1 AUTOVATI C CALI BRATI ON METHOD AND APPARATUS FI ELD OF THE | NVENTI ON

[ 1] The present invention relates to a nethod for automatic
calibration of a 5 Narrow Field-O-View (NFOV) canera to a Wde
Field-O-View (WOV) canera and an appargtus for carrying out the
nmet hod. BACKGROUND COF THE | NVENTI ON [2] There has been quite a bit
of innovation in the area of surveillance and 10 detection wi th NFOV

opti on when 11 condio TaMA NG AT RRATIORAE TS AR AR CARATIST "

detailed views that can be achieved. A single WOV camera has a 60
degree or nore field of view and enabl es surveillance froma distance
of, for exanple, 50 neters, while sone clustered WOV canera 15

systens allow views of 150 degefespWF gﬁp{eem\p%@l[@ﬂrrer as are nuch
e

| ess expansive since their | enses are design Oor a narrower scope.
An NFOV ca typically has a field of view of 10 degrees or_|ess.
Wen t he tﬁé@ﬂ preseniciyBNtiy relates tore nisteed dor aeiomatisgealibration of a

surveil |l anc be AL ERARL,S e | fd Of =i ML EME |
appl i cat |§on eﬁ%u@ﬁ%@%@%\g Qﬁgowc%ﬁ @g\rlrge(ri% salygtt\lgjr?s Fii%llldm V@ﬁfh@f@& )
bi onetri ¢ datmeragBl dvbapparatuseior camahg oo thetredisdd.e bi ometric

systens use a conbinati on of WFOV and NFOV caneras. These systens are
typically used to track a person or thing and gather bionetric data
froma distance. Normally, the WFOV canera(s) is or are kept
stationery and used to nonitor a wi de range of area. 25 Once the WOV

carmera detects the presencSACKSRAKMD OF THEINVENTION t hr ough t he

field of view, each NFOV camera pans, tilts and Zooms in on the
B b B AR Ry e o RHEla 1 ARG o
fact tha® getection with NFOV and WFOV camera systems. NFOV and WFOV camera
systems remain the best option when it comes to surveillance due to the
expansive and also detailed views that can be achieved. A single WFOV
camera has a 60 degree or more field of view and enables surveillance from a
distance of, for example, 50 meters, while some clustered WFOV camera
15  systems allow views of 150 degrees or more. NFOV cameras are much less
expansive since their lenses are designed for a narrower scope. An NFOV
camera typically has a field of view of 10 degrees or less. When the two
cameras are combined into one system, detailed surveillance can be
accomplished over a wide field of view. One major application for such NFOV

20 and WFOV camera systems is for gathering biometric data.

[003] Most conventional non-intrusive biometric systems use a combination of
WFQOV and NFOV cameras. These systems are typically used to track a person
or thing and gather biometric data from a distance. Normally, the WFOV
camera(s) is or are kept stationery and used to monitor a wide range of area.
25 Once the WFOV camera detects the presence of a human or object moving
through the field of view, each NFOV camera pans, tilts and zooms in on the
target and gathers detailed images. However, calibrating between the NFOV

and WFOV cameras can sometimes be a problem. This is due to the fact that



t he coordi nates of a WFOV canera do not align with the coordi nates of
a NFOV camera. [004] Manually calibrating froma NFOV canera to a
WFOV canera is an extrenely tedious and tinme consum ng task.

I dentifiable markers are placed at 5 pre-designated (X, YY)

coordi nates of the WFOV i nage. The NFOV<canera is then manually
adjusted so the identifiable marker can be seen. The pan, tilt and

zoom (P, T’thé.)covo%ﬁ’lggﬁsggf H&?V%ﬁg‘/cgrﬂgﬂsgipaé& %E@F d{ﬁﬁ'glﬂ% | boffiiatedess a

This process i s Tépe e nex tes.
Consequent INFOWhgzsnenat hod requires a lot of tinme to acconplish very
l[ittle. 10 [005] An object within the field of view of the WOV

cystem o dPGAL TRl s8R o BFV itare 1 I, Garte R s an
met hod to raqreiialy (&®iods adl thad ueas@hirg NERVIdeIRABletAatdees G pMeed at

coordi nates of a WOV canera is highly desired. Recently sone

aut omat Bc dHeidssignated w8t o georinates«d thaVrsad inagadline NFQY qameya is

need for a i i ; r Ay
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correlation tracker and an ogl ect trac(éer simul ta eousla/ aF{d .

cooper at i véi'9CE> ‘SJSP?%iegthF & pexleted Al roordingiesn Gomggauenityy thigdpethod

"provide apagicdSgIot deidRaddRSHisPAldN ifer an object within the
image." Simlarly, the present invention also relies on feature

|
mat chi n bﬁé en in’gﬁes taken fromdifferent caneras to provide, .
detail &l i é%s At obigchwjthiey thg\fighd g viewpahiie & HQh gamamgkaidie viewed in
pat ent doe t kA r ; i I
ot ween ¢ nanois, dERl Bihadlie I QUTRaRh If Mo rBictl, & picberd 2alifitea
det ai | s t hélhesefood, botdfficantragomaticoopthoat iomdprthaidP, i Zavgkkes of a

t Ki ducti f b . tt i t t. I i .
The. pr esentuTQUSTEE (ateaivi Dreamiinatonel pAVREM Bamerd & nidPegpaiba.
bet ween tV\KRé‘c%'ﬁjﬁF%me autombtid ceffbBdbaTheMadsSh@4bead EviEOREadaRss
automatic surveillance system 30 which utilizes two caneras: a fixed

spot ti 3§ cahierresthfghagauseiedasd SigeleePEPPig bedveervd MFEV gamesa and a
tracking c i an/tilt/zoom focus features that is used to
speci fi cal prsla%'%gr?pobj ect in detail. This patent discusses the
mappi ng of &&nts fromthe general inmage provided gy the spotting
canera to {B@S]paa iaktempdatl addrassiog thiseneeddiambe danpddan WHRePatent No.

obj ective %f,()éfﬁs@r\nﬁ'ﬁ&ptdiscloses a calibration method that uses a correlation tracker
and an object tracker simultaneously and cooperatively to “correlate a

20  reference region image” and then “provide a precisely defined track point for an

object within the image.” Similarly, the present invention also relies on feature

matching between images taken from different cameras to provide detailed

images of an object over an expansive range. However, this patent does not

contain any reference to any method of calibration between the correlation

25 tracker and the object tracker. It only details the use of both cameras in
cooperation for use in target tracking and reduction of background clutter

during target tracking. The present invention deals with an automatic method of

calibration between two cameras.

