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ABSTRACT 2. PLAN FOR OPERATION

In this research, we propose a method to extract scallop arAbout 600 seabed images were used in this study. These
eas in seabed images in order to construct a system that catinages were taken by the Hokkaido Abashiri Fisheries Ex-
measure automatically the number, size, and state of fisheryperiment Station in both gravel fields and sand fields. Only
resources, especially scallops, by analyzing seabed imagesgravel field images were used in this experiment.

Our algorithm is based on information about the hue, char-  Fig. 1 shows a sample of a seabed image we used. TA-
acteristic pattern, and the shape of scallop shells. The ef-BLE | indicates the parameters of the images used.

fectiveness of the proposed method is illustrated through an
experiment. Table 1: Seabed image parameters.

Size 1536 (pixels) 1024 (pixels)
Color / Monochrome| 24-bit (True color)

1. INTRODUCTION

Investigating the amount of fishery resources is extremely
important in order to prevent the depletion of such resources
and to assist in the efficient operation of fisheries. One
method to investigate fishery resources is to obtain images
of the seabed with a camera. Images of areas where fishery
resources exist are taken by a camera attached to the bot-
tom of a ship. The advantage of this method is that it has
no effect on the ecosystem of fishery resources. These im-
ages are usually analyzed manually, though, which is a very
time-consuming operation. The purpose of this research is
to construct a system that can measure automatically the
number, size, and state of fishery resources by analyzing
seabed images. Our main target is the scallop. However,

there are some problems in constructing this system, as fol-
lows: The characteristics of scallops are as follows:

Fig. 1: Seabed image.

Scallops are typically light brown in color.
The target environments are ones with high noise that
have significant differences in illuminance and where
various objects (stones, sand, mud, other living things, The shape of the scallop shell is like a fan, and char-
etc.) exist. acteristic.

Scallops have characteristic radial striped patterns.

With these characteristics, we tried to extract scallop ar-

Estimation of the state of the target (whether alive or ¢35 from seabed images. In the following sections, we de-
dead) is expected in addition to a calculation of the g¢ripe in detail the method used in this process.
number of scallops.

3. MODELING OF SCALLOP AREA BASED ON
In this research, we attempt to solve these problems us- COLOR INFORMATION
ing image-processing technology. The first step was to con-
struct a method to automatically extract areas where scal-In order to obtain clear color characteristics for the scallop
lops were located from images of the seabed. areas, we manually collected about 10,000 sample points of
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scallop areas from 35 seabed images. Then RGB data of
every sample point data were translated to HLS data, which
gave us the hue, lightness, and saturation distribution. We
also did the same operation using a whole image, and tried
to find characteristics in the scallop areas by comparing the
distribution in the whole image with that in images only of

a scallop shell.

The distribution graphs plotting hue, saturation, and light-
ness of the 10,000 sample points are shown in Fig. 2, Fig.

3, and Fig. 4.

120000 T

100000

80000

60000

Frequency

40000

20000

T T
Picture
Scallop

I ‘ ’\iﬁ‘
JL’/”’N;VJUMLA\;L ™ T WL*JMW‘”“A'i W NW\

Wb\

i

Al

0 50

100 150 200 250 300 350
Hue

120000 T T

I Picture I
Scallop
100000 -{

\
80000 N,‘

60000 M

Frequency

40000 ( I

20000 | 'l

B0 1o
=
>
o

0 ) 1 1 1
0 50 100 150 200 250
Saturation

Fig. 4. Comparison between whole image and scallop area:
saturation.

coordinates. 'SA’ means 'scallop area,” and 'NSA means
'NOT scallop area’.

4. MODELING OF SCALLOP AREA BASED ON
STRIPED PATTERN

Fig. 2: Comparison between whole image and scallop area:The scallop shell has a peculiar, radial striped pattern. We

hue.
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tried modeling this characteristic using gradient information
and space-frequency analysis.

4.1 Extraction of radial striped patterns using gradient
information

To extract striped patterns, we focused on the gradient in-
formation of the image. The gradient vector at coordinate
(z,y) in the imagef (z, y) is defined by equation (2).

Vi) = (el @) g fan) @

Then the magnitude of the gradient vectarf (z, y)|O
and the direction of the gradientx, y), are also defined as
equations (3) and (4).

Fig. 3: Comparison between whole image and scallop area:

lightness.

We were not able to find characteristics in the graphs
of saturation and lightness, but can find the characteristics
of hue, whose values concentrate from about 100 degrees
(Hpmin) to 160 degreesH,,,...). Therefore, we derived the

following equation to

SA
Ohue (l’, y) =

NSA

where Op..(z,y) indicates the operator on the, y)
coordinates, and(z,y) refers to hue data on the:, y)

extract scallop areas:

If Hmin < H(l‘,y) < Hmﬂgﬁba)
(1b)

others

Vi)l = \/(aif(w,y>)2+(£/f(w,y)>2 @

8f(w7y)/8f(fc7y))

dy ox “)

(x,y) = arctan(

Fig. 5 shows an original image of a scallop shell taken
in the scallop area. Fig. 6 shows the distribution of the
magnitude of the gradient vector from the original image,
and Fig. 7 shows the distribution of the direction of the
gradient vector from the original image.

