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METHOD AND SYSTEM TO PERFORM OPTI CAL MOVI NG OBJECT

DETECTI ON AND TRACKI NG OVER A WDE AREA 5 PRIORI TY

REFERENCE TO RELATED APPLI CATI ONS Thi s
lication clains benefit of U S. Provisional
HOURPHBn No. 60/ 954, 366, entitled METHOD ARBIHES 0SS

TO PERFORM OPTI CAL MOVI NG TARGET AND CHANGE DETECTI ON

| NDI CATION, filed on August 7, 2007 by 10 inventor

M chael Pechatni kov. This application is a

conti nuation-in-part of pending U S. Application No.

11/ 607,511 entitled DiA TAL MAPPI NG SYSTEM BASED ON

CONTI NUAETEORNNINREYSITRM TP PEREQRM - OPTEeAL MG Hber

30, 200@3 bEFEC o WRD MENKIRY OVER A WIDE ARBA

field o subject I nvention Is reconnal ssance and
surveill ance systenms. Mre specifically, the subject

t
et o ES R Riaine: Sbdau RO APRNCATIBNOT ! N9
Movi ng objBd apigicetixni cimmnuemﬁ‘angéi SlePawisiopal Agplivation No.
q ;
Bhlosas &5 SR aitp raBP ANt s RIS RBS FORM BRI AL, MiSvive
AARGET ABWDEGHAMGBME‘EEE‘I(?N dl\lmqgims ; filed pn (mlg?.ﬁ 7, 2007 by
toma , st.. an al - L1 ne etection o
ST Miheel PatRrain ThE Rl ain 57 Shibbtcn e O pohdlng
. mlA@hcaﬁah ool 1/66Y, 518 e&hﬂémxﬁmmamppm SXSTEMERSERD ON

@WW@W@ @ﬁ@ﬁﬁ B ov%ﬁeggﬂé?’bgc

nanmely, real-tine systens and off-1line systens.
Real -tinme systens use static |owresolution video
caneras, typically HDTV or |ower resolution. These

vi deo ~ FIELD OF THE INVENTION
The field of the subject invention is reconnaissance and surveillance
systems. More specifically, the subject invention relates to wide area persistent

monttoring systems.

BACKGROUND OF THE INVENTION

Moving object detection and change detection is a well-researched field,
with many applications in the security and surveillance domain. Moving object and
change detection systems are required to provide automated, robust and real-time
detection of moving objects with a high probability of success and a minimal rate of
false alarms, without labor-intensive intervention.

Conventional moving object detection and tracking systems are of two
generic types; namely, real-time systems and off-line systems. Real-time systems use

static low-resolution video cameras, typically HDTV or lower resolution. These video
cameras track a pre-designated area, typically limited in size due to the inherent trade-
off between field of view and ground sampling distance. Real-time systems generally
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30 caneras track a pre-designated area, typically
limted in size due to the inherent tradeoff between
field of view and ground sanpling distance. Real -tine

nerally provide acceptable probabil]ij of
3%?%@@?%%% but cover small areas; e.g., an apggﬁgﬁ&ww&ms

rn x 200 in at /0 cmresol ution. Of-1ine

‘systens are used to detect changes over |onger periods

Ofrotitl e R:canablOMEBaIAHIS bf @R, bhiddvEralatl latdd® o5y, Sh@Fs.of 100
Of-line ?%stens tgpically operate by 5 conparing
JAE&0P 3k 1Gem geplsionaer i al " i magery over 'tine periods

rangi ng fromimespdickhs HOUEA th Gete@\chikks SRR 1dHEer0erBYEHE time
years. Of-line systens detect different |evel's of

cRarfyer witkh ages Hearealfime S§eeend-lnccsysigys typically operate by
(SRS RIS & BNE APl CRer it peAbiTalilg £ SRR hows

to're time decision nma

9 severpb monfbk o ey searte S $ystews geteat differant tewpla of ehapgecthan
| doGiakisRE SRRMIS! LRASS § @rch&%g% Qz@%%i %%@?:%levam to

nmoti on det’ection generally requi ure

pealtimel degision wakingp fi adgitionmifdinerspsterss lapk tobestiiss with raspeoy to
I 10 i 1N ndi. t er specti ve.

E%% éngei’g 3 o?g(r)rno%\%o%s@ a%%?@%rﬁgcq?lﬁ. two frames requires

t he revi siRobustmaotion Hetectioh fdendraliyt ryquirbo cipture. of. twd epatally

than 0. 5.sec,. in order. to. Al nt.ai J ose distanges .
58 BnE SRS sty R Sl S0 Pigin® Rk B0 fpective.
tlﬂoaalizfa?(m ctfmvﬁﬁgibjects én o, frdnfe-,s :Beqhh&rth@l(:jeizisﬁ:é'ﬁne 19Dy siffidiently
[ repce etween two frames, .an revent .. .
SR G TG e .5 A Pmoes iy B Gove AT peim o glipstais beth
iaa@efriads. I RWist tirks MRS ateStdd. shortDep., 968 - than 0.7 sec, may hide
ver continuous nonitoring of W de area is
Eqneesperyecn 58 s prgvent Wsﬁ%ﬁmi Qfgmgffongpagametes.s As

S&h, 4 SestrabldRnPPloPctis BrheON @I 1 HS s@Nt i re area.
Typical |y

revisit _times for, coverage of a Igéagn'area
are in thélomgKgeoninugus manityriggef Z*Gi%r?é? agls pEactieplly dmposgible
02 RNt @M &80 1 PRIV 14188 td SRhaintiRdRY 8 BMHeCfda. Typically,

detection over wi de areas using optical sensors.
revisit times for coverage of a larger area are in the range of 5 — 120 sec.

