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Abstract

In this paper, we propose CNN-based HMI system using Doppler radar and voice sensor, and present hardware design
and implementation results. To overcome the limitation of single sensor monitoring, the proposed HMI system combines
data from two sensors to improve performance. The proposed system exhibits improved performance by 3.5% and 129
compared to a single radar and voice sensor-based classifier in noisy environment. In addition, hardware to accelerate the
complex computational unit of CNN is implemented and verified on the FPGA test system. As a result of performance
evaluation, the proposed HMI acceleration platform can be processed with 95% reduction in computation time compared
to a single software-based design.
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Fig. 1. Overall scheme of the proposed HMI system.
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Table 1. Simulation results in various environment.

¥ 1 Ciekst stdolAM e MsEI Z)
Performance
Comparison
SNR Radar Mic Fusion
vs. VS.
Radar Mic

0dB 88.6% 75.6% 92.5% +3.9% | +16.9%

3dB 89.5% 77.8% 94.0% +45% | +16.2%

6dB 91.6% 81.3% 94.6% +3.0% | +13.3%

10dB 92.0% 85.5% 96.0% +4.0% | +10.5%

13dB 92.3% 85.8% 94.8% +2.5% +9.0%

16dB 92.5% 87.0% 96.8% +4.3% +9.8%

20dB 94.3% 88.3% 96.8% +2.5% +8.5%
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Fig. 6. Block diagram of the proposed FCL accelerator
based HMI system.
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Table 2. Verification results of proposed HMI system.
2. Mokl HMI AlAEle] AZ Z 3t

i

Parameter Value
Target FPGA XC77020-1CLG400C

Operating Frequency 110.57MHz

HW Execution Time 0.07695s

SW Execution Time 1.70821s
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