[007] US Patent No. 5,434,617 discloses an automatic surveillance system

30  which utilizes two cameras: a fixed spotting camera which provides a general



5 invention is to map pan/tilt/zoom val ues of a NFOV canera (tracking
canera) to the (X, Y) coordinates of a WFOV canera (spotting canera).
This patent requires the use of reference points to conplete the
mappi ng process. The mappi ng between the_ spotting i mage and the
tracki ng canmera i s based on know ng the Setti ngs which aimthe
tracking canmera to predeterm ned |locations 10 within the view ng

angle of th p j r : er i | tion [ .
Cypi cal |y o et 3, Vel aRErE o e S B Vb bR oo AR BoReliBe wer s
t abul at ed dusédi¢p epeghventirgokanedbicesint dethil i e pRkaRaliskissay théehapping
system set us process. Interpolation is then used to estimte the

pan/ ti |t/ zoBhPOsEEsTYM e dEPaE@EL IMtPAcaRERUddA du thim spedtincamesa of the
vent on, PAVAECKPARS!of 1o Radhis) RRATERR, YAk R DB

i nventi on, et ween t he /Zoom o
and t he { X invpntanisiionatapspard/titreoF@luesadea N&EQOramaya Wasckihg @&amera)

transformatj o rix which is t ined via feature matching .

bet ween the{%&%’nm\ﬁﬁa?ﬁ?ﬂtﬁée%dﬁaﬁ&?@? cemsra (SRotipgfatneregr Phis patent
i nterpol ati i € f i r i

200 008] . LS PRl neoecige of refAGRES pBit 1BbmBlotd BiF TRASSNG Probsss. The

moni t ori ng EMePEa batwedmtheidestting imagg regds thet énackinghcameiadés biaeed on
of view and, one ar,, nore. addi t.. onal te whi ch have adj ust ab V].ew
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wide field of viewinmage to the coordinates of the PTZ 25 inmaging
system Thealsr dwritdllyi dbenfousncaaees @it theo spetigplimeget Nhesamsetiivgs afe

mappi ng bet i val f ,
novever, t nabeid g B SAP BrocurI R ik oRios P eI et
OE| yr eq(tji rm@cba@utrmser’pela’nigné Ebethbﬁalg@ll fo estitnlaée rties m%@ttiwﬁ)hdmﬁf@cfh Le&sof Ithe
The cited patent requires additional paraneters such as the physica

| ocati on, d‘i”@‘g(é%é: az a%@fgl% e letriigpobdner gergenvie the iHatR efethe
field Vi i ir s ; [

di rect gfdr’ to%t@g@ng%%?}nﬂa%?gm@% ﬁjﬁ%%vﬂtde ?“e' ra gﬁ&vﬁ%@%ﬂ{g at?ﬂeéw {3 ﬁg the
PTZ caner a pifikzobm pf dseNFOVieameénanaing thé r(¥c t@dcdmdmates oddhefWFOV

automatic calibration between sai d caneras,. 9], .US Pat ent e .
o734 011 diast, B oBe By VEER A% craRTam aian g R e e IR EmIREd i
present i nvieatirematthth@bbfidwat e w@@@r{aewsdesﬁ{aqé@d HehckNirferd is no
patent concerns_ a narrow anil e canera and a w de-angl e canera nount ed

on i ndependeerd ipadeeroofation knemedgesefameratseilings @r mefprénce points.
synchroni zed by way of a variety of techniques including "gears,

Servos,,00r [B0BRI 1SOPatdlie RRNIEN 588 15 MIsdIBESY Sa ORFUEHIAR U’.ﬂﬂfrmbﬁﬁ?ring
control of a single controller.™ Tt does not disclose any nethod o
aut omat i ¢ c¥sienahpbmchistaseen imAginoweytamewib.a Wide deltoot viewpapd eme or

pventt on it SOREHARAIE FR A s Bl BB shReR T8, T2 LR
cal i brati onrebelutien rcapaiitEENTRIROpMERV disthRELS & ShB@n wHIG apsid Q0 Y)
matrix. coordinate system of the wide field of view image to the coordinates of the PTZ
25 imaging system. The present invention sets out to accomplish the same goal of
mapping between a WFQV image and the PTZ values of a NFOV camera;

however, the present invention accomplishes this objective with the only

required inputs being the images from the respective cameras. The cited patent

requires additional parameters such as the physical location, distance and

30 angles of the object relative to the wide field of view and PTZ imaging systems.

Overall, the patent is directed towards mapping between the wide field of view



[ 10] US Patent No. 6,778,207 discloses a nmethod of using several

mount ed 15 cameras whose fields of view overlap to create a virtual
PTZ camera. This patent uses the imges captured fromthe nounted
caneras as the inputs for its nmethod. These inmages are nerged by
transforming to a common pl anar surface™and bl ended t oget her
accounting for overlapping regions. In addition, as disclosed in this
patent, zoogﬂ(pg,lé ?T%Oesm@aWEeo{hé @P%eﬂ?limérﬁl%ntige ipt%(?{&lj %o.zapﬁ h&gaotf
a low resolution i mage can be mappe 0 a high reSolution signal as

t he virt ualalfdatiakelieraioobetween $hid qanesesl i nvention uses a WOV
canera to produce a wide field of viewinmage and a NFOV canera is

resol uti on TR 3% EARTLB Bl e Bt ks A e EBlnaloR T b

captured fromilar i-Pé prrsehtirtventioR5The GtehSstRcUsndBdinT@deddbaabyd 6 this
froma WOV canmera, reducing the conplexities involved in the

process® ORSEN CONRENBINAT@ Vs RGIECaMETanRNE RrvddemRolh camesd maussed on

[“ﬁr e conputahd e%?gabés.nﬂ{ee?gtgﬂpg St hm{ﬁbvrﬁg%ﬁaﬁaé}nkﬁﬁm'ﬁédh&ﬁw%
e present I1nvention since steps such as rgnTres uti'on 1 nage

war pi ngbI i g vadeBi of erhaigligs keluding égqmbgtsén;lgaspmcae@a'rref iande?endent

required. 5 [011] US Patent No. 7,050,085 discloses a nethqd o

Cal'lbr at | ngh G ST AAERRE0 UGidsh tHS Aol B6 s SEalRe paMpileTa It does not

structure, difigoedgry neéth%'oqm@mai@kali@@%n%&wégwf% thvd Hatitas FWhile

this patent, the camera is placed in the center of the structure an
r ecor dsi0an therpresehhtinverdlondedsa enceadiscisa systemy sdalp eifydarns teolfisi ned

with an ed f..anot her | o form.a panpra each | e being ..
captur 6d” by EREOREIR B oREERE KPR SRR P ISRt e MNP QlrgHOmatic
required t gafibttioh bBRvdethg ENPOM EHIdSWRDY IMBgdLNERTYy GARrdpeformation
calibrated. Wth the present invention, on the other hand, the

calibrati of@fi¥cess is conpletely automated and no human intervention
is needed. In addition, the only necessary inputs required for the

i nvention goeolt hes immamsNGT 6177l T0iikERse8t FRIRIASE usiRGi defetd Inb@sied
in this patent where a reference object is needed. Furthernore, in

t he prd8entcamprantwianse figkiseoi yiemb ogamap d¢i genrieagevidkahPdd, camermr This

the WFOV c i r Qvi Y i t he. subj

wni e the REBUR LR et e A B S BIRE b Y et BPlar, S b Rt

Pat ent No. if§, 2&tholR STithszC Inosgss araetdroddf oy transiormiing teal cbrmtdm pidrer
ising a plurality of caneras, In this_ patent, prior

a systemco . . . -
camera i nf &Umf)?‘rﬁf?? Ghdhlendgd teaﬁ%@é@@aowr& fort per@aping rgiens- Jporddition,
i ncl udi ng : i 3 di

