1 IMAGE PROCESSING METHOD AND SYSTEM FIELD OF THE INVENTION The present invention
relates to the field of image processing. In one 5 form, the invention relates to a method and system of
matching regions of a firstimage and at least a second image, said regions being non-overlapping
segments of an image, to provide a fundamental algorithm in use to perform image registration. It will
be convenient to hereinafter describe the invention in relation to 10 the use of such an algorithm for
that purpose of image registration; however it should be appreciated that the present invention is not
limited to that use only. BACKGROUND OF THE INVENTION %e registration is a fundamental task

in the area of computer vision |VMAGEPR A EIING MEEI@ RS YEHeMuken by two different

cameras from different viewpoints at different times. The main goal of the image registration is to find
a geometric transformation with which the first image can be correlated or aligned with the second
one. The registratfRBs@RdHRAMENTIEN 1) integrating information taken from different sensors; 2)

20 finding changes in magBrgkan IifiBrers B SO ABkConiiRRspRcileRoIAR fYormation

from images; 4) for model-based object recognition. Among the existing prior art algorithms for image
registration, Xhefa@pprdherB¥epticrdYatrsyiepraiied and \ﬁ)(féﬁﬂh%ﬂ?%%b&ﬂdlﬁgiﬁrﬂﬁ&ﬁ%ensor

image registratiggihatsetiRdve 19239 8ssees R misifican geaidryedlinpaticsyabaphminages are
firstly segmented into a set of non-overlapped regions by the approaches of split-and-merge or region
growing. Then é%&ﬂ%ﬂcﬂﬂwﬁnﬁ%ﬂmﬁf%%?k?e%@?é?ﬁ?é@aﬂcﬁfﬁﬁf'?@ﬂ?dﬁ HRAdRREHE M Turther to
find the geomewatwlsggrgﬁ%q%petween the images. Most existing approaches in the prior art for
region matching measure 30 the region similarity based on the region features, such as area,

diameter, elongation dh¥th&R&SRBVEBIERTIQIFEROANRRSRPERE B inMRRbARLNFRlRtigR fRrties
should be gimnilangnpeabr Al Bie dRYAthMatheRepRIfeY8E dhifage registration; however it

should be appreciated that the present invention is not limited to that use only.

BACKGROUND OF THE INVENTION
Image registration is a fundamental task in the area of computer vision
15 used to match two images of a same scene taken by two different cameras
from different viewpoints at different times. The main goal of the image
registration is to find a geometric transformation with which the first image can
be correlated or aligned with the second one. The registration is often
necessary for 1) integrating information taken from different sensors; 2)
20 finding changes in images taken at different times or under conditions; 3)
inferring 3D information from images; 4) for model-based object recognition.
Among the existing prior art algorithms for image registration, the approaches
based on region features are widely used, especially in multi-sensor image
registration where the two images present significant gray level disparities.
25 The images are firstly segmented into a set of non-overlapped regions by the
approaches of split-and-merge or region growing. Then a region-matching
algorithm may be performed to find region matches and further to find the
geometry transformation between the images.
Most existing approaches in the prior art for region matching measure
30 the region similarity based on the region features, such as area, diameter,
elongation and moments. For two regions in two images to be matches, their

properties should be similar enough. After the region matches are found, their



2 centroids will be used as the control points to compute the geometric transformation. The major
problem associated with these approaches within the prior art is the case of mismatch. For example, it
is common to have two regions in the first image with similar or even exactly the same properties with
5 one corresponding region in the second image. In this case, it is hard to solve the ambiguity. Then
computed transformation will be very sensitive to the mismatched regions. This means that they are
not robust enough to work in most situations. It is to be noted that the prior art discussed herein has
been noted to 10 have the difficulties, as discussed, by the inventor. Any discussion of documents,
devices, acts ord@iiRE8gaviH the Ygedifiastidias seRtiabPRIMRpian GREBEIRe BT SROMEREON. It

should not be tgkpiAFAGRMNISHRNHROAPIoRIhS Haksialdar WA RBELH I PAIHA WRARE Or the

common general knowledge in the relevant art in Sing%re or 15 elsewhere on or before the priority
date of the disclSuRSIah@TeISrTeHeAsM O ARISHRIH bf i TN enVEifieATIMeDIoVIGYd ethod and

