%42 55 3 1 wode B R o i Vol.42,No.3
2021 46 A Journal of Hebei University of Science and Technology June 2021

X EHS:1008-1542(2021)03-0241-07

3T FPGA iEHERZE IP X1l
ZEHE L, FEEHE EFH ,ETRE,FEWE

(1.AHBRXFZEHFEIRESR,TEEEAE 0500182 6 K A EEFK, TELERE
050022)

 EASANAERAEM S E DR TSR PR R E RS T MM Z R
MY BARAYZE W % e FPGA B4 6945 & 428 T —# 40 VHDL & 5 A4t & ik @ A AR E
IP &Rt Fix, ARERENT AT X . FERECRIT AL FAL ARG T F AR, @i
Je B A S 9 fE— 4T 4 FIFO 89 55 XK S 2B AN 7 X8, 0 b bk 3k 25 69 32 4F , 5F e A 42 4 45
SHELTAMBARFERGT e R DAEEREABL ERFTRAGERE . REWK AR ESL AXIS
WEEAFHERIP B, R AW, £ 50 MHz 89 TR E T 428 2X2 K8 F A4 100X 100
MR RATERT L, ERFTRAAFERLE 1,4 204 ps, H AR ERZ B ETUREIRF
5 MF/s, B, &t 57 S mERE R THARY R XFEIETHIELRE, Y ARV ZR % E
DN BE M L IR T — A TATE T ik,

XEEERBBHEA ABRAZ ML FPGA; A8 E %t A %L

hE 4SS . TP274; TP391 XEkARIRAD A doi:10.7535/hbkd.2021yx03005

Design of universal convolutional layer IP core based on FPGA

AN Guochen', YUAN Hongtuo', HAN Xiulu', WANG Xiaojun', HOU Yujia®

(1. School of Information Science and Engineering, Hebei University of Science and Technology. Shijiazhuang, Hebei

050018, China; 2. Shijiazhuang Foreign Education Group, Shijiazhuang, Hebei 050022, China)

Abstract: Aiming at the problems of insufficient computing speed and poor portability in the miniaturization and paralleliza-
tion of convolutional neural network, this paper proposes a design of high-speed universal convolutional layer IP core using
VHDL language based on the characteristics of convolutional neural network and FPGA devices. Layer based on convolution
calculation, convolution core design is put forward for the parallel calculation and pipeline module, through each line in the
convolution of the core connect to FIFO to improve the data flow, reduce the operating address jump, and join the control core
to make it can adjust the convolution with images and convolution window size to layer parameters, generate different convolu-

tion layer, finally, the convolution layer is combined with the AXIS protocol and encapsulated into IP core. Under the work-
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ing frequency of 50 MHz, the convolution calculation of 100 X100 images with 2 X2 convolution check is carried out. The uti-
lization rate of each resource is less than 1%, and the time is 204 ps. The theoretical calculation speed can reach the maximum of 5
MF/s. The IP core structure of the convolutional layer not only increases the portability of the convolutional module, but also
ensures the computing speed, which provides a feasible implementation method for the implementation of convolutional neural

network on miniaturized devices.

Keywords: integrated circuit technology; convolutional neural network; FPGA; convolution layer; design parameterization
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Fig. 1 One-dimensional convolutional layer schematic
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Fig. 2 Two-dimensional convolutional layer schematic
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Fig. 3 General convolutional layer acceleration structure
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Fig. 4 Schematic diagram of the universal convolutional layer
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