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PROJECT OF A COMPUTER SYSTEM SUPPORTING EXTRACTION OF THE
CHARACTERISTICS OF PORK HALF-CARCASES

Summary

In this paper it has been described a computeresysor the processing and analysis of two-dimeradidigital images of
evaluated pork half-carcasses. The AOPW (pol. Zndlbrazu Poéttusz Wieprzowych) image analysis systas created
in C#, in Visual Studio 2015, using the AForge.NibBfary. The development of the application wasceded by a re-
guirement analysis, according to the software eegimg procedures. Documentation in the form of Udllhgrams was
developed in Microsoft Visio. The AOPW applicatisnused to analyze and extract the characteristitgpork half-

carcasses contained in two-dimensional digital iem@cquired during the slaughtering process of pide application
may be a part of a new method for evaluating aadsifying pig carcasses according to the applicabBlEROP classifica-
tion. The developed system was divided into twoumeedthe first for processing and filtering imagmabling e.g. edge
and shape detection, sharpening and image binaozailhe second allows for image analysis and aitjon of charac-

teristics of pork half-carcasses - descriptors. Tinesented work was created within the researcheptoof National Re-

search and Development Center PBS3/B8/26/2015.

Key words pork half-carcasses, evaluation of meatinesseebgystem

PROJEKT SYSTEMU INFORMATYCZNEGO WSPOMAGAJ ACEGO EKSTRAKCJE CECH
CHARAKTERYSTYCZNYCH POLTUSZY WIEPRZOWEJ

Streszczenie

W pracy zaprezentowano autorski system informayyskegcy przetwarzaniu i analizie dwuwymiarowych obrazdvo-
wych, poddawanych ocenie poéttusz wieprzowych. Bysteazwie Analiza Obrazu Péttusz Wieprzowych (ADRWStat
wytworzony wgzyku C#, w pakiecie Visual Studio 2015zyciem biblioteki AForge.NET. Opracowanie aplikagjistato
poprzedzone analizwymaga, zgodnie z proceduramizynierii oprogramowania. Powstata na tym etapie dokmtacja
w postaci diagraméw UML zostata przygotowana w paoge Microsoft Visio. Aplikacja AOPW sludo analizy i eks-
trakcji cech charakterystycznych pottusz wieprzdwyawartych na dwuwymiarowych obrazach cyfrowyatypkanych w
trakcie procesu uboju trzody chlewnej. Aplikacjazengtanowd element nowej metody oceny i klasyfikacji potwez
przowych wedtug obowzujcej klasyfikacji EUROP. Opracowany system zostdizpgdony na dwa moduly: pierwszy prze-
twarzapcy i filtrujgcy obraz, umdiwiajgcy m.in. wykrywanie kraadzi i ksztattéw, wyostrzanie oraz binaryzaoprazu;
drugi pozwalagcy na analiz obrazu i pozyskanie cech charakterystycznych krg@®row. Przedstawiona praca powstata
w ramach projektu badawczego Narodowego CentrunaBaiRozwoju PBS3/B8/26/2015.

Stowa kluczowepéttusze wieprzowe, ocenadsnasci, system ekspertowy

1. Introduction

The pork carcass classification has been in fordeo-
land since accession to the structures of the Eaopn-

Given the need to conduct frequent studies on tineect-
ness of the verification of the meatiness of pigcases and
the rapid technological development, we startedkwam
alternative methods of evaluating meat. In sohgfagsifi-

ion. Since 2004 the EUROP system has been in effeatation problems, artificial intelligence methodsAatficial

which covers all slaughterhouses whose slaughtesesis
10 400 units a year [1]. This system determinesatag in
which the measurements should be carried out audsaits
the classes describing the percentage of lean meide
carcass. To evaluate this value, tools called ohwéters
and regression equations are used, developeddandads
of individual members of EU, dedicated to spedaifiodels
of choirometers. In Poland, the approved meat asserst
tools are:CGM, IM-03, Fat-O-Meat'er |l and UltraFom

Neural Networks(ANN) are commonly used [4]. Thus,
when looking for an alternative way of evaluating@ati-
ness, neural modelling methods were considerethdnn-
stitute of Biosystems Engineering at the Poznarvélsity
of Life Sciences, they are one of the main instnot:idor
solving research problem8&NN are successful, for exam-
ple, for predicting the price of wheat [5] or ewaing mar-
bled meat [6]. With very high accuracy, they ardeato
classify data and objects, often far superior tman capa-

