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process(CLK, RESET)
begin
if (RESET ='1) then
A_OUT_REGISTER <= (others => '0);
B_OUT_REGISTER <= (others =>'0";
elsif (CLK'event AND CLK="1") then
A_OUT_REGISTER <= A_OUT;
B_OUT_REGISTER <= B_OUT;
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X, / /L R end process;
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Clock _——_——

Reset

if (CLK'event AND CLK="1") then
foriin1to 4 loop
ABSOLUTE_DIFFERENCE_REGISTER(i) <= ABSOLUTE_DIFFERENCE_VALUE(i);
end loop;
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@ New to MATLAB? Watch this Video, see Demos, or read Getting Started.

Usage: model = svmtrain(training_label_vector, training_instance_matrix, 'libsvm_options');
libsvm _options:
-s svm_type : set type of SVM (default 0)

0 -- c-svC (multi-class classification)

1 -- nu-SvcC (multi-class classification)

2 -- one-class SVM

3 —- epsilon-SVR (regression)

4 —-— nu-SVR (regression)
-t kernel type : set type of kernel function (default 2)

0 -- linear: u'*v

1 -- polynomial: (gamma*u'*v + coef0)“degree

2 -- radial basis function: exp(-gamma*|u-v|*2)

3 -- sigmoid: tanh(gamma*u'*v + coef0)

4 -- precomputed kernel (kernel values in training_instance_matrix)
-d degree : set degree in kernel function (default 3)
-g gamma : set gamma in kernel function (default 1/num_ features)

-r coefl : set coefl in kernel function (default 0)

-c cost : set the parameter C of C-SVC, epsilon-SVR, and nu-SVR (default 1)

-n nu : set the parameter nu of nu-SVC, one-class SVM, and nu-SVR (default 0.5)
-p epsilon : set the epsilon in loss function of epsilon-SVR (default 0.1)

-m cachesize : set cache memory size in MB (default 100)

-e epsilon : set tolerance of termination criterion (default 0.001)

-h shrinking : whether to use the shrinking heuristics, 0 or 1 (default 1)

-b probability estimates : whether to train a SVC or SVR model for probability estimates, 0 or 1 (default 0)
-wi weight : set the parameter C of class i to weight*C, for C-SVC (default 1)
-v n : n-fold cross validation mode

-g : quiet mode (no outputs)
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+ 'y ABSOLUTE_4 - Absolute_stage - arch_...

g ADDER_LINE_1 - adder_with_carry - B...
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std_logic_wvector
std_logic_vector
std_logic_vector
std_logic_vector

std_logic_wvector
std_logic_vector
std_logic_vector
std_logic_wvector

(11
(11
(11
(11

(11
{11
(11
(11

downto 0);
downto 0);
downto 0);
downto 0);

downto 0);
downto 0);
downto 0}
downto 0);

out std logic vector (14 downto 0)):

4= 1 [library IEEE;
b= 2 use IEEE.STD_LOGIC_1164.ALL:
== 3 use IEEE.STD_LOGIC ARITH.ALL:
4 use IEEE.STD LOGIC UNSIGNED.ALL:
“ S5
6
7 entity SAD is
“ 3
9 Port (
A 10 X1 : in
11 X2 ¢ in
» 1z X3 : in
* 13 X4 : in
%% 14
15 31 : in
16 82" ¢ in
17 83 : in
18 54 :in
19
20 START : in std logic:
21 CLK : in std logic;
22 RESET : in std logic:
23 VOUT : out std logic;
24 RESULT :
25
26 end SAD;
27
28
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4= 1] ibrary IEEE;
b= 2 use IEEE.STD LOGIC 1164.ALL:
== 3 use IEEE.STD_LOGIC_ ARITH.ALL:

4 use IEEE.STD_LOGIC UNSIGNED.ALL:
“ 5

6

7 entity carry generator is
s 8 Generic | size : natural := 8 )

9 Port | X : in std logic vector ((size-1) downto 0):
A 10 vy : in std logic _vector ((size-1) downto 0):
% 11 carry : out std logic;

12 carry neg : out std logic);
* 13 end carry generator;
% | 14

15

16

17

18 architecture Behavioral of carry generator is

19

20 signal temp : std logic vector(size downto 0):;

21

22 begin

23

24 temp <= ('0' & x) + ('0' & yv);

25 carry <= temp(size):

26 carry neg <= not(temp(size)):

