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Real-time Smoothing Algorithm for Aircraft Trajectory
Based on Adaptive Sliding Window

LIU Chubin,LIU Xuefeng,ZHAO Wei, LI Wei,ZHANG Qiang
(Unit 63801 of PLA, Xichang 635000, China)

Abstract : To achieve automatic tracking of aircraft targets, it is necessary to provide high-precision central
guidance data for measurement equipment. Aiming at the problems of severe jitter in central guidance data
and numerous outlier jump points caused by current aircraft measurement data errors, a real-time
smoothing algorithm for aircraft trajectory data based on adaptive sliding window was proposed. The
algorithm first adopts the gross error detection algorithm to preprocess raw measurement data for effective
outlier elimination. On this basis,an adaptive sliding window strategy was employed to dynamically adjust
the window parameters according to data characteristics, realizing dynamic real-time filtering of trajectory
data while balancing smoothing performance and computational efficiency. Four evaluation indicators
including the variable difference method, least-squares fitting residual method , maximum smoothness and
edge effect were selected to quantitatively analyze measurement data before and after smoothing. The
algorithm was validated through simulation data and three groups of actual flight-test data. The result
shows that the proposed algorithm features stronger robustness, higher computing speed and superior real-
time capability compared with traditional filtering approaches. It can effectively suppress trajectory
oscillation and eliminate most jump outliers. The processed central guidance data exhibits high precision

and favorable stability, which fully satisfies the stringent requirements on precision and real-time
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performance for aircraft automatic tracking,and possesses promising practical engineering value.

Key words : aircraft ; trajectory ; smoothing filtering ; gross error elimination ;measurement equipment
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Fig. 3 First-order difference of simulation center guidance data after smoothing filtering
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Table 1 Simulation center guidance data precision before and after smoothing filtering

AT VI IE
X/m Y/m Z/m X/m ¥/m Z/m
ReRIRE 182.855 170.914 181.770 5.554 3.935 3.022
/MR 1.540x107° 0.510x107* 0.002 2.130x1073 3.960x107° 7.070x1073
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Table 2 Statistics of random errors based on the variable difference method
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7
FHIRZE/m BKRZE/m PiRE/m FHIRE/m RRIRZE/m P /m PFEHIRZE/m RKIRZE/m PiIRE/m
X 24.988 1 219.041 133.913 5.153 281.698 30.887 0.007 0.193 0.025
36 Y 5.335 193.130 21.782 1.076 43.597 4.890 0.002 0.030 0.004
A 3.216 114.739 13.099 0.656 26.637 3.015 0.001 0.018 0.002
X 5.844 19.246 3.593 1.097 3.913 0.853 0.001 0.007 0.001
42 Y 3.647 10.708 1.875 0.806 2.563 0.436 0.001 0.003 0.000
A 3.879 16.876 2.244 0.848 3.636 0.490 0.001 0.002 0.000
X 3.984 24.638 6.519 0.783 5.436 1.277 0.001 0.005 0.001
43 Y 1.791 23.337 4.714 0.374 5.619 0.972 0.001 0.006 0.001
A 1.478 20.217 3.915 0.316 4.452 0.875 0.001 0.004 0.001
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Table 3 Statistics of random errors based on the least-squares fitting residual method
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Fig. 4 First-order difference of the 36 task data
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Table 4 Statistics of random errors based on the variable difference method

‘ - A
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PR ZE/m R IRZE/m FiR2E/m FHIRE/m FRKIRE/m 2/ m

X 24.988 1219.041 133.913 0.007 0.193 0.025

36 Y 5.335 193.130 21.782 0.002 0.030 0.004
Z 3.216 114.739 13.099 0.001 0.018 0.002
X 5.844 19.246 3.593 0.001 0.007 0.001

42 Y 3.647 10.708 1.875 0.001 0.003 0.000
VA 3.879 16.876 2.244 0.001 0.002 0.000
X 3.984 24.638 6.519 0.001 0.005 0.001

43 Y 1.791 23.337 4.714 0.001 0.006 0.001
VA 1.478 20.217 3.915 0.001 0.004 0.001
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Table 5 Statistics of random errors based on the least-squares fitting residual method
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X -0.070 10 573.228 333.300 -0.067 42.512 9.262

36 Y 0.004 1 658.501 56.568 -0.006 11.726 2.562
A -0.025 1 008.352 34.257 -0.019 5.104 1.148
X 0.089 103.029 19.704 0.096 21.440 4.891

42 Y -0.046 129.372 14.242 -0.050 6.083 1.309
VA 0.023 105.198 12.869 0.030 1.312 0.368
X -0.125 250.768 22.326 -0.126 15.412 4.451

43 Y -0.012 303.343 21.170 -0.013 9.248 2.481
VA -0.007 206.755 20.672 -0.009 9.640 2.269
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Table 6 Statistics of maximum smoothness of center

guidance data before and after smoothing

{5 T T
(9= X/m Y/m Z/m X/m Y/m Z/m

36 23942 3748 230.0 316.6 100.8  62.7
42 301.6 55.9 80.6 281.1 25.7 744

43 186.6 99.2 67.2 177.2 21.1 14.4
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Table 7 Statistics on the edge effect of central

guidance data after smoothing

. Y% /m N
E5R5 SUE- 4]
BIIE < AR
X 9.856 8.517 1.157
36 Y 2.478 2.595 0.955
A 1.148 1.129 1.017
X 0.634 6.875 0.092
42 Y 0.172 1.968 0.087
A 0.212 0.472 0.449
X 0.173 6.278 0.028
43 Y 0.171 3.498 0.049
VA 0.122 3.201 0.038

2.3 AcEREZT
SEE AR R & oA ATFEALE K, CPU 4k

FEES . Intel i5-7500,3.4 GHz; INfF:4 GB, 15 36.
42 T 43 -3 5 P A 08 B A BT[] 4300 K
1.957 ws,2.000 ps 1 11.20 ps, HEGTHL5] S EHR
() 2 36 AR 20 Haz, Xof - 1 98 U0k Ak B3k B ) R
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