There is cutrently no system that provides real-time moving object

detection over wide areas using optical sensors.
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SUMVARY OF THE DESCRI PTI ON Aspects of the subject

i nvention provide novel nethods and systens for 5

real -time object detection and tracking over wi de
areas of coverage, by conbining notion detection and
S TRUMPER derived fromshort revisit tines RETHAL2008/001085
coverage of w de areas over |longer revisit times. The
short revisit times correspond to a rapid sequence of
two or nore at |east partially overlapping imges,
which is referred to herein as a "nmulti-exposure." For
the case of two i nages, the sequence is referred to
herein as a 10 "SABMMIAREQPIEHIRESCRIPTION In

accor danc i [ . subj,ect, i.nvention
not i on det% esé\%ciggorﬁgs)a%g ?f%%%élgﬁ Bltf?gﬁﬁﬁ'ﬁg% n%#ho 5 td Sysieims for
maal-tiine @bboisdnt@:ﬁoﬁ\ddd ttiaciting bwrl; widé ltamaﬁ yf esterapal by Roinbining
: i rages. of .t nmul t.i.-exposyre, in ]
RO B0 fod BB R 8 o Syt fobin B0 PR Sovzabe of wide
COTEIVES ]ioggﬁtr aevisitatithas. tTe SE@'EbTEVBIt Q@:Lels ;E&@es' GHRGE 2 r8¥id Sequence
ti- exposur e, have suhstantially the sane |
Bhbtd o e o4 o8 Srielly SFecabring fitsengviish 8o BRP ourgeie o 2
thuldisgposanrd Fooiht ci@ of fwo ShiGhs, tHDdchBdhesl &l BREP BN as a

yelocity estimation based on nulti-exposures provide
r%’f}@gt‘a"%’ﬁ ®reliable position and vel ocity data, using

sinpl e renl abdoRRBnéO WRM! ahbdiaintd T8 %Qjﬁgglﬁég&?%m, motion

nbodi nents_of the subject invention are

PP S ShFEfPImedh PR cimeesn ofia mukti-winseutar edwlditiopally, velocity
SBHRETYS @ RBES P8 BBl ESALALAISATR Hadl Rgéﬁzg offdets
aircraft, or such other airborne vehicle including
inrpali-egposyren theh Icpvss subgdantialivathe spme raren. ailhss rnqzeard 2amulti-

i.al: i.C ( s ] r .
SBORRY B AR e tatne M montal condiions, SRR ARy aia
anglsi of Flempandtightingo Ais tsagh, motiersdetdctiogas! whuily estithatibn bived en
i n:ahj Oi.fferent 2 | evat i ons., suc
BB RARE Bific o8} Sl oL oD rSoy Babd B Be
reil ftimercomputpiimelieepé mecassisponses t o canera novenent.

Such, SRR A AR RGP o e
vithirwide ereas by orobhtimgs cafemcd peroadsingayienBly) aidsan aivcraft,
LR R TN TSN AT
an exingnred peial wiils @00 es '

The areas monitored by embodiments of the subject invention are
typically metropolitan areas. Images acquired of these areas contain objects at different
elevations, such as objects on roof tops and objects on streets, with different perspective
responses to camera movement. Such differences generally result in unacceptable
levels of false alarms by conventional moving object detection algorithms.

Tracking of moving objects in built-up metropolitan areas requirss short
revisit periods. To capture high resolution images over short revisit periods requires
enormous capture rates and pixel processing rates, in order to cover an area of interest.

The total amount of data collected is too large to be'transmitied to a ground station. As
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30 enornous capture rates and pi xel processing rates,

in order to cover an area of interest. The total

anount of data collected is too large to betransmtted

d station. As such, on-board pro

Zgﬂﬁ{l%&grder to extract and transmt only ggi@ﬁ? olof‘oss

rmV| ng obj ect data. Enabodi nents of the

present invention 'apply to 'a w de spectrum of

shgh) ainshoatdopro@asiag @f usedd éf kdendo ngtradi had prms@ittonly essential

description relates to UV, visible, near 5 R and IR

éﬁl%dgjw'l‘% sensor device for these signals is

ref eg T-ed tmn%&ﬁﬁdﬁfh getRr predht ¥nm@stich aﬁﬂﬁw a 'wide spectrum of
Enb | nts t.he pr.ese. t i nve ti on, ar 6%9¥

'S’rgﬁ%&nggfaeﬁﬁﬂ ‘?ffc}giflﬁéfﬁ%dm&ﬁ% Efa"’reﬁb I@Pné 35 to “Slﬁl% near
TR GH X2 kig 8] CEhetRfkos HEN®) ot BBGSsidraRfiih teforfdity BblindRA&Gcally

and | aw enf orcenent. Reconnai ssance and surveill ance
&§3{@MST0f the present 10 invention autonati call y

detect, { Ebpfinfen@Ndr (h HtesBRY iVBnRR) KE! SF laByBtadk GR many

area, thus providin usef uI tactl cal | nforrmtl on.

werlicrticas.sigeluding frden g, rvgEiioysreaiiiance

%%thm FESERh: | nﬁ%h%ar%lg%ﬁcglt rs Ql!lrkréi]é%ﬁ asg'pf@{nk Ot the Ofteéint

mmmtaumam;aﬂprdgtﬂpu ganssEf erd ta@hlmqwnmolu em&f ihjacwide area, thus

r| Vi %g ﬂga%t%%e%%&r]%@%i Icni g{ g?tegoci gthjit oﬁgi_ Il egal

Traffic surveillance is performed by mounting systems of the present

invention infer alia on a balloon, on a UAV or on a stratospheric airship, Such systems
antomatically provide useful real-time traffic information, as well as information about
illegal driving and other traffic-related violations.

Law enforcement is performed by mounting systems of the present
invention inter alia on a balloon, on a UAYV or on a stratospheric airship. Such systems
enable law enforcement agencies to investigate events post-priori, and determine which
vehicles or persons arrived at a crime location, from where, and at what time.

There is thus provided in accordance with an embodiment of the subject
invention a method for moving object detection, including generating a time series of
multi-exposures of scenes, each multi-exposure of a scene including a sequence of at
least two at least partially overlapping images of that scene captured in rapid
succession, wherein the time series of multi-exposures periodically revisits substantially
the same scenes, detecting moving objects within each multi-exposure by comparing its
sequence of overlapping images, and tracking objects by comparing moving objects
detected within multi-exposures of substantially the same scenes.

There is additionally provided in accordance with an embodiment of the
present invention a moving object detection system, including an airborne segment,
including at least one camera for capturing images of scenes, a moving object detector

coupled with the at least one camera, for receiving -as input images of a scene, and for
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Law enforcenent is perfornmed by nounting systens of
the present invention inter alia on a balloon, on a
UAV or on a stratospheric airship. Such systens enabl e

ement agencies to investigate even
gg)\;gt‘)ﬁ%‘]’;]?"%gl , and determ ne which vehicles or%@’?‘&%%"mss
arrived at a crine |ocation, fromwhere, and at what

time. 20 There is thus provided in accordance with an
einbudg ratemrqxuf ﬁbmaﬁotbjam nilcrv:iamwblbjmts detpa¢dhnd thie oscene, and an