27

28 end Behavioral;
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[Flprocess (CRRRY, CRRRY NEG, A, B)
begin
= for i in (size-1) downto C loop
A OUT (i) <= A(i) =x=or CARRY;
B OUT (i) <= B(i) =or CARRY NEG;
b end loop;
1 5 end process;
1 = process (CLK, RESET)
1 begin
1 = if (RESET = '1') then
1 A OUT_REGISTER <= (others => '0');
1 B OUT_REGISTER <= (others => '0');
2 =] elsif (CLK'event ZND CLK='l') then
2 A OUT_REGISTER <= A OUT;
2 B _OUT_REGISTER <= B OUT;
2 r end if;
2 = end process;
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Design Properties

Name: [psvm |
Location: c:\Documents and Settings|Administrator|DeskioplPSVM-11PSVM |
Working directory: c:\Documents and Settings|Administrator\DesktoplPSybt-1PSYM |

Description: ‘ ‘

Project Settings

Property Name value

Top-Level Source Type HoL

Product Category P ——y

Family Spartan3E )

Device xcasioe J

Package T

Speed -5

Synthesis Tool XST (VHDLjVerilog) v
Simulator oL fVerilog) v
Preferred Language VHDL v
Property Specfication in Project File alues v
Manual i Cucler. (] >
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[¥#] AdaBoost e, 81 Y (.:.:.,,ﬁ)l
1 Input: S = (x1,¥1),...,(xN,yn) Number of iterations T.

2 Initialize: d\) = 1/N for all n=1,...N

3 Do for t=1,...,T,

(i) Train classifier with respect to the wighted sample set
{S,d®} and obtain hypothesis h; : 2 — {—1,+1}, i.e. hy = L(S,d®)

(ii) Calculate thw wieghted training error €; of hy:

Zd I(yn # he(z)n)

(iii) Set:
1 1-— €t

= -1
oy 5 og o

(iv) Update the wieghts:

d(t+1) —d exp{ ynhi(zn)/Zt}

where Z; is a normalization constant, such that ZN d(t“)

1
4 Break if ¢, =0 or ¢ > §andsetT t-1.

5 Output: fr(x)= Zle Taitht(aj)
Zr:l Qr

Syt wrge S ol 3, Dy(i)exp(—apyiha () s b ol Jole S Z4 01 55 o
(o5 S b X ) faezma) s 0L ) Slaee Jlanl 055 G Dy
oai Lale | Lol tpails o8 o 5o 31 atews OF Dy w0355 S Py digasDS dip O30l 1 oy ol ol
255 ool ) baduails oy S (285 ool s 031 s 0 S (e 035 el 035
A adis e |y el (duaid Llb (glad yod a5 35,5 o bl goail (1S s iolell Dy g
B 4§)Uﬁ &ij}jj AS gozen (9 0 5 ol Solw oJL:g Cond Ul)‘ LS)‘J”(’J" C)LwoLz,a ‘_):55’)5 "y
RS 00 515 S @ g 358 0y S (3lwosly (61 3 S el oy S (slaesls 4 pors
sl 0l o3l 5SS (gaids Yo 5 o



q¥ Adaptive Boosting XsawdS 5 paides 59,0 A

\
(] '. [ 4 ) .‘
o -2 1@ °'@ @
- - ./. Weights 4 ®

nereased @) /4 @ “.

7
Weak Classifier 1 Weak Classifier 2 Weak Classifier 3

[FV] AdaBoost r:g)}iﬁl 5 Shes o520 3 (514 5o Sl JK.&

Ol Jew ool 53 S e alaShe YT IS 55 1y 2y S ol 0357 Joo 6585 51 S8 Jle
SIS o3 (SLadh pod 4 S Glass 0315 ol b 5 LSS A b G o) K1 oS el 03l
3 S Y UK e e ol 03 e kS eSS Ll ksl 4 nd la0)s 5 edkd
5 4 LBl e 3B 3 se peas el oo & cal S5 0L S0 SIS K 1
S S8 a3y WY S ol & 5 AdaBoost



- .

.t
L 4

CORDIC (2,551 J 30!

