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5. £z, ZTZTWIH =y UL, BARELAKRE
WEATIZB T 200EDYVHOZ 20 ) . Al
XILINX #t> FPGA AR— R “Spartan “B LU A F
FRAWT, BAATTBGIS L TREEZITY, =
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BT vy 7 R L C0E, /T X —4 &
ETHI L TCRIEAEE®ETHZENTED.

2.1 Add

X 21 ZRT o7y 7%, AJENIEFIZ
XL CTIMAEETo TR EROT 2y 7 ~H 1T 5.
ATNFHE AT ENTE S,

+

Y -

|..+ Add

X 2.1 : Add 7 & v 7 (MATLAB/Simulink _-3%7T)

2.2 Gain
22 T ZoT a7k, AENEEICH
L CHEREB X OBEEI TR EROT v v 7 ~H

N4 %.

Gain

X122 : 7'& v 7 (MATLAB/Simulink |-#70)

2.3 Switch

X231 ZnTuy s, EEETED 250
ANMEBATH LT, %€ L-BIER L ORIME & ORGEE
WCHWAANEEZHWASZ LT, ETFELLMAT
DAIMEFEEROT 0 v 7 ~HI1T 5.

-»
sl
o
Switch’

2.3: 71 v 7 (MATLAB/Simulink 13E5t)
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24 [TRTZOT a7, din hH AT SR
{545 % wadr (SR T HATICHMNT 5. £72 radr lIRT
BnciE SN m%E dout 2B Lk T v o
~HEHITDHZENTE D, BIE B HEIITTAEICT
HZEHLTEDN, ELonFHFOMEDOHREINZT
HILEHLTEDL, Zo7avy 7|l 7t ERENDHD L
2z, Whn1r7ey7iEn.
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X 25 \ZRTZo7ay 7L, FEELLEEZROT
w7~ LKET 5.

1
_O_ -

Conztant

25: 71 v 7 (MATLAB/Simulink |- 25E)
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K 26 IR TIoTay s, 1 r7ay s ZEICHE
E LT EZ IR S L <IHEE L T o 7ol R 2 B kK
O7ay 7 ~UNTH. T 740 N TIRERICHD
20, BELEMEIZRLIED T FERDDH T L
HTXDH, ANMBEER1THL XTI MEITH.

0—795

P{ip cntf

Counter

2.6 : 7 a7 (MATLAB/Simulink -5&7t)
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K 2.7 \RTZOT v 71X, AJEBOR &4 H
L, EHgEOERO T 0 vy 7~ 145, AETIE
HI7s RGB(AF 572 L&A 8bit)y THI T A BN H Y,
FOEBIHNTND.

—{—i—

Recast

2.7 : 71 v 7 (MATLAB/Simulink _-23T)
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31 = v URHIE

Ty DHRHICHER LIR30 35 TH 5.
- JL—A0 =k

-+ ZfEft
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A EER L7 BIFKIZ 3.1 TH D.
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(3)RAM (2 ML L7 (5 5 28 1 S04 5. 2
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3.4 : FEQ)

GR35 ZHNTHLEZ LTS LIESLTD
BREENEERW Ty V2T 5. 2 2 Tt
IZRAM TOREICLY 17 BASTHTND.

X 3.6 : A1 (5)

(O)FF 5 BB A 570 LEEIC AR LI-D BT
H9%.

[ 3.7 : [F13%(6)

4. ITXm=

4.1 E{gNE
A, AN ET 570 S5 E#B A~ <

OO EAT o T2, SEETH BT L — R —
b, ZfEfk, =y UBRHO 3FEETH L. SL—2X
=ikl i Er AR TERITUETH Y, mEN
RGB &bt® T 24 £y N THIUE, FL—RAr—ifk
THZELILEST8EY hOT—HIZTHZENTE
%. AENX NTSC MEBEVHIELE WD HIETT L—2A
T kB FEBR LTV, KIZ, ZfElk & 3G E A
MDENO TETEITUBETHY, WEBET—20 0 2
255 D 2 NF— LB, L CHLEMICRD. &K
Blz=y U EE, TR OGO 2 BENL I 50
HThHD. NPOBERZDDIHE LI FIETHD &
Bz, BBUEE{To7.

4.2 EBEUNIEDIEE
AEOEFETIER 41 18T X9, AN &S
BizxtL, 7 v—2x4—nik, ZfE{k, =y UBHO
NEIZ AR A AT o 72, ARl y VKR OAEE % FH4 5
729121 ROM %> THEY, ROM D AE U (Z(EHl
RRdsZ L e, WETHI T —XEEHIRT5HB
Ty RO 7 L — 2 — (b, koL
EIToTCWD., INHOUNEETHITH Z LTk y,
FEEROBBGLIIIFIEY TILF A LTITHD ZENTE
7-.

AT

i FRaTLE

{1 =voEy

4.1 iR ABRNIE

43 Ty SRHDAE

SEIT Y CREOFEICITENZZRWN:-. =40k
LlE, TEBOBEZEREGL-IDEMEZTNETLHE
EVELTOENLT, TEBRERLEDESZ L
TIVCERHTHAETHD. SEDEREDE
BiZRK@.1), KR@2IZrmT&54GKTHTo. &
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NETHLEETHY, REHNEHMLOTEHRIEASR
NE-0OTHS. TORREIRA42DELII1THS.

Xo = X — (.3\?; + 1) (41)
Yo=y1—(Q;+1) (4.2)
xp : ITw AR EOEIROHER 7Y
Yo @ LW AR IEROBEHROMEM S

X; : TCEROHERLTY
y; @ FClE{ROERLTY
I« miEfE RERE B IEEHROHIR
v ¢ olEffE RS BT BSOS

”

\§ , -; A
X 4.2 —fEAl 1%(/1)&:: v RN ER(G) K1

HHET Y DRHEHDOER

Ty UHMHEERT I ICHZ- T, BBEEREICTD
FINET 4 VA ZBENTH L TRITEX S, L
L, $EFR~TOTOILT 4 L1 ZHND L, SHO
LA 800 H DT 4 LA 0T DR H Y, WLBRRERE
NRIBIZEIMLTCLE S, £ZTHENT, Hthike s
AT OF 5 AL, it(4.1)(4.2)fw\ 5 L FEIVN D +
1 FOMEDOEIIZIL ROM i L7=. ROM ~
W7 — & ORE—3 % DEAIANTER, NEIZT — 4% &
N5 ETHEFM~1Ey b5 LTWS. £z,
MATLAB THD ROM O 7 1 v 7 KX 43 127 &
RN > TEY, TALADBLIDOA->TNDHI L
BEMB. ZDOF 4 LA Lo THFR~1EY M
HIHE L EB I N TWND.

ot 1
1]

YYVYY

R |

Fak

X 43ROM D7 11 v 7 [¥

10

o
&

&5

"

N

A, B EERT DICHT > TORMBAIC
5&% BN DDA~ D.

B4

514 L—X5—jLt&ZfEIZDNT

MROIE AL EAT S 2RI L — A — b Z LT
B ZAT S TS, BERE EANEILL T LE o772
O, NPOBHBNTE2inotz. LoT, JL—2A
=it L CROERE D2 LTl EIT 9
LWL TANOERRA S L DT/ T.

52T 1 EV LT ST AHEIZDNT

RAM ZH L THE 1 27 L5+ HEIZON
T, T_NTOMEITONT RAM IZHHA S L7 & o6
DEBLERADLELET TR LIIITLTIENT

ERANAN %mmy)@ 1 AT ORI LT
RAM WNIZT — 2B Thbd., DD

counter & switch 2l L CHI®HD 1 175 OREI5 )
(AIEI DA% 800 &7 EL4)iE 255 AL, 7t
DIEFEERALELZLICE>TLEZ BT
Loy VEMET DI ENTET.

53 fFEftEBHKIZDOT

ESETIHBE L TV A D ESOENAICRD
ENHDH. RGB DX 0~255 ThDH7=HF D
PHLAAA DAEIZ 725 L I3 TE A2V, Z 2T recast &
ER LTS LERICERL, HHTHZLRT
7.

6. B

heoxy PHRHEEEE EO X ) ICTHOIEAY
KHANEISHT L ENTE DD EEEITH.

61 KEDYUITILT—REDIVFUITEITS

ROM PNIZZFELAER Y o TV O E2 E XA
THE, SAD HETHREZITH) 2L THRIHTDHZ &
TN EIT) Z LN TED. ZoLE kLl
EEHWDZ ETAEYHEKAHNT L2 LN TED.
THEfELREEEE L EAHT- 1By N THRE
A[E/R 7=, F—%1/(800px)iL 800bit = 100byte D FLIE
WCRBLTX%. DVD HYDRGE (FurL v
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772 & 720 x 480 = 345600bit = 43.2KB D A E U fEl
BHIEL T L—LEHMNT D LN TED.
ZOFEORRE LTE, HEIME TR KRE
DOV TNT—ENBELRY, Wb fEbLL &
LTHAEV VY —RIEFELTLES 2R LTS
D, REBEOAEY T 5 2 ENAIRERG A
HNRFEDLIOTHDLEERD.

6.2 HITEVEILIZHEILTESEEMIET S

X 6.1 12T LI, MVIAATZ L 7L —AG0H
BF — 2 EHIZN D07 ay 7 BAIOY T E Y
B HELZET, 3778 LEZNL OO
=N, Bk 52 L TCAWOREET

TENTED.
-%n

6.1 HT T BN ERRA AT

BARMICHAT D LX) 6.2 1T X5, 1 7L—
L0 fifb ST — 2 208 L=y 7 sk
S LT, BB AT Yy BT, ZDLEIC
HWETHLDLINTWAEITZR MR E L TREETT
. ENEEIEATV, TNENDIERITHT LT/
THREEZEIGL, ERERDD. ZOEMBROMEE L
MCHRE LTZBEN DS, oV T s eLroRg—r
R LHEM T2 2 &N TE S,

AF v AU /N SRR HIERSR

E-E- 5B

X 6.2 77 A A—Y

HAL L7ctk, RS < B4y (FR) 2 E o NMEIZ
B 2RI 5 2 & TAMRHI AT ) Z &
TED.

