WD 2011/ 004358PCT/ 1L2010/ 000465 AUTOVATI C VI DEO SURVEI LLANCE SYSTEM AND
METHOD FI ELD OF THE | NVENTI ON 00011 The present invention relates to
vi deo surweizbiianemss More particularly, the 5 present ineemtiLznoo®hest es to
an automatic video surveillance system and nmet hod. BACKGROUND OF THE

| NVENTI ON [ 0002] In order to nonitor extended areas, or to acquire
reconnai ssance data, a video inaging device (hereinafter - video canera)
may be nounted on an el evated platform 10 The platform may be a pil oted
aircraft, an unrehOYIAEIG HIDEEHUEREEILIMANCES Y E@/IfANDrMEé‘HQI@i ble, a
tethered balloon, a tower, or any other elevated platformon which a video
canera nmay be nounted. \Wen topographical or other conditions permt, the

platform nay al so be a mnne%@LwamwgﬁwéNvehi cle, boat, or any
ed.

ot her type of platformthat is not eleva he vi deo canera may be any

i magi ng dqyem§ 19RPAR5Et Oinvektdn FINGs k8 BdEP U RMEe OMaré Ye@iupdlyY i HE0
feed, such as, for exanple, a video canera recording a series of "'successive
frames; orpresend ideentivarelptes teawautpmgti¢ videw sutveillafgesystsmandimetbodial s. The

vi deo canera may acquire inmages fornmed by visible light, infrared

radi ation, or by radiation in any other spectral range. The video canera

may transmt the acquired BAGKERGAINDIOF FHFEMIENTION! ocal , recei ver and
di splay. 20 [0003] At any given nonent, the video canera may acquire an

i mage of g0802¢rie onddrhto maéritor rrtentied etagrozao tacqiird sdcbsnaigshiidenddtdien vided d of

view (FOV). of, the video cagera., The video canera i s, described as pointing
at that sd’é‘ﬁ%‘.“g%ﬁé‘%i hereinalisher yideegamera) maythegmeynted ap g8 vaiegattosm. t he

vi deo jga t il KC i i ' f a
O ) e B A A M

so as to Zirigiblena tethered dellobin, fagpwat, os @aenethetlelevaicd fpdatfomn et whightdeided al | s

within the video canera F Fortthi S hegson. t he .it.deo carrgrﬁa ilrsq unt ed

in such a ‘ARRWCMAY,Le mouniqd, WWhenstogperaphicaljo othey copgitighs peryy &g platfarmy

di r ect i ongnay@1§ehe b BRnREd 6MiuBhariRd Qtoudd WeHRR:, 84 bRarlySotH&! t?'ﬁ@df PMtfbing pan

and tilt angles, or by the direction of its |ine of sight 0S). [0004] A

vi deo cantha ippeiredavatedail he videmsameragaay boanyoimeagingdevideecappble of praveding by 30

nmeans , of - C r I Al ternatiyvel the,vi deo canera nay be
oper ated By lRAGREHTaF IREE Eer, ShOrhE R SBinble, 3 Yockh AR REBIMAE e
vi deo canmsedes dfegecesit Z@inks (643 Hide ddmérd Qdcdr@id@4@dividual frames at intervals.
The video camera may acquire images formed by visible light, infrared radiation, or by
radiation in any other spectral range. The video camera may transmit the acquired image

data to a remote, or local, receiver and display.

20  [0003] At any given moment, the video camera may acquire an image of a scene within
the monitored area that falls within the field of view (FOV) of the video camera. The
video camera is described as pointing at that scene. The video camera FOV is limited by
characteristics of the video camera structure and its optics. In order to acquire an image
of a different scene within the monitored area, the video camera is reoriented so as to

25 point at that different scene. The different scene then falls within the video camera
FOV. For this reason, the video camera is mounted in such a manner as to allow its
orientation in any of a wide range of directions. Often the orientation of a video camera

is defined by its pan and tilt angles, or by the direction of its line of sight (LOS).

[0004] A video camera operator at a remote location operates the video camera by
30 means of a remote-control console. Alternatively, the video camera may be operated by

an automated system. The video camera operator also views the video camera image



output on a display associated with the renote-control console. In general,
the video canera operator points the video canera at various scenes that
requi re n@oizbvowdongs Exanpl es of such regions include roadsaLhaso@us areas
surroundi ng pl aces of business, forested areas and other areas of interest.
The vi deo canmera operator views video 5 canera output imges to nonitor

t hose scenes. Wiile nonitoring the scene, the video canera operator nmay
identify a feature in an output inmage of the scene that requires further

at t ent i on.ouffhe oni aldplaarasseriaspd mathothe mamotetcontriok cerisile. thy general, Mg iviskeo

bet ween areas where a cert% t B& of feftur.e woul d E}‘eﬂm re furthn
attent i on,CAHNER SPHALT ROUUY é’}dé SEUR™, 9 EAEONSSRBTT HahdPas WO est .
For exanplEamdy &l sach kediidsinslh@s foalls) tdrddds, Mpéadeundiindifly bheeel tiisi@sd, ot  of

a business that is closed for the night may require further attention,
wher eas vdhtested areast and: ofigr amcasnefepnderest. dbadvifen, capera @pejeipf viaws: Visoe| i ng

at t ont Pon iR Sfud BRReYlY oy eRRE N Mchidie IRMAE Bhis,

di fferent capeedopdraiot mugyidetify aSfeatur@lin yn oatfut iMage of tHeosoené eltht dE@Aresr
covering a wde area nay require further attention, 15 while a fire
covering dugtheatientigy iThe yideaapeE eRFIAAHBRY Alsoabsable dodistipgyish betweenent i on
to a feat L NC t Lnat.d E]r{h!g u { renot e
vi deo canelérggdslro@y eﬁ%i%n(%e?%gl {)ﬁé Ogi etgl)ég‘gbrr@raaﬂe%rf at ?tedtat%ﬁ?)tg oc} Y)EH%r %)EE? 3nded
peri od of wheme sudhr a feataliengowdd nob sases artertst. Bis exangple,heehidatraffec Elosmtachose
range.. [ 0Q05] I n. general., erating a Vvideo surveillance systemi.s a

T osdfle. dias g i aning 6T & puresibi 15 flosel R peMhcrogy TEater Sort huran
operat or i gefidds itithda¥ VeRRY BEFfcUn &pﬁrﬁ&kﬁ%_%ad Ma§ Rl A RARICTHElBB%R at
the nmonitor for "a lengthy period of time. The operator often nust search

f or feat urhigh speedhonn rofbwithaphamum speed it hay reghige Wrtheo adentionawhie andeed
ai mred at the.intended scene or region of .interest. | eneral. in th
Sboence. ofveBisi AL kg, SRS GRET 0 s fond MBS Akl HERF B bl D e

t edi ous argimilaflp-LHRSHE MOfbsted AFAAI o viiipNa Hidwartd MlagdefiiRFuitberasfiai)t i al | y
| arger than the FOV of the video canera, the gﬁgerator must al so redirect
and pdint while pdBeotoverag a4 gewllcaserin adesignated samperoungd isaxinohi Rurthes

noni t or ed h cati he,. i jitor r ma
"ol ude: s deftn, M EFal ARk MAPHRY BlarhihiGf b B TN IS Gifo@] | T2V
vi deo canmeiideopinidra by pointinpetheovitdectametaly that featirenfor s Slemlyd tperiod of

Aut omat ed vi deo cagnrera p[gi nting systens_are %ene ally based on sinple,
0

repetiti velMBHOr seding=gy ohsgryshiobserye thefoatyrs fsomclose range- t he vi deo canera is

poi nted i 2011/ 004358PCT/ 1L.2010/00P465 a_ fixed.direction il.e the
ot onof IMETIRE RGP R 3 YHEOFPERUERe T FFORSYPe PR YA R B rer a
to scap aghds WHnDpERMhE @vedtodaliRrd) 8 halnaf lopb@tdr Mecdhista@fly 1ukin forBbjeers of
the platform In a sweeping system the video canmera is caused to

peri odi caldfynterssiaaed mugegezy ot the wasyion priadergthy periateofdine. (lhe operatartofign of
notion of th | at f.or (th.suy 5 . era f the
moni t or ed "ared %rgh tf?lreﬁg\aﬁur esowggﬁ%?}ée g%g)ta?rs{g h’gﬂf}?}eﬁ%g?ﬂe%wfi %@? %régr\réeléeug(gele y or

i nterest idimedyvethenigtehded] KefSor MR, ofUisrat. 18 peheral 3t eisabidcer dfibiviouk N
inefficient use of tinme, by spending _nuch of the tinme monitoring regions of
little or 3% unambieueys visusbougs, sushicHOEIRIARY bS 1edipus And e COASHRINE e peat ed

SCGneSZSt er}ﬂ&ﬂé} OWBgn g n;[o%gtior% Sare%nlg substantially larger than the FOV of the video camera,
the operator must also redirect and point the LOS of the video camera at various
locations within the monitored area. These locations may cover the entire monitored
area or may include separate isolated regions of interest.

[0007] Alternatively, the video camera pointing may be controlled by an automated

30 system. Automated video camera pointing systems are generally based on simple,

repetitive motions. For example, in a pushbroom system, the video camera is pointed in



10 nonotonous task for a human operator. In general, features that require
further attention are relatively uncommon, so that nonitoring of the scenes
may fail wo 2boli4isBe operator's attention after a peri o¢cwfiLioiovoosdne
operator may becone fatigued and |less alert and, as a result, may fail to
point the video canera at a scene that requires nonitoring. A fatigued
operator may fail to identify a feature requiring further attention. 15
Furthernore, in imges of conplex scenes, or of scenes that are viewed

i nt er m t t exflited, diseatiopwhile the matiorheafthe giatformudauses dlt Beddiofiyiest GHIY) afrthe

evol ving or..instant aneous ch es or small changes that .mght require

Furt her JacSsa BT R ah aroo e oo ma s B RS teyitka oF tnpfiiete

noni t or i ngl&aforme VAT flsweépifif QR thé GRIGScanidt® IORANIOT0 pericHisllyr Rtk ed to
manage the scanning tasks and redirect the LOS of the video canera from
scene to 20lewaysriaveeping deferally @crash theodireghipn ofi matiegifithel platformi Whath sugh| owi ng
a pre-defi ISt I t.he tar f.atigue |s~kpcreased,
S abri i LRl IR SRR Fine Mo 0fe LREL B fle Vil Piffern FONRRE

subst ant i atlagedde theasessiywarintetedBin ¢0V0ARY thEhaeLThue, usehdErsach Systeniedy f or a
systemthat automates the renote nonitoring process, automatically and

ef fi ci ent ITgsulfoinyingiiigiant 3s¢ ektigre, by spending Mushef dhe timeagppifIingssgions Oér est
assi sting q in finding and detecting those features in the
nDnitoredlgﬁigﬁﬁfﬁg%gﬁéquire further attention. 100101 It is an object of

the presenpoig)\BMinQEd hdnRbANE BE silAWrdepdated Sleh¥elchliaRS Be SYRLBI ahd
nmet hod that nay assist a video canera operator by automating the pointing

of a VPdednawianoys taskifor ahumameredaton I gémevalpfeatirésathatyequifofumher attentiom
further object, of .30t he present .inpvent.jon to.assist the operatar by

aut omat i ngflr % ﬁ%latg‘éetl%clfq% ¥ fsgaﬂ?rfé%‘”}l npﬁeoﬁl?}&egceggwag %ﬂ[ 3&?"%“12&!‘3
require fwpthe'sattestidd ffer a N@&Qﬂtﬁlrﬂ&W&&L&Qﬁ%%Qﬂé%ighQ@&ﬂd 1dsk her

obj ects and advantages of the present invention w econme apparent after
readi ng t [erppedetft aggalt imaadaibio peint theivadgmgamere aick sagEnthichgeamiteii ngs.

SUMVARY O:m&fﬂ%rihyvzg%igqgh operator may fail to identify a feature requiring further attention.
15 Furthermore, in images of complex scenes, or of scenes that are viewed intermittently,

an operator may have difficulty detecting slowly or evolving or instantaneous changes

or small changes that might require further attention. Furthermore, as scanning tasks

typically include monitoring of several, dislocated, scenes, the operator is also required

to manage the scanning tasks and redirect the LOS of the video camera from scene to

20  scene in order to monitor all the required locations following a pre-defined re-visiting
schedule. As the operator fatigue is increased, his ability to monitor all the different

areas in an efficient manner substantially decreases over time.

