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Fig.2 The hardware block diagram of semi-physical simulation system of X-ray pulsar navigation
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Table 1 The basic parameters of pulsars
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Fig. 8 The autonomous navigation process of X-ray pulsars
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Fig. 9 The initial condition of simulation system

[

BOEE WOz Shoers ERSD R k)

-

PEEESSMER ) RAERSLY | SREFET

£ir & 2 dh 4R

0 V| = T
o L . N T T R O T O R S B I I W == TR
& ¥ - AT
4 -
-
¥ \
£ g
B
4
E
4
@ 1 2 3 4 5 & T B B8 W 1 12 9 14 1% 18 T 18 19 20 N 2 D M BN NI N BN
SR
AR E R

7] B

P 1z 3 4 5 B 7T B 9 W M I2 13 14 15 16 17 18 18 X N 22 M B ETEZIN
FERE

E 10 A EIRZEREE RS

Fig. 10 Position error and velocity error



3 W]

FHANT S

HETFFPGA + DSPIFIX R ik v & 5 i S BEAE ML 09 1T 5 52 B 233

EHA AR AT, A SHUEERIA B R T 10 km,
PR ZER T 1 km/s, il 2 R TR S0 R A B
(RS B LR B R, SRS e ik
=z iE], Ay A — DR SR

5 &

KX T T DSP + FPGA- & [ kit B S &
Gto PR T XMk R A 3 30RO T HUE
HAT-GE . AR DL AT S AU E A | AR
e, RAKIMEMRESERS, HITESEREN XS
Wt R G BB ERE AL 110 km, SRS LT 1 km/s,
JAEFPGA + DSPF- & _LIGIE 7 X5 kvt 2 H £ SHT
RGN R

2 % x W

[1] TAYLOR J H. Millsecondpulsars: nature’s most stable clocks[C]//
Proceedings of the IEEE. Las Vegas, Nevada: IEEE, 1991: 1054-1062.

[2] T4, NASATERUH S IRX S 2 ik 2 S 2 [ 3 e ()], = el
H24R,2018,38(3):277-278.
WANG H M. NASA completes the world’s first space verification of X-
ray pulsar navigation[J]. Chinese Journal of Space Science, 2018,
38(3):277-278.

[3] ZEETH MR, BBUR, 5. XS 2 AR B AR K R 47R[T].
Lo dE e TREAR, 2017, 38(5): 1-9.
LIL S,MEIZ W, LIU Z X, et al. Overview of the development of X-ray
pulsar navigation detection technology[J]. Journal of Ordnance
Equipment Engineering,2017,38(5): 1-9.

[4] DENG X,HOBBS G,YOU X P,et al. Interplanetary spacecraft
navigation using pulsars[J]. Advances in Space Research,2013,52(9):
1602-1621.

[3]

[6]

(7

[8]

[9]

BE D, T RO, AR 55 “Pkaoh B ke TR VIR TE A EERA A,
2016(11):13-19.

XUE L J,DING Q Q,HE M,et al. X-ray pulsar satellite was
successfully launched[J]. Space International, 2016(11): 13-19.
WINTERNITZ L M B, HASSOUNEH M A, MITCHELL J W, et al. X-
ray pulsar navigation algorithms and test bed for SEXTANT[C]//2015
IEEE Aerospace Conference. Big Sky, MT, USA:IEEE, 2015: 1-14.
SHARMA T,BARAD K R,MODY A A. Autonomous navigation:
accommodating pulsar based navigation system in small-micro class
satellites[C]//2017 IEEE Aerospace Conference. Big Sky, MT, USA:
IEEE, 2017: 1-12.

HRHEE, A, AR B RS KT R A AL B R IE I XNAV HIEDT
FE[I]. 2 AR, 2012, 32(3) : 435-439.

DENG X P,ZHENG J H, GAO D. Research on XNAYV algorithm with
correction of pulsars position error[J]. Chinese Journal Space Science,
2012,32(3):435-439.

XEH R, XA Rk 2 A 32 SRS (D], bt R K,
2013.

DENG X P. Research on autonomous navigation using X-ray pulsars[D].

Beijing: University of Chinese Academy of Science, 2013.

P& i

ZHEM (1987-), &, TR, LEHRITI: SH ARG .

AT R« Al PR SR X 5 A B AL A I 5K AR 27 0 (100091
HLiE: (010062582382

E-mail: liyanli@nssc.ac.cn

FRAE966- ), Lo, BFFC 5, LA S0, BB A7 CAT )
FIEEPER S 0T F AT R A B S IE.

TEAF b - BB PR DX U B AL A A LR A0 (10009 D
HLiE: (010)62586374

E-mail: zhengjianhua@nssc.ac.cn

RARA1978-), B, BIFHIL 6L, EEBIFCIT R : VAT 8 H LS54
AL - BT PRI B B oAb A K (R R 2 0 (10009 1D
HLif: (010062582382

E-mail: gaodong@nssc.ac.cn


http://dx.doi.org/10.11809/scbgxb2017.05.001
http://dx.doi.org/10.11809/scbgxb2017.05.001
http://dx.doi.org/10.11809/scbgxb2017.05.001
http://dx.doi.org/10.1016/j.asr.2013.07.025
http://dx.doi.org/10.11809/scbgxb2017.05.001
http://dx.doi.org/10.11809/scbgxb2017.05.001
http://dx.doi.org/10.11809/scbgxb2017.05.001
http://dx.doi.org/10.1016/j.asr.2013.07.025
http://dx.doi.org/10.11809/scbgxb2017.05.001
http://dx.doi.org/10.11809/scbgxb2017.05.001
http://dx.doi.org/10.11809/scbgxb2017.05.001
http://dx.doi.org/10.1016/j.asr.2013.07.025
http://dx.doi.org/10.11809/scbgxb2017.05.001
http://dx.doi.org/10.11809/scbgxb2017.05.001
http://dx.doi.org/10.11809/scbgxb2017.05.001
http://dx.doi.org/10.1016/j.asr.2013.07.025

234 AR 2 R 20184F

Design and Implementation of X-Ray Pulsar Navigation Prototype
Based on FPGA + DSP

LI Yanli', ZHENG Jianhua"’, GAO Dong"”
(1. National Space Science Center of CAS, Beijing 100190, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to verify the real-time and applicability of the X-ray pulsar navigation algorithm in the space-borne
computer environment, an of the X-ray pulsar navigation prototype based on the FPGA + DSP architecture is designed. The FPGA
in the navigation prototype is used for logic control and photon data storage. The DSP is used to convert the received photon data,
pulse folding, pulse data inter correlation processing, data interpolation and least squares filtering algorithm. A semi physical
simulation platform for X-ray pulsars navigation is built to verify the prototype. The system uses residual error of TOA as
observation quantity and combines orbital dynamics equation and filtering algorithm to realize navigation and positioning of
spacecraft. The simulation results show that the position error is better than 10 km and the speed error is better than 1 km/s.

Key words: X-ray pulsar navigation; FPGA + DSP; SDRAM control; principle prototype

High lights:

e The prototype of X-ray pulsar navigation is realized based on FPGA+DSP system platform.

e By expanding the SDRAM of FPGA, the large storage of photon data is realized. At the same time, the conversion of photon data,

pulse folding, cross-correlation processing and least squares filtering are realized by using the high performance of DSP.

e The position error is better than 10 km and the velocity error is better than 1 km/s by optimizing the navigation algorithm on the

prototype.
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