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(Bai nhdn ngay 21 thang 03 nam 2011, hoan chinh swa chita ngay 22 thdng 11 nam 2011)

TOM TAT: Phan ciing gia toc cho ky thudt lwong tr héa vector (Vector Quantization-VQ) da

duge phdt trién thanh mét thanh phan nhiing (system on a programmable chip) trong cdc ing dung nén

anh va nhdn dang anh thoi gian thuc. Ngay nay, voi ky thudt FPGA (Field Progammable Gate Array)

va cong cu SoPC (system on a programmable chip) cho thdy dwgc sw hiéu qud cao trong viéc thiét ké

cdc tng dung phdn ciing gia téc. Bén canh dé, mét trong nhitng phwong phdp xdc sudt thong ké, phan

tich thanh phan chinh diéu bién trong s6, cho ta thdy sw hiéu qud cao trong cdc g dung nhdn dang

dnh. Bai bdo nay sé giGi thiéu mot kién triic song song diwa trén thudt todn WMPCA va kién triic SoPC

cho hé zhcfng nhdn dang mat nguoi online.

Tir khoa: SoPC, nhdn dang mat nguoi, thudt toain WMPCA.

MO PAU

Nhan dang néi chung, nhan dang mat nguoi
néi riéng la mot bai todn di va dang dugc
nghién ciru rat rong rii. Cc nghién ctru di tir
bai toan don gian, mdi anh chi ¢6 mét khuén
mit ngudi nhin thing vao thiét bi thu hinh va
dau ¢ tr thé thang dung trong anh tring den.
Cho dén bai todn m¢ rong véi nhidu truong
hop phirc tap hon nhu anh mau, nhidu khuén
mit trong cing mot anh, nhiéu tu thé thay doi
trong anh...Khong nhirng thé bai todn con md
rong ca pham vi nghién clru: tr moéi trudng
xung quanh kha don gian (trong phong thi
nghiém) cho dén moi truong xung quanh rat
phtic tap (nhu trong thyc té). C6 nhiéu hudng
nghién ctru cho bai todn nhén dang mat nguoi
nhung nhin chung c6 hai huéng chinh nhu sau

[5]: Nhan dién mot khudn mat (face

recognition); Xac dinh vi trf nhitng khudn mat
trong mot birc anh (face detection).

Khi quan sit mt khudn madt, ta thuong tap
trung chd y vao nhiing b phan dic bi¢t nhur:
mét, mii, miéng, cim,... va cting chinh nhitng
bd phan nay cung cdp nhiéu théng tin nhin
dang xéc thuc nhét. Céc bd phan khic nhu
ving tran, téc,... thuong khong cung cip nhidu
thong tin hitu ich cho qud trinh nhan dang.
Chinh vi vdy, phuong phip WMPCA duoc
phat trién nhdm loai bé nhitng viing anh chira it
thong tin nhan dang va tap trung vao nhiing
vung anh quan trong hon trén anh khuén mat.
Mot quy trinh nhan dang dua theo phuong
phdp WMPCA phdi trai qua cdc budc sau:

Thu thap dir liéu

bé phu hop voi cAu triic cta co s& dir licu,

mdi anh khudén mit cé kich thuéc M’ x N’
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duoc biéu didn nhu mot vector M chiéu (M =
M’#N’) theo phuong thing dimg, mdi phan tir
trong vector c6 gid tri bing do xdm ciia mot
diém anh twong g (anh gray), sau khi xép céc
vector nay li€n tuc nhau, ta dwgc mot ma tran
¢6 kich thuéc M x N v6i N bing sb anh. Ma
tran nay chinh 13 biéu dién sb hoc cta co so dit
liéu. P lidu ¢ thé duge léy tr camera hoac

cét dit sin trong b nhg.

Phan vung anh

Ngay sau khi két thic qué trinh thu thap di
li¢u, ma tran biéu dién sb hoc clia co s¢ dit lidu
dugc chia theo phuong ngang thanh cic ma
tran con c6 kich thuéc M” x N v6i N béng sb
anh, mdi ma trin con nay xem nhu mét co s
dit liéu riéng biét va duogc tién hanh phén tich

doc 1ap dua theo phuong phap PCA.

