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Abstract – This paper introduces a vision-based automatic system (VAMS) for non-contact 
measurement of morphometric characteristics of flatfish, such as total length (TL), body width (BW), 
height (H), and weight (W). The H and W are simply measured by a laser displacement and a load cell, 
respectively. The TL and BW are measured by a proposed morphological image processing algorithm. 
The proposed algorithm cans measurement, when the tail of flatfish is deformed, and when it is 
randomly oriented. In the experiment, the average and maximum measurement errors were recorded, 
and standard deviations and coefficients of variation (CVs) for the measurements were calculated. 
From those results, when flatfish the TL measurements had an average of 266.844 mm, a standard 
deviation of 0.351 mm, a CV of 0.131%, and a maximum error of 0.87 mm with straightened flatfish 
(TLA : 267 mm, BWA : 141 mm), and when flatfish of different sizes were measured, the errors in the 
TL and BW measurements were both about 0.2 %. Using a single conveyor, the VAMS can process up 
to 900 fishes per hour. Moreover, it can measure morphometric characteristics of flatfish with a TL of 
up to 500 mm. 
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1. Introduction 
 

There are many methods of measuring thickness or 
length. These methods can be divided into two categories: 
contact methods and non-contact methods. Much work has 
been devoted to the development of equipment for non-
contact thickness or length measurement for automatic 
manufacturing research, real-time monitoring, and the 
achievement of optimal production quality. Information 
management equipment is highly accurate and highly 
sensitive, has a perfect function structure and little volume, 
and is convenient to maintain [1-4].  

Non-contact measurement methods have been used in 
the measurement of eddy currents and nuclear radiation, 
and are exemplified in optical measurement systems based 
on laser displacement and in measurement systems based 
on vision systems [5-8]. In particular, non-contact methods 
for length measurement based on vision systems have 
become popular in fisheries [9, 10]. 

In the field of fisheries, there have been a few attempts 
at machine vision applications such as parasite detection 
[11], bone detection [12], and length measurement for fish 
sorting [13-16] or grading [17] by length. The vision-based 
measurement and sorting for fish are optimal methods 

without damaging the appearance of fish, and the methods 
can be measured the of morphometric characteristics of fish 
quickly. Especially, the vision-based length measurement 
algorithms of fish have been developed in fishery. Strachan 
[17] proposed a TL measurement algorithm for the purpose 
grading haddock by length. When the fish to be measured 
are oriented unfavorably and there is minimal distance 
between them, Strachan’s method measures the length of 
the fish with an error of ±1%, if the fish are randomly 
oriented this increase to ± 3%. 

Ibrahim and Wang [14] also proposed a TL measurement 
algorithm for the purpose of sorting fish. These algorithms 
measure only the TL of the fish, and were designed in such 
a way that the midpoints of the width of the fish at various 
positions along the length of the fish can be joined together 
to define a line which estimates the TL. The midpoints are 
mainly detected with reference to the width including side 
fins. Consequently, large errors in TL measurement may be 
observed if the fish have damaged fins. Moreover, in the 
case of flatfish, as many midpoints of the width of the 
flatfish are detected between the tip of the jaw and the tip 
of the tail, the image processing system may be burdened 
with an increased computational load. The system has a 
maximum error of ± 3%. 

In this study, a VAMS for non-contact measurement of 
morphometric characteristics of flatfish such as TL and BW 
adopting a novel measurement algorithm is developed as 
part of a database management system for fishery resources 
management. In TL measurement of flatfish, the proposed 
measurement algorithm is simplified and improved than 
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previous measurement algorithm [13-18]. Because, the 
proposed algorithm was designed in such a way that only 
three point such as point of the flatfish’s jaw, CP and tail 
can be joined together to define a line which estimates the 
TL. The proposed measurement algorithm involves 
morphological image processing [19] in a preprocessing 
phase, and edge pattern matching and edge point detection 
in a measurement phase. It is able to selectively filter side 
fins and tail fins of flatfish by means of the morphological 
image processing carried out in the preprocessing phase. 
The VAMS is able to measure the weight (W) and height 
(H) as well as the TL and BW of flatfish in real time. 
Furthermore, it is able to measure the morphometric 
characteristics of a flatfish when the flatfish is randomly 
oriented, has a deformed tail, or has damaged fins. These 
claims are demonstrated by means of many trial-and-error 
experiments. 

