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Abstract

In this paper, we present a novel detection architecture in a through-wall environment using impulse radio ultra-wideband(IR-UWB)
radar. In the proposed architecture, multiple moving target indicators and constant false alarm rate(CFAR) detectors are combined to
detect both stationary and moving targets. Each detector is designed for the state of targets; in particular, the modified CFAR method
is applied to detect fast-moving targets precisely. The outputs of the CFAR detectors are combined through a logical operation to achieve
high detection rates for the targets in different movement. This fusion can be used not only to achieve a high detection rate but also
increase the false alarm rate. The characteristics of the signals detected on the CFAR are analyzed to reduce the high false alarm rate
by classifying the actual target and false target. Experiments were performed for different scenarios of multiple targets using various
movements. It is verified that the proposed algorithm has improved performance in terms of both detection rate and false alarm rate
compared with conventional approaches, such as cell averaging CFAR and ordered statistics CFAR.

Key words: Impulse Radio Ultra-Wideband Radar, Through-Wall Radar, Multiple Target Detection, Constant False Alarm Rate,
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Parameter Value
Central frequency 1.8 GHz
Bandwidth 2.8 GHz
Average transmission power —14 dBm
' X
[y
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AMP Variable v gEp
Attenuator

NVA 6100
chipset

Variable
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Fig. 1. Ultra-wide band radar module.
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H 3. MRMR 71¥ & E3 99 EA 7t
Table 3. Feature values of the rank according to MRMR

method.
Index Feature
1 Multiple peak flag
2 Envelope length
3 Envelope area
4 Envelope mean
5 Envelope variance
6 Envelope skewness
7 Envelope kurtosis
8 Area in frequency domain
9 Mean in frequency domain
10 Variance in frequency domain
11 Skewness in frequency domain
12 Kurtosis in frequency domain
13 Ratio of peak to distance
14 Ratio of peak to CFAR threshold
15 Slope of second envelop
16 Ratio of mean to distance
17 Ratio of variance to distance
18 Ratio of skewness to distance
19 Ratio of kurtosis to distance
20 Ratio of peak to CFAR threshold with
distance
21 First peak value in frequency domain
22 First peak index in frequency domain
23 Second peak value in frequency domain
24 Second peak index in frequency domain
25 Ratio of first peak value to distance in
frequency domain
2% Ratio of second peak value in frequency
domain
27 Ratio of first peak index to distance in
frequency domain
2 Ratio of second peak value to distance in
frequency domain
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Fig. 17. True positive rate according architecture of neural
network.
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Fig. 18. Confusion matrix of neural network.
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Table 4. Experimental scenarios.

Index Scenario
1 One target standing at coordinates (0, 2) m
2 One target standing at coordinates (0, 4) m
3 One target standing at coordinates (0, 6) m
4 One target sitting at coordinates (0, 6) m
5 One target standing at coordinates (0, 8) m
6 One target standing at coordinates (0, 10) m
7 One target moving from (0, 4) to (0, 13) m

at a low speed
g One target moving from (0, 4) to (0, 13) m
at a moderate speed

9 One target moving from (0, 4) to (0, 13) m

at a high speed

One target turning circle at coordinates (—1.5, 2.5) m
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Fig. 21. Experiment results of scenario 3.
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Table 5. Experimental results.

Conventional method Proposed algorithm
Scenario CA-CFAR OS-CFAR CFAR stage Neural network stage
Detection False alarm Detection False alarm Detection False alarm Detection False alarm
rate (%) rate (%) rate (%) rate (%) rate (%) rate (%) rate (%) rate (%)
1 64.7 6.0 66.5 6.5 954 15.9 91.3 53
2 97.7 8.1 98.0 9.0 100.0 19.6 100.0 6.3
3 96.9 6.3 97.7 73 98.5 15.4 98.3 2.6
4 90.3 75 87.1 10.0 100.0 27.7 99.0 75
5 88.5 6.4 90.8 7.0 89.0 15.7 86.5 3.0
6 80.3 6.5 89.0 75 94.9 14.6 87.3 2.7
7 98.0 85 98.3 9.8 98.7 15.1 98.2 43
8 80.5 43 87.3 52 94.2 14.5 91.6 52
9 32.8 44 35.9 6.9 90.6 17.1 86.5 6.1
10 71.5 25 80.6 2.8 94.6 7.6 93.5 44
11 86.6 4.1 82.9 44 95.7 9.7 95.1 6.3
12 81.1 0.8 88.9 14 94.9 33 91.1 1.6
13 85.9 1.9 85.8 26 94.0 6.5 93.1 3.8
14 82.7 0.9 83.0 1.4 93.7 2.8 934 0.8
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