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 appargt us for carrying out the
met hod. BACKGROUND OF THE | NVENTI ON [2] There has been quite a bit
of innovation in the area of surveillance and 10 detection wth NFOV

and WFOV canera sy n S e best
option when it cone SAﬁf@Ms%ﬁgg?ﬁ anﬁﬁﬁmﬂéﬂé&ﬁg‘;&%ﬂﬁw gl SO
detailed views that can be achieved. A single WOV canera has a 60

degree or nore field of view and enabl es surveillance froma distance
of, for exanple, 50 neters, while sone clustered WFOV canera 15

systems al l ow views of 150 degEfespE EelN\pgﬁ?‘@ﬁneras are much
| ess _expansive since their |enses are S|g or a narrower scope

An NFOV ca ra typically has a field of view of 10 degrees or
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systens use a conbi nation 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 wde range of area. 25 Once the WOV

canera detects the presenc BAEKSRAMD @rF'BH]Ed&VEN)V% t hrough the

field of view, each NFOV canera pans, tilts and zoons in on the

CURmRR A el e R e
fact tha® detection 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
WFQV and NFOV cameras. These systems are typically used to track a person
or thing and gather biometric data from a distance. Normally, the WFQOV
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



the coordinates of a WFOV canera do not align with the coordi nates of
a NFOV canera. [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 preé designated (X )

coordi nates of the WFOV i mage. The NFOV“canmera is then manual ly

adj usted so the i dentifiable marker can be seen. The pan, tilt and

zoom (P, T.y2) - MhitGhad gf;ﬁ‘o %ﬁg‘/cgr‘?l %oaé& %\E@? vt W3 | ol fifiatedesk a

Thi s process |s repea e nex ates.
ConsequentINFOt\/mammt hod requires a lot of tinme to acconplish very
little. 10 [005] An object wthin the field of view of the V\FO\/

canera can Vi r t he ca
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coordi nates of a WOV canera is _hig desired. Recently sone
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image. " Simlarly, the present |nvent| on also relies on feature

mat chi ng bet ween i es taken fromdifferent caneras to provide
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automatic surveillance system 30 which utilizes two caneras: fixed

spotti g céhlﬁrrae%f@hawaiedasd SigeleemEppiry bedveeros MFEWV @ﬁmeaa and a
tracking c an/tilt/zoom focus features that is used to
speci fical pr@a%'%grndoobj ect in detail. This patent discusses the

mappi ng of points fromthe general inage provided by the spotting
canera to ﬂ&éﬁ]pé}ﬂﬁ iakte s atl adrassiog ml%eneeémmged%éued dn WdfePatent No.

obj ective %tOéfﬁSQr\ﬁﬁ&mjlscloses a calibration method that uses a correlation tracker
and an object fracker 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 fracker 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/zoomvalues 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
tracking canera is based on know ng the Setti ngs which aimthe
tracking canera to predeterm ned |ocations 10 within the vi evvi ng

angle of th p I er ti .
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wi de field of viewinmage to the coordinates of the PTZ 25 imaging
system Theafsr dvrigallyi dbvenfotsncaaes @it theo spedgplimeget Hhesamsetjisgs afe
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The cited patei<é equire i tional g@ram&ters such as the physical
| ocati on, dif&¢NG ECaRRA3 as IQ%“?)‘? Ip ’%P@éﬁ@%@@?ﬂv@ the {Madgi efethe

field ofg vigyutaRg EdrbetdTROliRP tﬁésﬁjﬁé% (?f'ﬁfgal t ttﬁgvf}%\t}a%ﬂi? Detween the

di rect ed tovvards mappl ng between d of

PTZ caner a pan/tidzobies pf &&NFO%mmeranam thé r(¢ t¥edcdadmates lod dhefWFOV
automati c callbratl n_bget ween caneras 9]. .US Pat ent - .
6. 73 011 ANl SO0 BY EARAY S dratOar SR MATERNEh s PEined yia
present lnvr@atur@nnatﬂhmgabéﬁvéat th@ew@@carmewmvsﬁﬁ d HehckDitfere is no
patent concerns a narrow anil e canera and a w de-angl e canera nount ed

on i ndependetRd ipadesoofaio dnemedgeelenneratselingm gr nefprence points.
synchroni zed by way of a variety of techniques including "gears,

