Detecting Potential Changed Qbjects in Inmages The present invention relates
to detecting potential changed objects in inmages. Various techniques for
det ect i ngwohangsessebj ects in pairs of inages are known. pBuwaB2vswi3mi2ques
have associ at ed advant ages and di sadvant ages when conpared to each ot her
and their performance can vary depending on the nature (e.g. |ight
conditions) of the inmages being processed. Enbodi nents of the present
invention are intended to detect poten1ti al changed objects in inages with
an inproved accuracy in at |east sone cases in conparison with known
techni ques. Sone enbdiBteetiricPotamtial Sbabged Mhljextent bdages ng nodul ar
programm ng techni ques. According to one aspect of the present invention
there is provhdegrezehetimamtioh egitestionderRtifgtpctbntdlaststhePoBicss iim a
first imge and a second i mage, where the first and second i mages at | east
partially ggggl ap, the nethod including: obtaining data describing a first
i mage ancrn ta describing a second i mage; detecting a first set of objects
in the first,jmge . data; detecting,.a second set aqf .objects.in the _second
| mage data:  YABUF derhgouSE it aneRnfe STRR0G e dh, Rt & oad® ol “of
objects and the_second set of objects; _

known. Such techniques have associated advantages and disadvantages when

compared to each other and their performance can vary depending on the
nature (e.g. light conditions) of the images being processed.

Embodiments of the present invention are intended to detect potential
changed objects in images with an improved accuracy in at least some cases in
comparison with known techniques. @ Some embodiments can also be
implemented using modular programming techniques.

According to one aspect of the present invention there is provided a
method of detecting potential changed objects in a first image and a second
image, where the first and second images at least partially overlap, the method
including:

obtaining data describing a first image and data describing a second
image;

detecting a first set of objects in the first image data;

detecting a second set of objects in the second image data;

calculating a common coordinate system for the first set of objects and
the second set of objects;

converting locations of the objects in the first set and/or the second set

into the common coordinate system;



converting locations of the objects in the first set and/or the second set
into the common coordinate systemelimnating zero or nore said objects in
t he firstweabioaseksshe second set based on positions of the/gEpaatseizrn the
sets; elimnating zero or nore said objects in the first set and the second
set that are |ocated outside an area of overlap of the first inmge and the
second i mage, and outputting data indigcating zero or nore remaining said
objects in the first set and the secorfd set as potenti al changed objects.
The data output may include all the objects not elimnated fromthe first
set and all tebmiigtiagt zeroodr miorerisast eldjettsoim thieefirsesendnd dhe s€hendtsep of
elimnating zero or nore said objects in the first set and the second set

based onppesd bhpssitRnstdien®bbretsin thetdags;sets may include: calculating a
di stance fromat |east one object in the first set and a nearest nei ghbour

of that obj eClyinfhdtitg SGEBIIMBAL safPbEALAL in%eaﬁrgl ?étf‘ﬁﬁ? tl’é%%@béﬁd lsgpst one

object in the second™set and a nearest’ nei ghbour o ject 1nthe

bet woen o BoPERedSIReeR APRST aliahnBLe s gk ald Tt sBbORTE o

nore culling criteria, and elimnating a said object in the second set if
t he di st HA8eC % een t hat object and the nearest nei ghbour of the object

neets the culling criteria. The di stance between the objects nay neet the
cul l'i ng criteputputting datasindicating zero or more remaining said objects in the first

set and the second set as potential changed objects.

The data output may include all the objects not eliminated from the first
set and all the objects not eliminated from the second set.

The step of eliminating zero or more said objects in the first set and the
second set based on positions of the objects in the sets may include:

calculating a distance from at least one object in the first set and a
nearest neighbour of that object in the second set;

calculating a distance from at least one object in the second set and a
nearest neighbour of that object in the first set;

eliminating a said object in the first set if the distance between that object
and the nearest neighbour of the object meets one or more culling criteria, and

eliminating a said object in the second set if the distance between that
object and the nearest neighbour of the object meets the culling criteria.

The distance between the objects may meet the culling criteria if it is
below a threshold value. The threshold value may correspond to a registration
error value of a registration process used to calculate the common coordinate
system. The threshold value may correspond to 10 pixels of the first and second

image data.



bel ow a threshol d value. The threshold value may correspond to a
registration error value of a registration process used to calculate the
comoDn cowodnratsesssyst em The threshol d val ue may corregpoB2hm/os012pi xel s
of the first and second i nage data. The detecting of the first set of
objects in the first image data and/or the detecting of the second set of
objects in the second inmage data may he perfornmed using a Triple Wndow
Filter-based object detection algorit The cal cul ati ng of the comon
coordi nate system may i nclude generating a honography matri x. The met hod
may i ncl ude allhewdeaigctingietthet firss sebotf objectsbineibie fitst moagenataeeahavoqiiee f r om a
set of object detection techniques for detecting the first set and/or the

second sebkteRtingbbe s . setbednBéthef djects Nl tite sticbaM intage Wsed rhaySieé ect a
common coordi nate systemfroma set of registration techniques for the

