2260051 OBJECT TRACKI NG APPARATUS AND METHOD 5

DESCRI PTI ON The present invention relates to an object tracking apparatus
for causing a canmera to track a noving object. 10 Recent devel opnents in
technol ogy have led to cancorders becom ng ever smaller and nore highly
automated. Pronminent is the randil’y progressing devel opment of an obj ect

tracking function, which can automaticallytrfack 15 and recog cgbingSC)&Ehl
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DESCRIPTION-

The present invention relates to an object tracking

apparatus for causing a camera to track a moving object.

Recent developments in technology have led to camcorders

becoming ever smaller and more highly automated.

Prominent is the randily progressing development of an
object tracking function, which can automatically track

and record objects, and an auto-focusing function.

In Japanese laid open patent application No. 62-208783
entitled, . "Automatic Tracking Video camera", a
technique is disclosed wherein the infra-red received
from an object is converted into an electrical signal,

the centre of the object detected from the electrical

-



of over conplexity. The apparatus detects the centre of the object after
I nfra-red has been received fromthe object and converted into electrical
sicgnals. This results in an increase in video canmera size which is 10

undesi rabl e. Furthernore, additional means are needed to provide an
aut o- f ocussi ng function, thus causing an inevitable increase in unit price
and the size of the apparatus. 15 In other words, separate

aut o-focusing apparatus is needed, as depicted in Figures 1 and 2, in
order to provide both auto-focusing and object tracking. Referring to
Figure 1, an auto-focusing apparatus 100 20 ~ is nounted under the |ens
10 of a cantorder, on the front of the main body 20. The auto-focusing
dpparatus 100 conprises a light emtfer 1, a light receiver 2 for receiving

i nci dent infra-r l e q:],{;_( ULaRk CSdSterol 1 aggmgjﬁ%&l r gnot
shown), wherein ?ﬁghgﬁstgége etmeenhaEéancgﬁﬁgetgn an objectt%g'ggculated
by the tine diffqﬁgnggngﬁéwﬁpmﬂé1;;  y fifected is emtted fromthe |ight

emtter 1 and the tine infra-red i

However, the technique disclosed in Japanese laid open
5 patent application No. 62-208783 has the disadvantage
of over complexity. The apparatus detects the centre
of the object after infra-red has been received from
the object and converted into electrical signals. This
results in an incréase in video camera size which ;s
10 undesirable. Furthermore, additional means are needed
to provide an auto-focussing function, thus causing an

inevitable increase in unit price and the size of the

apparatus.

15 In other words, separate auto-focusing apparatus is
needed, as depicted in Figures 1 and 2, in order to
W provide both auto-focusing and object tracking.

Referring to Figure 1, an auto-focusing apparatus 100
20 is mounted under the lens 10 of a camcorder, on the
front of the main body 20. The'auto-focusing.apparatus
100 comprises a light emi;ter 1, a light receiver 2 for

8 ' receiving'incident infra-red reflected from objects,
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recei ved by the |ight

light receiving lens 3 for collecting incident infra-red and a
phot oel ectric conversion el ement of a photosensor (such as a 10
phot odi ode) 4 for converting the light <collected fromsaid |ight

phot osensor

receiver 2, and then the lens 10 is driven by
the cal cul ated value to performfocusing. The light receiver 2 conprises a

receiving lens 3 into an electrical signal. Referring to Figure 2, a
4 of the 15 phot oel ectric conversion is enlarged for
The infra-red collected at light receiving lens 3 of |ight

il lustration.
receiver 2 is detected by two photosensors 4,
and output to a controller
infra-red received bf 9h§ phot osensor 4, cal cul ates the dlstance
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time difference between the time infra-red is emitted
from the light emitter 1 and the time infra-red is
received by the light receiver 2, and then the lens 10
is driven by the calculated value to perform focusing.
The light receiver 2 comprises a light receiving lens 3
for collecting incident infra-red and a photoelectric
conversion element of a photosensor (such as a
photodiode) 4 for converting the light collected from
said light ©receiving lens 3 into an electrical

signal.

Referring to Figqure 2, a photosensor 4 of the
photoelectric conversion is enlarged for illustration.
The infra-red collected at light receiving lens 3 of
light receiver 2 is detected by two photosensors 4,
converted into an electrical signal and output to a
controller (not shown), which, by utilising the
infra-red received by the photosensor 4, calculates the
distance between the camera and an object for

performing the focusing. )

converted into an el ectrical

si ng
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apparatus have both been needed, thereby resulting in a 5 bulky cantorder.
According to a first aspect of the present invention, there is provided an
obj ect tracking apparatus for a canera, conprising support means including
drive nmeans 10 for novably supporting a canera, a tracking |ight source
for emtting light having a first frequency, a focusing |ight source for
emitting light having a second frequency, |4ght detecting neans responsive

S gnal | dependGREE AN G CFFH | 9 Prefucitey AP FOGERL G T
o1 bduci ng 2 ConPEbPTBEIRal CPASHBpCHIRREL BN S Beak PASCERGRaI . SBhEPHAT ( he
munted to the SooAaEoeakBerAtEokoE, AT, A1, BRE, WRiAng,
bj et to b tr ARPRCTER e TReH Bl Siedia Chadreby ERRELH 4 o
munted on ag OBty LArkerder.

- According to a first aspect of the present invention,
there is provided an object tracking apparatus for a
camera, comprising support means including drive means

10 for movably supporting a camera, a tracking light source
for emitting light having a first frequency, a focusing
light sburce for emitting 1light having a second
frequency, light detecting means responsive to light of
said first and second frequencies and outputting a

15 bearing signal in dependence on 1light of said first
frequeﬁéy and a focus signal in dependence on light of
said second frequency, and tracking means for producing
a control signal in.debendence on the bearing signal,
wherein the drive means is responsive to the control

20 signal to cause a camera mounted to the support means to

track the tracking light source.

25



tracked. Preferably, the [ight detecting neans and the 10 .

processing nmneans are nounted on a canera. However, they may be nounted
on the support neans. Preferably the |I|ight detecting neans conprises

plurality of photosensitive elements. Conveniently, 15 there are

phot osensitive el enents
t he bearing signa

Pref erably,

capabl e of responding to horizontal

source with
drive neans
t he support
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conpri ses

The source of light is preferably an infra-red emitter
mounted on an object to be tracked. However, it could
comprise a reflective means mounted on an object to be

tracked.

Preferably, the light detecting means and the
processing means are moﬁntad on a camera. However,

they may be mounted on thaisupport means.

Preferably the light detecting means comprises a
plurality of photosensit*ve elements. Conveniently,

there are four photosenﬁitiva elements comprising

square quarters of a larger square.

Preferably, the bearing signal comprises the outputs of
the photosensitive elements and the processing means
compares the relative magnitudes of the outputs of the
photosensitive elements to produce a drive signal to

operate the drive means.

conprising square quarters of a |arger square.
conprises the outputs of the photosensitive
el enents and the processi ng nmeans 20 conpares the relative nagnitudes
of the outputs of the photosensitive elements to produce a drive signal
operate the drive neans. -6- Convegiently, the drive nmeans is operable
to change the azinuth of a supported CTanera. The apparatus is thereby
changes in the bearing of the |ight
respect to the 5 | i ght detecting neans. Preferably,ﬁéihe
a notor drivingly coupled to a gear portion of

T
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means. The notor may be drivingly coupled to the gear 10 portion of the
support neans via a speed reducing train. The gear portion of the
support neans nay conprise radially outwardly extendrng teeth or radially

i nwardly extending teeth. 15 Conveniently, the drive nmeans is operable
to change the el evation of a supported canera. Thus, the apparatus is
capabl e of responding to vertical changes in the bearing of the |ight
source with respect to the Iight detecting neans. 20 The drive neans, for
changing the elevation of a supported camera, preferably conprises a
not or - 7 - drivingly coupled to a pivotable camera receiving portion of
the support means. As an alternativezor in addition to the drive neans for
5 chaﬂglng the el evation of a suppor ed canmera, there is provi ded drive

meansy.gcapabl e t ocohediiferitls hetﬂat &hﬁsuﬁa{a&t efls speRiile to Bhaﬁgéabl Y,
such a drive neans conpri ‘ses a nmotor coupled to a rack gear porTion of
the ‘the azimuth of a supported camera. The apparatus is

thereby capable'of responding to horizontal changes in
the bearing of the light source with respect to the
5 light detecting means.

