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Accuracy of Hybrid Navigation System Combining Dead
Reckoning and Loran C

Won-Woo LEe* and Hyeong-Il SiN*

Recently, Hybrid Navigation Systems combining Omega, NNSS, Loran C and Dead reckoning
etc. served to give us highly accurate ship’s position, and a number of ships are equipped with these
navigation systems.

In order to evaluate for the accuracy of this navigation system observations of Loran C, 5970 and
9970 chains and Radar at the same time were made on board m.s “Jeonbuk 401 and 403" training ships
of Gunsan Fisheries Collage at nine stations in the yellow sea from July, 1982 to June, 1983, and
then were done by the Hybrid Navigation System combining Dead reckoning and Loran C at the .ame
areas,

The authors investigated thz accuracy of the Hybrid Navigation System based on measurements of
the relative positional error which is defined as the difference between the position fixed by this
system or the Loran C system, and the one by the Radar.

The obtained results are as follows;

1. The mean standard deviation of the time difference of Loran C were about 0.21us in 8970 chain
and about 0.05 s in 5970 chain, and the fluctuation of the time difference of Loran C in 5970
chain was smaller than that in 9970 chain.

2. The positional error between two positions by Radar and the Hybrid Navigation System in 9979
chain was about 0.4 miles, and between two positions by Radar and Loran C was about 0.51
miles. The Hybrid Navigation System was therefore more accurate than Loran C System.

3. The positional error between two positions by Radar and Hybrid Navigation Systyem in 5970 chain
was about 0.4 miles, and between two positions by Radar and computer simulation of Loran C
was about (.98 miles. Consequently, Hybrid Navigation System was more accurate than

computer simulation of Loran C system.

%o WUAHEEY B
a2 NNSS & ¥E-t vzd 3 MAREsL
BE BFTHY Zitel oot BEES MET A WEME BT 1.5 RMoE BEm &
AEsA] JEE 4 g NNSS, Omega, Loran C frBigze] e 9y, Omega & 2HEHRHY M2

2

%

* gl EBPI KL : National Gunsan Fisheries Junior College
** 20 {1k #E A2 @ National Fisheries University of Pusan

— 105 —



Fz X
Doppler log Log generator
MF-220 AD-21
Gyro- A-D converter
compass | AD-10A/D

—!| Processor/

—

H-F¥ F @&

|
Printer '

| Fp-21F I

display unit

l

Loran receiver
LC-200

FSN-201

-

Fig.1. Block diagram of the Hybrid system(FSN-21B).
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Table 1. Distance between observation position and transmitting station

Dist. from Mand S station(NM)

Position
9970 chain 5970 chain
LAT.(N) LONG.(E) M X Y M w X Y
Janghang 36°00. 21" 126°41.53/ 1010.2 884.9 568.8 128.9 884.9 58.3 568.8
Gogunsan 35°50. 60" 126°24. 107 1015.6 901.9 561.5 144.1 901.9 48.7 561.5
Ochungdo 36°07.40" 125°59. 33’ 1041.8 910.1 581.7 162.4 910.1 70.4 581.7
Gunsan 35°59.33" 126°42. 96’ 1008. 8 884.4 567.8 127.7 884.4 57.8 567.8
Daechun 36°19. 60" 126°31. 00’ 1028.9 881.9 589.2 136.8 881.9 77.4 589.2
Heuksando 34°41. 00" 125°26.20° 1015.9 979.9 504.4 211.0 979.9 58. 4 504.4
Wando 34°18. 75/ 126°45.58’ 48.8 940.5 467.9 169. 1 940. 5 45.0 467.9
Anmado 35°19. 60" 126°01.207 1012.9 934.6 534.5 169. 7 934.6 30.8 534.5
QOeyondo 36°12.95' 126°05. 257 1041. 3 903. 2 586.1 157.5 903. 2 73.9 586. 1
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Table 2. The number of data and slips at
each position

