i g

1 VAR Ol

RN EE NS

B %
3 Ak
/43 %
"5 2
€k H W

FERARY: 10246
2 5: 081021041

SR SREL R BERAHAR

E A TR
st T o 7%
EEt

WBEE B

2012 4= 04 H 05 H



G S DA7ES'S

MNERE I SRVE R 8 Fr SEBL R B EARBT A

JEI B

faFZ -
LAE S C

RS RANEE R
B %
VR 6
SRERK g%

RERZERHMFEELREERMET R
2012.4



H %

3 ettt ettt ettt ettt ettt ettt ettt ee et et n et et et en e n et erens |
== R 11
B R T ettt ettt ettt ettt en e \Y;
T ettt e et et e e h ettt e ettt e E ettt n ettt e ettt s et Vi
PN o1 1 - (o4 SRR IX
B L B B0 oottt ettt ettt 1
N 2 2 LT TP 1

0 NS L = TR 1

1.1.2 AT ZR R IPEBEFE I oottt ee et n e s 3

(AN ok L N R B 7 OO 4
1.3 N JKAS I TR S 1) 32 B UE JZ 25 S5 AT TT T e 7
1.4 ARSI H A BT T PR oottt e ettt n ettt en st en e 8
LD B S 2 oottt 9
2 5 3T AdaBoost BRI BE B ST HT ovveeee s 11
2.1 T AdaBoost I ATEAT I IEIEINZ <ot 11
2.1.1 HAAT=LIKE B ..ottt ettt ettt 12

2.1.2 BN EIRIT TTRR IR B] oottt 15

2. 1.3 R R et 17

2.2 AAABOOSE YIIZEETIE ..ottt 19

2.3 FET AdaBOOSE FT ARG c....ovoeeeeeeeee ettt st 22
2.3 L I T V5 oottt ettt 24

2.3.2 BT ettt ettt ettt 26

BRI s o 26

24 IREEIINGE ettt ettt 27
B3 B NI B T T8 F A 20 T oottt 29
3.1 A FE ARG I BT BERTEIU ..o 29

B LT ASEBIEZE N oot 29

312 KEIMEIIME BT ..ottt ettt ettt 32

B2 TTZETTAETE ..ottt ettt 33
3.3 FBYEINE AT ...ttt 40
3.3.1 G /INE S B T RIEITELIR oot 40

3.3.2 P B BBAE /I oottt ettt 42

K = = 2 N R LK Rl = S a1 OO RO 44
B8 B /NG ettt 46
A B R AT A ZT oottt ettt ettt 49
A1 NG BEAEZERA oottt n et r s 49
A.1.0 BHIIFEFUZEFE oo 49

A.1.2 MAFAE BRI TR oo ee et e et n e 52

B.1.3 B A T TE oottt 54

A T R AT JT 2 oottt ettt ettt ettt 56
4.2.1 TFAERE AR G RBEELIR oot 56

4.2.2 FUGTFAGE SRETIITFE I oottt e e v 58

4.2.3 BEHEEAERIZET T oottt ettt s et s e n e 60

A3 B B T T T oottt ettt ettt 61
431 FAO B BRI ZEL IR S G5 M oottt 61

4.3.2 FRAF BIRIE T T oottt 62

4.3.3 TR B A G T oottt 64



B H R 208

A4 DGR IKIFAE T B LE R oottt et en e et n s 66
441 H R T AR AT LI oo 66

4.4.2 TUZZRLIKAEFELERE ..ot 69

A5 T AEAE oottt ettt 71

A8 BEBAE/IEIIE oottt ettt ettt 72

4.7 NEATIES B e R R E LT o 73

4.8 NIHEI ZRGEHT FPGA B ...ttt en e s s 75
4.8.1 AJEKGI SOC ZRBEAN L oottt 76

4.8.2 FPGA BT 3 oot e et e ettt r e et en s s e en s e 78

4.8.3 FPGA BRAET G oottt ettt 79

B84 ZRGEMIIR ..ottt 80

4.9 NJEHGI SOC MURIR oottt e et s ettt s s et en s et eneer e 80
AA0 ZREE /NG oottt ettt ettt 82
05 B ZREIUAT U AT ..o 83
5.1 ARSI S A R RT L B ET T oot 83

5.2 R R T I A I 23T oottt ettt 84

5.3 ZREETT ARG IR oottt 86

5.4 ATRREIRAHFETZIE GIEAE ...t 89
5.4.1 FIEPEIIRI ..ottt 89

BUA2 ZEA T ELLE T oottt ettt 92

B R B /N ettt ettt ettt ettt 92

BB B B BRI T E oo 93
8.1 R Sl T R oottt ettt ettt ettt 93

8.2 KT AR TAEII IR .ottt ettt ettt ettt e ettt 94
BTN e, 95
TS A AT HHTA] IR G BITE S oottt 101
BT 102



RlaE¥]

