3B EILY
2013411 A

F M OFE W

Journal of Astronautics

Vol. 34

November

—#FH PCA SHENTERTT A

Bk, X W
(HesfRHER 2 F B I AL TR TS, R 430074)

B E: JEFE 2R ER R IE A ST AR T % 5 3 A B s EE NG RN I A TR B AT X — Rl
ZOCERH T R AT (PCA) B S BN F BASTHF 35 10 M ik W0 SCHE R 25 S 38 BUE TR 4544 T 4
5 T¥ PCA ik AR S BT B R AT RE, IIE T BAR =458/ 28 E ELAERE LM
B BAR BRI B/ N EBY B, A THE SR BB BT RN 2R AR E RS RS A
BENEE. HEEER TR A DA R T ME T =R RS i, S kML, PCA 7
BEEGEE R HVERREE —E B E N, SR EE D

XEW: =HEE; Hnfhit; FRSSN; FEELD

hE4SES: TP391.4 XERFRINAG: A XEHS: 1000-1328 (2013 )11-1468-07

DOI: 10.3873/j. issn. 1000-1328.2013. 11. 008

A Missile Trajectory Reconstruction Method Based on PCA
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Abstract ; Asynchronous imaging of dual cameras usually deteriorates the estimation of ballistic trajectory. To improve
the performance of the estimation, a method for reconstructing missile trajectory and estimating missile course based on
principal component analysis ( PCA) is proposed. Firstly, the principle of missile trajectory reconstruction and course
estimation based on PCA is derived under the background of binary observation on geosynchronous orbit. It is proved that the
PCA transformed image trajectory of target is exactly the projection of the PCA transformed 3D trajectory. Then, the algorithm
for estimating the missile course and trajectory through the PCA transformed image trajectory is proposed, and the
reconstruction experiments are used to verify the proposed PCA method’ s feasibility and availability for 3D reconstruction and
course estimation of missile trajectory, Compared with the traditional stereo-vision based method, the PCA method has higher
trajectory reconstruction accuracy and smaller course estimation error within a certain range of camera calibration error.
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Table 1 Reconstruction error and course estimation

error using stereoscopic vision method

HAEER EREER SRR SRR

ST WS EREE EME R
/m /m /(%) /(°)
1000 577.4437  261.9026 0.2022 0. 1607
3500 574.2063  263.3069 0.0335 0.0264
10000 575.5447  260.2994 0.0122 0.0093

2 FIH PCA F AR B EREEE
RE mfhiiRE
Table 2 Reconstruction error and course estimation

error using PCA method
HAERR EREER HRATHR SR

SO M EEE S bR
/m /m /(°) /(°)
1000 150. 2450 72.7957 0. 0696 0. 0484
3500 116. 8305 62.0876 0.0101 0.0072
10000 130.3598 67.5310 0.0165 0. 0061

3 XMBEHIEHT ER S HREIE
S IN L IRIN S NaE
Table 3 The biggest characteristic value and its contribution
rate obtained using PCA method on missile trajectory

in image plane

Sos g B g g S CRHE
B/km  KRAFEE T ORHSE -
HkFE/ % /%
1000 3326.16 99. 8042 703.08 98.7915
3500 16000. 10 99.9922 52368.96 99.9999
10000 99339.01 99.9991 45914. 69 99.9956
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