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Abstract: The precious sea foods are rich in nutrients and
have fairly high commercial values. The appearance
quality is an important criterion for assessing their
commercial values. Currently, the assessment of the
precious sea food appearance quality mainly depends on
manual detections on its body size and colour, with great
labour intensity and strong subjectivity. In this article,
using the sea cucumber and abalone, two typical precious
sea foods, as the research objects, a vision detection
system was established. Because of the big differences
between sea cucumber and abalone, according to typical
body size characteristics, the targeted non-destructive
testing methods based on computer vision technology
were proposed. In the previous studies, the detection
accuracy using the enclosing rectangle method was not
high and the thorns on sea cucumbers imposed severe
effects on the detection results. To solve these problems,
the neighbourhood comparison method was proposed, so
that an accurate and non-contact measurement of the
long-axis and short-axis sizes of the sea cucumber body
except thorns can be achieved. With the actually
measured values as the standards, the average detection
errors of long-axis and short-axis sizes are +2.10 and
+1.61mm, respectively. According to the habits in manual
detection for abalones, the area and perimeter of the
Region of Interest (ROI) in the abalone image were
adopted as the detection characteristics, and thus the rapid
abalone shape detection can be realized. By contrast with
the clustering results using the estimated values, it can be
concluded that the proposed detection method can be
applicable to the practical production, detection and grading
of abalone, algorithm detection rate can be up to 14
abalones per second.

Keywords: computer vision; sea cucumber; abalone;
shape detection

INTRODUCTION

China has a vast maritime territory and boasts a
coastline of 18 thousand kilometres. The sea areas along
the continental margins are rich in nutrients and therefore
favourable for the reproduction and growth of marine
organisms. As the sea foods occupy a significantly
increasing ratio in human diets, the consumers set
increasingly high demands for their appearance quality. In
particular, for some precious sea foods with relatively high
prices such as sea cucumber and abalone, their
commercial values largely depend on their appearance
quality grades mainly including body size and colour. With
the advancement of the deep processing industrialization,
manual detection has become a major factor hampering
its development. Using the computer vision technique, the
sample shape can be described in a non-destructive,
non-contact and visual way. Owing to these strengths, the
shape tracking of crops and foods based on computer
vision and image processing technology now has become
a subject of intense interest, and a lot of favourable
detection results were achieved [1],[2],[5-8]. Yang et al.
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extracted the morphological characteristics from the crop
pest images and constructed the score function for
effectively distinguishing the pests [15]. By extracting
some image characteristics such as the morphological
structural parameters, Yang et al. proposed an effective
identification scheme for the rice types based on sparse
presentation [11].In view of the diversity and complexity of
the precious sea foods, there are few reports on the
automatic shape detection by means of computer vision
technique. In this article, the sea cucumber and abalone
from the Bohai Gulf were adopted as the detection
objects. In consideration of the thorns on the sea
cucumber, the long-axis and short-axis sizes can be
detected using the proposed neighbourhood comparison
method. According to the habits in manual detection for
abalones, the area and perimeter of Region of Interest
(ROI) were adopted as the characteristic parameters for
rapid abalone shape detections.

MATERIALS AND METHODS
Materials

The ready-to-eat sea cucumbers and the fresh and
alive abalones purchased from Changxing seafood
market, Dalian, were adopted as the experimental materials,
which were then placed in the preservation boxes and
transported to the laboratory for image acquisition.