[0009] Therefore, there is a need for a system that automates the remote monitoring
process, automatically and efficiently pointing the LOS of the video camera at regions
25  of interest, assisting the operator in finding and detecting those features in the monitored

areas that require further attention.

[0010] It is an object of the present invention to provide an automatic surveillance
system and method that may assist a video camera operator by automating the pointing
of a video camera that is mounted on a UAV or other platform. It is a further object of
30 the present invention to assist the operator by automating the detection of features in the

video camera output that require further attention.



5[ 0012] There is thus provided, in accordance with sonme enbodi nents of the
present invention, a nmethod for automatic surveillance of a nonitored area
havi ng onwoaonimmussr egi ons of interest using a video i negirnp2od@viodss, t he
met hod conprising: [0013] receiving data defining said one or nore regions
of interest and one or nore characteristics of an object of interest;

10[ 0014] pointing the line of sight of the imaging device at a region of
interest selected fromsaid one or nore regions of interest; [0015]

aut onat i cdP011]thendherts arel avartegesdhitheyprgsen invientier will becomgaapparenisafied one
or nore characteristics of..t he obj,ect. of interest and on detection

I Ssui ng an® "égﬁi,e pé?fﬁm[st%(ilgfa en §3Y18W%éﬂ%?ccwgn¥13%ﬁgar‘f‘ém%%’ i nt er est

i ncl udes nore than one region of 15 interest, repeating the steps of
pointing the line of sight of the imagi ng device and automatically scanni ng
in an automatical |y det er m SEMMARY ObfTHE BMVENTION he regi ons of interest,
and upon detection of said one or nore characteristics of the object of

i nt er eSt i[8813] nhezmisathes proviided, aa @hcadanchevitle gooe smdfodiments e the. present
[0017] Fur.ther.more. j.n cordance w t.hh so enbodi ment s ,0f. t he present

[ nvent i on MBGPRG pelRAREF AFARARE pif MRt APRGHrEE Bish ik e Ro i

Fur t her nonggiohdofiakadstiasinga Wded imagig doviodl ithemethodompdsingesent inventi on,
t he i magi ng device conprises a video canera. [0019] Furthernore, in

accor dancq00d 3] reciving elataodkfinmy saidfonther moesepions f énteresnand bae ot eforef
aut omat i cab:alé sc.annioggpt gje sel.ected region of interest to detect said one
or 25nor e SCRAFIGHERS] ogIegk ok IfeTeshj ect of interest conprise video notion

det ect.j,on. 201 Furt hernor.e, .in.accordance with sonme enbodi ments of the
o ecort P00 gl hO ThE R etk Bf BRI BRI Selie b R o Sl EE el of on
of i nter edtont Saidohe6t moad gionSoPintd¥®te characteristics of the object of

i nterest conprises constructing a stitched i mage of the region of interest.-

WO 2011/ 0qaGE] Rgion4dtizel dannihgihe 80&1d¢d fegidnhefrimerest to detat caiddas@e nviré h sone
enbodi ments of the pr el;se(g)t i ngenti on, .said _one or, npre characteristics of
the obj ecth@pcierptisof the Qbject pEinterestapd ypop detestiondssubig @alerbhandact eri st cs
whi ch congj f. shape., dipensions exture | or, | ym nance, .
orientati jtr)l&f(’ﬁ 3"(9:}15{1 i s@h‘f%fl%loéﬂl?}'g AN iogﬁntfsz:s‘(){%@%e% ﬁ%%ﬁ%g]‘br} 8Bs Legignelet i on
of nOUFON,interest, repeating the steps of pointing the line of sight of the imaging device and
automatically scanning in an automatically determined order of viewing of the regions
of interest, and upon detection of said one or more characteristics of the object of

interest issuing an alert, for each of the regions of interests.

[0017] Furthermore, in accordance with some embodiments of the present invention,

20  the predetermined order of viewing is optimized.

[0018] Furthermore, in accordance with some embodiments of the present invention,

the imaging device comprises a video camera.

[0019] Furthermore, in accordance with some embodiments of the present invention,
the step of automatically scanning the selected region of interest to detect said one or

25  more characteristics of the object of interest comprise video motion detection.

[0020] Furthermore, in accordance with some embodiments of the present invention,
the step of automatically scanning the selected region of interest to detect said one or
more characteristics of the object of interest comprises constructing a stitched image of

the region of interest.



5 direction of notion and speed. [0022] Furthernore, in accordance with
sone enbodi nents of the present invention, the alert is selected froma
group of wbentgoudsat consists of: displaying a still imegennfolt/bm@4eket ect ed
obj ect, pointing the line of site of the imaging device at the object of

i nterest, marking the detected object on a displayed i mage. 10 [0023]
Furthernore, in accordance with sone enbodi nents of the present invention,
the imaging device is mounted on an elevated platform [0024] Furthernore,
in accor da{g@kl]vﬁlﬂhemré, andnsdrdaper svithf someeembedimentsi ofvibatpresent inventmt f or m

conprises a platformselected fro ou f plat.fornms sisting of. an
ungnned asglrdp%rfe Vehloty gi}ar%a%%ﬁéé’%ﬁer gbﬁff?f)glt.r?) F,selgaﬁ‘ggo,n.l & grgﬁxp]&f ed
bal | oon. 1bjde02hdraditiidtize WHIEIR consibta 6 WheFY) RmuhdibhsS @ture QA6 Mafinan@f the
present invention, the SteﬁtiOf aut omati cal | ﬁq‘scannl ng the selected region

of i nt er e¥ieptippy lastiRny relativadogstian fiorether koo opierts wdhischer of mefion,
accordgnc%iﬁ%ﬁ&miﬁ@ﬂdshg?d]ts of the present invention, there is
or auto

provi ded an appar at us matic surveillance of a nonitored area having

one 200r NMRO2] 'FRgthedtoref in McBfdaate wtithesoﬁféoé’rh%diﬁleﬁ@rmfthﬁgﬂ&:elat[ 98ddor2 Vi deo
| magi ng device; [0028] a platform adapted to pointing t vi deo | magrl ng

device; artee flonZodelestqs foere agyoumelzgierecthatoconsissiofedibplaing ostidlahageodf thai d one

or nore regj f interest.and one. or rre characteristics of .an object of
i nt erest, %%{6’.9%? Ot%heélt’lplo gy the @Bﬁto%llte Q%H’?’H@_ag% eﬁ’(j’_e(féa?ec‘g’J%Ftt of 1 §son of
interest selrkiapekt ddieviedatjebtena d¥plaRHemALII ONS of I nterest, automatically
scan the selected region of interest to detect said one or nore

char adfer i[8023¢ Fucthetnivee,oinj ®cbrdafcd withrsoate anbbdimerts dFtRE tpr@Bntl HSERIGAD
alert, and if said, one . or rmrg regi ons of interest includes nore than one
region of himaeigdevigsiismopnigd on 38 elpvatgd platiosm. ¢ he i magi ng devi ce and

' ' . ' erm ned ordge . .
aut ormat | CTMZXI] %Cugﬂerlnpor&nmaéjctcgr a}lclzec\%&thysogn%t embocﬁments o(% tLe present invention,
the platform comprises a platform selected from a group of platforms consisting of an

unmanned aerial vehicle, a manned aircraft, a tower, a post, a tethered balloon.

15 [0025] Furthermore, in accordance with some embodiments of the present invention,
the step of automatically scanning the selected region of interest is performed on the

platform.

[0026] Furthermore, in accordance with some embodiments of the present invention,
there is provided an apparatus for automatic surveillance of a monitored area having one

20  or more regions of interest, the apparatus comprising:
[0027] a video imaging device;
[00281 a platform adapted to pointing the video imaging device; and

[0029] a processor adapted to receive location data of said one or more regions of
interest and one or more characteristics of an object of interest, point the line of sight of
25  the imaging device at a region of interest selected from said one or more regions of
interest, automatically scan the selected region of interest to detect said one or more
characteristics of the object of interest and upon detection issue an alert, and if said one
or more regions of interest includes more than one region of interest, point the line of

sight of the imaging device and automatically scan in an automatically determined order



WO 2011/ 004358PCT/ 1L2010/ 000465 of viewi ng of the regions of interest, and
upon detection of said one or nore characteristics of the object of

i nterest wesue/mmsal ert, for each of the regions of inteceat®io0/pHdIE0]
Furthernore, in accordance with sone enbodi ments of the present invention,
the predeterm ned order of viewing is optimzed. 5 0031] Furthernore, in
accordance with sone enbodi nents of the present invention, the inmaging
device conprises a video canera. [0032] Furthernore, in accordance wth
some enbodifmerwingopftthe regiosemfl interestt iand, updne dptectias ©brsaid cadapt aabre o
automatically scan t sel.ected reqgi.on of interest top.detect said one or
mor 6 char SPUFREERRs! die T bk R0 A aloll B 880, P U GRS T

det ecti on. t he | Q,:@C d 0 ' of the
present i 9%%] %g%ﬂ égE’p?‘ogcéeggfsdgaPc‘Ji g’ ltgld%g’{eegﬂﬁgddg%%!sgt ruc pgéggﬁﬁngg@ ’ mage
of the reghopredéternnihed esler of WO ifuptithizedor e, in accordance with sone
enbodi nents of the present invention, said one or nore characteristics of

t he obpect[08¥1]iFwthemsdre, i awbrlaned withosome emberimefits olf] the tpreseatr motEtidnst i cs
whi ch con%st s of: i nmensi,ons, texture, color, |um nance,

shape, d
150r i ent at FofRagng IV Pompriscy 4 Videq §3miTPon t o ot her known obj ect s,
det ection zgqj'“ Lrecti i a re, in
accor dancéet\s/a h sgﬁrnm%%bﬁd%dﬁgﬁagéeo% glhéez)ﬁ]pe r éﬂ%ﬁcﬁ%ﬁﬁtg%ﬁﬂ%ﬁ%&{éﬁ%fn&?@%,i S
sel ect ed fthoprogegopispadapted|torautonidighlly scumi the Seletted d?e@'pﬂ;] aY lintgrest t@tc}jdtécti mage -
of the detected object, pointin he ]ine of site of the inmagi ng device at
the obj ectsaigfone f %9@%5@6&?&@3@6 chiscdiiplerestiusieg wdeo Biotign gp@gpo&yed

' g€ [0033] Furthermore, in accordance with some embodiments of the present invention,

the processor is adapted to construct a stitched image of the region of interest.

[0034] Furthermore, in accordance with some embodiments of the present invention,
said one or more characteristics of the object of interest is selected from a group of
object characteristics which consists of: shape, dimensions, texture, color, luminance,
15  orientation, location, relative location to other known objects, detection of motion,

direction of motion and speed.

[0035] Furthermore, in accordance with some embodiments of the present invention,
the alert is selected from a group of alerts that consists of: displaying a still image of the
detected object, pointing the line of site of the imaging device at the object of interest,

20  marking the detected object on a displayed image.

[0036] Furthermore, in accordance with some embodiments of the present invention,

the imaging device is mounted on an elevated platform.’

[0037] Furthermore, in accordance with some embodiments of the present invention,
the platform comprises a platform selected from a group of platforms consisting of an

25  unmanned aerial vehicle, a manned aircraft, a tower, a post, a tethered balloon.

[0038] Furthermore, in accordance with some embodiments of the present invention, a
component of the processor that is adapted to automatically scan the selected region of
interest to detect said one or more characteristics of the object of interest and upon

detection issue an alert is mounted on the platform.

30



[ 0036] Furthernore, in accordance with sonme enbodi nents of the present

I nvention, the imging device is nounted on an el evated platform [ 0037]
Fur t her nowe,20imoassgor dance with sone enbodi ments of thepprasmnbodmssent i on,
the platformconprises a platformselected froma group of platforns _
consi sting of an 25unmanned aerial vehicle, a manned aircraft, a tower, a
post, a tethered balloon. [0038] Furthernore, in accordance wth sone
enbodi ments of the present invention, a conponent of the processor that is
adapt ed to aut omati cal | BPRIEEDES RPN @0 THEYDBAWINGHt er est t o det ect
said one or nore characteristics of the ob%' ect of interest and upon

det ect i on [P83A]dn padeg) terbettprs updsnsiandithe preseat jsventiesy gnd appregigie its practical

2011/ 0043 T / T In
or der to_BBpraulG e SARRARE rRk T el IERAEL Tl B
practical rapa thattht Gigured re givenl Bvixagples ulyesndainenopway liggtthascdopecéfethenced
hereafter. It should be noted that the Figures are given as exanples only
and i n>no NERtiPRike corapancatsare fenoted by likgzefarenss nupierals. conponent s are

denoted by /)] .reference nuperals. [0040] Fig.. 1.is a schematic, draw ng of
an aut onatiPi) Figo! 36 ShePEfE cPagioecth #h PubEBIg LS St FIBHBOMHERCE of
the presenkcdraxmReivifNembdifichdhts OF the peseht ivéttoak di agram of an automatic
vi deo surveillance systemin accordance with enbodi nents of the present

I nvent i on.[0041]) Q2R fsi @. bldck sdiagramhefraini audhavic ngided sarveiliinceorsdtegeagr aphi ¢

region that is larger than the area covered by the field of view of a video
canera.  accordance with embodiments of the present invention.

