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Particle Filter and Edge Directional Features
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FAHTHD. ZTIZT, px V) x, O varzhess
BI e, R@EART XD ICHE t-1 0 F % oA
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(2 FEAIt=1... . TIZOWTLLFDOAT v (@), (b), (%
FI1TT 5.
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DOYVH YT EITH. HOMER, LENEV (FE
BBKE W) R—F 4 7D AL CHOEHE L T 5.
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TN TIE, 0ICEW—EDEz %52 5.

©

-
[
-

(-

(537

32

Conversion of
color to gray
scale

yes |

| Likelihood calculation

Likelihood caleulation
of open eye

of closed eve

Edge direction Likelihood calculation
check in using constant low weight |
the four regions
+ | Determination of eye position |
D @ 3
Particle
re-sampling
M1 BRHoih
vy I a Brightness value L,
Brightness value of
the particle position L,
vy Brightness value L,
M2 EEEFvYBEE
L, <L and L, <L, @
s =1
33 ALEFE

AW TIX, AEAOREMIICHRT 5700 —F
4 I VEEE 2 RV D, HOME (XY )1, &8—T
4 7 VBECK LTEA (7,V) BRE W AL C D8~
T A 7 NVORE R VW TR®), 9LV RET D.

X == P,y (i) (®)
c i=1
1 .
Ye==2 Py ©)
i=1

ZIZT, Py, Pl)i=1-0)ix, W EkEVIEIC
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Ri(1=1...4)IcB W\ TRDIZx y VHRIE £ (x,y) P LAL
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EERAWL. RADB LIS T LS, RjickiTs

fr(xy) @ Lk B hj(Xy) , kR, Rgicds
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FRU—F %D LT 5L, 4 FEHBICET D AEREE 2
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DR LT, B2 =T 4 ZVRENKM LT B OB

RO SEOEZAE o[ 1& W B B d [pixels]Z kD 5.
X 6 HOMELEMOEFRZTT.

% o y
Average position calculated by the higher

(u; ,v) ranked c particles, with large weights in
v e particle group 1
\;\ =
N -
\\
X
N (113, v2)

Average position calculated by the B
higher ranked ¢ particles, with large
weights in particle group 2

6 MEDAELBEROESR

Rt U7 B oA &l E RS A8)oREE 10 7
L—AlfE LT L2 biE, Ebbh—HFo =7
S T NVEENRRRBH L TWD LM+ 5.

40°<|0|<140° or d<d;, or d>d . (18)
2T, dpin [pixels]ix i A ME#O R/ METH D,

[pixels]iZ: i A MRt R RIETH 5. ok,

d max

dmin & dmax

FEBOEREZNNT, FETIHEY A X0 bROT.

X (18) TRIHIWFEAER VTR H &I S 78
—T 4 BRI EARIND. EBbL0R—FT 4 7 VR
ERAERT 500, B EHEnsETO 10 71—
LB WT, TNENDONR—T 4 JAVHEOLE DR K
B ZTimax , 72,max PRAFEME T1sum, 72,5um PR/ TH
Wi 2. Trsum <Toaum72 HIEN—7 4 7 VHE 1 4
5. —J, Tisum> T2sum 72 HIiEN—TF ¢ 7 VREE 2
EEARTD. BERLEZ =T 0 Z7ABICL > THRH
SN2 BEOMENPHOLET HETICH 30 7L —LaHE

THDT, X—=T 4 I NAHEFHERLLZED 30 7L —A
MR R BRI B & 5 5.
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TeNR—=T A Z VRS ) —HDONN—F 4 7 VD B
N & by & LB T [pixels] NICIRA L7ZEA, RA
thwr4&»ﬁ@tf X 0 ICEW—EDH Z %5
Z2%. ZO#E%EX 712 Region 1 & LCTrd. L
VI SN2 X—F o 7/Vﬁ7b§iﬂ$ﬁu“j LTCWEALEZBW
HELTRHELRNE DI, BRHLEMEZFLE L
T, PR [pixels] NIZBALIZ =T 4 7 VO REICYE 2
525, ZO#PHEX 712 Region 2 & L T/R7. Region
1, 2 FREHH Ll SN =T 4 7 VO RIS L,
MMHRERENFT AL 0 ERFEICHEERT S, 2
DHWEEZHNWDZ LICL->T, MHENTWARWVWEZH
ERZTEDH L IITLT.

X

Region 1
Eye position detected by
another particle group.

The particles which have induced
incorrect detection are given the
constant low weight, z

Region 2
Eve position detected by
particle group which has
induced incorrect detection

K7 BRELEAA—TFTAILBOLEIZE#H zZE5Z25
fE i
4. BRI EER

AHFFECHRE Lz H R HIEOSEREZ M2 72012
WMENENY 7 NET ¥y R UEHEGR T — & X — A[12]% H
WCE®D roll, yaw, pitch 5 ~DE#EE(GIZx 5 B iR
HEE 2R 7. 7o, AR CIIBRE Lz B oM EN
LD LIIMERNIZH LI GEE EMRET 5. FEBRIZ
HW-BEEBIZZENZEN 300/ TH D, HIROLOE
TW5. KEHEAEICBWT, EEBgE 1 Ao X 180 7
L— LA ZITo 2. 2B, RN—T 4 ZANBIEKET D
FTITHIO 7 L—25EFTLHDT, KO 307 L—AF
SRt L L, 150 7 L— A E AW CHERHEZ S KD
FEEBRTIE, ¢=20, k=20, =03, B=005&1L, %
BEDR—F 4 7 VT 500 & L7-. X 8145 [mlfisf LT
BWTHEZBRELTWAETA27RY. 22T, +55m
HLUZBEOMEZRLTWS., K8k, +EAEBOHIC
TFIELTWDZ ERNbnb.

