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ABSTRACT

The computation of face recognition requires floating-point arithmetic for high precision.
However, Floating-point operations are costly and complex in terms of hardware implementation,
which leads to impractical implementation for real time applications. Therefore, in this paper, a
novel design of high performance FPGA based floating-point to integer arithmetic for face
recognition under performance constrain is presented, The goal is to optimize the hardware cost
and increase the processing speed while still maintains high recognition performance. The
proposed conversion algorithm based on shift reduction can be completed within only a single
clock cycle. Once the conversion has been done, all the calculation could be implemented on a
simple ALU for integer computation. This results in much less computational complexity and
hardware cost thus can help to significantly accelerate the recognition system. Several face
recognition techniques are adopted to evaluate the accuracy of the proposed architecture using
several standards face databases. The experimental results using the proposed architecture show
high recognition rates in most of the cases. The design can achieve the speed greater than 100
MHz or approximately 8 times that of floating-point architecture. Moreover, with the FPGA
based implementation, the hardware cost could be reduced at approximately 50% of the floating-
point architecture. It has been proven that the proposed architecture preserves high recognition

performance while encourages the reduction in hardware resources and processing delay.
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Recognition Rate
Technique db1]|db2)|db3|db4|db5 | db6 | db 7 | Average performance
pca 73.33 | 96.66 | 93.33 | 60 40 73.33 | 100 76.66
wlpea 100 100 100 100 100 100 100 100
w3pca 100 100 100 100 100 100 100 100
mpca3 86.66 | 93.33 | 86.66 | 100 | 53.33 | 93.33 | 100 87.61
wmpca3 86.66 | 93.33 | 86.66 | 100 60 93.33 | 100 88.56
wlmpca3 100 100 100 100 100 100 100 100
wlwmpca3 100 100 100 100 100 100 100 100
w3mpca3 100 100 100 100 100 100 100 100
w3wmpca3 100 100 100 100 100 100 100 100
mpca_sym4 60 60 80 | 53.33 80 53.33 | 100 69.52
wmpca sym4 40 40 60 | 46.66 60 53.33 100 57.14
wlmpca sym4 100 100 100 100 100 100 100 100
wlwmpca sym4 | 100 100 100 100 100 100 100 100
w3mpca symd 100 100 100 100 100 100 100 100
w3wmpca sym4 | 100 100 100 100 100 100 100 100

db_1: amwndasd db_2: mwlumihitdinisuaasersuel ab 3: Arwnihaseiionsloudun ab 4 2w

¥ e

lumhaiinisuaaversveiias

db_6: W lumbiidnurilsaumeduaianas o ium uag

db_7: amnlumhidimsdueveslumh

Taudue ab_s: prwlunilda s dsaumediuaia

Xilinx resource (xc3s4000-4{g900)

-
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Hardware resource

"J I T, b b X
¢\ w‘ & & & AR A
& *"Q \d&Q Q\i‘ \.;,v @Q:ﬁqb G@,éq ﬁgr/’ G@Eﬂ c@.é\} Go.gi c@.j‘
R _\.(cﬁ & " N»:“‘&
& ‘9\ g:
Technique O Slice ELUTs O Mult18x18

Tuwmih

U0 2.4 namdusraamsiSsuiieunsldmiwensnedidnnseiindves 4 maiauesns s




21

Recognition times
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3.1.1 mAHANTINNILHeIRUsznauYan (Principal Component Analysis: PCA)

¥

ad a o L4 v Ad ad aadq g a d
FEMsnsizdesnlszneunanidiolludtmsnadanldadrawas nduosna
; _ _ 2 ;
u1l51/59U59U (Covariance Matrix) 91ndeyanm Faszgmir 1 lunmsadrenwlund
lownu (Bigen Faces) naaenszli 3.2 uaasldiiunuinnuinvemdnms lomnumaluids
= o o o Al \ r 1 A & o
wnadwmsumsuensznienwlunih lunguidoaduuaz s lumiinguaou Femsimned
o = é d' U
safilszneundniflumatianilsii 1 lunsanvuiadoya Taodoyanmlumhezdesedlu
o aa Y o o 9 s Y v =Y o
stuuuvesnnwes 1 4 udnihnmesvesngadeyanidaldeglugluuuvesmaing
(Matrix) vz Nnmmesvesgadoyai 1 willunedini® 1 vesmaind nnnefvesyadoyad

o od a o = 4 9/ P o oa a o
2 ‘ﬂxﬁjuﬂﬂﬁllu'ﬂ 2 VDIUNATNFIUNIINADTUDIYAUDY A m ﬁlglﬂuﬂﬂﬁﬂu“ﬂ m UBNLUATNY

o
LY 4

a ¢ daaa a &y A & Aaa
N uﬂgvlﬂkuﬁiﬂcﬁ A 'ﬂili.lm‘ﬂu nliag m Iﬂﬂﬂ m HUEng ‘l!ﬂg’c’lm‘W“ﬂ LAe n HUTEHN AU

€

L4
9/ o o

YAvDYALU mzﬂﬁ " 8!

T, (MWOINIAD3)

L i
N2 1 & A Awv . A
N x N image x 1 vector
g O Ax A o0 Aam
PAm o /. -411);:_ N x M

I, (gUmwlunvihy

(f) (V)

3UN 3.1 uansdnpaizvesmsulasdeyanmiveglugluuunnmed

(M ueasmasdasnlugduuumasnd ludunmlugduuunnees

(v) uaasnmIuguunmesaduuia N x M



Image Space coord 1

Facial Images

Non-Facial Images®
[ ]

Image Space coord 2

v >
. Image Space coord 3

v ‘il (] ¥ H o
U 3.2 uamsiuvean oz diuiiam lunthludedice

] 1 a a o 4 o
ﬂ']iﬂTu’Jﬂ.l‘H"Iﬂ1\18Lﬂmﬂﬁﬁ”3ﬂmﬂuﬂﬂ‘l‘ﬂlﬂi1$H80ﬂﬂi$ﬂﬂﬂﬂﬁﬂu‘ﬂuﬁﬂu |

¥
o e

3.1.11 mumssumwiouhyadeya
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mslfunmiiidiudinugur, 1,... 1, (pdeyanm) Tae a idusuaunm

lusgaRn (Training Dataset) Noglugidoya

3.1.1.2 maawlunihldedluguuunnine s

TaoudasuaIadaimuaas nw Ly N x N Wiy vawednm T vuia
1 1

N’ x 1 daaaslugilia 3.1 ()

