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ESTIMATION OF ADDITIONAL SECONDARY FACTOR OF LORAN-C
AROUND IZU OSHIMA ISLAND

Yoshinori Miyamoto*!, Toshiharu Kakihara*!, Tadashi Miyazaki*?,
Akira Kitazawa*? and Yoshio Koike*?

LOP (Line of Position) distortion of LORAN-C (Long Rang Navigation System-C) Northwest
Pacific Chain (8930 chain) was investigated around Izu Oshima Island in 1997. The data of each
LORAN-C secondary station of W (Okinawa Gesasi), Y (Hokkaido Tokachibuto) and Z (Korea
Pohang) were observed by a research ship under her cruising. In LORAN-C nautical chart, the
LOPs are derived theoretically assuming the ground wave propagating along the sea surface. But
land such as island is contained in the propagation path, secondary factor (SF) or additional SF
(ASF) occurs due to the change of earth impedance and this leads to the LOP distortion. ASF is
caused for a rugged undulation. Therefore the LOP distortion which in often seen at circumference
of island, is influenced by ASF. From a result of observation, ground wave of LORAN-C, which
propagates over the island, produced large local error by the complicated topography of Oshima
Island. And the LOP error caused by ASF could be estimated clearly. In this paper, ASF observed
around Oshima Island and the influence of error for LORAN-C positioning accuracy is discussed.
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Fig. 1. Master and Secondary Stations disposition of LORAN-C Northwest Pacific Chain (8930 chain),
and the ground wave propagating distance between each station and Izu Oshima Island.
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Fig. 2. Schematic diagram showing the observation equipment.
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Fig. 3. The relation of geometrical disposition among a basic position calculated the theoretical LOP and
Master/Secondary Stations.
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Fig. 5. LOP distortion distributions of each
Secondary Station at measured point (@)
around Izu Oshima Island. (a) W Station,

30! (b) Y Station and (c) Z Station.
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Fig. 6. LOP distributions caused by ASF of
each Secondary Station at measured point
(®) around Izu Oshima Island. (a) W
Station, (b) Y Station and (c) Z Station.
In the figures, the area is divided into
sub-area according to the ground wave
propagation path  types: are
separated by the ground wave propagation
path. (DNeither Master and Secondary
Station pass the island, @only Master
Station passes the island, @only Secondary
e Station passes the island and @both of
¥ ground waves from Master and Secondary
I Station pass the island.
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i ®

25k LOP [EDETE A *
5 v CRERBE_XRED S DORINNE F TOBRIEMEFRZ TD (Time Difference: us) T

InfcE  RmEEEET IR ERHT 5, < TRAKROMENSBIRE LT, HiE LOP
{6 TD, %2R % 5k % /R d o Table 1 ITbPERNHET = — /I BIT B B, 0 R EERT,
HIER SRS FATH 2 DT, ZDOFEMAE ETO 2 iR OB (D) 3,

D=a-d+4 (A-1)
a: EERFEMEORYE GREFE)

d: KB (Y7 V)

4:d 5D ~DFIER

THY, 435 "—bORERZHWTCEHETE 3,

4=1/2-a-f- (3 sind—d)-sin® ¢-cos* Ap/cos’ 1/2d
—1/2-a-f- (3 sin d+d) -cos® ¢ -sin?A¢/sin? 1/2d (A-2)

ZCT, ¢ IZHBEE TH 5, ¢, ¢ ZHIFEEE, 1,0, THEEE S L, A2) RicBVT, 24
HOKE% (1, 11), (92, X2) ET NI,

P=($1+62)/2 (A-3)
Ap=(¢—¢1) (A-4)
).:/'lz*/‘{l (A-5)

f=(a+b)/a (A-6)
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b: [ElEERE M ADEFE WBERE)
f: RER
TKRE 5,
I BIE DEHOHER 3,
V=C/n (A-T)
V: IRE R
C: BHZERIcB T 5 EEE
n: RK&JBEHTR
THR&h, BEEFETELO 2 HARRRERE To 3,
To=D/V (A-8)
TRD B ENTE S, L L, EEBOMBMERICEV CEIARURERI O A5 Ts
R BN AE L 30T, Z0BNSY AT (i HIZ#EGE L7056 0 “IRBED % To IHHIE
F B SERH B, Lihi-T, EBORERRIA L 2 SR o BRI T 3,
T=T,+AT (A-9)
TdHh, AT 32 HiSAMOEREICLD,
a) D=160km OHH I,