 
 

2. Material and Methods 

 
2.1 VAMS for morphometric characteristics of a 

flatfish 
 
Fig. 1 shows the measurement elements measuring 

morphometric characteristics of flatfish such as TL, BW, 
and H. Fig. 2 shows a conceptual diagram of a database 
management system for fishery resources management 
adopting the proposed VAMS for non-contact measurement 
of morphometric characteristics of flatfish. Data measured 
by the VAMS at a measurement location, such as a research 
vessel, a fish market, or a fisheries resource investigation 
laboratory, are transferred to a central database (DB) server, 
from which the data may be shared with interested parties. 

The proposed VAMS for non-contact measurement of 
morphometric characteristics of flatfish is composed of a 
vision system (PV-500, Panasonic), a laser displacement 
sensor (Omron, ZX-LT030), a charge-coupled device 
(CCD) camera (lens: focal length of 25 mm, CCD: size of 
2/3 inches), a white 30W LED backlight, a conveyor belt, 
and a road cell. The conveyor belt is set up at 0.85m/s, and 

is transparent, so that the backlighting produces silhouettes 
of the flatfish. The lens of the CCD camera is installed at a 
height of 1 m from the bottom of the conveyor belt to 
allow the measurement of flatfish with a TL of up to 500 
mm.  

There are two measurement phases: measurement of 
morphometric characteristics, and measurement of W. First, 
after the flatfish are continuously loaded by one person 
without overlap, while the flatfish are transported along the 
conveyor belt underneath the CCD camera, a laser 
displacement sensor (set at the conveyor belt) is used to 
measure their H, and the proposed measurement algorithm 
is used to measure their TL and BW. Second, a load cell is 
used to measure the W of the flatfish. 

 
2.2 Algorithm for the measurement of TL and BW 

 
A flowchart for the measurement of morphometric 

characteristics of a flatfish is shown in Fig. 3.The presence 

 

Fig. 1. Measurement elements measuring morphometric 
characteristics of flatfish. 

 

Fig. 2. (a) Conceptual diagram of a database management
system for fishery resources management; (b) 
Schematic diagram of a VAMS for non-contact 
measurement of morphometric characteristics of a 
flatfish. 
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of the flatfish is detected by a proximity sensor. As the 
flatfish approaches the desired position on the translucent 
conveyor belt, the sensor triggers the CCD camera to 
capture an image of the flatfish. The stored image frame is 
converted into an 8-bit grayscale image matrix (with 
1600×1200 pixels) recognizable by the vision system. In 
the BW measurement, side fins must be eliminated, and in 
the TL measurement, tail fins must be included. Therefore, 
a preprocessing phase, involving such activities as the 
adjustment of the contrast ratio, binarization, and 
morphological image processing according to regions, is 
needed.  

Thus, for example, the captured reference flatfish image 

frame is divided into two filtering regions, A and B. As 
shown in Fig. 4, region A ranges from the tip of the 
flatfish’s jaw to its caudal peduncle (CP), and region B 
ranges from the CP to the end of the flatfish’s tail. 

Fig. 5 illustrates the functions relating to contrast ratio 
and binarization range mentioned in Eq. 1. The functions 
g(x, y) and f(x, y) in Eq. 1 denote the value of the output 
gray scale and the value of the input gray scale, 
respectively. The coefficient α, which has a value of 1.5, is 
the ratio of contrast adjustment. The contract adjustment 
functions as detection of silhouettes of the flatfish become 
clearer according to subdivision under selected reign of 
gray level. 