S S S P S s P S P S D

WWWNRNNNNNNN P
W NDPFP OO NOOTPE, WDN - P

Y
w w
[S2 I~

3.6
K 3.7
K 3.8
K 3.9
K 3.10
K 311
K 3.12
K 3.13
K 3.14
K 3.15
K 3.16
K 4.1
K 4.2
K 43
K 4.4
K 45
K 4.6
K 4.7
K 4.8
K 4.9
K 4.10
K 411
K 4.12
K 4.13
K 4.14
K 4.15
K 4.16
K 4.17
K 4.18
K 4.19
& 4.20
K 4.21
K 4.22

B A&

IR AT ...t 2
FET AdaB00St A T BT R oottt 12
el R PV [ 1Y (1 DTSSR 13
T ] HAAITIKE JEAIE .ottt ettt 14
G LSt o= TSRS 15
B T R T B ettt ettt ettt ettt ettt ettt 16
I F T3 2525 oottt ettt 18
AdaBO0St Y12 T AR oottt 20
AdaB0o0ost ARG I BRI LR « .ottt 24
CMU+MIT H B A AL AT ATEEZ oot 29
CMUHMIT H 2B A oottt 30
CMU+MIT H AL A BT B T e 30
Bao ¥ e A iy ML AR R B NG AN 22 AT BZ s 30
BiolD A SR ZE BT A B oo 31
Yale A0 FE AN R AE S5 26 N HIATE o, 31
ESSCX BT ZE T IR <ot 32
20%20 FIASTE] TT ZE I AT E <ot 34
AT TT ZEBETTZETL () oottt ettt 35
AT TT ZZBETTZETL U)ottt ettt 35
B S P A s g T T 36
77 ZEFALFRAS F AT IS A0S I FEXT L oo 39
R B T4 T2 1ottt ettt ettt e et en et et eeeen e 40
BB 7N <ottt ettt ettt ettt ettt et 41
TE SAL I N B S REI R Z TR R oo 45
SE PRIV B L I AR . A FE ELA oo 46
A B AR A BIEFUZER oottt ettt ettt en et en e 50
I T I AFAEE T ZERE 1ot 51
M AFAE B TR T FZERE oo 53
NG IS BEAEZERE oottt n e 56
BB B AT IE] oottt ettt 56
AEAETT R IITEE EEIE oot 58
BB . R TT ] oo 59
BT L IE TS IR oot 60
AL TEAEIILIR oottt ettt 61
AN L ey A W T 7 L RO 62
L B P A G Tl e 63
2577 15 4 H IR B VAR SRAM 7 1] V0B E LI oo, 64
SR TT AL LR oottt ettt e ettt et 65
AL AN e =1 ok | RN 66
SR BRI IR FEAT LM oot en s 67
DRkt 150 = R = NN 20 ) N OO 69
PGSR FLERIB I T THLIE oottt e et n et 71
Ay BT IHFRELERE oottt 72
BRI I T oottt e et 73
G F T L BRAERE M ZE B oottt 74
DB RTL ZRATTELLE TR oot 74
DNIEAGI SOC ZERIHEIE ..ottt n e 76



B H R 208

K 4.23
K 4.24
K 4.25
K 4.26
K 4.27
K 4.28
K 5.1
K 5.2
K 5.3
K 5.4
K 55

MIPS32 ZERATREE ] oottt et 77
ey N Ao = 78
BN e = PSP 80
CQFP-160 F 2 ..ottt 81
PN L v = R G TSSO 81
N ey v S Gty SRR 82
e S IR DN 5 o LR s 3 < OO 87
Z AT AT 22 498 42 )88 2L RS oo 89
1 FIAS AN 5 53 25 B80T FAR FIT DR FIZZAL oo 90
A5 AN [N T30 3 2R A8 BT LTI TH] o 90
e S VI RTINSO 92



ERie vl

R R AR A AR AR R A
CEENRELRRERE

w
w
=
-

% 41

BRI

N IR mE S S SRR 14
FFEFTRE ) Haar-like 732825 H ..o, 22
XF CMU+MIT s AT MR T EE LG R oo, 37
Sof Bao i FE AT MR AT ELEEZE Tttt 37
St BiolD B ZEHEAT IR KT ELEEZE TR oo 37
X Yale R ZEHEAT AR I EEIRGE B oottt 38
X ESSEX H# e A i — 5 S AT MR A UG R 38
X ESSEX Hiuds e i &2 5 S N AT M T EE A S R e, 39
BG4 /N S & D RN CMUMIT A E8 2 347 IR ) b4 5143
BG4 /INE S5 O KIEXT Bao A B AT IR ELAREE o 43
B4R /INE S5 O KIEXT BiolD A EHE 2 g A7 MR LR g R 43
KU 4i/NE S & D8 RIEXT Yale N Es 22 A7 IR ELAREE R . 43
PG 46 /N 5 T D KiEX ESSEX A E I 3 A7 AR 1 LU 45 2R 44
PN o LB AL = 5 OO O PRI 54
TIFTZERET LI oottt n et s et e e s et en st en et en s en s enaees 55
S REARIAT AN S VUK AL BREE R HTELER oo, 70
BEATEE TR ELIL oottt ettt 74
T R AR R oottt ettt ettt ee et eeeer e 79
EP2S180F1020 T ZE R U ...oovoeeeeeeee oot e et e e es e en s st s es e n s 79
B s T 79
FPGA B0 T B T2 oot 80
BELRFITXS LY Haar-like 70 I8 882505 TR ) 7 B BERR (o 85
FEHHE S SRS S ZIHITE R oo, 87
ASEE s_num A1 sg_num FTACZR IR X v 88
ARV AR /N PG R R RSTII R AR FE R oo 91
NS I 35 AN [ AR R BV RGN EEAE v 92