AT =129.04323/T,—0.40758 +0.00064576813- To (A-10)
b) D<160km DHA :
AT =2.741282/T,—0.011402+0.00032774815 - T, (A-11)

TRHBIEWTE B,
EoT, FHROREROT Ta & T, 2k0, ERHE2RBEO L &6 % () JcfRATAR,

TD, %3k 5 T EMNTE B, 8930 F = — ¥ D TD, %3 HT 5 H5EDOHEIE,

C: YR (B7Zedh)=299792.458 km/s

n: RZUEPTH =1.000338

V: IEIEEE =299691.1624 km/s

o: BER (# L 5.0mhos/m)

e: #HER (ML 80 EUS)

Table 1. LORAN-C Northwest Pacific Chain (8930 chain) Configuration.

Station Location(WGS84) | B (Base Line Length: u s) & (Coding Delay: u s)

............ Niijima(M) [N 34° 24 11.943" | e
E139° 16’ 19.473"

.......... GesashiW)  |N 26° 36'25038"| 458086 .|l ... 11000
E128° 08 56.920”

Minamitorishima(X) [N 24° 17'08.007"| | 605153 .\ . .....30000 .
E153° 58' 53.779”

 Tokachibuto(Y) |N 42° 44'37.214") 334953 90000 ...
E143° 43 09.757"

,,,,,,,,, Pohang(Z) [N 36° 11054507, 308564 |  .....70000 _ .
E129° 20' 27.440”
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a: ¥R (GRE¥HE) =6378.137 km (WGS84)
£ IREER=1/298.257223563 (WGS84)
TH b,

B. LOPEBEDEANY MILADEH

Bz TR DO Sz LOP EEDOES OB~ OBER, Bk, TR, KB 3 ot
fLERAFR & LOP MZER THRE SN B, LOP 3% ATD, (AL us) ik d 2 BAE Ad GAA7: m)
i3,

Ad =150 X ATD, X cosec (6/2) (B-1)

THbB, 1L O, BRE»STFRE_REE2R-BAHEL TS (Fig. 3 2H), cosec (6/2)
iF, WHIRRD FSH & ZIRIBEFE SER AN 2 100t - THRET 2 & 2o WHBOREST AT 2
FIQITHYE L, BREEREOSFENTVS, (B-1) RcBVTHRASGESE 0=180°) itk 3
L&, Adid/MELISD, BREE L 0=0°)i1ch 5 & X 3EBREL 2L,

FERXKEBRABICEIFIZ05 v C OB BEOHTE
EARER - WRFE - TBMS - EXE ¥ - /NhEEX

nyryCi}, ERETRFBEERETINREFAT 5BEME Y X F L6 TH B, 1994410 AicTH
EIT7 L OFBCHRL, ZREEHEOBER (W), MEE X&), tEdo+lk (YB) BLu
WEHOWE (K—v, ZR) KBTS 1 TE/HE 4 KETHRSN T LOILFEATEEF - — >~ (8930
Fx—V) KBEZTT LEASEBIN TV S, ChETEES I, BEED SFHOBIICEVIIBICE T
5 RAREE DKL TR S LTV 2 BB TORBIEED 7 OREE 21T - 72 SE, B iEoR
fRiT & B AHME — R %% ASF (Additional Secondary Factor) DH#EE %17 5 72 A BB I 1T LOP 2 EH|
Lo ZDRER, BOMBICL S ASFRBEKN lus BEEHET I EMTE T,

*F—9—F! B35 vC LOP, ZIRERE (SF), (MMM RIZREK (ASF), HIAKEE