Preferably, the drive meéns comprises a motor
~ drivingly coupled to a gear portion of the support
means. The motor may be drivingly coupled to the gear
10 portion of the support means via a speed reducing
train. The gear portion of the support means may
comprise radially outwardly extending teeth or radially
inwardly extending féeth..

15 Conveniently, the drive means is operable to change the
elevation of a supported camera. Thus, the apparatus
is capable of responding to vertical changes in the
bearing of the light source with respect to the 1light
detecting means.

20
The drive means, for changing the elevation of a

supported camera, preférably comprises a motor
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support neans via a pinion gear. 10 According to a second aspect of the
present invention, there is provided a conbined optical tracking and
focusi ng apparatus for a camera, including drive nmeans for redirecting the
canmera in response to a bearing 15 signal indicative of the bearing of an
object to be tracked, wherein a conmmon photosensor is enployed for both
generating the bearing signal and a focugiﬁg signal for focusing the canera
on the object ;to be tracke

di
Tventi on wi | FECKSIHEASTTRISE i) AR VBE ABLBGABSTA FROFAPEPENBEEEIEN | ne
acconpanyi ng gfa@ﬁggéﬂPeorghhggﬂsFlgure 1 is a schematic side view of a

conventi onal apparatus; Figure 2 is a constructional
drawing of a light receiver as depicted in Figure 1; Figure 3 is a
schematic side view of a cantorder equipped with an object tracklng-

apparatus  ifligln alta8rhQEJFRCBIViNh AdMR tRARSHY tHY 61 PE means for
5 changing the elevation of a supported camera, there is
provided drive means capable to change the height of a
supported camera. Preferably, such a drive means
comprises a motor coupled to a rack gear portion of the
support means via a pinion gear.

10 s
According to a second aspect of the present invention,
there is provided a combined optical tracking and
focusing apparatus for a camera, including drive means
for redirecting the camera in response to a bearing

15 signal indicative of the bearing of an object to be
tracked, wherein a common photosensor is employed for
both generating the bearing signal and a focusing signal

for focusing the camera on the object to be tracked.



Figure 4 is a block diagram of an object .tracking apparatus in accordance

I nvention; Figure 5 is a constructional drawing of a |light
receiver as depicted in Figure 3; 15 Figure 6 is a constructional
drawi ng of one enbodi nent of an up/down driving neans in accordance wth

t he present

with the present

enbodi mt of

i nventi on;
of an up/down driving nmeans in accordance with the present invention

-9- Figure

rotary neans

i nvention; Figure 7 is a constructional draw ng of one
rotary nmeans in accordance with the present 20
Figure 8 is a constructional drawing of a second enbodi nent

éircg*t di agram of one enbodi nent of a 5 notor driving circuit;
11A aqd 11B are gisodinents0r 6£P| &HY NIprBseRer afrviiition’ | R#ELD! enf an

obj ect "tracking

+}
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appar at us
described, by way of example, with reference to the

accompanying drawings, in which:

Figure 1 is a schematic side view of a conventional
auto-focusing apparatus;

Figure 2 is a constructional draﬁing of a 1light
receiver as depicted in Figure 1;

Figure 3 is a schematic side view of a camcorder
equipped with an object tracking apparatus in
accordance with the present invention;

Figure 4 is a block diagram of an object tracking
apparatus in accordance with the present invention;
Figure 5 is ‘a constructional drawing of a 1light
receiver as depicted in Figure 3;

Figure 6 is a constructional drawing of one embodiment
of an up/down driving means in accordance with the
present invention; .

Figure 7 is a constructional drawing of one embodiment
of rotary means in accordance with the present
invention; .

Figure 8 is a constructional drawing of a second
embodiment of an up/down'ariving means in accordance

with the present invention;

9 is a constructional draw ng of a second enbodi nent of a
in accordance with _the present invention; Figure 10

s a
Fi gures



i n accordance with the present invention; and Figure 12 is a flow chart

Illustrating a nethod 10 according to the second aspect of t he
present invention. Referring to Figure 3, an object tracking apparatus in
accordance wth the present i nvention includes 15 phot oel ectric
conversion neans 120 for converting into electric signals the incident,
infra-red generated by a focusing light emtter 1 and the incident

| ight generated by a light emtting nmeans 110, for object detection,
attached to an object 500; an obj ect 20 novenent detecting nmeans 200

for detecting the novenent of an object by utilising signals output by the
photoel ectric conversion neans . 32Q; and direction changi ng neans 300 for

changi ng the shooting direction - 10 - of a cancorder supported by a .
tripod 400 in pfurelanceipi td olintragtOGHAT! disivigigedoy alweddndct -
novenent detection neans. 5 Light emtting nmeans 110 emts |ight

havi ng a di f f combudimeatueficy rataryameansttiml Aaccardancéocwithg thenfra-red

'prasemt invention;
Figure 10 is a circuit diagram of one embodiment of a

5 motor driving circuit;
Figures 11A and 11B are drawings for explaining the
operational principle of an object tracking apparatus
in accordance with the present invention; and
Figure 12 is a flow chart illustrating a method

10 according to the second aspect of the present
invention.

Referring to Figure 3, an object tracking apparatus in
accordance with the present invention includes
15 photoelectric conversion means 120 for converting into
electric signals the incident, infra-red generated by a
focusing 1light emitter 1 and the incident 1light _
generated by a light emitting means 110, for object
detection, attached to an object 500; an object
20 movement detecting means 200 for detecting the movement
of an object by utilising signals output by thé
photoelectric conversion means 120; and direction
changing means 300 for changing the shooting direction



emtted by the focusing light emtter 1 and is attached to an object 500 or
a renote controller (not shown). 10 The phot oel ectric conversi on neans
120 is conposed of at |least four photosensors 122, 124, 126, 128
(Figure 4), and anong these photosensors, two photosensors are used for

t he dual purposes of auto-focusing and object tracking. 15 Referring to
Figure 4, an object tracking apparatus of a canctorder in accordance with
the present invention, conprises photoelectric conversion nmeans 120

for converting into electrical signals the incident 20 f ocusi ng
infra-red generated by the focusing light emtter 1 and reflected by
obj ects and the incident |ight generqug by the light emtting neans 110

for okject detection attached t0 the object; object novenent

det ec{] on nmeans @G0 §OgamiSiRidy BUpPBLESd BPLrRiped Mo id!ldddordlfice! Ne

signals from said photoelectric " conversion me direction changi ng

feans 400 for Chaghng M%ﬂj&ﬂ déféiﬁéd)byOf tRe® objec@aliﬂéﬁbﬂléhtso t hat
the canctorder foll ows the nmovenent of
detection means. ' '

5. Light emitting means 110 emits light having a different
frequency to that emitted by the focusing infra-red
emitted by the focusing light emitter 1 and is attached

\*/ to an object 500 or a remote controller (not shown).
10 The photoelectric conversion means 120 is composed of

at least four photosensors 122, 124, 126, 128 (Figure
4), and among these photosensors, two photosensors are
used for ' the dual purposes of auto-focusing and object
tracking.
15 -
. Referring to Figure 4, an object tracking apparatus of
a camcorder in accordance with the present invention,
.comprises photoelectric conversion means 120 for
converting into electrical signals the incident
20 focusing infra-red generated by the focusing light
emitter 1 and reflected by objects and the incident
light generated by the liaht emitting means 110 for
s object detection attached to the object; object.



novi ng obj ects detected by the object novenent detection neans 200.
Focusing light emtting 1 is usually attached to a 10 cancorder. The
light (infra-red) emtted fromthe focusing light emtter 1 is reflected
by an object 500 and incident upon photosensor 126, 128 of photoelectric
conversion nmeans 120, attached to the cantorder. The phot osensors 126,
128 convert incident light into 15 el ectrical signals and output them
to a controller (not shown) which, utilising a nmeasurenent of the tine

bet ween em ssion of the infra-red and its reception by the photosensors
126, 128, performs focusing by calculating the distance between the
cancorder and the 20 object 503, _ -12- The light emtting neans 110
for object detection is attached t6 an object or a renote controller (not

shown) for CoNubladri0 WdBeSRIBR" dRland! 2061 S ClUetacting VBBJect e L oht
generated by the light emtting neans 110 1s 1 ncident o%n?he phot oel ectric
conver si on nmeafdvemdhtsdhobgel egEflisifgnVetheon sRpMLsl 20£e6imYesasd t he
photoelectric conversion means; direction changing
means 400 for changing the shooting direction of a
5 camcorder so that the camcorder follows the movement of
moving objects detected by the object movement

detection means 200..

