1 This invention relates to a nethod, an apparatus and a conputer program
for neasurenment of mtotic activity, which indicates cell division taking
place in a tissue specinmen: it is particularly relevant to naking
measurenents on potentially cancerous tissue such as breast cancer tissue.
The nethod is also relevant to other forns of cancer 5 such as colon and
cervical cancer. Breast cancer is a commpn formof fenale cancer, and al so
occurs to a lesser extent in the nale: once a lesion indicative of breast
cancer has been detected, tissue sanples are taken and exam ned by a
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Published International Application No. WO 02/47032 A1 relates to measurement of DNA
in cells from cell images to indicate mitotic phase. It refers to the use of other image
analysis parameters giving one example, magnitude of intensity variance, but does not

give details of how this variance can be used to indicate mitotic activity.

20 There is a need to provide an objective form of measurement of mitotic activity to inform a

pathologist’s diagnosis and patient treatment.

In one aspect, the presenf invention provides a method of measuring mitotic activity from
histopathological specimen image data, characterised in that the method has the steps of:
&) identifying pixels in the image data having luminances associated with mitotic figures;
25 b) selecting from among the identified pixels a reference pixel which is sufficiently close
in position and luminance to another identified pixel to provide a reference colour;
c) locating pixels in the image data with luminances sufficiently close to that of the
reference colour to indicate potentially mitotic figures;
d) incrementing image regions' corresponding to potentially mitotic figures from the
30 located pixels by adding pixels thereto, potential increments to image regions being



30 | ocated pixels by adding pixels thereto, potential increnents to inage
regions being 2 inplenented or rejected by according to whether or not
their lum nances are sufficiently close to respective inage region

| um nances and sufficiently far froman inage data background | um nance; e)
sel ecting grown image regions on the basis of thresholds for inmage region
area, 5 conpactness and w dth/height raty o; and f) counting selected grown
i mage regions as actually indicating mtotic figures on the basis of a
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The step of counting selected grown image regions may also involve thresholds for region
area and luminance. Successive potential increments to image regions may be individual
pixels each of which is an immediate row or column neighbour of an existing image region
pixel. Step b) may implemented with a reference pixel having a luminance differing by less

20  than 8% compared to another identified pixel distant from it by not more than two percent
of a smaller of two image dimensions.

Step a) may include white balancing and median filtering the imége data prior to

identifying pixels having iuminances corresponding to mitotic figures. In step c) pixels may

be cued for acceptance or rejection as regards indicating mitotic figures by:

25 a) thresholding colour image data to remove pixels lacking intensities associated with

mitotic figure imagery,

b} removal pixels not present in all colours, and

¢) thresholding image region areas to remove those too small and too large to be
potential mitotic figures.



c) threshol ding image region areas to renove those too snmall and too | arge
to be potential mtotic figures. 3 In step ¢c) pixels may alternatively be
cued for acceptance or rejection as regards indicating mtotic figures by:
a) segnenting to identify pixels with intensities associated with mtotic
figure imagery, b) threshol ding imge region areas to renove those too snal
and too large to be 5 potential mtotic3figures, c¢) cluster analysis to
determ ne whether or not a pixel's inage region is in a sufficiently large
cluster, and d) necrotic and hairy edge filtering. In another aspect, the
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n b) selecting from among the identified pixels a reference pixel which is sufficiently close
in position and luminance to another identified pixel to provide a reference ¢o|our;
15 c¢) locating pixels in the image data with luminances sufficiently close to that of the
reference colour to indicate potentially mitotic figures;

d) incrementing image regions corresponding to potentially mitotic figures from the
located pixels by adding pixels thereto, potential increments to image regions being
implemented or rejected by according to whether or not their luminances are

20 sufficiently close to respective image region luminances and sufficiently far from an
image data background luminance;

e) selecting grown image regions on the basis of thresholds for image region area,
compactness and width/height ratio; and

f) counting selected grown image regions as actually indicating mitotic figures on the

25 basis of a threshold for number of such regions. '

In yet another aspect, the present invention provides a computer program for use in
measuring mitotic activity from histopathological specimen image data, characterised in
that the computer program contains instructions to control a computer to implement the
steps of:
30 a) identifying pixels in the image data having luminances associated with mitotic figures;
b) selecting from among the identified pixels a reference pixel which is sufficiently close
in position and luminance to another identified pixel to provide a reference colour;

c) locating pixels in the image data with luminances sufficiently close to that of the



that the conputer programcontains instructions to control a conputer to

I npl ement the steps of: 30 a) identifying pixels in the i mage data havi ng

| um nances associated with mtotic figures; b) selecting fromanong the
identified pixels a reference pixel which is sufficiently elose in position
and |l um nance to another identified pixel to provide a reference col our; c)

| ocating pixels in the inmage data with I4m nances sufficiently close to that
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m ght be norg@nigdcinésy afewidiRmdigherdiedident s thereof will now be described,
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activipy of JR@ ofldMeIshbRTer AitdbdrHf S eglonsg M tosis cueing, feature _
detection and counting; Figure 2 shows Iin nore detail mtosis cueing in the
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approach t. erﬁ"ﬂ"%%!t%’ BRRATRYSI g KAMPYIST irediabL fereats |f g inyentien gmak have
| |1 ustrat grefériay featired ediiicHiah t%éﬂﬁé&boh@iﬁg%tﬁdcﬁéé_be‘é%m mleddnl N the Figure

3 mtosis cueing procedure; and Figure shows in nore detail mtosis
feature detection in the procedure of Figure 1.

In order that the invention might be more fully understood, embodiments thereof will now
be described, by way of example only, with reference to the accompanying drawings, in
15  which:-

Figure 1 is a block diagram of a procedure for measuring mitosis activity of the
invention, and incorporating mitosis cueing, feature detection and counting;

Figure 2  shows in more detail mitosis cueing in the procedure of Figure 1;

Figure 3 is a block diagram of an alternative approach to mitosis cueing in the
20 procedure of Figure 1;

Figure 4 illustrates the use of hidden Markov random field segmentation in the Figure 3

mitosis cueing procedure; and

Figure 5 shows in more detail mitosis feature detection in the procedure of Figure 1.

Referring to Figure 1, a procedure 10 for the assessment of tissue samples in the form of
25 histopathological slides of potential carcinomas of the breast is shown. This drawing
illustrates processes for measuring mitotic activity to produce a parameter for use by a

pathologist as the basis for assessing patient diagnosis.

The procedure 10 employs a database 12, which maintains digitised image data obtained
from histological slides as will be described later. Sections are taken (cut) from breast

30 tissue samples (biopsies) and placed on respective slides. Slides are stained using the



Referring to Figure 1, a procedure 10 for the assessnent of tissue sanples
in the formof 25 histopathol ogical slides of potential carcinomas of the
breast is shown. This drawing illustrates processes for neasuring mtotic
activity to produce a paraneter for use by a pathol ogist as the basis for
assessing patient diagnosis. The procedure 10 enpl oys a database 12, which
mai ntains digitised i nage data obtained s from histological slides as wll be
described later. Sections are taken (cut) frombreast 30 tissue sanples
(bi opsi es), and pl aced on res ctiv |ides. Slides are stained using the 5
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speci nen gives an indication of the degree of <cell division that is taking
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10 indications of mtotic activity. This manual procedure i nvol ves a
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each slide is a set of digital inmages obtained at a 1inear magnification of
40 (i.e. 2DXp meagHemgalyirbesnd Sircapeet r bg @ro@éﬁlhﬁ&@éﬁf@efoﬁesénb?q & iy To

sel ect i | and at- 40X
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rragnlflcatlon sel'ects regions of the s ch appear to be nost
promsing in terns of analysing of mtotic activity. Each of these regions

i's then phré GueARNEdses imshd B8ta from histological slides. In the present example, image
data were obtained by a pathologist using Zeiss Axioskop microscope with a Jenoptiks
Progres 3012 digital camera. Image data from each slide is a set of digital images
obtained at a linear magnification of 40 (i.e. 40X), each image being an electronic
equivalent of a tile.

20 To select images, a pathologist scans the microscope over a slide, and at 40X
magnification selects regions (tiles) of the slide which appear to be most promising in
terms of analysing of mitotic activity. Each of these regions is then photographed using the
microscope and digital camera referred to above, and this produces for each region a
respective digitised image in three colours, i.e. red, green and blue (R, G & B). Three

25  intensity values are obtained for each pixel in a pixel array to provide an image as a
combination of R, G and B image planes. This image data is stored temporarily at 12 for
later use. Ten digitised images are required for measurement of mitotic activity at _14

which then provides input to a diagnostic report at 28.

A number of processes 16 to 20 will be described to measure mitotic activity in a given
30  sample: these comprise two alternative mitotic cueing processes 16 and 18 and a mitotic



m croscope and digital canera referred to above, and this produces for each
region a respective digitised image in three colours, i.e. red, green and
blue (RR G & B). Three 25 intensity val ues are obtained for each pixel in a
pi xel array to provide an image as a conbination of R, G and B i nage

pl anes. This inmage data is stored tenporarily at 12 for later use. Ten
digitised images are required for neasureenent of mtotic activity at 14

whi ch then provides input to a diagnostic report at 28. A nunber of
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and a m t olitotic ount &atuse by dedatiodiogist. pr ocess 20. The neasure of mtotic
activity is converted at 26 into a mtotic count for use by a pathol ogi st.
Referring now to Figure 2, the first alternative mtotic cueing process 16
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(red) intesigities, one B (blue) 10 and one G (green). For exanple, an inmage
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intensity values, 0 to 255, and a histogram ordinate axis of nunber of
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above. | mges produced using a different
15 The next stage is to threshold the R, G or B image planes at 32: to implement this, firstly

the total number Ny of pixels in an image plane is counted (this will be the same value for

all three image planes). For each image plane Ny is then divided by a respective empirical

R, G or B parameter Pr, Pg or Py determined from experience of implementing the

“invention: parameter values Pr = 100, Pg = 100 and Pg = 140 were derived manually and

20 empirically from a set of 250 test images obtained using the Zeiss Axioskop microscope

and Jenoptiké Progres 3012 camera mentioned above. Images produced using a different

microscope/camera combination might require different parameters. This. procedure gives
three thresholds Tg, Tg and Ty equal respectively to Ny/Pr, Nt/Pg and Nt/Psg.

