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System Development for Quality Inspection of Fish Fillet Using Image Processing
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Research Title: “System Development for Quality Inspection of Fish Fillet Using Image Processing”
Researcher: Mr. Apinai Rerkratn
Faculty: Department of Instrumentation and Control Engineering, Faculty of Engineering,

King Mongkut’s Institute of Technology Ladkrabahg.
ABSTRACT

This research project presents system development for quality inspection of fish fillet using image
processing. The proposed system consists of conveyer belt, light source, CCD Camera, electronic circuits,
interface card and computer. The algorithm is used for quality inspection of fish fillet. The clustering is
performed by using K-means techniques. The image segments are used to calculated area of fish fillet and fish
bone. The quality of fish fillet is based on percentage of fish fillet and fish bone area. In experimental with

different shape of fish fillet shown the proposed system can evaluate quality of test fish fillet.

(Keywords) : Quality Inspection, Fish Fillet, Image Processing
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Fish sorting Fillet sorting Worms, Bones Surface defects
(+1cm) (#1cm)
Resolution | 700X500 600X400 700X700 500X500
(Pixels) -
Dynamic range 1000:1 1000:1 110000:1 5000:1
(RMS noise)
Frame rate 300 300 25 25
(Frames/sec)
Spectral 390-770 390-770 UV, X-ray, 390-770
Sensitivity (nm) Infrared

M7 2.2 anusvssnisaaenlaliaazy

Image sensors Non-imaging sensors
(Photodiodes)
Sorting by length and /or weight 12,000 fish/hr 23,000 fish/hr
Sorting by species 7,000 fish/hr Not possible
Sorting by shape for known species 2,000 fish/hr 6,000 fish/hr
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2.3 ms%‘fmm‘lﬁﬁ’mﬁaﬂmﬁmummatu(Lighting setup)
f?Wi"UﬂﬁiTﬂum’lﬁ'ﬁ'uni‘faﬂmﬁﬁmmﬂaauﬁuiuﬂuaaﬁﬂsznauﬁﬁﬁmmniu
msdwgﬂ‘?yuLﬁaﬂmﬁﬁmmﬂaan nﬁeamﬂmsfhagﬂnﬁaﬂaﬂﬁ'ﬁmw‘fmmsﬁ'aqmﬁ'ﬂmﬁi”mn
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1. mssauaesdmunii(Front lighting)

2. MIVALTIMUNGIBack lighting)

3. MIvaudIn L Ins e Y09 Ing(Structured lighting)
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Camera Source

MObject

U7 2.10 tuumsSauasdrumh
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MObject

) @ Light Source
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Camera
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Scattering To Camera
surface on
inside of
Hemisphere
> | Object under
Lamb Examination

0/
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Umbrella with white matt
coating inside

Camera
Lamb with reflector

/_\ Object
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Camera

Matt black L]
(To protect the camera)

/ /L\ ‘ ’ $ Scattered
light

Diffusing
surface
Reflector prevention
~of direct light
Flood lamb-

C > Shiny object Q >
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To camera

A

Light 1 Light 2

Matt black
screen

N\
\

'Q<7;" Specular reflection from light 1

Shiny surface
being examinated

317 2.16 msudTauitesninmssauasmumiisa 3 uuud 1

Camera lens Ring light

Ring light
! Light input
~ * 4
\\:,/
Surface being Camera v
(Inspected shiny) Camera lenses
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Camera Light Source

Llnearly Linearly
polarizing filter polarizing filter

(Easy axis 90) (Easy axis 90)
Objec

39 218 mmnﬂmmmmmnmsﬂﬂummuﬂun'ﬁﬁ 4
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aznouiing

Camera

Half-silvered mirr /
Clrcular collimated light

Object under
examination TN

Circularly
polarrizing filter

Y a

3U9 2.19 msuﬂﬂmﬁnummﬂms%ﬂummuwm 95

vingtuuumsudludoymvesmssauasdnmidng s 557 Idnandaadi 151 aagl
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Criteria Method 1 Method 2 Method 3 Method 4 Method 5
Fig. 2.13 Fig. 2.14 Fig.2.15 | Fig.2.16 | Fig.2.17 | Fig.2.18 Fig. 2.19
Shadow free + + + - - + +
No glinting + + ++ + + + +
Sharp edges + + + + + + +
Parasitic effects +H + - + + - -
Reliability - + + - - - -
Maintenance - + + + - - -
Pricé' 4 + - - N - -