10 [0042] Fig. 3 is a schematic drawing of a monitored geographic region that is larger

than the area covered by the field of view of a video camera.

[0043] Fig. 4 is a flowchart of a method for automatic video surveillance, in accordance

with embodiments of the present invention.

15 DETAILED DESCRIPTION OF EMBODIMENTS

[0044] In accordance with embodiments of the present invention, an automatic video
camera-pointing system and method are provided to assist a remote operator of a video
camera or other imaging device in the task of monitoring. It is assumed that one or more
video cameras are mounted on a platform from which each video camera may, jointly or
20  separately, be pointed at various scenes. The video camera transmits video or image

data to a remote console monitored by a video camera operator.

[0045] The platform may be stationary, such as a tower, post, or tethered balloon, or
may be mobile, such as an unmanned aerial vehicle (UAV) or dirigible, or a manned
aircraft. The path followed by a mobile platform may be pre-determined, and not under

25  the continuous control of the video camera operator during its flight.

[0046] An automatic video surveillance system, according to embodiments of the
present invention is used in monitoring a designated area to be monitored. The
monitored area includes one or more regions of interest, each of which is to be viewed

by the automatic surveillance system.



[0043] Fig. 4 is a flowhart of a nethod for automatic video surveill ance,
I n accordance wth enbodi nents of the present invention. 15DETAILED
DESCRI PTIvo 20F/d6M3€DI MENTS [ 0044] | n accordance with enpoditneni/soaés t he
present invention, an automatic video canera-pointing systemand nmethod are
provided to assist a renote operator of a video camera or other imaging
device in the task of nonitoring. It is assuned that one or nore video
cameras are nounted on a platformfrom which each video canera may, jointly
or 20 sepdfédAihocatien indomtatidnatiewangi infosmstenas otliheparma_erscmldmoasttaimssm ts
vi deo or inmage iﬂata to a renpte.consol e rmnitor&gle lg% a Vi dﬁo cane

.

ra
oper at or . FOBPE} T Lheivsiery e iV g Peramstes dng) fr alia, gharggtenisticy ofy - of

tethered RajdcROSY infkesTBYhiBR a0 BeldetditcarRBideRti fuHTeE iRel! dhbotshbgs e
(UAV) or dirigible, or a manned aircraft. The E%Lh foll owed by a nobile

pl at f or m redythe Present wertian, fadautematin videa rrdeveilkBcy sysomt innludess agtomiatiol  of

i ' ' flight. [ 0046]. An.aut ti id
Survel 11 afeaeByE oL b s SRR Leorark SR pesh #Bn 1 <
used i n nuantetedr.i Ng a designated area to be nonitored. The nonitored area

I ncl udes one or nore regions of interest, each of which is to be viewed by
t he aut onq0048] SWhere viemamg e sgish arfi inteydst Aht 14 QA4SSBRCIHe14red L6VREDHGShE 0047]

Location infor Lon, view i, nforpati on and ot her, paraneters and
constr ai ntcélmﬁ‘faenpbygglﬂe F‘?{Pgaﬁ%@é 43, Iqdlgrted 158 45 QA thrareginn ef wicrast Bhe

inter aligcaffltdy {CLAedtdSin0f RERGIndAl nlafh&’ A%k pbllieihniRl® ddAnPE of

detected and identified. According to enbodi nents of the present I nvention,

an autlBnatstanningmey sigpusi dh ande fastoss esn fonckardpls, thet Gipabilities de thectanmma of

' wh . ch teristics..match th ristics of the ohjects of
"nterest . PROGREURE et FHnI5h agy iR WnbasLnd e fiapeof BESRROERE: ¢ he
area coveliggreby Temamitof stidving Ay 8¥Bledteld 66 ak %o bPFNIRGhE dcadRidSith® Scan

the region of interest. The i ) o
: and to ensure that the entire area of the region of interest is imaged.

[0049] The predetermined manner of scanning may be calculated at the beginning of a
15  task, mission, or flight on the basis of data input by an operator prior to or near the
beginning of the mission. The predetermined manner of scanning may be modified
during the course of the mission on the basis of updated data provided by an operator, or
autonomously on the basis of changing conditions such as a change in the relative
locations of the platform and a region of interest, detected changes in a target, or

20  identification of an event.

[0050] The camera FOV covers a scene within the region of interest .The scene is
scanned and video data is processed by a video processing unit, which is a part of the

system, in order to detect objects of interest.

[0051] Once an object of interest or an event of interest is detected, the system may
25  issue an alert. An alert may include any method of notifying an operator or another
system or system module, including, for example, generating a visible or audible alarm,
displaying or transmitting information regarding the object of interest including the time
of detection and location of the object, display or transmission of a still image with the
detected object (preferably marked or otherwise distinctly indicated on the image), or a
30  video feed clip of the scene with the detected object. Information may be displayed on

the main monitor screen or on another screen. The operator may then examine the



scanning is carried out in a predeterm ned manner. The predeterm ned manner
of 10 scanning may depend on such factors as, for exanple, the capabilities
of the caweraioisssi ng system (such as linits on a syst egraf.20gi/midass) and

t he shape of the region of interest. The manner of scanning may be sel ected
So as to optim ze the scanning tinme and to ensure that the entire area of
the region of interest is imged. [0049] The predeterm ned nanner of
scanning nmay be calculated at the beginning of a 15 task, mssion, or
f1ight on detestedadiject ahd ddensify whethebit 15 indepd rnobjechol miteresy requiring furthee

begi nning of the m ssiaon Tge predet erm ned manner of scanning may be

nodi fi ed cf?}??th(ﬂ“?rﬁ@pﬁocyﬁlra?eac Pt he mi ssion on the basis of updat ed dat a

provi ded e M, a ] . 14S,,,0f: | .

Bondi 1 ond L FREPH S, of e HHORERD YRlch, SBvillBep AFkEntin AAIAE Wi and o
regi on of embodimeaits oflthequtsedt mivamges may & pravigled with' the retesding capmbilop of an
event. [0050] The canera FOV covers i?iglit,scene wthin tr%e regi on of interest

. The séend®idstest gypattiusing oprases eapahilities. \Withech @ plgtiarmy; he plgs Yng
uni t, whi Ghei g ?orggéﬁen%f of E%r&/e%%c?nihat' &eo(fo‘iiﬁgulteﬁ tgeltrﬂfémitg .Pits%sa Rimote

interest. [0051 ce an obj'ect Interest Or an even Interest 1Is
det ect ed, cohslsyslyevhemsan dbfect sEinterest isndatedted. Aitlabwshta comfigiradbuniciateamgy met hod

of notifying an ape or gr a her,k system or system.nodul e, .i ncl udi ng, for
exampl ¢, JEnUABFHE aronsflis) BRIPRRL I e TEPame oo G TRGCBIY- PRIt i ng
i nfor mat i QBnfi@AEN! Bihck A8taQPh6CHkarRinittdd @nBiakoushS déddembmeatidndBeBlurces
detection and |l ocation of the object, display or transm ssion of a still

i mage 10 t thetwrendhe platferm @by g repieeansalgl mayrbe welizedrmenetedtigiently @ﬁdﬁmaﬂct ly
i ndi cat ed ,gn i r..a 30 videg.feed clip,of. the ene with the
:jgt :act ed c?%jcg %ﬁe ?ﬂ%gg&nﬁoggtﬁn%oﬂgmﬁa?&s if/té”cf’eg ﬁd@hgnﬂf}%ﬁ)ﬁ%lﬁ'i tor screen or

th . ' ' '
(2)81??80435\!%?5%}/6[?&2%%%?6%3% H6n Ty LhEDR: RAGWH ']ﬁlaé@%roc\égmg techniques of

identifying objects in an image which is based on identifying simple characteristics (for

example, shape, dimensions, orientation, texture, brightness or luminance, color), or
15  more complex characteristics (such as, for example, location, relative location to other
known objects, detection of motion, direction of motion, speed), and thus greatly

decreasing the possibility of the operator overlooking an object of interest.

[0054] An automatic video surveillance system according to embodiments of the
present invention determines the order of viewing of the regions of interest and other
20  viewing terms, based on the input information. Constraints may include maintaining
minimal angle of viewing, minimal period of time for viewing a scene and other

constraints.

[0055] The inputs parameters may be provided to the system using a remote control
console. Such parameters may include definition of the locations and boundaries of the
25  areas of interest that are to be monitored, criteria that define the frequency or the period
of time with which each area of interest is to be monitored, optimization criteria, and

criteria.

[0056] A graphical user interface may be used, by means of which a region of interest is
graphically marked on a displayed map. Alternatively, geographical coordinates may be
30  entered as numerical data. Parameters may also include a ranking or rating of the

importance or priority of each scene. Parameters may also include the required



detected object and identify whether it is indeed an object of interest
requiring further attention or appropriate action. [0052] The pl atform of
an aut omawoeovi/dessssur vei | | ance system in accordance weCh/rerb@diosent s of
the present invention, nmay be provided with the processing capability 5 to
detect events using on-board capabilities. Wth such a platform the

pl atform may i ncl ude conponents of a processor that are configured to
transmt data to a renote console only when an object of interest is

det ect ed. reyalutionafiherineagafof gher seene the fequanepayith evhichemsoene isgd bk obsarvdds

platformto . the, rempte console,intermitentl and not .continuously. Since
Gata i s not KU e erbRORDA b obRIVed HERmibe sl B0t fingetion
bet ween t heitgardridaheniai phihcolr£mobite FRTSEH.C THB Yatithettdrs hiag @UthBbEentered
efficiently and nmay be capabl e of accommopdati ng commruni cati ons between

addi t i onalbYpthst aRsFaier. of ougshe Tracksd bt adtered deta ble thal iuselpgted b rtbon
| mage gro%g)g&itd}g techni ques of identifying objects in an inage which is
based on identifying sinple characteristics (for exanple, shape,

di mensi ongg07] i GRbadS of %A Paraet N HRES e +r}émtf@§§e‘ﬁes 6PInQirctics 15
nore conplex Characteristics (such as, for exan% e, location, relative

| ocat i on tfor peinting kimowideoasetas LOfetlagttuctinno fornmuinting thti vided icameraf mapt i on,
speed), and.t r eat decreasi ng.t he possibility of the eratqr .

over | 00Ki ﬁ'éd‘é_ e@ﬁ%@&‘“ﬁ?ﬁ“ﬁ%‘?'&?@ﬁ? .reag[‘%§£]‘m§5‘?5ta‘ﬁ’flb‘ﬂélﬂq E“’W*H@g g’?&r Qfg?‘l if ance
syst em aceievwihfahd fegRimR Qi iiRAIsE AallitlRS RnSeAnts, bUthed! foP Rx4IRPIRT WGy 4 he
order of view ng of the regions of interest and other 20 view ng terns,
based 18n whecifigagionnelhinigresiont spetifie rtithes ormmervalsl atethi eensiraintsg oni ni nal

angl e of vyl ew 1. 0i Al i of ti for_ view a, sgene. and_ ot her
constr ai n\tbshsy‘\?eg%%?hé}hc’eg&leﬁ%%? iangér%lrsrte Cg?r%gs N\ tf?@SIBf'q%\gi H)eghet chgﬂeca'gﬁfg?em
usi ng a r ehafoemc®hé video canaaliepoified in feoaiMEE With MRy tram3alitéelEinsteddtiohs.i on of
the |l ocations and boundaries of the 25 areas of interest that are to be
moni t or ed [0@58] tAer iagtontatic video rearteiléante esysenc ycanrdinh etop embodinwhtst bffethavi t h

whi ch h f intere is to be.nonitored, aoptimzation criteria, and
Criteri o PROBRARVeRIGh SHRRLES ARCEIench it MIEE0 PR 3 YIJeRicamgra SUSssSNAY whi ch

a region af edchloffiRSlegioss Of Mbhest af ReVautBhiRdyigsh ﬁr@éiﬁﬁio@%?ﬂeﬁ%ﬂtomatically
Al ternatively, geographical coordinates may be 30 entered as nuneri cal

data. Par &pRfes Shenarjeniation ofnibe vikeoscamenk imgrdsr te gointgheofideheamera at the
region of interest. In the case of a mobile platform, the automatic video surveillance
system utilizes navigation data regarding the geographic position and orientation of the
platform with respect to the monitored area and the region of interests and video camera

