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WD 2009/ 019695 PCT/ 1L2008/ 001085 METHOD AND SYSTEM TO
PERFORM OPTI CAL MOVI NG OBJECT DETECTI ON AND TRACKI NG
OVER A WDE AREA 5 PRI ORI TY REFERENCE TO RELATED
WHHIOPBRSTONS This application clains benefit BfVH2808/001085
Provi sional Application No. 60/954,366, entitled

METHOD AND SYSTEM TO PERFORM OPTI CAL MOVI NG TARGET

AND CHANGE DETECTI ON | NDI CATI ON, filed on August 7,

2007 by 10 inventor M chael Pechatni kov. This
application is a continuation-in-part of pending U.S.
Appl i c METHD ANDLSBSVESI IO @HEREARM. ON TECAMMONPRGNG

Fi e SRRy HbERCIEN SHEETRRCRING A ek Krmibe g o

The field of the subject invention is reconnai ssance
d || \Yo) f L | th
SUbj oct - PRIQRTMCREFERENCE TO Kil4ulr abrhlrations:
moni tori Ngy;s @gﬁ&ﬁon 2 BOGHEBRUNP 165, ﬁfﬁl&%'ﬂﬂp@éﬁtlm No.

Movi ng obj ect "Uetecti on and change detection is
6(04854.3 06 sutitleh®E THD AND WYSTEM AL EEBEFORM |Q£HI§CM MRE/ING

TG T LR AE TR TI BaS SR 007

insveiitoBMiclthel PedbdiikodN dTHiS @pplidatitn Z5a d:eh@ﬁiauwm;ﬁm't‘mf/ pagling

U amiaonnt o 0074t S mnc A B PG SR e BasER. O

CONERYOUY 9@AN§QNGQIE\]‘EQ‘3F'SI@HT' 18d BRINeREmI&GIRCRogEN and

tracking systems are of two generic types; namely,
real -tinme systens and off-line systens. Real -tine
systens use static |owresolution video caneras,
typically HDTV or |ower resolution. These video 30
caneras track a prREEOIBORNTHEGNVENHON ypically limted

in size e the, i nherent trade-
dILJJJe ttle?d of the su _]ectnmventlon 1s reconnaissance and surveillance

systems. More specifically, the subject invention relates to wide area persistent

monitoring 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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of f between field of view and ground sanpling
di stance. Real -tine systens generally 1 WD

95 PCT/ 1 L2008/ 001085 provi de accep
v%(?gtg)g/gfygstl es of detection, but cover small ay&ygmosmowss

an area of 100 mx 200 mat 10 en? resol ution.

' O‘f-l i ne systens are used to detect changes over

hrovide aodaﬁtrame9&b%ﬂlheMde&e&ﬂomﬁfcd%1d§nﬁal%@a%s &NaR area of 100
real -tine systems, Of-line systens typi caII’y dper at e

my 208 madflariteglaionel |ite or other aerial inagery over

|
ot he. or Coole JHEPE st RN UEEE onft SybDght Feftbts of time
ahidfdver edder|apane [{Banofeaktiaa gestérhan Offiting eysterts typicalls opamte by

such as infrastructure chan whi ch .are | argel
t G Other el mABIB T oF DRSS BmEIg B ey pighhos
t@ E:ével:dl R oF 878 ve@8 K OFORMSIRIeES délebiliffGERG64eld &F change than
li'ghting conditions, and other factors.

vi ewi ng angl e,
dpcrerigisne sySems erelen @éﬁtﬁm@@ ebanges.ywiriely arer lsegeb praleant to

HinfMaRRLd ?1 n%!k!g%%ﬂ ]ﬁ\éﬁ&lb ﬂle sgﬁglgl Ealc% @gﬁ@%&sr\vﬂh respect to

subst antla
vivispargls, hghﬂngwonétwmaandmhmrffamJ ng objects in two
to be suffici

Short: o b Buckibe defeolion aoherdly ke Rbipgteraf v pecially

short,
oﬁérlaiaﬁmg S TERses REthWaBarRiile ﬁirﬁlat ngmtg Rondifisamt ﬁa@ﬁﬁ&:-tlve
ReV|S|t times that are too short , less than 0.

Zafilwf FRQY&g1oDieststip dve Hemss E?éﬁ“&“ethe feisitrtimgrioshe salﬁéplenﬂy
|
S35k o BILARAAL R offom b o

m&tmefwnesc oRevisiti dnses ntbati 4rortbaghorft, e.guilew thaed.l sec, may hide
I ti

act | ossible .if are 1 5
Rt Rardea (TR e, B pueyind Safeiditton o Gofin Parmeresk ° s
subli i desirdtie rang@forsevimtﬂmms b.or- @oyer age of a larger

area are_in the range of -120 sec, 20 There is

current| ﬁ%"%lff@il@ihﬁoﬂlﬁ atonﬁ?ma eloa widegrea is pracisallyrigpossible

i3I RS Sob0T e rBdR e GRS By OBkl Typically,

sensors
revisit times for coverage of a larger area are in the range of 5 — 120 sec.

There is currently 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 -ti ne object detection and tracking over wde
W0 20RO over age, by combining notion det ectFHH-24HPO1085
estimati on derived fromshort revisit tinmes with
coverage of wde areas over longer revisit tines. 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 "nulti-exposure.”

