1 30 June 2005 AUTOVATI C CAMERA TRACKI NG Field of the Invention 5 The
present invention relates to surveillapce or video canmera nonitoring
system- Typically, the camera system Loul d automati cal | y R0k 2085 t he
presence of sone pre- defined noving object, and upon such detection, zoom
in for a close-up view, a}g‘?r k% I ng object, i ncI udi ng
maki ng a video recording phégi WBWt s appli cat I ons

i nclude situations in a classroomor |ecture hall environnent where the
canera SYSERR oftht NPntiche need of an operator could automatically zoomin,

follow and track the |l ecturer or speaker including nmaking a video recording
of himas he noves around t he cl assroom or | ecture hall. 15 It could al so

be usedqd f wrveillance ap cati on W|th i 1ding

surrou(r%dl %h %g lxventlﬁg rﬁilaL eﬁce 0 ‘ar%‘%%."ﬁ g% era(%fm@cﬁ%s gfse&}s{ per sons

or vehi C|"Eﬁ))caﬂppﬁalbalﬁarals@stéﬂﬁ&:o&ld&m&)rhzﬁlcbﬂy aﬁm;lktfaf e présegceCe¥Bing pgeul d zoom
P

in for a clgse. up. view track and nonitor the npving objects. In certain .

si t uat i onsdefined maying ehin ard upan sushydsgastipB.zqom dn derr a FlS’S%BDéﬁleVél and; pe
scenes to I Wﬂﬂ: ﬁzﬁ sed for
traffic rmt%t %lrf(lﬁ#g% élrge I'n ﬂgécgﬁtelcs%%@% 0 % #ﬁl@ﬁ'}&{%}sﬂé@%@ or tra fic
red-1ight objeet.ati on, the canera could zoomin, track the specific noving
obj ect, i ncl udi ng maki ng a video recording of the object that had 25 caused
the vilfl ation. Background of the Invention Current systemin used, for
exanpl e, - 4 dyBliSR{ohS ol AN RHOALACE b Shn MR Eethilohal ShvirR R At $hgeal s
wired to a control room ere all the camera scenes coul renotely
“noni t or ed they caperarsystgmp evithonh ¢he, needcdfuai ngerammmnaldyammhmlllyl myni e caner as

follow and track the lecturer or speaker including making a video recording of him as

he moves around the classroom or lecture hall.

15
It could also be used for security surveillance applications within or outside building
surrounding, where in the presence of moving objects (or suspicious persons or
vehicles) appearing in the scene to be monitored, the camera could zoom in for a close
up view, track and monitor the moving objects. In certain situations, multiple cameras

20  isrequired in order to cover all the scenes to be surveyed or monitored.

The same system could also be used for traffic monitoringewhere in the presence of
either a speed or traffic red-light violation, the camera could zoom in, track the
specific moving object including making a video recording of the object that had

25  caused the violation.
Background of the Invention

- Current system in used, for example, as in security surveillance would have the
30 camera signals wired to a control room, where all the camera scenes could be
remotely monitored by security personnel, including remotely controlling the cameras

to check for suspicious scene or personnel.




to check for suspicious scene or personnel. 30 June 2005 2 Canera systens
in used for lecture hall or semnar hall situation, would enploy a canera
"man to manually control, zoomin, track and follow the | ec} 4933905speaker
i ncl udi ng maki ng the correspondi ng video recording. 5 For certain
applications, it is required to have the2automatic canmera tracking of the
obj ect without the need of a human to control the camera to track and

foll ow t he Gaovirmgysibpeot usedxfos ti¢are dradlt er geiminmart halbsituationmeowld wepley a

tracking systemas_ in US Pat. 10 5,572, 31 lgys,an Infra-red (IR
tranom Ut ng R Bah In ek Nessal o fget Ba%k A AR ¥ 1AR T Bl g o
canera is usedudifgniRig e GeRbpdndidgoidé@detdifingar get object with an JR
transmtting device, and to nount the IR receiving device on the canera

system As |long as the IR receiving device is facing and in direct

i ne-of-gig . R4 e e 4 o T fore
as the tgr ggior %%ﬁt&e'gte“ P ﬁ@&g@ﬁ%?ﬁ@nﬁﬁffg&[ ﬁ’eﬂscgtﬁ%gﬁ@ﬁg&% gz%?% {élé/s I%—)gmgf\?\nﬁjlgl
track and f ebjeawwifheut hegred @ifj.ehimdy td vomtidlght kRemeametaksaighfolloat thehe | R
recei ving devi ce mpunted on the canera systemreceives the strongest IR
si gnal frombe¥ang @jetansmi tting device that is tagged to the noving
object. 20 U S.  Pat. No. 5,525,967 requires two transceiver units where one
is the base transceiver unit and another is the nobile transceiver unit
that will bé&xveting siatet@fgage dfortmtdrthdicobamera trackirgz tsysiekess. inTHES.t Rat. No.
transceiyer i1l _co ni c t hr ough. radi.o. VES. The .problemw th
extoti ndlet ailzn 7 gl ot (9 shiaiding drie B ReBRg deh
transmtti ”%ﬂﬁ%a%ﬁng.“’ﬂ 1& BarR&th %se&hﬁ&ﬁfe%ﬁ&e%’t 48 iaghe tatTr%& o'bj’e%f WiRr has
to wear the |R deviCe on the front and back of "his body. iIs1s to ensure
t hat he couhku IR tiah$mitiing dbvicscamitowhemt He IRureosviag davide po thearameragysighi. t e

board, with i Dackyl k' R¥eilits device is facing and in direct line-of-sight of the TR

transmitting device, detection occurs. Therefore as the target object moves around

15  the scene, the camera system will track and follow the target object by turning the
camera such that the IR receiving device mounted on the camera system receives the
strongest IR signal from the IR transmitting device that is tagged to the moving
object,

20 U.S. Pat. No. 5,525,967 requires two transceiver units where one is the base

transceiver unit and another is the mobile transceiver unit that will be worn or tagged

“to the object to be tracked. The two transceivers will communicate through radio

wavces.

25  The problem with existing state of art system is, the object needs to be tagged with a
transmitting device, which in actual classroom situation, the lécturer has to wear the
IR device on the front and back of his body. This is to ensure that he could still be
detected when he turns around to face the white board, with his back facing the
camera.

30
However, if the lecturer were to turn side-ways, or if he were to move too fast to be

out of detection angle of the IR receiving device, detection would be lost, and the



canera. 30 However, if the lecturer were to turn side-ways, or if he were
to nove too fast to be out of detection angle of the IR receiving device,
“detection would be |ost, and the 30 June 2005 3 camera s)3t-bmeRddbd not
know where the target object is, till he noves back into the detection
.area of the IR receiving device. It is rather troublesone for the object to
be tagged with such a transmtting device. 5 And many tines, it is not
possi bl e t o camgrat dystenbjveultl notkmyve wharedthe taygetebiaehisetill hetmenfes back mimtheor i ng
system where Eehe S steg%&]iﬁ | ooki.n dout for a speeding or red-light traffic
viol ation. Aclgtoggeag %%%?Q?lvil €Y<t em you could only linmit tracking to
a single object based 10 on the tagged transmtting device. The above:

problens could be solved if there is a canera systemthat could )
aut omat i cal |1y is xagher droabigsame ik theebiest/ionbe taggebvithisle @ tomsmittng idgeec.

content of the, canmera vi.ew wthout the.ne t e nso: t f | '
ovi co. 5 <itmis B8 HUE Al Rl o E Db besfr AT LERIRT U MY,
canera syst enonifolifig fsidteh wierdthel systemVis deskifOR! for a pedird dryred-lightigafficgl e
canera) that covers the whole scene to be nonitored, and a 20 second
canera capabi@atn.pan, tilt, zoom (called a PTZ canera). The video signals
fromthe fixed video canera can be fed to a conputer or CPU and the video
i mage signals can be analysed. As this canera is fixed, the scene is

al ways st at iAlsgfyr sichesxistihf) aystah) wal Guldaiily tmie dacking tug kingleosbget badedi S
relatively easy to detect the presence of noving objects. And the
char act éPi stondle Bgecddrmsyitipgdadcepvi ng obj ects coul d be 25 further

anal ysed for its position, colour, shape, size, notion value (or speed) and

The above problems could be solved if there is a camera system that could
automatically locate and track the moving target, based on the video content of the
camera view without the need of a tagged transmitting device.