Focusing light emitting 1 is usually attached to a
10 camcorder. The light (infra-red) emitted from the
focusing light emitter 1 is reflected by an object 500
and incident upon photosensor 126, 128 of photoelectric
conversion means 120, attached to the camcorder. The
photosensors 126, 128 convert incident 1light into
15 electrical signals and output them to a controller (not
shown) which, utilising a measurement of the time
between emission of the infra-red and its reception by ,\/
the photosensors 126, 128, performs focusing by
calculating the distance between the camcorder and the
20 object 500.



light into el ectrical signals. The photoel ectric conversion means
120 conpri ses at | east four 10 phot osensors 122, 124, 126, 128
and the light incident on the respective photosensors 122, 124, 125,
128 changes according to the novenent of the object 500. Accordingly, the
el ectrical signals respectively output by photosensors 122, 124, 126,
128 al so change 15 according to the novenent of the object 500. In
ot her words, if the object 500 is noved to the right, using the centre of
t he photoel ectric conversion neans as a reference, the light incident on

t he 20 phot oel ectric conversion neans 120 is predom nantly incident
on the photosensors 122, 126 rmunt,_t_adlfé)rl the left. The ratio of [light
i'nci dent  on t he | eft phot osensors 122, 126 to that incident on the

oversnt of the 8o crRe! Sntéind “hedrs TIRLOLE Aier AekBRCTBANS AR, O,

i'ncident on the pbRASRIEYY bh cg.}y&g@i O HEAPémote0 dontRbilep nfﬁﬁ{_ ¥he

incident on the 5 phot osen s 124, 128 nounted on the righ
ratio shown) for controlling the camcorder at a distance.
5 When the 1light generated by the light emitting means

110 is incident on the photoelectric conversion means
- 120, photoelectric conversion means 120 converts the
light into electrical  signals. The photoelectric
conversion means 120 'camprises at least four
10 photosensors 122, 124, 126, 128 and the light incident.
on the respective photosensors 122, 124, 125, 128
changes according to the movement of the object 500.
Accordingly, the electrical signals respectively output
by photosensors 122, 124, 126, 128 also change
15 according to the movement of the object 500.

In other words, if the object 500 is moved to the
right, using the centre of the photoelectric conversion
means as a  reference, the 1light incident on the
20 photoelectric conversion means 120 is predominantly
incident on the photosensors 122, 126 mounted on the

=

left. The ratio of 1light incident on the left
photosensors 122, 126 to that incident on the right



of light incident on the left 122, 126 and the right 124, 128 photosensors
I's proportional to the magni tude of novenent of the object 500. '
Consequently, the nmagnitudes of the electrical signals Pl, P2, P3, P4 10
output by the photosensors 122, 124, 126, 128 of photoelectric
conversion nmeans 120 becone different. The object novenent detection neans
200 conprises an anplifier 210 for anplifying the electrical signals Pl, 15
P2, P3, P4, a conparator for conparing nutually the signal anplified
by the amplifier 210, and the controller 230 for outputting the
shooting direction changing signal by determ ning the object novenent
direction and magni t ude I n gccordance wth the 20 conpari son
results from the conparator 5283 = The travel ling object detection.

reans 200 O ikopefiSlbk la6! A, 4 ARSRANSEL BT Wl Lhee
L1, P"Che oF SR BOSURME " Sypki and ! ' thg! gt Yo bear | o
output, and to the left, the light incident on the photoelectric
conversion means 120 is predominantly incident on the
5 photosensors 124, 128 mounted on the right. The ratio
of 1light incident on the left 122, 126 and the right
124, 128 photosensors is proportional to the magnitude
of movement of the object 500. Consequently, the
magnitudes of the electrical signals Pl, P2, P3, P4
10 output by 'the photosensors 122, 124, 126, 128 of

photoelectric conversion means 120 become different.

The object movement detection means 200 comprises an
amplifier 210 for amplifying the electrical signals P1,

15 P2, P3, P4, a comparator for comparing mutually the
signal amplified by the amplifier 210, and the
controller 230 for outputting the shooting direction ~
changing signal by detemmining the object movement
direction and magnitude in accordance with the

20 comparison results from the comparator 220. The
travelling object detection means 200 outputs a control
signal in accordance witﬁfmovament of the object 500 by



t he conparator 220 converts the anplified signals P1, P2, P3, P4 to digital

signals for nmutua

has noved fromt
accordance wth

he centre of the field of view of the cancorder. 10 |

n

t he out put of' the conparator 220, the controller 230

outputs a control signal in order to correct the shooting direction.

Direction chang
310 for noving t
vertical plane,
t he shooting dir
di recti on changi

tantexder so that an object
fieldoof - 15

controll er 230.

ing means 300 conprises an up/down (elevation) drive

he shooting direction of the cancorder in the

15

conpari son and determnes in which direction the object

and a left/right (azimuth) drive 340 for changi ng

ection of the canctorder in the horizontal 20 pl an
ng means 300 changes _the shooting direction of the

Th
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In other words, at the amplifier 210, the electrical
signals Pl, P2, P3, P4 are amplified for output, and
the comparator 220 converts the amplified signals P1,
P2, P3, P4 to digital signals for mutual comparison and
determines in which direction the object has moved from
the centre of the field of view of the camcorder.

In accordance with the output of the comparator 220,
the controller 230 outputs a control signal in order to

correct the shooting direction.

Direction changing means 300 comprises an up/down
(elevation) drive 310 for moving the shooting direction
of the camcorder in the vertical plane, and a
left/right (azimuth) drive 340 for changing the
shooting direction of the camcorder in the horizontal
plane. The direction changing means 300 changes the
shooting direction of the camcorder so that an cbject
is positioned in the centre of the camcorder field of

e.

is positioned in the centre of the cantorder

ut:é.!%lﬁ‘rﬂ%iﬂxé @1RBEREcAD Sitmal@nPi0l P2 W OB thy t he

ction changi ng ngns 300 i s nounted between the 5

The



of the cantorder, and rotates the cantorder about a vertical axis and a

transverse axis so that the lens 10 is always directed towards the objéct
In this way the object tracking apparatus of a cantorder
accordance with the present invention changes the shooting direction in

500.

response to novenent of an object so that the object

di recti on.

in 10

remains in the centre

of the field of view of the cancorder. 15 Referring to Figure 5, the
phot oel ectric conversion neans 120 conprises four photosensors 122, 124,
126, 128 in order to nonitor the novenent of objects irrespctive of
The photosensors 122, 124, 20 - 126, 128 are nmounted in a
square at the upper left, upper _riyght, lower left and lower right positions
and output the electrical signals P1, P2, - 16 - P3, P4 in

respectively,
dependence upgiewheihi Hés
6, the up/down drive 310 conprises 5
Ofcontgbliler 230.

shaf t

38a

10

15
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The direction changing means 300 is mounted between the
supportive means of a tripod 400 and the main body 20
of the camcorder, and rotates the camcorder about a
vertical axis and a transverse axis so that the lens 10
is always directed towards the object 500. In this way
the object tracking apparatus of a camcorder in
accordance with the present invention changes the
shooting direction in response to movement of an object
so that the object remains in the centre of the field
of view of the camcorder.