Servos,y00r [BOBR! ISOPatdifie RRNIEN 588 10 NisdIBs&Y Sa ORGVEHIARG: U&E}ermbﬁ ring
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matrix. coordinate system of the wide field of view image to the coordinates of the PTZ
25 imaging system. The present invention sets out fo accomplish the same goal of
mapping between a WFQOV 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
nount ed 15 caneras whose fields of view overlap to create a virtua
PTZ camera. This patent uses the images captured fromthe nounted
caneras as the inputs for its nethod. Tq.se i mges are nerged by
transfornmng to a common planar surface and bl ended toget her
accounting for overlapping regions. In addition, as disclosed in this
pat ent, 0 l. e

pat ent, 2O PIIORENa WOl HHAERR Al tent 0o Plotgh %02 a0
t he vrrtuaknmﬁﬁacanah@eﬁonMEUN®Q1§hd(nmﬂaEQt i nvention uses a WOV
canera to produce a wde field of viewinmge and a NFOV canera is
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calibrated. Wth the present invention, on the other hand, the

calrbratroﬁn@W%cess is conpletely automated and no human intervention
is needed. In addition, the only necessary inputs required for the

i nvention gpeolt hes iFmERSNG! OM7BIR 7ikEREES ﬁr@:ﬂ’ﬁfcﬁéf usif 'd(e@e?é?@n@@%@d
in this patent where a reference obj ect is needed. Furthernore,
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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 inages
of a scene obtained froma canmera. This patent uses tracked features
collected 30 fromthe inages to determ ne unknown cali bration
paranmeters. The present invention, on the other hand, uses matched
feature points in inmages taken by 6 NFOY and WFOV caneras to
calibrate the canera system In addition, the systemdisclosed in
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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 fo 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 WFOV 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 canmera i mages. 7 18] This object, as well

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

provi ding NFBLNGH WEERPRARREL W0 AMIONE TS T8, Johdfifdh, the

camera i mage Whi ch” conprises t orm ature

mat Cﬂi ggf bedystzan didudodddOM thisl pdieV Wamgeselbpe@btbr?bnrp@sgzcsfunorréctingi” the
mat che eature points; renpving any "outliers"” (incorrectly
mat ched f ealmgsspfé@'[%%%d tRHer pihaBefftr thee MEPRASS ol LFARBRHIMNE anch atehing
mat chi ng beiM&geBR kRS %@30\/ and WFOV i nages; using each matched feature
point to forma trang ormation matrix [A]; 10selecting and retaining
a pl uralitﬁoé&r:eferably five, of the nost accurately matched feature

poi nt's Wit 1§ EatenteNpol A9 C98 dprPaRs 8 MEbRdi srrelaitnaavigme)p! two

poi nt; det W ' It t ' : v :
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t r ansf or matdhdaingdtfrom thé]cablerosyaimsnThogdieht Mmplpstatesdhals azicht deta
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 methoed
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 common general knowledge in
the relevant art, on or before the priority date of the disclosure and claims

herein.

25 SUMMARY OF THE INVENTION

[017] 1t 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 inplenenting 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, vvh'zch are calibrated using the
met hod descri bed above, are fixed at a certain |ocation and pl aced at
an el evated level. The NFOV canera is allowed to pan, tilt and zoom

h e . _ ‘ _
o coupl ed 1 nan bk U H8F SXuer dhiegteoyi wh FERRLARP N S e
the PTZ val dissuséioh hleatNbMvs aaver achiaid e atoord¥hce awihdheasresertfintdition,

WFOV i mage., 8 [020] According to another aspect of the present
i nventi on, PH@Té]ﬂéﬁéga? Jaethgd gfn'ﬁﬁ@ﬁﬁﬁtﬁ"%‘@ amNFRRY reareere BRge iandiov

conpri ses: camera imé@ whicH éelghﬁgé\gsq}{e%qgﬁé gﬁand mul ti pl e WFOV

caneras, which are calibrat Ing the nmethod descri bed above, are
fixed at a certain |ocation and 5placed at an elevated | evel. The
NFOV carfera i s aPfPBingdepgtiie rmatchingnbetnaemn thedNFRY apdWWESHE images o

