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Kb BT 18 10N B P 22 R G R R AL T I K R 5 AR,
7 i DI I BE IR DB EE RS RE, TSR AT T 1 AR RN U5, YL
55 AL O T R L AR BRI R T P 2 5 PR ML & 1 SHUE L
ERFFCIOL. AL TR E RO R 0 P 2 G B, R i X R A R it e o R g5 0T e
EAER R RGN &G, RIEDA D 22 G ulixE DO 2 75 K. 28T 3R E 0 SR, ?4
F Ak 6 vl AR AR P S R B R R BUIR, FRE T20165F 12 A LR T B SO AL it
BEUH ks BEM IR R G0 A v, s 1 7 3R VU AR s X 39 43 B 2 Rk
i R, DUPISEBLS 2245 5 12 J R Y 4 T A .

S AE B G B X0 40 3 B 22 A 65 0 1A R S 4 R B O % 2 A
(ERH 2 22 6 o T 2 8 A7 B AR R SR AR M SR D7 171, W ARO[ B = 22 SHT R
LA R 78, ASCUAFRIE DU A W3 F B ul AN R, DLE AR
HR L, G LRI SE AN B 22 L B CRS ), 0WT % 22 R A DU A HALIX (1 R fir
PERE, NP RGN D R RSB R LA

2 T=ESEBSEN
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% A5 5 BB N100 kHz, BEE 5 I BRR ML 3 2 v, (55
PP R E BB FEWOR LI 28 J3 B (B SRRV % 2245 5 ARk N A8, HRoR 3 0h:

T, = (PF +SF + ASF)/(2nf) = t, + s, (1)

(1), PFA— AL F (Primary Phase Factor), 2f8 15 5 MR & BB SR
S IEIIARNL ZEIR . SFN R ABAL A F (Second Phase Factor), J& 815 5 WK ST & 3
BSOS AL ARG 7K B AT AL AR ARG T2 S AL R 39 0 (R AH A 3838 5 ASF Y B in — Al Az A
T (Additional Secondary Factor), #5815 5 1% 4 18 Fli h AH 0T T 7K B8 A2 19 0 AR AR 7 S
IBOO201 £ A, B Hz, t, 0 — YA AL PR B I AR B ] ZE 3R, R Sy 8 AR et

Y tﬁg{/\i‘ﬁul?ﬂlEﬁﬂﬂg{/\*ﬁﬂl?ﬁﬁﬂrH’]HTI@LJB, B R S 5 B o —
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RS AL RRI, R T I Zon 2 WAL BRI 3 INE 57 A 52, 10 KA i 2% 32 b
I [ R B] AR A ) e, 2 5| AR PR IS 5 A% 3Bk FE R T 1m) PRI AR AR, AT 5 T A% RR IV . 4%
EE@C.EE.EZ‘Z/BZﬁikE’J*T{Ehnsﬁ’]$i’ﬂﬁﬁij] nso = 1.000315. &3 HEAT 125 2 n] LAAR
PSR T mat RS A A b A BEPR HEABE BR 1R R M 28 R B 34T TH B, F Ra 3R, ZEACHT 2B ¢, 5k
A LAFRIR N

tp = Rdnso/C, (2)

(2)3h, FORAEFPRDLE, JEN: ¢ = 2.99792458 x 10° m/s. ¢ /Bt | H AL HR
PG KGRI [ SE IR 1 22 57, R SO SEA R R AR 3R B A A R s

= (1/w)arghV’, (3)

(3):H, w = 2nf, BAS T HIMAE, 147 Frad/s. argW%ﬂﬁ?ﬁﬁmuiﬁWﬂ’ﬁﬁﬁ .
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K, BRINAW = W (f, Ra, e, 0c). M EPRHAL{E K P (International Telecommunication
Union, ITU) (J5 B PrIJCZe &2 571 23) 5T KA RS AL 198 43, 70 S RL il [ 28 784 4y
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Table 1 Parameters corresponding to various ground types(®?

