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Optimization of Precise Location Algorithm for Rocket Debris

ZHAO Ming, TENG Yun
(College of Engineering, Northeast Agricultural University, Harbin, 150030)

Abstract: A TDOA joint optimization model (TDOA-PSO-NI-GD) that integrates Particle Swarm Optimization (PSO) and
Newton's Iteration-Gradient Descent (NI-GD) method is proposed in response to the problem of insufficient positioning accuracy of
multi-stage rocket debris, which improves the localization performance through the synergistic mechanism of global search and local
optimization and constructs the multi-debris signal separation constraint model and the environmental interference compensation
model. Experiments show that the model reduces the positioning error from 1~10 km to less than 0.5 km in the traditional single-stage
optimization algorithm in the rocket debris recovery mission, and the multi-debris signal separation rate reaches 96.2%, and maintains
the sub-kilometer accuracy under the mountainous terrain and strong wind disturbances; the validation of the Chan-Taylor algorithm
combined with the least-squares method shows that its anti-jamming and positioning reliability are significantly better than that of the
existing methods. The algorithm can be extended to mobile communications, unmanned vehicles and other fields, with both theoretical
innovation and engineering application value.
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Tab.1 Simulated LM-3 launch mission data (first stage debris)

Bk ZIE/C°) /) | mfm | EEGAI R
A 110.241 27.204 824 100.767
B 110.780 27.456 727 112.220
C 110.712 27.785 742 188.020
D 110.251 27.825 850 258.985
E 110.524 27.617 786 118.443
F 110.467 27.921 678 266.871
G 110.047 27.121 575 163.024

R2 KIE=SEFHESRIUBIR(ZRZR
Tab.2 Simulated LM-3 launch mission data (multi-stage debris)

| | o SR s
A 110.241 | 27.204 | 824 | 100.767 | 164.229 | 214.850 | 270.065
110.783 | 27.456 | 727 | 92.453 | 112.220 | 169.36 | 196.583
110.762 | 27.785 | 742 | 75.560 | 110.696 | 156.936 | 188.020
110.251 | 28.025 | 850 | 94.653 | 141.409 | 196.517 | 258.985
110.524 | 27.617 | 786 | 78.600 | 86.216 | 118.443 | 126.669
110.467 | 28.081 | 678 | 67.274 | 166.270 | 175.482 | 266.871

110.047 | 27.521 | 575 | 103.738 | 163.024 | 206.789 | 210.306
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#3 KIEHSBIE= &R GHESEMEBIE(—RIXEL)
Tab.3 Simulated LM-5B Y3 launch mission data (first stage
debris)

BE | AR/ i/ (%) e I /m FBERAAI /s
H 109.850 19.620 102 85.323
I 110.200 19.910 88 92.152
J 110.550 20.150 75 105.671
K 110.002 20.430 120 116.841

*4 KIELSHERLRFESEUBIR (SR
Tab.4 Simulated LM-7A Y5 launch mission data (multi-stage

debris)
Wwa | %re) | Hre) | ?Sé;ﬁfﬁ ?‘;ﬁé;{iﬁ
L 112.400 25.650 95 76.214 82.451
M 112.732 25.900 85 81.341 88.920
N 113.000 26.150 105 85.672 92.112
(6] 112.200 25.450 110 90.120 96.342
P 112.500 25.750 90 94.563 98.781
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Tab.5 Field exploration of actual site data of the debris