+ = Good, -=Bad
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3.1 nadans1 hlean[19-20]
4 ' < Y a % { ' o
Aauuiman i (Electromagnetic Radiation) (unausiianiiai lidesldenarsly
A a ' v ad oo & A A A A 0 a A '
msinaoun 1y Samend Saaunuur aauing aaululasod aduies Tasaduuaazsiafing1nn
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dnndwaiunduiman thmilousu udduiifissmmennay Tagdaesnmueaduing veq

adumiman Iihawnsauaasldfaglin 3.1

Frequency (v) Per second (s)

3x10° 3x 1012 3 x 1018 3Ix10%0
1 I ] [ i l ! ] ! ' I - l ] j 1 '
Radio TV ~ Micro-- | Infra- Ultra- _ cosmic-
Waves Waves waves  red iolet  XTays | y-fays rays

WA ol AR

l
109 107 104 108
Wavelength (1) f

.L”lllllll

i 108 1010 102 4044
i Meters (m)

700 nm 400 nm
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AR AR

: ' o G
ﬁ § @ %"‘W@ss o bacteria & i a

T baseball mrckness - e water molecule nm -
wavelength 1 1 i X 1 e taw ma, W 1 ! igm 14 1 i

MW 107 0%
Biological
Effect

10“ 10" 10 10“‘, 107 10 10° 107" 10" 1072

i 1
108 10®

10°

q 1 1 1 H A i 1 LR 1 1
Hz) 105 107 1010 10" 102 10 10™ (10'S 106 :

;l

§z
:

E Screaning
TV Broadcagt | Wireless Dits 30,240 TH
54-700 MMz ~2.4GMz

Sources and Uses of
Frequency Bands

“mm wave"”
“sub-mm”

J4R) (1.5T)

63.66 MHz

= Microwave Oven 3 Nfont Vision 7
SmanMetsr i 1040 7 o

i { ? BoneScan
(B
#5245 GHz — R ¢

‘R 140 keV

Ui 3.2 nisszynatFammnamaivan I @ eieg: wivw.davidsuzuki.org

dmiuerssanshhledanionaagd  uedmnimanllihsianilaianuoinauey

v
Tua9 100 - 400 WiTas Teusr@nnsaiaiaagiunaiu 3 s

t!' 1 el

1 4 d '] = ; .
1. UV A $RANNETIAGU 315 — 400 nm-iifugasnnusnauiiindsaumigaveuasyd
° < = a 1 A { A @ { =
annsohinlfiduds s Tonilumadnuaiinaydnduaiiosnnduniuieglndnuuseiaueaiv
< A a A 2
Wi30nBN¥oN1IaI near UV
' A < T 1 o ya o Y =
2. UV B $1A1N190A1280 — 315 nm aziinaanugety aunsomdmmislmilindou
wazlindng i WudumguesmsiiauzFeianis uagulszTomiTumssnmnlsadamiaunaiia

Y <
14 5'mmmiﬂi:qm“lmmammnismﬂu

'
S

3. UV C 39021879081 200 - 280 nm muwamummumgamaawuﬂusﬂ Wusedni
ouas1oas 1Mo 1deenagunss iu Auas lnifins oy (Erythema) n3o waum'a"mﬁu(ccnjunctivitis)

; g "
uasszgnanni sz Tomilumsaiuye lsald

3.2 vaen Iilvuasdanstlleian (Ultra-violet UV Lamp)[20]
‘3 o
dm¥unaea Wi liuasdans1llonn WlagiuiindaduumnnnenaruSimsiied

wanalugili 3.3 8935
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% 100 HPW, MLW
80
60
40
20
200 3130 3655 404.7 600 700 800

