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Fig. 1 Basic component of eye mark recorder with hyperbolo-
dial half mirror[12]
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Fig. 2 Example of input image
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Supervised Data Captured Image
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Noise Reduction

i !

Eigenvalue Projection to
Decomposition Eigenspace

i |

Learning Partial Estimating
Regression Coefficients Gaze Point

Noise Reduction

3 #fEFEO T —F v — b [7]
Fig. 3 Flowchart of Estimation[7]
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4 TS L7=7 A F—/ViEg

Fig. 4 Eye hole image from camera
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Fig. 5 Binarized and denoised eye hole image
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Eye-hole

for eyeball observation

Hyperbolodial =
half silvered mirror =

USB Camera

First-order
mirror

B6 7A0ATHRIEVAT A

Fig. 6 Prototype system of eye camera
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Table 1 Hardware Components of prototyping system
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Estimation Phase
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Supervised Data

Input
Captured Image

l

Threshold
Determination

Threshold
Determination

l

Binarization &
Noise Reduction

Binarization &
Noise Reduction

Correction

Eigenvalue Projection to
Decomposition Eigenspace

Learning Partial Estimating
Regression Gaze Point
C N

Saliency Map

Gaze Point
Candidate

Obtain Homography
Transformation

Apply Homography
Transformation
Corrected
gaze point

7 SRR & HEE R R E T A

Fig. 7 Eye gaze estimation and correction method
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Fig. 8 Gaze point for experiment
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® 2 TAS—NVEBRE ETICHTBE S 7256 OgREERE
(deg)
Table 2 Estimation error when eye-hole image shifted verti-

cally(deg)

B | WIERT IR
EFH4a | 970 20.0
E53 | 7.38 13.5
E¥2 | 572 10.0
Eh1 | 394 4.09
0 2.65 3.19
FA1 | 240 5.06
TH2 | 343 9.00
TF5H3 | 510 17.6
TH4 | 6.90 27.6

R 3 TAR—NVERELLIEATRE S WA ORBHEER S
(deg)
Table 3 Estimation error when eye-hole image shifted verti-

cally(deg)

BEhE | WERT g
)4 | 888 35.2
#¥3 | 6.85 20.1
EH2 | 518 11.4
EH 1| 3.59 7.76
0 2.65 3.19
FHH 1 2.57 3.11
F52 | 3.34 5.54
)3 | 4.62 7.73
4 6.33 9.93

ETFEEDEFMIZLIEZEATD, 4 7 BLETOH
FCITBEI ST A =22V, T, 725
NZHRET T 7 4 BRI L DEZ{To 0. EHHEERZE
A3 2,317
5.3.2 EXE
WTNOBBIEICB VT, #liEROHEERRZMIER]
OHEEREI N /NI D LRBO LN -7, MIEIC &
DZENBIGICKREL RoFERICOWTHEAELEZ L Z
A, WIERTOHEER I, FEBEOEFRSISH LTRSS
FLTELT, HOLFTEOEBICER LTV, 36T,
RET T 7 4 EHROFHREICHND S EZNHEORIZONTH
WIERTOHEERERBEF L TS HEBICHEERENE T h
TWeizd, £ LT D HEERENUEOR AT %
2T, TRTCERORELZZ T Thdr V5. T+
bbb, RES T T 4 EHROFHEICHW OB E
NHoTol=z®, WHENEMIITONREN-2T2bDEE XD
ns.

54 FAOhASOBEEEToRIRHTE

5.4.1 EBOHNAE
HE T 2 —REWET = — XD, TAHATORE
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R4 TANATwHESLLEORBRHEERE (deg)
Table 4 Estimation error with reattached eye mark

recorder(deg)

P | WIERT WIETR
HY 26.5 29.4
L 2.65  3.186

9 TANATaMEE LT E OREER R L MIERR (ZIR)
Fig. 9 Results of estimation and correction with reattached

eye mark recorder(left eye)

B 10 7AW AT % FEE LIchE OREEM T & MERR (FIR)
Fig. 10 Results of estimation and correction with reattached

eye mark recorder(right eye)

HEAT S TG ORMMERE, RO WNIHES T 7 0 BT
L BMIERITo72. WG e LT, 27 = — X LHEE
T2 —RATCFESTLFBULTA~— 27 EBEDOE Y NEHW-
FER BT, EHHEERREL R 412, HEMRE MRS
ZX9.. 120/R7. X9.. 121F, FAOINEERICER
LCW s, REOIDHERTOHRGHEEREER, Tl
DM IER OFRHEER R AR T

5.4.2 &8

ER OHEERZED, MERTOWEREZLIV /NS D
ZEEFRBO LN o T, BEE LG AICBTS, T4
R—VEGOEBEEE LA, THRICI6EZ &
v, EFRMICAE 7 BLVOEBRH Y, I HITKFEHFMIC
kU THI 9% OHE/ IR HiLiz. b OZLENE, 5.3 fHi
TOEBELY KEL, LEN-TH3.2 LFEE, K€
T 7 4 B EFET D700 D HEERE R & R OO
BRDAREY THT272DTHDEEZLND.
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B 11 EBA7R A ORISR E &I R (£IR)
Fig. 11 Results of estimation and correction without shift-

ing(left eye)

® 12
Fig. 12

BN NGE OHEERER & MIERER (HIR)
Results of estimation and correction without shift-

ing(right eye)

6. BnHYIC

AR T, TA B AT LEHOMERBROEBIC X
0, TET T AR—ATOMRMBHETEIEE N TS 5 ME
SR LT, NEEBEROZEE) & 13 ST A SRR (A & )
LIRS O ETIEE2RE Lz, BETHRIL, B
M~ v 7 & BURRIE TE S G 2 KPS A CRBRAT I B %
B35 LT, HRHETERERED DB EEG~DKRE S
TIAEREBDLTFETHD. EROME, s/ 77 4
B X DMEDRHEREEOLBEIATH D LITRD S
IR o 7=,

SBOBEE LTIL, RES T 7 (LMl ¥ ORI ZEH
LS D, FERIERIC XD MIEFIEORFNE 2 HiLd.
i TE 1] O MR BRHE T A5 SR 3 PR RS SeF U TR IS 204 LT
RN LD, B EWRIETAINERNH D, EMEe S
WCEAMENERT S LT, FHEECHOERN R LT
TA B AT LFERONERIRI LR L C b HE R A B
L72WBHEEEIT ) 2 E B H[EETH S
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