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This study aimed to develop an algorithm to determine the optimal injection position in olive flounder,

Paralichthys olivaceus when a vaccine is injected into the fish by using a vision-based automatic equipment measruing

the total length (TL), width and weight of the fish. Over a S-month period, 500 olive flounders were examined to

analyze the relation of the fish size and to the shape and location of its abdomen, using radiography, a ruler plate

and scale. There were significant correlations between the TL and the shape and location of the abdomen. The
abdomen was located 0.232TL — 2.7221 mm (R* = 0.8787) from the end of the mouth of the fish. The height and
width of the abdomen in the fish were 0.1292TL + 1.8768 mm (R” = 0.7935) and 0.183TL-5.9791 mm (R = 0.8641),
respectively. The injection point in the abdominal region avoiding organs was determined by calculating the center
of gravity of the abdomen volume. This can be expressed as g (0.2759TL — 2.0965, 0.1295TL — 4.2325) on the basis

of TL line coordinates. The injection point by the expressed coordinates had errors for the x and y axes as 12.15

mm and 828 mm, respectively. These were enough to use the algorithm to injection for the equipment. This

automated method to determine the position of any part in the fish can also be used for other purposes, for example,

intramuscular injection or auto-tagging of fish.

Key words . Automatic Injection, Olive Flounder Culture, Abdomen Injection Position

In 2012, the production of olive flounders in Korea
reached 39,371 tons, which accounted for 56% of all
aquatic fish products in Korea. These fish receive
government-supported vaccinations more than once
during culture to protect against the development of

diseases. In general, each fish is vaccinated manually

tCorresponding author: Bongjin Cha
Tel: +82 517202581; Fax: +82 517202586
E-mail address: holdu@korea kr

by experts but there are concerns on its effectiveness
although it has been a convenient way of vaccine
administration over the long term. For one thing
vaccinations need to be administered continuously for
several days because experts need to inject 1,000-1,200
fish in 1 h (Ellis, 2002). This increases risk of
occupational hand injuries (O’Neil et al., 2005) and
might affect the outcome of injection.

Plumb and Hanson (2010) and Lee ef al. (2012, 2013)
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developed automated vaccine delivery machines for
salmon and flounder, respectively, and several vaccine
delivery machines are available commercially. However,
it is difficult to find any study of automatically deciding
the injection position in a fish.

Although some studies have suggested which part
of a fish is most suitable for injecting a vaccine (Sylvien
and Eric, 2005; Kim et al., 2011), vaccines are generally
injected into the abdominal region because this area is
softer than the muscles. Experienced persons can easily
determine the site of injection; however, an algorithm
needs to be developed to determine the injection position
when an automatic machine is used. A study (Son, 2006)
has determined the relationship between parameters such
as age, total length, width, and weight of the fish;
however, information regarding the exact location and
shape of the abdominal region of fish is scarce.
Moreover, there is a risk that injection at an incorrect
site might injure organs around the abdominal region.

This study aimed to develop an algorithm to
automatically decide the injection site for olive flounder

by using the machine designed by Lee et al. (2013).

Materials and methods

To determine an injection position that would
minimize injury to organs in the abdominal region, a
picture of the abdominal region drawn by an expert
and For one thing its radiography (X-eye 7000B; SEC
Co., Korea) were overlapped as one picture (Fig. ).
Once a month from May to September 2011, the size
and location of the abdominal region of 100 fish
according to their size were determined after measuring
the total length (TL), weight (W), and width (WL) using

a ruler plate and scale. The radiographic measurements

of the same 100 fish were taken in terms of the length
from the end of the mouth to the abdomen (ML), and
the length (AL) and width (AW) of the abdomen. The
relationships between all the obtained data and the

injection position were used to develop an algorithm.

Fig. 1. Overlapped image of a picture of a dissected abdominal
region and that of a radiograph to determine the location
and internal structure of the abdomen.