9970 chain 5970 chain
Day Number Number
Position or  of Number ¢ Number
Night observ- _;. observ- ..
ation slip ation slip
Janghang I?I 30
Gogunsan D 16
Ochungdo N 19
Gunsan > 29 14 27
Heuksando Il\)I 17 6 25
Oeyondo N 8 49
Daechun N 30
Wando N 4 21
Anmado N 39 39
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Table 3. The mean values and RMS of the time differences in » sec at each observed position
M-W M-X M-Y
Chain Observed
position M. value RMS M. value RMS M. value  RMS
Janghang 35920. 5 0.111 56721.1 0.133
Gogunsan 35989. 3 0.515 56642. 4 ¢.231
9970 Ochungdo 35879.4 0.420 56603. 5 0.247
Gunsan 35936.0 0.179 56702.8 C.137
Heuksando 36472. 4 0.138 56288.5 0. 096
Qeyondo 35841.0 0.129 56633. 9 0.209
Gurnsan 20473.0 0.075 31508.9 0. 000 48274.5 0. 037
Daechun 20401. 4 0.063 31570.0 0. 049 48347.5 0. 044
59870 Heuksando 20550. 4 0. 082 47370. 4 0.0352
Wando 31176. 1 0. 065 47406. 1 0.037
QOeyondo 20404.9 0.031 31425.3 0. 083 48203.6 0. 062
RMS: Root mean square
Table 4. The mean values and RMS of D. lat., D. long. and Dist. of OBL-OBS
Pai.r Observed D. lat. D. long. Dist. (NM)
position M. value  RMS M. value  RMS M. value  RMS
Ochungdo (é) 0.119 0. 044 —0.597 0. 088 0. 498 0. 075
Janghang (b) —0.234 0.016 —0. 369 0.052 0.381 0.026
9970 X-Y Heuksando _(c) ~0.589 0.019 0.245 0.041 0.623 0. 026
Gogunsan  (d) 0. 262 0.07) —0.666  0.067 0. 603 0. 064
QOeyondo (e) ~—0.075 0. 021 —0.781 0.075 0.635 0. 039
Gunsan () —0.235 0.027 —0. 331 0. 049 0. 359 0. 022

RMS: Root mean square

OBL: Position observed by Loran C

OBS: Standard position observed by radar
OBL-0OBS: Difference between OBL and OBS
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Table 5. The mean values and RMS of D. lat., D. long. and Dist. of HYB-OBS

Pair Observed D. lat. D. long. Dist. (NM)
vl
position M. value RMS M. value RMS M. value RMS
Ochungdo (A) 0.214 0. 044 —0. 358 0. 102 0.363 0. 080
Janghang (B) —0.051 0. 016 —0. 342 0.043 0.279 0. 039
9970 X-Y Heuksando (C) —0.335 0.023 0. 628 0. 041 0.616 0. 036
Gogunsan (D) 0.332 0. 084 —0.415 0. 079 0.475 0. 087
QOeyondo (E) C. 033 0. 020 —0.549 0.078 0. 446 0. 064
Gunsan (F) —0.013 0.017 —0.255 0. 066 0.213 0. 050

RMS: Root mean square

HYB: Position observed by Hybrid system
OBRS: Standard position cbserved by radar
HYB-OBS: Difference between HYB and OBS

Fig.3& Radar i@ & H¥o ¥ 3l Hybrid 78
2 ¥EAEE 022 ¢ Hybridi@ES 44 9
Loran C{ufES] FHMNBEE H.002 g Loran C {7
B 575 95% WERME ebd Zojcf,

(min)
r 0.5
Lo 0 05 0
{min}
2
{min)
{0.5
10 (o] 05 to
{min)
05
Fig. 3. Distribution of the Hybrid and Loran C po-

sition represented on the 959 probability
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A,B,C,D,E, F: Positions by Hybrid system
a, b,c d,e f: Positions by Loran C
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Table 6. The mean values and RMS of D. lat., D. long. and Dist. of SIM-OBS
) Observed D. lat. D. long. Dist. (NM)
Pair osition
p M. value  RMS M. value  RMS M. value  RMS
Gunsan (a) —0.920 0.019 0. 864 0. 023 1.156 0.026
5970 W-X Daechun  (b) —Q. 760 0.014 —0.076 0.012 0.763 0.014
QOeyondo  (¢) —0.672 0.021 0. 653 0. 056 0. 850 0.055
Gunsan (@’) —(Q. 768 0.021 1. 326 0. 029 1. 319 0. 031
5970 W-Y Daechun (b’) —0. 688 0.016 0. 352 0.016 0.744 0.019
QOeyondo (c¢’) -—0. 622 0. 025 0.928 0. 040 0.973 0. 040
RMS: Root mean square
SIM: Position decided by computer simulation for Loran C system
OBS: Standard position observed by Radar
SIM-OBS: Difference between SIM and OBS
Table 7. The mean values and RMS of D. lat., D. long. and Dist. of HYB-OBS
Pair Obs.ex_-ved D. lat. D. long. Dist. (NM)
position M. value RMS M. value RMS M. value RMS
Gunsan (A) —0.083 0. 027 —0.136 0. 032 0.130 0. 019
5970 W-X Daechun (B) ~-0.0 0.014 —0.875 0.016 0.709 0.012
QOeyondo (C) 0.0 0. 022 —0.473 0. 037 0. 382 0. 030
Gunsan (A) —-0.0 0.024 —0.182 0.134 0.162 0. 010
5970 W-Y Daechun (B) —0.0 0.013 —0. 845 0.014 0. 686 0. 009
Oeyondo (C) 0.0 0.027 —0.406  0.037 0. 329 0. 030

RMS: Root mean square

HYB: Position observed by Hybrid system
OBS: Standard position observed by Radar
HYB-OBS: Difference between HYB and OBS
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