2008 FFHBEF 2 B
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i i ¥R
FERY 524 5%
T g & FTaEmE FTMERE L
LERLE S8y
jim@isu.edu.tw m9522005@ m9522021@

K2

21?’1

AFEY q B ey A g0 RIFE
E oo AEH Y KA B a2 F 52 (NFFDA

1+ NFFDA2)» 3 B 5% % 5% 8 RIw 5 2 » A
HEICY- ¥ ‘ﬁﬁaﬁ‘rk‘wﬁw’— GRS
FRPMA SRE AT F - Bl B AT

REERUE % R (fu22|f|er)1=‘*&i AV BB
Frffioe £ T8 DR A B o B A Sk
w2 AR L TR 0 RR(T A W 2 2L X g g
iR o P P A R A OGN IT I A G
WiEom ,ﬁ,_p BN A PR 737 '5»#”%’”!3\5
—*Ff Bl:E~ ¥ = & iF m*ﬂ#ﬁ—ﬁ{#;lﬁhi FHRL o E N
BRI E LA SRR BB E S
B R R r%ﬂ\}’t S
3 A% FH .o 2877 s i neural network-based
face detectlon(NNFD) £ region based fuzzy
neural networks for face detectlon(RFNFD)i A
B o TR LB IR 0 A G W RIE B 2
4o H ‘ffﬁ il ‘fF]‘/}é“' g Jp ’f‘»" " SURE R ¥4 5 e
BB AR 20 o E o

M © i B & o B 0TI B0 MR
it~ B AT~ iR F“é BLRR -

Abstract

In this paper, we proposed two improved
algorithms NFFDA1 and NFFDAZ2. Both of
these two algorithms possess a cascade model.
The cascade model includes a fuzzy Gaussian
classifier and a feature based extracted neural
network. In step one, we hope to divide images
to face images and non-face images rough. We
use concept of fuzzifier to compute the fuzzy
Gaussian parameters of input images, and then
calculate the summation of square errors of
Gaussian parameters between training patterns

to exclude the most part of non-face image. Next,

we feed these images which is passed by
classifier to neural network for training or

stmail.isu.edu.tw

stmail.isu.edu.tw

recognition. After training, our models can show
us the input images with face image or not. The
experiment results show our algorithms improve
the structures of neural network-based face
detection (NNFD) [2] proposed by Rowley and
region based fuzzy neural networks for face
detection (RFNFD) [4] proposed by C.-H. Rhee.
Our algorithms combine with their advantages to
increase recognize ability for complex face
images.

Keywords : fuzzy sets, Gaussian lower filter,
histogram equalization, Gaussian function, back
propagation neural network.
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¢ 1 2 3 4 5
ace F
I~ - -
a=1 7.299035 | 5.689274 | 4.008939 | 5.364057 | 3.257252
a=2 8.87189 7.57344 5.79556 7.08475 4.78995
a=4 9.31362 9.012087 | 7.619907 | 8.995963 | 6.709157
face 6 7 8 9 10
¥ e & Al F
a=1 2.708277 | 4.673622 | 4.642257 | 4.194168 | 4.373482
a=2 3.71019 5.65339 5.66881 5.08792 5.18258
a=4 4790842 | 6.608305 | 6.725495 | 6.304498 | 5.936945
; 11 12 13 14 15
ace a =
B S o= - ek
a=1 4915634 | 5585175 | 4.328129 | 4.686581 | 4.189175
a=2 5.81571 7.31798 5.89865 6.28534 5.62525
a=4 6.771047 | 9.513438 7.33627 7.623157 | 6.939928
¢ 16 17 18 19 20
ace
- = bl pod bs-
a=1 4809441 | 5.788857 | 4.341394 | 6.755927 | 5.762491
a=2 5.31456 8.14644 5.31935 9.02019 6.51362
a=4 5.719509 | 10.62845 | 6.138056 | 11.16521 | 7.085758
; 21 22 23 24 25
ace O] - [
a=1 2.814487 | 2.552516 | 4.191332 | 4.783976 | 6.874071
a=2 3.67752 3.09318 5.58532 6.62727 8.41707
a=4 4.893869 | 3.988071 | 6.992933 | 8.455902 | 9.517906