 

 ( , ) ( , ) ( ( , ) 128)g x y f x y f x y α= + − ∗  (1) 

 
In the binarization, the range from 0 to 160 is regarded 

as black, and the range from 161 to 255 is regarded as 
white. Following the contrast ratio and binarization 
processing, morphological image processing is applied to 
selectively filter the side fins or tail fins of the flatfish 
according to regions (such as the filtering regions A and B). 
There are two other important morphological operations: 
opening and closing. Opening (○) generally smoothens the 
contour of an object, breaks narrow isthmuses, and 

  

Fig. 3. Flowchart for the measurement of morphometric 
characteristics of flatfish. 

 

Fig. 4. A captured reference flatfish image, divided into 
two filtering regions, A and B. 

 

Fig. 5. Contrast ratio and binarization range. 
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eliminates thin protrusions. Closing (●) also tends to 
smoothen sections of contours but, in contrast to opening, 
it generally fuses narrow breaks and long thin gulfs, 
eliminates small holes, and fills gaps in contours [19]. In 
the following definitions, R denotes the reference image, 
and S denotes the structure image used to process R. 

 
Opening:  

 R○S = (R ⊝ S) ⊕ S  (2) 
 
Closing: 
 R●S = (R ⊕ S)  ⊝ S (3) 
 
Thus, the opening of R is the erosion ( ⊝ ) of R by S 

followed by the dilation ( ⊕ ) of that image by S, while the 
closing of R is the dilation of R by S followed by the 
erosion of that image by S. In this paper, the structure 
image(S) used 9×9 metrics in the morphological operations 
such as opening and closing. The opening operation is 
applied to filtering region A for the measurement of the 
BW of the flatfish, since the side fins of the flatfish need to 
be eliminated. The closing operation is applied to filtering 
region B for the measurement of the TL of the flatfish, 
since the tail fins of the flatfish need to be included 

The proposed algorithms for the measurement of the TL 
and BW of a flatfish may be summarized as follows. 

 
1) TL measurement 

- Find the tip point of the flatfish’s jaw and the CP point 
by using edge pattern matching, as shown in Fig. 6. 

- Detect the tip point of the flatfish’s tail along the 
direction of the deformed or straightened tail of the 
flatfish by using an edge detection tool. 

- Connect the tip point of the flatfish’s jaw and the CP 
point with a straight line in an image obtained by 
performing the closing operation, and measure the 
length LJCP of this line. 

- Connect the CP point and the tip point of the flatfish’s 
tail with a straight line in an image obtained by 
performing the opening operation, and measure the 
length LCPT of this line. 

- Calculate the TL of the flatfish as the sum of LJCP and 
LCPT, as shown in Fig. 7. 

 
2) BW measurement 

- Detect edge points along the straight line from the tip 
point of the flatfish’s jaw to the CP point at short 
intervals with an edge detection tool in an image 
operated closing, as shown in Fig. 8. 

- For each pair of opposite edge points, calculate the 
length LE of the straight line connecting them. 

- Find the BW of the flatfish as the maximum value of 
LE. 

 
3) H measurement 

- From the tip point of the flatfish’s jaw to the tip point 
of the flatfish’s tail, determine the value of H (for the 
corresponding cross-section of the flatfish) by 
scanning the flatfish with a laser displacement sensor. 

- Find Hmax, the maximum value of H determined in 
the previous step. 

 
 

3. Results 

 

3.1 TL and BW measurement for straightened flatfish 

with an orientation 

 

Reference TL and BW values for a straightened flatfish 
(TLA: 267 mm, BWA: 141 mm) were measured using 
vernier calipers. Then, in 300 tests, TL and BW values were 
measured using the proposed measurement algorithm. The 
results of the tests are shown in Fig. 9.  

 

Fig. 6. (a) Pattern of the tip of a flatfish’s jaw; (b) Pattern 
of the CP point of a flatfish. 

 

 

Fig. 7. Image showing that the TL of a flatfish is the sum of 
of LJCP and LCPT for that flatfish. 