For the case of SUMMARAOE THHBESERIPINCH i S referred

to herein,as a %fg& "'Jgoub,l e exposure". In accordance

with enbddiRFEseE thersuPieet mysfian pravideaiovelomethads audrsystems for

sietion! et idstehRsT @i | b ini

1‘Ad_di ti o%l I yt,e vel op??gc%s? f@ng?ilﬁg%‘}?ag d&%@gﬁaﬁéﬁﬁ&tﬁhgmg

mMokigp detegiiontang estimationalepivesiufram shast wvissnimes withoedvinage of wide
' ] - ex . cover substanti al l

R T gl e HRS UGTE el i Bl URT LEE P, e

o tiys vrambieadt ligest partisilymeveelapping images,alvhick idicférpadsto herein as a

LGl uding inter, alia .angle of view and lighting. As
efre bt Lo otcheCiene o ikhmageh ot fogoee oo Widisomn s o
“donblekpdsireBXposur es provi de robust and reliable

position_and velocity data, using sinple real-tine

conput at b rigrorissg ewph ourbpdiments bt sbiect infentibm motion

GRS AT B, SaBiLE TR Al St

espmeti@sis perforasd entthe/imagedxddcmalti-adipoara it ordedio Istalize objects
oon,

o A0 ShE o AL Bub o o
expesuie have(ddb¥ntiallpaharseas APRbinmed JaMdigoR0 dhiBahs iRbr alia

tﬁlge subject invention are typically netropolitan

angleof ¥iew) gpg dighting: s Fush, @Pﬁqﬂﬁé‘éf@ﬂfaﬁ andsvalenity gitimeligneensed on
- dj . t. 0 i . :

s SHOSSS o BELLR i w3l B FEDRE) Bl i

reghdimsrenpittptionabpagepescessingcamer a movenent . Such
able, Ilev

o151 SOEERdBRRRLBE bk A yob B HEF b Sl et
withii widt behs, bl @untiie’s cankérd 6Hd POcQEInPRYIABLOM BEkS ah Rircraft,

built-up netropolitan areas requires short
or such other aitborne vehicle mcluding inter alia a balloon, a stratospheric airship and

an unmanned aerial vehicle (UAV).

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 requires 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 transmitted to a ground station. As
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revisit periods. To capture high resolution inmges
over short revisit periods requires 30 enornous
tes and pi xel processing rates, in

v@@g@%@ﬁgirea of interest. The total anount O?Ef@{zgﬁs%owss
collected is too large to be'transmtted to a ground
station. As 3 WD 2009/019695 PCT/1L2008/ 001085 such,
$3h, DORbEhrd PERSHERNG uSed SE thrddrNtoOkEREt bad @ehiaR lon®N dssential
transmt only essential noving object data.
RpHBEPHEHaa0f t he present invention' apply to' a wide
spectrum @fpo8ianal 0 , : [ %%“%

pr esent dgisngpl pt %néfr (teq%a?léeg&t?gn‘%%?&?/%%%lt g},ngnvg%? SIP of
sagnals] Ros iegpaaif smdérktendiegy s prdsenit descfiption tebmes toilgiatisiblesnear

ef erred t rein neri cal.l .as,a. "canera” . .
RS TRl A Rhbonfats BF ke siBRfis 1FRTEE o byl espupioally
as| “cara”. appl i cations, including inter alia
reconnai ssance and surveillance traffic surveillance
and | aw eBmBpdimeatst of Mg dnersnts SBsREO, Re ir 9dfaptaghda many

PR 8O, Holldi REGSERredRnhBMAR LD AVLRIRL GatcYsuveillance
etect, transmt and track Noving obj ecis in a w de

and daw_enforcementov i Riicnupaissasios| anda stiveilllangen Synterag jofnthe present
. il [ f d b ' A
ineRiorL PRy PRSP P LR Y RS 3 S BT, s

en
peoviddds welfud eticad tifatn@dipher i ¢ ai rship. Such systens

aut omat i cal royjde yseful real-time. traffic

i nf or mat icﬁﬁ%f%aﬁws‘éﬂlqﬂcaés PREOTRe YoRORBGHR SySians; of dhgapresent
A et Rtk G £B4lcohAbd & ETANEOOSES sty B CAShipt- Bich systems

enforcenent is performed by nounting Systens oOf the
ayergidaaily providerisefith réahtioe trafficindormatipn| ds ovll asdnfosmuyon about
; ri i ' Such systens enable
e e SR e R Pes T o e cvento

post - pri draw, emfottethehie isTpadormat ciy nwahtind agstans pérte neesent

.arrjved at. a crj | ocat ] from where, , and, at at
I PO e 2HR AR fwil%?wgl % 33’. de wagtseﬁwm@lﬂwsp Sftems
erRPRQSH; BB tceRbnt HRn&MDIS S estibY g%Wbsﬁp%{, had dét@it‘mine which

nmovi ng obj ect detection, including generating a tinme
vehiglds®z peypons arrived at a crime location, from where, and at what time.

There is thus provided in accordance with an embodiment of the subject
tnvention 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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mul ti-exposures of scenes, each nulti-exposure of a

scene including a sequence of at [east two at |east
over |l appi ng i mages of that scene ca

‘385&; LSJs?é%:cessron wherein the tinme series of%&J)iﬁaz(goéﬂn’1085

nultl-exposures perlodlcally revisits substantially 25

t he sane scenes, detecting noving objects within each

daniving— sXpapu Bf@ynatanpbeut ngovihg obfefudnefedoin the scene, and an
co

U5 SBBLAR TGS B0 R B STERES e

. MRS Flod] b Yrduh8 sSRERL 368 'T&Scon-ﬁlaﬁ{ngl dp‘éraﬁgrg bf th@riﬁwlﬂg object

rovided in accordance with an enb ment of
estE AR TSRO e 81 racettdi cegesdact giaend sagshAt, Q%Oéltdélrﬁ an object

&é&ﬁér%k @&eﬁpncﬁh Elg){l{] frorh e taboutgigovﬂg ogfébtg gaxf?lt fo& %%I%mg as

one cane turing | nages
cokpue uucldm arfomration ajpdue daevmbhng bbj eals, drndlas gramrbcamﬁelaqoupled

