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Abstract; The mainstream synthetic aperture radar ( SAR) image target detection algorithms based on central processing unit
(CPU) and graphics processing unit (GPU) have disadvantages such as large model size, high computational complexity, low par-
allelism, and high power consumption, and are not suitable for deployment on resource limited platforms such as satellites and un-
manned aerial vehicles. A SAR image target detection accelerator based on field programmable gate array (FPGA) is designed in
this paper, taking into account the board resources, power consumption, inference speed and accuracy. The network model adopt-
ed by the accelerator is an optimized YOLOv4-tiny architecture, which optimizes the data bit width with a 16-bit fixed-point quanti-
zation and adds dilated convolutions to replace standard convolutions, thereby reducing the network model and parameters for de-
ployment on resource limited FPGA. In the implementation of FPGA convolutional layers, multiple loops unrolling and loop blocks
parallelism methods are used to accelerate convolution operations. The experimental results show that the optimized algorithm
achieved a throughput of 15.24 GOPS on FPGA, with a recognition speed of 256 ms per image, which is between CPU and GPU.
However, due to the FPGA hardware power consumption of only 3. 06 W, the energy efficiency ratios of the proposed algorithm
reach 18. 4 times and 7. 3 times that of CPU and GPU respectively.

key words: field programmable gate array (FPGA) ; synthetic aperture radar (SAR) ; hardware accelerator; YOLOv4-tiny net-

work ; object detection
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Fig. 1 YOLOv4-tiny network architecture
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Fig.3  Architectural design of the hardware accelerator
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SAR K4 7E CPU #1 GPU iR 5 A9 mAP J& 4 8] /Y,
FPGA SRR 16 LB B, 382 1 A Ak J5 1)
AL, &l 9 s, Hid &l 9a) 5 &l 9b) 435 2 CPU
o, GPU #1 FPGA (iR A4 R K . MR 4% B A5 B ]
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Fig.9 Comparison of recognition results between CPU or GPU and FPGA
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3.3 FPGA FAXWSiTit
3.3.1 FPGA RA+FRA A F

ASCFAE B FPGA A5 & ZYNQ7020, JH 32 %2
PEIRELEE 53 200 S K (LUT) (106 400 A fih % %+
(FF). 140 4~ BRAM, 220 % F {5 5 4 # o
(DSP48E) . FPGA Wt i i) #1| H1 %8 &y , Bk & FPGA
PERBEBROUEL , Bt s i (0, 3R 2 J@oR T A SChns 4%
Hh 2% BRI R A R B0, Herh B BE A A LUT F0
BRAM Jfyfinsd s it 1 ik F0Hks A7 A A% i 1) 7 o
XA ) TS BRI 1 e 8 Ak BER e A A T
A ARPERE . DSP4SE {1y 58 UM Fife i iz 55
A B BT, R 31k 100%, X R B
HAh ey ks M I 47 BE © S A B 5 i1 B T A2 /D
B AARZS Y LUT ££4i# 8% (LUTRAM) LK FFHBE5
R AIPRR AN 1 (1

=2 FPGA HiEHIFI A
Tab. 2 FPGA resource utilization

FIH LI

LUT 40 234 53 200 76
BRAM 118 140 84
LUTRAM 7 853 17 400 45
DSP48E 220 220 100
FF 64 903 106 400 61
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3.3.2 FPGA M55 51k

N T BRSSP RETE FPGA 15 ERYPERE, 43¢
G EILIBATAE FPGA P& | .CPU LI K GPU ¥
b T T SRR A, A SRR AR TEANFE B
EVERE LU RN 3 R 7E FPGA & |, iR
—ik SAR BRI E] A 256 ms, & 7E CPU V-5 L i
T =52 —, JF > TAE GPU P& F s i),
CPU 1 GPU 43k H] 32 (i B4l A8 B2, I B AT mAP
SEAHIF ) o SRTT, FPGA SR AT A& 16 i SR Ak,
I mAP AHXF CPU #1 GPU TR T 1. 5% (B4 7E &3
JEHIN . AR Bk i 2 S HEOR
PIEsS TR REAS AL A B 2. S48 FPGA At = {IK

