2014 TEE AR R X

IJL—IVIXEEBREAAS

20152 H 16 H

PNTONEE- e
VAT LRER A T - A
HE (&

T EENF




TJL—IVIXEBRAAS
HE

B =

BEA A T34 IR RETH X LT WA D, FlsFR e UTEREEZRD 21T TIERL,
MR GEEEZERD 72V, GEZEL TEEPEEZRHL 20 WS BRERFDOADZ .
HEHEOHFZEMNMNEGZDEHEDO—DL LT, MRPETFOND., EYOHE (71—
D) BXET B HEICE, TYRVHATRAT— N7 4V OEEHICHBIRE RRT ST
TV =2 a VREPFEET S, UL, gl DEDEROEERE Mt > TEA
U720, AAZITMATEMR EEFERHCHRET 5 Z & 13H# L.

ARWIE T, 7 A TBROBEFLBLIZ D 7 X SERDAEDHIENIC X b EHEHREE
EBU, oI 2WERPHEDMBEIZAS L DIZHATOBE TR %EE ET1—Y
R T A LT, HEMMEZERT S LS IRE e YBT AV AT LAEHET L %2 H
BEd5., HATERIZIIY—FRE—XDRZOEEINTED, &4V HR - FILENE
FHZ RS 5. 77 A TG B 1 2 EHEARO KR & BRERERIZ 351 2 Bl & D212 5D
EHBEINDE PWMEEIC L > TRIE— XDl 24T o7z, 1 A TR OBG AR % 85
THEGUHETEE LT, HEOOMEP TR V7 %M U THEARDER % 5 L /-,
T oI, HIEEREEDZETORERVPEEREL T HMEIZAD X DIZ, FIMEERD /I
Ji U TR IZ I X S RBE DR E RN I E .

REVATLOERMZ RS20, FHliFERZIT o7, REVATLALMDI AT L%
WTEHERZ 21T\, EWEREEIHERPEEBRICEDETREINTVWENE S H»
EHEE U, ZORE, BEVATLAZHOREHEREDGH, HEERZ - THEN%
ho . BIERIZEIL T, HEBSRRO—>Th BMIERY AT LADAD, BEY A
T L&D b HEOMEIEWEE TR 21727208, EHERIZEL T, oY A5 41
HRTREV AT LOF P& 0 HEDMEIZEWEE CIRE 2172 5 Z LAVRI Nz,

F—0— R WHFEE, BRE, EYaT7LVY—R, ¥—KE—%, PWMES,

B GALER, RSB



Tracking Camera for Framing
Shun Hinatsu
Abstract

These days, many people have cameras in various forms. Some people want to take
photographs for not only recording events but also expressing individuality and emotion.
The composition can change the impression for photographs. Some cameras or smartphone
applications give users additional lines in the display for framing. However, it is difficult
for beginners to align the camera and the tripod when taking photographs of plural objects
fitting the lines.

In this research, the author proposes the system that helps user to take photographs ful-
filling the composition, by tracking objects with image processing and controlling camera
platform and displaying the direction to move the camera. The platform has two servo-
motors. One is rotated in a panning direction, and the other is rotated in a tilt direction.
The author controlled the servomotors by calculating the difference between the object’s
coordinates and target position’s and generating PWM signals. In order to recognize the
objects in the camera image, the author used image processing such as extracting color
of image and connected-component labeling. Moreover, the author instructed the user to
move the camera so that all objects including sub objects achieve the composition.

In the experiments, the author compared photographs taken by the proposed system
and by other systems. As a result, it turns out that the proposed system helped users take
more photographs achieving the composition than other systems. The result has suggested
that the additional line displaying system can help user arrange sub object closer to the
target position than the proposed system. However, the proposed system can help user
arrange main object closer to the target position than other systems.

