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ABSTRACT 

 

This thesis is to develop matching algorithm for assembling 2D irregular shape parts. The 

algorithm was implemented based on a real process. The algorithm focuses on parts 

identification and matching. Given parts are always placed to a working area of assembling 

process randomly. This system has to assemble any parts following a design. In order to 

achieve this process, there are three main procedures as follow: image enhancement, part 

recognition and toolpath generation. 

 

Firstly, image enhancement, a given image and a designing image is transformed to one-

pixel wide closed contour binary image to analyze the contour information after the both of 

them are acquired by capturing from a working area of an assembling process. This 

algorithm can extract contour information from raw images.  

 

Secondly, part recognition, the purposed algorithm of this process is to create index 

descriptions and match parts from index information. The parts images initially, are traced 

to create group of contours with x,y coordinates. Then the algorithm generates four index 

descriptions in which can specify the parts differences under a polygon-like concept. The 

index descriptions can show the estimated detail of each object shape. By using the index 

description, the algorithm then matches the given parts to a design and makes matched 

pairs.  

 

Lastly, toolpath generation, this technique has been developed to search a efficient toolpath 

of assembly. There are two sections for calculation in this process. the first section is to 

manipulate the part orientation in order to make a machine assemble part in a correct angle. 

The second section is to select a suitable toolpath of assembly. 

 

This study attempts to investigate the performance of the algorithm by testing with several 

types of part. The result of all experiments shows the efficiency of the algorithm for 

assembling polygon and non-polygon. 

 

Keywords: Parts Recognition, Image processing, Assembling process, 2D irregular 

shape parts, Parts matching, Shape index descriptions  
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background of study 

 

An assembly process is one of an essential process in manufacturing. Assembly process is 

an arrangement of machines, tools, and workers in which a product is assembled in a 

particular sequence. Process improvement is necessary nowadays including assembly 

process in order to increase process efficiency. According to White (1995) stated that 

advantages of high efficiency assembly process is  to decrease time consumption, cost and 

increase productivity as well as support a new innovation and product technology thus 

controlling an efficiency of the assembly become more and more important. For instance, 

in electronics industry, Integrated circuit ship (ICs) and Printed Circuit Board (PBCs) have 

to be assembled together for soldering. However, the size of them become smaller and 

smaller nowadays thus the assembly system have to be managed indispensably.  

 

Generally, the assembly system can be divided into two groups, which are manual and 

automatic. Manual assembly process mostly employs workers to run the process. The 

workers usually spend lots of time to assemble for detailed product. Furthermore, a quality 

of product made by worker is unstable because the capable of each worker is different. 

Thereby, manufacturer trends to use the machine to assemble instead of human. The 

process is called as an automatic assembly process. The benefits of the automatic process 

are that the machine can be run accurately, rapidly and repeatedly. Moreover, in 

manufacturing, automatic machine have been using increasingly because new technology 

provides the automatic machine run in various applications.  

 

Presently, new automatic assembly processes usually apply a computer vision combined 

with an image processing to control machines. In reality, Automatic assembly can be found 

in both 3D as well as 2D assembly. 3D assembly is seen in measurement process. For 

example, a video camera and two laser sensor are used to correct the alignment of parts for 

joining (Bone and Capson, 2003). For 2D assembly, it can be discovered in various 

applications in many industries. For instance, in electronics industry, 2D edge detection 

algorithm detect shapes of the integrate circuit ships (ICs) in order to array ICs on the main 

board. In fact, most of the electronics shape is rectangular and circular (Kumar and Li, 

1994). For automotive process, 2D camera and an algorithm are used to detect the actual 

automotive part dimensions and controls a machine grab the parts from a group of 

automotive part location to assembly as the final products (Bone and Capson, 2003). 

Moreover, mosaic manufacturing applies image processing algorithm to identify shapes of 

the mosaic in order to cover tiles on the ground following the original image (Museros and 

Falomir, 2011). In reality, detecting the mosaic shape is not easy since there are many 

types of the shape which depend on customer’s satisfaction and manufacturer. Hence, 

pattern recognition is very important in a field of mosaic assembly process. 