The histograms and the thresholds Tr, Te and Tg are then used for each image plane to
25  select low intensity pixels whose total number does not exceed the threshold Tg, Tg or Te.
So for example an image having a total number of pixels Ny equal to 20,000 would have a
red and green image planes with Pg= 100, P¢ = 100 and Tg and T equal to 200. For the
blue image plane Tg is 2x10%140 or ~142. In an eight-bit range of pixel intensities with
values 0 fo 255, the red image plane histogram might have numbers of pixels 3, 20, 50, 7,
30 20, 80 and 65 at pixel intensity values 0 to 6 respectively. The total number of pixels
having pixel intensity values 0 to 6 is 245, which exceeds the red image plane threshold Tr



m croscope/ canera conbi nation mght require different paraneters. This
procedure gives three thresholds TR, TG and TB equal respectively to NI/PR,
NT/ PG and NT/PB. The histograns and the thresholds TR, TG and TB are then
used for each image plane to 25 select lowintensity pixels whose total
nunber does not exceed the threshold TR, Tc or TB. So for exanple an inmage
having a total nunmber of pixels NT equaly to 20,000 would have a red and
green i mage planes with PR= 100, PG = 100 and TR and TG equal to 200. For

t he blue ane. TB js 2x104/140 or -142. In an eight-bit range of
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| ess than 200, and ese are therefore retained _rplxesvmth intensity
val ues’ 6 9EepBadblus 'F@pea%r@s using thejr @@E%W@ﬂﬂr@{im'% enpigdiveigte rejainime

hi st ogr ampaMihfdle GHHES H%@ér Bfoplf(éPﬁwﬂf?:h KR kAPt PES in ﬁ{a biten rﬁ?ﬂwe‘ rigfane

(mtotic cells tend to be dark I's procedure Is rep ated or the 5 green
and bl ue PWﬂ@éT$Pdﬁé§eu5|ng thelr respective thresholds. The objective is to
retain in each imge plane a nunmber of pixels which are likely to be in
proportlon to the nunber of pixels in the inmage. The next stage 34 is
spatial fiDhe 8exhgfaohreist satipleliterigaebereaihg erudreeat andhblyepesaines pixels are

conpar ed gifn£4ea¥d @bé@lplwmmhué Eta‘ir%’d% BRthred irfdde ﬁlaﬁ@seaﬂmesMIa.;i@S

after threshol din to’i's rej ecte i xel remalning after spatia
filtett ngisirgiectedn B@W@Lﬂe&@%wg@naﬁgr $hatig! tbteri@agsthewau%bmaslmmg tbarbérrarqm xel s
in the i e rb‘:r‘r%{l;ﬁ I ngle
conbl nednggﬁgj\régé@nggg@orﬁ%ﬁggﬁg] eﬁngar%% t i‘{gk@tﬁa&k’gq%cggté% et tB tec ?quaéknovm
as " conne@eaigsaoHnda eambingd dinannigragedar gutpiy f@@ptheeaiageﬁ% he corrbi ned bi nary
i mage fromstage 34: this |s a known i mage pr ocessing techni que 15
(sonetimes referred to as 'blob colouring') published by Klette R

Zanper oni At P8, a'tephimisokneyn P genmRciaseamprienh dabsllinn’s (CChisnanmiied o dhesons,
1996, and mﬁﬁéﬁ Q'Jl‘%'{@ Y(gjgaff'orﬁ‘ &de 8&%1&% LikRbWA Eimlgg?ﬁﬁégé&%g’ te\éﬁlluauel &

2, Academ c Press I ves nuneric to I ma
regi obs wsogietimes refgreassto jas flhedb molwrlyg) reaglished bysKigie iy ZprenaseniefF.,
ggm ;?E?E%aﬂﬂb&?@&q%ﬁg Abé&isihgBpdrafers ABAnAMALs 5dr, Fod8, 2ARRISERER A,
KakAC ‘Digital Picture Processing’, vols. 1 & 2, Academic Press, New York, 1982, CCL
gives numerical labels to image regions which are “blobs” in the binary image, blobs being
groups of contiguous or connected pixels of the same value 1 in a binary image containing
20 Os and 1s only: each group or blob is assigned a number (label) different to those of other
groups to enable individual blobs to be distinguished from others. CCL also provides blob

areas in terms of number of pixels.

Blobs are then retained (pixels set to 1) or rejected (pixels set to 0) based on their
dimensions: blobs are retained if they both contain from 95 to 5000 pixels inclusive and
25  have height and width of not more than 2000 pixels. In this example the minimum area of
95 pixels is deliberately set to a small value to avoid rejecting too many blobs that might
be of interest for possible mitotic activity. The maximum area is set to a large value for the
same reason. The output of stage 36 is a binary image containing a set of labelled biobs
for analysis for mitotic activity as will be described iater. Stage 36 is useful for removing

30 blobs which aren't likely to be relevant for later processing, but it is not essential.



20 CE and ls onIy each group or blob is assigned a nunber (label) different
to those of other groups to enable individual blobs to be distinguished
fromothers. CCL also provides blob areas in terns of nunber of pixels.

Bl obs are then retained (pixels set to 1) or rejected (pixels set to 0)
based on their dinensions: blobs are retained if they both contain from 95
‘'to 5000 pixels inclusive and 25 have hehght and wi dth of not nore than 2000
pixels. In this exanple the mnimumarea of 95 pixels is deliberately set to
a small value to avoid rejecting too many bl obs that m ght be of interest
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In this example, the Equation (1) distributions form the basis of image segmentation,
20  which is defined as separation of objects from a background in a digital image. The
Gaussian distributions are numbered 1 to 4 respectively. If an image pixel has a grey level
that falls within Gaussian distribution number j (j = 1, 2, 3 or 4), then its segmented label is
j. However where there is overlap of Gaussians as in shaded areas in Figure 4 then the
power of the Markov segmentation algorithm comes into effect in making a probabilistic
25  decision as to which is the best segmented label to choose. The output from this stage 40
is a mask image where each pixel has been allocated one of four numbers (1, 2, 3 or 4).
Only pixels having tabel 1 (corresponding to dark image areas) are used in subsequent
processing stages. Even though only iabel 1 pixels are retained, for good image
segmentation it is better to use an adequate number of levels or labels {four in this case)
30 and to assign pixels correctly: this improves the results for label 1. Using too few
segmentation levels, segmented regions may be too large and contain inappropriate

pixels; with too many levels, segmented regions may be too small and fragmented.



In this exanple, the Equation (1) distributions formthe basis of inmage
segnentation, 20 which is defined as separation of objects froma
background in a digital inmge. The Gaussian distributions are nunbered 1 to
4 respectively. If an inmage pixel has a grey level that falls within
Gaussi an distribution nunber | G=1, 2, 3 or 4), then its segnented | abel
is j. However where there is overlap ofg Gaussi ans as in shaded areas in
Figure 4 then the power of the Markov segnentation aI gorithm cones into
effect in Kin 8. pro bilistic 25 decision as tq chlsthe
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in the mask image generated at 40. Designati ng t hé maxi nu m ni mum of

t he val uefeg® pixgls asdplaws: raw i mage pi xel s as and "m n" respectively,
three clusters are used and initially cluster centres for the K-neans

t echni que ar eésefrel ative To the dynam ¢ range (nax - mmn) of these pixels

as follows : CIGYEEr |Initial clustdnitiddehstes cspire pefng

1 min + 0.1 x {max — min) 10% of dynamic range above min
2 min + 0.5 x (max — min) middle of dynamic range
3 max — 0.1 x {max-min) 10% of dynamic range below max

15 From the result of the K-means technique two masks are created: one mask marks areas
containing cluster 1 OR cluster 2 (the joint cluster mask) whilst the second mask marks
just cluster 1 in isolation (the cluster 1 mask). Only clusters 1 and 2 are required for later
processing; the third cluster is used simply to separate data on a more reasonable basis.

At 44 connected component labelling (CCL, as previously described) is applied to the

20 mask created at 42 which marks the joint cluster (cluster 1 OR cluster 2). CCL also gives
the areas of labelled biobs in terms of numbers of pixels. Blobs that are outside an allowed
area range are rejected, and those within this range are retained as indicated in the table
below and renumbered sequentially from Iabel 1 upwards. The output from stage 44 is a
set of [abelled blobs.



1 mn+0.1x (mx - mn) 10% of dynam c range above mn 2 mn + 0.5 x (max
- mn) mddle of dynamc range 3 max - 0.1 x (max-mn) 10% of dynam c range
bel ow max 15 Fromthe result of the K-neans technique two nasks are created:
one mask marks areas containing cluster 1 OR cluster 2 (the joint cluster

mask) whil st the second mask marks just cluster | in isolation (the cluster
1 mask). Only clusters 1 and 2 are requijped for later processing; the third
cluster is used sinply to separate data on a nore reasonable basis. At 44
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di spensed wi th each | abel | ed bl ob ene ated at 44 is considered and
accept ed éYaIIF‘E'Fe@taQ@ 4Ba% seefalio remewnumwanied blah%lbytsqoslld)be fisgensied yithr
1/ (cluster | + cluster 2) score; i.e. fromthe results of 42, for each blob

find how man its xels are in cluster 1 (NC) and howmanyln cluster 2

D) 5 1 AR oLt e BendratoNe s onsidRCa S anteg a8 TGd BREa or
further E”c@ﬁt@)?tﬁh%a‘hfsnéé?'nt% d@iérq/ms@r@ w&nuaéﬁgts%re Re) °&h thd@shitobr 42 the

ratiois less th ) r esul isare set of blobs. Conteéxtual

measur e >for eels bbb e fommann P pKes A&:@pﬁluat@r‘! NG Diand havomesy imegusterd) oy
into set QicH! Msh calculate the ratio NC1/(NCT + NC2), and accept the blob for further

processing if this ratio is 0.6 or greater. Reject the blob if the ratio is less than 0.6. The
10 result is a reduced set of blobs.