Visual Detection System

The detection system mainly consists of a computer,
a dome diffuse-reflection light source and an industrial
camera (MV-1300C, Microvision, China). As shown in Fig.
1, the white light was produced and the samples were
placed in the dome diffuse-reflection light source so that
the stability of collecting environment could be
guaranteed. The control system based on Windows
operation system was programmed with Visual C++, in
which the images were collected by the industrial camera
via software triggering. Moreover, using the control
system, the collected images could be automatically
displayed, processed and stored. All the collected images
were the 24-bit colour images in the format of BMP, with
image resolution of 640*512.
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Precious Seafood Shape Detection Method Based on
Computer Vision
Data Pre-processing

As described above, the sample images were collected
and displayed via the control system. In order to improve
the shape information precision in the images, the image
backgrounds were removed using the maximum class
square error method [12], [14] and then ROI was extracted. A
denotes the ratio of the ROI pixel numbers to the pixel
numbers of the whole image, with the average grey
degree of G;, and B denotes the ratio of the pixel
numbers of image backgrounds to the pixel numbers of

Fig. 1- lllustration of the detecting system
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the whole image, with the average grey degree of G, the
overall average grey value of the sample image can be
calculated by:

Ggum = AxG,+BxG,

in which Gsym denotes the overall average grey value of
the sample image.

The variance (VAR) of the ROI and the image
backgrounds can then be calculated by:

VAR = AG, ~Ggy )* +B(G, ~Ggyy )*

Bring Equation (1) into Equation (2), VAR:

VAR =AxBx(G,-G,)

The calculation was conducted by traversing the image.
When VAR is maximal, it is supposed that the great
difference exists between ROI and image backgrounds,
i.e., VAR can be regarded as the segmentation threshold
between ROI and backgrounds. Considering that only the
shape information was extracted in the present study, we
then performed binary conversion and filtering processing
on the images after segmentation for improving the detection
speed. Fig. 2(a) and Fig. 3(a) display the original images
of samples, while Fig. 2(b) and Fig. 3(b) display the
images after segmentation, binary conversion and
filtering.

r

(a)Original image sample
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(b) Image sample after segmentation, binarization and filtering

Fig. 2 - Image of sea cucumber
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(a) Original image sample

(b) Image sample after segmenting ,binarization and filtering

Fig.3 - Image of abalone

Shape Detection of Sea Cucumber

According to the manual detection habits, the body core
size not including the thorns was adopted as the primary index
for the appearance quality detection of the sea cucumber. In
the previous studies, the minimum enclosing rectangle (MER)
was determined using the rotation comparison method
[4],20]. Then the long-axis and short-axis sizes of the sea
cucumber were acquired by calculating the length and width of
the enclosing rectangle. Fig.4 displays the minimum enclosing
rectangle of the sea cucumber, from which we can observe
that the acquired long-axis and short-axis sizes are only the
estimated values due to the existence of thorns. The
researches have conducted the detection on 30 sea
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cucumber samples, and the results indicate that the average
detection errors of the long-axis and short-axis sizes were
+2.15 and +8.97mm, respectively. The primary reason of the
great errors is that the effect induced by the thorns was not
eliminated in calculating the body core size.
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Fig.4- Minimum enclosing rectangle of the sea cucumber

Based on the above-described studies, by taking the
special structures of the sea cucumber (including thorns and
body) into account, the marking of the body core and the
fitting of the body core outer contour were implemented with
the wuse of neighbourhood comparison, i.e., the
auto-detection of the sea cucumber body core size can be
achieved. The proposed algorithm consists of two steps,
firstly, the overall contour tracing and then the body contour
identification. In this article, the eight neighbourhood
boundary tracking method was adopted for contour tracing.
On the basis of the contour tracing results, the coordinate
sequences of the sea cucumber boundary were denoted as

P(X..Y.),k=212...,N, in which N denotes the number of

the boundary coordinate points. In other words, x, and vy,
denote the coordinates of the sea cucumber boundary points
in the image.

