0072] Table 2. Summary of grading results using L, A and B conponents
Actual score 3 12 11 16 count Automated score 3 11 11 16 count 13

[0073] One of the advantages of the present invention is that it is able to
qui ckly sieve score-0 images fromthe others. This is nmade possi bl e using
the angl e between the x- axis and the nejor axis of the ellipse within the
2-di mensional histogramto determ ne the score-0 inmages. [0074] The
segnent at i W78f t he Snaiohidd sbubmases! thatpeestMeindidioarie Mat $CiORBR tb JuidkRde

Ben 1ol VSR BEhRs FRECRE siimg it boesis PosslsR ping taameligroRtesorint o
val ues m ghtis atd fHeCrﬁfgoﬂ‘EM@Mﬁﬂhe ellpgt Rﬁ{hn?Hfété-éﬁﬂeﬁ%nmﬁi%?gém%ﬂe@ﬁni‘h@‘rﬂﬁ‘ébr ed

with nore sanples and a wi der range of val ues. e applTcation described
here does #otc-Piepdfde the derivation of segmentation values as many

nmet hods ar ai | abl incl uding these t.hat i ml ement artif.i.cial .
intelli gen@g%neur al ?hen3%1?nepgéloan%fqﬁﬁed%%lﬂe#rﬁ%a%d&% they @)‘@%@Pt SCOTes 1S

| mpor t ant | yadd pessipplidic@ttiihginibes afd abeRRingRt 4 VE BRI GRS ShE Wi gans of
eval uating ti ?sue sanpl e i mages wi thout being subjected to human errors and
per cept i on@mPI§sop e legipingerrogess. i dmplit avierageng ¢fche Walsesmioht sgcr. | Hewewirt h
reference g@epahbfidiehil AL | it.wll be understaqd that th

enbodi nent s ar géﬁtﬁglslﬁétg?fs\r}g%ghg?%%? d Ptk o samples Aid 336§eri rgng?o(ffl Vsaﬁues'

linmted Alheeapplitation destrididriend do@fndt heclpdeede meriiv ANt RBmshklion bacan®
in the art to which the present

apparent to thos avi ng ordinary skill ) _whic .

i nvent i on M8 ?ﬁﬁlﬂgs. arguag/ ﬁﬁ)%h?‘?éiaﬂé@ég dhass dhatemplenang arifivddl deteldigencs, peural
enconpassa@twbkbhid kifgerSRidikbt moddd. scope of the present invention.
Accor di ng the scope of the present invention is described by the

appended ldz(_isﬁﬂrs and Iinpogansiyo teeapphiyatidneprboidegan ohjedeeCariddédneitent thearSLatl M5
What is ¢ le%lﬁgtﬁjng' Pssue sample images without being subjected to human errors and perceptions.

[0076] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.



1. A process for automated gradi ng of bio-specinens enploying a

2-di mensional histogramplotted fromthe pixel values of the inmages of the
bi o- speci nens, said process conprising the steps of: converting an inage
into ClELAB color space if the imge is P in the Cl ELAB col or space;
plotting a 2-dinensi onal histogram\Mtr1/QchanneI and B channel val ues from
the ClELAB val ues of each pixel in the inage; converting the 2-di nensional
hi stograminto a binary i mge by scoring 0 for all cells having values O,

and scoring 1 for all cells having vag#F§P?$eater than 0; cleaning the
bi nary i mage by renoving small spots dx ling of holes; calculating from
the binary image the orientation angle of the ellipse that best fits the

bi nary ina ﬁ? ding the bio-specinens into 4 grades according to
pre-determ Hmt %@ﬁ&lds based on the orientation angle. 2. The process
of claim1, wherein if the image is in Red-Geen-Blue (RGB) colour space,
the step of converting the image into ClELAB col our space conprises:

converti ngl-RGB 4 opt¥eas ffor stifonzatall Ehaeinge ofbir stpe&@e)ié%rﬁ;ﬂoyﬁﬂx@aABde&fn@l n
var R= (. R/ 255 ) //R

t he codes onver XYZ ar as .fol]

fromoO to ‘i‘gtg agLp &eﬁ%‘@%ﬁf ‘FP ef Fl%eomqge% gt thsEhioyspecipens, saig process )
/1B from Ceongpridhiy thé stbpyve _R > 0 04045 ) var R=( ( var_R + 0.055 ) /
1.055) 2.4 else var'% = var R/ 12.92 if ( var_G > 0.04045 ) var_G = (
var_G + 0. 055 )copvartipgsn)imagelinte (C4BLABrco®r=spacer i the irRagdAsinbt {n tharCIBLAB