canera. and “EraBEBsH il pafetDebOmiP U By WAL BN rablatiEPe AR
two canrer aso {Ref alencesabijetinsage ear beahgppadetpua high resphudiohi sighdlas the

humans are use t he reference jects. Features such e

posi 1 on oMIUAL P PaSER 25PUE Hoil AE e SERENYEH LN J5s Ag RO kagera t
posi tion ofprédreceh8apidefiiclder PR PRadebRE 4 NFEhE Eaflida id®ise81t9 produdd g
cl othes of the person being tracked are needed to correl ate between

cameras. | claseeUprigenin adviton e, paient wenps high resodution while ithe intesent
e et o= R R, B BBl RS SR TP et <
[013] UE Paigint rd¥elutibnb4fhaded dHpeleasefors Rt WRDWT cafidracalddocimlgl GRe
of a complexities involved in the process. Overall, the method stated in the cited
patent, requires more computations and is more complex and involved than the
method of the present invention since steps such as high resolution image

warping, image mosaicing and pixel interpolating procedures are required.



wi de-field of view camera using a sequence of omi-directional inmages
of a scene obtained froma canmera. This patent uses tracked features
collected 30 fromthe inmages to determ ne unknown calibration
paraneters. The present invention, on the other hand, uses nmatched
feature points in inmages taken by 6 NFOY and WFOV caneras to
calibrate the canera system In addition, the systemdisclosed in

col Tobted 1 Hr Cn ety N B8 BRECGpioER 4 FfisdBe of REUbRRAT muitioi

bet ween i nagamerdd Odidy alUBuPRlicastcalira Grdl29 s806tudk, Shé erigesaf WitloHaed at
correlating views of two or nore canmeras, However, this patent does

. Of ¢ . !
not teach cBRASAPIRGOVHE infisid DR ARIEN.rbfm qanReradfetiaced it tipscentgeof
patent sinpiie sfradifie Ehétre&?ﬁ%rbﬁj%é?é’%é‘ttin‘éfu'd%sqﬁigqn@ic%eéloﬂé Hdhedge
poi nt coordi nates corresponding to its location relative to the
i mer si vie ceombmeslywitbrar! edgeadfdahother iagepiat &mtn sepamorends dduvh insage
of interpolation or extrapplation with regard to {he data point .
coor di nat e @%LPQ ?%'?tUE%'_f P g’t"? dANSRS el %@mﬁr@ LgpaR HBLROSFRICR. i fhen
contrast, FF&;uﬂé@&@fﬁeléﬂ}’tﬁé%é‘l@r@g)%ﬁwté‘%b Q" 1Bnsdd BARUAEAIMIaRY. With
extrapol ation of data points. [15] Wiile this known prior art
provi des vatheopRresget investion, eutharathesdiangd, dae coliration phecasseis quanplotsly

and wide F S r i.npl.e method .15 whi ch does, not requir

i nt er pol at %‘f@%égugggoﬁgr ﬁ'rl%‘lagné'itef)\’cﬂr\tn'f)@, '3 rﬂerqci’?g'r c%oradéiﬁ[%’ n@\ c on?y
par anet gy s aécdszant aiRitaseqiirtdd tdrathesinvbhtid avé dies iMBgex FRIMS itHE diff@ent
and retains its accuracy, is highly desirable. [16] y and all

di scussi on GAMEEEuHake thaeasee®, thie patent WheiRl @ dgieranee Ipbiest s dweeded.
inthis SPEELRGAAAN A thd RECUIRINOGMOr IERPILHA dltorbA fbalcrtdigy,

20 i nventi on. scussiton 0 as an adm's _
t hat any ofratiner thmet\WFHQY chatera is usadttogirovide s akpandivé Mevabl thesubject
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15 [012] US Patent No. 7,212,228 discloses a method for automatic calibration
for a system comprising a plurality of cameras. In this patent, prior camera
information must be collected before the calibration process including the
posture in the world coordinate system of at least one camera and the positions
in the world coordinate system of at least two cameras. Reference objects are

20  also required; specifically, humans are used as the reference objects. Features
such as the position of the representative point of the person being tracked,
position of the head of the person being tracked and the color of the clothes of
the person being tracked are needed to correlate between cameras. In the
present invention, no such intrinsic or extrinsic parameters of the cameras or

25 reference objects are required. The only necessary inputs are images from the
NFOV and WFQOV cameras.

[013] US Patent No. 7,548,253 discloses a method of self-calibration of a
wide-field of view camera using a sequence of omni-directional images of a
scene obtained from a camera. This patent uses tracked features collected
30 from the images to determine unknown calibration parameters. The present

invention, on the other hand, uses matched feature points in images taken by



25SUMVARY OF THE INVENTION [17] It is a primary objective of the
present invention to provide a nethod for the automatic calibration
of a NFOV canera to a WFOV canera, where such caneras are ained to
produce overl appi ng canera i nmages. 7 18] This object, as well

ot her objects which will beconme apparent’ fromthe di scussion that
foll ows, are achieved, in accordance with the present invention, by

Provt ding_ NFB\NaMd SEERPRLRREL A0 AoMINNE AT & BR8E 9o hdtiidh, the

canera i mage Whi Ch conprises t orm ature

mat cﬂi ng bedystmn didwodddOm tisl pdlea W&mgeﬁelbpe@b@liibnrp@sgzdfunoﬂécﬁn%” the
mat che eature points; rempvi ng any "outliers" (incorrectly,
mat ched f ed&*@ﬂ@sp@ﬁ'%d trRter pihege i Hige PEPRASs Of UPAMBRRINME err@atm@te%mg
mat chi ng beimee8ningAEOV and WFOV i mages; using each matched feature
point to forma tranSformation matrix [A]; 10sel ecting and retaining
a plurality referably five, of the nobst accurately matched feature

poi nt's Wi t HO&4k S EatenteNpor AR A8 dpsipaes a8 EhRd i orrekingaviewee! two

poi nt; det LAl L ! t I : v ,

DOt TS BB SO 192 AT Bl 6, DEEH cLAEG R s

t r ansf or matdbdainedtfrom thé]cablernosyaidrmsnThbepdieht ¥Mnpiy etatesdhals  azicht dwta
WFOV i mage for tt?e gP, T, Z).val ues used. . , , ,

point will have a set of data point coordinates corresponding to its location

relative 1o the immersive camera system.” In addition, the patent recommends

10 the use of interpolation or extrapolation with regard to the data point coordinate

sets for correlation between the views of the camera. In contrast, the present

invention does not require interpolation or extrapolation of data points.

[015] While this known prior art provides various methods of automatically
calibrating between narrow and wide FOV cameras, a more simple method
15 which does not require interpolation, the use of reference points, intrinsic or
extrinsic parameters of the cameras, but that still provides an expansive view

and retains its accuracy, is highly desirable.

[016] Any and all discussion of documents, devices, acts or knowledge which
is provided in this specification is included only to explain the context of the
20 invention. This discussion should not be taken as an admission that any of the
material forms a part of the state of the art, or is commoen general knowledge in
the relevant art, on or before the priority date of the disclosure and claims

herein.