 

Fig. 8. Edge points detected using an edge detection tool, 
and vertical line segments connecting opposite edge 
points. 
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In the tests, the TL measurements had an average of 
267.1 mm, a standard deviation of 0.237 mm, a coefficient 
of variation (CV) of 0.089%, and a maximum error of 0.3 
mm. The BW measurements had an average of 141.245 
mm, a standard deviation of 0.284 mm, a CV of 0.201%, 
and a maximum error of 0.4 mm.  

For it to be possible to analyze errors in TL and BW 
measurements induced by a given rotation angle, the 
reference coordinates with an angle of 0º must be 
accurately measured by a coordinate-detection algorithm. 
In Fig. 10, the measured coordinates (XJ, YJ) of the tip of 
the flatfish’s jaw, (XCP, YCP) of the CP point of the flatfish, 
(XT, YT) of the tip of the flatfish’s tail, (XL, YL) of the left of 
the width of the flatfish, and (XR, YR) of the right of the 
width of the flatfish are shown as blue crosses.  

As shown in Fig. 10 and in Eq. 4, when a straightened 

flatfish with an orientation is loaded with a random rotation 
angle θ, the reference coordinates can be transformed to the 
coordinates corresponding to θ (shown as red crosses in the 
figure). 

 

 
cos sin
sin cos

m m

m m

x X
y Y

θ θ
θ θ
−    =

        
  (4) 

 
Here, xm and ym (m= J, CP, T, R, L) are the coordinates 

transformed to the reference coordinates with a rotation 
angle, and Xm and Ym are the measured coordinates, when a 
flatfish with an orientation is loaded with a random angle θ. 

Then, TLE can be calculated as the sum of the lengths 
LJCP and LCPT in the transformed coordinate system by 
using Eq. 5.  

 

 E JCP CPTTL L L= +  (5) 

 
Similarly, the BW can be calculated as the length of the 

straight line connecting the transformed left and right 
coordinates of the flatfish width by using Eq. 6. As 
described in Eq. 7, the errors in TL and BW measurement 

 

Fig. 9. TL and BW values measured using the proposed 
measurement algorithm. 

 

Y

X

 

Fig. 10. Rotational coordinate transformation for analysis 
of measurement error according to rotation angle. 

 

Fig. 11. Errors in TL: (a) and BW (b) measurement in the 
case of a rotated, straightened flatfish. 
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induced by a given rotation angle can be estimated by 
comparing the values of TLE and BWE for the reference 
coordinates system with the actual measured values TLA 
and BWA.  

Here, 
 

2 2( ) ( )JCP J CP J CPL x x y y= − + − ,  

2 2( ) ( )CPT CP T CP TL x x y y= − + − . (6) 

2 2( ) ( )E R L R LBW x x y y= − + −   

TL E AError TL TL= − , and BW E AError BW BW= −  (7) 

 
In tests, TL and BW measurements were made for 

various rotation angles with straightened flatfish (TLA: 267 
mm, BWA: 141 mm), in increments of 10°. The results of 
the tests are shown in Fig. 11. From the experimental 
results, TLE was 267.233 mm and BWE was 141.1 mm, the 
errors in the TL measurements ranged from −0.054 mm to 
0.07 mm, and the errors in the BW measurements ranged 
from −0.445mm to 0.622mm. 

3.2 TL measurement in the case of a deformed tail, 

and TL and BW measurements for various sizes 

of flatfish 

 
Tests were conducted in which the flatfish’s tail was 

deformed within a range from −20° to 20°, in increments 
of 5°. Fig. 12 shows the TL measurement versus the extent 
of the tail deformation. In the tests, the TL measurements 
had an average of 266.844 mm, a standard deviation of 
0.351 mm, a CV of 0.131%, and a maximum error of 0.87 
mm. As shown in Fig. 13, when flatfish of different sizes 
were measured, the errors in the TL and BW measurements 
were both about 0.2 %. 