300 [2]. The regression equations are variable andr thebilities [7].

verification is necessary due to the unstable aheristics
of the slaughter value of the fattening pigs [3].
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In neural image analysis, it is important to haade-
quate images and software to extract the charatiteriof
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the examined objects. It is often sufficient foasdification
purposes to obtain information about the colouaonfob-
ject, its colour saturation or luminance. Howevarmany
cases, other parameters of the image are justastamt. It

pose, theMicrosoft tool — Visio was used. Mentioned dia-
gram of the components of the system (classesisfiet
methods), as well as use case diagram and aatiidggram
were prepared in this tool.

has been assumed that for objects such as pork half The prepared application model has allowed ta shar

carcasses, the size of the essential parts ofithengy be
significant.

As part of the work, it was planned to developo#-s
ware that would enable to create a learning seictwh
would be used in the next part of the researchrédyre a
classification neural model for assessing the mea$ of
pork half-carcasses.

2. The purpose of the work

The purpose of the work was to produce a comput
program that analyzes two-dimensional images of- hal

development of the system. For this purpose, \tfeial
Studio 2015development environment has been used. The
entire application and software functionality haseib pre-
pared in it. TheAOPWsystem was developed in a technol-
ogy dedicated toNET Framework Windows Formsn C#
programming language [8]. An externAForge.NET Ii-
brary was used also among others for implementimge
processing functions [9].

e¢' Application description

The AOPW program consists of two basic modules. In

carcasses of pork. The analysis of these imagesldsho the image processing module, such functionsdag detec-

serve to capture the characteristics of the exainigects,
which will be collected then in a result file calléhe learn-
ing set. This collection should be prepared in sachay
that it can be implemented in the artificial neunatwork
simulator. As a result, a classification neural elddr de-
scribing the relationship between the characterisitures
of the image of pork half-carcases and the meaginéshe
examined objects should be developed.

3. Methodology

The assumption concerning the application disclgse
this work envisaged the use of two-dimensional iesagf
half-carcass pork in it. Capturing these imagemdustrial
conditions would require a camera, bright screan would
allow for automatic separation of the background ade-
quate lighting. In this paper, photographs wereduaad
these required manual separation of the backgrdrord
the examined object. These images were then seitfteto
created application, where, after analysis of thage, a set
of learning data was created.

An application for image analysis of pork half-casses
(pol. Analiza Obrazu Péltusz Wieprzowych - AOPWAS
developed in accordance with the principles ofvgalfe en-
gineering. A set of diagrams of the application elodere
prepared, and then a suitable computer programdessesl-

tion, sharpening morphologicaloperationsor binarization
are included [10]. They are important because efghr-
pose of the input images. There are two main fonstin
the analysis moduleautomatic measurememrind manual
measurementThe program also includes a test module to
create a neural network model to assess the meatii¢he
examined objects. This model is proposed by thgnara
based on the learning data which are obtained gluthie
analysis phase of the image. At this stage of apfitin de-
velopment, it is not a fully functional module, htitade-
quately demonstrates the possibility of solving pheblem
of evaluation of meatiness of pork carcass on #shof
neural image analysis. The scheme of operatiohepto-
gram, and thus the process of evaluation of mesgjnis
shown in figure 1.

The AOPWmain window (figure 2) contains a number
of controls that allow the user to interact witle fprogram.
The top bar of the application contains a conteshucon-
sisting of theFile tab, which offers file-handling features, a
Button for activating themanual measurementf the pa-
rameters function, and amage-processingab. Below, on
the left side of the window, RictureBoxcontrol is pro-
vided to display the image opened by the user. ridtg
side of the application view is occupied by grogpson-
trols that display information about the image peeters.

oped. TheUML modelling phase began with the formationThere are also buttons for undoing made changet-

of functional requirements for the system. It camdaall the
functions that may be useful in the processing aadral
image analysis of pork half-carcasses. The nept\stes to
prepare a class diagram describing the componéritseo
system and the relationships between them. For pihis

matic parameter measuremeand data export to the learn-
ing set.

A DataGridViewcontrol is below- it displays the data con-
tained in the software database, and also ther8 hrgtons
that support operations on that data.