Keywords : Framing, tracking, visual servo, servomotor, PWM signal,

image processing, operation support
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3.2.1 BICED YRR

71 A T WGk DREAR % R U Clbifk LD REREE ReD B FEE LT, BIZHD < Uik
WEITS5ND [20). AT, PC EOEEMELIZ KD A Z Wbt DFE @z it LT
ZOELDEEREE KD, T D% R DREDHEAROE RPN 5.

PAR T, s E D SUIARREBOFIEE R RS, 21— DN U 72 450K % Mk 5 %
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( G- B 60 MIN R
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X —
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7L — LT, GBI U2 EZEO HSV E L BENOLEFED HSV e DAL, 1A
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BT 5. IRV VYT ERD BRI DN Y 7T v T =TV %K 3.412,R9. “Src” “Dst”
DIEIE T RVERLTEYD, by 27y T T—TFNVHNTHUFICEHFINT NS T X)L &
DEFZIXFE—DEAERFITELTWD Z L Z2/RT. “Dst” O, U FOMBETEESHZ 5
n5.

Src | Dst
1 1
2 2
030300 3 3
0304040 4 | 4
ST o o0 |
X 3.3: TN v GIHAIRAE D i X 3.4: E—REEEFTONY 2T v TF—T)
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DL Eh S —EHOEREZITV, BEPAOEZEZRET S, R LZEZEDL E,
F, Ak, EOBZZFEREELEDTI NV EHERT S, BREFHNDEDEED T )L
DETOROBBIZININE UTHWERESHL Z2H2 7N Ve UTEIVIRS. BRERHIPH
WIZ 0 BIAND T RV A3 2561, BREFNTRNADES %2 7L LTHIDIRD, IR
Ve UTHWER S B SERNDESETNTNWL Y 7Ty TF—7 D “Src”, “Dst”
IZHEFITHZ8I2&D, S TNV 2R DEEDE—DOEMERICEL T\ Z & 25l
5. 35127V 1 Z2MDTEIDIRSEROEE, X 3.6127 )01 % “EEICHD RSB
D% "9,

B 3.5: TRV 1 2HDTEND RS R B 3.6: 7NV 1 & R EIZE D R B B

X332 T 2 —RHEHDEEIKT ULZBOWEBGE LY 27y TTF—TV%, THNETNH
3.7, M 381777,

Src | Dst
1 1
2 |
3 3
4 4
0;0:01:0 .
0i0i0i0j0i0}o '
B4 3.7 B —mIEAELDHE G X 3.8: H—EEEZLDIVY 2T v TT—T)N

HGOE ENSHEEEEZITWL, Vv 27y TTF—T7N 2B U RN S E—HEEERS IR
TEHEDTRIVORTR/ND T )NV E2LBEZIZEORKRS., X392, M331IZ/THI7XRY v
THET Uzl ERT.

14



3.9: IRV VIR U7z

AU AT LTIEFHIEEBRTIER S Web A I SR(ONLEHZ U T 5720, 71—
LNFIZPA E OB 24T\, B U 72 RO 5 b IR DI 2 EAR e LTS,

Io, WEREFHCHEREEZ S, WEREZHEK T HEED S B, v BEIR/N, &ARD
3R D x JEEEE ZNE N Tmin, Tmax, Y PEEEAYER/N, BRDEZFED y BEEE Z 0 Z 4 Ymin,
Ymax £ 9B &, HEOL L, AF, T, GFNOEBEIXZENEN (Tmin, Ymin), (Tmax, Ymin)s
(Tmin, Ymax), (Tmax, Ymax) 725D, HER LI %X 3.10 IZ/mRT.

> X

Object

(x min, ymin) ()Cmax, ymin)

v (Xmin, ymax) (Xmax, ymax)

Yy

3.10: BEAR L HETE

B 3.10 DI DE (24, y,) 1FX (3.4) THT.

(l‘g, yg) _ (xmin + Tmax Ymin ymax> (34)

2 ’ 2

PARTIE, (2g,yy) ZHEARDELE ULTHS.