cal cul at barofthe BSIrECATRBIORMAHD Bl BUSER B AR CRILLIBA ARt her aspect of

the pres I nvent re is provided apparatus configured to detect

potential cha jects J fi i nd econd | e e the
Firer and secdns sabagice! Pedariah codRiieBlsrul TR bolRasendging

i ncl udi ng: a device configured to obtain data describing a first inmge and
dat a des@MINAYRNEEIHY | mage; a device configured to detect a first set

of objects in_the first inmage data;, a device configured to detect a second
set of obj ect $henmetiwds staynddudegellowing a user to select an object detection

technique from a set of object detection techniques for detecting the first set
and/or the second set of objects. The method may include allowing a user to
select a common coordinate system from a set of registration techniques for the
calculation of the common coordinate system.

According to another aspect of the present invention there is provided
apparatus configured to detect potential changed objects in a first image and a
second image, where the first and second images at least partially overlap, the
apparatus including:

a device configured to obtain data describing a first image and data
describing a second image;

a device configured to detect a first set of objects in the first image data;

a device configured to detect a second set of objects in the second image
data;

a device configured to calculate a common coordinate system for the first
set of objects and the second set of objects;

a device configured to convert locations of the objects in the first set

and/or the second set into the common coordinate system;



data; a device configured to cal culate a conmon coordi nate systemfor the
first set of objects and the second set of objects; a device configured to
convert |woaviomssssef the objects in the first set and/ orcrleBmoBnr7set
into the common coordinate systema device configured to elimnate zero or
nore said objects in the first set and the second set based on positions of

the objects in the sets; a device confjgured to elimnate zero or nore said

objects in the first set and the secofd set that are | ocated outside an

area of overlap of the first imge and the second i nmage, and a device
confi gured toaclevice cdafigureddo cditimgtezzaro arrmaoner saidevpécis nig theaificst@gt ect s i n
the first set and the second set as potential changed objects. According to

yet anot had the BeedndEet hsder &S positibny enthecsbjetiere the setsovi ded a conput er
program product conprising a conputer readable nedium having thereon:

conput er pr Og%adﬂﬁé@ﬁomﬁ%? tYRAmhihde ﬁrS%r%@?Q@ﬁéo?}b&%ﬁé%%e first'sgke the

conput er execute a net detecting potentra objects in a first
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aspect of the present inventjon there is provided a nethod of detecting
pot ent i aPNERBR§EEORHNBR9% 8 a first image and a second i mage, the method
i ncl udi ng:

a device configured to output data indicating zero or more remaining said

objects in the first set and the second set as potential changed objects.

According to yet another aspect of the present invention there is provided
a computer program product comprising a computer readable medium, having

thereon:
computer program code means, when the program code is loaded, to

make the computer execute a method of detecting potential changed objects in
a first image and a second image, where the first and second images at least
partially overlap substantially as described herein.

According to one aspect of the present invention there is provided a
method of detecting potential changed objects in a first image and a second
image, the method including:

obtaining data describing a first image and data describing a second
image;

detecting a first set of objects in the first image data and a second set of
objects in the second image data using a Triple Window Filter-based object
detection technique;

calculating a common coordinate system for the first set of objects and

the second set of objects using a homography matrix;



obtaining data describing a first imge and data describing a second i mge;
detecting a first set of objects in the first inmge data and a second set
of obj ectwoi2niidsesssecond i mage data using a Triple W ndeetlB20avosbaesed

obj ect detection technique; calculating a coomon coordi nate systemfor the
first set of objects and the second set of objects using a honography

matri x; converting | ocations of the Sﬁﬁnd set of objects into the conmon
coordi nate systenm renoving zero or e said object fromthe first and the
second set that does not correspond to a potentially changed object, and
out putti ng datanvertingakicatioreral tdre ramcondasel obj @gectsnintbethiei commnset and
the second set as potential changed objects. Wilst the invention has been
descri bedoaRmyste sybtegat ends to any inventive conbination of features set
out above or in the follow ng description. A though illustrative

enbod! Ment s OterhBeing M1 HoRl Sail SHIEL RS the HSPAnd BRI SbEhrd bt fgh er ence

to the acconpanying draw ngs, 1t Is be under st oo the invention is

not lim t e r eci i S. : many nodi fications and
vari ati oﬁggﬁngf E%réég%cgﬁt@nqsSQ%@S&%%%%@%&%HPM in the art.
Furthernore, it is contenplated that aﬁﬁ)arti C(E| %_r featurF descri bed either
i ndi vi dual | y SHIRAtINARIEINAIGRNIBGI7EHP PEMOTEARIH OIS HII TR SRt 8P¢ dhe

i ndi vidual ly described features, or parts of other enbodi nents, even if the
ot her fe&eoPraselnas potential changed objects.

