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Research on Meteor Radar Phase Calibration Using the
JADE Algorithm with Collaborative Position Estimation
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1 (State Key Laboratory of Solar Activity and Space Weather, National Space Science Center,
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Abstract A method for multi-channel phase internal calibration of meteor radar based on
adaptive differential evolution and collaborative position estimation is presented. This approach
constructs a composite objective function based on statistical properties, specifically the proportion
of angle-of-arrival (AOA) estimation "outliers" and the characteristic altitude distribution of
meteors. By employing the JADE search strategy with an adaptive mutation factor and optional
external archive, the method synchronously conducts iterative estimation the AOA and altitude
information of meteor trails. This framework efficiently facilitates the estimation of high-precision
multi-channel phase offsets and meteor trail positions. Simulation modeling and monitoring results

of phase drift from four months of continuous meteor radar observations indicate that the root mean
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square error of the multi-channel phase offsets is less than 1°. The proposed method substantially
enhances the data quality of meteor radar and is highly applicable for the routine on-line self phase
calibration measurements.

Key words Meteor, Meteor radar, Phase calibration, Adaptive differential evolution
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Table2 Preset parameters of the phase calibration algorithm
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Fig.7 The phase calibration algorithm proposed in this paper is compared with the accuracy of
traditional internal calibration algorithms. In the figure, the inverted triangle blue thick dashed line
and the ring red thick solid line represent the RMSE of the calibration algorithm in this paper
under phase noise RMS conditions of 15° and 20° (based on 500 independent simulations),
respectively, while the black and white results correspond to the RMSE of the Holdsworth internal

calibration method.

FATAHA 2011 G2 9 F 11 H~9 H 17 HHE TR IEBESL L, 17 ZAH
IS IETE RO, AR A HE SR A R SR . R 3 4 T AR
PR T AR LN Bt 2 — B LA 2 1) 57 22 BRI [ % AR AR S A 22 18 B 8 Bk
SRR B R EIE R AR AL W 22 S THRZE A . ] 8 Sf Rn] W, 79 AW iE
P ot e 3 SO TE A AR AL 22 AW A AL IS 0 T 5 A SCHR H AR HE SRI20Hs B 22
FaERFFAE 1° LA

23O UL HeeHfe 30 T [ FRRE A7 22 BN ] 7 R AR A Ak 22 1
Table3 Add a fixed phase offset to the phase difference between observation data channels

11 12 13 14 15 16 17
é. +2° +3° -1° +5° -3°
b, 3 -5° +2° -3° +6° -5°
s R -
b, c +4° -3° +2° +5°
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Fig.8 Phase calibration error values of meteor radar continuous observation data (2011.9.11~9.17).
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Fig.9 Long-term phase drift monitoring results and daily meteor counts. (a) In the middle, the
dashed line represents the original phase calibration results of the meteor radar, and the solid line
represents the estimation results of the phase calibration algorithm proposed in this paper; (b)

Daily meteor counts from January to April 2011.
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Table4 Statistical Parameters of Phase Calibration Errors in Observational Data

201101 201102 201103 201104
X 7 0.02° 0.08° 0.08° 0.07°
PR % 0.37° 0.28° 0.32° 0.31°
RMSE 0.37° 0.29° 0.33° 0.32°
3 %
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