Office de la Propriete Canadian CA 2647420 A1 200//10/04

Intellectuelle Intellectual Property
du Canada Office (21) 2 647 420
g,lnngL%?rri‘fg:na " mfgtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2007/03/22 (51) CLInt./Int.Cl. GO67 7/700(2006.01)

(87) Date publication PCT/PCT Publication Date: 200//10/04 | (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2008/09/24 IM3D S.P.A,IT
86) N° demande PCT/PCT Application No.: 1B 2007/051012 | (72 Inventeur/inventor:
(86) N demande pRICATON NO AGLIOZZO, SILVANO. IT
(87) N° publication PCT/PCT Publication No.: 200//110820 _

o o (74) Agent: MACRAE & CO.
(30) Priorité/Priority: 2006/03/24 (IT TO2006A000223)

(54) Titre : PROCEDE ET SYSTEME POUR RECONNAITRE AUTOMATIQUEMENT DES ANOMALIES
PRENEOPLASIQUES DANS DES STRUCTURES ANATOMIQUES, ET PROGRAMME INFORMATIQUE
CORRESPONDANT

(54) Title: PROCESS AND SYSTEM FOR AUTOMATICALLY RECOGNISING PRENEOPLASTIC ABNORMALITIES IN
ANATOMICAL STRUCTURES, AND CORRESPONDING COMPUTER PROGRAM

ACQUISITICN OF
COMPUTERISED /_1;0
TOMOGRAPHY DATA

l

SEGMENTATION AND

APPLICATION OF THE -

“REGION GROWING™
ALGORITHM

CALCULATION OF THE a5
SHAPE INOEX AND o o
CURVEDNESS OF
THE VOXELS

SELECTION OF VOXELS
BELONGING TO T 40
POTENTIAL POLYPS |

GROWING OF
REGION ADJAGENT

TO THE SELECTED 50
VOXELS

AGGLOMERATION OF K.,BG
THE LIKELY VOXELS '
INTO ANALYSIS UNIT

FINAL CLASSIFICATION J\_-m

OF POLYPS

(57) Abréegée/Abstract:

A process for the automatic recognition of abnormalities in anatomical structures is described together with a processing system
and a computer program for implementing the aforesaid process, comprising the operations of : acquiring (10) a plurality of

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 2647420 A1 200//10/04

ey 2 0647 420
13) A1

(57) Abrege(suite)/Abstract(continued):
two-dimensional iImages of at least one portion of a patient's body capable of forming a three-dimensional representation of at least

one anatomical structure under observation, segmenting (20) a region of interest In the said three-dimensional representation
which potentially contains anomalies, selecting (30, 40) volume image elements (voxels) from the segmented region which are
ikely to form a part of abnormalities In the anatomical structure represented, on the basis of predetermined morphological
parameters, agglomerating (60) the said voxels into analysis units on the basis of the distribution of the spatial density of the voxels
selected, and classifying (70) the said analysis units as elements suspected of being parts of abnormalities or as elements which

are not part of abnormalities.




w0 2007/110820 A3 I D00 D10 O 0 D R0

CA 02647420 2008-09-24

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [

International Bureau

(43) International Publication Date
4 October 2007 (04.10.2007)

(51) International Patent Classification:
GO6T 7/00 (2006.01)

(21) International Application Number:
PCT/IB2007/051012

(22) International Filing Date: 22 March 2007 (22.03.2007)

(25) Filing Language: Italian
(26) Publication Language: English
(30) Priority Data:

TO2006A000223 24 March 2006 (24.03.2006) IT

(71) Applicant (for all designated States except US): IM3D
S.P.A. [IT/IT]; Via Principe Amedeo 12, I-10123 Torino
(IT).

(72) Inventor; and
(75) Inventor/Applicant (for US only): AGLIOZZO, Silvano
[IT/IT]; Via Principe Amedeo 12, 1-10123 Torino (IT).

(74) Agents: DEAMBROGI, Edgardo et al.; Corso Emilia 8,
[-10152 Torino (IT).