15

Summary of the Invention

The invention discloses using a two camera system, the first is a fixed video camera
(normally a wide angle camera) that covers the whole scene to be monitored, and a

20  second camera capable of pan, tilt, zoom (called a PTZ camera). The video signals
from the fixed video camera can be fed to a computer or CPU and the video image
signals can be analysed. As this camera is fixed, the scene is always stationaty other
than objects that moved. In such a case, it is relatively easy to detect the presence of
moving objects. And the characteristics of each of these moving objects could be

25  further analysed for its position, colour, shape, size, motion value (or speed) and
motion direction. Based on one or more pre-determined characteristics (for example
to track a person with a red shirt, could mean to track a red moving object), the camera
could be controlled to zoom in for a close-up view, track and follow a certain pre-
detennined object. Corresponding video recordings can also be made.

30
As processing of the image is done on the fixed wide angle camera, the system could

identify all the moving objects in the whole scene to be monitored. And when two or




notion direction. Based on one or nore pre-determ ned characteristics (for
exanple to track a person with a red shirt, could nean to track a red
movi ng object), the camera could be chntrolled to zoom i BORNE208Fose- up
view, track and follow a certain pre- determ ned object. Corresponding

video recordi ngs can al so de.. 30. As cess of the innge.i s done on
 haer e Shth %k erd niied o PR SSeked A Bl PSS o M Phomall pArb R St oo

obj ects inpd Bﬁ‘stéﬁ?%ﬁlds&%ﬁﬁl iR PEZ WRRktOfethon\B8t H\&%Fdlﬁg@ $8th 4hatQheldne 2005
more obj ects were needed to be tracked that may be out of the zoomed canera

view, t h@bssy@t arn vsibleowithint the [P TZheanRTZ visavrdihis fegture smaossiblsowid ggl y such

t hat these. ects are visible thin the PTZ ca ature is
ot poser BIERFERES sTisane siglucebyrde by beropRETE i Bb Sherd e Shitg be

zooni ng i nh@ teh&RBdCE ishophjtBitits Bewnd t he ot her obj ect is not Wlthl n its
view. The second aspect of the invention is to extend the two canera system

to nultiple camera systemwhere there could be rrultlple fixed caneras to

cover a b' jec(ﬁ{d as%&ﬂ?rtﬁﬁ] VehRY 18130 ){gZFHa‘[ tﬁroté t&ﬁr{i‘?%ﬁuﬁg track

di fferent aspect [ nve s have audi o

i nput devucmeel(assg,@tmawharemlmmcdsmm&)e ®oitihle ﬁ&éd QMmdakras au rudvaealsmggeramd

anal ysing the characteristics of, this sound determne if the PTZ canera
coul d be @HifertadFwAgarHtipledrack ggatarﬂ@é%?aé% fiersntebiedts The fourth aspect
of thepinvention is to have a | ow power operation node of the system In
the situation where | ow power operation is required, the whole system

coul d be ﬂ‘hwdzhiﬁshasqiewt/mf diue ﬂnuentiomtimhﬂe&epaudixdmpuadﬁifiqmdsu@tﬁscaamiqroﬁmed on

sone . schedul.e, .th torln devige is turn nd the,imge is
anal ysed. bdlﬂfcu Sa’é%" %’g Jyse @W i"ﬁ‘%?mg’tc‘? c‘g ﬁ’é’i squid, r?algn
pre-set CEiéﬂeﬁﬁih@aftﬁ@PTﬂ chﬁ‘l@ra"%’ﬁl@be?&re%i’eﬂttﬁ Bohetd ﬂﬁé @&sic@af hekoddd. |

operation. In the sleep node, the audio input could also be used as the
trigger for turning on the system

15 The fourth aspect of the invention is to have a low power operation mode of the
system. In the situation where low power operation is required, the whole system
could be powered down or put into sleep mode, and periodically based on some
schedule, the input monitoring device is turned on and the image is analysed. Only
when the detected object characteristics met a certain pre-set criteria, would the whole

20  system be turned on for full operation. In the sleep mode, the audio input could also

| be used as the trigger for turning on the system.

The camera system could also be simplified to a one camera tracking system, where

‘the PTZ camera will do the dual function of gathering the video signals to be analysed

25 by the computer, and at the same time, also be used for tracking the moving object.
The limitation for such a simplified system is, there is no way to track object that is

out of the camera view, though it may still remain within the scene to be monitored.

- And tracking would also be lost, if the moving object suddenly move too fast to be

out of the PTZ camera view. The tracking would resume when the moving object

30 move back within the camera view.

Other aspects of the invention are defined in the claims.




The canera systemcould also be sinplified to a one canera tracking system
where the PTZ canera will do the dual function of gathering the video
signals to be analysed 25 by the conputer, and at the sar Jung2008| so be
used for tracking the noving object. The limtation for such a sinplified
systemis, there is no way . to track object that is out of the canera view,
t hough it W%FW‘P“?'&%"‘I‘?%W“W the scene to be nonitored. And tracking
woul d al so be lost, if the noving object suddenly nove too fast to be out
of the PTZ canera vi ew. The tracking would resune when the noving object
30 nove bdtgured tshows thedropamewof\theecamets bbwp.aspect s of the invention are
defined in the clains. 5 30 June 2005 Brief Description of the Draw ngs
Figure 1 shows the front view of the canmera setup. 5 Figure 2 shows the

right si dq:lgur@ws%wm@rrgﬁma@vmtmecaﬁtemauﬁ shows the left side view of
the canera Ssetup. Figure 4 shows the direction of the camera novenent ‘and

the connection of the 10 cables from and to the canera setup. Figure 5

illustrat g tggéﬁwglléﬁ%ldgokehe EfeI o 'eras, pan-tilt head and the

CPU. 15 F| tra f overall area and sel ected
region. Figure 7 shows the flow chart of the tracki ng process with RETIRE

node switched off. 20 Figure 8 shows the flow chart of the tra Qik'%lp
process wﬁwfﬁéﬁwsng'ﬁéh?ﬁ@% I‘?gdhe gmeng; yayanent sugdyibe  qoangqtigh t of the

det ectlbon F%gsc@g]ﬁ ﬁ@ {ﬂeg: ?rarjfg [Iustrat es the de_t ection of hori zont al

edges and ron o zontal <center. Figure 11 illustrates the
detection of vertical edges and the cal cul ation of verti cal

Figure 5 illustrates the communication between the cameras, pan-tilt head and the

CPU.
15 Figure 6 illustratés the definition of overall area and selected region.