Contextual measure > cluster context threshold | Accept for further processing
(60%) into set of blobs

Contextual measure < cluster context threshold | Reject blob
(60%})

At 48 take the reduced setf of blobs generated at 46 and perform a rejection using a
‘necrotic filter’: such a filter computes a standard metric referred to as the Euclidean metric
Mg, of normalised quantised boundary phase (as described later). The Euclidean metric
Mg, is of the form:

15 Me = > (x,-») )

where x; and y; (i = 1 to n) are elements of vectors x and y respectively representing the

two quantities to be compared. The ‘necrotic filter' process is as follows: firstly, a Sobel



Cont extual measure < cluster context threshold Reject blob (60% At 48 take
the reduced set of bl obs generated at 46 and performa rejection using a
"necrotic filter': such a filter conmputes a standard netric referred to as
the Euclidean nmetric ME" of nornmalised quantised boundary phase (as
described |l ater). The Euclidean netric MU is of the form 15 ME' _ (x, -Y
Y (2) i-1 where xi and yi (i =1 to n)ijare elenents of vectors x and y
respectively representing the two quantities to be- conpared. The 'necrotic

filter' e I.s _as. f.ql | ows: 1 e filter is applied
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processi ngf@ggwg published in Klette Kk
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with successive 3x3 arrays of pixels i'n an | mage. Here

0 0 and S@x3 grrays of nuaybers §P321d . gagh ofjwhigh js WW@WGQMhaﬁUﬁa%ﬁS&B Eprﬁﬁraysl s
sel ect ed bflp,gé]girrgpm{%fe HBand corner of the |abeled inmage: designating as
C | a general I|abel pixel inrowi and colum j, the top |left hand corner
of the image consists of pixels Cl1 to C13, C21 to C23 and C31 to C33. C1
I's then multi gi edzby1 he resp ti(ye_g' git of SP located in the SP array as
Cj is in the| 3x3 ‘tyan pixel arrfay: i.e.| Cl1l to Cl13 are nmutilplied by 1, 2
and 1 respectj Vel yi CO1 @odCIg 42 z@r and C31 to C33 by 15 1,3)}2 and -1
respectively.| The_prodycts so fannegl arg added al gebraically and provide a
val ue p. The val ue of will be relatively |low for pixel values changing

sl owly between the first and third rows either side of the row of C22, and

of

relat I veI X P rstggxg array o plxe IS seﬁected in the top left hand corner of the labeled image:
designating as Cya general labelled pixel in row i and column j, the top left hand corner of

the image consists of pixels C41 to Cs, Czy to Cy3 and Cyy to Cas. Cj is then multiplied by

the respective digit of Sp located in the Sp array as Cj is in the 3x3 cyan pixel array: i.e.

C41 to Cy3 are mutilplied by 1, 2 and 1 respectively, C,; to Cp3 by 2eroes and Csq 10 Caa by -

15 1, -2 and -1 respectively. The products so formed are added algebraically and provide a
value p. The value of p will be relatively low for pixel values changing slowly between the

first and third rows either side of the row of Cz, and relatively high for pixel values
changing rapidly between those rows: in consequence p provides an indication of edge
sharpness across rows. This procedure is repeated using the same pixel array but with Sq

20 replacing Sp, and a value q is obtained: q is relatively tow for pixel values changing slowly
between the first and third columns either side of the column of Cs,, and relatively high for

pixel values changing rapidly befween those columns, and q therefore provides an
indication of edge sharpness across columns. The square root of the sum of the squares

of p and g are then computed i.e. 1/ pz +g* , which is defined as an “edge magnitude” and

25  becomes Ty (replacing pixel C,; at the centre of the 3X3 array) in the fransformed image.

Tan"p/q is also obtained at each pixel and is defined as a "phase angle”.

A general pixel T; (row i, column J) in the transformed image is derived from Cyq 4 to Ciqju,
Cij1 to Cijs1 and Ciuqpq to Ciuqjuq Of the labeled image. Because the central row and column
- of the Sobel filters in Equation (3) respectively are zeros, and other coefficients are 1s and



changing rapidly between those rows: in consequence p provides an indication
of edge sharpness across rows. This procedure is repeated using the sane

pi xel array but with So 20 replacing SP, and a value g is obtained: g is
relatively | ow for pixel values changing slowy between the first and third
columms either side of the colum of C22, and relatively high for pixel

val ues changing rapidly between those cebums, and g therefore provides an

i ndi cati on of edge sharpness across col unms. The square root of the sum of

t he squares t hen uted i.e. P2 +g2 , which is defined as
an "edge ﬁﬁgﬂﬁpﬂﬂéorié%éﬁ? @gﬂﬁéa? loysepl aci ng pixel C22 at the centre of
the 3X3 array) in the transforned image. Tan 1p/q is al so obtained at each
pi xel and |s efin hase, angl e". A gener pi xel T22 (row i, columm
i) in theP e %éﬁb? wllég@eﬁlsigﬁﬂﬁveg(?rbﬁgéﬁﬂﬂ 1.1 to C _1, 1+1w C -1to
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and ot her 9 'ﬁth FERA YN 49T it anddg for T 1 can be &kl cul at ed’
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pi xel s ar g, 8ty P, wm,, ammquhwtayocﬁorhemomheobén fillefihg BRI¥BI§E Pixelire
transforned i mages edge filtered im cont ai ns_ t he boundari es

of the | aBel fedzemoagemcoéah%eow {Hl orPiRaRatE: HarsToaiRtLITAbeEn @S JRRSS

angl e” of ea@@ﬂm@ﬂnmag@) ¢dHRdIRs tﬁéb&:rmaﬁeé opfhe@abeiegldlﬁe ;?rb@xhbédsa@MHmar y
pi xel if the ke-located pixel in the Sobel edge ltered i mage is

non- zer o: hed?th%fa‘??ﬁt%tﬁﬁ P"y!asﬁléf’éie Pﬁ@eﬁﬁ‘dé@%ﬂ@@@ i s extracted fromthe
| i ke-1 ocated pixel in the Sobel phase angle inage. This phase angle

informatign is the
15 A pixel of a Iabelled blob is a boundary pixel if the like-located pixel in the Sobel edge

filtered image is non-zero: for each boundary pixel the phase angle is extracted from the
like-located pixel in the Sobel phase angle image. This phase angle information is then
guantised to reduce it to four orientation ranges (0 - 44, 45 — 89, 90 — 134, 135 - 179
degrees) and the number of boundary pixels in each orientation is normalised by dividing it
20 by the number of pixels in the perimeter of the blob. This results in a respective 4-element
vector of normalised orientations or quantised phase for each blob: The Euclidean
measure of each of these vectors is computed using Equation (2) and compared with that
of a perfect circle, in which the four vector elements are of equal value. This searches for
blobs relatively far from circularity. The Euclidean measures of the labelled blobs are
25  compared with a Euclidean Threshold of 0.4354 and are rejected if they are greater than
it. The Euclidean threshold was derived from a K-means analysis of a test dataset. | Output

a set of remaining blobs,



guantised to reduce it to four orientation ranges (0 - 44, 45 - 89, 90 -

134, 135 - 179 degrees) and the nunber of boundary pixels in each
orientation is normalised by dividing it 20 by the nunber of pixels in the

. perinmeter of the blob. This results in a respective 4-el enent vector of
normal i sed orientations or quanti sed phase for each bl ob: The Euclidean
measure of each of these vectors is compited using Equation (2) and conpared
with that of _a perf ect C|rcle in which the four vector elenments are of

Alhc | s m + vz
equal val ue. ~Thts—searches—for—btrobs—retattvelyr—far—F+romeirreutar+t The

Eucl i dean mepBuclidsamfenberel @b@#8%BH bl obs ar ¢ Reatdigbar ed with a Eucl i dean
Threshol d of | 0. 4354 and are rejected if they are greater than it. Th¢

H ool A aaema Al e £ e o L/ H a —t ot .
Eucl i dean t hreshot-d—was—der+ved—fromaKreans—anatysts—of—a—test—dataset.

Qut put a sefEodlideamaieasmg kB354 13 Eucl i deﬂameptdasmfoefmr&ré&&ésﬁmg ec*t bl ob
Eucl i dean nmepsure < 0.4354 Accept blob for further E}i ?SI n% g of a
set of remai pi ng bl obs At 50 each of the blq |ah§ 8 'F'n% @ﬁ 48 is
exam ned and a 'hairy edge filter' operatiagn is perfornmed. A 'hairy edge
filter' neasures the anmount of edge structure in an area around a bl ob,
this being a rough approximation to the "hairy fibres' sonetines seen

around m AbtS0ceddhgofr the. bidbs semainingnaltdresier @8 isadantinasbaad o bialrpwsge Filta) Two

nor phol o I fi n |xesin
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5 a) Two morphological dilations are applied using filters 5x5 and 13x13 pixels in size
as shown below.

00100
01110
SxSfiter = 1 1 1 1 1 (8)
10 11110
00100
0000001000000
13 0001111111000
0011111111100
0111111111110
0111111111110
0111111111110
20 13x13fter = 1 1 11111111111 @)
0111111111110
0111111111110
0111111111110
0011111111100
25 0001111111000
0000001000000

Morphological dilation is an expansion operation: for an original binary image (i.e. having

30  pixel values 1 and 0O only), the expansion operation comprises locating each pixel with
value 1 and setting pixels in its vicinity also to 1. In the two above arrays, a central 1
indicates a pixel found to be 1 in the image, other 1s indicate the relative positions of
nearby pixels set to 1 to implement morphological dilation, and Os represent pixels left
unchanged.