3342 3906 4078 Wavelength in nm

% '

gﬂﬁ 3.3 709N V0IMa0A Blacklight Blue HPW & MLW 994 ‘Philips> ¥1@ Short-arc High-pressure

Mercury Discharge Lamp UV radiation 340-380 nm.[20]

Fluorescent lamps for medical treatment

Type Langth D CTap me Ordering number
TUD 1§ W/G3 430 26 G13 24 8222 206 405
“TUDK 30W/03 420 26 8 13 a8 9280 195 003
TV 20 W/03 600 38 13 32 9280 157 003
TL'K 40 W/03 €00 38 G13 48 9280 291 003
T 40W/03 1200 38 G13 80 9280 113 003
TL 20 W, g g G13 41 8222 206 BO7
0w/ G13 34 8222 206 247
L 40 W/12 1200 38 G13 85 8222 206 298
L 100W/12 1800 38 R17d 188 8222 342 279
TU 100 W/0F 1800 38 R4 124 8222342278

Fluorescent lamps for insect traps (wavelength 350-380 nm)

Typr Lengeh Oia. Cap &M Ordering numbsr
TUaw/os 150 13 GS§ 02 9260 000 005 .
TEW, 230 |8 GS a8 $280 005 005 .
T BW/ 290 ¥ G5 o8 9280010005 .
TUTTW/06 230 16 GS 11 8222 206 593
TUD 15 W/05 430 6 G113 |: 9280 248 006
“TL'OK 30 W/05 440 28 G113 pa 9280 195 005
T 20 W05 d 38 G13 ;A 9280035 005 .
“TUK 40W /06 600 38 G13 8 9280 291 005
TL'SOW/05 1200 38 Gi3 60 9280 060 005 .
PLOIW/10 190 G223 22 8222 342105
PL 36 W/09N 420 2G 11 850 8222 342 261

Type Length Oia. Cap Radiavon Ordering number
ACTINIC LAMPS . w
4 y TL' 80 W/05 1500 38 G13 1 9280 083 005
Actinic “TL'/05 and Super Actinic "TL'/03 lamps are highly efficient ;t gsowvcags :(;gg g: gg “3 gg gou
yllrwnoim radiation sources with radiation peaks of 375 nm and 420 nm, LK A/ )i 3 2h 113 o4
P m ‘WWL i Acumm‘l'"l. Imossensili(\:m' «:: many of the diazo
oapers in inting. nic TL"/09 and Cleo lamps emit a highly .
once o il o s~ nfd 330 and 390 nm. This makes the lamps very Fluorescent lamps for suntanning (09 and Cleo)
sffective for the nt of skin di such as psoriasis. Type Length O Cap Radation  Ordering number
They are aiso used for direct pigmentation of the skin, in insect traps and in w
shotochemical processes. TUK 40 W/10R 600 38 G1 68 8222 342 063 _
Itraviolet lamps “TL'/ 10, virtually without UV-B and peak L BOW/ 108 150 £ 81 18 8221 301 034
Longwave ul y , virtually without UV- peaking at -
370 nm, are used for skin treatment and tanning. T = = ai -4 e
TL'/10R lamps have an integrated reflector, which makes it possible to U176 D38/10 1800 38 G1 2 9280 169 010 .
e ok ishyiies B sleciny the ismps closs topéthar D 16 WO W 2 o 30 mosumom
Nowadays, there are PL actinic lamps. T 44 D! N 40 % & 32 8222 206 527
U 36 D25/09N 360 26 G 34 8222 208592 .
PL I8 W/ 420 - 2611 90 8222 342 261
TL' 20 W/09N 600 38 G1 35 9280 035 009
TU 40 W/09N 1200 38 G1 70 9; 009
UVA 40 W 600 38 G1 35 009
UVA 80 W 1500 a8 G1 20 003
UVA 100W 1800 38 G1 26 9260 043 009
UVA 80 W-W 1500 38 G1 19 5280 033 009
UVA 100 W-W 1800 38 G 24 5280 044 009
RUVA 40 W-R 600 38 G1 60 280 045 009
RUVA 80 W-R 1500 38 Gt 16 7 009
RUVA 100 W-R 1800 38 G1 22 009
RUVA 40 W-WR 38 G1 60 009
RUVA 80 W-WR 1500 38 G1 18 9280 048 009
RUVA 100 W-Wh 1800 38 Gt 22 9280 058 009