"Figure 7 shows the flow chart of the tracking process with RETIRE mode switched
off. '

20  Figure 8 shows the flow chart of the tracking process with RETIRE mode switched

on.
Figure 9 shows the flow chart of the detection process.

25 Figure 10 illustrates the detection of horizontal edges and the calculation of horizontal

center.

Figure 11 illustrates the detection of vertical edges and the calculation of vertical

center.
30

Figure 12 illustrates the conversion of signal from the camera to the CPU.




center. 30 Figure 12 illustrates the conversion of signal fromthe canera
to the CPU. 30 June 2005 6 Figure 13 illustrates the control of m crophone
“by the system Figure 14 shows the-flow chart of the SLEEP3G#ehe/@KE UP node
operations. 5 Description of Preferred Enbodi nents and Best Mdde The
-operation of the two canmera system woul d gbe expl ai ned here. The expl anati on
can be extended to a nmultiple canera systens. 10 For the two canera
system the operation would be in the followi ng steps: a) A fixed

wi de-angle v I h is used to capture the
whol e scene F%ﬁgepfrlgiﬁlg c%‘%segl3 %gm%f?f&%réépc bgﬁbﬂeﬁeg‘ﬁera capabl e of pan,
tilt and zoom (PTZ) functions herein call ed the PTZ canera or secondary
canmera, that js used to zoomin and track the novin ect. c) The i nput
o | mage. Bl one the Ry Eharel e G IR WAKE P sodeapeiagons

conputer or C.P.U to be analysed. The CPU woul d anal yse and pr ocess th'e
video inage signals and detect for noving objects within the scene. The

CPU woul d  abajoripgioandd Preferpet Embedinientdded BésttMedeobj ect' s characteri stics
such as position, colour, shape, size notion value and notion direction.
25 d) Based on sone user selectable pre-determned criteria of the

charact eri stirgSopdrdtfon df e ﬁﬂf%r&%}éjegl(:@gu ABABlalrR Heft. #ROBihaybh 86t and

follow a certai n specific noving t en It appears eo I mage
si gnal s fr onbg ¢mterfdest dala vanligrlacanda systens©TZ canmera coul d correspondl ngly be
recor dedm

For the two camera system, the operation would be in the following steps:
a) A fixed wide-angle video camera (called the primary camera) is used to capture the

whole scene to be monitored.

15 b) A second video camera capable of pan, tilt and zoom (PTZ) functions herein called
the PTZ camera or secondary camera, that is used to zoom in and track the moving

object.

c) The input video image signals from the fixed wide-angle camera is fed to a
20 computer or C.P.U to be analysed. The CPU would analyse and process the video
image signals and detect for moving objects within the scene. The CPU would
analyse and extract one or more of the object’s characteristics such as position, colour,

shape, size motion value and motion direction.

25 d) Based on some user selectable pre-determined criteria of the characteristics, the
PTZ camera could be controlled to zoom in, track and follow a ceriain specific
moving object when it appears. The video image signals from the fixed camera and

the PTZ camera could correspondingly be recorded.

30 e) If more objects appear in the scene, though not within the view of the tracking PTZ
camera, these objects would be still captured by the wide angle camera and analysed

in the same way. If the additional object is also of interest, based on pre-determined




30 e) If nore objects appear in the scene, though not within the view of
the tracking PTZ canera, these objects would be still captured by the w de
angl e canera and analysed in the sam& way. |If the additi @alunci2088t is

al so of interest, based on pre-determined 7 30 June 2-005 criteria, the
PTZ canmera could be controlled to zoomout in such a way as to capture the
vi ew of betiterighgedt T4 camerasppldde castralied togzoopneut e sy Way as i eapt¥fiteri a
coul d be re-confi ed . o} < Sk ifiked single
canera sy ee‘(ﬁewtoﬁfgo egggiégla Ecutlg% &a@e Efsﬁﬁe{é g‘g]lOb Sﬁc??égn%t?)*{rgéal%lﬂgrgi_ ng the
vi deo si gpad-configuicilend cetty thesysaim.t he same tine be used to track the

novi ng obj ect. The operation of the nultiple canera systemis simlar to
that of the two canmera 10 system where the input video signals could be
from npreg,ngp sﬂﬂ@iiflééf%ﬁlqglg E@SyitBm, EEVIQFZ BRh&ra R do ARAduMd @R tiBR! € t han
one PTZ caneras cou e used to"track each specific objects. A typical
setup of bhgatherimy te tvidmokiigmplssefsthe stdne ast givthe sant@ Grue de Bised o ik et up, 2
15 caneras are ysed. The first canera is the fixed camera known as the
primary c%ﬁ%‘g’le%i | e the second canera is the PTZ camera known as the
secondary canera 1. The primary canera will be fixed and is usually placed
directly along the sanme vertical axis as the secondary canera (see Figure
1). This {ihempesatiommdrthe inmldplatcamesn systam is sinilag-te shat efathertvoceaiMape used.

The secondary camera coul d.be better in, ter f P a
pan- t ﬁ?t ﬁ’é%%“ 3"1'5{% &‘8 R % &qoﬁég“@ifn%or%&]lb%%gggg%r? ﬁ’?mt gﬂgtgér{rgra%g oq%an and
tilt and toldr v¥ré PRWIDMRIWRIre &ord tHanloae PFY. cabicastcouldrtd dsed aapidlreachhe
i mges of the objects. The secondary canera is al so equi pped with a zoom

| ens 2 fospecificabjesdpt ure objects froma distance. Al the devices are

pl aced on a base 6. 25 For effective alignment and result, the primary
canera shoul d be placed above or under the secondary canera. |If the
primary cangpial Setijpbf Heaattraltidldhd yysidao\e siown imBigore fielnsthe seipy § caner a

and is placed sonmewhere el se, adjustnment would have to .
15  cameras are used. The first camera is the fixed camera known as the primary camera 3

while the second camera is the PTZ camera known as the secondary camera 1. The
primary camera will be fixed and is usually placed directly along the same vertical
axis as the secondary camera (see Figure 1). This primary camera is stationary and a
low-cost camera could be used. The secondary camera could be better in terms of
20  quality and has a pan-tilt head 3 attached to the camera in order for the camera to pan
and tilt and follow the movement of the target objects and fo.capture the images of the
objects. The secondary camera is also equipped with a zoom lens 2 for it to capture

objects from a distance. All the devices are placed on a base 6.

25  For effective alignment and result, the primary camera should be placed above or
under the secondary camera. If the primary camera is not placed directly above or
under the secondary camera and is placed somewhere else, adjustment would have to

be made to compensate for the off-center placement of the primary camera.