11

MEINDRME LTE, EEPEMIZRDE, K
FENVINTHE TN ML TE D2 TRESEIT D Z
ERDD. BEIV TN BEEHHBERECLEZY,
A3 B EPFTPI I ORI B R &) 2R
L7352 THOREEECHRT 2 LNTE
LEERD.

6.3 BEREIYCODEREEHLETERTS

Ty DI TR A A R T o Z ST L
W=, BREHRO S BV EEE L THAT 5 2
LT EITY) ZEMNTEDLLEEZD. =y VT
MAZTIETH L8  holEH bt Zmz, &
2bit & 1 B EAOFHRET DL & TRINBEL BiF
b EBEZD.

KL ICRECEASRTLE Y S TS
NBD, ZIITREEBEDRWER L 2R s LT
BT 2L THLIREREL LT o0 TRy
meEZLND. Tz, ALMIHLY—FE I AT D
PETEH 72 8 < oD N OREAN 2215 & Fefi b T
OB EIATD LT, SOITHEDM BN RIA
Ehb.

7. FED

Al B TIIE Y AA IS NHRHZ1T 95
LIAFETOIERZAEL LTV, F#AETA
W OEEFEF TELR)o7=. LML, TOBRERET
ANYBHA~LISHATE D TH A I T XL L
RERL, FEBRCRIKICHEET L N TEL.
FHEOBIZIE, MEARICH»DRHBEE L
RAM %1 5 72 EREFE L5 S lic 52 L& AR
2, LREZKRVIAHLFEETHZENTE . BLEIC
bRelie ko, AMEELCHEAEHT2Z LT
TN ERET A LIIRETH D LB X B2,
SFEELIIMT bk & RIGH T EE R L2,

8.

K1 o BRET B R (B K )
http://www.mis.med.akita-u.ac.jp/~kata/image/sob
elprew.html
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K AT, MR A

PR L2 = E H MR HHO(E v A7 A L¥ER

B E

NI 21T 5 728, TOFED—DTHENR—
Wy F IR FPGA RIZEETHZ e 2HE LT
W3, Levell O ETIE, HOEOLLEIZ SAD (Sum
of Absolute Difference) %, 7> 7L — Ml LT
8bit DEHEMEZ V2., v F VI UERDME %
B 5 TR M 2% FH L7z, Level2
T, HIEERP S, BUEOE G W ZHRERNIZ
THEEDITWEL, HT —XO—3E % EHEE
TRETELIDIZHRELA. Y2l —varTik
Ry F U IR OEPFELEIC X D 2T B LA
RTET.

=4
(1N

1 ([ELC®IC

HEHOHE 7L —F VAT AR EICHWO NS H
MiTHdANRHIEREZ FPGA BIZFE®ETZZ 2 %2H
Mel, 77— by F U2 &b AWa i
DEFIEITo 72, NI OFEE UTiE, WHEERE
BENEIZT > 7V — Ml E iR U CHEBUE 2 BT
57T — b3y FrIEEACE. FLEOREE
FHFEIZIXEREEP SF 5N E SAD 2 W5 Z & THEs
AU A HIE U7z, Level2 TlX, JELEIZ X b HiH %
BHTHIET, FOEEZHARNICRETES L5
WRUZ., Znizky, FIZIET e VRV ATDH
RMSRE R L, EERAOHE RIS NZIGEPH
DADE DB I NGE, B UEZEEVES
OBERMEZEZE U HEVLRRIZREEEZ 6N,

2 X5
FEEEUZMFEO7LITY) ZLIZDO2WTH 1L &K 21T
J0—F ¥ —hFZ2HWTRT.

13

WIRRERDAN

NTSCRINZE FHZ AT
JL—RT7—)LiE
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SlalEE G U 2 B OARRIC DWW TEIHT 5. AJE
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Kuro
テキストボックス
色特徴の検知による小面積人体検出回路の検討
与座章宙, 菅野義貴, 与座皇哉
沖縄工業高等専門学校4 年　情報通信システム工学科
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C. Arduino
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The design of the human detection circuit according to color detection

Kento YAMADA , Yudai TOYOKAWA , Yu-ma ARAKAKI
Department of Advanced Electronics Information Technology for Production System, Okinawa
Polytechnic College, 2994-2 Ikehara, Okinawa-Shi, Okinawa,904-2141 Japan
E-mail: j1521324@okinawa-pc.ac.jp, j1521318@okinawa-pc.ac.jp
J1521301@okinawa-pc.ac.jp

1. IIL®IC

Fexld, LBEHERL AR Z2R2 T,
T, B S04 HSV 2484 FHV L
éfk%ﬁﬁ?ékwo?%kkﬁﬁ&EMﬂ
FAVWT YCbCr ZHalZ L 0 Nk 2175 T
W, £ZTHx L, HSV A# L YCbCr 254
ZHNTDOANERETETIT 72,

2. NEDOFH
73%:7‘75%)\7‘31,7‘: Htg 7 — % % RGB ik
~FR L. WRIZ HSV £#:, YCbCr AH#i% 1T
oo%®%\ﬁﬁbtf % HSV. YCbCr %
fifi o THEAB ORI AT 5 72D OHIPE DB E %
T5D, RO ATNEDN ) A XERETDH
DI T g F @, BEges LT
2o

545 i

[ hviczm |
. R:Ge B];k’*}}/\ﬂ) HSVIZZE
ERIYRS | ) “ (YCooE ) J
T=4— l'

B

Py %

1 AP DI

RIZ RGB-HSV Z#t, YCbCr Z#iiz >\ T
RGB—HSV Z#a:{

R2A max D& &

H=60x{(B-G)/(max - min) }

G 2 max @D & &
H=60%x{2+ R - B) / (max - min) }

B2 max D& &
H=60%x{4+ (G - R) / (max - min) }

RGB—YCbCr Z #5X

Y=0.299XR +0.587XG+ 0.114 XB
Cb =-0.169XR - 0.385X G+0.500 X B
Cr =0.500XR -0.419XG-0.081 X B
H =tan! Cr/Cb

3. HSV,YCbCr E#DY I 2L —T g v
MATLAB 2013b Z#FJH L T X 2 b— 3
EATo T, BA LTSy A REATEHRY S5
L. M2iZvalb—va UiERERT,

L%%

TCH{R
ik 'E

==

YCbCr Z5#a
M2 Izl — g U fR
X2 TR L7z@b, HSVAEHRDOIT ) NEIF7e
fER Loz, £F0E, HSV FNTHEET D
NP DY

HSV %



The 19th LSI Design Contest in Okinawa 2016

4. HSV ZE#HF R TOEE

HSV Z# DB % X 3 (12~
Cif(b < r &% g < r)beginl
if(b < glmin=b;!
iflg < blmin=g;
(b-g/r-min);l

0

U'l(—-)é

3
oy
2hh%(r-min/r);l

iflr < g & b < glbegin!
ifir < bimin=r;l
if(b < rimin=b;l
G0%(2+(r-b/g-min))
g,
Zhhx(g-minfg); L

il

ifir < b &&
iflir < glmi
iflg < rimi
BO* (4+(g-r/b-m

bl
2Bhx(g-minfg) L

g <
min
n
|

:ﬁll 1

43 HSV /LA
H,S,V 04 i % H<=30, 50<=S<=255,
50<=V<=255 L L T\\%,
HSV R 2 4 4 12T,

14 HSV F2dEfsE 5
VR a2 b— g VSR TR HSV B s

BAFIRAER & 72 o TV,
AR o T2,

g3 25 L

32

5. YCbCr E# N THELE
YCbCr Z#Tlx, Cb,Cr Zfi 4 iE L

W2, 5071y 7K TCb, CrDaIEK:
FTEv, To7vay 7T Cr O#FHORE
EIToTW5D, Fxld, B ER S 37201
Cb & CrDZENENOEREFHALFE LT, ©

DOFEF, WAL BRI 5720 oHE L LTI
& 5[1]1% 512 10<=Cb<=40,
220<=Cr<=245 O} & L 7=, YCbCr 5%
X 6121,

it SR

e R T

v [ -
Lk | vl
- = ” w
10-+a | e s e
| ] »
s san > ] | —
L3 00
: ] Tk
o s . Blire nins
B snf+ BE-
ke Bl |
mel oAb o
) e el
.
=0 c o b ¥ 2 )

YCbCr 2 #i

6 YCbCr FEHEAE R

HSV Dy I = L—3 g UHE R TlIms)
NS TR L QU720 BAF i SR T
ToDy, FEEE L7 BRICABUE RSO E B MR I
AL TCRRICEREN RELS oo B2 B D,

YCbCr 224 & I DR LR S 72
HSV &2 b b X Tl RERD Z LR D 7o
72o H% Cb & Cr /&I L., #iPHA ) < 5%
ETEHT N, HSV sl L= & &\
YCbCr 2400 5 D3RI S BT 2R D 726D, TF
FEBEDEN DI o=l EZ BN
Do

| fn@{%



6. [EIMEEL

The 19th LSI Design Contest in Okinawa 2016

# 1A EWER L7z YCbCr ORI & HSV B

D [A] AR I % ik,

1 [P

8. (BEM)
OUIEE = (2004) TEHEHERHICHT D
FREABRIOE IR FIE O MET

<http://www.shojiro-

[ Ak B % 1 12R L72 XK 912 YCbCr DI
IMINREL 7o TN DT, HETDHITHT
V. YCbCr L CTIERL L 7=,

7. BbhiZ

YCbCr 22 L 2 s Al T, Bhil % 5%
LB DN T FIZK o T /A XIRFAE
L. @B Hnionz, L, kicks /74X
VI E TN LTV D &0 D B - 72,
T THAIT A XREE LT, B L&
N—ELLEEAS L CWIIEHERE G E Ll
HZ LT LTz, ML TV A EA T ERTIC
AT —WgET— 2N THE oI L, A A

— VKA T IR,

1

T A ZREA A—TVIH

33

YCbCrERSES | HOVEIR4ES tanaka.net/gradOutputs/2004/kawashima.pdf
Slice Logic Utilization Used | Utilization | Used | Utilization >
Number of Slice Rigisters 932 1% 960 1%
Number of Slice LUTs 1383 5%  [8182] 29% [2] THFRDONE L -1
Number of fully used LUT-FF pairs| 715 |  46% | 746 8% <http://hooktail. org/computer/index. php>
Number of bonded I0Bs 102 [ 46% [ 102 | 46%
Number of BUFG/BUFGMUXs 9 ok | 9 | 96k [B8] R4 (2004) THLEAHIHIZHSWT)
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http://cafe.mis.ous.ac.jp/2004/sawasemi/Inukai/inu1.pdf
http://cafe.mis.ous.ac.jp/2004/sawasemi/Inukai/inu1.pdf
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FPGA Implementation of Queue Counter using
Template Matching with Sum of Absolute Difference
Algorithm
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Abstract- Sum of Absolute Difference (SAD) algorithm is one of many algorithm used in template matching. In this paper, we will implement
the use of SAD in template matching for the queue counter application in FPGA and evaluate its performance. The searching image is 640 x
480 pixels and the template image is 40 x 100 pixels. The searching image is stored in flash memory in gray scale value and the template image
is stored in FPGA in binary value. The SAD processor array is mapped into horizontal map so there are 40 x 100 SAD processing elements
used. From the compilation in ALTERA Quiartus, it is shown that this design can have maximum frequency 128.35 MHz and consumes 17
411 combinational logics, 17 158 registers, and 59 899 memory bits. This design is implemented in Altera DE2-115 development board in 100
MHz frequency. The computation time needed to finish all image is 307 200 clock cycles, thus with 100 MHz frequency, it can be finished in

3.072 ms or 325 fps.

