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Abstract

Stereotactic radiosurgery is a non-invasive method for treatment of tumors with a narrow
high-energy x-ray beam. In this therapy, a target region is intensively irradiated with the
narrow beam, and thus any unexpected patient motion may lead to undesirable irradiation
of neighboring normal tissues and organs. To overcome this problem, we propose a real-time
contactless motion detection system with three USB cameras in stereotactic radiosurgery of
the head and neck. Our system uses three images of the patient’s nose and ears acquired
with these cameras, and it detects patient motion with a template-matching method. If
a movement of the patient is detected, our system alerts the radiologist to turn the beam
off. We reduced the influence of a lighting variation that occurred in an irradiation room
where USB cameras were used that were sensitive to the infrared light. To detect movement
in acquired images, we used a template-matching method that was realized with a general-
purpose computing-on-graphics processing units. In this paper, we outline the proposed
new motion detection system based on monitoring of images of a patient acquired with
infrared USB cameras and a template-matching method. The performance of our system
was evaluated under the same conditions as those used in actual radiation therapy of the
head and neck
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FTHUIERDN RS TH S,

4 ALy RT LI /RIGERFRE L Uiz F U 75RZITO, Ja— U XAEY
N 2 RITHIHNC Z DAE R RN T S
C O, GRS ZERT B osdic, B e 0T )V, BT 3
7 IRIEUICHLD ., 1/16 DE 7))V L L,

5 70—V AEYNOD 2 Kclidd 2R A FDAEVICHRE L, Y REIED IR &RV
<y T2 T ORERRET S

A AT LTI, TOXSICCUDA ZHWT GPUND MP & SPIc X% ik i5)
P21 9 T, it iR Bl LTz,

FLT, EokbmamM{bRX 5100, VY T EEOY T )V 103 L TR )
IK3EZRILMIELE L, 1/16 DE T YV TR EIT> Tz, K (3.3) 1Y TIVE S )L
B2 1/16 1B LI P e O N2 Rd, 7220, G BIAN T L— LR i
W, Tid7>7L— bl NIZREB LT 7 L— MO E 7 )V, i ld7
L—LH/S2ET, £l Fig. 313 1Y IV E T )V EUZE 1/16 1Sk D LTk 772717,

(C; = T)? (3.3)

(7>

Fig. 3.13: ‘P i v > 7V E 7 )V O]k
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3.33 95 740hA—HFA4R2T7x—R

AR ZAT L& ML IBE O L Wi HOBEIEEZ 757 « IV A—Y A 2 —T 21—
A ETUTIWVEALLCT T TERRT ST LT BRI BE B INCR BhErEE OHERS
PR LT RD KK EN TS, £ U T, BEORBIEEED BENEORE D A
AETH52mm ZBATGG, Ave—YVEREE—TETTY I—LZH L. BUHRIE—L
OEGHE LA R TR L B> TWVWd, AV EZ—T A ADAZV—2 3y b Fig. 3.14 1
RS, AV E—T oA ADEER GO IR X7 LOER L, XDX S & &iz->T
AP

1 ENIHSFHERE Dy 7« V TH5E 1 Llctk, 3607 AT ORGEHRIPHICES Db & il H

NEENDKICHATREERICEY b L, ARXT LGNSR E TOmfZ T8 T
WES %
RYATLZEINT 5. SHRAT TG ENTZGDI AT D ¢ RO REN
%o TOMYGZ I, T L—FE LTYID LTz ih & HORH U i Ic
MEDECHRAT Y Y T4 VT 5, AT EREHRETOREI, AT v—
HFTTHET %

2 1 CHlE Lizilie > 2—T7 A XA FIc AL, 77 L—RYIo L7 2 —XIcBfr
SED

Bh AT ERGERNROMEEA ) 2175 Dl RSN R#EEZ USB 71 X 5 OZEfH
RIS DY TE 7 RVHNID 5 mm HAANZHRT 272D TH 5,

3 U7 IEALICEKRENTWVS AN T L— LG EOPUA W2 F—R— Rl K > THRAE
L. E{§F ORI E 7> 7 L— i LTUb L, FovF T 72—
Bird %
F—R—=RICKDEIEL VS DX, Bk b NERICEE), BotE L & E OdLRHv. B
KU PININEICBEI B TREm S 2 vy h XS 28EN PCOF—H—FD
F——D—DHEOYTENTED, REIJLUTF—ANZITI BDEDOT, JEH
I ETH D, F—FR— FEED % Table 3.3 [R5,

