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LIU Da, LI Fushuai, YI Qinglong

(School of Electrical Engineering and Automation, Fuzhou University, Fuzhou

et it ;s YOLOvon; FPGA; H 8 i

350108, China)

Abstract: Based on the excellent performance of YOLO series networks in the field of target detection, a high-efficient
YOLO target detection system based on FPGA is proposed. The target detection network YOLOv5n is designed by layer fu-
sion optimization to reduce the number of model training layers, and then the optimized YOLOv5n model is trained with
quantization aware training to quantize the weight data. By optimizing the hardware submodules of different network layers of
the model, a hybrid flow configurable hardware accelerator is designed, and the ping-pong double buffer and inter-layer pipe-
line synergy are used to achieve model acceleration reasoning. The target detection hardware acceleration system is realized by
using software and hardware collaborative design, and the hardware submodules are reasonably scheduled by the soft core
processor to realize efficient parallel operation of the hardware accelerator. The target detection hardware acceleration system
was tested on a Xilinx VC707 FPGA development board and achieved a throughput of 27. 15 GOPS at a 100 MHz operating
frequency and a power consumption of only 2. 88 W, with an energy efficiency of up to 9. 43 GOPS/W, meeting the energy

efficiency requirements of the target detection system.
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i A4k A DDR 2247 5ds . CPU B4 o 3l 3 454
BAG SE (14 3 1L A7 AR 1R A B S B 22 B, UART
OO T M T SRR A 0 B g R G HE L ) AR
HAE H 58 )5 0d o A B R Al (NMS. non maximum
suppression) FVE R B AT A H A 09 R I HE E 4T W
IH HB A AR 7 B A B R A AU .

PL i R 43 35 B 2 S50 90 B 4 o 8 4% 9 B0 1o HEFE . AE
AL UG, CPU B4 i 488 1 FMC (FPGA Mez-
zanine Card) MR & B/s & 0] it 280 BRIKIEHR Fi
YOLOvS n #5871 2 405 1o %50 4 701 4k 3R B i A7 %50 40 = A1
Fla e s A igss . 3£ d AXI-DMA (Direct Memory
Access) BEHAL iy 2 60 g b o RS R GEAERE AR
TS 38 S SR Bk A A R B8R 2 AT v AR A 1)
HEFRAL PR, A 58 BURE P 3 4% ] HE RS . PL 32 n)
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ARG d AXT 2R 52 11 3R 4T $id 58 1A A
B8, DI S2 B H AR AT R G R [R) 2% )2 1 i
#:#, AXI-DMA # il e fE ik dl ., A E PL i 6F {4
T #R AR 5 DDR 2 (8] 7 508 1% i TAE . BE 4R o 2
FE 58 B — Wk 32 3 J i 1 Bk 1 CPU 34 3 % 1% +h
Wif545 . OB AL 3R 4% 2 30 B0 3 7 )5 il AXT-Lite 2k
T R e s ) Ay A T BT IR A R 0 R 4% 2 S
B, Gtk B B 58 R A R 0 45 ) ) R

RO AT E U R g 47 o5 A 8 frow, B
PL i 580 ¢F PS 3 I 47 4k 1 B2 A4 1T 58 43 45 58 3R G 4B 3R
Ivi) B i KA K 7 3 4P i ) A 55 D2 B 7 5 {2 i Jon 3k
P RE
4 HERIW

BEIGERE S
T H oty R 22 2 HEZR R X YOLOvSn I 4% 2847 4
WSS QAT S5k, A 3% A B = 320 S 3
SKAH B By 3 000 5K 523 5ny K K AR AT 5L 5
Il 2.