We can see the striped patterns in Fig. 7, so we obtained
information on the direction of the gradient vector.
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Fig. 7: Gradient vector direction distribution.

the concentric circle whose center is the origin0), and
which shows the degree of roughness of the striped patterns.
- We tried to apply these operations (space-frequency anal-
S— ysis) to the image of the direction of the gradient that was
acquired in section (4.1). A scallop area with the size of 32
32 pixels was extracted manually, and an image showing
the direction of the gradient was obtained. Then we carried
out two-dimensional DFT on the gradient direction image
and obtained the power spectrufi({, v)), and the polar
coordinate conversion d?(u, v) (Ps(r, )), andP.(r) cal-
We consider that striped patterns have specific space-frequetighated in expression (7). We also did the same procedure
characteristics, so we conducted a space-frequency analysiwith an image that did not have a scallop area, and obtained
of the striped patterns described in section 4.1. P.i(r, ),andP.4(r). After these procedures, we compared
The two-dimensional discrete Fourier transform (DFT) P,(r, ) of the area with a scallop ané.;(r, ) of the area
of an imagef (m, n), in which the number of pixels is given  without it.

. "'. : ) )
2 e' v {,l " ?’ Here, P(r) means the total sum of the power spectra in
. w - .

Fig. 6: Gradient vector magnitude distribution.

4.2 Space-frequency characteristics of radial striped pat-
tern and its modeling

by M N, is expressed by equation (5). The original images are shown in Fig. 8, and the images
of Ps(r, ) andP.s(r, ) are shown in Figs. 9 and 10. The
| N-1mo distributions ofP;(r) andP.(r) are shown in Figs. 11 and
_ um un 12.
F(u,v) = UN 2 mzof m,n)WymWwy™  (5) .
-
, . : M \o o
where : 3 .‘ . <
W1 = eijzﬁﬂ : . { : 'l. - . - !
Wy, = e_j%r . . p \ - - . ﬂ
. \ '
The power spectrump(u, v) of F(u,v) is defined by . J » i
equation (6). v avmii A 94 \m. . '

P(u,v) = |F(u, )] ®) @ (b)
Fig. 8: (a) Scallop area, (b) Area without scallops
P( ,r)isthe polar coordinate conversionBfu, v) by

distancer and directiontheta from origin (u,v) = (0, 0).
ThenP(r) is obtained by equation (7). We cannot see the pattern characteristics in Fig. 10.
However, we can find a specific concentration in Fig. 9.
. We also see the characteristics in Fig. 11; that is, the ratio
P 7 of P, aroundr = 8 is characteristically high.
> P(.r) (7) an. .
In order to extract a scallop area using this characteris-

780



(&)

0 0.25
0.2
10
0.15
15
20 0.1
25 0.05
30 0

10 15 20 25 30
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Fig. 10: Results of space-frequency analysisea without
scallops

tic, S is calculated by equation (8).

s = S pw) (®)

S'is the sum ofP(r) with a particular-. In this research,
kmin Was set td7, andk,,,., was set td from the experi-
mental results. When the valieis more than the threshold
value T, the center of a small area siz82 32 pixels is
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Fig. 11: Distribution ofPs(r), a scallop area.
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Fig. 12: Distribution ofP,,(r), an area without scallops

5. MODELING OF SCALLOP AREA BASED ON
SHAPE INFORMATION

The shape of the scallop shell is like a fan, and characteris-
tic. We tried to extract a scallop area using the shape infor-
mation.

5.1 Extraction of shape information using edge detec-
tion procedure

We extracted edges of the scallop shell using the Canny fil-
tering algorithm. The original image is shown in Fig.13(a),
and Fig.13(b) shows the distribution of edges of the scallop
shell.

5.2 Extraction of shape patterns using Hough transform

We consider the shape of the scallop shell approximately
as the ellipse. To extract ellipses, we operated the Hough
transform to the distribution of edges. That is to say, the el-
lipse is defined by five parameters (the coordinate of a cen-
ter (z,y), a long radiusy, a short radiug, a lean of a long

regarded as a scallop area. We can extract scallop areas bgadius ), and we tried to extract ellipses using the five di-

using this procedure on the whole image.
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mension Hough transform algorithm. A long radius and a



Fig. 14: Experimental result of ellipse extraction using the
O_r Hough transform.

L
o
NN

(b) Distribution of edges.
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Fig. 13: Distribution of Edges using Canny filtering algo-
rithm.

Fig. 15: Original image.
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