, }: 7~ sl Y
B R = il -

NELUT & + 1 & % B 31 9
National Chin-Yi University of Technology

Department of Electronic Engineering

R

Thesis for the Degree of Master

FI* g4 SHOP R R L R E R K
Eyelids Length Measurement Using Neuro-Fuzzy

Networks

i ¥ 342 0 Hk % # L (Cheng-Jian Lin, Ph.D.)
Mogo4 i L iz (Wei-Jen Teng)

PERR99E T
July 2010



B B AR KRFE
Bt SLPT AR L 3R

WXuREBeERE

TEFIi4L wHELiI KA E

A B FEA A RN RER R E R 2%

SRBLEMAR  FRAERGWHERT -

Epak-¢3-5 g

N
3 & A l“)%’ﬁ A

B N
;i S

/l?jLK
|
5id

= -““’“
s

¥ 83 'ﬁ?b

Py PR .
Fir kK : ’T”JF e, {54 4%

g R B A + A &



Fl#* g4 SO AT B E R P2

Fid s hEsEI ey L

Rz F A REA DT 1 AL

Bk 2 LA PR R E A EEE Pl & Ra o
RIS P i = gl e e e f[;-;}!’%.’g:ﬁg{?,;ﬁ'%ﬂg:ﬁ Bt * fRpE

-  AX

a9y E e

Y
(w
=)
Ny
F‘IH
u«ml
=
R
oy
(N
N
m
%
W
=
=
!r
1—3-‘-
s
'\1—,—
'gh‘i

FRRY PR G R ERY > AT 2 BB A LRSS 2

oA B FERNPIR N> A2 8 % YCBCr 45 41 B3R B2 A g ehix
BoAUr AT P oS IREE o LR Y P AT R
SR S KRR IRV R K ¥ 2R A A Y
Poend R o BFHEA PR D S g A ST B0 e B (functional
neuro-fuzzy network, FNFN) » m #3322 P t prpeni B (F 5

oo ARG PRI SRR



APk sl SO RR A - Bafsag iy S

i (functional link neural network, FLNN)§ 1% #ok 84872 B 0o &

o

Mo AP A S BARS A SRR DI EE BN AL E ) B
oS b 2 Sl o Tl B dn i SO R R (8 RN

LN R S At R & SRR N O T R St

FRIER T BIRIE B2 R ERF R S )R e di i B g
PERATHEIEE E

PR SR S EP o AR A S Bl A O R
P AREPE T SR B h R o Ak B B oh )k s E % Intel 3.00GHz
it 3.24G RAM e "o o F (7o @ RER A G S8 A

et PR o T B R AP T g Ik S A el )

LN~

=

2,

BF o A e g p] > Pk 1 R] 0 S0 HOETA SRR B

F@EFE E o



Eyelids Length Measurement Using Neuro-Fuzzy

Networks

Student : Wei-Jen Teng Adivsor : Dr. Cheng-Jian Lin

National Chin-Yi University of Technology

Department of Electronic Engineering

ABSTRACT

Cosmetics industry has been flourishing in recent decades due to
drastic social changes and technology advancement. Cosmetic products
are no longer exclusively manufactured for artists or people of specific
occasions, but for every woman who wishes to look more charming and
fashionable. There is a wide range of cosmetic products serving different
purposes, whose prices are affordable for most people. Today, applying
make-up is more like a habit of most women, and false eyelashes have
become one of the most frequently used eye make-up products. There are
various kinds of false eyelashes made of different synthetic materials, and

users need to spend much time on trimming the false eyelashes when



applying it. To facilitate the use of false eyelashes, we measure the length
of eyelid by artificial intelligence, in order to produce tailor-made
eyelashes for every user.

YCDbCr model will be used to detect human faces and locate face
features, and the location of an upper eyelid in the image can be
recognized through fan-shaped scanning. By using the formula of
Euclidean distance, the length of an upper eyelid is calculated. The
derived length is then inputted to functional neuro-fuzzy network (FNFN)
and the output will be the real distance of the upper eyelid.

