(2) 7479 K-+ Vol.14 No.1

Direct Linear Transformation i&Z§| AL /=E & FR2HRED

IEEMIR S AIBIR R DM
(28, 2K 3 ERKERITEFIALRIEEORER)

Direct Linear Transformation Technique for Non-Contact Eye-Gazing Point Detection
(2nd Report, Improving the Detecting Technique via Two Dimensional Multi Resolution Analysis)
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Abstract
The Purpose of this study is to detect eye-gazing points during driving a wheelchair through the image sequence

analysis of video frames. The performances can be measured without restrictions of specific devices such as any

accessories and sensors, which were put on a body. Images obtained with two video cameras allow the algorithm with

two-dimensional multi resolution analysis through wavelet analysis to extract boundaries of right and left irises. Their
three-dimensional positions and directions were estimated through direct linear transformation (DLT) technique. The
eye'gazing point was evaluated through the relationship between the vertical vector of iris and line-of-sight.
Consequently, Some preliminary results were presented to illustrate the detecting error of eye-gazing point.
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Fig.2 Comparison of Image Processes

BIFTHBEILAEEL, M3 IRRE#HD A-AR NI EET Y
TNV OMEME, ZHZ MRA 2o TEASNAFEAIBICHY TS
¥ d-1x DEEEHRERNSOE IR UIC/ISSETERRLT
Wa., KhO@EED JFE IV BT AERERLTE), L
TR IR S N M-N BICRTIIRERIC B W T, 08
BT EARUNSWEERL T3, o, 2 E{ELERNAINAT ¢
IV SLMERO i T s b0 S FRIIN . LinL7sat
5, EERIZIIICERE L FERC BN T EEOBRREDFEIZID,
M EREHHT HN N EGEEEIC B A EHED BLBAVINS<N DR



4) 74 7%+ —F Vol.14 No.l

BRITHBZEMS, 2 E{LUERT BT 2REL 2O BN/
T AVFIEIZ BN THIH T 28RO BiliEE hE T AIENHE
BTHol. —F, FRTRT dux DI, HHT NEEMSTH

250 F
200

150

Value

100

50 | —® Luminosity

1.k

0 : . L . L
0 L 50 M 100N 150
U [Pixels]

Fig.3 Luminosity of Image of Iris and d-1x

- image

2mm,
@ Lux Meter

® 25mm

Video Camera

Fig.4 Experimental Setup
6
m »
[7] !
R4 L - !
E \' s "a . - \
Z2|
.br * e o% e P A
0 — B —————
| 20-MRA 1185
L - # High-Pass Filter 6 ®
! | = Binalization o
\ ! T 4 X
\J [ ] a
. 2 'n—:'
- e
.: i o e L 0<
' ' - 2
1 10 100 1000 10000

ILLUMINANCE [Lx]
Fig.5 Relationship with Detecting Error and Illuminance

BLER, MRS LU N ERIZ B\ T, B MEHEO MU T,
B/IME 0 D BKE 255 2 FNTIURT NS, (D Fic
HARBBMEORENERN D BRI R2DEEL SN 5.

22 RPMEREDO®RE

2D-MRA IZd&o TH# LORKMRDO RIS, BRAKHDOY
BEAANC 23 DN EHOMNI T 2012, B 4 ITRT RIS
WU EE F A AT TIREL, Boh Bz fhlzs. 18,
BT U B 25mm O BE&HEME, 20 FE0IZ#E 2mm O s
Mz PG THREL-RFE AT 2 GTRCEL, FRGaRVEE
BEEOBREE RN REL-. B RRRCRT IS, L
FHINSED L RERE i BEL T\ A, RIRIC R BT
IZ&DFHHIMEAT 1Lx 25 2600Lx DRERIC /255D BB
ZREL, TOLEBFONEBIT 2 BB, NTISAT L FHL
BBIV2D-MRAZZNEIEAL, E5icRiah- BARKTD
WFNRE FLERIL T, ZOHOMIES JUEEEFHRIL:. KB
IZBITREOBRIEEES, 2600Lx LEBEICBWTESN=H
FHLOBEREAL, BXY 2600Lx EAMBEC BV TES N R
YEDZAR 12T EFHL -

K 5 13 HFO AL REDOBIRE RL T\ 2. il BEE%,
Rt PO BORHFEAL B IO EEDOBRHEEEAR 220 £
NRLTNS. 2 E{CALERII AL FHEIT R, NSV IBERIC B W T
BRFERHT BIENTRETHEODOD, T BEMBEO BREIC
KEHEE BT T EEZASNAROABORHEZEAL 13 e
REREERT. Zhid, BISEO F5E DO BSLTED,
XD BESET B W THEMIT —E L35I ans, B
LEWEDRENHRE THo /D EEZLNSB. —H, NIRRT
1)V ZBEE ID-MRAZFIAL - BEOBHEXT, #hThiEd
TNENHDD, BIEIZHBNT 50Lx LA FORETIE, RFOKER
BERHT 2D R THEDIC KL, HET 2Lx LLETHRIETT
HETHo7=. 2D-MRA 2FIHT 5FHET, LENEBET 28581t
BIENEFELZWSOERIZID, BHOLESIC LB NS
WENWHFERL TNHEEZ 5N, FHFEIC BT IR BTED
HHIC B,

23 ARfIROmRY

ABFETIE DLT 2 WAL, IRTHE SO LED 3 Kotz
i LiC BT AAES KO AFERD 5. K6I1TRT 3 KTEEMT
OYHEOERYEX Y, Z)E, ThERET 524 Lo TESN KD
HASIRF LD 2 KTEEHEU VIO BT, KR THEASNS.