0. 04045 ) éﬁﬁ%E =.( (var_B+0.05) / 1.055) 2.4 else var B =var B/
12. 92 var ar’R* 100 var_ G=varG* 100 var B = var B * 100 15

plottmg a 2-dimensional histogram with A channel and B channel values from the

CIELAB values of each pixel in the image;

converting the 2-dimensional histogram into a binary image by scoring 0 for all
cells having values 0, and scoring 1 for all cells having values greater than 0;

cleaning the binary image by removing small spots and filling of holes;

calculating from the binary image the orientation angle of the ellipse that best fits
the binary image; and

grading the bio-specimens into 4 grades according to pre-determined thresholds

based on the orientation angle.

2. The process of claim 1, wherein if the image is in Red-Green-Blue (RGB) colour
space, the step of converting the image into CIELAB colour space comprises:
converting RGB to XYZ first, and then converting XYZ to CIELAB;

wherein the codes to convert RGB to XYZ are as follows:

var R = ( R / 255 ) //R from 0 to 255
var G = ( G / 255 ) //G from 0 to 255
var B = ( B / 255 ) //B from 0 to 255

if ( var R > 0.04045 ) var R ( (( var R + 0.055 ) / 1.055 ) ™~ 2.4

else var_R = var R / 12.92

if ( var G > 0.04045 ) var G = ( ( var G + 0.055 ) / 1.055 ) ~ 2.4
else var G = var G / 12.92

if var B > 0.04045 ) var B = ( ( var B + 0.055 ) / 1.055 ) ~ 2.4
else var B = var B / 12.92

var_ R = var R * 100

var G
var B

var G * 100
var B * 100

LIl



X =var_R* 0.4124 + varG * 0.3576 + varB * 0.1805 Y = varR * 0.2126 +
varG* 0.7152 + varB * 0.0722 Z = var_R * 0.0193 + var G* 0.1192 + var B
* 0.9505 and wherein the codes to convert XYZ to ClELAB are as foll ows:
var X = X/ ref X //ref X =95.047 varY =Y / ref _Y //ref Y = 100.000

var Z =Z /[ ref -Z [/ref Z = 108. 883 |f5( var_X > 0.008856 ) var_X = var X
A (T1/3 el se var_X =( 7.787 * var +( 16 / 116 if ( var_Y > 0.008856
) varY = vagryY ~ ( 1/3 elsevar (7 787 * var Y ) + ( 16 / 116 if (
var_Z > 0. (08856 v%r 4 =" Var-7 (351/63+ )VaéL%é Yaf8%2 = ( 7.787 * var Z ) +
( 16 / 116, ] rtR* o (o3 6 *"a\r/ e O 2% 2806 * ( varX - var_Y

Cl E-b* = 200 \P he proc@és of %c1%Pm 1, wherein the
operation a&fd Wh@@lﬂlthﬁgccale&&dmmmi)ﬁﬁéto Chilstdgreasfulidws: A and B channel

val ues from each pixel of the ClIELAB i mage conprises the steps of: for
each pi xel V‘?rprxtﬁép | FPAB i mage, t'hesfAXchanpelsnval ue and the B channel val ue
are plottedon a g I]‘ifi go count theehninberef°%imes when the A and B val ues
have appear toget er’in a pi xé( STwfiet & O he - “graph has the A channel on

the x-axis;r B ¢harnnel, @5‘885%“? AV aggl S gnq( the c unt as the z-axis; and after
plotting atlset he (A B) val ues Rt he graph, *a,a%Dx hi st ogr.am { (1§ d| rren5| on
hi st ogram i (am:XYZ- gr.aptysel $ @Qrame,gr whey ei,a~t he pseudocodes

obt ai ni ng ¢¥ve 2D hi st ogr am ar evaaSy f-ol(l owsy + mar widt:h( ofs y mage; n = hei ght
of inmage; lf’f dr\)’@ltlow{o 09&H56y) wvak &G ma{ Z "~ (1/3)