0111111111112020213x13 filter =11121211111121211¢(7) O
1121111112111 00122211111220 01211111121211110
00111171711111002500011111221000 0000001000
0 0 O Morphol ogical dilation is an expansion operation: for an original
binary image (i.e. having 30 pixel values | and 0 only), the expansion
operation conprises |locating each pixel jwith value 1 and setting pixels in

its vicinity also to 1. In the two above arrays, a central 1 indicates a
pi xel found to be | in the inmage, other 1s indicate the relative positions
of nearb Oﬁ?h@‘?% igean {rpage quﬁﬁﬂ@rtﬁﬁahﬂlqmr parsidogn chppeliandt geameteyndt Gsa
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an i mage. sens exp object) at
each 55 pi rixel pesitioni ﬂm auiputoaft thatdilafiort Isethdi |bg|ba|o®R| 03‘ thbembujgi Thad fil@Rs afsed he

The- app! | SRF B SaRehe RERHERT o8 SRE, BRMsn e it 8 e iR
resul ts. BEperbtidrisolesilts njltWatcwdteUyesws BiatH blobri¢ dibated by $wo dﬁfer@l'ﬁsmdub’sd agi th
ref erence a b.re tin 5 filter
o O pon eh PR Bl PRetr B blbs e n O e Btk ihid PR o8 Bt ¢
in a bor dthena!ubtracted ir@mt trait bdsabiing Frons th§13>ﬂB€fmbrP,dvt'f(ﬂf resaksinod border bloohs
remai nj aft te b S be reviously described) is
appl! |é ‘?ba@'st'ﬁé %‘?@ﬁ?a tH%'bL’%E 'T(' ?ters@p 4’%he red conponent of
t he or|g| nal (RGB) input image of a tile input at 40. A summation of
gradi ent valu IS, | within the ar of_the border masﬁﬁgd erm ned
at a) around gg%ﬁ%?@%%gg%s Prgvnggalg%ggcn&e 'F’ta@PP%'zb?sClH?@nft%r 9@5 5?%853"15
with a Hairy ihageshiod.dhé ced aamegpicansiahabrging (RGE) ipud imdeodrs s irpad#rvd. n t he
table A summation of gradient values is formed within the area of the border (mask)
determined at a) around each blob and is used as a filter measure for comparison
15 with a Hairy Threshold for acceptance and rejection of blobs as shown in the table

immediately below.

Filter measure = Hairy Threshold Accept blob as valid for processing for
(25000) mitotic feature detection

Fitter measure < Hairy Threshold ' Reject blob
(25000)

The output of step b) is a set of cued blobs considered valid for use in mitosis feature
detection as will be described later. Stages 46, 48 and 50 are desirable to reduce
unwanted blobs, but are not essential if the consequent processing burden in mitotic

20 feature detection can be tolerated.

Referring now to Figure 5, there is shown a flow diagram of the mitotic feature detection
process 20, which is carried out for each of the ten digitised input images referred to
above and will be described for one image. At a first stage 60, an input RGB image is
preferably white balanced by remapping its most luminous pixel to white. For each pixet /
25 {i=1 to totai number of pixels in image) in this image, pixel luminance L; is computed from

its red, green and blue intensities R;, G; and B; using the following equation:



i medi ately below. Filter nmeasure >_ Hairy Threshold Accept blob as valid
for processing for (25000) mtotic feature detection Filter nmeasure < Hairy
Threshol d Reject blob (25000) The output of step b) is a set of cued bl obs
considered valid for use in mtosis feature detection as will be described

| ater. Stages 46, 48 and 50 are desirable to reduce unwanted bl obs, but are
not essential if the consequent processiigg burden in mtotic 20 feature
detection can be tolerated. Referring nowto Figure 5 there is shown a flow
diagran1of th i Cof tu e d t|on process 20, which is carried out
for each ﬁ@gPéﬁidlar §J Fﬁ%ges referred to above and®hill be
descri bed for one i mage. At a flrst stage 60, an input RGB inmage is

pr ef er abl it e | anc by remapping its nost | um nous pi.xel to ite. For
rch by xel MENSAE pRELAEFE PR Bl antR Raines B ARG e e Redee.

pi xel dl umimages és Ldrc]:aie];sl am:lmsédadb recoml thé Sorreshongingevaldsylob RUES iaRt e sit tihats R,
G and Bi _usin e fol n uation: .1 L: 0 _299xR + _0.587xG, + 114xB,
(8) Then %’rﬂﬁ?i m\/\P?‘F? ?'ﬁeél P%ﬁ@ﬁﬂﬁﬂ?&?“?*ﬁ@ww%&nﬁ @5’?‘96@ "ﬁ”?x%%@@l s in
the input r4tReB)r edchiagthe thrdedierigechideed ans B@ntcompatR 4 t he correspondi ng
values of R G and B at that maxi mum | um nance pi xel position and denoted
LumvaxR, LumvaxG and LumvaxB. The 5 ratios for each of the three i mge

pl anes ar RatibRn= 2BHAuUineaxR) Rat.09R = (255/ LumvaxR) x 1.05 (9) Rap) oG =
(255/ Lumvax@ x 1.05 (10) RatioB = (255/LumvaxB) x 1.05 (11) The ori gi nal
RGB pi xel values are now nmultiplied by these ratios to produce a white 1o
bal anced R#ig@ =(23%b/fumiaxG)&ge0pl anes with the foll ow ng val ues (figy each

pixel i : BalancedR, = R, x RatioR (12) BalancedG = G x RatioG (13)
Bal ancedB, = B; x RatioB (14) The final stage is to clip the new white
bal anced Ratige =@S6hamMexByixdl05val ues |ie outside (11)

The original RGB pixel values are now muitiplied by these ratios to produce a white
10 balanced image with three image planes with the following values for each pixel i :

BalancedR; = R; x RatioR : (12)
BalancedG; = G; x RatioG (13)
BalancedB; = B; x RatioB (14)

The final stage is to clip the new white balanced image so that no pixel values lie outside
15 the eight bit range (0 to 255). If any pixel value is less than 0, it is set to zero and if any
pixel value is greater than 255, it is set to 255. Production of a white balanced image is

not essential but desirable to reduce variation between images.

At 62 the clipped white balanced image from step 60 is filtered with a 3x3 median filter to
remove spatial noise (desirable but not essential). The filter is applied independently to
20  each of the balanced red (BalancedR), green (BalancedG) and blue (BalancedB) image
planes computed at 60. the median filter operation selects each pixel in these image
planes in succession (other than edge pixels) and takes a 3 x 3 array of those pixels
centred on the selected pixel. The 3 x 3 array of pixels is then sorted into ascending order
of pixel value using what is referred to as “quicksort”. Quicksort is a known technique
25 publis{hed by Klette R., Zamperoniu P., 'Handbook of Image Processing Operators’, John
Wiley & Sons, 1896, and will not be described. It is not essential but convenient. The



15 the eight bit range (0 to 255). If any pixel value is less than O, it is
set to zero and if any pixel value is greater than 255, it is set to 255.
Production of a white balanced image is not essential but desirable to
reduce variation between i mages. At 62 the clipped white bal anced i nage from
step 60 is filtered with a 3x3 nmedian filter to renove spatial noise
(desirable but not essential). The filtgg is applied independently to 20
each of the bal anced red (Bal ancedR) green (Bal anced@ and bl ue (Bal ancedB)
i mage pl anes (of0) a}, 60;. the nedian filter operation selects each pixel
in these n%f {ifth of plreL &§ Wﬁ”(@@i’e‘?s '&h‘?afﬂteééfbj@”bm(@qp@ceéh%lV@'Hﬁéé a3
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pi xels is then sorted jnto ascending ord i xel val ue usin

S
referred £89%EOWgaANE E8lANS danpichavs the r§q'd'5'F@1§ afTay hand frs tﬂﬁsepﬂ‘ﬁl ﬁ"@ﬁ@@l by
Klette R whi@BRIGhQSH ithabe pixeHAIGR08K r@tfalﬂemﬁleprﬁédﬁﬁﬁhélﬁd fRege@tors', John

Wley & Sons, 1996, and will not be described. It Is not essential but
convenient. The 16 median pi xel value (fifth of nine) is then taken as the

filtersouppel dro alRpickCooidUre pieRbse |50§ppllbb‘3~t§&{ Bieks &r %é%?és a Iget Hading gReat ed
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| uni ndhcePEipaiatian t?@hmm@%me exmputpiioreiss asrfetioves, dox @aclmmsv@smnm tiotthe

figures t%ﬂlah‘?ut I%\ﬂ‘?glragéﬂé Minant8YY lgléghga@‘aeas#ﬁﬂd&% conventi onal

hi st ol ogi cal reparati on techni ques e conputation is as follows,
for each plxel p05|t|on in the median filtered imge the lumnance L; is

conput ed ps=f@bbPWRK; +L0587QC%99>@Q11+ i PP87XG  + 0.114x8; (15) Conpating L;
for each pixel p05|t|on in the nedian Tlltered i mge using Equation (15)

provides a lum nance inmage: in the lum nance inmage a first pixel value and

i ts | ocat t8mplfingl ®; ﬁ:trOéeﬁcﬁ ﬁ}ﬁelapcfsﬂfohemtthg%&ﬁéﬁ fal%ﬁé@' lmaéuclgéﬁgsvaﬁaatmnx?ﬂs? In

that image are conpared with first pixel: 1f any Conparison pixel
L; dar ker P{oviggea lvamn?@c@ﬂmagﬁnlrmmft@)mmma imBge afrstepixel vahaek@‘git itst ln@atfontlg

!tmh)e<e| 1¥al gRréss hicireRCHMrkER P SIREEI v Pix@s it Hat Hhagd@akLEsmpParke with thE t er
first pixel: if any comparison pixel has L; darker (lower value of luminance) than the current
darkest then its pixel value and its location are stored in a list of darkest pixels. After the
list has reached ten entries, the current least dark pixel in it is removed and replaced by a
later pixel on each occasion a later pixel is darker than the least dark pixel: this process

20 continues until all pixels have been compared with and where appropriate added to the
list. After processing the entire luminance image, the list of darkest pixels is sorted into
descending order of darkness using Quicksort (as mentioned above) so that the darkest is
first. If the procedure results in iess than ten darkest pixels, the stored compatison
luminance value originally obtained from the first pixel is increased and the procedure

25  repeated.

