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ABSTRACT

MC2MV: MicroController driven Motion Control and Mhine Vision assisted sorting system
KAZMA, Coskun
Computer Engineering
Thesis Advisor: Asst. Prof. H. RatiGURDAG

September 2009, 55 pages

This thesis had 2 main goals: (i) Implementing &egrating several automation
technologies in a single system, which can be bsedndergrads as a test-bed where
they can modify subsystems and see them in aatienbigger system. (ii) Devising a
methodology for doing the job of a PLC with a C eadnning on a microcontroller.

We had to pick an application to demonstrate thevebWe picked the problem of
“sorting”. Our sorting system is mainly comprisefd2ostructures, namely, a conveyor
belt and an XY-table. As a result of this thesis, wave created a system that is a demo
of several technologies and shows them in intesact©ne other purpose was to show
that it is possible to design & implement an indastautomation system in a university
environment and with limited investment (under $89)Y This thesis has delivered a
test-bed, which serves as a platform where studeats implement their own
subsystems and algorithms in a bigger industripliegtion. Unlike more elaborate and
expensive lab set-ups, students can modify or éxtkis test-bed without the fear of
breaking or damaging it. This is a set-up wherdéudent can practice his/her system
integration capabilities.

On the conveyor belt part of our system, 3 difféetgpes of parts move, namely, tall &
square, short & square, and short & round. Our @gor Belt Subsystem (CBS) sorts
them based on height. Short parts are pushed oartXY-Table Subsystem (XYTS).
Using a machine vision system, parts are sortestjagre or round and are pushed into
2 different bins by the arm of XYTS. Note that CB& XYTS work concurrently.

In short, the system implemented within scope @ thesis is an exercise in system
integration of various industrial automation teclagies such as infrared sensors, PIC

based control, stepper motors/drivers, and machisien. The system we have put



together is not only a solution for a particulagustrial automation problem but also a
training platform for students.

Keywords: Industrial Automation, Infrared Sensors, Machinsivi, Microcontroller,
PIC.



OZET

MC2MV: MikroKontrolorli Hareket Kontrolli ve Yapayd@me destekli aystirma sistemi
KAZMA, Coskun
Bilgisayar Mihendisgi
Tez Dangmani: Yrd. Dog. Dr. H. Fatih GURDAG
Eylil 2009, 55 sayfa

Bu tezin 2 ana hedefi vardi: (i) §#&i otomasyon teknolojilerinin tek bir sistemde
gerceklenmesi & entegrasyonu ve bu sistemin lis@gencilerinin alt-sistemleri
degistirebilecekleri ve daha buyuk bir sistem icingeyaparsekilde gorebilecekleri bir
test-ortami olarak kullaniimasi. (ii) Bir PLC’nigimi bir mikrokontrolor tGizerinde k@n

C kodu ile yapmaya imkan veren bir metodoloji yarai.

Yukaridakileri gostermek igin bir uygulama se¢cmemgerekiyordu. Biz “aygtirma”
problemini sectik. Aygtirma sistemimiz temelde 2 yapidan gwhaktadir: Yuriyen
Bant ve XY-Masasl. Bu tezin sonucu olarak, muhtelinolojilerin gdsterimine imkan
veren ve bunlari beraber gairan bir sistem gerceklderdik. Bir baska amacimiz da, bir
endustriyel otomasyon sisteminin Universite ortataige kisitli yatirnm ($5,000 alti) ile
tasarlanip gerceklenebilegri gostermekti. Bu tez, giencilerin alt-sistemleri ve
yordamlari daha blyuk bir endustriyel uygulamadeirgercekleye-bilecekleri bir test-
ortami Uretmitir. Daha karmgik ve pahali lab diizeneklerinin aksingrénciler bu test-
ortaminda duzerg bozma ve zarar verme korkusu olmadagigklikler ve eklemeler
yapabilirler. Bu, @rencilerin sistem entegrasyonu kabiliyetlerini tedebilecekleri bir

dizenektir.

Sistemimizin yurilyen bant kisminda, 3gg parca hareket etmektedir: Uzun & Kare,
Kisa & Kare ve Kisa & Yuvarlak. Yuriyen Bant Alsgemimiz (CBS) parcalari
boylarina gore awtirir. Kisa parcalar XY-Masasi Alt-sistemine (XYTS)lir. Bir
yapay gorme sistemi kullanarak, parcalar kare weperlak seklinde kategorize edilip
2 farkh kutuya XYTS’in kolu ile itilirler. Not edmelidir ki, CBS ve XYTS ¢ zamanli

olarak calgmaktadirlar.

vi



Kisaca, bu tez cercevesinde gerceldmdiz sistem cgitli endustriyel otomasyon

teknolojilerinin sistem entegrasyonu Uzerine bizargizdir. Bu teknolojiler arasinda
kizilétesi algilayicilar, PIC tabanli kontrol, spep motor/surlcller ve yapay gérme
sayilabilir. Bir araya getirgimiz sistem sadece spesifik bir endustriyel otoroasy

probleminin ¢6zumu dgl, ayni zamandagyenciler i¢in bir gitim platformudur.

Anahtar Kelimeler: Endustriyel Otomasyon, Kizilotesi Sensor, Yapay rEr
Mikrokontroldr, PIC.
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1. INTRODUCTION

Subject of this master’s thesis is a particulausidal automation problem, which is
called “sorting”. Sorting is faced frequently industrial applications. Our set-up
consists of two main mechanical parts. First oreedgsnveyor belt and the second one is
an XY-table.

Our goal in this thesis was to create a test-beddweral technologies. We have shown
that it is possible to design and implement eveéngthfrom scratch in a university
environment and with little financial investmenthi3 test-bed and thesis write-up will
allow students to learn the technologies involveddify them, and see them in action
in a bigger system. This system was a wonderfutagse for us in system integration,
and it will be so for future students. To wrap f, uhis system allowed us to gain
experience in many aspects of industrial automatao it will be so for students who
will use this set-up. Each component of this systam be useful in a different system

or by itself.

In our set-up, the conveyor belt performs the fgstting operation. There are three
types of products. First one is tall and squareoBe one is short and square. Third one
is short and square. The sorting mechanism ondheeyor belt sorts out short products
using a particular combination of infrared sensord pushes them to the XY-table with
a reject arm. On the other hand, the XY-table stestwo types of short products (i.e.,
square and round). By using a vision system, wetelhisquare ones from round ones.
After the vision system makes a decision, sortingarformed by driving steppers. As a
result, squares are pushed into a different bin tha round ones, which are placed at

different spots and next to the XY-table.

According to our performs, there are three difféqmoducts travelling on the conveyor
belt which the first sorting operation (Kazma et2008). Products are moving on the
conveyor belt non-stop, and they are sorted acegrtti their length. On the conveyor
belt, there are three main stations. First stagdior detecting product type. There are
two infrared distance sensors, two of which aregdiavertically placed in station 1

called (Station A). If lower side sensor detectsdject without the upper sensor



detecting anything, software adds a 0 to the FIFGoth detect, then software adds a 1
to the FIFO.

In order to design this master’'s thesis’s assemhlytoCAD drawing program was
used. First of all, we designed the conveyor bedt dY-table on paper. After that, they
were drawn by AutoCAD. The machine shop we worketh yproduced these two

assemblies with the guidance of these technicalidgs. The whole set-up is shown in

Figure 1-1.

Figure 1-1: Complete System

Also, we have used a vision system on the XY-téableroperly sort products according
to their shapes. We had certain requirements ®iXthi-table. So as to prevent cabling
problems, motors that move XY-table’'s sorter arnd k@ be fixed. After doing some
research on the net, a project web page was fouRtbada Institute of Technology.
They designed and implemented several XY-tables.h&e been inspired by one of

those designs while designing our XY-table system.



As we said before, in our system there are maimty mmechanical structures for sorting
products. First one sorts products according tar theight and second one sorts
products according to their shapes. In order tdyaaahe shape of a product, we have
used machine vision techniquesg(idaz & Sena 2005). In order to analyze products
on the XY-table, we have to capture frames of pegtuand send them to a PC to
analyze shape type of the product on the XY-taBtewe have placed a web camera
over the XY-table.

In industrial applications, machine vision is thesncommonly used method for sorting
operations. For example, shipping firms are usi@gmme vision to sort out products to
see where they must be delivered. Also machinewis used for in-vivo fish sorting

applications (Zion, Shklyar & Karplus 2000).

In order to move to XY-table's sorter arm, we hasged stepper motors. Before that,
we used special servo motors and its driver withadion controller in the backdrop.

However, during this work the motion controller gtdamaged. Therefore, we had to
change motors and controllers. We have decidedepper motors because it is easy to
find stepper drivers and stepper motors. Also, wendt need to have highly sensitive

motors, so stepper motors are enough for our XYetab

Also, we have used OpenCV, which is developed gl I€orporation, to analyze
pictures of the sorted products. In order to wf@penCV software, we have used

C#.Net programming language platform.

We have used a PIC (http://ww1.microchip.com 20@8jrocontroller to control the

conveyor belt and XY-table instead of PLC. Advasetad this is that the cost of PIC is
less than PLC. Also, we developed a SW methodofogywriting C code on PIC

microcontrollers (Kazmdleri & Ugurdag 2009).



2. LITERATURE SURVEY

This thesis is a demo of an industrial applicatids.explained, the set-up contains two
main structures, namely, a conveyor belt system amdXY-table system (which
includes a vision system). Conveyor belt system Kivdtable system are used for

sorting.