Referring to Figure 5, the photoelectric conversion
means 120 comprises four photosensors 122, 124, 126,
128 in oxrder to monitor the movement of objects
irrespctive of direction. The photosensors 122, 124,
126, 128 are mounted in a square at the upper left,
upper right, lower left and lower right positions
respectively, and outputlihe electrical signals P1l, P2,

potbY tddehe AoREIBY sigRRESoutiit' by thel O Figure
a notor 38, a gear 40 fixed to a_



notor 38, a semicircular gear 36 for rotating about a hinge 32 nounted on

t he upperside of a supporting shaft 30 engaged with the gear 40 and a

supporting plate 34 forned integrally with the sentircular gear 36 fixed to

10 the | ower portion of the main body of a cantorder 20. Wen the

obj ect novenent

detection neans 200 detects that the object 500 has

devi ated upwardly fromthe centre of the field of view of the cancorder,
the 15 out put control signal causes the notor 38 to rotate
cl ockwi se (as viewed in the drawi ng). Wen the notor 38 rotates clockw se,

so does the

gear 40, and the sem circular gear 36 rotates

anticl ockwi se about the hinge 32, ﬁGVWen t he sem ci rcul ar 36
e

rot ates 20

anticl ockwi se about t

hi nge 32 so does the supporting

pl ate_34. Wenp3t hpg ﬁ&'%ﬂd@ﬂ?e%ﬁéﬁ théiigh{:%&éﬁftﬁaiq&mh&hﬁe, the

front of the main body of
supporting pl at ethefeowPves upwardly.

centre of the 5

5
10
15
20

cancorder, fixed to the

field of view, the front of the main body 20

Referring to Figure 6, the up/down drive 310 comprises
a motor 38, a gear 40 fixedﬂto a shaft 38a of said
motor 38, a semicircular gear 36 for xStating about a
hinge 32 mounted on the upperside of a supporting shaft
30 engaged with the gear 40 and a supporting plate 34
formed integrally with the semcircular gear 36 fixed to
the lower portion of the'mﬁin body of a camcorder'zo.

When the object movement detection means 200 detects
that the object 500 has deviated upwardly from the
centre of the field of view of the camcorder, the
output control signal causes the motor 38 to rotate
clockwise (as viewed in the‘drawing). When the motor 38
rotates clockwise, so does the gear 40, and the
semicircular gear 36 rotates anticlockwise about the
hinge 32. When the semicircular 36 1rotates
anticlockwise about the hinge 32 so does the supporting
plate 34. When the supporting plate 34 rotates
anticlockwise, the front of the main body of the

If the object 500 noves down fromthe

of the



cancorder is noved down by anticlockw se rotation of the notor 38. In this
manner, when the shooting direction Is 10 corrected by way of
rotation of the notor 38, the shooting direction corresponds to the
bearing of the object 500 with respect to the cancorder and the

el ectrical signals P1, P2, P3, P4 output by the photoelectric conversion
means 120 becone identical. 15 When the electrical signals Pl1, P2, P3,
P4 out put by the photoel ectric conversion nmeans 120 becone identical the
direction changi ng neans 400 stops further changing of the shooting
direction by way of the control signal output fromthe object novenent
detection neans 200. 20 ReferringgyetQ Figure 7, the left/right drive
340 conprises a notor 42, a gear 54 fixed to a shaft 42a of the notor 42,

a speed reducaidord8R] fided to?N€hé suppoktingSUpBatéi i Shabied0 wWhegein
a gear 48a engaged with the speed reducing gear 46 is forned and a lug rod ,
48b formed umpwapddyh is inserted rotatably wthin a

If the object 500 moves down from the centre of the

5 field of view, the front of the main body 20 of the
camcorder is moved down by anticlockwise rotation of
the motor 38.

In this manner, when the shooting direction is

10 corrected by way of xrxotation of the motor 38, the
shooting direction corresponds to the bearing of the
object 500 with respect to the camcorder and the
electrical signals Pl, P2, P3, P4 output by the
photoelectric conversion means 120 become identical.

15 When the electrical signals P1, P2, P3, P4 output by
the photoelectric conversion means 120 become identical
the direction changing means 400 stops further changing -\,
of the shooting direction by way of the control signal
output from the object movement detection means 200.

20
Referring to Figure 7, the left/right drive 340
comprises a motor 42, a gaar 44 fixed to a shaft 42a of
the motor 42, a speed reducing gear 46, and a



cylindrical hole 58 forned irn the upper end of a shaft 5 rod 50. The
canctorder is installed on the upper end of the supporting shaft 30. Thus,
when it is determned that the object has deviated to the right fromthe
centre of the field of view of a cantorder by the object novenent detection
means 200, a control signal 10 out put t her eby causes t he not or
42 to rotate anticlockwi se (when viewed from above in Figure 7). Wen
the notor 42 rotates anticlockw se, so does the gear 44 and the speed
reduci ng gear 46 rotates anti- clockw se also. When the speed

reducing gear 46 15 rotates anticlockw se, the gear 48a, f or med

on the supporting shaft 30 rotates ockwi se, as does the supporting
Shaftw 30. The lug rod 48b forned at the | ower end of the supporting

shaf t\30 ot at es supbbi-firdd SHa¥t BT vhebeiiP et galroiss Nengdveid wied ERe | N

this 20 manner,” when The supporting shaft 30 rotates cl ockw se, the
front of the cang I fethicingoVWgearf i462d ils0 Ebemedid e dual rbie4sb
supporting shaft 30, turns to the right. - 19 -

formed underneath is inserted rotatably within a

cylindrical hole 58 formed in the upper end of a shaft

5 rod 50. The camcorder is installed on the upper end of

the supporting shaft 30. Thus, when it is determined

that the object has deviated to the right from the

~/ centre of the field of view of a camcorder by the

object movement detection means 200, a control signal

10 . output thereby causes the motor 42 to rotate

anticlockwise (when viewed from above in Figure 7).

When the motor 42 rotates anticlockwise, so does the

gear 44 and the speed reducing gear 46 rotates anti-

clockwise also. - When the speed reducing gear 46

15 rotates anticlockwise, the gear 48a, formed on the

supporting shaft 30 rotates clockwise, as does the

Y, supporting shaft  30. The lug rod 48b formed at the

lower end of.the supporting shaft 30 rbtates within the

cylindrical hole 58 of the shaft rod 50. In this

20 manner, when the supporting shaft 30 rotates clockwise,

the front of the camcorder (not shown), fixgd to the

upper end of the supporting shaft 30, turns to the
right.



If the object is judged to have deviated to the left of the centre of the
field of view of the cantorder by the object novenent detection neans 200,
the notor 42 rotates anticlockw se according to the control signal 5
produced by the object novenent detection neans 200. When the notor 42
rotates anticlockw se, so does the gear 44, and the speed reduci ng gear 46
rotates cl ockwi se. Wien the speed reduci ng gear 46 rotates cl ockwi se, the
gear 48a forned on the supporting shaft 10 30 is caused to rotate
anticl ockwi se, causing the supporting shaft to nove |ikewise. In this
way, when the supporting shaft 30 rotates anticl ockwi se, the front of the
cancorder (not shown) fixed to qp%_ pper end of the supporting shaft 30
turns to the left. 15 Thus, the shdoting direction is corrected by rotating

of Vi w of { herE i ChJece, B8 fidaad o8- fkib MB(Licad, 88 SRS I6rd ot Lokt
the ol eotrical el o o o e et et M ion
changi ng neansolj¥éttst mpveindnt C det@etibns medns g 200,ecthan mbétddstancor der.
rotates anticlockwise according to the control signal
5 produced by the object movement detection means 200.
When the motor 42 rotates anticlockwise, so does the
gear 44, and the speed reducing gear 46 rotates
clockwise. When the speed reducing gear 46 rotates
clockwise, the gear 48a formed on the supporting shaft
10 30 is caused to rotate anticlockwise, causing the
supporting shaft to move likewise. In this way, when
the supporting shaft 30 rotates anticlockwise, the
front of the camcorder (not shown) fixed to the upper
end of the supporting shaft 30 turns to the left.
15
Thus, the shooting direction is corrected by rotating
the motor 42, and when the object is positioned in the ~
centre of the field of view of the camcorder, the
electrical signals Pl, P2, P3, P4 output by the
20 photoelectric conversion means 120 become identical.
When the electrical signals Pl, P2, P3, P4 become
identical, the direction changing means 300 stops the
change of shooting direction of the camcorder.