The next step is to determine whether or not the darkest pixel satisfies the condition that it
is located relatively near another of the ten darkest pixels: i.e. the condition is that these
two pixels be separated by a distance of not more than twenty pixels in any direction
(along a row, a column diagonally or hetween a diagonal and a row or column). This
30 condition applies to an image of dimensions 1476 pixels by 1160 pixels, so the maximum
separation is 2% of the smaller image dimension. If this condition is satisfied, a darkest



list has reached ten entries, the current |east dark pixel init is renoved
and replaced by a I|ater pixel on each occasion a |ater pixel is darker than
the | east dark pixel: this process 20 continues until all pixels have been
conpared with and where appropriate added to the |list. After processing the
entire lum nance inmage, the list of darkest pixels is sorted into

descendi ng order of darkness using Quickgort (as nentioned above) so that

t he darkest is first. If the procedure results in less than ten darkest
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condition is not satisfied then the proc re1s it rated by discarding the
current darkest pixel fromthe list and taking the remaining darkest pixel ;
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than 20 (1.e ess or an eight Intensity range from0O to 255).
This is cualie 885 subhelgguivalent pasifiondn theskashimpgeas fol | ows: for each pixel in
the nedian filtered inage, if a lumnance inequality condition (16) bel ow
is true then the pixel is accepted and represented by a value 255 in the

equi vat ent (0299 % Roh §-88% 161 &K dnele — (LBied op@. 299G R+ 0.587 X1&, + 0.114
X B,) - (1-picked colour) I< 20 (16)

If the inequality condition (16) is not true, then the current pixel is rejected and .
represented by 0 in the mask image. Results from whichever of the cueing processes 16
and 18 has been used are infroduced in this step 66: i.e. a pixel for which the inequality
condition (16) is true is accepted or rejected according to whether there is a 1 or 0 value
20 respeciively for a corresponding pixel located in the same position in the mitosis cued
image resulting from process 16 or 18. It is not essential to use a process 16 or 18 but it is

useful to reduce processing burden.

At 68 accepted pixels are “grown” so that they come to correspond to a whole cell instead
of just part of a cell. Luminance proximity is used to check if growing should continue: i.e.
25 if the mask image computed at 66 indicates that there is too large a luminance difference
between a selected pixel and a test pixel as compared to a luminance difference threshold
denoted by Ly (Ly= 75 in this example), growth with the selected pixel does not continue.

The process 68 of growing pixels is as follows: firstly, an image store labelled ‘grow’ is
created that indicates whether pixel positions are ‘grown’ or ‘not grown’ and each entry or
30 pixel in ‘grow’ is initially set to ‘false’ (false = 0) indicating that no pixels have yet been



If the inequality condition (16) is not true, then the current pixel is
rejected and represented by O in the mask image. Results from whi chever of
the cueing processes 16 and 18 has been used are introduced in this step
66: i.e. a pixel for which the inequality condition (16) is true is
accepted or rejected according to whether there is a | or 0 value 20
respectively for a correspondi ng pixel [l18cated in the sanme position in the
mtosis cued inmmge resulting fromprocess 16 or 18. It is not essential to

use a progc 1Q. OF Dut Lt iiS - lS6 te.r e in r.de. t 68
accepted pﬁgpéqg‘%e(t&%r O\HIALNJOEIS 'ﬁ%’g#at rélﬁlm(:%ren%gt 0 ’cao?%‘géég%;ﬁﬁg (I)&E fv\/n'gTa cel |
i nstead ddroylistcopeuteddiora teeimediabh diteredrimag® by avenagingial pisdsiother thhe thosef

i I i) 25, Lf th k i t t i ndi.cat
St er dhatae BRRG Lk Bayvho & G 4t B'alisAPalTB s, MRl SR LB PSR K A ana
a test pites beskgroombceldut & eecortEdnThe qrowih§ grecese Midw esdvekds ideoairéahcey LT

h with . the selected t, conti,nue.

(LT= 75 in.this exanple ro ] i xel does

The pr dcedhahS s BB Plrgrdn At biou h MrspGes  prliafion i iserafer 408

| abel | ed 'ofmdine toghe cighlahgidaﬁebﬁtn i'te’n@li\@ab@sirrdnﬂtdglemepmeindnbeéé foﬂmingﬁtlecl)f
‘grown' or_'not grown'.a eac ntry.or 30 pixel jn 'grow. is.injtially set
to ' fal sereapAgBrealgy infelyeloom (Erminaing whEs RS of lsseeraretisisAones: * gr oun
"true' (true = 1) would indicate 'grown' . Secondly, a background col our for
i mage 'grow__i,S_.C ted fromthe nedian filtered i mage by averagi ng all

pi xel s ot ﬁ?@f e?%ﬂxqﬁﬁgﬁ mediap m&‘?@g\"m‘?'qee (i.e. having R Gand B all equal to
t he maxi num ﬁlgue Ofk'255%: .tge val ﬁe of ., this bac rg‘:;qro.unid %ol our ’ﬁ% .ecor ded.
The growi ng i DECRSEASE PiELEATPHE] dog AREE ey R¥eHR TS FaIte I9Fafiotl: am
st eps lbel ow ‘growtis@dRerst eps a convention is used that an inset of aline to
the right indicates an iterative loop including the line and those follow ng
it of equal andeytheaties in ‘aset’ totrbe(1)oop term nating when a |ine of |esser
inset is reached. For each pixel in the nedian filtered inmage: |If the mask

i mage pixel is @&ntephedositioh f the pixekipGyrowrig apiskedtitied ‘Adtienddste | ocation in

10 "grow is O then: Set the pixel in "grow to true (1) Enter the position
of the pixel inAsgomas the Actiohtist &viotehmty théation List' As |long as the

Action List is not enpty then: Renove the nost recently added pixel fromthe
Action List but ret&emadvesthe most recently added pixel from the Action List but retain its

15 image position in memory and designate it as the removed pixel',

Select four pixels in 'grow' that are nearest neighbours of the removed
pixel, i.e. pixels immediately adjacent to the removed pixel in the same

column or row only, not diagonal neighbours.

Select one of the nearest neighbour pixels not yet compared with

20 the mask image pixel,

If (and only if) the three following criteria are met, i.e. (a) the mask
image pixel and the selected nearest neighbour pixel differ in
Juminance by less than Ly, (b) the mask image pixel and the .
background colour differ in luminance by more than Ly, and (c) the

25 mask image pixel and a white pixel differ in luminance by more than
Lr, then:

Change from false (0) to true (1) the pixel in ‘grow’ located in

the same position as the selected nearest neighbour pixel, and

add the position of the selected nearest neighbour pixel to the
30 _ Action List

If any one or more of the criteria (a), (b) and (c) are not met, leave



15 image position.in nenory and designate it as the 'renoved pixel', Select

four pixels in 'grow that are nearest nei ghbours of the renpved pi xel

i.e. pixels inmediately adjacent to the renoved pixel in the same colum or
row only, not diagonal neighbours. Select one of the nearest nei ghbour

pi xel s not yet conpared with 20 the mask image pixel, If (and only if) the
three followng criteria are net, i.e. (@) the nmask imge pixel and the

sel ect ed nearest nei ghbour pixel differ in lumnance by |ess than LT, (b)

t he mask i mage pi xel and,the ound col our differ

than LT and (c) the 25 HadBleABGRASS T Bfov achan ancsioBet aier parosiipnto ™

| um nance by nore than {hg Adtibenist Change fromfalse (0) to true (1) the
pixel in 'grow located in the sane position as the sel ected nearest

nei ghbour pixel, and adRepé fpORéktinRarst neldRbeR! wi%di et fepEshparee mghper

pi xel to the 30 Action List. If any one or nore of the criteria (a), (b) and
(c) are not net, |eave 18aSK RSN R)ant pixel in 'grow unchanged and do not
add its p05|t|on to _the Action List Re f or next nearest nei ghbour pixel
not yet conpared wi t REPFR FOTREXk enthp éﬁ%ﬁ‘%qnlsg Repeat for next entry in the

Action list _Re t for, all qther | mage pi xels. The above conputer
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to 1) in gbmmmonginalssmg@qm@dnd Pe rhigk Aigedy teassedsiiy mttﬁeuﬁisz@mr@dwnear est
nei ghbour ssessedlSao(“?r om h therefore  proceeds until all | Lls

G oini noREshGraRSHE Pl Sare Cork mave PHBLR B amudiae arsessel coc

10 the nearest neighbours which becomes added (changed to 1) in growth is also added to
the Action List for its uncompared nearest neighbours to be assessed. Growth therefore
proceeds until all pixels adjoining but not part of a grown cell have been assessed and
have failed one or more of the three luminance criteria (a), (b) and {c). Growth then
terminates for that cell and restarts for another cell based on a new 'seed' mask image

15 pixel.

The result of 68 is a new image ‘grow’ which now contains a set of blobs (image regions of

contiguous pixels of value 1) which are candidates for indicating positions of real cells that

are likely to be of interest for mitosis. The blobs are processed at 70 by connected

component labelling as previously described: this derives a set of measurements for each
20  blob as follows:

area A (the number of pixels in a blob),
perimeter P (the number of pixels on a blob's boundary),
compactness (4mA/P?),
width (maximum number of pixels in a row across a blob),

25 height (maximum number of pixels.in a column down a blob),
ratio width/height,

luminance percentage: using median filtered image pixels located in the same
positions as the pixels of the blob, this measure is computed by multiplying by
100 the result of dividing the luminance of the darkest median filtered image

30 pixels by the luminance of the background colour,



have fail ed one or nore of the three [um nance criteria (a), (b) and (c).
Gowh then termnates for that cell and restarts for another cell based on
a new 'seed' mask imge 15 pixel. The result of 68 is a new i nage ' grow

whi ch now contains a set of blobs (inmage regions of contiguous pixels of
value 1) which are candidates for indicating positions of real cells that
are likely to be of interest for mtosi 8 The bl obs are processed at 70 by
connected conponent |abelling as previously described: this derives a set

of nmeasurenen hlob as follows: area. A e nunber., of  pixels
" Bebloby - pesiorgea SRERncR doikBed etdh Btn BR6 3 o Rl p(Fenbles
conpact ness ( dorféspdhdingd ti h( exuret bynbepreafrapgedt| inciement raml aktessent

bl ob), 25 hei %Qt ﬁétnamrmm nunber of pixels in a colum down a blob), ratio
wi dt h/ hei ght , arrha 'earﬂger centage: using nedian filtered i nage pixels

| ocated in th a ositions, as ,the pixels of the blob, this neasure is
conput ed by nﬁf"%i%ﬁ?ﬁeﬁae b(igbsc%tg ¥3ee roésﬁ'ﬁ?reBFecﬁ Fh Mt ASRAR MU @907 ¢ he
dar kess nedi abadkigrduadadue fimgahe BPuitimeges by the | um nance of the background
colour, 20 perturbed difference (difference between grown bl ob sizes
obt ai ned using thresholds corresponding to LT perturbed by a prearranged