Hinh1. Anh khuén mit trudc va sau khi phan viing.

Phan tich dir liéu dua theo phuong phdp PCA
[61[7]
Gia sur Xy, Xy, ... , X, la cdc vector N x 1

Bude 1:

_ 1oy
X= Ezi:lxi

Budc 2: trir hai gid tri trung binh.
{D'l =X;- X
Budce 3: tao thanh ma tran N x M

A= P2 ... dud

Sau d6 tinh
1
€= X PPy = AAr

Budc 4: tinh todn céc tri riéng cuia C
M>L>...> M
Budc 5: tinh todn cédc vector riéng ctia C

Ug, Uy, eee 4,UyN

Vi C dbi xtng (N x N) nén uy, u,, ... ,uy hgp
thanh mét co s& (bit ké mot vector x ndo hay
tham chi (f,x) cling déu c6 thé vibt dudi dang
mot t6 hop tuyén tinh ciia cdc vector riéng)

X-%=Dbyw + byt + ... + byuy= L, bu,

Budc 6: budc giam s6 chiéu

Chi giir lai nhitng thudc tinh twong tng voi
cdc tri riéng 16n nhét.

o~

_ K . -
X-X= 2z by trong 46 K <=1

Do d6, su dién bién cua ¥ - ¥ trong uy, Uy, ...

, U la e

b,
b,

by,
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Phép bién ddi tuyén tinh RN — R* nhim

lam gidm so chiéu s la:

by
b,

by

PHUONG PHAP

x.0=U"Tx-%)

Hé thong nhin dang mat ngudi ding thuat

todn WMPCA dugc md ta theo so d6 khdi sau:

Nguyén tic hoat dong

Budc 1: Tir tap anh dau vao (ldy tir camera

hodc tap dir liéu co san) ta tim anh trung binh

cho toan bd tap dir li€u.

Bué6c 2: Thuc hién viéc chuén héa tdp anh
d4u vao va anh cin nhan dang bing cdch trir
v6i anh trung binh dé tim ra sy sai 1éch.

Budc 3: Thuc hién phép chiéu dé tim ra cic
gid tri twong Ung cua ting mit ngudi. Budc
nay dugc thuc hién bé’lng cach nhan su sai léch
v6i nhirng hé sb eigenfaces twrong tng.

Bué6c 4: Dé tim ra d6i tuong cén nhan dang
ta st dung khoang cdch Euclide két hop véi
thuat todn Winner Take All théng qua luu d6

thuat giai Vector Quantization [1].
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Hinh 2. So d6 téng quat phan cimg WMPCA

Trang 26



TAP CHi PHAT TRIEN KH&CN, TAP 14, SO T5- 2011

Khéi tinh trung binh

SDRAM SRAM
controler controler
[ ——__ 1
I SO T T I
| N - |
: k8 :
\ T8
| N - AVALONBUS |
I N9 T I
I - - s~ I
| Pt \ R e |
1 - 4 “a - !
G M d ! NI 1 : M i
NIOS 1T aste(_rea «—2 | ave_gontro 5—p aster._wnte
Medium «—3— | Medium 3— Medium
8 bit L} 8 bit
\ 4 } !

1 : start ?

FIFO — Empty Counter compare write—p  FIFO
(enable counter)

{ «c:learJ T
. Reg . .
8 blt—b@—b 32 bit » medium 8 bit

2 : address base cho ving doc

3 : kich thudc cta tm anh

4: s6 tm anh (ma tran anh)

5: address base cho ving ghi

6 : tin higu finish bao két thiic qua trinh xu Iy

7 : data dugc master read doc tir SDRAM
8: data dugc master write ghi vao SDRAM
9 : tin hiéu cdu hinh khdi Slave_control

