| MAGE PROCESSI NG The invention relates to inmage
processi ng techni ques that can be used to enhance
worea7oed903 mages such as X-ray pictures and MRIPCT/GB2006/002423

pictures. O course, the .inmge processing techniques

provided by the invention are applicable to other

types of picture. According to one aspect, the

i nvention provides a nethodl of processing a nedica

i mage, the nmethod conprising rendering the inage into

a contour map and nodifying the arrangenent of the

contours under the BﬂﬁéﬁhBﬂSﬁﬂﬁﬁﬂﬁﬁblogical data so

that the contours resolve into the boundaries between
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1mage'sr€ac§'xc )?-r%@l&&lr?shaél g%%gplgﬁ]ﬂ r&S)Hs 618 en]%ro?%Fmg techniques
providedyelid Mgertion ar@mPpicatilé © mh@@nie@uf piompe. and nmeans for

nodi fying the arrangenent of the contours under the

gui dance of histol ogical data so that the contours
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structures in the i mage. By processing an inmage in
methadrdosprigipg renderisg fysmiat it doantergnapanddeedifying be arprgement of

a t
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boundmsshxﬁwsamodiffasnt;ﬂwdxoai sthctgesbrthe anagecar t i I age. I n

particul ar, by processing an X-ray picture in a nmanner

according to the invention, it is possible to recover

The RN coibigd ﬂf@ta!pﬁﬁat@b%ﬁ pideessaf & rhbdisal emilfget bR apparatus
kind just mentioned. This is of particul ar benef

comprsiag AsALS oy agidpang thigimner dnte e GopioNf mapemddneas dor modl?.wng the
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spect, the 1 nvention provides a nethod of processing
resolvanntp mlwgmuudmeaubnﬁwvgn differentiphysisakbstoigfueestin teaimegey, t he

met hod conprising producing a contour map of the inmage

in which contours divide the imge into zones and
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| s tchth e of the pixels expected,of
mean gt v IR0 R GRS (5 PHeP Bris Srangd Sl wbout soft
tissue such as tendon, ligament and cartilage. In particular, by processing an X-ray picture in a
manner according to the invention, it is possible to recover meaningful information about the
soft tissue of the kind just mentioned. This is of particular benefit in the non-invasive

diagnosis of joint, tendon and ligament problems and tumours.

According to another aspect, the invention provides a method of processing an image
containing at least one object boundary, the method comprising producing a contour map of
the image in which contours divide the image into zones and merging zones if the statistical
properties of their pixels match those of the pixels expected of an object that is known or

thought to be present in the image.

The invention also consists in apparatus for processing an image containing at least one object

boundary, the apparatus comprising means for producing a contour map in which contours



The invention al so consists in apparatus for
processing an i nage contai ning at |east one object
whowngeddys the apparatus conprising nmeans for PCDGBRI06H02423

a contour map in which contoursdivide the imge into

zones and neans for nerging zones if the statistica

properties of their pixels match those of pixels

expected of an object that Bs known or thought to be
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aivid Ul aflo ks iR iand KR TN ol R Akal properies of thei
pixelsrdicbdhost nhpisels sxpsoted ©f am objestahatds Ithgright terke prageat in the
. obj ect whose expected pi xel properties are used to
Mag%ui de the merging of image zones may or nay not be a
honogenous obj ect. For exanple, such an object could
.conprise a piece of articular cartilage. that itself, .
Typicalhipalinonsh miacIgVelnap? FBpesIPragiared (g ary mypiaon 1 jdpedical image,
such A818n XS L laR MY ?@tu%) MBhSbiedt WhdsdTBipRerdd pixelBlopeicd are used to

di agnosi s about the condition of a human or an ani nal
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such (RSB CRICRERGEE HNBE bh Sk Iuias: Bep 3eheRRhpRles decp
transitivhal dindeuytesficdd] ldyless. i nventi on will now be descri bed

wth reference to the acconpanying draw ngs in which:

Figure 1 is a block diagramof an X-ray machine
The iﬁ@éﬁﬁi@ﬁ taRd cblﬁis@s Red menad ofmaking aﬁiagﬁbgjﬂﬁlﬁ)uﬂtﬁe]:&oadi‘gon of a human

schematic i rati n x- [ r n .
or ant TGRSR 1 o168 Of KA F2eD e DR hoep gocesved using the
techn?tﬁ%g é%&%e@b?ﬁ{etin%fntibﬁ‘.e i mage of Figure 2; Figure 4