I ncr ement Tha ded@rbee nifietenceds pemaputee by Yolloasd Hue di fference (absol ute val ue
of difference between an average Hue and a 5 background Hue fromthe input
i mge) . The ptwet thréshbldiLf fieradusted Hycadding a@dpaturbatidnovactort Re (Pl éslroltisls LT i s
adjusted by adding.a perturbation factor PF (PF=4) in this exanple, the

gr ow ng proceg)éar%@e’i s applied resulting in a new | arger blob, 10 the

threshold LT j|,s adjusted b ubtract,i ng .t he perturbati factor PF, and the
growing procell® SEVNG PLoeSE 68 17 AR reiting T BNy 18wy Pe: bi ob,
10 the threshold Ly is adjusted by subtracting the perturbation factor Pr, and

the growing process 68 is applied resu!fing in a new smaller blob,

A logical EXOR function is then computed between the new larger and smaller blobs: i.e.
each pixel in the smaller blob is EXORed with a respective pixel in the same position in the
larger blob. Outer pixels of the larger blob for which there are no like-located pixels in the

15 small blob are treated as being EXORed with a different pixel value. The EXOR function
yields a 1 for a pair of pixels of different value and a 0 for a pair of pixels of the same
value. lts results provide an EXOR image with each EXOR value located as a pixel in the
same position as the blob pixels giving rise to it. The number of pixels equal to 1 in the
EXOR image is then counted and this number is the perturbed difference.

20  The Hue difference is obtained for each blob as follows: the average colour of the median
filtered image pixels located in the same positions as the pixels of the blob is computed.
This average colour and the background pixel colour obtained earlier are then converted
from red/green/blue (RGB) to a different image space hue/saturation/value (HSV). The
RGB to HSV transformation is described by K. Jack in ‘Video Demystified’, 2" ed.,
25  HighText Publications, San Diego, 1996, In this example the V and S components are not
required. H is calculated for the average colour of each blob and the background pixel

colour as follows:
Let M = maximum of (R,G,B) (17
Let m = minimum of (R,G,B) (18)

30 Then



A logical EXOR function is then conputed between the new | arger and snall er
bl obs: i.e. each pixel in the smaller blob is EXORed with a respective

pi xel in the same position in the Ilarger blob. Quter pixels of the |arger
bl ob for which there are no like-located pixels in the 15 small blob are
treated as being EXORed with a different pixel value. The EXOR function
yields a 1 for a pair of pixels of diffgrent value and a O for a pair of

pi xel s of the sane value. Its results provide an EXOR i mage with each EXOR

val ue | ocated as a same position as the blob pixel i ving
rise toit. T'Ff’é”nuwgeﬁ@"l \'“iels equal to 1 in the EXOR inmge |258hen

counted and this DZ‘ﬁbé N k;f perturbed difference. 20 The Hue djfference
i s obtained VLM VP¥Madk ol | ows: the aver age col our of the ian

filtered inmg i X ted in the sanme positions as the pixel f the
blob is corrpu'?%’@’ Mhléﬁ@ F'gge col our and the background pi xel Z%ﬁour
obtained earlier are then converted fromred/green/blue (RGB) to a

di fferent ng% space Bue/saturatlon/val ue (HSV). The RGB to HSV
t r ansf or nla‘f“? &N g¥ER PYbed by K. Jack in 'Video Denystified , 2nd ed., 25

?Io?rg-gerﬁ)é;t spuglr é%ﬁ%{l OPS’\Q(HhLﬁ“r d. ﬁpé@lggg\?ﬂi gt Eagi fso(rax'?gl :vg?:gg 22?%5r of each
B o B T - g (9
éll\?zan P);\NQS I'&%@%‘%&‘ﬁ%% '{pﬁé{?%%"ﬂeﬁ'@(‘n@%ﬂ M he\?/)g;(?ﬂz-Z) I1£2%5) qu‘ﬁs(WtLQﬁn
(28) 1t 1t or Es@pghinGF Shualo0gedh Hadd 420 11 - 360 (25) 1T BdBes than 0

then H=H + 2 The difference between the H val ues of t aver age
col our of the‘§ﬁ'88§saﬁg'f‘i%ﬂ?%'?gd_' e e (ﬂs verad

10  The difference between the H values of the average colour of the median filtered image
pixels in the blob and the background pixel is then calculated for each blob and becomes
designated as the Hue difference for that blob.

If a blob's parameters satisfy all the conditions in the table immediately below then the
blob is accepted for further processing, otherwise it is rejected (deleted) by setting all its
15 pixels to 0.

Parameters for Accepted Blobs

355 pixels < Area < 1700 pixels

0.17 < Compactness < 0.77

Ratio of width/height < 2.7

Luminance percentage < 44

Perturbed difference < Area x 23/100

Hue difference > 0




pi xel s in the bl ob and the background pixel is then calculated for each bl ob
and becones designated as the Hue difference for that blob. If a blob's
paranmeters satisfy all the conditions in the table i mediately bel ow then
the blob is accepted for further processing, otherwise it is rejected

(del eted) by setting all its 15 pixels to 0. Paranmeters for Accepted Bl obs
355 pixels < Area < 1700 pixels 0.17 <2Conpactness < 0.77 Ratio of

wi dt h/ height < 2.7 Lum nance percentage < 44 Perturbed difference < Area x
23/100 Hue difference > 0 22 |In the present exanple, the Hue difference
will virtually always be true (due to the zero threshold in the table

i medi at elly thebpresint examplerthe idusodiffersnce wils vidnallysalvaysrhg tive (ddeds thebkerot o
have a nons Sy thr i 080 r : L.Lfe nd
el 11 or ety Sl VS R i eBloRAD 28R ARG, BERS BB Rnbes RATAE PEL
t he t abl e d8sisdbiavto baneca nongefauthrésholdp Loneesca gementagkepeitisbed Aiffeihca ando

Mt o bwo THECTEBERKE A bt SRee Bl ol ol BE e P e Pl Ao 208,

of bl obs iahoesgarthing furthied processifg obothemiisgance in the nedian filtered i mage.
The blobs in the two |ists are now referred to in accordance wth groupi ngs
that they mark the end of: i.e. a blob is referred 10 to as the "darkest X%
bl ob" to AMdRcatwo ghigksarts (ae gedhieusiywiéfimed) atesagplied doyhe bfobk dowprt themiimtance

Lo st ndi b ging SRRt s BRI Bk BLAGR ared P B e e BeBR oot
any) of goederaef biabelamirfamoeiin theamedidofiiteredhimae! dlherhlolizein thé tWo dkts .arddnbivob of
nedi an ar Y nedi an rea |is

the blob:, central in the ). IS w_identified.
" o o et o R g S P Sbdstinal fheb iEerk G ehd 311t BGH sy RS, oo
of thaot wto eantheatdatesb X% shiol'ake indicatd hieatnie dogiherr &ith bSO (iBitany)2 of lowant ed
bl obs are,elimnated.to |.eav hose, asses as . .correspondi n o m.,¢totic
{1 gures. alPPBRGoan it Seutl Fbe NS ERRST 7 Popo SElart: B Bk Refefred b %
the "largest Y% blob" to indicate that it together with blobs (if any) of greater area than it
are Y% of the total number of blobs.

A blob of median area (the "median blob", central in the area list) is now identified. If there
15 is an even number of blobs in the area list, the average area of the two central blobs is
taken as the median area. Also at 72, unwanted blobs are eliminated to leave those
assessed as corresponding to mitotic figures as follows: if more than A blobs are present
and the largest blob is more than B percent of the area of the median blob, we retain each
of the largest € blobs which has a luminance not greater than that of the darkest D
20  percent blob. Otherwise, if the largest blob is not more than B percent of the area of the
median blob, retain each of the darkest E blobs which has an area less than or equal the
largest F percent blob. In this example, values for A, B, C, D, E and F are A= 2 blobs, B
= 200 percent, C = 3 biobs, D = 30 percent, E = 2 biobs, F = 80 percent. The process 72

is computed as follows:

25
if the number of blobs is less than or equal to A then accept each blob as being a mitotic

figure, the mitotic figure count is A and processing the current image terminates.
Otherwise, if the number of blobs is greater than A:
obtain area of largest biob,

30 obtain area of median blob,



and the largest blob is nore than B percent of the area of the nedian bl ob,
we retain each of the largest C blobs which has a | um nance not greater
than that of the darkest D 20 percent blob. O herwise, if the |Iargest blob
is not nore than B percent of the area of the nedian blob, retain each of
t he darkest E bl obs which has an area |l ess than or equal the largest F
percent blob. In this exanple, values f@3 A B, C, D, E and F are A = 2

bl obs, B = 200 percent, C = 3 blobs, D = 30 percent, E = 2 blobs, F = 80

. The pr, ' \ | ] ows:. 25 |f. nber of bl ob
e Tons than oot B8 TRedE pidsrRR I M nER B med Shraanedeh BRE MR et i oure,

Qherwi se, i1 Che: ndfih U Byange BL RS ERReEr Distikrr kbbb aa BB 1A gost
bl ob, 30 obtain ar dapeicengibsitionthikathe Ainindhicel dTer Blots gaikch i®beth darkenrahg nore
than B percent of the rregli an bl ob 6r ea, then: obtajn the | um nance of the
darkest D percent bl8"S ﬂ‘af‘ﬂ@r@l PeENHPIGR Pasitian Inhg dypigARCE ISt t i on t ake
t he | uni nance of a 3I ob which is both darker and nearest to a notional D
percent bl ob positi ¢Pf $a&e Braeshid¥etsi st, 5 for each of the largest C
blobs, if blob lum nance _.is |ess than or equal to the darkest D percent

bl ob, accept the bl ob adf HeP H@"'ﬁa@@t'%l?ﬁéﬂ%’ﬁqr@ﬁpél tPit@QJii@',kei;trQP%"g@@ blots ount
of mtotic figures by 1, and repeat for remai nder of |argest C blobs until
none remain 10 unassessed andCeRRtfiftblekanbeipg afdatented mittigi®tge, o herwi se,
if largest bl ob area is not m@{g?gtsgaagqp%nPefF cig\*_t f_of rregvioiam ngl ob area, obtain
the area of the largest F per asg| PrMEeguras HA¥b at an F
percent position take the area of a blob which is nearest (in area) to a
notional F percent blob positFeReat forremaipder:pfligrgest G blops unieRe semaine

darkesph E blobs if blob area ifadRe8sed Ao RputeBUA of RitdcSgurs. the largest F
per cent

Otherwise, if largest biob area is not more than B percent of median blob area,

obtain the area of the largest F percent blob - if there is no blob at an F
percent position take the area of a blob which is nearest (in area) to a

notional F percent blob position in the area list,
15 For each of the darkest E blobs

if blob area is less than or equal to area of the largest F percent
blob,

accept the blob as being a detected mitotic figure, and
increase a count of mitotic figures (initially O) by 1,

20 repeat for remainder of the largest E blobs untit none remain
unassessed and output count of mitotic figures.

