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HIGH ACCURACY MEASUREMENT OF SEA CURRENT BY
NAVIGATION ELECTRIC WAVE AND ACOUSTIC WAVES!

Fusakichi Ono* and Shigeru Aoyama**
Abstract

An acoustic sea currentmeter, in combination of a position measuring device navigation electric
waves, log an acoustic log and a gvro-compass, has been developed and used practically as the
equipment for surveying sea current in vast and deep sea in 3-dimensional manner. However, this

" equipment presently surffers from lower measuring éccuracies in deep sea than in shallow sea because
of lower accuracy for measuring velocities in relation to land using navigation electric waves.

This report describes a new method for achieving a level of accuracies about 10 times as high.
According to the method, the same data as conventional practice is used for measuring velocities to tand
using navigation electric waves. However, only incremental components of measured time differences
are dealt with for converting velocities. ‘Another merit of the new method higher operating rate of
calcutation. The new electric wave log is assembled in conventional meter, thus realizing high-accuracy
metering of sea current even in deep sea,

In addition, it is also reported that the new electric-log is capable of comparing {requencies of received
waves to a reference frequency at the receiving point, in high accuracies, and also applicable to

measuring frequencies of a standard oscillator.
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Figure 1. Block diagram of an acoustic Current Figure 2. Velocity meter use of the Radio
Velocity Meter. Navigation Waves.
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Figure 3. Plinciple of an observation equation.
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Figure 4. Timing chart of the Loran-C Waves.
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Figure 5. Principle of the Doppler Log.
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Figure 6. A coordinate axis of the Doppler Log.
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Figure 7. An operation flow of an acoustic current velocity meter.
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Table 1. Example of the ground velocities and doppler frequecy measured by Loran-C waves

DATE

Y M D
87/08/07
a7/09/07
87/09/07
87/09/07
87/09/07
H7/09/07
87/09/07
87/09/07
87/00/07
87/09/07
87/09/07
87/08/07
87/09/07
87/09/07
87/08/07
87/09/07
87/08/07
87/09/07
87/08/07
87/09/07
87/09/07
87/08/07

B7/09/07

87/09/07
87/09/07
87/09/07
B7/09/07
872/09/07
B7/09/07
87/09/07
87/08/07
87/08/07
B7/09/07
a7/09/07
87/09/07
87/09/07
87/09/07
87/068/07
87/09/07
87/09/07
87T/09/07
87/09/07
87/09/07
87/08/07
87/09/07
87/09/07
87/09/07
87/09/07
87/09/07
a7/09/07
B7/05/07
87/09/07
B7/09/07
87/09/07
BT/09/07

TIME

h m B

12:66:30
12:56:33
12:561 36
12:56:39
12:66:42
12:56:45
12:66: 48
12:56:51
12:66:54
12:66:67
12:57:00
12:57:03
12:67:06
12:57:09
12:87:12
12:57:156
12:57:18
12:167:21
12:67:24
12:57:27
12:87:30
12:687:33
12:87:36
12:57:39
12187142
12:57: 456
12:07:48
12:57:81
12:57:564
12:67:57
12:58:00
12:58:03
12:68:06
12:58:09
12:68B:12
12:58:15
12:58:18
12:68:21
12;588:24
12:58:27
12:58:90
12:58:33
12:68:36
12:58:39
12:68:42
12:58: 456
12:68:48
12:568:561
12:58:54
12:58:57
12:69:00
12:69:03
12:58:08
12:59:09
12:69:12

W X Y
183764383339605036
183769383338606006
183763383336606036
183762383335606037
183762383334605036
183761383333606037
1B37613B3332606037
183760383331606037
183760383330605037
183759383328606037
183759383327605038
183758383326606038
1837685383326605038
1B83757383324606037
1B3756383324605038
183766383323606038
183766383321605038
18376638331960L038
1837563833186056038
1837553830917606038
183764383316605039
1B37633833156606039
1B3753383314605039
183762383312605039
183752383311605039
1B3752383310605039
1837651383309605039
183751383308605040
1B3750383307608040
183760383306606040
1B37493B3306605040
1B3748383304605041
183748383303605041
183747383301605041
1B3747383300606041
1B374736832096056041
183746383208605041
183746383297605041
183745383295605041
183745383294605041
183744383283605041
183744383293606042
183744383292605041
183743383290605042
183743383289605042
183742383288605042
1B83742383287605042
1837413832866005042
1837403B3285605043
183739383284605043
183738383282605043
183738384281605040
18373B383280605043
183738383279605044
1B3737383278605044

31
g1
31
31
31
31
31
31
a1
a1
31
31
31
a1
31
31
31
31

31
31
31
31
a1
31
31
a1
31
31
33
31
a1
31
31
31
a1
3l
a1
31
31
31
31
31

31
31
31

31
31
31
al
31
dl
31

42,537
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21°42,980'E138° 15,920
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Table 2. Example of a current data by the measurement system in figure 7.