ITTustrates the selection of a region of interest in

the X-ray imge of Figure 2; Figure 5 illustrates an

enl ar genment regi I t : ' : :
By v gar 8 e kS o E s A EAERhUGP L K6 i usrgibed with
referige o the atooatbafiyingnitaéngseén tvhiwh: of the X-ray that is

shown in Figure 5;Figure 7 illustrates a contour nmap

of a histol ogical inmage of the region of interest
Figue0¥A bidak di 6f & 2Rl BacHhdiontected thlaystsonilesmphter;

sel ection of further regions of interest in the X-ray

pi cture of Figure 2;

Figure 2 is a schematic illustration of an X-ray picture of a bone fragment;

Figure 3 is a flow chart of steps for analysing a part of the image of Figure 2;
Figure 4 illustrates the selection of a region of interest in the X-ray image of Figure 2;
Figure 5 illustrates an enlargement of the region of interest selected in Figure 4;

Figure 6 illustrates a contour map that has been derived from the section of the X-ray that is

shown in Figure 5;



Figure 9 is an X-ray of a knee joint; Figure 10 is a
region of interest within the X-ray of Figure 9 that
wham7hoessns enhanced using the techni ques of thePCT/GB2006/002423
invention; Figure 11 is an enlargenent of a region of
Figure 10; Figure 12 is an enlargenent of another
region of Figure 10; Figure 13 is an image of the
tibial plateau of the joint; shown in Figure 9; Figure
. 14 is an X-ray of a fractured l.inmb; Figure 15
Figure, T Jiusiyatss A icAPORRRED of £ RHO logigalyimag, OBFheine@eP of ﬂrereﬁtaihown in
Figurdd3Snligen enhanced using the techniques of the present
I nvention; and Figure 16 is an enlargenent of a
portion of the i mge of Figure 15. Figure 1 shows a
Figure Sy lestnh PlecBR L RENGRCHBAPEbREL B o Kt BRYBO D Higure
deIivered over connection 14 to the PC 12 for
oce wi || now consider the case where X-ray
]ﬁgnqéi 8ﬁa fH% 0 anal yse a fragnent of a bone
fronra jOInt of a cadaver, the fragment being covered

with articular cartilage. Figure 2 sho pi cture
FigureokO is peregiomel ffrteé@ﬁtr%ttﬂrrf«gﬁ EnrapT FHreR St %516’6“ e‘ﬁ?élcedl using the

t tains four differently shaded areas 16,
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20 and 2 1 represent the deep, transitional and
. perficial yers, .re |y, of the articular

Figure gr’f@ﬁ%lsrg?ﬁlgﬁuonsh seragfglﬁgﬁfs\ilgh the picture 15
represent the free space around the bone fragnent in

the field of VIWO t he X- hi ne 10. For
Figurec} e ph HSTEginet of G Nor e R6PEH 10p0 and 2 1 are shown
clearly delinited fromone anot her |n Fi gure 2
al though one skilled in the art will realise
Figurd ¥3nis @ amegeyoftiedtibialiphateau o ﬂteyomaﬂ@érgl indigwe?; 20 and 2 1
blur into one another. The PC 12 processes the X-ray
picture 15 using the procedure set out in the flow
FigurecHiais tan 0f-rafyiofa fiac@redllimtst ep S, the data representing
picture 15 is received by the PC 12 from machi ne 10
and is stored as a two di nensional array of pixels.
Figure 15 is a region of interest within the X-ray of Figure 14 that has been enhanced using the

techniques of the present invention; and
Figure 16 is an enlargement of a portion of the image of Figure 15.

Figure 1 shows a medical X-ray machine 10 connected to a PC (personal computer) 12, X-ray

pictures taken by machine 10 are delivered over connection 14 to the PC 12 for processing,

We will now consider the case where X-ray machine 10 is used to analyse a fragment of a
bone from a joint of a cadaver, the fragment being covered with articular cartilage. Figure 2
shows a picture 15 of the bone fragment taken by the machine 10. The picture 15 contains
four differently shaded areas 16, 18, 20 and 21. Area 16 represents bone and areas 18, 20 and

21 represent the deep, transitional and superficial layers, respectively, of the articular cartilage.



