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Abstract  This paper proposes a method to track the center of pupil and perform the remote control for
interface based on the substituted commands according to movements of pupil under smart phone environment.
The proposed method, which is a remote control through the movement of eyes, may be helpful for the
handicapped people or users who want a more convenient input method. A method based on webcam, which is
representative one among the previous methods to track pupil of user, has a few limitations on distance and
angle between location of user and webcam. However, this paper uses smart phone that is convenient to carry.
The proposed method can perform the remote control through tracking of pupil using wireless network without
any restriction on the location of users. Thus, the method is effectively applied for controlling the smart TV that
should be controlled on the distance as well as the remote control for PC.
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[Fig. 1] An eye-gaze tracking system
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[Fig. 2] General flowchart of remote control using smart

phone
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[Fig. 3] The process of pupil extraction on the smart phone
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[Fig. 5] An example of eyes detection
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[Fig. 6] The pupil center detection using the histogram
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[Fig. 7] An example of the pupil center detection using
the histogram

Z} 24178 Pyramid Lucas-Kanade Optical
o]-&3al &%kt Optical flowoll= 2UF
Optical ﬂowg} 3|4 Optical flow7} 1+=6)|, Lucas-Kanade
Optical flow= U3 Optical flow 7|¥H = 3}i}olct
Lucas-Kanade Optical flow= 2} 2|¥9] =0E
ARESE7] wiEe] o] Aw=eHTh F A ¢lo] RS
Aol 2AUS AR Eole @Rlo] Stk ol&
M43} €8l Pyramid Lucas-Kanade Optical flow7} #|
¢r=|Qle}. Heu| =5 ©]-83F Lucas-Kanade Yale]&2
ARl i FerRY 4 e eE sk, A9
Alsolxl Alztste] st ASom 245 A}
Lucas-Kanade Optical flowS %-8-3}7] ¢Jaljx+= 97|
o] BRAMA, Al7Fe] A&, T1E|ar kel ddAolel=
712 714 & SEstolof FiTk. 1 ool A% QAT U
of A1, A1} g o] o W] gron, A8
7F e FAtelA o] A7] wizell daEE 8-S ¢
7% 7S BE EE3ich
Q9] A1 o4 eI fet st elalel g A

2 [yl 2 7bgete AsE Ze 1,049 F

1852



wutel 717)o4] 5 24E B3 944 Aol

A He [93§+5I7yﬁ+6y}TE & 4= ¢lt} Optical flow

£ A2 A3} 3 6,600 o7 Tl 2HY
% sk
dtw, Yt
€(8,,6,) = DYDY (4 (zy) = Lz +6,y+46,)) (1)

=AWy =y,

9714 w,, w,+= Lucas-Kanade Optical flowo] 2}-§-%|
L Mask 9E9.9] o, yghe oJojaet. 9] Aol o As)
o] B =Foj|A] AME3Sl= Lucas-Kanade Optical flowS
ofefjo] sfepnjE 2 YE A AV=02 AT 5 QUck

A=1L(p), 1, (x)l: 52, (p,) 4, (p,)] @
V= [vx,vy]T
b= [-4(171)7-4(172)7"'7-4(171,,)]T

7] A, -’w(pl),fy(pl) -4(]71)‘}__; Y =ZHgd =
oyt wet HUER e eolaich AQ)e] shebolg
% F38l3A} 3H= Optical flow V= T2 2] 3)3 29|
AL o Qiok

[12! 8] Pyramid Lucas-Kanade Optical flowS ©]-&3
w54 41 24

[Fig. 8] The pupil center tracking using Pyramid
Lucas-Kanade Optical flow

4. A

1Jk|

Al b2

o

0d
rlon

4,

B =BoAE AP IGHz A9 QrERo]E A
REES Abgstel mutlS E9 UZ Alof AW 5
a1, AFE AR shete] sk 640x4800]T)
L, SAME 640x4802] Ao AMS o] g3t E5A}
237} Aol vt o Y= G W S A
shaiet.

-

Pl
,
|2
=

3

[22 9] Az 50cmolA]Q] FEx} 27 o
[Fig. 9] An example of eye tracking with distance of 50cm
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[Fig. 11] The command recognition rate according to
the distance
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[Fig. 12] An example of the pupil tracking using smart
phone
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[Table 1] The command recognition rate using smart phone
k] A s} = + Bt
SIRAE=3 76.2 68.6 92.3 93.6 82.43
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[Fig. 13] The recognition rate experiment according to the
location of smart phone
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[Table 2] The command recognition rate according to
the location of smart phone

Yaw Pitch BA AAE(%)

(degree) | (degree) Ay 3} B <
0 0 76.2 68.6 923 93.6
+15 0 757 58.3 93.8 94.6
+30 0 68.6 572 753 69.6
+45 0 11.3 8.7 453 32.3
+60 0 4.3 2.1 21.1 354
0 £15 75.6 484 94.1 95.3

0 +30 34.5 9.8 94.4 96
0 +45 21.8 23 92.1 89.1
0 +60 9.2 23 93 86.5
+15 +15 74.8 524 92.6 94.6
+30 +30 36.3 53.6 715 94.6
+45 +45 134 11 43.1 94.6
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