3.1.1.3 fnaminmasmwluvsih

¢ ¥ A o ¥ o ¢ '
L’Jﬂtﬁﬁ)iﬂ'l‘lﬂu‘ﬂu’lmﬁﬂ ¥ U1 (N2 Zel®) mmm"la%smnnmmnmuﬂaz

A T, $1au M A wiimsmiauate Ae msmsuaiovesnng anlumdly

= ey

uaazl

1 M
W - H;F,

3.1.1.4 MIWIAININTN (Centering)

(3.1)

: 4
NARBIAINANATN (4,) ¥u1a N x 1 fip nnmesnw T, fignienludae

nawesauRdun v Tanhawesawm T, vihimsmanatuifisusunnnes

g o
AURDUNIN
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O =T -y (32)

3.1.1.5 finnarnauua3nan il 515319 (Covariance Matrix C)
L] 1] =y T é
M3 ndanulisiusay ¢ munsam ldwasnda1natenIn A Geadia
PNINABIAINAIN NN N M A Tugiudoya muanuduiuinldnn

AuNITN 3.3

C= Al/[ffbncbf = AA" (V' xN" matrix) (33)
e 4 =[D®,...®,] NxMmatrix)

Aunasnganuulsdsausay ¢ 7114 sedvuin NaNE G6 Iaonaldudrvuiaves
= o { = 1 A = o ,3 L] =
wasngAuNlslius v € sziivuialve iiesnnvuInveNaIng C Audunuaziden

) 2 & A o =S o Y o 4 .
YOI N FTLTIUIUan g i Ivinisd am lesnunniaed (Bigenvector)

v
Al 18enn duhuishiiiudeuniouunindldogluglvesTnusudiuasng D vua MxM
aa a 3 @ o A a
{18 Tagvuaveamasnd D szdufusiuaunmlugudoyaunu ioaavinaveauasndly
o o ' g A Q s
myn lewnunmass i1 linsn lemunmesialdhetiv dse s onanin iy JuNus
Vv 9

JENINNIaRUURS nanaee 11T

fmuald e, wag 4, dulomunniaoiias loinuuig (Bigenvalue) vasuasndau

wilsdlsausan ¢ wldoumsi (3.4) aunsduaus lesnunnaesias lenuing

Ce, = Ae, (3.4)

¥ ¥
o W S o a

dmsuduneuilvziinsiigainnuadiofuueuunInd (Similarity Matrix) 5¢M919
mwasnd ¢ Alvwa N' x N’ uazwaind D Aiva M x M Tasmsmanuduiusues
= 4 A a v a 4 v o o =1 o a o A []
AT A 1oz D eNgauduuaind D Innadwimilousudumaing ¢ nie'li Tas
fvualdmanuduiuiszniielenunnaes ¢ uaz lownuuig 4, vouuasnd D= 4"4
44 1o o
(v M x M) Avuegiudmaunmiugmudeya

o o v 4
wannsammsmuum lanunnwesuay lenuag 18deauns (3.5)

De, = ye, (3.5)
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unue D aumsii 3.5) 1w A" ARaaumsii (3.6)
A"Aé = e (3.6)
aumsh 3.6) qudae A Taaesdeldfeaums 3.7)
AA A8 = p A8 (3.7
Unua 4 Arfmﬂ”ﬁ‘ﬁ 3.7 fn C mﬂﬁnmiﬁ (3.3) ANAUMS (3.8)

CAe=p dé (38)
vintiufanduusacumsi 3.8) IWegluglussaumsi 3.9) donudilediotu
C(A8) = g1 (48 ) (3.9)

(%] o’; A Qs o o ar -:i A o v 4
Aetiuaumsi (3.9) duiustuaunsi 3.4 duluaumsanius lonunnees &

uag lewnuiag 4, duiusnulomunmeed &, uag lonuiag 4, faaums (3.10) wag (3.11)

e, =(4é) (3.10)
;f,i =41, (3.11)

1naumMIn 311 waasfiiuieansaastidvesdeyalumsiuan lddaenmsnlfeu
o a.  d a o A - o 2 2
mMafunnuashy C Tduwasng D Meanuwiavosmasnag91n NN 13u M x M Tag
i i d v a [ [
1 M Bvinaidnn N Tasravesnisagodagl lanamnsolda lewnuiag g, veuuasnd
L= [ [ [ =Y I'4 T o o/ o 9/ o
D Wudrferdudusleinunag 4, vesmeind ¢ uadmiumstSuldmssuaauuy
o o Q’: 9 =1 s [ o a o 9 [ s o o v
wasnd D Huszdealinstsuar lomnurnnmesvoanasng D IRdanuduNUETuA 1909
lownunnnesveauasng ¢ e linadwia laeenuniousuudldnalunisdszuanan

Y
Hauad

9 td

3.1.1.6 MadaGesdumvedlemnuuig 4, dmiuduasuilsziimsGesrnlonu
9 o = o A = o
wagenun ldndes Taveszdimsidenlonunmnes e, fifialewnuuggeigaiuou &
o a A 4 1 = o Q’ ¥ d‘d
dduusn wesnan lenunnmesifiar lenunggelianuddguinad lewnunnme 4l
v ° ] A 4 a 1 .
A1lenunagdindr weohmad aduwadndlunisudlasaiveslonumle (Bigenface
. o ol _ o ik
Transformation Matrix) 1i/® loinue (Eigenface) An wa3ndNiina1Inwmes (Row Vector)

Hulenunnmesitish leinuinggeiige k Siduusndseumsi (3.12)
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[ eigen vector| |
eigen vector,

eigenface'= | eigen vector, (3.12)

| eigen vector P

3.1.1.6.1 n5z0IUM SN HE UM SHA (Training Set)