15



3.3 AXSEEDHFIH

AHITIE, ETHATERIZLD EREEROERICHERFHEIEGRIZOVWTAHERS. X
2, AATEBIZIOMNITBE—XZHIHT 2 HIEIZDOWTAERS.

3.3.1 EYar7IYy—R

REVATLADEDIZ, AATPOEEHR (HREER) 2RHTHERZEY 2T
Y—REIER, VY27 A —REAE T TRER— 2 LR — 20 “FES AT
5. FEN—ATERNRO =R EE FHIT 2 B D 508, FHEAN— 23 ZRouE
I ORHE % TCIZHIEHZ1T S, REV AT LA TIEESIERD =oehiE %2 5HlE 9, ZRoGH
BB DOEHRE TTICH A TEREZEFDNT 2D, UFTIIREAR—ADOEY a7V —KEH
z5.

Wi m 2> S RN TOWGAROBIEN B A2 RTRME z, 257U, z, WHEDOAET
HBxp LD KO ICHIHIATRELE C 2FET 2L ERX L. WA TONEHNTA-RGE
DHAEHREE LD T a Rl T DL, KA e(t) 1EX (3.5) TRIND [22].

e(t) =z, (m(t),C(t), a) — x (3.5)

LY a7 Y =R, e(t) DER/IMEEIETH 5 [23).
REVAT LT KD FEERITERCEGR R E A TR TH L. REVAT A
THUD D iR %2 X 3.11 (Z/RT.

X,

Image coordinates

X Camera

/4

(x, ) Camera coordinates

Y \
Y

¥ 3.11: 32T 257 A THLD &> FEFERA

16



AATDNENT A —R2ZET 256, ERAEGEREZRT (v,y) &GS N7 EE
FERE % T (u,v) DR E £ R (3.6) 2FIHT 2BENRH 2. 7272U fiEH AT 0K
SRR, w Bl o WO TR ¢, (uo, vo) IXHIETT % A 5 DGR B S TH B [24].

U fky fkycoto wug x
v]|=1 0 fkycscop g Yy (3.6)
1 0 0 1 1

DATR CI &l g b o kg, =X (3.6) 12 & 0 IERBLI GBI 2B A e U TR %
5.

HASEBDONME - K% 0 L T5. REVAT LEFWIRY O, BEEEER CHE
EAFIEL TWBE5EIE, o, 3N (3.7) DX 5120 DBIF x,(0) TRIT LN TE S,

xg=x4(0) (3.7)
#® (3.7) ZEERMH T2 L, R (3.8) BMESNG.
&, =J(0)0 (3.8)

727U, 01360 OB THY, HATEADNME - BT 2 BGERLR TOHERE
DAL EDZALDEE %2R THBGEY 2155 J(0) 2 X (3.9) TEET 5.

() = 2% 3.9
0)=2g (3.9)
B E HEEDALEITE DT 5720121, X (3.5) I2BWTRZ e(t) AP TH L5120 %

PRS2 ENRDH L. X (3.8)ITBWT, J(0) DWifTH J1(0) BWFET 572 51X, X (3.10)
HES5NS [25].
6=J10)z, (3.10)

UdioT, AV AN EREL, oy DEMEZTIZLTA (3.11) DL S0 28I ET
H{REERIZ BT B HEEOALE x) 1TED1 6 2 LA AREL 72 5.

6 =-\J (@), (\>0) (3.11)

DIRTI, BEVATLAIBVWT 0 2 —RBICRETELINE I D EMERT 5. FHEL

HiEEH L2815 3.2 HiTROZEOERE (vg,y,) ZHVD. 5 = (2, yy)T &

T5. 72720, (x4 yg)T & (x4 yg) DEEITFITH D, A T R T ORI D ER %

X, = (X, Y, Z)F &9 5&, H§FH ETORBUIOEE 2, 13X (3.12) £ b X (3.13) D
L5z kIND [24].
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Xg
g 1 000 v
kly,| =10 1 0 0 Zg (k #0) (3.12)
1 0010 f
Xg
z, Zy
Ty, = = (3.13)
’ <y> Yy
ZQ
T BB D RERGERE 2, = (3, )T 1
_ d (X,\ X2y X,Z,
. d (Yy\  YeZ,—Y,Z,
b B(2) -0 515