There are a lot of methods in order to design av@por belt. Designing of conveyor
belt depends on type of products. Low cost anaiefit moving of product and safety

are important factors.

Some methods were developed in order to optiminepeber memory, cost of run time
for microcontroller that is controlling conveyor Ihesafety and efficient moving of
products. In order to optimize these issues sontbadelogies were developed. One of
them is resizing of conveyor’s belt according wesof products. This work was done in
order to decrease size of free spaces in ordeaitoigactive spaces. Other one is that
products are grouped when they are carried by gamvbelt. For example, letter
transportation on conveyor belt. Letters are grodupe group of 100 parts. Also

controlling number of grouped products is anothethrad (Geinzer & Meszaros 1990).

Glass bottles, metal cans, and plastic bottlescallected in a bags and containers in
order to be recycled. These products also loadea twnconveyor belt to be sorted. In
our industrial application, there are three typegroducts on the conveyor belt to be
sorted. As it is understood, all conveyor belt eystis used neither transportation nor
sorting mechanism (KITANI et al. 1999).

There are a lot of studies in the academic wonldstting systems. Some studies have
been done which are two-stage sorting algorithmsthe following paper (Paclik,
Raimund & Duin 2006) four groups of algorithms weleveloped. These algorithms

are:

State-of-the-art algorithms:

o FLD: Fisher linear discriminant directly applied to spal data



o GLDB-FLD: spectra-specific feature extractor (a top-down €ealizer
Local Discriminant Bases algorithm) followed by thieD
o PCA-QDC: Principal Component Analysis (PCA) followed by dtetic
discriminant assuming normal densities (QDC)
0o PCA-3NN : PCA followed by the 3-nearest neighbour rule
o DBC-NN : nearest mean classifier using Spectral Angle MaffpaM)
distance and mean class spectra as prototypes
» Dissimilarity-based approaches
0 SAM-NN: object prototypes, SAM, 1-NN
0 SAM-FLD: object prototypes, SAM, FLD
o DerDist-NN: object prototypes, derivative dissimilarity,1-NN
o DerDist-FLD: object prototypes, derivative dissimilarity,
» Decomposition-based descriptors
0 MOGC: Gaussian mixture model built on original spectra
o PCA-MOGC: PCA dimensionality reduction, followed by MOGC
o mode-SIMCA: for each mode a separate PCA projection and medel
built. The classification is performed based on tleenbination of in-
model Mahalanobis and out-of-model Euclidean disan
o LDA-MOGC: Linear Discriminant Analysis (LDA) on data modes;
MOGC in the resulting low-D subspace.
» Decomposition-based discriminants
0 DMMD: both the sub-problem discriminants and the comiane FLDs
o GLDB-DMMD: for each sub-problem a specific feature representa
is first derived by the GLDB extractor. The FLDused both as the first-

stage classifier and as the combiner.

Another sorting method was developed in China gteoto sort apples. This study has
been done because of huge agricultural area ofaChiecause China is producing 17
million tons apple in a year. Quality of productiohapples is not good owing to not
automated sorting phases. Sorting was done by workbéerefore, weakness of human
beings, workers may miss defected apples, becaasd Imspection can cause eye

fatigue. Therefore, hand inspection is not efficim 17 million tons apples.



In order to solve this problem, engineers neededet@lop a new sorting method. To
sort apples, machine vision techniques were usedt i& predicted, if an apple must be
sorted according to surface defects, then all sartd an apple must be checked. So as
to control the whole surface of an apple at leastdheras are needed. However this
method was increasing cost of vision system, becdusameras mean 4 controllers and

calibration of 4 cameras.

Instead of four camera engineers developed a visietem. According to this system, 2

mirrors and 2 cameras are used as it is shown&@dr (Li, Wang & Gu 2002).

“illumination
chamber

mirror \ mirror
fruit cup

Figure 2-1: Vision System of Apple Sorting

Also, another study on sorting systems is abouingpitems on a moving conveyor
belt. In this work a vision technique is used. Aciiog to this work, two main phases
were used. First step was sensing object that veasnigh on conveyor belt and second
one was gripping object in other word product. Sep®peration was important in
order to detecting and classifying the items. Griggstep was used in order to separate
out object.

In order to sense an object, a CCD camera and tb&sen were used as shown Figure 2-
2. Also fuzzy techniques were used in order totiflethe geometrical description and
center of an item to find its optimal gripping pbifMattone, Campagiorni & Galati
2000).

In order to implement this, researchers developent bwn rules, which:



If, at the current point, thieeightis small then the point does not belong to any
segment (i.e., it belongs to the reference lineiamadlled arexternal poink

If, at the current point, thieeightis significantand theheight stepw.r.t. the last
scanned (adjacent) pointgmall then the point belongs to last detected segment

(i.e., it is aninternal poin).

If, at the current point, thieeightis significantand theheight stepw.r.t. the last
scanned (adjacent) point is alsignificant, then the current point belongs to a

new segment (i.e., it isk@undary point

If, at the current point, thieeightis unddined(we are in a so-calleldole), then
the currenpointis external(in order to avoid that a weak reflection of theela
light is badly interpreted as a boundary, missimfgrimation atvery smallholes
is extrapolated from the adjacent points during dlequisition of the height

profile).

shadow
cone

ne projected

imperfect . ;
on a vertical surface

reflection

Figure 2-2: Vision Camera and Laser Beam



3. OVERALL SYSTEM ARCHITECTURE

Basically, system architectu@ this master’s thesis combines two main mechénica
frames. Those are conveyor belt and XY-table. Batkk simultaneously. Products that
are sorted by conveyor belt are pushed on to XYetabbe sorted. Products are sorted
according to height by conveyor belt. Small oneshed onto XY-table. Also main

structure is shown Figure 3-1. In order to seerad¢d diagram look at Figure 3-3.

Products that are pushed onto XY-table are sorimbrding to their shape. To
understand the shape of product, vision techniguesused. A web camera is placed
over the XY-table. This camera is capturing fraraed sends to personal computer. In
PC there is software that is written in C# .NETtfolan with openCV.

CBS XYTS
(Conveyor Belt System) (XY-Table System)

Product Transfer

Vision System

Figure 3-1: Overall System Diagram

As explained, the system combines two main stresturhose are conveyor belt and
XY-table. Conveyor belt includes 380V AC motor tive the conveyor belt, again 12V

DC motor of windshield wiper to control reject ariwo switches are used to open and
close reject arm that pushes product to XY-tableoAto sort the product, four infrared

distance sensors are used. Two of the four aretosenderstand the height of products,
one of the sensors is used to open reject armasihe is used to close reject arm.
Vertically placed two infrared sensors are useddfine whether this product must be

rejected or not.



Also on the XY-table, there are two stepper motdtwey are used to move XY-table
sorting arm through the vision based sorting meisihanSteppers are moving two rods
that are connected to each other. By this way, ymbdan be easily pushed out from
XY-table according to their shape. Products ardnedsut into two separate bins. This
means that round products are pushed out of ld& sf table, square products are
pushed out of right side of table.

VISION A Microcontroller
{(Runs on PC) L ,-} (XY-Table Controller)

Figure 3-2: Vision System and Microcontroller Integation

To figure out shape of products, with a web camsoae machine vision techniques
are use. According to this methodology, taken frauaie sent to personal computer to
be analyzed. After this analyzing step, shape ofigpet and location information is sent
to microcontroller. After that, according to thisfarmation microcontroller that
controls XY-table’s sort arm makes a decision. éduct is square then arm of XY-
table pushes products to left side of XY-tablesduare then product is right side of

XY-table. Interaction between vision system androgontroller is shown in Figure 3-
2.

SEEEH =

Convey
DnB‘eﬁ or XY-Table
Infrared

pr Control SW Control SW XY-Table
istance |

sensor (Microcontroller) (Microcontroller)

Convevor
Belt

L

| rorTEPN: |

Figure 3-3: Extended Overall System Diagram



4. CONVEYOR SYSTEM

Conveyor belt is a mechanical system that is usaddve products from one location
to another. Conveyor belt is a continuous loopt ikamostly used by almost all

factories that make serial production.

As it is known, conveyor belt system is used fdicafnt transportation of products
from one location to another. Therefore, transpimmeof product becomes faster, easier

and safer. Therefore, it is important to decreast of production.

Aim of conveyor belt that is used in the studyoigransfer material from one location to

another and also it is used to sort products agogtd height and shape products.

There are four infrared distance sensors. Two emtlare located vertically. Lower
sensor detects products means that lower sensgmal goes up. After that, when lower
sensor’s signal goes down, if upper sensor doesleteict any object in other words,
signal of upper sensor does not change, producepasist only in front of lower
sensor. That means the height of product does esathrthe upper sensor. So this

product is a short one.