4 FURBRIRS Z B U, FPARRAELL EOBE OFFROBE) & H 2 A7 LI K> TR E N7k
IR 2R IET %

BH AT TR NI ANmGRE, YLz 7 L— b Z2HOTU 7 IV R ALY
F UMb b, %57 L—LORHEAERIE. B AT T 0 By R TERR
ENb, e, REENTBEIEEEIE mm PAAZHEN, 727 L— MY H LA
B S OHOEREENY) TV R A LT T TR RENS, 1 mm B EOHE RSN
fmEd, =S5 5%89 %, TOBE. SAAXATOBEEHICSCTE—TEDED
B — LT %, 2 mm L FEOBENRHEINIZERIE, EHICAyE—VERIC
Ko Cigth b2 TS 2 Y,
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Table 3.3: 7> 7 L — MEEIRE DD D F—R— R/

V7 L— bR EIC 1 pixel BEIEE %
V7 L— % RIC 1 pixel BEIEE 5
VT L— MR AHIC 1 pixel BEIEH %
V7 L— bR RIS T pixel B EH %
VT L— MR REC 5 pixel K& LT %
T T L— M RRIC 5 pixel KEL T S
TV L— bR A X &AL 2 FIHEIC 9
ESC KRDH AT
Enter FTUTL—HFYIOH LT 2 — KT

A=

NN N NN

ol ||~

condition (ex. distance between the camera and body part) notification

-

§ b over 2
| 347 frame  Movement detected over 2 mm
* QVGA | B8 trame  Movement detected over 2 m
~ VGA | 30 fame  Mowment detected over 2
; i B0 frame  Movement dstected ower 2 mm
Nurber of cam o moy | 360 frame  Movement detected over 2 mm d
&30Py i/ B o 2}
3 w & X & 8% %
. . $a. / . . o §
- movement of target ‘re,gion‘/‘-?j kwm
\capture windows j T
X pt 2 e kel

Coordistes of date
Coordnates of Terplate

ites of dateotion

status (ex. movement, frame rate)

Fig. 3.14: 757 4 WV aA—HPF A2 T 1 —X
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X adld

AT AT LD GULIE, Mlib &5 Windows BEETOZZ 7iEHC 54 75 V) ZHWT
W3, LML, CUDA ZE A9 BEIC. Mlib & CUDA 243 % EMNARBICTEah-H
tzo T T. CUDAZHWESYF v TabvR e, J5 7K R EITS T 7 RTate X
PRlTat 2, Tav AMEEEHVS i Uz, BYRIICIE, #1UHiEZ GUI
Tat AN L, v F Tt ACEORBEEXEL T L= b L7 2 —
RBITT %, ZLUTC. TV L—bRER LIRS TV R A LSy F 2 T % 75
AR GUI TRt RIGEE L. VI TERRZITI LWV EDTH S, TOMT % Fig. 3.15
WORd, TREARM@EEICIZ. ABYRY T R I 7 A EHW, ARURY T RTr7A)LbE
. XEY RICEBO T O A THANEERAAR T 7 AV ERIERT 5 TiETH 5. TOR
. HELIZWT—RICH L TAEBYDXIICARCT 7V ATED L, 6L, VYT
ko8 A TR WSO T ot ARGEEDO FEK D & edix Y 72 AWA[HERRTH %,

Y F VTR 2741 GUIHAI
A Vanva h
QW“QQQ%gﬁﬁ
I— MBEAN

I 1 LA 774&5%

fyjﬁ—hﬁm
é 774@2& - ' 75%@5 .
A A

Fig. 3.15: 7t Afhdf5Z2 MM Lics AT Lk
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B4E HER