varZ=( 787*varZ)+(l6/116)
CIE-L* = ( 116 * var Y ) - 16
CIE-a* = 500 * ( var_X - var Y )
CIE-b* = 200 * ( var_Y - var 7 )
3. The process of claim 1, wherein the operation of plotting a 2-dimensional

histogram with A and B channel values from each pixel of the CIELAB image comprises
the steps of:

for each pixel in the CIELAB image, the A channel value and the B channel value
are plotted on a graph to count the number of times when the A and B values have
appeared together in a pixel, where the graph has the A channel on the x-axis, B channel on
the y-axis and the count as the z-axis; and

after plotting all the (A,B) values on the graph, a 2D histogram (a 2-dimension
histogram is an XYZ graph) is obtained;

wherein the pseudocodes for obtaining the 2D histogram are as follows:

m = width of image;

n = height of image;

forx=1tom {
fory=1ton {
(l,a,b) = get pixel value at (x,y);
histogram(a,b)=histogram(a,b)+1;
5
15
thereby, since the 2D histogram keeps a count of the number of times when (a,b)
has been plotted together in a pixel, it is a 3-dimensional graph in essence where the 3rd

dimension is the count.



(I,a,b) = get pixel value at (x,y); histogramn(a,b)=histogran(a,b)+ 1;

t hereby, since the 2D hi stogram keeps a count of the nunber of tines when
(a,b) has been plotted together in a pixel, it is a 3-dinmensional graph in
essence where the 3rd dinension is the count. 16 4. The process of claim
1, wherein the operation of converting t¥e 2- di mensi onal hi stogramto a

bi nary i mage conprises the steps of: for every cell(or pixel) in the

hi stogram i f t R8e P&rqess af glrithsl,givkereisr the paraion tdfecopivsrgihg than 2tdimetsiorat y

i mage is gi f. 1: . e pixel. in the binary image is given a
val ue of g* %?gﬁa&ﬁﬁﬁ‘gééﬁﬁ%gﬁﬁﬁéng er)88fw‘version of the 2D hi stogram
into the binaryfdrrage catler phelfialthoMiStogh@l, ikthe cdll YRluk s greathoih}T 8! @B bixel
If(histograq%x ﬁ3>0 :binary_inaqe(x é):l; el se binary_i mage(x,y)=0; 5. The
process of TEPRPHAR Mae isgikTh hualupat htdlsnthepiwl uhe hyabpimage I94iFer s valnage
conprises pf@ steps of: elimnating the background noise fromthe binary

i mage by renoving of small spots and filling up holes. 6. The process of
claim5, whemdicrein te psewdneadesobor soraletsiapeatthe 2B ldavgrabyiney hsibonary Ggeakd on
fol |l oned bgigpgation operation; and the filling up of holes in the inage is
done by di1 '8ty operation and follow by erosion operation. 7. The process
of claim1l1, wheteilnohhe operation of calculating the orientation angle
conpri ses theﬂﬁgep§upﬁ{ fromthe cleaned binary inmage, the orientation of

the elli t hey i i is.cal culated by th ti 1
and (62)I EZIeowg h‘ﬁ%ﬁ%ﬁ ;E&;gg%?r@%%&e@’syfﬁaﬁij 1 okil 1 (1)e cquations (1)

15
5. The process of claim 1, wherein the operation of cleaning up the binary image
comprises the steps of:
eliminating the background noise from the binary image by removing of small

spots and filling up holes.

6. The process of claim 5, wherein the removal of small spots is done by erosion
operation followed by dilation operation; and the filling up of holes in the image is done by

dilation operation and follow by erosion operation.

7. The process of claim 1, wherein the operation of calculating the orientation angle
comprises the steps of:
from the cleaned binary image, the orientation of the ellipse that best fits the image

is calculated by the equations (1) and (2) below:

Orientation angle = 0.5 X tan™1 l 211 J
Moo~ Moz (1)

Hp,q=33 (x—2)P (y-7)%)
(xy) R
2)
Where p,q=0,1,2 and region R represents the image that contains N pixels (N is the

total number of pixels in region R), x and y are the 2-dimensional coordinate variables and



