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Implementation of FMCW Radar Simulator in Urban Environments using
QuaDRiGa Clutter Model
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Abstract

In a dense urban environment where a receiver is located, the transmitted signal is reflected off the scatterers, thus forming multiple
multipath signals, and the receiver retrieves not only the direct path but also the multipath signals. Understanding the clutter detected
by radar propagation signals due to multiple paths in such complex environments is important. In this study, we apply quasi-deterministic
radio channel generator, which is a statistical channel model, to an FMCW radar simulator to model the clutter that may occur in urban
environments. Furthermore, we evaluate the effect of clutter on target detection by calculating the signal-to-clutter ratio.
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Fig. 1. In QuaDRiGa, the implemented Tx and Rx, FBS
and LBS, and the direct path and multipath.
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Fig. 2. Simulink block diagram of FMCW radar simulator applying QuaDRiGa.
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Table 1. FMCW waveform parameters.
Starting frequency 24 GHz
Bandwidth 100 MHz
Sampling frequency 150 MHz
Chirp time 25 ps
The number of chirps 16
Peak transmitted power (7,) 1 Watt
Transmit antenna gain (G,) 1
Receive antenna gain (G,) 1
Quantization of transmitted and received signals| Not applied
Decimation factor of dechirp signal 20
ID-FFT length 256
2D-FFT length 16
H 2. M g
Table 2. Target parameters.
Range Radar forward 50 m
Velocity Radar forward 30 m/s (receding direction)
RCS 10 m’*

* Height of radar and target: 10 m
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2t

& o] AlEg ool A3 QuaDRiGa Z = 192>
2.8.1. Mo B 3GPP TR 38.901 standard®] urban(E 4!
micro-cell A9l tg LSPE # 33}‘33 A sk o,
24 GHz9) carrier frequencyE #]-&-¢F 58 LSP g 3£ 3
3 2

QuaDRiGaEs #8314 &2 free space &%} QuaD
RiGag #-&3 T4 S04 2 3= multipath7} E7)
St Zdstol tigh Alsdlold A= 19 3 % 11| 49
72tk 19 3(a) 2 18 4(a)9] beat frequency= 2t chirpl]
U3t beat A1 5] ID-FFT A#E plotd A o™, 2D-FFT
Zolof == 16702 plot line®] FA= o] Ut 19
3(b) ¥ I¥ 4(b)9] Doppler frequency= 2D-FFT A&
7} time sample ' = plotgh A |, ID-FFT Zojel g
5= 256719] plot lineo] FAJEo] )

0

of

E 3. LSP(large scale parameter) Z(3GPP TR 38.901
urban micro-cell)
Table 3. LSP (large scale parameter) values™ (3GPP TR
38.901 urban micro-cell).

Mean —17.14
Delay spread [dB] —
Standard deviation| 0.38
AOD spread [dB] Mean 1.21
(AOD: Azimuth angle of departure) |Standard deviation| 0.41
AOA spread [dB] Mean 1.73
(AOA: Azimuth angle of arrival) |Standard deviation| 0.28
EOD spread [dB] Mean 0.33
(EOD: Elevation angle of departure) |Standard deviation| 0.35
EOA spread [dB] Mean 0.73
(EOA: Elevation angle of arrival) |Standard deviation| 0.34
) Mean 9
Ricean K-factor [dB] —
Standard deviation| 5
XPR Mean 9
(Cross polarization ratio) [dB] Standard deviation| 3
Shadow fading [dB] Standard deviation| 4
Proportionality factor 3
12
The number of clusters (the number of
multipaths: 11)
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. 3. Results of radar simulation for a free space
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