. . Conductivity  Equivalent radius
Type Dielectric constant
/(S/m) parameter

Average sea 70 5 1.14
Conductive ground 40 3x107? 1.13
Wet ground 30 1x 1072 1.11
Average land 22 3x 1073 1.08
Medium dry ground 15 3x 1073 1.06
Dry ground 7 3x107* 1.05
Very dry ground 3 1x107* 1.06
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Fig.1 The relation between propagation delay ts and distance in different types of ground
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Fig.2 The variation of field strength with distance in different propagation media
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2.3 EMKBEE

B2 ARG AMIR AL T3 6 2 R X th 2 iy Z=2 A AT e A, BIAESE — A BN & A
— BEERI B S A T G R e, B M AL B EE R 22, A U 2 o B B
AT EALARERY . 20 R I 22 B T 2 22l 5 % 22 R G A1 Bh 22 52, PR
FERGEEFRM. T LFR, FERGRLZHAT TS, ST LSO R
o525 H B R R ) B BEEAT T A B I SRR 7T, P 22 RGO B e A7 5 7R
ATULRIR A

pPi = nsti + Cts + C(Tr + Pr) 3 (6>

Hoe i B8RS, 0 = 1,2,3---, p ADREEINAE, RaiRom 5 K3k & BRI
LR R Z B . B ol B ORI DL, KRR 3 R Y i 24 A (o0, M) D B KL
QFINTT Z TR P R R B FEANZE . ¢ RIS A A FUAS [F) 25 /<3 B A% A i (] 28
IR, RIS SE 5 BN R SE AL, TR A I B 5 2 22 RGO Bl 22, PR %
Yo R G I TR SR, BB WSOR 2 U 245 5 BRSOl Ui HE A L R0 45 5 Ik i g
MR LAL N B, 0 R R G SE R AR AR, T 5 Pl BLE AR N — A R AR AL,
MT &R, BN, Pz ay DUELE NI & Dy i Bk, A5 & i s 2 s o0
T, X T Py B E 07 FRRAEAB B IR AR 12 B 55 Po (00, Ao, Too ) BEAT JRIRER P AL AL 22123

pi = nsRai|p, + ¢Tuo|p, + sin a;dp + cos a;d + edt (7)

TR PR EINRIR, R EINR R, IR AERR:

GX =A, (8)
>N EF‘;
sina; cosa; 1 de p1 — nsRa1 — ciyo
G = [sinay cosas 1|, X = |d\|, A= |p2s —nsRqs — Tyl , 9)
: : : cdt :

(7) 30 o TR B AR T B A RAF G570 M. R K Vincenty 2 it 5. R 5
INTIRTTEH: X = (GTG)'GT A, G Lh(wo + dp, Ao + d\, Ty + dt) B HHIER AL
B Py, ERUME, BERXHERENBRENE B2 RGN AEEMRBFLS TA
A B B S L SRR, ANAE B R R B T VE AN D,

3 PEBELENIERE

A FE ML LA I RGO AR TR E P ML DO @3 22 Rk &, H B E 5 i T
R ¥ (Korla)s  FUJE (Dunhuang) MIFHE i (Naqu), 456 7 AL T3 (Pucheng) 3 &
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§5 B K7~ (Geometric Dilution of Precision, GDOP). SN 1 43 ¥y U & 3l 1 @ AL M BE,
o R MR MV I Bk M5 S A R X, BN % 22 RS E AL, A A SRR YL
REMS RN E & B A RS 5