(10) International Publication Number

WO 2007/110820 A3

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, B, CFE, CG, CI, CM,

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

[Continued on next page]

(54) Title: PROCESS AND SYSTEM FOR AUTOMATICALLY RECOGNISING PRENEOPLASTIC ABNORMALITIES IN
ANATOMICAL STRUCTURES, AND CORRESPONDING COMPUTER PROGRAM

COUISITION O (57) Abstract: A process for the automatic recognition of abnormalities in anatomical structures

COMPUTERISED 10 is described together with a processing system and a computer program for implementing the afore-
TOMOGRAPHY DATA ™ v . v v - . . . .

said process, comprising the operations of : acquiring (10) a plurality of two-dimensional images

l of at least one portion of a patient’s body capable of forming a three-dimensional representation of

SEGMENTATION .AND

APPLICATION OF THE o0

CREGION GROWING™  ~7
ALGORITHM

at least one anatomical structure under observation, segmenting (20) a region of interest in the said
three-dimensional representation which potentially contains anomalies, selecting (30, 40) volume
image elements (voxels) from the segmented region which are likely to form a part of abnormalities
in the anatomical structure represented, on the basis of predetermined morphological parameters,

l agglomerating (60) the said voxels into analysis units on the basis of the distribution of the spatial

CALCULATION OF THE 30
SHAPE INDEX AND
CURVEDNESS OF

THE VOXELS

o v

SELECTION OF VOXELS
BELONGING 70 T~_ 40
POTENTIAL POLYPS

GROWING OF
REGION ADIACENT

TO THE SELECTED
VOXELS

:L

AGGLOMERATION OF
THE LIKELY VOXELS \4’60
INTO ANALYSIS UNIT
T
FINAL CLASSIFICATION 70

OF POLYPS

density of the voxels selected, and classifying (70) the said analysis units as elements suspected of
being parts of abnormalities or as elements which are not part of abnormalities.



CA 02647420 2008-09-24

WO 2007/110820 A3 IHIHHVA!H VRO TN 10 O RS A

— as to the applicant’s entitlement to claim the priority of the —  before the expiration of the time limit for amending the
earlier application (Rule 4.17(iii)) claims and to be republished in the event of receipt of

—  of inventorship (Rule 4.17(iv)) amendments

Published: (88) Date of publication of the international search report:

—  with international search report 28 August 2008



CA 02647420 2008-09-24
WO 2007/110820 PCT/IB2007/051012

ﬁ

Process and system for automatically recognising

preneoplastic abnormalities 1n anatomical structures, and

correspondling computer program

ﬁ

This 1nvention relates to the preparation of 1mages and

—

specifically the recognition of objects and/or structures 1in

i

images, and 1n particular formations representative of

abnormalities 1n anatomical structures.

More specifically, 1t relates to a process for the automatic

ﬁ

recognition of abnormalities 1n anatomical structures and 1in

~—

particular preneoplastic lesions of the colon—-rectum

I

according to the preamble of Claim 1, as well as a processing

system and a computer program for 1mplementing the aforesaid

pProcess.

F

Processes, systems and computer programs for i1dentifying

’

three-dimensional lesions 1n organs and tissues of the human

H i

body through the analysis of digital representations of an

anatomical structure and subsequent classification of the

abnormalities found are 1n general known.

H

Colonorectal carcinoma 18 today  the second cause @ of

neoplastic death 1n the world. Recently, diagnostic means
which are less 1Nnvasive than conventional medical
examinations by colonoscopy, which enable the entire colon to
be explored without the need to introduce sensors which might

inconvenlience the patient and, 1n the limit, damage tissues

(perforation, haemorrhage), glving rise to severe

complications, have made a name for themselves.

I

These diagnostic means make use of radiodiagnostic techniqgues
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carry out a so-called %“virtual endoscopy”. Through this

H

hnigque 1t 1s possible to obtain a view of the patient’s

organs, simlilar to that 1n conventional endoscopilc

Pro

H

Ol

SOVS
Thi

H

cedures, through three-dimensional processing of a series

1mages obtained by Computerised Tomography (CT).

tems which carry out virtual colonoscopy (VC) are 1n use.

ﬁ H

s type of virtual navigation within the lumen of the colon

nevertheless makes 1t necessary to carry out very 1long

exa
Yo
nec

(ap

Aut
ext

obt

H

minations on patients because o0of the time required to

cess 1mages and for the doctor to read them, as 1t 1s

’

essary to travel along the entire 1length of the colon

proximately 1.5 metres).

omatic systems are known which carry out recognition and

H H

raction of the colon 1mage from the set of 1mage data

H

alned by computerised tomography, making use of the

dif
in

1ts

In
Sur

ope

ferences 1n X-ray absorption 1intensity by the air present

H H

the lumen of the colon and the tissue part of the colon

elf.