4.1 ZEREDEEEDAIE

AV AT LTl RS NZEEOBIEEZ mm BN TA X —T 214 A LICART
%o TVTL—bEyF U TICK> TS N BENEEEI Y 7 )V TH B T8, HL
DEWHPRETH %, 7T T, BEBRORZL TS0, [T % USB /1 A Z DZER )ik
REZME Uz 2175 A AT, MR ERGE T REZR USB 71 X Z [DC-NCR20U](Hanwha
Japan) T %, Fig. 4.11RT X, 1 em PUSFDESEZ AR THIM U 7o/l s U, i
Gho 1 €7 ) UARENCTIEN mm EFELO0OMIIE Uz, B 2T EPARIOM#EE 5~30
cm, AJTH{RY 1 L1 QVGA(320x240). VGA(640x480) £ 9 %, T DH{HZ Fig. 4.2/~
T, TOTITTRHNT. RSN BBEREEO A Z #2115,

il USB camera
/

captured image

-------------------- /;/ i X ;1 cm J/

,aM _ g~30cm 1pixel = 77 mm

Fig. 4.1: FEROEL 1

12 —=O—= QVGA (320 x 240)
1 0 el \GA (640 x 480)
E
E
(0]
N
[7)]
©
X
o
0.0 : ' ' ‘
5 10 15 20 25 30

Distance between a camera and an object (cm)

Fig. 4.2: €7 )Y A4 X
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4.2 WIEBEREDOTE

4.2.1 FHYZWBEDOYH T IVEZ IV T ZAIERSE ERBFRED
[a 3%

K AF LT, T RGOV Y Ty VRIS 5 C LT Xy F VY
AOE B BIEELAEN > TVS, 3 TENE SIS, AV AT LCEHU TR ORY]
M3 E7IVIRIEL, DX D 1/16 DB T VT FERGEZRLTWS, TCT
& TR TR Y TR ECE R, <y T2 T OB LR E 5 E(CY
BRKBEIT, 1/16 DY 7 LVBCHIET 5T LB THE MDD,

4.2.1.1 #BIEEICHITIER

F9°, ik 1 BICHT B <y F T T ETT o oo QVGA(320 X 240) O A4
580 X 80 DT 7 L— bz D H LIzt D% Fig. 4.3 12, VGA(640 X 480) D A J 7|
5 160 X 160 DT >~ T L— blifpEYI D L7z 6 D% Fig. 4.4 1R, 2 FFOmi{g
A XTC. TNENITRZTT-o T,

<y T WUHEEE O LU RE P Fig. 4.5 11T, 538, QVGA, VGAWT oY7L
BTeb~yF U TOMNEREED ST T,

Fig. 4.3: /£ AJIWif% (QVGA) | £ - QVGA i 590 L7z 7 > 7' L— b (80 X 80)

Fig. 4.4: /£ : AJJH{$ (VGA) , £ - VGA H{E» S YD I L7zT > 7' L— b (160 X 160)
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0 R RY
1 [ 0.081
g 2 E] 0.005 $ 2[710.038
€ 3 [ 0.004 £ 3[M0.024
2 4[170.004 2 4[10.017
£ 5 [7710.003 £ 5[10014
® 6 [70.002 ® 6110.012
7 [10.002 . 710.009 | |
0 0.01 0.02 0 01 02 03
Processing time (sec) Processing time (sec)

Fig. 4.5: /£ : QVGA TOHE | 47 1 VGA TORGH

4.2.1.2 D7 ILRA LIERTOLR

USB 1 X 3HBEINNTY TIVEA LRLZRITO, S REGEOY VTR ZE A T
DXy F U IKEEE T L—LL— hREHIUT Tz, figatgud, bk Ucgii™ » > b LD
LETH %, Fig 4.6 [T L—LHli{§%, Fig. 4.71CH7 L— Lligh 590 L7
FU T L— MR RS, AT L— L VGA(640 X 480) YA A& L. 77 L—F
YA REHAT3HEEE 160 X 160 & Uiz, EHIC, WINOY Y TIVEOGHIlCBWTE,
ITNFNOH AT TR —DEEN ST T L— b Z2YIO i Uice AATDERT VT 47D
EvE TOWEES 4.5 em (1 pixel = 0.0741 mm), £ H X TOMEEE 7.5 cm (1 pixel = 0.116
mm). AHF TOHHIX 9.0 cm (1 pixel = 0.144 mm) TdH-o7lz, Fig. 487 L—LL—
DLk A . Table 4.1~ F 2 T RED LR 2 719,