- 20 - Referring to Figure 8, an up/down drive 310 conprises a notor 52, a
pi nion gear 54 fixed to the shaft 52a of the notor 52, and a supporting
shaft 30 wherein a ratchet gear 56 is so fornmed that it can nove up and 5
down within a cylindrical shaft rod 58 under the influence of the pinion
gear 54. Thus, when the object deviates upwardly in the field of view of

t he canctorder, the object novenent detection 10 means 200 out puts a
control signal and rotates the notor 52 clockwi se (as viewed in Figure
8) driving the pinion gear 54 |ikew se. Wien the pinion gear 54
rotates cl ockw se, the supporting shaft 30 forned with the ratchet gear 56
Is guided in the shaft rod 58 and 15 noves up. Wien the supporting
shaf t.nmoves up, the cantorder instéJ?%d'oh t he upper end of the supporting

shaf ti 30 noves .u géﬁg aPﬁE h 'Zgbwﬁe i if in.the
cent r?' of the figfe 0 il\lﬁ-rg:\;%vr g.?' e éc'aer?cxg% r. O&ﬁ‘gén ‘ﬁ?; OBF%% elésa
posi tioned i F‘-thﬁoﬁéftéf, ¥ piliSoh §édr Y4 Fi%¥dOto! e CHHaFICERal N6
el ectrical signa
the motor 52, and a supporting shaft 30 wherein a
ratchet gear 56 is so formed that it can move up and
5 down within a cylindrical shaft rod 58 under the

influence of the pinion gear 54.

7 Thus, when the object deviates upwardly in the field of
view of the camcorder, the object movement detection

10 means 200 outputs a - control signal and rotates the
motor 52 clockwise (as viewed in Figure 8) driving the
pinion gear 54 likewise. When. the pinion gear 54
rotates clockwise, the supporting shaft 30 formed with
the ratchet gear 56 is guided in the shaft rod 58 and

15 moves up. When the supporting shaft moves up, the
camcorder installed on the upper end of the supporting
shaft 30 moves up also. Therefore, the object remains
positioned in the centre of the field of view of the
camcorder.

20
When the object is positioned in the centre of the

field of view of the camcorder, the electrical signal
Pl, P2, P3, P4 ocutput by the photoelectric conversion



P1, P2, P3, P4 output by the photoelectric conversion - 21 - nmeans 120
are identica

t he obj ect noves down fromthe centre of the field 5

cancorder, the nmotor 52 is driven anticlockwi se thereby |owering the

and, therefore, the novenent of the cancorder ceases.
of view of the

when

front of the cantorder. Referring to Figure 9, a left right drive conprises

a 10

not or

62, a gear 64 fixed to the shaft 62a of the notor 62,

a speed

reduci ng gear 66, and a supporting shaft having a gear 68a engaged by the
speed reduci ng gear 66, fornmed inside the | ower end thereof rotatably
nounted on a shaft rod 70. 15 Thus, when the object is judged to have been
noved towards the right of the cemyre of the field of view of the cancorder
by the object novenent detection neans 200, the notor 62 is caused to
rotate anticl

si gnal

ahdl QLR ere)
from the object novenent ectlon means 260 When the

10

15

20

9280are idefi

the camcorder ceases.

When the object moves down from the centre of the field
of view of the camcorder, the motor 52 is driven
anticlockwise thereby lowering the front of the
camcorder.

Referring to Figure 9, a left right drive comprises a
motor 62, a gear 64 fixed to the shaft 62a of the motor
62, a speed reducing gear 66, and a supporting shaft
having a gear 68a engaged by the speed reducing gear
66, formed inside the lower end thereof rotatably
mounted on a shaft rod 70.

Thus, when the object is judged to have been moved
towards the right of the centre of the field of view of
the camcorder by the object movement detection means
200, the motor 62 is caused to rotate anticlockwise
(viewed from above in Figure 9) by the control signal
from the object movement detection means 200. When the
motor 62 rotates anticloéiwise, so does the gear 64 and
the speed reducing qaar‘ss rotates clockwise. When the

otfhe c&gtrol

-



notor 62 rotates anticlockw se, so does the gear 64 and the speed reducing
gear 66 rotates clockw se. Wen the - 22 - speed reduci ng gear 66
rotates clockwi se, the supporting shaft 30 having a gear 68a engaged with
t he speed reducing -gear 66 rotates clockwi se. In this manner, when t he
supporting shaf t 30 rotates 5 anticlockw se, the front of the
cancorder (not shown) fixed to the upper end of the supporting shaft 30
turns towards the right. If the object noves towards the left of the centre
of 10 the field of view of the cantorder, the object novenent detection
means 200 outputs a control signal, causing the notor 62 to rotate

anticl ockwi se. Wien the notor rotateg anticlockw se, so does the gear 64
and tke speed reducing gear 62 rotates clockwi se. When the 15

speed.reduci ng geéd 6G-eddicih§S 3?@&10' OGlgwi Sﬁotééhéio%iddkﬁﬁé?poﬁké ng
shaft 30. When the supporting Shaft 30 rotates anticl ockw se, the front

g BOE ufﬂgw?z) ?L et W&%mihxw-ﬁ@ﬁ@ewé@& 684 crigaiged ﬁgﬁﬁortwg shaf t
speed reducing gear 66 rotates clockwise. In this
manner, when the supporting shaft 30 rotates

5 anticlockwise, the .front of the camcorder (not shown)
fixed to the upper end of the supporting shaft 30 turns

towards the right.

If the object moves towards the left of the centre of
10 the field of view of the camcorder, the object movement
detection means 200 outputs a control signal, causing
the motor 62 to rotate anticlockwise. When the motor
rotates anticlockwise, so does the gear 64 and the
' speed reducing gear 62 rotates clockwise. When the
15 speed reducing gear 66 rotates anticlockwise, so does
the supporting shaft 30. When the supporting shaft 30
rotates anticlockwise, the front (not shown) of the
- camcorder fixed to the upper end of the supporting
shaft 30 turns to the left.
20
This means that when the shooting direction is
corrected by rotating the motor and the object is
positioned in the centre of the field of view of the



20 Thi s neans
rotating the
field of view

that when the shooting di rection I's corrected

by

notor and the object is positioned in the centre of the

of the - 23 - canctorder, the electrical signals

P1, P2,

P3, P4 output by the photoelectric conversion 120 becone identical. Wen

the electrica

signals P1, P2, P3, P4 output by the photoelectric

conversion neans 120 becone 5 I dentical, direction changi ng neans 300
stops changi ng the shooting direction of the cancorder by way of the

control signa
Referring to
signal CT1 or

rotate clockwig

out put by the object novenent detection nmeans 200.

10

Figure 10, in the notor driving circuit, when the contro
CT2 out put by the gobjgct novenent detection nmeans 200 becone
high, transistors QL, 4 or @, start operating, causing the notor Nto

. CeREKVdFéetrital Ci!?{ﬁli he1lS p2,UpPpsioWhe

driwg:

and the left/right drive 'to start operaling to change the shooting

direction. B+

10

15

20

ostpute Bt Othd’ i pidtbelecteiéc édvrdision?. 126, Hkcome
identical. When the electrical signals P1, P2, P3, P4
output by the photoelectric conversion means 120 become
identical, direction changing means 300 stops changing
the shooting direction of the camcorder by way of the
control signal output by the object movement detection

means 200.

Referring to Figure 10, in the motor driving circuit,
when the control signal CTl1 or CT2 output by the object
movement detection means 200 become high, transistors
Ql, Q4 or Q2, Q3 start operating, causing the motor M
to rotate clockwise or anticlockwise. This causes the
up/down drive and the left/right drive to start
operating to change the shooting direction.

B+ is the motor drt&ing voltgage and R1l, R2, R3, R4,

RS, R6 are resistors.