Sbdie o5 Vo

Celu a,ie S > M G 53 a5 ¢ o3Il 4 latdes Gla)gen 59y (Vor) 4ty U 58

M\)}W.bﬁ)&))«o‘b(X‘y) JgJ:,-‘\ZéLfQ\)j))\)ﬁ&%ﬂdb&)ﬁ&)ﬁw‘)b .J;{Q\)‘g)

.l
AY
in(e)
z >
cos(¢) X
e bl glyes 4l Olatse il 1Yo J.i.z
:V:U‘J é}ﬁ JKJ DL "y

T = coso

Yy = sing



2V CORDIC p-?:u)i“ Jyol .o

RS 095 a3 poill 4 L ol |y |3 A e 5> okl ks (XY) LI S o0 J-

D el 03 Oyse w (Xy) A sl Olss el 3 Jeels dods s et

AY (x,y)

(x,y

>

3 o3l 4y S Sl il b Yoo S

' = xcosp — ysing

2’ = ycosp + xsing
5 Ml lamses (xy) Ol 13 48 ol s ¥ (515 0 0lyss (lwesly st iy oy oo Bl
ool w4 O¥slu l (o1l sen iluesly sl Lol S 55 5l ol wlanie (Xey)
L;:L"Ji'w “7*:";*5“:‘*”\"'-"6‘):’ (LU 4:.?-‘)0 J)&@w}wsw‘gcwcq_} - RN NULY
Slhas L Jleslimul 5 2285 &¥slrs S0 L1 g Y 0l 53 CORDIC v:g)ﬁ\ ol 5L
22,5 i s3b ) oo 4 Ol b G5 dalae LIS g0 sl

1’ = cosdlx — ytand)

y' = cosgly + ztang]
tan ‘Uw.>-)\ oalan! L: gT &)’LMJL_?;; ] < tang = +971 48 6)74: “@ J).i': 3 gdoes ij} &lf\jj Jf\
Q\)j) e .l CORDIC &)}Q‘)K dj—‘-" UT-" J.Sda \J:.:: UXJBK ceslw C,.L:.I: C)l:.l.o.o g.§:: @

23 2 e tanTH(270) asly Ll s S S oo g il O labuls o) pe @ )l 2

AT



v Olss B LY.o

Tiy1 = Kilw; — y;d;i 27"
Yir1 = Kily; — 2;d;27"]

OT))&
1

V142-%

K; = cos(tanil(Zfi)) =
d; = =+1

St dal g ez 5 i Jol 5 ()5 0l 93 w2 S 0058 i Kl 51556 aslas s
03 (e S0 3 i Ol e w1 0T Al b ol plondl i ) (6505 sl 3 015 b 8 K
S o D ) e 4 b K g 255

Olgist cplplo s dalys 2 /8T ol Lo i K lis (kST s ol o 00 a1 S5 sl S
<l ¥ 53 CORDIC o) 81 15,8 b i 02 53 3 alo o 55 5L Jah | old sae
03 kS o Olysd jaseie asly SO daw g (65955 L5 0, el Olyss de oS Jol Gl 5o 1uS 6,8
O 1 5L 2550 asly 5 LS o Blisd X psmme S @ (3555 12 505 pU (Gl e S 0> S

.3}364 oﬁ}s [)\)‘35
s
O & Yoo

:J.JL;&\)JJQ ) 2y CORDICVQ))Q\ L..:b) Q\)jb Je é\ﬁ
Xi+1 = X; — yid;2™"

Yir1 =¥i +xdi27"

Ziyl = Z; — ditan_l(Q_z)

:()T)bé\s
{ —1 ,if z; <0
d; =
+1 ow

a3 g a5 25 2l lie gk 1SS L n YL Bl S



xy = Aplrocos(z0) — yosin(zo)]
Yy = Anlyo cos(z0) + zosin(zo)]

(‘\‘iu’ Yin/

\

(2, yr) LIS & Odwy 5 (Tin, Yin) SIS 2 2 Yo 5K
3L e CORDIC o) 51 5153 e gems & s o 0L 1) 5 S5 Jaulsy (!
5
‘5-)">Jf Jo ‘ﬂ.g:J

oo b Cdle i Lol 3 Lol el |3 &) 500 Olad & CORDIC ) 81 Jasls (513 2 s 3

d; =
+1 ow

Ty = An\/xg +y§
yr =20
zZf = zo + tan~

ey
x0
Ay =T[VI+2°2



%

23 0 g paeid s, 80, 5 694
Jgjha.?

