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Abstract A remote imaging radar system based on ultra-wideband chaotic signal generation and radio over fiber
is proposed and demonstrated experimentally. The radar system consists of a central station, optical fiber links and
a base station. At the central station, an ultra—wideband chaotic signal is generated by an improved Colpitts oscillator
and then is up—converted as a probe signal. The probe signal is converted into an optical signal by using the external
modulation technique of laser diode. Optical fiber links are used to transport optical signals to the remote base
station or back to the central station. At the base station, the optical signal is transformed into the microwave signal
and then transmitted by a horn antenna. At the receiving end, the echo signal from a target is converted to be in
optical domain and then transported to the central station, where it is collected after optical-to—electrical conversion
and down conversion. The target imaging is obtained by utilizing the correlation method and back projection
algorithm. Experimental results show that the proposed radar system can achieve remote imaging for single and
multiple free—space targets with a distance of 10 km. The range resolution of 6 cm and the azimuth resolution of
8 cm are obtained, respectively.
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DFB-LD: distributed—feedback laser diode; SMF: single mode fiber; PD: photodetector
AMP: amplifier; TA: transmitting antenna; RA: receiving antenna; SG: signal generation
OSC: oscilloscope; PC: personal computer; EOM: electro—optic modulator
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Fig.1 Experimental setup of ultra~wideband remote chaotic imaging radar over fiber links
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Table 1 Typical parameters of the devices used in our experiment

Elements Bandwidth / Pass band Other parameters
Power divider 1 0.02~3 GHz
Power divider 2 1~18 GHz
Mixers LO & RF: 0.01~26 GHz
IF: 0.001~6 GHz
0sC 2 GHz Sampling rate: 10 GS/s
Bias current: 33 mA
DFB-LDs Central wavelength: 1552 nm
Output power: 1| mW
EOMs 20 GHz
PDs 9.5 GHz Conversion efficiency: 742 V/W
AMPs 75 Hz~10 GHz Max gain: 25 dB
Regulation accuracy: 0.5 dB
TA/RA 1~18 GHz Gain: 11 dB
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Fig.2 Properties of the chaotic signal. (a) Temporal waveform; (b) power spectrum; (c) autocorrelation trace
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Fig.3 Power spectra of different points in the system. The power spectrum characteristics of (a) up—converted chaotic signal;

(b) chaotic signal after 10 km fiber transmission; (c) probe signal launched by TA; (d) echo signal received by RA
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Fig.4 Experimental setup for measuring the effect of the fiber transmission distance of chaotic probe signal on its

correlation property and PSL
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Fig.6 (a) Scene layout and (b) imaging result for one metal sphere
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