Keywords— FPGA, SAD, template matching, queue counter.

I. INTRODUCTION

Template matching is a technique used in digital image
processing for finding parts of an image which match a
predefined template image. Template matching technique are
flexible and relatively straightforward to use, which makes it
one of the most popular methods of object localization. It is
widely used in manufacturing as a part of quality control, a way
to navigate a mobile robot, or as a way to detect edges in
images.

There are several methods which can be used for template
matching. Some have high computational complexity and high
accuracy but result slower calculation. The simplest and most
widely used method is Sum of Absolute Difference (SAD). Itis
widely used because of its simplicity to be implemented in
hardware systems.

In this paper, we will implement SAD algorithm with
horizontal mapping to get faster computation time for queue
counter application and evaluate its performance.

1. APPLICATION OVERVIEW: QUEUE COUNTER

In our daily life, queue mechanism is widely used in a system.
Queue can be found in many aspects of life such as in an
amusement park, bank, and other public services. In queue, we
sometimes have to know how many people are in the queue. In
order to do that, a tool to identify number of people in the queue
is needed.

Template matching is one of many methods which can be
used to identify object in an image. If we use template matching
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method, we can identify people in the image. After doing the
identification, we can get the number of people in the queue.

Figure 1 People in Queue

I1l. TEMPLATE MATCHING AND SAD

The template matching technique compares the search image
with the small image called template image. The comparison is
done from the upper left in the order of the lower right. The
comparison results the degree of similarity of the two images
using the pixel value as an indicator. We will use Sum of
Absolute Difference (SAD) to calculate the degree of similarity.

SAD calculate the sum of all the values of the difference
between pixel values of the search image and the template
image. Below is the formula to get SAD value.

X-1Y-1

SAD = Z le(x,y) —T(x, )l

x=0y=0
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Figure 2 Proposed Design Block Diagram

I(x,y) stands for the row x column y of the search image while
T(x,y) is of the template image. In this case, we will apply
binary template matching so the subtraction can be
implemented by using XOR operation and results in faster
process.

The degree of similarity of the template image and the search
image is higher as the value of the SAD gets smaller. The value
of the SAD will become 0 if it is exactly matched.

Input the
search image
and the

Grayscaling the search
image and the template

To binarization the search image
and the template image

Loop1 stert
Matching process

Mark the matched
portions

Pixel Value

search image
=template image ?

Figure 3 Template Matching Flowchart
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The template matching algorithm can be done in five
processes, which are input the images, gray scaling and
binarization, matching method, drawing matching points, and
output the resulting image. The flowchart of template matching
algorithm is shown in the figure 3 below.

The first process is to get the inputs which are the search
image and the template image. Both images are in form of
hexadecimal file consists of R, G, and B values of every single
pixel of the image. The next process is gray scaling and
binarization. Gray scaling process is done using the NTSC
Coefficient Method using the following equation.

Y =0.298912 X R + 0.586611 X G + 0.114478 X B

To binarize the gray scale image, the threshold has to be
determined first. After getting the binarized image, the SAD
calculation is done. SAD is simplified as the sum of the XOR
of the template image and the search image. SAD calculation is
done at each location starting from the upper left to the lower
right of the searching image. The resulting SAD is compared to
the threshold value. Mark the portions that SAD is lower than
the threshold. The final process is to output the resulting image
marked the matched portions.

IV. PROPOSED DESIGN ARCHITECTURE

In this paper, we will design an FPGA-based architecture of
template matching using SAD for queue counter application.
The searching image is in size 640x480 pixels and the template
image is in size 40x100 pixels. The block diagram of the design
architecture is shown in Figure 2.

The searching image is stored in flash memory in grayscale
value. To get the grayscale value, we first do the preprocessing
to the RGB image using MATLAB. The next process is
binarizing the gray scale value one by one, then sending each
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value into line delay. Output of the line delay is 4000 data to
be the input of SAD processor array. These data will be
processed with the 4000 template binary data stored as the
constants. At one clock the result comes out and compared to
the threshold in comparator, after that the coordinate of
matched position is generated in write result block, and the
people counter will count how many matches occur. The detail
process of each block will be explained below.

A. Image Preprocessing

Each pixel of the image consists of three color channels: red
(R), green (G), and blue (B). It is needed to be converted into
grayscale value based on equation using the NTSC Coefficient
Method. This process is done by using MATLAB. We first read
the RGB value of the image by using img_read function. This
results in an array with size 640x480x3. After that, the
grayscale value is computed for each pixel started from the left
upper to the right using the NTSC Coefficient Method.

B. Flash Memory

The gray scale values of the searching image generated by
MATLAB are stored in flash memory. The flash memory can
be accessed using DE2-115 Control Panel available in the CD.
There are 307200 8-bits data to be stored started from address
0 to 307199. To read the data stored in the flash memory, there
are several signals needed to be sent, such as read_enable signal
and address of the data to be read. The read processes can only
be done one by one.

C. Binarization

The binarization processed is done for every pixel of the
image stored in the flash memory. This block sends
read_enable signal to the flash memory and the address of the
data started from 0. The threshold for binarization is chosen to
be 128, so we only take one-bit MSB which is the 8™ bit of the
grayscale value as the image binary result. The binary result
from this block is sent to the Line Delay.

D. Line Delay

The Line Delay block is needed to feed image binary data
to the SAD processor array. The line delay size is 640x100
because the length of the searching image is 640 pixels and the
width of the template image is 100 pixels. The output of this
block is taken 40 data from each line, so there are 4000 data
taken out at a time. These 4000 bits image data will be checked
with the 4000 bits template data. The line delay is shown in the
Figure 4.

This line delay works by shifting the binary image input
from binarization block. It shifts the data one by one, so to get
the first 4000 data output for the first comparison the latency
time needed is 64000 clock cycles.
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Figure 4 Line Delay Block

E. SAD Processor Array and Comparator

We choose to implement the horizontal mapping from the
SAD Processor Array to get faster computation time. The
processing element needed to implement the horizontal map is
4000 processing element. By using this architecture, we can get
one SAD value at a time. To finish all calculations it is needed
307 200 clock cycles. Each SAD processing element only
consists of XOR gate to compare each searching image pixel
with the template. To get the SAD value, the results from all
PEs have to be added. In order to add all the results, the 12-
stages tree adder are implemented. The tree adder consists of
2000 1-bit adder, 1000 2-bits adder, 500 3-bits adder, 250 4-bits
adder, 125 5 bits adder, 63 6-bits adder, 32 7-bits adder, 16 8-
bits adder, 8-9 bits-adder, 4 10-bits adder, 2 11-bits adder, and
1 12-bits adder. This tree adder uses less logic gates than if we
use 12-bits adder at each PEs.

GOR: result
em—

template |

Figure 5 Processing Element

The comparator block compares the SAD result value with
the threshold value defined to check whether the part of the
searching image match the template image. If the SAD result
value is lower than the threshold, the result of the comparator is
high. This result is then fed into write result block to show the
coordinate of the matching point and to people counter block to
count number of people in the searching image.
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Figure 6 Processing Array with Tree Adder and Comparator

F. Write Result

This block get the result value from comparator block and
data address from address counter block. If the result value is
high, this block will compute the coordinate of the matching
point. The address is first subtracted by 64014 because there is
a latency time 64000 clock cycles from the line delay, and 14
clock cycles from the tree adder. After subtracted we get the
address of the matching point. The x-y coordinate is computed
by these equations:

addressJ
X =|———

640

y = address mod 640

Both x and y value are then shown in the seven segments,
each uses 3 seven segments.

G. People Counter

This block will count number of matches that occur in the
searching image. It get the result value from comparator block.
After reset, the counter will be set to 0. Whenever a high signal
comes from the comparator, the counter counts up the number
of matching occurs. This value will be shown in two seven-
segments.

V. RESULT AND ANALYSIS

The first step is image preprocessing using MATLAB. The
MATLAB code for the image preprocessing is shown in
Appendix A. To run the MATLAB script, we can easily type
run tes.m in MATLAB Console. The result is hexadecimal file
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consists of 307 200 data. The data is stored in flash memory.
The data is converted into binary by binarization block. This
block uses 43 combinational logics, 29 registers, and 601
memory bits.

The binary image data is then fed into line buffer. This
block uses 73 combinational logics, 1104 registers, and 59298
memory bits. The memory resource used for this block is high
because the line delay size is 640 x 100. The line delay needs
64 000 clock cycles to fill all data for the first computation. The
output of this block is taken 4000 at a time and fed into the SAD
processor array.

The SAD processor array consists of 4000 PEs made of
XOR operation and 12-stages tree adder. The comparator to the
threshold is also made in this block. This block uses 15947
combinational logics and 15949 registers. The time needed for
computation all image is 307 200 clock cycles.