B 656564 689" BerPhPSGORFOC PORSCad TR oS Soeppty and for

rbdelvahidTRifb 8o Qbdut TN 8IS Gof B18tpebee skdinddien response to
scene and an_ airborne controller coupled with t
then senieg] SBEEndsy cnd @ ermmBRictioneling Ay tEansmnitEng d@*érﬁ?ﬁ‘ﬁ%@ the
%%Iﬁ{o‘ﬂ\éf‘%xdstﬁ&&%gﬁdco%ﬂg ndor controlling operationof
e noVi ng obj ect etector in response to the
r ecei ved 'Ehmvramrfm;thea Iyoddent irs @gevedenge iwith aulientbodiment of the

hject 5.tracker f ervrn as rn nfo n .
b hveRite & S nabiect i PR iRt G e tnctuding
at 16K bk chivbAr Bt r:a@ﬂn-aFOiﬁagb@ &fd¥haag aﬁbmﬂiéhfé elRBifbrics unit

ground controll er couple h the object, tracker for

inckudimerg condvpllen pounladwia dho @ﬁcﬁlewar fas sopeolling fields of yigyv and
iﬂé% cg. ik g Haf 2 naRt bﬁencaﬁ@é‘,twﬂ@é’ﬂl ?ﬂee Q@gﬁtﬁﬁf&mm the at

orne segnment I n response to
k@ﬂnnnn@ammandcammnnnUmwcancmnfhnﬁkahmmmmsaﬁemnwaimghngﬁ-

dat a_bet ween rbmn ntroller and t .
PR AT RSO SPREFSTRA SRR el oy DRl overlapping
inRged bl HAC Scale t dAp@Fedeitnapidngivéessibn,t WhereBUE @@de series of multi-

i nvention a noving object detection system .including
CXPRSTRY P%rgrdlqrﬁrtrem%q arahsrr@ﬁa%}t thee gagme SPRECH Gy & TROANE Object

[

AR oI LIRS ofticet D Ror AR ARG WHER, 81 o
exposure bp mom@mtmg)itt peyqyerfdeedfchyedppimg images, and a ground processing

unit communicatively coupled with the first electronics unit for tracking objects by

comparing moving objects detected within multi-exposures of substantially the same

scenes.
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15 image capture tinmes of the at |east one canera,
wherein the controller controls the at | east one

v@@gﬁg@ﬂkgscapture atime series of nulti-expoaﬁnesuommuws

, each multi- exposure of a scene conpr?'FH&'%

sequence of at |east two at |east partially

over |l apping imges of that scene captured in rapid

succession, wherein the tinme series of nulti-

exposures periodically revisits substantially the sane

scenes, and a noving object 20 detector coupled with

the optical upkief PESERIEHUNIOFNRHE DRAWINGE S W thin

each nmulti- exposure by conparing its sequence of .

over | appi Adei etsmvaﬁ@nawgf beiwaprp risle swilersfood  aind appreciated
[ j-vel I i e: fi I -HORIC . .

TR SRS L BB Rp, kel Wi R S B Srawings in

wldtlected within multi-exposures of substantially the

sane sce . ,25 5 WO 20 019695 PCT/ 1L2008/,001085 .
SR EF DESHRPPH ot BRDHAE PIot R ifch SUPB P Sioving object
derbe@t bRM tobitihg BOePRBAS HiehY il BARF@hQOHiB N embodiment of the
appr eci at ed 5gf romthe follow ng detail ed

perseelrinymition, taken in conjunction with the drawings in

whi ch: FlI i ; | i

system f orﬁl%%sﬁaaq%@fhg}g{’ﬂ B%%?Eé%r?gﬁmgjﬁ? % r gc%%lg,t‘%gf 1ds of

vievincheypiar siecession, dmooo ard ainsena\sdgimeahinefiiplnd aodeihe anborb eegment
resent iLnvention; 10 FI 2 is an,illustration,of a.

BT AR g ierlest dFlacih 4 RSP PRI D SR with an

efnBBditheBt GBS BreQt kB {Bnadhdail r borne segnment in flight,

and the airborne segnent _transmtting derived noving

obj ect dalfE%-3Anang 3B aer Blugrations of A raué dpaderedpagimersegypence
. ; oo _ _
oF L Py L nll S35 U 05508 ) G2 I 2.

acprlaancwith ibembodimagfed tlegpéseneidvéngion. caner a
corresponding to the fi.elds of view shown in FIG 2,

in
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accordance wi th an enbodi nent of the present
i nvention. 6 WO 2009/019695 PCT/1L2008/ 001085
ﬁg@l JPED SCRI PTI ON Enbodi nents of the subject
RCISE concern nethods and systenms for 5 BGTGHAQ08441085
real -ti me noving object detection and tracking over
very wide areas using non-static caneras. Reference
is now made to FIG 1, which is a sinplified bl ock
di agram of a system for noving object detection and
tracking over a wde area, in accordance with an

enbodi ment of the ppesent ghmieMophown in FIG 1

is an airborne segnent 100, 10 which is operative on

board an &srhodimeuitsmef ibe miljest éxysntierecangemyanetheds asd syetems for
.ed | : L | opj :