(1) %ORL *+ s FHE2 FLRE  HPHALEIRA FLAIL AR 2 FHREL2

41
= 5

ATAEE AR
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1 2 3 4 5
face s i | B iy =
=1 6.229736 | 6.775981 | 5975238 | 5095221 | 3.718123
=2 7.605207 | 7.265848 | 7.045725 | 5972606 | 4.806253
a=14 11.35013 | 8.234486 | 9.564441 | 7.935531 | 5.962645
o 6 7 8 9 10
4 o - 29 ¥y
=1 8733742 | 6.723284 | 4.978946 | 5457725 | 8.34855
a=2 10.09199 | 7.603302 | 6.078343 | 6.336147 | 10.27897
a=14 9.340222 | 8.288777 | 6.626799 | 7.538956 | 13.4594
; 11 12 13 14 15
ace La ' ] CL
= 4 P13 T v
=1 4.709987 | 3.774507 | 9.537376 | 9.385096 | 4.307788
a=2 5504747 | 4.65454 | 11.07795 | 9.373471 | 5.318302
a=14 6.451146 | 5.845856 | 13.7214 | 10.7563 | 7.056245
; 16 17 18 19 20
ace e EY I -
s 4 = = o ™
a=1 5591995 | 4.180636 | 4.409587 | 5.297577 | 4.887007
a=2 5789689 | 5295126 | 5.329559 | 6.702454 | 6.192939
a=14 6.131186 | 5910413 | 6.277488 | 8.107408 | 7.749765
21 22 23 24 25
face &3 2 ey p ph |
=1 9.019366 | 8.925877 | 3.592737 | 535519 | 5468446
a=2 11.15929 | 10.36472 | 5.224404 | 6.99363 | 6.928172
a=14 13.46519 | 12.0688 | 6.058508 | 8.740225 | 7.65143
. 26 27 28 29 30
ace CXC ' ) T
'y 4 - & g P
=1 2728353 | 7.999793 | 10.83458 | 6.405982 | 4.586069
a=2 3.900235 | 10.1509 | 12.9746 | 9.07622 | 6.19413
a=4 5067054 | 12.62452 | 14.79571 | 12.08294 | 7.909778
QPP 2 ERA PG FLRE > HRGESERLRA B2 A2 AR Y 7 R %
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1 2 3 4 5
2 - —

* BN = O
a=1 9.699576 9.990326 15.41411 15.50074 15.59173
a=2 10.83679 10.59017 14.86791 15.94383 14.4515

a=4 12.55267 11.92663 16.31592 19.32058 15.61206
s 6 7 8 9 10
Fr " i“r i T "
[T 9 e =

a=1 20.67293 15.7831 14.41368 8.783103 18.45196
a=2 20.97917 16.54923 15.7144 9.695616 18.62035
a=4 21.34015 19.13185 17.65647 11.12263 18.32414

" 11 12 13 14 15

2 — -

- S 2 o

a=1 12.94015 14.74704 14.31904 6.919259 15.30532

a=2 14.60372 16.21662 14.6183 7.877371 16.21234

a=4 14.54109 17.48223 15.91973 9.327768 17.60631

) 16 17 18 19 20
2Eag ar = [ i
K| g g iE P
a=1 16.15566 13.58014 18.31483 16.65654 7.98915
a=2 16.264 16.63254 17.38767 18.02331 9.966286
a=4 16.8064 19.52708 18.99846 19.87407 12.07103
2 g 21 22 23 24 25
= K -
= & - v
a=1 10.45169 17.58524 11.53874 14.79082 14.19429
a=2 11.68845 16.68193 12.41397 14.94857 16.26974
a=4 13.05558 17.36865 14.30948 15.56734 19.26089
\ 26 27 28 29 30
/ﬂ‘ T -

* W | ks | B | m [ X
a=1 12.8204 12.79592 8.784655 14.3163 8.370085
a=2 13.39741 13.74737 9.582443 14,7804 9.541444

a=4 15.90886885 16.25256 11.90895 16.3306 11.06168
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¢ 1 2 3 4 5
e o s s = R
e
a=1 7.709642 5.72482 3.949015 5.642171 3.152459
a=2 9.47114 7.59884 5.47457 6.70125 3.9554
a=4 10.4893 8.910831 6.693185 7.689151 4.676306
; 6 7 8 9 10
e ¥ £y e A ¥
a=1 2.584667 4.671609 4.93388 4,120575 4,352988
a=2 3.38106 5.35242 5.99235 471664 4.92916
a=4 4096353 | 5797089 | 6.654061 | 5.265211 | 5.281555
¢ 11 12 13 14 15
ace = =T = .
A Py o= = =
a=1 4.759843 5.794293 3.846392 3.870422 4.48379
a=2 5.34014 7.05903 4.99118 487814 5.4607
a=4 5.896887 8.62536 5.970361 5.546919 6.380188
¢ 16 17 18 19 20
ace - -
- e b | b e~
a=1 450266 5.870254 4.290844 7.005486 5.677384
a=2 4.86707 8.14865 5.04551 8.94462 6.32266
a=4 5.224671 10.05875 5.523331 10.84635 6.763098
; 21 22 23 24 25
ace . - - - - ]
= = = e =y
a=1 2.573341 2.183544 3.619652 4.366072 6.432639
oa=2 3.26695 2.52933 4.65683 6.07906 7.99001
a=4 3.965386 3.219732 5.744469 7.394461 8.847148