RS

WE

W& H AR BFRERES. AW E. NRGFESU R, AR c
AR NI AT A — A EEDS IR, CHEIEA— T THOL AR Z 2] T AT
KRSV O . WEIDARNL. AHLZ B AR A, 3G k&5 GE LS,
FINPIIRER . Em X R LR AT AN AT B A o AH T A I 75 ZE AT 1t
SRR, RN P 14 v R A FEE () ARAIE AR T AR LR JE PN 5 T TTAR 22
HOG K 9 7 T2 A BT B R 1 o 5341, BEAs N A 5 AR BB AE R Sk R 4 AR A
HAEA MM T SRS E, B NIRRT i I ThFE. BA ., AT fC B A2
EAFWTITI, 3K [ It 2 30 A NI A 0 3 A T I ) S R

AV SCEU T TE i 1 B AN AS S Fr oS RoA, MR et . 450010
Wil AIACE S 2 AR T SR ARG R NS S i — e ) M AR
o

2 8 B B 1A R A v BB AT I ) — AN E B 5 TR, A SOt H AT B R A
55F AdaBoost [ A REAS I REEAT TIRANBI T, A2 T H IR SR B Ak
Jiide JRERI T 7 E AN IS G A A A 2 A 1 NS I B, DL RGE & T
I PR UG DT AER I BG4 /N o AR X6 LRI B A B LA G B3 e
BT T 45 50990, FH&N 80 2 IR 45 SRAIE B T Sodk Ja I R A i 5092 1 A
Rtk IR EILIAT T ST, IERE T AERE SRR

AR SC I MRS B AR v S T A RE . Tha Tl RS AR &% 18, 1%
T BRI T R B B POETE R TR AK R AL EREE#), 5
BRI o BRI EE R AT A AR P AR AT T T AL . I
XPBTE I P RE NSRS AT T B 256 BIE Sk, seiegh R,
SR b B ek DL RS e ) R T AR AT AT A A DUES B AT DLk B AE CRAIE kS
FEmRE TR~ , B RRASHRERITHRL, 51 68 T 5 B i v A A BGAS
SRS AL, BAHARH.

ST NI RS0 P A T B 5 ) R SR 2 35 A B FH 9 R PR AN R
A, ARSCHRH T 2R TGS I AL A . A IAS I DY A SR IR 25
AT FORPAS I 1 e ) E AR 52 o A AR SRR TR 10 i AR T AN A AR = O A i
ANSH, BT SR S ET R

RS, S A AR — T HEAF A WrR AN T8 R, % 8 i T e fe v >R B 1Y)
Fe s, HBF TR R AR 1) B AR ISR A = LS .

KA NSRS, a7 %R, B EPGESE R, UgmKg e, 2EnT i
FEEHESKES: TN47, TN492

Vil






Abstract

Abstract

With the rise of fields such as target monitoring, object tracking,
human-computer interaction, statistics of people stream etc., face detection has not
only been an important step of face recognition, but also become an independent
technology being concerned by more and more people. It now has become
indispensable in applications such as digital camera and human-computer interaction,
the image communication of 3G, the human tracking and alarm of security area.
However, due to its huge computation, it is difficult to improve its speed and accuracy
to satisfy the demand of many applications at the same time. And what’s more, to
really play its important role in future and to be efficiently applied to different
situations, the promotion of power consumption, cost and processing ability of face
detection chip are worthy to be researched. Nevertheless, these are just difficult
problems we now confront.

The paper describes the research on the key technology of designing face
detection chip with good performance, and puts forward some creative ideas in
realizing face detection of high precision and speed from the side of algorithm
improvement, architecture design and reconfiguration.

In considering that the efficiency of the algorithm is one of the most important
factors in detection, the paper analyses the most efficient face detection method based
on AdaBoost algorithm in depth. And after introducing its training and detection
procedure, the paper proposes an improved algorithm integrating variance preprocess
and cascade structure, and adopts the image scaling method for hardware realizing,
which could greatly decrease the access of memory. Five commonly used face
databases in the world are summarized then, and are used to test the efficiency of
improved face detection algorithm. And the paper also gives out the fixed-point bits of
every data in the algorithm for the concrete design of face detection chip later.

When considering the promotion of detection speed, and decrease of the power
and area consumption, ideas of efficient memory scheme, quick refresh of integral
image, 4-stage pipeline processing method are proposed. The partition, architecture
and the work order of each module are all researched in the paper. And they are also
simulated, synthesized, validated and tested by corresponding tools. The results show
that, the improvement of detection algorithm and creative chip design method are
efficient, which makes the design have a relative less consumption of power and area
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compared to other advanced international designs, while maintaining a high precision
and speed.

As the reconfiguration of the face detection chip will directly affect the
flexibility in applications of face detection technology in different situations and the
development cost, the paper also brings forward a mode adjustable design method. It
mainly makes use of four key factors greatly affecting on the detection capability. And
by adjusting these four factors as input parameters, we finally realize the
reconfiguration and enable the chip work in different modes.