Whilst the invention has been described above, it extends to any inventive
combination of features set out above or in the following description. Although
illustrative embodiments of the invention are described in detail herein with
reference to the accompanying drawings, it is to be understood that the
invention is not limited to these precise embodiments. As such, many
modifications and variations will be apparent to practitioners skilled in the art.
Furthermore, it is contemplated that a particular feature described either
individually or as part of an embodiment can be combined with other individually
described features, or parts of other embodiments, even if the other features and
embodiments make no mention of the particular feature. Thus, the invention
extends to such specific combinations not already described.

The invention may be performed in various ways, and, by way of example
only, embodiments thereof will now be described, reference being made to the
accompanying drawings in which:

Figure 1 is a schematic drawing showing a computing device configured to
execute an image processing application;

Figure 2 is a flowchart that illustrates steps performed by the image

processing application, and



enbodi nents nake no nention of the particular feature. Thus, the invention
extends to such specific conbinations not already described. The invention
may be pewbanrmdedss vari ous ways, and, by way of exanpl ecemdBzoioasbrdi ment s
thereof will now be described, reference being made to the acconpanyi ng
drawings in which: Figure 1 is a schematic drawi ng show ng a conputi ng

devi ce configured to execute an inage5$rocessing application; Figure 2 is a
flowchart that illustrates steps perfolfned by the i mage processing
application, andFigures 3A - 3Cillustrate schematically operations
per f or med by Figureapphi€adColiustratgusehdmatically spbatens cpétigrneed dypuité ng
device 100 that includes a processor 102 and an internal nmenory 104. It

wi |l be wpgedaiopod that the conputer can include other conventional
features, such as a display, user input devices (e.g. a nouse/keyboard), an

ext ernal ”En”?g%g?r‘ﬂj W%EQQ@EQ@F ' %”E%mys]gn ide 1o ﬁ{a@riﬁaugegea

I ncl udi ng a I cat1on an to process | mage data 108.

age daPitssyobd ol BRacAT Thehbl mpRiosgatobh, Rafbe LrakETBod altts "
Pt ocossi QTR Gt Folveogher ComeTione! (RRiIes: SUeh ARt OERIZYs oS Mekbun ar e
exenplary only and can be perforned in a different order and/or sonme of the
st eps nayebiees e gt ednogsrikeyboard), an external memory and network connections.
The memory 104 stores code including an application 106 that can be used to
process image data 108. Again, it will be understood that the set up shown is
exemplary and the image data may be stored in another location, e.g. a remote
computer accessed over a network.
Figure 2 shows steps performed by the image processing application 106.
It will be understood that the steps shown are exemplary only and can be
performed in a different order and/or some of the steps may be omitted. The
process starts at step 202 with the receipt of data describing first 203A and
second 203B images. It will be understood that the image data can be of any
format and will normally, but not necessarily, be stored in two separate files.
The two images will normally be associated, e.g. show the same location at
different times and/or perspectives, and can include at least one object. Typical
applications include images where the objects comprise targets that are to be
monitored for security reasons or the like. An object can comprise any body,
e.g. a vehicle, that is capable of visually-discernable change, e.g. change in
location or another state, such as size, damage, bearing, etc.

At step 204 an object detection algorithm is applied to the first and second

image data. In some embodiments, the application 106 is written using modular



process starts at step 202 with the receipt of data describing first 203A
and second 203B inmages. It will be understood that the i mage data can be of
any for mavoandy/osséss nornal |y, but not necessarily, be stroramB2m/dsee7
separate files. The two inages will normally be associated, e.g. show the
sane |location at different tinmes and/or perspectives, and can include at

| east one object. Typical applicati on§ i ncl ude i mages where the objects
conprise targets that are to be nonitdred for security reasons or the liKke.
An obj ect can conprise any body, e.g. a vehicle, that is capable of

vi sual | ypddgrasmniagl teclomgnge soethgt podrariging softoaat innoduwes eantbdeeusad & e, such
as size, dammge, bearing, etc. At step 204 an object detection algorithmis
appl i ed perfbhe dtilésdt sumte o€ a8epsTRGer GRitancd, thé Vet ResitiTRNétep rh
application 106 is witten using nodul arprogranmm ng techni ques so that

pre-exi sthing, SQitAyer Soffshel %dﬁ%”g%’.gb%ﬁq o foRey %ﬂbﬁltallb%sélt%@?gvé’f Its

steps. For instance, the object d tion step y call a sult sof twar e
nodul e (e..g. .fr i i ich I | ternatiVv tection. techniques
Lo be esdeftpthbdftAual e 3le cHRhEDsBh, B B hBict ruetorl Mot
efficient or effectiye for rtjcul ar t&pes of obj(fiec,ts or j mages._ Any
sui t abl e YRR MAR THCIgN ar giiegiive o7 RABIFUIA tyRes BhORBIGCH YolMadh®: cARY be
used. A technique of this type is described in Hmayat N, "A Structure for
Adapt i vesuitaile afgerithet,iecg. &illripée VhWgdow| FElker-rapedsalgoritng aan bavised. A
PROCESSI NG, VOL. 3 . NO 3, MAY 1994, pp265-280. Many ot her object
det ect i otedheddue ofigisisctypbdshdescsiedd ihnHasayainkny “AhSgutteedfogielaptvef t en
referred to as "source extraction" because point-like radio sources (that
appear a®ri¥pistatidtits FHESMEN IEEE TRANSACTIONS ON IMAGE PROCESSING,