Qe ST BREOP BT b SRS RN, B o g

min-daicrvamerabt i s a ground segnent 200, which is

operative_at a ground t ati to, Jjssue.m SsSi .
Commands. BAtS tURmemelr QG0 A Btigh it * Sepliebiprle agem of
d'SMieB0for AV RElobfiRE ActRHRRAL RECKNY: Hek RWiACareL B ordddBe with
and track the noving objects. 15 Airborne s_egrrent 100

anrrenhpdirend Abthe prosertdnvasiien.aShovimin Bty 1RARR ¢ yegryant 100,
_ . Cori _ . .
i 56 FRAEANG bY REET bR GehR blIBAE (f Sabhurc Bl BF Blocess the
cpiired tnagssidh deidvtrmbving cobjaigprandstrr gesanaie anovingosfjett data.
t or age it.140 for .storing co ed. i nage dat a
CoplsBa® Decpibame 106 15 S5 e tabaNs SRSy oat e At & ground

stE6E € Réue b9iGiod MmARRERRS kitfledtiRASbERHc ANt A 0080 §Bbcess moving
novi ng 20 objects within the i mages. Conponents of

ohicryisfagengratetdiairbome seanand 190G, apd Beckjhe mevingiopissisne
troll eg. 0. i
Cracker AU sSRHR 0D DR, GHOor ikt BTeral 18] G RaM

tracker
neinjoey {20fer emtpmraril$ GtoriGy cam tnapegiatnan aftbnal EG2000 vokepressor

racki ng ., and i mage, dat abase 220 for- storing tracke
15 s Eoriesind B TR OhPUPIOIRE 1336 FGpIrpEn and A5 oRoard
stbfhgﬁrlﬁﬁtt LMEIR: KEERS ToRPrdsscACHhAde @iyl | Asend aéhasel00 also
220. Conponents of ground o .
includes a moving object detector 150, for processing image data to detect moving

objects within the images. Components of airborne segment 100 are controlled by an

airborne controller 160.
Ground segment 200 includes an object tracker 210, for tracking objects

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 confrolled by a ground controller 240.
Airbome confroller 140 and ground controller 248 communicate back

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

controller 240. In respomse, airbome controller 140 transmits moving object data
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segnent 200 are controlled by a ground controller 240.
A rborne controller 140 and ground controller 240
vg@g@gﬁ 9§Q%e back and forth with one another vyi A 008/001085

ion |'ink 300. Airborne controller 149
recei ves m ssion planning commands, and requests to
onboard storage 140 from ground 30 controller 240. In
gensiaed b, maiing objaet degetor A50,emd itkBed d:A0 forhd Snbaand sigrage 140 to
obhgft dg.a &DMD 2009/ 019695 PCT/1L2008/ 001085

4 vi ng object detector 150, and image

dat a . for ”I@Eﬂ?%ﬁé&aﬁ&eoéxﬁ%lﬁaé& 6fome gﬁsaua%%iﬁbﬁ Obdr@fnmication
240. In an alternative. enbodi nent

Jg¥5308ds notrisedht Instead.clstmis ﬁtoé%ﬂt orobpard mrhomwgmnhlﬂﬂ for off-line
g&gsrénst ead, data is.stored on board airborne

segne 100 for off-line 5 processing. Prior art

" obj ect dePeat 'ra.ﬂnolgm detatibon ragdsty&kmgssyts&ms use two-dimensional

%%g%amg]l Yﬁ%lﬂ'gg gﬂf% I§ffgﬂ-’g alyegl \%%Fr@ﬁgélecws%nsors since

dilifdrERe€ BE PérspcdtiPe bARE Glativ %b}é@tkd 5&8 aﬁﬁe’é& b€ nARIMCt GedeRally, when
.appear as novi ng. Generally, i mages are captured

imgges gre wpbiredcbysransBatis sepyard prigy @rt VR av@ceptable levels of
f% GhRtable Tevels of 10 false alarms. In

|st|nction, nmet hods enbodyi ng the present invention

use photlogrdisiimtivay meiodsonpuibelyingi shen pragent invention use

construyct t hr ee- di nensi onal real
pheIEEB NG 508 BT SNCHO e AR ROTP b eEel olitn roal-
tifilea tThese QR iRSds HistRERISh BEaen HBNME lobj¥b @AR Blatic 6Y&S, even when
per spective discrepancies in the inmages. 15 Methods

Weﬁ@m{s [faUSSNEEPeftive ﬁiﬁéﬁpﬁwﬁsa%ﬁl%ﬁé%gr ametric
rel ative ysflCedodyMBIRS presbR thichfdd Lk r%ﬂo?égraunnemc relative

substantla y every pixel “In a source
saloy o€ dpogedi ngpeqmﬁeaﬂigj dor hibseniialydesfernedikel inaa source 1mage a

d [ [ [ .S | h d
s e PP BE e 5 tier s 4" 05D dming SR PPl n e
ddstigation WnEe Ar8Beectbd ANA'S a berrdshEndeiyl obpedt & tHeisbrce @hage is not

suffici ently far _from an initial_ estimate of its
indfsiephpolary ine, pesutfigigntly far from an initial estimate of its epi-polar line, then

the object is deemed to be a moving object. By using multi-exposures, taken over short

time intervals, the methods of the present invention perform robustly.
Due to the short time spans between images in a multi-exposure, the

change of perspective between 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 ¢ = (.2 sec between successive images within a

mulfi-exposure. For a building of height z = 50 m, the change in perspective of the

building between successive images is given by
=h**w/H=02m,

For a camera with a ground sampling distance of 10 cm / pixel, such change in

perspective corresponds to 2 pixels, which is relatively small.
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20 the object is deened to be a noving object. By
using mul ti-exposures, taken over short tine

| the net hods of the present inventi
WGE@rm fobustly. Due to the short tine spansgggt“\%’g 001083

images in a nmulti-exposure, the change of perspective

between inmages is relatively small. Consider, for
exanpl e, dmonc¢mldishentiof ;herrgeﬂnt iavengion, cangeasdfl0 ishevm in FIG.