Fig. 1. Scheme of the operation of tW®@PWapplication
Rys. 1. Schemat dziatania aplikacji AOPW
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AOPW

File  Manual parameter measurment  Proessing

General information
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Visualization of the histogram

Undo
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parameter
measument

View database content

Fig. 2. Main window of th&OPWapplication
Rys. 2. Okno gtéwne aplikacji AOPW
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Transfer to analyze
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Fig. 3. Built-in image browser
Rys. 3. Wbudowana przegdhrka plikéw graficznych
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The program starts with loading the image of thekp
half-carcass. User can do this in two ways: usifitpasys-
tem viewer underOpen button in File tab, or using a
browser built into an application that providesoamwenient
view of the selected image (figure 3). No matteioliway
the user chooses, the selected image will go tdPitteire-
Box in the main window. At the same time, the algarith
calculates basic image parameters such as hegygthl
and resolution, and additional parameters for ikgram
of grayscale image such as its maximum, minimuner-av
age, median, and standard deviation value. In iadglithe
calculated values are visualized in a speciallypared
window on the graph implemented by M&Chartlibrary.

When user opens the image, he has the opporttmity
use all the features that are included in the apfitin. Ac-
cess to functions such aslge detectignhistogram align-
ment sharpening and binarization are available from the
contextual drop-dowrProcessingmenu. All of the afore-
mentioned functions have been implemented in tbgram
to allow for the best possible interpretation of thisplayed
image during its analysis. For example, using oh¢he
four available edge detection methods, user camghtie
image into a form where finding the edges of thecHjx
parts of the pork carcass will be much easier.nilar task
will perform the binarization function (figure 4). A new
open window with an image and slider will allow vse
dynamically preview changes, and clicking the bugbthe
bottom of this window will move the modified imagethe
main view.

The image, whether it was processed by the built-i
processing functions or not, can then be analyZdu:
analysis functions perform measurements on the émbige
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user has access to manual and automatic measureptient.

By selecting a manual measurement of parametezs/avn-

dow will open, in which an image from the main vamdwill

be displayed (figure 5). In addition, the manuabsweements
view includes: a field for displaying instructiof perform-

ing measurements, fields for storing values forseghent
measurements, and buttons for starting functiortekeofneas-
urement information and saving measurements. Hawbee
fore the above described window opens, the usetohester
the value that in the program algorithm will mai€hpixels in
millimeters. This value will depend on factors sashthe dis-
tance from which the image acquisition process tdake, or
the focal length of the camera lens. The user meamnt
process can be performed by dragging measuringisem

the image. This section is then measured by thgramo algo-
rithm, and the value is displayed in the contrdteAcomplet-
ing all the measurements provided by the prograenapplica-
tion will inform user about it and then preventtifiar drawing
of the sections. Then the user has the abilityatester the re-

Binaryzation -

File  Manual parameter measurment  Proessing

Corfim

Cancel

ceived data to the application memory and therhérhain
window, export them to the software database wigtEkport
databutton.

Similar to the function described above, is thection
of automatic parameter measuremelbfprovides a window
where user can use controls like:

« DataGridView- which gets the values measured by the
parameter measurement algorithm,

« TextBox- in which user will enter data

« Button- used to start the function of saving selected in
formation and cancel.

The automatic measurement process is includeten t
algorithm that segments the image of the pork battass
and then measures the length of each segment. drhben
of segments is entered by the user. The algorittoviges
the possibility to save individual measured paranmseby
entering the corresponding numbers in the bottdincta-
ner (figure 6).

Gneral information
Height 832
Widh 268
236376
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Visuslization of the histogram

Unda
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parameter

measument

Resolution:
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Mean value 228599129
254000000

32013228 B

Median value:

Standard deviation:

View database content

Source: own work Zrdto: opracowanie wiasne

Fig. 4. Binaryzation window and main window aft@ipsying the edge detection method
Rys. 4. Okno binaryzacji oraz okno gtéwne po zastasiu metody wykrywania kradzi

End of measurement for the selected half carcass

Show information about measumert

Measured parameters [mm]

