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RATE ESTIMATION BY CORRECTIVE TRACKING METHOD
AND DETERMINATION OF PHYSICAL QUANTITIES BASED
ON THIS PRINCIPLE*

Fusakichi Ono*
Abstract

This paper wile a measuring system operating on the principle of the captioned method of rate
estimation, whereby estimated values of the quantities of deta being continuously collected on a
chronological basis are caused to track, in real time, the average values of measurement obtained on the
same data. The discussions will also cover examples of actual measurements made by using this
measuring system,

The principle of tracking used for closing the deference between estimated and averaged mesured
values consists in a process in which, as a first step, an estimated value is compared with the measured
value corresponding to it. If there is variance between them which is greater then a prescribed
magnitude, the to values are regarded as equal to each other; thus, estimated value=measured value. In
the follwing step, the next measured value is deducted by the setimated value obtained in the first step;
and the difference that results is multiplied by a correction factor assigned with a value considered
appropriate for approximation purposes. This product of multiplication is then added to prior estimated
value to correct it for the variance. In the third and, further, in each of the steps that follows, the same
process of calculation is made to obtain a series of such corrections while the estimated value will close
on the average measured value corresponding to it, each successive step producing an effect of correc-
tion achieved by tracking. As soon as a state of constancy is attained, an estimated value can be
regarded and used as a mesured value corresponding to it. This method has a feature in that the
precision of measurement can be enhanced to the extent to which the correction factor used is made
smaller.

When targeted quantity of measurement is shifting over time, the tracking can become infeasible if
the correction factor used is too small in value to be able to negotiate the rate of change encountered.
In such a case, the rate of change in the quantity of measurement need first be estimated by making
estimated rates of change track the averaged difference between two values obtained from two
consecutive measurement and, then, by adding the estimated rate of change this obtained to the

estimated value in question, prior to it. Provided this procedure of correction is observed, an estimated
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value can reasonably track a shifting quantity of measurement even in the case where a shifting quantity
of measurement even in the case where a small-in-value correction factor is used.

In the case of data that associate with pronounced pulsated noises occuring infrequently, a tracking
system not susceptible to such changes in noise level can be structured if and when estimated values are
corrected by using a factor standardized to a unit constant, with the difference between measured and
estimated value noted only for the sign that results.

This procedure was tried in various simulations, using old data of measurement from the Loran-C,
Acoustic Log, Terrestrial magnetism and Infrared Emission Tenperature Gage. The finding. in each

case, was that the acuracy of measurement was higher by a factor of 10 to 100.
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Table 1. An example of the computation by pseudo data.
Symbol ,
0,,0, ' Pseudo data.
DB, . Difference between O, and O,.
DB, . Running mean of the DB,.

DB, . Difference between O; and O, in this method.

(0N 0O, DB, DB, DB,
12.8 10.8 2.0 e 2.0
12.7 10.9 1.87 e 1.9
12.6 10.5 2.1 e 2.0
13.1 10.7 2,41 e 2.1
12.1 10.5 1.7 1.7 2.0
13.1 11.1 2.0 1.7 2.0
13.7 11.6 2.1 1.8 2.1
12.3 11.1 1.2 1.6 2.0
12.0 11.7 0.3 2.5 1.9
13.5 11.6 1.9 2.4 1.9
13.5 112 2.3 2.4 2.0
12.5 12.0 0.5 2.4 1.9
13.8 3.5 10.3 2.5 2.0
12.3 11.3 1.0 2.7 1.9
13.2 11.1 2.1 2.7 2.0
13.7 11.5 2.2 2.8 2.1
12.7 10.5 2.2 3.0 2.2
13.6 11.4 2.2 3.3 2.2
12.4 11.2 1.2 3.5 2.1
13.5 10.0 3.5 3.3 2.2
13.3 10.7 2.6 3.3 2.3
13.1 0.7 12.4 3.3 2.4
13.8 10.9 2.9 3.3 2.5
12.6 11.7 0.9 3.4 2.4
12.6 10.7 1.9 3.2 2.3
12.9 11.0 1.9 3.0 2.2
13.6 10.9 2.7 2.9 2.3
13.6 11.6 2.0 2.7 2.2
12.8 11.6 1.2 2.8 2.1
12.3 11.1 1.2 2.9 2.0
13.5 2.6 10.9 3.0 2.1
13.2 11.9 1.3 3.0 2.0
12.8 10.5 2.3 3.1 2.1
13.2 11.0 2.2 e 2.2
13.6 10.6 3.0 e 2.3
13.1 10.3 2.8 e 2.4
13.4 11.0 2.4 e 2.4
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Table 2, An example of the arrival time and same difference value measured by Loran-C waves.
Symbol ;
TDW, TDY, TDY ' Low data by W,X and Y Stations.

