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Abstract

Compared with hyperbolic navigation, in which the position for receiving is found by measuring
the time difference of arrival of radio pulses transmitted from three radio stations located at appropri-
ate spacings, Distance Navigation, in which the posistion for receiving is determined through measure-
ments of the arrival time of radio pulses from two stations, has a much wider service area for the same
system and is very useful. In Distance Navigation, however, the reference repetition pulse system at

" the transmitting/receiving stations should presuppose independent synchronization with high accura-
cy, and accordingly, the accuracy for determining the position depends upon the frequency stability of
the transmitter used. For this reason, these two navigational methods have both merits and demerits.
No immediate decision on their relative worth can be reached when viewed economically. However, if
both navigational methods can be adopted at the same time in a simple method it will greatly increase
their utility.

This report has described the method of reduction calculation wherein distance data is easily
obtained by the addition of a highly stable atomic frequency standard to the conventional receiver for
hyperbolic navigation, and from the data obtained, the longitude and latitude of the position for re-
ceiving is calculated. It also gives the experimental results at sea which were obtained by applying

this navigation method based on such a calculation method to Loran-C.
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Figure 1 Principle of hyperbolic navigation.
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Figure 2 Distance navigation by the receiver for hyperbolic

navigation.
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Figure 3 Principle of distance navigation.
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Figure 4 A method of conversion distance data in longitude and latitude,
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Table 1 Exampl of distance navigation data.
No. M. D. H. Min. Obs. X Obs.Y Lat.(®) Long.(A)
1 5 6 7 28 40765.6 63319.1 36" 287580 132" 0183
2 5 6 7 29 40766.3 63318.7 36 28.556 132 0.028
3 5 6 7 30 40767 .0 63318.3 36 28.532 131 59.873
4 5 6 7 31 40767.7 63318.1 36 28.555 131 59.672
5 5 6 7 32 40768 .4 63317.7 36 28.531 131 59.517
6 5 6 7 33 40769.1 63317.3 36 28.506 131 59.362
7 5 6 7 34 40769.8 63317.0 36 28.506 131 59.184
8 5 6 7 35 40770.6 63316.5 36 28.468 131 59.017
9 5 6 7 36 40771.4 63315.9 36 28.405 131 58.873
10 5 6 7 37 40772 .4 63315.1 36 28.316 131 58.705
11 5 6 7 38 40773.3 63314.0 36 28.145 131 58.643
12 5 6 7 39 40774.2 63312.8 36 27.950 131 58.603
13 5 6 7 40 40775.0 63311.6 36 27.745 131 58.599
14 5 6 7 41 40775.9 63310.2 36 27.503 131 58.607
15 5 6 7 42 40776.7 63309.0 36 27.298 131 58.603
16 5 6 7 43 40777.3 63308.3 36 27.192 131 58.554
17 5 6 7 44 40778 .4 63307.0 36 26.994 131 58.467
18 5 6 7 45 40779.7 63305.6 36 26.791 131 58.333
19 5 6 7 46 40780.9 63304.2 36 26.579 131 58.234
20 5 6 7 47 40782.1 63302.7 36 26.343 131 58.159
21 5 6 7 48 40783.8 63300.8 36 26.062 131 58.000
22 5 6 7 49 40785.0 63299.6 36 25.898 131 57.854
23 5 6 7 50 40786.1 63298.4 36 25.723 131 57.745
24 5 6 7 51 40787.2 63297.1 36 25.525 131 57.658
25 5 6 7 52 40788.6 63295.4 36 25.261 131 57.559
26 5 6 7 53 40789.7 63293.9 36 25.015 131 57.520
27 5 6 7 54 40790.8 63292.5 36 24.792 131 57.457
28 5 6 7 55 40792.0 63291.1 36 24.580 131 57.359
29 5 6 7 56 40793.1 63289.8 36 24.381 131 57.273
30 5 6 7 57 40794.0 63288.8 36 24.234 131 57.188
31 5 6 7 58 40795.1 63287.5 36 24.035 131 57.102
32 5 6 7 59 40796.2 63286.1 36 23.813 131 57.039
33 5 6 8 0 40797 .4 63284.8 36 23.624 131 56.918
34 5 6 8 1 40798.6 63283.4 36 23.412 131 56,820
35 5 6 8 2 40799.8 63282.1 36 23.223 131 56.699
36 5 6 8 3 40800.9 63280.7 36 23.001 131 56.637
37 5 6 8 4 40802.1 63279.3 36 22.788 131 56.539
38 5 6 8 5 40803.2 63278.0 36 22.589 131 56.453
39 5 6 8 6 40804 .4 63276.8 36 22.425 131 56.308
40 5 6 8 7 40805.5 63275.6 36 22.250 131 56.199
41 5 6 8 8 40806-6 63274.3 36 22.051 131 56.114
42 5 6 8 9 40807 .7 63273.1 36 21.876 131 56.005
43 5 6 8 10 40808.8 63271.8 36 21.677 131 55.919
44 5 6 8 11 40809.9 63270.4 36 21.455 131 55.858
45 5 6 8 12 40810.9 63269.1 36 21.246 131 55.808
46 5 6 8 13 40811.9 63268.0 36 21.085 131 55.711
47 5 6 8 14 40812.8 63266.8 36 20.889 131 55.674
48 5 6 8 15 40813.6 63265.6 36 20.684 131 55.672
49 5 6 3 16 40814 .4 63264 .4 36 20.478 131 55.671
50 5 6 8 17 40815.2 63263.2 36 20.273 131 55.669