20  navigation data may be transmitted to the system by navigation instruments on the
mobile platform to be take in account in calculating the pointing direction of the
camera. On the basis of the relative positions of the video camera and the scene, the
automatic video camera-pointing system calculates the elevation/depression and
azimuth angles of the video camera line-of-sight (LOS) to the region of interest. The

25  system may also calculate the required zoom of the video camera on the basis of the
desired resolution and the distance from the video camera to the region of interest. The
automatic video surveillance system according to embodiments of the present invention

then transmits control commands to the video camera platform. In response to the
control commands, the video camera line-of-sight (LOS) is adjusted so as to point the

30  video camera at the defined region of interest.
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i nportance or priority of each scene. Paraneters may al so include the
required WD 2011/004358PCT/ 1L2010/ 000465 resolution of the imge of the
scene, theofwaguwesssy W th which a scene is to be observedyinioifyowsésong t he
scene nust be observed. Parameters may al so include optimzation criteria
and the flight path of a nobile platform The paraneters may either be
entered by the operator or may be extracted froma stored data file that is
sel ected by the 5operator. [0057] On the basis of the input parameters, the
syst em genl@932]eAn autosrdtiesvidéo camsera-pointingssyftem gwordingitp embodinwots cfater a

LCS. Instructi ons ftor 0i n%.hneg thet. Vi dteo arreth%hrra i ncl.ude | ocati on

i nf or mat i JHCHP PET R §UGFC ThYRPREAUCM TRPAMTHE HOATYEPe 18 der i f
vi ewi ng t hgewidgl MeSd&Hinet Meglonstof Mmeedt] AMAbpEANEatbdialdovithih Uy agkd ito
exanple, viewing a 10 specific region of interest at specific tinmes or

i nt er val s,aceeunbtsheli paigmetaraphthe geogmphimiocations ofhibe varers seorhtthe dlight

o poi nt ed L BARROAS, Rak A LieHRR: FERE ARt BF e ifptiegis ™" @
aut omat i ¢ ofiifefess uliey &mblitrafeinsy fir avhiele evhcie pigntod istefeedisite e obedrved)etr esent

invention calculates a sequence in which to point the video canera

successi vepPpimigation may e dafined @s gy meximigation, propaaimizatior of & gwaRiY O A deo
surveilla ] i cal r ri t t isdeo
canera i nnbg)?n eraﬁ{ogn%fg%@@ ée' l\a;dlrdée&o ér’ret?gssgggl?ﬁg r?%g?)gndeg%n?%etdeglgs?%l.tgl n the
case of a mmhmd f t 1ze tind avdéggernlltaﬁg@irahOSrmLW@n\niegiggs sﬂhn@‘gsttj ﬁmsa:eegmtzmg ?Eit Ihi zes
navi gat.i on ar rdin e geagraphi c positi.on an riLentatjion o e

D1 at 7 9P VIMIPCF QL SULToRGoEIRas o) iMEss CERAEeRdn ArivEhBEHesbP b A TP et o and
Vi deo camgh@esQ HALHIMNCOBHIHRE RoARYHMRE i k! MRIMCKbE O tithe HRnSYS HRMRYthe
navigation instrunments on the nmobile platformto be take in account in

ca: C ;.I! at i regmeree LS bﬁ;tw;r@ wg_rogstdf antersht. tht:jrc?qrf:mpé:s ctﬁrppmnﬁzasmitmt@\:a} why .
relative positions 0 e_videqg..canera a e scen e_autonat | i deo
camer a porno i e st SRR A Matenty FSRS in e SrBaeEar Teal

angl es of rbﬁiﬁn\dfdﬂ@r@@mhﬂnibin@&:h@ﬁ%d%iiﬁ%ox_&ﬂ-@h regioh e ré%@ﬁ,%u@lﬁz&ti@h@feﬂ-
The 25 system may al so cal cul ate the required zoom of the video canmera on
the bdsi s the coYreagseaf diffgrentragiansi emiHaizatien ¢f soawarptionh elesérical gewecaner a
to the regj - S t.LC Vi Ve

accordi ng%rgg%t%ggﬁérrg%@gﬁ%?n Fﬁ@ifé& gz'{s%nlb ﬁ)i aﬁsgﬁﬁit%yn{;%%g Ltg' {% ? g?\%@#@ irggﬂot}\l? r ol
conmands tomrrehie pusiden afather aideb atdnwsran platfortre SPemsearhplef e Gigoritiah maymands,
t he video canera ine-of-sight .éLOS is Fdj,u@eg so . as to point the 30

vi deo canéCrRine hat ygfiendagiprdt aat eptimalbetigdie fropghe current position of the

2011/ 004335fTdahhe2 pRABARA PO é&ﬁ@?&, LA B RL ki Hﬁg be 3P frBimP: Dhipd
system accordi ng to enbodi nents of 'the present Inventfon may utilize an

opt i mi2fat i(e.g. miorgothan RHA); prevattimgsifficrant viseibyopfebjpetsaf the regionglntthis cdsd, i ned

i f. i rest. .An optipl zati |l gorithm nay take intq account ch
bar anet er 4N 22951 T e eichn iliadian of imbeink fesoicss, HirclleoHhE Y ght

skip imaging that region, or reduce the spent imaging that region, until the platform is in

better viewing position.

[0060] The scene covered by the FOV of the video camera is typically smaller than the
25  region of interest (ROI) that is to be observed. This may be especially true when the
scene is to be observed with a high spatial resolution. In general, the angular size of the
FOV of a video camera is reduced when spatial resolution increases. The automatic
pointing system then calculates a sequence of LOS directions for the FOV. An
optimized sequence enables the FOV of the video camera to automatically cover the

30  entire ROI at the required resolution in a minimum amount of time.
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5 path of an airborne platform relative weighting of the inportance of the
various regions of interest, the anmount of tinme for which each region of

i nterest we 200n/de3sebserved, etc. Optim zati on may be deficmatasododes

maxi m zation or mnimzation of a quantity or a conbination of quantities.
For exanpl e, the sequence nmay be determned so as to mnimze the average
change in LOS between regions of interest, thus maxim zing the 10 nunber of
different regions of interest inmaged in a given period of time. This would
i ncrease t0@01¢{4n autenwgicovidedesunvenilanoe i sygteri .aecording for ambodiments of rthe spent
on noving the canera LOS between regi ons of jnterest. O her exagples of
opt i mi zat PETOR Mgptan My P drisested il wy autogiliccORstODr Sslefs, S B8 o

f requency atu@naiie Hetctibi Systdh MidydineRde videBFhotidd0dRttidh (VMBY. 6t autBinaiién zi ng
changes in zoomfromregion to region, equalization of 15 the coverage of
di f f er ent deggliohsysten mayi nequirei enlyor fondiamsasi oh ddeelimeges dmlordowds . An
optim zati Ok | 0, ¢t | nt,o_account the visibilit f.a

regi ongf rgﬁq& é@%b’r Er‘%ﬁ%tr%g%lﬁ%ﬁoorg 1@1{&?«? e l%/eir%esoa félémn%r} apP epr?tgf fomest |ﬁ—1663y é?(anpl e,
t he al gor iovbrlodkathisdebjestnit BRowiddr suchi &/ shiort peHicenof GmBObr fHdi ATehBsyanvialy bl e
fromthe current position of the video canera platform For exanple, the
LOS to t heOnespiiBK Wedetest Ahpuch lygh rafe of dlgtection thesayjomatis aidep sHrvagiance
prevent i ng, S T &1 @Btk Shit ki i i i < i se, in
O der 't ot oy @plcrok Pl the Ve phirg el 7 cloe ol SRy i thoketh, £

al gori t hmtheeautakatc det@giongysthmatto pperatenproperly edtheacéree I1s figninanmagiengrat hat

r egi oi until the Ql.atfo mis i.n better view ngrgpositi?gn. [0060] The scene
cover % bﬁ_cetnﬁ%n\"i‘b\}? &pag n\?Pd’é’Bm(’:’&h@r'iﬁn‘irsat&VﬂP pigre PlaéPmEIH%lri’ni‘ﬂ’@t 25
regi on of of in@d, 68 thunfds! dpdritef, drS tHeCother ARRETW&Hd HERL Siif I 1t Qnei%gﬁ’lﬁi ly

true when the scene is to be observed with'a high spatial resolution. In
gener al , Phiatiagdhd wides camengfintsheh mOYpmabmannteoOptoreally, the autanatedvidéen
spatial resolution increases. The autonatic pointin stem t.hen cal cul ates
aps equencé of S %’F&&W&ﬁ’g cf)Bﬁg'frﬁ‘g%q:W“’%ﬁ%lﬁ??f tFPg‘etg' §B@H@}‘PE ge@ﬁ’é‘b‘l es the
FOV of t heystém €itnt Grdidites that tﬁ@ﬁ&ﬁ@héﬁﬁehYmﬁgéd%fﬁd?&x\}\%(foﬁﬂétkétﬁ)nm at the
required resolution in a mnimum anount of tine.

2011/ 0943 pHIECT Pain?iig 00 GRel Gitdniiiic1Yidéo steliaice Csysietleds dikeleid RNGRrSYSt em

according to enbodi genéﬁa of . the rﬁsen invention may be integrated with an
aut omat i ¢ *ERAEELFBIYUY effd ayekerdhang, BiRaR Vedeaerars BRFrans LS atthe | ude
vi deo not kéiii‘odiféhﬁ’@&)bfhﬂng e viN2oadhf F@g{ag rESHER! intRaSNSLif; yl()jé’t\?r re
only a few frames of video inmages in ordef to 5 automatica etect an
obj ect of twoimagss of aghwensesncanadered diffgrentdimes. Irsreanst siilkstyymaypembér Aok
this obj eg‘]gt ifaisaotwn[.for tsucth a sh(;[urtl eriod of tine, .or nggfi a. .

subst ant i AMP§AREAGEFIY SYSCEofutomaticalky campate fnages agquiredrat duteact tigiest he |
auto i Crodi S il i r ai.nt the video nera at
a scm omﬁ)?ggg‘nl gﬁéﬁfgisl& ?@S%egééég%H?gy gtpﬁe%cugcgm ttf)ceraé?cglgltep%nogﬁet emto
oper at e ppmpatt!igventiohhe lease partiallp rehidves N RRleo aetd 3perddr HEARE RedBYo be

i maged in an optinum manner, at_frequent intervals in a mniml anmount of
time. A h&?ﬁ&ﬁﬂ@%eﬁgﬁ%% Rﬂ&mtl}geofoﬂlﬁaﬂéj%ma}ermmapmwo @hanging cengditiqps,

accur at el iR rde i j Lepnally,
e it o T Ror 10U koS R R e s P

si gnal frthe video zamermoparatde tte ciccwatelyy poiamthdatdedb nahinead @s at fwahe,t ol &cene
has bgen imaged sufficiently for detection. 15[0062] Pqinting py the

Rt ont 1 cPOVHE B FaF iR 0T L mERIGTed pieR P o 3 Soetedoibe hetichivay mot
reproduci B¢ euffiefestlfl uis@ihgﬁisﬁeinrammﬁmunmhg @feas Q@Eﬁaﬁol@_@ﬁ%ﬁérﬁfm t@?ﬁml?} e and

r epr oduci bl e pointing of the video canera nay result 1 n Increase

si mi | ari t geopeately and troprofiveiblysaimf the videpesamere attheedena Redinéihg rdependencees .