25 SUMMARY OF THE INVENTION

[017] it is a primary objective of the present invention to provide a method for
the automatic calibration of a NFOV camera to a WFOV camera, where such

cameras are aimed to produce overlapping camera images.



[19] It is also an objective of the present invention to provide
apparatus for inplenmenting the aforenentioned nmethod. According to
one aspect of the invention, this apparatus conprises: 20(a) A single
NFOV canera and a single WOV caner a, Wn'zch are calibrated using the
nmet hod descri bed above, are fixed at a cértain |location and pl aced at
an elevated | evel. The NFOV canera is allowed to pan, tilt and zoom

"0 coupt ea 1 nahi bt ¥s B8 other, obiegts whith il RELHE AppART diil the
t he PTZ val disgussioh hleatNbIMvs aaver schaevibd ive atoorddhce aihdhaalreserifindiion,

WFOV i nmage., 8 [020] According to another aspect of the present
i nventi on, PMé”'é\ﬂéKega@ Jeethgd qgfn@ﬁ@%ﬁtﬁr%@ amNEPY reaveee Brage eendEiov

conpri Ses:  camera im&@ whicH %tg%ﬁrié\é!:sq}{ecsﬁ‘gﬁé te.ﬁand mul tiple WOV

cameras, which are calibrat sing the nmethod descri bed above, are

fixed at a certain |ocation and 5placed at an el evated | evel. The
NFOV can®ra is aPpdomangdephie raichingnbetnasn bedNFRY andWVESHEimages ¢o

stationery; : PR er is coupled to the caneras
and used fo?btgg%rai%%&é)kg&ﬁagﬁl ng%k)ug% en"the PTZ val ues of the NFOV

camera and the (X Y) coordinates of the WOV images. 10[021]
Accordi ng to stilemeyiog ey ‘espiecs” (icariastipreaiehed irestare poimts)t thet present

apparat us fﬁ'fenilé‘g?\lleeéﬁ'gﬁlj@%et #é%ttﬁ"é%gféﬂmd- t?é}ﬁ/%eﬁ%gq\ﬂz(SQ%rJ WEOV images;
using each matched feature point to form a transformation matrix [A];

10 selecting and retaining a plurality, preferably five, of the most accurately
matched feature points with each feature point containing a NFOV point and a
WFQV point;

determining the centroid position of the NFOV image (Ngx, Ngy); and

multiplying the NFOV centroid position by the transformation matrix [A]
15  to obtain the (X, Y) coordinates of the WFOV image for the (P, T, Z) values

used.

[019] It is also an objective of the present invention to provide apparatus for
implementing the aforementioned method. According to one aspect of the

invention, this apparatus comprises:

20 (a) A single NFOV camera and a single WFOV camera, which are
calibrated using the method described above, are fixed at a certain location and
placed at an elevated level. The NFOV camera is allowed to pan, tilt and zoom

and the WFOV camera is stationery;

(b) A personal computer is coupled to the cameras and used for storing
25  the mapping between the PTZ values of the NFOV camera and the (X, Y)
coordinates of the WFOV image.



(a) Multiple NFOV caneras and a single WFOV canera, which are
calibrated using the nethod above, are fixed at a certain |ocation
and placed at an elevated |l evel. The NFOV caneras are allowed to pan,
tilt and zoom and 15 the WFOV canera is stationery; (b) A
personal conputer is coupled to the camfras and used for stori ng the
mappi ng between the PTZ val ues of the NFOV caneras and the (X, YY)

coordi nate t : | I [ l._aspec he
present i njgg ]i ({I{;E’% oﬁéﬁ(éé@%ﬁ@%ig%@%éz ?g%’s :plré%??wg;?ﬁ%npﬁphe kﬁg};a&us for
camer as andmplarubiting ge\WFEMraninas, methodcangrigat i brated using the
nmet hod above, are fixed at a certain |ocation and placed at an

el evated | evel . NE s are allpwed,.t,0 tilt and zagm

and the WOV carépz)’é Sé{?% sltilaﬁi ofigf\ya and’ m‘ﬂt’plﬁb@@%e‘f%ﬁﬁs' é@?‘f&ﬁt%?
i's coupl ed dalibkgd Ciaifgrae nadtflod TREcfilfsd abeve, e FiRetl e aRPRIMBHCBEOMBAE
the PTZ val ues of the NFOV caneras and the (X, Y) coordinates of the

WOV i magesPlaces! af araplevatesl levelaste NTENE cammera issaliaved ppavettilewid zopm
NFOV and VWEOM t'hEEWﬁ%)\; ém@%{g ér%aétéﬁ?&e%' the present invention. [24]
the pr n

One advant age o ese invention’is that the canmera system does
not require intrinsic paraneters such as focal length, inmage format
or principal 5 (BbAntersenalessampuier & peupiedteihe samkrasanteispddor sioring

cal i brat onPe FEDone, kBl SRPIR AEELN SR RERM el and,the (X ¥

various canmebadinateelof e RO Nridgescamer a system The present
invention is also not restricted to canera systens having a single

NP0, S 080 R o LR B e Bl A B gt

Final l'y, tHeripigs@ehtihgweniiopemabicsedarshdd eomprise®r ovement in the
speed of re-calibration when a canmera in the systemis changed or

when a camera | rza)t Rﬁuiﬁﬁfl%t RFOV dah é:f'%%tér?&ead'single WFQOV camera, which are
calibrated using the method above, are fixed at a certain location and placed at
an elevated level. The NFOV cameras are allowed to pan, tilt and zoom and

15 the WFOV camera is stationery;

(b) A personal computer is coupled to the cameras and used for storing
the mapping between the PTZ values of the NFOV cameras and the (X, Y)
coordinates of the WFOV image.

[022] In still another aspect of the present invention, the apparatus comprises:

20 {a) Multiple NFOV cameras and a multiple WFOV cameras, which are
calibrated using the method above, are fixed at a certain location and placed at
an elevated level. The NFOV cameras are allowed to pan, tilt and zoom and

the WFQOV cameras are stationery;

{b) A personal computer is coupled to the cameras and used for storing
25 the mapping between the PTZ values of the NFOV cameras and the (X, Y)
coordinates of the WFOV images.