The criterion number of blobs is not greater than A may be the only one used if desired,
the mitotic count being taken as zero if this is not satisfied. The "otherwise" criterion, i.e.

number of blobs greater than A and subsequent criteria, provide a further option.

25  As previously mentioned, the process 20 is carried out for a total of ten images or tiles:
this repetition is to increase the likelihood of observing mitotic activity. The mitotic counts
for the ten images are then added together to provide a sum which is converted to a
mitotic activity grading as will be described later.



bl ob, accept the blob as being a detected mtotic figure, and increase a
count of mtotic figures (initially 0) by 1, 20 repeat for renai nder of the
| argest E bl obs until none remain unassessed and out put count of mtotic
figures. The criterion nunber of blobs is not greater than A nay be the only
one used if desired, the mtotic count being taken as zero if this is not
satisfied. The "otherw se" criterion, i.8 nunber of blobs greater than A
and subsequent criteria, provide a further option. 25 As previousl y
ment i oned,..t he 0 S S,.ca or,a total of ten irra or, tiles:
Uhi's. repet e HENE 5 rengsteiied s RHReA0 RlCen RepsuRmerts AefiRy Codeiemi ¢y,
The \Th t oL limages/ntiisis é[(ﬁj{:l’lleﬂ hte te@miages e tikisead hes b@dd%ﬂud ql@tdﬁwuctf@umsosmegeda
sum whi ch is cqnvert to a totic, activijt e
arer o4 MBS Brqeintade; anbingdiubie i ateed ftisdeerdy rethedeRhish iR Hront s
derived frigayés TheimgieSigultd cdumt &R febithig@e lsadw, MBgiIeMm @Thigh Wit pamisBD sreen
sai d: the totjc fiqgures a,rt%otpcounteg for each i mage.and the counts a{?

al 6rtg! re

added tog raing {or¥ather ibis Ohd 1 PEMOTE FREpEStiVERS SRAVL N dhe tag
count for peidwechnique is | ow, nediumor high vvith points 1, 2 or 5 3
according to whether it is O to 5, 6 to 10 or 11 or nore respectlvely as

shown in the tah Mtotic
figures in Ten 'mﬂ%%sﬁrénéfgc ?:mb@rpo l\/aderatM % 11 Hi brpo?m;h
e c t hers Obtaineg for pj eonorphism

measurenent of fitosis ma ombined With o
and tubul es by dlﬂftotscéllureaemh'ﬁaislmagese ive an overall grafling referred to
in medicine as 4 _10 "Bl oom and Richardpon grading": it isjused b
clinicians as alneasure of ncer statup. The e rrpl es given i1n the
f oregoi ng descrilption for %a?cul ating i Eu

t er medi ‘é’quantlt es ‘and| results

can clearly be gvatuvated—by—an—approprtpte—conputer—prograpreecorded on a
carrier nmedium gnd runni ng-oefda convent|onal ddodenster system 2Ex | es of
pr ogram

| >11 High 3

The measurement of mitosis may be combined with others obtained for pleomorphism and
tubules by different methods to derive an overall grading referred to in medicine as a
10  "Bloom and Richardson grading™. it is used by clinicians as a measure of cancer status.

The examples given in the foregoing description for calculating intermediate quantities and
results can clearly be evaluated by an appropriate computer program recorded on a
carrier medium and running on a conventional computer system. Examples of program
steps haven been given. Such a program is straighiforward for a skilled programmer to

15 implement without requiring invention, because the procedures are well known. Such a
‘program and system will therefore not be described further.



steps haven been given. Such a programis straightforward for a skilled
programmer to 15 inplenent w thout requiring invention, because the
procedures are well known. Such a programand systemw || therefore not be
described further. 25 CLAIMS 1. A nethod of neasurenent of mtotic activity
from hi st opat hol ogi cal speci nen inmage data, the nmethod having the steps of:
a) identifying pixels in the i mage data2bfavi ng | um nances associated with
mtotic figures; b) selecting fromanong the identified pixels a reference
pi xel which is sufficiently close in position and | um nance to anot her
identifie@LHpiMB to provide a reference colour; c) locating pixels in the

i mge data with |um nances sufficiently close to that of the reference

col our 10 4i ndi Aaf et PGl vertirk o4 AbAOUERTY Him! ASLEERAIGERY) SHBSHen
regi ons correspon |ng fo potentia Iy m ¢ Trgures Trom e | ocat'e
pi xel s by addi mpgei desa,she hatfmdiaamtbatste@lsolfncr ements to i mage regions

bei ng | erren gd OfdeB@ﬂgt&Q |Qyinat?180i . egd t9 Mﬂﬁggfémﬂén&gt gﬁjmgegn\évgg and

| um nances are suffici ose 0. re pec rve i
sufficiently far frmltnmﬂgurage dat a background | um nance; e) selecting grown

_ i dat a backgr oun
andowi 0t hoi oft r atPacnan 8y oo, fivg Renitied B, BaRPiags Fidey GRERIE "°°°

actual ly indicati ngsmffrd:nemtlycclbsgliﬁ gsitiom andelutiriinge ab anotiiereidinstifidd fpixel ﬁunber
of such regions. according to Caiml characterised in that the
step of selecting gPr&X}rqeq g% Yhs al so invol ves thresholds for ratio of

i mage (r]I egi ondl g)m namcatmgomxélaﬁkméomagb Hmmmnumur&ndeﬁéﬁflcndntLﬁcﬂdﬁ@rt@h | ghéieifween
areas derive y grown each i ion w e thresholds. 3. A
met hod accor di ng to%el ]%ﬁ‘?’?eccr%ﬂ”ggc?'@mcééﬁt‘?ﬂt‘?hk@qu%‘!' Yi¥¥shol ds for inage
region area, caypachessenting tthagdeigiths obabspbndlngrfbrp@f&ﬁamnt@trc&@uﬁbsfff@ﬁ ence
are: 355 pixels < rea < &700 Spl)xel a T < conpactness < 0. 77,
wi dt h/ hei ght e located pixel dding plxes thereto, potential increments’to image
regions being implemented or rejected by according to whether or not their
luminances are sufficiently close to respective image region luminances and
sufficiently far from an image data background luminance;
e) selecting grown image regions on the basis of thresholds for image region
area, compactness and width/height ratio; and
f) counting selected grown image regions as actually indicating mitotic figures

on the basis of a threshold for number of such regions.

2. A method according to Claim 1 characterised in that the step of selecting grown
image regions also involves thresholds for ratio of image region luminance to
background luminance and area difference between areas derived by growing
each image region with multiple thresholds.

3. A method according to Claim 2 characterised in that the thresholds for image
region area, compactness, widih/height ratio, luminance and area difference are:
355 pixels < area < 1700 pixels, 0.17 < compactness < 0.77, width/height

ratio < 2.7, luminance percentage < 44%, area difference < area.gs 100

4, A method according to Claim 1 characterised in that the step of counting selected
grown image regions as actually indicating mitotic figures also involves thresholds

for region area and luminance.



ratio < 2.7, lum nance percentage < 44% area difference < area. olo 4. A
nmet hod according to Caim1l characterised in that the step of counting
selected grown imge regions as actually indicating mtotic figures also

i nvol ves thresholds for region area and |um nance. 26 5. A nethod
according to Claim1l characterised in that successive potential increnents
to image regions are individual pixels ggach of which is an i mediate row or
col utm nei ghbour of an existing inmage region pixel. 6. A nmethod according to
Caim1l cBarac erlsedlnth e glz IS i errented with a reference pixel
havi ng a Puni nanBENAd AEFeT 6‘%3‘3 @@ t hatha %&?ﬁaf‘bdh?tosﬁ?fﬁsﬁ'é? p‘ﬁ@@h"‘ﬂl fied

pi xel distant int@fMdnts BY indje fé‘gkﬁﬁstahéﬂndl\\flﬁudﬁfw&&f oPwhithlis @h iRinddie
i mge di nmensions. 7. A nmethod accordi ng‘lsdﬂ‘@ﬂeal m | characterised in that

step a) incl udeW Qrfofummn Bﬁgﬁmrﬁéa'&ﬁﬂs fe9IPBPX8Y t he i mage data prior
to identifying pixels having |[um nances corresponding to mtotic figures.

