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GPU monolithic parallel acceleration method for satellite orbit prediction
with SGP4/SDP4 model
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Abstract; To overcome the speed limit of the traditional satellite orbit prediction method and lay foundation for
independent orbital transfer planning of on-orbit satellites, the graphics processing unit ( GPU) parallel computing
method was utilized to accelerate the multi-satellite orbit calculation, and the parallel prediction module of orbit
prediction was constructed, which realized the acceleration of satellite orbit prediction. In order to improve the
calculation speed when the calculation amount is low, a monolithic GPU acceleration method was proposed, which
substituted the simplified general perturbation version 4 (SGP4) calculation model into the kernel function. The
computer memory only needed to interact with the GPU once, which greatly shortened the data transmission time
between the memory and the GPU. Compared with the modular GPU acceleration method, the speed for medium or
low scale calculations was increased greatly. The proposed monolithic acceleration method was implemented on two
devices based on compute unified device architecture ( CUDA) library. On NIVIDA TX2, a small embedded
development board, it could realize the orbit prediction of 500 satellites for one day in 5 s (86 400 steps for each
satellite ) , while the GPU acceleration ratio on the laptop was 4.6 times more than that of the central processing
unit (CPU), and the precision loss after the acceleration was low. The experiment showed that the monolithic
acceleration method was suitable for the parallel calculation of low and medium scale calculations ( the number of
steps is less than four million) , and the modular acceleration method was suitable for the parallel calculation of
large scale calculations (the number of steps is more than four million).
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Fig.2 Schematic of CUDA thread structure
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Tab.2 Results of the first simulation environment
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= e
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Fig.4 Comparison of calculation speed in CPU and GPU
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Tab.3 Calculation time of different GPU computing methods
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7 43 200 000 4195.39 100 000 000 13 625

1EdEAT GPU JHAT M At # v, 38 GPU By fi 55
I, CPU ] JHAZ sRAE ) R SN 218, il 6 iR
Sh— R 86 400 A% {di ] Visual Profiler 431 F2
A5 0 £ AR o5 R IR R] bE A, AT U0 S fn AR
(03t PR PR BSOS A T I TR . Ay i o M B B, A S
P2 VH GPU A7 H 5 A% pR BB LA 3R 3 1T
e R AR Ry 2%

D WA W om0l 0 O o s % s

[ oty |
[ [lico Il 1 I

‘ auddentreate

E6 GPUmMERHBEMBEL(LAEGAFAMAIERRE
B A i) )

Fig.6 Process timeline after GPU acceleration ( the left yellow
block is the process of calling kernel function)
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Tab.4 Comparison and range of application of two calculating

methods
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Tab.5 TLE used in simulation experiment

(2 Hoila T8 Kol
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1 0.00000484 2 0001499
1 00000-0 2 100.529 5
1 892194 2 259.608 8
1 0 2 14.698 195 87
1 5863 2 172 294
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Fig.7 Comparison of position calculated by CPU and GPU
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Fig.8 Comparison of velocity calculated by CPU and GPU
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