Fig. 4.6: 41 : AAHOWW 7 L—Lif§ | ok 2 5@ 7 L— Lalifg | Je 2 fe oy~
L— L hif%
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Fig. 4.7 i : GHOT 7 L— Rt , ik - Bo7> 7 L—Mlilg | k& kHOT7 7
L— b iff

0 [11 0.968

1 B 3.117

I 5.238

| 6.974

| 7.965

| 8.940

| 9.345

L II1O.|05

0 2 4 6 8 10 12 14
Frame rate (fps)

Sampling interval
~N O OB W DN

Fig. 4.8: T “TELEOY > TIVBICHT B 1) 7L 2 A LESET O

Table 4.1: P “FFGEOY > TN %<y T2 ZFEEO L (mean £ SD[max] mm)

| Sampling interval ” right ear ‘ nose | left ear ‘
0 0.00 £ 0.00[0.00] | 0.00 = 0.00[0.00] 000+0)([ )0]
0.00 £ 0.00[0.00] | 0.00 = 0.00[0.00] | 0.00 =% 0.00[0.00]
0.00 % 0.00[0.00] | 0.00 &£ 0.00[0.00] | 0.00 = 0. ()()[() 00]
0.00 % 0.00[0.00] | 0.00 = 0.00[0.00] | 0.00 == 0.00[0.00]
0.00 == 0.00[0.00] | 0.00 % 0.00[0.00] | 0.00 == 0.00[0.0C
[0.00] [0.00] 0]
[0.00] [0.00] 0[0.(
[0.07] [0.12] [

=W

0.00 % 0.00[0.00] | 0.00 % 0.00[0.00] | 0.00 % 0.00
0.00 = 0.00[0.00] | 0.00 == 0.00[0.00
0.00 £ 0.01[0.07] | 0.00 =% 0.00[0.12

0.00 £ 0.00[0
0.01 £ 0.04

)
00]
0]
]

0.
0.14

~N| O | O
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4.2.2 MOFEEDTL—LL— DL
4.2.2.1 REREH

CUDA ZH\WT7 v L— b= T2 7 OEdiltz R d fzdic, fhosdiftFik & DLk
BiTo T, HNGRETZDIE, @l T Y T L— b F U TUETH 27 77 10 THREE 2]
AT AT LMW FE, 707 4 TR G2 A G TS 2 | &
V1AL DHERD Y AT I (3, 4], Z DR AT L% OpenMP16) I K> TH AT 1HT L
DR 3 AL R TSN LTk, £ LT, CUDAB] ZHWARRY AT LET %,
W XN BEIE VCGA YA X Th O, 77— Mgt A4 Xidh XA Z 3586 160x160
ThH%

4.2.2.2 REER
7 L—LL— FDOLiR% Fig. 4.9 lI/RT,

active search| |
previous system| | 0.27

with OpenM

with CUDA 7.62

o 1 2 3 4 5 6 7 8
Frame rate (fps)

Fig. 4.9: 7 L—L L— hDLLiK
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4.3 BAZHRERGOREE

W IRER B %b\f%ﬁ%@“%?ﬁﬁﬂﬁiﬂifm\‘x BRI T E S T 2RI T8I
72 O T it LRz -l Te g ic K B a2 e U, izt r-> 7z,