B O 4 5 @ o P vk
Fmsutuaeunudaez lda lownumadsaunisy 3.12 Sadluamnldielu
¥

] = 1 9o 9 T d’ T 8 o
dunouvesdrumstiauazadumsiirlund Tasludruiiszdudiunisinoghins

fnummdlszanivesnwlugasudeya w (i ')ﬁwfumuﬁqﬁ
auuIe 193 S W Trainser \ > J

1. mwlumthyanmwlugegudeyaszdeninnmainaaisaunie v lag

9 Aot a o
frm15ﬂhﬂmﬂwqﬂmaa'lmnmﬂﬁmmu K ANLGn

(DTranset(i) = 1HTr.cu'nsez‘(z') P (3.13)

1 Qs - - . [} o
2. Mdudszansvssnmlugagudona w, .. G, ) szdmanldlagmaih
A1NA19INNAR WS luaunsd 3.13 uiins lsdaasuulemudils (Bigen Space) Wie

NuMIMuIegiAInaNn T (O ) vnnguaavan lenuma vz 1 Idnadng
Transet(i)

fio mduilsynsvosnnlugagmdoya dedunis 3.14

= eigenface '« ©

wTrainset (i) Transet (i) (3.14)

3.1.1.6.2 n3zwumsimaluaiumsialumn

1wl lums i lundmSeamlumbhmegeuuiinsudasuasng

AL, Wdunnmesamnaaeu FT (Tasnmlunthezdesegasenarauaziivuia
e

Test
St

WIAU)

2. MImsmia1naen I lagia 1 deu 1N nes N INAM B NNNATDL

AaeuN1IN 3.15

Test - rTest —y (3.15)
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3. s Tlsifansuu lewnueae (Bigen Space) Wiontemssiuaniziim
' -] o 1w A"
narnmugudea lownuma azi ld1dnadniae AdudseAnivesnmmadeu

AU 3.16

s ',
W, = eigenface"® (3.16)

> ko b4
3.1.1.7. YumpumsmmanuRanain (e ) dwmSuduasuiivziinsnimniu
r
HaNAIA e TasmsnlTouifisuszezanudiesdieiinsiauuugadifon  (Euclidean

Distance) vesf1dfuilss@nTveadauntsiln Wy wazmduyszanivosdiumsis

lumih w,, Asaumsi 3.17 TasiisnnwRanmeidesiigaaseiudiduvesnmlaluge

¥
] o 4& L s,
yudoya szvhimsihinmlumdntune 14 muadnivean1sdi (Recognition Result)

(3.17)

% T min ”wTrainset(i) " Wlest
1isM

3.1.2 maﬁﬂuaqmiﬁ%m (Modular Principal Component Analysis: MPCA)

a I ! 4 a a P s o
watiauegaisidiedumaiinfignilszgnmnnnmaianisinseesndszneundn

¥
W TasgUnmezgnuyseeniugdamlumdidesununs amiduialumd dewi
a a s d o A o v
Wnmwulszuanadematianisinizdesdse neundnmefnam lenumave s
Y1 o P n’z’ [ a daa =
azgUnnlunidesdnanslugyf 33 Tnedupoumsiauveanaiinnega1sidied
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()

317 3.3 uanenszuannisveunatiauegaiinde
(m uaasnszaanuesnsuiaiiu 3 3o mlumhdes
(v) uermsnszuanvasmsuiauihi 4 sunmlumihitos

Ed
A ot

dmuald i e Smwesgamlumhlugagudeya ua j fedaud 1 <j<n

Tawfi n_fudnnnesglamlumchdes

1. vhmsutsgdamlumbeenduginmlunddes Tasannsouiseonilu 2 druae
ﬁ’aﬁ’mdw;ﬂﬁ 3.3 (n) mswisgunmlundeomdiu 3 awlunshdesluuuiuen
amesRdszneuveslunil (Horizontal Partition) Taoamsesudasmwaziiving
(N/3 x N) #0231/ 3.3 () usraanisutsglnmlumdesndu 4 nlunihdesuuy
AUIAT (Symmetrical Partition) Insnindesudayn1moz ua (N2 x N/2)

2. nfaamARasisdasgilnmlunides fadunsi 18

1 M

_ B (3.18)
g S TRy

4 = L] = 9 o w o =
(¥N13) s o L’Eﬂlﬂﬂ‘iﬂ"lkﬂflﬂ‘ll@\iiﬂﬂ']ﬂiﬂﬂu'lﬂﬂﬂﬂ"lﬂ‘ﬂ‘l’lJ

=) a P | . v Y r o o :;_
[ Ao naeeivesgUnwdadud i vosunas gUamlumhdosddun j
b

3. msfnnumAwadsznidasgUamlumih Fuglamlundunde W
!J

b4
unwes natinasng @

o =I' -y (3.19)

1 1 A 1
4. dumanuainganumlsilsousin p - FudlumeSadanuulsdsiusnaes
j

suawlundhdesdrduf j deaums
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1 M . >
Dj = H,—éq}f’f‘bf-i = AjAj (3.20)

o A=[®,®,...®,,] (N"/n)x M matrix)

5. faunmis lewnuuaguas letnunnmesninduuaindanuudsilsousaw D
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J A 4 salat 1 o W & 9 a o
mﬂuumaﬂm'lamunﬂwmwnm1ﬂmumqqafgﬂ K aUAULIN (WD NI NG

dwmsunsulasarveslemnuma

v [] v ¥
6. antiumsduaoud 2 fls 5 wwnseiensuyngdnmlundhdesisludiuveenisus

14
LU 4 FIUTUNIAT LASNITULNLUD 3 eIUATULUIAN

o ﬂ‘ v

mafummdulszansveusaz gilamlumhdes o annsaduanldnnaumsy

lﬂ‘. 1 Q - Qd' 1 T
3.21 wageunsh 3.22 Ais Mduilsednivesduntsiln W Teadugnmlumh

Trainset (i, j

L v a a q’. 1 o 1 ] .
dov j  uazsdunlszinsuesdaumagiilunt wo, o Teoudailiglamlumides j

aMuR Y
el 2 l. (i
(T ik gl L fimimen A% (321)
w = eioenface [T’ -
Tost () genface'| Test () 4 j] (3.22)
A r=§ L = tf’ o -:1
0D Wi 402 Wi, ) A8 Mdutdsz angvoguasgniwdiduy i glamlundd