stationery; spiain a'gﬁo&ﬂﬁ @ﬁatg&{e?p%%t)urg er is coupled to the cameras
iMg e

and used for stor e mappl ng en"the PTZ val ues of the NFOV
camera and the (X Y) coordinates of the WOV i ma%es. 10[ 021]
Accordi ng to stildmayiogwey ‘aspiecs’ (@icarrestigmaealiehed ifeatare poimts)that present

apparatus Q) JN LB 't #%%tlﬁ'[e%gfgﬁmgi SDGR MEhE N SIS REDY 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 WFQV 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 | evel. The NFOV caneras are allowed to pan,
tilt and zoom and 15 the WFOV canera i s stationery; (b) A
personal conputer is coupled to the cam®ras and used for stori ng the
mappi ng between the PTZ val ues of the NFOV caneras and the (X )

coordi nate t ec he
present i n OQ ]I o’tbnceC y}gégat;b)par g@%r[sg%@nﬁro?é@é pk%ﬁ%%tpﬁ he %IF—’@%’)’E&US for
camer as andm@iefméiﬁtirm he\ifeMneamtiyras, muthodhcomerigeal. | brat ed using the
met hod above, are fixed at a certain |ocation and pl aced at an

I d | I | | d
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the PTZ values of the NFOV caneras and the ( , Y) coordinates of the

WEOV i magedlacesl at arpplevates levelaste Nﬁé}\é camnera isealipvead ppaystiiiieans! zomm
NFOV and WM thg%ﬁg)\; ‘%mg%g ér%agté .the present invention. [24]
ge o resen

ne advant &¢ |nven |on is that the canera syst em does
not require intrinsic paraneters such as focal |ength, image format
or principal 5 (BbArersenalcsamputer is pruriedteihe samkrasanteaispddor sienng

cal i brat i onte o, el ARTRTR MEELNE SR RPEN Mg e x. 1)

various canebadinateslof gD/ Nriagescanmer a system The present
invention is also not restricted to canera systens having a single

oot | ed010 10BNS e BilAe fo ST oBHRT s bR ietan R flarahg Spparatus

Final l'y, theripigseehtihd tentiosemeblesedasshdd eomprise®r ovenent in the
speed of re-calibration when a canera in the systemis changed or

when a canera '?a} '?\ﬁ’u;ﬁ% ﬁ@d\? é)r%!s:tér? ad 'single WFOV 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 WFOV cameras are stationery;

{b) A personal computer is coupled fo 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 wth 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 canera system wherein one novabl e NFOV and one

stationary FRIRN BaddE t5&E ﬂn‘ t*}e(eggghge'ﬁ’&%'eﬂ”the%ﬁb\‘?aé’ﬁ& AFov

are connect 0 a personal corrpu r-storage of nmappin
dat a: nanel imagdefdP applicattbnonibé pessaft ilNleonanmera and the (X, )
coordi nates of WOV i mage. 25[027] Figure 2 is a the flowhart of the

(28] " gur o2 Anbhs BB oG RreePAL lehii ¥ ERFa1 CREBHH siflm.ddes

with multiphet MecdifedatrtisRsparbatesy Slicims So@dNaRfth eindde forM@t iod prikgipal
sane fashion as in Figure 1. [29] Figure 4 shows a canera system

featuriny nBPHL mreeW@aﬁ%magerwsyﬁh@Sathgl RRpitiorneOnecearera camies or the
systemis Ceé'r%?%]ﬁ@aﬁﬂ atopgfr\erjffi}g{m 3 Omﬁafiﬁfgﬂi@ oﬂ@vhgcézésg%ﬁpjutﬁ atSWe

Figure 5 shows e ca
vi ews of thinageefrohj dos vaﬂ'bas mmaasumprt@neﬂketjem the aarﬁ@ra mysiaam S afme
fashion as in Figure 1. 031] Fi ure I]lustrates a canera system

cont ai ni ng MASENpIRY @V @a Pa8%% %‘Stﬁﬁﬁfjl 9 E2NECR DVRRIPBNIN iddSiigle

mul tiple Vi gEo\0EaRerd BAH S Qﬁgz@%FoIheaméﬁé GRather, §R8 Aeth6d 4y Be Bbplidd
t he sanme fashion as in Figur :