H H

particular, an operation of segmentation of the 1nternal

H

face o0of the colon 1s performed. Segmentation 1s an

—

ration designed to extract parts of 1mages constituent

I

homogeneous regions on the basis of a predetermined criterion

ﬁ

OL

ima
the
rec

rat

ﬁ

belonging of i1mage elements to a region, through which the

H H

ge of the 1nternal surface of the colon 1s extracted from

overall three-dimensional 1mage obtained by tomography,

H

ognising and eliminating the volumes of air outside the

F F
p—

1ent, the volumes of alr within the lungs, regions of fat

~—

and muscle and finally the volume of air within the colon

1ts

H

elf, according to the differences 1n the 1ntensity of X-
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ray radiation absorption between the said regions.

H

Once the 1nternal surface of the colon has been obtained,

these automatic systems carry out a quantitative
characterisation of 1t, calculating some morphological
properties of the volume elements (technically: voxels)

recognised as belonging to 1t. These properties are used to

distinguish healthy tissue from that which 1s potentially

diseased and from faecal residues.

H

One method for the three-dimensional analysis of organ

lesions operating 1n a manner described above 1s for example

described in American Patent Application US 2003/0223627 Al.

The solutions hitherto proposed for carrying out automatic

H

identification of neoplastic 1lesions 1n the colon (polyps)

have the great disadvantage that 1mage i1nterpretation can be

—
p—

complex and difficult when there are many other changes 1in

the surface which may be due to polyps, but may also be due

to artefacts (faeces, movement artefacts, etc.) generating an

H

unacceptable percentage of errors (false positives and false

negatives) .

~— o~

The object of the 1nvention 1s therefore to provide a

H

procedure for the automatic recognition of formations

representing abnormalities 1n anatomical structures, and 1n

particular preneoplastic lesions 1n the colon-rectum, which

H

overcomes the limits of the known art.

This and other objects will be accomplished 1n accordance

wilth the invention through a process whose maln

characteristics are defined 1in Claim 1.
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H

A further object of the i1nvention 1s a processing system and

H

a computer program for 1mplementing the abovementioned

process as claimed.

H

In sum, the 1nvention 1s based on performing an operation of

segmentation potential abnormal formations 1n an anatomical

structure extracted from an 1mage using an agglomeration

technigque 1n successive steps.

H

In the specific 1nstance, the absorption intensity of the X-

ray radilation used by the tomography technigque to acquire and

—

represent 1mages of a patient’s 1internal organs 1s made use

I I

of, but - 1n a similar way - the response of objects to other

H

diagnostic radiations and, more generally, the response o:

objects present 1n the examination field due to 1nteraction

between the objects and electromagnetic excitation radiation

1ncident upon them may be used, for example the colour of the

objects (characterised by wavelength and 1ntensity) 1S

I

determined by the reflection of incident light radiation from

them.

Advantageously, 1n the currently envisaged application to

ﬁ

virtual colonoscopy, the stage of segmentation potential

abnormal formations as successive agglomerations 1s able to

reconstitute these formations with greater accuracy, thus

making 1t possible to distinguish any polyps present more

clearly from other geometrical changes 1n the i1nternal

H

surface of the colon which have different morphological

characteristics and are of different origin.

F

Further features and advantages of the 1nvention will be

apparent from the detailed description which follows,
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ﬁ

provided purely by way o1 a non-limiting example with

reference to the appended drawings, 1n which:

H

Figure 1 1s a flow diagram of the process according to

the i1nvention,

H

Figure 2 1s an 1llustration of five di

H

"erent types of

surface characterised by corresponding shape 1ndex used for

I

the recognition of abnormalities 1n anatomical structures,

and

H H

Figure 3 1s a diagram of a processing system for

recognising preneoplastic lesions 1n the colon-rectum

according to the invention.

With reference to Figure 1, the process to which the

ﬁ

invention relates has 1ts origin 1n the acquisition of

Computerised Tomography 1mage data 1in step 10, and then

H H

segmentation of the internal surface of the colon through a

“region growing” algorithm 1s performed 1in step 20 based on

the 1mages acgquired.

In subsequent step 30 pre-established geometrical parameters

for the voxels recognised as belonging to the i1internal

H

surface of the colon are calculated, and voxels which might

belong to polyp regions are selected (step 40).