[U2,0 - fI 0,2 Ip,g=2:Z(x-- )p (V_)aq) (x,y) ER(2) Were p,g=0,1,2 and
region R represents the imge that contains N pixels (Nis the total

nunber of pixels in region R, x and y are the 2-di nensional coordinate
variables and 17 1 =- YY-X (xv) r- R (3 1 (.x,:y) t R(4) 8. The process
of claim1l, wherein the operation of grading the imges conprises the

steps of: If orientation angle > threshold 1, image is grade O; if

t hresho < orientlatign angle _< thresho , image is grade 1; i
h hold 2 i _l_a}:QnY I h hold 1, i i de 1; if
en a

threshold 3 < ori%ﬁme;_qu ngle < threshold 2, image is grade 2; if
orientation angle :5 threshdBd 3, image is grade 3; wherein the threshold

for each grade is determned enpirically. 9. A process of autonmated grading
of bio-specinenSng_egggpying a 2-di nensional histogramplotted fromthe

pi xel val ues of ThéVud. es of the bio-specinmens and using the L conponent
of the cell wall pixels to dél ermine the grade of the inage, said process
conprising the steps of: converting an inage into Cl ELAB col or space if the
image is not in the CIELAB color space; plotting a 2-dinensional histogram
with A chafnel &iiPBcessafinkim\iamhersif themptiation GF EtadBigviat irasges bomartesphel

in the inaggﬁ(ﬁonverting t he 2-di nensional histograminto a binary inage by
scoring O r all cells having values 0, and scoring 1 for all cells

having val ues gifeaicaratibhangl;> ehresRIdY, fhebis N4 b, MRYKreMb1d QOY}iBGaGIR! |
spots and filling of holes; obtaining the "orientation” for 2D histogram
pl ot, and %@c%itgﬁsbﬁ_%tlh@n&gﬁé grady il eift tardsbold 3 s @icatationpnekiet dhrashoat 2,
threshol d, in%arg]g i gqgc?edé;qgorger}l%at}o% Eleaﬁs thrGersggl% 3(,) irlnffiget irs] ?grade 3; wherein the threshold

for each grade is determined empirically.

9. A process of automated grading of bio-specimens by employing a 2-dimensional
histogram plotted from the pixel values of the images of the bio-specimens and using the L
component of the cell wall pixels to determine the grade of the image, said process
comprising the steps of:
converting an image into CIELAB color épace if the image is not in the CIELAB
color space;
plotting a 2-dimensional histogram with A channel and B channel values from the
CIELAB values of each pixel in the image;
converting the 2-dimensional histogram into a binary image by scoring O for all
cells having values 0, and scoring 1 for all cells having values greater than 0;
cleaning the binary image by removing small spots and filling of holes;
obtaining the “orientation” for 2D histogram plot, and checking whether the
“orientation” is over a predetermined threshold, then grading the image as Grade 0 if the
“orientation” is over the predetermined threshold;
extracting cell wall pixels from CIELAB image if the “orientation” is less than the
predetermined threshold;
obtaining mean CIELAB value (L value) of cell wall pixels; and

grading image based on L value.



"orientation"” is over the predeterm ned threshold; extracting cell wall

pi xels from CIELAB image if the "orientation" is |ess than the

predet erm ned threshol d; obtaining nmean Cl ELAB val ue (L val ue) of cell wall
pi xel s; and grading inmage based on L value. 18 10. The process of claim
9, wherein the operation of converting t imge into ClELAB col our space
conprises: converting RG to XYZ first, and then converting XYZ to Cl ELAB;
wher ei n t hé0-codébe trsoEenwéralaimas, tvehex¥Z the eopasatibol dfovenvertargRihe {mdRe/ inB55 )
/IR fromO = /. .255 ) //GfromO to 255 var_ B =( B/ 255
) /1B fromcgg%%gggla‘m?%pgfeﬁé?% ®$ 0.04045 ) var R= ( ( var_ R+ 0.055 ) /
1.055 ) 2.4 el smveaingRGB veKYR firsd dn@hehcohveyle By7 9 (9RPAB:) varG = ( (
var_G + 0.055 ) {1 1,01?5 ) 2.4 else varG=varG/ 12.92 if ( var_B >
0.04045 ) var _pWacreithggedes to congmBReB to Kb greys follpwsel se var B = var B/
12.92 var _R = var Q; qsgo) var_G=var_G* 100 var B =var B * 100 X =
var_R * 0. 412 ;(V r\, G:* 0.3576 4;?‘/53‘;{8‘“*0 0°1805 Y = var_R * 0.2126 + var_G
27077152 L waph * §. b2 ' Z = var R 3393’%3325‘5 var G* 01192 + var B *
0.9505 and wherein the codes to convert Z%to CIELAB are as fol | ows:
var_X = X iz nefaXy/ 4 rebades=) 9%.047-var_y.,=xY; o 5§ ,Y,// ket Y.=,100.000

