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The Calibration Method of Airborne Active Electrically Scanned
Array(AESA) Antenna using Near-field Measurement
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Abstract

AESA(Active Electrically Scanned Array) antenna is advantageous in airborne radar, with their tight constraints on
space, weight and power. Due to manufacturing tolerance, temperature variation, characteristics of electronic
component, and so on, amplitude and phase error of each channel of antenna occur. These errors degrade antenna
performance. Therefore, to improve and maintain performance of antenna, calibration is necessary. This paper explain
four antenna calibration methods and AESA antenna calibration process using near-field measurement, which is the
most accurate. To prove the calibration method using near-field measurement, the performance improvement of 16x16

AESA antenna is verified through simulation and measurement using near-field measurement calibration method.
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Table 1. Strength and weakness of calibration methods

Method Strength Weakness

Near-field |1. Precisely calibration E Long measure

. - time
measurement| 2. Directly calibration
2. Complex setup
1. Calibration is 1. Large antenna
Peripheral | possible in the field Size
probe 2. No Measurement | 2. Wide dynamic
system required range
1. Additional
Calibration 1. Calibration is hardware
) possible in the field | 2. Reference value
line o o
2. Periodic calibration measurement
required
1. Each channel
1. Periodic calibration power on/off

Mutual . )

couolin 2. Ease of dynamic required
ping range design 2. Calibration
algorithm required
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Table 2. Amplitude and phase error statistical analysis
before calibration simulation

ltem Amplitude error Phase error
Average 0.09 dB 0.14°
Standard 15 dB 15°
deviation
Maximum 454 dB 45.35°
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Table 3. Amplitude and phase error statistical analysis
after calibration simulation

ltem Amplitude error Phase error
Average 0.01 dB 0.06°
Standard 014 dB 1.64°
deviation
Maximum 025 dB 263°
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Table 4. Antenna performance before and after calibration
simulation

Antenna Before After
|deal . -
performance calibration | calibration
Beam Az 0° 0.02° 0.02°
point El 0° 0.04° 0°
Beam Az 7.56° 757° 757°
width El 6.62° 6.61° 6.61°
Sidelobe | Az | 2055 dB | -19.65 dB | -20.34 dB
level El | 2034 dB | -1796 dB | -20.27 dB
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Table 5. Amplitude and phase error statistical analysis
after calibration simulation

o Before calibration After calibration
Amplitude | Phase | Amplitude | Phase

Average | 283 dB | -68.34° | 055 dB 0.67°
Eﬁiﬁ 158 0B | 1594° | 031 dB | 239°
Maximum | 7.52 dB | 161.95° | 1.78 dB 5.88°
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Table 6. Antenna performance before and after calibration

Antenna Before After
|deal o L
performance calibration | calibration
Beam Az 0° 0.22° 0.02°
point El 0° 0.12° 0°
Beam Az 7.56° 7.77° 7.52°
width El 6.62° 6.63° 6.61°
Sidelobe | Az | -2055 dB | -16.27 dB | -19.87 dB
level El | -2034 dB | -1960 dB | -20.02 dB
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