1 o w A, v = n 3o 9/ o«
upuaInLN VOIAIUNITHA memums;ﬂﬂuwm (JMENIORIZ}T|
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Trainset (i, j)

Yo b 1 Y 1 ad o a A 1
g lumi wy, W vouaaznmluniidosAae3snisiauuuyafifey (Euclidean

Distance) Insmsmmanuranaafiiesigazuaassaaunisi 3.23 Tasfiaina
s a{y a o o e g/ o o 9/ 3
Aananveengaaseiudvuvesnmlalugagiudeya wwdmsidnmlundniu
A 9/ [ Vo

o ldiflunwmadwiuosnsdi
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€ = min | 2
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3.1.3 mﬂuﬂnn‘uaqm Fo (Weight Modular Principal Component Analysis:
WMPCA)

a Pt A A s a Jat A =
matannuegasisediumaiafignilszgndunnmatianegaisiae Tasiiglam
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aaaaslugiln 3.4
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S 4
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5Ufl 3.4 uanenszaNMs YR IMATIANNYERA o

3.1.3.1 MSAIAUMAD19HEN (Weight Value)

] v n" L7 g/ o 9 =1 = =1 v "
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LAAIRITUNITN 3.24
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a o (] =] v = dyo @ 1
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35 3009 3= (smiall
00000000 00000000000000000000001 h e
value)
] R e
00000001 01000000000000000000000  +2 x1(2 )=+2 x1.25
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1. MARIHINUIN (Adder Module) 1Az NIAATHIMUAY (Subtraction Module)
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9 H4
o ar o

g : . &5 owdl 4
FuUADUN 1 1N UIUNUMVBIAVTNAINGINT () AVAILA VD UAVTHIRINAINT (o))

4 2 . 9
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L s
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fracﬂ= 1.1110
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Operand,= signa&ea&fraca
Operandg= signg&eg&fracs

Yes /eA$ No

A

e =e, e =ep
eg = e g = e
frac. = laca frac_ = fracg
fracs = fracg fracs = fraca

Diff = eL - es

Shift-Right fracg
diff bits

'

Frace = fracs +/- frac,
€o = eL

Round fraco

Normalize

COutput = signg & ep & fraco>

¥ vy
U7 3.7 wwudaraadureumMILINMIEMIALTIUILATY
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2. MAA1HIMGH (Multiplier Module)
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¥

83
2 x1.1100

Operanda= signa&ea&fraca
Operandg= signg&eg&fracs

l

|

fraco = fraca x fracg-
signo = signa Xor signg

v

e0 = eA +eB - bias(127)

Round fracg

l

Normalize

l

@utput = signo & eo & fraco>

" v
317 3.18 UHUASLETAITUABUMIRUIUIUDTY
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(Floating-point to Integer Arithmetic Structure for Face Recognition: FLOATIAs)
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Abstraci— In this paper, a new multi-pipeline architecture is
proposed for face recognition system on FPGA. The proposed
structure consists of four main units: Multi-Pipeine Control
Unit (MPCU), Process Element Unit (PEU), Reglon Summing
Unit (RSU), and Recognition Indexing Unit (RIU). Four
recognition techniques: Principal Component Analysis (PCA),
Modular PCA (MPCA), Weight MPCA (WMPCA), and
Wavelet based techniques are adopted to evalnate the
effidency of the proposed architecture using several standard
face databases. The experimental resulls show that the
proposed architecture helps minimizing processing time
through its multi-pipeline processes while still maintains high
recognition rate, Moreover, the deslgn has encouraged the
reduction in hardware resources by utilizing the proposed
rensable modules.

Keywords-component; Face recognifion, Multi-pipeline,
FPGA, PCA, MPCA, WMPCA, Performance comparison

L INTRODUCTION

Nowadays, face recognition plays an important role on
various types of applications. Several face recognition
technicues are proposed to compromise the benefits such as
security, identification of personality, documentary profiles
[1-8]. One of the well-known face recognition techniques is
Principal Component Analysis Method (PCA) [1]. It is an
appearance based algorithm using a statistical approach
where face images are expressed as a subset of their
eigenvectors and hence called eigenface. Its benefit is
mainly on the dimensionality reduction of input data. Its
recognition rate is mot quite impressive compared to its
modified approaches since it is applied on the entire image
at once without partitioning a face image into sub-images.
The varation in illumination and expression seriously
affects the performance of PCA. Modular PCA Method
(MPCA) [2-3] is one of the modified PCA methods, where a
face image is divided into N sub-images. These regions are
then processed using PCA algorithm. Although this method
results in higher recognition rate, the main drawback is its
time consumption. In addition, since this method
does not take into account the location of key facial features,
its recognition performance does mnot illustrate  the
substantial improvement over PCA under conditions of
varying pose. Weight Modular PCA (WMPCA) [4-5] is

978-0-7695-3565-4/09 §25.00 © 2009 1EEE
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another modified MPCA method, which assigns a weight
to each sub-image instead of equally weight as used in
MPCA. Different parts of face (eyes, nose, and lips) are
separately analyzed and the final decision is based on the
weighted sum of errors obtained from separate modules.
The recognition rate shows improvement over PCA and
modular PCA in case of faces having variation in expression
and illumination. Wavelet PCA [6-7] is also another
modified PCA, where the face image is preprocessed using
wavelet transform - previously submitted to PCA. Even
though the recognition performance using wavelet PCA
outperforms the PCA and the other modified PCA methods,
it requires greater time consumption.

In hardware point of view, the parallel architecture could
be associated with the WMPCA to minimize the processing
time [8]. Each sub-image is separately processed in each
processing element (PE) thus weighted sum of the results
from all the sub-images is calculated at the final stage.
However, the internal PE process is still a sequential
process, which results in a delay in the PE. This could be
improved using the proposed multi-pipeline architecture,
where all tasks in each PE are scheduled in pipe-liming
manner. The designed architecture aims to minimize the
time consumption while preserves the recognition
petformance. Furthermore, with the proposed pipe-line
architecture, the reusable modules are encouraged for the
reduction in hardware resources.