Other scenario is as follows after detection of dowgensor, if upper sensor detects
product before lower sensor's waveform goes downmeans that, vertically stacked
two sensors, detect, in other words, wave fornwaf $ensors go up at a common time.
So we can say that the length of product is enadiagheach upper sensor. So this

product is tall.
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4.1 CONVEYOR BELT ASSEMBLY

Sensor 1 F -
Sensor 2 Sensor 3 y Sensor 4*
| station s | | stationc |

1 Tall part
B Short part

Figure 4-1: Conveyor Belt System

In master’s thesis, one directional linear speeaveygor belt is used. Used conveyor
belt is produced by a company that is producingistiial machines. Technical drawing
of conveyor belt is designed and drawn and givea toachine shop to produce it as

shown in Figure 4-1.
If we consider specification of conveyor belt:

* Rotation speed: 720 m/hr
* Height: 80 cm

*  With: 50 cm

* Radius: 50cm

* Made of: Steel and Teflon
4.1.1 Reject Mechanism

As it is explained before, conveyor belt that isdign the work is not only transferring
products from one location to another, but it alsoludes a sorting mechanism.
Therefore, there are four infrared distance sensoosder to sort product according to
their length. According to decision of sensors, sash product must be rejected form

conveyor belt to XY-table.

11



According to sensors’ value, reject arm is opemesbtt product. Vertically stacked two
infrared distance sensors identify height of prasludfter that, if one infrared distance
sensor placed on conveyor belt after verticallycgthtwo infrared sensors, generates
pulse. Means that, when any product pass in frérihied infrared sensor, if passed
product is shorter one, then reject arm opens. Whiethinfrared sensor generates pulse
that means product closes to reject arm of convbgtir If product that passes in front
of third infrared sensor is shorter one, reject @nopened. To open reject arm, PIC
microcontroller 16F877A applies pulse to relay gitd¢o drive 12V relays. Also relay
drives 12V windshield wiper’'s motor until arm opexndficiently, microcontroller stops
applying voltage to relay circuit. Microcontroll@rives relay circuit till reject arm
touches switch. After touching switch, microconlgoldecides that reject arm is opened
sufficiently.

To close reject arm, microcontroller waits for alsgufrom fourth infrared distance
sensor. Fourth infrared sensor generates pulse piogluct passes in front of it. Means
of generating pulse of fourth infrared distancessenproduct that must be rejected is
within reject range. Therefore reject arm can bese&ll. To close reject arm,
microcontroller applies pulse to relay circuit tifject arm touches the switch. After
touching the switch, microcontroller decides tha & closed respectively and product

rejected to a new sorting station (XY-table).
4.1.2 Infrared Distance Sensors

In order to identify product type and in order tpea and close reject arm to sort
products that are pushed out from conveyor belarislinfrared distance sensors are
used. Four infrared sensors are used in the whaler. Vertically placed infrared
distance sensors are used in order to identify hibight of product. According to
sensors’ output, microcontroller decides which snghorter and which one is taller.

Microcontroller listening to lower one of the vesdilly stacked sensors that is placed in
low state. When lower sensor generates a pulsepaaintroller starts to listen to upper
infrared distance sensor till lower infrared sensolse waveform goes dawn. If upper

sensor does not generate pulse, while lower irdrdistance sensor is generating pulse
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that means the product that just went by thisskat one. Length of product does not

reach upper side infrared distance sensor.

On the other hand, if upper sensor generates pwlside lower sensor is generating
pulse. In the other words, if product that passefsant of vertically placed sensors is a
tall one, two sensor generate pulse at the sane fiilmen the microcontroller decides
type of product that passes in front of sensoms iall one. Therefore, although third
sensor that is placed to open reject arm when ptotases to reject station produces
pulse, microcontroller does not care that pulsec&i product is a tall one, it is not

rejected.

4.2 CONVEYOR BELT CONTROL SOFTWARE

There are two different softwares developed torobbhe conveyor belt. The software
that is developed first is developed without usiwgtches that are used to stop reject
arm when it is closing and opening. When reject &ochs switch, microcontroller
stops to drive relay. Therefore, opening or closiagtine is stopped by using these

switches.

Second one is developed without switches. In otdestop closing or opening reject
arm, a counter defined. When product pass in freininfrared distance sensors
(http://cnmat.berkeley.edu 2008) counter startsdont and arm starts to open, when
counter reached defined value, counter is set to @ad to open or close reject arm,

driving relay circuit is ended.
4.2.1 Using Switches

In order to control conveyor belt, a methodologydesveloped. According to this

methodology, to open and close reject arm two $wiare used.

After deciding for a product that whether it isa@jed or not, product passing in front of
third infrared distance sensor Station B, if prdduoust be rejected, then
microcontroller applies voltage to relay drive aitctill reject arm touches the switch.
When reject arm touches to the switch, a logic ag#t goes to microcontroller, so

microcontroller stops applying voltage to relaydrtircuit.
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After that, if the last infrared sensor that isqald to understand product is in front of
reject arm produces a logic voltage, microcontratarts to apply logic voltage to other
relay drive circuit to turn off reject arm and pashout the product till reject arm
touches the other switch. Again, when reject amches the other switch that is used to
understand whether reject arm is closed or nadge Ivoltage goes to microcontroller

and microcontroller stops to apply voltage to radaye circuit to close reject arm.

4.2.1.1 Explanation of Developed Software

To develop conveyor belt control software “micrag2 PIC” compiler that is produced
by Mikroelektronika Corporations is used

T.while(1) {

n.)

Figure 4-2: Main Code Block

All code block is written between this infinite vidniloop that is shown iFigure 4-2

Therefore all algorithms infinitely repeat.

while( Adc_Read(0) > 450)
{

PORTC.FO=1;

. flagForNeg=1;

. delay_ms(50);
if(Adc_Read(1)/450>)

valFifo=1;
PORTC.F1=1;
10.}

CoNoOA~WNE
—~

=
'—\
[

Figure 4-3: Station A Code

As explained before, there are two vertically pthaefrared distance sensors. Upper
side sensor is connected to microcontroller's apadoport, which called PORTA.
When a product passes in front of infrared sensar is connected analog port’s first
pin, an analog voltage goes to microcontrollertia Figure 4-3 in line 1, written a
while loop that is thile( Adc_Read(0) > 450" By using a special microC function
“Adc_Read(pin_number) analog port of microcontroller is listened. Whanalog
voltage value that is produced by infrared sensmger than “450”, SW code block
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branches intavhile() loop and SW runs till condition that is value ehsor bigger than
“450” becomes false. During code block wwHile( Adc_Read(0) > 450")loop, if “if”
block condition becomes true at line 6, so vetycplaced upper infrared sensor (that is
vertically upper one) detects a product code bigo&s into if” block and an integer

variable YalFifo” assigns 1“. In Figure 4-3between 6-8 lines SW does this operation.

When product is passing in front of vertically mdcinfrared sensors, condition of
“if(Adc_Read(1)/450> ) is not true while SW runs inwhile()” loop, that means
product is a short one. So value of an integeiabéei‘valFifo” default becomes 0. And

also in line 4, there isdelay_ms(50) to solve the bounce problem.

if(flagForNeg)
{

1

2

3 FiFo[i]=valFifo;
4. i=i+1;

5. flagForNeg=0;
6. valFifo=0;

7. PORTC.F0=0;
8. PORTC.F1=0;
9

Figure 4-4: Product Information Pushed into FIFO

In Figure 4-3, while condition correction becomesetin line 1, at line 4 there is
“flagForNeg=1;" code. After correction of integer variabl#dgForNeg” becomes 1.
Therefore, if vertically placed lower side infrardidtance sensor detects an object code
block waits till Figure 4-4 line 1 code becomeséalTherefore,flagForNeg” becomes
true. After passing product in front of sensordired that While* condition becomes
false and flagForNeg” becomes 1. Therefore SW can understand producegass

front of sensors.

Therefore, in Figure 4-4 line 1 if condition veiifg true and do all operation into the
“if” block. As it is seen line 2, there is an integamy called FIFO[0]” and “valFifo”
constant that is assigned to array. As explainddrbevalue of ValFifo” constant,
changed owing to length of product. When producpassing in front of vertically
placed sensor, upper side sensor does not credte puring lower side sensor
producing pulse, which means passing product isteshone. In this situation, value of

“valFifo” becomes 0. On the other hand, during lower sermoducing pulse
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simultaneously, if upper sensor produces pulseevafuvalFifo” becomes 1. Value of
“valFifo” assigned to array-FO[0]).

During operation, many products can pass in frérdtation 1 called Station A that is
classifying products according to length of thenfobe first classified product it is
arrived to reject station. Therefore, passed prsdutust be stored in orderly. That
means, when first product arrived to reject staiiomust be defined as that will be

rejected or not.

So as to store information about products thapassed in front of sensors, FIFO (First
In First Out) algorithm is used. According to thigorithm, passed product in front of
vertically placed sensors, information about lengthproduct is pushed into a FIFO
named FiFQ[index]” , index is 0 and 1. Also when product arrives gatestation, SW
looks at the FIFO’s top member and decides wheatheitl be rejected or not. If value
of top index of FIFO array is O then reject armofgened and product is rejected, if
value is 1 then product continues its own way. Afduct passes through third station
called Station C, FIFO array will be updated by gpiag member of FIFO array.

1. if(Adc_Read(2) > 450 && flag == 1)
2.