10 to systems that have multzple NFOV and WFQV 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 example, 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 nmappi ng process between
PTZ val ues of NFOV caneras and WFOV caneras for a system containing
mul tiple 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 ife various embodi ments with
reference to Figures 1-7 in the acconpanyi ng 20draw ngs. |denti cal

el enents i rio | i it .
et or ence HOBSE Gl Y Shpba BanRd syeRng Rt ind' sl bR e camete it
aut omat i ¢ aalltipleaMFDV vhereeasn THie s@EtetreisicomnediedYp aPOridithasasmedtshion
Wde Field-O-View (WFOV) inmage are determined for each set of pan,
tilt and zd®N(BIUE 1.2) val ues of a 25 Narrow Fi el d- OF - Vi ew ( NFOV)
canera used to rmake overlapping images. P, T, Z thus represent the

pan/tilt/zdopsf Rigwies4 ehotvben BinabrLayatem Ratlrgamditible BIFCRS eamar&ewith
coordi nates of the WFOV i where the NFOV canera is focusing. The

mage
onl'y i nput @ aBEEYRY C&U’t%graﬂ'”é systanp i ePeReied &) et dn the rame faghion
are the i ﬁéfoi%&@pach respecti ve NFOV/ WFOV caneras used in the
system F% vent'i onal approaches of calibrating between w de and
narrow FOV caneras are nostly done nanual |y, although a few automatic
appr oaches [Aa0k Figunse&nshivsp dhe camerresysiemy &arms Figwaed eproviding enultiple

camora 1o cReporien i TIRRRRETR, SRS plpBRHIHH F1n Me SRR fechion

i mages. W tds inffdgymeekent invention, none of these paranmeters are
needed and the only necessary inputs are the imges fromthe

di fferent r ! {.ani.f i t| 1 . Kor at |
or ocesaSun iy Taurkes BstSfted SaMewl sPeERA AR ufiE IR DB iR
of any canamal multphagEDY b@ﬂheﬂaeeprovﬁ?diﬁgaﬁaltipie t/ihw)sacbﬂ af?ﬁlercﬁgect. The
descriptor call ed Speeded, Up Robust Features (SURF) _nay be used to
i nprove sp&YEAR S HEIRCRY DR R thesae fashitthas shFigure 1.
[032] Figure 7 is a diagram illustrating the mapping process between PTZ
values of NFOV cameras and WFQV cameras for a system containing multiple

15  NFOV and WFQOV 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. Identical elements 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 pan/ilVzoom 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 tabulate 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 Vﬂl ues of the WFOV i nmage t hat
the NFOV canmera is pointing at. The nethod generally consists of the
followi ng steps: [37] For each set of P, T,Z values of the NFOV

canera, 20 t JVRL, i i : OQ%VFE?‘U '5.”?@ and
WFOV i mage.é ag énﬁ% ng f@a%%rhe?%%%ﬁ%gﬁgespon S t%glgé/'bdm nt Sgn{?‘ the
NFOV i mage &fstemiNy) and a point on WFOV i mage (W, W). 2. Any
outliers during the feature matching are renoved, using 25 algorithm

mat chod por (0]  fanvEn{tRE ShRSad RO Edrdtia plieeM fids il gBEiow Fov
Qutliers cooamekad ard mobihedens ananuadily! Aithquaihra feg® abRInveRNapPréaviaésiBave

of NFOV canera and XY coaqrdi nates of WFQV i mage. Hence renoving them
hel ps t o 30PRRM 0 PEPRASEAqURI IFeSETB YERES. cAIQWRVEi olfiese 1 autpmalig efalibration

outliers ar , : or e et gl ] A r ed h
mat ched fea?ﬂé@%g}élgﬁt ?'@%'Filreégﬁeeﬁgnat clﬁ?n‘g ;éea urdgﬁ%r?n{p,a tckéﬁjentlés%ée
cor r espondi trgnsfocuaticy mairix bletece e bagkratmageas yWithlthe presers inventen,

[ hi gh fid I | that the int on, NFOV i mrage corresponds
to the poi nbOYH ONHCRSS RARMSIBE GlF 7 o0RA Tk sy GRY Neffessant MOUS gre dhe

mat ched feajidgedofrihns the fdedt aadere o f siyRifBALy 26586R Cup the

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

than 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 WFOV 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 WFQOV
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 maiched 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 inmage is
determ ned. This NFOV centroid position (Ncx, Ncy), is then
multiplied by the transformation matrix,[A]. 156. The transforned
NFOV centroid position is used as the (X'Y) coordinates 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 WOV canera (1) and a single NFOV canera