L7325 [26].
REVAT LEHWEwREGD L5102, WEPFHILLTWT, ZAIHBE L TWBI5E
BEZD. NATOWEREE Weay = Wy Wy Wo)T, AEEZE weam = (w0 wy w,)T &7

BE, HATEBERICE T D REAEE X, &

X, = —Weam — Weam X X, (3.16)

&% 27, Weams Weam &3\ (3.5) OHEIFREZ &R C IZHY 5. X (3.16) £ D

Xy = Wy —wyZ, +w.Y, (3.17)
Y, = Wy —w.Xy+w,Z, (3.18)
Zy = W, —w,Yy +w,X, (3.19)

nESND. X (3.17), (3.18), (3.19) X (3.14), (3.15) ~"NMRAT B L, H AT OMHENZ K
5 R DEE LT OBEEE 2 £ T X (3.20) MFo NS [26] [28].

We  x,W, )
. _79 + Z, + Zgygwz — (1 + z5)wy + ygw,
T, =
Wy, yW.
_7;”4_ ngz + (14 y2)wa — zgygwy, — Tgw,
Wy
1 T4 Wy
—— 0 — xyy, —(1+ fvﬁ) Yg
W,
— | % ) Zg : (3.20)
0 ng ?g 1 + yg :L'gyg .%'g wy
Wy

18



J, WxEzhzThi (3.21), (3.22) TEHT 5.

1 0 Tg 1+ 2)
—— —  Tgyy — x
J Zg Zg 9gJg g
1y, )
0 —79 Z—g L+y;  —wgyg
Wy
Wy
W = Weam _ W,
Wcam Wy
Wy
Wy

J, W WA Y, & (3.20) ZR (3.23) DX S 1cEI N B [26] [29).

i, =JW

X (3.23) FBHIHHR OISR IS T 5.

Yg
(3.21)
(3.22)
(3.23)

REVATLOHATERIZ X OO OV HEE Y #OE D OF )L b5 mdEd
LE—REEELUEZNVFIVINERTHD., NATEERFT X OO 20 54 %
0., YEIOE Y M5 2M%0, 2358, Wy=W, =W, =W, =0, w, =0, w, =0,

bbb

o = O O O

o R O O O O

55, 2EUJ, 0 2FNEhA(3.25), (3.26) TEHT 5.

o = O O O O

0
0
0
1
0
0
0,
Oy

- )

Jo=JJ, T 52, X (3.20) 3R 321 DL ITEKING.

i, = [ oo~ )\ (0) Z g6
L+y2 —zgy, 0,

19
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(3.26)
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Jo DFFFIR det(Jy) 2FHRB L, 2, y, BILCFHTHEDT, & (3.28) BBV 0.
det(Jp) =1+ +y; >0 (3.28)

Jp DWATH] T, PHAFAET B =D R DM =0T B Y, Bl OEE (0,,0,) 1&—
RichEsnsg. X (35) 2 LogaicEs#rs e, X (3.29) MR o05%.

e(t) = z4(m(t), 0s,0,) — x} (3.29)

L7zhioT, X (3.11), (327) o E—XDMEE N (3.30) DL S ITE{LTELI LT, o,
% HEERONLE o) (ED 12 Z e W AEL 5 [26].