The proposed FNFN model uses a functional link neural network
(FLNN) to the consequent part of the fuzzy rules. This study uses
orthogonal polynomials and linearly independent functions in a functional
expansion of the FLNN. The FNFN model can generate the consequent
part of a nonlinear combination of input variables. Thus, the design can
improve the accuracy of functional approximation. The learning
algorithm, which consists of structure learning and parameter learning, is
also presented. The structure learning depends on the entropy measure to
determine the number of fuzzy rules. The parameter learning, based on

the back-propagation algorithm, can adjust the shape of the membership



function and the corresponding weights of the FLNN.

Although the length of upper eyelid is represented by a world
coordinate converted from a camera coordinate, consistent experiment
result does show that FNFN is a reliable framework used to detect a
distance. The desktop operating system used for experiments equipped
with Intel 3.00GHz processor and 3.24G RAM. Testing images are upper

eyelids get from Taiwanese people.

Keyword: Human face detection, eye detection, eyelids detection,

functional neuro-fuzzy network , entropy, back-propagation algorithm.
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Gk FRRERSEREP D RET LR LR A i

X

AL AR G 0 R T { BTN SRR

2.3.1 S SHOR BB
S fehd g g A e i (FLNN)$4- 24 Patra & £ [56]3% 41 > 174
Fd A S RT 0 RIL s SRR R e gy~ DEL 0 R~ BT

o dr e R g R A TSR i e

F R RELE R DR L A Y AR kSR
ﬁ%@ﬁﬁﬁiﬂo&&ﬁﬁﬁﬁﬁﬁﬁiﬁﬁxﬁﬁ
X=[x X, ... X, ]" EFEERF 3 D =[¢h(X) $,(X) ..., (X)]" * N B
APpr o Rn etz FREFINALSEZF > TR SR>
n<N; v eIk A # A[56]° HHmeE L7 BB ahp cnd ¥R A A

MR GEE AT TS PTG
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ST oAz RPAE o g R BELe ity ffAER
: Legendre ~ Chebyshev % 78 ;% fr= & & % sin(x) & cos(x) »

74 N =284 freh Fourier sdic i B 1T 00 dilic o FPt 0 = & AR

ST i q (trigonometric polynomial basis functions) ¥ d

{1, x,, SIN(7 X,), COS(7T X,), ..., Xy, SIN(T X, ), COS(7 X, ),...f JE = > fgﬁg?] TR ELT AT

i 2 By ochs e B¢k f% 8 (outer product terms) e b = & k& adic

% odo B B (function expansion) > € 7 # i 2 JTarsc % o Patra & 4

B e 2HBREST T W BEF Y RE 2 Slcsh
R GRS L S o B IR A S KR i

% f o IR B TREDE AR 17 7T 0 S=We o 2t
S=[5,S,,.5,] * WHE (MxM) e &L > S E T2 &k
p()=tanh() & 2 ¥ =[3,, 9y, Fu ™ » 24T, = p(5)), J =12,m o A S
¥ 4% e 1 Sofictanh() (hyperbolic tangent function)i & e %) E_i®
HET G BEITE ERRER > p() FE A 0 T RNEL Sl

(error function) =¥ & (gradient) » & %% E ik TE | o
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Bl 17. S0 fcdd B A 5 e B 2F 1R
B 18 5 & Bcdg Al T W R B e Tﬁ-b?] S B A T e R

(FNFN)-Z_& & 7 & L TSK-typesg 4! Sk Rt 2 Snffcd! (SR8

-

£ F A Sfcda S apA B R o B8 1 TSK-typesg 4! 5 fick

B N FRERERET RALI RS- RiovI KA R4

¥

R RS KSR SRS v G

kﬁﬁﬁ&&#g%@ﬁﬁma%;Miﬁﬁmﬂwo&&#ﬁﬂ,

A 2Est e £ 1P 5 8500 SR sSSP 2 Rl T AR 2
Rule-j; IFx, is A and x, is A ..and x; is A ..and X, Is Ayj