YU V-V I

L 1) by b edle (3558l (gl o sl oo 350 03 SUB asls LU Clual 55 &8 & SKiles
lmosly 13 e 555 2 1 OF Srolesl (sab 1o Lgs 5 313 il MATLAB e (6 5 el 1530 p 5
Bl 5 o s Lo a0 3550 o8 olas IS (1 1331 s (555 2 5] sl 0 )l 1233
oy 2l 5 luesly 0390 Sk 5 Sy Blod 31 o 5 1531 e (b 3 (30 i 5 a2
L 40 4 (R0 AL

o g Olidy Dl lacndls ¢l & LibSVM (saslp 5 MATLAB L1335 51 L Lol 3
S13 5 o 025 e3lial itkbee SVl 5 Laaal OLL 3 adlu 4l ol 587wl 5= oslizal e
o3litul )35 gl (galo 1o (512 (6l O 31 (VL Oliedsl b 5 g 53w 015 5 ol (VL Sl Do
3035 5L L Ol Ol oy mas Ol 55 oo 45 ol 0 a;,j[n]@,n,;,\p‘ o5 o e 35
S sl of ;)

QT@,?UW,W;{@ Ll 1) Gogel gl e « LIbSVM (5450 SaS 4 Il Forssle ol 2t
s 53 8 6 len o o0 s oo s eslind (sl Ll 51503 ST 3wl 1 p3Y (sls 2l
55 C bl ol ola malily caos ST o5 Lol am 0Ly 1o laedle (65 85 Cannd 55 sl OLL 50
2 ST L 53,5 s 1 O (st S 0,25 &) o ol o 4 015 5525 (6555 omy
Ll 55 551 oy [y el ol SMke g 53,8 e3linal PSO oy 581 b 5 S5 0y 591 ks
S ol gz B sl se s [ s syl Slaie cp g o e SGST L 5 028 &) Lo
T s 53,8 Sy g0 (San Slla o a8 b o jer adeds Aol 65 Oty 1 edle



Voo 2lad )3 0 g paeis )8l sk o

3505 ool 3= o3lital 11 s (55 s (Sl 51 O

53l Jan i 1) 35 5l (el o s 313 ol 3= ] 0 g RIS (s (Sl0die fa2d ol )3
(':‘:’UQ‘U":""’ .J;M“}P.'OQL&:«M‘ Dbl gal> e gl 1, (j@l:&jo:; Ll 5 slaesls 65y
.J;(..:A\)}CJL.A L o5 Cdmw (3luesly gy 5 0als =0 1y 4l OLL ol Sk sy se

°J€%'u‘r5°&3fwr“)b5"‘“ Y.o

S G alaz 31 (63 )18 (SLasl 3l 3has Lo (5055 8l (S5 53 5185 55 (Slaptm 23100 b

LBl o a5 oS I 55 55 5 50T 5 0 e
s il g Llnl ol slao )8 e 51 5 To ez I Vo obos e gy paseds
e o 04 b 4ol See A3l LT o s 6 513N g Gadeis old o per
b et S5 b sl (358 Glel Gased G by n o 5uh (ol o (adedd SIS0 5 ) ety (s
o2 33 pl ol il 5 SleMbl pl el s b Ol 05 L 30 ol b b oy 5
s 05,5 1y Bl 53 o ez (P 3,5 ekl sl (G g 53 s )8l 51015 0 oS 5 53
w3, SleMbl 03ls 53,5 O 0513 Ladeds 5 Lib o o gudd 3 pwaiede Os j3 Lasd SO (S0 e
2y o 53 Ygame o gz 2y il S o 6 0T 51 5 ol Juaie 0T 4 o8 Sl s e
B s sl 5l acie gty K Ll s oS Al o ids msbas 55 s 0l 4 b s pslas )
ety 53 5035 Iy 1y OF 0358 0 33 (So g I35 pslad €dy (pl 53 o 5 0 e 3,15
358 (Rl 518 e 68 1 3 0 ey e oMbl KBl o Sl)s e Jl- 3 plbs &S (5 sl

255 S 5le s 5 &y ST Gla s pslhe (CSOL il e 53 Ol 8

sl o3l BB (S s el
DS s & a3 (So g 1 1y (A glacdl oS ol ool alax Sl o g I 3L
odd S5 glas )l ales (sl e sl (S cail Ly e o Ol (o33 |3 5l ez e
RS S 53 Ol o (L (alnly s Attt npdd G ) ey bl S el
) Seal s @ 55 L b e 855 Lol (elad SLS 300 0 (5 (el 5 008 Gl Ol e
Gl s S50 patd Go g (RL sl UL cpl 8L g ks 558 G B ms Sl cdl e
Ly 2l 53 L 355 1581 p 5 5 ol53) o Blal B3 ST qal g (nw 5 03,87 OBl 58 Ol e