3U7 3.4 @redranaca I Iiuassansi 1 Teran[20]
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o/ TUIG TL/ fot
Eid fuy TuUm i . UV.ranges; Iighi colours and Infrared in-the
1007 TL08 / visible spectrum’as.per DINEO3TT.7
3 TL/09. =T1L/03
(Igﬂ . -89 ) R I
“rel s ' |
GQ“ - BES!

407
20;
200 f ) 00" 1 800 1400 3000 %(nm)
i - |
‘Spéctral ovprv!e\‘v of spoylal ﬂs_mrescen‘ famps ) | A Re. b
3 . 51_ L, 7801400 5m | 14003000 nm ‘3000 nMHTmm
RES RV RO | S BT T
QV.-. uv-g uv-al| F blue greon. S arenge red i 58 e —
uv Light et |R - - —

gun 35 enummnumﬂlmmaﬂ"lww‘lmmaaamflﬂmamumqq[20]

& [y .
3.3 madszganlduasdansihleaaluauaudisg Zo]
o ° Y o 1 = o

dmsumauewadansthlemanilszgnd 1 Fnuanannisteninalilumsasuas
a ¢ o . { 4 A a a =) Vel o
ANTIZNING (Detection, Inspection and Analysis) (HD99INF 1T UNFUAISNAN TS oude 1T uS I

=1 W X 1 aca °
veuniuld aelduasdansiTeandusiGondt URSoSowas (Fluorescence Effect) 157111197
3

wa o o o aaa

quautainydszgnaduanldnaidszion soufls msTnszdlfisouiewas (Fluorescence
{ o -4 I a
Analysis) Taonaea I 1Fauilssinniissdurila Low-pressure Mercury-vapour Lamp Black
Light %50 Black Light Blue 154 UV-A $29m010013naudsz1na) 360nm. (340-380nm.) dauuas
oA 4 aw o q.9 & 4 Yd oA o

ansiimauiuiidesnaviiliiiuravoinsiseaasigees i Idnui Falumsnagoudag-
qUnsala19qIu91ugAa1MNTSY (ndustrial Material Testing) ARG IWUIARONUANAIATY 92d]
masgIudimuaves  DIN-50010 (Hudafinua Tasasedavesnisinewasdansilrloanun

’q 9 a o dy
Yszgna lHutail

4 Yo P4 .. a ' P

- QAT IMNTTUAING 1991A5 121 09AY5ZNOU (Composition) HAZEITUMA (Nature)yodrui
a a  w o o ' 4 { 1 . . -
Wt lundasusavmeinaudas “lﬁl’f’msnmiaﬂmmﬁauﬁuqﬁuaﬂumu(Inv1s1b1e Stain) LAY

308FNURIA197 (Dry-cleaning Marks) fauaasgaotnalugili 3.6
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- ' ﬁ Y A o « . .
gﬂn 3.6 NNITDYANL au“lummaqmmmam1'lﬂamﬁ : http://catalog.miniscience.com/

a o ' [ 3 a
- mawaﬂnmmmﬁ, A3 d oV (Medicine) INUUFLA IA
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JUn 37

' & .y o .
714 3.7 mmiwenvaiisuilegnuasdansilaTean : htp:/catalogminiscience.com/

