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ABSTRACT: When measuring the radiated noise of an underwater vehicle, the range information between the
vehicle and the receiver is an important factor, but since Global Positioning System (GPS) is not available in
underwater, an alternative method is needed. As an alternative, the range is measured by estimating the arrival
time, arrival time difference, and arrival frequency difference using a separate acoustic signal. However, errors
occur due to the channel environment, and these outliers become obstacles in continuously measuring range. In
this paper, we propose a method to reduce errors by curve fitting with a function in the form of a V-curve as a
post-processing to remove outliers that occurred in the process of measuring range information. Simulation, lake
and sea trials were conducted to verify the performance of the proposed method. In the results of the lake trial, the
range estimation error was reduced by about 85 % from the Root Mean Square Error (RMSE) point of view.
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Table 1. Flow of the proposed method.

Step 1 N numbers are randomly selected from among

the measured range information values.

Step 2 The parameters of the V-curve model are
obtained using the selected N data and the

nonlinear least squares fitting method.

Step 3 Using the modeled V-curve, the number of
non-outlier values located within a certain
bound among the total measured range

information are found.

Step 4 If the number of non-outlier values is greater
than that obtained in the previous repeated
calculation, the corresponding parameter is

replaced.

Step 5 Repeat from Step 1 a predetermined number of

times.

Step 6 | A V-curve model is obtained using the final

parameters with the most non-outlier values.
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Fig. 2. (Color available online) Example of V—curve.
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Table 2. Simulation parameters.

Parameter Value
Sampling frequency 100 kHz
Center frequency 30 kHz

Bandwidth 2kHz

Moving speed 4 m/s

CPA range 70 m

Pulse length 0.1s

Pulse repetition interval s

0.1 s9] Aol& 7H| FA =3 30 kHz

—% H ‘E"H z“ld JJrE}UﬂE‘r <> Table 29} 2}
o) Foll A Solgh HA At A Hfj= 2
F oS-k A A o}-_]'"_/_ Ay 3] Sla= x4 77
© AR o7 AW =5 ST vt 2y
= Solgte] A7 iH B URIE #hs 2tk
= v e] A3 i gks Hlojubd HkshA] e

= 313 Fig 4014+ 1 4kS- 250 m= A
70|t} Fig. 4= 2714 73-%-0ll &k A= Lhepbd

0 24| o] 52 atoli= HA| k| A Folgho] 2H|
3= H]E-o] T Case 1-> %A ?ﬂ 7kl 5ol gko]
A S B85 10 % ©] 5h= A7 gk Al o], Case 2+
Case 1°]] H]&l] So]gko] BT} Ol LA 7 =M
Solgke] 15 % o]kl Z-F-olth Ak R ol 4]
Sol#AAE A A2 Aol EH A= 10mz A

AN

P

A3k ol ARl oJshel 3t Rolk. wE
78-Foll A AlgHeE i o & Sol gk Al ek v F 9
S mao] 2aE 49 A} Ak AE 2
4 Qi) o= Table3o0 M 524 4 0.2 Hel & 4]
t}. Table 3-& Root Mean Square Error(RMSE) %45

ERA 702 83} 7ke- A o 7 A3t}

N

Z

RMSE= @

5% ol B Al S8 A+

387

m—— leasured values
mm Proposed method

200 B

150 F

Range (rn)

a0+ &

250

m— casured values
s Proposed method

Range (m)

L . L . ! .
o 10 20 30 40 a0 B0 70
Tirne ()

(b)

Fig. 4. (Color available online) Results of range
estimation in simulation, (a) case 1, (b) case 2.

Table 3. RMSE in simulation results.

Case 1 Case 2
Measured 179 m 26.7 m
Proposed method 0.6 m 0.6 m
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