Wav, Xav, Yav . Averasing value by TDW, TDX and TDY in this method.
Wdop, Xdop, Ydop : Valiation value by TDW, TDX and TDY in this method.

ZFL” W Wav Wdop TDX Xav Xdop TDbY Yav Ydop
8’_7/09/0713:09:00 18366.4 6.44-0.036 38326.8 6:.79 0.017 60520.4 0.28 0.092
87/09/0713:09:03 18366.4 6.40-0.035 38326.8 6.81 0.017 60520.5 0.39 0.093
87/09/0713:09:06 18366.3 6.36-0,036 38326.8 6.82 0.017 60520.6 0.50 0.093
87/09/0713:09:09 18366.3 6.31-0.036 38326.8 6.83 0.016 60520.7 0.60 0.093
87/09/0713:09:12 18366.3 6.27-0.038 38326.9.6.84 0.015 60520.8 0.71 0.094
87/09/0713:09:15 18366.2 6.24-0,038 38326.8 6.86 0.015 60520.9 0.81 0.094
87/09/0713:09:18 18366.1 6.19-0.037 38326.8 6.87 0.016 60621.0 0.92 0.095
87/09/0713:09:21 18366.1 6.14~0.038 38326.8 6.86 0.014 60521.1 1.02 0.095
87/08/0713:09:24 18366.1 6.09-0.040 38326.9 6.86 0,013 60521.2 1.13 0.096
87/09/0713:09:27 18366.0 6.05-0.041 38326.9 6.88 0.011 60521.2 1,23 0,096
87/09/0713:09:30 18366.0 6.00-0.040 38326.9 6.90 0.012 60521.3 1.32 0.096
87/09/0713:09:33 18366.0 5.96~0.041 38326.9 6.91 0.013 60521.4 1.40 0.094
87/09/0713:09:36 18366.0 5.93-0.041 38326.9 6.92 0.013 60621.5 1.49 0.093
87/09/0713:09:39 18366.0 5,90-0.040 38326.9 6.93 0.013 60621.6 1.568 0.092
87/09/0713:09:42 18365.9 5.89-0.038 38326.9 6.94 0.012 60521.7 1.67 0,092
87/09/0713:09:45 18365.9 5.85-0.036 38327.0 6.94 0.012 60521.8 1.77 0,092
87/09/0713:09:48 18365.9 5.82-0.036 38327.0 6.96 0.011 60621.9 1.86 0.092
87/09/0713:09:51 18366:8 5.80-0.035 38327.0 6.98 0.012 60521.9 1.96 0.092
87/09/0713:09:654 18365.8 5.77-0.034 38327.0 7.00 0,013 60522.0 2.04 0.093
87/09/0713:09:57 18365.8 §5.74-0.034 38327.0 7.01 0.014 60522.1 2.12 0.091
87/09/0713:10:00 18366.7 5.71-0.034 38327.0 7.02 0.013 60522.2 2.21 0.090
87/09/0713:10:03  18365.7 5.68-0.033 38327.0 7.03 0.013 60522.3 2.29 0.089
87/09/0713:10:06 18366.7 5.65-0.034 38327.0 7.03 0.012 60522.4 2.38 0.089
87/09/0713:10:00 18365.6 5.62-0.033 38327.0 7.04 0.012 60522.5 2.48 0,089
87/09/0713:10:12 18365.5 5.58-0.032 38327.0 7.04 0.011 60522.6 2.57 0,090
87/09/0713:10:15 18365.5 5.53-0.033 38327.0 7.04 0.010 60522.7 2.67 0.090
87/09/0713:10:18 18365.4 5,49-0.036 38327.1 7.04 0.009 605622.8 2.76 0.091
87/09/0713:10:21 18365.4 5.43-0,036 38327.1 7.06 0.008 60522.8 2.86 0.091
87/09/0713:10:24 183665.4 5.39-0.038 38327.1 7.08 0.010 60522.9 2.94 0.092
87/09/0713:10:27 18365.4 5.36-0.039 38327.1 7.10 0.011 60523.1 3.02 0.090
87/09/0713:10:30 18365.3 §5.32-0.038 38327.1 7.11 0.011 60523.2 3.12 0,089
87/09/0713:10:33 18365.3 5.28-0.037 38327.1 7.12 0.011 60523.3 3.23 0.091
