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Development of Ka-band Miniature Synthetic Aperture Radar based on UAV

ZHANG Qi", ZHANG Lei, GUO Jundong, HU Jianmin
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Abstract: Unmanned Aerial Vechicle (UAV) is widely used in military investigation and attack, land and
resources survey, disaster monitoring and other fields because of its advantages such as long stay time and easy
maintenance. Synthetic aperture radar (SAR) is a kind of two-dimensional imaging radar, which can obtain radar
images similar to optical images. It has the advantages of all-weather, high resolution, wide detection range and
so on. It is one of the important loads of UAV. However, due to the relatively small space and load capacity of
UAV, radar load must be small volume, light weight and low power consumption. Ka-band electromagnetic wave
signal has the characteristics of short wavelength, wide bandwidth and small size of key microwave devices. It is
suitable for high resolution miniature radar load. In 2015, the Institute of Electronics, Chinese Academy of
Sciences, developed a kind of high resolution Ka-band synthetic aperture radar for small or medium UAV. The
performance of the SAR was verified by flight test. In this paper, the key technologies of Ka-band SAR radar
system are studied. The design scheme of radar system and key modules, the parameter of each working mode
and real- time imaging algorithm are introduced. The radar weight is less than 10 Kg, and the peak power
consumption is less than 100 W. It is suitable for small or light UAV. The high-resolution flight images obtained
by the radar on light flight platform are displayed, and the performance of the images are analyzed. The
experimental results show that the Ka-band SAR system can generate clear radar image and meets the design
requirements. For example, the image resolution is better than 0.2 m and the detection distance is greater than 10
km..The rapid progress of microwave device technology represented by solid-state high power amplifier is the
foundation of the success of this project. The project is a new attempt to develop Ka-band SAR and apply it to
UAV. It also makes a useful exploration for the further development of Ka-band synthetic aperture radar and has
important application value. The development of small Ka-band synthetic aperture radar in the future depends on
the maturity of semiconductor technology and the improvement of the performance of Ka-band microwave
devices. On the other hand, it also depends on the research of new style SAR which has high duty cycle and
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pulse agility, which can improve the average power of radar and solve the problem of ambiguity of detection range.
Key words: UAV; SAR; Ka-band; millimeter wave; radar Image; chirp-scaling algorithm
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Tab. 1 Frequency division of electromagnetic wave

PR FRFRAI A IGHz Al /mm BT FRFRITIARIGNZ PRl /mm

UHF 0.30~1.12 1000.0~267.9 Ka 26.5~40.0 11.3~75

L 1.12~1.70 267.9~176.5 Q 30.0~50.0 10.0~6.0

Ls 1.70~2.60 176.5~115.4 U 40.0~60.0 75~5.0

S 2.60~3.95 115.4~75.9 M 50.0~75.0 6.0~4.0
3.95~5.85 75.9~51.3 E 60.0~90.0 5.0~3.3

XC 5.85~8.20 51.3~36.6 F 90.0~140.0 3.3-21

X 8.20~12.4 36.6~24.2 G 140.0~220.0 2.1~14

Ku 12.4~18.0 24.2~16.7 R 220.0~325.0 1.4~0.9

K 18.0~26.5 16.7~11.3
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Fig. 1 Work for each mode of SAR
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Tab. 2 Performance for each mode of SAR
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1 >4 > 10
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Tab. 3 Pass attenuation rate of signal Transmission in different wavelength
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Tab.4 Power Requirement for each mode of SAR
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Fig. 2 Overview of SAR
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Fig.3 Design of Ka-band module in transceiver unit with Ka band
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Fig. 4 Design of IF band module in transceiver
unit with Ka band
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Tab.5 Cross-range resolution and the diameter of
antenna in typical frequency bands
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Fig. 5 Ground control of SAR in UAV
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Fig. 6 Process of Image in SAR
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Tab. 6 Completion of Ka band SAR
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Tab. 7 Performance of Ka band SAR when flying test
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Fig.7 The high resolution image and its detail show
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Fig. 8 Range and azimuth resolutions of point
target in high resolution image of Ka band SAR
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