30  There are four modes of operation for the camera, namely, pan, tilt, zoom and focus.
A pan operation involving a camera means that the camera is able to pivot about the

horizontal axis. A tilt operation means that the camera could rotate about the vertical




be made to conpensate for the off-center placenent of the primary canera.
- 30 There are four nodes of operation for the canera, nanely, pan, tilt,

" zoom and focus. A pan operation involving a camera neans etd985caner a
is able to pivot about the  horizontal axis. Atilt operation neans that

- the canera could rotate about the vertical 30 June 2005 8 axis. A

conbi nation of pan and tilt operations will result in the canmera noving
left, rightaxisupg, caovinationnef minagdridt opkiratens ivohsegueim tBe gameragnoving defbm

operation is.when the ¢ ra _preduces i es with the object.getti

P otar or shetbab. 8 AR TSRl REAESR e S cbdt RUBEN TR 8] o 1
when t he objcagkralid@iiced inesesakite thddstsieitarehing! 1913EeR 'or imallet! HEfhdinkhh haner a

i s capabl e of any of these (éperatl ons or a conbination of these

oper at i ons. Z¥pméig medeoysedbfdeeusvgperation iswhen the abircé vpdes observatigbbreamd i s

gi ven tocthe r [ ' e ' e i'ng
CF qure 3). I o Baied; The R BaeRE ARy BF el oo R ATARIEAGADE. Y,
system W | | ofithesé ofe@gtfong. copy of the first or current inmage in the nenory
17 as the reference franme. The systemw ||l then continuously capture

i mges 18. These later inmages are not stored. The l|latest inage to be

captur ed | bR Lo gl whf 8% ard® oA Yoo GANEE ivth b aeABUS e

entire area aptured Image I's ca area i mage. The
di mensi on oftapthwisg dmegesi smdvperdoral imaged ploowsilgl (Higure t He Imtidlizatiands doak ght
respectively. Fr mthils overal | ea i ma e1 a E{redefi ned Er?a 15 coul d be
use f o0t hBekoraibeianyal qaptugingdids dhe pystem pdll Sz keer-2 cory efHbe It ORFWEEN 0 a

specific ar j NSt t i §
camer &, The WA e parm 1 e abiekend i, TROLIIGH oIl P cBRLTBIY

hregi un r espaetievielages F. Jhese bRer ahages ardhpotptared Skheflatgsh itage dubeoaptatdt he
canera 58 and,the conversion of the anal og signal 59 of the inmages to
digital si gf?atpeﬁ'fr?rﬁ 6®§h a anal og-to-digital converter 60 that is
required by the CPU 62 for further processing. After processing,

15  The primary camera will capture the entire area 14. This captured image is called the
overall area image. The dimension of this area 1S Woveral and hgyeran for the width and
height respectively. From this overall area image, a predefined area 15 could be use
for the tracking. In a sense, this is restricting the tracking to a specific area instead of
to the entire area captured by the primary camera. The width and height of this

20  selected region is Wregion and hyegion respectively.

Figure 12 shows the process from the output of the camera 58 and the convetsion of

the analog signal 59 of the images to digital signal 61 through a analog-to-digital

converter 60 that is required by the CPU 62 for further processing. After processing,
- 25 the CPU will decide what command to issue to the pan-tilt head 63.

The first stage is to isolate the object from the background and this is described below.

In the detection of object, the current frame will be compared with the reference frame

30 19.




25 the CPU will decide what command to issue to the pan-tilt head 63. The
first stage is to isolate the object fromthe background and this is

~described below. In the detection of object, the current 3rdkume 2005| be

conpared with the reference frame 30 19. 30 June 2005 9 A binary frame 34

~is setup which is made up of the values § and | (see Figure 9). A value of

"1" will indicate than there is a difference between the reference frane
and the curk eifarf frame 3dtis sétep pdsdh is amdexapydf. thé\velat@ aod 1"(B¢e Figdiecht As t hat

there is no difference between the reference frane and the current frane
at the posi tabi§ ‘{fi‘,lg)"?‘(ﬁsn%ﬁ?@ tgqr’f ﬁ’@?ee‘ﬁéé{‘&greg‘éet g?ﬁg%t e B?Pgetﬁf"i’f@sa}?g! d
val ue. See %Q!ctﬁﬁ%f)x(t' R8mé Tt %H@?ﬁgﬂ?ﬁte(x,gp%aﬂgﬂ@e%f “OnGndiXatyy that thd PRSI Li oN

in the frane w represent osition in the horizontal position
and y repr estifftreng bitecgo et fefarence framee wad thecalrand $iapicoat. tha pesitige Xiyh t he

e cur ent 77 Sibrene 4 35 basg s JERRERETIER. o0 biftion, % TRRLER at | on

stages al so 4 ednlihe v5 & tHebsRion B RS trh@B Witk Retsentifd @td p&ionNiai ght
36 and the sdeatpdtglrér#g of {th’rsthol_egﬁgf difference 37, Ng%u?eg 38, 3% alnoclll1 40

checks for tthehazintahpositityarst y prprescating thepesitien inHbe yetticalagpogidion. Ayafueom t he

f frane. h : A val forn | ' f
o Coer it indie BT GRS AR BT eV R R by RecYE S B3l O
Were T is %uﬁéﬂﬁ&ﬁe,%ﬁ,?)ﬁhﬂcﬂﬂina@(ﬁ‘mﬂé,fo,ir).V\hen JR(Xx,y) - Cx,y)I >T

B(x,y) = O otherw se e shape and size of the object is defined in the
bi nary flane. The surrounding of the object is marked as "0" 43 while the

objects are garked a5 nlsags also included the setting of detection width 35, detection
‘height 36 and the setting of threshold of difference 37.

Module 38, 39 and 40 checks for the availability of pels and getting the pel values
15  from the reference frame and the current frame. A value of “1” in the binary frame 1s

set if the following condition is met 41:
Rxy) -Cxy) [>T
20  Where T is a pre-set threshold.

B(x.,y) = 1 when R(x,y) - Cx,y)| > T
B(x,y) = 0 otherwise

25 The shape and size of the object is defined in the binary frame. The surrounding of the

object is marked as “0” 43 while the objects are marked as “17 42.
The second stage is to find the edges of the object.
30 The left edge of the object is detected by finding the first occurrence of “1” pattern

starting from the left of the binary frame 44 - 46. The same process is repeated for the
right edge 47-49.




The second stage is to find the edges of the object. 30 The | eft edge of
the object is detected by finding the first occurrence of "1" pattern
“starting fromthe left of the -binary frame 44 - 46. The sa¥bynecifi®ss is
repeated for the right edge 47-49. 30 June 2005 10 Same process apply to
~the search for top edge 51-53 and bottonmgpedge 54-56. In order to inprove
the accuracy of detection, instead of detecting the first occurrence 5
of"1", a group of"1" is detected. Exanples are listed here. During

experinments,,it was concluded that.the detection.of 3 or. 4 s yielded the
most appeal oy HBGT aPP b Be piah fpr (Fpicden ST g M oyim e £35 ") e
B(x+1,y-1) & B(x+1,y+1) =1 15010 101 00O B(x,y) & B(x+2,y) &&
B(x+l,y-1) =1 010 100 010 20 B(x,y) &% B(x+1,y-1) && B(x+l,y+1) =
1 000 In order to improve the accuracy of detection, instead of detecting the first occurrence

5 of“1”, agroup of “1” is detected. Examples are listed here.

During experiments, it was concluded that the detection of 3 or 4 pels yiclded the most

appealing result.