X
Ul [4-CU A4,-CU 4,-CU A1)|r
[V] B [B1 -CY B,-CV B,-CV B, ||z
1

ST, EEDAEICEREL 2 AU LD IASTHSBSNI-RIE
R BRRD I AT BEMEU,VEEARICEAL, EABEREM<TE
THEEMEREX Y, 2% RO DZENTHETHS. TDDHITITL,
A5 C3D 11D X BEAITH B ENNETH BN, Zhidk
D 6 O BN Rl — LR i A0 IR ) HZ AKX Y,2)&,
INSEREL TESNABON AT EEEUVEEEL, $3H
BREMIET, FNTNDNAST DWTIET BN TES,

-+(6)



74 7% R—=}

Camera coordinates

Image of target (U,V)

W (Optical axis)
\Principal point P

209 °

0\‘3‘(\ Target (X,Y,2)

v
z
x Y
World coordinate
Fig.6 Direct Linear Transformation Method

—, EFFHATTESNI-ERIL > GEO B TES
2ETD, ZRETIE, EFFHHASO BEBREEFIFTHZLET,
ZOEAEE 0.23%LUREL TS, Tz, VAT LRIFERIBITS
S AR 9 RETBERBIT, TR HBIENE— 4
13 BIINCEELE. TRTOEEBSEERL TR 11 @oE
B RDBIUT, RS EE HEREM<HERECRETS. o
T, FPBE TR 2 FHEEEAL TERERELZ.

DLT 34 EAL TEAILERIRD 3 SOTMEEZRES 5720
1213, WROTZESMSERD I AT THESNBHEIR EO I 3,
HLE BT BE—HTHHINENDS. o T, PiluF 0 I5F
AL T 2D-MRA 2 3D <M A2 HITIELT BEE0IZ,
MR EREIRIROD 3 % B HE LU T ELI- T DLT B2 3R,
HTRERD 3 KITArBE RO, FORRICHDE, EEDIT KR
M2 S0 RO B 7ML LT, TR INL &R )
TS NTHTRD LR TN ENREL. SRR EN ST
BEETORINY, TIbEEREFRRIDNI LT
O TR L, F-mFEOBRIBAZEZETS. LhLds,
FOmEOBRMNESNNE, BRXIMLIDRREHET 5L
MERETHSD. IS, MIRHPUAIEEERT 2IETELTRRDR
D, BED 3 KITMEEENRO FBEAECTAR 2 EEERT
BIERUCIRETES. LRSS, EOHIE T EERHIC
BEENET BN, BSNERIRUhOMEICEESN, 32
EOESHIINREET S, IoT, RITITRT AT EEDITE
#u0> Or, OLZEH, D ELMEATR Z Sl T2 F@ Pi,
EEDER Ig, LERELIERIN kY I DRRRDERD, Th
WCEDEEATREDEABLUBERET 5. 5T, NS5O
A CEHAREIL TE0 3 KThiBEEREL.

3. BIERER

AR IRV SR BIRZBIS NI T B0 T I RIEEBR
DFNEELTRT. K 8 HO BT, * AT LRIERICHITS
EBERORBEEICHED SELEHEERERL TN, 123, FH
HOBRBAEIL, FREOEDMBEICITIZELY. HEREITHHR
#5708 LALDfRHH 2 kL, FAMIERER LD EEENBEAD
T—HENECERT AL, RSN D AEE HRDIR0 Z #i
ICHERET BT AR, HEFAEK 10 BICRRELE 2 BOETH
HAS THABERO ERGERYLE. 2B, BONBHER,
ERLET 1 7L— L0 7 SIREE 505, RIRHROHATD T

Vol.14 No. 1 (5)

Y Right Iris Left Iris

10.0cm
CIRIE
CEE
[0 £
/ \ oln[o g / \
AEFPBDEEE]| §
AEEEBEEEE | E
Camera A SRS | CameraB
(66,146,0) (][]0 | (-35,146,0)
Markers [¢][¢] [
World Coordinate
Subject
Fig.8 Experimental Setup
0.8
06 |
B o4} s o
5 o.(2) ——————————————— "L
= ) 4
202
'c ‘
8 -04 1 —A—Right Iris
06 | @ Left Iris
-0.8

-08 -06 04 0.2 0 02 04 06 08
tan™'(Ix/ 12) [rad]

Fig.9 Results of Calibration (Horizontal Direction)

HIT IR TOBEUEIE, TASDRRBEAED EZ=H R ETHY,
T2 F ANV B TRUTWA. ZZT, BB —BRE7RXHNS
O BHRIAZ AV TEY, BEFHEORER 500Lx TH. 28, F
¥ AT LOBHED 3 KTAIERIESES, EEMEFERAXYBEL
R ZAMTENTN 0.03mm DEHNTH 2. BN EEERENT
L, EAILEOERR I 2 ZNTNRDHEEDIT, ILEHLE
I —HEREIRINVEL TH SREDBBFRERSMNI L.



(6) 54 79®8—1+ Vol.14 No.l

0.8
0.6 |
0.4 |
02}

0

02 | n
oa | o

06 | |
-0.8

tan™(Vy / Vz) [rad]

|

1

1

i

| —&—Right Iris
! --@-- Left lris
1

1

1

1

0.8 -06 -04 0.2 0 02 04 06 0.8
tan™(ly / 12) [rad]

Fig.10 Results of Calibration (Vertical Direction)
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