The last step of the system is to write the result of matching
coordinate and number of people in the image. To compute the
result of matching coordinate, it is needed 1158 combinational
logics and 19 registers. The needed resource is big because the
process is dividing and modulo, and we have not optimized this
operation. For the people counter, it is only needed 5
combinational logics and 4 registers. For showing in the seven-
segments, we use 7 bcd to seven segments blocks, each needs
seven combinational logics.

The total combinational logics needed is 17 411, the total
register needed is 17 158, and the memory bits needed is 59
899. The overall result of analysis and synthesis resource is
shown in the Figure 7.
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The template image is shown in Figure 11. The searching image
Slow 1200mV 85C Model Fmax Summary we use is shown in Figure 12. In the searching image, there are
S Restiicted | Clock ks 5 occurrences of the template image to prove the concept of the
Frmax Name computing of the people.
11 12835 MHz 12835 MHz pll_Olaltpll_component|suto_generatediplll lclk(0)

Figure 8 Restricted Fmmax

This system maximum frequency at 85 C is restricted
to 128.35 MHz as shown in Figure 8 above. For FPGA
implementation, we use frequency 100 MHz generated by
Altera Mega Function Wizard PLL. Using the 100 MHz

Figure 10 Template Image used for FPGA Implementation
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Figure 9 Simulation Result for SAD Block
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Figure 12 FPGA Implementation Result

56

The FPGA implementation result is shown in Figure 13
above. The number of people is shown on the most left seven
segment, it shows the correct value because the occurrences of
the template image in the searching image is 5. The coordinate
of the last matched image is shown in the next six seven
segments. The first three shows the x value: 290, and the last
three shows the y value: 200 which are also correct. This shows
that the FPGA implementation we do is successful.

VI. CONCLUSION

From the result, it is shown that this design can have
maximum frequency 128.35 MHz and consumes 17 411
combinational logics, 17 158 registers, and 59 899 memory bits.
This design is implemented in Altera DE2-115 development
board in 100 MHz frequency. The computation time needed to
finish all image is 307 200 clock cycles, thus with 100 MHz
frequency, it can be finished in 3.072 ms.
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Abstract—We have designed and implemented a human
detection circuit by template matching using B-HOG
(Binarized-Histograms of Oriented Gradients) feature
amount. Our circuit permits real-time processing of 30fps
video at 76%o of precision.

Keywords—Human detection, HOG, Real-time processing

. INTRODUCTION

We have implemented the circuit to develop a compact
and high-precision surveillance camera system. To detect
humans, we have used template matching method using the
HOG[1] feature amount which is strong to change in the
lighting environment and easy to capture shapes of the
object.

We have realized the circuit that does not require Block
RAM and external memories by the raster-scan using shift
registers. Moreover, by various techniques such as a down-
sampling and approximation, we have succeeded in real-
time processing of 640 X 480 sized / 30fps video.

Additionally, we have verified precision of the circuit by
inputting 50 images in which people appear, and confirmed
that the precision of detection is about 76%.

Il. SYSTEM

Figure 1 shows the schema of devised system. First,
host-PC receives the frame captured by web camera
(Logicool HD Pro Webcam C920t). Second, host-PC
executes down-sampling to captured frame as pre-
processing. Third, host-PC sends down-sampled frame to
the evaluation board (Xilinx Artix-7 XC7A100T). The
evaluation board executes template matching using B-HOG
feature amount and calculates the similarity between the
frame and template image while scanning. Fourth, getting
higher similarity than threshold, the evaluation board sends
the coordinates to host-PC. Finally, host-PC surrounds each
detected person in a red frame using the coordinates.
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I1l. CIRCUIT ARCHITECTURE
Figure 2 shows the flow of the implemented system.
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SCAN

HOG
MODULE

frame
MATCHING
MODULE

INTEGRATION

A

coordinate

Fig. 2 Human detection system

DOWN-SAMPLING

The frame size (640<480) captured by web camera is
too large for processing capacity of the evaluation board to
process in real time. Therefore, host-PC executes down-
sampling at first. TABLE 1 shows the resolution of down-
sampled frame and template image.

Next, as shown in Figure 3, host-PC sends sequentially
pixels of the down-sampled frame from the upper left to the
evaluation board.

160 [pixel]
A
T N
u
{ vy
............. a‘
g i
Q.
=
™~
Ll
e

v

Fig. 3 Transfer order of the input frame
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TABLE 1 Down-sampled and template resolution
Name Resolution [pixels]
Down-sampled frame 160 <120
Template 12X 30

GRAY SCALE MODULE

clock
—>]

Gray Scale Module

R 8
8 4
G Gray Scale I
B 8 Transformation
null —8

Fig. 4 Block diagram of gray scale module

This module transforms the 24bits color image into a 4
bits gray scale image as shown Eqg. (1). Figure 4 shows the
block diagram of gray scale module. R(u, v), G(u,v) and
B(u, v) are the red, green, and blue intensity value, and null
is non-value. R(u,v), G(u,v), B(u, v) and null are 8 bits,
and I(u, v) is 4 bits.

0.298912 * R(u, v)
+ 0.586611 * G (u,v)
+0.114478 = B(w, v)

I(u,v) @

RASTER SCAN

By using the shift register, we have implemented raster
scan of the input frame without deterioration of throughput
[2]. We explain about raster scan with W, x H; (=12X30)
sized scanning window in W; x H; (=160 X 120) sized input
frame. In this case, we use the 1,350 steps shift register
shown in Figure 5 and Eq. (2). In every clock, a pixel
intensity value I(u,v) is thrown into the shift register in
order of Figure 3.

Fig. 5 Shift register of 1,350 steps
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steps H; x (Wr—1)+ Hy

1,350

)

When I(u,v) is thrown pixel by pixel and the shift
register is filled up, the relationship of gray area of the shift
register and scanning window in input image becomes as
Figure 6. In next clock, 1(11,30) is thrown into the shift
register and 1(0,0) is thrown out of the shift register (Fig. 7).
Therefore, scanning window moves one pixel in v direction.
Repeating this flow every clock, we have enabled raster
scan using shift register in order Figure 3. Thereby, it is
possible to calculate B-HOG and the similarity in the
scanning window area by extracting gray area into selector
every clock.

1(0,0) ’(0\29)
=11y [ o
(N S [T TTTT] )\3\
Input frame
N [ [T [-TTT]
N I SO [ [T T-TTT] I
Latest pi
[TT T e | |\|\| e 1 ] |‘_I(?1259) pixe
Shift Register  1(11,0)

Fig. 6 When shift register is filled up

ot

(3
/N

Input frame

— pixel
1(11,30)

Fig. 7 Relationship between shift register and
scanning window
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HOG MODULE
clock | HOG Module
enable i “Iu” . “m” _5,
Module Module
o) | "1 “ve' | T | "B" B(8")
4 Register Module Module| | 5
AR EER
Module Module

Fig. 8 Block diagram of HOG module

HOG (Histograms of Oriented Gradients) is a feature
amount based on histograms of intensity gradients in local
area. It is able to capture the shape of objects. However,
since it has a high computational cost, we calculate HOG
feature amount using some approximate calculations.

Figure 8 shows the block diagram of HOG module. First,
an intensity gradient I,(u,v) of horizontal direction in
scanning window area is calculated with intensity value
I(u,v) by Eq. (3). Similarly, an intensity gradient I,,(u, v)
of vertical direction is calculated by Eq. (4).

@)

I,(u,v)
Iv(u: v) (4)
Next, a gradient strength m(u, v) is calculated. m(u, v)
is usually calculated by Eq.(5). However, Eq. (5) which is
Euclidean distance has a high computational cost. Instead,

we have adopted Manhattan distance (Eg. (6)) which had a
low cost. A gradient direction 8(u, v) is calculated by Eq.

().

Iu+1,v)—I(u—1,v)
Iu,v+1)—I(u,v—1)

mw,v) = JI,(w,v)?+ I,(u,v)? ®)

m(u,v) = |Lwv)|+I|,wv)l (6)
by

6(u,v) = tan 1Iu(u—,v) %

(0<0(uv)<mn)

Then, as shown in Figure 9, a gradient direction 6 (u, v)
is quantized by a(u, v) whose quantization width is /8.
When Eq. (9) is satisfied, a quantized gradient direction
0'(u, v) is generated using Eq. (8).

o) = afru/g : (8)
a(u,v) < 0(u,v) < a(u,v)+%
©)

nmw
a(u,v) = 3 (n=0,1,2,..,7)
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Fig. 9 Labeling

As shown in Figure 10, some pixels are combined and we
call this bunch of pixels “cell”. A gradient direction
histogram v,.(6") is calculated every cell by Eq. (10). § is a
delta function of Kronecker. § becomes 1 when 8’ is the
same histogram element as 8 (u, v). Otherwise, § becomes 0.

2.

u

v.(6") Z m(u,v)6[6’,0(u,v)] (10)

Gradient direction

Scanning window  Gradient image

ve(6")

hll i I,e,

01234567
Histgram calculated from cell

!

o, 2

i
V

NA2A VY
{

ARInnr

VAV

-
2

Cell

Fig. 10 HOG feature amount

Subsequently, some cells (¢ x g cells) are combined
and we call this “block”. B-HOG (Binarized-HOG) [3] is
calculated by performing a threshold processing as shown
Eqg. (11). In this design, we have set th =0.03.

7q*
1 if v.(0") = thx Z v (k)?
b.(8") = = (11)
0 otherwise
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Last, as shown Eq. (12), the binarized histogram B(6")
is generated using b, (u, v,0") every block.

B(6") = ZZbC(u,V,B')6(9') (12)

In this way, B-HOG of the image in the scanning
window area is sequentially calculated by pipeline
processing. TABLE 2 shows the size of a cell and a block in
this design.

TABLE 2 Size of cell and block
Name Size

Cell 6[pixel] X 6[pixel]
Block 2[cell] X 2[cell]

MATCHING_MODULE

clock _
enable Matching Module
() g SAD
B(1 in -2 co
&) Call\:gglj‘fm 32 Register 32 co
B(7) 5

Fig. 11 Block diagram of matching module

Figure 11 shows the block diagram of matching module.
Template matching is executed by using the calculated
B(6"). In this design, we have adopted SAD (Sum of
Absolute Difference), which has a low computational cost.