4.3.1 RERZFH

ST 20 =7 v 713, HEEKTHWSEN TV CLINAC iX(Varian Medical Sys-
tems, USA) TH b, 1T 2T« 7 HERE DL EHIANAHIREEICIG Ny R 2887
AZOREE L, S UCAEMNO 180 [ X COMIPH TIERZTT> 7, U~y RO
EMIHDO YA A RV % Fig. 4.10 1R, £z, MAREOTHZ Fig. 4.11 1R,

£9. BEOR W EHICH e BAEICIUER ZaiE L, RNy F2 10 T eIz S

B, By Foisfg g 2 S 2 RE LUz, EIE Ok Fig. 4.1213R79,

RS, KT VT 4 THRERZEE O LICEME THIELTE S WL, Ay F2H U<
10 T EICsE . AL & ARG 2 Z NNV T 50 7 L— L) J\OD%DJH i
RIE Ulz, ARIERTIE, JIE UTeiE O mBItEZ /R 7o, Ay F72 180 A 5 0 %
ENQUITAEIL TS/ AT S /T%ﬂﬁ@ﬂ%%ﬁoﬁoW@ﬁ(X@QWM(Qoxmm\
N AT 5 EE TOREEE 5 cm (1 pixel = 0.180 mm) ThH, fHiHELEHICOWTE kR
Thb, FROKT % Fig. 4.131TR7

fluorescent lamp

lina
(irradi

volunteer

Fig. 4.10: {BEEORIARE ) =7 v 7 DA M) — O g



Linear
Accelerato

| N

Fig. 4.12: /¢ : W

volunteer

Fig. 4.13: FEROEK 1
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4.3.2 EEBER
4.3.2.1 0°Hh5180° X TOER

HYR)—720° H5 180 ° X Thlls X B /zRHC A Uiz b &, nfttHo
IRANRRE 2 O T2 B E AR DR E % Fig. 4.14 B K U Table 4.2 1R,
right ear (0° — 180°
g ( ) S0
s error (visible light)
illuminance =
T 30~ ’?“'"\.,\‘_ //(right scale) 1200 §
£ ] k. 3
= H S
5 @
w - 100 =
! X
s
i
i
y S
0 30 60 90 120 150 188
Gantry angle (deg.)
nose (0° — 1807)
300
40
a 3 200 §
E B
w 100 =
10 z
0 0
0 30 60 90 120 150 180
Gantry angle (deg.)
right ear (0° — 180°
g ( ) -
40 |-
= 30 - 200 §
E B
6 201 §
L5 A . i P L
- NalP™ N \ =
/ S S
/ X 7 \%\
0 0
0 30 60 90 120 150 180

Fig. 4.14: [ HEHICBIT DU, ik LB 3

Gantry angle (deg.)
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Table 4.2: 77 RV —%0° H5 180 ° F Tlullis & B 7z MEIC 38 U TS 2 ki x4 % nl g
i & AR R ORI RS DL (mean £ SD[max] in mm)

clockwise (from 0 to 180 deg.)
visible light

moving direction

lighting condition ’ infrared light

right ear 9.5 £ 12.6 [29.6] | 0.26 = 0.11]0.46]
nose 16.7 = 13.6[35.0] | 0.62 % 0.19[0.89]
left car 8.1 £ 6.20[15.7] | 0.20 = 0.07[0.40]

4.3.2.2 180° H50° T TOHER
HYR)—%2180° hH 0° F CHiE BRI E UIEZ (L e, nlgDte B KU
PRI 72 O 2 B) R DR A2 %2 Table 4.3 38 K U Fig. 4.15 1C/R9,

Table 4.3: 71> 1) —7%180° A5 0° & Thlfin & BT RACHE LT IUEZAICNS 5 nI e
fii & ARGV ORRHHERAE O LEE (mean & SD[max] in mm)

moving direction | counterclockwise (from 180 to 0 deg.)

lighting condition

visible light ]

infrared light

right ear 10.0 + 13.0[33.5] | 0.19 & 0.08[0.32]
nose 17.9 £ 13.935.0] | 0.25 & 0.12[0.41]
left ear 5.6 £ 5.15[13.5] | 0.13 % 0.06[0.20]
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Error (mm)

Error (mm)

Error (mm)