Referring to Figure lla, the shooting direction and the
position of the object 563 are normal, which means that
the object 500 is in the centre of the field of view of



R5, R6 are resistors. 20 Referring to Figure 1la, the shooting direction
and the position of the object 500 are normal, which neans that the object
500 is in the centre of thée field of view of - 24 - the cantorder. Under
this condition, the light emtted by the light emtting nmeans 110 is

i nci dent upon the centre of the-photoelectric conversion nmeans 120. \Wen

the light generated by the light emtting nmeans 110 is 5 I nci dent
upon the centre of the photoel ectric conversion nmeans 120, the
magni t udes of the electrical signals Pl1, P2, P3, P4 are identical. In order

words, 10 P1 = P2 = P3 = P4. Thus, the obj ect novenent detection neans
200, determines that the object Lsppaqsitioned in the 15 centre of
the field of view of the cantorder when the electrical signals Pl1, P2, P3

?Ecei F?A,_--are i dent i:ﬁel cal¥Riey ."JUhGeF | €his® cbhRitibe, stiedtlightdemeeté@n of
) by the light emitting means 110 is. incident upon the
centre of the photoelectric conversion means 120. When
the light generated by the light emitting means 110 is
5 incident wupon the centre of the photoelectric
conversion means 120, the magnitudes of the electrical

signals P1l, P2, P3, P4 are identical.

N

In order words,

10
Pl = P2 = P3 = P4.
Thus, the object movement detection means 200,
determines that the object is positioned in the

15 centre of the field of view of the camcorder when the
electrical signals Pl, P2, P3 and P4 are identical.

o/

Referring to Figure 11b, the shooting direction of the
camcorder and the position of an object are abnormal,
20 which means that the object has moved down from the
centre of the  field of view of the camcorder. Under
this condition, the light emitted from light emitting
means 110 is primarily incident on the upper part of



cancorder and the position of an object are abnormal, 20 whi ch nmeans
that the object has noved dowmn from the centre of the field of view of
t he cantorder. Under this condition, the light emtted fromlight emtting-

means 110 is primarily incident on the upper part of - 25 - the
phot oel ectric conversion neans 120 through light receiving |lens 3. \Wen the
light emtted fromthe light emtting neans 5 110 is primrily

i nci dent upon the upper half of the photoelectric conversion neans

120, the electrical signals P1, P2, P3, P4 becomPl - P2 - P3 - P4, Pl >
P3 and P2 > P4. 10 Li kew se, when the object noves up fromthe centre
of the field of view of the cantopger, the electrical signals becone Pl =
P2, P3 = P4, P1 ¢ P3 and P2 < P4. \Wen the object noves towards the right

fromthe cent chelphotoeléctirdie cbhvbfsdn \icisOf 120€ ﬂmslyzlﬂem e -
el ectrical signals becone P1 < P2, P3 < P4, P1 = P3 and ="PX and whé&n

t he obj ect noweeseivingeclens t3.0f the centre of the field of view of the
cancorder the electrica
When the light emitted from the light emitting means
5 110 is primarily incident upon the upper half of the
photoelectric conversion means 120, the electrical
signals P1, P2, P3, P4 become P1 = P2 = P3 = P4, Pl >
P3 and P2 > P4.

10 Likewise, when the object moves up from the centre of
the field of view of the camcorder, the electrical
signals become Pl = P2, P3 = P4, Pl < P3 and P2 < P4,

When the object moves towards the right from the centre
15 of the field of view of the camcorder, the electrical
signals become Pl < P2, P3 < P4, PL =P3 and P2 = P4
and when the object moves to the left of the centre of
the field of view of the camcorder the electrical
signals become Pl < P2, P3 < P4, Pl = P3 and P2 = P4.
20
Based on the relative magnitudes of Pl, P2, P3 and P4,
the object movement detections means 200 recognises
that the object has moved from the centre of the field



signals becone P1 < P2, P3 < P4, P1 = P3 and P2 = P4. 20 Based on the
rel ative nmagni tudes of Pl, P2, P3 and P4, the object novenent detections
means 200 recognises that the object has noved fromthe centre of the

field - 26 - of view of the cantorder and an output control signal
drives the notor to turn the cancorder so as to keep the object 500 in the
centre of its field of view 5 Referring to Figure 12, an object

tracki ng nmethod conprises a first step of conparing nutually the nagnitudes
of electrical signals output respectively from at |east four

phot osensors whi ch convert |ight incident froman object into electrical
signals, and a 10 second step .obgchanging the shooting direction of a
Cancqeder according to the conparison results of the first step. The first
step @f the objeaf viewkofiothe idamdordeprandsan ttput | edatrolhtsigmapari son
steps, steps 102, 104 for conparing whether the magnitudes of

€l ectrical signaldriges, €he) mdt®r Ptd tmen ithentcamebrdep/skwas donkespson

the object 500 in the centre of its field of view.

5 Referring to Figure 12, an object tracking method
comprises a first step of comparing mutually the
| magnitudes of electrical signals output respectively
~ from at least four photosensors which convert light
‘incident from an object into electrical signals, and a
10 second step of changing the shooting direction of a
camcorder according to the comparison results of the

first step.

The first step of the 'obj'ec_t tracking method comprises:

15 left/right comparison steps, steps 102, 104 for
comparing whether the magnitudes of electrical signals

(P1, P3,) (P2, P4) are identical; up/down comparison

steps, of steps 106, 108 for comparing whether the

~ magnitudes of electrical signals (Pl, P3) (P2, P4) are

20 identical; left/right magnitude comparison steps, steps
110, 112, 118 for comparing the magnitudes of
electrical signals (P1l, P2,) (P3, P4) if they are not
identical; and up/down magnitude comparison steps,



steps, of steps 106, 108 for conpari ng whether the magnitudes of electrical
signals (P1, P3) (P2, P4) are 20 i dentical; left/right magnitude
conpari son steps, steps 110, 112, 118 for conparing the magnitudes

of electrical signals (P1, P2,) (P3, P4) if they are not identical; and

up/ down magni tude conparison steps, - 27 - 'steps 114, 116, and steps
120, 122 for conparing the magnitudes of electrical signals (Pl1, P3)
(P2, P4) if they not identical. 5 Furt her expl anations of the above

are given below. When the electrical signals P1, P2, P3, P4 are input
into the object novenent detection neans 200, the electrical signals are
anplified by the anplifier 210 1027 - at step 100. The conparator 220,
when anplified signals P1, P2, P3, P4 are input, conpares the signals one

wi th anot her, staps dildyt ilSheambrqupsoazoesmz s fior t cemparing! |the 230~The
controller 230 according to the results fromthe conparator 220,

det er mi nes V\hemm.iuﬂes ofic elaptinicadssignalsoPlsi P3| (P2, FR4) Al P2,

are identical, step 102.
they not identical.

5 Further explmtions of the above are given below.

When the electrical signals P1, P2, P3, P4 are input
into the object movement detection means 200, the
electrical signals are amplified by the amplifier 210

10 at step 100. The comparator 220, when amplified
signals Pl, P2, P3, P4 are input, compares the signals
one with another, and outputs the comparison results to
the controller 230. The controller 230, according to
the results from the comparator 220, determines whether

15 the magnitudes of the signals, Pl and P2, are
identical, step 102.

If the result of step 102 shows that Pl = P2 the
controller 230 determines, at step 104, whether the
20 magnitudes of the signals P3, P4 are identical.



If the result of step 102 shows that P1 = P2 the controller 230 determ nes,

at step 104, whether the 20 magni t udes of the signals P3, P4 are

i dentical . - 28 - If the result of step 104 shows that P3 = P4 it
is determined that there is no-error in the shooting direction in the '
hori zontal plane. 5 If the shooting direction is correct in the

hori zontal plane, the controller 230 determ nes whether t he

magni tude of the signals Pl1, P3 are identical at step 106. 10 At step

106, if it is determined that the signals Pl, P4 are identical, the
result will be the sanme. If the result of step 106 shows that P1 = P3, P1
= P2, P3 = P4 and P1 = P3, it is detgfmned that the shooting 15

direction of the canctorder is correct. Therefore, the controller does not

out pal_control signaire t ¢ebldtdi 6£CIdtp ChOA0bRGwS DA 330= Hawereig if the
results of step 106 shows that Pl does not equal P3, the controller
determ nes whetdetermiined kthagethélsn i83 adb 28rror sirep theS. shooting

direction in the horizontal plane.

5 If the shooting direction is correct in the horizontal
plane, the cqntroller 230 determines whether the
magnitude of the signals P1l, P3 are identical at step

~/ 106.