134 FUSAKICHI ONO

Table 2 Comparison of measurement positions by each navigation method.

Measurement position. Difference

Date | Time Latitude Longitude Dist.-NNSS | Dist.-Hyp.
Distance NNSS Hyper bolic Distance 'NNSS Hyper bolic | Lat. Long. Lat. Long.

6 |9 18{36° 7.67|36 7.45|36  2.57| 131" 55.99| 131° 56.30|132° 4’93 | +o0l22 | —0/31 |-+5.10 | —8.94
12 26/ 35 27.85(35 27.63|35 22.99 55.52 56.30 4.57 0.22 | —0.78 4.86 | —9.05

12 4 24.00 23.81 19.14 55.51 56.24 4.54 0.18 | —0.73 4.86 | —9.03

14 26/ 35 3.38135 2.96|34 58.51 54,88 55.71 3.99 0.42 | —0.83 4.87 { —9.11

14 48|34 58.84 | 34 58.46 54.15 55.08 55.75| 132 3.85| 0.38]—0.67 4.69 | —8.77

16 36 59.31 |34 59.12 54,57 46.73 47.08{131 56.32| 0.19}—0.35] 4.74 | —8.59

17 10/ 35 4.23 135 4.06] 34 59.58 40.92 41.16 49.421 0.17 | —0.24 | 4.65 | —8.50

18 52 20.20 20.08 | 35 15.44 24.68 24 .61 33.35 | +0.12 | +0.07 4.76 | —8.67

19 28 25.57 25.68 20.97 19.27 19.14 27.75 | —0.11 | +0.13 4.60 | —8.48

21 16 41.57 41.68 36.75| 131 2.30] 131 2.19 11.40 { —0.11 | +0.11 4.82 | —9.10

22 32 53.09 53.10 48.11] 130 49.21| 130 49.14]130 58.72 | —0.01 | +0.07 | +4.98 | —9.51

7 1024 54.46 54.47 49.62 54.69 54.98| 131 4.17 | —0.01 | —0.29 4.84 | —9.48
0 42 51.58 51.56 46.72 | 130 57.47| 130 57.98 7.01 | +0.02 | —0.51 4.86 | —9.54