M
THEN ¥, :Zwkj¢5k
k=1

= W1j¢1 +W2j¢2 + ---+WMj¢M

20 Ruleidn 1% jR2 Rl A ERR B S 0 X 5 BB Rl f

%%{ﬂ?&&ﬁ@%&ﬁ%%ﬁﬂ%%ﬁﬂ*@gﬁﬁﬁiﬁ°



X1 —

Xo —

Normalization

X1

X2

F118. s 5 A e B o 4
PUTE SRR TR TR A LR

o ie- Y& B SRS B~ 98 & Eh(input term node) > 2 A
Hi- B35 R0 B > R E A RBELT
- /%1 » AP

u = x, (6)
Pk bie- K E - B EEAZ S B R s B (input
linguistic node) » * & 2. 3 & 5 & 4p § > oA 2R A6

HFBELT—fr G- Wk & DIz - gk @ AT 3
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p: A &0 B (Gaussian membership function) » H A % 3
u® = exp{—_ & ()G_T ulli ] )
B mfro, #om B 276 de2 @ gh(center) 2 37 & (width) -
FZ R ie- K¢ & EAG 2R & B (rule node) » @ F - 1B & BRI
- RS2 Pt R R = 0 R P

T
o & 8L 2 5k ¢ (fuzzy AND) ¢ 4 (product) é

i CE ARSI SRR &
ut® :Hui(jz) (8)
Fw ko e kP& ERHE G (o &30 & BE(consequent node) 5 & IE
Feofe B! G el el D SUELE % 2 R 1
4 3 -
()—UE)'Zij 9)
IRt R eh& ELAL G B 0 & 2k (output node) 0 Bt P e S
fRHoR 1L e i
Cul ST
ZU,- ZUJ (Wo +2Wu i
PO = SR = (10)
Suf Sy
j=1 j=1
232 - s+ ¥

(on-line learning)# & i
REFY Ry F e £

(parameter learning)i# & ;

EH 4 ¥ (structure learning)fe %8 ¥
S

e BIL9ATT o EREY ¢ ?%]
Fefichs 2 Bz = o @ FEE Y 1 &%

A )

£l

RERRY 21y
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Boo ST B R B AaPE > R S (TR B e B R

E'J ‘:’%’éi d %51,} PE’EE'E@F‘ g‘ﬁiﬁf vf#_tﬁi %‘/{g{%‘f 3!43 Btz A o

1
: |
I |
| |
I |
| |
| |
' |
| |a2E- maa - |
| Mip=X; |
| Ji1= Tinit A 4 Areni |
| wy,=random [-1,1] M;j=X; |
| e T B RE T 7= T init |
: wig=random [-1,1] |
| e Tinie LF R T |
' |
: |
|

d

B119. s+ B ¥ 55 2B

() FHEY

HWEREY > AR FYVFREEY AP r g =
BEET A AR5 5 - Ly RFHREFS
R AR RT AR oD B RRERS T RSN o

B R T RE R T R SRS D T A A
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A A RTEE QI o A R o e o R W en
B (entropy measure) k3= in £ F %A 4 FTaNE Rl o M HI 7 F

Juang[57]#k * 4z & £ ipl(degree measure) » F] 5 A2 £ BIFIC DR E

F b B S B et v B o) 0 R R ¥ F E By

and error) o

“% (entropy)

Shannonsf & B3t % Stz 30 & I8 4[58] » 1 L R4
FRIR LA FETAL R o m S HEAUF RO L R R
S Buegt B o Shannons§ € & &

H(P) = _i p; log p; (12)

M &g > Shannonsr ' A gl (ML E)endhp Y &> & p

i
|

)

B @zﬁ%léﬁi AL E o d AT A E P 10 P

HP)—0 > it S MR F g~ RIFE g > &7 7 § &)

St
T
Tl
=
E\m
C:g
)
(“
‘IIX
I
E
“
\-4
\+.
J
z-‘=1
f
.Eii.’v
3
_“T”l
b
=
E\m
Ry

FHA T FLMLRAL o F L BBl 0 R

FE2ALELA AT FRZALEL G T A F A



BAAI 2R pEEd s Hfen L L 2T 20
2_4v o F]ptEntropy+ ¥ 3l¢ L HrE TN E 2 A kG 2R
o M2 TE L AT R o R OER -

dotR AR Y - BE R OHBIIF BT iR

Pl (G B enT soler g B dc s A ulrim 2oy 7 )0 Tl RS

S

SEERE SRR ELE T VES RS R B L

TETF BB AT DB R LB HEBE A T

P

i
:&;