We regard B(6") of the template as B;(6") and that of
the image in the scanning area as B;(8'). Then, SAD is
expressed by Eq. (13). When we get smaller SAD, the
similarity is high. When SAD is less than 10, the left upper
coordinates €O of the scanning window are stored away at
the registers.

When a calculation of the template matching for one
frame is finished, the detection coordinates are transmitted
to host-PC. In matching calculation, we have adopted the
table reference method for a calculation of B-(8'), and
reduced calculation cost. TABLE 3 shows B (6") values.

> 1820 — B,
9/

SAD (13)
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TABLE 3 B(68") values
B (8") Value
Br(0) 8
Br(1)
Br(2)
Br(3)
Br(4)
Br(5)
Br(6)
Br(7)

oO|lOo|~|A~|O|O|©

INTEGRATION

The coordinates transferred to host-PC are necessary to
integrate as shown in Figure 12. We have adopted Mean
Shift[4] and integrated coordinates.

(a) before

after

(b)

Fig. 12 Coordinate integration

IV. CIRCUIT EVALUATION

A. Circuit size

TABLE 4 shows the performance of the designed circuit.
The maximum frequency is 124.097 MHz. Therefore, we
have set the operating frequency to 100 MHz. As this table
shows, this circuit does not use Block RAM at all.

TABLE 4 Performance of designed circuit

Maximum Frequency [MHz] 124.097
Maximum combinational
Path delay [ns] 0.001
Minimum period [ns] 8.058
Number of Slice Register 12,708
Number of Slice LUTs 44516
Number of LUT Flip Flop pairs used 45,746
Number of Block RAM/FIFO 0
Number of BUFG/BUFGVTRLS 2
Levels of Logic 19
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B. Computational time

We have evaluated the computational time of this
designed circuit which operate at 100 MHz.

® Frame transfer
The transfer time for down-sampled frame is 638 ps.

® Gray scale transformation
This computational time is contained in frame transfer
time. Therefore, we do not consider about this time.

® Raster scan

The delay until raster scan is started is 1,350 clocks
which are the steps of the shift register. However, its
computational time is contained in frame transfer time.

® B-HOG and Similarity

B-HOG calculation and similarity calculation are
performed by pipeline processing of 16 stages. Therefore,
these time is 0.16 ps (=16 X 10 ns).

® Coordinate transfer

The time to transfer a detected coordinate to host-PC is
265 ps . Therefore, when n detected coordinates are
transferred, the time become 265 n ps.

® Total

TABLE 5 shows the detail of the computational time.
The coordinate transfer time depends on the number of
coordinates. The web camera operates at 30 fps, so that the
total computational time in 1 frame must be smaller than 33
ms to realize real-time processing. The real-time processing
is possible when the number of detected coordinates are less
than 100 (n < 100).

TABLE 5 Detail of computational time

Function Computational time
[ps]
Frame transfer 638
Gray scale _
transformation
Raster scan —
Hardware B-HOG and
T 0.16
Similarity
Coordinate transfer 265n
Total 638.16+265n
Down-sampling 86.0
Coordinate
Host-PC integration 9.69
Total 95.69
Grand total 734+265n
C. Accuracy

We have verified the accuracy of this circuit using 50
images (Fig. 13). The number of people in these images is

118.
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We have calculated detected rate R, undetected rate R,,
and false detected rate R;. Equations (14)-(16) show each
evaluation equations[5]. ‘“Number of detections” is the
number of people detected correctly. “Number of false
detections” is the number of detected objects which it is not
human. “Total number of detections” is a grand total of
detected coordinates.

"Number of detections"

Ry = 14
d "Number of people for detection” (14)

R, = 1—-Ry (15)

R, = Number of false detections (16)

"Total number of detections"

Fig. 13

Images used verification

Since we have aimed the reduction of the circuit size and
the improvement of the computational speed, the various
approximate calculations are performed at the designed
circuit. We have examined whether these influence the
accuracy. Then, we have compared the results of calculation
including no approximation by software with that of
calculation including approximation by hardware.

TABLE 6 shows both accuracies, and Figure 14 shows
the output results. About detected rate R; and undetected
rate R,,, software had slightly better accuracy than hardware.
However, about false detected rate, hardware had better
accuracy than software. Most of the detection windows
surround the people in Figure 14(a), which is the result of
hardware. Thereby, we are able to confirm that the false
detected rate Ris low. On the other hand, in Figure 14(b),
there are few un-detections, but there are many false
detections, which is the result of software.

When we consider the balance of undetected rate R,, and
false detected rate R, the both accuracies are nearly equal.
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Therefore, we have succeeded in maintaining the accuracy,
and reducing the cost of B-HOG calculation.

TABLE 6 Comparison of detection results
Detected Undetected False detected
rate R, rate R, rate Ry
Harad- 76.3% 23.7% 48.3%
ware
Soft- 79.7% 20.3% 50.8%
ware

(b) Software

Fig. 14 Output results
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V. CONCLUSION

We have implemented the human detection system
which uses template matching based on B-HOG feature
amount and detects humans in pictures captured by web
camera. We have resized captured images from 640 X 480 to
160 X 120 in host-PC. Thus, we have reduced whole
calculation cost. Additionally, when we send captured frame,
we have implemented fast raster scan without external
memory by storing the pixel data of captured frame into
shift register. Furthermore, we have implemented B-HOG
calculation using approximation whose calculation cost is
small, so that we have shortened calculation time more.

As a result of these techniques, we have succeeded in
real-time human detection of 30fps video captured by web
camera. Therefore, we have achieved development of a
compact and high-precision surveillance camera system we
desired.
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Abstract—In this report, we demonstrate an FPGA
implementation of a moving object detection algorithm. The
goal of the project is to design an IP core which is capable of
processing a video and detecting moving objects in it using
background subtraction. Input of the core is frame data of
the video, fed to a small on-chip memory attached with the
module. Output is the location of each object. The operation
of the core is then demonstrated by integrating it to a
embedded system, with a MicroBlaze processor and a TFT
Display controller to display the result on a DVI screen.

Keyword— Video processing, moving object detection,
background subtraction, FPGA.

L. INTRODUCTION

Nowadays, real-time constraint has became a mandatory
requirement in almost every image processing based
applications. Identifying the moving objects from a video
sequence is the fundamental and critical task in many systems
such as robotics, gaming system, indoor security and outdoor
surveillance [1]. Detecting and locating an object inside a image
sequence is the prior task to do more complex actions like
classifying, counting objects or even warning a suspicious event.
This field of research has became a very attractive branch in
computer vision.

When it comes to security or surveillance systems, the
market has already had many commercial off-the-shelf products
like Smart Ip camera, CCTV security camera, with built-in
motion sensor which enables the camera to detect moving object
in front of it.

Implementing such a system on FPGA (field-progamable
gate array) has some advantages. Beside the fundamental
advantages of FPGA technology when comparing with ASIC
like higher performance, smaller NRE cost, shorter time to
market, easy to upgrade and maintenance, ..etc, detecting
moving object using pure image processing can replace the use
of a motion sensor, then decrease the cost-per-unit of the
product. On the other hand, FPGA is chosen due to its
reconfigurable ability. Without requiring hardware change, the
use of FPGA type devices expands the product life by updating
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the configuration bitstream remotely. Furthermore, it offers the
opportunity to utilize hardware/software co-design for
developing a high performance system for different applications
by incorporating processors (hardware core processor or
software core processor), on-chip bus, memory, and hardware
accelerators for specific software functions [2]. Also, using
prebuilt reconfigurable IP cores has increasingly become a trend
in System on Chip (SoC) designs because of their flexibility and
powerful functionality. Many modern systems are built by
connecting IP cores from other manufacturers, make it faster to
propose prototype to the clients.

Base on those above reasons, we decided to implement a
simple moving object detection system using background
subtraction algorithm on an FPGA chip. The moving object
detection (MOD) logic, works alongside with a small on-chip
memory (OCM) block, is packed into an IP core, which
compatible with any Xilinx PLB embedded system, make it easy
to integrate to bigger system, or even fabricate to a standalone
LSI chip. The core achieved very high speed, only takes 2.7 ms
for a VGA-resolution frame.

The rest of this report is organized as follow: section II
presents the details of the algorithm we implemented. Section II1
describes about the architecture of the MOD logic. The
implementation result on actual hardware is presented in section
IV. Finally in section V, we make some conclusions and propose
the improvement for our system in the future.

II. MOVING OBJECT DETECTION ALGORITHM

The algorithm is litteraly sequential. The first frame of the
processed video sequence is treated as background. For the rest
of the sequence, a same set of tasks is performed. The order of
those tasks is as follow:

e Step 1: Read data from next frame. Calculate the absolute
difference of two image: background and current frame, and
then binarize the diferential result by applying a threshold.

e Step 2: Remove noise by appling a erosion filter on the
binary image from step 2.

e  Step 3: Scan the filtered image from top to bottom to detect
objects and save the location of them.
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e  Step 4: Go back step 2 until the end of the video sequence.

The details about these tasks is presented in following sub-
sections.

A. Calculate and binarize the absolute difference image
After the background image Bg(x, y) is obtained, subtract
the background Bg(x, y) from the current frame Cury(x, y). If the
pixel difference is greater than threshold Th, then that pixel

belongs to the moving object (white pixel), otherwise, it belongs
to the background (black pixel). The expression is as follows:

if |Bg(x,y)
if ot erwise

1 Cur,(x, >T
Fg,(x,y) ={0 (&)l

Where Fgi(x, y) is the binary image of differential result.
Th is grayscale threshold, its value determines the accuracy of
object detection. The fixed threshold used in this algorithm is
only suitable for an ideal enviroment with small light intensity
variance.