I

In step 50 a further process of growing the regions adjacent

to the selected voxels 1s performed, and the regions grown
around these voxels are subsequently agglomerated 1nto
analysis units (step 00).

F

Finally, the final classification of the analysis units 1into

polyps or non-significant artefacts 1s performed (step 70).
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—~ -

The wvarious steps shown 1n the ow dilagram 1n Figure 1,

which have been briefly listed above, will now be described

1n detail.

Once the Computerised Tomography data have been obtained 1n

—

the standard medical DICOM format, they are then first of all

converted 1nto a format which 1s suitable for processing in a

ﬁ

program for the representation and display of 1mages.

H

The subsequent stage 1n the process consists of automatic

F F

segmentation of the surface o

the colon on the basis of the

converted 1mage data. This procedure 1s carried out on the

i

basis of “region growing” algorithms which are known 1n the

literature.

H H

Once the voxels of the 1nternal surface of the colon have

been obtained through the segmentation stage, predetermined

recognition properties, of which the maln ones are

I

geometrical characteristics, histograms of X-ray absorption

intensities, statistical analysis of the texture using

parameters such as, for example, contrast, correlation,

enerqgy, entropy and local homogeneity, are determined.

As far as geometrical characteristics are concerned, shape

index (SI) and curvedness (CV) are preferably calculated.

These parameters can be used to distinguish any polyps

present within the colon from geometrical structures having a

different curvature and shape.

Shape 1ndex and curvedness are expressed 1n relation to the

~—

local curvatures 1n orthogonal planes kpax and kypin 0f a

structure, using the following equations:
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k +k
SI(p) = 11 o Ko (P) 4 Koy (D)
2 n K oax (P) — Ko (D)

k *+k, (p)
CV(p):ngln\ max () er min (2)

I

where p 1s the position of the voxel.

The shape 1ndex classifies the volumetric topological shape

H

at position p of the voxel 1nto five classes, generally known

as: “cup”, “rut”, Ysaddle”, Y“ridge”, and %“cap” (see Figure

~— —

2) . Higher values of the shape 1ndex correspond to a shape of

r’7

the Y“cap” type and are particularly beneficial because many

polyps exhibit this shape.

H

The curvature parameter characterises the magnitude of the

H

effective curvature 1n the voxel and therefore provides a

~—

local estimate of by how much the surface within the voxel 1s

curved.

H

Parameters SI and CV requilire calculation of the main

curvatures kp.x and kpin, and these in turn reqgquire calculation

of the first and second partial derivatives of the surface of

the colon 1n the three reference directions x, vy and z at

right angles. In order to calculate the partial derivatives,

H
p—

1t 1s preferred that 1terative use Dbe made of Deriche

filters, according to a technique known from the literature.

The equations for the partial derivatives are used to

calculate the parameters SI and CV for all the voxels

belonging to the surface. The voxels characterised by SI and

CV values lving between a minimum and a maximum are selected
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H

as possibly belonging to regions suspected of containing

polyps, and are subsequently used as starting points from

which possible polyp regions are extracted.

ﬁ

Calculation of the shape 1ndex and curvedness parameters may

be significantly costly 1n computational terms and memory

resources. This 1s due to the fact that the calculation 1is

H

performed on the entire surface or over large portions of

H H

surfaces containing hundreds of thousands of voxels. In order

to reduce the amount of memory necessary for the

H

calculations, 1t 1s convenient to subdivide the surface of

the colon into “bounding boxes” or adjacent analysilis volumes.

I

Given a starting axial cross section, the dimensions of the

analysis volumes are 1ncreased one step at a time 1n the

longitudinal direction of the colon (z axis) 1n both

directions. The 1ncrease 1n volumes 1s 1nterrupted when a

predetermined dimension 1n z 18 reached or when the surface

~—

of the colon comes to an end. The dimensions 1n the x and vy

I

directions vary according to the cross section of the lumen

ﬁ

of the colon 1involved, while the z dimension 1s configured

before these are calculated, and conveniently corresponds tO

H H

a number of two-dimensional 1mages of between 20 and 30 axial

Cross sections.

