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Design and implementation of an efficient accelerator
for sparse convolutional neural network
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Abstract: To address the difficulty experienced by convolutional neural networks (CNNs) in computing hardware im-
plementation, most previous designs of convolutional neural network accelerators have focused on solving the computa-
tion performance and bandwidth bottlenecks, while ignoring the importance of CNN sparsity to accelerator design. Re-
cently, it has often been difficult to simultaneously achieve computational flexibility, parallel efficiency, and resource
overhead using the small number of CNN accelerator designs capable of utilizing sparsity. In this paper, we first ana-
lyze the effects of different parallel expansion methods on the use of sparsity, analyze different methods that utilize
sparsity, and then propose a parallel expansion method that can accelerate CNNs with activated sparsity to achieve high-
er parallelism efficiency and lower additional resource cost, as compared with other designs. Lastly, we complete the
design of this CNN accelerator and implemented it on FPGA. The results show that compared with a dense network
design using the same device, the acceleration performance of the VGG-16 network was increased by 108.8% and its
overall performance was improved by 164.6%, which has obvious performance advantages.

Keywords: convolutional neural network; sparsity; embedded FPGA; ReLU; hardware acceleration; parallel computing;
deep learning
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Fig. 11 Schematic diagram of the overall architecture
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Fig. 12 Schematic diagram of multiple working modes
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Table 2 Utilization report of FPGA
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Fig. 13 Comparison of acceleration effects of VGG-16 net-
works with different parallel expansion modes
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Table 3 Sparse convolutional neural network accelerator VGG-16 calculation performance of each layer

FR ST E /ms BT E/ms FHTTE A R)/ms 11 E/GOP BRI RE/GOP/s FiBi i1 fE/GOP/s
CONV1 16.81 21.52 12.82 3.87 180.00 302.13
CONV2 24.08 25.65 18.43 5.55 216.32 301.06
CONV3 40.14 44.13 25.67 9.25 209.57 360.33
CONV4 40.14 42.09 17.21 9.25 219.72 537.29
CONVS5 12.04 12.52 4.15 2.77 221.68 668.72

CONV Total 133.22 145.90 78.28 30.69 210.37 392.10
FC Total — — 7.08 0.25 — 34.92
Total — — 85.36 30.94 — 362.48
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Table 4 Comparison of VGG-16 performance with other convolution neural network accelerators
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LRLHERE/GOP-s | 136.97 117.80 266 354 362.48
HATMACEFHCE /% 80.26 28.97 73.25 57.42 170.18
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