I d_sim l.afit . bl t ti Lct i t to. ..
aut omat 1 c31 1 S0t P B BB e i BRE Mo B a8 s iiguonn
aut omat i cwill detvesstlyv atfetaiigs chyevaBn3C CAM diutemhte alRdisiRRIENSS dybemPr esent

invention at |east partially relieves the video canera operator of the need
to 3 according to embodiments’ of the present invention, employed in conjunction with an
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constantly adjust the pointing of the video canera in response to changi ng
condi tions, such as novenent of a free-flying platform It also reduces
dependencsoanitidogssgbi | ity of the video canmera operator toTacmue/adodésy poi nt
the video canera at a scene, and to 25 provi de adequate coverage of the
nmonitored area. Often, a scene to be observed may not be sufficiently

di stingui shable from surrounding areas to enable an operator to rapidly,
accurately and reproduci bly aimthe video canera at the scene. Reducing
dependenc eummaticeletdstibn tsystem, rddaces thediketiheodathap eperator fateghecedl tdselt in

| i kel i hood t hat erator fatigue will adversely affect the observations. An
aut omat i C‘W%‘S‘E}e‘g?ﬁ"%}gﬁ W&ﬁ%@O@ﬁ%‘F@Aﬁ{e@o according to enbodi ments of the

present i [ 3 [ ' I Q | . .
2011/ 004aai e aRuEHE e e Rl OtordRalbiteP Byiel B crermor b fndine
| i kel i hoodnd hdéntifieg abjectsfodtintgrest ovi fehtureddtilah imageitdetegaire durtipatattegion. n t he

noni tored area. 100641 Enbodi nents of the present invention may further
assi st Ot hd cayessdhaty regyire furthen gitantipn; ’aé}ﬁtlmqwf%éoro@ja@ml% Qbyectshinethgdmage

features iy g»?h{éﬁ&? digat shﬁ@é}“bﬁﬁt&ﬁ%ﬁ W?%Pé’xfahﬁé‘t *eQﬂn'e, Ririfaiddr &3 gt

require furt attention y tnclu exanple, dbjects inh the I mge
wi t h part iFeatusss may also sicdyde, movenaentt aff ian objedce npethat chiamges axtharcentehuof mance,

or color. FeatHres naiee%'lé&lofﬁl ncl ude nov mnthiﬁ%ﬁgﬁd&?jem or ot her changes

in the corf@it I'yrexamp glures,ayinglude g vg sehihaf opoyae at 2

- vehi cl e-sisged 9Ri @&bechbal dbfnddOMaRBmAh, &nys RERidlet RRVingXmesdaréh dRbE S

maxi mum any vehicle noving in an area cl'osed to 10 vehicular traffic, or
an ar é8 ofvehicylar treffise onanaeca of high tanaperaureainem foréyt¢d anca.aCritsria ffemfeatuse

det ecti on .1 ncl ude | oci t size, tenperature, cqlor,..or shape. The
system mfgge%%?%?lﬁyng‘ﬁtéﬁgnvaehf?ys SIZf ICMDEETSs ﬁﬁgf’y?eﬁ’ﬁp?‘rgﬁ% H {%?‘gam%age
frame, or emmp®t ihges iEARSS isyfwhreaidesnalyreda \tadSQitRH gREe fadke, | slentsef V¥
features that match the defined criteria, In response to identifying an
obj ect of Sh¢feas s framep dnsy stidae pheganeand ideatitybfeagires) thayfmatgh dhe glefippd an

I mage and .displ ' . e r.at Faat ' y..k nel ude,
for ex arrplcgt[e?%i g%ﬁelg%ﬂ{s? 'rt%ﬁtgﬁ%fy& ga%u?bggc\?\ﬁo? ﬁ}ﬁgrgfts%%cs thrrn,%gs’lalrnrgg(un iortl)betlf he
feat ulg wiof lintaredi sip ha\imdgd andl displagnitlatdintage ay ithe opdratoy.aF ésisre GharRing @Ay Nor e

gquantities that describe the featuyre, In addition, upon identification of a
feature né’?‘:éwfen&)ro%‘@m’g‘d hc‘:gm?‘tg&?‘il@hetfﬁ%t“?y%’ttgrf?]ﬁ%y(’]i%sﬁﬁgoﬂwla&m%fe&ur@i si bl e

or other kafmh ofisithRdMbérle! flt dikf&ying the values of one or more quantities that
describe the feature. In addition, upon identification of a feature matching defined

criteria, the system may issue an audible, visible or other form of alarm to alert the

20  video camera operator to the feature. While an image displaying an object of interest is

being displayed to the video camera operator, the system may continue to point the

video camera at other points in the monitored area and continue checking for objects of

interest. Alternatively, the system may continue to aim the video camera at the detected

object of interest until otherwise instructed by the video camera operator.

25  [0065] Automatic feature detection is known and systems for automatic feature
detection have been previously described. An automatic detection system may include
video motion detection (VMD), which has been previously described. VMD
automatically identifies motion in video images. Parameters, or a set of parameters, are
input to the VMD system. The parameters define the types of motion that the VMD

30 system is to detect. Such parameters may include the sizes of moving objects to be

detected, ranges of speed, directions of motion, and regions of the monitored area to be
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20 video canera operator to the feature. Wiile an image displaying an
object of interest is being displayed to the video canera operator, the
syst em mayoQontdomsse t o poi nt the video canera at ot her poirnt.®10/0004é5e
nonitored area and conti nue checking for objects of interest.
Alternatively, the systemmay continue to aimthe video canera at the
detected object of interest until otherwi se instructed by the video canera

operator. 25100651 Automatic feature detection is known and systens for
aut omat i ¢ ihcdladed or dntledtd b VMID Bareexappdesi o uwinjtorédsared by, indhudest wadt i ¢

detection system may.. i pclude vi de tion detection {VND whi ch has been
previ ousl f%&‘@r ’inEFég'Fy @ﬂg%a toﬁsrd{(’?c?gﬁw\?reftdiﬂtﬂ? 8% r’r@? }rg%{t P?fa{}’iegeg%rqa%ages.
Par amet er SexcRide 3hé edadOfrorR Ah@ ARAE i® whdlEVMID 4§ 1 Be fa iedMh %M@th%xaﬂ}ﬂe,

paranmeters define the types of notion that the VMD 30 systemis to detect.

Such par aneperpararasteisohy gxcludretheidetestion ofnpnatiog thej is asallebtha bgedeachuid,
ranges of speed, .directi I i e nonitored area to
be \/\05201’?%66‘&5?%ﬁ?ﬁ‘?‘l‘ﬂ%’%ﬁ%ﬁ%&‘é%ﬁ’@%g"eg‘%%?gﬂg%o%"dg “for VMD. For

exanpl e, [ F | (VA Wale | iC
Chat 1 & nar Vel IR A B by B o o e PP Fehred YD e the
road from frdmesasferngivem sedne ah oxdeDto detect differmppdsi etiwednnthe icirdes indizaivel of,

i nput paraneter exclude the detection of notjon that is parallel to a
bor der " bRy VAL HER oS ied i GLBipeas et bS diabtes daatseserme et *t he
border. [QR6Glpe!dT A t8!be déMete@PRIAIRSoBRCLE RIAP BE iAWl cdt¥®P o hn FRAK: thHCigesSsi ve
acquired video frames of a given scene in order to detect differences

bet wedf t Hiislayedde thhoparator.viheotisplay map alsenpdichterthe aragdianid ekrectiersef the
di fferences li,)etween the frames that correspond to the type of notion to be
det ect ed. %tv(?rhg objects may be indicated on an inmage that is 10 displayed

to the op Frhe ' Nl 2 | Fipgn of
the. mot i on00p Jogi TREF SEEbe TR AREL RS0 5 FRERE ORI LSS
depend on mbtomahcindingfits bgeedoSlover motidiudiaggreqbise spee drantdsowe detaett thon may
require rmre.frel.ges to ﬁletect tf}e. . o

motion. Therefore, the amount of time that the video camera is pointed at a scene should

15  be appropriate to the type of motion, or other features, which is to be detected.

[0068] Automatic feature detection relieves the video camera operator from some of the
necessity to pay constant attention to details of high-resolution images. In some cases,
automatic feature detection may enable reducing the resolution of the acquired images.
In some cases, an automatic detection system may detect features in images whose
20  resolution is too low to enable a human observer to detect the same features. Reducing
the required resolution enables the acquisition of images with lower resolution and
wider FOV. Wider FOV images would allow for greater coverage of a scene and

subsequently of a monitored area in a given period of time.

[0069] Reference is now made to the accompanying Figures. Fig. 1 is a schematic
25  drawing of an automatic video surveillance system in accordance with embodiments of
the present invention. The purpose of the system is to monitor objects and activity
within monitored area 21. A video camera platform 10, for example a UAV flying along
predetermined flight path 24, carries video camera payload 12. Alternatively, the video
camera platform may be in the form of a piloted aircraft, free-flying dirigible flying
30 along a predetermined path, a tethered balloon, a mast on a traveling or fixed vehicle, a

fixed tower, a manned or unmanned ground vehicle, or any other platform capable of
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notion. Therefore, the anount of tinme that the video canera is pointed at a
scene shoul d 15be appropriate to the type of notion, or other features,

whi ch i s wo 2ba/metsect ed. [ 0068] Automatic feature detecticonLirbimyes t he

vi deo canera operator from sonme of the necessity to pay constant attention
to details of high-resolution imges. In sone cases, automatic feature
detection may enabl e reducing the resolution of the acquired inmages. In
sonme cases, an automatic detection system may detect features in inmages
whose 20 rcesrgingtd amnesverade | oountasl ei«hblqamrehumnVﬁb@ @ayera payldat. é¢idetd he

sanme features. ired re tlon en es the UI.SItIOI’l of
s w (HTRHLE R aE g & Adeh cdnrara R e RRaS st o RE AP G5 o
for great gjideovshader0fat %e%@ﬁ@%fQHQre%ﬂb%ﬁ“ﬁ‘%&éﬁe@boa 20BN h@ B, aFifiAni N @
given period of time. [0069] Reference is now nade to t he acconpanyi ng

Fi gures. Maepitoted area 2dc Yadeat ramers Raymd ri@ WhY aepresenb AvY ur@anaelye@pntrolled
survei %I ance. sy, stemin accor dance W

hvent B hioln i BRI Weloh SRR Bt aRpoiblti RIPRS Bborog

within rmmehﬁreedhaéceaaraéra %6 WaeRpfoasmr chePdbBtdveranvidio EonereX &implmaya bbAV
flying al ong pr edeterm ned flight path 24, carries video canmera payl oad 12.

Al t er nat | \eiyed indeperidgrtly efarg ahghext Vistem carprandd meyrahe eBressTSfa &ropp 106t ed

aircraft, (fe]%ecaHeYe{SQHat%é E(g-hmu?tefdlsxltﬁ%ﬂ aﬁ%@%rﬁr ﬁ% gfoqgr}?éjg&g{ Fower

tethered b raveling or

manned or awipe® setie ghDa given @finddng, video mgermfzaespcnhtadft@mrd@apﬁiagai Sdene VO
2011/ 88435§P§£€}1L2010/ 000465 arrg{aﬁ% fp euvei1 gl e m)u ted video carrera
or a vPded g Piepration of\yigeq,c g5 dhe Jogatien e’énageﬂ’naﬂ%’o &amera
26 that i ghimpes! B 1ROstES ﬂlﬁst%&phﬁﬂ?'lmlhﬂged’ %%% AR AvARindd (% @ps of

interest, such as scenes 20, 20a, and 20b n nonitored are 21 Vi deo
caner a paylhtomdt A2 H@ysmeeszdesbem oﬁmy:wneé mna@dysocmﬂs 0b1tra1boﬁd3/todtbe F&avref a

nounting and ainmn t em _.whet her SSO0C wi.th an airborne
Toncl 00 Sredelefite Clthui s Bloteed Yus 3R028lAng Wa%sarewﬁg That
nmay be poilnt eCbrhmdfiegisiBNidiyrfRt PRereddiOb @Emotél d6Rrdl20GhMan® TRn,2hs®
represent a group of video caneras that are co-nounted so that aII vi deo

caner 33 ofirapspitydata ndrimages i semete raceiyerftagsmitienanit A8 wia gowwmunieations |

d
of video ckers oimBRaaaed MHE'(h My [RAE ARE Sytiodile, SBulel gObURr % 1"

state il wdtalas edmmuniﬁagonélcartlaf@gﬁde seieal ﬁBer]c at iy ovhésuitableBedion fof
interest 20. The size and shape of, viewed i maged scene 18 corresponds to

the FOV ofOWratignetyeoy rer@ﬁ%ﬁF%tA%%SSPﬁ?@ﬁﬂ’ﬁ%Vli@ samesa padpad B4 with
vi deo Can%ﬁﬂﬂ%%'v%ﬂo& aewg&@ﬂ” ﬁé’tgfnﬂﬂﬁl gédcg?%%cﬁgosﬁtﬁ)%edn\ﬂ%%ehﬁggﬁ of