VOL. 3. NO. 3, MAY 1994, pp265-280. Many other object detection techniques

could be used. In astronomy this technique is often referred to as “source

extraction” because point-like radio sources (that appear as typically Gaussian

Point spread functions in resulting images) need to be detected. An example of

this type of algorithm is described in Richard S. Savage et a, “Bayesian Methods

of Astronomical Source Extraction”, 2007 ApJ 661 1339-1346. Other

approaches that can be used include the Matched Filter (see John Bancroft,

“Introduction to Matched Filters”, CREWES Research Report. Volume 14 (2002)

pp 1 — 8); Template matching (see Aparna Lakshmi Ratan et al, “Object

Detection and Localization by Dynamic Template Warping”, International Journal

of Computer Vision, Volume 36, Issue 2 (February 2000) pp 131-147); the

Mexican hat wavelet filter (see J. Gonzalez-Nuevo et al, “The Mexican Hat

Wavelet Family. Application to point source detection in CMB maps”, Mon. Not.

Roy. Astron. Soc. 369: 1603 —1 610, 2006; see also http://arxiv.org/abs/astro-

ph/0606199 ).



Poi nt spread functions in resulting images) need to be detected. An exanple
of this type of algorithmis described in Richard S. Savage et a, "Bayesian
Met hods oWoAsiwe3esssi cal Source Extraction”, 2007 ApJ 66:cT&Ieib/iB3d7 O her
approaches that can be used include the Matched Filter (see John Bancroft,
"Introduction to Matched Filters", CREWES Research Report. Volune 14 (2002)
pp 1 - 8); Tenplate matchi ng (see Aparna Lakshm Ratan et al, bject

Det ecti on and Local i zation by Dynam c “Tenpl ate Warpi ng", |International
Journal of Conputer Vision, Volune 36, Issue 2 (February 2000) pp 131-147);
t he Mexi can Mae olgeel detection elggribm dutpGisdatae £1iBii8y epresenting' dheedgkxi can
Hat Wavel et Famly. Application to point source detection in CVMB nmaps",

Mon.  Not onBoybjedistiéteatedSOC the3Gifst idfyd 203A6HY daRD§lisBeE ré@drésenting at
http://arxiv.org/abs/astroph/ 06061 99 ) .The object detection algorithm

out puts m?@%fﬁ%d ect irfﬁl%rgé'%&ﬂdq}naé%aﬁﬁﬁ?”e obj ect detected in the

first image ata Ist2") représenting at |east one object

S oort thm i's bt AP, T Rt reisyfaioR BRI S e o HRF AR 8¢ ot ovi e
a common coordjnate systemthat can be used to express the | ocations of
obj ect s PRCQHMe!IMIYS naég@sord%gg Arovidesgicogpnen l@ﬁ@(&ﬁﬂ%ﬁj%&emé@@t&%@@ on

al gorithm may be used, such as the ones discussed in Zitova and Fl usser,
"I mage r dgedtte axpoestientngations ofiobiscts i g dwanthagesi oAga@ompusiitaple 1
(2003) 977-1 000. The two basic classes of techniques are feature-based and
ar ea- bas&downhlotgecteegistratibmagydrifiminaady el useal, gach asltheloats miiscussed in
Zitova and Flusser, “Image registration methods: a survey”, Image and Vision
Computing 21 (2003) 977-1000. The two basic classes of techniques are
feature-based and area-based. This second class typically involves calculating
the correlation between the two images and finding the translation (or general
transformation) that maximises the correlation. In the preferred embodiment, a
feature-based registration technique that involves calculating a homography
matrix that encodes the coordinate transformation based on data contained in
the two input images and their headers is used. Homography-based registration
techniques allow two images captured from different locations (and therefore
with different fields of view and perspective) to be aligned so that their contents
can be compared by subsequent processing. The homography matrix can then
be used, at step 208, to convert the locations of objects in the list1 and list2
data. The common coordinate system calculation step may also call a suitable
pre-existing software module. The application may give the user an opportunity

of selecting which algorithms/modules are to be used and may allow provide a

facility to configure the selected algorithm(s).



the correlation between the two images and finding the translation (or
general transformation) that naximses the correlation. In the preferred
enbodi menwo 2a10fBadsar e- based regi stration techni que that pPcmaB208%050127

cal cul ating a honography nmatri x that encodes the coordinate transformation
based on data contained in the two input inages and their headers is used.
Honogr aphy- based regi stration techniques allow two i nages captured from
different locations (and therefore with different fields of view and
perspective) to be aligned so that their contents can be conpared by
subsequent ptrocess egbottieehtsmof) thep pyesarttrmethoal theenegistrationdalgatithsn ep 208,
to convert the locations of objects in the listl and Iist2 data. The conmon

coor di naugedYsorephiserl €l Kontiyrapiep timsfehiRionatibs@ited Irnlthe drgerfihgt i ng
sof tware nodul e. The application may give the user an opportunity o
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nane of the {)aré,opri et&gz%{;‘% resent casgwgn 28t h Cct ober 2008 as British

pat ent aBpPiieHicNoRO S3CRIMENBSUPL BT BER BRECLYpICPRArAISH By,
08275065. 4 (the contents of which are hereby incorporated by reference).

