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Binary-Weight Hourglass Network Accelerator for Efficient Real-Time Image

Processing in Orbit
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(1.Department of Microelectronics and Nano Electronics, Tsinghua University, Beijing 100047, China;
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Abstract: In order to achieve high-speed and energy-efficient processing for in-orbit images in real time, a binary-
weight hourglass network (B-HN) accelerator based on multi-level prediction-correction mechanism and look-up table
(LUT) approach is proposed. First, an LUT with a unified mode is adopted to support the convolutional neural
networks with fully variable weight bit precision. Second, a multi-level prediction-correction model is proposed to
achieve the computational-efficient convolution with adaptive precision. With these two methods, the computation
amount of the network can be reduced by 77.4%, and the reasoning speed can be increased by 2.3 times. Third, a
pipeline architecture based on block computing is designed for solving the memory access problem caused by the
numerous skip connections in the residual block of B-HN. With the architecture, the on-chip memory requirements and
access operations are reduced by about 60% and 31%, respectively. Finally, the hardware back-end design and
performance analysis are completed under TSMC 28 nm technology. The area of the accelerator is 0.7 mm®. At the
operating frequency of 500 MHz, the power consumption is 117 mW, and the power efficiency is up to 10.15 TOPS/
W, which are two orders of magnitude higher than any of current mainstream binary accelerators.
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Fig.1 Common hourglass network model and residual block
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Fig.2 LUT-based binary weight convolution optimization
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Tab.2 Performance optimization analysis for AlexNet
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Convl 96 0.42 38.70 0.097 76.90
Conv2 256 0.90 72.50 0.151 83.19
Conv3 384 0.60 79.30 0.094 84.36
Conv4 384 0.45 77.60 0.071 84.14
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Total — 2.67 — 0.460 82.75
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Fig.4 Post-layout of the B-HN accelerator

3 B-HNMiE=RGim A EEEHE
Tab.3 Performance data of simulation for the B-HN

accelerator post-layout

PR b &
T2 8 /nm TSMC 28 nm 1P10M CMOS
Hi 2R /MHz 500.0
b EA7fi#/kB 92.0
T A/ mm”® 0.7
kA / (s 450.0
UI#E/ mwW 117.0

B-HN it ¢ -5 A0 5C 8 A R A 14 ek 4 7
AEXT LB W2 4. R Al UL, B-HN I 5 76 11 58
HE IR Ko My FE AL 22 Ty T8 A AH OC T AR BUAR T L A B i
EOE7SA g

R4 SHEETIEMHREXTLL

Tab.4 Performance comparison with related works
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