R g £ 0§ B AR R B R ST}
FoRELs o B RS SR g o T 2

ot JAT T IOHNT AL B Mg e Bl o F > T B

%”"aw
72
L;
’%
E
B)
%
Jreks
-
flm

PR AT R R ATH - Bk R

A H ek @ 3o HROPFRT O 0P o £ AP H 0 H LRAT

EM, = —Z D, log, D, (12)

Plud

¢ D--—exp( 5 )‘»’ EM, e[0] * 13455% (12) #fut » 4430373 » eh

R

N

%30t A A RTelshe 2 B 22 Frena Bl B & (functional
link bases ) » @ & < W € e & > Pl4c™ #rik o

EM,.. = max EM, (13)

max T, i<Rer,

HY R, AT ARRBLTIRG R SR o do%k EM,, <EM B3 4
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She

- BATAGER] > A EMe[01] 5 - BE AL AR > B¢ LT Y B
AR M

EREEY s > PAEEEM LR L& e 7 X TLED
B12 B o MR § EREFE Y SR g e W
REALROEHOREER PR B BRI RAPHF mnF Y
AR T A SRR ¥ FEAFEER L F o R
Gtk A o FRREE R AZE Y Gk - F R o Tl PHEEEM
EE R ERERNTM T RES o AN AR Fwaie (7 F

0 B 0F dmde s

Y

IR

PHEEEM - 27 FR U EM B~ R

2 b o Flpt 0 EM T %é&%i&%ﬁﬂ%»ﬁiﬁ@ﬂo

TP S T R 1}%:&,«:? A H (s m%’iﬁlté‘f
VWIFE P BT A o Fpt > {372 4 vz Pla 3 » T5E ~ 8 K

mljR(( 1)) Xi (14)
O-iﬁR(M)) Oinit (15)
wﬁjR(”“) = random[-1,1] (16)

B o ox & AT~ 0 A o B G F RS Y e

init
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EOETE - g A A B RIS DR B & AR B2 deT AT
W AR T 0 kAP T2 m g IR AR o
A= Fx e H - B R A AT R

Generate a new rule
with mean m;;=x;, variance o, =o,,;, weight wy;=random[-1, 1]

where o, is a prespecified constant.

init

B FHB- LREEED B - BT A A x T
B 1T

7
{
Find EM,_, = max EM,
1<j<Ry)
IF EM_, >EM
do nothing
ELSE
{

Ry = Ry +1
generate a new rule

with mean mg =X, variance o, =o,,, Weight
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Wig,., = random[-1,1]

where o, IS a prespecified constant.}

)~ 3&FY
SBAEA SHRP PR SHEEVE  RFEFLEEY - &F
a2 o R R U SEE Y 2 R EF R B S g2

RIeNis FRE Fld id o § o P PR F AT Y 2 N A RFREL Sk

513 o % A Sl | o S R RSB - D ATH (R3S
Ilig g 0

HREY 30w 224 5 BEE ¥ i B 2 (Back-propagation

algorithm) gL & » 2% B e B2 78 ¥ mﬁﬁ?‘fg}} SR ERZEE o @ o

IS

oA L Sl TV RE S
1
E =§[y(t)— ye O (17)

s L

B 0 oy(t) & T st—“'lﬁs?] DE s A Y

NI A EAE R

_‘
_EF

—@ﬁiﬂ ;JFU pﬁ-; ulrﬁgtmfl; § T';ﬂ_ aE AN 3 % 1L 7(7\1 ’}’#m?}x %EP :{ - rév
F’% B o l?’] AP ﬁ'f [)F3 %‘f '? e R DE —fr;f;i—}r_ E,J ] ﬁu—gﬁ 3113 x E'J E‘hﬁ:iﬁi T\FL— %
e 30 B SR BRSNS B BT D TS Al VAT

wa+1yzwa)+n(_95j (18)

ow



Ho R E AR AN E T

OE oE o(activation function)
ow  o(activation function) ow
_Ea
oa ow (19)