P10 aittroRitef ol BREs T diies Yy MRSk, a5 BRER Buldiaf Sonite

. Iﬁﬂﬁﬁﬁﬁﬁg ulkém% léﬁgtﬂsl ViEgror-baet! ilerg¥PRGire€only 6imtle motors for

bui.l d|

=.50 m the change i n. perspect
re‘iﬁﬂ?lﬁe Pf’g |dﬁf@1 %Eﬁg\?\fé@%ﬁ cemerrs 44 f wad ithegptic nggg @@rﬁessnbed
. gptyﬁcaﬂi/’ Q'Fd)pe%mng aE?ﬁcaﬁoﬁ U Séhél"l\foh 1 #/607.84 ﬁleamhéﬂéﬂaber 30,

ance of I xel such e |n

2866.s p@(ttqnvléed: @Iﬁé%bnh@xﬂl‘@l@ §Y>‘8 RhFER O&J CONTINUQUS

ST o 6 SIS BRI 0o

I'n one e
rdfinsiown in FIG 1 use mirror-based folding | enses to

reduce the size of an optical ..assenmpl ile, , )

mai nt ai ni ﬁgaffceﬁﬂap?ee Fitho |en:q%%4+516ﬂ%n? iy %P@tu&g@wom motion

ciBPEREISER Wef Bropdl by 8itiHR! Lol ShSunkdd on BRI BldifNoptics, using a
Addi ti onal "details ‘regar.di ng caneras 110 and their

rispedleciic tiKinlxfoane Yinexcihe apd sigp pifi theymirrer are small, motion
Lication, US Serial No. 11/607,511 fil ed
c%ﬁpé%o%}gdr?‘gg?"” 5006, and entitled DI G TAL MAPPI NG

SYSTEM BASHHI Gl Wiawd&ﬁthomm theNrt (Hat Hbiéshilmror based

ORI TNk e CNUEEN

SUbJ ect imy@Bt kP heed@hnc@Nwith OcrABIHABSAT 6fOfhel Present invention,
erformed by tilting a mrror nounted on the folding

mgﬁ‘t“g @bject; deteeiion is preapmredely pequining 2 renidisegiense & AEpor more
iﬁa%@s MIH sh%ﬂqmt?é Ogucﬁ Q? er r P'Irj .%5 edesf l ’hle 1{5@%1 s%@uence of
fecl a

npensation IS accutrate.
intalgess & sdferrddeth hereinhes ar mmhmc!pomm ri?armfiiroxtedap tbetween images
enables motion detection. Notationally, the system of FIG. 1 captures successive a time

series of multi-exposures M, M, Mj, ..., where each multi-exposure, M;, is a sequence

of my images
M=, Lz, ooy Teut)

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 — 720 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 fo

ground segment 200, in accordance with an embodiment of the present invention.
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optics may alternatively be used in other enbodi nents
of the subject invention. 15 Further in accordance
' iments of the present invention, '
%F@E@T%g{jecti on is perfornmed by acquiring a”?é’giﬁ]lgzoosmomss
sequence of two or nore images within a short tine
span, such as a 0.1 - 0.5 see. delay. The rapid
sequence &eferenmmmdefirther mafedo FEEST 3A laed 3Bnwhish are illustrations of
lti.;exposure. Partial averlap between ima .
B SR iowe st o7 AR PGSt Py P e 140 orasppgeing t
the Geldb oF v EIRSVISMATES 2 ﬁa@oﬁbﬁ@. Wil 88 kin®6digfént of the present’

multj-exposures ML, M, ., Wwhere each
Heotexposure, Mk, is a sequence of nk images /r M

- (lk, Ik ' - .
Kt B 70 by BRI B80! Epmimns of

substantiall'y pe
Aresent inperdion @tew fort trade-oiffwfeovarhgqarthandwaivisit penigrh sThedsrger the

GIER ST e NP il ST R o < gerined by the

tlightipathl dfjan\sirbiafii0a seedpapting. chmerad 190,526 by el Mp8R throu%]h which
e

i mges, and_the revisit period, p is generally on t
st ehinery gimbals swine.s Bovill heetmpresiied b thegmplilieseinythe pitdhat other

feandia§ heliSed@ thstehd %@E&ﬁ‘lto; 520 lﬁfe-(ﬁ‘-s?gﬁ%f Sarn&%?ﬁw, | i %ecordance
images fromtwo fields of view in Tapid succession,
vithmhaierbodimsntsed fesubjedtdavantion.| i ght, and ai r bor ne

segnent 1 ransmitti deri ved Vi obj ect data to
30 0r oundt Sa aRaibah s HHAHES e SRR 1Y, B2Laeh ot dndefs 1o
cartivd dherdite-offsight @f paeses t 1100 e tiade-off Betwédn? 085410 pOSED and

PCT/1L20Q8/ Q01085 Reference is, further nade to FIGS.
ORI d1o8a s p %@f@%ﬁ%@%&ﬁ%e r api d |
doubl e- EXRERHHCT S ERRIRE ees%qaﬁ!% g€ Sq&antirdae ﬁ% \?\%oiﬁﬁﬁd%é%pﬁng

110 corresponding to "the fields of views .
diptange, (G8RY and sthe alelay tithe detweesboidnagencapbire tihethe pnelieprposure

[ tion. : i 1,50 ech at e h kil ed .
selRR T irthe Bt 47 AR EA BT el RF i s 02
sea) thewoljests inveitg adl. B kalh edutsragedasasbland revisit

peri od. |.ar ger e coverage area, .the larger is,

the revi E]Webf’&mn&% .0% gheeafeé?ﬂtdawbgaepq@r@e Hig é*éﬁcfsglg of
objdes. For tracking purposes, sampling of moving objects is done with a revisit period
generally between 5 sec and /20 sec per cycle. The revisit period is controlled by

programming & 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 present 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 aircrafi.
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flight path of an aircraft 400 transporting camneras
110, and by the angles through which the canera

ng. It will be appreciated by thos il
&%9@2&96 that ot her 10 means may be used infgirfozobsgo%mss
control the line-of-sight of canmeras 110, in

accordance wth other enbodi nents of the subject
Afieretht iobject tiing dategﬁimbialcotrmutedorbﬂbeakdbynlgoiata ahdue the movmg

et R el e MES B e SElbliodn Pl G Fifinized

Jﬁﬁécord‘sg)‘é@dhaﬁeord rlﬁ@udhﬁg afl o btethngtes, of ﬁﬂuﬁﬁmh@ r@'ﬁesentahon of the

table flight plan. 15 Accuracy of chan
et bt o Tt Biat mediasl contnasacan IHgima pE prsien. As
sﬁéﬁ@e Iétfuﬂrefdtb%n&"ﬁidﬁ%stéd&&dtkgbmmwage capture in the
the GSD is 10 cm