¥ % t |d T ?efg i ng Igﬁ%gtg Sée][egc&?a{t f.'og q-ec%ix}iégrr%ontrol

. I’minh:lan@@iﬁﬁ lar@mmﬂ segsﬁane raad rforodonﬁlmlﬁm epeﬁmn ofitde mbvisd object

t fwo art a erI n .of .
ifton iR aobsn b St TP R & S SRt GGG frpobiect
tdaflRer S’@.Ha@éiwﬁé agrui;mt tffrBRGOH abou Q{dvﬁiél ébidctsy aifice ®r Hefifing as
substantj a 25 t he S rre S(;enesF%S 69fct i ng, novi

SPBIPRC el O aabiAR RbORS e oSt ob & GTA9RY Forrollicoupled

RAURE Gﬁe&fﬁa@l&,@ %ﬁﬁ&jﬂg%ohﬁa%ﬁmaaymtm@md% RBeL &nd for
by comparing, novin ects detected within

mw&wngéﬂ%&msabew @m abiesinfips the, airkosproseggitdy response fo
Ebeéo%ubﬁc&&ﬂa&db Oé]ﬂ' 4 Yo AYiEARE ik RFGAALNARE Mol Bet@len the

mbodi nent of present invention a noving obj ect
e@b@mmﬁoge;gmbﬂaﬁgrmqlmhngeran ai rborne segnent,

[ udi I
seones o Wkt SoRIANSOARHPLE abdfadiaPih | 10 ‘@%ﬁéﬂt"cff the
Fehpest inyerdionanmeedyg bipect defedionispgiernsinélnging an eptigelsundfingluding
3 FA% ol OE o RN BhoRD UL LI REIR! o ANA

€ sceé an ai
umhﬁmgl | e:mtrobemioepied/\mﬁh thdmtimlmm’gfoo bp]ﬂrdlhn@eﬁedﬁst afrviévo mad

recei VI n cont I mands from f. d se
FRRl 165 the G B et oSl R o R R Sonte M ot
tbaite:mbcnamleﬁ oaspfse tire iehes bﬂmﬂﬁfadsomm’rﬁms&nesaeach multi-

round nment, includin hect 5 e
FREORIG e ErEe porpRTE e GRIFAEY o FLABE o Ab P 43 L tegtapping
hitged of thelekdeddé Bphasd ﬁufapm sct&xgilsh, N'ghdrélh Qi 1k Gericd T Uinlti-
t he novin ob ects, gﬁFﬁaﬁ E@% controller couple
RPPHTeH2e ¥ Tevisifs Y PARS EGHESY 3hd @omiTeing Lbject

Etectd¥@oaplED Hith ShSEIER Ninit BN detbdling MRV BIVIbIGtsi Wil Sk -
about novi ng objects fromthe airborne segment in

FROHBR Sk COBPEHE lisowaiare ebpivraaprine dpagesh 288 ArmipHdpesssing

hdih Koﬁﬁﬁm&aﬂﬁéﬁ rﬂoﬁﬁlbcﬂ diflaha MKt WREBnibd Bnil GordikdcRRE Wdjects by
controller and the ground controller.
comparing moving objects defected within multi-exposures of substantially the same

SCenes.
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There is further provided in accordance with an

enbodi nent of the subject invention a noving object

detection system including an optical unit including

3&)%3 AsibgegNe canera for capturing i mages of %ﬁ?&ﬁ&mm%ﬂms
orne el ectronics unit including a controller

coupled with the optical unit for controlling fields

of view and 15 inmage capture tinmes of the at |east one

canera, wherein the controller controls the at |east

one canmera to capture a time series of multi-exposures

of scenes, each nulti-exposure of a scene conpr|5|ng a

. sequence of atBRIBRDESCRIPHON @B SHERRAWINGS

over | appin of that ene ¢ .
succeant onTaG, R ientoh e 5E Bfer iy i P Sf@o@a%eggafed
e akd Eollobwihgr @staikeld tdes@ipliad, anltenainl sonjuneticawith dhe deasvings in
and .a nnving obj ect 20 detector coupled with the

%hl unit for detecting noving objects within each

mul ti - eXIOOEIG el Bya GRAfEed fw)cktcﬁ 26 WENCEsRn for moving object
overlapplng i mages, and a groun Tc#qlcessmg uni t

Bk Focking QYT B ide WiFeen I ARSodaRcs: Witk &R erbRfigent of the

tﬁ%&mﬁﬁ%m&&ﬂCk'ng obj ects by conparing novi ng objects
tected within nulti-exposures of substantially the

sane scenecBlG-24s apfjugtratiop sErppgrossptring pagsRARENGg fields of
U;egv ﬁ:!&gxﬁ%hccb&gﬁs ?ﬁ%%t,&mb Ee%% @mffugﬂtyanunﬂ@m%%gmm

reciate romthe tollowng detail
dregemiftpng; derived mreing iohjeetodifaivoct grorndwsgneni dn @emang?svmh an
W@ﬂﬁﬁﬁm&ﬁofmﬁpwﬁmhﬁﬁﬁhm}gﬁf a sinplified block diagram

a system f novi ng ect detection and tracking
over a w d&IGH 84, andi3Baare dhmuaims wi & hapadh denblroekpasme sagftence
t j f
5P P SRl B F bRl Cort ol & 8 6P bHT AR B 2,10
mamhﬂmsuwﬁbsmwummdmmmbufwmpmwammmmeMBegnEnt in flight,
and the airborne segnent transmtting derived noving
object data to a ground segnent, in accordance with an
enbodi nent of the present invention; and
FIGS. 3A and 3E are illustrations of a rapid
doubl e- exposure sequence 15 of images captured by a
canera corresponding to the fields of view shown in
FIG 2, in accordance with an enbodi nent of the
present invention.
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DETAI LED DESCRI PTI ON Enbodi nents of the
subj ect invention concern nethods and systens for 5
automated real -ti me novi ng obj ect detection and

' ver very w de areas using non-stati
E%(?r@r%gg@g@g Ref erence is now nade to P&F@“mf’ 001085
which is a sinplified bl ock diagram of a systemfor
novi ng obj ect detection and tracking over a wi de area,
i n accordance with an enbodi ment of the present
invention. Shown in FIG 1 is an airborne segnent 100,
10-which is operative on board an aerial platformto
capture inmages, .to. DEIMEEDDRSCRAPTIONE | nages to

det ect novin bj ect and to generate novjng obj ect

ot . CourfBPdRbs o tor 884les BRREFR Rpnfers Betpofs S ysiems for
segpieidd RAQimaoGiRg i05jetniRtsationy &rdairacRing loRbiNebre tvide @Bast1@ing
i ssue m ssion commands and requests to airborne unit

155, ‘PP¥Tess noving obj ect data generated by

ai rborne spgBRAde i Q0w nARSIFIES K, Wiieh FRimgifed bRek Siagtht of

Ai rborne segnent, 100 i ncludes _one or npre caperas 110, .,
Ay SEaPTBPERg obiow deisptionans BRNG qrest Biderray Bcrerdgee with
dAlethbodithe B TR GesehPRERBE. SR ARG 1 135k difome segment 100,

conpressing raw i mage data, or such other inmage

-

cohieh dss aparativarin heard rborerial plederayéo gayture ia@egspto process the

s . = o
pRUAROAPLP MR LIRAE (R, (ol BORARBE Wit S0t data
rootsmeitigthe pisbrneluibis b graved sxgmentdfifnghiz issippretveat a ground
. J . P . .