Fig 1. (a) Background image. (b) Current frame. (c) Absolute
difference of two image

B.  Remove noise with erosion filter

Noise is the main factor that makes the marking process
less accurate. To reduce it, we use a filter similar to the erosion
filter, with a 3x3 sliding window. If a pixel p has more than 5
white pixels around, then it is white pixel. Otherwise, it’s
considered as noise and removed (set to black pixel).

x+1 y+1
o L1 S Y gz
Fg'(x,y) = f ‘ ' 9@, j)
i=x-1j=y-1
0 if ot erwise
Fig 3 below shows an example of an binary image before
and after filtered. In this image, pixel 1, 2 and 3 are set to white,
while others are erased.

a b
Fig 2 (a) before filtered (b) after filtered

C. Object marking

After filtered, the binary image is used as input for the
marking process. The image is scanned from top to bottom. If a
row has at least one white pixel, an objectflag is set, indicates
that there’s an object has been detected. The flag is set until a
row with all black pixel is encountered. The region of detected
object is continuously update while the image is being scanned.
The flow chart for this process is shown in Fig.3.

Xmin, xmax, ymin, ymax = 0
Objflag=0
Num =0

— P

All black pixel?

rw

Ymax = row number
Save xmin, xmax, ymin, ymax
num =num +1

— Objflag==1?

Ymin = row number
Objflag =1
Update xmin, xmax

Update
Xmin, Xxmax

Fig 3. Object detection algorithm

Because the image is scanned in only one direction, objects
with overlap heights are merged and considered as one object.
Futhermore, the objectflag is set whenever a row with at least
one white pixel is encountered, a small noise pixel could easily
make the marking process fail.

Fig 4. Objects with (a) nonoverlap heights (b) overlap heights
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1L HARDWARE ARCHITECTURE

A. Top level diagram

To implement the above algorithm, we built a logic that
manipulates content of an on-chip memory (OCM) block. Each
task of the algorithm is realized by a separate module. The top-
level diagram of the moving object detector (MOD) logic is as
follow:

Clock_gen 8

clock

“BRAM_PORT ™
BRAM_PORT ™

Fig 5. MOD logic top level diagram

In the above diagram, imdiff, filter and mark are the logic
that performs task 1, 2 and 3 in the algorithm described before
in section II. Each of the three modules takes control signals
from the TopFSM controller, to generate address and data to
send to the OCM. TopFSM controller is also in charge of
selecting the address and data from these three processing
modules to pass to the OCM, and then send back the data
received from the OCM to approriate destination.

The OCM is a dual-port ram. The first port is used to get
data from video input, and the other port is connected to the
MOD logic. To reduce the size of the OCM, we only store
grayscaled frames. The needed size is calculated as follow:

Table 1. OCM content

Background frame 640*480 = 307200 bytes
640*480 = 307200 bytes
640*480/8 = 38400 bytes

16*64/8 = 128 bytes (*)

652928 bytes

Current frame

Binary image

Object location
Total

(*) assume that 16 objects can be detected at maximum, each
object needs 64bits to store 4 values: xmin, ymin, Xxmax, ymax

The finite state machine inside TopFSM controller is
presented below:

smark_done

Istart

reset sdiff_don:

Isdiff_done Isfilter_done Ismark_done

Fig 6. MOD FSM
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To parallelize the computation, we organize the OCM as
128 bits width by 40808 words depth. This way, each address in
the OCM can store 16 gray pixels, hence increase the processing
speed by 16 times

B. [P core packing

After the simulation, the MOD logic is packed into an IP
core. The core is communicate with other core throught Xilinx
CoreConnect technology. To do this, we use Xilinx Platform
Studio to add a IPIF (intellectual property interface) layer to the
MOD logic. The design flow is as follow:

Run Xilinx EDK’s
Create or
Import

Peripheral
wizard

Select bus type

and configure

bus operating
parameters

Replace generated
user_logic template
with MOD logic, modify
port definitions

Generate core

Add
generated
core to the

system

Import the
core to
update core
definition

Add design file to

compiling order by

modify Peripheral
Analysis Order (pao) file

The core is packed as a slave peripheral on the PLB
(processor local bus) system. We implemented three software-
accesible registers to this core, so that a processor can control
and monitor the operation of the core by reading and writing
from/to these registers:

= reg start: user assert a start signal to the MOD logic by
writing value 1 to this register. When the start signal
asserted, the MOD FSM changes from Swait to Sdiff state.

= reg status: user observe the operating status of the MOD
logic by reading this register. It has value of OXFFFFFFFF
when the FSM stay at swait, otherwise it is 0.

= reg num is the result register. It stores the number of
detected objects. reg_status and reg_num is not writeable.

Iv. IMPLEMENTATION RESULT

The MOD logic is simulated using Mentor ModelSim. The
background frame and a tested current frame is pre-loaded into
the OCM. By observing signals waveform and memory content,
we can verify that our design works as expected.

Fig 7. simulation result

The MOD logic is synthesized by Xilinx ISE design suite.
The targeted FPGA device is Xilinx Virtex6 series, code name
xc6vIx240t-1{f1156. Resource utilization is shown in the table
below:
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Table 2. Device Utilization Summary

Resources Used Available | Utilization

Slice Registers 5747 301440 1%
Slice LUTs 5953 150720 3%
Block RAM/FIFO 160 416 39%

The maximum frequency at which the MOD logic can
operate is 139.169MHz. The number of clock cycles needed to
process one frame is 374563 cycles . Put these number together,
we can calculate the minimum time needed to process one frame
is about 2.7 ms , meaning the maximum frame rate that the MOD
logic can process is 371 frames per second.

Taking the design from Sanchez et al [1] as a reference
design, we can confirm that our design has higher processing
speed. Because the used algorithms are not identical and the
resolution of processed videos are not the same, comparing the
time needed to process one frame might not be approriate. But
our design has higher maximum frequency (139,17MHz vs
23.03MHz), mostly because we used OCM instead of SRAM as
memory storage. Take into account the computational parallel
level, our design can produce higher throughput than theirs.
Other than that, our design is able to locate and save location of
multiple objects, while their algorithm is suitable for calculating
just one object’s gravity center.

To demonstrate the operation of our design, we used Xilinx
Platform Studio to connect it with a MicroBlaze processor and
some other IP cores. The block diagram of the testing system is
presented in Fig 8.

DDR3 DDR3 SDRAM INTERFACE

CENTRAL TFT
DMA CPU CONTROLLER

MICROBLAZE

SYSACE
INTERFACE

CF CARD

Fig 8. Overall architecture of testing system

In the system above, the video stored on CF card is read by
SysACE interface. Because reading data directly from CF card
is considerably slow, the whole video will then be stored on a
DDR3 SDRAM, interfaced by a core named MPMC (multi-port
memory controller). The video data is copied from DDR3
memory to BRAM by the CDMA — central direct memory
access, to process by the MOD core. The result is exported to
DVI screen by the TFT Controller. Operation of the system is
monitored and controlled by the CPU. We also used a timer and
uart controller to debug and communicate with the host PC.
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After synthesized, the system is downloaded to an
evaluation board named ML605 from Xilinx. The board consists
of a Virtex6 FPGA and many peripheral devices, includes a
Micron MT4JSF6464HY 512MB DDR3, a CF card slot, along
with Xilinx XCCACE-TQG1441 SystemACE chip, USB-
UART, USB-JTAG and DVI port.

Fig 9. Running system

V. CONCLUSION AND FUTURE WORK

In this project, we have succesfully implemented a simple
moving object detection algorithm. The design is capable of
processing up 371 VGA-resolution frames per second, produce
the number of objects and location of them. It is packed into an
IP core which compatible with any system designed using Xilinx
CoreConnect technology. The core can be easily reused in any
security and surveillance application which in need of moving
object detection.

There are many things about the algorithm can be
improved. Firstly, the algorithm works on a ideal environment
with small light intensity variance. To make it works in more
complex condition like weather change, low light intensity, a
dynamic binarization threshold must be applied. Beside that, in
the marking process, we currently scan the image only in vertical
direction. To increase the accuracy of the marking process, we
can apply more than one scan direction. Finally, in order to make
the design suitable for low-cost FPGA, we have to replace the
use of on-chip memory block. One option is to read/write data
directly from/to the DDR memory. Doing that also allow the
design to be modified to process higher resolution video. As a
trade-off, using DDR memory will decrease the process speed
when comparing with OCM based design.
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Abstract—this paper would provide the approach of human
detection using parallel morphological/binary template matching
method. Design of AS IC would focus on the fast template matching
process with small enough area for human detection application.
The approach is by calculating the SAD (Sum of Absolute
Difference) between the original image (640 x 480 pixels) and
template image (40 x 100 pixels). For a matched object found in
the image, aboundary will be placed around the object. For every
window, the difference between source and template is calculate
paralel which forevery clock there are 100 values of the difference.
That’s way the latency of this design is 40 clocks, while the
throughput is 1 clock for different column in same row and 39
clock for different column in different row. This design of ASIC
would be created by using Verilog code and implemented by using
Cyclone Il FPGA in AlteraDE2 board.The performing time of the
implementation is 307200 clocks. The clock frequency used in
implementation is50MHz. The time needed for every frame image
is 6.144 x 10-3. So, the frame speed can reach until 162 fps for
video application. The area needed for this design is 12.732
elements from total combinational functions and 4.460 from
dedicated logic registers.

Index Terms—Parallel,
matching, SAD

Fast Human Detection, Template

|l. INTRODUCTION

HUMAN detection have so diverse applications in digital
image processing. There are several methods to approach
the human detection algorithm. One of the simple techniques is
template matching. Template matching method consists of two
images, one as the template and one as the searched image.
Template image consistthe object that is searched in the image.
After the object is found, the systemwill create an indicator in
object image about the position of matched object.

This paper contains the architecture of the design system.
First is the flowchart of template matching process that
basically contains four basics which are grayscalling,
binerization, matching, and drawing the border. Design of
ASIC would focus on the fast template matching process for
human detection. Then, the paper shows the ASIC design of
matching process. Both searched image and template image are
saved in ROM using ALTSYNCRAM Megafunction.The SAD
calculation are done per column in the window which size are
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same as the template image. The time needed for one column is
one clock. The array of image and template image are
controlled by line buffer. This design is synthesized by Altera
Quartus and simulated by Modelsim to see the performance.
The image are save in .mif format and save to ROM using
ALTSYNCRAM  Megafunction. The design will be
implemented by using Cyclone Il FPGA in Altera DE2 board
for prototyping the circuit.

Il. TEMPLATE MATCHING

Template matching is a technique used for identifying any
object in the source image thatis similar to the template image.
Template matching needs two primary components which are
source image and template image.