10 At step 106, if it is determined that the signals P1,
P4 are identical, the result will be the same.

If the result of step 106 shows that P1 = P3, Pl = P2,

P3 = P4 and P1 = P3, it is determined that the shooting
15 . direction of the camcorder is correct. Therefore, the

controller does not output control signals to the

direction changing means 300. However, if the results

of step 106 shows that Pl does not equal P3, the

controller determines ' whether Pl is larger than P3 at
20 step 108.



- 29 - If P1 > P3 at step 108, which inplies that the object
in the lower half of the field of view of the

230 out puts
changes 5
hal f of its fi

smal l er than P3, bearing in mnd the result of step 106 10

does not equal

its field of

I S positioned
cancorder the controller

control signals to the direction changi ng nmeans 300 and

t he shooting direction of the cantorder towards t
eld of view If the result at step 108 reveal s that

he | ower
P1 i s not

is that P1

P3, then Pi: < P3. Therefore, as the objects are positioned

in the upper half of the field of view of the cancorder, the controller 230
outputs the control signal to the direction changing neans 300 to
the shooting direction of the 15_29 _cancorder towards the upper _
view. If P3 = P4 at™"step 104, the result is P1 = P2 and P3 =

P4, however aspg Riss ,kbpgaefsgér‘?tﬁ!ds Sﬁhﬂ@ﬁ&ﬁé thae 2fne c%%

deci des that t
to the directi

10

15

20

IS result rs errdr and not output a
4 gosdtdbhad "B the’idwer half of the field of view of

the camcorder the controller 230 outputs control
signals to the direction changing means 300 and changes
the shooting direction of the camcorder towards the
lower half of its field of view.

If the result at step 108 reveals that Pl is not
smaller than P3; bearing in mind the result of step 106
is that Pl does not equal P3, then Pl < P3. Therefore,
as the objects are positioned in the upper half of the
field of view of the camcorder, the controller 230
outputs the control signal to the direction changing
means 300 to change the shooting direction of the
camcorder towards the upper half of its field of

view.

If P3 = P4 at step 104, the result is P1 = P2 and P3
= P4, however as this kind of result seldom exists, the
controller 230 decides that this result is an error and
does not output a control signal to the direction

<

changing means 300.

change
hal f of

ol I sg* 230
si gnal



- 30 - If P1 = P2 at step 102, the controller determ nes whether Pl is |ess
than P2 at step 110. If Pl is less than P2 at step 110, the controller
determ nes whether P3 is less than P4 at step.112. If P3 is not snaller
5 than P4 at step 112, which seldom exists, then the controller
determnes that this result is an error and does not output a control

signal to the direction changing neans 300. If P3 is less than P4 at step
112, it is determned that the object is positioned in the 10 ri ght
hal f of the cantorder's field of view If the result of step 112 reveals
that the object is positioned in the right half of the canctorder's field of
view , the controller determ nes whegher Pl = P3 at 15 step 114. If P1
= P3_.at step 114, the controller determ nes that the object has not

deV|aLed to the gpppi Srpd oW Beéyesied, t heCagBREAST 1 | idRiterifingseW.
Thus, the controller 230 outputs contrql signals to the direction changi ng
freans 300 and chehgthex heplsligollesg €fan P2 @t’ seeponl0 o tIfe P dit less
than P2 at step 110, the controller determines whether
P3 is less than P4 at step 112. If P3 is not smaller
5 than P4 at step 112, which seldom exists, then the
controller determines that this result is an error and
does not output a control signal to the direction
/ changing means 300. If P3 is less than P4 at step 112,
it is determined that the object is positioned in the

10 right half of the camcorder's field of view.

If the result of step 112 reveals that the object is
positioned in the right half of the camcorder's field
of view , the controller determines whether P1 = P3 at
15 step 114. If P1 = 'P3 at step 114, the controller
determines that the object has not deviated to the
upper or lower halves of the camcorder's field of view.
Thus, the controller 230 outputs control signals to the
direction changing means 300 and changes the shooting

20 direction to the right. -



- 31 - If P1 does not equal P3 at step 114, the controller determ nes
whet her P1 > P3 at step 116. If P1 > P3 at step 116. If P1 > P3 at
step 116 the controller determ nes that the object is positioned in the
upper 5 hal f of the cantorder's field of view and then outputs a
control signal to direction changing neans 300 to change the shooting
direction of the cancorder to the lower right. 10 If it revealed
that P1 is not larger than P3, the controller 230 determ nes that the
object is positioned to the upper right of the centre of the cantorder's
field of view and outputs a control signal to the direction changi ng neans
300 to change the shooting 15 _ sglirection of the cantorder to the upper
right. If the result reveals that P1 is not snmaller than P2, then the.

controller 23 dplerddas ndtet bghal 93 “atP4atep! 118} cehe BohtrollbrP3 >4
at step 118, the 20 controller determ nes that the object is

positioned odeteeminés whethed! PLhe PRt @atep 106.canf @Xier 'P3 f el d of
view, and then determ nes whether P2 = P4, step 120. However, as the
condition thastBp itléot JIfal Par *haP3 at step 116 the controller
determines that the object is positioned in the upper
5 half of.the camcorder's field of view and then outputs
a control signal to direction changing means 300 to
change the shooting direction of the camcorder to the

lower right.

10 If it revealed that Pl is not larger than P3, the
controller 230 determines that the object is positioned
to the upper right of the centre of the camcorxder's
field of view and outputs a control signal to the
direction changing means 300 to change the shooting

15 direction of the camcorder to the upper right.

If the result reveals that Pl is not smaller than P2,
then the controller 230 determines whether P3 >
P4 at step 118. If P3 > P4 at step 118, the
20 controller determines that the object is positioned on
the left side of the centre of the damcordar's field of
view, and then determines whether P2 = P4, step 120.
However, as the condition that P3 is not smaller than



-32- P4 seldomexists, the controller 230 determnes this situation to
be an error, and does not output a control signal to the direction changing
means 300. 5 1f P1 > P2 at steps 102, 110 which inplies that the
obj ect has deviated to the left fromthe centre of the canctorder's field of
view, then the result becones P3 > P4. Therefore, the condition of P3 > P4

does not exist and this result can be determned as an error. 10 If P2 = P4
at step 120, the controller determ nes that the object has deviated to the
|l eft fromthe centre of the cantorder's field of view, and changes the
shooting direction of the cancorder to the left. In other 15 words, if
P2 = P4, it inplies that the object 3ghas not deviated up or down fromthe
tentr-e of the canctorder's field of view and as it has already been

det ergi ned that pghgedBbMCéxikts denoatEAtidLIdie 230! Abtehfittes O¢nikl0, 118,
the controller 230 changes ‘the shooting 20 Irection to the left.
: situation to be an error, and does not output a control

signal to the direction changing means 300.

5 If P1 > P2 at steps 102, 110 which implies that the
object has deviated to the left from the centre of the
o camcorder's field of view, then the result becomes P3 >
~ P4. Therefore, the condition of P3 > P4 does not exist
and this result-can be determined as an error.
10
If P2 = P4 at step 120, the controller determines that
the object has deviated to the left from the centre of
the camcorder's field of view, and changes the shooting
direction of the camcorder to the 1left. In other
15 words, if P2 = P4, it implies that the object has not
deviated up or down from the centre of the camcorder's
field of view and as it has already been determined
that the object has deviated to the left at steps 102,
110, 118, the controller 230 changes the shooting
20 direction to the left.



- 33 - If P2 does not equal P4 at step 120, the controller determ nes
whet her P2 > P4, step 122. If P2 > P4 at step 122, the controller 230
determ nes that the object has deviated to the |Iower left of the centre of
the 5 cancorder's field of view and outputs a control signal to the
di rection changing neans 300 to change the shooting direction of the
cancorder to the lower left. If P2 is not geater than P4 at step 122, the
controller 10 230 determnes that the object has deviated to the
upper left of the centre of the cantorder's field of view and outputs a
control signal to the direction changing neans 300 to change the shooting
direction of the canctorder -to thg gpper left. 15 Accordingly, an object
tracki ng nmethod for a cancorder in accordance with the present invention

detects the nDIENEP? Qioed) ABLCCoquET Telatistep! 120 itHY contirEelér UPOS
phot oel ectric conversion neans in order to 20 - change the shooting
direction of tdetermhwssiwhether P2 > P4, step 122. If P2 > P4 at
step 122, the controller 230 determines that the object
has deviated to the lower left of the centre of the
5 camcorder's field of view and outputs a control. signal
to the direction changing means 300 to change the

shooting direction of the camcorder to the lower left.

