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A Study on Acoustic Odometry Estimation based on the Image Similarity
using Forward-looking Sonar

Eunchul Yoon', Byeongjin Kim’, and Hangil Joe""

Abstract

In this study, we propose a method to improve the accuracy of acoustic odometry using optimal frame interval selection for Fourier-
based image registration. The accuracy of acoustic odometry is related to the phase correlation result of image pairs obtained from the
forward-looking sonar (FLS). Phase correlation failure is caused by spurious peaks and high-similarity image pairs that can be prevented
by optimal frame interval selection. We proposed a method of selecting the optimal frame interval by analyzing the factors affecting
phase correlation. Acoustic odometry error was reduced by selecting the optimal frame interval. The proposed method was verified

using field data.
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Fig. 3. (a) An example of image registration failed, (b) Spurious
peaks
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Fig. 7. Comparison of image information, (a) little loss of image
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Table 1. Factors affecting phase correlation

Factors Similarity Changfe Max Peak
Information

PNR 1 1 ! 1
Velocity? ! 1 1
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—[ Proposed Method ]7
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Fig. 8. Optimal frame interval selection based acoustic odometry
estimation

Fig. 9. UUV Cyclops[21]
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Table 2. UUV Cyclops specifications

UUV Cyclops Specifications
Type Hovering
Dimension 0.87x1.48%0.92[m]
Weight 210[kg](air)
Max. Depth 100[m]
Propulsion 8thrusters with 475[W] DC motors
Batteries 24VDC / 600[WH] Li-Po Batt.x2
Dual Frequency Imaging Sonar
Profiling Sonar
Digital Pressure Sensor
Sensors Doppler Velocity Log(1.2[MHz])
MEMS Gyro
Pan-Tilt camera with Domex2
Flash Gun
T
s : . .
Sa0- -, " 1
g . . .
E.s _- | . .
Q *
E . »* * * * *
D20 A R 1
w * * . .
2157 . | - SIS TR
8 - J 1 . . N
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Fig. 10. Calculated optimal frame interval during field test

UUV CyclopsE ©]-&3le A3 volHE 232kl 37 oA
MatlabS- o]-8-3ld 735315 th. =¥ ® EFYe] UUV Cyclopse 3
2= o] = GHAME of8ste] vwA HestA 4 JEE A
< F AUt A= FEE GHAAN A G5 FAHEE o83t
o 2219 FAZ 7Pt 259 o|HA = 5990705 AME-StA
°F 9mE o3I A ZEd 142 4] (95 o83t At
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Fig. 11. Result comparison using field data
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Fig. 12. RMSE comparison results of acoustic odometry
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