0=-\J, 'z, (A>0) (3.30)

3.3.2 Y—RE—YDHIHE

331HTHARZ 2 B LKy MOE D DOEERIZIE, Y—HRE—XEZHWS., ¥ —FKE—

A\ [l D i X K 2 IS B 2 e M TEBE—XTHB. ¥ —RE—ZDHII
1, WEAOAE Y BEENOMBIZS LTI 2703y ha—525%ET 5 PWM{E
HEHAWS. PWMEBLIE, Ta—T 1 lEEZRDILNTELESTHD. BEVAT
BT B, PWMEESIZE2Y—FRE—XGillOo 7oy 7% 3.12 1R,

Platform
< Image Camera
PC : 5
(Image processing) Object's PWM Rotate ;
position ; signal :
Microcontroller P»-| Servomotor
B 3.12: PWMAE5I2 X %9 — KT — Kl
PWM {55 DHl% X 3.13 (2R,
EPWM(Z)
-t E T L
r’i
E
> ¢
O

¥ 3.13: PWM {5 Dl

20



PWM E5 Epwm(t) & —AE—XOME n DRERIZEATDOX (3.31) THIN 5.

E (nt<t<nr+7) (3.31)

0 (otherwise)

Epwum(t) = {

2720, TIEPWMESOEMTHY, 7 1ZX(3.32) IcEIESMEp L OPREINS.

Tmax — Tmi
T/ = Tmin + u(n - nmin) (332)

max — TJmin
Tlmins 7Tlmax Ci%m%‘m“j——_j{%—_& ODIElﬁf\‘%ﬁ@%/J\% E:E-ij(ﬁg’ Tmins» 7Tmax ti%*,-/%\m
7 = Mmins> Tmax "C@#JEI,E\HW"C EPWM(t) =F¢ 73:5%%1(}) ) , %) Bﬁ‘bbéfgﬂﬁﬂ LT
BIRBENVD .

3.4 A—HADBEHRRT

AHITIE, FTEIRERZ HEOAMEIZANDS ZOIZI—FAIRT S0 A SBEHOHER
DETRIZDWTIHRAR S, IRIZ, EHEARONLE 12 FD N 72 H AR A D w745 O HI B 12 D W
Tk 3,

3.4.1 HASTBREIERDIRT

BREY 2T AT, 33MITRLAED, EWEHIEH A 5 EADBRI X 0 HEOME
CEET 5. HINCEMRIE, EANCEIERERET 5 BB ARRL, TORREL L
A= AN A5 EHHT L THEOMBICRET 5. 321 HTRAE, @IZE5<Y
FRBETS R I E(GD 2L TRO-BHOEAEWTH L HIFL, BhiRRSE
3. BIEGRO HEOMEE Qrq.yq) LT 5. HEE T 2AEICEEHI N LTRRE
BEEBEALAE X OERE AR RASES L, BBOEL, A, £F, 4 Ok
ixZzhTh

Tmax — Lmin Ymax — Ymin " Tmax — Tmin Ymax — Ymin
rQ—————— Yy — ——————— Qt—mm Yy — ———————
Q 5 , yQ 9 5 Q 2 ) yQ 9 )
Tmax — Tmin Ymax — Ymin Tmax — Tmin Ymax — Ymin
Y 1 e I

L%, HEEOMEICHEEZFR U EGZM 314 12837, 2—FEZO0HES -7
BEDITHATRENT LT, BIHEARZHEOMEIZAND Z DAL KS.
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Desti\nation

\ > X

Object |+ o ,"'
el Qx, )

\/
Y

X 3.14: BEOA B IR % £m U= EiG

3.4.2 BHEROASR

[ _ETOEREAR - BIBTEARD FERE & AL E O R & D2 TFEEZUNTH X, H
FEREBNZ BB e 272 L CWB D AR L, EWER - BIERZNEFNIZOWTE
DEZENATMGHRIZERT S, M3.1512, KAV AT LADOHEEREKZRT.

Object's poTition in the composition

T
B Main : OK
Sub :

=

Destination

Display Camera image

X 3.15: A AT LD R

A—HiE, K315 FORREMALTLL Y Yy v XR—%2 V> TR %217 5.