10
1 1 0
1 0 1
0 1 I
B(x,y) && B(x+2,y) && B(x+1,y-1) && B{x+t1,y+1)=1
15
0 1 0
1 0 1
0 010
B(x,y) && B(x+2,y) && B(x+1,y-1)=1
0 1 0
1 0 0
20 LI

B(x.y) && B(x+1,y-1) && B(x+1,y+1) =

Q= ||t
e 1=l =114
ma ) Bl fam |




01 010 30 June 2005 11 B(x,y) && B(x+2,y) && B(x+l,y+1l) =1 010
01 010 B(x,y-1) & B(x,y+l) & B(x+1,y) =1 Result fromthe edge
inding: 10 Left edge = xL Right edge = XR Top edge = YT30 Bott2id5edge =
yB 15 Wth the left and right edges detected, the horizontal center 50 of

. the object could be calculated as follgy Horizontal center, CH = XL + (XL
+ xR)/2 20 The vertical center 57 is calculated using the sane formula:
Vertical center, BiyyF &8 BéA(y) &&yHR)xARyOhce=1he hori zontal center and/or
vertical center are found, the CPU can then proceed 25 to the next stage.
The third stage is to send commands tQ the pan-tilt head to nove the canera -
inthe direction of the object¥ 30 yn|ogdgr to prevent the novenent of
the canera in the event of snal+ goye etyt—off the object and to inprove the
st eadi ness of the captured i mgés—prewvi Js position of the canera is used
to determne if the neM/positig$ Hadr dndsli e novement of the camera. 30

1
0
f

O

June 2005
B(x,y-1) && B(x,y+1) && B(x+1,y)=— 1
Result from the edge finding:
10 Left edge =x1
Right edge = xg
~ Top edge =yt

Bottom edge = yg

15 With the left and right edges detected, the horizontal center 50 of the object could be

calculated as follow:

Horizontal center, Cyg = xp + (XL + Xg)/2

20  The vertical center 57 is calculated using the same formula:

Vertical center, Cy = yr + (yr + yg)/2

Once the honizontal center and/or vertical center are found, the CPU can then proceed

25  to the next stage.

The third stage is to send commands to the pan-tilt head to move the camera in the

direction of the objects.

30 In order to prevent the movement of the camera in the event of small movement of the
object and to improve the steadiness of the captured images, previous position of the

camera is used to determine if the new position warrants the movement of the camera.




12 If current position, P, satisfy the followi ng condition: |PC PPl <TP 5
Where Tp is a preset threshold and P, is the position for previous noved
position. If the above condition is net, the CPU will send®llumesd®5 to the
pan-tilt head to nove the canera to the position detected. 10 The canera
-systemwi ||l also be equipped with an autgmatic SLEEP npode. \Wen the target
is out of the tracking range for a certain long period, it is to be assuned
that the recording session is over. The systemw |l go into SLEEP node
where the video canera will be turned off and the pan-tilt device wll be
turned of f tlbcyaEanpesiiomdr- satisfy dsioliaminesendiRns f uncti on coul d be turned
off by the user if so desired. Wien in SLEEP node, the canmera coul d be set
to check for the target periodically. The user has to set the period where
the camera w Il dd&gePRUt<Bf the SLEEP npbde and scan the tracking region to
determine if the target is init. If such target is detected, the 20 system

will tur® on-line again and start trackingtrecording. Again, the user can
set this WAKEs R 10858 hAaRi@nR £ it bR gosfifod fotreOEmbedpilitohEEP. Wil e
in the SLEEP node, thgr system coul d Pl sol%g tour%lq%)rﬁ by the pr esence of

audi o. Using a m crophone or sone other audi o sensors as input device,
upon detecti of. 25 presence of auydi.0 sjgnals, or n.,such i evel s
exceed a cerliJ gl?%al?ﬂvﬁi‘i?ﬁﬂ\%oflﬁ? é’%aﬁ’otlhaﬂlﬁé‘"g%ﬁ‘iﬁ?@w\#{]ﬁ’emﬁqaﬁégfgﬁ%t turn
on. Thi s i nyRffd RO caRta REHEPOSIAGH Batedtad. a device whereby it will start the
automatic recording of the audio froman attached m crophone to the target

or a m dPophone 30 placed near to the target. The mi crophone will be
powered on aﬂ'l% C%ITIGI‘E;[ Ey%?egnh\%rill \all\fsg l1136 etqlrlllff)pé:c{] \\!/V%ﬁtainoaiﬁtorggic‘%ﬂﬁf.zglgﬁe. When the
target is out of the tracking range for a certain long period, it is to be assumed that the
recording session is over. The system will go into SLEEP mode where the video
camera will be turned off and the pan-tilt device will be turned off to reduce power

15  consumption. This function could be turned off by the user if so desired.

When in SLEEP mode, the camera could be set to check for the target periodically.
The user has to set the period where the camera will come out of the SLEEP mode and
scan the tracking region to determine if the target is in it. If such target is detected, the

20  system will turn on-line again and start tracking/recording. Again, the user can set this
WAKE-UP mode and designate the period of WAKE-UP and SLEEP.

While in the SLEEP mode, the system could also be turn on by the presence of audio.
Using a microphone or some other audio sensors as input device, upon detection of
25 presence of audio signals, or when such audio levels exceed a certain minimum

threshold, the system could be triggered to turn on.

This invention can be connected to a device whereby it will start the automatic
recording of the audio from an attached microphone to the target or a microphone
30  placed near to the target. The microphone will be powered on and off together with

the invention.




- 13 The user can pass conmand to this invention either by sendi ng conmand
straight fromthe control panel attached to the CPU or though an external

- renote control device with such capabilities as but not [|30nune@00®
infra-red (IR. Al the control on the control panel will be duplicated on
the remote control device if so desired{py the user. 5 The control panel
w || have access to such controls as the zoom focus, speed, pan, tilt,

power on andhefdser PAepRE doffB@indow, thanshvediton &grenby eatingnconghaiestrdigle CPU
and pan-tilt device wll be though such standards as 10 but not Ilnlted to

RS- 232, RS- fum ﬂm@prErpﬂﬁmETaﬂaAbﬁai trythen@BEsor thoneh e edsraalaemplg coyeol
oo b Bph b loy® SR BB B i bRl R 00 bR LGl

converter before

camera i s usgésirol phgelaiillibk dlipldagsdain th@tﬂnﬁbtbeorftﬁﬂ dedcé ifeo @RiradHrydbgyisesuch 15
standards as | EEE1394. This invention will have the ability to detect noise
and to renove themif they exist in order to inprove the quality of

{ racki ng andydehaehipaiol WAlkaF doBilh et/ Yoy bRUN RS Rom, TCegdd, lphh i, od out

by using thresho int tection and 20 tracking coul d

t hen be dongower drhand off, tpeesedotarivgeand ke filtered i nages will have
distinctively reduce the occurrence of false detection of the targets. The
invention could perform sel f-diagnosis on the conponents of the systemto

determine i toﬁﬂé/urﬁ)(%ﬁlbn%tatv&e@ﬁ tlﬁ*)@ﬁ@%@ﬁ&n fiftide®e whll %9 RRoh Gugtihdasistabe
determ nation it e pan-tilt function has stalled or the break-down of

the canmk®a bomnodhbntedeanStm RB8-24HcanddeFHERNEflur t her acti on. The di agnostic
report could also be channelled to the vendor for servicing of the unit.
There will be a RESET button when the canera will conpletely reinitialize

itself in AQaloBeinfiseN okl @lc Efhdrad WillNRXEAGERE lf@ldigmptsig@mﬁ gCpissing The
function associated with this button is to power-off all conponents and

wait for cethosighapenlogdoidigiiel eonysuer badere feeding the digital signal to the CPU. If a
digital camera is used, the digital signal could be fed to the CPU through such

15  standards as IEEE1394,

This invention will have the ability to detect noise and to remove them if they exist in
order to improve the quality of tracking and detection. Noise from the A/D converter
could be filtered out by using threshold method in the CPU. The detection and
20  tracking could then be done on the filtered images. The filtered images will have

distinctively reduce the occurrence of false detection of the targets.