Advantageously, a second parameter dedicated to

overdimensioning the analysis volumes, whose wvalues may be

altered 1n the x, vy and z directions, 1s configured. In the z
direction, this parameter generates an overlap between the
analysis volumes and this 1s done 1n order to reduce

H H

distortion effects when calculating curvature at the edges of

the analysis volumes.
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ﬁ

Selection of the voxels by means o0of the morphologica:

H

parameters of the shape 1ndex (SI) and curvedness (CV) 1s

H H

followed by growing, 1n terms of the number of voxels, the

regions adjacent to the voxels selected, using Hysteresis

H

techniques, from an agglomeration of 1ncreased selected

’

voxels and from further growing of voxels within the tissue

adjacent to the surface regions selected.

H

The Hysteresis method makes 1t possible to extract a set of

voxels which are spatially connected to the previously

selected 1nitial regions. This method results 1n the

— ~ —

extraction of a larger number of voxels of the 1internal

surface of the colon which potentially correspond to a

H

greater portion of a polyp. Additional voxels are selected

reducing the lower threshold of the shape 1ndex (ST)

H

parameter and 1ncreasing the range of 1nterest of the

curvedness parameter (CV).

i

Once the voxels have been characterised on the basis of their

physical-geometrical properties, they are agglomerated into

H

individual units of analysilis representling regions which are

classified as ©potentially containing or not contalning

polvyps.

Voxels are grouped together 1nto analysis units on the basis

ﬁ H

of the distribution of the spatial density of the voxels

selected. The principle on which this agglomeration operation

H

1s based consists of recognising regions with a greater

H H

density of voxels selected, as a result of which the voxel

denslity 1s greater within each agglomeration than outside 1t,

and the density within the nolse zone 1s always less than

within the agglomerations. The operation requires definition
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ﬁ H

of two parameters: the minimum number of points which the

H H

neighborhood of a voxel must possess, and the radius of the

H

neighbourhood 1tself. Values for the parameters are selected,

H H

for example, empirically from a set of Computerised

Tomography 1mages.

This agglomeration operation 1s performed, for example, by

using the known DBSCAN algorithm described 1n the article

AL\

Density Based Algorithm for Discovering Clusters 1in Large

Spatial Database with Noise” by Ester, Kriegel, Sander and Xu

H

published 1n Proceedings of 2nd International Conference on

Knowledge Discovery and Data Mining (19906). Through this

H H

algorithm any number of agglomerations o any shape and

F

1ndependently of noilse can be recognised from the selected

voxels.

H

The analysilis units so obtained may only contain a portion of

F

the surface of the polyp. This 1s due to the fact that the

I

curvedness parameters only detect the apex of the polyp which

H

protrudes furthest into the lumen of the colon, and do not

H

detect the base of the polyp which has curvature values which

differ from those at 1ts apex. Also a given polyp may be

found by several analysis units, and these have to be merged

1into a single analysis unit. The procedure for extending the

analysis unit to the entire polyp surface 1s as follows.

For every analysis unit a check 1s made to see whether there
are any adjacent analysis units which might possibly be
merged together with the analysis unit under investigation.

— —

In this respect the centre of mass of the surface portion of

the analysis unit under examination 1s calculated. From the



CA 02647420 2008-09-24
WO 2007/110820 PCT/IB2007/051012
11

ﬁ

calculated centre of the mass a check 1s made along the

H H

segmented surface of the colon to see 1f other analysis units

are present withlin a predetermined maximum distance from the

H H

centre of mass, the value of which 1s determined empirically.

H

The distance of each voxel explored corresponds to the length

~—

of the minimum path over the surface which links the voxel

under examination to the central mass.

In order to recognise analysis units which are close to each

H

other, each analysis unit 1s spherically extended by means of

a “region growling” method, 1n which the analysis unit 1s

extended 1n the colon tissue within a radius equal to the

H

maximum distance between the centre of mass and the voxels

already belonging to the analysis unit. Growth also 1ncludes

the tissue voxels adjacent to the segmented surface.

In particular, while growlng 1S 1n progress, the segment

—

Jjolning 1t to the centre of a mass 1s drawn for each voxel

H

even only one of the voxels through

p— i

under 1nvestigation.

F

which the segment passes lies 1n the lumen of the colon, the

p— g

voxel under examination 1s not added to the analysis unit.
this 1s not the case, the voxel under examination 1s added to
the analysis unit. This growing condition prevents the

—

extension process from 1ncluding portions of the colon which

do not belong to polyps.

After the analysis units have been extended spherically, a

H

check 1s made for each unit of analysis to see whether the

units which are close to 1t overlap or are adjacent to 1t.

Analysis units which are candidates for merging and comply

—

with one of these conditions are merged with the analysis

unit under examination.