3. flag=0;

4. PORTC.F2=1;

5. if(FiFo[0]==0)

6. {

7 flagforrej=1,

8 PORTC.F5=1,;

9.  while(PORTC.F1==0);
10. PORTC.F5=0;

11.  for(ii=1;ii<30;ii++)

13. FiFol[ii-1]=FiFolii];

}
15.  FiFo[i]=-1;
16. i=i-1;

}
18. else if(FiFo[0]==1)
{
20.  for(ii=1;ii<30;ii++)
o Aq
22.  FiFolii-1]=FiFolii;
}

24.  FiFo[i]=-1;
25. i=i-1;

Figure 4-5: Station B Code
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At Station B, which is also controlled by an infrared distance sensor ectad to
microcontroller's & analog pin, according to product information, cejgrm is opened
to push out product or let it pass. In Figure 4i% 1, if infrared distance sensor
detects an object that means value of microcoetsllanalog port's '3 pin is higher
than 450. When this condition is true then codelloranches intoif” block. In this
“if” block also there is anotheif” block to control whether product that is in StatiB

is shorter one or not. To control it, SW looks #®'s first member. If first value of
FIFO is 0, that means iiif” block at line 5 is true, then to open reject &8V runs &
line PORTC.F5=1; to open reject arm. Therefore, &dlies logic voltage to digital
port of microcontroller's 8 pin and microcontroller drives relay. In orderddve it
current must be higher so by helping relay driveuwt, current have done higher till
reject arm touches the switch. In Figure 4-5 irel® ‘while(PORTC.F1==0);" code
block means that SW waits till reject arm touchingthe switch. When reject arm
touches switch then PORTC.F1 equals 1 and brealts lsbp and do next line. In next
line, software runs code to stop to apply voltaglay drive circuit so as to end reject
arm closing operation PORTC.F5=1; stopping to apgllfage to relay drive circuit.
After that, to control next product, FIFO array mbe updated. To update FIFO array

all member of array is swapped that is shown ifegl-5 between line 11 and line 16.

oo

LOAD
LOGIC 1 = 0N DIODE
LOGIC 0 = OFF RELAY

CONTACT

GHMD —

Figure 4-6: Relay Drive Circuit

If correction of ‘if” at line 5 does not true, then code goes direiilyine 17. Check
correction of 1% line correction. If it is correct, code block gdeso the f” block and
just swap FIFO array as shown in Figure 4-5 betweenl7 and line 26.
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. if(Adc_Read(3) > 450)

PORTC.F4=1,;
delay_ms(350);
PORTC.F3=1;
while(PORTC.F5==0);
PORTC.F3=0;
flagforrej=0;

CoNoArWNE
—~

Figure 4-7: Station C Code

After opening reject arm, to reject product, rej@eh must be closed. In order to reject
product, SW must be sure product is within rejectge or not. To control this station,
there is also an infrared distance sensor. Inddt& station, product is in within range
and ready to be rejected. To control whether prodithin reject range at Figure 4-7
line 1 “if(Adc_Read(3) > 450) condition written. If this condition becomes triigat
means product is in front of reject arm, reject @an be closed and shorter product is

rejected to XY-table for new sorting operation.

When this condition becomes true, then code blaadires in to theif” block and do
operations. According to these operations SW BORTC.F3=1;" and start to drive
relay circuit to close reject arm till reject arouthes to the switch and pushes out
product to XY-table. When reject arm touches thdtdw logic voltage goes to
microcontroller's digital PORTC.F5 and stop to dmy relay by PORTC.F3=0;

command.
4.2.2 Without Switches

Without switches, microcontroller applies logic tagle to a circuit that makes voltage
higher to drive relays. To open or close reject,amitrocontroller must apply voltage
to relay drive circuit in a constant time in ordersee relay drive circuit look at Figure
4-6. That means, microcontroller is applying vo#tag circuit, and starting to sleep
during 350 milliseconds. During sleeping, if a protdpasses from Station A, SW may

miss product and cannot have any information athout
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20.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.

void main()

{
int i=0, flagForNeg=0, valFifo=0, ii, flag=1
int FiFo[30];
TRISB = 255;
PORTB = 0;
TRISC =0;
PORTC =0;
Adconl =0;
TRISA = 255;
PORTA =0;
for(ii=0; ii<30; ii++)

{

FiFolii] = -1;

while(1)

{

while( Adc_Read(0) > 450 )

PORTC.FO=1;
flagForNeg=1;
delay_ms(50);
if(Adc_Read(1)/30 > 15)

valFifo=1;
PORTC.F1=1;
}
}

if(flagForNeg)
{

FiFol[i]=valFifo;
i=i+1;
flagForNeg=0;
valFifo=0;
PORTC.F0=0;
PORTC.F1=0;

}

if(Adc_Read(2) > 450 && flag == 1)

{

flag=0;

PORTC.F2=1;

if(FiFo[0]==0)

{
flagforrej=1;
PORTC.F5=1;
delay_ms(200);
PORTC.F5=0;
for(ii=1;ii<30;ii++)
{
FiFolii-1]=FiFolii

FiFo[i]=-1,
i=i-1;

else if(FiFo[0]==1)

for(ii=1;ii<30;ii++)

, flagforrej=0;
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58. {

59. FiFolii-1]=FiFolii];
60. }

61. FiFo[i]=-1;

62. i=i-1;

63. }

64. }

65. else if (Adc_Read(2) < 450)
66. {

67. PORTC.F2=0;

68. flag=1;

69. }

70. if(Adc_Read(3) > 450)
71. {

72. PORTC.F4=1,;
73. delay_ms(350);
74. PORTC.F3=1,;
75. delay_ms(200);
76. PORTC.F3=0;
77. flagforrej=0;
78. }

79. else if(Adc_Read(3) < 450)
80. {

81. PORTC.F4=0;
82. }

83. }

84.}

Figure 4-8: Main Code Block

In this algorithm, there are no switches to conivbether reject arm is opened enough
or not. It is done just by usinglélay ms(ms); command. Therefore when applying

this command, SW goes sleep and miss passing gsoduc

According to all code when product passing in frohStation A station, information

about it pushes into FIFO array. And Station B,cading to FIFO array value, rejects
arm opens or does nothing. In order to open rejatt for constant time, SW applies
logic voltage to relay drive circuit. In Figure 4k&tween line 38 and line 47 do this

operation. In 4% line, SW goes to sleep during 200 milliseconds.

Also to close reject arm in Figure 4-8 between 8and line 77 SW goes to sleep
during 200 milliseconds. There is a code line & [F4 ‘tlelay_ms(200); to sleep SW
during 200 milliseconds. Therefore, SW is missingdoicts that are passing in front of

Station A. Therefore, to prevent frordélay_ms(ms); commands switches are used.
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4.2.2.1 With Counters

To control conveyor belt, a new methodology is dewed. According to proposed
methodology, basically consists of two main paftise first working in parallel with
each other station procedures, other one is otlhecedures used to create class
libraries. As it is seen the conveyor band senamplaced in three different positions.
These sensors’ locations can be considered a$eaedhif station. The main procedure is

the responsibility of the system, stations of itgBasub-procedure is to run in parallel.

Library Functions

struct sensor |

int Lhreshold;

Lwle por LNo;

int currentVal;

int prevval;

int debounceTimer;

int debouncelnlkerval
} mySensocr [SENSIRS]

void initSensor{int sensNo, byte portle, int threshold,
int debcunceiInterval);
byle newkarlt (int sensko);

Figure 4-9: Sensor Class

For this automation solution methodology, therethree different class libraries. These
are sensors, FIFO and the time-meter (timer). Seolss and this class library’s
functions are shown in Figure 4-9 used sensorspayduced wavy / should bounce
signals. This signal is operated and decided, venetmew product is passed in front of
infrared distance sensor or not. To apply thisslenioperation, SW analyzes threshold
value that is pre-determined, and decides whethsmiew product or not. If the signal
is higher than the threshold value, it must beldaak during constant time. If SW does
not do this operation, although passing just owelyet in front of infrared sensors, SW

can determine passing more than one product.

So as to, debounce methodology is used to solgeptiublem. To use this debounce
technique in PIC microcontroller, actual value ehsor and previous value of sensor
must be held to define posedge. Therefore thesevaliges are added to library class.
Members of sensors librargytireshold” holds threshold valuesp6rtNo” holds which

port that sensors are connectedurtentValue” holds current values of sensor,
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“previousValue” holds sensor’'s previous valuedéebounceTimer” shield time

counter’s constant time value ardebouncelnterval” holds value of shieléhterval.

F -~
L -\l.\ f \L-M‘ threshald walue
rl S "A.M Tensor output
/{/ e t -
y
i 1
s 1
1 Curment walue ignoning interval

prewvious walue

Figure 4-10: Signal Bouncing

Procedure of ihitSensor’ takes number of sensor as a parameter. Accortdinipis
parameter this procedure initializes initial valoleparameters that are in the library
class. Also another procedure callagvwPart’ is used after taking number of sensor,
initialize current value to previous value. Aftdnig initializing operation, signal that
produces next step initializes current value oksenAfter taking value of previous and
current values of sensor, SW decides new partadymt is passed in front of sensor.
Value called posedge, with inverted value of seassignal’s previous value, current
value of sensor is logical ended, result gives hdrenew product passes in front of
sensor or not. If result is 1 that means new pastes. At this situation, SW understand
that new product is passing in front of sensorgetioounter and shield are activated.
Therefore, during determining a new part passinfront of sensor operation, shield
interval is ignored, so microcontroller decisiom@t affected because of wavy/jumping.
When time counter reached shield interval thaei®ie defined, it is again assigned to
its initial value. Therefore, decision statemente activated. Value of posedge,
wavy/jumping signal that is produced by infraredtance sensor and shield interval is
shown in Figure 4-10. By the way using this metHogy that is used in digital

hardware design, error rate is minimized.