Hinh 3. So d4 khéi tinh trung binh

Gia st ta ¢6 n tAm anh(ma tran anh) duoc dat
trong memory off chip SDRAM. Khi cho phép
khdi medium hoat déng biang cdch bat tin hiéu
start = 1(dugc diéu khién boi CPU thong qua
Slave_control, dong thoi cung cip mot sb gid
tri cAu hinh nhu dia chi cua vung ghi, doc, kich
thudc ciia ma tran), master read s€ ty dong trod
tdi ving nhd dé doc dir liéu va dua vao bod
FIFO. Khi dir liéu dugc léy ra, bd counter bt
diu dém 1én két hop v6i bo compare s& cho ra
tin hi¢u x6a thanh ghi tich lily Reg-32 bit(bat
d4u qud trinh tich liy moi) dong thoi bat tin
hiéu write = 1 d& cho phép ghi vao bo FIFO

méi dir liéu c6 gia tri. Nhitng dir liéu c6 gid tri

nay sau d6 duoc master write ghi trd lai ving
nh¢ off chip
Khéi tim d6 du thira ciia timg 4nh méu
Gidng nhu khéi tinh trung binh, khéi thiét ké
bao g(“)m hai master read dugc su dung dé doc
dir liéu tr memory off chip (SDRAM): mot doc
dir liéu tirng vector cua tap dir li¢u ban dAu,
master read con lai doc gia tri vector trung binh
vira tinh dugc. Sau d6 nhitng dir li¢u nay duoc
dua qua hai bg FIFO. Dit liéu duoc léy ra tur hai
b6 FIFO nay dugc dwa qua bo trir lién tiép timg
phan tir. Két qua ciia qua trinh dwoc dua vao
mot b FIFO mdéi. Master write sé& léy dir ligu

tir bd FIFO nay luu vao memory off chip.
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Khoi nhan ma tran

SDRAM

controler

SRAM

controler

CPU .
Master_readl Master_read2 Master_write
NIOS 11 Sub v Sub W Sub 43— Slave_control
\ 1 & e
16 bit 16bit " " ==—_q___ 35pig———— /l
v v Lo~ o B Ja
FIFO FIFO FIFO |l4——write ¢
‘ ‘ Counter
; . . and
16 bit 16 bit 32‘b|t compare
. . Reg
32bit 32 bit— .. 4—cClear
32 bit

1 : nhitng tin hidu cdu hinh cho master read1
2 : nhiing tin hiéu cdu hinh cho master read2
3 : nhiing tin hiéu c4u hinh cho master write
4: kich thudc ctia ma tran anh

7 : data dugc master read doc tir SDRAM
8: data duoc master write ghi vao SDRAM
9 : tin hiéu cau hinh khoi Slave_control

Hinh 4. So db khdi tim hinh chiéu

Khéi thiét ké bao gdm hai master read dugc
st dung dé doc dit liéu tir memory off chip
(SDRAM) sau d6 nhirng dir liéu nay dwoc dua
qua hai by FIFO. Dir li¢u duoc léy ra tr FIFO
sau d6 duoc dua qua b nhan va tiép tuc dua
vao b cong tich lily trudce khi dua vao by FIFO
méi. Master write s& ldy dit liéu tir bo FIFO
nay luu vao memory off chip.

Khdi jacobi_arbitrator

Hinh 5 trinh bay céu tric khbi jacobi. Khéi
gdm 2 céng Master, 1 khéi Control Logic diéu
khién hoat dong ciia toan khéi va phat tin higu
C yéu ciu quyén truy cdp SRAM cho SRAM
Read & Write Master, 1 khéi jacobi_rotate thuc
hién phép quay jacobi, 2 khéi FIFO lam bo nhd

dém cho qua trinh doc ghi dir liéu; 1 mach léy

tri tuyét dbi (Abs), 1 mach nhan (Mul) va 1
mach chia (Div) thuc hién qud trinh tinh ma
tran dac trung ctia ma tran hiép phuwong sai trén
SRAM.