Face detection technology is a subject which is worthy to be researched
continuously. It can bring with huge benefit to the society, and its research fruits can
also provide meaningful reference to detection of other kinds of objects.

Key words: face detection, memory scheme, quick refresh of integral image, 4-stage
pipeline processing, mode adjustable
CLC number: TN47, TN492
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Figure 1.1 Application fields of face detection technology
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Figure 2.1 Face detection algorithm flow based on AdaBoost
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Figure 2.2 Three kinds of Haar-like features
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Figure2.3 Haar-like feature in human face
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Figure 2.4 Integral Image representation

2.4 U IR T
WA EDY L B L, WAL E P(xy) AR 7 BB N

(x,y)= .ZI(XI'yI) (2.2)

HAr N(xy) R G S POGY) IR BUE, 10,y R BEEH P(xy) e b

TG ESPIKEE. BGFHIrEG R SRS B Lhdd A @.3)F A
(2.4 &R EA R,

H(x,y)=1N(x=1Yy)+S(x,y) (2.3)
S(X,Y)=S(X,y=1)+1(x,y) (2.4)

Hrr, S(xy)A& s POGY)FTTEN y v AT BB R K EER . $3i
BRI EUE AT AR R AR BUE S, o v] DAZEAR N (] py oF B A
FERHE R 20 AR 73 B BOR TS 45 SRAE B R/ N TR X SR R K
MR ZWINEG S, RKIE 7 Haar-like $5-4F (R it 72 . &l 2.5 Fr X35
D, FIFHASE, wrAH X 191 & A8 Sum(D)=P4+P1-P2-P3, P1, P2, P3,
P4 Ao DY pi i B E A



B H R 208

Pl P3

P4
P2

Figure 2.5 Rectangle area computation
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Figure2.6 Cascade structure of classifier
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Figure2.7 The flowchart of AdaBoost train algorithm
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Figure 2.8  Face detection flow based on AdaBoost
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Figure3.1 Typical images including faces in CMU+MIT database
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Figure3.2 Fake face images in CMU+MIT database
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Figure3.3 Non-face images in CMU+MIT database
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Figure3.4 Typical images in Bao database
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Figure3.5 Typical images in BiolD database

K] 3.5  BiolD AMGHHE #E L7 NG S

Yale $3EEE[40]: HHERE(Yale) K22 R4, St 165 iF GIF #% 3 K 5 EI 4K,
WA 15 MR E kM5, AN 11 KR FER B AHRAEE T AR, X 11
MR EDE. BIRER . RIS AdDs. ARIRE. EFIEL. A
. FIEEG. LR, REHF. IR, B ERHR TS, N
N A S A R R A A C LR (3 BE 77

Figure3.6 Face images of different facial expression or configuration in Yale database
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Figure3.9 Statistic result of variance value of the test faces
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Figure 3.10 Statistic result of variance value of the test faces
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Figure 3.11 Cascade structure of classifier with preprocessing
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#£ 3.1 X CMU+MIT #dis 22 217 0 i b e 5 S

Table 3.1 Test result of CMU+MIT database

with preprocess without preprocess
Detection Rate 86.7% 89%
False Reject Rate 13.3% 11%
False Accept Rate 6.9% 9.2%

#* 3.2 X Bao Hudh A AT LS A

Table 3.2 Test result of Bao database

with preprocess without preprocess
Detection Rate 94.6% 94.6%
False Reject Rate 5.4% 5.4%
False Accept Rate 10.5% 18.3%

*® 3.3 X BiolD K FEREAT A L 4G

Table 3.3 Test result of BiolD database

with preprocess without preprocess
Detection Rate 93.8% 95.1%
False Reject Rate 6.2% 4.9%
False Accept Rate 2.0% 14.5%

CMU+MIT, Bao, BiolD =¥ FE4R & T H K E R H st & B A
BIGES, ANAT & R AR RN —, 5 22 TRAL BRI A4 5 i K B50AH [
X IR — SRS (R e v NG, 7 22 P B T LIS 5 53R4T SRl 7 2 11 ik
/b RY) 10%-55%. B SN — BT ST AR B A HERR I St DR %, B
KB 55% e A7, IR I BE A = AR A R B, T S 7 AR INE G T
ZEAEAE NI 7 22 X (R (0 BEAS, PlAb B2 By e HERR 08 S Db, e A ek
B 10% /445 BRASTIEE ASN, M=AERAFHATLUE S|, 200 £ 4000 77 % il
Ab FE N R AT DA — S5 /N R AR R, {H [ B S W | RS A I 6 1 T B RN R AS
K LT,
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Yale A4 i b AT B A O BRNRCSK G, B St HR e, yidt—25
RSy Z WAL B ROIE A, WL T 1 A BT S Al R . R R Nl A L
8o I GOSN 528 P52 — T LU 5% Tk B G I 2 ) 5 . 45 R ANEE 3.4, K
03 52 Y 2 Bk N B e A B 7 T 1 Rk . 100% 350 T A 1 7 & I A AR
.

