%47 A %14 Afe Tl K F IR Ca KA FE R Vol. 47 No. 1
2024 %1 A JOURNAL OF HEFEI UNIVERSITY OF TECHNOLOGY (NATURAL SCIENCE)  Jan, 2024

DOI:10. 3969/j. issn. 1003-5060. 2024. 01. 009
25 ) 3z 2y 5 A PR SR i e B 5 SE B

N o . .
IRE, EH¥E, K B, RFH
CEAB TR WOl Foibe . 280 A8 230601)

W OE.CEET UMM E % (classical Runge-Kutta method of order four, RK-4) F1P4 [y Adams i
A% 1F # (fourth-order Adams predictor-corrector method, Adams-4) , $2 H} —Fp 3135 0] 4R #2255 1] 441 (field
programmable gate array, FPGA) 2Bl (80 B8 42 ] 2h 25 Be B 1 23 8] 32 36 5 T P s SR f% 2% ( space motion equa-
tion fast solver, SMEFS) . SMEFS 3R J 41 & 4544 . A By i3 2800 1T 55 WS 08 v A R 2838 1L, e o e 08 52
FNBN AT B A2 B g PN T 32 0 00 2R S WL B AR 1) Sl AN T DR R i 25 ()48 Bl Jr 2 A8 8T 48 B B
R PR S T3 28K B R AE GBI AT SMEFS #E4T KAt i 25 [B]42 20 J7 R 5K i i PE BB ITA  S2 IR 25 R R W] SMEFS
RS DR ] 5 3t SR A A S AR AR R T 19 T H BE S (RIS R PESR AR P-4 L Ay 12, 765, SRR 25 3R
B RARERZE /N T 9X107° , HAR B MY SR A & i 3T Sk

KRR - DU 2 M A RIS 1L (RK-4) 5 PUBY Adams TFAL 1F 3% (Adams-4) ; 23 [A]32 3l 5 % T & BR ; B Al
GiFEE RIS (FPGA)

hE S ES  TNAT XERFRRAS : A X E4RES:1003-5060(2024)01-0054-08

Design and implementation of a space motion equation fast solver

WANG Xiaolei, HUANG Zhanggian, FANG Xu, SONG Yukun
(School of Microelectronics. Hefei University of Technology. Hefei 230601, China)

Abstract; Based on the classical Runge-Kutta method of order four(RK-4) and the fourth-order Adams
predictor-corrector method (Adams-4), a field programmable gate array (FPGA)-implemented space
motion equation fast solver(SMEFS) with dynamically configurable data paths is proposed. SMEFS a-
dopts a foldable structure. With the help of efficient task mapping and precise state management, the
dynamic configuration of data paths is realized by resource reusing and dynamic configurating connec-
tions between operators, the solutions of space motion equations can be obtained quickly by SMEFS,
and hardware resources are saved effectively. The experimental results of the performance evaluation
of SMEFS for solving large-scale space motion equations using the relevant data of a certain type of
launch vehicle show that the solutions of five-degree-of-freedom space motion equations in the launch
coordinate system can be obtained quickly and reliably by SMEFS. The average speedup compared to
the software solutions is 12. 765 and the maximum relative error of the solutions is less than 9X107°,
Therefore, SMEFS has good acceleration effect and high calculation reliability.
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