(&.

e 1 (17) 4= (19) 5% > # 4 £ (weight) #2 & (mean) ™4 2 % £ #

(variance) s I 3o % o Bl )18 & N 4o T
Wy (t+1) = Wy )+ AW, t) (20)
oE
AW, (1) =—
ij( ) 77W a\Nkj
_ ug, 21)
=-1, € ';uES)
m;; (t+1) = my (t) + Am, (1) (22)
oE
Amij ®) =-n, amij
e Yooy
= Z?:lu Es) aijg
Gij (t +1) = O-ij (t) gl Aaij (t) (24)
oE
Amij ® =-n, amij
(25)

=1y, "€ i (Z(Ui(l)_m”)j
TIm TSR e | 2
Zj:luj i

B, nadrn, EAUEATEY S REOEE > OB o B k-
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233 tREBRERIRHK
b R ERINA 0 A Y SR TR R
BB DI RBRGER B BRI RS T &

TR AR N EE G g 50 2 L2 2R R

IR

W

ER KGR #E mht R BRI E G L B dT ko 5

—

WED - et PRBEREERE DR E ek AT o

Lo PRepR R R B P OREHLM R &

=R AR
R | HURB Fh=P | LHRD

53.10 2.0 72.53 3.2
55.27 2.1 73.62 3.3
57.66 2.2 75.04 3.4
59.12 2.3 77.86 3.5
60.77 2.4 79.17 3.6
62.85 2.5 81.03 3.7
64.01 2.6 83.29 3.8
65.49 2.7 85.14 3.9
67.33 2.8 87.26 4.0
69.01 2.9 89.41 4.1
70.80 3.0 91.62 4.2
71.21 3.1

(G FEREGF ZRELERE 20)
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e > A PT g G FEREEFE R OM G TIRZES
MR AR o Tt AP SRR SO RER R E L R aE R
e j{@?]/\ % WA fr};,? MERER o

Ak 038 ok R R TR 2N s R A S
HOoAs 3 Be 3k 247 4 S8 5 77y =11, =17, = 0.2 frentropy = 0.243" 7
10000=% > = & # 5% 0] » 23 19324 5 0.0219195 - B]20 5 2" R iE
A2 R Ao M S BT SO BRI e 5T 2 180 d W20

AT UERA N RERE R 2

Rule-1: IFx, is £(1.1233, -0.224115)

THEN ¥, =1.27064x, +0.0915503sin(7 X,) + 0.267525¢0s(7 X,)
Rule-2: IFx, is #(1.1789,-0.0178853)

THEN y, =-0.855707x, + 0.607955sin(rz x,) -0.143693cos(x X, )
Rule-3: IF x, is £(0.221921, 0.0243052)

THEN §, =-0.101173x, + 0.706467sin(x x, ) - 0.4176033cos(r x,)
Rule-4: IF x, is 1(0.867465,0.807631)

THEN §, = 0.133348 x, - 0.35326sin(z x,) - 0.838422 cos(r X,)

Rule-5: IFx, is x(0.133743,0.503729)

THEN §, =0.947739 X, - 0.0794414sin(r X,) + 0.00036122 cos(r X,)
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I VRTRERIET MR R R H LA

HEER
Bip~t | LR | FNFN il W= | LURB | FNFN LD

53.10 2.0 1.99 72.53 3.2 3.18
55.27 2.1 2.10 73.62 33 3.26
57.66 2.2 2.22 75.04 3.4 3.36
59.12 2.3 2.30 77.86 35 3.53
60.77 2.4 2.43 79.17 3.6 3.61
62.85 25 251 81.03 3.7 3.70
64.01 2.6 2.59 83.29 3.8 3.81
65.49 2.7 2.68 85.14 3.9 3.90
67.33 2.8 2.81 87.26 4.0 4.00
69.01 2.9 2.93 89.41 4.1 4.09
70.80 3.0 3.06 91.62 4.2 4.20
71.21 3.1 3.09

