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Parallel Computing of Reentry Vehicle Trajectory by Multiple Shooting Method Based on
OPENMP

LI Siyao"*?,LI Shanglin'* and LUQ Jingzhi
1 School of Computer Science and Artificial Intelligence, Xiangnan University s Chenzhou, Hunan 423000, China
2 School of Information and Engineering,Swan Colleage,Central South University of Forestry and Technology,Changsha, Hunan 423000, China

3 School of Astronautics and Aeronautics,Sun Yat-sen University,Shenzhen,Guangdong 518107 ,China

4 School of Information and Engineering,Swan College,Central South University of Forestry and Technologe,Changsha 410211, China

Abstract The implementation is based on the multiple target method. By turning the trajectory optimization problem of a booster
glider into a nonlinear programming problem,optimizing a three degree of freedom reentry trajectory,using openmp with sequence
quadratic programming optimizer,it is possible to perform parallel computing on the integrals in equation constraints. Using mul-
tiple target methods constructs a reentry trajectory optimization algorithm,and performs parallel computation on the model. The
optimization method used on the MATLARB version is the interior point method, while the optimization method used on C is the
sequential quadratic programming algorithm. The above program is converted based on MATLAB. The CAV-H model is selected
for computing in the simulation experiment. Parallel computing achieves 8. 398 times the acceleration ratio using openmp. The re-
sults of the multiple target method and the direct target method are basically consistent. The heat absorption capacity of the mini-
mum heat absorption multiple target method is not much different from that of the direct target method with the minimum heat
absorption as the objective function. Through simulation, the acceleration ratio is the highest when the number of threads is 13,
and the average relative efficiency is more than 93%.

Keywords Multiple target method, Interior point method, Sequential quadratic programming, Parallel computing
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Table 4 Comparison of heat absorption between multi-shooting algorithm and direct-shooting algorithm

N g 48 A R

i wRAH WAE/K] EAAME/s ARBEERE/m ASFEERE/s
S ERE 111 288. 90 76. 06 10. 00 30. 07 R
HETEE 120 288. 90 48.35 10. 00 30. 07 R

231000019-4



Z= i

HI%, 55 . 3T OPENMP A RATEPLIT £ S 4T S L IF 171 3

x10* 6 x10* x10*
5
— S EATRS — S EATRH — S EATR
— HETR% — HEATRE . — HEATRE
g 5
5 ‘Q .
& 4 L @
- = 4 =
w4 E- ®Hog
B
B3
1
3
2 0
1000 2000 3000 4000 5000 6000 0 300 600 900 1200 1500 0 300 600 90 1200 1500
# Fm/s B[] /s B[] /s
50 0 2
— $ETRS — FETRS — $ETRS
— HEATR% g0 | — HEATIRNE — HEATR%
40 20
~ o % ~ “ \
Z 3 Ng S o
5 $ 5
® 20 = ® 10
E
1o -10 5
0 -20 0
0 300 600 900 1200 1500 0 300 600 900 1200 1500 0 300 600 900 1200 1500
8] /s 8] /s Bt [H] /s

1% 3

multi-shooting B ¥ 5 direct-shooting B ¥ FL 4

Fig. 3 Comparison between multi-shooting algorithm and direct-shooting algorithm

KT 2 AT E R 65 km, W IR HE N 6000m/ s, H
AR N F KB B R S 30km, MUE SN 1500m/s,
AT R P A 29 TR e KRR 5000k W/ m” 5 e K
KA 30 kPas i Kid 8N 2GB.
2.3 SEITHZENHTHE
2.3.1 openmp F47itH
T2 E|ITIE T B AL — A B EATI %A 2], H ik a]
DX 4 A4~ DX ) 52 3 AT 153, 24 IX ) 4T T 5 4 T I A% A L H

BEAS DX [A] 28 3 AR 25 45 T — AN DX 1400 IR A5 0 45 i A4 X [R]
i 5 O ECR FT ST s H K,

AT Intel(R) Xeon(R) Gold 5218 , A b 2 48 72
O Y\ AR bR S BRI A8 AT 0 B L AT HE S AN BOh 178, R
A 2R B iR R 2 5 A,

ML AREL R 22 s H Bk, PR O 2R AR O A oK K
LIS S 402 b 22 ol b . b il £ 5 sk R i <k
B 4 iR

F5 R
Table 5 Acceleration effect
EX 3% B} 5] /s i B &S AR A H it 8 /s w2 &S
1 89.1397 1 1 16 14. 3839 6.197185742 0.387324109
2 47.996 5 1.857212505 0.928606253 17 14.5538 6.124840248 0.360284720
3 34.9477 2.550659986 0.850219995 18 14.3055 6.231148859 0.346174937
4 27.9951 3.184117935 0.796029 484 19 14.3796 6.199038916 0.326265206
5 24.4843 3.640688114 0.728137623 20 11.8611 7.515297907 0.375764895
6 21.9854 4.054 495256 0.675749209 21 12.2438 7.280394975 0.346 685475
7 19.8009 4.501800423 0.643114 346 22 12.2358 7.285155037 0.331143411
8 17.6732 5.043778150 0.6304722690 23 12.5553 7.099766632 0.308685506
9 18.7175 4.762372112 0.529152457 24 12.7032 7.017105926 0.292379414
10 16.0597 5.550520869 0.555052087 25 13.2464 6.729352881 0.269174115
11 15.3027 5.825096225 0.529554202 26 12.9589 6.878647107 0.26456335
12 15.2598 5.841472365 0.486789364 27 13.1798 6.763357562 0.250494725
13 13.1418 6.782914060 0.521762620 28 12.9374 6.890078377 0.246074228
14 13.3997 6.652365351 0.475168954 29 13.0496 6.830837727 0.235546129
15 14.5907 6.109350477 0.407290032 30 13.1849 6.760741454 0.225358048
8 12
7 10
6
5 08
4 06
3
5 04
1 02
0
135 7 9 1113151719 2123 2527 29 L
13 5 7 9 111315 1719 21 23 25 27 29
—— i 2
Ca) Jin 32 L il 2% () 2% il 2%

P4 me L it £ 5 30 il £k
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