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A Method for the Detection of an Open/Closed Eye and a
Pupil using Black and White Bipolarization
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Abstract

A lot of information is contained in an image or a movie rather than in a text, and it is very
important thing to extract context from them. In this study, we propose a method to detect an
open/closed eye and determine the location of a pupil in an eye image which is extracted from a
movie. The image is normalized using transformation into bipolarization with white and black color
and horizontalizing, and we measure width and height of an eye. With these information, we can
determine the open or closed eye and the location of the pupil. Experiments were done with 52
images of eyes from movies using this method, and we get good results with 98% of correctness in

detection of open/closed eyes and 95% in detection of pupil’s location.

» Keyword : & ZZE(eye detection), =84t A& (pupil detection), L= ZHE(face detection),
o|a|x]*2](image processing)
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Fig. 1. Flowchart of image processing
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Fig. 3. Images of a real eye and bipolarization with black

and white
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// Algorithm 1: the bipolarization with black and white
foreach( an image )
calculate average of color value.
foreach( pixel in the image)
if (pixel color ) the average color)
set the pixel color to white.
else
set the pixel color to black.
endfor
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// Algorithm 2: the horizontalization and rotation
// detection of measures
foreach( an image )
// find horizontal eye rims
foreach( pixel in the image )
if (leftmost pixel)
set the pixel as the leftmost eye rim.
else if (rightmost pixel)
set the pixel as the rightmost eye rim.
// find degree to rotate
calculate degree using the 2 horizontal rims
rotate the image with the degree
endfor
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Fig. 4. Horizontality of eye and detection of edges
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Fig. B. Detection of pupil edges

// Algorithm 3: the detection of measures
foreach( an image )
// find horizontal eye rims
foreach( pixel in the image )
if (leftmost pixel)
set the pixel as the leftmost eye rim.
else if (rightmost pixel)
set the pixel as the rightmost eye rim.
// find vertical eye rims
calculate center of the 2 horizontal rims
foreach( pixel in the vertical line of the center )
if (top pixel)
set the pixel as the top eye rim.
else if (bottom pixel)
set the pixel as the bottom eye rim.
find the pupil’s edges and calculate the pupil’s size.
decide whether the eye is open or closed.
if (open eye)
determine the location of the pupil.

endfor
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Fig. 6. Measures of an eye
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Fig. 7. Measures on a real eye

3% 2] 7% 1] °f ohd B¢, 348
(w)2t =2 =71 (h) 7F 2 gk, Aol webr g =
€ At vees JdHes w& m1 e Aduelxe



w332 o83 w9 Ad L FE4 AZ W 93
242k 1@ v 2 ke, Dy = Gy — ( weremnmommennsemni (A110)
B AALON) S HAFUAA 22 Z(wN) 9]
A2 (hN) €] g}, Qo] olulAle] & sl & (01 &
(42) 2 o] Helsta, B4 A gl g Qe olu]xe] V. AlS
g0 NS (RE o) Asl YRS BUITHA3).
Oy = R/t eeeseesssssssssssssssss s (A1) 1. Alsl 514
S " e Y An e dgely we =n sle W &
o=l B2 el 912 Aot wie g ap] 9190, Trackiye
RA 02_ /Ow ............................................................... (143) —‘:‘ﬂ%[njﬂr °J]7§*°e‘ o]%—a].oq og_ Zi‘%jﬂr = ogg'i% %L
Al oHIAZL Qo). o5 £ Baelz MeE 527e]
3.2 wsXiel 7l det 9% 3 ouo] Yol ¥4 2 WS Agarheen
ol el iredtel BEUe BHL F UeER A gy ot e 9% = A AuE BUS & 4 gon
dHom e $HAY SUS VIR & EEA K o jagee) B aTe Ao wiEe) g sels]
()% #8408 38 7170R 338 T84 F gaa g o welun e A £ Aol 95
(pwN)& ZAR F8AE I} w5Ae 352 of o] 7|7 Ao} FER A2 weksdn, AHe o
& T el ol ARAAT FRe® ATALWE T Nap gne QF oo A P A8L 0FE
o} AR @] DBz 7|E FH} 27 Ve & Sl o] o} Tk WhHo| Zglo] Wadle], BE ATE YASED
(414)¢] PHN @& 4449 2ol +94 e w54
2 golP (A15)9] PHi R D919 w4 FRH A 5 as sk o g}
o ¥%4 27] Hl&olh (216)9] RHi & A4HY £

=~

GRS Mg 9 Hgel
S @ Zow eRAYE B
ol oA 1A X;H)J—Q]
HEEEEEE
(49)9) RPi gk& 447
A3 ) 2

Ak qjelololAe] =84
HJSH_E__ H—]o]b}\:q XLEQ /}]
=3 (7)) PPN g€ 394
574 27geln (48)¢] PPi gt
3] e84 2] Vgl

Q1 At YololvlAle] w5 11 54

@

ol

$2 9% vge] WIS Holu 2RE AL @ glow
SRAEE gt
PH\/ = hww /ww .......................................................... (4]4)
PI{{ hw,[ /“71 ............................................................. (AI5)
RH, = PH, /pr ..................................................... (46)
ppN = pwy /ww ........................................................... A7)
PP, = pu, /“ﬁ .............................................................. (4]8)
sz = PPz /PP\/ ......................................................... (4]9)
w54 TR (CHY w9 FHCN)Y x5 HAHD)E
Aslel 94 WS S0z WY e 9%, e2Zon
AL AAE A AT AP =T AR HH g
o}, whek o WA 494 1/2& Mo e WelE Hol
g Aol e {AE )

52719] <& olu l MW Ak el ofsto] A A,
o] 78“4 olr|A] 507} FelldE w2l AHE &
X A 98/4 HEES 53tk 2709 |7

nEE=E
0010 EH

% ZHo R Hol 7eE

o2 Feiditt. ¢
}Oﬂv} Az
g Aatact.
T Mol A =43
< 120/4 el 9l
2 59% <
ﬂéoﬂﬁ 2% AR
AE BAH, ol 3379 TEA B} dA3
TEA o] §haL So2 Cﬂﬂ Lﬂzoﬂ 3l

(a9 8T (E 1) AYHoz ©
23] o|H old] &t gk HolFn
2 3] 9 i EEAR 37

ol thek ofml=] s}

o] QEQ_ ]Zo

< 29390,

o)
AN

H|&-



94 B FE FREE HCGE(2009. 12)

02| 8. Moz = = ool
Fig. 8. An image of the normally open eye
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Table 1. Measures and results of the fig. 8 image
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Fig. 10. An image of the right-skewed pupil
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Table 3. Measures and results of the fig. 10 image
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Table 2. Measures and results of the fig. 9 image
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Fig. 11. An image of a closed eye
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Table 4. Measures and results of the fig. 11 image
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