Tl - exposure sequence
and the déldopbid-erpohut wemandermge bé implesentsd (o eves@oyays. In

o e PSR Rt ot Proet S Bl g the cameras

stestdntin iy b@t&b: ilid #Enet aré& kmagsttgtht d&leysd bjnegiother fplementation, two
tracki ng purp ses sanplln Vi ng. obj ects is done

HPFRS 455 EPHE] E Ha Wi preritiseinatiss & thah dhe sepond

cfbraRBbers ﬁﬁﬂs@anﬁllli‘yeth%%!(ﬁaé lofeal 8 tRUGScanRRY, Wl £8ighY delay. In
progranm ng a scan pattern to allow for freque

anesberi igipldneantagionnu singleesaposuisaused ahe earoers, comm rpa with a

s BYEGb, T RHORE, SRl L b RO el Sibicn

(4]

| ca@ahxbs sd@ra Uphges pacdebaid argl metuftaiﬁmgmﬁyaﬁ%veﬂalg hyubly 29f50%

obj ects hetween two consecutive
OYﬁHlaPa UFESIVAEE®an obj ect starts or stops
movi ng, Ilisel & ARALERGSS, 19 rdeXUrFJQH %eﬁnfabé"&é Q:nﬁtﬁéﬂ S8velige of 2

i mgery. In accordance with enbodi nents of the present
largey avge ithan, ongicr@EIa PG Vers ohﬁ@ner@btanb nurhberof egineras meghe wsad, as

- { ai rborne vehicle to
H%S& uﬁﬁlggcg?e %o%gag %%sg% |e’>'i1§ collection rate of
t he syst @énwill Be hppyéoiated byt ﬂlosmtmm iinahd 213 Chat embodinsnistof the

pr%lgt t%f&er{;%}%@gtrp” %@f/e gt%{ gt?tqgt\;g?)ﬁ rﬁ‘%}? g.ﬁsy:%q‘%qt at oﬂg‘g}tlld?nsg 1%1%9 alia:
ahgorit hig zIleE O YitBiela Rl 1¢ GbtetiSh %9&3 ORABIdeh Py built-up
aircraft. 2009/ 019695 PCT/ I L 8/ 001085

areas, mcludmg 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 to 140

fan/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



After the object notion detection is conputed onboard,
only data about the noving objects that are detected
i$ sent to the ground station. The transmitted data is
B QU PEY in records, each .record includi ngtGHL:2008/001085
obj ect nunber, a thunbnail representation .of the
detected object, the object's X, Yand azi nuth

zﬁa%@ﬁdéﬂ RBYRS . ASRdhES, the RPecicatied 8l drawinghare b Weuetarded in an
the required bandw dth is reduced substantially. A
Husistive whsothan e reEvASeSAay be i npl enented in severa
ways. In one inplenentation, two i ndependently

gi nbal ed canmeras are used, where the caneras
substantially cover the sane areas with slight del ays.
I n another inplenentation; two caneras are nounted on
the sane ginbals with specific angles, so that the
second 10 canera covers substantially the same areas
as the first canmera, with a slight delay. In another

i npl ementation, a single canera is used, the canera
covering an area with a designated trajectory. In
anot her inplenmentation, a single canera is used, which
captures several inages per second and maintains
significant overlap, such as 50% overlap, between
successive i mages. 15 Use of two caneras, as descri bed
her ei nabove, enabl es coverage of a |arger area than
one canera covers. |In general, any nunber of caneras
may be used, as necessary for achieving specific

m ssion requirenents. It will be appreciated by those
skilled in the art that enbodi nents of the present
invention afford several advantages over prior art
systens, including inter alia: 20 1. the ability to
automati cal l'y detect noving objects within densely
built-up areas, including inter alia people, and
small vehicles; 2. the ability to survey w de areas
accurately; and 3. the ability to detect objects
nmovi ng at speeds ranging from2 knmih to 140 kmh. 25
In distinction, for a representative revisit time of 5
see, prior art systens are typically able to nonitor
only 1/1000 of the area that is nonitored by

enbodi nent s

12
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of the present invention. In the foregoing
specification, the invention has been described with

V{,(sfzerl%nce to specific exenplary enbodi nents thereof.
WPPhowever, be evident that 30 vari ousPCT/IL2008/001085

nodi fications and changes may be nade to the specific
exenpl ary enbodi nents w t hout departing fromthe
broader spirit and scope of the invention as set forth
in the 11 WO 2009/019695 PCT/1L2008/ 001085 appended
claims. Accordingly, the specification and draw ngs

are to be regarded in an il trative rather than a
restrictive sense. 12 WO 2009/ 019695 PCT/ | L2008/ 001085