B b 08 RS PR Sl (RIAR L 1 AE U BBk Bdving
@bpandhtageysraind bR Githarmciegdes 160) aobjrekithe madhgobji@ld, for
tracki ng opj.ects detec . by .novi ng. ohj e t a6t or

5o < o e sl SN E oot o Bk GmiE 10 B RAM
innmgyey H20 bespoRfily Siaingste imagy dataaaketiondlj EEG2 @t campressor

jg@ a user i.nterface é%g for .25 interactivel d
&8 SOMGrP TR RO 125 424 1% Fach bt ase SPopresscy aid fa fboar
@for@eauﬁtdl I lﬁﬂ)egji&ﬂ‘ﬂéﬁ@gaom}fr&sém ﬁﬁﬁg@l :dmd b&ir‘t&ngr mgﬂﬁntd 100 also
controller . 240.. Airborn ontroller 140 a rou .
st o Bviiey Bbiech AHARICE 50 5 PROCSSSRErBIReh daip iR dgivet moving
JBREIB SHithit Be BnaREMIdIPaicn@bf|airBléins FmeAi 10904r8 Controlled by an
troller_ 140 receives m ssion planning commands, and

Co
rizbrrassaateplerdfboar d st or age 140 from ground 30
contr ol | ergr@ddt sebekiDD RERles A S AEKEP DL, Bl tRikig Objects

transmts noving ob%ect dat a . .
detected by moving object detector 150. Ground segment 200 also includes a tracking

and image database 220 for storing tracked object data, and a user interface 230 for
interactively accessing tracking and image database 220. Components of ground
segment 200 are controlled by a ground controller 240.

Airborne coniroller 140 and ground controller 240 communicate back
and forth with one another via a communication link 300. Airborne controller 140
receives mission planning commands, and requests to onboard storage 140 from ground

controller 240, In response, airborne controller 140 transmits moving object data
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generated by novi ng object detector 150, and inmage
data form onboard storage 140 to ground controller

240. .In an alternative enbodi nent. of the subject
i.hvention, conamuni cation link 300 is no ed.
M)sﬁg%’&?@aata is stored on board airborne se&ﬁi’i’t‘mﬁ%ms
for off-line 5 processing. - Prior art object

detection and tracking systenms use two-di nensi onal

i geagratad buaingeinp tohjest defutin 15§,shé iagdalatadbrmp entoard storagd 140 to
wi th dé{r@ﬂi ?@ensors, since differences in perspective
ng?}glgc ST bj ects to appear as noving. Generally,
when | magds aarftefinfitdleabodivientaf-thd albjeet Samstinns cofunimtitation

I ste aye unagcept able level s.of 10 fal .
ol R 'l Bed Yeond R sforicon WS s e Bl fop gime
thigeRf@sent i nvention use photogrammetry and conputer
vision to _reconstruct_a three-di nensional scene i

i n .
real -t i me Friphesle obiattndsicction opd gekias sEEFHR &R° ABYipensional

ehhakd SloaitEms! dubie gﬂ;kanﬁcaosnotepeﬁ&;ﬁmﬁ Vi SRIamitP ¥R 05! L Buce
cause perspective discrepancies in the inmages.
TifiEenkesdis Rerrperdiye wause 1wtatip obisels tio PPRFEINYS BAVINGe Generally, when

RSYe HeR PRl by @gh-%ﬁy&nﬂ&,\ﬁlﬁop&t 5yIRBS have RBSchiabR1404ls of

for substanti a every pixXél 1n a source I nmage, a
ddsaadasmondi ng epi-polar line is defined in a

destinati [ . Spechf i ' [ h t ERaLdan

i mage ar e%gel eci‘gu&n’ a%%?éa%%?@gp%%i ﬁrgegeggj ect dlio% e

tpheogremmetey wwherenputer rvixion o recopstaist 2 Pubcadimensienal sgene in real-
ffiei far.fro iLnitial ' f 4k

e 1545 Mo Bsin AT Bycel il ok Y Bl pti bRt eveg when

sEsomgovelngms tansByerswrting dinckdphnciesothe images.t aken over

short ti intervals. the nethads ef the esent ., . .
et | on VRS eitpiing fE prseR Senfin b bnBogREienis rive
boloe of prangs.b eSpueiiialiyyaige Substntaliyubitery @igebdniraegoutdeeimage, a
change .,of perspegctive, hetween,ipages.is rel ativel .
R Pohag B HR T 1 SeRE R a RSO amiael ek Fints inhe
dbstihitiod émae dré-so2&f¥d, MAd A GoRéspondinpestiecoin the Soubét imlage . not
i B QRO o AR S0 A U LT 0130 ohi-pola L, then
fhdlobjectaX BREIH o bR moRinBBWbiel N Lgtugimﬂﬁiakpdamis,meﬂbvéxaﬁm

change i.n perspective of the building between
Hipe ddawgly, éheiq;ﬁ% of gle@cq;@ﬁ inygntion perforin robustly.