var_Z = Zdiseef -Z [/ref -Z =2108.883r af/(2mar_X > 0.008856 ) var_X =
var_X N (49 3 edsé var 0% ( var/B7-* VararXc)+ ©.(5516 / 11365 ) ~ 2.4

glse var_ G = var G / 12.92

if ( var B > 0.04045 ) var B = ( ( var B + 0.055 ) / 1.055 ) ~ 2.4
else var B = var B / 12.92

var_R = var R * 100

var_G = var G * 100

var_B = var B * 100

X var R * 0.4124 + var G * 0.3576 + var B * 0.1805

Y
Z

and wherein the codes to convert XYZ to CIELAB are as follows:

var R * 0.2126 + var G * 0.7152 + var B * 0.0722
var R * 0.0193 + var G * 0.1192 + var:B * 0.9505

([

var X = X / ref X //ref X = 095,047

var_ Y = Y / ref ¥ //ref Y = 100.000

var_Z = 2 / ref Z //ref 7z = 108.883

if ( var_X > 0.008856 )} var X = var X ~ ( 1/3 )

glse var X = ( 7.787 * var X ) + ( 16 / 116 )
if ( var Y > 0.008856 ) var Y = var Y ~ ( 1/3 )

glse var Y = ( 7.787 * var Y ) + ( 16 / 116 )
if ( var_Z > 0.008856 ) var_ 72 = var Z ~ {( 1/3 )

else var Z = ( 7.787 * var 2 )} + ( 16 / 116 )
CIE-L* = ( 116 ~* var Y ) - 16

CIE-a* = 500 * [ var X - var Y )

CIE-b* = 200 * ( var Y - var 7 )

11. The process of claim 9, wherein the operation of plotting a 2-dimensional

histogram with A and B channel values from each pixel of the CIELAB image comprises
the steps of:

for each pixel in the CIELAB image, the A channel value and the B channel value
are plotted on a graph to count the number of times when the A and B values have
appeared together in a pixel, where the graph has the A channel on the x-axis, B channel on

the y-axis and the count as the z-axis; and



if ( var_Y > 0.008856 ) var_Y =var_ Y ( 1/3 ) else var_Y = ( 7.7U * var_Y
) + ( 16 / 116 if ( var_Z > 0.008856 ) var Z =var_ Z "™ ( 1/3 ) else var_Z
=( 7.787 * var 2z ) + ( 16 / 116 CE-L* = ( 116 * var_Y ) - 16 CE-a* =
500 * ( varX - var_Y CIE-b* = 200 * ( var Y - var Z 11. The process of
claim9, wherein the operation of pl otti1r9g a 2-dinensional histogramwth
A and B channel values from each pixel of the CIELAB i mage conprises the

steps of. for ealdd Pptkieg allnthe K4.8) FUAS bmalge graphea ADchatgedm Valubmandort he B

channel va I . a.graph to count the nunber of tinmes when the
A and B valﬁéggraﬁg\%eaa)Q%%ggalpgglstoggaé’? er in a pixel, where the graph has the

A channel on t hehxemxhs pseBdedasN®r 00RiniAd@e YT sSARL REFARWAL as the
z-axis; and 19 after plotting all the (A B) values on the graph, a 2D

hi st ogram (a 2-%?@%&@ Bhimageist ogram i s an XYZ graph) is obtained; wherein

t he pseudocodes! Fdeigdbelmeesig t he 2D hi stogramare as follows: in = width
of image; n = height of image; for x=1to in { fory=1ton{ (l,a,b) = get
pi xel value at foxxy)! torhi{st ogran(a, b) =hi stogranm(a, b)+ 1; thereby, since the
2D hi st ogr am keepsy & lccount of the nunber of tinmes when (a,b) has been

pl otted together (i,abp=pivplel vhllie bb(xd)3- di mensi onal graph in essence where

the 3rd dinensi %qgtégsa&@q,)ggggggrang( mhe process of claim9, wherein the
operation of converting fhe 2- iman’s?oﬁal hi stogramto a binary i mage
conprises the st.eps of: for every cell(or pixel) in the histogram if the
cell value is Egr%}?,rsir}cg%ﬁ]e 91’) }}iggglghlxgeps a count of the number of times when (a,b)

has been plotted together in a pixel, it is a 3-dimensional graph in essence where the 3rd

dimension is the count.