A a ' A 3 o Ja a
- iNoWan e Tus U AA(Archacology) 15U MIATINADAAANUTIY, 1uAaLy, NuaTI9ETEY
FINNBUAHINTAIANMUTIN,MIATINININEAY, TINTIZHIT519A199 (Mineralogy) INFINADY F4
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U7 3.8 mmussgenilegnuasdansilaTeran : hitp://catalog. miniscience.com/

v i
- owyine 19dmiuasinmsenien (Blood Stain) 508HIil8(Forge), a1wiinile

. @ [~ < v 1
(Criminology), #3295 v ins1aey saudinmugndssvesaoduudia azenmsd i

3UN 3.9 mwanetiviaiiiegniasoans1 12 Teiaa ; hitp/ndtsupply.com/

< o o a
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4
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a1t 4.1 gamiAvesmindumeSirlagu USB-6009

guamiRveaniadunesiagu USB-6009

Analog inputs Differential = 4 Channels
Single-ended = Channels

Input resolution Differential = 14 bits
Single-ended = 13 bits

Max sample rate 48 kS/s

Input range Differential =420 V2, 210 V, £5V, +4 V, £2.5 V,
+2V+1.25V,+1V

Single-ended =+10 V

Analog outputs A 2
Output resoluti(;n -X 12 bits
Output range 0to+5V
Qutput impedance 50 £2
Qutput current drive 5mA
Digital I/O lines P0.<0..7> 8 lines

P1.<0..3> 4 lines

Direction control Each channel individually programmable as input
or output
Output driver type Each channel individually programmable as

open collector or active drive

Compatibility TTL,LVTTL, CMOS
USB specification USB 2.0 full-speed
USB bus speed _ 12 Mb/s
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Abstract - This paper presents system development for quality
evaluation of fish fillet using image processing. The proposed system
consists of conveyer belt, Ultraviolet (UV) lamp, CCD Camera,
electronic circuits, interface card and computer. K-means clustering
and thresholding techniques are used for quality evaluation of fish
fillet. The image segments are used to calculated area of fish fillet
and fish bone. The quality of fish fillet is based on percentage of fish
fillet and fish bone area. The experimental results show that the
proposed system can evaluate quality of fish fillet.

Index Terms - Quality evaluation, Fish fillet, Fish bone, Image
processing.

1. Introduction

Image processing and computer. vision techniques are
widely used in many industrial applicationsf1-3] such as food
manufacturing,  electronic . manufacturing, -industrial
automation, product inspection, remote sensing etc. For food
industry and food manufacturing, computer vision is use to
quality evaluation of many food product such as grading of
potatoes, classification and quality evaluation of table olives,
quality evaluation of strawberries, citrus fruits, apples and
seafood, quality inspection of poultry carcasses, quality
measurement of cooked meats, quality evaluation of meat cuts
etc.

Fish fillet is a fish which has been cut or sliced away from
the bone by cutting lengthwise along one side of the fish
parallel to the backbone. Frozen fish fillet is importance
product of Thailand. Many countries import frozen fish fillet
from Thailand. The quality of frozen fish fillet is based on
size, weight and freshness. Major problem in many fish fillet
product is remained have bone in side. Many researchers
propose method for bone inspection in fish fillet[4-6]. Jensen
et al. used UV lamp to exposed ultraviolet light about 340 nm
and any fluorescent radiation emitted by fish bone which
intensity is proportional to the amount of bones in the fish
fillet[4]. Yanfang Han and Pengfei Shi presented fish bone
detection based on image preprocessing[5]. Particle Swarm
Clustering and D. Mery et al. presented automated fish bone
detection using X-ray imaging[6]. However the above
mentioned system is very expensive. In this paper presents
low-cost system for quality evaluation of fish fillet using
image processing.

2. The Proposed System

The schematic diagram of proposed low cost system for
quality evaluation of fish fillet using image processing is
shown in Fig.1.

Vislon-System Box

Ultraviolet (UY) Lamp|

CCD Controller
ﬂ Im"r:" m Image Acquisition

Fig.1. low-cost system for quality evaluation of fish fillet using
image processing.

Computer Control

From Fig. 1, the proposed system consists of conveyer
belt, UV lamp, CCD Camera, electronic circuits, interface card
and computer. Conveyer belt uses for transport fish fillet to
inspection box. UV lamp uses to exposed ultraviolet light
about 340 nm to fish fillets sample. Webcam camera employs
for image capture. Computer employs for control system and
image analysis.

