II. RECALCULATION OF POSITIONS BY NNSS

Takemi Ishihara and Kaichi Ishibashi

Introduction

NNSS was only applied for positioning and navigational purposes in the survey area.
Some technical problems concerning NNSS have already been discussed by CHulo and
MuRrakaMI (1975), and here we will be concerned with the recalculation procedure of
ship’s positions by NNSS and the results of recalculation. The particular purpose of the
recalculation was to obtain the ship’s positions with an accuracy as exact as possible
particularly at the sites where various samplings and observations were made within a
very small extent.

There was a satellite fix every one or two hours. After each satellite fix, the ship’s
position was dead reckoned using an EM log as the speed sensor. During sampling
operations, speed values were sometimes put manually into the computer of NNSS.
because the speed input from the EM log is always positive even if the ship is moving aft.
The EM log measures the ship’s speed with respect to the water mass. The speed in
relation to the sea bottom is calculated by adding an assumed water current to the ship’s
speed measured by the EM log. The accuracy of satellite fixes is of the order of 0.2 km.
but the error of dead reckoning often reaches to 2 km or more. Therefore some
recalculation needs to be done to get more accurate dead reckoning positions.

Recalculation procedure
Recalculation of ship’s positions was carried out using an off-line computer on board
the Hakurei-maru, YHP 2100A.

At each satellite fix, there are latitudinal and longitudinal differences between the
dead reckoned position and the satellite fix. We recalculate the water current so as to
match the recalculated dead reckoning position to the satellite fix. We assume that the
northern and eastern component of water current, respectively, varies in a quadratic
manner of time from one satellite fix to the next, and that they are continuous at each
satellite fix. Though it is not only water current that causes the differences between dead
reckoned positions and satellite fixes, the recalculated positions would be considerably
accurate, unless other effects change rapidly compared with frequency of satellite fixes.

Results of water current computation

The water current vectors obtained while the ship was sailing from one sampling
station to another, from the above-mentioned procedure, are shown in Fig. II-1. There
seemed to be other effects other than that of the true water current. There is a tendency
that water current vectors depend on the ship’s heading, even if in the same area. This is
probably caused from the reason that there was no sensor measuring ship’s speed cross
course, and also other effects such as wind force acted in a different way when the ship’s
heading was different. However, these effects would not seriously impair the accuracy of
the ship’s position. unless the ship’s course changes frequently.



Though these vectors do not show true water current, the general trend of water
current in the survey area can be obtained from Fig. 11-1. In the northern part. north of
about 7°N, the water current is in a W to NW direction. This is called the North
Equatorial Current (SVERDRUP et al., 1942). In the southwestern part, south of 7°N and
west of 173"W, the water current is in a E to NE direction, while in the southeastern part
it was almost in a N direction. This would reflect the Equatorial Counter-Current,
although the water current has a significant northern component. Generally speaking.
the water speed ranged from 0.5 to 1 knots.

Results of recalculation

Recalculations were carried out on the ship’s positions throughout the cruise.
However, we present here only the results of recalculation concerning sampling and
observation positions. All the positions before and after recalculation are summarized
in Table 1I-1. As discussed in detail later, there is a tendency that the difference of a
position before and ufler recalculation increases with the time from the last satellite fix.

At first. two examples are shown concerning the problem.

Ship's positions belore and after recalculation at stations 408A and 408 A-1 are shown
in Fig. I1I-2. In this case, there were six satellite fixes over some nine hours duration of
the sampling operation, and the ship’s positions are relatively accurate. Differences of
positions before and after recalculations are generally within 2 km. Errors of re-
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Fig. 11-1  Water current vectors in the survey area.
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Fig. 11-2 Ship’s positions at the station 408A and 408A-1. Positions before recalculation (on the
left side) are compared with the positions after recalculation (on the right side).

calculated results should be within some 0.5 km in this case, and this provides a rather
preferable example.

As an unfavorable example, ship’s positions at station 410 are shown in Fig. II-3. In
this case, there was no satellite fix during some three hours of sampling. Differences of
positions before and after recalculation are usually greater than 2 km. Errors of
recalculated positions might be nearly 1 km.