'Face recognition
"Face Localization
Y Facial Expression



Vo cﬁu@&w)b}b Yoo

oS JLs
5UMD)J§)> Jb.é\ &oﬁg—ﬁ&;ﬁ&d\ﬁﬁ)b L;JM:A Vqve JL&).S)L.: &_Aﬁ\ﬁj@)b o ‘_):;3\3
ol ol plowl g ilises (SLacSTSS (630 144 r (gans blsl )3 A ke o) G Olse w0 gl
b oS b 8 15 pwdbige 5 Olhiedils Colas 5 x5 5590 AT ool ol .umu@wwom

ool 0 1 s Vs 5 Cilides STSS 5 Jaas V00 S i OF 6l 055!

ﬁjwjboﬁcﬁélsj‘”&m \.Y.g,:;

Ly 5 Ol 25250 53 48 350 0l i Juolo 3T o a3 1S5 5 (Slagt 2ol 5> Sl L
ol mae slaad 53 3B Sua Sl el 3 3B (0315 ke e GlaeSCs 528
1 S 3055 OF (gandS 5 5Ll )3 0 g 8L &S oyl (pl 5 ey JLS 5 Ay 4 LadigandS
el g @ 5 o Dl D51l S i S w0y pats Sl 3 L3S B oy
RS it IS5 55 K 52l s G B 63 s o 51 S 55 S el el WU 28 8 e
o 1) el Solps 55355 5 Leglsn dile Ll plulid 51 b s s @ 0ledl oy
Gl 53 Lag ol o 555 lagtior (o g0 o 3 5550 Jold 1 (3L ol it saals Lap L)
5okl ool g (Sasl) «ypo 55,5 13 Il mean 5 (93lE (LS (e dile dhax | Calises
s 2 JS 55 A3l L) 5olpds 5 o 0Ll o ez lulid 5580 el oS Lolse Ko
aldes glacansy glils 5 Llodd ] el [YY] CMU _sbus 51 a8 08 o abamDle |y 0 g S
Fsan hgn Sy S 3 0 g Ll Wig) 53 LT jasets 53 fbvw ol pan oS AL
SN Al i (5o GHomies Cudy el gy Gl OOSE S Sos (S5 il e
b esad Sl lacey o2 53 pased 05my b 5 (Al 5o 03 1) esed So gy Sl (Famas Jhso
o S BT 5 oy st ) o pariedS ol (Ses s aiels
Sond & 1y dls Slaosls o gz (GpandS (6l pl by lomed ) lasio iy 5425 b ased
o> 1) Calies lawas) ol b plas 51 Jle Yoo JS0 50 08 0 SIS o g b 5 04y
S

e Lz a ol 5o &S )l sy ez gl G 52 0 patedS Sl absee la > ol
sy SLlST o pgin 5 gome a by ool 51 ST 2 o875 S 0L bl il 555 0 0558 A 5 g 5
oMl Wl & paamses Sl A ol 3 kb Lo 5 Lyls fuade

;3O‘}.’Jém&J\eg‘wg&.ib&w:‘}\&aﬁéj)dﬁfgg UAL”‘J‘.""J"@’.:' 2B iS \



VoY 2lad )3 0 g paeis )8l sk o

Ll g o g Calises e fols o8 2T bl 51 slises 1) JSS

o 8 Q\y&@jc.)gb ui))»TSquTJ.\JL«A ‘5]3)-\45 QJ; \%W&U}T})jﬁﬁ)ﬁaﬁ S

R3S 5035 Joo o pgr (udkd Glaslne bl oS pdn Jalse elul o gr pacsiS X
S o g ki laslas O 038 1y g I

035 sy el 3 eslimal oz oLl gl L) 5 S5 5 050 ) (S Ss el 4 B LS
55 el Ol 1 sladsl Sl 5 walin 6 o Ml (s ol 04E b S Sl e
C\J.&;:M\D.@.&.ajgjhé)sgjw&ﬁéu&)ﬂ\&wjﬁéjgﬁéugbs‘,.xslbde:tf‘\sjfsm
Sl 5 sol glacila) (g mw SO w0 gr ol gl Lol 53 b &S a8 o Iy el S
Tl 5 S5 Y same oS oo Sios o Shos il sl o 53 il o &8 skilen als 5L
S L U LEL 0le) sl B gl 0Ly Bl 51 LIS el 5 3L 3L Sl ol Sos Lo g 8
oo sl Shs Les b s a3,8 o s (VL ulad s slacilay bl 3) Lacila,) (6,

