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Abstract: Data collection for both training and testing a classifier is a tedious but essential step towards face
detection and recognition. All of the statistical methods suffer from this problem. In this paper, a genetic algorithm
(GA) based method to swell face database through re-sampling from existing faces is presented. The basic idea is
that a face is composed of a limited components set, and the GA can simulate the procedure of heredity. This
simulation can also cover the variations of faces in different lighting conditions, poses, accessories, and quality
conditions. To verify the generalization capability of the proposed method, the expanded database is used to train an
AdaBoost-based face detector and test it on the MIT+CMU frontal face test set. The experimental results show that
the data collection can be speeded up efficiently by the proposed methods.

Key words:  face detection; genetic algorithm; SnoW (sparse network of winnow); AdaBoost

B E AR ARENEZE AR IRF RBL, I AR KR B IATHIEIE, B AT TR A T4t
5 W R AR A AR T A O S A RAE AR R R S R AT E R R Y IR R Sk L
AARER KT AR A B A PRG3R R, T B AR Bk T oA ) T AR B R 09 A8 A2 X APAEIT oA &
AR —R AL b RE 6L & M. BRAREF A TIEYIZ B R AT A RAE RIS F8 7 s 4
# K AR Tl 4 — A2 F AdaBoost 89 AR 55, 5 BLA% mi MIT+CMU &9 iE & A B MK R _E 34T T K. 52 348

* Supported by the National Natural Science Foundation of China under Grant No0.60332010 (IE X 14k %} 4% 43); the National
High-Tech Research and Development Plan of China under Grant Nos.2001AA 114190, 2002AA 118010, 2003AA 142140 (1 5w B AW
7T R &1 %1(863)); the “100 Talents Program” of the Chinese Academy of Sciences under Grant No.20056106 (+' [E k2% B« 7 A 4F£1);
the Stake of the ISVISION Technologies Co., Ltd. of China under Grant N0.20009040 (4R = % it 1R 5 B 543 R A =1 % )

EZ R BRAR, U5 N 18 o 2 S AT 5 AUl o IS 0, 5 K B0 B ) 5 PTG B A 0 20 T % SRR BB R, U5 1
PO 3L, CCF w4y DA, 32 TERIF U 20 B AL O, P A Ak B A 0T T SERL AL B B8 5 A R B 3, 50 1 3
2,10 142 3 0ilL,CCF g2 i, BWF U080 N A R, 20 AR AR B AU, v SEH LR 0 & S i .



A F R TR EETREGABREAYT K 1895

B A B A R O ok ROl R S T A HOBIR B ARk SR 6 ik JE A R
KEA: AWM AE B % ;SnoW (sparse network of winnow); AdaBoost
REESES: TP391 XERFRIRAD: A

7R 2 10 24 i T AR I TEHLAH R0 50 b i B /T 50 R, 2 B AT Eo0 kAT 7Tz kR A e
I 2 6 405 5 — W PR 0 2 PP 15 A7 0 NG, 2 SR NG D3R ] AP Ao 1K /N 35 J e A 11 5 1%,
U1 Miao % N\ FE - 00 ABRR 9 A GG D0 45025 2 0 ARG AG I 5 A58k, 366 T 45 T A58 8 2 > () 7 6 L e 2 i 5
M1 FE AL Sung FT Poggio 25 N HE T — i 5 a1 #5275 A R Al A 0 20 A1 EA T 1B 10 55351 Rowley 2%
NBE T — 3 T4 2 70 M 2% 1 A BG4S I 2R 4500 Schneiderman #1 Kanade $2 H1 T — 5k T J5 B 2% 28 B i i1
(R NSRS 0 3518 Yang 25 A48 T — b3 T 95 11 22 G P 2% (sparse network of winnow, fii #& SNoW) )22 3] 14 &
iR Liu 4210 T — AL T Bayes HBHFAE 157158 Viola $21 T — AN T Boosting bR A G K I 2 45°
Uh 5, — 22 5 X 3 T Boosting (57324 T Bekl M ek A AR I 52 AN ) PR 5% B () 5219, Chen 25 A4 H T
— P R 82 ) MR AT S RS T AR 2L

o 5 T 48 v ASE B ) A IR I 2R 4 O U, VIR B — > 43 2R i R AT B e B, BT T AR TS A
Y R ST A XA 1) FELAH 5% 0 SCRR AT AL L A Jain & 38 0 3C 72t (AR AT B f67 20 o U I RE AR AT
SR DT i 18— 20 R WO 3 1R R A AR G T R AR /D

BT BRI, Chen &8 N TE SCHR[14]H0 $8 H SR FH A% SEVE SR HEAT AR AT B IR 530025, AR T 380 PR 2R3CR AR S
TSGR EAE T HE— 20 MR AR SCEE 1 79 I W FH A% Sk AT RE A 5K 28 2 R i B I e 4
HEE 3 WA L.