Due to the short time spans between images in a multi-exposure, the
change of perspective befween images is relatively small. Consider, for example, an
aircraft flying at an altitude of H = 2500 m, and at a speed of v = 50 m/sec. Suppose the
onboard camera has a time span of t = (.2 sec between successive images within a
multi-exposure. For a building of height # = 50 m, the change in perspective of the
building between successive images is given by

P=h%%/H=02m,
For a camera with a ground sampling distance of I0 cm / pixel, such change in

perspective corresponds to 2 pixels, which is relatively small.
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P =Pricy/H=0.2 712 For a camera with a ground
sanpling distance of 10 cm/ pixel, such change in 30
per spective corresponds to 2 pixels, which is

@fbéé/ Sée%tsimrﬂlle.ntion camer as 11I0nsggamein‘ﬁogif:@&%%9@gss

m rror-based folding Ienses to reduce the size of an
optical assenbly while maintqgining required focal
| engt hs. NizonoembriSaent o€ e eresend dayientgong payerasi Hg|sbown in FIG.

oL ﬁtﬁo%féeg;fg}tdir%nlené%gq tré(ﬁl@é‘ lthad ?tz@ 'oLfscm Idﬂgg%nbéy iv&;]hﬂe

caner as elrr units are

, amnitﬁmmgtré@uecbkpﬂdehgﬂg Mtpior—bz&bd Ienses erpJBe Dnlatlsmpie motors for

/607 C@\ fil venber @%M%ﬁ%ﬁsm&d

lui ﬁj@hﬁ&t’&oﬁiﬁ&h&ﬁﬁﬁppﬁﬂﬁbﬁ,ﬁﬂ&s Safal Woi tiH60 A 1 HidededmyNovember 30,

SR B e it R S0l gASHAL ERD CaiNbous

SOEPRNISE LINE 0B SpeaT, Qhé‘%‘t@telﬁ’sé of iwhichiage KerdBylihiddipoi@et Kepsln by
|}the folding optics, using a piezoelectric tilt
F&PSr m Since the weight and size of the nirror are

Smi' |, Ot QR ORBS '%ﬁﬂlt P Rmb6diReMUSRER- subject invention! imotion
wi || beapremated e art that

those skilled in t
ﬁweﬁaﬁ#qoarls pakeachpy mﬁ@gmumrtmlﬁ ietliopdhg folding optrs; psing 2
g&?@élec%&bﬁlg bR Sfncd Bf v?éi'@:lt QRd 120 BE Ble @fvor bR small, motion

urther in accordance wth embodi ments of the present
pmmat@nlswwng obj ect detection is performed by

\?VIC?E: LI gggﬁ\gpﬁyé t &%@stuc‘iﬁﬁ‘@e&ﬁl tﬁy%ﬁ %ﬁg‘gﬁ%nor based

Span, sec

ﬂgticaynayﬁhenm%y@e@e@ue nther mbgdlm@éssaf ﬂse stl}sabetnn@uh@m
mges ondariy fpeRAR SinBhbdinedy B AP, SEIR Eention,

ByEing mbmfat ddi€ation iscpgrfonned by aomadsy & eapid sdqnencd @f $we ioe snore

Py SRR o sl ol s PR B Loy of

inkddgs isT redferrad| toi heeemms L eﬁﬂtae@osmé)st}arﬁal aivhzyappbasmeaﬂ ftmages

Plabls ol adilioulio ficuefl i Fen @ Pl o Gt Rivsesysp tme

chies sPmBltisRpeais MR, MRQESvhere each multi-exposure, My, is a sequence

of m; images

M= (I, Dy oo Ten) -

The multi-exposures are substantially periodic, with a revisit period, p. ILe., over each
time interval p the multi-exposures capture substantially the same scenes. The images
within each multi-exposure are captured rapidly, typically within a delay 0.1 — 0.5 sec.
between images, and the revisit period, p is generally on the order of 5 — 120 sec.

Reference is now made to FIG. 2, which is an illustration of a camera
capturing images from two fields of view in rapid succession, from airborne segment
100 in flight, and airborne segment 100 transmitting derived moving object data to

ground segment 200, in accordance with an embodiment of the present invention.
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25 wthin each nulti-exposure are captured rapidly,
typically within a delay 0.1 - 0.5 sec. between
i mages, and the revisit period, p is generally on the

- 120 sec. Ref erence
flgBhotbeg®™ 7 Ch e an 111 ustration of a canbrHBHbOL0ss

capturing imges-fromtw fields of viewin rapid

succession, fromairborne segnent 100 in flight, and
ai rbor ne sReferemve id uthermaade o FIGSH §AdmdidBevhich aferifjustrations of

S5 a8 PRy R 0P

an enbo ese
Ref Beldnafeview siawrt RdFIGIRJR dctorfAncS with AnaatbodiBientdi thé present”
are j.llustrations of the rapid doubl e-exposure
é%vﬁﬁ{é%e of i mages captured by canmera 110
cor r espondt #ill bedagpheiatddtlydthos kkilled it thé aihat Bmbddimends of the

in. aneoi dance wth an odi nent of .the_ pres

DI GO IpvapY o @ GpYstaes disa a8 TV PETIa  edgpeprhe
iverape lardah Bl 10RO tHERRYiSH REriddNeARE ©F BerdsB VL Mtérined by the
@%%Ib:taw for trade-off of coverage area and revisit

Bjb ofpeaireiafiytf0 tiapsporting sameras K0 and hybe puglegdhrongh which

tRea@M %itnb%zp SWinBd 1t WYIIER @Breemeg g;gqgos'b Skifled Bf KL BR IR bther

the flig ath of an aircraft transporting

EAReY Re pied dritpap jo eondrohthg| los-of Bigbiefiramieras 18,8 accordance
oAl oliRr &hﬂﬁaﬂ:]&tssgytﬁ%ﬁg%&%eh{mpe appreci ated by those

skilTed in the art t er 10 nmeans may be used
i nst ead t &/singm gishbal hentiollad byfeosirgller 169, erasneh athet mizans to
. e : ‘ ¢ A
e SaDsfuittls Sl PR WD Sl OF MU Sk
cwmatage hicets adi@sied ercoslingtto et hdeptahledlight plancont rol t he

i ne-of -si ras . the trade-off between .
revisit pé&‘r%%%&;ﬁg%g%\ger%%égg?negs iéscmgc]"ﬁ g B0 rsa'fnﬁléng
distanoe EERINt adll ¢hef ddlayhtimp| teekweeh Sifkage reaptyreoin theamgki-exposire
i mat i,on .j ined b round. s lin di st ance
FabtsIR o ik e ST Il Y e i e el BRARTS 02
svn) then ebiqotrvéngse dIfsnekeor fsig.are ddtectdble. GSD is /0 cm
and t he del tinme hetween inage frames is Q.2 sec,.
Than b oBmBNieNE pRohs PraegRReph ARgom: Tepliine Sscking of
sigdots tFablrécking purposes, sampling of moving objects is done with a revisit period
generally between 5 sec and 120 sec per cycle. The revisit period is controlied by

programming a scan pattern to allow for frequent acquisition of multi-exposure
sequences. Generally, if an object is moving within one multi-exposure, then it will be
moving in the successive multi-exposure as well. As such, tracking is performed by
matching of moving objects between two consecutive multi-exposures. 'When an object
starts or stops moving, it is searched for within a static region of imagery.