Thuét todn jacobi bao gdm mét chudi nhitng
phép bién ddi truc giao. Mdi phép bién ddi la
mot phép quay dé hity mot trong nhitng phan tir
ngoai dudng chéo chinh, hay dua nhirng phan
tr ngodi dudng chéo vé gid tri zero. Két qua
cudi cting chi con lai nhitng phan tir trén dudng
chéo chinh. Phép bién ddi jacobi s& cho két qua
gdm nhitng vector riéng la sy tich liy cua
nhitng phép bién d6i va nhimng trj riéng la
nhitng phin tir trén dudng chéo chinh con lai
cia ma tran dau vao. Phuong phép jacobi dp

dung cho tAt ca ma tran d6i xung thuc.
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Hinh 5. M6 hinh khéi Jacobi

Khéi lwgng tir héa vector

Hinh 7 trinh bay nguyén tic hoat dong ciia
khdi Iwong tir héa Vector. Khi khéi dong hé
théng CPU nhtng s& nap codeword (gid tri sau
khi qua mach nhén), déng thoi nap cic tham sb
c4u hinh cho b diéu khién dé xac dinh s phan
tir cia cdc codeword va sb lugng codeword
trong hé théng. Khi phan tir Xj cua vector X
dugc giri vao h¢ théng thi tat ca cdc phan ti t

cuia vector mau T trong bd nhé d(“mg loat duoc

dua vao céc bo trir. Két qua cua phép trir nay
duogc gt téi mach tinh khoang cdch Euclide.
Pé tim ra vector trung khép nhit ta sir dung
mach Minimum Value Search. Nhim ting tdc
d6 thuc hién cua hé théng, tic gia sir dung mot
s6 phuong phdp nhu ding cdc bang tra ctu
(LUT), bd nhan dugc don gian hda, ky thuat
mot 1énh thao tdc trén nhiéu dir liéu (Single
Instruction Multiple Data-SIMD), k§y thuat
duong 6ng (Pipeline) hai chin [3][4].

Trang 29



Science & Technology Development, Vol 14, No.T5- 2011

Input vecor

On-chip memory

, N
NIOS CPU |<—> P T2 Tn i
1 - B Y 1
T3 t 1
! i
% | SRAM SRAM[ === SRAM| |
AVALON X Pl :
Instruction | L J
memory (0N |g=p|
chip) SWITCH FIFO :
FABRIC Y | +4 3 + 3 + 3 The 5t
| |Square Euclidian Square Euclidian Square Euclidian pipeline
N | Distance Distance Distance stage
|
Data memory - ! | l
(Off - chip) ) Configuration l— Controller = L;‘ Register ‘ l Register ‘ l Register ‘
registers |
: l l l The2d
- Minimum Value Search pipeline
stage
The best matched location
Hinh 6. So d6 khoi lugng tir héa vector
KET QUA

Két qua kiém chimg bing phin mém

Két qua thuc nghiém cho thuét todn nhan dang bing phan mém dwoc ghi nhén lai trong bang sau:

Bang 1. Két qua nhan dang qua cdc tip dit liéu khéc nhau.

Tap dir liéu S0 nguoi khéo sat S0 trang thdi cho 1 So thanh phan chinh Keét qua nhan dang
nguoi gitr lai
AT&T (ORL) 40 400 5dén 15 85% dén 5%
Yale 10 90 5 98,8%
Grimace, Face 96, hoac Face 95 20 20 5 100%
Két qua kiém nghiém v&i nhiéu tap dit liéu khéc nhau:

= "

% i

o .

——=pca |
WWMPCA,
1 1 1 1 1 T
10 15 20 25 30 35 40

Mumber of Eigenvectors

Hinh 7. Két qua so sanh gitta PCA va WMPCA
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Két qua trén phin cimg nghién ciru nay tic da st dung board DSP
P8 kiém tra hé théng nhan dang mit ngudi Development Kit, stratix II professional
ding thuit todn d& xudt nhu & trén, trong Edition FPGA FP2S180.