This paper is organized as followed. Section 2 presents
face recognition techniques of PCA, MPCA, WMPCA and
Wavelet based techniques of PCA, MPCA, and WMPCA.
Section 3 details the proposed multi-pipeline architecture
while the experimental results are illustrated in section 4
followed by a conclusionin section 5.

Il PCA AND MODIFIED PCA METHODS

A.  Principal Component Analysis Method

Normally, the face images of size N by N can be
represented as a feature vector of size N°. Since the face
images contain similar structure, their feature vectors are
usually correlated. These features vectors define the
subspace of the face images, which is called “Training
datnset”. Let the number of trained images be M.

IEZE
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1) Prepare training dataset of M face images:I,,I, ...
I,

2) Represent each face image |, as a vector 1, using
transform matrices

3) Calculate the average image ¥
1.X r
wﬁﬁgmn ¢V

4)  Center the face images to the average image resulting
in the difference vector @, .

¢ =T -y e)
5)  Compute the covariance matrnx C:

\ Y
C=— = A4 3
M§¢'¢" \

where C is the covariance matrix corresponding to M
faceimages, A=[g 4, . ¢, ] O 0Lmaoy)

6) Calculate the eigenvalues and eigenvectors called
eigenfices, and choose the highest k eigenvectors for
constructing the wransformation matrix.

7) Caleulate the project image (projection coefficients)
by projecting the centered vector onto the eigenspace

Woramea =elgenface [0 ... —W¥] (4

Wy =eigenface [T, —wl (&)

where W, ... » W 18 the project image of training
and test images respectively.

8) Compute Euclidian distance (e) by:

= mm] Weranset — Wiest I ®)

B. The modified PCA Methods

Three modified PCA methods: MPCA, WMPCA, and
wavelet based method are depicted in this section. Modular
PCA Method (MPCA) is a modified PCA method, where
the images are separated into N equal sub-images, and then
processed as in PCA. By dividing the face image into
modules the local information is available and will remain
unaffected even with varation in illumination and pose.

153

WMPCA is a modified MPCA, where the images are
partitioned into several sub-images. The difference is that
WMPCA computes the weighted sum of errors from all sub-
images while tegular MPCA weights them equally. The
weight probability value of image i (Weight,) could be
estimated as followed:

n(T,,)
N
where n(7; )is the number of the correct i sub-image in
image i and N is the number of images in the training

A 82

® ® ©

Figore 1. - (a) an original image,(b) 4 symmetrical parititioned sub-images,
and (c) 3 horizonfal partitioned sub-images.

m

Weight, ; =

In wavelet based method, the face images must be
transformed into frequency subbands prior to submitting to
face recognition engines [6-7]. The image could be
decomposed into LL, HL, LH, and HH subbands &s shown
in figure 2. The LL subband is an approximation at half
resolution of the previous decomposition level.

b
@ &) ©

Figure 2. (a) an original imege, (b) imuges of Daubechics wavelet
transform at level 1, and (c) wavelet decomposition subbands.

The effectiveness of the wavelet transform is to
efficiently reduce the dimensionality of the input data
resulting in the enhancement of the discriminative power of
PCA subspace methods. Subspace methods project input
faces into a new subspace where the recognition is carried
out on the most promising ecigenvectors. The technique
tequires low hardware cost thus maintains an accurate face
recognition system.

IIl. ~ HARDWARE ARCHITECTURE

Since most face recognition algorithms partitions the face
image into several sub-images, the parallel structure was
proposed to process these sub-images independently in each
PE process [8]. However, each PE was still implemented
sequentially, which caused delay within the process.
Therefore, in the proposed system, a new multi-pipeline
process is introduced to overcome this drawback, which
allows us to utilize most of the major modules. The
weighted sum of the difference of eigenface projection
could be measured as shown in (8).
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Figure 3. The overview of architecture.
A. The Propose Architecture

The proposed face recognition architecture can be divided
into four main parts; Multi-Pipeline Control Umt (MPCU),
Process Element Unit (PEU), Region Summnung (RSU),
and Recognition Indexing Unit (RIU) as illustrated in figure
3and 4.

1) The MPCU is the multi-pipeline controller handling
all the operations for the PEU, RSU, and RIU. It manages
the input vectors for the other processing umits in a pipe-
lining manner. The input vectors consist of the test image,
mean image, eigenface image, project image, and
corresponding. The size of the input vector depends on the
number of the partitioned regions for each adopted
technique.

2) The PEU is a pipe-line processing unit. The mumber
of PEUs relates to the number of partitioned regions, where
one PEU is assigned for each partitioned region. The PEU
performs centering process between the input test image and
the mean image using the subtmaction unit. The centering
result of the lest image is then projected omto the K
cigenfaces to obtain the project test image using the
multiplier and summing units. The project test image is a
vector of K projection coefficients, which will be used to
compare with those projection coefficients of the images in
the database called the project images. The absohute of the
difference between the project test image and the project
image for each region is then weighted with the predefined
weight. All these processes will be repeated for all M-
project images. The comparison results are constructed as a
weighted difference vector between the test image and the
M-project images, which will be sent to firther process in
the RSU.

With the design of the proposed pipe-lining process, the
centering process can be assigned to handle the second test
image while the projecting process caleulates the projection
of the first test image and so on. As a result, all the operators
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could be scheduled and reused efficiently throughout the
PEU as illustrated in figure 4.

3) The RSU calculates the addition of the weighted
difference vectors from all the partitioned regions for M-
project images. The result is an aggregate weighted
difference vector, which will be submitted to the RIU for
final recognition result.

4) The RIU generates the final recognition index, where
the aggregate weighted difference is minimum among the
M-project images. It also ranks the recogmtion index
obtained for each partitioned region. This information helps
to improve the predefined weights in the next recognition
cycle. It can be seen that the proposed recognition
architecture is effectively designed and implemented in
multi-pipelining manner. This encourages a reduction In
recognition time and hardware cost via the reusable
modules, while still preserves the high recognition rate.

. 2) Projact bast imags
Testimage r oact )

3/ :
n@ ___\\_, ; m:\_____“l [@

Figure 4. - The proposed face recognition process.