T CPU #l GPU (Hi1 TIhFE R A 3. 06 W, HAERL L /3
H)& CPU Fl GPU #y 18. 4 f5 71 7.3 £k
®3 FREEESETEALEBITRERETLL
Tab.3 Performances comparison of proposed
algorithm running on different platforms

LE KR mAP/ HEE iR/ HokR/ BERL/
& KR/t % WE/ms W GOPS  (GOPS - W)
CPU 32 87.2 723 65.00 17.63 0.27
GPU 32 87.2 58 170.00 116.86 0. 68

FPGA 16 85.7 256 3.06  15.24 4.98

HAl, AV Z 055800 T 18 FPCA - & E 5B
YOLO ZRFSE, 2 4 F5 AR SCHE ity i gk 4 55 HeAth SC
MR th R AR AT T U

F4 FREESFRNXBMELRERETLL

Tab. 4 Performances comparison of the proposed algorithm and the algorithms in different literatures

wit o wmEEe masm SR wmam MR e AR HERCLS
SCHEK[13]  ZYNQ7020  YOLOv3-tiny 16 532 3.360 10. 45 3.11
k[ 14]  Ultra96V2  YOLOv3-tiny 8 250 121 4.260 31.50 7.40
HR[15]  ZYNQ7020  YOLOv4-tiny 16 1 040 2. 800 6.53 2.33
SCik[16]  ZYNQ7020  YOLOv4-tiny 16 18 025 2.384 — —
MHR[17]  ZYNQ7020  YOLOv4-tiny 16 383 2.750 18.32 6. 66

iNg'y ZYNQ7020 YOLOv4-tiny 16 150 264 3. 060 15.24 4.98

553CHRT 13 TAREE , 765 FH AR [R] ) B8 11 15 A [H]
A ZE BT, AR SCBC T A9 HE BRI ] 42 T 1 268 ms,
At AR T 4,79 GOPS; 5 3CHk[ 14 A1 EL, 76 H]
TR AT 5 AT AR B 1 O T, A
SCBETT B AR AEHE RN 8] 55 P RE A BT AR, (U (6 ]
(O BE 11 15 B IR SCHR L 14 1 19 =70 22—, Bdlahis
ST — A% s AE A AR R ) RE A7 & A SCRLE AR
SCHRL 1S ] 55 3CHRT 16 T, FERR AU ) i A 24 R 5 —
FUROL T, HERL (8] 5 ARk A T ORISR T 53
BRL 17 JAHEL , BARASCB AT LR T 3. 08 Gops,
fEORAEAEREME ] B4R TT T 119 mso £5 ik, A SCHe
HH A IIE AL RE DL T-X LAY HAth FPGA i s

4 HFiE

LR EFTR AR SCHR Hy T — PP 2L T YOLOvA-tiny [
SAR [E4 H AR I J5 % , I DK L3822 e IR S #E
FPGA BE{FF 5 1o it 51 AZS &R 16 A7 5E 5
RO AL TT 5 SRR T AT P s AR 1 B
AR AEIE A AR B LR AR5 o FEROEE
JrT R T FPGA+ARM 24y, 5873 M T FPGA
A EIFAT IS RE D MR IE A n] g AR 1k LR AE AR
B, Bt 2 L DR R e PR EE A TR e, S BE
TR Y A B B, O HOAE R D) AR IR T CPU AN
GPU, X EMW] T IZ BT AR SE b B i HoA 5 2 0 3

SCRERRN T R AT ML SHRA R

SR, A SCH T3 ¥k — S8 R BRAE: , 491 e Ak R
PR 61 S N R T 1 0 A 7 LR ) W A
ILTERE , HE— 4R R PR HERG R S HERL S HF R
ZIEMT FPCA [FE AL FIEE SR o
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