Bk % x/km y/km h/km
KAF=% 17.358 81.265 0.910
KAETL 5 BE= 44.290 55.743 0.105
KAE 5 & FR 1 25.016 25.924 0.090
KAE 5 8 R A% 2 46.205 9.346 0.095
1.3 BIREAIE
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Tab.6 Transformed coordinate values
| xkm y/km h/km BRI 8] /s
A 18.884 9.235 0.824 100.767
B 71.350 37.273 0.727 112.220
C 64.731 73.879 0.742 188.020
D 19.857 78.329 0.850 258.985
E 46.431 55.186 0.786 118.443
F 40.883 89.010 0.678 266.871
G 0 0 0.575 163.024
H 0 0 0.102 85.323
1 34.069 32.266 0.088 92.152
J 68.138 58.969 0.075 105.671
K 14.796 90.123 0.120 116.841
Bz 1 =2 i 0 2
L 19.468 22.253 0.095 76.214 82.451
M 51.785 50.068 0.085 81.341 88.920
N 77.872 77.884 0.105 85.672 92.112
(6] 0 0 0.110 90.120 96.342
P 29.202 33.379 0.090 94.563 98.781
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6" — H’IVJ(ﬂ‘”)) otherwise
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Fig.7 Localization errors of different algorithms for multiple

debris scenarios
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Tab.7 Evaluation of the precision of three groups of samples
e T e — B i %km
B AL E km R R A [ /s B R AL E km R R A [ /s
1 (37.121,60.844,0.778 3) 81.041 (37.473,61.752,0.779 6) 80.854 0.34
2 (29.445,50.015,0.757 1D 75.274 (29.521,49.314,0.765 9) 77.243 0.41
3 (17.856,43.978,0.701 1) 75.703 (17.735,44.833,0.687 4) 81.572 0.27
4 (27.337,49.626,0.353 1) 77.016 (27.128,48.992,0.385 7) 82.052 0.65

8 IREEERIN AR (LR ZL LS, TDOA-PSO-NI-GD b 45 515
Tab.8 Data of model accuracy calibration(mountainous terrain) #%90.611 7km, BEAT 0.5km, {H4452 /T TDOA-
A% QIR o 25 o T‘;T‘ =] =7 i ‘k Sal
BB AR | Wk | ERHGANES  pgn (11132 km) 5 TDOA-NI-GD (1.941 9 km).
Q 99.450 | 27.890 1.500 145.323 s L
’ W, ) \j:_u‘ "y I
" w750 | 28120 | o980 P b) XTI RIGUE . 5 XTI T 5 R
S 99.692 | 28350 |  2.200 138.451 I TAMEIEESE, Hdn e W& 10,
T 99.600 | 28.250 1.800 142.890 e e g
SEERRBAOLE | 99.875 | 28.212 1.200 — RI0 BRI AREBERIE K R
Tab.10 Strong wind disturbances: data of model accuracy
F9 HEEHIEQLME) calibration
Tab.9 Converted data (mountainous terrain) P YR E YT B s
: __ Wa | Ry | R | P | ERIRE ) BIEE
g x/km ylkm h/km T REHCIA I TR] /s km N N
Q 0 0 1.500 145323 U 115230 | 30.550 | 0.080 | 88.760 90.212
R 32.122 25.590 0.980 152.670 \ 115.622 | 31.850 | 0.095 92.342 93.790
S 23.56 51181 2.200 138.451 w 116.000 | 31.105 | 0.105 | 96.451 97.903
T 14.601 40.055 | 1.800 142.890 X 115.400 | 30.700 | 0.090 | 89.120 | 90.571
KIRSRALE | 41369 | 35827 | 1200 - SBRRRAZAIE | 115805 | 30938 | 0.093 — —
b HO T T, 7R BR G R B A 5] N s R A ] B
e R AAAR LR 116
T, Ho o BCFE0.8:
d= (x,-—x)2+(y,—y)2+a(hi—h)2 (33) 1l BHREHIECERFH
Tab.11 Converted data (strong wind disturbances)
519 i s JE K £ TDOA-PSO-NI-GD £ Ak =t | BIER
J IR 22 AT LA 4 e e T T
U 0 0 0.080| 88.760 90.212
\% 38.157 144,642 [0.095| 92342 93.790
- w 74.952 61.751 |0.105| 96.451 97.903
p [ 12.75 X 16.548 16.689 [0.090| 89.120 90.571
’ £2.50 ERrE
2.0 BRI B B
S E| f22s g o 55.970 43.170 | 0.090

teZs: 1.941 9 km
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Fig.9 Comparison of multivariate optimized positioning errors in

mountainous terrain
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