A. SAD (Sum of Absolute Difference)

SAD sums the difference of gray level per pixel between
source image and template image. Assume that I(x, y) is the
source image, while T(x, y) is the template image, SAD can be
described by the following equation. For Binary template
image, the SAD value can be simplified as:

X-1Y-1

SAD = Z Z [1Cxe,y) XOR T(x,y)l

x=0y=0

(1)

, Wwhere x and y representa pixel position. The smaller SAD
value shows the higher chance of similarity between the
template and source image.

B. Grayscaling

The grayscalng method based on NTSC coefficient standard
can be described as

Y = 0.298912R + 0.58661G + 0.14478B (2)

The verilog code is lack of the floating point support so that the
coefficients are simplified by multiplier constant as following

15 1
Y=-R+-G+=B

3
4 8 8 )
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C. Thresholding

Thresholding is used to binerized the grayscale image to black
and white representation. This process is so essential to the
SAD method that can simplify the substraction in SAD by using
XOR instead. It allow the FPGA to compute faster with small
number of gate array. First, the thresholding level is determined
by the median gray level of image histogram. Then, the image
is binerized based on whether the intensity are greater than the
thresholding level.

. SYSTEM FLOWCHART

Face detection using template matching, basically, consists
of 4 major process which are grayscalling, binerization,
matching process and drawing the boundary. The image is in
RGB format that first must be grayscalling to make it as one
dimensional image. Then, the grayscalled image is binerized
based on its threshold level that has been searched by median
gray level in its histogram. Binerization is needed to simplify
the matching process where the SAD calculation in binary
image can be achieved using XOR operation. In the matching
process, the pixel, which SAD value is less than the
threshold, is considered as the matched pixel. The threshold
level of SAD value has been determined before as 500. This
process gives out the pixel position of the matched ones. The
last process is drawing the boundary of matched pixels based
on the result in matching process.

Initialization

Image and
template image

Grayscalling

Vi
Binerization
i
Matching Process

I\

Draw rectangle
border of matched
one

Figure 3.1 System flowchart
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Initialization

v

SAD Calculation

SAD<
threshold

Acquired the

o Pixel increment
matched position

Figure 3.2 Matching process flowchart

IV. PREPROCESSING

The first two process are implemented in \erilog and
simulated using Modelsim.

A. RGB Image Input

The RGB image input blocks consistofa RGB memory that
loads directly from aconverted image that forms a memory map
so it can loaded by ModelSim.

B. RGB to Grayscale converter

The grayscale converter takes data from RGB memory data
and translates to agrayscale image using NTSC coefficient. The
grayscale image data sentto a grayscale image memory and
histogram median detection module to be further processed to
a binary i

Figure 4.1 Grayscalling process

The above image is processed by the ModelSim simulation
that has been converted back from memory map data to a
bitmap data and analyzed by a image editor program on the
computer.

C. Grayscale Thresholding with Histogram

By putting the grayscale data on histogram, the histogram
module will calculate the threshold for the image binarization.
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The thresholding process is divided by three main process.
Thefirst one will fill the histogram memory with data, calculate
the median, and output the threshold value as seen on above
image.

D. Image Binarization (Grayscale to BW converter)

The grayscale image stored on the grayscale memory will be
compared with a threshold from the histogram blocks. A value
thatis bigger than the threshold value will be assumed as ones,
and vice versa. The resulting binary image stored on a binary
image memory.

Figure 4.3 Binerization

The above image is binarization process taken from
ModelSim simulation and converted back from memory map
file to a bitmap file so it can be analyzed with image editor.

V. ARCHITECTURE DESCRIPTION

Template
- Preprocessin Template matchin : 5 —» i
and Original ~ ——| (ara ualflze binarizgtion} . p o e g Output Stage Output image
Image input grayacala, p
Figure 5.1 General block diagram
iaddr{0..18] idata iarray[0..99) sign[0]
ROM " shir 4| Proassor N -
Image >Register ; 0 ; :::ﬁdgg_
taddr[0..5] tarray[0..94]
ROM
Template » sign[1]
Image » Template || Proessor »  tout[100..189]
address address mark . 1 > mark{1] sign[0.99]
k> pointer k- pointer : S ——3 xpos(0.9]
E Check the match
. > —> .
A ypos(0..9]
_’ . —_
N sign[99]
Ly PFOCBESOF —— tout[9900.2999
L Y markeg)
xpos[0..9]
X-Y position|__ypos[0..9]
locator valid

Figure 5.2 Parallel template matching processor architecture (use 40 processing element)

Based on those process, the algorithmin digital circuit design
is made with constrain of speed and area. The focus of design
is in the matching process, therefore the inputs, both of image
and template image, are in binary image. To reduce area used
in design, the maximum SAD value is limited to the threshold

value (500). The greater value of SAD will remain the same as
the threshold value and the sign will signify whether the SAD
value is overflow.
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This design calculate the SAD value until the end of image
which means that the design can detect more than one object
matched, but still the marked one is the last one that is matched.

The inputs which are image and template image will use
ROM to restore the data pixel. The ROMs use the
ALTSYNCRAM  Megafunction to implement block of
memory. The design is in dual port mode that can do both aread
and write operation. The memories are implemented using the
M4K memory blocks. The address is used for addressing input
to ROM. The data from ROM image first enters the shift
register to get the array of 100 datas. The arrays that will be
process further are controlled by line buffer that will issue the
array data of image, the array data of template image, valid,
pixel position, and mark to mark the end of template.

The SAD calculation between those array datas given out by
line buffer block is simplified by XOR operation. The SAD
process calculates per column and shift the template array to
next column each clock. The SAD value as described before are
restricted to the threshold value and will give out the sign for
overflow condition. If it is matched or SAD value is below the
threshold, the position will change to the current position from
line buffer.

The pixel in which the position is in the end of image will be
a reference for match drawing. This unit consists of ROM
which contains the data pixel of boundary match drawing in
zero position. This posisition will be adjusted with acquired
matched posisition so that boundary match drawing will follow
the match posisition. To produce the drawing match boundary
intensity, it also use counter for input address at this ROM.

For the output stage, the result picture will be restore in
RAM. In the beginning, the RAM is already stored with original
image data. For the process, the address and intensity data for
boundary match drawing will be stored from drawing unit. The
end condition for this detection is after a whole pixel in original
image has been accessed.

All those process are done if the enable is low (active low)
and the reset is high (active low) during positif edge clock or
negative edge reset.

VI

The line buffer unit issues the array of image and template
per column and status line output. Status line output consists of
valid, pixel positioninimage (xy) and mark. Valid is used with
the sign of overflow to detect whether the pixel matched or not.
Valid is determined by x position and y position where for the
matched one the x position will notbelow 40 and they position
will not below 100 . Mark is used to indicate whether the
template address pointer reached the last column of template
image.

LINE BUFFER

|—> tarray
—> iarray
—> valid
—> xpos
—> ypos
—> mark

Linebuffer

—

Figure 6.1 Line buffer
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Figure 6.2 Line buffer architecture

The array data of template image is given out by ROM
template unit, while the array dataof image is given out by shift
register that has input from the output of ROM input unit. To
access what array that will be taken from the ROM is indicated
by the address pointer. The address pointer of image is valued
from 0 to number of all pixels in image minus one, which is
307199. The address pointer of the template image is stated
from 0 to the number of column minus one, which is 39. The
address pointer of template is stated like that because the SAD
is calculated per every column. For every clock both of address
pointer are increased one. If the address pointer have reached
the maximum value stated above, the address back to first
condition (0).

jaddr =—p

Shift register

>

Rom image — iarray

—

taddr  s— R
om

—> tarray
>template

Figure 6.2 ROM

VII.

The input stage consists of ROM unit for template and
original image. The ROM units have input address of the data
that will be fetched, clock, and clock enable input. The enable
in ROM is active high while in design is active low, so the
enable of row is negation of the enable of design. The address
is controlled in line buffer unit. ROMs are used internal
memory that is created using MegaWizard Plug-In Manager.

The ALTSYNCRAM parameter is specified so that the
operation mode is ROM and the read operation is enabled,
while the write is disabled. The width data of image is
determined as one, while the template is 100. The width of
byteenais 1 and the byteena are defined 1 bit that described
both data image are in binary. Number of word parameter is
defined by number of pixel minus one for ROM image and
number of column for ROM template.

Both ROMs are given input from .mif file. The file contains
the data intensity per pixel that has been binerized. For image
file, the data contains data stated per row then column. While

INPUT STAGE
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for template file, the data contains data stated per column then
per row.

The output from ROM image enters the shift register unit to
give out 100 data array of image based on the address desired.
The shift register use RAM Block Type of M4K.

VIII.

The processor array does calculate for the SAD value. This
unit has inputs which are clock, reset and enable, and gives
output such as x and y position of the matched pixel. For the
matched pixels that are more than one, only the last one’s
postion that is issued by this unit. The data of image and
template image are taken from line buffer unit that is called
inside this unit.

TEMPLATE MATCHING PROCESSING ARRAY

. 3 XPOS
Processing

> Array

Figure 8.1 Processing array

—> ypos

The Datapath is shown in figure 5.2. The processing array
consists of 40 processors thatdo SAD calculation per column.
For the first time all the processor calculate the image with
template column 1.