HRLHT 2 2205 S R IR, P22 BRI LRER IR U B B 22 55 SRR
RALHI B MAMET40 dBpV /m. #5 2, BRI 58540 dBuV /mxs N 2 22 Byl
REWS H WS 25 5 OB FE . RCR A 28R 3 D %8300 kW, 70 il P 2245 5
FE U o 7Y by A 7R o £ 6 I P S 2 ) R A% SR R, TS R LR, WRBATLLE
H, 1S3 AT X N P i A8 A% iR B B B K, TR 1961.371 ke, HoAth J LA i S 2 o ezt
PR R BB/, I T2 B A5 5 7 A bt 28 2 v f) gk B - AN R R G
X EEPLP B, SCBE, T8, M AR R XL BB, {5 5 0 S B B 4
N1181.952 km, PLZEE B yA4%, DAFRE VU EHTHE & sy ol 3 e uli G S8 ik
DXIILIES (a) s, 242 223U T34 G il i & S8 i DX RER] IR 30U 2034 &
uh S 5 SERCE L DRE. PRI, 34N 6 ol i A JLAE o 8 00 74 e A X B LU
PEREAIERTT, RN T BB 1 m, H oiL BE A B CAMIC T30 dBuV/mi (5 S i, B
TGt v Rzt SRS FE G C1463.432 ke, AT 65 32k 1478 o8 Y00 BRI oz X IR <> 48 0m, AL
K3 (b)Fron. 3L BE B HECAMIE T-20 dBuV /mif {5 5 i, B Hh e K It 20 e
B5ON1749.927 km, {5 578 75 Y0 BRI E A7 X ds o BEOR. S8 T utl, Do 6 b i) v 6 78 7 Xk
BN, R — AR T B = UL e e, 3L RS 7E AR 37 9m A B Hh U A5 5

*2 FEESHEMARMEAEPNNNRTEBEES

Table 2 The longest propagation distance among various ground types

Distance/km Receiver sensitivity 40 30 20

Medium types /(dBV/m) /(@BuV/m) /(@BuV/m)

Average sea 1961.371 2403.104 2851.708
Average land 1646.179 2025.717 2411.186
Medium dry ground 1181.952 1463.432 1749.927
Dry ground 726.868 936.704 1154.338
Very dry ground 483.546 666.315 856.959

TE LR ZE T B Sl 5 R 6 S A ) TUARTR B R DA R FE P 3 R UM R 2
E, I PA3AN 6 3l 1 A 178 55 DX FUXT G, DT LARTHRG B2 IR0 5 A7 5% 22 PR AN 7 THT 43
BT 3™ VB & 0k 1 58 AL 1 BE.
3.1 MWEB/WMGDOPE

F P U8 5 R 4% 6 MBI GDOP 2 2 B 25 R 45 58 A 1 BE 1 — T 5% B [ R 1261,
ST R A% Gl TR AR JR O BRI R 2 I O FE B, R IR EE 2 T,
GDOPAE B/, 58 7 1% 22 k. 3 [ 7 5083 & b AL B 7 AL T /R 8. BUE R
. &b s ER AL B AT, 3G U5 = AT, JURAm R, Bag T
PUHR & UG 7R 78 o2 X3 N I GDOPE, B E R T GDOP/NTF20113 4, Ke 2t [l i [X
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Fig.3 Coverage and positioning area of western stations. The ground type is medium dry ground. Left
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SEOULIU AR AR B9 A 3R, X AR BRSO LB 22 9% . R34 Y 1 3 0 e, e,
p AP, Lt Log 7 B A4 FEMZ L, ARARE h IINARR LSS, BURARZ.

#3 MR ERMAEERE

Table 3 Simulation of test point position and pseudo range

Site  Lat Log  Transmitter = Rg/km ts/ps p/km

Naqu 884.683  7.7485  887.005
A 37°N  85°E  Dunhuang 928.520  8.0338  930.928
Korla 518.742  5.3592  520.349
Naqu 249.080  3.4738  250.122
B 33°N  90°E  Dunhuang 918.132  7.9662  920.521
Korla 1026.759  8.6740  1029.359
Naqu 474.899  5.0678  476.419
C 35°N  95°E  Dunhuang 590.444  5.8316  592.193
Korla 1088.287  9.0755  1091.008