Fig. 4.15: [ GHICBI Z8% , R - BUCBI SR, T 1 AHICBT 28R

right ear (180° — 0%)

300
40 |- ’/error (visible light)
illuminance =
//(right scale) 200 5
e 3
“\vm/ %
-{100 =
error (infrared fight) =
0
90 120 150 180
Gantry angle (deg.)
nose (180° — 0%)
300
-
200 3
3
Q
3
(@]
@
-1 100 =
=
0
0 30 60 90 120 150 180
Gantry angle (deg.)
right ear (180° — 0°
g ( ) .
40 |-
30+ - 200 §
3
Q
20 2
g - 100 g
10 B _.’_.'/ \\ ~r
Ill \\ /l M,/\//
0 M—u——n—-&m{‘—o—u——n—u—o—n—n—hﬂ-ﬁ-ﬂ 0
0 30 60 90 120 150 180

Gantry angle (deg.)
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4.4 FWGIEERT 7 b LERAWHEERE

AR AT LOKSE R E RIS %7281, NDBBZER L7 7 >~ b Lz DTk
BEFZT D, B X ORRHREE 2 NE 9 % 9T T,

4.4.1 RERFE

ARIBRTIE. Fig. 4.16(/6) 1R T K S ICHHEET 7 > + L% Sigma Tech WO A7 — EIC
it U, ZORPHIC USB A AT % 3 Ui, BRIRERBISEMT 272, TNZEND I A
FidE e MEZ G E Uiz, 2L T, Fig 4.16(4) IR X1, 2DDFERZIT-> T2,

(i) A7—Y% 1.0 mm/sec DAE—FT 10 mm FEEIC FEFEEE 7%, HAKIC 10 mm B3
RN/

(i) A7—I% 1 deg./sec DAY — KT 3 deg. xKfallnlD /1%, 6 deg. Il b &4,
3 deg. [KRfatEI D ¥ 7z

U OFEEDENE &, AT LMK DMK RZ IR U, 2O E 2 i U7z, 7272
L. Y A7 LIS K BRHEREROEBSRIE, (1) TERAT—YB081E, (i) TEBIET 7~
FLOEEHEICRED fF e —h—0Dfj& L3 %, (i) TY—h—ZH5DIE, A7—
JEDNEREThE AT Tt S N mif§eE i & OPEEEIIN 2 51 bTH B, Wity A X
13 VGA (640 X 480) ZHWTEH, HATHSEHT 7> b LD E TOMiffd 10 cm (1
pixel = 0.158 mm) THH., HHELEHICODOWTEFAKTH %,

(i) vertical \$ 13 deg
movement | ) .
(1 mm/sec) QEEr=gPq () rotational
0 mm i movement
4 (1 deg./sec)
Y
10 mm

Fig. 4.16: /£ 1B 7 7 L, AT—VHBBXT USB AATORE | it AT—IH00]
HyHipH
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4.4.2 RERIER
4.4.2.1 (i) BEAROEE

Fig. 4.17 3K U Table 4.4 ICEE /TN AT —I BRI LIZRED, AT —IHDEEED
& &R A7 L ORISR O L 27159

right ear

12
. output of the system

Movement (mm)
A5 O

30
Time (sec)

nose
12

o

Movement (mm)

o N O

0 10 20 30
Time (sec)

left ear

Movement (mm)
N A O ® O

0 10 20 30
Time (sec)

Fig. 4.17: L AHICBI K55, bk @ BiCBU 24858, N AHICBT 24855
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Table 4.4: A7 —IHDOEEJTMIOH) & & ¥ A7 LI K 2 BEET 0 OB 2 MBS RO ik

(mean £ SD[max] in mm)

Vertical movement (113 frames)

L

[LHorizontal direction ’ Vertical direction I

right ear

0.133 = 0.145[0.475]

0.148 = 0.181[0.725]

nose

0.102 = 0.170[0.633]

0.132 + 0.148]0.623]

left ear

0.195 + 0.203[0.475]

0.135 = 0.149]0.678]

