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Real-time Measurement of Eye Movement Based on Fast Ellipse Detection

) PN Al % & 5h B
Naoki FUKAYA Yuusuke SAKASHITA Hironobu FUJIYOSHI

Gaze detection is important for Driver Monitoring. We developed a driver gaze and eyeball rotation detection

system using image processing techniques. Pupils are regarded as ellipses, and a fast ellipse detection algorithm

based on the terms of an inscribed parallelogram has been developed. Results show that pupils are detected within

approximately 5 milliseconds with a 97.8% probability of success, and eyeball rotation is detected with a 0.43 degree

of accuracy.

Key words: Gaze detection, Driver monitoring, Fast ellipse detection
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Fig. 1 Pupil and iris image
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Fig. 3 Examples of outliers by light source reflection

INT I K o THEM &3R8 2 3413 5 ROTDELA|
AREE L, EFHBTIIAW. 72, Bumiigizizg
KDOTI b IATHEATHS, ZZTERFETIE,
KD EHIZ O EMICHEN ST X — 2 &2RKD B 728
{2, RANSACD & 5 &g DR LAWEA1TDT, 77+ 7
A 7 OBEBORT S, fEH ST A -2 5KD S,

(1) WL fim B 2 il

) FEM OO R,

B 7Y b4 THRE.

@ HEM ST 2 — 2 g #4700y, BEFLZ R,

IS FIEO R 2 bR 5

3.1.1 [EFLE®IOHHH

FEHIHERE 247 5 123G b o> 5 FE ] O dm Rl e 2
i Uz dud s & o, SERAMEIE CIE, B fL AR
L IFE NS 7280 TAEALAERIC K o THE LA &
Hd2., ZoLx, HEREOMETI/IAINELS
Biand 30, B/NOBESIESH 2 mm FREL0S
EokrEEITS .Y 2ok 2B s fEfLEg
DY TSR TV R

3.1.2 HBAEPLOEH

FER Do FNiE, FERICNEET 2 AT IUAEO
BOr &GS . ZOVATINAE O 2300 %
Rl LA MRS 5 & 2 KOEMAZEDY , Z OREHED
AR O HIL & %5 B (Fig. 4 ).
RIBLUEMHIC L cE 5 k512, BT, Efin
SIFIZPATIGAN &2 R T & |, SEATIEE AR &
NELADAZROERIEEL T, RS
FROPERROER AN PO L LTRET 5.

IR icHEM LR O 7 LT ) 2L ERT.

Pdn-l

Pena =]
Pdo

Pd:

(a) The parallelogram is calculated
from top to bottom.

(b) The parallelogram is calculated
from top to bottom.

Fig. 4 Ellipse detection algorithm
based on the terms of inscribed parallelograms

—105—



Create an array A
Initialize A to 0
// calculated from top to bottom (Fig. 4(a))
For (i —0 to n—1)
If (Paipa'H»l = PbinH»l)
A[(Pai + sz‘+1)/27 (Pai + Pbi)/2}+ =1
End
// calculated from left to right (Fig. 4(b))
For (i —0 to n—1)
If (PCiPCi+1 = Pdipdi+l)
A[(Pct + Pdi)/27 (PCi + Pd'i+1)/2}+ =1
End
Find(zo,y0) = argmax A
End
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(a) Method of outlier elimination (b) Result of outlier elimination

Fig. 5 Elimination of outliers
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(a) Iris pattern with keeping eyes front

K major axis
%284 - minor axis

(b) Iris pattern with keeping eyes laterally

360 0 0 360

(c) Iris pattern with contracted condition

Fig. 6 Iris pattern extracting method
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Fig. 7 Projection from (x, y) space to ( ¢, r) space
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AN

(a) Pupil detection results with conventional method

o) r

(b) Pupil detection methods with proposal method

Fig. 10 Pupil detection results

Table 1 Example results

Probability of Ammountof error Ammountof error
success (%) along major axis along minor axis
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conditions 97.8 1.9 14
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Table 2 Comparison between proposal method and
conventional method, LMedS: Least
median of squares

Least median of squares”) Proposal method
Processing time| Probability |Processing time| Probability
(ms) of success (ms) of success
(%) (%)
Pupils without
chips 20.6 99.5 4.5 100.0
Pupils with light
source reflection 20.5 63.0 4.9 98.5
Pupils with chips
on the outline 20.6 91.0 4.7 83.0
g\i Proposal Method
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2 "
8 100 _ Comdition (b) = 3ot
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Repetitive times Repetitive times

Fig. 11 Comparison between proposal method and
conventional method, LMedS: Least median
of squares
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Results of eyeball rotary motion: person 1 Results of eyeball rotary motion: person 2
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Fig. 13 Comparison between experomental value and true value
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(a) Pupil diameter: 72.3 pixels (b) Pupil diameter: 109.5 pixels

Processed image

(a)

Fig. 14 Examples of miss detection images: eyeball
rotary motion
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