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Detection of Underwater Objects Based on Machine Learning

by Y suhiro Tan, Member Joo Kooi Tan
Hyoungseop Kim Seiji Ishikawa
Summary

Side-scan and forward looking sonars are some of the most widely used imaging systems for obtaining large scale images of a
seafloor, and their use continues to expand rapidly with their increasing deployment on Autonomous Underwater Vehicles. However,
it is difficult to extract quantitative information from the images generated from these processes, in particular, for the detection and
extraction of information on the objects within these images. We propose in this paper an agorithm for automatic detection of
underwater objects in side-scan images based on machine learning employing adaptive boosting. Experimental results show that the

method produces consistent maps of a seafloor.
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Fig. 1 Formation of an image by a side-scan sonar image.
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Fig. 2 Preprocessing of a side-scan sonar image: (a) An
original image, (b) the processed image.
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Fig. 3 The Haar-like feature employed in the proposed method:
Schematic formation of relation(object/shadow).

T, zIiX 120 Haar BIFFE DRI SN D FFEET
HY, OTHETHD. £7z, p l3FEEz & BIHEO 2 ik
TEOEREZOMELZRET HEHT, +1 6 LIE-1 DEE
LD, 2B, Haar IR OFHE T, sEbozdlica v
FTIIGNAFA=DD ZHND. AT T INA A=V LI,
FR 0005 ¥ ), )E TORKEEZ Q@ EHN TR
MLTEEBTHS. QZA VT T ITNA A=V HRT.

i J
F,=F(i,j)= > /i, jj) )

ii=o jj=0
KD D B EEREIR MBS & HIBL L, KRk & 7 fEIk O B & R
DG, EIEP OFF A ES LT LEWEERER AR I
L DINDBTD, HOUOHE~ Y T EER L TR Tk
WALTTINAA=VTHD. 2LV, LEFER CH

EFNDHEOHE MEE —ERHTRH D ZENTE S,

A B

Fig. 4 Using the integral image, the sum of gray values within
D can be computed as Fy+Fq-(Fyt+Fs).
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Fig. 5 Schematic diagram of the proposed method.
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Fig. 6 Determination of Haar-like type features.
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Fig. 7 Classifier obtained by AdaBoost.

(6 yi = {+1,-1})



118 H AfS e 155

23 ART—FiEE

T A — RIEEOFBIRRIER 8 (TR T X H1Z, N Ok
TR, (x): n=1,2,.. N ZEINHFE LT b D TH 5. Eiff
EAX v T BEEY 4 v R (sub-window) & A1 L L, &
DY 4 RUNITHIEREENDDENEHINTH. F n
BrDiRan12% H() 1Tk TEREND.

Hn (x) ZSign[zan,thn,t (x)_en] (7)

t=1

72120, hnt (x) 1350 n BRIBIRE NS ¢ & B OF57%5 2%
Tn 135 n BRZEIR SN 255885 O, a,, 135975545
hnt(x) ODER, 0,1IFnBIZBITLEETHS.

All sub-windows

Fig. 8 Schematic model of the cascade classifier.
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Table 1 Specifications of sonar.
Towfish

Frequency 340 kHz

Horizontal beamwidth 0.9deg

Vertical beamwidth 60 deg

Range resolution 10cm

Max operating depth 100 m
Max cable length 200+ m

Materials Stainless steel, PV C and Polyurethane
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g. 9 Snapshot of the objects on a seabed.
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Fig. 10 Seabed objects on a side-scan sonar image and the result of the detection: (a) Original image, (b) detected objects, (c)
rectangles indicating only the objects.

Table 2 The value of threshold(#;) determined.

The value of threshold determined
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I2 0.6357
t3 0.5714
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(b) ©

(8) Seabed object on the mud. (b) Seabed object on the sandy
bottom.
Fig. 11 Detection result of the seabed objects on the mud flat
board and the sandy area board.

L1

Shadow Object Shadow  Object

(8) Successful (b) Failed
Fig. 12 Examples of successful and failed detection.

Table 3 Performance of the detector

Seaarea0l  Seaarea02
Total Objects 124 17
Detected True Objects 110 13
False Objects 14 4
Accuracy rate 88.7% 76.5%
Average 82.6%
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Table 4 Comparison of the detection time of objects.

Detection time
141-205msec
65-90msec

J. Sawas, et. d. Y
Proposed methoc
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Table 5 Errors between the positions of the detected objects
and their installed positions.

Unit (m)
Number  Error value
1 0.259
109 0.188
110 0.547

Average 0.501
Max error 0.615
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59000 59500 60000 60500
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Fig. 13 Location of the detected objects on the seabed and the
trajectory of a research vessel. The line shows the
trajectory, whereas the dot indicates the objects. The x-y
axes show the Japan Geodetic Datum 2000.
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