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An Energy-efficient CNN Processor for High-quality
and High-resolution Intelligent Image Processing
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Abstract

Convolutional Neural Network (CNN) is a specialized type of
neural network designed for computational imaging. It has
achieved remarkable results in various applications related to
image processing and quality enhancement, such as image
denoising and image super-resolution. Moreover, CNNs can
provide higher-quality visual experiences and can even enable
novel applications that traditional algorithms hard to accomplish,
such as image style transfer. Therefore, CNN has the potential to
bring about a new wave of quality revolution in image capture
and displays while implementing real-time computational processing
of intelligent networks can be implemented on embedded system.
However, CNN models for computational imaging applications
require massive DRAM bandwidth and extremely high computation
power. This poses a significant challenge for embedded devices
that have low bandwidth and power consumption requirements.
As a result, this technology is difficult to be widely adopted in
such applications.

This work aims to develop a memory and energy efficient image
processing CNN accelerator chip to overcome these challenges.
We adopt collaborative design approach that combines model
algorithms and system circuit architecture to optimize bandwidth
and power. It successfully accomplishes high-quality and
high-resolution intelligent image processing applications within
the resource constraints of embedded devices. Furthermore, we
have also integrated this accelerator chip with the Xilinx ZCU102
SoC development board to create a real-time demonstration
system, and directly displayed various high-quality intelligent
visual applications.

To address the significant bandwidth access required by high-quality
deep models and high-resolution images, this design proposes a
hybrid layer fusion inference flow that effectively reduces memory
usage costs. Additionally, unlike previous works that introduced
complex control circuits to leverage the irregular dynamic sparsity
of pretrained models for power reduction, this design employs a
structured sparse interleaved-kernel highly parallel convolution
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engine through algorithm-hardware co-optimization. This approach
enables high computation throughput and energy efficiency at
the same time, substantially reducing computing energy without
additional circuit costs or complex control requirements.

This chip is fabricated in TSMC 40nm CMOS process. Fig. 3 shows
the die photo and the specification of this chip. Its core area is
about 3.2x3.2mm? with 814 KB of SRAM usage. This chip can
achieve a maximum computational throughput of 8 TOPS (tera
operations per second). It can efficiently perform high-quality
deep model computations at 4K Ultra-HD 30 fps, achieving an
energy efficiency of 7.6 TOPS/W. Additionally, the required DRAM
bandwidth is less than 2GB/s. With this chip design and its
accompanying demonstration system, we aim to accelerate the
adoption of high-quality intelligent image processing technologies
and provide more possibilities for the design of next-generation

image processors.

Technology TSMC 40nm
Supply Voltage 0.65-1.08 V.
Area Chip 3.7x3.7 mm?
Core 32x3.2 mm?
Logic Gate Count 80M
SRAM 814 KB
Maximum Frequency 200 MHz
Peak Performance | 4.9 TOPS (8.2 equivalent)
Peak Throughput 4K Ultra-HD 30fps.
1149 mW @ 200MHz, 1.08V
Structure-Sparse SRxa | (4K UHD 30fps, 20-layer ERNet

206 MW @ 50MHz, 0.66V
i (FHD 30fps, 29-layer ERNet)
1151 mW @ 200MHz, 1.08V
(4K UHD 30fps, 21-layer ERNet)
194 mW @ 50MHz, 0.67V

Core FHD 30fps, 21-layer ERNet]
Power 1055 mW @ 200MHz, 1.03V

(4K UHD 30fps, 21-layer ERNet)
174 mW @ 50MHz, 0.67V
(FHD 30fps, 21-layer ERNet)
585 MW @ 200MHz, 0.94V
o7 (4K UHD 30fps, 16-layer ResNet
129 mW @ 50MHz, 0.65V
(FHD 30fps, 16-layer ResNet)
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