* 3.4 X Yale Hof AT MG B A R

Table 3.4 Test result of Yale database

with preprocess without preprocess
Detection Rate 95.8% 97.6%
False Reject Rate 4.2% 2.4%
False Accept Rate 0% 0%
Detection Speed 69%-99% 100%

MEFEHE T LA H, 200 2 4000 f77 2= TAL G 6 Yale ¥ 24 N
1 15 AT DL B 3R HERR 1%-31% K0T % 1, {H 2 51 IERfAS H 3R 10T BRI R G 26
R T o AR SR A AT =N R . TR, ATRUR I, X2 R
NZEAR R E R LTFRA T 5 B CUE s HE R TS S50 e 8 R R AN B
T ELASHE TS 5024 A0 e e i A0 o B e v o 248 v 2 TALEEL G R
IR, ST 38 BEANAS HH 28 1) 42 e BB 2 A T o

ESSEX #df e & — R & B — 8 AN B A & 2 0 e i AR
GEEEE . RS R (LK 3.5, 3.6)HARIL T n /i sh

* 3.5 X ESSEX A b L SA AR AT I b AR A AR

Table 3.5 Test result of faces with single background in ESSEX database

with preprocess without preprocess
Detection Rate 88.1% 98.4%
False Reject Rate 11.9% 1.6%
False Accept Rate 0.8% 1.3%
Detection Speed 45%-85% 100%
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R 3.6 X ESSEX Hud [ i R A SR BT I A LA A 2R

Table 3.6 Test result of faces with complex background in ESSEX database

with preprocess without preprocess
Detection Rate 98.4% 99.0%
False Reject Rate 1.6% 1.0%
False Accept Rate 6.0% 8.1%
Detection Speed 61.8%-86.3% 100%
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Figure 3.12 face detection speed comparison between the algorithm with or without variance
preprocess
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Figure 3.13 Detection faces by enlarging scan window
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Figure 3.14 Detection faces by down scale the image
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Table 3.7 Test result of CMU+MIT databases with image scaling and sub-window enlargement

methods

Detection Rate

False Accept Rate

plaR G ERGS 86.7% 8.3%
UL i 15 89.9% 10.6%
[CARE DS 89% 9.2%
% 38  EBA/INESE O KIES Bao A B EEEAT IR 1 H i g5

Table 3.8 Test result of Baodatabases with image scaling and sub-window enlargement methods

Detection Rate

False Accept Rate

T AR E 12 89.6% 20.6%
KL% M A R V- 93.5% 22.1%
[CARERPNTFS 94.6% 18.3%

% 39  EB4/NESE O KL BiolD A HEE B AT IR i b i 45

Table 3.9 Test result of BiolD databases with image scaling and sub-window enlargement methods

Detection Rate

False Accept Rate

I AR ARV E 93.2% 14.5%
KU ER M4 {8 s 94.7% 16.7%
[ZARE NS 95.1% 14.5%
% 310 BG4 /NESE DY KL Yale N JREE AT IR I b 45

Table 3.10 Test result of Yale databases with image scaling and sub-window enlargement methods

Detection Rate

False Accept Rate

1T AR 12 97% 0%
XL Fi 1 15 97.6% 0%
[CARED S 97.6% 0%
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Table 3.11 Test result of ESSEX databases with image scaling and sub-window enlargement

methods
Detection Rate False Accept Rate
R (AP 98.6% 3.1%
XU VEATRAE 98.7% 3.7%
[GISEIPNES 98.8% 4.5%

MK 5 A Eills P I iR AT DU - I SBEAEIE, AR E LS
A RIEEH, AR A TR, (H2 RS R W E I BEAC 1 . mo PR & 5 4
NERET S, WA VA /S B A TN R A i, (ER AR R R B A <B4 E
Ao GREHRE =, USSR =, ASCREKH 7t ERVN, Sl
BONA Ty WAL R0 B R Z /NS o TSN B 1 A R/ MR B I ZRIN (180 5E , 04 24*24
B

3.4 FERE AR Sk e AL T

NS I PRI R A S B 5 5 280 e BIRe 7 R B o e U BB, DU AETHER
e Rl AL, o5 FAUINEOREAR AR, PR NS I SR ) 2 s Al AR AR EE A —
AT, RABIED RGN RATER .

FE RS I AU R, mBERR BRI, (ARm BB Ve B ROR 1
PR BRI AN S R RIS SAE THIEL h SE RS OR BT 8, AR T
SRBE FAETH FAL P SEIUE R LB R A%, BRI B A ASSOT R
R SE, i o KBRS . AR Rt 5, B EE,
BB RARE - M, E AR B R, MR DIFE(R, B E midfe
IR EAT RGBT R, (DN T REIE BIBCTT T /5 ZEMIE R, 3 R 52 S
Fe b BT AR o DR B AR ) € s 500 98 P, AL RT LA A2 BETHIT 7 AL RS 2
I