1V. EXPERIMENT AND RESULTS

The face image datasets used in this paper include Yale
face database [9] and ORL face database [10]. An example
of face images is shown in figure 5. Due to the limitation of
the hardware, only a small database of 5 subjects and 3
samples per subjects are used. The resolution of each face
image is 32 x 32 pixels. Samples of 5 subjects are selected
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and grouped into 7 different test sets. Test set 1 — 6 [9] can
be categorized into groups of straight faces, emotional faces,
straight faces with glasses, emotional faces with glasses,
faces with various skin colors, and faces with glasses and
different skin colors respectively. Test set 7 [10] is a group
of bending faces where the faces are positioned in different
view points

-

TR .

h -

Nan

Figure 5. An example of face image from training detasct

Since several face recognition techniques are evaluated
for the proposed architecture, the input vectors must be
previously prepared. The sample images must be partitioned
into sub-images for modulated and weighted modulate PCA
techmiques. The mumber of sub-images is also important.
The partitions of three and four sub-images are evaluated for
the superior results. The number of eigenfaces (K) is four
while the number of project images (M) is fifteen. The test
vectors and project images are processed in the proposed
face recogmition system. Finally, the recogmtion index is
identified. The proposed multi-pipeline architeeture is
implemented on Xilinx FPGA (xc3s4000-412900).

Four recogmtion techniques: PCA, MPCA, WMPCA,
and Wavelet based techniques are adopted. For modular
PCA and weighted modular PCA, MPCA3 (MPCA with
three horizontal partitions), MPCA_Sym4 (MPCA with four
symmetrical partitions), WMPCA3, and WMPCA_Symd
are  experimented  In  addition, Wavelet-MPCA
(WIMPCAS3, WIMPCA_Symd, W3IMPCA3,
W3IMPCA_Sym4) are implemented based on wavelet
decomposition at level 1 and 3 with three honizontal and
four symmetrical partitions. Table 1 and 2 presents face
recognition rate and false alarm rate evaluated from four
recognition techniques with 7 different test sets. From the
experimental results, the recognition technique offering the
best recognition results of highest recognition rate with
lowest false alarm tate in most cases is the wavelet based
techmique especially with three horizontal partitioning. In
contrast, other techniques are suitable for some cases of the
face database. MPCA and WMPCA perform reasonable
good only in case of faces with various skin colors and
bending faces thus poor in most other cases. Figure 6
illustrates hardware cost of the number of Slice, LUTs,
Multl8x18, and Brams while figure 7 presents the
recognition times for all the recognition techniques.
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Figure 7. Recognition times

Even though the processing time required for the
recognition _techniques with sub-image partitioning is
significantly reduced, the required hardware cost increases
according to the number of partitioned sub-images. In order
to compromise between the hardware cost and the
processing time while still maintain the best recognition
results, W1MPCA3 is the recommended option. It offers the
highest recognition rate thus lowest false alarm with
reasonable  processing time and hardware cost. The
processing time is approximately 8.84 ms at the clock rate
of 13,38 MHz

V. CoNCLUSION

This paper presents a new multi-pipeline architecture for
face recognition system on FPGA. The proposed
architecture not only helps reducing the recognition time
through its multi-pipeline process but also encourages the
reduction in hardware resources by utilizing the proposed
reusable modules. Four recogmtion techniques are adopted
to evaluate the efficiency of the proposed architecture using
several standard face databases. The experimental results
show that Wavelet Modular PCA with one level wavelet and
three horizontal slices outperforms the other techniques. It
provides the highest recognition rate thus lowest false alarm
with reasonable processing time and hardware cost. It can
be seen that the proposed architecture can be easily
modified to support various types of face recognition
techniques with its scalable multi-pipeline architecture.
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Abstract

The computation of face recognition requires floating-point arithmetic for high precision. However,
Floating-point operations are costly and complex in terms of hardware implementation, which leads to
inpractical implementation for real time applications. Therefore, in this paper, a novel design of high
performance FPGA based floating-point to integer arithmetic (FLOATIAS) for face recognition under
performance constrain is presented. The goal is to optimize the hardware cost and increase the
processing speed while still maintains high recognition performance. The proposed conversion
algorithm based on shift reduction can he completed within only a single clock cycle. Once the
conversion has been done, all the calculation could be implemented on a simple ALU for integer
computation. This results i much less computational complexity and hardware cost thus can help to
significantly accelerate the recognition system. Several face recognition techniques are adopted to
evaluate the accuracy of the proposed. architecture using several standards face databases. The
experimental results using the proposed architecture show high recognition rates in most of the cases.
The design can achieve the speed greater than 100 MHz or approximately 8 times that of floating-
point architecture. Moreover, with the FPGA based implementation, the hardware cost could be
reduced at approximately 50% of the floating-point architecture. It has been proven that the proposed
architecture preserves high recognition performance while encourages the reduction in hardware
resources and processing delay.

Keywords: Face Recognition, Floating-point to integer conversion, FPGA, PCA, MPCA

1. Introduction

Face recognition system is one of the most
important applications  for image analysis.
Several face recognition techniques are applied
in face, irs, fingerprints and palm. Its
applications are becoming more important such
as ATM machines, criminal identification,
access restriction, identification of personality,
documentary  profiles etc. Several face
recognition systems are proposed in the
literature such as Principal Component Analysis
(PCA) [1]1, Modular PCA (MPCA) [2-3],
Weight Modular PCA (WMPCA) [34],
Wavelet PCA [5-7].

The PCA based algorithm considers face asa
single unit, which neglect the important fact that

- STYSWB 2009

different regions of face vary at different rates
due tovariations of illnmination and expression.