For the estimation of errors of recalculated positions, we will introduce here a simple
estimate of the errors which is dependent only on the time {tom the closest good satellite
fix. As shown in Table 1I-1, the root mean square of radial differences of all the sampling
positions is 1.03 n.m. (=1.91 km).

Roughly speaking. a difference of position before and after recalculation indicates the
dead reckoning error of real time position because the recalculated position is generally
more accurate. As shown in Fig. 11-4. a radial difterence of a position before and after
recalculation generally increases with the time from the last good satellite fix. Therefore,
we have assumed a linear relation.

AR = 24T, (1)
where AR is the radial difference and AT is the time (rom the last good satellite fix. We
obtain the value of the coefficient « from the least square fit of all the sampling positions:

a = 0.80 km/hr. 2)

The recalculated positions are in a doublie sense more accurate than the real time ones.

1. The water current can be estimated more accurately than before recalculation.

This corresponds to a decrease of the coefficient « in (1).

2. In about half of all the cases other satellite fixes are closer to the sampling times

than the last ones. This corresponds to the decrease of the time AT in (1).

We have estimated the error of a recalculated position by a simple equation:

AR = 0.2 km + (2/2)4T, (3)
where AR’ is the estimated error and AT’ is the time from the closest good satellite fix.
The first term of the right-hand side of (3) indicates the error of the closest satellite fix.
The second term is the dead reckoning error of the recalculated position. Taking
account of the above discussion, we have assumed the coeflicient in (3) as a half of the
coeflicient in (1).
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o5 Before Recalculation After Recakulation
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Fig. 1I-3  Ship’s positions at the station 410. Positions before recalculation (on the left side), are
considerably different from positions after recalculation (on the right side).
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Fig. [1-4 Difference of sampling position before and after recalculation, AR, as a function of
time from the last satellite fix, AT. The oblique line indicates the relation AR = 24T,
where X = 0.80 km/hr (=0.43 n.m./hr).
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Fig. II-5 Recalculated sampling positions at sta- Fig. I1-8 Recalculated sampling
tions 406 and 406A. positions at stations 410
. and 410A.
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Fig. [1-6 Recalculated sampling positions at stations 407, 407A, Fig. 119 Recalculated sampling
407A-1 and 407A-2. positions at stations 411
and 411A,
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P73 Fig. 11-10  Recalculated
sampling positions at
7 59158 stations 412 and 412A.
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Fig. II-7 Recalculated  sampling
positions at stations 408,
408A and 408A-1.
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Fig. II-11  Recalculated
sampling positions at )
stations 413 and 413A. ! 7rw %

Fig. [I-12 Recalculated sampling positions at stations
414, 414A, 414A-1, 414A-2 and 414A-3.

(3) indicates the estimated error is 0.6 km and 1.0 km, when the time from the closest
satellite fix is one hour and two hours, respectively. The closest satellite fix is usually
within one hour. And therefore, as shown in Table I1-1. the root mean square of the
estimated errors of all the recalculated positions is only 0.26 n.m. (=0.48 km). Some of
the recalculated positions are shown in Figs. 11-5—12 with circles. having the radii of
estimated errors. Camera observation at station 408A-1 (c7) indicates that the ship was
going to the northeast (KINOSHITA, in this report). This is consistent with the result of
recalculation shown in Fig. I1-7. However, camera observation at station 414A-3 (c6)
shows that the ship was moving to the northwest. This shows a discrepancy with the
result of recalculation shown in Fig. I11-12. The camera observation may tell accurately
how the ship was moving with respect to the sea bottom. Therefore, it might be probable
that the recalculated water current is not so accurate as the error estimate (3) holds
good, and we might be better to assume the coefficient in (3) greater than a half of the
coefficient in (1). although we cannot exactly fix the coefficient in this moment, because
we do not have any other information about the errors of sampling positions. In this
case, the radii of estimated errors are greater.
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