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High-Energy Efficiency Cardboard Defect Detection System Based on FPGA

CHEN Junjie, CHEN Zheyu, ZHENG Zibin, LI Sheng
(School of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China)

Abstract; Currently, manual inspection methods are mainly used to remove defective cardboard in the industrial assembly
line production process, which is inefficient. Therefore, it is of practical significance to achieve the high-energy efficiency and
accurate automatic detection of surface defects on cardboard during the production process. Based on the excellent perform-
ance of the YOLO series network in the field of object detection and the high energy efficiency of FPGA-deployed network
models, a high-energy efficiency cardboard defect detection system based on FPGA is proposed. The cardboard defect dataset
is trained through the YOLOv7-Tiny network, and the network model is retrained and quantified using quantization aware
training (QAT). With a detection accuracy loss of only 0. 36 % , a quantification of 8 bits for the weights and feature map da-
ta is applied to reduce hardware resource consumption. A hardware accelerator with reusable multi-node configurable archi-
tecture is designed to achieve inference acceleration for different network layers through multiple configuration nodes. Each
network layer is optimized at the hardware level, and an inner and inter layer collaborative pipeline design is adopted. The en-
tire hardware acceleration system is implemented through the collaborative design of software and hardware, with a rational
division of software and hardware tasks, achieving the high-speed parallel operation of the hardware accelerator and soft-core
processor. Finally, on the Xilinx VC707 FPGA evaluation board, a throughput of 177. 96 GOPS is achieved at a working fre-
quency of 200 MHz, while the power only consumes 6. 5 W, the high energy efficiency of 27. 38 GOPS/W is achieved, which
is 19. 7 times that of the 15-10400F CPU and 8. 6 times that of the GTX 2070S GPU, respectively. It balances detection
speed and power consumption., meeting the requirements of industrial environments in cardboard production.

Keywords: FPGA; surface defect detection; hardware acceleration; YOLO; quantization
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6ol TIFEERE DI FE W BT, SIS A SEBR A
= 3 ANFFG g
b 10} -5 15-10400F CPU | GTX 20708 | Virtex-7 Vc707
FEIR /ms 81.8 24 31.3
20 - o i FEnt i/ GOPS 67.97 231. 29 177. 96
! — SRERSII% HE/ W 18.58 72.18 6.5
0 = 100 T 500 550 300 gL/ (GOPS/W) 1.39 3.20 27.38
AR H/epoch
B9 %1% mAP 254k il 4 Fd BRI R O AR H AL
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