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Development and Performance Analysis of Radar Signal Processing
for Autonomous Unmanned Ground Vehicle
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ABSTRACT

In this paper, we present signal processing procedure and carry out performance analysis of FMCW(Frequency

Modulation Continuous Wave) radar for Autonomous Unmanned Vehicle(AUV). In order to detect range profile

and velocity of the unknown target, we must implement two step FFT(Fast Fourier Transform) procedure. And the

DBF(Digital Beam Forming) algorithm has to be performed to obtain the angle information of the unknown target.

To verify the performance of manufactured autonomous unmanned ground vehicle FMCW radar, we use the data

of the real corner reflecter target.
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Fig. 1. Transmitted and received signal of FMCW radar
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Fig. 2. FMCW radar transmitted signal in the time
domain
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Fig. 3. Block diagram of FMCW radar signal processing
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Table 1. The function of FMCW radar signal processing
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Fig. 4. The procedure of FMCW radar signal processing
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Fig. 62 tixd ¥ ¥"(digital beamforming)®] A4
A Uepla glow, 97 RYgsEs A48
3 -27 dB Taylor £X & &390k tx&g q X
o] AE B 7ZF g 1 #¥(sidelobe level)
o] 27 dBE FAFH= S AT F AUtk

25 :
— Beam #1 (-30)
—— Beam #2 (-21)
20+ Beam #3 (-13) ||
— Beam #4 (-4)
15+ ———Beam#5 (4) ||
Beam #6 (13)
——— Beam #7 (21)
10+ —— Beam #8 (30) ||
g 5
£
© L
3 0
5
-10
15§ 8
ll

" 60 30 0 0 60 9
Azimuth angle [degree]

Fig. 6. Azimuth pattern of digital beamforming
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Fig. 82 Al AAg A-&53 FAxFE FMCW
dole AsAE7] Hee] S vehla ok
olt] FAlFoA AT E FAlsE AEE 8719 ADC
(Analog-to-Digital Converter)Z 33} th.

Fig. 8. FMCW radar signal processing board form

-

&5 FoxFEE FMCW #lolololA F2d o
g ARE 5317 A B =Rl ARS As
7oA e $41 259} 41 4159 Aol o] 83
deramp A% A W& o]&5HTE o|FA deramp
AT A WS o] 831 Fig 994 Yelhd A} 2
o] golrje] AT} HHAAM wAlE FAAF

St A8 71483 2] A6 A45(2013F 8¥) /517



>,
ofy
ofo
D
AN
o

o3t Ao ME AIZFAA WEFY ZHE G H(transient
region) TAYSTE Fig. 9= FMCW #HolH 9] FArdy
(transient region)2] WA ¥g]E yElT)

2 =RdAE oldd A= Fge s FAA
< AZ37] feilA ADC 27 HolHe] Hx 99
(transient region)oll W& &2l (clipping)S HE 3}

At

>
18]
C
[
3
[on
(U]
2
E
b %
BW WY ‘_\t\?’
]% v,
f -
\ \ \ | time

transient
region

transient
region

Fig. 9. The fundamental principles of transient region
for FMCW radar
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Fig. 10. FMCW ADC logging data, (above) ADC logging
data before applying clipping and window
function (below) ADC logging data after
applying clipping and window function
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Fig. 11. The result of the 1st FFT processing, range
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Fig. 12. The result of the 1st and 2nd FFT processing,
range and velocity information of the target,
(above) Before applying Hanning & Chebyshev
window function (below) After applying Hanning
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Fig. 13. Radar test environment for the moving target
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Fig. 14. ADC logging data after applying clipping and
window function for the moving target
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Fig. 15. The result of the 1st FFT processing for the
moving target, range information of the target,
(above) Before applying clipping and window
function (below) After applying clipping and
window function
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Fig. 16. The result of the 1st and 2nd FFT processing
for the moving target, range and velocity
information of the target, (above) Before
applying Hanning & Chebyshev window function
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window function
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