Bri ef | y, refeceneepat Bigflyaghose patenisapplications: daserdes et registeationl glooritmm

I nvol ves sel ecting a honography nodel from point correspondences of an

associ at etolvezgseleating a mmhbgcphly friddetrirarg poinbtcormspeapencEnagsarf r om a

pair of associated inages; a nethod of cal culating a honography

transf or gBSb@RtedaRfhgR pair; a method of filtering point correspondences from a pair of
associated images; a method of calculating a homography transformation; and a
method of image differencing; comprising implementing one or more sampling
constraints, e.g. partition zones and an exclusion zone, that provide a more even
spread of point selection over the image, and/or that provide for selected points
to be spread further apart, than would be the case if the one or more sampling
constraints were not implemented. Repeated selections of combinations of
points may be selected in a deterministic manner, and the deterministic manner
may be tailored to an escape condition. In one of the embodiments, the method
of calculating a homography transformation comprises: implementing one or
more sampling constraints that provide a more even spread of point selection
over the image, and/or that provide for selected points to be spread further
apart, than would be the case if the one or more sampling constraints were not
implemented; performing sample consensus constrained by the sampling
constraint or constraints to select the homography model; filtering the point

correspondences using the selected model; and performing a least squares

method on the point correspondences that remain after the filtering step.



met hod of image differencing; conprising inplenenting one or nore sanpling
constraints, e.g. partition zones and an excl usion zone, that provide a
nore everwepneadesds poi nt sel ection over the inmage, andPor/dBrato/@orvi de for
sel ected points to be spread further apart, than would be the case if the
one or nore sanpling constraints were not inplenented. Repeated sel ections
of conbi nations of points may be seleﬁéed in a determnistic manner, and
the determnistic manner nmay be tailored to an escape condition. In one of
t he enbodi nents, the nethod of cal cul ati ng a honography transformation
conpri ses: i Bomerohthendetentedoobjeoisendisifpbnddistbwil caresondhiat thprsamele a
nore even spread of point selection over the i mge, and/or that provide for

sel ect ed ppgsibhisobjech eTE® eBIedudritheepapatie pidtals WIHiguree? the peiasgily f t he
one or nore sanpling constraints were not inplenented; performng sanple

i . . ' . ' - ' sel ect
consensuaoﬁgﬁ@ba%ﬁﬁ%nwp%gﬁ %ﬁ;\ ! fl {he Bﬁjt%%ESr Mg H’{eré’ﬁ}%ééé Hhat tﬁlﬁré%e ec

t he honogra nodel ; e pol correspondences~usi ng
sel ected X d perfaor.m | east . sguar.es .ret hod on t he point
corr espoﬁg}e)(%gé%ncﬁba?r% i'A o@?%ci% p‘f%gn]t il %%rt?”rs?dﬁ%gg%: Some of the detected
objects in listl and list2 will correspond to the same physical object. The
subsequent sf¥épeR 20k apneeess r@pgfptquﬁr%lggrl Mt i$anpHed | 10° edJRkleig diee wi t h
elimnating any of the objects found in the inmages that don't correspond to
changes distatgecttom gacisehject in tisié toviks neargekneignbetrein B2 0ANRY sigtabist
nei ghbour algorithmis applied to calculate the distance from each object
i n 1istlkhowht acaest asdighisowghbiyarithm, 16.§1 Zrutdnyorse| trady eok nmaal. nedest
nei ghbour algorithm e.g. brute force, nmay be used. The
distances calculated are stored and at step 212A objects in list1 having
distances that fall below a threshold are removed from list1. This removal of
objects is based on the assumption that if two objects are detected in
approximately the same location in the two images then neither corresponds to a
change. In the example, this is done by calculating the distance between an
object and its nearest neighbour, but alternatives are possible. As illustrated in
Figure 3A, object A1 in the first image 203A and object A2 in the second image
203B are separated from each other by short distances and so are probably the
same object. The same also applies to object B1 in the first image and object
B2 detected in the second image in the example. These objects are circled in
the Figure for illustrative purposes.
The threshold distance may be set to correspond to the registration error,
that is, the maximum change in position that can be introduced between the
detected locations due to errors in the registration process. In a practical
implementation of the method, a value of 10 pixels was identified as a suitable