The invention could perform self-diagnosis on the components of the system to
determine if any part of the system has failed. Diagnostic such as the determination if

25 the pan-tilt function has stalled or the break-down of the camera could be reported to
- the user for further action. The diagnostic report could also be channelled to the

vendor for servicing of the unit.

There will be a RESET button when the camera will completely reinitialize itself in
30 the event that certain unexpected malfunctions occurs. The function associated with
this button is to power-off all components and wait for certain period before power-on

all the components again.




all the conponents again. 30 June 2005 14 There will also be HOVE button
where the canera will be positioned to its original predefined position
(usual ly placed at the center of the horizontal axis and &0pues@005verti cal
position). It is possible to for the systemto treat the object |ocated as
this 5 position as the pre-defined objegy to be tracked. This could be user
configurable. Also, in the situation where the canera could no |ocate the
targets, this button could tell the canera systemto start fromthis

original position, In order for the se ndar atot ck accurately,
t he secondar];heEf'a‘f'f’élraASWqﬁISNé@/B““OI’GNI?%e XW@[%@‘{SB‘OPQ Ot WERP caner a.

This coul d ed%?i%l@d n@hﬁd?ﬁgéﬁ'ﬂ&gﬁ%& 2B b&ifter JrUCHdrRMdntal £x1§9ﬁti£| REetSet 10

calibrate e red on or to calibrate with |na certain
period as dezbrtnﬁnpdsytlmmeltusmsmbk tdifepthayystam to tseat theaabjert fnsaicd @ thivul d be

pl aced near the user for .t ers to t he success tracki ng
of the sgsté’t?FmPFafﬂ‘@pﬁ%g?@le\M&eﬁthﬁmfg%Cgﬂ S HER YO §ua¥}r‘1lee system
the acconpanigd i %{E%itﬁatﬁﬂl%ﬁé% tHelcam@Ridotld RAIBEAte BRUBEcREthiRARtoa\cBlldabl e

for adjustnent to suit the requirenents of the users. I'f the invention is

to be used itell thedhmemrsystamko etartifroomthimeriginal ghsitiguch as spot-light or 20
torch light could be attached to the secondary canmera to increase the
bri ghtness of the targets. The user could specify the area where the

tracking is rhQ@rdedlsr thb 36@ndBY caBibral tb Srabkcdutdltly, theeedomhgTcamichewilbiedve coul d
limt the pan and tilt operation of the canmera to within the 25 area of

i nterestl0 Aperbe dalibratedetvothei primasy cemers  Thisheouldhendonsnby dhe selbsalibratign
still pictures Sc(tll%qu coug%ﬁl ﬁgli to tc@?org%rége 1%%% 1t§§ SwiedEitor %prrtd{%q'«&lﬂﬂﬁt 1 ons

of the cane g an cus user cou snap pictures of

any sizes agershptasts definedvy fieaksert es could 30 | ater be used as
t hunbnail s or other neans of archiving the stored video.

A display unit such as a monitor could be placed near the user for that person to assess
15  the successful tracking of the system. If the users would want to make adjustment to
the system, the accompanied remote control or control panel could be made available

for adjustment to suit the requirements of the users.

If the invention is to be used in a dim or dark environment, light such as spot-light or
20  torch light could be attached to the secondary camera to increase the brightness of the

targets.

The user could specify the area where the tracking is to take place. By setting the limit

perimeter, the users could limit the pan and tilt operation of the camera to within the

25  area of Inierest.

Apart from recording pictures, the invention could also snap still pictures and store in
the hard disks of the CPU. With the functions of the camera (like zooming and
focusing), the user could snap pictures of any sizes and distance. These pictures could

30 later be used as thumbnails or other means of archiving the stored video.




30 June 2005 15 The canera has an OFFSET node whereby the users could set
the offset of the targets fromthe center of the images. This is usually
-~done so as to capture the background of the target in sit3taluner20@bere the
background is inmportant (e.g. the content of the blackboard behind a
~ teacher). The offset could be specify insterns of height, wdth or 5

whet her to place the offset on the left, right, top or bottomof the

targets. TheThis@ineeOtsdnddFRSEIP@oid whireby dieagemsicotliaet he gfket dByhestayetsyi ng
this information, this _invention wll alﬁtorrati cally zoom.i

or out. t
conpl y wi t h 9B 1R oeater gftheripyges Ahigds penplly dpae ?%%‘ioeqaﬁtjlrgg?gilasks,mmof? ar get
nove nearer : t 1 b Iar get
(Tve. "on Shehe thdr iy bty Wiferd HEbaIbdund 2 dffpBithnt e 4 Ine COER el 27 0
canmera Wi | | Haddiard bchinid naeahes. Theoffier eowlfl bt lspedifyrige¢rmsAd hehdBRRYiDG @romand

is available to the user. iS C nd will allowt user, to seize
control of tHethgriepia ﬂl&@&?@@n&ﬁ%hagb}s@wrbe@?fa Oggf?&a%ﬁmnds to
directly 15 control the novenent of the canera. To reduce the conplexity

of calculation, a sub-sanple of the inmages could be taken. A sanpling of 2
in the hori ZBrtwkr eowdd wlso tspexafy the size of tre tagel. Bsusuppheng tiicwifermiation,tthis' / 4 of

the original. if -full. s | .nq, i s used. By reducing,the.conplex of the
cal cul ati on,""YFUgRE lgéﬁt%FagvgoPﬂgnroéQB quoggﬁ)éggthélfe Y™ Pl_é%‘i{ﬁ% stem
or a |ower @Mecbﬁﬂ#%(&@ﬁ&ﬂ&h&%éﬂ e e@@r td thelsh@erhAthg @hmbes Wil Zdogn dutacki ng
region when the tracking is turned on, the image of the target will be in

t he ref dPende rédusadhe targeiiraze. Hrc thepthershamdoifl thedaigay mone for apey figm e t he
reference frag is done, t.her i1 i ip.the final detection,
q?rgh@e 8%1111%% tw1ﬁ 62\081{1\% ko 1nnr%a%e¥@e %?% gf tthg ta{rget

one of the &t posrtion a one®of the "ghost" object
‘I eft behind because of the initialization. To solve this problem a RETIRE

node is introduced. This node wl] renove the target in the reference
frame by redsvOVERMPEmraansos avalpbisetosthe ysery Rlis camgiaad vdllrallgiethe Heert hus

el imnating 08, BOR% of AR t?a%idnigrhetfﬂg ahl B3 udf &%id YRd Bmmands to directly

15  control the movement of the camera.

To reduce the complexity of calculation, a sub-sample of the images could be taken. A
sampling of 2 in the horizontal and vertical direction will cut the calculation to % of
the original if full sampling is used. By reducing the complexity of the calculation,
20 one can improve the responsiveness of the tracking system, or a lower CPU

requirement could be used.

If the target is in the tracking region when the tracking is turned on, the image of the
target will be in the reference frame and when a comparison of the current frame to
25  the reference frame is done, there will be two objects in the final detection, one of the
current object position and the other one of the “ghost” object' left behind because of
the initialization. To solve this problem, a RETIRE mode is introduced. This mode
will remove the target in the reference frame by removing the corresponding pels in
the reference frame and thus eliminating the “ghost” object in the final detection. A

30  predefined period of the activation of the RETIRE function will be used.