Er

Voofpi Bk R
Nav Ndir
k o
13.0. 32.6
13.0 32.3
13.0 32.5
13.1 32.5
13.2 32.3
13,2 32.4
13.3 32.2
13,3 32.3
13.2 32.2
13.2 32.1
13.3 32.0
13.4 32.0
13.4 31.6
13.4 30,8
13.4 30.8
13.4 30.4
13.4 30.2
13.4 30.0
13.4 29.4
13.4 29.3
13.3 28.9
13.3 28.9
13.3 28.6
13.5 28.4
13.4 28.3
13.4 27.9
13,3 27.5
13.3 27.4
13.4 27.8
13.56 27.2
13.6 26.8
13,6 27.1
13.6 27.6
13.7 28.1
13.7 28.5
13.7 28.5
13.7 28.3
13.7 28.3
13.6 28.2
13.6 28.2
13.7 28.5
13.7 29.0
13.6 28.9
13.6 28.7
13.5 29.¢
13.5 29.%2
13.4 28,5
13.4 27.8
13.3 27.5
©13.2 27.4

=

(S N/ B
Log Ldir
k -]
13.6 21.7
13.6 21.6
13.7 21.7
13.7 21.8
13,7 21.8
13.7 21.7
13.7 21.7
13.7 21.7
13.7 21.7
13.7 21.6
13.7 21.4
13.6 21.3
13.6 21.3
13,7 21.3
13.6 21.3
13.6 21.3
13.6 21.4
13.6 2.5
13.58 2i.5
13.5 21.6
13.8 21.7
13.5 21.6
13.8 21.7
13.5 21.8
13.5 22.0
13.5 22.2
13.5 22.4
13.5 22.6
13.5 22.5
13.5 22.5
13.5 22.56
13.4 22.2
13.4 22.3
13.4 22.4
13.4 22.5
13.5 22.56
13.5 22.6
13.5 22.5
13.8 22.6
3.5 22.5
13.8 22,5
13.5 22.4
13.6 22.4
13.5 22.5
13.5 22.6
13.5 22.7
13.6 22.9
13.7 22.8
13.9 22.6
13.7 22.6
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Curd Dir0 A C S8dp

k ¢ - m
2.5 130.4 0 0 25
2.5 130.5 0 0 25
2.5 130.5 0 0 25
2.5 130,11 0 O 25
2.5 129,4 0 0 25
2.5 129,0 0 0 25
2.4 128.3 0 0 25
2.4 127.8 0 0 25
2.4 127.6 0 0 25
2.4 127.5 0 0 25
2.4 127.1 0 0 25
2.4 126.4 0 O 2B
2.4 1286.7 0 0 25
2.4 1256.2 0 0 25
2.4 124.7 0 0 25
2.3 124.2 0 0 25
2.3 123.7 0 0 25
2.3 123.2 0 0 25
2.2 122.8 0 0 25
2.2 122.4 0 0 25
2.2 122,2 0 0 2B
2.1 122,00 0 0 25
2.1 121.8 0°0 25
2.1 121,56 0 0 25
2.1 121,33 0 0 25
2.0 121.2 0 0 25
2.0 121.2 0 0 25
2.0 121.3 0 0 25
1.9 121.2 0 0 25
1.9 121.,1 0 0 25
1.9 121.,0 0 0 25
1.9 120.7 0 0 25
1.9 120.5 0 0 25
1.9 120.2 0 0 25
1.8 114.9 0 0 25
1.8 115.6 0 0 25
1.8 119.4 0 0 25
1.8 119,2 0 0 25
1.8 11,0 0 0 25
1.8 118,9 0 0 25
1.8 118,77 0 0 25
1.8 118.5 0 0 25
1.8 1:8.3 0 0 25
1.8 118.2 0 0 25
1.8 118.2 0 0 25
1.8 118.1 0 0 25
1.8 118.2 0 0 25
1.8 118.3 0 0 25
1.8 118.4 0 0 25
1.8 118.6 0 0 25
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WIPEE {
Sdp Cur2 Dir2 A C
H m k L] -
'50 2.7 126.8 0 O
50 2.6 126.9 0 0
50 2.6 127.1 0 0
50 2.6 126.6 0.0
50 2.6 126.9 0 0
50 2.6 125.3 0 0
50 2.6 124.5 0 0
5O 2.6 123.9 0 0
50 2.6 123.6 0 0
50 2.6 123.4 0 O
50 2.5 :23.0 0 O
P50 2.5 122.5 0 O
150 2.5 122.0 0 0
{50 2.5 121.6 C O
50 2.5 121.3 0 0O
5O 2.4 120.9 0 O
{50 2.4 120.6 0 0
O 2.4 120.3 0 0
{50 2.4 120.1 0 0
:50 2.3 119.9 0 0
50 2.3 119.9 0 0
60 2.3 119,8 0 0
50 2.3 119.8 0 0
.50 2.2 119.6 0 0
'50 2.2 119.5 0 O
[ 50 2,2 119.4 0 0
P50 2,2 119.4 0 0
{50 2,1 119.3 0 0
|50 2.1 119.2 0 ©
50 2.1 119.¢ 0 0
50 2,1 118.8 ¢ O
50 2.1 118.5 0 ©
{50 2.1 118.1 0 0
.50 2.0 117.7 0 ©
150 2.0 117.3 0 0
{60 2.0 116.9 0 0
{50 2,0 116.5 0 0
150 2.0 116.2 0 0
50 2.0 115.9 0 O
50 2.0 115.6 0 0
150 2.0 115.2 0 0
|50 2.0 114.9 0 0
| 50 2.0 114.7 0 0
50 2.0 114.6 0 0
BO 2.0 114.4 0 ©
50 2.0 114.3 0 0
50 2,0 1314.2 0 0
50 2.0 114.2 0 0
50 2.0 114.2 0 0
50 2.0 114.3 0 0
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Figure 8. Surface current velocities obtained by the measurement system in Figure 7.
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