CA 02647420 2008-09-24
WO 2007/110820 PCT/IB2007/051012
12

The analysis macro-units so formed do not always 1include the

H

base of the polyp. For this purpose a geometrical plane

supporting the analysis macro-unit 1s determined on the basis

H H

of the voxels at the edge of 1ts surface, which 1s parallel

H

to the base of the polyp. The supporting plane 1s moved 1n a

direction normal to 1t 1n successive steps and 1n a direction

H

away from the apex of the macro-unit under examination (the

H

apex 1s 1dentified because of the fact that the voxels of

the analysis macro-unit, 1ncluding the apex voxels, lie on

H

one side of the plane).

~—

At each step 1n movement of the supporting plane the voxels

I

of the segmented surface lying on the plane or adjacent to 1t

within a predetermined distance, which 1s for example

H

determined empirically, are determined. For each of these

H

voxels the minimum distance with respect to the voxels of the

supporting plane precediling that being examined 1s determined.

— —

f this distance 1s greater than a predetermined threshold

(determined empirically, for example), the voxel 1s not added

to the analysis macro-unit, but 1f 1t 1s not the voxel 1s

added.

— —

1n a particular step at least one voxel 1s at a distance

—

greater than that threshold, the percentage o0of voxels

belonging to the supporting plane under examination having a

minimum distance which 1s greater than the threshold 1s

H

calculated. It this percentage exceeds a threshold

H

percentage, extension of the analysis unit along the surface

18 terminated.

— —

f this percentage 1s 1nstead less than the threshold

percentage, another supporting plane 1s calculated from the
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ﬁ

voxels at a distance from the voxel of the current supporting

plane which 1s less than the threshold distance, and from the

H

voxels of the previously calculated supporting plane adjacent

H

to the voxels of the current supporting plane which are at a

distance greater than the threshold distance.

The process continues 1teratively until the above condition

1S achieved.

H

The aim of extending the analysis units using the steps

H

described 1s to extend the portion of the surface area of the

analysilis units.

ﬁ

Although a portion of adjacent tissue has been selected 1n

H H

the course of the extension process, this portion of tissue

F

1s not regarded as forming part of the analysis macro-unit,

because 1t may also 1nclude surrounding tissue which does not

’

fective extension of the analysis

. f—
- ——

belong to the polyp.
macro-unlit 1nto the tissue, which extracts the polyp tissue

with greater accuracy, 1s achieved by combining together the

1identified surface voxels using straight segments. The voxels

through which the segments which belong to tissue adjacent to

the surface pass are added to the analysis units and macro-
units as new voxels. Advantageously, this process makes 1t

possible to extend even the smallest analysis units

ﬁ

ficiently to have a significant number of voxels that make

ﬁ

S U

them up.

)

The agglomerations achieved represent possible polyps for

H

subsequent examination of the colon-rectum.

I

The number of voxels belonging to the analysis units selected
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1s normally wvery much 1less than the overall number of the

H

internal surface of the colon-rectum.

However, even analysis units which do not belong to polyps

H

may be selected by means of this process. These selections

’

help to 1ncrease the number of false positives, that 1s

possible polyps selected as being suspect but which do not
actually belong to polyps.

H

In order to reduce the number of these, 1t 1s convenlient to

H

calculate further parameters describing other properties of

F

the analysis units which might 1mprove discrimination of the

recognition algorithm.

H

In addition to the geometrical properties of the voxels, 1t

1s also preferable to study other properties, for example

F

properties associated with the intensity of X-ray absorption

~—

of the 1ndividual voxels. In this respect 1ntensity

I I

histograms are studied for all voxels of the surface area of

H

the colon and of 1ts neighborhood. The purpose of this

analysis 1s to establish whether the voxels 1n regions which

belong to polyps have a characteristic histogram which 1s

F

different from those of the voxels 1n other regions of the

F

ference 1n X-

colon. In fact 1n many cases polyps show a di:

ray absorption 1n comparison with healthy tissue or faecal

residues.

H

Neural networks, for example a neural network of the

W\

feed-

H

forward” type, which 1s 1n 1tself known, may be used to study

H

the characteristics of the histograms.