Hinh 8. Két qua demo trén phan cimg

Thoi gian thye hién trén phan mém
D:\code\codeeigenface\De buglcodeeipenface.exe™

MHhap so anh can test78

o330 3o o - JoE - Jmf 33030 o -0 -JmfJE—J0 3o oo -Jmf 3030 oo -JmfJmE 3030 e -JoE-Jmf-JEJe 3o oo - oI J0 30 oo - oI JeE 30 oo eI Je e oo oo e e -JeE- e JmE-eE-E-

Thoi gian tim kiem mat nguoi trung khop nhat
Bat dau thoi gian tinh cho cac khoi PCA
Don vi tinh: 7582977 .854346 microgiay

Press any key to continue_

Hinh 9. Két qué thoi gian thyc hién trén phin mém cua cdc bo gia tbc PCA

Thoi gian thye hién trén phan cing

Prablems | & Cansale &2 Propetties | Debug

diem Mios IT Hw' configuration [Mios II Hardware] Mios IT Terminal Window {10/14/09 1:10 PM)
niogi—-terminal: connected to hardware target using JTAG TART on cakble
niogéZ—-terminal: "UIE-Elaster [USE-0]", dewvice 1, instance 0O
niogZ—-terminal: (Uze the IDE stop button or CLrl-C Lo terminate)

Muamwkber of clock 165026752 .000000

Clock rate: 100000000.000000

The nurber mills-seconds @ 1650.2674560547
gia tri index 7V8gia tri kblock 9finish

Hinh 10. Két qua thoi gian thyc hién trén phan cimg cua cdc bd gia toc PCA
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Qua nhitng két qua thic nghiém ghi nhan, ta
thiy dwoc hiéu qua khi thyc hién trén phéan
cting ludn ludn nhanh hon trén phan mém. Néu
tinh toan bd h¢ théng thi phan mém thyc hién
méit hon 7.5 mills gidy trén mot laptop Intel
core 2, trong khi phan ctng thuc hién trong
khoang 1.6 mills gidy trén kit FPGA hoat dong
6 100Mhz. Ngoai ra, toan bd tai nguyén sir
dung cho h¢ théng vai tap dit liéu 1a 100 trudng
hop cho 10 ddi twong mat hét gan 23% tai
nguyén cua chip FPGA. Do d6, ta hoan toan c6
thé m& rong hé théng nay cho tip dir liéu 1on
hon (khoang 400 mit nguoi). V6i khd nang

nhu viy, ta thiy hé théng hoan toan cé tinh 4p

dung thyuc té cho céng nghiép ciing nhu trong
nghién ctru.
KET LUAN

Heé théng phan cimg duge thiét ké voi nhitng
b gia toc nhu 1a nhiing components cho CPU
Nios hoat dong & tan sd cao. Phan cimg lugng
tr héa vector dugce thiét ké linh hoat cho nhiéu
tmg dung khdc nhau. Véi céu tric st dung
bang tra, SIMD (Sigle Instruction Multiple
Data) va pipeline hai ting, dic tinh hé thng
pht hop cho nhitng Ung dung thoi gian thuc.
H¢ théng duoc thiét t&i wu, cho két qua so sanh
gifta phan ctmg va phin mém gin nhu tring

khop nhau.

DESIGNING A SOPC FOR FACE RECOGNITION USING WMPCA ALGORITHM

Truong Thanh Nhu, Tran Thi Diem
University of Science, VNU-HCM

ABSTRACT: A flexible accelerator hardware for full-search vector quantization (VQ) has been
developed as a component for a system on a programmable chip (SoPC) to use in real-time image
compression and recognition applications. Nowadays, FPGA and its SoPC (System on Programmable
Chip) tools are powerful enough to efficiently develop a flexible hardware accelerator for VQ
application. In addition, one of statistical analysis methods, weighted modular principal component
analysis, has showed efficiencies in recognition applications. In this paper, a parallel architecture for
online face recognition using weighted modular principal component analysis (WMPCA) and its

system-on-programmable-chip (SoPC) implementation are discussed.
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