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Fig.1 Demonstration of Principle of the Navigation

Augmentation System on Luojia-1A Satellite
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Summary of Signal Tracking Status in Five

Navigation Augmentation Experiments
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Fig. 2 Skyplot of Luojia-1A Satellite in Five Experiments
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Fig. 3 The C/NO of Navigation Augmentation Signal

from Luojia-1A Satellite

o T BN — 5 R — B DR A B
V) P Ak G 3 P e R R RN R AR AT L AR
SORS BN — 5 3 T 48 9 5 5 o DA SR P B B
BEVEAR 09 05 3 o X Pk B U 00 i e L R G UL
Al RS 20 5 R AT PEAG o 6k T 28 I8 AE A0 UL DU AE L SR
FH D3 G (8] 22 43 09 J6 LA I 25 4l & 2047 e 7 pE A
WL M8 7 ] e 3R Oy
ep &~ P, — P,, — ION
@D
e~ (L, —Ly,)— (L, —Ls,—1)
o vep e 4350 Dh BE R0 2 A AL A9 M 75 ./
T HEIN— 5 B Ui S5 i ] A Ay JU 23, PR O G
JUART R 2H 5 14 O B Pl 185 22 B 3R 7 2ok 5 481 1] 30
AR R . H TR B T O s TR i
FWSOHIL i 4 B 10 i 22 o PRI T 7 280908 A 24 o e A7
AR DG 1R 158 2 1) SR A4 HL B )2 S | TR i
A% W B S B i 22 € O H B JR AE R (Tono-
spheric, ION) . TON #4377 25y B G 35 i A
PRt I8 JLAn] i 5 2H G I AEL 1) ~F- {8 . X T 2
AEAS UL TN AEL o X TC JLAn] B 25 20 45 SO0 00 (L ik — 20 fiff
FH 3 TG 1R] 22 3 v T B 15000 B2 R 5k A W B 2 1Y 5
Wi o 3 TG I 2 3 19 T8 T UART B 8 288 3Bl A o 0 ) {7 2
BALSZ B L B 2 I ) AR AR S . TR AR Y
FL 5 2 78 A 38 5 T A /0 R O 7 40 Ak B 2
At A IR T AL TR B R B I — 5 S A
SR A 5 DA BE R 2 A o7 M P G BT 4 R
N1 2 R A O BT B — 5 S Y B A
5 Fhy B R e A A M L SR T /N B IR TS A
A3 (minimum norm quadratic unbiased esti-
mate, MINQUE) XJ 1 5 5 5 f9 W /5 o 47 g
B, 2 PR O B R D A A MR R X o B A Y
R o o P B 0 288 3Bl L A5 MR P R AR A

30 ¢
v - - BRI
20 oY, = = =95%E X (1]

D FEAS S 75 /m

50 60 70 80 90

10 20 30 40

PR mBEAC)
(a) PhiHing =
0.06 p=
‘\ - BRBANDL I
0.04 fge = = 95%E {5 X [H]

0.02 Pz 2%

~ y
g ) T I N G
OIS TD A
o B 3 -
35J -

AL 5 /m
(=]

6 L . L : . . .
10 20 30 40 50 60 70 80 90
PERBEMIC)
(b) B AR L
B4 38N — 5 U 50 A5 5 0 JL AT B 55 21 45 M 75 S Al
Fig. 4 Evaluation of the Luojia-1A Navigation
Augmentation Signal Noise with the
Geometry-Free Combination
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Augmentation Signals Estimated with MINQUE
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Pseudorange Measurements
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Quality Assessment of the LEO Navigation Augmentation
Signals from Luojia-1A Satellite

WANG Lei'* CHEN Ruizhi"* LI Deren'* YU Baoguo® WU Cailun®
1 State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University,
Wuhan 430079, China
2 Collaborative Innovation Center of Geospatial Technology, Wuhan 430079, China

3 State Key Laboratory of Satellite Navigation System and Equipment Technology. Shijiazhuang 050200, China

Abstract: Navigation signal augmentation from low earth orbit (LEQO) can improve the slow conver-
gence and weak signal problem of the high/medium earth orbit navigation satellites, so it plays an im-
portant role in next generation navigation technique. Luojia-1A scientific experimental satellite deve-
loped by Wuhan University carried the navigation augmentation payload, and it is capable of automati-
cally calculating its orbit and clock by it self, generating and transmitting dual-frequency ranging sig-
nals. Luojia-1A satellite successfully demonstrates the navigation signal augmentation from LEO plat-
form. This paper assesses the quality of the navigation augmentation signals from Luojia-1A from C/
NO, precision of pseudorange and carrier phase and timing precision from single satellite. The results
indicates the precision of the pseudorange and carrier phase at high elevation angle is 1.5 m and 1. 7
mm respectively, which can meet the requirement of the navigation signal augmentation. Single satel-
lite based timing precision from Luojia-1A is approximately 10-30 ns,which proves the correctness and
validity of the satellite-ground ranging signals.

Key words: navigation augmentation; low earth orbit navigation; Luojia-1A satellite; navigation signal

augmentation; signal quality
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