F 2375 45 1 58 A7 R Mg VA AR 3 DN BEME, THEA. By C 3sIR N
B, BEMAEL R0 5 As(37.0005°N, 84.9886°E). Bri(32.9925°N, 90.0024°E)-
Cri(34.9939°N, 95.0190°E), 5 X34 H M Ll B AL £ R, EMRERRN
RAEGEF S Fse Ay B 2. T 0L, B VKA FE R BRI YR SE A R S A B AE
&N, BRI e e AR 22, TR, 26 B s FE 7 1R10.001° (1)
wZEERIN108 m. B, A. B, C 3sUAE 4 FE 7 1) 1 5E 0 1% 22 (46 FE = 22) 73 i) A
54 m. —810 m. —658 m, TEZE 7 1A E AL IR 2 (SR Z) /N —1231 my 259 m.
2052 m. SR [FIRE BT LTV S — 5 Y A E 3 5 ol e 0 1 4 5 R 28 52 77 1) £ € S
W2, AR RN BT R PS4 R a5 () FES (b) R, B HEOR TR 2 4t
/14000 mAJ# 5y S (o) AT RAE H, 2434 G uli i B B E R, 34~ G ulith 5
SR R e AR 2E S L AT 0%, (EAREST 5 ML, £ B R 2 I E AN, — /N TF200 m,
FELR FE R T-37.5° B I R IX 3, 20 B 11 58 A 45 FROK T BUSH, MAES: B2/ T-37.5° Bt i 1
X35, 26 8 78 o 45 AN /N T Bl 78 308 il AR 30 1 58 A X3, 26 B 17 22 K 14000 m,
FEETE R AR BN, ZX AR 2B RS 1Z X IR GDOPE A . 25, MIES (b)Y
SERFEW, KRN ENMIRESSEEA K, EAEEI0CH T, &5 iR ZE BN, 7E
ZFE/NT90° 1 X5k, 28 B2 1K) R A 45 /N T Sl T 7E 248 B2 R T90° 1 X 43k, 22 FE 1) i€
PR KT HIAE. FFE, BUR SR E A X3, 48 5% % 1K 74000 m. 7E5E fif
T 55 DXIRN, DLZR B AN B U7 1n) 58 A1 22 /N T-10000 moA Jt, 15 8 1 Al B 5 B S
BWARRRZE. Gt RRY, T8 XN AR A 3R 22 /N 71000 mi 5 24 & BT R
40.8%, 1&21A11% 2 K F1000 m H/NF4000 mf 4 B TFEER153.8%, X P E T &
HI194.6%, BV A7 X I N 94.6% [ 4% )5 22 /N T-4000 m.
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Fig.5 The position error in latitude (left) and longitude (right) directions
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FETT AR ENL R ZE . A RFR W], VU R 6wl i LA R B & 2, (E2 i IR S AN
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Positioning Performance Analysis of Loran Stations
in Western China

YAN Bao-rong’? LI Yun'?  GUO Weil? HUA Yu!?

(1 National Time Service Center, Chinese Academy of Sciences, Xi’an 710600)
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AsstracTt Long range navigation (Loran) system is an effective backup and sup-
plement of the Global Navigation Satellite System (GNSS). Loran signal propagates
along the earth surface in the form of ground wave. With the increase of propagation
distance, the ground wave signal will be affected by the ground electrical parameters,
causing a certain additional propagation delay. The signal field strength will gradually
weaken via distance. In order to analyze the positioning performance of Loran stations
in western China, the relationship between secondary factor and distance in different
media types is analyzed theoretically, and the variation of field strength with distance
is calculated based on the propagation law of electromagnetic wave. According to the
minimum performance standard of Loran receiver, the coverage area and positioning
range of the western station are analyzed, and the Geometric Dilution of Precision (G-
DOP) in the positioning area are calculated. The results show that GDOP of most areas
in the positioning range are less than 6. In the calculation area, the positioning error
of western stations is simulated. The analysis results show that the geometric layout of
western stations is reasonable. However, due to the influence of secondary factor, the
positioning errors in latitude and longitude directions are relatively large. Therefore, it
is necessary to adopt differential methods to suppress the observation errors to improve
the positioning accuracy. In order to expand the positioning area of Loran station, the
receiving ability of the receiver needs to be improved.

Key words Loran system, secondary factor, Geometric Dilution of Precision (GDOP),
position bias
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