[ 25] The advantages of the present invention can be seen in nore
detail in 15 the follow ng description taken in connection with the
acconpanyi ng draw ngs, wherein, by way of illustration and exanpl e,
preferred enbodi nents of the present invention are disclosed. BRI EF
DESCRI PTI ON OF THE DRAW NGS 20 [026] Figure 1 is a representational
di agram showi ng a camera system wherei n one novabl e NFOV and one

stationary FATRT Ba L 155% m%sgrge(erggghggl BSHeAN N SNPGRS ARFov

are connect 0 a personal conpu r-Storage of nmapplng
dat a: nanel imagéeefoPapplieatibnoftht pessarft iMNEBonanmera and the (X, )
coordi nates of WOV i mage. 25[027] Figure 2 is a the flowhart of the

automatic c '4r ieo éjo]a%o iS Ochfls, B |C vent i on, &(o)es
[ 28] Figure hows a’'sys tEl Mg 1% S eamery

Wi th mul tiphet Wedifedatreisisparbistery Slichmas So @D MaRtheindds forM@t ion prifeipal
same fashion as in Figure 1. [_29]hF| gtur_e 4 shows a canera system’[h
fea’;url n‘g gepmi,mree»tmrc@?ﬁ%magerwsyﬁ ssathe RV OhecerBeER cerrmregfr e
system i 3

F?/gure 5 shg%%ﬁggggﬁgﬁg é\ey@}g{m r%%@?{éﬁfg 'ﬁ%ﬁ@’v%‘%‘f‘%’g%ﬁp&‘ﬁg é(al'e
vi ews of thienageefrob] dud vailibes spsterasiimplaneeiedeih the aafEra systeen.sdnte

fashion as in Figure 1. 10[031] Figure 6 i]lustrates camera system
cont ai ni ng RASENpIRY @aﬁéPaEOfaﬂ%St%tlegi 9 eaersy Wﬁ?@?‘%g‘ﬁymﬂ/@dﬁﬁ’@le

nul tiple vi ee\WEaResd ala:Jij% QH@E%QNFOW@aﬁ&%.%thér,QH@'ﬂ?é%ﬁ@&' m& Be BEplidy

the sane fashion as In gure™ 1.
10  to systems that have multiple NFOV and WFOV cameras. Finally, the present

invention makes possible an improvement in the speed of re-calibration when a
camera in the system is changed or when a camera in the system is re-

positioned.

[025] The advantages of the present invention can be seen in more detail in
15 the following description taken in connection with the accompanying drawings,
wherein, by way of illustration and exampie, preferred embodiments of the

present invention are disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

20 [026] Figure 1 is a representational diagram showing a camera system
wherein one movable NFOV and one stationary WFOV camera are set at a
certain location. Both cameras are connected to a personal computer (PC) for
storage of mapping data: namely, the P, T and Z values of NFOV camera and
the (X, Y) coordinates of WFOV image.

25 [027] Figure 2 is a the flowchart of the automatic calibration method according

to the present invention.



[32] Figure 7 is a diagramillustrating the mappi ng process between
PTZ val ues of NFOV caneras and WFOV caneras for a system containing
mul ti ple 15 NFOV and WFOV caneras. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [33] The present, invention will now be
described in detail in connection with ? e various enbodi nents with
reference to Figures 1-7 in the acconpanying 20draw ngs. |dentical

el ements i ﬂgﬁgfaﬁv@_ﬁ'ieoﬁﬂﬁ"%ué Canfls sUSRhY tﬁﬁnd“atgnéll engé'QPc?!H with

ref erence present 1 nvention® provrdes a

aut omati ¢ calitiplealMFOV whaTeeas ﬁHms@etremmné&ed\fb abaridithasasmedbshion
Wde Field-O-View (V\FO\/) i mage are determned for each set of pan,
tilt and zd(MIUET-z) val ues of a 25 Narrow Fi el d- Of - Vi ew ( NFOV)
canera used to rrake overlapping images. P, T, Z thus represent the

pan/tilt/zqopof siymiesd ehowben dirNrLeysem RatLrivganditisle RIFRCS eamerfewith
coor di nates of E}Qe WEOV i mage_where the NFOV canera is focusing. The

only infut £ ABEEYRGY cam%ﬁafh@ systampiacromeaied He atie dn te rame faghion
are the i &f)% £ach respective NFOV/ WOV caneras used in the

system gi vent'i onal approaches of calibrating between w de and
narrow FOV canmeras are nostly done manual |y, although a few automatic
appr oaches [Aalk F!eur@eénsim%?)éeeopamﬁraeéﬁiewéaﬂt Flgtwfe@ewrovndlf&@ultlple

automatic o) r

2t om0 SAMLLRHLTEBRRAE Y, LEALRIS dFphBUANE! 6F3n e SR fashion
i mges. W tds intldgyeesent invention, none of these paraneters are
needed and the only necessary inputs are the images fromthe

diff
11 er S5, AR P 98|14 S PRRRERARI MAuAETRON B8
of any canema mltqﬂ\@WEd)V b@mem&pro@dm@aﬁeltlpfe vievsastt afsglerabject. The

descriptor called eeded, Up Robus Features (SURF) may be used to
i nprove sp&¥at %&M%@ PG thesawis fashiethas shFigure 1.

[032] Figure 7 is a diagram illustrating the mapping process between PTZ
values of NFOV cameras and WFOV cameras for a system containing multiple
15  NFOV and WFOV cameras.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[033] The present invention will now be described in detail in connection with
the various embodiments with reference to Figures 1-7 in the accompanying
20 drawings. ldentical elementis in the various figures are designated with the

same reference numerals.

[034] The present invention provides a method of automatic calibration
wherein the Cartesian (X, Y) coordinates of a Wide Field-Of-View (WFQV)
image are determined for each set of pan, tilt and zoom (P, T, Z) values of a
25  Narrow Field-Of-View (NFOV) camera used to make overlapping images. P, T,
Z thus represent the panftilt/zoom factors of the NFOV camera and X and Y
represent the coordinates of the WFOV image where the NFOV camera is

focusing. The only inputs needed for automatic calibration using this method



[ 36] The objective of the present invention is to tabul ate each set
of P, T,Z 15 values of the NFOV canera to the (X Y) coordinates of
WFOV i mage, where P, T and Z are the pan, tilt, zoom val ues of NFOV
canera and X and Y are the coordinates \ﬁgl ues of the WFOV i nage t hat
the NFOV canera is pointing at. The nethod generally consists of the
followi ng steps: [37] For each set of P, T,Z val ues of the NFOV

canera, 20 t JVRIGh i : OQ%#E%] nqg apd
WFOV i mage. éEaE énﬁ% ng ﬁ(;a ur[r]e?%%ﬁc%g%girqrﬁespon S tgﬁggbdm n Sgnm the
NFOV i mage é&pdtemiy) and a point on WFOV image (W, W). 2. Any
outliers during the feature matching are renoved, using 25 algorithm

mat ched poi D) RaT ViRl RS R S i hBlg il i gBtfow Fov
Qutliers copamickay ard mobihedens eranuadilyt Siehdrihra fgs abRImveRNapPrdaviaésiRave

of NFOV can'gra and XY coordi nates of WFOV i mage. Hence renpving them
hel ps t o® 30PRBM o PEPRAREAqURI eSS YERES:cAIQWRE ofvese 1 autpmalig efalibration

outliers ar : : or hiie xat g ] A r ned h
mat ched f eatsaé@%g}cﬁ)?%t .T&hqireégg] feeaﬁsc%%'matt cr%?ncg lzéea urdgﬁ)%rlgnﬁ,s tcl%éﬁ:gﬂ t%s?%e
cor r espondi trgnsfocuaticly marix bletieeerT tree bameradnages Withlthe presard itventien,

i hi gh nfid e level that the int on, NFOV i mage corresponds
to the poi nbOUH ONECRES RAEAMEBES Gl G1FoiRn Ttk g SRl Nelfessant DU &rs dre

mat ched feajniqeddofrihs the Tifd@ft Aaderdte toms T EiYRiERALY 28F8E Cup the

mat ched feature points are retained. If the accuracy value is |ess

t han a 10 recalibration process when any camera in the system is changed or when the
position of any camera is changed. Moreover, a state of the art feature
descriptor called Speeded Up Robust Features (SURF) may be used to

improve speed and accuracy of the present invention.