If P2 is not geater than P4 at step 122, the controller
10 230 determines that the object has deviated to the
upper left of the centre of the camcorder's field of
view and outputs a control signal to the direction
changing means 300 to change the shooting direction of
the camcorder to the upper left.
15
Accordingly, an object tracking method for a camcorder
in accordance with the present invention detects the
movement of an object according to the 1light incident
upon a photoelectric conversion means in order to
20 change the shooting direction of the camcorder.



-34- From the foregoing,

can obtain the effect of automatically tracking an obj ect using

appar at us

of

si npl e construction. Ther ef or e, t he cancor der

t he object tracking apparatus and net hod t hereof

can

be 5 m niaturised and |lightened by providing the object tracking

apparatus utilising auto-focusing apparat us.
the preferred enbodi nent has -been presented for the purpose of
and 10 descri ption. It is not intended to limt the scope of this

Many nodifications and variations are possible in the |ight of
t hough the descri bed apparatus has only

phot osensors, the preseptsqinvention may be enbodi ed using
Besi des,

i nventi on.

t he above teaching. Specifically,

15 f our

phot gel ectri c conversion neans having nore than four photosensors.

The foregoing description of
Il lustration

I n the foregoi ngrahh adle fo&:b@é.:ﬂt?,? I Ridett LRECRIIRSCHpparatra@dt i & though
ele

conpari son of novenent to th

firstly perfornmesethisd itheeo€NDédn cbtain theceEféct off uitumatidalibyn

and right 20 di rections has

directions has been perforned |later, it should be apparent that

5

10
15
20

tracking an  object using apparatus of simple
construction. Therefore, the camcorder can be
miniaturised and lightened by providing the object
tracking appatatus utilising auto-focusing apparatus.

The foregoing description of the preferred embodiment
has been presented for the purpose of illustration and
description. It is not intended to limit the scope of
this invention. Many modifications and variations are
possible in the light of the above teaching.

Specifically, though the described apparatus has only
four photosensors, the present invention may be
embodied using photoelectric conversion means having
more than four photosehsors. Besides, in the foregoing
object tracking method of the present invention,

though comparison of movement to the left and right

directions has been firstly performed and then
comparison of movement in the up and down directions
has been performed laﬁgr, it should be apparent that

been



- 35 - the present invention provides the sane effective results even
with sinple changes in the procedures. Cains 1. An object tracking
apparatus for a canera, conprising support neans including drive nmeans
for 5 novably supporting a canera, a tracking |ight source for emtting
light having a first frequency, a focusing light source for emtting |ight
havi ng a second frequency, |ight detecting neans responsive to |ight of
said first and second frequencies and outputting a bearing signal in 10
dependence on light of said first frequency and a focus signal in
dependence on |ight of said second frequency, and tracking neans for
produci ng a control signal . in dep ence on the bearing signal, wherein the
drive neans is responsive to the control signal to cause a canmera 15

mounted to theckg!PRiFelseli®aEnvéhtichC K pkBFidé kghmg .y
apparatus according to claim1, whereln tﬁ ? detectlng neaﬁggand the

tracki ng nmeansrewult#oeveAdwith aimple changes in the procedures.



20 canera. 3. An apparatus according to claiml or 2, whereinthe .iguL
detecting neans conprises a plurality of photosenS|t|v

4. An apparatus according to claim3, wherein the |ight H!Eb@ﬂe' ' "M
conpri ses four square photosensitive elenents arranged as

| ar ger square. 5. An appar at us accordégg to claim3 or 4, mhereln the
beari ng si gnal conpri ses t he out pl t he photosen3|t|ve

el enents and th%:tracklng means conpares the relative magni tudes of the
outputs of th tosensitive elenents to produce the control signal

6. An apparatus according to any preceding claim wherein the drive
means i s operable in response to the control signal to change the azinmuth

BT et 3 CuRLS ofsece ALY SREARALIR  TEL2 W Doiers
the support nmeangmphising support means including drive means for
5 movably supporting a camera, a tracking light source for
emitting light having a first frequency, a focusing light
source for emitting light having a second frequency,
light detecting means responsive to light of said first
and second frequencies and outputting a bearing signal in
U 10 dependence on light of said first frequency and a focus
signal in dependence on light of said second frequency,
and tracking means for producing a control signal in
dependence on the bearing signal, wherein the drive means
is responsive to the control signal to cause a camera

15 mounted to the support means to track the tracking light

source.

2. An apparatus according to claim 1, wherein the light

detecting means and the tracking means are mounted to a

/
20 camera.
3. An apparatus according to claim 1 or 2, wherein the
light detecting means compfises a plurality of
s photosensitive elements.

25
4. An apparatus according to claim 3, wherein the light
detecting means comprises four square photosensitive

elements arranged as quarters of a larger square.



8. An apparatus according to claim7, wherein the notor is drivingly
coupled to the gear portion of the support neans via a speed reducing gear
train. 20 9. An apparatus according to claim?7 or :
portion of the support neans has radially outwardly mﬂmamH“@aﬁo An
apparatus according to claim?7 or 8, mhg%ﬁln the 25 gear ¢ont

support neans has radially-inwardly extehding teeth. 11. An apparatus
according to gny pﬁﬁcfﬂbﬂﬂaﬁhé' cordegrewciQfmdﬁ'af JPaRRekaiAPEHaDI € 1O
change the angle of el&vation o a supported canera. 12. An appar at us
according to pearfhgl wighaln ! tdmprigese NHE CUWPRES a 8Pl Ol the
drivingly coupled to a pivotal camera receiving portion of the support
means. 13. Anphopesehsitiiveoelenents and Rhec atfatkindi meandeceoinparas . drive’
means i s operable to change the height 10 of a supported canera. 14. Au
appar at us accthei ngelateive m hdgnibadesn tde dthee rmatputsrrproﬁesthermtor

coupled to a rack gear portion of the support nmeans via a pinion gear.
S photosensitive elements to produce the control signal.

6. An apparatus according to'.any preceding claim,
wherein the drive means is operable in response to the
control signal to change the azimuth of a supported

10 camera. | <

7. An apparatus according to cléim.s, wherein the drive
means comprises a motor drivingly coupled to a gear
portion of the support means.

15
8. An apparatus according to claim 5, wherein the motor
is drivingly coupled to the gear portion of the support

means via a speed reducing gear train.

20 9. An apparatus according to claim 7 or 8, wherein the
gear portion of the support means has radially outwardly

extending teeth.
10. An apparatus according to claim 7 or 8, wherein the
25 gear portion of the support means has radially inwardly

extending teeth.

11. An apparatus according to any preceding claim,

3



15 15. A conbined optical tracking and focusing apparatus-for -a—eanera,
I ncl udi ng drive neans for redirecting the canera in response to a bearing

signal indicative of the bearing of an object to be trackegmm,j

comon 20 photosensor is enployed for both generating the MM“JH“I””“I
and a focusing signal for focusing the canpra on the object to ‘be ‘tracked.
16. An object tracking .apparatus suﬁgf ntlaIIy as 25 hereinbefore

d
ooeri e WA [ELELERCEnkoab N Bhate 1o' S, S UM "0l H1G°

of elevation of a supported camera.

12. An apparatus according to claim 11, wherein the
' 5 drive means comprises a motor ‘drivingly coupled to a

pivotal camera receiving portion of the support means.

13. An apparatus according to any preceding claim,
wherein the drive means is operable to change the height

W/ 10 of a supported camera.

14. An apparatus according to claim 13, wherein the
drive means comprises a motor coupled to a rack gear
portion of the support means via a pinion gear.
15
15. A combined optical tracking and focusing apparatus
for a camera, including drive means for redirecting the
camera in response to a bearing signal indicative of the
bearing of an object to be tracked, wherein a common
20 photosensor is employed for both generating the bearing
signal and a fo¢using signal for focusing the camera on

the object to be tracked.

- 16. An object tracking apparatus substantially as
25 hereinbefore described with reference to Figures 3 to 12

of the accompanying drawings.



