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Analysis of Two-Probe Position Estimation Technique for On-Site Calibration
of Large Digital Arrays
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Abstract

To ensure stable operation of the large active phased-array used in space surveillance radars, periodic in situ calibration is required.
Because the positional accuracy of the probes employed for calibration directly affects calibration performance, an accurate probe
localization procedure is necessary. When the two probes are used, their positions can be estimated without auxiliary external alignment
equipment. To examine the validity of this approach, we analyze a theoretical model and summarize the localization results obtained
from simulations under symmetric configurations. The analytical results indicate that the estimation performance improves as the probes
are placed closer to the measurement array, and as the inter-probe angular separation increases, suppression of correlated noise is
required for stable estimation. The simulation results further demonstrate that when the probe spacing is maintained at a level comparable
to the aperture length of the measurement array and the correlated noise is low, the probe positions can be estimated with an error
on the order of 0.02 A.
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Fig. 1. Symmetric setup for probe position estimation.
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Fig. 2. Performance versus probe distance and angle.
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Table 1. Estimation error results regarding probe position.

th:r;ce A?)g)le Probe Estimation error (A)

10 Bl x| 000 | y| 001 | z| 004

B2 | x| 002 |y]| 001 ]| z]| 006

20 Bl x| 002 | y|[ 001 | z| 004

5 B2 | x| 001 |y] 00l | z| 004
30 Bl x| 000 | y]| 001 | z]| 001

B2 | x| 002 |y]| 001 | z]| 002

40 Bl x| 005 | y] 001l | z| 010

B2 | x| 007 | y| 00l | z]| 011

10 Bl x| 006 | y| 000 | z| 038

B2 | x| 005 y]| 000 z]| 038

20 Bl x| 025 | y| 001 | z| 080

10 B2 | x| 026 | y| 001 | z]| 081
30 Bl x| 016 | y| 000 | z| 031

B2 | x| 015 y]| 000 | z]| 031

40 Bl x| 004 | y| 000 | z| 002

B2 | x| 002 | y]| 000] z]| 001

10 Bl x| 092 | y| 000 z]| 500

B2 | x| 079 | y]| 000 ]| z]| 500

20 Bl x| L10 | y| 001 | z| 323

15 B2 | x| 111 | y| 001 | z| 325
30 Bl x| 087 | y| 000 | z| 146

B2 | x| 077 | y| 000 | z| 143

40 Bl x| 041 | y[ 001 | z| 047

B2 | x| 042 | y| 001 | z]| 048
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Table 2. Comparison of estimation error with indicator 4, E.

. Maximum
D‘St:me Anglel imation | [A] | [E] | [A‘E] AC:jrﬂi‘cy
A 10 error (A) :
10 | 006 19 | 204 | 23 4
s 20 on 5 | 29 | x4 2
30 | 002 2 |17 | 1
4 | o 1| 349 | 350 5
10 | 038 | 405 |236e4|277e4| 7
o 20| 081 | 108 |118e4]| 1194 | 9
30 | 031 53 | 2098 | 2151 6
4 | 004 34 | 10 | 4 3
10 | 500 3594|7555 | 7595 | 12
s |20 [ 325 | 980 [1325[13%s] 11
30 | 146 | 497 [3.794 | 3.84e4 | 10
4 | 048 | 329 [737e4 ] 77064 8
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