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Design of FMCW-Based Nonlinear Radar System and Its Performance Test
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Abstract

In this study, we designed and fabricated an FMCW-based nonlinear radar system and presented test results for nonlinear targets.
The operating band of the transmitter of the proposed system is 3~3.2 GHz, and the operating band of the receiver was 6~6.4 GHz,
which corresponded to the second harmonic of the transmission band. The transmit/receiver array antenna gain was 19 dBi, whereas
the maximum output of the power amplifier and the maximum gain of the low-noise amplifier were 37 dBm and 16.4 dB, respectively.
The performance of the proposed system was verified in free space and concealed conditions, and the signal processing technique used
to prevent false alarms is the cell-averaged constant false alarm rate (CA-CFAR). Target detection tests were performed with six
nonlinear targets, and it was confirmed that the targets were successfully detected in all tested environments.
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Fig. 1. Block diagram for nonlinear radar system. Fig. 2. Fabricated blocks for proposed system.
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Fig. 3. System calibration for proposed system.
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Fig. 4. System performance test environment and targets used.
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Fig. 5. Signal processing method at free space, concealed con-
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Transmit-end calibration method

Receive-end calibration method

Step 1) Turn off all channels except for the one to be measured
Step 2) Set the phase shifter and variable attenuator values of the
measurement cahnnel to 0o and 0 dB in the GUI.

Step 4) Connect the high-power attenuator to the input port of
the network analyzer (NA) and perform calibration on
the NA

Step 5) Apply a signal from the NA output port at the center
frequency of the operating band to the transmitter input

Step 6) Verify the phase of the NA after passing through the
high-power attenuator from the power amplifier output

Step 7) Obtain Sy for all channels and apply an offset to the
phase shifter

Step 1) Position a reference antenna operating in the receiver
band in the far-field region from the receiver antenna

Step 2) Ensure the phase centers of the reference and receiver
antennas are aligned in line of sight

Step 3) Radiate from the reference antenna to the receiver
antenna at —30 dBm (fc=6.2 GHz)

Step 4) Verify that phase synchronization of signals from each
channel output through the calibration IP is achieved

Step S5) Check that the magnitude of the 1/Q combined data
output from the calibration IP is consistent, and that
there is a 90° phase difference between I and Q

Step 6) Pass the calibrated signal to the target identification
algorithm
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