Member of FIFO library classes are shown in Figudell. Those are
“mem[FIFO_SIZE]” that holds FIFO’s data. FIFO is designed as ¢icibuffer.
Benefit of this is that during data writing and dewy from FIFO, swapping is not

necessary.rtdPtr” holds array indices that points data that readsfFIFO array. In
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this point (‘mem[rdPtr] "), member of top of the FIFO is the oldest valierPtr” is
holds writing point. When new product type inforinatis written in FIFO, SW looks
“wrPtr” value and writes information this point of FIFChi§ “wrPtr” is last point of
gueue and empty space. There are also two flagstbacalled full and empty. Full is
true if FIFO is not have space to hold new prodofirmation and empty is true if
FIFO is still have free location to hold produatd¢h information. InitFifo() ” routine
that is member of FIFO class library initialize$-8l library class’s members. If FIFO is
not empty, value of the position that is shown bgPtr” is read deleted from FIFO
(actually just value of rtlPtr " is increased). The last routine of FIFO librafgss is
“pushFifo()". “ pushFifo()” writes information about product to FIFO’s lasettion by

increasing tWrPtr”.

struct FIFOC |
byte mem[FIFD SIAK];
byte =dPtre;
byte wrPtr;
bByte Tfull;
byte empty:
b myFife [FLFOS]:

int initrife(int fifoNc):
ink popFifo{int Eifolo);
void push¥ife (int ZfifoMo, int partDefeoctiva):

Figure 4-11: FIFO Class

int myTimer [TIMERS];

wvold 1nitTimer{int timerNo, int countMax);

int updatcindicturnTimcr(int timcrlNo) ;

Figure 4-12: Timer Class

“Time-counter” is the last class library. Member and procedurthis “Time-counter”
class library are shown in Figure 4-12. This cléssbasically integer. By using
“initTimer()”  procedure, Time-counter’ is set up as a chronometer. If
“updateAndREturnTimer()” function that is member ofTfime-counter” class library

is called in main routine, Time-counter’ count down like a chronometer till time-
counter reach 0. This function is a type of slkeqtion that can be interrupted. When

“Time-counter” reached 0, Time-counter” finished required time interval.

23



4.2.2.2 Explanation of the Code

According to this methodology, an integer counterdefined. After product passing
through Station A, it is defined whether it is @gd in or not. After product arriving
Station B station if it will be rejected, an integariable start to count till it reaches to

constant value.

if(openCount == 350)

{
PORTC.F5 =0; // open arm end
openCount = 0;

}

6. else if(openCount > 0)

7.4

8. if(openCount++ == 1)

9.{

10.PORTC.F5 = 1; // open arm begin

Figure 4-13: Open and Close Counter Code

agbhwhE

In Figure 4-13at line 1, there is anif” condition at first line. That means when an
integer value 6penCount’ reaches to 350 by ApplingPORTC.F5 = 0 command,
SW stopping to apply logic voltage to relay circtititialize “openCount’ to 0 for new

opening operation.

As it is seen that in Figure 4-13 at line 10 thisra “PORTC.F5 = 1} code. It means
that start to apply logic voltage to relay drivecait. When infrared distance sensor that
is controlling Station B detects an object apphitage to relay drive circuit till

“openCount reaches 350.

1. if(withinRangeSensorNegedge)

2

3. if((withinRangePartDefective = popFifo(0)) != NO_PART)
4. {

5. fifoCount--;

6. pushFiFo(1, withinRangePartDefective);

7. if(withinRangePartDefective == DEFECTIVE)
8. {

9. openCount = 1;

10. }

11. }

12.}

Figure 4-14: Station B Control Code
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In Station B, when infrared distance sensor dedecbbject, SW looks FIFO array to
understand whether product that passes in froStation B station is rejected or not at
line 5. If it will be rejected at line 6,0penCount = 1} code runs and dpenCount’
start to count till 350.

1.if(arrivedSensorPosedge)

24

. arrivedPartDefective = popFifo(1);
if(arrivedPartDefective == DEFECTIVE)
{

closeCount = 1;

}

® N U AW

}

Figure 4-15: Station C Control Code

If Station C’s infrared distance sensor detect pobénd reject arm is opened, then run
this code tloseCount=1} to start to count ¢loseCount counter. It is reached to 350
microcontroller stop to apply logic voltage to reldrive circuit. That is shown in
Figure 4-15.

25



5. XY-TABLE SYSTEM

XY-table is a type of basic two axis robot. XY-tapivhich is generally called plotter,
has many different types. Basic ones have just &wes. Also, they have many
application areas for example; chemistry, prodssembly, etc. There is also plotter,

which has many movement axes. They are flame guttiachines, CNC machines, etc.

As a characteristic, XY-tables move in two axespace. In order to make it move two
or more stepper motor, servo motor or DC motors weed, which are driven by a
special electronic circuit, which are called drizeAlso drivers are controlled by special
microcontroller or microprocessor based controtlsgiPLC, PIC, etc.) to apply pulses
to the drivers.

In this master's thesis, XY-table is another sgrtimechanism. Machine vision
techniques are used to identify products that asth@d out from conveyor belt. A web
camera is placed over the XY-table to detect objéfter detection object that is

pushed out from conveyor belt, vision SW analyZegps type of product.

According to product shape, XY-table has been pdigiteduct out from table. If shape
of product is square, then it is pushed out fraghtrside of the table. If it is round, then

it is pushed out from left side of table

To determine shape of product, two different alfponis are defined and implemented.
According to first algorithm, frame that is takenrh web camera is analyzed. Frame is
scanning pixel by pixel by stepping 10 pixels. Wheinel crashed to white one
coordinate value of pixel stored. In one frame aktyul0-12 pixel Y axis coordinate
information is stored. Then first coordinate valsesubtracted from second coordinate
value and second coordinate value is subtracted time and goes on. If difference of
subtraction is same then shape is square. Becaesside of square is line so as to with
subtraction of any two points must be same. Howenemd does not apply this rule.

So if there is no linearity then we can say ita$ square, it must be round.
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This first algorithm just defines whether produstdquare or not. However, if any
different shape type is pushed out from conveydt toeXY-table, vision SW cannot

detect object clearly. That is why; XY-table carsipwut product from wrong places.

To eliminate this problem, a new algorithm is depeld and implemented. In order to
take advantage from ratio of perimeter root meamassg| to area. According to this
advantage, ration of perimeter root mean squararea is 4 for square and 3.6 for

round. By this way, it is easy to understand whetienot it is undefined object.

Also there are two different types of algorithm ¥y-table. Algorithms are developed
according to methodology. First methodology is isgriall products on the XY-table.
This methodology is given up, because there isenough space on the table to store
products. By the way, products are pushed out fildfarent places according to shape

of them instead of storing on the table.

5.1 XY-TABLE ASSEMBLIES

XY table Reject Arm
X Axis 1
NNNANNANNNNN

Y
A XY table Reject Arm
o 2
i

Circle Square )

Product Product
Out Out —

Figure 5-1: XY-Table System

XY-tables are generally designed for some procgssmabout products. Most known
operations are shaping products, flame cuttingitgricetcetera. At least, XY-tables
make two moves axially as shown Figure 5-1. Fohlggality XY-tables must be so

sensitive. By the way, for certain and losslessyemsoftware that runs to control XY-
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tables written clearly and include some controbetyms, of course if needs. Also to

produces XY-table must be protected from backlaghel®ssless moves.

Master’s thesis’s XY-table is produced in a factdtyis designed for master’s lecture.
Result of internet research, design of XY-tablenbat FID University’s lecture’s term
project. Design of XY-table is directly taken. Aftsome modification, XY-table of

master’s thesis is appeared.

» If we consider specification of XY-table;
* Rotation speed: 25 km/hr.

* Height: 80 cm

* Width: 75X75 mc

* Made What: wood

5.1.1 Stepper Motors

Stepper motors (http://en.wikipedia.org/ 2009) lameshless electric motor that we can
divide a full rotation into a large of steps assishown Figure 5-2. For example when
we divide a full rotation into 1000 steps, when apply 1 clock cycle to steppe, motor

rotator returns just 0.0365 degree. So we can alomitor position precisely.

When electric is applied to DC motor, it just rest However steppers have multiple
toothed electromagnets. When electric is appliedrne of electromagnet, motor shaft
makes one step. As repeated, after applying edeictrone toothed, electromagnets are
slightly offset the next electromagnets. After thahen we applied electric to next
electromagnet it is turn on and first one is tuffn 8o gear rotates slightly to align with

next electromagnet.
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Figure 5-2: Inside the Stepper

To rotate stepper motors, electric cannot be agglieectly to electromagnets. To drive
steppers a special circuit is needed that areccaliepper driver. As it is understood,
stepper motors are not close loop control systéiris.an open loop control system.
Any feedback information is not being taken fronepgter. When steppers are
overloaded, stepper cannot catch exact positiocalB® electromagnets may be change
their location because of overload.

Step motor terminal voltage is applied to the d¢a$3C motors are different from
returning. Step motor square in the centre of afaears is gear electromagnets. With
an external control circuit such as this electroneds) and energy are electromagnets.
To move the motor shaft power is provided primatdyelectromagnets. The teeth of
the wheel centre with electromagnets teeth entéosimteraction with each other. Head
of the teeth of the wheel is aligned to the filsteomagnets is the next electromagnets
energy. First electromagnets was closed, the seadhdeturn a little more when the
centre wheel. These steps will continue the sametfer electromagnets. Each step of

this movement is small, means that the desiredrastep can be provided at an angle.

