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Design and Implementation of Radar Signal Processing
System for Vehicle Door Collision Prevention
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Abstract

This paper presents the design and implementation results of a Raspberry-Pi-based embedded system with an
FPGA accelerator that can detect and classify objects using an FMCW radar sensor for preventing door collision
accidents in vehicles. The proposed system performs a radar sensor signal processing and a deep learning
processing that classifies objects into bicycles, automobiles, and pedestrians. Since the CNN algorithm requires
substantial computation and memory, it is not suitable for embedded systems. To address this, we implemented a
lightweight deep learning model, BNN, optimized for embedded systems on an FPGA, and verified the results

achieving a classification accuracy of 90.33% and an execution time of 20ms.
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Fig. 1. FMCW radar transmission and reception signals.
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Fig. 2. Basic structure of 2D CA-CFAR.
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Fig. 3. Structure of the proposed system.
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Table 1. Parameters used in CA-CFAR.
H 1. CA-CFAR0| AtEl parameters

Parameters Value
rcell 10
gcell 5
Pfa le-5

2. BNN &% A%53%7}

BNN 7= FPGA 4 7171 AAE HX= 5I9V7]
o wietalE & iEste] AAEAT. AFHA 1,166
N, AFsRF 83770, AFE 1,004702 F 3,007719] ©o]
EALE ARESIAL, o] F 2,4077h= dhssoll AREshaL
S B7oll= 300714 ARESHITE. BNN 5ol
HS A= H 290 Aottt Conv(Convolution
Layer)= 99 HlolH9 E4& 55k dT= o,
2k kernelZ ARESHO] ofmA Y 4159] FQ%F HiEl
AR}, Maxpooling®ll 2J3t oy £4& x|Adls}
7] el A AR Conve kernel 3715 5x52 A7}
R o]F AAA= 3x3 AES ARSI FCL
(Fully Connected Layer)= Z& &5 TAOA ARE

=o] 4 HolBHE 54 classoll Mi¥sh= 4TS 53
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Table 2. Accuracy and number of parameters according
to BNN layer configuration.
H 2. BNN layer 740] M2 M= Y parameter 5=

# Conv # FCL Accuracy (%) # Parameter
5 1 79.333 89,539
2 85.000 1,256,899
1 86.333 383,427
& 2 87.333 1,421,251
4 1 89.000 964,553
2 90.333 1,225,155
1 84.667 1,000,521
° 2 79.667 1,261,123
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Fig. 4. BNN structure of proposed system.
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Fig. 5. Experiment environment : (a) Bicycle, (b) Car,
(c) Human.
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Fig. 6. Radar signal processing result for bicycle :
(@) FFT, (b) CFAR, (c) DBSCAN & Tracking.
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Fig. 7. Hardware structure of proposed system.
O 7. H2HE AARIS SIELI0 =

I3 0. M¥2 Sof U2 AMES I ofF Z: (2) XISH

input XNOR popeount

—
r Accumulator
—
weight
threshold
Y l
Maxpooling Batchnorm
output

Y

— 2

Fig. 8. BNN operation structure of layer block.
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