In step S2, a succession of finite inpul se response
(FIR) filters are applied to picture 15 for noise
WO 20000ad903 | nage shar peni ng and feature extractPORNGB2006/002423
Appropriate filtering algorithnms to achieve these
goals will be readily apparent to one skilled in the
art. hi step S3, a region of interest (RO) 22 is
sel ected for the subsequen# processing stages. The RO
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i ntervening | um nance val ues are replaced with

proportionate values in the range 0 to 255. Thus the
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rent colour I'n a graduated spectrum 1In step
S6, the TUA 23 is analysed with the aimof detecting

In stert> Igi, gﬁ%uﬁgglr Jle%§it}p ]:)f itl{esﬂp@ P8 @Nfcreased by either or both of a Laplacian
pyramid filter and a Gaussian pyramid filter. Appropriate algorithms for implementing such
filters will be readily apparent to one skilled in the art. The effect of these filters is to
interpolate within the TUA 23 thus increasing the density of pixels within the IUA 23. The

increase in pixel density employed is typically a factor in the range 6 to 12.

In step S5, the characteristics of the pixels in the IUA 23 other than luminance are discarded.
Next, the maximum and minimum luminance values of the pixels within the IUA 23 are
detected and used to calculate the luminance range for the IUA. The luminance range is then

mapped onto a range of values extending from 0 to 255 such that the lowest luminance value



articular cartilage zones. First, the NLA undergoes

contour filtering to create, as shown in Figure 6, a
weenroeoodap 24 of the NLA having contour | i neBCT/GB2006/002423

representing the magnitude of the normalised | um nance

val ues assigned to the pixel in the NLA An

appropriate algorithmfor conducting the contour

filtering will be readily apparent to one skilled in
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condudiflg BH¥RLARIPL IteHhgOlilltHRe eIl bphienT®PokEkediif tigttrded by
hi stol ogi cal data as will now be explained. A

hi st ol ogi cal image 34, as shown in Figure 7, of the
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amalgamation of the contour map zones is guided by histological data as will now be

explained.

A histological image 34, as shown in Figure 7, of the ROI 22 is imported to the PC 12. The
pixels in the histological image 34 have differing luminance values on account of the staining

applied in the histology.

A contour filter is applied to the histological image 34 to detect the boundaries of the five
zones that are known to be present in the ROI 22. Thus, the histological image is divided into

five zones by, by, bz, b; and by containing bone, deep articular cartilage, transitional articular



zones present in contour map 24. To explain this
procedure, we will now consider the pair of zones ao
wW@nw7m0390Fi rst, the standard devi ati on of the PCT/GB2006/002423
normal i sed | um nance values in the part of the NLA
covered by zones ao and a is calculated. That value is
then conpared with the standard deviation of the
| um nance val ues of the pixéls in zone b0 of the
carti '
B B b A LR PR B A BB zones a0 0 0
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zoneshaesnt infventoor meap 24.e Tolenplainathiserowbuesweo ivill hewconidsete pair of
pi xel popul ation of ao and a.\ and, on the other hand,
mnw%%én i nance val ues of the pi xel popul ation of b0. If
the correlation coefficient is > 0.95 , then the
orrelation conparison is _considered positive. |If both
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combﬁh% ixel 96 9 UIRIcH ST ao%ﬁ @, bh® JHEthe thet B8td, MRS PGB hce values of the
orne on all of the pairs a2m a2mti for ne0 to 5,
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is corIsPJ% Jﬂﬁlgos?t‘lle %tom heqa)%% aﬁpobaﬂg%é Et\éﬁdarél fde{nla&m? Eé{lﬁﬁﬁnsons are
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positive, Wten thdismw ztoha B tand( Bvare glezgndestoarsmgieeama mned to
determne if any zones within pairs of adjacent zones

can be nerged. This iterative procedure continues

Followigicombhtion e iR rm@Eerz6i1@s dyAnd BE thderdér feedid GREofrfed on a, and
five, at which point the boundaries of the four

% Iisiorapilyii g™ LR deares, thytotheicempineg nopylaton pf en@dnass tested
agalnﬁgcﬁéJ b@;%u%tﬁbnrcﬁ”fﬂo & lothdMpist ARhRLY tﬁat%f b heInbfPSﬂemaﬁ%'? Pthe procedure

ar cartilage, transitional articu
progresses through the series of zones by to bs when testing the pairs am, apm+; for merger.