12. The process of claim 9, wherein the operation of converting the 2-dimensional
histogram to a binary image comprises the steps of:
for every cell(or pixel) in the histogram, if the cell value is greater than 0, the pixel
in the binary image is given a value of 1; else, the pixel in the binary image is given a value
of 0;
wherein the pseudocodes for conversion of the 2D histogram into the binary image are
as follows:

forx=1tom {
fory=1ton {
If(histogram(x,y)>0)=binary_image(x,y)=1;
else binary_image(x,y)=0;
b
55

13. The process of claim 9, wherein the operation of cleaning up the binary image
comprises the steps of:
eliminating the background noise from the binary image by removing of small

spots and filling up holes.



in the binary image is given a value of 1; else, the pixel in the binary
image is given a value of 0; wherein the pseudocodes for conversion of the
2D histograminto the binary image are as follows: forx=l tom{ fory=l to
n |1f(histogranm(x,y)>0)=binary_imge(x,y)=1; else binary_i mge(x,y)=0; 13.
The process of claim9, wherein the oper&tion of cleaning up the binary

i mage rlses the steps of: elimnating the background noise fromthe
binary i m ”8 by %Wﬁ%gobﬂamm whergt ﬁleaamwalldflsngllwpotmoﬂseﬁmew erdslon The

process of t he renpval of s s one by er05|on
operation % %ﬁgwk X§%¥8ﬁ‘%ﬁ 18P5 tﬁ%ﬁamgﬁﬁcnge?Hbtﬁﬁn%FIHSP%%3in

t he i mage dﬂmdmn@eﬁyondmiﬁﬂbaﬂnﬂﬁ6§@ﬁbﬂﬁ1ﬂﬁﬂ foll ow by erosion operation
15. The process of claim9, wherein the operation of obtaining the
“orientation" conprises the steps of: fromthe cleaned binary inage, the
Cruers ol TS e Bl ERe ket PeRtell b8 MOS8 gyl S50t 2
- 40,2 (1)Conﬁprqsss(hestepx)>P( )q) (x,.v) ER (2) Were p,qg=0,1,2 and region
R represents tgﬁ nggé 8 ontains N pixels (Nis the total nunber of

pi xel s in regi orORY th‘aéY ENfgse the-Qrichiation ehdie elinse dhanhes inibe abpgss and

1 _N2x (i calchlafed By (R equati&is(1) and (2) below:

Orientation angle = 05 X tan™*

Hi1 j
Hao— Moz (1)

Hp,a=33 (x—2)? -7
{x,vYER
) |
Where p,q=0,1,2 and region R represents the image that contains N pixels (N is the

total number of pixels in region R), x and y are the 2-dimensional coordinate variables and

:\:_— P
('{‘ YIER (3)
1
V=5 XLV
(x.7} ER (4)
16. The process of claim 9, wherein the operation of extracting cell wall pixels from

CIELAB images comprises the steps of:

using 3 seeds with pre-assigned values are used to represent the background,
nucleus and cell wall; and

measuring the distance between each pixel against each of these seeds to determine
which distance is the shortest; wherein the seed whose distance to the pixel is the shortest

is the classification assigned to that pixel.

17. The process of claim 9, wherein the operation of obtaining the mean CIELAB value

of cell wall pixels comprises the steps of:

receiving the pixels representing the cell wall from the extraction of cell wall pixels
from CIELAB images; and



