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Navigation and Stellar Refraction Positioning
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Abstract: The pure inertial navigation error is relatively large due to the limited accuracy of the ex-
isting inertial devices, thus it is necessary to use integrated navigation to improve the navigation
accuracy. Traditionally, the fully autonomous inertial/stellar attitude integrated navigation
method can not determine the position but the attitude, nor can it correct the inertial navigation er-
ror caused by the accelerometer measurement error, so the improvement of navigation accuracy is
limited. To solve this problem, a method of integrated navigation based on inertial navigation and
stellar refraction positioning is proposed. The research is mainly conducted from several aspects,
such as the principle of stellar refraction, the model of starlight atmosphere refraction, nonlinear
filer and strategy of star choice. By theoretical analysis and mathematical simulation, the correct-
ness of star refraction positioning principle and engineering feasibility are verified. And the naviga-
tion accuracy is improved to 100m, which provides a technical approach to improve the accuracy of
autonomous navigation.
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Fig. 1 Geometric illustration of stellar atmospheric

refraction positioning
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Fig. 2 Illustration of stellar refraction positioning
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Fig. 3 Relationship between apparent height and refraction angle
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Fig. 4 Illustration of sample point

B4 A AU A — YOI Al T R
FEE A I B AR B S . R A SR B



%1

U+ BT 3 E L 4 & S AT BOR BT 5 93

(B B — WA T B L& SR A S 5 22 8 Al 5
25, M TR E R 22 HO, LS 1A 2
R B O P L S A R T . T U I R Y 1
R ABTE I T5 22 230N Al T B 07 B 15 25 25 0/
PR S B8] 2 AR /) | Fe 2 SR B S Y L
1.4 AHESTHIREE

Pt B A 43 A BTk 00 A5 R O O ) Y AR
XRAFR, WAL R, & L0 R & r 5RITH R
BOLRE s ZRIIMA R« WA USRS N
h,=|r]|+sin(a)+ |r |« cosCa) « tan(d,) —

R.(1+0, «tan(0,)/2) (10

PTG T 2 B A BT S R B R A
L 7E3G I, AL Y 3 S A 55 WL o R i Y e
F o — A~ B S L e 5 B

Bs iHESHREE

Fig. 5 Distribution of refraction star
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Fig. 6 Illustration of filtering
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Fig. 7 Workflow of inertial/stellar integrated navigation
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