WH, FREOE AR LR
(1) Q Ms=fiz S%, el Q13 kX XZH T DSP (ARG H KA

HO R R 7 S EUBOE T8 (2 BURIK),  TEMERE IS 545 SR IO

RIEECE ERER, RRHRALIR,

(2) AU Matlab ) rat 1 rats pR%5. X P4~ B8 K0T DR fag N\ B35 /O BCR 7R 1l e i

AR B, A B A B AT DAE L R Fh I S HORIE R KT 1O R




5 3 & NSNSk ek BE A A

AR — K A BEEE , BRI — N B ERE R BT R AU R
T RURBEL IR PR, — AN E I SRR I B B VS AR FE R A
WL, BERIEFEAICERR, BB BIMFERAC, RFE RS .
KRG EIRPE R AL, (£ — B RIREER T, EH R AL T84,
PEHUFR B AL, SRJE X REBAT AL . Wi s y 58 A n AL X
Wy (VS R AT DU E R, U n ke 1. ST TEEE B AR, n i
ff e R Gt o i, R 08 2 NS 5 FE R e 727 AR B 1 3T
Fl. X BEING 5 25A — 2 HE, RARXE, Gt R4 R4 fe B M,
IR, G AT EETE A TR K TR AT RE R AR A L, BRI, e AR R 45 SRAE
P2 BT I AT SR — SS LRy e it , G0 A — SR
A NIk b, /BT E AR A
(1) BRI ATy 2218 .
(2) BN AT TBRFIALE
(3) ZLlkamar KA — M TR
X E A B v LR E , B DA &0 € R A BOR e 1. B0 &
K5 155y 8-15, BILEFI £ 10 8% KOk 28-2" 1%, B3 i N G AS 0 2R A5 A 1 v i ) 3.15
TR R EER ST EH CMUMIT £048 2 .

- FER R Sl ZE xR

0.87 - .

0.86 -

0.85 -

Farill ==

0.84 -

0.83 -

0.82 -

DB“I 1 1 1 1 | 1
5 g 10 11 12 13 14 15
E R AR B

Figure 3.15 Detection rate against decimal bit width of fixed-point data
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Figure 3.16 Comparison of detection accuracy and speed between fixed-point and float data
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Figure 4.1 array architecture of integral image [54]
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Figure 4.2  Array architecture of scan window[58-59]
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Figure 4.3 Frame buffer architecture
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Figure 4.4 Top architecture of face detection
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Figure 4.6 Efficiency comparison of memory
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Figure 4.7 Image load and detection direction
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Figure 4.9 The block diagram of the data processor module
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Figure 4.11 Generation and refreshment of integral image
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Figure 4.12 SRAM access comparison between traditional method and the proposed method
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Figure 4.13 Square value circuit
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Figure 4.14 Generation and refreshment of square integral image
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Figure 4.15 Pipeline architecture of strong classifiers
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Figure 4.16 four-stage pipeline structure of weak classifier calculation
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BING— RS, SRFETI SN TOI, Kl Ao DN B RIA] o IXFE, AFAT
REAEH TR 5 A A B T
R A3 R M Y it K 2R 451 5 0 R I = 70 R IR AT I 45 MR AT 1 LEAL.
ORUE LB A AT 3 — 25, PR S AE A P A R A0 A A I S0, I Bk 45 g Hh
ARy A AL S B9 0 AR B AR
* A3 =EREIHATEN S WU GRUK AL B S R Y EL L
Table 4.3 the time comparison between parallel and pipeline architecture

Stag Number The Cycle numbers in a Total cycle
e of windows leftistage (3-classifierjnumbers in a
classifiers  [for furtherparallel) stage(parallel)
detecting
1 2 7967 4 31868
2 3 4058 4 16232
3 9 2451 12 29412
Total cycle] 77512
numbers of]
stagel-3(parallel)
Stag Number The Cycle numbers by Total cycle
e of classifiers |windows leftjpipeline architecture numbers in a
for further, stage(pipeline)
detecting
1 2 7967 5 39835
2 3 4058 3 12174
3 9 2451 9 22095
Total cycle] 74068
numbers off
stagel-3(pipeline)

R, Stage fURAZLE, RPIIH 1THI 34, BEHEERITI AR
TE 2, 3, 94 N T HUBCRARKE BRI ], SRrpie A T AERT =% H i 2 Ab
B E D (ARGt B CMUAMIT b 2 oL 2 A PR 28— ROBEAS I 9
WD B, BT LU 1 Hore L% Ak PR 5 2 A I 18] 4521 prf 18
I 5 AR I 18] o

RAPHHRUEY] =0 R AT AL BRES A, ACBRER— . 00y 4 Bl Y,
BI85 73 RS A PR — NP AL AN 18] o AEEREE =2 9 MR 7 =WkikAT, Hhf 12 4
I B 3o T DY K G A AL B R GRS, SR — NMRFIE R 22 4 AN B R 3,
UJE BRI T DA — I B I N AR 2. BRI =20 i 8 225009 5, 3, 9
AN b A T R AT 3 ARSI I TRI AN, B = 73 FEER AT AL B A5 H 75 2L 77512
ANEFER R A, KRS R 2 74068 ANITEREE, DT RTE . B, B )
BN, PR R SR BRI 2. 18 4.17 R =70 R8T 4
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Figure 4.17 Gate count comparison between two architectures
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RFE 928 mT HY 3bits Ko . 34k, BUEAMTTIR 737 75 2 16bits A1 24bits &7
T LB 3L RS 2 63bits 2 ORAF T A HIRFIEE B o PN BITER A 32bits 58 1) B 48,
BEANRFIL T 2 2 DI PP RIS, RG5> 64 Al A7 TR
a1 A BT DLEE R MG b a5 OB R . /) SRR R R as 45 H I 4.18.
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External 32bits U 32bits u classifier Data
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32bits 32bits processor
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<l v|wlhlt T W : w,h: the width and height of the feature
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~W: the weight of the feature