(x,y) ER (4) 16. The process of claim9, wherein the operation of
extracting cell wall pixels from ClIELAB i mages conpri ses the steps of:
using 3 seeds with pre-assigned values are used to represent the
background, nucleus and cell wall; and neasuring the distance between each
pi xel agai nst each of these seeds to det&tnine which distance is the
shortest; wherein the seed whose distance to the pixel is the shortest s
the cl assifi cat ronagisgitlgn€tELAB thahtes pif el pixdld repFb@npn® @RS 0falt kagie Yhe

wherein th i, an of tai ni ng. the mean Cl ELAB val ue of cell wall
pi xel s corr%e?lggslgﬁ“hg VS&S&EPB Cfelﬂr EP¥Flig t he pixels representing the cell

wall fromthe extraction of cell wall pixels fromCl ELAB i mages; and 21
averaging the ClELAB val ues of all pixels representing the cell wall to
give the #ean &nEissBonigidaect egmprfisiesl | wal | pi xel s. 18. An el ectronic

devi ce conpri si pg: roni Gg. stor dj,um enbedded w th
el ectronically glg%lgutbgg gg%g%aqre (L1 elgﬁ%%gg%1@a§p$%@§gcaﬂy B’éqCH{jgfg program,
el ectronicaddy coupled with the el ectronic storage nmedium executing the

enbedded program .wherein the programis capable of performng the
operations of. &8HVEPIFE§ObringelgeiromeadlyGorplas vat e clgstroricisforageemediame i s

not in theexChirlARe ERbded plotting a 2-di nensional histogramwth A
channel and B channgﬁ)i veﬂeu@g&??%’m the CIELAB val ues of each pixel in the

i mage; conver t i whertiheh@prdgraanisicapatile b [sdrfoamai® the bperatidis@r y | mage by
scoring O for all cells having values 0, and scoring 1 for all cells
havi ng val ues great eFPTREMERD BragsHnigCHHeAB| Gokaryspaetafeheymagarisvigidn éheal |
spots and CIHUAMEoIef sgagd.es; cal culating fromthe binary image the
orientation angle of the ellipse that best fits the binary inmage; and
gradi ng the bi o-¥@bes aBriimendenall higteanies vatcArctimg! tod Prekadet esloesniesin the

threshol dsoigr A values of each pixel in the image;
converting the 2-dimensional histogram into a binary image by scoring 0 for all
cells having values 0, and scoring 1 for all cells having values greater than 0;
cleaning the binary image by removing small spots and filling of holes;
calculating from the binary image the orientation angle of the ellipse that best fits
the binary image; and

grading the bio-specimens into 4 grades according to pre-determined thresholds

based on the orientation angle.

19. An electronic device comprising:
an electronic storage medium embedded with an electronically executable program;
and
a microprocessor being electronically coupled with the electronic storage medium,
executing the embedded program;
wherein the program is capable of performing the operations of:
converting an image into CIELAB color space if the image is not in the

CIELAB color space;

plotting a 2-dimensional histogram with A channel and B channel values from the

CIELAB values of each pixel in the image;



based on the orientation angle. 19. An electronic device conprising: an

el ectroni c storage nedi um enbedded with an el ectronically executable
program and a m croprocessor being electronically coupled with the

el ectronic storage nedium executing the enbedded program wherein the
programis capable of performng the op 4tions of: converti ng an i mge
into Cl ELAB col or space |f the image is not in the ClELAB color space;
plotting a 2-di RAERSIBather- §W?Qﬁlézmlvhlsﬂ0gmnthawadjmeamdm6g©hgrsn@hngvalfuesﬂf rom

the Cl ELA C e conver the

2- di nensi o%atl}éaﬁﬁ?s ogruggn@ig} ps'céﬁ ngorr G ﬁgggg%g ‘é%‘é?slgﬁif“% tﬁfl Br%all cells

havi ng val ues Ogleaming ﬁmdnma’nguﬁlagedcry @HOVQ@shﬁﬂ]f},g(\jﬂslagd valnyes hereeat er than O;
cl eaning the bi n&é mi]% by removing smal| spots and fi'lling ‘of hol es;
obtaining the ' BV P OHEaCon OTieatation’ Pk 2By histagpm tplotasdd cdhe@iknglg*/hﬂtm tbe t he

"orient at i edenta$iof & oier BN FERGIIANE s 51%591%5%{%1 hep {rlt%gc% gg ripcfa ¢ fBpe as

Grade O if the "orientation” Is over tEe pre
extract i ng @niatigal is qyextk prédeemmGicELABsHomhge i f the ‘orientation” is |ess

than the rede ned sho obt ai ni ng nean Cl ELAB val ue (L val ue) of
cel | wall B. xeéﬁra& Ced#‘g Hﬁ‘essn%‘a @E&é@ glhagE i{/fyejgrientation” is le(ss than the)

predetermined threshold;

obtaining mean CIELAB value (L value) of cell wall pixels; and

grading image based on L value.