(4) ORL * s Fl B2 5L ie > B SEF IRl BL o " RER ™ 2 RiREL2 %
Y oAz BB AL a=la=2,a=4 3 A FREHE L PPGE T L L 5 RPN D
DELRE Y AR S BAAR T E R AR KPR R EELEC] 0 2B

=CEEIRE 4
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ace e =8 =
v i 4 iy =
a=1 5.397591 6.525297 7.636761 5.167151 3.216752
a=2 5.927911 6.614997 8.1231881 5.589324 3.536917
a=4 9.789328 8.256213 10.04211 7.63039 5.422226
; 3] 7 8 9 10
ace -
e N = 9 ¥y
a=1 8.752113 6.521504 5.559506 5.634373 8.119969
a=2 9.09511 7.264122 6.649557 6.046313 9.824135
a=4 10.53328 7.496424 7.406266 6.505411 10.52649
; 11 12 13 14 15
ace == ' e
= 44 P13 T v
a=1 4.164064 3.832732 10.12454 9.635095 4973844
a=2 5.00624 4.422848 10.58019 9.159358 5.182629
a=4 6.336981 5.559357 11.05272 9.339853 5.734437
; 16 17 18 19 20
ace =g a - e -
iy ph 4 a = =
a=1 5.790466 3.885567 3.826968 6.274075 5.490255
a=2 5.51015 4.967008 4152727 6.830018 6.048416
a=4 5.656153 5.918404 4.49302 7.40664 6.627402
21 22 23 24 25
face &3 2 ey A i -
a=1 9.867704 8.932431 3.427687 5.7.71?;95 6.021225
a=2 11.26781 10.06897 4.894042 6.726945 6.690361
a=4 12.89814 10.83665 6.217533 7.541834 7.788061
. 26 27 28 29 30
ace e ' . P 1]
'y 4 2 g =
a=1 2.78859 9.567231 11.26089 7.195423 4.47259
a=2 2.893053 10.66698 12.55571 8.704472 5.408223
a=4 3.144357 12.20755 13.47148 10.1496 6.630923

(5) #7P~p LA A R PHL FLRE ARG LER ML B2 AL R Y 2 R R L
2% o A2 BEL L a=la=2,0=4 c J R REEHHER ORI S EE > A 2
2 gﬁiaﬁ&ﬁgi%ﬁ-?mﬁgw ARFHEENEGE S RHORAR oL B4
FAER R AT LR L
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it % -
1 2 3 4 5
# 3 .

* 2 A = i Hih
a=1 7.489663 10.20285 16.29523 16.46089 17.34961
a=2 9.425227 10.71811 15.67063 17.10158 16.40261
a=4 11.65755 11.40315 16.25726 20.05986 15.21815

N 6 ! éb 9 10
Zr " N; ] -
o T . A =
a=1 22.81469 15.32857 14.77006 10.19434 17.28926
a=2 22.11458 17.07256 15.45923 10.89807 17.49873
a=4 22.5712 19.81051 17.45394 11.72152 17.4385
11 12 13 14 15
i BB B A
) oy 2 i CReiC
a=1 12.53842 16.06003 15.50721 7.243227 16.91769
a=2 13.5912 17.28772 15.69868 8.430311 17.42333
a=4 14.0911 17.38702 15.99251 9.214849 18.42728
16 17 18 19 20
oM [ [ W | w |
A ik - = CReiC
a=1 16.28887 14.55825 19.51664 17.97658 9.10506
a=2 16.50911 17.01328 18.92355 19.35457 10.71235
a=4 16.73343 20.18106 20.39666 21.39704 12.9717
" 21 22 23 24 25
~ < = = v
a=1 9.849621 19.56059 11.92597 14.6659 14.07812
a=2 11.18829 19.66009 12.81483 14.78171 16.42915
a=4 12.43834 20.53743 14.13328 14.47879 18.49125
" 26 27 28 29 30
2 . =
- 21 4 r .. -
2 . I - — £
a=1 12.73246 15.05111 8.82683 15.89698 7.766718
a=2 13.77058 15.93445 9.657369 15.90558 8.818446
a=4 15.97506 17.36643 11.76625 16.60921 10.17425