system for matebifigiS AOmEHO IR NIRNAIASP OR L IBALS SeA) rYslahe epfilaleimpiive to
ur

the prior art. A further object of the present invention is to alleviate at least one 20 disadvantage
associated With %€ SABESRCBUNAVIRRINGT- e SARANENTRIR: INbHUSEpRR1 HE PAEddR $alEhtion

provides a methad of malchipy rediansshadied imausathableasiiasecny BaagRieaid ragions
being non- 25 overlapping segments of an image, the method comprising the steps of: a) determine a
set of region propEELAR R EeHIPESioN HITHBEREEAhAt JB8Y RIF I SQONSIRNAUINOSYBIE Hair of
regions in the sehgéiadipaseiRie pairs of regions, where each said pair comprises a region from the

firstimage and a 30 refq_ion from the second image, perform the foIIowi.ngL; i) determine a hypothetical
transformation: It'is to be noted that the prior art discussed herein'has been noted to

10 have the difficulties, as discussed, by the inventor.

Any discussion of documents, devices, acts or knowledge in this
specification is included to explain the context of the invention. It should not
be taken as an admission that any of the material forms a part of the prior art
base or the common general knowledge in the relevant art in Singapore or

15 elsewhere on or before the priority date of the disclosure and claims herein.

An object of the present invention is to provide a method and system
for matching image regions of a first and second image that provides a useful
alternative to the prior art.

A further object of the present invention is to alleviate at least one

20 disadvantage associated with the prior art.

SUMMARY OF THE INVENTION
In one aspect the present invention provides a method of matching
regions of a first image and at least a second image, said regions being non-
25 overlapping segments of an image, the method comprising the steps of:
a) determine a set of region properties for each region of the first and
second images;
b) for each possible pair of regions in the set of all possible pairs of
regions, where each said pair comprises a region from the first image and a
30 region from the second image, perform the following;

i) determine a hypothetical transformation;



3 ii) transform a portion of each region of the first image into a corresponding transformed location in
the second image using the hypothetical transformation; iii) determine whether a region in the second
image has a 5 corresponding existing portion proximate the transformed location; iv) allocate a support
reference to the hypothetical transformation for each determined proximate portion; c) determine a
true transformation between the first and second imaggs in accordance with the hypothetical
transformation which is allocated 10 the maximal support references. In a preferred embodiment the
method may further comprise the step of determining at least one invariant region property for each

region of the first and BkEangRrEge PerieneRAshiRaieNOhibedisidaagemisieation. Accordingly,
steps b) and c) mayRe ARITREIRH SRIMMREIRRSRIFRGIP MRedScha D aviRgL R iRgMfinvariant region

property. In one embodiment the region properties comprise any one or more of: region area; region
orientation; andNy@gEieteatisNSIIMadieR least one invariant property may be a region moment.

Preferably, the hypotheficabisamH ABSIEF AMBYRSS I AN JHITRHIgBANEN o The affine

transformation may comprise: a scaling determined as the square root of the ratio of the first region
area and the seEegsRgNHNG &Xisting parinatRI¥EatmIRedrassH e lesalitstween the first

region centroid and th%ﬁﬁﬁ@&@ké@ﬂQJ%%W@ES@H@_@W%}IHSE&%@?G%%M@@'Ft9re between
the first region orientation and the second region orientation. In a preferred embodiment, the

hypothetically tr&ASPAREIPEIRE PEIXIHRALREPTERMoN of the first image is a centroid.

c) determine a true transformation between the first and second
images in accordance with the hypothetical transformation which is allocated

10 the maximal support references.

In a preferred embodiment the method may further comprise the step
of determining at least one invariant region property for each region of the first
and second images prior to determining a hypothetical transformation.
Accordingly, steps b) and c) may be performed only for those region pairs

15 having the same invariant region property.

In one embodiment the region properties comprise any one or more of:

region area,;

region orientation; and

region centroid.

20 The at least one invariant property may be a region moment.
Preferably, the hypothetical transformation comprises an affine
transformation. The affine transformation may comprise:

a scaling determined as the square root of the ratio of the first region
area and the second region area;

25 a translation determined as the difference between the first region
centroid and the second region centroid; and

a rotation determined as the difference between the first region
orientation and the second region orientation.

In a preferred embodiment, the hypothetically transformed portion of

30 each region of the first image is a centroid.