Image Temp 1 Temp 1 Temp 1
%--- Ff—pr—_——_———— - -
— -t — =] ———— ] -
%--- Ff—pr—_——_———— -
—_— -t} ——————-] -
100 data

%——— f—t—t-——————4 -
%--- Ff—pr—_——_———— - -

\ Y )

40 template

Figure 8.2 SAD calculation for the first time after enabled

After a clock the next column of template and image enter the
process
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Image Temp2 >Temp 1l

— 100 data

40 template
Figure 8.3 SAD calculation for the second time after enabled

After all the template enter, the process will become

Image Temp 40>Temp 39

— 100 data

40 template
Figure 8.3 SAD calculation

For every clock the template will shift and the new image array
and the new template array will enter. The SAD calculation
performs between the template and image using processor unit.
Processorunit give out tout that is the template shifted, markout
that is the mark shifted, and the sign indicating whether the
SAD is more than threshold. If the template given does not have
address at 39 (the end of column), the mark has value low. On
the other hand, if the template given has address at 39, the mark
has value high. These mark value is controlled by line buffer
unit. If the mark is high, it means that all SAD value of the 40
columns has been calculated.
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tarray [0*100+:100]
larray [0:99 3 Processor =3 tarray [1°100+:100]
mark - 0 [—> Sign[0]
Linebuffer > wpos ~ mark [0]
—> ypos
> [—2 valid
tarray [1*100+:100] —— tout [2°100+100]
larray [99:0) = Processor 3> sign[d]
>— 1
l—3 mark[1]
—_
tarray [39*100+:100] =i L 3 tout[39%99+:200]
larray [99:0] === Processor 3> sign[99]
39
e mark [59]
—_—
Figure 8.4

IX. PROCESSOR ELEMENT

The process calculates SAD using XOR operation, then
every bit in XOR result is added using the tree adder. The
overflow is detected by the carry of total SAD. If it is overflow,
the total SAD will be threshold value. Otherwise, the total SAD
is the addition of SAD calculated and the total SAD before.
When the mark value is high, if the total SAD is not overflow,
the sign will be high. Otherwise, the sign will be low. If mark
value is high, the last result is omitted and result will be the
result of tree adder.

The result of XOR operation is sum using tree adder. The
adder works by iteration of adding the two neighbourhood data
array until there are only one data. To understand more about
the adder, let’s see the picture below

Figure 9.1 Tree adder process

ST H

= AR
&
%

K
:

Figure 9.2 Tree adder process architecture

Figure 8.1 shows the process of tree adder where the size of
array is simplified to understand easily. The two neighborhood
array (size data is 1 bit) is added and give out the result of 2 bits
data. Then the two neigbourhood result is added and become 3
bits data. The process goes on and goes on until the bits result
are log, NDATA +1.

tarray [99:0] — sy tout [99:0]
larray [99:0]  — k
. Processor [ markout
—> sign
—_—

]

T

7T

e
1l

\ . ::::
— ] — i i i

X. MATCH DRAWING

The match drawing unit will draw a borderin which the pixel
is matched. The border’s size is same as the template image.
The input of this unit is address of the matched pixel. Based on
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the address or position of the matched pixel, iterations are done
to draw the boundary. First iteration is the row then the column
which sizes are the row and column of template image. For the
row which value is 0 (upper bound) or 99 (lower bound), the
red channel is determined as 255, while the green and blue
channel are 0. For the column which value is 0 (left bound) or
39 (right bound), the red channelis determined as 255, while
others are 0. For other pixels in the image, the value is same as
before.

The data intensity in red, green, and blue channel are given
by memory.

Xl. OUTPUT PROCESS

There are 2 kinds of output stage such as match position and
VGA output. Forthe simple match position, the x and y position
then enter output processor to give out the result in seven
segments. The datas input which is position first entered binary
counter decimal module to count in decimal forms. Then the
three decimal that represent the data input is showed using
seven segment by convert the 4 bits that represent [0..9] in
decimal to 7 bits in seven segments.

Notice that the seven segments used in FPGA is common
cathode which means that it is active low.

[3.0]

datain Seven
BCD segment

- [7.4]

Seven
segment

[11..8] Seven
segment

Figure 11.1 Output process in 7-s

XIl. RESULT AND ANALYSIS
This design is implemented in verilog and simulated using

4 Jorocessor_array_tb/ck

159 60 159

< fprocessor_array_tbjypos |0

Figure 12.1 Result of simulation in Modelsim

To know how precise theresult is, the result is compared by
the onethat simulated using MATLAB. The MATLAB result
can be seen as following

Modelsim. The result of its simulation can be seen as below

>> Template_matching en

SAD threshold is 511

Original image size is 640x480

Template image size is 40x100

Partl

Elapsed time is 2.207662 seconds.

Part2

Elapsed time is

Part3

X position = 60

v position = 93

Elapsed time is
fx o>

Figure 12.2 Result of simulation using MATLAB

138.147171 seconds.

0.063520 seconds.

Based on those simulations, the result of this design is similar
with the MATLAB one. The x position is 59, while the x
position in MATLAB is 60. The y position is 91, while the x
position in MATLAB is 93. The result of implementation can
be seen as following

X-position y-position

.85 98 809
lalala

C ot a

Figure 10.3 Implementation using FPGA

Based on the position given by the design, the image will be

HEEF um
Zamm asr

Figure 12.4 (a) Result, (b) Template
The image inside the border is the image that matched with

the template image. The difference between the design and
result by MATLAB is notnoticeable. To prove it again, we test
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following
Position Image 1 Image 2
MATLAB | Design | MATLAB | Design
X 267 268 60 60
110 110 285 285

y
Tabel 12.1 Result of implementation and MATLAB

Figure 12.5 Image 1 (a) Result, (b) Template; Image 2 (a) Result, (b)
Template

The position of the matched pixel in bothimage 1 and image
2 is similar between the implementation in \erilog and
MATLAB simulation. It means that the design proposed is
functioned.

The time needed to get the matched pixel positionis 307200
clocks. The time needed for every pixel to calculate the SAD in
that pixel is 40 clocks. While the time needed between results
is 1 clock, except the one that is in different row. The
performing time can be describe as

Per forming time = 601 * 480 + 39 * 480 = 640 * 480

= 307200 clocks

The clock frequency used in this designis 50 MHz, so that for
every frame image, the clock needed is 6.144 x 10-3s. The frame
speed can reach until 162 fps for video application.

The design is implemented using Cyclone I
EP2C70F896C6N. Total logic elements used in this design are
16.689 elements including 12732 elements from total
combinational functions and 4.460 from dedicated logic
registers. Total register used is 4460, while total pin used is 45.
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| Flow Status

In progress - Tue Dec 29 14:48:38 2015
Quartus I 64-Bit Version 13.0.1Build 232 06/12/2013 SP 151 Web Edition
Revision Name visi-final
Top-evel Entity Name processor_array
Family Cydone II
Device EP2C70F896C6
Timing Models inal

16,689

otal logic elements

Total combinational functions
Dedicated logic registers
Total registe
Total pins

12,732
4,460
4960
45

Total virtual pins 0
Total memory bits 375,000
Embedded Multiplier 9-bit elements 0
Total PLLs 0

Figure 12.6. Syntesized logic element result

) A mmE m T
- : :

Figure 12.7. Output with VGA

XI1l. CONCLUSION

e The SAD calculations are performed for every pixel in
the image.

o Thematched position output fromthe design is the last
position that matched.

e Memory internal is used to save the data of image and
template image.

e Latency of 1 pixel SAD is 40 clocks, while the
thoughput between SADs is 1 clock.

e The processing time for image which size is 480 x 640
is 307200 clocks.

e The position of the matched pixel by this design is
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slightly similar with the simulation in MATLAB. The
difference is only about 1 or 2 pixel.
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LS| Design Contest 2016 Report

Luu Trung Tin

LEVEL 1:

In the basic challenge, along the following main flow, it will be carried out the
design of the circuit for performing the template matching of image.

Input the search image and the template image.
Converting input image to the grayscale image.
Converting the grayscale image to the binary image.
Matching method.

Output the resulting image.

vk wnh e

About input and output:
Input: Searching image (Size: 640x480)
Template image (Size: 40x100)
Output: Resulting image (Size: 640x480)

In both input and output, the image scan in order from upper left to lower
right.

- Circuit Block:

Search

Template Grayscale Histogram

Conversion

Threshold

Matching

Result <—m Redrawing
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- Functions:

Input and Output Block: take care of the inputting and outputting
processes of the whole system.

Conversion Block: converts the Search and Template images to their
respective binary (Grayscale) version.

Matching Block: calculates the total difference between the Template
image and each portion of the Searching image.

Redrawing Block: is used only when the total difference in the previous
block is equal or lesser than 500 and to draw 4 red lines covering the
portion calculated.

- Appeal Points and Originality:

Instead of creating a look-up table, our team directly compared the
grayscale pixel value with the threshold to determine its Black-White
status. This will remove the need for another block in the verilog code.
Instead of loading the whole image, every pixel got processed right after
being loaded. This will decrease the time consumption due to
simulatneous operations.

Along with some minor improvements, e.g. rounding the RGB
coefficients.
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- Simulation Waveforms:
e Not Match:

Temp = 0xff4587213258621548754215475632154785632154756321578962abfdce

Orig = 0x2175632154785632154756321578962abfdc154721578963215745875896212458754

% temp_width | 40

~ temp_height | 100
4 threshold 500
0000000000000...

0000000000000,

Temp = 0xff4587213258621548754215475632154785632154756321578962abfdce

Orig = 0xff4587213258621548754215475632154785632154756321578962abfdcl

% temp_width | 40

~ temp_height | 100

4 threshold 500
0000000000000...
0000000000000...
1

0

Sti

Sti
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Level 2:

In free challenge, have them create a circuit for human detection using a variety
of algorithms. About input and output.
Input : Searching image (Size: 320x240)

Template image (Size: 320x240)
Output : Resulting image (Size: 320x240)
In both input and output, the order in which to scan the image does not limit.
In addition, the searching target does not matter image or movie.

- Block Diagram:

SOURCE
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IDENTIFIED
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. e
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|
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- Functions:
e Face Recognition Process: crops faces from the whole picture. Our
method employes the rejection based classification.

After receiving and organizing the RGB data in the Input Block, the
Searching image data is converted to HSV data. According to the
histogram of human skin, all pixels that fall outside H and S thresholds
are rejected (marked black).

The resulting image is non-skin rejected but there is quite a bit of
noise and clutter. Rejection based on Geometry and Rejection based on
Euler number are used to eliminate this problem. All remaining non-face
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objects are vanished.
Final images (human faces) are cropped.
e Face Identification Process: identifies whether a person is in the picture
by using Local Binary Pattern (LBP) algorithm.

Outputs from previous process (human faces) and image from
database (template image) are converted to gray scale.

Resize images to 320x240.

Feature vectors are obtained with each image by using LBP algorithm.
Then, feature vector of template image is compared with feature vector
of input images (human faces) by calculating the difference. The
smallest result is the one matches template image and the person is
identified.

- Simulation Waveform:

2,317,776,823ps  |2,317,776,824ps |2,317,776,825 ps
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