Al 5 pol lsloms Gla3 0 a8 O et & oS A 5
33 038 3515 (o b o ar s s pozes G5 BB g0 4 oS 1y (G ges sl 3
Sl 5ams ol & s s ol @ ol 53 b 5 S e 0 3 X ke Dlse 4 1) 35
L (ol o ol Sl el 350 52502 51 OG0 (S0 2y Ja 5 o7 Ay (6 0500 sl (S S)
@ Odey Gl AL o P(x | Non Face) Jlol UL 5 035 P(x | Face) pslad Gaows 5>
2s SeSE (O Sile isee Jde 4 Ol 5 oo LT sehor ) 8 3,15 5 gy Cilies 355 i skt



yo¥ o,@,g—ua?d&w)lb-b Yoo

Ll g g gead Calisee glaana) Jold o8 2leT sl 51 slaisas 1Yo SO

3 ga o)L 0Ly slals s slageile Lo sas
wlold (ilee Olziy Hls p dle WS @ Olgu o Canl o3 g ol 5 Lo s asloLL ol 53 oS
L \)JK rb-u\ %})K rL>u\ S 9 r.:ﬁLw sz\.wabL:g QT“M bﬁjL@)b 0T Reas

V::’Lo.w duslie a3 0 (al:u\ J:’}L,a:’ S P MATLAB )\Jﬁk:).s Y gs‘;')bjﬁ



Vo f

sbal 53 o il sl Sl b ghs e o




1]
2]

[9]

&

website: www.wikipedia.com

C. M. Bishop, ’Neural networks for pattern recognition’, Oxford University Press,

1995.

C. Burges, "Tutorial on Support Vector Machines for Pattern Recognition’, Data
Mining and Knowledge Discovery, Vol 2, Issue 2, pp. 121-167,1998.

S. Haykin, ’Neural Networks; A Comprehensive Foundation’, Second Edition, Pearson

Education, Ontarion Canada.

C. Cortes, V. Vapnik, ’Support Vector metworks’, Machine Learning, pp. 273-297,
1995.

J. A. Freeman, D. M. Skapura, 'Neural Networks, Algorithm, Applications, and Pro-

gramming Techniques’, Addison-Wesley, 1991.

D. Anguita, A. Ghio, S. Pischiutta, S. Ridella,’A Hardware—friendly Support Vector
Machine for Embedded Automotive Applications’, Proceedings of International Joint

Conference on Neural Networks, Orlando, Florida, USA, August 12-17, 2007.

M. R. Latta et all,’FPGA Implementation of a Support Vector Machine for Clas-
sification and Regression’, WCCI 2010 TEEE World Congress on Computational
Intelligence, July, 18-23, 2010 - CCIB, Barcelona, Spain.

Y. Chang, 'PSVM: Parallelizing Support Vector Machines on Distributed Comput-

ers’, Google Research, Beijing, China, 2003.

AN



Vos

e

[10]

[11]

[12]

[13]

[14]

[19]

[20]

H. X. Zhao, ’Parallel Support Vector Machines on Multi-core and Multiprocessor
Systems’, The IASTED International Conference Artificial Intelligence and Appli-
cations (ATA 2011), Innsbruck, Austria 2011.

B. Heisele, T. Serre, S. Prentice, T. Poggio, ’Hierarchical Classification and Feature
Reductio for Fast Face Detection with Support Vector Machines’, Pattern Recogni-
tion, Vol. 36, No. 9, pp.2007-2017, 2003.

H. Rowley, S. Baluja, T. Kanade, ’Neural Network-Based Face Detection’, IEEE
Transactions on Pattern Analysis and Machine Intelligence, Vol. 20, No. 1, pp. 23-
38, January, 1998.

S. Romdhani, H. Philip, B. Schlkopf, A. Blake, 'Computationally Efficient Face
Detection’, In Proc. Intl. Conf. on Computer Vision, pp. 695-700, 2001.

P. Viola, M. Jones, ’'Rapid Object Detection using a Boosted Cascade of Simple Fea-
tures’,In. Proc. Conference on Computer Vision and Pattern Recognition (CVPRO1),

pp. 511-518 , 2001.