2 24 34.52 34.34 29.69 | 131 15.13| 131 15.93 24.42| 0.18|-0.80 4.83 | —9.29

2 44 31.28 31.11 26.44 19.11 19.96 28.38 { +0.17 | —0.85 4.84 | —9.27

8 30 12.64 12.87 8.25 44,92 44.38 52.75 | —0.23 | +0.54 4.39 | —7.83

9 46 25.42 25.79 21.11 32.11 31.47 40.03 | —0.37 | o0.64 4.31 | —7.92

15 26 53.44 53.74 48.77 8.79 8.30 17.45 | —0.30 | 0.49 4.67 | —8.66

15 46 50.27 50.59 45.69 12.38 11.89 20.77 | —0.32 | 0.49 4.58 | —8.39

18 42 23.07 23.17 18.64 | 131  42.24] 131 41.72 50.19 | —0.10 | +0.52 4.43 | —7.95

21 42 5.51 5.03 0.52} 132 5.87] 132 6.28 14.60 | +0.48 | —0.41 | +4.99 | —8.73

23 30 22.96 22.80 18.14 | 131 47.69| 131 47,93 56.29 | +0.16 { —0.24 | 4.82 | —8.60

8 |1 36 42.97 43.05 38,18 26.42 26.18 35.09 | —0.08 | +0.24 4.79 | —8.67
1 58(35 46.31 {35 46.38 41.60 22.57 22.37 31.15 | —0.07 | +0.20 4.71 | —8.58

3 24(36 0.76 /36 0.82] 35 55.82 6.30 6.31 15.44 | —0.06 | —0.01 4,94 | —9.14

9 28|35 26.28 )35 26.28 21.74 | 131 49.55| 131 49.58 57.71 0.00 | —0.03 4.54 | —8.16

12 48 16.88 16.43 11.84 { 132 6.34| 132  6.95 15.13 | +0.45 | —0.61 5.04 | —8.79

14 36 33.24 33.26 28.57 48.77 | 131 48.42 57.02 | —0.02 | +0.35 | 4.67 | —8.25

14 58] 35 36.76 |35 36.98 32.22 45.34 45.17 53.31 | —0.22 | +0.17 4.54 | —7.97

21 26{36 0.35]36 0.71 55.94 26.85 26.29 35.17 | —0.36 | 0.56 | 4.41 | —8.32

9 | 02635 81.65]35 31.60 27.06 | 131 57.60| 131 57.54 5.94 | +0.05 | +0.06 | +4.59 | —8.34
0 48 27.88 27.97 23.26 | 132 1.13] 132 1.41 9.55 | —0.09 | —0.28 | 4.62 | —8.42

2 32 13.02 11.99 7.44 17.58 19.15 27.01 | +1.03 | —1.57 5.58 | —9.43

4 44 33.22 33.39 28.74 132 2.14| 132 1.84 10.18 | ~—0.17 | +0.30 | 4.48 | —8,05

5 28 40.50 40.64 35.84] 131 54.72] 131 54.37]132 2.76 | —0.14| 0.35| 4.66 | —8.04

6 52 54,78 54.89 49.97 40.58 40.01{ 131 48.75 | —0.11 0.57 4.81 | —8.17

7 14|35 58.18 |35 58.22.| 35 53.37 36.58 36.15 44.74 | —0.04 | 0.43 4.81 | —8.16

8 40{36 11.76 |36 12.17 | 36 7.13 22.09 20.93 29.93 | —0.41 1.16 4.63 | —7.84

9 48136 22.85 23.31 18.24 | 131 11.94 10.98 20.16 | —0.46 | 1.16 4.61 | —8.22

11 36 10.10 10.24 5.29 30.00 29.97 38.74 { —0.14 { 0.03 4.81 { —8.74

12 00/ 36 6.33[36 6.33]36 1.47 34,23 34.16 42.97 0.00 | +0.07 | +4.86 | —8.74

15 54]35 27.77 |35 27.57 | 35 20.76 13.54 13.78 22.25 | +0.20 | —0.24 7.01 | —8.71