 
 

4. Discussion 
 
Proposed algorithms from previous studies [13, 14, 17, 

18] have large measurement errors for morphometric 
characteristics of fish, because, these algorithms measure 
only the TL of the fish, and were mainly designed in such a 
way that the midpoints of the width of the fish at various 
positions along the length of the fish can be joined together 
to define a line which estimates the TL.  

In this paper, a measurement algorithm has been proposed 
for the measurement of morphometric characteristics of 
flatfish to solve above mentioned problems. The proposed 
algorithm involves morphological image processing to 
filter the side fins of the flatfish, edge pattern matching to 
detect the tip point of the flatfish’s jaw and the flatfish’s 
CP point, and edge detection to determine the length of 
widths of the flatfish and the tip point of the flatfish’s tail. 
In the proposed algorithm, the TL of the flatfish is 
estimated by measuring the length of a central line with 
only connected three points the tip point of the flatfish’s 
jaw, the CP point of the flatfish, and the tip point of the 
flatfish’s tail in any orientation or deformation. This works 
because a central bone of the flatfish is not easily deformed. 
The BW of a flatfish can also be estimated as the length of 
the largest width measured by means of edge point 
detection on an image of the flatfish from which its side 
fins have been removed by means of morphological image 
processing. Thus, the proposed measurement algorithm can 
be simpler and more effective than the previously proposed 
algorithms. 

The performance of the proposed algorithm was 
demonstrated in various experiments on straightened flatfish, 
flatfish loaded with a random orientation, flatfish with a 
deformed tail, and flatfish of various sizes. Significantly, 
the proposed algorithm exhibited a low error of 0.2% in 
tests studying TL and BW measurements versus various 
sizes of flatfish. In addition, the proposed VAMS can 
measure the M of the flatfish in the final phase. 

It is important to note that morphometric characteristics 
of the flatfish must be checked to minimize the measurement 
error. In addition, technical improvements in hardware and 

 

Fig. 12. TL measurement versus the extent of the defor-
mation of the flatfish’s tail. 

 

 

Fig. 13. Errors in TL and BW measurements for various 
sizes of flatfish. 
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image processing software in recent years help the 
proposed algorithm to outperform the previously proposed 
algorithm. It should also be noted that, as far as the 
minimization of measurement errors are concerned, the 
selection of the CCD camera and lens is very important. 
This is because a realistic model for a photo camera or a 
video camera must take into account non-linear distortion 
introduced by the lens, especially when dealing with short 
focal lengths or a low-cost device. The distortion mainly 
appears near the edge of the image sensor (such as a CCD). 
Therefore, a wrong choice of CCD and lens may result in 
image distortion, thereby resulting in large errors in TL and 
BW measurements of the flatfish. To avoid this problem, a 
lens with a long focal length of 25 mm for a CCD size of 
2/3 inches was used with a camera CCD sensor size 1/2 an 
inch smaller. This made it possible to eliminate the 
distortion at the edge of an image. However, the camera 
may be mounted at a high position to obtain a sufficient 
image of the target within the CCD size, due to the large 
focal length. Thus, in the proposed VAMS, the CCD 
camera with lens was installed at a height of 1 m to capture 
images of flatfish with a TL of up to 500 mm. The throughput 
of the proposed VAMS for non-contact measurement of 
morphometric characteristics of flatfish is up to 900 fishes 
per hour (tack time: about 4s). Here, image processing time, 
feeding time of the conveyor belt (length: 2m), stabilization 
time of the load cell are below 100ms, 2.35s and 1.55s, 
respectively. Thus, measuring time of the morphometric 
characteristics of flatfish is mostly limited by feeding time 
of the conveyor and stabilization time of the load cell. If a 
faster conveyor belt and load cell minimizing stabilization 
were to be used, a higher throughput would be achieved.  