R. Lienhart, J. Maydt, ’An Faxtended Set of Haar-like Features for Rapid Object
Detection’, IEEE ICIP 2002.

O. P. Ramirez ,’An FPGA Implementation of Linear Kernel Support Vector Ma-
chines’ ISBN: 1-4244-0690-0/06, IEEE, 2006.

D. Anguita, S. Pischiutta, ’'Feed-forward Support Vector Machine Without Multipli-
ers’, IEEE Transactions On Neural Networks, VOL. 25, 2006.

D. Anguita, A. Boni, 'A Digital Architecture for Support Vector Machines: Theory,
Algorithm, and FPGA Implementation’, IEEE Transactions On Neural Networks,

vol. 14, no. 5, September 2003.
Website: www.ti.com

Website: www. Xilinz.com



Vv

e

[21]

[31]

C. C. Chang, C. J. Lin, 'LIBSVM: A library for support vector machines’, ACM

Transactions on Intelligent Systems and Technology (TIST), vol. 2, p. 27, 2011.

website: www.vasc.ri.cmu.edu/idb/html/face/frontal _images

G. Yang, T. S. Huang,’Human face detection in a complex background’, Pattern

Recognition, 27(1):53-63, 1994.

A. Lanitis, C. J. Taylor, and T. F. Cootes, ’An automatic face identification system

using flexible appearance models’, Image and Vision Computing, 13(5):393-401, 1995.

T. Leung, M Burl, P. Perona, 'Finding Faces in cluttered scenes using labeled random
graph matching’, In Proc. 5th Int. Conf. on Computer Vision, pages 637-644, MIT,
Boston 1995.

Y. Sumi, Y. Ohta, ’Detection of face orientation and facial components using dis-
tributed appearance modeling’, In Proc. Int. Workshop onAuto. Face and Gesture

Recogn., pages 254-259, Zurich, 1995.

website: www.nist.gov/itl/iad/ig/colorferet.cfm

V. Pavlovic, A. Garg, ’Efficient Detection of Objects and Attributes using Boosting’,
IEEE Conf. Computer Vision and Pattern Recognition, 2001.

C. Bishop, P. Viola, ’Learning and Vision: Descriminative Methods’, ICCV course

on learning and vision, 2003.

X. Shao, D. Sun, ’Development of a New Robot Controller Architecture with
FPGA-Based IC Design for Improved High—Speed Performance’ JEEE Transactions
on Industrial Informatics, pp. 312-321, 2007.

D. Anguita, 'Feed—forward Support Vector Machine Without Multipliers’, DIBE -
University of Genoa Via Opera Pia 11A, 16145 Genoa, Italy.



VoA

e

[32]

[38]

R. Reyna, D. Dragomirescu, D. Houzet,D. Hesteve, 'Implementation of the SVM
generalization function on FPGA’, Proc. of the Int. Signal Processing Conf., Dallas,

TX, USA, April 2003.

S. Wong, A Sum of Absolute Differences Implementation in FPGA Hardware’ Delf

University of technology, 2008.

X. Shao and D. Sun, ’Development of a New Robot Controller Architecture with
FPGA-Based IC Design for Improved High—Speed Performance’, IEEE Transactions
on Industrial Informatics, 3 (2007) 312-321.

J.M. Arnold, 'The Architecture and Development Flow of the S5 Software Config-

urable Processor’ The Journal of VLSI Signal Processing, pp. 3—14, 2009.

R. Lienhart and J. Maydt, ’An Extended Set of Haar-like Features for Rapid Object
Detection’, IEEE ICIP 2002.

G. Caffarena, C. Pedreira, C. Carreras, S. Bojanic, and O. Nieto—Taladriz, 'FPGA
Acceleration for DNA Sequencing’,Journal of Circuits, Systems, and Computers, pp.

245-266, 2007.

L. Yip, K. Comanor, J.C. Chen, R.E. Hudson, K. Yao, and L. V andenberghe, ’Array
Processing for Target DOA, Localization and Classification based on AML and SVM
Algorithms in Sensor Networks’, 2nd Int. Workshop on Information Processing in

Sensor Networks, (2003) 269-284.

D.J. Sebald and J.A. Bucklew, ‘Support Vector Machine Techniques for Nonlinear
Equalization’, IEEE Transactions On Signal Processing, 48 (2000) 3217-3226.

X. Nguyen, M.J. Wainwright, and M.I. Jordan, 'Nonparametric Decentralized De-
tection Using Kernel Methods’, IEEE Transactions on Signal Processing, 53 (2005)
4053-4066.