A. Image acquisition system

Image acquisition system is used for image capture. A
digital image of fish fillet is captured and stored in the
computer before analysis by proposed algorithm. The image
acquisition system consist of :

1. A webcam camera with 5 megapixels of resolution,
transmission rate 30 fps (WEBCAM OKER Model OE-183)
with USB interface for image capture:



2. DELL INSPIRON N4010 notebook computer system is
used for image stored and image analysis.

3. Two ultraviolet lamps (UV lamps) emit radiation over
the whole UVA part of the spectrum 315-400 nm.

4. A plastic box where the illuminating tubes and the
camera are placed. The interior walls of the box are painted
black to minimize background light.

B. Image analysis

Fish fillet image from the image acquisition system is used
for fish quality evaluation by image analysis. Image analysis is
separate into two parts as shown in Fig. 2. and Fig. 3.

START

Read the image

4

Convert Image from RGB Color
Space to L*a*b* Color Space

]

Classify the Colors in 'a*b*' Space
Using K-Means Clustering

!

Label Every Pixel in the Image Using
the Results from K-MEANS

{

Create Images that Segment the
Image by Color

Fig. 2. Colour segmentation of fish fillet.

START

Read the image : segmented_images

B

Convert RGB image to grayscale

v

Thresholding

'

Measure Area of objects

!

Calculate % Fish bone

END

Fig. 3. Area calculation of fish bone.
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Fig. 2. shows image processing algorithm for color
segmentation of fish fillet. The algorithm is based on K-means
clustering and thresholding technique [1,7-8]. Three classify
images were generated by this algorithm. Segmentation of fish
images are fish fillet, fish flesh and fish bone. The
segmentation images are used to calculate area of fish bone by
algorithm as shown in Fig. 3. The area of fish bone is used to
evaluate quality of fish fillet.

3. Experimental results

To verify the performance of the proposed system, two
fish fillet are used for experiment. Fig. 4 shows fish fillet with
bone for testing the proposed system.

Fig. 4. Fish fillet sample for experiments. Sample I: Fish fillet
with bone.

(a) fish fillet.

(b) fish fillet after thresholding.

Fig. 5. Segmentation images of sample I : fish fillet.
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The Fig. 5~7. show segmentation images of sample I (fish
fillet with fish bone). Fig. 5(a), 6(a) and 7(a) show area of fish
fillet in black color, fish flesh in purple color and fish bone in
white color, respectively. Fig. 5(b), 6(b) and 7(b) show the
images of Fig. 5(a), 6(a) and 7(a) after using thresholding
technique, which can distinguish the image of fish fillet, fish
flesh and fish bone, respectively. The percentage calculation
of fish bone is about 20.23 percent.

Fig. 8. shows fish fillet without bone for testing the
proposed system.

Fig. 8. Fish fillet sample for experiments. Sample II : Fish
fillet without bone.

(b) fish flesh after thresholding.

Fig. 6. Segmentation images of sample I : fish flesh.

(a) fish fillet.

(b) fish fillet after thresholding.

(b) fish bone after thresholding. Fig. 9 Segmentation images of sample II : fish fillet.

Fig. 7. Segmentation images of sample I : fish bone.



(a) fish flesh.

(b) fish flesh after thresholding.

Fig. 10 Segmentation images of sample 11 : fish flesh.

(a) fish bone.

(b) fish bone after thresholding.

Fig. 11 Segmentation images of sample II : fish bone,
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The Fig. 9~11. show segmentation images of sample II
(fish fillet without fish bone). Fig. 9(a), 10(a) and 11(a) show
area of fish fillet in black color, fish flesh in purple color and
fish bone in white color, respectively. Fig. 9(b), 10(b) and
11(b) show the images of Fig. 9(a), 10(a) and 11(a) after using
thresholding technique, which can distinguish the image of fish
fillet, fish flesh and fish bone, respectively. The percentage
calculation of fish bone is about 3.64 percent.

The percentage of fish bone is used to evaluate quality of
fish fillet sample.

4. Conclusion

System development for quality evaluation of fish fillet
using image processing has been detailed in this paper. Results
of some preliminary experiments with fish fillet has been
shown satisfy evaluation of the proposed system. In
experimental results shown the proposed system can evaluate
quality of fish fillet sample by percentage of fish bone.
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