CAITY ST ENE-

BMS ermor

LERHE >0 ’FNFN%?]:':EE o)
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Iteration

Bl 20. I HeEp A SO R D 2 a8 Y 4 R
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beits
=

Beb S0 P PR N 3 JLE G TR e SRR

e

BIE NG F A G S s L= FpRe L F 0 e i e E TR
50 Bicd FAL T LR SolsE A SO R LR A ke S
i N =n,=n,=0.24fcentropy = 0.24 » ¥ # 710000 » S #AFA 5
okt 24 9 THZER 0 392 49324 50.0167 » Bl22 5 o' B AR
POEMTRTE Ao e R e AP RS B A SO R R gigj Er T
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THRTREZRPN R
Rule-1: IFx, is £(0.701247,0.148915)

THEN §, = -0.588866x, +0.934823sin(r X, ) + 0.0338832 cos(r X, )
Rule-2: IF x, is £(1.18964 ,-0.0274819)

THEN y, = 0.0351134x, - 0.59332sin(x x,) + 0.348054 cos(r X,)
Rule-3: IF x, is £(0.76496, 0.154391)

THEN §, =1.06713x, + 0.460601sin(x x,) - 0.351325c0s(7 X,)
Rule-4: IF x, is (0.59029,0.0043816)

THEN §, = -0.535825 x, - 0.470562sin(7 x,) +0.710914 cos(r X,)
Rule-5: IF x, is 1(-0.228017,0.0147812)

THEN ¥, = -0.435328 x, - 0.155048sin( x, ) + 0.639241 cos(r x,)
Rule-6: IF x, is 2(1.19583 -1.40493)

THEN §, = 0.976062 x, - 0.00731106sin(7 x,) - 0.0084527 cos(r X,)
Rule-7: IFx, is 1(-0.200124, - 0.0533578)

THEN ¥, =-0.686784 X, +0.0449281sin(r X,) — 0.181049 cos(r X,)
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h DURTORE R T A

YRl FREEYR
Wipsg | URg iR | SWED | FNFN !
53.10 2.0 55.27 2.1 2.10
57.66 2.2 59.12 2.3 2.31
60.77 2.4 62.85 2.5 2.52
64.01 2.6 65.49 2.7 2.69
67.33 2.8 69.01 2.9 2.89
70.80 3.0 71.21 3.1 3.07
72.53 3.2 77.86 3.5 3.56
73.62 3.3 81.03 3.7 3.69
75.04 3.4 85.14 3.9 3.90
79.17 3.6 89.41 4.1 410
83.29 3.8
87.26 4.0
91.62 4.2
(A EREC A ERERE 20 INNEG 1 H 0 20 )
:
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31 HRA R
A B CO05 ptiERids o K pET S o FI¥" 2 % %
B B 25 47 o BERE A 0 Ao T A S AT oo

%\": —?Eﬁ'?\:}t%

CPU Intel Pentium 4 3.2GHz

Memory 2GB DDR400 RAM

Compiler Borland C++ Builder 6.0

OS Microsoft Windows XP

Resolution 320x240

AT AT R TSRS LT o0 HP-320x 240 thE +
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32 RER I RIR %KL %

JORTRB O B A S A K B BBRREP A%
T RV O ERFREOEN  T Y T LR A
TP {E- DR GREETRR MG & TR EL R R
PipEag s TR -

Gl 26 10 2 ] 27 TP TR K SURAR A O eni % 0 (a)
B APERFEN KR R A LA PRIRFORE R
AP R E o Bl(b): A PHERS By B o BI(C)

% YCDCr & ¢ 1 plis en® % - B(d) 5 YCDOCr = & e % - Bl(e)
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R 2 R(e) R b BRI R o #ed R iR B 6 - R(Q)

A
(a)
BEEE | BREE |

Bl 26. (8)% % B (0) R 4R i (C)'& 30 Bl % 5 (d)YCbCr i il
ExEFLFE AT RGERIESE S Bz BEiCF A Bl(e)if
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