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Performance Comparison of CA-CFAR and K-Distribution-Based CFAR Using
Measured Doppler Radar Signals in Maritime Environments
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Abstract

This study analyzes the statistical characteristics of maritime clutter using measured CW and FMCW Doppler radar data and compares
the detection performance of K-distribution-based CFAR with that of conventional CA-CFAR. The measured Doppler power distribution
exhibited heavy-tailed characteristics, and goodness-of-fit tests showed that the K-distribution provided approximately 11 % better fit
than the exponential distribution. Performance comparison results indicated that K-CFAR reduced the false alarm rate by approximately
28~34 % compared to CA-CFAR, whereas the detection probability decreased by approximately 28 % in CW environments and 2%
in FMCW environments. In FMCW environments, the performance degradation was minimized, confirming its effectiveness.
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Fig. 1. Conceptual illustration of maritime test scenario
and data acquisition setup.
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Table 1. Summary of maritime test data configuration and
signal processing parameters.

Parameter Description

Test environment East Sea coastal and offshore region

Radar waveform |CW (Channel 1~4), FMCW (Channel 5~8)
Data format

I/Q complex signal, 16 streams

Frame length 40 ms
Sampling | Mz
frequency
FFT length Nepr=10,000

(decimation factor D=4)

Window function Hann window, no overlap

Channel .
. Non-coherent power summation
combination
Frames per file 1,000

® 2. golth AXE AY
Table 2. Overview of shipborne radar system parameters.

Parameter Description
Platform type Shipborne radar system
Frequency band X-band

Bandwidth (B)
Antenna gain
FMCW chirp time (T;)
FMCW chirp slope

CW: single frequency/FMCW: 50 MHz
Approximately 40 dBi

40 ms (same as frame length)

S=B/T, (linear frequency sweep)

H 3 24 B4 9%
Table 3. Summary of target characteristics.

Parameter Description
Target type Small jet-powered UAV target
Observed' radial Approximately 50~140 m/s
velocity

Tens of meters to several kilometers

Manually verified using DTI and RD
map analysis

Operational altitude

Ground truth
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Table 4. Results of goodness of fit test for maritime
clutter power distribution.

Test method 5?::12?;::2 K-distribution | Improvement
K-S statistic 0.5711 0.5709 0.04 %
K-S p-value <0.001 <0.001

A-D statistic | 1.12x10° 9.99x104 10.8 %
A-D p-value <0.001 <0.001
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Table 5. CFAR processing parameters.

Parameter Description
Neer=30 (per side)

Naar=2 (per side)

Reference cells
Guard cells

Window size 65 cells
Target false alarm probability 4x107
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scaling factor (aCA) Numerically calculated
K-CFAR Fixed value
shape parameter (v)
K-CFAR Numerically calculated using
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