value for the nearest neighbour threshold. The threshold is used in determining

whether detections in two overlapping images correspond to the same physical



di stances cal cul ated are stored and at step 2 12A objects in listl having
di stances that fall below a threshold are renoved fromlistl . This renova
of obj ectwoizsionssesd on the assunption that if two obj ecrsTaEBR0DAEISeRYEd in
approximately the same location in the two i mages then neither corresponds
to a change. In the exanple, this is done by cal culating the distance
between an object and its nearest nelghbour but alternatives are possible.
As illustrated in Figure 3A, object A 1in the first i mge 203A and obj ect
A2 in the second i mage 203B are separated fromeach other by short

di st ancesbpaetl Ete apttmpmoksbé yortths zaameaié] maly beTdetasiependesbamppoitles t o
object B 1 in the first inmage and object B2 detected in the second inage in

t he examppplicativ@smagbbeciddiiee © talcarhité thehsedregtheigh®out Ithrshort iave
pur poses. The threshold di stance nay be set to correspond to the

regi St ai &l baleq bhahe iifputlifoRRadEIMG03AERNbY e&ﬁataeoa.tﬁé}a@osam be

i ntroduce fween t cte ocat| ons due to errors In egl Stration

process. cal | e tio 0. pixels
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threshold is used in determnin r detections in two overl appin
| mges. cAVEERINAY, 1B FESSRID CARyER CFRb0jrERLS, itk TEBBNAIIXI Gy (BN ¢ i s
paraneter nmay be data dependent and so the application may be nodified to
cal cul at eositiennwihiesthendinggboto albwneddrolaseas wherei the, hommgtaphy-based nput
i mge data. This threshold could be either global, but derived froma
sumary s¢gisirstiorc isueatoras ot hiesseaocunee By optindsia ethier parametet.ethat i vel y,
the threshold can be local, that is, the threshold may vary with

performance of algorithm may be improved both in terms of TPR (True Positive

Rate) and FDR (False Discovery Rate), but also in terms of the minimum

movement of an object that the application is capable of detecting as a change.

The remaining objects in list1 at this point represent detected objects that
have no corresponding object in list2 (or have moved sufficiently far so as to be
considered different objects). However, not all of the remaining objects are
necessarily changes. Given the first 203A and second 203B images are not
necessarily constrained to overlap completely, it is possible for objects in list1 to
lie outside the area contained in the second image (and vice versa). For
instance, in Figure 3B, the only two objects that are located in the overlap
between the first and second images are C1 (in the first image 203A) and C2 (in
the second image 203B). The objects D1 and E1 are included in the first image
only and the objects F2 and G2 are included in the second image only. Such
objects are circled in the Figure for illustrative purposes. It is not possible in
such cases to determine whether these objects constitute changes between the

two images and so any objects that lie outside the overlap between the first and



position within the image to allow for areas where the honography-based
registration is nore or |ess accurate. By optimsing this paraneter, the
per f or manwe 20fo/sbgeri t hm may be i nproved both in terns eCTIRR(0IISUR7
Positive Rate) and FDR (Fal se Discovery Rate), but also in terns of the

m ni rum novenent of an object that the application is capable of detecting
as a change. The renmai ning objects in 1lei stl at this point represent
detected obj ects that have no correspﬂ) ding object in list2 (or have noved
sufficiently far so as to be considered different objects). However, not
al | of tkecomranajgesyachiscadear womelctt shisidry 2thandashe Graemple hiestt iwikt 203A
and second 203B i nages are not necessarily constrained to overlap

conpl et ehpw drily carripeiseiddectfor oflyj ects in listl to lie outside the area
contained in t%e second image (and vice versa). For instance, in Figure 3B,

the onl'y tWoxDLRGKS hekufd .| 88pLOs1 I It Beymviel aRoDEKGREYL MEnbLs st and

second i mages are 1 (17 the’first Tnage A) an e second i mage

203B). T j ect l.are i uded, i n the firsf i e .on and the
obj ect s Ege%ﬁ@%&%gﬁgépﬁ@ﬁjugjeaStfg"Rgt hiﬁéec_o%d’??m&%s%rﬁt'yélysg@% d’g\féé%?s are
circled in the Figure for illustrative rposes. It is not possible in such
cases toCa@ylﬁt'ﬁgﬁgem%rn%mrdbf@wg%@g‘ﬁ%? 21190/ 48 983 ligie: RIS t he two
i mages and so any objects that |ie outside the overlap between the first
andsecondratheigban dioen tstddariget asrimtep 2 @ARtresaypoljests havingeeasesipl e,
listl will now only conprise object C1 only. As shown in Figure 2, steps 2
10B - 2 héhhoer dissanaesefalling beldn dise ditancd ihoeshatd frioes [istdaridorest@iisg 2 10A -

2 14A, respectively, but involve
objects from list2 that lie outside the region of overlap between the first and
second images. In the example of Figures 3, list2 will contain object C2 only
after execution of the steps. It will be understood that the steps 210A — 214A
and 210B - 214B may be coded to execute in a sequential or parallel manner
(e.g. using conventional parallel programming techniques). Further, more than a
single pair of associated images may be compared.