The WMPCA algorithm divides face into 3
sub-images. Therefore, the parallel architecture
for face recognition could be associated with the
WMPCA in order to minimize the processing
time [8]. Bach sub-image is separated and
processed in each processing element (PE), thus
the weighted sum of the results from all the sub-
images is calculated at the final stage. However,
the internal PE process is still a sequential
process, which causes considerable delay in the
PE. Consequently, a multi-pipeline architecture
[9] is designed for the PCA, MPCA, WMPCA
and Wavelet based technique is proposed to
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minimize the processing time and hardware cost.
All tasks in each PE are scheduled in pipe-lining
manner, Nevertheless, the multi-Pipeline
architecture employs & floating-point arithmetic,
which requites a large amount of processing
time and hardware cost. Therefore, if we can
convert from floating-point fo integer arithmetic,
all the calculation could be performed on a
simple ALU for integer computation. This can
reduce the computational complexity, optimize
the hardware cost, and increase the processing
speed, while still maintain high recognition
performance. The proposed FLOAting-point To
Integer Arithmetic Conversion (FLOATIAs) is
designed based on shift reduction with the
scaling of power of two. It not only conveats the
data types, but also conducts shift optimization
to minimize the execution speed down to only a
single clock cycle.

This paper is organized as followed. Section
2 presents the related architechwe for face
recognition system. Section 3 discusses the
proposed FLOATIAs architecture while the
experimental results are illusirated in section 4
followed by a conclusion in section 5.

2. The Related Architecture

Weighted modular PCA [8] separates the
face image into sub-regions and performs
recognition on each sub-region individually.
Each face is horizontally split into & set of sub-
regions such as eyes, nose and lips. Each sub-
region is separately processed in each
processing element unit (PEUs) thos weighted
sum of the results from all the sub-images is
calculated at fthe final stage. All of these
computations are implemented in parallel as
illustrated in Fig. 1.

Fig.1: The related architecture
However, the internal PE process is still a

sequential process, which caused processing
delay. The parallel structure adopted from the
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multi-pipeline architecture [9] is employed All
the tasks in each PE are processed in pipeline.
For each sub-region of PCA, MPCA, WMPCA
and Wavelet based techniques, the calculation
requires averaging the sub-regions, and
calculating covariance matrix, eigenface, and the
weight set as in PEU process. Thus, the number
of PEUs depends on the number of partitioned
regions, where one PEU is assigned for each
region. All schedules are implemented based on
multi-pipeline manner. The project image
(projection coefficients) [9] can be estimated by
projecting the cemtered vector onto  the
eigenspace follow as:

Wirainsot =eigen}"ace rrmm _V/] (1)

= eigenface - er -yl @
where w,,, .., W, 2re the project image of
training and test images respectively.
Finally, the weighted sum of the difference

of eigenface projection could be measured by
equation (3).

e L:gig[j‘;lwgh! o M feigenfiace (T,., _,‘,,}}“] 3)

Net error is obtained as a weighted sum of the
error vectors of individnal sub-region. The given
fuce is classified and sssigned to the class
having the nearest Euclidean distance (¢) in face

space by:

W

e = minlw @

trainzel

o
fest

3. The Proposed Architecture

In this section, a new methodology for the
floating-point to infeger arithmetic conversion is
proposed. The FLOATIAs is designed to
implement on hardware based on FPGA for face
recognition applications.

3.1. Floating-Point to Integer Conversion
Algorithm

For face recognition system, hardware cost
and time consumption could be minimized while
still maintains high recognition performance. In
general floating-point to integer conversion, the
operation is performed by shifting the input
according to the value of the mmltiplier. This
could take several clock eyeles, which is a time
consuming task. To reduce computational
complexity, the FLOATIAs is designed to
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exploit the shift reduction with the scaling factor
of power of two. As a result, the conversion can
be completed within a single clock cycle. The
computational accuracy must be denoted. The
multi-pipeline architecture [9] is adopted in the
proposed face recognition structure. The
FLOATIAs is inserted into the PEUs to convert
the floating-point input to the integer number
before submitting to face recognition process as
illustrated in Fig. 3. However, the ermor
associated with the conversion must not disturb
the performance of the application. In this paper,
the 1ecognition 1ate and false alarm rate are the
main criterions to evaluate the success of
associating the FLOATIASs to the proposed face
rccognition systemn.

Fig.2: The IEEE754 single precision for floating
point standard representation

The IEEE754 single precision for floating
point standard representation is employed in the
proposed structure. The floating-point format
requires 32 bits, which could be represented as
the bit numbers from 0 to 31, left fo right. The
first bit is the sign bit, called “Sign Bity”. The
next eight bits are the exponent bits, “Expo,”,
and the final 23 bits are the mantissa, called
Mantissa,'.

The FLOATIAs architecture can be divided
into 4 main parts: 1) Sign bit Part, 2) E-shift and
Rounding Part, 3) Bit Shifting Unit (BSU), and
4) Integer conversion as illustrated in Fig. 4.
Furthermore, three structures are implemented
in parallel.

1) The Sign bit part is the sign of the
integer output.

2) In the E-shift (¢) and Rounding status
calculation part, a bias of 127 is added to the
actual exponent 1o make negative exponent
possible without using a sign bit. Not the whole
range of Expoy is used to represent numbers. As
you may have seen from the above formula, the
leading fraction bit before the decimal point is
actually implicit and can be 1 or 0 depending on
the exponent. The round-to-nearest-even
rounding mode is adapted to the proposed
FLOATIAs architecture. The value is rounded
up or down to the nearest infinitely precise
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result. If the leading fraction bit is exactly
halfway, it should be rounded up to the nearest
infinitely precise even.

3) In Bit Shifting Unit, the input data of
BSU is a combination of Exponent value and
Mantissa called “Data,” as shown in Fig. 2.
Floating-point number is converted to integer
number by BSU. Data, is multiplied by the
power of 10 values (10") and then rounded to the
nearest integer. The scaling power of 10 is
separated into scaling factors of power of 2,
which the summation of all the power of 2
factors should be equal to the required power of
10. The power of 2 scaling is just shifting
operation by the power, which is known and can
be done mmmediately after loading the input.
TEach scaling factor is used to scale the input. All
the resuits are then added up to achieve the
conversion result. The entire conversion requires
only a single clock cycle. This can help to
significantly accelerate the recognition system.

For example, if we want the conversion to be
a single precision, the input should be scaled
with 10", The required power of 2 factors should
be added 1o 10", Therefore, two scaling factors
of 2* and 2" are chosen since 2°+2' = 10, As a
result, y = (s2°+s2") where s is Data,, which is
shifted left by 1 and 3 times, respectively.
Afterward, the Output Datay is the summation of
the shift results as illustrated in Fig 5.
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Fig.3: Face recognition process
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4) The Intcger Conversion part is to
accumulate the results from all previous parts to
form an intcger result. The sign bit of the
floating-point input can be directly used as a
sign of the integer result. However, the final
integer result must be determined from Output
Data, and the Rounding status. The rounding
status derived from Mantissa bits is used as a
rounding condition for the final integer result.