In accordance with embodiments of the presemt invention, wireless
communication is used to transmit real-time data generated within an airborne vehicle to
a ground station. Since the pixel collection rate of the systems is high, it is impractical
to transmit all of the image data to the ground station. Instead, moving object detector
150 performs computer -algorithms for moving object detection onboard the aircraft.

10
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Enbodi ments of the present invention performreal-tine
tracking of 20 objects. For tracking purposes,
sanpling of noving objects is done with a revisit

%iogg(ng&geral ly between 5 sec and 120 sec pg,rﬁa&%z%ésgﬂ%oss

revisit period is controlled by progranmnm

pattern to allow for frequent acquisition of
mul ti-exposure sequences. Cenerally, if an object is
rAsitar itbe abiedtimotipnedetagtion iscoepyisH conbeand ronly daip laboushe moving

' ot ° ' i . . .
TRk Yk Be BB SARI) YR R a0 D el it i thgeniond
dbjresotds, ¢aeh wewerd including a8 ebjgeti nrenbery lat thumbmpd sepreseritatiiie of the

' i r S . Vi L .

R Btjher S 3oc 'eRE IO i, g A RS AR Hrttop. s
esntip themeguired béndimidih fsrredveett subsiargiatiy.on, wi rel ess
commnicat'%fr;ils usedtotransrrif) rec”lll-tirgladataaLl In
gener at ed WPRT R S3RPSRE SEBPRE HahPei@legenrdypsiyge! wass.
mtﬂlﬂémgr&‘é.ﬂm,etﬁh_ A ohiadgpendhtiy gihlbeled iciﬁﬂergsﬁdwuﬁv‘d, hee the clallneras
syst e is high, it is inpracti.ca to transnmt all
6&4%'@1‘%‘6’@’ & %ﬁtg%fn? Bfe%@]ﬁg Fll%%‘%w éé@[-‘-‘at &ﬁ?ﬂl?rr’rg‘i’%ﬁ’&?‘a“‘m’ two
mlmélag taﬁhin@lﬁftef ded eed @ﬁmég'a&btﬂ@ gﬁ?f @giﬁ@ rmglgﬁ rsodth?ththe second
al gorithms for nopving objec etection onboard_the
SPPGIR SPYerS S‘%&Ft@@%ﬁfﬁhﬁ BEIceEsEs Abihedist femer; Eh 2iskight delay. In

GRTRAH BG1RRRAAT 2 SIP1Y cAfkRisaledtthd BEndIR ¥bviein® Bh @fchSwith a
that are detected is sent to the ground station. The
deagnstert radestarst aln anodiey dmplsgentatione @osipgle camens is cwsedgwhich

ot j B %

rcepr e%gﬁgﬁ??g%&gfﬁgtﬁ%éa et ectmgg? obj e€t, bétnf]gvegg‘ ’egl%c'hsas'XS,O/

Wﬁlﬁﬁ:bﬁﬁ%@ﬂﬁwce@memm-es, and the tinme ofdetection.

As 5 such, SF.‘ n)? ’c(w%cééh{eﬁg, Qar%gﬁ%qg tﬁefeﬁaaﬁ&%u gr‘fa%les covera%c of a
y. ou C

substanti a I"'e-‘exposure sequen
treger lbtsa thap loaereaeral covarss div genadal, way Bumben ob eeeras may be used, as

' ' i e gi nbal ed caneras are
éé%%ﬁ%@ﬂ?ﬁlg Sﬁ%%r%gﬁ%u%@%ﬁe%% |y cover the sane
areas wi t it willi lghepprbeiated by thase alibi¢duiarthe arpthethembcainas of the

Y RPBAER 8 R Y Bt

1. the ability to automatically detect moving objects within densely built-up

areas, including inter alia people, and small vehicles;

2. the ability to survey wide areas accurately; and

3. the ability to detect objects moving at speeds ranging from 2 km/h té 140
km/h.

In distinction, for a representative revisit time of 5 sec, prior art systems
are typically able to monitor only 1/7000 of the area that is monitored by embodiments
of the present invention.

In the foregoing specification, the invention has been described with
reference to specific exemplary embodiments thereof. It will, however, be evident that
various modifications and changes may be made to the specific exemplary embodiments

-without departing from-the broader spirit and scope of the invention as set forth in the
11



10 canera covers substantially the sanme areas as the
first canera, with a slight delay. In another
i npl enentation, a single canera is used, the canera

ri n area Wth a designated trajector
gﬁ%@ﬁﬁé@g‘fgﬁpl enmentation, a single canera is u%ga‘!}fz\;\lﬁag)ﬁoss
captures several images per second and naintains
significant overlap, such as 50% overl ap, between
sppearlsd cluimsi Pagedinglys tespadfiidation auihdavwivgs as talbsegirdediin an
her ei paboye, .. enabl es.coverage of a |arger area than
dﬁgﬁ%éhﬁﬁiéﬂggﬁ%ﬁgﬁm“ veﬁ?ﬁ@?%l, any nunger of caneras
may be used, as necessary for achieving specific
m ssion requirenents. It will be
appreci ated by those skilled in the art that
enbodi nents of the present invention afford severa
advant ages over prior art systens, including inter
alia: 201.the ability to automatically detect noving
objects within densely built-up areas, including inter
alia people, and small vehicles; 2. the ability to
survey Wi de areas accurately; and 3. the ability to
detect objects noving at speeds ranging from2 kmh to
140 km h. 25In distinction, for a representative
revisit time of 5 sec, prior art systens are typically
able to nmonitor only 1/1000 of the area that is
noni tored by enbodi ments of the present invention. In
t he foregoing specification, the invention has been
described with reference to specific exenplary
enbodi nents thereof. It wll, however, be evident that
30 various nodifications and changes may be nmade to
the specific exenplary enbodi nents
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-wi t hout departing fromthe broader spirit and scope
of the invention as set forth in the 11 appended
claims. Accordingly, the specification and draw ngs
are to be regarded in an illustrative rather than a
restrictive sense. CLAIMS What is clainmed is: |.A
met hod for noving object detection, conprising:

BERA@ting a tine series of nultl-exposures of scenes,

@ﬁ%%ﬂﬁultl-exposure of a scene conprising a sequence

Ufhatls cladasltist wo at | east partially overl appi ng i mages
of that scene captured in rapid succession, wherein

t he tine series of nulti-exposures periodically
eVIS tantlall Q? same_scenes;

et ec F}l 5?&"%}’ \,\f“t"H1‘}'?Hg’5lélﬁ'E-nu| ti-exposure by

CONPagdnBg uh%§ﬁﬁ69&ﬁ%§mﬁfu-@eﬁ6£&&mh&ﬁed, BRHSSilti dRfpbsure of a
traci ci ng objects by conparing noving objects detected

viehd mmpusmg a esqpetm ref ot rhstdwb ot beatti pattially toverlzpping images of
gbéﬁ Rt o Pw’é"reé S ol ?@e?siﬂﬁg %éerﬂ@ h, S (i o Ty epostes
FRAFRAIE VR Sl ALl e corDr S0
from ada@uag r:hemg ObdtisC n@thinD eohy moiliHexsisael BY). comparing its
sequence of overlapping images; and

tracking objects by comparing moving objects defected within multi-exposutes
of substantially the same scenes.