[036] The objective of the present invention is to tabulate each set of P, T,Z
15  values of the NFOV camera to the (X,Y) coordinates of WFQOV image, where
P,T and Z are the pan, tilt, zoom values of NFOV camera and X and Y are the
coordinates values of the WFOV image that the NFOV camera is pointing at.

The method generally consists of the following steps:

[037] For each set of P, T,Z values of the NFOV camera,
20
1. Features Matching is performed between NFOV image and WFOV
image. Each matching feature point corresponds to a point on
NFOV image (Nx, Ny) and a point on WFOV image (Wx,Wy).
2. Any outliers during the feature matching are removed, using
25 algorithm such as RANdom SAmple Consensus (RANSAC).
Outliers are incorrectly matched points that are mapped between
the NFOV and WFOV images. Qutliers contribute to the errors of
the pairings between PTZ values of NFOV camera and XY
coordinates of WFOV image. Hence removing them helps to
30 improve the quality of the calibration.



10t hreshol d, for exanple of 0.6, another set of P, T and Z values is
used. 5. The centroid position (Nc., Ney) of the NFOV inage is
determ ned. This NFOV centroid position (Ncx, Ncy), is then

mul tiplied by the transformation matrix,JA]. 156. The transforned
NFOV centroid position is used as the (X'Y) coordi nates of WOV i mage
for the set of (P, T,Z) values of NFOV canera. [038] Figure 1 is a
schematic representation of the basic systemrequired for 20 the

pr esent

i nvention. A single WFOV canera (1) and a single NFOV canera

(2), both pl adedAfr auilielseamt eemotéded tposifemuationamatibo et fanted a
conput er . Th canerg (1) is stationary while the

NFOV camera (2) %fcgﬁgl%? BW@%’%QE‘%{MS FEQ"I%‘( and zoom The WOV canera (1)

provi des a nmone m¥RARKI MBtchi regfoiﬁ‘tf‘tﬁé?b%?ta doPespBhBBgeRUTA8A

per sonal

while the NFOV canera (2 25 provi

es a narrow, nore detail ed view

(5) of Hhe partivéldearThigbhight ag@d)racy velbiehmeane rtheiarisge higiTieentidermehed

O T Svar e b that et N P el eoRefhete) B B BPIERRS of
the WFOV caner a WEDV imag®3Bhsdd@nniiidedcaceyrdlig e fidtcoMmaseidd

invention for automatic calibration 30is illustrated on the fl owhart

of Figure 2. |n feitER doinistiaisoredd andt ther pafive mestreauratermataied
preferred embodiggBnte MAKLAGS: rdiQheB2F iR hcllrakl value 4 14 Wesh 13

per sonal
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20

25

30

threshold, for example of 0.6, another set of P, T and Z values is
used.

5. The centroid position (Ncx, Ney) of the NFOV image is determined.
This NFOV centroid position (N, Ngy), is then multiplied by the
transformation matrix [A].

6. The transformed NFOV centroid position is used as the (X)Y)
coordinates of WFOV image for the set of (P,T,2) values of NFOV

camera.

[038] Figure 1 is a schematic representation of the basic system required for
the present invention. A single WFOV camera (1) and a single NFOV camera
(2), both placed at an elevated, fixed position, are connected to a personal
computer (6). The WFQOV camera (1) is stationary while the NFOV camera (2)
is allowed to pan, tilt and zoom. The WFOV camera (1) provides a more
expansive view (4) of an object (3) being examined while the NFOV camera (2)
provides a narrow, more detailed view (5) of the particular object (3) in both
camera images. The attached personal computer (6) is used for storage of
mapping data between the (P, T, Z) values of the NFOV camera (2) and the (X,
Y) coordinates of the WFOV camera (1).

[039] The method according to the present invention for automatic calibration
is illustrated on the flowchart of Figure 2. In greater detail and with regards to

Figure 1, the preferred embodiment provides, for each set of (P, T, Z) values



obtained fromthe NFOV canera (2), a feature natching between the
over |l apping NFOV i mage (5) and WFOV i mage (4). Each matched feature
poi nt corresponds to a point on the NFOV image (5) and a point on the
WFOV image (4). Therefore, there is a cqrrespondi ng accuracy val ue
associated with 5 each matched feature ag}l nt which can be determ ned
usi ng RANSAC al gorithm for exanple. [40] If any outliers are found

duri th i Si | j

exanpre. ¢ noS e A CHID NPOO Soiner® (B0 SO, dlobhi] Slveen the

i ncorrect | yovertappinh NFEOUr enans £5)s aadIGWFaBlVI iﬂm@;ﬁt eheHawhs niaﬁci’:]éte feature
i brati ] . R i the outli can i nprove t

o ey oroBhRESin et Yo erhe 50 5B Bh rur s ol wrov

mat ched feafwdfe POl TherdtbR, 864 % £ e&hmag%@?gg%m é@éb&@ttég'mh

[A]. [41] The nat'ched feature points ar accordi ng

t hei r cdr r espemdiatchesteatureypoini which mdnt eed etesmiredousing &ANSAGralgorithm,
poi nt s, preit erably 15 five such points, are selected. Only those with
an accuracy O\*;glxﬁg%é%ove a prescribed threshold, for exanple a
threshold value of 0.6, are retained. This threshold value is

pref erabl y ©d0gclf emhyi outliepe rede nioeind pourinid éhe desiucel| raatching @rddemsc aising

osi 1 o ( NBANSS) SGEME Tone R Hite SpayH 66 WaTHSgaM: erdraEeved
Thi's centr opgt|Res répraBehSinBulbél) M2 difure SEIRfsCARR ChAN AR S is¥rol<Nin

to obtain the transformed NFOV centroid position (N x, Ncy), thus:
14 [048] Tihe calibrativermrooess. Remeviog te outiersca@vheligwrovs thepeesaoy of

that were (EEQeOHRE0ES Boon e Shiter BB EamPed dfis HiateReg Fo g Epbis gro
val ues of tiheedNoQdrmanes a ttabsidrendtip hatridTaL( X, Y) coordi nates of the
WFOV inmage (4). 5[044] In a particular preferred enbodi nent of the

Peature poi Bed) i BEGREL AR W% “2id Chaffisfhel, aetiedio™ 6 e
enbodi ment ,cdrfeédmaar%cﬂé@ﬁycwaéme%rm fheb@betasiuratd @aﬁﬁ’é%dinfé??k%era_?ly
ou , ,

t hen the process should be started over again with a new set o
Z val ue¥ f diveasueh meidat are selactethoi Grly thopessith AReagenrapnivalue above a

cal i brati on, eLAodh tHlebAGiaP i SEmpIRYE Hrb ot Vi of 08,158 retained. This

threshoid value is preferably selected in dependence upon the particular

surveillance application of the NFOV and WFQV cameras.