(6) #B-p 4 i B A BB o LM BB} ﬁﬁ%%ﬁmﬁzaﬁ’wﬁﬁwﬁxkﬁ
TR oF|d 2 BB Y S ag=la=2,a=4 xR} 2LA G2 BRF B A GHR AL PSR
lﬁié%\:uv G AR AR G2 AL ERZAGRI A it > R B Y < TR
B B HOR B ATA SR S T Ry
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it % -
9.22NFFDALx B+ (1) *%plds
; 1 2 3 4 5
ace P
= g s = =
NFFDA 1 0.9915 0.971523 0.946965 0.770544 0.988301
6 7 8 9 10
face ¥ £y Y A gy
NFFDA 1 0.999541 0.987853 0.993853 0.936874 0.991777
11 12 13 14 15
face = = =
s P o = =
NFFDA 1 0.985179 0.992362 0.969886 0.985718 0.993613
16 17 18 19 20
face [ -
NFFDA 1 0.999237 0.990049 0.996847 0.947393 0.994982
21 22 23 24 25
face ™ - - - =
Py e e =i
NFFDA 1 0.999145 0.999933 0.996568 0.978816 0.851104
face 1 2 3 4 5
- [N g’
G M- i ey =
NFFDA 1 0.937475 0.975594 0.647764 0.840759 0.999169
face 6 7 8 9 10
o e 3 7 br
NFFDA 1 0.566602 0.703094 0.99359 0.97904 0.470558
f 11 12 13 14 15
" = <, = i =
NFFDA 1 0.990255 0.998525 0.385031 0.877474 0.996883
face ili 17 18 19 20
x = X
o pi & =
NFFDA 1 0.988473 0.996839 0.998886 0.998364 0.993724
face 21 22 23 24 25
& 2 H < A
NFFDA 1 0.465618 0.851816 0.961853 0.985919 0.530494
face 26 27 28 29 30
= & Yt >d
iy 4 g e =
NFFDA 1 0.999442 0.603524 0.47024 0.983694 0.987707
9.22 NFFDA 1% & i+
(2) 2 g%
1 2 3 4 5
R~ 3 "f" -
= | i i o
NFFDA 1 0.0908197 0.0132792 0.110299 0.0222794 0.0426323
6 7 8 9 10 11
ER7 T x e i =
o = - 8 e r-
NFFDA 1 0.0159153 0.5744903 0.0933055 0.0187543 0.102614 0.818809
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M =
9.2.3NFFDA2 % &2 (1)* %Rl %
. 1 2 3 4 5
ace i
= e s = R
NFFDA 2 0.971122 0.967993 0.989715 0.942646 0.996216
6 7 8 9 10
face = = A = e
NFFDA 2 0.999877 0.986363 0.998906 0.971062 0.998375
11 12 13 14 15
face = = =
iy Y = = sk
NFFDA 2 0.994327 0.999336 0.999721 0.999765 0.999831
16 17 18 19 20
face - -
NFFDA 2 0.999680 0.997968 0.999097 0.998891 0.999581
21 22 23 24 25
face ™ - = = »
P = = =
NFFDA 2 0.999992 0.999551 0.995159 0.985642 0.999117
face 1 2 3 4 5
Y- | [=0=] g
&= i s ey =
NFFDA 2 0.997299 0.316932 0.993366 0.91193 0.999986
face 6 7 8 9 10
= = 3 X, ¥r|
NFFDA 2 0.617784 0.748394 0.998419 0.995534 0.559862
face 11 12 13 14 15
= o | = T =
NFFDA 2 0.999840 0.999768 0.467626 0.706289 0.999347
face 16 17 18 19 20
i‘ - g L]
s i z = =
NFFDA 2 0.999821 0.999937 0.999989 0.998766 0.999930
face 21 22 23 24 25
it 2 &£ P b |
NFFDA 2 0.815956 0.270330 0.988984 0.997949 0.950636
face 26 27 28 29 30
= . = =1
= 4 | e e
NFFDA 2 0.999999 0.992592 0.200120 0.999965 0.999793
9.2.3NFFDA2 ;¥ & i
(2) 24 wgpiplEit %
E 1 2 3 4 5
2t ] J__.'"" -
B | M | @ | A | B
NFFDA2 | 0.394838 0.003114 0.002240 0.000092 0.002165
s 6 7 8 9 10 11
# T : = i -~
® B &M M=
NFFDA2 | 0.007679 0.001486 0.008823 0.003775 0.956486 0.992141
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