control nds from and transm ts
recei ¥er/ pagnadl2.tavigation de8ices mayomtudu ftatexranwld arﬂdoﬂzﬁ Poshioning yatenvns
i m.cro tlciiN r other wirel ess

link 16 cl ude radiaq,
comuni cg?%%h TESHYSTe . Wgrial ey %"alSy e raﬂy ot RRAsS BV EBFWPredi um
for comuikchlrb@Brelr WRRRetEC ARY ShyStHé GRS ice that ASIOH a’ét&ﬂ}]mng Ihe/bifieps camer a

payl oad 12 may be navigati on devi‘ces 15 for detérmning t eogr aphi ¢
posi tion ansition prcheaurseoof payload 13ayl oad 12. Navigation devices may incl ude,

for exanple, a d obal Positi om&g System (GPS) receiver, an inertial
gui dance $9&70kRomting)and, epestion fmyides ca‘@?ﬁao%ﬁzﬁp@nt@éléélbér@ﬁmswf regrote

posi t on o nAr ke LoutiRh Al Mo Wil Shuiaf bl et SiroFT e
canera 26 cossotoid madyl mdlukiy seeaalscomimusinating dev1ces Such devices may include a
digital computer with associated data storage and processing capability, data input
devices, and a monitor for displaying image and other data. Remote commands may be
generated by remote control console 14 either on the basis of programmed instructions,
30  or on the basis of operator input to control unit 22. Control information may be input

directly to remote control console 14. Input to control console 14 may be in the form of
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25 commands. Renote conmands are issued by renote control console 14.
Renote control console 14 may include several conmunicating devices. Such
devi ces mmp 2oneoysde a digital conputer with associ ated earaLateomges and
processing capability, data input devices, and a nonitor for displaying

i mge and ot her data. Renote conmands nay be generated by renote control
console 14 either on the basis of programmed instructions, 30 or on the
basis of operator input to control unit 22. Control information nay be

i nput di r emtdrgd text roznmt the dorm rodl setrotisolof ahdoptionpiiromt @ noemat Remoco nemted 14
may be in the formof WO 2011/.004358PCT/ 1L2010/0QQ4685 entered text or in
The 1 o m GORSHF 407 EAMBAMEAS SRR ST HANG Ut RS eBte 14
i's comunixgairAimilstdontr8F SdMaAdy RNGIEES taherd Palloa8 - 12766 o408 ihk er
unit 28 transmts control conmands to video canera payload 12 via
comuni catli6oYdddoi eamet® paypaib b2, damespanssa ransthitted control eepoasd, may changei t t ed

control. ¢ vy, _change the LOS of videqg canmera 26 at an,appropriate
Fave for ARFLTE b7t JANER 20 pomaSiedt 58 a6 A RRSoPHa8 relfe PR
noves the (tlfaﬁgm'gqne GfiddoNTeRsta 96eNOS lidoved thedoCAITRI 6 i#khgds Guédee 8. iige dat a
of viewed imaged scene 18. Video canera payload 12 transmts the acquired

i mage dat 2R Lo APANNCE ADPgMJatp o ieved imaged spaperB: Videmeanasa palped 28 t hat
conmmuni attf"a?lsrmt%] Bhd SORkEd 3918%{ QhtaGRR %8}11?nujngcati§ﬁ%hf nl%;tﬁt {egéiv&ﬂf%g%ﬁte ﬁ'e 10

t hen di splays e acquire a as an | nag be Vi ewe

vi deo camamit 2Rpthabé@nmukicates with rdmop éontiod corveleald Renede darttol coasodd ¢4
contr copsole 14, or a .processor |ocated at another |ocatiaon, may process

I : . )
the addui riaen diselays téaéﬁqtarﬂe 3579 immage; Weich dravain WRwed By fheatideacatiarect i on
or gener atj,ap & ng(rn‘ tBQilf's‘i)‘rijaiy'ci) 2 l@%c%u-ma dﬁfa?iéglzﬁé’ g?ﬂfﬁﬁ cbRIEE oF g;b%c%gsor

processors | ocated at v cations. e severdl ocessors may
be 15 conflogatedeal anothpelofation, mafy pnadesoihe pbatiredslate Sactaprecéssmpmdyeintudet i on

of the othe rocessor r the processor.s y cooperate to perform.a
single T ufGlqmgHe TFfums detochip gr sererafion 3Sished e s Rpesssasmasoinclge
associ at eGevdrhlNprovdse6re 16HERT @ Rridhé Wcatidits. FhlP éf theFeVeral piceeRoRR! A&K bEi agr am
of an automatic video surveillance systemin accordance w th enbodi nents of

t he présersonfigiredttp operfoppe pafvaetien dhdtow Sparte dwmmihé damasionwpf ithey iotheo

canera pl [ )rrggm' cation K lace thr.ou station transceiver
70, conne%%‘geC > cr)ég){ gf%?cgn eﬁ%oggEenS? 5P E’@‘Z;%é‘ﬁagfg?rg%?6‘?#{}?‘&%‘5"8‘33\%@‘ T, a
connect ed precepdor infa9 b pEdaEsE OF bd dssofiatEawitts aided RembtaHatioknbR). ween st ati on
transceiver 70 and platformtransceiver 72 nay be wireless or wred,

dependi ng [0071] Hég.nAt isr e bibck i dlagramacran phiatfatic nvido shnvedlfrrcatsystemayni nput
I nstructl %ggoraz?nc%t %&i{ho Membodiments of the present invention. Operator station 82
20  communicates with video camera platform 84. Communication takes place through
station transceiver 70, connected to station processor 64, and platform transceiver 72,
connected to platform processor 74. Communications link 71 between station
transceiver 70 and platform transceiver 72 may be wireless or wired, depending on the
nature of video camera platform 84. An operator may input instructions to station
25  processor 64 via operator interface 60. The operator may also receive information from
station processor 64 via operator interface 60. Station processor 64 operates in
accordance with programmed instructions and input provided by the operator via
operator interface 60. Station processor 64 includes pointing module 68 and detection
module 66. Pointing module 68 and detection module 66 may include blocks of

30  software in the programmed instructions of station processor 64. Alternatively, pointing

module 68 or detection module 66 may include specialized hardware components that
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25 processor 64 via operator interface 60. The operator may al so receive
information fromstation processor 64 via operator interface 60. Station
processorwb4oppeames i n accordance with programed i nstpcwat.2000800a¢5d i nput
provi ded by the operator via operator interface 60. Station processor 64

i ncl udes pointing nodul e 68 and detection nodul e 66. Pointing nodul e 68 and
detecti on nodul e 66 may include bl ocks of 30software in the programred
instructions of station processor 64. Alternatively, pointing nodule 68 or
det ect i on conuhlnicas withystation podeesspre 64.aAltermadtivedy,dalb oe pat i che faglwanaor WO

2011/ 004358PCT/ 1L2010/ 000465. conmuni ca Lth station ocessor 64

A ter nat | VERyACHOmRIReNS of PRTOR SRy b e S o odie B B R e on

poi nting rpghdl @nfefa Platfekdt 84 1dr ananBekliy16cafibn. Ty be | ocated on vi deo canera
platform 84, or at another |ocation. [0072] Pointing nodule 68 cal cul ates,
on the baq0672)fPoilating wodulu G8calcdhtés; o thé¢ Bess df datasommibdtdted froBdyideaput

provi ded by the operator via operator interface 60, and programmed
i nst ruét i gABera platigrm o¥4: | 18Ut proyided by HhepBpsiaton Y& gPetatr emwé% 60aned as
that are muihitheiinthiliond HERiRCRYPR RER RpoifiQir'dr AbrBDAIdb CafifraTi 8l SO
cal cul ate "a scanning pattefn for one or for e Vi dec cameras that are mounted
on vi deo aamarcanfedadrf eidao 84mefaaplatformm8dnPoiating niodmba 68 deay alaorealzulateas f or m
may include | ocation, f10 not i on, a\ggeE orient at]i%on dat a gener at

[

db
navi gat i orf TSN BARGh TB5OBS @5 THHR VMt BREIa A (5 MHRBLOB MACor ARy al so
i ncl ude | HiQrdMRt 8ANDER IRLHhMcAEE ol VRIRD @RlefNpRifoRA Wiy iftfudeCRcionyi deo
caneras that is generated by canera point/scan control 78. Upon cal cul ating
a di r 6t i onotiom, whd ohientatipodaia geherateiddesonavigation, modide (76s Datascapimuiigated

| cul ati i by_st at,i 64 to platf
74, 15 Pl ATPor T Cobets P Ry BatdthRE S Araltr Pl PRCHIERETo
poi nt / scanrieptibR bf e LOS GfVERo RAMetk I8ARs EaRkAted by aheraRint!scheortdb of

the video canmera in the desired direction. Wen required, the issued
i nstructi d¥s Upay calsulating @i direciemin whishrte|poig the vislea sampea, thegepytsafctbe dance

with a desj .natt er ] cqui y . Vi mera 80
is trans mr%fl {ngug@ %?am%’%q%%k%ﬁ cgglggmc%gsgt%t ?)or?ﬁ%g)(g}éeg}s/dgrgssgﬁﬁhe

vi deo 16 magiatflataproseskdretd thewizans el dpprejeiatcinsiouctivnstd poitscaibedwadl i78no nodul e
66 processes the video i mage data on the basis of .input provided by the
oper at or \FRBSCOPURLIGH ‘?‘WF@?%&@ Boing the Mrogr?h%d’lql‘?‘?s?%"c‘tai @ng‘.e des8edur pose
of the praqg i ' efil; : i i i ns
Feat Ures TRt ooy "o Ll R IR ol B (R BERap TeeETs %

i nt er est. stan thhd.(fbineweordandearitlf 2d¢sined pattdrnt he vi deo i nage data neet the
predetermned criteria, station_processor 64 may cause the video i mage data
to be di sgfe3AdVider iimage dataspeared by videadeimearas0 ist Hensontied dyeplederng4 nmay
send a [ lert t opgr r.yia; r r.. r 0
0074701 n PRERIoh o o8 fithm Bisb Ao R The o™ R e i DR rh 88y

di spl ayed detsagen dfdodarysd. Mkdetion anciuld G pidceszvgthe ofidednin@igt idat oreie dasief

interest. Such an inage may be WO 2011/ 004358P_CT/t1L2010/ 000465
of input providéd by “the operator via operator interface 60 and programmed

instructions. The purpose of the processing is to determine whether the video image data
contains features that meet predetermined criteria that define an object of interest. In the
25 event that features of the video image data meet the predetermined criteria, station
processor 64 may cause the video image data to be displayed on image display 62. In
addition, station processor 64 may send an appropriate alert to the operator via operator

interface 60.