8. A methgd ac n;%bgg to Saim characterised in that in_step céppl xel s are
cued for acce‘%t grearaade L aschaéﬂ“é?réﬁeed 0 dhat stemb) imimplemen

a) threshol di n@f&@h@p;xexrmmgo@m.mcewegmy&eésStHaaCé% REmpBfeRINS Idnb®er
associated with mtotic flaure [ renoval pixels not present in all

b)
col ours, and cifentifledsigd Hisignt fﬁ@aégbw%moa?éw twe Perrsvt of Rodealien6f &l |
and too |arge fpugelfimeRdigiyial mtotic figures. 9. A nethod according to
Claim 1 charact erl sed inthat in step c) pixels are cued for acceptance or
rejection as regards indicating mtotic figures by: a) segmenting to

identify pixels wetddi Qéc%?&h@'t@scﬁﬁﬁoﬁlchh%téﬂsé@ A fhat ls@e;f laguﬁ&udésma@éy b)
t hreshol ding i mage region areas to renove those too small and too |large to

be potenti al n‘i"%‘%’?‘i”%g fAngupedian ditedng, e imageadaiai erlqrotOdeﬁerfvm@lwlsehﬂ‘émg or
not a pixel's yAREHcESBbPESPoRdInG témitsiid iguregnt 1y I arge cluster, and

8. A method according to Claim 1-characterised in that in step c) pixels are cued for
acceptance or rejection as regards indicating mitotic figures by:
a) thresholding colour image data to remove pixels lacking intensities
associated with mitotic figure imagery,
b) removal pixels not present in all colours, and

c) thresholding image region areas to remove those too small and too large to

be potential mitotic figures.

9. A method according to Claim 1 characterised in that in step c) pixels are cued for
acceptance or rejection as regards indicating mitotic figures by:

a) segmenting to identify pixels with intensities associated with mitotic figure
imagery,
b) thresholding image region areas to remove those too small and too large to

be potentiai mitotic figures,

c) cluster analysis to determine whether or not a pixel's image region is in a
sufficiently large cluster, and

d) necrotic and hairy edge filtering.

10.  Computer apparatus adapted to provide a measure of mitotic activity from
histopathological specimen image data, said apparatus being programmed to
execute the steps of.

a) identifying pixels in the image data having luminances associated with



d) necrotic and hairy edge filtering. 10. Conmputer apparatus adapted to
provide a neasure of mtotic activity from histopathol ogi cal specinen inmage
data, said apparatus being programmed to execute the steps of: a)
identifying pixels in the imge data having | um nances associated with 27
mtotic figures; b) selecting fromanong the identified pixels a reference
pi xel which is sufficiently close in p&gition and | um nance to anot her
identified pixel to provide a reference colour; c) locating pixels in the
i mage data with Iu @:qﬁil ufficiently close to that of the reference
colour to indicate potenthally mtotic figures; d) increnenting inmage

regi ons corr espondi sefedtiog pivéranamahg ythei ietiifiedf pyelsea feference fpixel adadteds

pi xel s by addi ng pi s. thereto i ncrement s i . [ eql ons

bei ng 1 no ement od eyl aR) BiipRY MERRRET R rngher dBeHine] e TS

| um nances are suffmnmd@hhvﬁxénmmtdcmrrespect|ve | mage region | um nances and
sufficiently far from,an

d | un nan r own
i mage regions Yn thlgcsgggl ttﬂ‘? @ég H’W@@BC%#@%E'%Q@&@%%Mﬁég ness
and vv:ldt h/ hgi ght rathe@efemmefcblooomhmagessetema@dnmtmmgurmge regi ons asmD
actua i ndi cating nit ot ures, on or. nunber
of such’regi ond.  1INOIRSBAHER (RARIEEIORS AEEPOCHRE 1p DOtSEHAIN B LER G I hat

it is programed toheXesHk® plxbf%ebﬁh@dln@fm)@@ m@tet@gpcﬂémm mdaaﬁ@wtéqglnﬁage by
al so using thresholds, for rati o, of rge region | um nance to bac%{ground

| umi nance and area r&ﬂ\“f"ér"@ﬁ‘@é”’@@t’%@‘?ﬁ Arieged Ry AoAdIng i hRINgG CeAdHheifage

region with multi pl|amﬁdyneéé19ﬂeo&ﬁ.c1émyArb@a&@iésée@t%%ag@@egush futridiedd and
characterised in that_the thresholds fo i on area, conpactness,

wi dt h/ hei ght rati o, Sqfﬁ,ﬁ‘ﬁﬂﬁé{rﬁ%’eﬁ%énéﬁ‘@&e G@tﬁ#’@P@{%" lugtinangsk’ pi xel s < area <

1700 pi xel s, 0e17 %é?éb‘?‘ﬁégﬁ'mﬁ'négé)reZ;?onsVMrﬁﬁ'lE/%Qis%?tthfe@;hbles for ihade régibh nance
percent age < 4 % area difference < area. -
area, compactness and width/height ratio; and
f) counting selected grown image regions as actually indicating mitotic figures

on the basis of a threshold for number of such regions.

11.  Apparatus according to Claim 10 characterised in that it is programmed to execute
the step of selecting grown image regions by also using thresholds for ratio of
image region luminance to background luminance and area difference betweén
areas derived by growing each image region with muitiple thresholds.

12.  Apparatus according to Claim 11 characterised in that the thresholds for image
region area, compactness, width/height ratio, luminance and area difference are:

355 pixels < area < 1700 pixels, 0.17 < compactness < 0.77, width/height ratio <

2.7, luminance percentage < 44%, area difference < area.7; .

13.  Apparatus according to Claim 10 characterised in that it is programmed to execute
the step of counting selected grown image regions as actually indicating mitotic

figures by also using thresholds for region area and luminance.
14.  Apparatus according to Claim 10 characterised in that successive potential
increments to image regions are individual pixels each of which is an immediate

row or column neighbour of an existing image region pixel.

15.  Apparatus according fo Claim 10 characterised in that it is programmed to execute



13. Apparatus according to Caim210 characterised in that it is progranmed

to execute the step of counting selected grown image regions as actually

indicating mtotic figures by also using thresholds for region area and

| um nance. 14. Apparatus according to Claim 10 characterised in that

successive potential increnents to inmage regions are individual pixels each

of which is an imediate row or col unmgei ghbour of an existing inmage

regi on pixel. 15 Apparatus according to Claim10 characterised in that it

i's programred t te step.b) with a referenc i xel having a

| um nance di ffsé‘?"? ‘;J" Iae§ SHERSH RV l"@ﬁﬂ?ﬁa?elﬂmfr@”ﬁﬁo‘fﬁ%f”q Q¥ r1E9% it i'g’d" el

distant from Ictorrtnaréwto anvtieertideHiifisdVpixBrfistant fradh it by ot Ridre Ithéhftwb%rdéﬁase

di mrensions. 16. A f nguter éﬁpan1adapted to be used in nmeasuring mtotic
<5 GhIRNTC

activity from@$ng MR eRYPYE men i nage data, the computer program
containing instructions to control a conputer to execute the steps of: a)

i dentifyi pi els in the inmage, data havi | um nances associ ated w.th
mtotic f . CORIPULEY| BEAgTHMY ‘F(ii%daﬁ?ﬂ?f {Red | ifeMepsyrdy Prels Ackvitiefiefence

pi xel which lSust&;bﬁtﬁb!@gn@élt |spe6ieme imBgdOgathl Oﬂnea%émlpu@rn@ﬂfgeaﬁno cBR@InIeY
identified plxel to provide a reference colour; c) locating pixels in the

i mge data wi t'hS T%H?'?%Wé‘@ﬁtrg'tﬁ P‘P%P@ﬁ’itloyexéﬂﬁg@eﬁie?%ﬁ of the reference

colour to indigate jgsHifitd Pidele A Y 'rrﬁa%é QL Pravifly Ihﬂ@r{é’rﬁ@é‘tdsg&létg@gﬁth
regi ons correspondi ngqtt 0 potentially miotic figures from the |ocated

pi xel s by addi ng piTiatis figHe@set 0, potential increnents to i mage regions
bei ng i npl emenyyed %elécﬁhg?cﬁcﬁﬁ QMO@?QH&E dhEifEe MREE ST refiref FxB?'ufhlch is

| um nances are sufficien close 1o resp ective | mage regl on | um nances and

sufficiently far fr&wﬁi%ﬁ‘ﬂl’rﬁi@?@ tﬂ'aP@'ﬂ%?bR@ dupigangentih apetder idengigdepieht gr own

i mage regions on t \P@éb$ ferlBgR0P! ds for image region area, conpactness
and wi dt h/ hei ght ;b% ecafé% cguntij%tsel ected grown i nage regi ons as

actual |y indi cati ndOCFﬁ'ﬂt\QﬂJP@ISf inde weageotata wih barinaness syfficiandly lose ta that ainber
of such regions. e reference colour to indicate potentially mitotic figures;

d) incrementing image regions corresponding to potentiaily mitotic figures from
the located pixels by adding pixels thereto, potential increments to image
regions being implemented or rejected by according to whether or not their
luminances are sufficiently close to respective image region luminances and
sufficiently far from an image data background luminance;

e) selecting grown image regions on the basis of thresholds for image region
area, compactness and width/height ratio; and

f) counting selected grown image regions as actually indicating mitotic figures
on the basis of a threshold for number of such regions.

17. A computer program according to Claim 16 characterised in that its inétructions
provide for executing the step of selecting grown image regions by also using
thresholds for ratio of image region luminance to background luminance and area
difference between areas derived by growing each image region with multiple.
thresholds.

18. A computer program according to Claim 17 characterised in that the thresholds for
image region area, compactness, width/height ratio, luminance and area difference

are: 355 pixels < area < 1700 pixels, 0.17 < compactness < 0.77, width/height

ratio < 2.7, luminance percentage < 44%, area difference < area.%; .



17. A conputer program according to Caim 16 characterised in that its
instructions provide for executing the step of selecting grown imge
regions by also using thresholds for ratio of inmage region |um nance to
background | um nance and area difference between areas derived by grow ng
each image region with multiple thresholds. 18. A conputer program
according to Caim17 characterised in titat the thresholds for inmage region
area, conpactness, wi dth/hei ght ratio, lum nance and area difference are:
355 pixel s, < ar < 1700 pixels Qnp 0,77 dth/he ht 23
ot b S o PR EATREET bk deneturd 19, CRE TS SeREeTiee gl ngRta,

19. A conput er Hrovige afm axecutid Nipet aeﬁl Gfi bmﬂrﬁinfgfwmédergrswdllmgégagmh*sSas
instructions proyide r execu the step of counti el ecte rown j nmage
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regi on area anduminafAtéance.