22



FAEZ AT ADELS &

AETI, £7, BELETILV IV IR BY AT AZEELUERIZOWTERRS, &
12, EVAT AP EWEERZELUSBRETA I 2MRTS. mfhic, 7V—3I v 7%
VAT ADFMERD HiE L FERIZOWTRA, EERiERE2ERT 5.

4.1 FL—IVIXEVATLDERE

FELUETV—I VB AT LR 41 ITRT.

Microcontroller

X 4.1: FHELETL—IVIRKBEBY AT A

23



REVATLIIHWIEZAATZEAATER, Y—FRE—ZXZ2ZTNETNX 4.2, 43157,

Camera

Platform

X 4.2: IAZTEHATER X 4.3: Y—HRE—X

44 - RE—REMO M A T EE

BEZFAZHVWEAATOMEEFR 41T RT.

# 4.1: 71 A T DA% [30]

| HH | M |
JU—=4LL—F} 30 fps
fiF AR 640 pixel x480 pixel

24



REVAT LAWY —RE—XDMAREEZKR 4.2 1287

# 4.2 Y —KRE—XDILFE [31]

B fi |
HE 9.0 x 1073 kg
ik 22.2 mm x11.8 mm x31.0 mm
A MLV 0.177 N - m

Y —HRE— X ORI BERK (3.31), (3.32) HDNFTA—-REKA3ITRT.

# 4.3 Y—RE—XOHIENZBHBERNT A =&

HH | ]
T 20 ms
Tmin | 600 us

Tmax | 2350 us

Nmin 0 deg
Nmax | 180 deg

EWEhREBRET HEE, 7LV —LMTH A IBBEHET, VAT ANOUIIC X ZREAN
EUBRWGEEFT—RE—XDMEELZ R (3.30) TRINDEDIZT 1V N 2% ELTELL
TEBZZENEFLWV. LU, BEVATLZHAVARNTIE 7 L—LAJRT =¥ X
JEBHEIIELZ L, VAT LHOEBGMELRLIZEI D ELDBIEIZ L DY —RE—XD
AENEAL U 78I EREARDM BT LB LT 5 2 IERs R nizd, ¥—=R
E—RDAEE I~ EOWNEITHETEIEHNEE LWV, LAi- T, K (3.30) F o7+
YA EREDTIC, BENO 7LV —LEOMEOLELE O = (0, 0,7 X (4.1), (4.2) TE
HTO ZZIET.

0, = +1 deg (4.1)

0, = £1 deg (4.2)

25



REAT LMW PCOMEREAEFR 44 12R7T.

# 4.4: PC DLk

G (52
0S 0S X 10.9.4
CPU 7 27 )V 37 Intel Core i5-4250U 1.3-2.6 GHz
AE 4.0 GB

75747 A Intel HD Graphics 5000

F7-, 1 27uay bua—JiZi% Arduino UNO % 7=,

4.2 BEMEDHER

BEVATAIIOWERDBREZIEULITADINE I 2RI T 2FERET>7-. ER
AW EARZX 4.5 127R7.

r 5 [ Al A2 A3

4 4.5: HEAR X 4.6: BEARD YA E

Bl4.6 1IZRT 51T, HATHWURF DR ALI~AI DS RO A5 ZFR< /UKD W e
R ERLE L T 5, BRIZ K D SIS O G Z BE O H.0 A5 IZHET 5 Z &4
HREDZMEEL 72, IREVAT MK DB EHRDEBREEZIT > B, BiMEER TOWHRE
ROBIEE K 4.7 1ZRT.

26



Object's orbit
A2 Direction —»

50t Al e
..»::::f
100 + A 5 )
’ \0

L—
5
>< A4 H_MPWMM‘MM .
o p— s
= 150 S T
;
200}
A8
0 50 100 150 200 250 300
x[pixel]

4.7 EGRERER T O EARDHE

4750, BEVAT LI EBRIBIELLITONTEY, WEAROWHIMNEIZE ST
BRIGRIETH D EIEWRIE TOEBREIMTHONT WD Z DRI N, Al~A4, A6~A9
DERUNLET 2 EAREZBRE UZBRO, EEEH LB 2 EROELOEE R 4.5

IZRY.

