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Aerial vehicle astronomy autonomous navigation technology

Liang Dongsheng'?, Liu Zhaohui', Liu Wen', Yuan Hui'?, Liu Fucheng'?

(1. Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences , Xi'an 710119, China;
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Abstract: In allusion to the deficiencies of traditional inertial celestial integrated algorithm and selection
uncertainty of the NAVSTAR, an algorithm based on SINS/CNS deeply integrated navigation with single
star was proposed in this paper for the navigation system of long duration aero crafts. The error
characteristics of inertial navigation and the star observation of two-—gimbal were modeled exactly, and
the advantages of both were analyzed and synthesized, the data of single star observation angle and
inertial navigation was fused with high accuracy completely. In the height channel, barometric altimeter
was introduced for altitude error damping. The design of the Kalman filter achieved optimal estimation of
INS error. With analysis of the system observability, optimal NAVSTAR selection criteria was
successfully brought out, effective solution to the problem of declining performance of the algorithm in
the part of the observation angle was solved effectively. The simulation results of the algorithm show that
the long positioning accuracy is better than traditional algorithm. Optimal NAVSTAR selection criteria
effectively improve the robustness of the algorithm, which has a higher significance to theoretical study
and engineering application value.

Key words: SINS; CNS; integrated navigation; observability; optimal NAVSTAR selection

B#E B :2014-01-10;  &3T B 43 :2014-02-25

E&TE b E R B Mg T e R E T (XDA04070702)

EZEB N RLE0987-), 5 1 LA, NSRS A 0O s I 7 A9 BF 5T T AF . Email:dongshengstar @163 .com
5 18 v < X I (1965-) , 55, BF 9 G, Bl A S 0, 32 DA SO0 A R R D0 o A RR SR B R O T i W 98 LA . Email:1zh@opt.ac.cn



%94

RZAAF MERAABRALABEFMAEHEAK 3021

0 3]

S AE O FR GETE 2 4 AR 2 1Y R R 42 e A
EARE T Z BN R A AT AR T AT ER
B . MUAT I TR, X S A E 2R R AR T AR
ZRE

1 BLA 1S5 B R T T, A5 P S T (Inertial
Navigation System,INS) [ 3= 1 4F , 540 v b8 5% % 5
{FLJE: JHL S A JEE B A 3 A0 P ] A9 394 o A W B3R K3
i (Celestial Navigation System, CNS) & 4t .47 = 7]
FEE o R AR SR BT T P RE T | S0 25 A Bl
] R 2 R B/ R SCH A SRS, 256
P A A T I 35 LA, B 48 AR L 25 i K 4k
BT Z BN

FLAT , BN MR TS R SO & S i B 4
ERAEP AT - (1) P AR5 (2) 2T 2 2
AR JEE 20 A AR 3 3 3 A o A R o 25 A
PR B — B OC R I E A A REAR TR A R Y
FENLRT L o BEE WLIE R AR R 2 RGO R R
AT G, 5200 AR GER LR o BLAR 225 SCHR 910 4
TARME/ R SCH R 2 B AT T TS, (H A
SR WL 26 R PR RE AL 22 5 2 75 SCHRT10D6F 51/ 3 2 5
AUBEAT 1 PR AR BT 5T, (5L 5 B A 0 S 00 A2 1) 22 BBt
A3 03 M7, 1 B2 00 6 1 AN W o B ) R 1Y A At
R o

P, SCrb S gl B S i B s A IR
2 RATE SALA R A, SR T — MR T SRR R
SCEARE R LH A B T AR R B R L % 22
PEREAT AL, SR G PIE M0, SEBL T B R L A
{5 SRS S i S Rl 9 RS L S o A R L B
AU v A B0 B R 22 EATRLE o B3 TR K&
8 Py XA AE TR 22 2EAT R LA R TR
61 BE VLI A B2 Xk 2R 8 Al WL B R L A B T B A S
FUU 2 1 B IO U 52 0 1 AR SR R A

il

1 RXBESMIRERE

11 ZHESXEENNNAEES T

R GER I YR G XA AE 2 H AR I 0L B BT
WL, 252 B S B A2 A LI, 1 5 0 AU T AE A 1Y
2 i UL £

* Star
7/

AN

\_/ Azimuth
1 Y & AL UL A5
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Tab.1 Initial value of system error variable

Variable Initial Variable Initial Variable Initial
value value value
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Tab.2 Trajectory data of aerocraft

Parameter Start point End point
Longitude/(°) 71°39' 127°32'
Latitude/(°) 35°28' 50°13"
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Weak signal detecting method of laser ranging for space target

in daytime

Kang Wenyun, Song Xiaoquan, Wei Zhen
(Beijing Institute of Tracking and Telecommunications Technology, Beijing 100094, China)

Abstract: Daytime space target laser ranging data can help improve the space target orbit determination
precision, has important application value in terms of space research. During the daytime, the sky
background is light, laser ranging echo signal is very weak, generally to identify the weak space target
laser echo signal from the strong background light is very difficult. In allusion to weak signal detecting
technical problem of laser ranging for space target in the daytime, influence of sky background noise in
the daytime was estimated, ranging false alarm probabilities at various detection threshold was calculated,
relation of detection threshold and laser ranging gate was analyzed, detection threshold requirement of
laser ranging for space target in the daytime was presented, a weak signal detecting method of laser
ranging for space target in the daytime based on multi-photon detector was put forward, and its feasibility
was validated by experiment. This result can be used for designing daytime laser ranging system and
researching new type laser ranging system.

Key words: daytime laser ranging; space target; weak signal detection; false alarm probability
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Tab.1 Calculation result of false alarm probability

at various ranging gates and detection

thresholds
0.15 ps 1.5 ps 15 ps
1 photoelectron 72.3% 99.999% 100%
2 photoelectron 0.22% 2.17% 19.73%
3 photoelectron 0.000 2% 0.002% 0.02%
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Fig.2 Output signal diagram of multi-photon detector on oscilloscope
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