[0074] In accordance with embodiments of the present invention, the displayed image

30 may include a stitched image of an entire region of interest. Such an image may be
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conposed of inmages of individual inaged scenes that were acquired as the
region of interest is scanned. Stitching nmethods are al so known. [0075]

Fig. 3 iswa2stmewsssi c drawi ng of a geographi c regi on thacTtiis2oi@@ess t han a
single imged area. The video canera platform may be positioned relative to
geographic 5 region 30 such that the video canera may view any part of
geogr aphic region 30 by changing the LOS al one, w thout displacenent of the
video canera platform In this case, the automatic video surveillance

syst em accwongpiosgl bDireages aif iedivislualfl imdged scaees thati were rcquiredcasnths aegion of

geographic region 30 withi,n a relatively short period of tinme. During the
scan, the ‘mebegblséﬁ?%’reg étﬂc)gegmqﬁwadgare%%[@%. nt successively at various

Scanes 3240050 Tigc PO ERERRACARby e PooaraB i b 5 free? pR ifle ' o

be scannedmabeh@rea. dihe editié® Rambat pladfole 8N Bt PosAioned relativaiio @abgrdplsic angl e,
to the directiaon of nption of the platform In this manner, geographic

r egi on330 RN 8 sk dhat dhe yidgocamers may viewgoy part ofpgcogeaphie glon 3G by 34.
The directd . H]n t : LS hEl d ah The
wi dt hs of dgt r lgé tl{é’gjltg?’ealg% ’f‘?l‘gllldc’allllrtl?11tl {va?nmggﬁtt %ﬁ@'ﬁgﬁgego %aﬁ%{ft:ra g%t VI él\li/ve Sscene
32 has beeasd, tiegadorhatic aidsofhiveillante sysuNacootdihg teembédimentsgif hhopresa h
strip 34 may be limted to view n l.es clgse to.the nadir. An_LQS at too
ar go an ARYIEOR FRATGRESREAPF (PR 40 SIS Il SHORChPT B imiFS P iREg
resul t in (g0 sbRUR VilleYhiafiRrLlCOBMS §d)ad B pam® RBcdeSsi AIS af Yatio@GiedRQt her .
In order to image a wi de geographi c region go, the 20 platformmay have to
pass dUer scéresy mpresaniadrhy theasmalhequaras awEig. Scewhsag ievey wandes 32d-32ver | ap

one anot hey.. Whe inted at vi ewed scene, the video canera,acquires
one or nor 3%%&‘2 ‘%ﬁﬁ%ﬁ?fiyoiastﬁgc@irem %eﬁ’(?. cagperg pay. R poranssh 2 g? fe
scan, Vi evkfcOGLhasisPRrfddRildr @ £ dbfiqaé BRIV thRhé dirbRiAVMARIdrESt @BE
geographi c _region 30. The individually acquired i mages of the viewed areas
are proceddaprig Imthiy wmapger; geogrephie iregion 3R anayr ke ednsredcbyrbisaaes ofoimagadt r uct
a single it.C I f ; | C [ T roce f.scannin
and const PHUET SER 4 IREs s, IRCHARNLCL AEER of Ine DUFBOOS Iiiefq 25788 C°

i nt er 148l s.arvdsv. Whe kvidths bfistrips Adate suffigientlyawidertglefisusé tha€ bath viemgesdeny 3be

processed or ogerate upon Pty,an automati.c detection system.in order to
det ect objhas becthimagse dpearsutfigignt amaynt fafes- dhadength ef gachustrip d4anay be

construct ; i i . i .
changes i ihe GulaAhERhals OB bR BaTROD 38H ks 3 3580 B0 b 85 0076,
Par anmet er {fadekampleg larpe thewgb@apSe) magiresult3id amimdge ihnghith blentehss iaphe at or .
| nput paraneters t()JI fine the@gou dari.es, of region,30. In enbodjments of the
present i nvakt CofPSTERE OBo dRGDFS: QQ YT 191193857 ABAF SePEgPlis wapnpd: dhe i ned

gr aphbgal |p¥atRmamay 2k o Hasy @ﬁ&&h@&é@ﬁ% @hork Bary bdeD V¥ wed s%éhf%s Pegihey, such

as a displayed map. 5 Alternatively, boundari es nmay be defined by neans

of coor di mattiadlyiaystlep ase poeiber. ciherd geintedatheach ivigwrd grenentbe erideoneamerac| ude

ot 1 no 1 oapaiey opg LR bl R b8 alehuedloshl M e e BRI &8t S [ o7

A scan r egiered@ynd3e3 Xedvien ek émir€ aiearwitin @heObElRdatesISOHBRIPhE kpRhW0e, such
as 10 a section of a road, a wall, a river, or a border. Geographic region

30 i s an &bsnpidividually, @pquirede imagest 8l Heovewphi areae g rprocassed o sallavge, the
scan gi : . he o] . i r di .of paints al.ong the
ong 47 et aatioh e (GliE bt 10 Gty SRR ARUER Rac BB BSIETy.
the event r¢diat 36. Tleppresestofistamingf addieonsirneidh deognglpiikhéd ahapeamay beady
exists in the aystem gt may be sufficient, to define the end points and the
15wi dt h of€Reated 2k QFrb(Hj.lc intervals. As with an individual image, a single stitched image may

be processed or operated upon by an automatic detection system in order to detect

objects of interest. Stitched images that were acquired and constructed at different times

30  may be compared in order to detect changes in the geographic region.
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[0078] Once the geographic region is defined, the automatic video

surveil l ance system accordi ng to enbodi nents of the present invention
det er m newohovy/doessgoi nt the video camera LOS and when t ecaaoie/eocisésdi vi dual
a video sequence of frames in order that successfully acconplish full
coverage of the entire geographical region 30 in an optinmal 20 manner. The
systemmay performa registration operation on acquired imges. For

exanpl e, the system may convert the acquired video data to an

or t hophot 48076} Paranaters atgifiningathe cgeographizt tegionc3hpeaysbe anput dy diefdperatorces in

per spective, range, an laiformnotion fromframe to.frane..The

registrat ﬁ%ut%%?éégrsa(geggﬁgﬁﬁgow({%ﬁ torg_ﬁ?g’l&n gb ?'hgmi%ﬂwnasugi Eﬁ%fﬁ%eélt! nto a
single, esgemtibal ih¥ RAMARSSf the idefraphic egion Ghay Be deGasd rﬁﬂﬁih_ﬁﬁll 2alhi s
stitched |rra%e may be djsplayed to the operator. [0079] The si ng?’e seani ess
i mge of tERPhic appresiiationt phithe svieipityreef fheotegine sudermdl § &splpyadi mapual

i mge tra Qg r i e .10 iendi vi 4 mage frane.
O di na?i I gsa & 0 ngattgégéo#) gée)r?e gn&%g P%rﬁjﬁggg(; bg'f gg%ﬁg,dfelé%g&g@%emnﬁs Ance
bet ween t mameridsiodaianOrttrr dnputt freamemgethag dacladé shé fegaargdwithrwhibe the
effective fqcal |lepgth of the 30video canera |lens is decreased. In either

case, theT?8eRiyiq Bf sepnedeand pasametersgthat gefing igatyss 19 beedeiected by of the of

the scene ;L RalaibtePEorfivitdnioui shed in the image, is WO

2011/ 004358 DEAF 1L 55107 bOOTES degr aded. The mothod of assemdl ing i ndi vi dual
hi gh-r esoljed779m §dadfesioh a9 R defined & &dvet R dnkABY BeodripS RANFE, suek 8at es a
hi gh-resolution w de-angl e image of the scan region. 0080] As is the
case Wt haisgefian efumroadnagells p aives or gthorddreded ¢ regiepu @ edamexample of er ent

ti mes may i ne r.to._assist in the detectipn of slow
novenent gg&o%ﬁéﬁggéﬁqgﬁééﬁg%% fel%ﬁpr%'ﬁg’ tplﬁézﬁg%ﬁfbeeﬁcgapéﬁﬂ% n?aé’g]i’eoﬂl.fﬁflﬁ’é ] Fig.
4 is a fl definddbyt covkdigateedfsuint alongWhelf dimatisiRfabe ¥gidnl daks widih of
accordance wi th enbodi nents .of the present invention. Reference is also

made to cfpERgdan Altarpativelyatindhe gventghatia representatiop futhe jlinear gengraphic em
t 40 i i i it d,
et ud: g el s BRlftod f &8 s 1ehab I SARARROUER. ALERI pOnRadR 07 P

dat a by Madthhdithguegionde paraneters that affect the manner of view ng the
nonitored area and regions of interest. Such data may include, for exanple,
coor di nat ¢80781 QGrige tiRQIRographiccregionns defined) ¢he appomatinvideo Sunveilianaer systgmeach
ROT, and I ion criteria. In addition ta.l s .entered that .15

char act er ?géeog(ﬂ%lég ﬁgltbﬁglén o %fgih&ﬂr%segt_f lrﬁvpﬁgnecge??mgyesott% 0 P%’_ﬁi ﬂ'fee‘é‘&?%at are
to be det eshed LS aRd attea s ticGuitte ndedid @i aSYidée BRqASERCH P AfeMn! SrdbNat
automatic videq canera-pointing system In the case of a nobile video
camera pl a¥qessshyllygacamptish il conerage af the gative gegerapbicpl egioadOrinan @ptimat he
platfegm . t e . all: op i renpte control
O L R R R e S
20[ 0082] €xarple, thasystemf may eonveputhe daddired Vide@ dataratanCoritiopaGtogtaph €Thd ance

syst em gener. at es . . . . '
registration operation compensates for differences in perspective, range, and platform

motion from frame to frame. The registration enables assembly, or stitching of the
individual frames into a single, essentially seamless, stitched image of the scan region.

25  This stitched image may be displayed to the operator.

[0079] The single seamless image of the scan region that is formed from the assembly
of individual image frames has a resolution equal to that of each individual image
frame. Ordinarily, to create a wide-angle image of a scene, either the distance between
the video camera and the imaged scene is increased, or the effective focal length of the
30  video camera lens is decreased. In either case, the resolution of the image, i.e. the

minimum size of a feature of the scene that may be distinguished in the image, is
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an optim zed sequence in which to view the various ROs (step 42). In the
event that the RO is larger than the FOV of the video canera, the

aut omat i owei2demosissvei | | ance system al so generates an opCirm.medo®eeani ng
pattern for scanning within the RO. A scanning pattern may be
paraneterized, for exanple, by a scanning direction and a 25 scanning

w dth. The optim zed scanning pattern enables the autonatic video
surveillance systemto scan the RO in an optimum manner. The opti m zed
sequence alegraded.t Brenmgdfodnel assembliing indiidsali higivinésohutioh efrin@S infto hsingle deo
canmera is inted, and when they are inted. [0083] The vide anera is

t hen poi ntsggclhg‘ﬁ IORES ¢ 10y YCRGT © eéfeéc? é’géﬁ'ws§888$ dgﬁﬁ%‘r‘%&etlﬁlagﬁeo 3B gEARr at ed
sequence (rsgiep. 44). The video camera views the RO by acquiring a series of
i mage franes of the scene. When the RO is larger than the video canera
FOV, the [080304s]Ai K3 58sCWithl AMiid04) Oneepe Vv irames, Cstitehiod FAbek sacgared e
across_t he, (step 46). The acqui.red i mage franmes are processed by the
aut omati ¢ GEERY TRFS SRVt R ForpRaTed Vathcpne: apatherde agme inTihe detpeypmial slow

det ecti on psyehielm SER&ENESW ERInoBP] [ ; features that match
the criteria that were input §u§r)i“ﬁ8&§?£egﬁdfgx’§’§?§%r§% At this point, the

syst em may0esa fRag.my ofsher fldwpetsarOof S IM@BE] oL GafThdie viRls NsidveiiRal iipn of a
stitched inmage. In the event that an object of interest is detected, the

oper at or jagcoaflance ewiith mhodbognts &4 therngesenb inventiom gRefarence v wksot madoltp ect  of

interest | ' - VEeW; n atQr. t hj i nt endi ng
on the pr ggrrnglﬁ%éélﬁ llr:?gttr;rtgctﬁ: 1}18%;“1 bga‘?ﬁ%ﬁ{f’%&ﬁ‘?@ﬁ % S teger%SE)eR ‘{Oﬁ-eﬁiec?‘f’B‘h‘gﬁgf t he
oper afl@r (dsfings thi) geoghephival arat icc by imlattosed, iatlulimgCrRgins tefMminfayst NRIOI)
automatic q era}% on .ﬁst p SGZ%lgntil 10 instructed to continue by the

oper at or . ”f‘ﬁ’ﬁ%? wenitqrrd gy Gyfditional slafa snay fugtber pronide paFamelgssilgt afést i nue

oper ati on {d tRh&! 6P vrwing (RO %nitdheNRL LRI &EonS o BfFLESSudPal et

fihas s et By
detected, the automatic video surveillance syStem continues to operate
(step 52) inchude, viod eaxamgpive r epocdingtes us theo ROIevindicatiomanof hke Riporthiicepbdcess

t he acquired.inmage f , and t.o.caontinue.searching for opjects of 15
i nterest P}Oé)t‘tﬁpﬂg te§céﬁlg_§i4%‘}$ O\Rhglrllza_?lﬁg ‘ﬁtﬁm‘_ha Bg@‘ﬁ‘%(h é‘@x@dlsoFmS@QnH’éH
suf fi ¢§ entchatact@szed ehendiindeA objecistT ihBRYE of bthbLfchfires st AUIPHRIdGdd BIFO
surveillance system points the video canera at the next RO 1n the

opti m zed 2B ytmatic dejectipnssystentigssoR@ted withhibe antenait vides cameesdpoinating t he

acquired | r ssed (return o s 406) . 085],.1t
shoul d belsc ea'rfnttggﬁgieﬁ(gefe%gé)gﬁ?5%‘%8_n°(dg\‘e_rat %lgtftg o(ifi?m)sbeeﬁ%eré‘ffm
Fi gures 2€hegsanded route bfitHetplatfoime thgut dath n®ly teadny@sd By by op@hto vided fefifote
under standi ng .of the invention, without limting its scope. [0086] It

shoul d al SPNtEY censols: of Ay bs splested fromidata staredrin theamemery effthesystesadi ng t he
prese S Lfication.could.make adjustnents of anendments to the attached
Fi gur A aﬁﬁﬁzwﬁha B PG T b AuloRiE visararetonpe Pt geiaicoy the
present | Byepfimed sequence in which to view the various ROIs (step 42). In the event that the

ROI is larger than the FOV of the video camera, the automatic video surveillance
system also generates an optimized scanning pattern for scanning within the ROL A
scanning pattern may be parameterized, for example, by a scanning direction and a
25  scanning width. The optimized scanning pattern enables the automatic video
surveillance system to scan the ROI in an optimum manner. The optimized sequence
and pattern define the directions in which the LOS of the video camera is pointed, and

when they are pointed.