CLAIM5 5 What is clainmed is: 1. A nmethod for noving

Wﬂt%{l?&%ﬁ%“ on, conprising: generating a time series
of mul't1-exposures of scenes, each multi- exposure of

la scene cammthal bamoavisggbrRbicRiRliolcompasihgt Wwo at | east -
partially overlapping inmages of that scene captured .
in rapid SFEREER % MIS eS| P OHE-eXDAsuSE ole scepps, nagph jmulti-

edpbsBRTFIUCER dBﬁftpgiQﬂk GAbYenbLYf 113t ﬁ\}bbefttléz[# hﬁ'gglc‘théﬂapping

_sane scenes; defecting noving objects wit
impgges jof dhal seneecapipresb imrapidhgpicressionswhereincihe dfme series of multi-

i ' : . L 'ng objects by conparing
€ o\eéilillr{]:g%:i3 %H&gcg{}g ge? ggﬁg%n{vh&ﬁ'ﬁﬁ%s%ﬁ il%%’l}eSEXposur es of
subst ant idetdeting hevignabjetewithin ébh Zoulifhgpssatd b cohparing its
nerating, said detecting is

claim ﬁgwh%’ei n, sai déﬁ%ﬁ
SPEFIG CHEY RPRIAR HO287S: 8 f bor ne vehi.cle, the nmethod
further cgeBpRg ?g{egtst Bﬁ%{ﬁﬁiﬁﬂgﬂﬂlo@ﬁéaobj&ﬁaﬁ t6d WAHRY multi-

t he noving obj fromthe airborne vehicle to a
e@pag%ofﬁl gngally the same scenes. :

2. The method of claim 1 wherein said generating, 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 capture time, object location coordinates,

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

4. The method of claim 1 wherein the at least two overlapping images of the

scene are captured within time intervals of 0.7 - 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 sec.

6. The method of claim 1 wherein the multi-exposures are double-exposures
comprising two respective images captured by two respective cameras.

13
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20 3. The nethod of claim2 wherein the data
characterizing the noving objects conprises, for each
' ject, a capture tine, object |ocation

\*@@%403@}?3?465, an object velocity vector, and 5 CT/IL2008/001085
t hunbnai |l i mage of the object. 4. The nmethod of claim
1 wherein the at |east two overl appi ng i mages of the
25 scene are captured within tinme intervals of 0. 1-
£.5 sec. 5. The nethod of claim1l wherein the tinme

eries of AIPYIng alise<lgtegtion Sy§tews eQPHIAL: sane scene
with a rey giforRideREnOfoRlridiiast .5 sec. 30 6. The
nmet hod of claim 1l wheréin the multi-exposures are

doubl e- expblsast eae casmampior sepigringimagesyfsctriesie | nages
captured by r LV, [AS..13. 009/ 019695
PCT/ | Lzoogl’ﬁé‘?g%é’%fegsaéieﬁgﬁx ?ﬁ%?egﬁﬁ%%t Sa‘di\eﬁ%%egeta?to?%le camera, for
regetingnas dopp liingge3 gt A bcent,r Hal fue deeigignis, ogputpihformagon about

at .legst o canmer.a for capturing images of scenes; 5
%0%‘?%%%%@ Ip Bieeety i

upled with said at | east

one caner g akBbme' RGN "bupRd! WM (saldTRBOHo Objébt SER¥or for
and for deriving as output Information about “noving
resejving eongret eepandsnrah@ mowesogment, and &on ¢oakalling operation of
s VBl dBfecP AHPAGH Iy fchihs8 A fle IR B8 QRIERL, det ect or
or recetving controt comuands froma gfound segnent,
and for cogonm depragntpgen@isingtnt of 10 sai d novi ng
obj ect detector, in.response,to the, received co nds; .
2 br ound TeghiHt HCSRET SPiTiNOE S ol fb AR AH0g) Moving
obj8&s;iavll kg dBfivinP Ry buth Rt LIRS rFBmeRoH b iR YAd WoviBPbBES and
and for deriving as output tracking information about
t he movi riySeBpé cemrollamepuplegr with said ehiccbiracker fwigsuing control
| W o)) r f ' j 0l. 1 .
b o AP B bk SERBE, Y4 167 MHeNnd HibEion hont, moving
objedtnfrom tshidnirhtme segmeat ingespobgedo tis dontrol caimand;rdadr ne
segment " cém%%%&‘éi’t%nt ?'mlt( hFor Ct(g;ntszrmotlting o@ta? %%%ﬁee%ngaid airborne

controller and said ground controller.

8. The moving object detection system of claim 7, wherein said airbome

segment finther 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

compressed images generated by said image compressor.

9. The moving object detection system of claim 7, wherein said at least one
carmera captures a time series of multi-exposures of scenes, M, My, ..., wherein each

multi-exposure, My, of a scene comprises a sequence,
A’f}t’ = ﬂkb Isz wany Ifcmk) 1
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a communication link for transmtting data between
said airborne controller and said ground controller.

The novi ng object detection systemof claim?7
V@ﬁ%‘ﬁ%’ﬂ?lggsai d ai rborne segnent further conprikéyng??mmss
i mge conpressor coupled with said at l.east one

canera, for conpressing inmage data captured by said
dftat IRQS W00 SR PREAly GRElappif ?hﬁa@b I, 3@ €hat! ri!clehe Capkein rapid

with said inmage conpressor, for storln
SHEfRFET Qs YOET wm%@@@e@éﬂ@r@tr@éﬁwpg%w neﬁﬁ@eaﬂadﬁ‘ﬁ%%%%ﬁmﬁaﬂy
tBe sabfdQcdR¥i Ng obj ect detection systemof claim7, ,
wherein said at | east one canera captur es atine

series of nulti -exposur es of scenes, -
ghgreaugn?gge %V‘lﬂﬁo ec ‘%%(? on S&gém,OQ%%%ﬂ.ic neeiﬁ: il ra{ fég& one

c2089/ @j:ﬂﬁé%sﬁ@ééilvhﬂﬂﬁ@ds@@,lﬁﬁi mali-&dpoheasis, ayveingt intervals of
I, of that scene,

| east i,al l'y overlapping i mages,
aB@BFﬂ%agzy& ASFapi d succession, wherein the tinme series
of multi-exposures periodical I y revisits substantially
the sane scenes. 5 10. The novi ng obj ect detection