WIZ, HEERA BT 5 BRMEEZR 9~11 1277
£ 1~3 [TENEIREERMA KT 5 B R, F
W%@mék%ﬂ%®ﬁ$ﬁ%%?bfwé.::f
X 9~11 offtsiEm H, A BOERERY L < ITAHRHE,
NI ORRAE CH D, SITME L b ERETE
E 4, lbiﬁﬁ@ﬁ%?ﬁﬁmf‘%fc%ﬂé\ ImE &S
B L BE 2T, 9~11 X v, roll, yaw, pitch
L:ﬁﬁélﬁliﬁf?ﬁ{m:ﬁu\f, MR EEEEE W8
GO R ERIT 900% L ETHD 2 ERbnD. roll
FHIZOWTITEHO FERE LIz % LT B R RICE T
RV, yaw FIANZ R L TIEE30° , pitch izt LT
1% -15° 1B W T BRI T L.
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K8 REIAEICEWLWTHZEHRELTWLSHRF
(@ roll 0° , (b)roll-15° , (c) yaw -30° , (d) pitch 15°

ZhE, WEE LBRBEET RGeS, AR
BREFLTWHWDZ D, BOMERELTDHZ LI
LTV ELEN—FOHEZBBRELL T RoTNDHZ &
ZRLTWS. BB L TWAEATIE R, yaw FHICH
WTIHJEE, pitch FANIZOW RO R TH -7, KIZ,
# 1~3 kv, HoOREEAEICKTS BRHBOESSE
DI NT ENbns. BREBREEELTHAVWSZ LI
X~ T, HAOREERZEAL roll, yaw, pitch (Z351) 5 ¥ B

BRHEERZNEN 2.8%, 43%, 53% A LEZ. ZoZ &
ND, MRHRERENEITHDLZ ERbND.
()
100 — — — — — ~
I e e
% X w0 -o-Both eyes
Qw0 detection
e 2 o
8w -i-One eye
L c detection
& -% a0 -A-Incorrect
T g detection
o +
t _g 20
8 10
JSA——n—n 6 —n—=&
-15 -10 -5 o 5 10 15
Facial roll angle (° )
(b)
100
g _ :
g X --Both eyes
4 I detection
i =1 60
g e -B-0One eye
£ c detection
5 -% 40 -A-Incorrect
T o detection
Q -
= % 20
8 10
0 & & dr - - - N 4
-15 -10 -5 o 5 10 15
Facial roll angle (° )
B9 roll AICHITHEREERLERRHE

((a) MR IR EEREH D, (b) kR HHBR LR REZ2 L)

35

Correct or incorrect eye
detection rates [%]

@

\’ -e-Both eyes

detection

-#-One eye
detection

=A=Incorrect
detection

-30 -15 o 15 30

Facial yaw angle (* )

[ - A 2 —

S 90

g 'é_"\' a0 \\. --Both eyes

@ E 70 detection

§ "o -@-0One eye

-

£ detection

» 0 4,

o g -&-Incorrect

oo detecti

o g - etection
20

6 ° *‘\_ /

10
o]

-30 -15 0 1!

2
5 30

Facial yaw angle (° )

10 yaw FICH(1TH BIRHELRRHE

() AR HBREMEREDH W, (b)

AR IR B RE 2R L)

@

[} » .
g = —
= X 80 -#-Both eyes
g ': 70 detection
4]
§ ® -8-One eye
1
£ = 50 detection
L 0 5,
° g -A-Incorrect
T o= detection
= % 20
Q 10
o
ON.,!
-15 o 15
Facial pitch angle (° )
(b)
100
g 90 A .
=
R =0 -9-Both eyes
58S T Y
v g™ detection
§ w © -B-One eye
£
£ g 50 detection
) -% 40 -A-Incorrect
5] a » detection
g% 20 e
o 10 —a a
© 0 e A
-15 o 15

Facial pitch angle (° )

K11 pitchBIZHEITZ2EREERLBRRHE

((a) MR HPREHERED D, (D)
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1 2roll Alcxtd 2 RIS, FRRBRHE L
T D OERER =
HERED 0 [%)] HERE72 L [%]
EEE GRS 95.2+0.5 92.4+1.0
JE R 4.0+05 6.9+1.0
B 0.8+0.1 0.7%£0.2

2 Ayaw AT D P AR, PR

T b OERERE
HERED 0 [%)] FEREZ2 L [%]
LEE GRS 91.8+5.2 875+7.1
Jr B R 6.3+4.1 11.1+6.4
B 1.9+1.2 1.4+0.8
2 4 pitch kT 5 I HBRHER, FHRRHRE
B DOFEHEF =
AR R 2 R R 2
HERED 0 [%)] FEARE 72 L [%]
i H AR R 91.6+3.6 86.3+8.2
Jr B R R 6.9+2.8 12.3+7.4
RRAR R 15+0.8 1.4+0.7
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TRPMLETHD.
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RSO LBl g T — 213, MEEAY 7 b E
TV NRNUDLHERAAKEEZT L0 THY, HERIHFIC
MW CHE, FIH, BEASE2ITH)> 2L LRTnE
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