[042] The centroid position (Nex, Ng) of the the NFOV image (5) is then
20 determined. This centroid position is multiplied by the transformation matrix [A]

to obtain the transformed NFOV centroid position (N'sx, N'gy), thus:

X' dyp G 43 Ay X
Y _ | % Gxn G Gy Y
z' as;; dsz  dyz Ay z
1 0 0 0 1] 1]




to a single NFOV canera and a single WFOV canera system The
invention may be applied to nmultiple canera systens as well. Figure 3
illustrates a canera system having a single NFOV canera (2) paired
with two WFOV caneras (1, 7). Al three gameras are placed at

el evated, fixed positions. The 15 NFCN!: nmera (2) is allowed to pan,
tilt and zoom while both WFOV caneras (1, 7) are stationary. Since
the NFOV i WD j

bet ween thgggﬁ] #I'He;ﬁw\?gﬁgngﬂg&/}? tlé ﬁ3‘(‘:9am=3r avms?% rergg?éfe'ﬁfsaﬂﬁg%\yw
i mage 1 (5)cooadidatelseof(tie WFO&bmai;mfnrébe(sbt BFEVZi vediges ma(tzﬂ!\)ereamebeThe

duct ed ed a S | t
ot woon. t heepSmabe Elntatod Bt otiar ot Bk e oz Ve fis upS NSV Fokte
i mage 2 (e n@é&tdﬂh@(WY)‘éboFcﬁﬁét@bWWéV\ﬂfOVhﬁa&E%' mage 2 (8) can

be conducted as wel Once again, in this system e NFOV canera (2)

and both WEQVY caneras are conne ersonal conputer
for storSage[é%’] pPi R @&‘Pﬂlﬁ‘ﬂl@'ﬁ feFe b%?&%g' eoﬁﬂhe( preseal jrergipn HQe

NFOV caner gopfdp bh@inéfsacfc%ﬂracy v&iRer st et et edtﬁé% d’?@%lht’é’aﬁﬂﬁt béYrdater

canera systemis advant ageous because it al or survei |l 'ance™ an
tracki ng oftham®.®l¢ @ruahfyethwéblﬁ grnbodimeend, édhera@autgcytmu&ﬂ:@re beimey ahls
whil e al so provigding detailed views of ect over awd

cover age. _ HESEak MHluE I IRE AhE8%s ShaldinbEReudes sttt uin Bavise
NFOV carrera)sFF(Z' Zl\ﬁﬁlu@éfbr’@i dnﬁwghﬂfégtgﬁmpmht It and zoom whil e the WFOV
canmera (1) is hel d stationary. In this system NFOV i nages 1 (5) and

2 hdbeT PRal T e bRt el i B RaRhiTERieE 9 Aokl

the P, T, Z \akugke NFO\h%ahJE-:%/ a(i@nsrs?héue(wrmf c&ﬁ@x/a 95RA Phd 1Vensibd
the (X, Y) coordinates of the WOV i nage . Since the NFOV caneras

(2, 10) ar énay |bewegplies ﬁ@rmut’nplq carrwra_o@mtems as ik Sipure Bolillusicaies a

obj oot - (3) 2O el e shdh, AT Mdtart’ bBrés i Banlntdy

focus in omatferds {1 evemll ﬂtrr@@%an‘feréﬁ@ré!\ﬂébddﬁalg@ie(/éﬁedaﬁxédﬂ@(s@ltbhs The
Figure 4t | ow tracking of nmultiple objects over a wide area. Once

agai n, ¥he cegifEr a2l ie)allaweddeanuiihandzaamwhile botiy)VREPY cameras (1,
ted t f. t f

Bt et F oy el RGNy, SHEMES NEDY gt PBYGY ROV image 1 (4)

(X V) coooderlapesai«tfratlm bak@een ntagel, TS 4 04ljesTbé thardiF@Vsyatmena, nw;th

| | ud | ti 2 d I ti

oy camer 1Soads 1y NGV e T Bnd B, (Ror Ea A Mot plrtimtl i)

Y) coordi n@hﬁsb@fcdrﬂﬁcféﬁ()ds%”ﬁfé‘niethﬂ&%sfcﬁbe&%b% dSiFrﬁ%HW cﬁﬁfﬂ{éﬁgn
to the ( YE coordi nates of the WFOV canera 2 image (8) by using the

t r ansf é@ mali3 emthe R, FA? vadues phthedNBQViegmera, fwith trgardeite NH@VHmaQe

d t. bed ab
2 e L ar - Paoh i e M Ehofauiflesith e AT PPl R e O i Bs
the (X, ) wetiorOneategimf in its Wydtewanee aNBOVRGEndrE) (2)0abdebdi, WHOV
coordi nates of the WFQV canera 3 inmage (13). A diagramof the

descri bed REPSTaY (el At PEhSPNPepiednie P tﬂ?éswqwé@f@ﬁtit%a@r% sipragg of
. 7 > B
Che P T ahfRpiTy ESA BeheRaThE 00T 17 VRS ot ARIFDY fainded ofltfie

t he (X25Y) (X09) doovairedes bf tHe VWIROV icmgesaThisi caagera( dysterdi amddaahi;agebhs

P, T and Z,val ues, of the NFOV ra2 can _sti]l be mapp
the (X, Y)PEoRysH itallewsder ?H‘é’ fﬁ‘%c%zns REHe @@?CEH%WQ%‘ fibe afreaz

val ues of £hgRFPY %’W’F@)\?cé%l%)ra§%Ji@%lé@?&%&lﬁ#défﬁe@&le\m f an object

coordi nates of 30 'the WOV canera I mage he mappi ng e wee
t he respectiera Middy/area of coverage.

[046] The camera system may also include multiple NFOV cameras (2, 10)
30 paired with a single WFOV camera (1) as shown in Figures 4 and 5. All three



16 and WFOV i nages i s possible because of the overlap between the
NFOV and WFOV i nmages. [48] The angl e between WFOV caneras is
dependent upon the | evel of confidence achieved during feature

mat chi ng. The nore acute the angle 5 bqupen the respective WOV
canmeras, the greater the |evel of accuracy will be during nmapping
between (X, Y) coordinates of WFOV i mages. [49] For applications of

this methodefferl bid BKATdOLISVARAT RS KRERTRS IBBAT NIRSY FtRas (0, 16)

assuned t hat the envitonnment s nert aturel ess nor contains
repetitive patélewed to p&Q]tiliTdret odrasviikeube D ED\S bawera (] isbeky sthdohary.

I t t] |i bration .method and t for NF d WOV
Carror as i Ehieretems MOV, iEass, bEsarihd (s okprag gy mace 1 ()
therefor. M 6i@NAG8n RIS tidlaftBmentiBhed daBratdRtnRe to1B8sudiflto

applications of the Subject 1nvention w however, becone apparent
to t hose skidllibeatei hetweerathe &t Br Zowalsesexfi thg NRFQY saewdrii tdR) ar NEOV

dth ' i ich discl h d :
embodi ment s CAMERLGr APt BR O Nh GREuTRas B 3k vEROV s (dlortinegyipe
ot her uses RFM\apaMees (D ND)Whé ellodednretpate BRrEnd Zom s pRddibib t8F8cus
scope of the invention are deenmed to be cover edﬂ%ithe i nvention,

whi ch is tob®8 gamerasdrothieysasye ohiect (i ans abllebhmuginle xievsoof the abigatNB),
L A et hoda{ ool TRdea' bY THE! NGV 'dihdths @2570) 0BS148R Sl H on
10  different areas of the WFOV image (4) as shown in Figure 4 to allow tracking of

multiple objects over a wide area. Once again, the WFOV camera (1) and both

NFOV cameras (2, 10) are connecied to a personal computer (8) for storage of

mapping tabulations between the P, T, Z values of the NFOV cameras and the

(X, Y) coordinates of the WFOV image.