4 Other aspects and preferred aspects are disclosed in the specification and / or defined in the
appended claims, forming a part of the description of the invention. In essence, the present invention
stems from the realisation that it is 5 possible to directly relate image region properties to a geometric
transformation between two images used to correlate or align the first image with the second image.
In this respect, when a region is translated, all of its pixels will be translated in the same direction and
by the same distance. As the region centroid statistically defines the region's position, the difference
of 10 the coordinates of the region centroids prior to and after transformation may determine the
translation vector. WhéptBsiegrneEsaatarelietetsasredsaredisstasad imttesapesifratadn and by

the same angle oAgcogiighinepirftiies REERE dRaies %ﬁﬂfﬁﬁ%%Bﬁ%ft?rénge?&‘?ibﬂéﬁ%@rmaﬂ0”

may determine the rotation direction and the rotation angle. Further, when a 15 region is scaled, the
length of each HHEB¥BNTIRB-will be scaled by the same scaling factor. As the region area is

proportional to the squa{e.QEEiEngl BiesaRh iRVBREBHY diapndNRSAURYS FRaiSAHBA Rl ffihe region

areas prior to and after transformation may determine the scaling factor. The present invention has
been found % r@QRIRIA nitnodiFeAtivo RiIiMtalieageuctediont iPrepaEical Fosdblosangtimations

between two imggRsfEHAARIR BUAREANHVheREgEAN s isIChPEBRclAte @PtNghSElEtiatfintagke is one
may be determined b%éhe present invention. It is efficient. The geometric transformation between two

images 25 is VR fRERIADHBRHg HaNiD SRR AR RIOANIDTARS RIpH]) T its
explanation, in gapgealienaflinmyrpsioimationdsreardeasn i wyuMe eune areiwscaligg, one

for rotation and two for translation. Prior art approaches compute the affine transformation between

two images fron ' EQYBRIFRAESIST HrlisHa Fsitnes BaHeFonsyrRastianrdhes diferfnessd, four
equations (e reqeisbiaiRabé fef the region centroids prior to and after transformation may

determine the translation vector. When a region is rotated, all of its pixels will
be rotated in the same direction and by the same angle. Accordingly, the
difference of the region orientations prior to and after transformation may
determine the rotation direction and the rotation angle. Further, when a
15 region is scaled, the length of each boundary line will be scaled by the same
scaling factor. As the region area is proportional to the square of the length of
each boundary line, the square root of the ratio of the region areas prior to
and after transformation may determine the scaling factor.
The present invention has been found to result in a number of
20 advantages, such as:

It is robust. All possible transformations between two images
are determined and the best one is chosen. The optimal solution if
there is one may be determined by the present invention.

It is efficient. The geometric transformation between two images

25 is determined from one single pair of region matches instead of two.
By way of explanation, in general the affine transformation is described
by four unknowns, one for scaling, one for rotation and two for
translation. Prior art approaches compute the affine transformation
between two images from the coordinates of the control points, i.e. the
30 region centroids. In this case, four equations are required to solve for a
unique affine transformation. Each pair of region centroids will provide

two equations involving the unknowns of the affine transformation, so



unigue affine transformation. Each pair of region centroids will provide two equations involving the
unknowns of the affine transformation, so 5 at least two pairs of regions are required. The approach of
the present invention uses the region properties to compute the affine transformation. Each unknown
of the affine transformation may be solved by certain region properties. Thus, only a single pair of
region 5 matches is required in the present invention. $o the total number of possible transformations
between two images may be reduced hundreds of times. This may greatly reduce the algorithm
complexity. It is invariant to scaling, translation and rotation. The methodology of the present invention
is inherently invariant tttl@a30WARAY DPECAGIRY LBt ISEBIr afd TmmMQéMHWﬁmowns of

the affine transformatigr, feifshdedeenine reyiaysiyJertie e Rinmpate #degipe matches. Further

scope of applicability of the present invention wiLIﬁIJecome apparent from the detailed description given
hereinafter. However, #a3RsIQEMaEae FrRI4OkBAW ohdgerbiiaa HassfpsioiaRdspLstic examples,

whie indicating prefergghRapayliBRalA AS4IShRYSPLRTLS T BT RY Wi d sl 8Fpecioly. since

various changes and modifications within the spirit and scope of the invention will become apparent to