R T HERR VEAL B AL AT S AR RLAS I PR BE . AR SCK R
FHREIN 505 b i KG % (P, precision)  HIF- 240K i
{8 (mAP, mean average precision) V£ ki #8 BI A5 0 %% SR
PPl s by . HE AKX A3 ~ (16) iR
TP
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P=Tp+Fp (1%
TP
R“'TP—#IWV (14
1
AP::J P(R)dR (15)
Sap,
mAP = 2= (16)

Hr. TP g EAEH], FP o fRIES] . FN b,
Ry A4 1] 5, 7 A TR 3 1) 0 TE 491 ot i A A 0 Y
Pl SFERERE AP T T i A 00 H s il A 0 i

K YOLOvSn A 19 2% 73 J31) 56 T 9% 5 48 B R
QAT ALK T INZRIEAR 300 48, P Al mAP B 8UE A
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A BT RE SR PR AR A TR B . (B R B  TE AR 22
JLIEI Y. X E AE FPGA JF & AR B 1 Jin 2 2% 2 56 K I
SR R AN K

QAT R AL G B 2SR R IF A 32 %% 8 i A1
B, MEBRRI RN E RS SRR 1/4, W
T2 PR, BEAR T RECR N B AR b & B S H0THR
a2, ORI T R R IR AR R IR AR, RS
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F2 WA ERERTY QAT BIRXS Lt
SN 10T S 4 26 BN/ M
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A SC3EFE Xilink Virtex-7 VC707 {E K B b6 ) i ¢
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¥ U LUT | FF | BRAM | DSP
. Etﬁl&?ﬁ];Lﬁﬁﬁﬂ}{ﬁ%ﬁﬁ]z%l&éﬁ]; [ﬁﬁﬁﬁ] W 79397 | 80545 | 126.5 | 221
| | | | . E BE 303 600 | 607 200 | 1030 | 2 800
RS/ % | 26,15 | 13.26 | 12.28 | 7.89

B8 RGHMELE P 2 47 7 5

¥R MU www. jsjclykz. com



w11 X1

ik, 4. AT FPGA IR AEAL YOLO HAs I R4 © o7

Hr, #4k%E (LUT, look up table) il i3 77 fi% #i
WHMEF AL EHAGERZHE., kd (FF, filp
flop) F 2 FuF 7 f i b i /7 B S B, JF Hoak Al
FHF A48 Ak 45 . BRAM 2 5 4 ok 287 & = 2
RN R, BT P RS R B E A
i 2E (DSP, digital signal processor) I % ] T 52 3 Ffe
RS E IR .

ST VEAR RE R B R SRR RB AL, AR 3L B AE Intel
13-12100F, GTX 1650 fl Virtex7 VC707 & LW T
YOLOvSn PMZERIRL, £ 4 ol TR I RS S
CPU., GPU & S B B 1 XF L . 76 L 1 sy 1) T 3 2%
MEMEL TR, u[7E CPU 5 GPU ¥4 4 YOLOv5n
W26 AR LN 2, i SR HERRET ) . Ak i R I AER
bR ASCHE FPGA JF & M b33 S B &R S h R
2.88 W, 7EiLfik T CPU 5 GPU W58l T, S23iY fig
3 9.43 GOPS/W, £+ CPU & #l GPU ¥ & ks
RSz, B, ¥ YOLOvon #5878 FPGA B A Kk
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F 4 KT A RE

& Intel 13-12100F |GTX 1650 | Virtex-7 VC707
HE IR 8] /ms 25.9 7.2 151
ik /GOPS 158 569 27.15
iHE/W 58 67 2.88
fiezk / (GOPS/W) 2.72 8. 49 9.43

5 RACE I E YOLOvSn B br #er i AT 14 i 5 g8
5 HAts SCHR AE A [6] FPGA 8 2457 4 52 30 19 A [ B8 14 Jin
A PERE g, F k5 )RR Y LU (E RE ROk
B ANFE PR R Z B TR 2R, HELZ
T ARSCTE Sy T M AR AR O F ScEk (130 ek [21]
WO RE Rk R 4. Ak B SR [20] B —
BI2E0E, (HIJFEMR, MRRER L. AXHEBR ARG
1R 38 B R 1Y [) B 3 T % SHE JOSC Ay W0 S R R Ty R ) T A
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k(18] | ekl 20] mk[21] A3
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Hofe SR I ) 265 0 R ) A . SIS A R . AR SCik
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