1 RAEREZHITHEAERE

AGHIFREE AT 1 P, SE R s 2 R A AR B0 55, 20 1 FAL B S Rl 20 o0 3 A TN EE . KR
SRR AR, L rh I R A AR 8 4% 577 (genetic algorithm, fRiFR GA) I Ur Bl RE. T 1) v 1o fif #4051 400 s P 2
FUAE NI RE AN ZRA3 2 1) 73 645 SNoW BEAT VP4 38 IV JRE vy ) v W) AFERE 2 O T R, 0 0 1 PR AR PR 2> i il 5
P DR B 0 A A0 5 RO R R TR — AR BRI 75 2 PR BT MR T BB IR0 26 88 SNoW, B I 2545 1) 70 2K
BT VPR U o T A SR A2 I A 28 b 2% P 38R SRR R A R A 2 1 o 43 21 PR RORE B Ay

I AR
Initial positive Current ® Good samples Evaluating Bad Samplei Garbage
training set generation \C v bg;?(()l V(\)/n » can

Negative Train the
samples SnoW
‘L (non-faces) classifier

GA re-sampling
(crossover and mutation)J

Intermediate
generation

Fig.1 The flow chart of the proposed method
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Fig.2 The schema of crossover and mutation
K2 X5%RrRER
Sl RERIEE A Ko E
(1) FEASH i b 401 SCRR[ 7107 38 KA A H — AL B (M) AN S8 () 2904 20 KN IR JE 8 e AT 18047 15 1612
M A FR N () B FE M RIEMAMN I(x,y) (0<I(x,y)<256) , B £ 4 15 0 {H KN
1G)=1(y xw +x)=256(y xw +x)+1(x,y) NP —NZEEH () (0<i <400) Fom, WEZ AR G 15
FAFEN (DU (1) ggg ) w; ), Tt A 38 S T
(2) 58 b T AN LA AR b ASARA PR IR e 8 mT LK 48 4R 30 189 I A AR 1 S 200 4 b 20 i 7 8 i v DA 1.
A w ;=10 A %A, R F PR Bk B0 AT PPN, SRAT & AT IR T 58/ AR TR 2 08 SR FH << A8 iy, BV 3 1 3
KIIREAR BAT 0022 i P (WL 2, P50 32 o AR R AR 0 A 7 28 SO 5190,
(3) XG5 A AR A8 R B 2 5 548 307, B A SCAR A UAE — A BT 28 S, 73 31
Ja AN 2 BT7R AEAE SCRT, JE G FEASRI 73 0 ASAH T B 1) — S8 X 30, I e DS 45 A0Sk . RIS . T MRS
B 3(a) T 71, I 4k 30 4 X5 Gt A v of I 14D 356 DR R A8 S R 8t et 71X 358 14 356 B 4 1, 79 81 5 AR, Gl B 3(b) T
15 3 IR AR HEAT B 7 B 38 1 4, A3 v LA g
e x
|

u_’ET “ L' Q*ﬁ;ﬁ
MmN

(a) Each parent is converted into a sequence of observation vectors for crossover (b) Crossover (c) Mutation
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Fig.3 The illustration of crossover and mutation
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Fig.4 Quantization method of grey features
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Fig.6 Some face samples generated by the GA re-sampling
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Fig.7 The ROC curves on the validation set using different generations of GA
as training set for a fixed classifier
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Fig.8 The ROC curves for our detectors on the MIT+CMU frontal face test set
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Table 1 The detection rates comparison of our system and others

R IRATH AR G H A S AR I A L

Methods Detection rate (%) False alarms
Rowley™ 86.0 31
Schneiderman!®! 94.4 65
Viola”! 89.7 31
Xiao!'" 88.2 26
Li'" 90.2 31
Frobal'”! 89.7 22
Our method 90.48 12
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Table 2 Accuracy on the other three databases
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Data set Images Faces False detections Detection rates (%)
Setl 7397 10316 480 92.76
Set2 1832 304 225 92.43
Set3 1003 949 288 84.65
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Fig.9 Some detected results on the MIT+CMU frontal face test set
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Fig.10 Some detected results on real-application images
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