It may be considered more efficient to cull objects outside of the region of
overlap prior to carrying out the nearest neighbour cull, thereby reducing the
demands on the nearest neighbour algorithm. However, this could have the
potential to introduce edge effects, whereby an object is culled just outside the
overlap region that would have matched an object inside. This could be avoided
by extending the overlap region by the size of the distance threshold (i.e.

registration error), but the added complexity in implementation that would result

may not be justified in view of small optimisation this might provide.

The remaining objects in list1 and list2 are merged at step 216 to form a
single list 217 of changes that form the output of the application before it ends at

step 218. The data can comprise a list of objects in the first image that have



cal cul ating the nearest nei ghbour distance between all objects fromlist2
to listl (rather than fromlistl to list2, as in step 2 10A), renoving

obj ect s hwviog/eseasest nei ghbour distances falling bel owctrleB2diostsarce
threshold fromlist2 and renoving objects fromlist2 that |ie outside the
regi on of overlap between the first and second i mages. In the exanpl e of
Figures 3, list2 wll contain object %@ only after execution of the steps.
It will be understood that the steps 10A - 2 14A and 2 10B - 2 14B may be
coded to execute in a sequential or parallel manner (e.g. using

convent i chahgghead |eelistpf apjentsimthe sedondgioeege thiathakiechangee (eitrear [st si ngl e
pair of associated i mages may be conpared. It nay be considered nore

ef fici enindyo comtdinobbRrtebj@sts SifdAoothhihged age@n diftecteg).! amn paitérhative
carrying out the nearest neighbour cull, thereby reducing the demands on

the near %ﬁb@gpgg%rtﬁérﬁﬂ?k%ﬁh%nﬁ%‘%%roarﬁ@é%u?@é'?ﬂe Y?otié@ntgfé’qiﬁﬁééi al to

i ntroduce e cts, ject 1s culled just outsi
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threshold (i.e. registration error), but the added conplexity in _

i mpl emenﬂa&ﬁ%ﬁ% IMBAE S rRateniiallyes 9%@0966 EISIPNfPleRPIpht %(ﬁ e tish |
optim sation this mght provide. The remaining objects in listl and list2
are ner gédage, andkpo dnieData tesenking itheyeerpedtlisbcary bef displangd dotehaseri or m t he
out put of the application before it ends at step 218. The data can conprise
a |ist obtorbgl dort furiher tohecdssirgy, aterpdspdrtiig bake aegsidnatode af thestmade obj ect s
in the second i mage t hat have changed (either list nay contain zero objects

i f no charaesswRy Splrbash ads: | n alternative



enbodi nents, further processing may be carried out to attenpt to identify

| i nks or correspondences between the objects in the lists, e.g. specify

t hat obj ewD 20R/08s5he second image is potentially a chargedBeerisore7of
object C1 in the first inmage, and so on. Data describing the nmerged |i st
can be displayed to a user, stored for further processing, etc, depending
on the overall nature of the inmage pr?%essing application 106. CLAIMS 1. A
met hod of detecting potential changed'objects in a first imge and a second
i mge, where the first and second inmages at |east partially overlap, the
met hod i ncl udi ng: obtaining data describing a first inmage and data

descri bing a second i mage; detecting a first set of objects in the first

i mge data; detecting a second set gfAagects in the second i mage dat a;

cal cul ating a common coordi nate systemfor the first set of objects and the

second sqt of AR of CRINAI! AStehRERLIARRObIEER PPhAFLSIhALd BRafdTst set

and/ or the secon Into t common coordi nat’e system e nating zero

of the onpetnd ThASt ruhEis €% el Aba3EenBl Jubdes 2TTERY Eial 3Rt B8 e
first set and the second set that are | ocated outside an area of overlap of
the fi rsmqtﬁﬁ%@mnghe second

obtaining data describing a first image and data describing a second
image;

detecting a first set of objects in the first image data;

detecting a second set of objects in the second image data;

calculating a common coordinate system for the first set of objects and
the second set of objects;

converting locations of the objects in the first set and/or the second set
into the common coordinate system;

eliminating zero or more said objects in the first set and the second set
based on positions of the objects in the sets;

eliminating zero or more said objects in the first set and the second set
that are located outside an area of overlap of the first image and the second
image, and

outputting data indicating zero or more said objects in the first set and the
second set as potential changed objects.
2. A method according to claim 1, wherein the data output includes all the
objects not eliminated from the first set and all the objects not eliminated from

the second set.