2. The method of claim 1 wherein said genetating, said detecting is performed
within an airborne vehicle, the method further comprising transmitting data

characterizing the moving objects from the airborne vehicle to a ground station.
3. The method of claim 2 wherein the data characterizing the moving objects
comprises, for each moving object, a captuxe time, object location coordinates, an

object velocity vector, and a thumbnail image of the object.

4. The method of claim | wherein the at least two overlapping images of the
scene are captured within time intervals of 0.1 — 0.5 sec.

5. - The method of claim 1 wherein the time series of multi-exposures revisits the

same scene with a revisit period of at least 5 see.

6. The method of claim 1 wherein the multi-exposures are double-exposures

comprising two respective images captured by two respective cameras.

13



3. The method of claim2 wherein the data
characterizing the noving objects conprises, for each
novi ng obj ect, a capture tine, object |ocation

coordi nates, an object velocity vector, and a
thunbnai |l i mage of the object. 4. The nethod of claim
1 wherein the at |east two overl appi ng i mages of the

gceneThs methad bficlaich W whdrsin shil Peteiin@iNdhded FetcBtidy atledt one
sec. 5. The nethod of claim1 wherein the time series
aroviag objectnop sshedter todgiin saideach srulirenposre phontp s#id detecting.
revisit period of at least 5 sec. 6. The nethod of
claiml wherein the nulti-exposures are

goubl -IROVRRSH; I Sd Lespective i mages

capt u?ed by tﬁ?ﬁﬁ%&sﬁé&ﬂ,ﬁ%i@é 7. The nethod of
cl ai mudgirbairersegmers adothpaligingct i Ng i ncl uded detecting at
| east one noving obj ect not suspected to be in said
each #Aileast cnscaweiaier wptging ingagsaplscmssecting. 8. A

novi n ject. ion s onpri.sing. an . .
At bor R e bt R SR8 Rl s B fo spegpin
QA [Hhpit fihghel PEGCSceRd, AL Sérivin% as oRpHDWiIIhaBB 86dut moving
detector coupled with said at Teast one canera, for

obiegis \detsgied dn ithep srene mnd ewt elispectsiionts imathe fceme phbor toi teing
ou i nformati on about noving objeets detected in

%@@ﬁh&?ﬁﬁa’ﬁ’t@ suspected to be in the scene prior

to bei ' : : . ' :

cont o R CREQUS hobfEa SENE ing phicct BReBL IR GMime

feontrel emeinuindy fioon b rgbnclossgrras ahd don orgiollipdoReaivRNdt, said
and _for control ling operation of said noving object

Fagvang ject deteckas farsronse ta e received spEmAdFmands; a
9r oung o3 G BN ne PR30

an object tracker fot receiving as input information about moving
objects, and for deriving as output tracking information about the moving objects; and

a ground controller coupled with said object tracker for issuing control
commands to said airborne segment, and for receiving infotmation about moving
objects frogn said sirborne sepment in response to the control comrmands; and

a communication link for transmifting data between said airbome ‘controller

 and said ground controller.

9. The moving object detection. system of claim 8, wherein said airborne segment
further comprises:

an image compressor coupled with said at least one camera, for compressing
image data captured by said at least one camera; and

a data storage unit coupled with said image compressor, for storing the

conapressed images penerated by seid image compressor.

14



an object tracker for receiving as input information
about noving objects, and for deriving as out put
tracki ng i nformati on about the noving objects; and

a ground controller coupled with said object tracker
for issuing control conmands to said airborne segnent,
and for receiving information about novi ng objects

10, om'B2i ioviling biiEdtelctRGOR RYstérl oFaSdanS SwhePeih NBIACANES0 lone
commands; and . a conmuni cation link for

FAmEERs PADRI e tipgt serige ofvadii-emiostre MpoMbe.. ¢ Oviterait banh mnli-
sai d _gr ung controller. 9. The noving object
%%?%E?#gﬁo § SRR PYURPLPSHR Fi98°Rher ei n sai d ai rborne
segwqm=Jawth9[Icqnprises: an i mage conpressor
coupl ed wH?*831"®’at | east one canera, for conpressing
offah {pestotert &t leasp paxtiellly byerlappifly Rhagdes S6f e ScendRaptuded iaehid
a data storage unit coupled with said inage

TISERIFIRS s SYhereitg the ¢ Bp neprieR e oF onpliesnesres nitepdastically  revisits

%@?@@thgpg%?éﬁkgeinage conpressor.  10. The noving

fon systemof claim8, wherein said at
| east one canera captures a tinme series of
mul ti-exposures M, M, ..., wherein each
bl t i Thexipodng ebjhit, detfction spsiere of aigini Kewhereinewgideaicieast e

= of at least two at |east partjally overl apping

PRETRS PSS pocsiite RpRReL o ApPUERROPHIS i 6 tane tntervels of
SHeaeasbgd. pherein the tine series of nulti-exposures
periodically revisits substantially the sane scenes.

11. The novi ng obj ect detection systemof claim 10

rher i_n sai.d at | east one canera captures successive
Jragelhe movigg objehgeteption systemy ef claim 1Qwheeingthe geeses egvsr o

B BRI SRS contlen LG RHRRBRRL 05 cover

a large ground area, the size of which is controlled

via the revisit period.
13.  The moving object detection system of claim 8 whetein said communication

link has a natrow bandwidth.
14.  The moving object detection system of claim 8 wherein said at least one
camera has a ground sampling distance in accordance with the sizes of objects that are

tracked.

15.  The moving object detection system of ¢laim 8 wherein said airborne scgment

travels at conventional velocities.