ML: Length from the end of a mouth to the abdomen
AL: Length of the abdomen

AW: Width of the abdomen

Results and Discussion

When the abdominal region is divided into 3 equal
parts lengthwise and widthwise as shown in Fig. 2, the
area within the red lines seems to be the best region
to inject a vaccine because this region is devoid of any
organ and a needle can be injected easily since the region
is filled with body fluids and has a thin skin layer.
This area can be distinguished from the other parts
because of the lower height and absence of organs under
the skin. For the machine, the injection site should be
a point for easy manipulation. Therefore, the center
position of the region in the diagram was selected as
the injection site.

Lee et al. (2012) suggested that TL would be
calculated by drawing a line through the center of a
fish by using a vision system. Therefore, ML is located

on TL because ML starts from the end of the mouth
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Fig. 2. The location and shape of the abdominal region in
the fish can be shown using a coordinate obtained using ML
and AW as the x- and y-axes, respectively. In order to generate
an equation for determining the injection site at the abdominal
region, while avoiding injury to organs, an area was marked
by red lines. The point “G” was designated the center of
gravity of the diagram.

and divides the white “1” part of Fig. 2, which is located
on the TL when the abdominal region of the fish is
divided into 3 equal parts lengthwise, into half when
the abdomen is opened and measurements are performed.
When TL is plotted on the x-axis, the coordinates a,
b, ¢, d, and G on the y-axis are expressed as equations
involving ML, AL, and AW as follows.

a (ML, AW/6), b (ML, L.5SAW/3), ¢ (ML+AL/3, 2.5AW/3),
d (ML+2AL/3, 2.5AW/3)

Injection point g(ML+£78.5A—VV)

3 D Eq. (1)

The point can be determined as shown below using
the relationships between ML, AL, AW, and TL by
using the results from Fig. 3. ML, AW and AL were
0.328TL2.7221 (R? 0.879), 0.183TL-0.9791 (R? 0.8641)
and 0.1292TL+1.8768 (R* 0.7935), respectably.

110 y=0.2328x - 2.7221
2 = 0.879;

100 OML AAL OAW

<
y=0.183x - 5.9791

<
R =0.8641
o

¥=0.1202x + 1.8768
A R2=07935

200 240 280 320 360 400 440 480
Total Length(mm)

Fig. 3. ML, AL, and AW have R’ values of 0.8797, 0.7935,
and 0.8641, respectively, on the basis of the total length (TL)
of the fish.

Injection point according to TL
G (0.2759TL - 2.0965, 0.1295TL - 4.2325) Eq. (2)

Figure 4 shows the error values for the coordinate
of the point between the values obtained using radiography
and calculated using Eq. (2). The greatest errors for AL
and AW were 12.15 and 8.28 mm, respectively, and when
these values are used, injury to organs in the abdominal
region can be avoided because the coordinate values of
the errors fall in the red region of Fig. 3.

Equations (3) and (4) show multiple regression lines
(SAS, Enterprise, 2009). The former is calculated using
TL and weight, and the latter using TL, weight, and
width. The accuracy of identifying the injection site can
be increased by using the latter equation that considers
width and weight in addition to TL, which can be measured
automatically by the machine. Injection positions by Eq.
(3) and (4) were more accurate than Eq. (2)’s (show

Figs. 5 and 6). If considerable time and resources are
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Fig. 4. The greatest error at the x- and ycoordinate of the point obtained using Eq. (2) was 12.1 5 and 8.28 mm, respectively,
compared to the actual point obtained using Eq. (1), which was developed on the basis of the information from the radiograph.
These error bars do not exceed the region marked by red lines in Fig. 2.

Gx and Gy are coordinates obtained using Eq. (2); gx and gy are coordinates obtained using Eq. (1)

Difference in the injection point determined using Eq. (2) from that derived using Eq. (1)

not required for computing the weight and width of
the fish by the machine, these equations are better than

the previous Eq. (2) to determine the injection site.