(2), both pl adediftar autlietsearmt ezimofédea tposfomuationamatido e st tonteal a

per sonal

conput carrer (1) is stationary while the
NFOV canera (2) %(Os"('gﬁ‘? B\ﬁé&‘%lc\g egae QQ' and zoom The WOV canera (1)
provi des a nogpe F@f@aﬁlmatcw@/\f regio.ﬁntmb%fa dotlesPBhAMgRAR
p

while the NFOV canera (2

rovi des a narrow, nore detg [ ed vi ew

(5) of Bhe partivéllearThsh @&ta@@)raqbsnVBbEhm@anerthenm@g@st'ugrmenﬁdemed

conput f dat a between the
P 9 ol e dbu hat e Roh L NE QY BeR oiTEoe e B R B IERR, o
the WOV canmer a WEDV ima§®3Bhsdhenmeid edcareyr ding, the ﬁéteoﬂom@wyd
i nvention for automatlc calibration 30is illustrated on the flowhart

of Figure 2. In fepibe doinatiajsoriedd amdt Wer opafive m@gtpaw@telmaiq{@d
preferred embodiggBfie NoRkdge rJtQEe@?‘?Hﬂ'th%etacgura(zf value 43 14 WEsh 413

per sonal

10

15

20

25

30

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

5. The centroid position (N, Ngy) of the NFOV image is determined.
This NFOV centroid position (N, Ney), 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,Z) 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 WFOV 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) vaiues



obtained fromthe NFOV canera (2), a feature nmatching between the
over | appi ng 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 i mage (4). Therefore, there is a cqrrespondi ng accuracy val ue
associated with 5 each matched feature 35?. nt which can be determ ned
usi ng RANSAC al gorithm for exarrpl e. [40] If any outliers are found
during the SI I

exanpl e, thzeﬁféi oul ﬁemu&ngg ecte an eﬁove%ﬁl@%@?@géﬁ@ep the
i ncorrect | yovetappéay ﬁ\é%tDUr enams 15 aado\/\h’&m\/hamg;et (ti)er‘:‘ramhsmanchétbfeature

cal i bration process. V|n the o can h i nprove th
accur acy ofp$‘H C?%ﬁ%ﬁ%ﬁ @}%QWH Nﬁéﬁ’uwe E%ngi?@@tof‘ e WFQV

mat ched f ea i
(AL L] g cﬁ‘géf&?%%t 3’?%’%%?6&‘2“2%%@& 1§ abEAE) Vel bRl With

their cdrr ee@@hmah@ﬁbfmtla‘ewmm wieich wdint beed etesminedcusing RANSAGralgorithm,
poi nts, preif erablg% 15 five such points, are selected. Only those with
an accuracy é ove a prescri bed threshold, for exanple a
t hreshold value of 0.6, are retained. This threshold value is
preferably $dlgcleahy outiepe rate nfoend pduringéhedetivrel matching @rddemsc aising

St ron ( NBANSES AGEMRL Ton et Hiaye Spaylti Bo: Worel Sgad: ShdRmpved.
Thi s cent r opgt|ReS kdpraBehiSinblirbilR) hREcHBA fé@ﬁuﬁe@&ﬁfs%r’i@hhﬁ%?@% le¥rob\In

to obtain the transfornmed NFOV centroid position (N x ,
14 [04B] Tihe cadbratioerprooess. fRemeviog tae outiers\e@vhelpeigerovg th@p@@s’em of

that wer o) JEEFRELAR0ES Bhoh e MEMER BROFarhted ia FiieRed FOgIEpHR gre

val ues of tnh@d\lﬁ@drmarméat(@sfdrmm atrikdal.( X, Y) coordinates of the
WFOV image (4). 5[044] In a particular preferred enbodi nent of the

Peature porlied nthe ' BagRed, RRUR, BRE B tharTrsPat, aeifacting” 15  tnerr
enbodi ment , cdrfedpppdarracasicy dhivesardl mebmbgtf\(aé(ﬂjrétet@aﬁﬁﬁcﬁdinféapk@erably

then the process should be started over again with a new set o
Z val ue f diveasaeh foidat are selaciethoi @aly thope4sith AReaseireakivadue above ‘a

cal i brati on, MELRON Wb RGPS SEEMAIBVE HrbSRol vl of b8 '58 retained. This

threshold value is preferably selected in dependence upon the particular

surveillance application of the NFOV and WFQOV cameras.

