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Abstract

An FMCW radar-based detection system was proposed to identify approaching vehicles and enhance pedestrian safety. The proposed
system combined Doppler-based velocity estimation, the power spectrum density analysis, and a Kalman filter algorithm to effectively
distinguish between vehicles and pedestrians, thereby achieving a high detection reliability. In addition, by analyzing the movement
direction and trajectory of the detected objects, the system classified vehicles approaching or departing from pedestrians in real time
and provided the monitoring information only for vehicles that might pose potential risks to pedestrians. Implemented using a
commercial 77 GHz FMCW radar module, the proposed system successfully distinguished up to four vehicles simultaneously, achieving
a detection accuracy of 98.03% and false alarm rate of 5.88%.
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Fig. 1. Signal processing flowchart of the proposed FMCW

radar-based approaching vehicle identification system.
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Fig. 2. Measured range-Doppler map in an environment with-
out any target object.
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Fig. 5. Tracking performance according to parameter settings.
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Table 1. Operating specfications of the radar system.

Parameter Value Description

tarting fr f th
Start frequency 77 GHz Starting frequency of the

FMCW sweep
20.520 Rate of frequency increase
Frequency slope, S MHz/uis over time
Sampling rate 11.978 | Number of ADC samples per
ping Ms/s second
Number of samples 58 Number of samples collected
per chirp
Number of chirp 201 Delay between consecutive
loops, N chirps
. Time after chirp start when
Idle t 2
dle time i ADC sampling begins
ADC valid start Time at which the frequency
. 3.8 us .
time sweep ends after chirp start

Time at which the frequency

Ramy ti . .
p end time 9.64 us sweep ends after chirp start

o Duration of fr
Frame periodicity 60 ms uration of one frame

(processing interval per frame)
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Table 2. Detection accuracy and false positive rate using
the propose system.

Trials #1 #2 #3 H#4 #5 | Avg
Observation | 25 | 718 | 729 | 714 | 732
time (s)
True positive
34 36 38 34 33
(TP)
False positive
FP) 2 3 4 0 2
False negative
0 0 1 0 0
(FN)
True negative
88 83 76 93 82
(TN)
Accuracy (%) | 98.39 | 97.54 | 95.80 | 100 | 98.29 | 98.03
False alarm
e (FDR. %) 556 | 7.69 | 930 | 0.00 | 571 | 588
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Fig. 9. Detection comparison for the usage of Kalman
filter in the proposed algorithm.
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Table 3. Performance comparison of the proposed radar
system with the previous PSD-Based approach.
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. . maintenance
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