16yst em of Thsi moving Obm@rdetenn@amtm of Jaipt 9 whereircthenseemes cover
rrul 1 ppsur e

CGe SSI ) i,-
%?gé %{n%fd a%'a, Stz of) Sn’%%gg(’ﬁbtﬁdlne Vi ]iGVlS]('S %n W
The novi ng Obj ect det ectl on system of cI aim?9 V\,her e| n
he scen cover, round ar fhe_size of |
thich is ntnf“m“ilﬁ’ero 3?15801510%\,|S§§t?mp@ plam 13 "éﬁ’é’m said

ccﬁﬁﬁhrﬂ&ﬁ%ﬁﬂﬁk‘haﬁ@hﬁﬁv&%d@%ﬁhem of claim7 wherein said
conmmuni cation link has a narrow bandwi dth. 15 13. The

novi ng obj ect detection systemof claim?7 wherein said

t | east d, g
(5 b aan B R R Dot QUL BB} Bl G edfone
camera has a ground sampling distance in accordance with the sizes of objects that are

tracked.

14. The moving object detection system of claim 7 wherein said airborne

segment travels at conventional velocities.

15. The moving object detection system of claim 7 wherein said airborne

o

segment travels at conventional altitudes.

16. A moving object detection system,.comprising:

an optical unit comprising at least one camera for capturing images of

scenes;
an airborne electronics unit comprising:
a controller coupled with said optical unit for controlling fields of view

and image capture times of said at least one camera, wherein said controller controls

- said at least one camera to capture a time series of multi-exposures of scenes, each

15
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tracked. 14. The noving object detection system of
claim?7 wherein said airborne 20 segnent travels at

i onal velocities. 15. The novi ng objec
‘&Jg?"\égmdggsyst emof claim7 wherein said air b)gg}‘{gzoos/oomss

segnment travels at conventional altitudes. 25 16. A
novi ng obj ect detection system. conprising: an

LRk ERbs8iok LCQBRE icshPRsiAl o KA8EnBNT KRB awhOst least partially
capturing inmges of 'scenes; an airborne el ectronics

wiHepriegriragss afthatscoumeapbiredin Eoudeerssp.Whsaid the time series
S oG 0ot i A

I'mage capt ur nes
wher ei n sai moviogtobjebd éstectanteupies] withisdidadpticelastit doredetecting
canera, to capture, a tjne seriges of nmult.|-exposurgs o .
e bt R e B 5P 558 Be B BB G Tb BE ovellepping
ifdbdst agkposure of a scene conprising a sequence of at

least two at least partially overlapping |n$cges. of |
that scend graprdmeePessing apitdounmurisEvely, comdediwith waid first

elScHEEEbAERy o Pt AR iy B UhfeRle dUoE Y et mul
celpdsacs of substaptialy the samesaembsopt i cal unit for detecting

5 noving objects wthin each nmulti-exposure by
conparing its sequence of overlapping inages; and a
19y ound proELHmSVNG objtct dSesHvd NHys@Bini ofedidinC 06! Blrihdr WbrhPrising an
said first, electronics unit_ ftor tracking objects b%/r
aigbnrpa tiangmitier, fos drapemitiing defe chaederizipg fhenmayipgjobjects from the

aEBRAS VERGe B ths YRBARLEH Vi a b iGfgaes. 10 17. The

movi ng obj ect “detectron systemof claimi6 further
conprising an airborne transmtter for transmtting

Ig.at a cha rﬁn%t %I:Lrolxrlzﬂgngbjgcl% Cadietion gsyg%ne %% Sclgjﬁlo Dy tvpl'?erein the data

characterizing the moving objects comprises, for each moving object, a capture time,

object location coordinates, an object velocity vector, and a thumbnail image of the

object.

19. The moving object detection system of claim 17 wherein said airborne

transmitter transmits data at low bit rate.

20. The moving object detection system of claim 16 wherein said coniroller

controls said at least one camera so as to capture the at least two overlapping images of

the scene within time intervals of 0.7 - 0.5 sec.

21. The moving object detection system of claim 16 wherein said controller

controls said at least one camera so as to revisit the same scene with a period of at least

J sec.

16
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ai rborne vehicle to the ground station via a

comruni cation link. 15 18. The nobvi ng obj ect detection

vf(ﬁ(}oﬁmgggs claim 17 wherein the data charact e{,%@ 8/001085
€ noving objects conprises, for each noving Jec?

a capture tine, object |ocation coordinates, an

obj ect velocity vector, and a thunbnail inage of the

Bhj ect. 2@pl %ovﬁg%bjgama&ueﬁbfﬁém ge41961 1ORhE% AN Aleast one

claim17 whereinsald airborne transmtter transmts

caaere eqmyprises biot cameras, aEDwherpia thoyuiiexngpaes agaioubleregposures

' t ols -
i N T R S R ST e
two overl apping i nages of 25 the scene within tine
|ntervals

21. Th t .
Hot cct | on' T8 SCaHESRISH SFFHE8 SEp of REUANY "CRHTS Spficp! sed a

1643 bicPdatn e8Pl thohtell 8ASHbIY G aGRABAIA SO as to revisit the
same scene with a period of at least 5 sec. 30 16 WO

2009/ 019695 PCT/1L2008/ 001085 22. The noving obj ect
etection a firpaRst
A ors CoTEY A (ool YREE pr Al 7 ShARS coRlfsing
mahs for enmodlmelnesiof sighiudfl seidek pastwone sameranpr i si ng t wo
respective i mages captured by said two respective
caneras. 5 23. The novi ng object detection system of
claim 16 wherein each of said at |east one canera is
nmounted rotatably on a ginbal. 24. The novi ng obj ect
detection systemof claim 16 further conprising mneans
for controlling lines-of-sight of said at | east one
canera. 10 17
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