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

to obtain the transformed NFOV centroid position (N'cx, N'ey), thus:

X' d;p dp 4z 4y X
Y _ |9 Gy Gy dy Y
z' 3 Q3 Uiz 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 nultiple 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,ganeras are placed at

el evated, fixed positions. The 15 NFOV l‘gmsra (2) is allowed to pan,
tilt and zoom whil e both WFOV caneras (1, 7) are stationary. Since
the NFOV i YY) i

bet ween threIBI@ﬂ 'I'IIIe;I)n\?g II:ee?IIg &/?%I?V@O%ﬁganer VIIII%JE rerggﬁéddeméiﬁﬁg&\()
i mge 1 (5)qooad1datelsa)f(tb(e W Qdbonafientirabe skt WFEVZ vedges ma(tAIlI)ereametieThe

duct ed th ed a S | t
betveon t heebSma) b gt bt ot ast ohPer nf Vaiihs S NESY Sarn )
i mge 2 (9%t n@éﬁitdtﬂ@(&XY)&oﬁﬁ@ét@ewiﬁ?@mﬁovfima&E%I mage 2 (8) can

be conducted as wel | Once agal n, in this system e NFOV canera (2)
and both camner as are connected to a_personal conputer
for st orr’agé%ﬂ pPi HY IPHI?I]I BiETeIH &%&'H‘%"ﬁeob Ihe presgat jaendion; I‘IQe

NFOV caner goaidpbAgingSadctiracy) vaiae! i hat @stMed! 28 LIIIE%II’II%BIQI%%I béYrdater

canmera systemi s advant ageous because it allows or surveillance an
tracki ng oftharmé} @9 etialityetndiin erhbodinend, édhera@dutgcytmw’s:@ne beiey alms

Wnilealso ai l.ed views of over a W de, area
cover age. ﬁgIIIIBYagE III-' I Rt @h%'ﬁatb@détaﬁﬁgﬁeﬁ@gﬂq IIQ a @8‘5‘4‘?9"
NFOV carreraﬁp(ﬁ' ZlRlued rdd (H|ﬁ@@il1tﬂ‘§atgﬁ§lp0;ht It and zoom whil e the WFOV
canera (1) is hel d stationary. In this system NFOV inmages 1 (5) and

2o andbeT Bl A bt el s b eenhi T ioR i Sohimited

the P, T, Zvabigr PJFO\I"%aMéW&ﬁ@”B@%@Ie(V?FW chirie¥a S95Rhd Pnd ¥en@iBA
t he (X Y) coordinates of the WOV i mage 24) Since the NFOV caner as

(2, 10) arénay lbenegplies ﬁ@ﬁnutt:plet carrwra_ommems as vrlk Sipure Boillusttaies a

bot h caner ect t

obj ect (3 e Sefafure shd SPbTidera’ poréa (f BB ol
focus in omafierds f(1 eT)erAII Wr@@%am‘eréﬁl@r&\méednalg@!e(/éﬁedaﬂxédﬂ@mltbﬁs The
Figure 4t of nmultiple objects over a wde area. Once

I t K
agai n, he ’II%II&%I&%%?I ’%)aIIQM@dHStWWﬁW”@a??@H%WWI? bofloyVipY cameras (1,
ted t f: to f
Fabul at | ond) KL naahotRy. BEEY NEy Riog®) PUSREGY LI IO imags 1 )
(X, Y) coonrderapesaliiratitre bar@ven rihgeP TS5 4 04f)esTbé tbamdF@Vsgamena, nmth
I | ud I t FOV 2 d | t
e e SEodHL R RGBT i e M B AR i
Y) coordi n@bﬁsb@fcdnﬂﬁc’bé’&ou's%”ﬁfearﬁethﬁ@%sfcﬁbe@aébch% dSlITﬁIéI*IW cﬁﬁtﬁ’:@ﬁgn

to the (X, Y) coordinates of the WFOV canera 2 imge (8) by using the

t r ansf @@ mabebresmthe R, fAL \wlues pathedNbPViegmera, fudth tegardaite NREYY image

