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Hybrid Multi-LOP Positioning by
High Precision Radio Navigation System
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Toshio TSUCHIYA** Yasutaka AMITANI"
Katsuro MINAMI*®* Yoshio HORIE*®

A high precision radio navigation system installed on board R,V YOKOSUKA,
the support ship for manned submersible designed for 6500m deep diving, has var-
1ous high precision positioning methods.

In particular, the hybrid multi-LOP positioning based on Loran C and Decca
makes up the core of the system, because GPS(Global Positioning System) does

not operate on fulltime and worldwide coverage at present,

This paper introduces a high precision radio navigation system, and also descr-
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ibes the test results of hybrid multi-LOP positioning compared with GPS in an oc

ean experiment.

Key word: hybrid multi-LOP positioning, LOP, HDOP.
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AIET— % (10WER) ZHMtMEBEB L TE4LITR
T e, A7 — &t 3 RhrEARNERI0,11,
1212°%, &6, GPSHIfLic8r 2HDOP

% 4 [EESRAEER GarRED
Table 4 Positioning results at the fixed point (short term)
M OB H K ERocFETH20H 18K 164 ~ 1961543
B ¥ 5 84° 40.449° N. 135° 11.288' E (WGS-84) B JINGET W A EMTISE KTk
Al E E @ £ AlE®E (LOP)
G A HIE SR w =
RE-SEYSE B ¥ R = HESLDE LOPY¥SE | BEREE
3~4 B 34° 40.4618 N |0.0061" (11.27m)| 0.0128 (23.67m)
GPS
HDOP | 135° 11.2988' E | 0.0045" (6.86m).| 0.0108 (16.43m)
3~26 (&% : 13.19m) (&A% : 28.81m)
9970 34° 40.3601' N | 0.0046’ (8.50m) |- 0.0889" (164.29m)
W:18307.4 us | 0.127 us
Hio7 LT Y:59047. 4 us | 0.022 s | #BREX%Y
W.V.X.Y | 135° 11.3746° E | 0.0042" (6.41m) | 0.0866" (132 24m)
LOP X:36413.6us | 0.043us | MEH D
W EER 4LOP (&K% : 10.65m) (&5 : 210.90m)
Y:59047.4 s | 0.026 s
9970 34° 40,1063 N | 0.0048" (8.87m) | - 0.3427 (633.31m)
W:18307. 4 us | 0.127 us
HA2 T | Y:59047.4us | 0.022us | HGEER S
W.V.X.Y | 135° 11.4303° E | 0.0042" (6.41m) | 0.1423" (217.29m)
LOP X:36413.6 s | 0.043us | MEH D
S EhER 4LOP (&68% :10.94m) | (&5 : 669. 55m)
: ' Y:590474us | 0.026 s
HMAER| 9970 34° 40.5397 N |0.0475" (87.81m) | 0.0907" (167.68m)
W:18307. 4 us | 0.127us | #EER S
asv(C W. Y 135° 11.3762° E [0.0053’ (8.09m) | 0.0882" (134.55m)
Y:59047. 4 us | 0.022us | BB D
No. 1 N ihEs 2LOP (&% : 88.18m) (&hK : 214. 99m)
B R 9970 34° 40.3513° N | 0.0047" (8.69m) |- 0.0977" (180.62m)
X:36413.6 us | 0.043us | #HBpEXS
o3 v(C W. Y 135° 11.3570" E | 0.0044” (6.71m) | 0.0690" (105.26m)
| Y:59047.4us | 0.026 us | ALEEH Y
No. 2 AR 2LOP (& : 10.98m) (&H% : 209. 05m)
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#% 6 XGP SHALEEDHK
Table 6 Comparison of positioning GPS

and hybrid multi—LOP positioning daring sea test

Sy AT A
<odiacd (GPS)
— W =
% HE| s % B 32 e A 2R A R M
2 \ D\ Ex 53 1) Pl (m) | AR ()
1 70 07 : 50 — 0.0 2 —0.014 75 240.3
2 | 80 | 08:00 0.02 ~0.03 6 1 307.2
3 | 90 | 08:10 | —0.03 ~0.05 9 8 235.6
4 | 100 | 08:20 0.00 ~0.04 65 270.0
5 110 98 : 30 0.04 — ), B B 122 30 T.2
6 120 08 : 40 0.01 — 0,0 B 8 3 282.8
7 130 08 : 50 0.00 —0.04 6 5 270.0 T
8 | 140 | 09:00 0.01 ~0.04 6 7 285.9 |
9 150 09 : 10 0.01 —0.03 b2 290.8
10 160 09 : 20 0.00 — 0, 02 3 2 270.0
11 170 09 : 30 —0.01 —0, 0 4 67 254.1
12 180 09 : 40. —0.01 ! | 0 ¢ OB | 25 2:21.3
13 | 190 | 09:50 0.0 1 ~0.07 115 279.2
14 | 200 | 10:00 0.00 ~0.01 16 270.0
15 210 10 : 10 0.014 0.03 8 8 33.4
16 220 | 10:20 0.04 0.08 149 60.3
17 230 10 : 30 0.04 0.05 110 4 7.6
18 240 10 : 40 0.04 ~0.0 2 8 1 33 6.3
19 250 10 : 50 0.01 0.05 8 3 T T2
20 260 11 : 00 0.04 — 0.0 2 81 33 6.3 B M
21 270 11: 10 0.014 —0.05 110 312.4
22 280 11 : 20 0.05 —0.06 134 313.5
23 290 11 : 30 0.06 —0.06 147 3 L 8.7
24 300 11 : 40 0.03 —0.06 112 299.7
25 310 11 : 50 0.1 2 =04 2 49 31 8.7
26 320 12 : 00 0.05 0.00 9 2 0.0
01—13)
MEAN 0.00 2 —0.040 65 278.8
e
SD 0.017 0.015
{14—26)
MEAN 0.035 | —0.007 - 66 | 350.3
#
SD 0.016 0.045
(01—26) |
MEAN 0.019 | —0.023 5 2 312.5
el
SD 0.023 0.037
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# 7 $th&. MEOERHIZS) (M)

Table 7 Variations of bearing and speed (going way)

gt () wA (/7w b))
WARAMN| GPS |#HA#If]| GPS
HAME| 97.1 101. 1 14. 91 16. 6
B
B /NfE | 95.5 90. 0 14. 50 13. 1
S i i 96. 45 96. 76 14. 71 14. 72
= #® R = 0. 46 3.20 0.10 0.88
EEfEDAF 7€y b - 0. 31 B % - 0.01 B HE
K. 1.00 R #e
fiBR (3 43 &) 96. 5 (BEEWIAL) 15. 1 (#E&HIAL)
» o oDE EE 97.5 (GPS) 14.7 (GPS)

& 8 &SHIE - MbEOEHES (EhHD
Table 8 Variation of bearing and spead (backing way)

S8 () #5 (7 5 F)
tmamKE| GPS |#mAaRK| GPS
% N {5 276. 9 281. 0 14. 32 16. 4
W
% /N EH 275. 4 269.0 18.'7TH 13.6
g -2 & 276. 10 275. 84 14. 01 14. 92
= ®# R OE 0..41 3. 87 0. 15 1.09
EEDE T & 5 | 0.96 | =& | -0.91 e
Lkt 0. 94 B HE
Wi Bk (35D 275. 8 (HAMKD 14.1 (EARIED)
» 5 ot EE 275.2 (GP'S) 14.4 (GPS)
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