Step motors are still powerful engine (power = dagwelocity x torque). Increase
engine speed, the torque will decrease. Torqueecww using the drive current limit

may be extended by increasing the driving voltage.

Step motors than other types of engine vibratienséwown. This vibration causes some
speed to lose value as the engine's torque canrbeited become harmful. This issue

will create vibrations in the engine speed rangelmasolved. Moreover, the number of
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phase motors in excess of the number of phaseg feds than the engine vibration
performs the work.

Also there are two phase stepper motors, thatuaipolar and bipolar steppers. The
logic is that per phase unipolar step motor inctutieo windings. Current direction is
for one of these windings. Movement direction a# thagnetic poles through this coil
can be inverted without change. For each circuittieé circuit is very simple,

commutation is done in a way. Usually, one endhefphase is common for each coil
end, and there are three per phase. Common 2-ptegsenotor end usually comes from
outside. That stepper is only 5-end. End coil wdiecern common use is the most
healthy method resistance measurement. Resistatwedn the tip end of the coil, coll

resistance between the end-coil end is always half.

A
A coils
@
B
; Coils
B B

Figure 5-3: Bipolar Stepper

When the steppers start to fall to less than orile it@s called bipolar steppers as it is
shown Figure 5-3. This is why we drive the more ptax circuits and driver circuits
are usually derivatives of H-bridge. There are tarwds per phase and there is no
common end. Using the same weight as a result mddige is better than the unipolar
motor.
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Figure 5-4: Unipolar Stepper

Such as step motor was wrappe-ended unipolar step moto&hown in Figure -4.
However, partners do not come from outside edgdas kKnd of engine can t

established in different way
5.1.2 Stepper Motor Drivers

It is so difficult to drive stepper motors by applying direct electiic steppers
electromagnets. So, step motor drivercuit is needed to drive them. If the stator pt
more quickly they can change the torque curve camtiended, where the windi
inductance limit will occur. Inductance problemgsickly overcome and the windin
at this time are the key driver volte must be increased basic diagram of stepp

driver shown in Figure-5.

™ e
nA | senses — | E
et |
=
DR == = F
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oate F mOROE
|
DA | - sense- |
|

Figure 5-5: Stepper Driver
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5.1.3 Web Camera

As it is explained before, XY-table is another smgtmachine. Products that are pushed
from conveyor belt that is first sorter machine amted by XY-table according to
shape of products. Therefore by using OpenCV softwtaat is written on .NET
platform by using C# programming language shap@rotiucts are defined. A web
camera that is over XY-table is used to take frank@ames are sent to PC by web

camera.

5.2 XY-TABLE CONTROL SOFTWARE AND VISION SOFTWARE

XY-table makes movements according to vision saféwgecision. XY-table and vision

systems work properly.

According to this, product that is pushed out froomveyor belt to XY-table is defined
by vision system. According to this definition, &pf product that is round or square

and location of product on XY-table is defined hsion system.

After all definition of about product, all informanh is sent to PIC microcontroller that

controls XY-table to sort product via RS-232.
5.2.1 XY-Table Control Software

As explained before, computer sends informationuaipooduct that is on XY-table.
Information contains about product type that meiams round or square and product
location on XY-table via RS-232.

The format is BCoorXCoorYSE”. This information is sent to microcontroller to sort
product by vision software via RS-232. Microcorigolside is receiving this data and
analyses and decides which product type is on XYetand where it is location. To

receive this data an interrupt routine is written®IC microcontroller.
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void interrupt()
if( PIR1.RCIF)
{
read[ind] = Usart_Read();

ind++;
if(read[ind-1]=="E")

CoNoGOARLNE

parcala_behcet=1;
10. read[ind]="\0";
11. ind=0;

12. }

13. }

14. PIR1.RCIF=0;
15.}

Figure 5-6: RS-232 Interrupt

According to baud rate synchronization between ogientroller and PC an interrupt
must be written. Firstly a char array defined.dsi2 members because of data that is
sent by personal computer that runs on vision softwAfter microcontroller starts to
run software inside of it, software is interrupte¢hen a new data comes to
microcontroller's PORTC's "7 pin till special commandE” arrived to microcontroller

in Figure 5-6shown all explanation.

When letter E” is arrived to microcontroller 10'” is added to last member of char
array. By the way when microcontroller started tmlgze command that is sent by

personal computer, it can easily divide pieces.

When ‘E” is arrived microcontroller it means all informati about product information
that is stored in char array so array must be enfledend char array, software add

“\0'“ end of char array. Look at line 10 in Figure 5-6.

A bool value teceived becomes true after last lettde™ is arrived to microcontroller.
By the way in main routine there is aifi”“shown in Figure 5-6 line 1block to check
whether all command is arrived to microcontrollemot. If “received becomes true,

then in main routineif” becomes true and does all operationiffi block in Figure 5-6.
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if(received==1)

{

1

2

3. while('x'!=read[xloc+1])
4. |

5. locx[dix]=read[xloc+1];
6

7

8

xloc++;
dix++;

. yloc=xloc+1;
9. if(‘’x'==read[xloc+1])
10. {

11.  locx[dix]="\0"
12.  xloc=0;

13. dix=0;

14.  break;

15. }

16. }

17.}

Figure 5-7: Dividing Received Command

According to these operations all char array didideto parts. These parts contain

shape type, coordinate X and coordinate Y thataoedinate of product on XY-table.

After that coordinate information about product werted to integer value by using

special function of microC compiler. That is showrFigure 5-8.

1. locationx_int=atoi(locx);
2. locationy_int=atoi(locy);

Figure 5-8: MicroC Functions

Also received command includes product type. Aftear array broken into pieces,
according to product type special functions aréedalo sort product. In order to sort
product 5 different function is written. These ftions are shown in Figure 5-8.

1. void ToHome();
2. void SquareToLine(int, int);
3. void RoundTolLine(int, int);
4. void SquareOut(int, int);
5. void RoundOut(int, int);
Figure 5-9: Developed Functions

In Figure 5-9 ToHome();” function is written. Because of this after sogtioperation is
finished, reject arms are brought back to initi@tion. “SquareToLine(int, int);” is
used for that square product is bringing on squareduct sort line also

“RoundToLine(int, int);” product is bringing on round product sort line.
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“SquareOut(int, int);” after bringing product square line, it is ready gush out in
other words it is ready for sorting. Als®6undOut(int, int); ” is used to sort round

product to out.

1.if(shape[0]=="C")
24

3. INTCON.GIE=0;

4. shape[0]='A";

5. RoundToLine(locationx_int,locationy_int);
6. Delay_ms(400);

7. ToHome();

8.}
9.if(shape[0]=='S")

104

11. INTCON.GIE=0;

12. shape[0]="A";

13. SquareToLine(locationx_int,locationy _int);
14. Delay_ms(400);

15. ToHome();

16.}

Figure 5-10: Branching According to Product Type

A char array is defined to store product informatoalled ‘shape[];”. In Figure 5-10 at
line 1 and 16 there are twaf™ block to check product type. If product type @und

then code block branches in first if block and dibb @peration because of
“if(shape[0]=="C")". According to this operation round product istedr On the other
hand is product is square then code block is biagcimto 9" line if block and sort

product from its special location.

As it is seen that there ar&@dHome();” function at line 7 and 15. After sorting
operation reject arm turns back to initial statmm@ctause of ToHome();” function. To
turn back reject arm LIFO algorithm is used. To lempent this algorithm an integer
array is defined that igbs[14];".

As it is seen, there isToHome();” function at line 7 and 15. After sorting opeaoati
reject arm turns back to initial station becauséTaiHome();” function. To turn back
reject arm LIFO algorithm is used. To implementsthigorithm an integer array is

defined that is pos[14];". According to this algorithm, each movement isrstg into
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the integer arraypos[14];” ordinarily, such as stack. After that6Home();” function
start to get back reject arms to initial state.aAsharacteristic of stack algorithm last
move is done firstly. In order to sort productsfimove has been done lastly and XY-

table’s reject arms get back to initial state.
5.2.2 Vision System

As mentioned before, vision software and XY-tablerkvproperly as separate sorting
systems. A web camera is placed over the XY-tabldetect object. After detecting the

object, vision SW analyzes shape type of product.

XY-table’s arm pushes out product from XY-table ngito shape of product from their
special location. If shape of product is squarenthés pushed out from right side of
table. If it is round, then it is pushed out froeft Iride of table that is shown in Figure 5-
11

Square
Product
Out

Circle
Product
Out

Figure 5-11: XY-Table
In order to determine shape of product, two différalgorithms are defined and
implemented. First algorithm, video frame thataken from web camera is analyzed.
Frame is scanned pixel by pixel by stepping 10IpiXx&hen pixel crashed to white one

coordinate value of pixel stored. In one frame altyul0-12 pixel Y axis coordinate
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information is stored. Then first coordinate valsesubtracted from second coordinate
value and second coordinate value is subtracted time and goes on. If difference of
subtraction is same, then the shape is squareuBeame side of the square is line so as
to with subtraction of any two points must be saht@wever, round does not apply this

rule. So if there is no linearity then we can gdg hot square, it must be round.

This first algorithm just defines whether produstsquare or not. However, if any
different shape type is pushed out from conveydtr toeXY-table, vision SW cannot

detect object clearly. That is why XY-table canlposit product from wrong places.