Presently, we have developed an optimal algorithm for 
measuring the morphometric characteristics of flatfish as 
part of a database management system for fishery resources 
management. The algorithm has been validated and 
standardized by conducting several experiments and by 
analyzing the morphometric characteristics of various fish 
species. The development of a database management 
system that stores the VAMS measurable morphometric 
characteristics of various fish species will be useful to 
many researchers in the field of fisheries as well as to 
clients who require monthly or annual statistical data on 
fisheries resources. Furthermore, this VAMS can be adopted 
to investigate the maturity of fish in an aquafarm. 

 
 

4. Conclusion 

 
In this study, a VAMS for the measurement of 

morphometric characteristics of flatfish based on vision 
system has been developed as part of a database 
management system for fishery resources management. 
The proposed measurement algorithm works effectively 
under various measurement conditions. In particular, it 
works for straightened flatfish, flatfish loaded at a random 

orientation, flatfish with a deformed tail, and flatfish of 
various sizes.  

In experiments, the maximum errors in TL and BW (TLA: 
267 mm, BWA: 141 mm) measurement were 0.3 mm and 
0.4 mm, respectively, in the case of straightened flatfish. In 
the case of randomly oriented flatfish, the errors in TL 
measurement ranged from −0.054 mm to 0.07 mm, and the 
errors in BW measurement ranged from −0.445 mm to 
0.622 mm. Further, the maximum error in TL measurement 
was 0.87 mm in the case of flatfish with deformed tails, 
and the maximum errors in both TL and BW measurement 
were about 0.2% in the case of flatfish of various sizes. 
The throughput of the proposed VAMS is up to 900 fishes 
per hour. Finally, the proposed VAMS can measure 
morphometric characteristics of flatfish with a TL of up to 
500 mm. 

 
 

Acknowledgements 
 
This study was funded by the National Fisheries 

Research and Development Institute (Grant No. RP-2013-
FE-025). 

 
 
 

References 
 

[1] B. K. Kang, S. D. Kim, J. S. LEE, “Magnetic flux 
sensor for control of thick steel plates,” Sensors and 
Actuators, Vol. 65, pp. 203-208, 1998. 

[2]  K. H. Park, D. E. Kim, S. H. Jeong, B.K Kang, 
“Laminated magnetic flux sensor for thick-steel-plate 
control,” IEEE Transactions on Industrial Elec-

tronics, Vol. 50, pp.379-383, 2003. 
[3] S. Dixon, C. Edwards, S. Palmer, “High accuracy 

non-contact ultrasonic thickness gauging of aluminium 
sheet using electromagnetic acoustic transducers,” 
Ultrasonics, Vol. 39, pp. 445-453, 2001. 

[4] J. Cherng, X. Chen, V. Peng, “Application of acoustic 
metrology for detection of plate thickness change,” 
Measurement Vol. 18, pp. 207-14, 1996. 

[5] R. Hansen, “A compact ESPI system for displace-
ment measurements of specular reflecting or optical 
rough surfaces,” Optics and Lasers in Engineering, 
Vol. 41, pp. 73-80, 2004. 

[6] D. Sastikumar, D. Gobi, B. Renganathan “Deter-
mination of the thickness of a transparent plate using 
a reflective fiber optic displacement sensor,” Optics 
& Laser Technology, Vol. 42, pp. 911-917, 2010. 

[7]  H. Wagner, C. Scjmidt, J. Rudek, “Distinction between 
species of sea fish,” Lebensmittelindustrie, Vol. 34, 
pp. 20-23, 1987. 

[8]  N. Strachan, P. Nesvabda, A. Allen, “Fish species 
recognition by shape analysis of images,” Pattern 
Recognition, Vol. 23, pp. 539-544, 1990. 



Seong-Jae Jeong, Yong-Su Yang, Kyounghoon Lee, Jun-Gu Kang and Dong-Gil Lee 

 1201 

[9]  B. Gümüş, M. Balaban, M. Ünlüsayın, “Machine 
vision application to Aquatic Foods: A review,” 
Turkish Journal of Fisheries and Aquatic Sciences, 
Vol. 11, pp. 171-181, 2011. 