Another property studied 1s the  texture, a property



CA 02647420 2008-09-24
WO 2007/110820 PCT/IB2007/051012
15

assoclated with 1mage 1ntensity. Thilis can easily be perceived

H

by the human eye and 1s believed to be a rich source of

H

information on the nature and shape of three-dimensional

objects. Texture 1s a complex visual shape comprising
macrostructural or microstructural subshapes which have
characteristic brightness or colour or size. The 1local

i

properties of the subshapes make 1t possible to distinguish

the luminosity, uniformity, density, granularity, regularity,

H

noisiness, and directionality characteristics of a texture as

a whole.

There are Various approaches to textural analysis:

structural, statistical, by models, by transforms. Among

these approaches, second order statistical approaches have

shown to glve better results than other analytical

approaches. For this reason, and because abdomen 1mages are

ﬁ

characteristically devoid of macrostructural subforms, 1t 1s

advantageous to use a statistical approach, for example an
approach based on co-occurrence matrices, which are known 1in

the literature.

The calculation 1s heavy on computer power and for this

reason 1t 1s conveniliently only carried out 1n the thirteen

—

directions defining the first, second and third neighbours of

a voxel and theilr corresponding distances.

In addition to the 1ntensity histogram and texture, other

characteristic parameters can be used to reduce false
positives. One of these 1s the calculation of Zernike
moments.

)

This method makes use of the fact that polyps can be
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H

"ormation content o:

vsing the 1n:

absorption and 3D spatial distribution,

spheroidal

H

ficients known

COeEC.

geometrical descriptors have been used to recognise 1mages of

from the literature are calculated.

from Computerised Tomography 1mages relating to
but also from their
morphology. In this respect the Zernike

These

—

objects 1n large 1mage databases. These parameters make 1t
possible to recognise an object of given shape 1ndependently
from 1ts si1ze and orientation. These special symmetry
properties render Zernike coefficients particularly useful

for studying the morphology of

H

polyps,

the shape of

H

which 1s

generally spheroidal,

millimetres

orientation 1n space.

to over a centimetre,

but which may wvary 1in size

from a

few

and which may have any

All the parameters characterising voxels represent a large

F

amount or

1in

classify voxels,

suspected as being part of

healthy tissue.

H

fication of

Classi

problem which can be

other statistical class]

I

voxels

distinguishing between voxels

polyps and voxels 1n regions of

solved using neural networks

fiers.

formation which has to be analysed 1n order to

1n reglions

i

1s a multidimensional recognition

and/or

The process according to the 1nvention 1s carried out by a

H

system oOf

computerised workstation

processor subsystem 110,

130,

network (network

system may be o:

H

a mouse 140 and a device

bus)
the

150

the type 1llustrated in Figure 3,
100,

H

O ad

a display device 120,

. Alternatively,
distributed type

known

which comprises a

having a

type,
a kevyboard

for connection to a 1local

the processing

(not 1llustrated)
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having a processor subsystem and peripheral local or remote

input/output devices. Workstation 100 or the distributed

H

system are designed to process groups or modules @ of

processing and calculation programs stored on a disk 160 or

H

accessed from the network, capable of displayving the process

—

described, and of displaying the results on display 120.

These arrangements are considered to be well known to those

skilled 1in the art and will not be further described here

because thevy are not 1n themselves relevant for the purposes

H

of 1mplementing and understanding this 1nvention.

~—

Naturally, the principle of the invention remaining the same,

I

the embodiments and details of construction may be wvaried

widely from what has been described and i1llustrated purely by

H

way of a non-limiting example, without thereby going bevyvond

H H

the scope of protection of the present i1invention as defined

1n the appended claims.
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CLAIMS
1. Process for the automatic recognition of abnormalities

H

1n anatomical structures, comprising the operations of:

F

- acquiring (10) a plurality of two-dimensional 1mages

— — —

of at least one portion of a patient’s body capable of

H

forming a three-dimensional representation of at least one

anatomical structure under observation,

H

- segmenting (20) a region of 1nterest 1in the said

three-dimensional representation which potentially contains

anomalies,

- selecting (30, 40) volume 1mage elements (voxels) from

the segmented region which are 1likely to belong to

abnormalities 1n the anatomical structure represented, on the

H

basis of predetermined morphological parameters,

F

- agglomerating (060) regions of voxels 1nto analysis

units according to a predetermined proximity criterion, and

F

- classifying (70) of the said voxels as elements

H

suspected of belong to abnormalities or as elements which do

not belong to abnormalities,

H

characterised 1n that the said stage of agglomerating

H

(60) the regions of voxels 1nto analysis units 1s performed

H

by grouping together the voxels on the basis of the spatial

~—

density distribution of the voxels selected.