To eliminate this problem, a new algorithm is depeld and implemented. In order to
take advantage from ratio of perimeter root meamass| to area. According to this
advantage, ration of perimeter root mean squarareéa is 4 for square and 3.6 for

round. By this way it is easy to understand whetiiarot it is undefined object.

Also there are two different types of algorithm ¥Y-table. Algorithms are developed
according to methodology. First methodology is isgriall products on the XY-table.
This methodology is given up. There is not enouggice on the table to store product.
By the way, products are pushed out from diffey@ates according to shape of them

instead of storing on the table.

5.2.2.1 Methodology of Line Linearity Control

Before the explanation of this methodology, envinemt should be explained. Firstly,
all product colors are white XY-table is black aswn figure 5-12 and figure 5-13. By

the way analyzing of image becomes very easy.
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Figure 5-12: Round Product View

Figure 5-13: Square Product View

According to this methodology pixels are scannitepging 10 by 10 as shown figure

5-14 and Figure 5-15. By the way performance dfvemfe can be easily increased.



x:70
x60 y:35

Figure 5-14: Square Image Scanning

During scanning, pixels go onto black pixels. Aplaied before, products are white.
During pixel runner runs on frame, if it crashesutaite pixel coordinate information of

pixel is stored in one dimension integer array.

Figure 5-15: Round Image Scanning
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lfor(intx=1;x<385;x=x+1)
24
for (inty=1;y<300;y=y+1)
{
r = bit.GetPixel(x, y).R.ToString();
g = bit.GetPixel(x, y).G.ToString();
b = bit.GetPixel(x, y).B.ToString();
rgb_avg = Int32.Parse(r) + Int32.Parse(g) + | nt32.Parse(b);
. rgb_avg =rgb_avg/3;
10. if (rgb_avg >= 40)

{

COoNO O AW

11.

12. bit.SetPixel(x, y, Color.FromArgb(255, 255, 255));
13. cnt_alan++;

14. crashedPoints[_crashedPoints] = x;
15. _crashedPoints++;

16. crashedPoints[_crashedPoints] = y;
17. _crashedPoints++;

18. }

19. }

20.}

21. crashedPoints[_crashedPoints] = -1;
22. crashedPoints++;

23. crashedPoints[_crashedPoints] = -1;
24. crashedPoints++;

25. pcr.Image = bit;

26. cevre_bul(crashedPoints, bmp);

27. max_X(crashedPoints);

28. max_Y(crashedPoints);

29. labelll.Text = centX.ToString() +"x" +" y "+
centY.ToString();

30. if (centX == 0 && centY == 0)

31.{

32. timerl.Enabled = true;

33}

34. else

35.{

36. timer2.Enabled = true;

37. gotur();

38. centX =0;

39. centY =0;

40.}

41. crashedPoints[0] = -1;

42}

Figure 5-16: Pixel Information Storing

To understand whether it crashes a white pixelatr value of pixels are defined. To
define it, firstly averages of red green and blatugs of pixel are found between line
10" and 18 at Figure 5-16, after that point, in order to ursteemd whether array is
ended or not between line 21 and'28@lding -1 end of the array. As it is understodid, a

passing points from black to white is stored indhay.
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At line 26 there is a function calledcévre_bul(crashedPoints, bmp); to find
perimeter of the product. This function takes tvemgmeters that arefashedPoints”
and“bmp”. “crashedPoints”is an array that holds all white points dinp” holds

frame that is taken from web camera.

By using ‘cevre_bul(crashedPoints, bmp}; function perimeter of the product is
found. After that, to find centre of product twonfilions are defined that are called
“max_X(crashedPoints);” and “max_Y(crashedPoints);". By these functions
maximum X and minimum X points and maximum Y andnimum Y points of
products are found. After that average of thesen¥ & points found. By this way
centre of product can be found.
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void max_X(int[] _CrashedPoints)
{

int maxX = 0, minX = 10000, i = 0;
for (intj = 0; j < 5000;j++)

if (_CrashedPoints[i] > maxX)
{

maxX = _CrashedPointsi];
i=i+2;

CoNoGOARLNE

}
11. if (_CrashedPoints[i] < minX)

{
13. minX = _CrashedPointsi];
14. i=i+2;
15. }
i=i+2;

}
18. richTextBox1.AppendText("maxX:" + maxX.ToStrin 9();
19. richTextBox1.AppendText("minX:"+minX.ToString( ;
20. centX=(maxX - ((maxX - minX) / 2));

21. label9.Text = "x center :" + centX.ToString();

}
23. void max_Y(int[] _CrashedPoints)

25. int maXY =0, minY = 10000, i = 1;
26. for (intj = 0; j <5000; j++)

27. {

28. if (_CrashedPoints[i] > maXY)

29. {

30. maXY = _CrashedPoints]i];

31. i=i+2;

32. }

33. if (_CrashedPoints[i] < minY)

34.

35. minY = _CrashedPoints][i];

36. i=i+2;

37. }

38. i=it2;

39. }

40. richTextBox1.AppendText("maXY:" + maXY.ToStrin 90);
41. richTextBox1.AppendText("minY:" + minY.ToStrin 9();

42. centY=(maXY-((maXY - minY) / 2));
43. labell0.Text ="y center :"+centY.ToString();
44.}

Figure 5-17: Analyzing the Image

In Figure 5-17“max_X(crashedPoints);” and “max_Y(crashedPoints);” functions
are shown. In order to find max and min value ochytwo integer variables are defined
and assigned initial values 0 tonaxX” and 1000 to minX” initialized. After that
between line 4 and 17 in Figure 5-17, by usingléop and if statements max X value
and min X values are found. Also between line 26 38, max Y and min Y are found.

After that at line 20 and 42, centre of X pointpodduct is found by subtractions of max
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X and min X divided 2 and also centre of Y poinfpodduct is found by subtractions of
max Y and min Y divided 2.

Also there is a function to find perimeter of protigalled ‘tevre_bul(crashedPoints,
bmp);” function. “cevre_bul(crashedPoints, bmp}; function is shown in Figure 5-
17.
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1. void cevre_bul(int[]] _CrashedPoints, Bitmap bit)
2.4

3. inti=0, intlocx, locy;

4. while(_CrashedPoints][i]'=-1)

5. {

6. locx = _CrashedPoints]i];

7. i++;

8. locy = _CrashedPoints]i];

9. i++;

10. if (255 != pix_val(locx - 1, locy - 1, bit))
11. {

12. edge_counter++;

13. }

14. if (255 != pix_val(locx, locy - 1, bit))
15.

16. edge_counter++;

17. }

18. if (255 != pix_val(locx + 1, locy - 1, bit))
19.

20. edge_counter++;

21. }

22. if (255 I= pix_val(locx - 1, locy, bit))
23.

24. edge_counter++;

25.}

26. if (255 I= pix_val(locx + 1, locy, bit))
27

28. edge_counter++;

29. }

30. if (255 = pix_val(locx - 1, locy + 1, bit))
31

32. edge_counter++;

33. }

34. if (255 = pix_val(locx, locy + 1, bit))
35.

36. edge_counter++;

37. }

38. if (255 = pix_val(locx + 1, locy + 1, bit))
39. {

40. edge_counter++;

41. }

42. if (edge_counter >= 3)

43

44. edge_counter = 0;

45. cevre_say++;

46. }

47.}

48. pcr.Image = bit;

49. edge_counter = 0;

50.}

Figure 5-18: Diameter Calculation

All white pixels’ X and Y locations are stored im énteger array. As it is explained

before, when runner crashed a white pixel it iseston an integer array. By this way all
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white pixels are stored. After that, in order tadarstand whether it is edge or not,
looking all eight neighborhoods of white pixelswihite pixel has got 3 or more 3 black

pixels then it is an edge pixel. So as to in FighkE8 between line 4 and 46 black pixels
are counted that are over the white pixels.

c

Figure 5-19: Edge Definition

If counter is bigger than 3 than that white pixelin edge. As it is seen figure 5-19 A

and B is edges because A has got 4 pixel neighbdeh® has gat 3. However C dos
not edge, because it has got no edge.
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6. HARDWARE AND SOFTWARE INTERACTION

All sorting system combines three main stationg @asShown Figure 6-1. First station
is conveyor belt that is calledtation A” and its software, second one gdtion B’
XY-table and its software and third one BStation C” vision system that works with

Station A (Conveyor Belt Station B (XY-Table Station C
& Control SW) => & Control 5W) => (Vision system)

Figure 6-1: Overall System

XY-table simultaneously.

First station is A sorting system. This sortingteys also includes 3 stations that are
called Station A Station B and Station C. This isgrtsystem sorts products that are
moved on conveyor belt owing to length of produckbere are three stations on
conveyor belt. First station is defining length mbduct. Second one is designed in
order to analyze whether product that is passéaim of fist station is shorter or not. If
product is shorter than reject arm is opened. Rioaidiormation is carried by a FIFO.
When product arrived second station software |delk€’s top member to understand
whether product is shorter one or not. If it isrs@iothan reject arm is opened to reject
product XY-table for new sorting operation. Als@mg@uct information carried to station
3 a new FIFO calledFIFO[1]".

There are two infrared distance sensors that aegdlvertically. While product passing
in front of infrared sensors, if upper infrared sers do not detects anything during
lower one detects product, then product that passé®nt of infrared sensors is the
shorter one. By this way 0 is added FIFO. Prodbat passes in front of first station,
before arriving second station, if new product pass front of first station, second

station behaves according to new product. So agederence this station, all product
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information is stored in a FIFO while product pagsin front of first station. When,
product that is passed in front of first statioec@nd station looks FIFO’s top member

to understand product type.