A8y al cxis o1« FPGA (655 2 0laidy )1 dle dotudS bl g5luesly 391> (g35a5es [V ]



V+q ezl

[42] G. Ratsch, T. Onoda, K-R. Muller, Soft Margins for AdaBoost’, Machine Learning,
1-35, August 1998.

[43] Duffy and D.P Helmbold, 'Boosting methods for regression’, Technical report, De-

partment of Computer Science, University of Santa Cruz, 2000.
[44] website: http://www.boosting.org
[45] L. Breiman, Bagging predictors, ’Machine Learning’, pp. 123-140, 1996.

[46] Y. Freund and R.E Schapire. Game theory, ‘on-line prediction and boosting’, In Proc.
COLT, pp. 325-332, New York, 1996.

[47] R.E. Schapire,’A brief introduction to boosting’, In Proceedings of the Sixteenth

International Joint Conference on Artificial Intelligence, 1999.



VY




PSR M! aslio sl

Frame Rate. ... oo 2 TS
GaITL. .« oottt o g0
Gassian Radial Basis Function ........... ... ... ... Ll il Py CL’
General Purpose Processors.........ooviiiiiiiiiiiii i, o)k dan (glaodi}ls
GeometTic MOments . « .« vvvv vttt sk sl Pty
Hardware Descriptin Language HDL................ ... ... Sl Pl o Cap g L)
Hardware Freindly . ... Lo Il Coew
Hyperplane . .. ... e aipo
11721 Y PP gisne
INPUL/OUEPUL . « vt EZICINLESY
Kernel FUNCHON « -+« oottt et e e e e e ks &b
Kernel TTICK « .« oo vttt LS s>
Lagrange Coefficient . ..........oo i =18 Ll e
Look-Up Table. ..o i axx| o J gl
Multi-Class SVM .. vt S Ol Hls p dile
] 17 PP SIS
COrdinate Rotation DIgital Computer ........ Ol Olygs wlal o Jlezws ediS el
Data MiNiNg . « « v v e ettt et et e Ss\S esls
Design Entry . ..ot Cjb 3558
CarTy DIt o oo P IR
DeSign FIOW. . o ottt et e b L,
Digital Signal Processing........coooiiiiiiiiniiiiiiiiiinn.. Jbsws JL{“M Be31E



VVY PR PV L P

Digital Signal Processor ...........oooiiiiiiiiiiiiiiiiiii... s S o )ls
Field Programmable Gate ATTAY « .« vnvnenenenenenananannnn. Soeoaalp B ks 4l
Fixed PoOInt. . oo oot e ol e
Floating Point . ......ooou i 9L e
Ethernet Medium Access Control (MAC) Unit ................. | SRV e g S
Hyperplane . . . oo vttt e e e a2
Neural Network . ..o o uvve et s sl
REAL BIIIE .+ + e v et ettt e e e e e e e e ST
Quadratic problem. ... ... Y a4 ek
SINgle PreCiSIOnN « .« v vttt By S
Trade off . oot ) g0
SUPPOIt VECHOT « .« oottt ettt Oledy slayls
O NE « e bs
Off LN, « o oot Lz ) C)B-
Objective function. ...... ... dda @L",
Dataset .« o oo v e 0313 4e gazes
Rotation mode. ... s e

Adaptive BOOSING. - .« vttt Ry (e kigy YL



Surname: Sahebi Name: Amin

Title: Implementation of Parallel Support Vector Machine (PSVM) on FPGA

Supervisor: Ali Soleimani
Advisor: Alireza Ahmadifard

Degree: Master of Science Subject: Electronic Enginering
Field: Digital Electronic

University of Technology of Shahrood Faculty of Power and Robotic
Date: 2013-2014 Number of pages: 114

Keywords: FPGA;Parallel Support Vector Machine (PSVM); Face Detection, Sum of
Absolute (SAD)

Abstract

In this thesis, we present a digital parallel structure for support vector
machine (PSVM) feed-forward phase and its implementation on a field pro-
grammable gate array. In feed-forward phase implementation respect to fixed-
point math imlementation we use hardware friendly kernel to reduce our de-
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effectiveness is then tested on a face detection problem, where real-time perfor-
mances are of paramount importance. As a result, our PSVM was simulated
by ISE Xilinx and results pepared by ISim Silmulation tool therefor we present
the performance of our PSVM according to other references.
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