those skille®in the art Rieh@ssiSicesiced dadhptriieseotinkespianticaadbrtkRtal BEMRRS ®bm the

present invention may BesdisRiutinstBRHRAISHS tDdtRderming the rﬁﬁlﬂﬁb@%tﬁiﬂéﬁla“o” in a
computer vision environment. BRIEF DESCRIPTION OF THE DRAWINGS 25 Further disclosure,

objects, advantages ahyRIfRASObIiRES rdduRMAYIRAHBNTRRNCES MR AIGURBRT S8BP IS iNose skilled

in the relevant art by referenggidqribsriahevang sassriphns Miareiatedigisrpdimants taken in
conjunction with the accompané(ing drawing, which are given by way of illustration only, and thus are

not limitative of the pre‘%’@r‘i*ﬂ ﬁﬂMr?,féH@ pyesent invengtion is inherently invariant to the
10 effects of scaling, translation and rotation by virtue of the unknowns of

the affine transformation being determined uniquely from a single pair
of region matches.
Further scope of applicability of the present invention will become
apparent from the detailed description given hereinafter. However, it should
15 be understood that the detailed description and specific examples, while
indicating preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications within the spirit and
scope of the invention will become apparent to those skilled in the art from
this detailed description.
20 The specific algorithms derived from the present invention may be
useful in application to performing the task of image registration in a computer

vision environment.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Further disclosure, objects, advantages and aspects of the present
application may be better understood by those skilled in the relevant art by
reference to the following description of preferred embodiments taken in
conjunction with the accompanying drawing, which are given by way of
illustration only, and thus are not limitative of the present invention, and in
30 which:
Figure 1 illustrates an exemplary flow chart of the method of the

present invention in accordance with a preferred embodiment.



30 which: Figure 1 illustrates an exemplary flow chart of the method of the present invention in
accordance with a preferred embodiment. 6 DETAILED DESCRIPTION OF THE INVENTION In
accordance with a preferred embodiment and with reference to figure 1, the proposed algorithm
consists of four steps 1) For all the regions in both images, we compute the following region 5
properties: the region area, the region orientation and e region centroid. 2) For each pair of possible
region matches, we make a hypothesis that they are corresponding regions. Thus a hypothetical
transformation may be constructed or determined. According to the preferred embodiment, then a

hypothetical traffdrbd? BERGRIRS LD QT A NYENTINtion may be 10 determined as
following. The scaling i, dgteURiRER @SR SAUSHEERYLLIEhD IR AR drstitRoiQfrErRaNG the

second region area. The translation is determined as the difference between the first region centroid
and the second filsgR A dBeuRIiAPT$RArBlaaH B gorsisin&f iy iifdedference between the first region

orientation and the secpnddegiptharidiyiNinlBoth itbHEsNYROBSHISIOIRE ¢6IIBIRRER LGN

transformation, we verify it by seeking the number of determined supports from other rgﬁlons. For
each regiorPin PIOREERBE ReiRaRIRANIMR FRZIGMPBIEMTRARHE ThRoragien cRI¥ERsh using the

hypothetical transformatjoraanshdateraninss ibbeBlie fegRHOMEIERBSERRNFhBRAYS WSshEsRtroid is
very close to or proximate the 20 computed location. If So, the hypothetical transformation gets a

support. This pFBEbiaay BERFSRTESREMIRGL ASiRRRs iniHE ArsviRviarticldrsiormalionbaf
supports may bggecaigRdebasPRSniIRaI2NBEJRAITHR fBaf dosraidhe PersidaiRaift, aheagipns. For

all the hypothetical transformations, the one that gets the maximal 25 supports may be chosen as the

true transformatyRONGHFAL FRRSHTRBISHROMPESth 2WigYE adinsUeRsiaENAlandReYRfon
properties 1guchjascihRifRai RMBRMS: WRenswaiagnsrattdhfined as the square root of the

ratio of the first region area and the second region area. The translation is
determined as the difference between the first region centroid and the second
region centroid. The rotation is determined as the difference between the first
region orientation and the second region orientation.

15 3) For the hypothesis posed or hypothetical transformation, we verify it
by seeking the number of determined supports from other regions. For each
region in the first image, we transform, for example, its centroid into a new
location using the hypothetical transformation and determine if there is a
region in the second image whose centroid is very close to or proximate the

20 computed location. If so, the hypothetical transformation gets a support. This
process is performed to all the regions in the first image, and the total number
of supports may be recorded.