[10] R. Dunbrack, “In situ measurement of fish body 
length using perspective-based remote stereo-video,” 
Fisheries Research, Vol. 82, pp. 327-331, 2006, 

[11] J. Pippy, “Use ultraviolet light to find parasitic 
nematodes,” J. Fish. Res. Board Can. Vol. 27, pp. 963-
965, 1970. 

[12]  P. Jensen, S. Huss, Sigsgaard H, “Fluorescence of 
fish bone,” J. Food Prot. Vol. 48, pp. 393-396, 1985. 

[13] B. Zion, A. Shklyar, I. Karplus, “Sorting fish by 
computer vision,” Computers and Electronics in 

Agriculture, Vol. 23, pp. 175-187, 1990. 
[14] M. Y. Ibrahim, J. Wang, “Mechatronics application to 

fish sorting part 1: fish size identification,” IEEE 
International Symposium on Industrial Electronics 

(ISIE 2009) pp. 1978-1983, 2009. 
[15] B. Zion, V. Alchanatis, V. Ostrovsky, A. Barki. I. 

Karplus “Classification of guppies’(Poecilia reticulate) 
gender by computer vision,” Aquacultural Engineering 
Vol. 38, pp. 97-104, 2008. 

[16] I. Tayama I, M. Shimdate, N. Kubuta, Y. Nomura, 
“Application of optical sensor for fish sorting,” Reito 
(Tokyo) Refrigeration Vol. 57, pp. 1146-1150, 1982. 

[17] N. Strachan, “Length measurement of fish by 
computer vision,” Computers and Electronics in 

Agriculture Vol. 8, pp. 93-104, 1993. 
[18] D. G. Lee, Y. S. Yang, SH Kim, J. H. Choi, “A study 

on system for measuring morphometric character-
istics of fish using morphological image processing,” 
J. Kor. Soc. Fish. Tech, Vol. 48, pp. 469-478, 2012. 

[19] D. J. White, C. Svellingen, N. Strachan, “Automated 
measurement of species and length of fish by 
computer vision,” Fisheries Research, Vol. 80, pp. 
203-210, 2006. 

[20] R. Gonzalez, R. Woods 2007 Digital Image Processing 
(Upper Saddle Rever, NJ, USA : Prentice Hall). 

 
 

Seong-Jae Jeong received Ph.D. de-
gree in Naval Architecture and Maritime 
Engineering from Berlin University of 
Technology in Germany in year 2003, 
respectively. He has been a senior 
researcher in NFRDI (National Fisheries 
Research & Development Institute), 
Busan, Korea. His research interest is 

the inshore and offshore aquaculture fish cage design. 

Yong-Su Yang received his Ph.D. 
degree in Fishery Engineering from 
Jeju National University in 2000. has 
been a senior researcher in NFRDI 
(National Fisheries Research & De-
velopment Institute), Busan, Korea. 
His research interest is the fishing gear 
design, and underwater acoustics. 

 
 

Kyounghoon Lee received B.S., M.S. 
degree from Pukyong National Uni-
versity in 1998 and 2000, and Ph.D. 
degree in Marine Environment and 
Resources from Hokkaido University 
in 2005. He has been a senior researcher 
in NFRDI, Busan, Korea. His research 
interests are fisheries acoustics, GHG 

reduction and instrumentation. 
 
 

Jun-Gu Kang received his B.E. degree 
from Kunkuk University, Korea, in 
2006. He is currently master′s de-gree 
at Pusan National University, Busan, 
Korea. His research interests are in the 
field of vision algorithm and automatic 
control system design, robotics. 

 

 

Dong-Gil Lee received B.S., M.S. and 
Ph.D. degree in Electrical Engineering 
from Pusan National University in 
2008, 2010 and 2013, respectively. He 
has been a senior researcher in NFRDI, 
Busan, Korea. His research interests are 
in the field of vision algorithm, machine 
vision, automatic control system design, 

circuit design, and robotics. 