Injection point according to TL and weight
G1(15.03931+0.1797TL+0.0396W,-0.44933+0.10837TL+
0.00875W) Eq. (3)

Injection point according to TL, weight, and width
G2(17.64654+0.12626TL+0.03871W+0.11306 WL,
2.12272+0.05565TL+0.00788W+0.11153WL) Eq. (4)

Even though Lee et al. (2013) studied how to find

the injection position using a vision system, there wasn’t

algorithm to decide the position. This study can be helped
the system because the system can recognize sizes of
the fish and inject into the position which is calculated
this algorithm. These algorithms would also be applied
to other areas, such as automatic radio frequency
identification device (RFID) injection or tag attachment
to muscles, while avoiding injury to organs, in order
to determine the life history of the fish during cultivation
as well as for auto vaccination.

For efficient injection of the vaccine into the fish,
it is necessary to adjust the length of a needle according
to the size of fish and to develop a system that ensures
an injection is administered at the exact site determined

by using an algorithm.
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Fig. 5. The largest errors at the x- and y-axis coordinates for the injection point determined using Eq. (3) were 8.13
and 6.54 mm, respectively, compared to the injection point determined using Eq. (1), which was developed on the basis
of the information from the radiograph. Both injection points are located in the region marked by red lines in Fig. 2.
Gx and Gy are coordinates obtained using Eq. (3); gx and gy are coordinates obtained using Eq. (1)
Difference in the injection points obtained using Egs. (3) and (1)
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Fig. 6. The greatest errors at the x and y coordinates of the injection point determined using Eq. (3) were 7.91 and
6.78 mm, respectively, compared to the injection point determined using Eq. (1), which was developed on the basis
of the radiograph. These points fall in the region marked by red lines in Fig. 2.
Gx and Gy are coordinates determined using Eq. (3); gx and gy are coordinates determined using Eq. (1)
Difference in the injection points determined using Egs. (3) and (1)



64 Bong4in Cha, Mun-gyeong Kwon, Hyun-young Kim, Myoung-ae Park

Acknowledgements

This work was supported by research grants
(RP-2013-AQ-141) from National Fisheries Research &
Development Institute (NFRDI).

References

Ellis, A., 2002. Health and disease in Atlantic salmon farming,
in; Stead, S.M., Laird, L. (Eds.), Handbook of
Salmon Farming. Springer Praxis, Chichester, pp
373-401.

Kim, W.S., Han, J.S., Jang, M.S., Seo, H.G., Park, J.J.,
Kim, S.R., Oh, M.J., 2011. The specific antibody
tesponse of olive flounder Paralichthys olivaceus
to route of antigen administration and change in
environmental condition. J. Fish Pathol. 24 (2),
153-160.

Lee, D.G,, Yang, Y.S., Kim, S.H., Choi, J.H., Kang, J.G.,
Kim, HJ., 2012. A study on system for measuring

morphometric characteristics of fish using

morphological image processing, J. Kor. Soc.Fish.
Tech. 48 (4), 469-478.

Lee, D.G., Cha, B.J, Park, SW., Kwon, M.G, Xu, G.C.,
Kim, H.J., 2013. Development of a vision-based
automatic vaccine injection system for flatfish.
Aquacultural Engineering, 54, 78-84.

O’Neil, A.C., Ismael, T.S., McCann, J., Regan, P.J., 2005.
Fish vaccine injection injuries of the hand. Brit.
J. Plastic Surg. 58, 547-549.

Plumb, J.A., Hanson, L.A., 2010. Health maintenance and
principle microbial diseases of cultured fishes, third
ed. WileyBlackwell, Ames, lowa.

Son, M.H., 2006. Standard manual of olive flounder culture.
NFRDI, SP-3006-AQ-002, P7.

Sylvie, Q., Eric, R., 2005. Fish immunology and vaccination-
Fish vaccination in the AsiaPacific region. Westin

Conference Centre, Bali, Indonesia., 1-30.

Manuscript Received : July 24, 2013
Revised : August 05, 2013
Accepted : August 07, 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


