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Implementation of 94 GHz One-dimensional Passive

Imaging Radar System

Student: Chih- Chien Chiang Advisor : Dr. Shyh-Jong Chung

Industrial Technology R & D Master Program of
Electrical and Computer Engineering College
National Chiao Tung University

Abstract

The thesis introduces to the W-band passive imaging radar system. The system
integrates elements, including lens - an antenna with high directivity ~ a low-noise
amplifier ~ a power detector and an operation amplifier. By means of the difference of
natural thermal radiation power resulted from different objects, we can use the output
voltage difference to tell different objects. In order to distinguish the little voltage
difference efficiently, we measure key elements to ensure their characteristics.,
including the efficiency of the lens, antenna patterns, the gain and the impedance of
the low noise amplifier, the sensitivity and the impedance of the power detector, the
gain of the operation amplifier. According to the characteristics of the elements, we
design proper transition between the antenna and the back-end circuits to reduce the
loss resulted from impedance mismatch of the module.

For the baseband circuits, we use NI PXI1-5122 to convert the output voltage from
analog signal to digital signal. To avoid the dc signal degradation caused by high
frequency noise, we implement signal integration technique to improve the signal
quality. Through hot- and cold-source measurement, we can observe output voltage
difference, which can be applied to calculate the thermal sensitivity of the whole
module. Based on the calculated sensitivity, we can verify the voltages resulted from a
human body, coppers and air. In addition, the key points to the system performance
are discussed.

Finally, the W-band passive imaging radar system with a single channel shows
one-dimensional image by mechanical scanning. Therefore, we achieve the goal of
distinguishing human bodies and coppers or other objects.
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Table 1. Effective emissivity of common materials

at various frequencies.

Effective Emissivity
Surface 44GHz |94GHz |0

GHz

Bare metal 0.01 0.04 0.06
Painted metal 0.03 0.10 0.12
Painted metal under canvas 0.18 0.24 0.30
Painted metal under camouflage | 0.22 0.39 0.46
Dry gravel 0.88 0.92 0.96
Dry asphalt 0.89 0.91 0.94
Dry concrete 0.86 0.91 0.95
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DC difference between human and metal with the variation of antenna efficiency(outdoor)
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ideal lens+ horn antenna gain 33.7dBi
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Measured data with different antenna matching
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Temperature difference 80.7-22=58.7 ('c)

Voltage difference 30 (mV)
Slope 0.51 (mV/K)
Thermal sensitivity 1.275 (uV/K)
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Imaging Radar

Radiometertype Total power

Antenna type Antipodal tapered slot antenna
Lens antenna efficiency 449%

RF bandwidth (simulation) ~5.8GHz

Thermal sensitivity 0.283(uV/K)

Spatial resolution ~2cm
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