4) Step 2 and 3 may be performed for all the possible pairs of regions.
For all the hypothetical transformations, the one that gets the maximal

25 supports may be chosen as the true transformation.

In implementations of the invention, we also compute some invariant
region properties, such as the region moments. When we generate the
hypothetical transformation as at step 2, if two regions have different region
moments, they will be regarded as impossible matches and will not be used to

30 compute a hypothetical transformation. When we seek the number of
supports for a hypothetical transformation at step 3, for a pair of regions to be

a support, they are also required to have similar region moments. By



hypothetical transformation as at step 2, if two regions have different region moments, they will be
regarded as impossible matches and will not be used to 30 compute a hypothetical transformation.
When we seek the number of supports for a hypothetical transformation at step 3, for a pair of regions
to be a support, they are also required to have similar region moments. By 7 incorporating the
invariant region moments into the algorithm, we can achieve better accuracy and speed. Region
Matching Algorithm 1. Denote Rm (m=1,...,M) the regions in the first image and 5 Rn (n=1,...,N) the
regions in the second image. 2. Compute the region properties according to: cm={Am, 6m, Xm, Ymi
Am is the region&RMALRY HiA i5\AEFRYIES I PHEMEIRMDIHetNRRIgREtM, Ave SrNcIMaMates of

the center of graydfyeYRMhclhrrFEABe PN, XN, YnI An is the region area of Rn, On is the region
orientation of Rn, Xn and Yn are the coordinates of the center of gravity of Rn}. 3. Starting from m=1

and n=1, we compute BegitReMateRipaAlgerthmssuming Rm and Rn are corresponding regions:

15 Scaling: smn = An/Am Ratation iRtz RN (BEMD XNBOHE deiitAs i tH&anselingg@amn _ s mn
mn X. tymn Yn "'n - Sin amn)COi\ﬁmn) Ym 4. Initialize the support variable Emn=0. Starting from

m=1, we transform (Xfn ¥R int H@J%@W&t@&sﬁ?@@ﬁé 4P8ge-affine 20 transformation: 1Xm)
COS(amn) Sin(amn) X m I tXgmn Snaiyip§iB(Ehe region properties according to:

Cm={Am, Om, Xm, Ym| Am is the region area of Ry, 0n, is the region
orientation of Rp, X, and Y, are the coordinates of the center of gravity
of Rm},

10 Cn={An, On, Xn, Y| Aq is the region area of R,, 6, is the region
orientation of R, X, and Y, are the coordinates of the center of gravity
of Ry}

3. Starting from m=1 and n=1, we compute an affine

transformation by assuming R, and R;, are corresponding regions:

15 e Scaling: s,, =+/4,/A4,

e Rotation: . =60 -0
Z:)Cl'nifl

. Xn Cos(amn ) Sin(amn ) Xm
e Translation: = -S,. )
0 Y, -sin(,,, )cos(eax,, )\ Y,

4. Initialize the support variable Enn=0. Starting from m=1,
we transform (X,, Ym) into a new coordinate using the above affine

20 transformation:

X, cos(r,,) sin(er, )\ X, (tx,,

[Y};1 ]:S"’"[— sin(a,,m)cos(amn))(Ym J+[Zj/mnj

Define the distance threshold r>0. Let (X,,Y,) be the closest
point to (X, Ym). If  (Xo-Xm+(Yn-Ym')’<r?, then the above
transformation gets one support and En=Emn+1. Loop this step from

25 m=1 to M.
5. Loop step 3 and 4 from m=1to M and n=1 to N.
6. Find indexes mg and ng such that Enono=max(Emn). The

corresponding transformation (Smono, ©mono, tXmono, tymono) Will be

regarded as the true transformation between these two images.