30 predefined period of the activation of the RETIRE function wll be used.

30 June 2005 16 The invention described here would all ow the scene to be
moni t ored and upon the detection of certain specific obje#lJuneid0saner a
system could zoomin for close up view including tracking the noving

obj ect and meki ng video recording, wthoggt the need of an operator. The
systemcould be used in a classroom to automatically track 5 and nmake a
vi deo r ecor dihegingéntionedeserghedr kare awulk ablov dhe seene el behsowitasd pad mpoi thecoul d
al so be useqi{og tr?ffﬁc nnnLgoer% 9 zoomin tr%ﬁ% and make a video
recording of “*STERT Of SEHRAPCHEG RUTL JAC STVFRLAYSIEP PoU¢ ogm, it OFicgq‘fF up
violation. 3QewUineludfaaracking Ché\hiding dbldct And YSdkaip ¥idko kdtSrdind, QRHduE the
tracking of noving objects, conprising : a fixed video canera wherein the
canera vi ew tsfd phan gpgrafor.i Xhel systare éovdgrb@maed B wdewrepm,He aytoamdicelly toack
nmoni t or eq; pde r | an N nd,zoom f ynctj,ons
(referr eg t ?nggﬁﬁ{é%eﬂ%%i%%(’%ﬁ@%ﬁ ﬂg egigﬁtealfﬁggil%&orv %%ef)‘\]flgdngleicrl]aﬁgﬁ%o% gé%“ mage
signal s fromidohte: el dorf frafeid nvorieeing C 8BSGhn ird, Qradk ARA Rgakk OF vidéPRRE™INMD he
said i nput video ina%e signals to determ ne the presence of noving

obj ects; a rishislestlt heybeased apprgd onbalfisaedlightviadetians of each sai d noving

‘obj ects based on the said processing, wherein the said characteristics

conprise one or nore of position, colour, shape, size, notion value and
notion direction; 15 a neans for naki ng conparison of each said
characteristics based on a set of pre-defined criteria,;




a neans for making indication of a specific object to be tracked based on
the said conparison; and a neans for controlling the pan, tilt, zoom of
the said PTZ camera to track the 20 said specific object.3QneRe5system
according to claim1, further conprising: a neans for making said

i ndi cation of additional objects to be tracked based on the said
conparison; and 25 a neans for controlling the pan, tilt, zoomof the said
PTZ canmera foragmera view of the said PTZ canera to include both the said
specific object and the said additional objects. (3) A systemaccording to
claiml1 or 2, wherein the said fixed video canera 30 conprises a plurality
of fixed vi C e i I . : .scene to be
moni tored: A0 wicoare [ ARGuf ARG A AR Ebtplalfy  PUEOF b7
caneras; and fur ahedWidsoatamdrhehs@irdthewamsra vewrofdled said dixed pideo vhdea i-nmage
signals 48 -10 June 2005  conprises the neans for receiving input video

i mage si 9nalcevers Hinscene Rbeagmtaredi ity of fixed video caneras; and yet
further wherein ' | i e e o'l
conprises the ne%%c@;&rqg%ﬁ%{r}%?r% i%%pga%ﬁg%ghl,tmﬁn Hk% oglg%rrﬁ%afﬂst(ﬁege sai d as
plurality alie PIIZcamem),as for each said PTZ canmera to be tracking each said

specific object: 5 (4 system according. to cl.ai . 2,0r 3. further
conprising a neaﬁsmfgﬂ%s é§é%¢(ﬁ“ﬁ’§)g f‘?fé‘t\ﬁ“if@o“?*’rgﬁ 'Sgﬁg%thFr%m lﬁﬁg‘i é’é‘%& PTZ
camera and thgesaid fixed video canera to a display. 10 (5) A system
according to claim4, further conprising a means for recording the video

i mage sil@nal s fremmedvs fonipbcPFihg theesad mpat vidsosiziage figuald toi dtdsménmihea to a
storage nedi a. 146) fA S st%m :%1(_:cordi ng to claimb5, further conprising an
audi o devi c &Gy 01 moving objects;

a means for determining the characteristics of each said moving objects based
on the said processing, wherein the said characteristics comprise one or more of
position, colour, shape, size, motion value and motion direction;

15 a means for making comparison of each said characteristics based on a set of
pre-defined criteria;

a means for making indication of a specific object to be tracked based on the
said comparison; and

a means for controlling the pan, tilt, zoom of the said PTZ camera to track the

20 said specific object.

2) The system according to claim 1, further comprising:
a means for making said indication of additional objects to be tracked based on
the said comparison; and
25 a means for controlling the pan, tilt, zoom of the said PTZ camera for camera
view of the said PTZ camera to include both the said speciﬁc object and the said

additional objects.

(3) A system according to claim 1 or 2, wherein the said fixed video camera
30  comprises a plurality of fixed video cameras whose combined camera view covers the
scene to be monitored; and wherein the said PTZ camera comprises a plurality of PTZ

cameras; and further wherein the said means for receiving input video image signals




15 m crophone near the target; and a nmeans for recording the audio to be
recorded. (7) A systemaccording to claim®6, further conprising a neans to
power down the systemto sleep nmode, 1&herei n during the $&ikirel288p node,
thﬁ Zal d systemcould be periodically power-up based on a pre-defined
schedul e to check for the presence of . 20 noving opjects; .an .heans to
start t hecempises decomeansdor I§ce KA A Vides 1Haes FEhlSIrom, eﬁ%‘gpg’éﬁﬁﬁy of

character ot 6;Qh chiiEas i RRIAGHHer GHefdns BRGid Mehllero? JbAtrdlifis #&S pared
?‘3 Rgsys F r

criteria. ) ém-according to claim7, further conprising: 25 a home
but t on whedlezdbn panpiidee ther @sms dor asitiollag the pad, tilh eosaiod thwosaed plwraldyn, t he

said PTZ canera woul d be set focus at its .preset si t.i.on,.and a neans
to obtai nofﬁgzt‘fﬁ‘a?r&ég(grei“%l% ?%‘%iyg‘lz cf“itiﬁra&f}}bsg?aﬂgg Fif Sﬁﬁjgsé’gflf'ﬁSQJGtCFon; and
whereifn the said characteristics of the said object would be used as the

pre- defined criteria of the object to be tracked. 30 (9) A systemfor the
aut omat i c(4)r acli myptemi aobjrdingsiocdnipr ils2ngr: 3,a fasherscdnaprising ai wEany foaput

audi o signal,s fromthe scene to be ni t ; .19 3 e -eans for

processi n@enfiﬁhg sV ‘?Orfﬂl?gf’é’t%f‘iﬁ fgqnb% %%I‘Pg%%ecélﬁéer% %Fd]g%tsgr&{rzﬁ%dngld e

char acterbﬁﬁélﬁsoghisbm?__ said audio signals; a means for making conparison of
|

each said characteristics based on a set of pre-defined criteria; 5 a
means for making indication of the objects to be tracked based on the said

conpafl sop., anqd a means for conts ol 0 [ : Z canera
to _trL(Lk _ﬁ%e s% ﬂ'sgegbfwggfds%}g %Oa%lfbf’ %@?@P@nﬁ%}g %%@%?@%@glr@rﬁgki ng of
movi Ng obyjRIed smBBSden0$ fromsihe Ghid PR 6Bheracmdnhé siiddixed video camera to a

storage media.