Then the centre coordinate of the sea cucumber
image was determined using the minimum enclosing

rectangle, denoted as O(X,Y,) -.Generally, a sea
cucumber except the thorns is elliptical. Assuming that
Ny, denotes the centre line of the horizontal axis, the
distance between the boundary point and the centre line
of the horizontal axis, denoted as r, , can be calculated by:
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The distance between each pixel point and the centre line
of the horizontal axis Ny,, was calculated by traversing
the contour tracing image, and then compared with the

neighbouring points according to the comparison flow as
shown in Fig. 5.
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Fig. 5 - Flow chart of the comparison
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Then an array R was constructed. The point whose
coordinate can meet the body core contour requirements
was added into R, and the body core coordinate
sequence was acquired, as shown in Fig. 6(b). According
to the parabolic spline principle [3],[13], using the
interpolations of coordinate sequence to obtain the closed
curve, the outer contour of the body core was fit, as
shown in Fig. 6(c). Therefore, the body size of the sea
cucumber, i.e., the body size not including the thorns, can
be calculated.

(a)Contour tracing results of the sea cucumber

(c) Fitting image of the body core
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(b) Identification of the points at the body core

(d) Edge detection

Fig.6-The image processing and feature extraction

Shape Detection of Abalone

The abalones have much simpler shapes and contours
than the sea cucumbers. It's no need to deal with abalone
images in accordance with aforesaid methods. The size
of the abalone is generally adopted as the index for
manually detecting its appearance quality. According to
the habits in manual detection, the area and perimeter of
the ROI in an abalone image were used as the shape
characteristics for detecting the appearance quality.

The abalone contour was traced using the method
proposed in aforementioned content, with the tracing
results presented in Fig. 7. The calculations of area and
perimeter were conducted by traversing the binary
contour tracing image. Assuming that the pixel point in the
image is denoted as f(Xx,y) , the perimeter can be
calculated by the following Eq.(5) and Eq.(6). Using the
extracted binary ROl after filtering, the area was
calculated by the following Eq.(5) and Eq.(7). The
algorithm detection rate can be up to 14 abalones per
second.

i 11 (LTI

5ilgZ AT R R ELEL, BRI, Jo7h 78 e iR
R J7 AT A HE o N IS BP0 A1 W0t T 48 b 2 B3R AL
HRSHER, R A BRI I, SR EE 6 KR RO
AR JAKAE VTP AR TARFAE,  BEAT S T 4T

AR TR AR, IREREIR WA 7 PR,
i —AEACR R R R, WG BRER S f(xy) » REER
5. 6 i ALK C. %\ 5. 7 Jrik, FIMH ROIEEUG M —
fE R BT IR S BITHE . S fa A% A T 26wk

14 s,

Fig. 7 - Contour tracing results of the abalone
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detection errors of long-axis and short-axis sizes are
+2.10 and +1.61mm, respectively.

Detection Results of Abalone

According to the habits in manual detection, the area
and perimeter of abalone were used as detection indexes.
Quick and non-destructive detection for abalone was
realized utilizing computer vision technology. Since the
abalones are generally irregular ellipses, the actually
measured long-axis and short-axis lengths were used to
estimate the areas and perimeters according to
calculation formula for ellipse. Then, using the ROI and
estimated areas and perimeters as the samples values,
the cluster analysis was conducted by within-group
linkage method in hierarchical clustering. Fig. 8 displays
when the number of clusters is less than 6, grading
results based on the vision characteristic parameters and
the estimated values are consistent. The results indicate
that the proposed method can be applicable to the quality
assessment of abalones.
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(b) Clustering chart based on estimated sample values

Fig. 8 - Clustering charts

CONCLUSIONS

(1) Using the neighbourhood comparison method, the
identification of the body core coordinates of the sea
cucumbers and the fitting of body core can be achieved
in this article. By effectively avoiding the effects of thorns
on the detection results, the non-contact detection of the
long-axis and short-axis sizes of the sea cucumbers can
be realized. The results demonstrate that, using the
proposed method, the errors of the long-axis and
short-axis errors are + 2.10 and +1.61 mm, respectively.
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(2) According to the habits in abalone manual
detection, the area and perimeter of the ROI in the image
were adopted as the characteristic parameters for rapid
detection. By comparing with the clustering results using
the estimated values, the effectiveness and accuracy of
the proposed method were proved, i.e., the proposed
method can be applied to abalone detection, the
algorithm detection rate can be up to 14 abalones per
second.
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