The intemal FLOATIAs architecture is
scheduled in parallel to optimize the processing
speed. Moreover, it encourages the
computational reduction for face recognition
system.

y= s; a, o)

where y is the result of integer data, s is input
floating numbecr, n is number of factor,
a, is power of two such as: 2°, 2"

( Dotai Sign bit & Epo: & Manissa, |
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Fig.4: Internal FLOATIAs Architecture
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4. Experiment and Results

In the experiment, the input face vectors
must be previously prepared for evaluating the
performance of the PCA, MPCA and Wavelet
based face recognition system. During the
preparation of the training set, a covariance
matrix and eigenfaces (K) of the training images
are computed. Each training image is then
projected onto eigenspace. Four eigenfaces and
fifteen project images are analyzed. These test
vectors and project images are processed in the
proposed face recognition system. Finally, the
recognition index is identified. The proposed
architecture of floating-point fo integer
conversion is implemented on Xilinx FPGA
(x¢354000-5fg900). The face image datasets
used in this paper include Yale face database
[10] and ORL face database [11]. An example of
face images is shown in Fig. 6. Due to the
limitation of the hardware, only a small databasc
of 5 subjects and 3 samples per subjccts arc
cxploited. The resolution of cach face image is
32 x 32 pixcls, Samples of 5 subjects arc
selected and grouped into 7 different test sets.
Test set 1 — 6 [10] can be categorized into
groups  of straight faces, emotional faces,
straight faces with glasses, emotional faces with
glasses, faces with various skin colors, and faces
with  glasses and different skin colors
respectively. Test set 7 [11] is a group of
bending faces where the faces are positioned in
different viewpoints.

Fig.6: An example of face image from training
dataset

Table 2 to 5 presents face recognition rate and
false alarm rate evaluated from PCA, MPCA
and Wavelet based technique using 7 different
test sets. From the experimental results,
recognition tate and false alarm rate of floating-
point and integer with a single precision
conversion still maintains high recognition rate.
Since the proposed conversion algorithm can be
completed within only a single clock cycle, it is
able to achieve the speed up to 5.98 times that of
the floating-point implementation. It can reach
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the maximum frequency at 110.52 MHz or
approximately 8 times faster. The required
hardware cost can be reduced about 50% lower.
A comparison of the hardware cost, recognition
speed, and processing time for floating-point
[10] and integer (FLOATIAs) based face
recognition is presented in Table 1. The success
of the FLOATIAs comes from the integer
computation of the face recognition, which can
handle all the arithmetic operations in a simple
ALU.

Table 1: A comparison of the hardware cost,
recognition speed, and processing time

Tnteger with
Precigion Floating-Point | a singlé precision
conversion
Total Slice 5353 144
Total LUTs 10,268 272
Maximom
Frequency 13.35 MHz 110.52 MHx
Time
Cons on 5.055 msec 0,845 msec
5. Conclusions

In this paper, a new design of high
performance FPGA based floating-point to
integer arithmetic, FLOATIAs, for face
recognition system has been proposed. The
design has encouraged the reduction in hardware
cost and time consumption under an accuracy
constraint. The proposed conversion algorithm
can be completed within a single clock cycle
while still maintains recognition performance.
Face recognition techmiques are adopted to
evaluate the efficiency of the proposed
architecture using several standard face
databases. The experimental results show that a
single precision is sufficient for PCA, Wavelet
PCA and Wavelet MPCA technique. The
recognition rate obtained from the integer based
face recognition is comparable 1o that of the
floating-point based architecture. However, a
single precision is inadequate for the MPCA
technique. It requires higher precision in order
to achieve the similar performance to the
floating-point based operations. Consequently,
the FLOATIAs should be modified so that it
could handle the scalable precision with
equivalent speed.
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Table 2: Show Recognition Rate of Floating-point
Floating-Point
Technique Db 1 Db 2 Db 3 Db 4 Db 5 Db 6 Db 7
pca 73.33333 | 73.33333 80 60 33.33333 | 73.33333 100
| mpca3 86.66667 | 93.33333 | 86.66667 100 53.33333 | 9333333 100
wipca 100 100 100 100 100 100 100
wimpca3 100 100 100 100 100 100 100
Table 3: Show Recognition Rate of infeger with a single precision conversion
Integer with a single precision conversion
Technique Db 1 Db 2 Db 3 Db 4 Db 5 Db 6 Db 7
pca 73.33333 | 73.33333 80 60 33.33333 | 73.33333 100
mpca3 86.66667 | 93.33333 80 100 46.66667 | 93.33333 100
wipca 100 100 100 100 100 100 100
wlmpcal 100 100 100 100 100 100 100
Table 4: Show False Alarm Rate of Floating-point
Floating-Point
Technique | Db 1 Db 2 Db 3 Db 4 Db 5 Db 6 Db 7
|pca 73.33333 | 73.33333 80 60 33.333331-73:33333 100
mpca3 86.66667 | 93.33333 | B6.66667 100 53.33333 | 93.33333 100
wlpca 100 100 100 100 100 100 100
wlmpca3 100 100 100 100 100 100 100
Table 5: Show False Alarm Rate of integer with a single precision conversion
_Integer with a single precision conversion” = |
Technique Db 1 Db 2 Db 3 Db 4 Db § Db 6 Db 7
pca 73.33333 |73.33333 £0 60 33.33333 | 73.33333 100
| mpca3 B6.66667 | 93.33333 80 100 46.66667 | 93.33333 100
wlpca 100 100 100 100 100 100 100
wlmpcal 100 100 100 100 100 100 100
Db _1to Db _7 are 7 difference test seis.
Db_I: Straight face database, Db_2. Emotion face database, Db_3: Straight face with glass database,
Db_4: Emotion face with glass database, Db_5: Variant skin color database,
Db_6: Variant skin color with glass database, Db_7: Bending face database
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