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Abstract: Utilizing the space-based opportunity signal positioning technology of the IRIDIUM system as an
emerging autonomous navigation technology, it can be used as an effective backup or supplement of the GNSS
system. Time to First Fix (TTFF) is one of the main indicators for measuring positioning systems and reflects
the responsiveness of positioning systems to achieve positioning. In order to investigate the TTFF of the space-
based opportunistic signal positioning technology based on the IRIDIUM system and its influencing factors,
this paper gives the definition of the TTFF of the technology, builds a set of test platforms, and the positioning
results under different preset position deviations and different DOP of IRIDIUM satellites are compared
through using actual collected data. The changes in positioning accuracy over a period of time after the first
positioning were observed, and the factors affecting TTFF and accuracy were analyzed. The actual
measurement results show that the TTFF based on the space-based opportunity signal positioning technology
of the IRIDIUM system is better than 15 minutes, and the horizontal positioning accuracy is generally better
than 500 meters. The positioning accuracy changes slowly after the first fixing. This study indicates that the
TTFF is a meaningful index for evaluating the response capability of the positioning system, and lays the
foundation for the continued research and application of positioning technology based on space-based
opportunity signals.
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Figure 1. Iridium Constellation Orbit Distribution Diagram Main View (Left), Bottom View (Right)
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Figure 2. Iridium signal single frame structure
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Figure 3. Flow Chart of Positioning Procedure
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Figure 4. Actual Signal Test Platform Connection Diagram

Bl 4. LFMESTRT S &R

AR T

1) RELFEHKEFS.

2) MHECRERSEFREKEG S, KRGS NI
AT EAFHATEBAGI, FARHKE N 90ms, 4
R B R R AT S, RN EEEE.
B JE ks Ho A 1 B N B BN AN R TR) K B PR
B2 RE R

3) HEKE Z WS R LTUL NI TLE X4
NEMFRR, FIH SGP4 B TN AL 7Y F500 L e
I 22 TR A B R AR R K T BT UR AL,
BITEMAEERT, [BEEMMIGTER. X
SEARA 25 AT G 2 8 15 BAE e A
Wi, o, BRIRGE LS RIS NE T IR UGE L
SR IR IR A RN e gE R BBk 2R
B R GPS dFA GREMARLD) FHATIRE

4) K Er g R BV R g, B R & AEHE
SR IR XoF 7 T B TR B, 8 ANl A2 DU N — B
MKENKEESZENER, EEP% 3 |
RISENT UGB AL EK

5)  Guit I A R A A 6 5E 2E BAH DRI
AR AR AR



3.2 $KEFSENME R EMATER

LR AR B S P E 5 H I R R 34T 1
3 I, T AT T TR B ZE 0 B A I T K
FRERIRI LI 58 &R, TR U 20 A 0 1 UCE AL I TR] S A

JEZ FRI S MEN LA K 3 BT v IR i — BN ) PAY FRA E AL

3.2.1 $#&EE X EMAEMER

PR R MR RN I T B NS5 5 R e r
FERBEATMAR, W0 H 355 U A B[] RS

(1) D3R [a) Az th

B S RERA FEMEEILEITH R KR
S HAHEALMALL(39.979706 N, 116.339296 E)RHE£L
o BFTEA 2019 429 A 10 HZ) 17 £is

(2) M Eh R Ko #

15 73R 2 5 8 E B~ 5 Fios:

N\

5 %MM
-4

0 100 200 300 400 500 600 700 800 900
IFE)EE (R Ta) 162080, #1C360%EF)

«10*

&3 WhATR I 22
o - » w

F

Figure 5. Curve: Iridium Signal Doppler Shift
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Figure 6. The Change of Doppler DOP with Time
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Figure 7. Mean Error in East and North Directions (ENU)
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Figure 8. Mean Error of 2D Positioning Distance (ENU)
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Table 1. Relationship between Preset Position and TTFF
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Figure 9. Curve: Iridium Signal Doppler Shift
B 9. $REMGS 2L EIB R

ME 9 TR, AU L2 LT A 5 ET—

q
N
\
\

o

1
\
\

JUB AR 1

=4
o

\
1
1
1
1
1

TO = -~ — b= b= -~ — 4
300 400 500 600 700 800 900
R GBI 1558, K108

Figure 10. The Change of Doppler DOP with Time
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Figure 11. Mean Error of 2D positioning Distance (ENU)
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Figure 12. Curve: Iridium Signal Doppler Shift
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Figure 13. The Change of Doppler DOP with Time
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Figure 14. Mean Error of 2D positioning Distance (ENU)
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