16.  The moving object detection system of claim 8 wherein said airborne segment

fravels at conventional altifudes,

15



13. The novi ng object detection systemof claim8
wherein said communication |ink has a, narrow
bandw dt h. 14. The nobvi ng obj ect detection system of
claim8 wherein said at | east one canera has a ground
sanpling distance in accordance with the sizes of
objects that are tracked. 15. The novi ng obj ect

OBt eCAmidvir)dbjedtAeiotion &/stBad <Wapghd sai d airborne
segment travels at conventional velocities. 16. The
novi na attical kit deppitingat leyisine waméradbaiapiunginpiges of sseres;
ai rborne ,segnent travels at, conventional altitudes.
17.  AHRIPORE slesfranies WRC@BPHiSRE'syst em conpri si ng: an

optic [ I SiNg.: ;. Qne -
capt i Pori GRTRY i ot Sl RRBIRAEHAL of vigw and
liitige capuiR tivedsvd said at least Jué Qithdre) Wikkreif QMB bofrolsf Eondlstaid
optical unit for controlling fields of view and i nage

stipast pee eqrmass togfapiats aftimt sérisgof modid-egmawenof wwhmescdach ronlti-
said controller controls said at Jeast one cangra to,

BRSPUP Co% o, T SERPULSR, B AEIoPeRh b 188 (07 @ CBrigspatally

S%ifi?ﬁﬁé trhiaRX BOBMsBerR caghuRa S PapfPiHRLds §61P irent il BifeSeries
of at” least two at |least partially overl'appi ng | mages
of mulisdxpemeesgetafitally eekisin snlayintialiihe eane manesydrdr ei n

the tine series gf mul ti-exposures periodically

revi st FOVEgIbieshiqterorrorpled sdfeaidapied unj far deteoting gnoving
PG Sl R SEbL, 6P UBSEYS el oFBaBink Blges

gd ti - exposure by conparing its sequence of
over | appi ng i mages; and .a ground processing unit
c onmuth BEndl pedcessing it egmppumivativalyl coyplesh wigh eaid fiow elsstronies

i t r trackin bj ects .by conparin ving, objects . .
B cfot r-biPE Feticei, PP SEiehad BRRH bl TRl PO, ae-
a%&@&f@%mu&&%mzmmmhéw obj ect detection system
of claim 17 farther conprising an airborne transmtter

for transmtting data characterizing the noving
j ec fromthg airborne vehicle to the ground

T80t Bhe JFOTRE EBR IO GHRITn RE o, L it romgrising
. : . Cn ot

bt o SRRk, B et WE it Rfectidly e

apborngvaijletths groamitation vid @ mmiietibn ligkeat i on

coordi nates, an object velocity vector, and a

t hunbnai | inmage of the object.

19, The moving object detection systemn of claim 18 wherein the data
characlerizing the moving objects comprises, for each moving object, a capture time,
object location coordinates, an object velocity vector, and a thwmbnail image of the

object.

20. The moving object detection system of claim 18 wherein said aithorme

fransmitter transmits data at low bit rate.
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20. The novi ng obj ect detection systemof claim 18
wherein said airborne transmtter transmts data at

low bit rate. 21. The novi ng object detection

systeut of claim 17 wherein said controller controls
said at | east one canera so as to capture the at | east
two overl apping i mnages of the scene within tine

nt erval gaoding object QeRctfBdCsysted? of TdmTIV ivd@reD jsgd teontroller
detection systemof claim 17 wherein said controller
ewirolsorid at diagh ane chtgers 5o ente eapinee thesbleast two overlapping impges
S scene W I h .a peri of at least 5 sec. 23. The
ﬁ@ggﬁﬁm%BTE@ﬁmE@Pﬁg?kdﬁSéys@gﬁ%%f claim17 wherein

said at | east one canmera conprises two caneras, and
wherein the multi-exposures are doubl e- exposures
EDnpriisd ARvingOobjes [@ertione sysiong &Ff it UT athehin Said Ceotvoller
respective cameras. 24. The noving object detection
sendronsalst atdpast paelPHSPReTcctsHtogEinlt de ssmiegeene Wikha perigdeof at
£ éxis nmounted rotatably on a ginbal. 25. The

119) inﬁaobject detection systemof claim 17 further
conprising nmeans for controlling Iines-of-sight of

said at | east one canera. 26. The novi ng obj ect

@®t ecThomoyipgtobjecbiletedtian ey diFmvdfedladinn]Z aibdreimsdit gt least one

obj ect detector is for defecting vi ng, obj ects not
BSFE TP (0 | RS Sk PRI S8 YRR B0 ot fovble-
e G e s e

of multi-exposures of scenes, each nulti-exposure of a
scene_conprising a sequence of at l|east two at | east

Bhr t | 309 Jowne phigssetstionsyglem oficlaimal7 whestie cednfispidgt least

hﬁ%&&éﬁ%%ﬁ@%%géﬁ%g}rﬁw time series of

I - exXposures” peri revisits substantially
t he same scenes; and

25.  The moving object detection system of claim 17 further comprising means for

controlling lines-of-sight of said at least one camere.

26.  The moving object detection system of claim 17 wherein said moving object
detector is for detecting moving objects not suspected fo be in said each multi-
exposure prior to said detecting.

27. A ethod for moving object detection, comptising:

generating a time seties of multi-exposures of scenes, each multi-exposure of a
scene comprising a sequence of at least two at least partially overlapping images of
that scene captured in rapid succession, wherein the time sexies of multj-exposures
petiodically revisits substantially the same scenes; and
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detecting a. noving object within each nmulti-exposure
by conparing its sequence of overl apping i nages, said
"nmovi ng obj ect not suspected to be in said each

mul ti-exposure prior to said detecting. 28. A noving
obj ect detection system conprising: at |east one
canera for capturing inages of scenes; a noving
objeakmﬁﬁhgciﬁﬂwﬁguﬁhem Wittt amﬂxhn&ﬁek@mmt:bmemu@m&uaim
for rece|V|ng .as_input images of a scene, and fo

FRENFIPR 9 OneElapping emageﬁfselflmwo‘a% @pt FERACleg 1o Bp @b’i“‘é‘l each

ec ted in.t not suspected to be in the
%@ghéqBFFSP“?HS%%&ﬁgﬂﬁggected in the scene; and
an airborne controller coupled with said noving object
detector for receiving control commands froma ground
2@ gneatmovingbtjest dﬁt@:libnsﬂ'stetmgompéﬂim:i on of said noving
object det ect or requnse to tpe recei ved conmands.
t least one cameta or £ images of scenes;

a moving object detector coupled with said at least one camera, for receiving
as input images of a scene, and for deriving as output information about moving
objects detected in the scene apd not suspecied to be in the scene prior t0 being
detected in the scene; and

an ajrbome controller coupled with said moving object detector for receiving
control commands from a ground segment, and for conirolling operation of said

moving object detector in response to the received comumands.
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