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Design and implementation of template matching accelerator based on FPGA
LI Feng, ZHOU Shijie
(College of Computer Science and Technology, Donghua University, Shanghai 201620, China)

[ Abstract] In order to solve the problem that the current fabric defect detection system based on computer vision fail to meet the
demands of manufacturing process in terms of real —time and economic performance, the template matching algorithm in defect
detection field was improved, and a template matching algorithm accelerator based on FPGA was designed and implemented. In
order to improve the working efficiency of the accelerator, the processing delay of the accelerator architecture is deeply analyzed,
and the accelerator is optimized from three aspects: access delay, transmission delay and computation delay, which improves the
utilization of the bus bandwidth. Experimental result shows that the accelerator enables traditional template matching algorithms to
achieve a pixel processing rate of 33 MHz on the Zynq—-7000 platform with a clock rate of 150 MHz, that is, the accelerator can
process a fabric image with the resolution of 8 192x4 096 per second. Compared with i7—-8750H, the performance is 10.5 times
higher than that of i7-8750H, which meets the real —time performance requirements. At the same time, the solution uses SoC
technology to replace the traditional PC board structure, which reduces the cost of the system and has a broad application prospect.
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Fig. 1 Template matching procedure
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Fig. 2 Accelerator workflow
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Fig. 3 The structure of template matching accelerator

N RS ) E B A AT AE R 3 R4, 4
KA AE | BN R i AXT R TE N A7 B AL
ST IS RE A I 1] 5 L I A BIARHRAE AXT4 B2k
AL IS RE A IR] 5 AR R G | RIS UE idis
A FTEAER ], B, BT RAMGX 3 AN T X
IR s HEAT AL BT S m BRI A AR ST
OK=WA
2.3 fniEESETIEML L R EE
2.3.1  VifErRER AL

ViAEi SE (AL 32 B3E 1L AXT4 B2R i 28 K%
HALHIRSEEL . AXI4 BLER b 1Y) 28 A% i 2 16 A Hb
HEBER T — IR M AR, T ST 2 R
Pt , BIES — U bk A% 4 v ) ok R Ry e 4 bk
Je SEEHE 1) A7 it Hb ik 7 A U Mk 9 6 Al 5 1
AXT4 BRI KR R 256, 35T
X — ML, 7RI i M 3 ) A e 32 652 P9 A ik 7
it R AT I R B B R B U R — A T
PR . T A SC AR VG i B 3 R i, B — YK i
A7 B2 I — 5K 52 3 1 & R R B — AN 16x 16 1T
B R B A 16 DEARTE AT 2 HE
G, 58 K AL S KRR R 16, SLIRE5 R B
IR TER KA E N 16, B4R A 150 Mhz 1Y
UL AR — K HERN 1 024x1 024 (4K B K1 FE
B2 31 ms, AUAREERY F B9 Kl 32x32, MRk
M BEY KO 32, RIAEAL i — iK1 024x1 0241
TR MFERTZ) 0 19 ms, BE 1K 58 B oK,
VIAFIS BB , (EL R ok R 1) 7 Pl g e L, 5 A ]
HA R SCRENGT 55, BRAS ARG I A SRt i 2% s 7 R K
R JUMRHE IS LT, 7 BB, 8075 5 SRR
(R SCBRXT 55 | BRAF ARG IS A Ay, 225280 FE K
ZRN R R R 16x 16 1T A2 IR 15 A1
XoF AL ARG DN 355 SR B TR st L3R4S T AR G A 11 A%
st
2.3.2 AR EER AL

i st 2 P A = S g s SiE T ) Ok s
P, I ST I R TR 3 IR B
B B AR BT X R A
AR AT ERAE , A R S AR L
TiX 3 AR AR R, F L R
SEBE PR LS4, TR A7 s B AT A
S a4 R LS B A S A R R A S
AR SO —2 R T = Em i B Bk T 3 4
A B8 A TR il = R e S TR
4 fe FE AR AR SRR b HE— 25 AR AR AL B A | LR



5 8 1]

25 4, HT FPGA BUALAR DT B 25 s 15 S8 9

KnlE 4 fis

I ]
BRAM_1
BRAM_2
BRAM_3

B4 RAZSEEHENHFE
Fig. 4 Time sequence with triple buffering

Hrp [ —MBi LR —4L R L%, fEHE—
20758 — 2 R b 22 f7 b A Bl it 55 T o
RACHEE —H R F A7, R SE =4 Rk B9
Iz R b B NAE, 3 AR RSB PITS A
I MR — A =Kk
2.3.3  iFEREERLAL

S AR B 5E B — AR VE LB S/ AT m <
n X p X ¢ WIEIEE, AT 16x16 MFRERI -+
Kl e 8x8 LR I, 5 B — IR B4R DG ic iz 53 75 4
1716 384 LIz, i mEas N HA —4iz
BT, R A s B B T T KA FE
BB BATTRE IR BN 1 I R RS BLR  A
IHFT 25 16 384 A #h B A fe o2 sl — 481158, S8 Al
—iK1 024x1 024 K Fy B VC FLiE 550, ) 28 /b 22
447 ms, DL 16 19 5 K AL K B S B 4y BE RN
1 024x1 024 & F A& 31 ms, B 2EHT8 7,
W 2= A= 5 fr s B a7 L A )iz B0 A
B REIR A, P e 7 X B S A TR A

>

A A
5 5
firth it

=

Hif 1]
B5 HEREL TR
Fig. 5 Time sequence before computation delay optimization

AR AT LU i B £ 4T O eI AT RO
AR B Y, (H AR B 5 ARl A 7 B
ZEAER) BRAM 1 BRAM A< B (91525 o 1 50U A
RRAS, — R A, BRI — > B o 0 PN L s B A4
B, FIHE BRAM #E47 40 8 DLt ok 38 42 1 %%
it AR JR IO 2 55 | P a4k
AN U P TE

WNE 6 FizR B 24x24 B EHY 5 x 7 181 K1)
A3 24 HEE, IFFEA 24 Bt BRAM #1616
ARSI L [RIAE T A x g Tl a) 0 i 16 2HERE  OF A7
A 16 Bt BRAM 1, &i BRAM $i4 P> 11

e~ JE 09 P AT s M 32 A B, TRD R 5] 1k
32 AT I T K IR AR 16 3841 g
JEVBH 32 B A R 512 ANBH BRI, SeiZ
NI HER N 024x 1 024 1 & A HEAT L DE fic iz
EAERTZY 24 ms, HCET 0 08 1% 0 5 115 0 R Y B
FEAHZEAN K, B AEAS B 5047 &, P an il 7 B,
HIBFEMRIFEOAZ

BRAM 43tk

B 6 BRAM sriRidig
Fig. 6 BRAM partition process

WA A

HHE

B
IIF ]

B7 HERERLRHEE

Fig. 7 Time sequence after computation delay optimization
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Tab. 1 Template matching accelerator resource consumption
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Fig. 8 Accelerator processing result
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Tab. 2 The accelerator compared with general PC
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