(6) A system according to claim 5, further comprising an audio device or a

15 microphone near the target; and a means for recording the audio to be recorded.

(7) A system according to claim 6, further comprising a means to power down the

system to sleep mode, wherein during the said sleep mode, the said system could be

periodically power-up based on a pre-defined schedule to check for the presence of
20  moving objects; and

a means to start the said recording to the sdid storage media when the said

- characteristic of the said object correspond to the said pre-defined criteria.

(8) A system according to claim 7, further comprising: |
25 a home button wherein upon the press or activation of the said home button,
the said PTZ camera would be set to focus at its preset position; and
a means to obtain the characteristics of the object at the preset position; and
wherein the said characteristics of the said object would be used as the pre-
defined criteria of the object to be tracked.
30
") A system for the automatic tracking of objects comprising :

a means for receiving input audio signals from the scene to be monitored,;




a nmeans for receiving input video i mage signals froma video canera wherein
the said video canera is capable of pan, tilt and zoom functions, (referred
to as the PTZ camera; 15 a means for 18rocessing the sai d 30npue 2808eo i mage
signals for determining the presence of noving objects; a neans for '
determ ning the chargacteristics of each sgjd noying objects based on the
sai d processi nga%FPéﬁsg?rrPrP‘FFésns}&F seidnpRay 10§E$r@¥5;corrpri ses one or nore

i nformation SuchngssROSddidrihing HleWbhracRNARE of MAGid ARfid GBa@ Ue and notion
direction; 20 a neans for maki hg conparison of each sald characteristics

based on a set aheangfermefing edmparisorof agach sasbehardctaristrekbased pmdisetefi on of a
specific ob%_ﬁc to be.tracked based on the said conparison; and a neans
for contrdff ﬁé}“etdifél?fg‘n, tilt, zoomof the said PTZ camera to focus and 25

track she said sSpesisffof maRin@Ghdicitioh) ofth8 YiBjee¥ 18 4 Qf kB bhkd WnathBsdid,
further conprising a neans to send the said video inage signals to a

di spl ay. 0ompagjoniard/st em according to claim 11, further conprising a means

to send the said__vi i S| “far re } S dia. 20
50 Sone 2005 a5 G0 TR RO RR Jil Zooh SOk PIO%RRA S LRIANE R &
hone butt @bjeshker ei n upon the press or activation of the said hone button,
the said PTZ canera would be set to focus at its preset position; and a:

nmeans to obtain the characteristics of the object at the preset position 5
oA, 28 U] PSR ol e ek aapes he
t o cl ai m 8amerakampiiginigher conprising: a neans for the systemto perform
s.el f diagnosis aolileaglg %orfrlége(i$iir1§ ri]f;j‘plut %Pd%g ?lgliagensigrflals from a video camera wherein
the said video camera is capable of pan, tilt and zoom functions, (referred to as the
PTZ camera;
15 a means for processing the said input video image signals for determining the
presence of moving objects;
a means for determining the characteristics of each said moving objects based
on the said processing wherein the said characteristics comprises one or more
information such as position, colour, shape, size, motion value and motion direction;
20 a means for making comparison of each said characteristics based on a set of
pre-defined criteria;
a means for making indication of a specific object to be tracked based on the
said comparison; and
a means for controlling the pan, tilt, zoom of the said PTZ camera to focus and

25 track the said specific object.

(11) A system according to claim 10, further comprising a means to send the said

video image signals to a display.

36 (12) A system according to claim 11, further comprising a means to send the said

video image signals for recording to a storage media.
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~ pre-defined objae@@%lspr@ﬁsn%%é@pefprms

10 the said system and a nmeans to record the results of the said self

di agnosis. (15) A nethod for automatically tracking nmoving objects,
conprising the steps of: receiving i Aut video signals f rafndumefd005d
canera; 15 processing said signals to identify the presence of noving
objects; and controlling,a second canera, having pan, tilt and zoom
functions,Ugh 4 gxitemaecordiagtq ¢laigy ! COBPEERIE (16) A systemfor the
aut omat i c tracg Qi)ut@&i’hzrﬂgreﬂﬁ  the &gma; & Non of Indsdid KB \BuBR, Cammer a
having a view o t e scene to ove a second vi deo canera capabl e of
pan, tilt thndaldd?(fﬁ\chm&mwomidbeactctoéoqnsat%mosetpomtmmcaedw ng and processing

d s f df f £
obj oot thoref r dwmeara @ grit RS ChreRerte Ao oletionatEanerd PY iFack an

i denti f5i edyRRMihNBe 94 QBhrackfistic Of tﬁe $%48 todfact GRldbO Gsddoasihe E-AeRd Ny
clainms further conprising a neans of attaching a light source to the

syst em t o drit¢ringinbe ebje¢tdo bpjrackedt o be tracked. ABSTRACT Autonatic Canera
Tr acki ng The invention describes a nonitoring or surveillance system for

automatic camera tracking of noving objects based on a system of caneras.

A fixed vi@gp cRsRkdn bécordifgth éleinBBi I rfuithe compricingand | mage processi ng
techni ques are used to detect and pin- 5 int the presence of certain

ipanesisaf tlae funghionah eperatignedty
capabl 198 Ofth? ;}t % ,anand zoom functions (or PTZ carrer as), is controlled
to zoom in Ose up view, track and follow the objects. The system
can be extaaﬁemé td fecondl the pdsaltd ofdhelsaid ddddiegmmsisas t o cover bi gger or
di fferent scenes
.(15) A method for automatically tracking moving objects, comprising the steps of:
receiving input video signals from a fixed camera;
15 processing said signals to identify the presence of moving objects; and
controlling a second camera, having pan, tilt and zoom functions, to track an

identified moving object.

(16) A system for the automatic tracking of moving objects, comprising:
20 a fixed video camera having a view of the scene to be covered;
a second video camera capable of pan, tilt and zoom functions; and
a processor for receiving and processing video signals form said fixed camera
to identify the presence of a moving object therefrom, and to cause control of said
second camera to track an identified moving object.
25
| (17) A system according to any preceeding claims further comprising a means of

attaching a light source to the system to illuminate the object to be tracked.




and nmultiple PTZ caneras to allow individual tracking of nultiple objects.
The invention finds application in a classroom environnent, where the
tracki ng canmera could automatically track and foll ow t he |3tdunest008s he
noves around the classroom It can also be used for traffic nonitoring, to
zoomin, track and make a video recordi%@_llg of vehicles that had caused a
speed or traffic red light violation. (i g. 5)

ABSTRACT
Automatic Camera Tracking

The invention describes a monitoring or surveillance system for automatic camera
tracking of moving objects based on a system of cameras. A fixed video camera is
used to monitor the scene, and image processing techniques are used to detect and pin-
point the presence of certain pre-defined objects. Upon detection of such objects,

10  another camera, capable of pan, tilt, and zoom functions {or PTZ cameras), 1s

controlled to zoom in for a close up view, track and follow the objects. The system

can be extended to multiple fixed video cameras to cover bigger or different scenes
and multiple PTZ cameras to allow individual tracking of multiple objects. The
invention finds application in a classroom environment, where the tracking camera

15 could automatically track and follow the lecturer as he moves around the classroom.
It can also be used for traffic monitoring, to zoom in, track and make a video

recording of vehicles that had caused a speed or fraffic red light violation.

20

(Fig. 5)