H

2 . Process according to Claim 1, 1n which the region of

H H

the tissues of the

interest 1ncludes the 1nternal surface o

colon, and the said abnormalities 1n anatomical structures

H

1include preneoplastic lesions of the colon.

3. Process according to Claim 2, 1n which the said two-

i

dimensional 1mages are transverse cross-sectional i1mages of a
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patient’s body obtalned using radiodiagnostic techniqgues.

4, Process according to Claim 3, comprising the acguisition

H

of computerised tomography 1mage data, through  which

ﬁ H

segmentation of the region of i1nterest 1s based on comparing

X-ray radiation absorption 1ntensity values relating to

I

elements of the i1mage.

o. Process according to Claim 4, 1in which the said

morphological parameters 1nclude shape 1ndex (ST) and

curvedness (CV).

0. Process according to Claim 5, 1n which the shape 1ndex

H

(ST) and the curvedness (CV) are calculated on the basis o0:

the main curvatures of the surface of the tissues of the

H

segmented colon, using the calculation of first and second

H H

partial derivatives of the 1mage through the 1terative use of

Deriche filters.

7. Process according to Claim 5 or 6, 1n which the voxels

characterised by shape 1index (SI) and curvedness (CV) 1lying

H

between corresponding predetermined ranges of values are

selected as possibly belonging to abnormalities.

I

3 . Process according to any one of Claims 5 to 7, 1n which

the morphological parameters are calculated by subdividing

the segmented region into adjacent analysis volumes.

H

9. Process according to any one of the preceding claims,

F

comprising the stage of growing (50) regions around selected

voxels after selecting (40) voxels 1n the segmented region

which are likely to belong to abnormalities i1in the anatomical
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structure represented.

10. Process according to Claim 9, 1in
growing (50)
using Hysteresis techniques, selectin

voxels whose shape i1ndex

enlarged ranges of

(ST)

I

values.

and curvedness

PCT/IB2007/051012

H

which the said stage of

regions around the selected voxels 1s performed

g from the surroundings

(CV) lie within

H

11. Process according to any one of the preceding claims,
including the merging of analysis wunits 1lying within a
predetermined distance from the centre of a mass o0of a
reference analysilis unit, overlapping or adjacent to 1t.

12. Process according to Claim , 1n which the analysis
units are extended to adjacent voxels of tissue through

H

spherical growing governed by a radius of growth equal to the

ﬁ

maximum distance between the centre of mass and the surface

voxels belonging to the analysis unit under 1nvestigation.

13.

c1ssue 1S no

according to Claim 12,

added

Process

L O

L

che analysis uni

)

1n which a voxel of

[ ] —

11

leas one of

ad

L M M

the voxels crossed by the segment jJoining the said tissue

voxel with the centre of

H

mass belon

colon.

14.

analyslis macro-unit obtained by merging analysis units

extended to

Process according to Claim 11,

include surface

voxels

H

gs to the lumen of the

12 or 13, 1n which an
1S
which 1lie on planes

parallel to a supporting plane calculated on the basis of the

SUY

15.

H

the ana

face voxels at the edge otf

H

Process according to any one o

lysls macro-unit.

the preceding claims, 1n
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selected

jolning the surface

agglomeration stage.

16.

vS1s unilits are extended

voxels
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1identified during

Process according to any one of Claims 4 to 15,

the

from the surface

the colon to the adjacent tissue by adding tissue voxels

"rom the tissue voxels crossed by linear segments

sald

1n which

the voxels 1n the segmented region which are likely to belong

to abnormalitlies 1n the anatomical structure are selected on

H

the basis of
intensity.
17.

ﬁ

the voxels 0

f the segmented region which are

Process according to any one of Claims 4 to 15,

11ke.

v to be.

the corresponding X-ray radiation absorption

1n which

ong

to abnormalitlies 1n the anatomical structure are selected on

H

the basis of

18. Processing system

I

OL

recognition
designed to
co 17,

Claims 1

19.

carried out by a processing system

abnormalities

1mplement a process

Processing program or group of

H

Or more code modules

automatic recognition

INONA

O

texture properties.

the

(100-160) for
1n anatomical

according to

F

structures according to any one of Claims 1 to 17.

any one of

automatic

structures

H

programs which can be

(100-160), comprising one
1implementing a process for the
f abnormalities 11 anatomical
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