87/09/0713:10:36 18365.3 5.26-0.038 38327.1 7.12 0.011 605623.4 3.34 0.093
87/09/0713:10:39 18365.2 5.22-0.037 38327.1 7.13 0.011 60523.5 3.44 0.094
87/09/0713:10:42 18366.2 5.18-0.036 38327.2 7.13 0.010 60523.5 3.55 0.095
87/09/0713:10:45 18365.1 65.15-0.036 38327.1 7.16 0.010 60523.7 3.63 0.096
87/09/0713:10:48 18365.1 5.10-0.036 38327.1 7.16 0.011 60523.8 3.73 0.094
87/09/0713:10:51 18365.0 5.06-0.037 38327.1 7.16 0.010 606523.9 3.84 0.095
87/09/0713:10:64 18365.0 5.01-0,037 38327.2 7.15 0.008 "605624.0 3.95 0.097
87/09/0713:10:57 18364.9 4.97-0.039 38327.2 7.17 0.007 60624.1 4.05 0.097
87/09/0713:11:00 18364.8 4.92-0,039 38327.2.7.18 0.009 60524.1 4.16 0.098
87/00/0713:11:03 18364.9 4.85-0.040 38327.2 7.20.0.010 '60524.2 4.24 0.098
87/09/0713:11:06 18364.8 4.82-0.043 38327.3 7.21 0.010 60524.3 4.33 0.096
87/09/0713:11:09 18364.8 4.78-0.041 38327.3 7.23 0.010 60524.4 4.41 0.095
87/09/0713:11:12 18364.8 4.74-0.041 38327.3 7.26 0.012 60524.5 4.50 0.094
87/09/0713:11:15 18364.8 4.71-0.041 38327.3 7.28 0,013 60524.6 4.60 0.094
87/09/0713:11:18 -18364.8 4.69-0.039 38327.3 7.30 0.014 60524.7 4.69 0.094
87/098/0713:11:21 18364.7 4.68-0.037 38327.3 7.31 0.014 60524.8 4.79 0.094
87/09/0713:11:24 18364.7 4.64~0.035 38327.3 7.32 0.014 60524.9 4.88 0.094
87/09/0713:11:27 18364.7 4.62-0.035 38327.4 7.33 0.013 60625.0 4.98 0.094
87/09/0713:11:30 18364.6 4.60-0.034 38327.4 7.35 0.012 60525.1 5.08 0.095
87/09/0713:11:33 18364.6 4.56-0.032 38327.4 7.37 0.014 60525.1 5.18 0.095
87/09/0713:11:36 18364.6 4.54-0.033 38327.4 7.39 0.015 60525.2 5.26 0.095
87/09/0713:11:39 18364.5 4.51-0.033 38327.4 7.41 0.015 60525.3 6.34 0.093
87/09/0713:11:42 18364.5 4.48-0.032 38327.4 7.42 0.0156 60525.4 5.42 0.092

87/00/0713:11:45 18364.5 4.44-0.033 38327.4 7.43 0.014 60525.5 5.51 0.091
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Figure 1, Application example of the temperature measured by the Infrared Thermometer
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Figure 2, Application example of the magnetic field measured by the Proton Magnetmeter.
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Figure 3. Application example of the surface current velocities
measured by the New Doppler Log.
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Figure 4. Anexample of the surface current velocities measured

by old method.
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Figure 5. An example of the surface current velocities measured
by Eeast China sea. (Corrected by Tidal current)
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