[0083] The video camera is then pointed at the first ROI selected in accordance with the
30  generated sequence (step 44). The video camera views the ROI by acquiring a series of

image frames of the scene. When the ROI is larger than the video camera FOV, the

20



25 WD 2011/ 004358PCT/ 1L2010/ 000465 CLAIMS 1. A nethod for autonatic
surveill ance of a nonitored area having one or nore regions of interest

usi ng a wvoeoriivegsng devi ce, the nethod conprising: 5 recaiwiogoodet a
defining said one or nore regions of interest and one or nore
characteristics of an object of interest; pointing the |ine of sight of the
I mgi ng device at a region of interest selected fromsaid one or nore
regions of interest; automatically scanning the selected region of interest
to detect Wdgadcammeza 5O Vhisrseanngd fagrose therRQI (step 4. Theeacgyjred image framesrast and

upon detection issujn n alert: .and when said e or r Ions of
hrerest imprdeo iR g ficgilecn B ieiar vt iBdfor®las SHUP, 1B eRORelie s o
poi nting t&é@eckibﬂ@Y@émgeaqaiqs%r bbjects GRidIest AaY if€Ruras thattiatiithé eadetid tisganni ng
in an automatically determ ned order of view ng of the regions of interest,

and upon dw¢reédrnubdumng sep 40 Giiep 40 Abihis Raint Hhetsystpmimasspaformthadppgsaft of

i nteregt i | . f .. Leqi ' S 2. oA

ot hodSas. TPEE MMl St o SeafBF Br 'stched IELO TR B8 el BB abiect of S, i
opti m zed.infe:sBisAletdetddpthe aperatariisraldrted(sedpas 0)) An imbigy eintaitiihg tisdt elpoved the
automati cal |y scanning the sel ected ,r%g;on of interest, to detect said one
or more cHbetokimterestas displaypd fopnyiewingdty theroperdar Ab Hhis peiwd drpadingrgni on

det ecti on. DodeaSidak Ak St EfreRh HrOn '
on. Dgémﬁﬁﬂ t t J he YohS bPtHeMpetGRsRD 51), .
automatlcap?ém cannlang trﬂélogléser%’cte °F egdlron of Wilnt erest to deltq%c% s)al d one
or nore chhe agtoaratistvid® sfrv¢ilancelyystetn mfay halt automatic operation (step 56) until

10  instructed to continue by the operator. Otherwise, the automatic video surveillance

system may continue operation (from step 52).

[0084] When no object of interest has been detected, the automatic video surveillance
system continues to operate (step 52). The video camera continues to view or scan the
ROI, to process the acquired image frames, and to continue searching for objects of
15 interest (return to step 46). When the ROI has been viewed or scanned sufficiently, as
determined by the input criteria, the automatic video surveillance system points the
video camera at the next ROI in the optimized sequence (step 54). The ROI is then

viewed or scanned, and the acquired image frames are processed (return to step 46).

[0085] It should be clear that the description of the embodiments and attached Figures
20  set forth in this specification serves only for a better understanding of the invention,

without limiting its scope.

[0086] It should also be clear that a person skilled in the art, after reading the present

specification could make adjustments or amendments to the attached Figures and above

described embodiments that would still be covered by the present invention.

25
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i nterest conprises constructing a stitched image of the region of interest.
5. Anmethod as clained in claim1l, wherein said one or nore characteristics
of the obyeebiimfo4isst erest is selected froma group of olpicaat.2010/000465
characteristics which consists of: WO 2011/ 004358PCT/ 1L2010/ 000465 shape,
di nensi ons, texture, color, lum nance, orientation, location, relative

| ocation to other known objects, detection of notion, direction of notion
and speed. 6. A nethod as clainmed in claim1, wherein the alert is
selected froma group of 5 alerts tEAIMIsi sts of: displaying a still

i mge of the detected object, pointing the line of site of the inmaging
device at the object of interest, marking the detected object on a

di spl ayed j magea méhyd dbrsitématid) Sl 60 AbnABRIIErEA haRh®\VheicdGnore
information. 7. A nethod as clainmed in claiml1l, wherein the inmaging device
i s nmount edegienaaf mMbwest waing@ videgtimoging degice.Aheratethod campeisimgned in claim 7,
wherein th | .at f IS a platformsel ected.froma_ group of

bl ot forms el " G 350, 38 &, RS REORF o mG8T e ol mere
tower, a post, dhatRidnietietbfaldbfrbof ihferes. A nmethod as clainmed in claim?7,
wherein the step of automatically scanning the selected region of interest
i s per f or nRaintyig the ding o sight of tha ghagipg deyies ataregioarof amg@ﬁtaie?e@teélﬁm stiflance
of a nonitored (ﬁ{%"i‘r&ﬁ%é@orﬁgﬁirﬂére@re 20r egi ons of interest, the apparatus
conprising: a vi deo i magihg devi ce; a poi nting nmechani sm adapted to control
t he di r ectdubomatfcatlpeschnrigg ahe seigbted ofegioheof intterest radieteot d&idi e, ofilifore

10 characteristics of the object of interest and upon detection issuing an alert; and
when said one or more regions of interest includes more than one region of interest,
repeating the steps of pointing the line of sight of the imaging device and
automatically scanning in an automatically determined order of viewing of the

regions of interest, and upon detection of said one or more characteristics of the

15 object of interest issuing an alert, for each of the regions of interests. -
2. A method as claimed in claim 1, wherein the predetermined order of viewing is
optimized.

20 3. A method as claimed in claim 1, wherein the step of automatically scanning the

selected region of interest to detect said one or more characteristics of the object of

interest comprises video motion detection.

4. A method as claimed in claim 1, wherein the step of automatically scanning the
25  selected region of interest to detect said one or more characteristics of the object of

interest comprises constructing a stitched image of the region of interest.

S. A method as claimed in claim 1, wherein said one or more characteristics of the

object of interest is selected from a group of object characteristics which consists of:

22



a processor adapted to receive location data of said one or nore regi ons of
interest and 25 one or nore characteristics of an object of interest, point
the |ine wb 28iighe3sef t he i magi ng device at a regi on of iPorarBat/o®aesect ed
fromsaid one or nore regions of interest, automatically scan the selected
region of interest to detect said one or nore characteristics of the object
of interest and upon detection issue an alert, and if said one or nore
regions of interest includes nore than one region of 30interest, point the
| i ne of sishine, dimerswnsnisyiueg cobori beninanteaotientatiang dddatios,aglative lasation to

2011/ 004353PCT/ 1L.2010/ 000465 an.aut.omat.i cal | yv.def.erm ned order of view ng
of the reé)lﬁgﬁcg'“%‘f'nf) CEPE e,[te:c lgﬂafﬂk?&}ﬂn’ocﬁfegﬁ?? %%mg#torg%x}cgspgﬁcg or nore

characteristics of the object of interest issue an alert, for each of the
regions of interests. 511. An apparatus as claimed in claim10, wherein the

predet er mgned of dREhdlf asVdl@Meddni FailiPl,| WhezBifl- thd lerR BRBRAAIMS aaﬁoﬁﬁ gpmed in
claim 10, wherein the inaging device conprises a video canera. 10 " 13. An

appar ad us alests ghajicarsists af: gisplayings stilhimnage of theedgtectatestgent, paintagztbe dide b6

aut omati cal.| an the sel.ect regign of interest to detect, said one or
nore char glé éﬁ ?lget RO %?Y{‘ée Sgﬂn&foq%ﬁ olfrﬂngfeéétm E’ﬂggt%\?ic@&{igeﬂb‘%%‘ﬁ ona

det ect i ondisphldd Anagep pewvalinSarindidatibiBran dpetdtdr, ProbRingMig6@hdtionhe processor
is adapted to construct a stitched inage of the region of interest. 15. An
apparatus as clainmed in claim210, wherein said one or nore characteristics
of the object of interest is selected froma group of object

char act er /st i c#\ wigthod as@iaiingd dn ofaim 20 swharedn thei imegsigodeyicetiexauned @oamor |

| um n ceeleogtiﬁgnfagfti gn, location, relative |ocation to other known objects,
det ecti on - of “HOLIOR, "di recti on of notion and speed. 16. An apparatus as
clainmed in claim210, wherein the alert is selected froma group of alerts
that consists of: displaying a still inage of the detected object, pointing

the line g. A method as claimed in claim 7, wherein the platform comprises a platform
selected from a group of platforms consisting of an unmanned aerial vehicle, a manned

aircraft, a tower, a post, a tethered balloon.

15

9. A method as claimed in claim 7, wherein the step of automatically scanning the

selected region of interest is performed on the platform.

10.  An apparatus for automatic surveillance of a monitored area having one or more
20  regions of interest, the apparatus comprising:
a video imaging device;
a pointing mechanism adapted to control the direction of the line of sight of the video
imaging device; and
a processor adapted to receive location data of said one or more regions of interest and
25 one or more characteristics of an object of interest, point the line of sight of the
imaging device at a region of interest Selected from said one or more regions of
interest, automatically scan the selected region of interest to detect said one or
more characteristics of the object of interest and upon detection issue an alert,
and if said one or more regions of interest includes more than one region of

30 interest, point the line of sight of the imaging device and automatically scan in
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250f site of the inmaging device at the object of interest, marking the

det ected object on a displayed inage, providing an indication to an

oper at or ,wpnowvigissg i nformation. 17. An apparatus as clrairmezhid/mosésai m 10,
wherein the imaging device is nounted on an elevated platform 30 WO
2011/ 004358PCT/ 1L2010/ 000465 18. An apparatus as clainmed in claim17,
wherein the platformconprises a platformselected froma group of

pl atforns consisting of an unmanned aerial vehicle, a manned aircraft, a
tower, a post anchuwormaidally el¢tdmminedoordes6 viawing pfirthe uegiens of fterest, and cl ai m

17, wherein a co nent of.th rocessor, that. |.s ted to.automatically
scan the sel ectugggagtﬁftbq{l %ffsai“ﬁ?‘ger %%?ofeoc%&cgeéis{lgsaﬁ?fgtﬁgﬁglefﬁ OfEfoJeéeSt 155ue
characteri sti canQfert 6t <ablh &Ftheegioné 6f Medrestdld upon detection issue an alert
is mounted on the platform

5 11.  An apparatus as claimed in claim 10, wherein the predetermined order of

viewing is optimized.

12.  An apparatus as claimed in claim 10, wherein the imaging device comprises a

video camera.
10

13.  An apparatus as claimed in claim 10, wherein the processor is adapted to
automatically scan the selected region of interest to detect said one or more

characteristics of the object of interest using video motion detection.

15 14, An apparatus as claimed in claim 10, wherein the processor is adapted to

construct a stitched image of the region of interest.

15.  An apparatus as claimed in claim 10, wherein said one or more characteristics of
the object of interest is selected from a group of object characteristics which consists of:
20  shape, dimensions, texture, color, luminance, orientation, location, relative location to

other known objects, detection of motion, direction of motion and speed.

16.  An apparatus as claimed in claim 10, wherein the alert is selected from a group
of alerts that consists of: displaying a still image of the detected object, pointing the line
25  of site of the imaging device at the object of interest, marking the detected object on a

displayed image, providing an indication to an operator, providing information.

17.  An apparatus as claimed in claim 10, wherein the imaging device is mounted on

an elevated platform.

30
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18.  An apparatus as claimed in claim 17, wherein the platform comprises a platform
selected from a group of platforms consisting of an unmanned aerial vehicle, a manned

aircraft, a tower, a post and a tethered balloon.

19.  An apparatus as claimed in claim 17, wherein a component of the processor that
is adapted to automatically scan the selected region of interest to detect said one or more

characteristics of the object of interest and upon detection issue an alert is mounted on

the platform.

25