Figure 4.18 The architecture of classifier buffer
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Figure 4.19 The architecture of image scaler
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Figure 4.20 Face image and its detection result with software simulation tool
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Figure 4.21 RTL simulation result of the face image
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Kl 4.21 WEB, RTL Zifi b, mARNARIK AR5 AL E AR KNS
B R R a5

SRIG, 2 # T Synopsys A & TSMC65nm CMOS LP T2 FE#AT TiZ A
A IR B R 25 B B AR S B T 1.2mm? AR, T LLAE 1.2v R H R R i
100Mhz (BB, ThRWEFEN 1.7mwifps. HAKGE R %K 4.4, SCRIBEEL T
H AT A LR R R T EbRAT 22 & R N IS k4T 1 R RE I EL R .

* 44 FEERIE
Table 4.4 Comparison of synthenized results
Theochari | Hanai[6 | Hanai[64] Chih-Ru | Theocha | Presented
s[51] 3] ng ris[60] work
chen[66]
Technology | 160 130 90 90 65 65
(nm)
Clock 73.75 100 54 167 800 100
frequency(
MHz2)
Area (mm?) | 30.4 0.79 0.89 0.64 37 1.2
Speed(fps) | 424 30 8 390 133 80
Frame size | 300*300 | 160*120 | 320*240 160*120 | 320*240 | 320*240
Power(mw/ | 17.3 0.97 0.47 0.36 2.45 1.7
fps)
Accuracy 79.57% 92% 81% 81.57% | 95% 95%
Database CMU unknow | CMU+MIT | CMU unknow | CMU+MIT
Algorithm | NN skin AdaBoost AdaBoo | AdaBoo | AdaBoost
st st
Year 2004 2007 2009 2010 2011 2011
FEAREE R AT DL S HY AR LA D5 T
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UE I —ANERT, T FPGA Bkl 2 — MM #E. T FPGA 5 ASIC fE45#.

PERE B % AAHE, ASIC 2 TArE L IcE, FPGA IR mHe ki) % oo
B, BRI e ST A AR I R (RTL) RS B L. SR 5 HEAT FPGA SR BUs,
B T ELARAR 5 B A A A0 RTL RS T4 04L,  FF4Hxrik e i) FPGA

PRI R A BT U A BN R o B AT AT RAT SR, A U B SR A R A
55 7 REHE 2 LR SR, o] AR A G B SO EAT Rk, R P A RE
WL, PSS AR S B P SO R A B B 4, AT R . AT RAiE T
B LIRS, BB RTL AR R 2 2K .
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Figure 4.22 SOC architecture of face detection
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Figure 4.23 The MIPS32 architecture
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LCD #5ihi)#%5@ it AHB M2k, M SDRAM mrizBu i, 4543 5% %) LCD
FEIR. % IP A AMBA th, 35 AHB SLAVE Al AHB MASTER #:11, i
it AHB SLAVE 2 NPC B =648 N ar /228, e L TAEBE, J8id AHB
MASTER #1320 SDRAM F1 i R EdfE . 1% IP 3C#F YCbCr, 24bits RGB, 16
bits RGB5:6:5 4% I\

(4) Nk (FD)

GG AR B T AMBA S48 ) SDRAM it BURG BE, FEAEE N &5
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A ICAE FHOVI6504E 1% Sk R AR FIG i ds . T ARBTG5 o 255
T ELE T B N SR A A AR S, T A AT AR A B IS NC s [, LCD
J ) AR R 75 i B A A A RS S, LA AE B I T B i SPIB S B
T G ENIN 5] ANNCFISPUSE L, AR FH GPIOALICHISPITMY, £ EFERE
FRIRT REE IR
(6) £ H(UART)

ARG RS232 i@ B 1, EEAT RAEIARAE ROk . A7
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Figure 4.24 FPGA development platform
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* 45 IR RE
Table 4.5 Develop board hardware resources

EAS 2 =

FPGA Altera, Stratix2, EP2S180F1020 1
SDRAM 32 Mbytes 1
RS-232 9-pinfk 1

pn R 100-MHz 1

SR 16-V DC 1
A USB-blaster 1

Altera /A ][] EP2S180F1020 % FPGA K H 142 90nm 1.2, W TAEHE
1.2V. HAFEREEFIFEIR 4.6 BTN,

* 46 EP2S180F1020 :ZE# s
Table 4.6 EP2S180F1020 main resources
ALUTs 143520
LEs 179400
RAM bits 9383040
PLLs 12
I1/0 1170
4.8.3 FPGA B &

ASCR M B E BRI KA I 4.7 s

® AT FEBMETVE
Table 4.7 Main software platform
AT A4 PR i TR
ModelSim R INREN A B Windows
Quartus FPGAZEA A A2k Windows
Signal Tap S5, EiER Windows
Sde-gcc MIPS# A4 % Linux