= 3 763,641 4 793,769 7. 553,433
Z 883212 5: 388.267 8 628462
3 794 505 6 345951

Hold the Right Mouse Button at the point that will start the measurement 628,462 522 452 [mim]

| S |

Source: own work Zrodio: opracowanie wasne

Fig. 5.Manual parameters measuremavindow and information dialog box after the measoents
Rys. 5. Oknogcznych pomiaréw oraz okno informag o zakéczonych pomiarach
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Automatic parameter measurments

Parametr 1 Parametr 2 Parametr 2 Parametr 4 Parametr & Parametr & Parametr 7 Parametr »
> 72,280 100,080 100,080 155,680 172,360 177.920 189,040 200,160
* v
£ >
Parameters to transfer
Save measurments Cancel

Fig. 6. Automatic parameter measurements window
Rys. 6. Okno pomiaréw automatycznych

The application, as previously mentioned, has hpgen
vided with a software database. This databasé.issufile,
which can also be used as a training set foSIH&TISTICA
Artificial Neural Networks simulator. Its contentan be
displayed directly in the program, using thataGridView
control (DGV) in the main view and the buttdfiew data-

Source: own work Zrodlo: opracowanie wlasne

« Button - that is responsible for starting and stopping

learning, displaying a diagram, testing, and rasgtt

« DataGridView- in which will be displayed data trans-

ferred from the master view.

Software Atrtificial Neural Networks are taught tre

base contentin addition, the application allows user to pasis of the data contained in the database. Userset

manage the contents of this file. Thus, if the 'ssereas-
urements do not meet his expectations, he cantsiiec
corresponding line iIDGV and press thBeletekey on the
keyboard to delete the selected item. The progratabadse
file can also be saved to a new file, which carekgorted
out of the program. That file then can be usedha t
STATISTICApackage.

Attempts to meet the requirements of the assumgid
work decided to produce a test neural module, whichld
eventually become a fully functional complementthe
program. The user can start the Artificial Neuraitiorks
(ANN) module by selecting the buttdmansfer data to the

values such akearning rate sigmoidal alpha valueor the
number of iterationsand then run the learning process.
will be visualized on the graph and progress bad the
iteration and error value assigned to the curreté svill be
displayed in the text fields. The completed leagnimocess
provides the neural model and the ability to perfar test
based on the set seen in the lower right cornéineobcreen
(figure 7). This test is run by selecting a spedifem from
the DGV control, and then clicking th&est button. This
results in a dialog box with information about thgality of
the half carcass.

Evaluation of the correct functioning of the emtsys-

neural network It becomes active only after viewing the tem will be possible only after obtaining a large sf input

data collected during the analysis. When AN function
is activated, a new window is open containing thiefving
controls:

data. This collection should consist of images iolet un-
der equal lighting conditions and present thgted objects
in such a way that they can be automatically sepdfaom

» Chart - which will visualize the progress of network the background. After obtaining such a set, it Wwél possi-

learning,

ble to fully validate and test the producsaftware, and to

e TextBox- in which will be introduced the basic data develop in particular focusing on the improvemehtte

about the behavior of the network,

Neura

artificial neural network module.

0

1] 50 100 150
Leaming settings Current lteration arayMin arayMedian ol
Leaming rate: lteration: |15‘1 | » [ D [ 231,608559 . 2!
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>

Source: own work Zrodio: opracowanie wiasne

Fig. 7. Artificial Neural Network window during tHearning process
Rys. 7. Okno Sztucznych Sieci Neuronowych podozessp uczenia
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5. Summary [2]

The paper presents the authdx®PW system for the
processing and analysis of pig half-carcases, wtiask
consists in extracting the characteristics of thbsdf-
carcases and to generate a learning set for cotisfyuneu-
ral models to evaluate the meatiness of the examite
jects. It includes processing and image analysidules, as
well as an experimental Artificial Neural Networlodule,
which will allow future development of a softwareural
model to assess the meatiness of carcasses omgsleds
the collected training set.

(3]

(4]

[5]
6. Conclusions

1. The createdAOPWprogram allows to analyze and ex-
tract the characteristics of pork half-carcassed axport
the acquired data to files that meet the requirésnefithe
STATISTICAearning sets.

2. The AOPWapplication may lead to the development of
studies on alternative meat assessment methods

3. The AOPWsystem can help to reduce the cost of indusl’]
trial image analysis use in the meatiness evalngtiocess

(6]
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