i mge, and outputting data indicating zero or nore said objects in the
first set and the second set as potential changed objects. 2 . A nethod
accor di ngvoaomlm@sess 1, wherein the data output includes acl/dBrer00B)ret s not
elimnated fromthe first set and all the objects not elimnated fromthe
second set.3 . A nethod according to claiml or 2, wherein the step of
elimnating zero or nore said objects,Ln the first set and the second set
based on positions of the objects in Ghe sets includes: calculating a

di stance fromat |east one object in the first set and a nearest nei ghbour
of that 8bject methdieasewrdmg ®etlaintdl au? awhercgia thik stegnoeelimimating Zeeast one
object in the second set and a nearest nei ghbour of that object in the

first sebrnireanfbbjedtstingpe dirstiiet @hdithe tseeohd 8t basdd bh poBRiotls Tf ame e
bet ween that object and the nearest nei ghbour of the object neets one or

nore cul bbj&t i the'defs iRl I M nating a said object in the second set if
t he di stance between that object and the nearest neighbour of the object

nmeets the cul || riterj. e A h a r di. to,clai rein the
i st ance bet veeRBIENESL ] Btecte, L0 Bh ORI PRR U, ke et St ERCF o o
threshold value. 5 . A nethod according to claim4, wherein the threshold
val ue cofFES5oA8Y QUQOF&@F opiest invthessgcendpiiue of a registrati on process

used to calculate the common coordinate system
calculating a distance from at least one object in the second set and a

nearest neighbour of that object in the first set;
eliminating a said object in the first set if the distance between that object
and the nearest neighbour of the object meets one or more culling criteria, and
eliminating a said object in the second set if the distance between that
object and the nearest neighbour of the object meets the culling criteria.
4. A method according to claim 3, wherein the distance between the objects
meets the culling criteria if it is below a threshold value.
5. A method according to claim 4, wherein the threshold value corresponds
to a registration error value of a registration process used to calculate the
common coordinate system.
6. A method according to claim 5, wherein the threshold value corresponds
to 10 pixels in the first and second image data.
7. A method according to any one of the preceding claims, wherein the
detecting of the first set of objects in the first image data and/or the detecting of
the second set of objects in the second image data is performed using a Triple

Window Filter-based object detection algorithm.



6 . A nethod according to claim5, wherein the threshold val ue corresponds
to 10 pixels in the first and second inage data. 7 . A nmethod according to
any one olothm/gssesedi ng cl ai ns, wherein the detecting ettidBofoosset27set of
objects in the first image data and/or the detecting of the second set of
objects in the second inmage data is performed using a Triple Wndow
Filter-based object detection algorithm8 . A nethod according to any one
of the preceding clains, wherein the &8l cul at i ng of the comon coordi nate
system i ncl udes generating a honography matrix. 9 . A nethod according to
any one 6f thé pretbediacgoading e, anynadnedohghaldreceding eclaise, wioeregl d¢oe an
obj ect detection technique froma set of object detection techniques for

det ect i ngalchRatihgrcFtthe ebmansh esorditats @gseeh Frludds qelerstig a Hdmoghapry hod
according to any one of the preceding clains, including allowing a user to

sel ect frppi@ set of registration techniques to determ ne the cal culation
of the comon coordi nate system 11. Apparatus configured to detect

POt Tt SoaaRBheE PRt 43 Y BRS PR ok RO elliig 1
i ncluding; a device configured to obtain data describing a first |nage and
dat a desgpq’\ﬁlnﬂgaau%eéc@néelgﬁﬁ@@; OQJeSE\Sdie&Ct'@BnﬁCgUWé‘& remy 8t el Ogoplqcét set

of objects in the first inage data; a device configured to detect a second
set of obptastionitechmeuesiosgetectingdhe first set and/or the second set of objects.

10. A method according to any one of the preceding claims, including
allowing a user to select from a set of registration techniques to determine the
calculation of the common coordinate system.
11.  Apparatus configured to detect potential changed objects in a first image
and a second image, where the first and second images at least partially
overlap, the apparatus including:

a device configured to obtain data describing a first image and data
describing a second image;

a device configured to detect a first set of objects in the first image data;

a device configured to detect a second set of objects in the second image
data;

a device configured to calculate a common coordinate system for the first
set of objects and the second set of objects;

a device configured to convert locations of the objects in the first set
and/or the second set into the common coordinate system;

a device configured to eliminate zero or more said objects in the first set

and the second set based on positions of the objects in the sets;



data; a device configured to cal culate a conmon coordi nate systemfor the
first set of objects and the second set of objects; a device configured to
convert |woaviomssssef the objects in the first set and/ orcrleBmoBnr7set
into the common coordinate system a device configured to elimnate zero or
nore said objects in the first set and the second set based on positions of
the objects in the sets;a device configured to elimnate zero or nore said
objects in the first set and the secohfl set that are |ocated outside an
area of overlap of the first imge and the second i nmage, and a device

confi gured toaclgvice caafigureddo cditimatezzaro arrmaoner gaid aljedbjire thes first sehe fir st
set and the second set as potential changed objects. 12 . A conputer

progr am phadxé lseeONP eI afe fouBmsd BUtsiRAEARI6a R A UMAp BRtHe st rageon
conput er program code nmeans, when the program code is | oaded, to nake the

conput er aﬁé?ﬁélggcéhd)[nqwlgrﬁj for detecting potential changed objects
according to any one of"clains 1 to 10 .

a device configured to output data indicating zero or more said objects in
the first set and the second set as potential changed objects.
12. A computer program product comprising a computer readable medium,
having thereon computer program code means, when the program code is
loaded, to make the computer execute a procedure for detecting potential

changed objects according to any one of claims 1 to 10.