15 [047] The camera system may also include multiple NFOV cameras (2, 10, 12)
paired with multiple WFOV cameras (1, 7, 11) as shown in Figure 6. In this
system, the (X, Y) coordinates of the WFQOV camera 1 image (4) can be directly
mapped to the (X, Y) coordinates of the WFOV camera 2 image (8) by using
the transformation matrix [A] calculated by way of feature matching in

20 accordance with the automatic calibration method described above. In a similar
fashion, the transformation matrix [A] may be used to map the (X, Y)
coordinates of the WFOV camera 2 image (8) to the (X, Y) coordinates of the
WFOV camera 3 image (13). A diagram of the described mapping relationship
between the different cameras of this camera system is illustrated in Figure 7.

25  As shown in this figure, the P, T and Z values of the NFOV camera 1 (2) can
still be mapped to the (X, Y) coordinates of the WFOV camera 1 image (4).
Similarly, the P, T and Z values of the NFOV camera 2 (10) can still be mapped
to the (X, Y) coordinates of the WFOV camera 2 image (8) and the P, T, Z
values of the NFOV camera 3 (12) can be mapped to the (X, Y) coordinates of

30 the WFOV camera 3 image (13). The mapping between the respective NFOV



view (NFOV) canmera with respect to at | east one stationary w de
field-of-view 5 (WFOV) canmera, wherein said caneras are ainmed to
produce overl appi ng canera i mages which are supplied to a conputer
together with pan (P), tilt (T) and 200{%(2) val ues, respectively, of
said at | east one NFOV canera, said calibration nmethod conprising the
conmput er-i npl enented steps of: (a) receiving a WOV i mage produced by

a WOV camegpy \Wmé&&@hé’ S‘I'é bz 's%ﬁﬁéﬁ‘@ oyggg'b%ﬁgge.rpﬂ%dt&f@ BXd

a NFOV canera having a“sel e set o
i denti f yi ngVEO\emagss. poi nt | n said WFOV i mage; (d) identifying a
feature point in said NFOV i mage which may nmatch the feature point in

mat ched 1 ealC oL T efble, BERLeRh 3yF ORISR 2 urtiety i og e IR of
an accur a_cy;omﬁﬂelme)fadh%\.@m leiting efeataried nia&amluge @ mhorien agatad IMEQYhgle
ol ural by 33%%53; iheesnesive INFERECHmRTAs (R crbtes te Vsl Ok itonsmoy wil
| mages; rﬁﬁ/ﬁ%@bﬁ@ l?sﬁﬂbl%ﬁi‘k' VYgQ&rdﬂ%tégﬁgV\fiﬂ?{/%ﬁgﬁg' nts having

a hi ghest accur etermning a centr position
(Ncx, Ncy) of the NFOV inmage;

[049] For applications of this method for all the various camera systems
described above, it is assumed that the environment is neither featureless nor

contains repetitive patterns.

10 [050] There has thus been shown and described a novel automatic calibration
method and apparatus for NFOV and WFOV cameras which fulfills all the
objects and advantages sought therefor. Many changes, modifications,
variations and other uses and applications of the subject invention will, however,
become apparent o those skilled in the art after considering this specification

15 and the accompanying drawings which disclose the preferred embodiments
thereof. All such changes, modifications, variations and other uses and
applications which do not depart from the spirit and scope of the invention are
deemed to be covered by the invention, which is to be limited oniy by the

claims which follow.

20
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CLAIMS

1. A method for automatically calibrating at least one movable near field-of- view
(NFOV) camera with respect to at least one stationary wide field-of-view (WFQOV)
camera, wherein said cameras are aimed to produce overlapping camera images
which are supplied to a computer together with pan (P), tilt (T) and zoom (2)
values, respectively, of said at least one NFOV camera, said calibration method

comprising the computer-implemented steps of:
(a) receiving a WFOQV image produced by a WFOV camera;

(b) receiving an overlapping NFOV image produced by a NFOV camera

having a selected set of P, Z and T values;
(c) identifying a feature point in said WFOV image;

(d) identifying a feature point in said NFOV image which may match the feature

point in said WFOV image;

(e) removing outliers during feature matching between the NFOV and WFOV

images;

(f) forming a transformation matrix [A] for the matched feature point in the
WFOV and NFOV images;

(g) determining an accuracy valve of match between said feature point in said
WFOV and NFOV images;

(h) repeating steps (c) - (e) for a plurality of other matched feature points in
said WFOV and NFOV images;

(i) selecting a plurality of matched feature points having a highest accuracy of

match;
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() determining a centroid position (Ncx, Ncy) of the NFOV image,;

(k) multiplying the transformation matrix [A] by the centroid position (Ncx, Ncy)
of the NFOV image to obtain a transformation centroid position (N'cx, N'cy) of the
NFOV image;

whereby the transformation centroid position (N’cx, N'cy) of the NFOV image is
used as the (X, Y) coordinates of the WFOV image for the selected set of P, T and

Z values of the NFOV camera.

2. The method defined in claim 1, wherein steps (b) — (j) are repeated for another

selected set of P, T and Z valves of the NFOV camera.

3. The method defined in claim 1, further comprising the steps of (1) determining
the combined matching accuracy valve of the selected plurality of matched
feature points, and (2) selecting another set of P, T and Z values if the combined

accuracy value is less than a prescribed threshold.

4. The method defined in claim 3, wherein the prescribed threshold is selected in
dependence upon the particular surveillance application of the NFOV and WFOV

cameras.

5. The method defined in claim 1, wherein the selected number of matched feature
points in step (h) is five.

6. The method defined in claiml, wherein said WFOV and NFOV cameras are

placed at an elevated level above ground to view a scene.

7. The method defined in claim 1, wherein said computer is operative to store the
mapping between the P, T and Z values of said at least one NFOV camera and
the (X, Y) coordinates of the WFOV image of said at least one WFOV cameras.
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8. The method defined in claim 1, wherein said method is operative to calibrate
a single movable NFOV camera with respect to a single stationary WFOV

camera.

9. The method defined in claim 1, wherein said method is operative to calibrate
a single movable NFOV camera with respect to a plurality of stationary WFOV

cameras.

10. The method defined in claim 1, wherein said method is operative to calibrate
a plurality of movable NFOV cameras with respect to a single of stationary
WFQV camera.

11. The method defined in claim 1, wherein said method is operative to calibrate
a plurality of movable NFOV cameras with respect to a plurality of stationary
WFOV cameras.

12. The method defined in claim 11, wherein each one of the said NFOV
cameras is calibrated with respect to a corresponding one of said WFOV

cameras.