4.4.2.2

(i) IKFEHAEDIEE
Table 4.5 BK U Fig. 4.18 IC AT — VB2 MR X FIKED, GH 7 7 > b LR D 7z

N —A—0fE LAY AT LOWHIR RO 2 R,

Table 4.5: AT —I B &AL S TRFOURHE 7 7 > b LR (i e —h—Dilijx Lo R

7 NS K BRI O E FRHFTR O LS (mean & SD[max] in mm)

Rotational movement (97 frames)

|

“ Horizontal direction ’ Vertical direction |

right ear

0.078 £ 0.097[0.391]

0.038 = 0.067[0.158]

nose

0.184 =+ 0.217[0.890]

0.047 + 0.076[0.317]

left ear

0.065 =+ 0.090[0.317]

0.047 + 0.072[0.158]
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right ear

4 |output of the system

marker

N

Movement (mm)
N O

1
N

Time (sec)

nose

N

Movement (mm)
N O

1
N

Time (sec)

left ear

Movement (mm)
o

Time (sec)

Fig. 4.18: I HHICHF 450, ik @ SUCBIT 285K | F @ AHICEBT 5458
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4.5 RIVT4 7T BEEAE

VAT LOHMEREND B 12D, KT VT 4 TR U TV AT LB 32175 12,

4.5.1 RERFEMH

FEROIBRSRAL DT 5728, FEROBIKTHOWO N WIEZM LTz DR /74
IKCEDETERR U, [EEas EICEE & Nz bl B 72 0 A TIRIE THHAY R E vz & 91

R tro e, FEROKT 7% Fig. 4.19 1Rd . BERITO) 10 2 BE 2R d 729
KT VT 47 DEEFHIN D e —— DB 2 FHTEH L. AT LI K2R
ReZN2 s 2 T2 0Tz, WY A Xid VGA (640 X 480) ZHWWTHH, AT
MERT VT 4 7 OkE O/ 4.5 cm (1 pixel = 0.0741 mm). A HFE TORif 8 cm
(1 pixel = 0.130 mm), feH £ TOMEEE 7 cm (1 pixel = 0.116 mm) TH - 7z,

Fig. 4.19: /& @ SRS | 4 F LT IE

4.5.2 RERER
Table 4.6 BX U Fig. 4191CRT T 4 7 D& EMEICRD NI e —h—E AT LD
WIS RO LR 2 7R T

Table 4.6: R 2T 4 7 OEEMEITRD (I e —h— & 2 A7 LOMHHER DL (mean
£ SD[max] in mm)

‘ ” Detection error ‘
right ear | 0.108 £ 0.080[0.364]

nose 0.049 + 0.049[0.279]
left ear || 0.076 = 0.057[0.260)
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N
o

right ear

il
(6]
|

output of the system

marker

Movement (mm)
o Y
1) o

Y

Time (min)

2.0
nose

1.5}

1.0

0.5¢

Movement (mm)

0 ! 1 1
0 1 2 3 4 5
Time (min)

2.0
left ear

1.5¢

1.0

05t
0 LLLOED r%iﬂ"m“ !
1 2

0 3 4 5

Movement (mm)

Time (min)

Fig. 4.20: N7 V7 4 7 D& EMEICRD (i) o~ —T1— & 2 A7 LORHRR O L
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5.1 WIBREDA

5.1.1 FHYZHEBEDOY U FIVE T IVEIN T S 0IBRR ERBREED
LEES

W TIRFGEOY U TIVE T VBRI B T LI K D, WK 2 KIEIC IR T E S
Mo, Fig 4.5 K0, fbmicBiI 5~y F 27 Tid, HEAMB IOt 7
E7IVRIE LT 1/64 DE 7 ¥)VEZER WSS, QVGA YA AT 11545 VGA YA X
T 33.67 {5 DOUHRER DFIFHMN T Z 720 QVGA Y4 XTiE. CPURIDO A EY & GPU fllod A
FVMOT— 2Rk TH 5 0.002 B THHT B L x> TW%, Fig. 4.8 KD, USB 71 A
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