ModelSim T H H KX i #t 7 i P B . Quartus #2 Altera 2~ &) FIEIT &
W, FESEMRTL KIZRE, MRS, HAhfft 7 —zpmngt i A .
AR E BN T Re AT &AM A as B0 E f], T AR Signal Tap 7] LAA SRR
£ FPGA WHE 5, X FPGA ¥ it WHHIME 57 M %L . RN, J8id USB-blaster
EHC B A T 203 FPGA 1. MIPS iz AT (1) 40hY, /&l id Linux F4t T i sde-gec
Y 1A A T o
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4.8.4 REGM-R

FPGA ZEE AR K T 100MHz. R4 TAESIR N 54MHz B}, ARG
PR N 4.8 Fis. 3515 R5%E. LCD Zox AJEASIN . Ab T 28 i A 44 7] 52
IR EE B, BB T KRG RN K.

* 4.8 FPGA BZifi Gk
Table 4.8 Resource allocation of FPGA

(2R PRI 15 FH AL CIEES
RISC AR AT 7479 5%
171 2% (bits) 524288 6%
B T 2658 1%
CAM 171t % (bits) 4096 <1%
LcD BT 6813 4%
17 1% 2% (bits) 0 0%
D BT 67532 38%
17 1% 2% (bits) 167936 1%
BT 87628 49%
S A 171t 25 (bits) 694720 7%
Pin 103 14
4.9 N SOC Mk

N SOC 285 &£ p 7 Al 8. MIPS AbBEE: . RS232 #2111, LCD
Pt %8 . Camera #2845, XM SMIC 0.13um CMOS FréE T2 4i& . K 4.25 &
% SOC 5 F AR A I, AR THEIAR Smm*3mm, K 160 il CQFP 3, 4nlX]
4.26 i, HALHIAA 28mm*28mm.

i
1
1
3
1
1

Figure 4.25 Face Detection chip photo
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Figure4.26 the packaged chip photo of CQFP-160
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i

Figure4.27 testing platform of face detection chip(1)
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Figure 4.28 Testing platform of face detection chip(2)
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* 5.1 RPN Haar-like 7y 88405 FaA il ) 7 & 1 Honk ik

Table 5.1 Haar-like classifiers and the sub-windows needed to be classify in every layer

JZ5 I RA AL TEHE JZ5 LES o TE %
0 1 31565 10 37 80
1 2 7967 11 53 50
2 3 4058 12 57 29
3 9 2451 13 81 24
4 14 1250 14 107 13
5 23 713 15 88 10
6 19 434 16 88
7 28 258 17 301
8 42 176 18 579 0
9 64 102 total 1596
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Figure 5.1 The overview of the reconfigurable face detection architecture
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Table 5.2 The relation between control signals and input adjustable signals
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Table 5.3 Represent of sl_num and sg_num in different values
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Figure 5.2 The controller and its state machine of multi-mode reconfigurable face detection system
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FAR and DR values using different stages process
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Figure 5.3 FAR and DR values using different stages process
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Figure 5.4 Computation time with different stages

K 5.4 AEFASEA K 9 70 3 P o 0 I 1)

90



%5 & ZRECATE AR

K 5.4 BoR T RS FEAN B 58 o 2Rge i, A A ARk . 76 S [R] 3 0
R R ERE,  Rr) F ) () AR AR B R AN —FE ) o FE2R 11-14 JZBTHCK, 15-16 28U,
17-18 JZ2 XK E T LR IMRIE . ARHE K] 5.3 1 5.4, FATrT LIS H L0 EHE
BRI G, B G LR SRR, AR LA ISR B AT il A 13
HW o3 R AR (B 1], 17y L AT DA/ 43 2B ]

L ER R/ B BIFIZE /N AT RSO RS 14 56 B 82 el

R 5.4 FHNHTAE 4 FONELE N CEIFE T T, CMU+MIT Ed 2 o Al
(P S5 LAt L FNPRAT I 18] o BRd R AR A8 /N IR B BR AT T A3 301

5.4 ANEIGE/N A DT R A A

Table 5.4 The accuracy and speed with different scale step

The step of scaling | Detection accuracy | Process time(ms)
1.25 95% 6.16
1.5 94% 4,12
1.75 90% 3.40
2 84% 3.15
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# 5.5 NSAS IS AN R RS B R 0 SR A A Al e
Table 5.5 The comparison of hardware and software implementation speeds in detecting
different sized images

Image size Software Hardware Image size Software Hardware
160*120 270ms 2.88 ms 640*480 2424ms 40 ms
176*144 372ms 4.12 ms 800*600 4852ms 62.5 ms
320*240 952ms 12.50 ms 1024*768 5205ms 83.3ms
352*288 1045ms 13.33 ms 1024*1024 14184ms 125 ms

5.42 ZEIESER

ASCHIEAHER T Verilog 18 5 0 ASEIEL, 17 BB 5.5 AT .

il
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A D NN o O, WA BSOS SN R ED 8 N (R O | N i
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Figure 5.5 Simulation waveform of mode adjustable face detection chip
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