18 50| 35 33.09 |35 32.59 25.75 15.42 15.87 24.57 | +0.50 | —0.45 7.34 | —9.15

21 44{36 2.56 |36 2.63| 35 b55.44 44.76 45.02 54.06 | —0.07 | —0.26 7.12 | —9.30

101 2 04 17.48 17.84 | 36 10.51 34,00 33.73 43.03 | —0.36 | +0.27 6.97 | —9.03
3 32 3.56 3.61 |35 56.54 49.66 49,781 131 58.74 | —0.05 | —0.12 7.02 | —9.08

3 50[3 0.86136 0.97 53.87 | 131 52.79| 131 s52.82|132 1.71 | —0.11|—0.03 6.99 | —3.92

9 38 42.57 |35 42.20 | 35 35.19| 132 18.95| 132 19.58| 132 28.14 | +0.37 | —0.63 7.38 | —9.19

12 56136 13.49 |36 13.32 |36 5.97| 131 45.94| 131 46.24|131 55.55 | +0.17 | —0.30 | +7.52 | —9.61

16 52 24.54 24.85 17.44 40.92 40.64 49.90 | —0.31 | +0.28 7.10 ] —8.98

17 54 16.78 16.80 | 36 9.54 41,58 41.74 50.90 | —0.02 | —0.16 7.24 | —9.32

19 40 3.70 {36 3.77 | 35 56.54 23.82 23.88 33.22 | —0.07 | —0.06 7.16 | —9.30

21 36 49.31 | 35 49.34 42.28 2.34 2.29 11.99 | —0.03 | +0.05 7.03 | —9.65

11 | o 54 23.31 23.40 16.44 21.97 21.87 30.91{ —0.09 | +0.10 6.87 | —9.00
2 42 38.79 38.80 31.79 | 131 45.11| 131 45.22| 131 54.08 | —0.01 | —0.11 7.00 | —8.97

6 44 37.96 37.54 30.71] 132 29.81| 132 30.40] 132 38.96 | +0.42 | —0.59 7.25 | —9.15




DISTANCE NAVIGATION

135
Table 3 Phase drift of Rb. frequency standard.
Station ; 9970X
Date AT C AT—C Date AT C AT—C
d. h. m us us A d. h. m us us A
366 366 366 366
4 9 30 86.14 86.03 + 11 7 21 42 88.30 88.74 — 44
10 00 85.84 05 - 21 23 30 89.04 79 + 25
10 36 87.18 07 + 111 8 1 36 88.17 85 — 68
12 922 84.76 13 — 137 1 58 88.37 86 — 49
14 18 84.99 20 — 121 3 24 89.47 91 + 56
14 40 85.23 21 - 98 9 28 89.01 89.09 - 8
16 28 84.37 27 - 190 12 48 89.53 19 + 34
19 20 86.57 39 + 18 14 36 87.89 24 — 135
21 08 87.57 43 + 114 14 58 89.52 25 + 27
5 2 16 86.91 60 + 31 21 26 88.66 44 — 78
8 20 87.79 80 + 99 9 0 26 88.97 52 - 55
11 30 86.77 90 — 13 0 48 91.08 53 + 155
15 16 87.30 87.03 + 27 2 32 90.97 58 + 139
18 14 84.13 13 -+ 300 4 44 89.02 65 — 63
6 1 26 86.25 36 — 111 5 28 88.90 67 - 7
1 50 86.23 37 - 114 6 52 87.93 71 - 178
3 14 87.55 42 + 13 7 14 88.14 72 — 158
"3 34 87.81 43 + 38 8 40 86.89 76 — 287
5 20 88.17 48 + 69 9 48 8539 79 — 440
7 06 88.56 54 + 102 11 36 89.49 84 - 35
9 18 87.94 61 + 33 12 00 89.66 85 - 19
12 26 89.73 71 + 202 15 54 90.04 96 + 8
12 4 89.87 72 + 215 18 00 90.00 90.02 - 2
14 26 89.23 77 + 146 18 50 89.77 04 - 27
14 48 88.52 78 + 74 21 44 91.30 12 + 118
16 36 88.30 84 + 46 10 2 04 90.73 24. + 49
17 10 88.02 86 + 16 3 32 90.85 28 + 57
18 52 87.35 91 — 56 3 50 90.56 29 + 27
19 28 88.29 93 + 36 9 00 90.96 43 + 53
21 10 88.11 98 + 13 9 38 91.48 45 + 103
22 32 87.80 88.03 — 23 12 56 91.04 54 + 50
7 0 24 89.25 09 + 116 16 52 90.82 65 + 17
0 42 89.82 09 + 173 17 54 91.39 67 + 72
2 24 90.50 15 + 285 19 40 91.41 72 + 69
2 44 90.82 16 + 266 21 36 90.70 77 - 7
8 30 87.31 34 - 103 11 0 54 90.56 86 - 30
9 46 87.58 37 — 79 2 42 91.38 91 + 47
15 26 87.67 55 — 88 6 44 91.83 91.01 + 82
15 46 88.33 56 — 23
18 42 87.11 65 — 154