2 s o Ponel Bl MTThoRyr st e oY Ae £ e e B e B
the (X, ) wetlor@neatezimf int fitis Wydtemanees aNBOVIR@edr8) (4)Oahdendit, WHOV
coordi nates of the WEQV canera 3 inage (13). A diagram of the

descri bed REPSTaR) (Mel At afﬁwmnﬁeﬁ@ﬂm&rﬁ tREESQNA! f eoRLteratflr fs oiprags of
The P T anipi tanulSidi SAwaRaGHE BT 7 RSOt BRI blindrd b8l e

the (X25Y) (X09) doomtiregesbf tHe WOV irmyesaThisi cargera( hsterfi amddaahta,gebhs

P, T d Z | f the NFOV 2 till b
The (%7 e i Alebedpr CYelipaos aateracking LU pBpchRRtNaRD e areas

val ues of thge r@ECB‘{/%W@\?cé%@a§%ﬁ@%lé@?®%€hﬁg¥db%eﬁ>&e®@ f an object

coordi nates of 30 'the WOV canera I mage he mappi ng e wee
t he respecbiera Midd/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 mages. [48] The angl e between WFOV caneras isS
dependent upon the |evel of confidence achieved during feature

mat chi ng. The nore acute the angle 5 bet1§een t he respective WOV
caneras, the greater the |evel of accuracy will be during mapping
between (X, Y) coordinates of WFOV i mages. [49] For applications of

this methodelerdd brd BckBrdiievARACTiRed KRB IBBRT NERSY fittas (4, 16)

assuned that the envifonnent is nert aturel ess nor contai ns
repetitive patalewed to paQ]tiliTaret 2odrasvhileuthe MEEO\S bawara (1] islbelr sthdohary.

| t t] lib ' .met hod d a ratus for _NF d WFOV
Caner a vhi ERVGTRPTS OV REass) b EIeihg (4apUsaadoBgRy mags 1 (4)
therefor. MpRy &hanggsin SRid Itﬁ@talfc%ﬁwen\ﬁlapéatda%ﬁati%ﬂdm%%ﬁb?f td'pesusdto

applications of the Subject invention w however, becone apparent
to t hoseé sktdlibsatel hetwaenathe &t Br Zowmlsederfi g NRIQY sjaewdrfi td2) anr NEOV

and the acc anyi,n raw ngs I.ch di,sclose_the rred .
erbod ment <CORERL 81O dL B O% har SR RIS r Lk i"ﬁﬁépekmqeaﬁ)pr%n%ﬁﬂe
ot her uses RAG\APANCER (D ND) whé GlodBd RO thate BREnd o L e BOdibIE t8F8cus
scope of the invention are deened to be covered by the invention,

whi ch is tob®é samenaeProieysasye ohiect (Jiand abfrdhmuginle xievsoof the abieate),
]}I ef\d[rg; POdag UhofH %Qlﬁ@l B.y T?\%l NPU”U’ ic%%&%s'@?%b)o%igoéﬂgglfgcw% on
10 different areas of the WFQV image (4) as shown in Figure 4 to allow fracking of

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

NFQOV cameras (2, 10) are connected to a personal computer (8) for storage of

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

(X, Y) coardinates of the WFQV 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 WFOV 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) canera with respect to at | east one stationary w de
field-of-view5 (WOV) canmera, wherein said caneras are ained to
produce overl appi ng canera i nmages 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 nethod conprising the
conputer-inplenented steps of: (a) receiving a WFOV i mage produced by

a WOV camgygy \Wmé&é@ﬁé’ ﬁl'é SBCEL %%Flﬁiﬁ‘ B‘E@@'b@%@erpﬂ%dwﬁﬁ/ B¥d

a NFOV canera having a“sel e set o al ues
i denti f yi ngVEO\Emtages. poi nt | n said WFOV i mage; (d) identi fy| ng a
feature point in said NFO\/image whi ch may match the feature point in

rsrgitgh\e/\(’jzof\/e;mr%z;-rph(]??% 8%?’%Wand igrhésb%ﬁjﬁb% %’;&He?{erm Al n
an accur a_cy:omﬁd:iglece)fadmmm leting efeataied niaiamlnge e rmonen asated tMEQuhgle
it e A RSP il ol vy
i mages i ints havin
a hlgghest accur acy onﬁ% @?]twhéﬁ%k VYaﬁ&@ﬁtﬁ?ﬁgWﬁgﬁé#rﬁng 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 to 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 only by the

claims which follow.