[smena ] = |[I| = [p=re] - Il > [smnc]

myFifo[l] myFifiof1]

Figure 6-2: FIFO Organization

Product information is carried by FIFO calle@lFO[0]” from Station A to Station B.

According to information reject arm that is in $at C opens or do nothing. Also
product information that is arrived Station B cadito Station C by a new FIFO called
“FIFO[1]". After Station C FIFO[0]” and “FIFO[0]” are updated for new products.

Diagram is shown in Figure 6-2.

At the end of this sort operation new sort operastarts. New sort operation realized
on XY-table. After shorter product pushed onto Xabie, new sorting operation is
started. According to this sort operation prodats sorted according to their shape. If
shape of product is round then it is pushed ottsiele of XY-table. If it is square then
it is sorted from right side of XY-table as it isosvn in Figure 6-3.

XY table Reject Arm
X Axis !
«— Gear
Gear
Y
stefiper
XY table Reject Arm
sort - A
arm 2
X
i
Circle Square L
Product Product
Out Out —=

Figure 6-3: XY-Table System
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Conveyor belt and XY-table works properly. Aftemeeyor belt rejects the product to
XY-table vision system identify product type anchdehe product information to XY-
table controller. According to location and prodirdbrmation XY-table sorts product
and sort arm goes back to initial station for newvtisg operation. During this
operation, conveyor belt goes sleep. When XY-taole arm is arrived initial (home)
position, microcontroller makes high PORTC'® fsin. This pin is directly connected to

conveyor belt's microcontroller's PORTB'$'3in.

When conveyor belt rejects a shorter product toXNetable, microcontroller of XY-
table do PORTB’S "8 pin low and waits till XY-table’s microcontrollsrPORTC'S &'

pin goes up.

Conveyor belt's microcontroller's PORTB'S 3in is directly connected to XY-table’s
microcontroller PORTC's % pin. Thereby, these two micro controllers can

communicate each other.

SEEEE =

Conveyor
Belt XY-Table
Infrared

e Control SW Control SW XY -Table
istance | !

sensor (Microcontroller) (Microcontroller)

Conveyor
Belt

L

s EEES

Figure 6-4: Complete System Flow Chart

Also in order to understand the shape of prodwsibwitechnique is used. By this way
XY-table and vision system are talking each otharRS-232. A web camera is placed
over XY-table. This camera looks a black plate thaY-table and analyzes this black

plate.

After conveyor belt rejects shorter product thasgsiare or round, web camera takes
frames and sends them to software that is writte®@penCV by using .NET platform.

Software analyses this frames and make decisioth&hé&ame include a white block
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or not. If software caught a white block, then tstaranalyze that frame. Complete

system shown in Figure 6-4.

As it is explained before, software looks raticedfye and is of this white block. If ratio
of root mean square of white block to perimetdvigger than 4, then this white block is

square. This ration is between 3.6 and 4 tharrdusd.

Software finds an irrelevant ratio rather than daatl operation again and again. When
software find rational ratio then finds centre diit® block and send information about
white block (product that is pushed out from cororebelt to over XY-table). This

information contains shape type of product andreectordinates of product.

RS-232

VISION I h) Microcontroller
{Funs on PC) V (XY -Table Controller)

Figure 6-5: Vision and Microcontroller Communication

Product type and location information send to ntordroller by PC. This information
is defined by software that runs on PC. Softwanaeriten on .NET platform. In .NET

platform openCV code is written. Block diagram @fion system shown in Figure 6-5.
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7.EXPERIMENTS

In this master’s thesis, we have done many tes$tesd tests have two different types.
First one is time based test and second one isll@s@umber of parts that are sorted

by conveyor belt and XY-table.

All set-ups have been run for 15 minute. Durind,tesnveyor belt has system 4 times.
According to our observationgbout why conveyor belt missed 4 times, we have
concluded that buffer size is not enough to hold pgbduct information. After
increasing buffer (FIFO) size, error rate has desed. By this way, we faced just 2
misses during 15 minutes. Reason of this was faibfr PIC microcontroller board.
Some times PIC microcontroller board may be rd3€t.is supplying voltage to board

from USB to PIC microcontroller. Therefore sometinveltage may not be enough.

PIC microcontroller may be reset because of elgttrcut off. When microcontroller
is reset owing to electricity cut off, buffer thhblds product information is reset,
therefore when product passes in front of Stationbufer does not have any
information about product. By this way reject systdoes not work well.

Also conveyor belt tested for 20 tall and shortducts. It is missed just one time

because of cut off electricity.

As before briefly explained, all set-ups combine twain frames. First one is conveyor
belt and second one is XY-table. XY-table alsoe@sduring 15 minutes. During all
duration there are just one or two misses. As leeéxplained, vision software looks
ration of root mean square of perimeter of prodbet is pushed out from conveyor
belt. If ratio of product is 3.6 then it is rourfdratio is 4 if it is square then it is square.
If ratio is bigger or 4 or lower than 3.6 then safte does nothing. Therefore, ratio
result is irrelevant. When software faced like ihislevant ratio. Calculate ration again

and again. Therefore XY-table has been missedljost2 times.

When we analyze why XY table is missed 2 timesnthee find reason of this.
Sometimes, vision system can caught 4 or more wiiiels owing to threshold value.

Therefore, ratio of root mean square of area tovger of white pixels is 4. Although
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there were 4 or more pixels, ratio was between@safd 4. By this way vision software
behaves like that there is a product.

Also sometimes vision software has been broken ddeason of software breaking
down is threshold value. Software cares above attexalue of pixels. Sometimes,
software counts all pixels that are above threskalde. Therefore an integer array that

holds white pixels faces overflow error and softvhas been broken down.

In order to share demonstrational videos, we hgleaded videos to YouTube. If you

visit above links, you can watch videos.

e http://www.youtube.com/watch?v=YFMVqOPMOQtQ

¢ http://www.youtube.com/watch?v=IgSzKJVIxl4
* http://www.youtube.com/watch?v=UHKOfoSMhAM
* http://www.youtube.com/watch?v=DtBL90HBLMU
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8. CONCLUSION AND FUTURE WORK

In this master’'s thesis we have integrated threén sgstems. These systems are

conveyor system, XY-table system and vision system.

Vision system and XY-table system directly conndcéach other. XY-table system
makes movement according to vision system’s datis®ithough, conveyor belt
system a member of all set-up, it can sort probudtself. However XY-table system is
a not sorting system by itself. XY-table does naté any decision or intelligent

mechanism.

In XY-table system, vision system is an intelligemechanism. XY-table does
movement according to vision system’s decision.iofissoftware takes frames and
analyzes. End of the analyzing vision software gjie decision. According to this

decision, XY-table system does movement.

Also conveyor belt has got an intelligent mechanigks before explained briefly
conveyor belt is a sorting mechanism. In orderdd product, conveyor belt contains
its own intelligent mechanism. There are four irddh distance sensors to make a
decision about products. According to decisionrdfared distance sensors, conveyor
belt system sorts product. Therefore infrared ssnae intelligent system for conveyor
belt.

In this master’s thesis conveyor belt system, XMdasystem and vision system have
been integrated each other. By this way, we hawssthow to do system integration.
Also all set-up have been designed and developedsbyTherefore modifying and
updating all system and adding new ability to systee possible for our students. And
also this system shows us that demonstrate puipdsstrial applications can be done

in university environment with little investment.

As explained in experiment chapter briefly we héaeed a vision problem. According
to this problem vision software might made a wradegision. Therefore XY-table
movement may be wrong. In order to solve this mwblwe can use blob coloring

algorithm.

52



There is a problem about vision system. Also ixplained in experiment chapter. If
dimension of integer array is over flowed, thangoeon goes debug. In order to solve

this problem, this integer array can be definedyamamically.

Although we declare a dynamic array in order taage white pixels, also there is a
problem about algorithm. When we declare a dynaamiay, then we have to change
our algorithm so as to find shape type of prodiibere are a lot of white pixels because
of lighting problem. Actually, when there is mudght on environment, so although
there is just one product on the table, visionveafé detects much more than one

product owing to light reflection from table ange& arm.

Of course it is not an excuse in order to declaneachic array. Although we do not
create a new algorithm we have to declare a dynamay in order to increase

performance of software and in order to acquiresgparm memory.

In future work, we have to create a new algoritltnas to find shape type of product on
XY-table. In other words we have to create a negoihm in order to clean light

reflections from XY-table.

Also we have a problem about conveyor belt corgystem. Again, as we explained in

experiment chapter conveyor belt may miss someuatadliring sorting operation.

As before explained before, PIC board that conttolsveyor belt it is reset some time,
as result of this, buffer also reset. Thereforenmeduct is arrived Station C controller

do nothing owing to reset buffer.

Firstly we have to find reason of reset. Roughlpassibly has two reasons why PIC
microcontroller is reset. First one is PIC micradroler card may be damaged. Second
one is power source is not enough to supply PIGaoantroller because of this all PIC
microcontroller board is supplied just USB port, mmower supplying is not enough for

PIC micro controller board.

In order to solve this problem, we can design cgarveontrol circuit on external board
instead of PIC microcontroller test board with et power source. By this way we

can see whether problem is test board or not.
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