) )COS(a) Y I"mn mn~mn \'-M / Define the distance threshold r>0. Let (Xn,Yn) be the closest point
to (Xm', Ym’). If (Xn- Xm")2+(Yn-Ym')2<r2, then the above transformation gets one support and
Emn=Emn+l. Loop this step from 25 m=1to M. 5. Loop step 3 and 4 from m=1 to M and n=1 to N. 6.
Find indexes m0 and no such that Emono=max(Emn). The corresponding transformation (smono,
(XmOnO, txmOnO, tymono) will be regarded as the true gransformation between these two images. 8
While this invention has been described in connection with specific embodiments thereof, it will be

understood that it is capable of further modification(s). This igggcation is intended to cover any
variations uses or adaptatiendist tnkantientibaToReR’M §aseirrdaintteopRgetiaBsWthhenRs¢difion 5

and including SUGRIGSRATENES {HTBIE RTGTANLESHRGHISIES FOMS WG KROUHIOT RUSRIREFY

practice within the art to which the invention pertains and as may be applied to the essential features
hereinbefore sePTBRNCALORE bretBis ARRIIARSIOM K IDtcarRfd AR ERY e BYa MRITATOMRHIRES Rparting

from the spirit ob i, esRGHYIBF EheTRGERIRIT ISR EHE BEPRr 41, HRSPRRIGIAS WIdRESIAGEHHGH the

above described embodiments are not to limit the present invention unless otherwise specified, but
rather shou® be@EbrREHENNErSHER ARRATIHES A AR RSSO tHESARSVIBNASS CRMGWilthe

known or customary practice within the art to which the invention pertains and
as may be applied to the essential features hereinbefore set forth.
As the present invention may be embodied in several forms without
departing from the spirit of the essential characteristics of the invention, it
10 should be understood that the above described embodiments are not to limit
the present invention unless otherwise specified, but rather should be
construed broadly within the spirit and scope of the invention as defined in the
appended claims. Various modifications and equivalent arrangements are
intended to be included within the spirit and scope of the invention and
15 appended claims. Therefore, the specific embodiments are to be understood
to be illustrative of the many ways in which the principles of the present
invention may be practiced. In the following claims, means-plus-function
clauses are intended to cover structures as performing the defined function
and not only structural equivalents, but also equivalent structures. For
20 example, although a nail and a screw may not be structural equivalents in that
a nail employs a cylindrical surface to secure wooden parts together, whereas
a screw employs a helical surface to secure wooden parts together, in the
environment of fastening wooden parts, a nail and a screw are equivalent
structures.
25 “‘Comprises/comprising” when used in this specification is taken to
specify the presence of stated features, integers, steps or components but
does not preclude the presence or addition of one or more other features,

integers, steps, components or groups thereof.”



appended claims. Various modifications and equivalent arrangements are intended to be included
within the spirit and scope of the invention and 15 appended claims. Therefore, the specific
embodiments are to be understood to be illustrative of the many ways in which the principles of the
present invention may be practiced. In the following claims, means-plus-function clauses are
intended to cover structures as performing the defineddunction and not only structural equivalents, but
also equivalent structures. For 20 example, although a nail and a screw may not be structural
equivalents in that a nail employs a cylindrical surface to secure wooden parts together, whereas a
screw employs &hAIMS surface to secure wooden parts together, in the environment of fastening
wooden parts, a nail and a screw are equivalent structures. 25 "Comprises/comprising” when used in

this specification is taken to specify the presence of stated features, integers, steps or components
but does not preclude the pr of sl eiehinDFROME GYeolRel ireadf e dintdgasd teps,

components or g iGaeR SIS beNRRIALMAIRIEGIRRELH drstingociied at

least a second image, said regions bag non-overlapping segments of an image, the 5 method
comprising the SR&8RQsHCoNpRIISHIA B SI8PETEgion properties for each region of the first and second

images; b) for each pogsikladiaii Rl Eesirst R dishssiopledlRoriRISPAIEY Rin 'S0iRB Sirdthaig each said
pair comprises a region from the first image and a 10 region from the second image, perform the
following; i) det&i®SPREMASSHetical transformation; ii) transform a portion of each region of the first

image into a correspoayliﬂ@g HansioeRssidosatias Fé&i‘t?h%%otﬂ@ KRRAGE AP EIBI YRR stical
transformation; 15 iii) determine whether a region in the second image has a
regions, where each said pair comprises a region from the first image and a
10 region from the second image, perform the following;

i) determine a hypothetical transformation;

i) transform a portion of each region of the first image into a
corresponding transformed location in the second image using the
hypothetical transformation;

15 iii) determine whether a region in the second image has a
corresponding existing portion proximate the transformed location;

iv) allocate a support reference to the hypothetical transformation for
each determined proximate portion;

c) determine a true transformation between the first and second

20 images in accordance with the hypothetical transformation which is allocated

the maximal support references.