20



18 0) multiplying the transformation matrix [A] by the centroid
position (Ncx, Ncy) of the NFOV image to obtain a transforned
centroid position (N cx, N oy) of the NFOV i nage; wher eby t he
transforned centroid position (N cx, N\/\ﬁ%))\/ of the NFOV image is 5
used as the (X, Y) coordinates of the i mge for the selected set
of P, T and Z values of the NFOV canera. 2. The nmethod defined in
claim1, wherein steps (b) - w are repeated for another sel ected set
of P, T and Z values of the NFOV canmera. 3. The nethod defined in
claiml1, further conprising the steps g_f Q‘ to determi ning the

conbi ned mat chi ng accuracy val ue of tﬁ: % ected plurality of matched
feature points, and (2) selecting another set of P, T and Z values if

the conbi neq, apCHMsY Yo¥ a@cohﬁauhgw cél‘”lﬂfanﬁ«% R §845ti iRdnidiaBrRNAbAr field-of-
4. The nmethod defined in claim3, wherein the prescribed threshold is

sel ected | nvigwpd¥eW}: camesa Withergsaect tuphieastionei statienary apgeifed-obriew

wher o n 1 ne QBN iAo RPET i el e ke 2B @ Prrclipg,Syietieing
five. 6. Tdsmnmt indshetelvhivhdaresuppiibitd a Estpler (6stRE! &ﬁtﬁg)érhﬁ’)stlﬁm)

of renoving outliers_during feature matching between the NFOV
WEOV i magesan%ovm 1Ak valeRoseshectively. oh seichighlaastving é!FrO‘éaﬁannwoszatd

2 scone. o Rt ReRAERmBlsiRY i BYARHer R FamERRBRRHE o7 1"

a scene. rein sai onputer is
operative to store the nmapping betmeen the P, T and Z val ues of said

at | east one MyPEceirmgy AWFOV image produced by a WFOV camera;

10 (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;

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

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

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

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

of maich;

(i) determining a centroid position (Ncx, Ney) of the NFOV image;



and the (X, Y) coordinates of the WFOV i nmage of said at |east one

WFOV 25 caneras. 19 9.The nethod defined in claim1, wherein said
nmethod is operative to calibrate a single novable NFOV canera with
respect to a single stationary WOV cangya. 510. The net hod defi ned
in claiml, wherein said nethod is operative to calibrate a single
novabl e NFOV canera with respect to a plurality of stationary WOV

caner as. N g P%dt | A ' . sal di odp

operative tol@omggl Mt}f% e égﬁfgﬁg |K%H;mo%:tmn@);tmt‘g@w&iﬁggggﬁgmm?hmﬁ
respect t o o tlse NF@V dtnapedoabtamMfeifaoaivemad centrbl pdbidiongNhodNdgfafribd
in claiml, rein said nmethod is operative to calibrate a plurality

of novabl e M8Eras with respect to a plurality of 15 stationary
WFOV caneras. 13. The nmethod defined in claim 12, wherein each one

of said NFW@“{% thansféthiddf Bb&HoM bdsifisisRRCL, N2, Pt RFERANGHBGe is
one of sai caneras.
5 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 values of the NFOV camera.

3. The method defined in claim 1, further comprising the steps of (1)
10  determining the combined matching accuracy value 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

15  WFQOV cameras.

5. The method defined in claim 1, wherein the selected number of matched

feature points in step (g) is five.

6. The method defined in claim 1, further comprising the step of removing

outliers during feature matching between the NFOV and WFOV images.

20 7. The method defined in claim 1, wherein said WFOV and NFOV cameras are

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

8. 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

25 cameras.
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9. 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.

10. 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.

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

stationary WFOV camera.

12. 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 WFOQV cameras.

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

cameras.