NORTHWEST PACIFIC LORAN-C CHAIN

GRI 9970(SS3)

Table 4 LORAN-C Signal data sheet.

i

[ ll T i eMIsSON | RADIATEDi NOMINAL | CSECD €STD i TOLERANCE I '
FUN - : GENERAL NOTES
[ STATION ! FUNCTION | COORDINATES I DELAY EPEAK POWERl ECD Jl (us) I ECD  (us) TD } J
" | I }
I — | | | T ‘ I i !
WO JIMA, | MASTER | | | |
| 2 48 03.6N | | | | (3)
| VOLCANO ISLAND, | | o mas | | 1s00xw 0.0 l | ‘
30.
| JAPAN | | | ] ! |
I 4 ) l N i i l I }
| ] i I I ! ! ]' ' |
% MARCUS ISLAND, | WHISKEYI 2 17 079N | S | —_— l I | ] (3) |
| JAPAN I ] 183 58 53.2E | ’ l | | [ | |
I | . I | | | | | .
! I il I ’| ! I i ' |
| hokkatbo, apax | XRaY | a2 man | ‘ { | | (3)
| l | 43 s2E | wossazus | ook | 0.0 | l |
| | |
'I | I | ! I ! ! |
GESASHI, JAPAN YANKEE | 26 36 25.0N ] | | (3) I
I I 1 [ 59463, 18 145 600K W l 0.0 | I ) ) )
I l I 128 08 56.4E l l I ] l ] Time service monitor [
{ ! ; | I | { | |
| T l =T l T T 1 —] l
| l | I I l
| YAP ISLAND | zuLu | 09 32 45.8N | coeos | L00OKW ] 0o | | EEY |
| U-S-ATRUST l | 138 09 55.0E | ] | | | | |
| | i | : : | | I —
[ | I | | ] | (CYCLE) (ENVELOPE) | l |
| LORMONSTA IMONITOR/I 15 07 46.8N | | | | w21 ss9 | £3 *.2 |5 (m) |
| SAIPAN ICONTROL| 145 41 38.6E [ I I | 2z 4w 2098443 l +3 EI l I
| P | | | | | | | ]
| T Rl i T i I i 0 I
| | I | | | (CYCLE) (ENVELOPE)
NORMONSTA MONITOR 35 44 34,570N ] l +1.5 +.2 ] Scheduled to replace LOR -
| | | | [ | X 42 35169.37 |
l YOKOTA, JAPAN 139 21 41.331E | l i - 6027456 l 1.5 £.2 | MONSTA KAMI SEYA 1nl
| ! l ! | | | ’ ' I | foll of 1978 .
i 1 1 T T T § ‘ 1
I | | I
| CHANGSAN :MONITORE 35 11 26.0N } | : [ ! | II
KOREA | 128 08 480E | | I | | | |
| [ | | I | ]

|
1

—

9¢T

ONO ITHDOINVSNA
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Figure 8 Service area of the north west pacific LORAN-C(9970)chain {ground wave only).
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