3 4.5 BREHEE
| WSRO PIIALE | EE [pixel/s] |

Al 61.1
A2 58.9
A3 69.9
Ad 47.9
A6 54.7
AT 54.7
A8 38.9
A9 57.8
| 82z | 568

27



4.3 FL{HEER

AMBETHELEL -V AT L2HAWT, THliERZ2IT->7-. 20RO BN 6 452 HERE L L.
M SEER I U 72 R EAR, BIEARZX 4.8, 4.9177R7T.

-

[\ ]

X 4.8: E#EAK X 4.9: BI#EER

AHMISEER T, RO EHLHEMTH D =08k HEMMICRE L 2. =080k, B
Dt & W% = E1$ 2 MUEKR (FBIAR) B L OFOR MW EAREZRET 52 FIETHY, %
S OWERIZH U THBDENEZHEEZBEDIITIIENTELZ L THSNTWS [32].
H NI R FOR S B2 6 0, Z0EEE R T EEA% K 4.10, 4.1112, =2#E1E
Zli7- SRV EEHIEZK 412, 4.13 12587

4.10: = EIREX 2 w7 35 EH 1 4.11: =8k Z w7 35 EH] 2

28



X 4.12: =50 EEE 2 S WEER 1 X 4.13: =0 &% 7z S i \WEEH] 2

BRI —MEAR L, B4.10, 4.11 &[RRI EWERIE =0 EERB O MBIFRDO T
DR FUZELE L, BRI EGR O HUL T ERER & SONFRZELE T 2 & 5 R e
L7-.

KA6IIRT LT, REVAT LOMITHBNGE UTIREY AT A LH UHED S
MENBYATFLL YATL2EHELU.

F 4.6: FEMERICH N Y AT L O
| | Wb | EREROER | A IBBESR |

VATA1L AR U U
AT L2 HY U U
BEVATAL | U HY HY

A SEER T, WIDITHERE TN U TR A6 IR LRV AT LOHMAEITY, &V AT
LEFWEREOMEZIToTH 5 o7, RIZ, FERUHENZZERT 5 L S EERE
B EARDO 7 LV —I v 72 5L, WEREDHW CF—FR— F2H L THRE 275 LWk
117> TH 6V, EWER LRI EGEROE LD RS L ORI B U - R &2 sk U 72,
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& HERERITN U CEBROWEARORLE T 2 HEL 72720, #ERE ITIEEufEET
D 2 7> TH 6 o7, EMEARDOMEZEE L, BIEGAROAEZ EHE AL O
EWALE, EHRERE OFFEEDE WAED "R E Uz, FHEERIC ST 5 BRIl
GARDNLE, 7147 OYALEE K 414 1RF. BREICH LT, R46I1IRLE=ZVAT
LT EAT 572720, —AdH7 D DEFEEBUIEHF e R o7z, £/, WEARDRE
BIOEHZIZHW S ¥ AT LA DEFIIHMEAIZHEE U T-.

. .‘ e
Sub object's
position

4.14: WERE 1 A T DfLE

REVATLAZHOWTURE 217> TWVWAETF2X 4.15 1Z/R7.

4.15: LR

30



150316_inpdf.mp4
Media File (video/mp4)


4.4 FHEESRDER

EWGAR - I EAROEL L =R ENER ML DAEE I, BEMEEN = 0EIE%2ER L
TWBERE I DEHW Uiz, 722U, EWEEEAEEARDEDLE ZNENE P (), yb),
Q' (2, yq), BRI OFEHEE L BUEGRDOALEZ R P(ep,yp), Qlrq,yq), BlfEZ ¢
DL E, |op—ap| <&DD fyp —yp| <MD faq—ag| <€D |yq—yg| <
AR R, SQENETORBICEIIL TWE LB U7z, AEBRTHELZHh A 5
L5 D FRAR FE 1 320 pixel x 240 pixel TH D728, MAFRDEZ 400 pixel D 5%DEX T
b5 e =20 pixel LE L7z & & DA Z K 4.7 1TRT.

