¥ PYECI PY B )81 37 F S5 3R Vol.44 No.4
2021 4F 10 H Journal of Time and Frequency Oct., 2021

SR XEFE, 2B, XU, 4. B2 C 5 GNSS A2 0 RFIRERIE kgL i s
247, 2021, 44(4): 322-330.

B G 5 ONSS LA BN RGIRERE F5 AT S

XNFAE T, FEEY, Rk, R, RE, B

(1. PEBERE BREZRPO, T2 7106005
2. pEBREERERY:, LAt 100049)

#HEE . GNSS (Global Navigation Satellite System) FALZ LA D T waiTIL, B 5 TiER,
AR A BT PR A LR, TLCAARGEARLKCIMAL, EHEAHSE
K. MBHTHRIBEFRS, TURT 2 C K#ES6 41F ONSS A4 a9 L2 R#ATAE /L, f
KRR EFMALYTRAMEATEMR, AXAES LS T HhEs T lakityBE, Hitd
TRE—BASGUESZAFAIGET L CAKIRE, FEATEMNEBHARAIATT T
2 C bRk, MALREAY, ATHRT LLBE, £ 4~8 BMTAZEZFRAENL
T, RARIRENAESTALFTE, TUARIKTREFTREANGEAAE, LFRF L C
LA AT HE R KA AT E B 5 A2 A% GDOP (EAR KB, 20ETATH B 6 LEAZ L
A K; A GDOP T 30 49U T, b Tnthbefed £ A %A,
EHIR: 2RI EFMEL; Loran-C; A Ef5; #HERTF;, 24ARERE
DOI: 10.13875/j. issn. 1674-0637.2021-04-0322-09

The study of systematic error calibration method
for Loran-C and GNSS integrated positioning
LIU Yin-hua*?, LI Xiao-hui'?, LIU Chang-hong*, ZHAO Fan'?, ZHU Feng', FENG Ping"

(1. National Time Service Center, Chinese Academy of Sciences, Xi’an 710600, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The application of Global Navigation Satellite System (GNSS) is limited in some complicated
electromagnetism environment as it may be disturbed and blocked off easily. Long Range Navigation System
(Loran-C) is a kind of terrestrial radio navigation system, which has the advantages of great transmitting power
and strong ability of anti electromagnetic interference. Loran-C terrestrial transmitting station can be considered
as a pseudo-satellite. Thus, GNSS and Loran-C can be integrated to realize positioning, it can improve the
performance of navigation systems in complicated electromagnetism environment and also can realize
positioning in single system blind area. In this study, the influence factors of integrated positioning were
analyzed firstly, and the positioning algorithm based on calibration and fusion was presented to correct the
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systematic error of Loran-C data. Then, the performance of integrated positioning was analyzed based on the data
collected from Beidou Navigation Satellite System (BDS) and Loran-C receivers. The positioning result of
integrated systems was compared with the single BDS. Finally, the effect of integrated systems on geometric
dilution of precision (GDOP) was studied. The results shown that based on the Pucheng Loran station, the
positioning accuracy of tens or hundreds of meters can be achieved while used the proposed integration
algorithm. The GDOP was improved greatly by the BDS and Loran-C systems integration; the improving effect
of positioning accuracy was more obvious while the value of GDOP was greater, the performance of integrated
positioning was in the same order of magnitude as BDS positioning while the GDOP value was smaller than 30.

Key words: Global Navigation Satellite System (GNSS); Loran-C; integrated positioning; dilution of
precision (DOP); systematic error calibration
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31 JUTHRERTFSR
TRESM ARG R ENREE— 7 AP SRR 2% (UERE) YesE, 75— i T2 2 R A LA
R, JUTREEERF ( geometric dilution of precision, GDOP ) A TLA B B L] 76 Jm i 45 i —~
PR Pl ASCHE T AA AL PR G A LTI EE R F, 3 2 RiiE GDOP. PDOP
( position dilution of precision ) A1 TDOP ( time dilution of precision ) RS R, BRI LRSS

1R,
2 JLATREEE 4T

. GDOP PDOP TDOP
S | R % S | R % S | BEETRE %
1 3198 1777 44.43 2685  1.665 37.99 1737 0617 64.48
2 3.28 1.9 42.07 2.775 1.8 35.14 1744 07 59.86
6 9.7 2.8 71.13 7.7 25 67.53 6 12 80.00
7 10.5 4.6 56.19 8.3 45 45.78 6.3 1 84.13
3 25009 85 66.01 24807 85 65.74 2.866 1 65.11
4 63.98 12.5 80.46 63.78 12.4 80.56 5026 1.1 78.11
5 66.6 19.8 70.27 66.3 19.7 70.29 6.5 1.7 73.85
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