Once the merger test has been performed on all of the pairs azm, aym+ for m=0 to 5, a check is
made to determine if the number of zones in the map 24 is still greater than five. If the
number of zones in the map 24 is found to be greater than five, then the surviving zones are re-
examined to determine if any zones within pairs of adjacent zones can be merged. This
iterative procedure continues until the number of zones in the map 24 reduces to five, at which
point the boundaries of the four surviving zones should, from left to right in the map,
accurately reflect the contours of the bone, deep articular cartilage, transitional articular

cartilage, superficial articular cartilage and background regions, respectively.



cartilage, superficial articular cartilage and
background regi ons, respectively.As shown in Figure 8,
wo eoovkeaooRO s, e.g. 36, 38 and 40 can be proceBGEGBRIV6/002423
t he manner expl ai ned above in order to build up
i nformati on about a |arger part of the bone fragnent.
It will be apparent to one skilled in the art that,
when the process expl ai ned by reference to Figures 2
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ered as ,a.soft acka o for ampl e)..
cartilag ony 86 TSP SEOBAE RS TeoiEBIERost F 161 Hefadiment
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receiving digital imges for analysis. Such software

will typically be tailored for the analysis of one or

It wil n%{) pafnt ‘ﬂ?a?ltl?er i ERQE chy %@%eﬁ%}em b SB%EI% aeg%o(e{; &l &, for

edge of the expected statistical pr op
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ect
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t he software package is tailored for the anal ysis of

carry, orethe targq me&estynfﬁdt e valentof theeupgeied statistienl prpperties of the bo-

b nBPSA ek ARG LI KR SABL AR AR, py v ot
more <ﬁamumtb exaniplg abthe anﬂika Peclage it tailomd dar. the analysis of breast tumours
and knee joint analysis, then the package is imbued with the expected statistical properties of

objects that would be expected to be found in breast and knee joint images.

Some examples of image details revealed through application of the present invention to X-ray

images will now be provided.

Figure 9 is an X-ray picture of a knee joint that is provided for enhancement using the present

invention. An ROI for enhancement by the present invention is demarcated by the black frame



Sonme exanpl es of inmage details reveal ed through
application of the present invention to X-ray imges
wawdolz/008908 be provided. Figure 9 is an X-ray piRCUGB2@5/002423
a knee joint that is provided for enhancenent using :
the present invention. An RO for enhancenment by the
present invention is demarcated by the bl ack
frameoverlaid on the figureg The result of enhancing
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was rgROYHeng i) Spmpagpe &k theabial ey S Fheyep & Figure W&;éaveéffd that
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A method according to claim 2 or 3, wherein the statistical properties comprise the

standard deviation of the luminance values of, on the one hand, the pixels expected of

the object and, on the other hand, the pixels of zones proffered for merger.

A method according to claim 2, 3 or 4, wherein the assessment of the degree of match
of the statistical properties comprises correlating the luminance values of the pixels

expected of the object with the luminance values of the pixels of zones that are

proffered for merger.
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Apparatus for processing a medical image, the apparatus comprising means for
rendering the image into a contour map and means for modifying the arrangement of
the contours under the guidance of histological data so that the contours resolve into

the boundaries between different physical structures in the image.

Apparatus according to claim 11, wherein the rendering means produces a contour map
of the image in which contours divide the image into zones and the modifying means
merges zones if the statistical properties of their pixels sufficiently match those of the

pixels expected of an object that is known or thought to be present in the image.

Apparatus for processing a medical image containing at least one object boundary, the

apparatus comprising means for producing a contour map of the image in which

contours divide the image into zones and means for merging zones if the statistical
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15. Apparatus according to claim12, 13 or 14, wherein
the nodi fying neans is arranged to correlate the
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with the | um nance val ues of the pixels of zones that
are proffered for nerger. 16. Apparatus for processing
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Apparatus for processing an image containing at least one object boundary, the
apparatus comprising means for producing a contour map of the image in which
contours divide the image into zones and means for merging zones if the statistical
properties of their pixels sufficiently match those of the pixels expected of an object

that is known or thought to be present in the image.

Apparatus according to any one of claims 11 to 16, further comprising means for
filtering the image before producing from it a contour map, wherein the filtering means
is arranged to apply one or more of noise removal filtering, feature extraction filtering

or edge sharpening filtering.

A program for causing data processing equipment to perform a method according to

any one of claims 1 to 10.

A method of diagnosing the condition of a biological entity, comprising use of an

image that has been processed by the method of any one of claims 1 to 10.