R AT K I

[ #BE | VAT L[ VAT L2 [ REVAT L
S1
S2
S3
S4
S5
S6

IEZZH 0.

G|wr|lololo|o
AN IR IE=1E =
ol |||~ &~ w

HIWTEHE R &/ = 25,30 DX D ITEE L THK A7 FRR, FHAEEERICHWZ2Y AT LDH
TIRE Y AT L TOHRERNEBD L L D> 7.

WA RIC BT 5, EHEE - BIEARO L E =5 A S L OHFlEPP/| & |QQ | &
ORI B U 2050 At 23R, WBREES KRG corEEsEH L. VAT
L1, YATL2, BEVATAZLSEEH R E T NETNEK 48, 4.9, 4.101T5R7.

31



F£ A48 VATFAL1IZLD

R AG R

| W | [PP|[pixel] | [QQ/|[pixel] | At[s] |

S1 58.1 433 | 87
S2 56.0 31.6 | 8.2
S3 40.3 129 | 8.0
S4 71.2 36.7 | 10.2
S5 34.9 47.7 | 14.1
S6 18.8 11.8 | 24.5
Sy 43.2 30.7 | 12.3
THE f 2 +22.4 +27.6 | £8.7

# 4.9 VAT L2212 LB AR

| WasE | [PP/|[pixe]] | [QQ/|[pixel] | Atfs] |

S1 334 10.2 | 10.3

S2 25.1 3.1 10.2

S3 26.0 33| 86

S4 18.7 6.6 | 13.9

S5 23.8 6.5 | 10.3

S6 12.1 2.1 | 13.8
Ty 23.2 5.3 11.2
e {72 +10.1 +4.2 | £3.7

£ 4.10: FERY AT LI L AR

| #E | [PP|pixel] | |QQ/|[pixel] | Atfs] |

S1 27.1 11.8 | 175
S2 20.8 19.0 | 29.3
S3 28.1 17.2 5.8
S4 13.2 34.9 | 325
S5 17.2 14.7 | 14.1
S6 17.7 17.0 | 27.0
B2 20.7 19.1 | 21.0
SHE M 22 +8.6 +9.8 | £16.2
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Y AT DEOWERE 2RO |PP| & |QQ/| D, At DEHEE ZNZFNK 4.16, 4.17

2R,

100 ' ' ' : :
System 1 R

. System 2 e

= 5T Proposed system I

R

Sl

ey

S st

=8

A 207

[PP'| Q']

4.16: [PP'| & |QQ/| D4 fiE

50

System 1 I
40l System2 I
Proposed system [N

At

4.17: At DEHE
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4.5 EER

REVAT LEHOWIEREGHERIE, YATLALEVATLA2R2HAVWEREHERL D  HIE
Wil % i 72 3 B H 2 R T E B % h o 7z,

EWEARDMEIX, VAT LIRVAT L2 E2HOVZEYICHAR, BEV AT LATHIREL
S E D PHEOMNBEISGED I TRETE I s, EMERITHT 2EBRIIERT
HoltEAOND. BIEEROAEIL, BEDHRA T EHOWIREITHA, BESAT A
WO AP HBEOAMEIGED T THET 2 2 N TELD, REVATLEZAWE
W & DBV AT L2 2RO DRI EARDALE & HEEOALEIZIE D) TRE S %
ZEMTE .

Tz, MEVATLAEZHWERE TR, MOV 25 L% AWEGE LR TREIZEWVE
MlzEL 7.

PLEDRERDPE U ZHEBIZOWTHERT 572012, FHIIEBROWERE —4 L, FHE
REVATLEROEEGE —ET->TH 560, M¥E2T> TVABOWERDOELE &
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