2. A method as claimed in claim 1 further comprising the step of
determining at least one invariant region property for each region of the first

25 and second images prior to determining a hypothetical transformation.

3. A method as claimed in claim 2 wherein steps b) and c) are
performed only for those region pairs having the same invariant region
property.

30



corresponding existing portion proximate the transformed location; iv) allocate a support reference to
the hypothetical transformation for each determined proximate portion; c) determine a true
transformation between the first and second 20 images in accordance with the hypothetical
transformation which is allocated the maximal support references. 2. A method as claimed in claim 1
further comprising the step of determining at least onggnvariant region property for each region of the
first 25 and second images prior to determining a hypothetical transformation. 3. A method as claimed
in claim 2 wherein steps b) and c) are performed only for those region pairs having the same invariant
region property. 30 10%4. A nfeth68a8 @aisRinpraRy2eNOsePAiRRIM S0 3N arBRT ¢He thegion

properties Comﬁ@%?oﬁrbwﬁérﬁém%ﬁfis’@%iﬂ{? 8% el grientation; and 5 region centroid. 5. A
method as claimed in any one of claims 1 to 4 wherein the at least one invariant property is a region

moment. 10 6. A meth&Bc#PAed in any one of claims 1 to 5 wherein the hypothetical
transformation comprisggian atiesdiisiappation. 7. A method as claimed in claim 6 wherein the
affine transformation comprises: 15 a scaling determined as the square root of the ratio of the first
region areaand the s8I RiPikea; a translation determined as the difference between the first
region centroid and the second region centroid; and a rotation determined as the difference between

the first region 20 orientation and the second region orientation. _
5. A method as claimed in any one of claims 1 to 4 wherein the at

least one invariant property is a region moment.

10 6. A method as claimed in any one of claims 1 to 5 wherein the

hypothetical transformation comprises an affine transformation.

7. A method as claimed in claim 6 wherein the affine
transformation comprises:
15 a scaling determined as the square root of the ratio of the first region
area and the second region area;
a translation determined as the difference between the first region
centroid and the second region centroid; and
a rotation determined as the difference between the first region

20 orientation and the second region orientation.

8. A method as claimed in any one of claims 1 to 7 wherein the
hypothetically transformed portion of each region of the first image is a
centroid.

25

9. Apparatus adapted to match regions of a first image and at least
a second image, said regions being non-overlapping segments of an image,
said apparatus including:

processor means adapted to operate in accordance with a

30 predetermined instruction set,
said apparatus, in conjunction with said instruction set, being adapted

to perform the method as claimed in any one of claims 1 to 8.



8. A method as claimed in any one of claims 1 to 7 wherein the hypothetically transformed portion of
each region of the first image is a centroid. 25 9. Apparatus adapted to match regions of a first image
and at least a second image, said regions being non-overlapping segments of an image, said
apparatus including: processor means adapted to operate in accordance with a 30 predetermined
instruction set, said apparatus, in conjunction with said {nstruction set, being adapted to perform the
method as claimed in any one of claims 1 to 8. 11 10. A computer program product including: a
computer usable medium having computer readable program code and computer readable system
code embodied on said medium for matching 5 regions of a first image and at least a second image,

said regions being nomeverlagping sEEPBREY A b IRRAS. Ml Rydata processing system, said

computer program product including: computer readable code within said computer usable medium for
performing the methodPsEoRRsHahySHRicMadiHE Dayisg REMPUlehaRdabie Rraphad ifddgim 1

substantially as ficseiBnsisserPedyuitier s{RIBRER A dEnASS OISR FRYSCHVANEN Fer MRRGKATYS or a
product as claimed in claim 9 or 10 substantially 15 as herein described with reference to the
accompanyig deQIARg.of a first image and at least a second image, said regions being non-

overlapping segments of an image, within a data processing system, said
computer program product including:
computer readable code within said computer usable medium for
performing the method steps of any one of claims 1 to 8.
10
11. A method as claimed in claim 1 substantially as herein

described with reference to the accompanying drawing.

12.  Apparatus or a product as claimed in claim 9 or 10 substantially

15 as herein described with reference to the accompanying drawing.
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