 

According to automatic process in major industries, shape or contour, dimension and 

position of parts are necessary parameters which can be inspected in order to achieve the 

assembly process. However, majority shapes of the parts which are detected in assembly 

application, is irregular and complex (Feldman and Rottbauer, 1996). On the other hand, 

presented assembly technology can analyze and recognize only the simple shape, such as 

circle and rectangle. Thereby image processing is very compatible to be applied for 

automation assembly process.   
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Nowadays, in the manufacturing process, image processing can be applied for many 

applications, for example part inspection, part joining and part recognition. Part inspection 

is able to check dimensions of samples, such as checking soldering of electronic 

components on Printed Circuit Board (PCBs). Part jointing is an activity that covers 2 parts 

together, such as gluing and sealing in which the amount and continuity of material must 

be checked (Santochi and Dini, 1998). Part recognition is recognition of position and 

orientation of random fed parts such as matching the mosaic pieces with objects on an 

image in order to array tiles as the decoration. However there is some limitation on image 

processing process. In such the way that the shape of the object is not irregular or the detail 

of the parts is very complicated, the image processing cannot recognize the detail of the 

workpiece clearly. Therefore, most of the cases, an algorithm using image processing can 

only recognize the simple shape.  

 

Generally, an image algorithm does not only identify the shape of the object but also do 

matching called as matching algorithm. For the irregular shape parts, image processing 

have to consume a longer time to analyze. Moreover, there is some error on the image 

analyzing system. For instance, in mosaic assembly process, mosaic assembling technique 

create a set of data that can identify the specification of each mosaic therefore each tiling 

piece can be found out. However, in some case, if details of the shapes are similar but the 

sizes are different, a mosaic assembly program creates the same set of data. Hence, the 

error is already presented (Museros et al, 2011). 

 

The automatic machine has to be known the detail of parts compared with an original 

image in order to match and assembly the parts successfully. Nowadays, matching 

algorithm is popular to be used in some applications. However, it will be more popular if 

the fore limitations are provided. To avoid critical errors, manufacturers have not been 

using the algorithm much to control the machine assemble the complicated products. In 

conclusion, if the matching algorithm using image processing is improved to identify and 

recognize the irregular shape parts completely, it will be very beneficial for manufacturer. 

Besides, it can also be applied for various manufacturing, i.e. production and assembly, in 

order to improve the process performance. 

 

1.2 Statement of problems 

 

Automatic assembly system using image processing still has some problems on object 

matching process. An image processing algorithm provides shape parts and an original 

image as inputs and manipulates matching data as an output. A process of image 

recognition generally starts from receiving an original image and parts image to do 

identification. However an image process algorithm cannot analyze and identify the 

irregular or complex shape such as, parts, which overlap with the others, and irregular 

products. An error that appears on the image processing will affect to a next image analysis 

process and pattern recognition process. Next, contour information, which is created from 

the first step, is analyzed to create indexes which can attribute the parts different. In fact, 

this process is the most important. There is no index, which is great enough to identify the 

parts different, even though shapes of parts are very similar in assembly application. 

Lastly, the process is index comparison. This process compares between shape of parts and 

an original image to do matching. Afterward, the automatic machine receives commands to 

array parts following the image. The problem of this process is how to analyze and match 

the parts to an image. There is no definite method that can do decision perfectly. Moreover, 
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a route of assembly is also important. In order to manage the time consumption for 

assembling, a machine has to find out the shortest way that can assembly the parts as fast 

as possible. If three main problems are solved, the automatic machine with image 

processing will be more flexible to be used in various assembly applications. Moreover, 

manufacturers can adapt an image processing to achieve a new innovation. 

 

1.3 Objective of the research 

 

The objective of this study is to develop an algorithm for assembly 2D irregular shape 

parts. There are three main businesses which should be followed. 

1. To develop the algorithm that can identify arbitrary shapes. 

2. To analyze identifying indexes that specifies the different among objects. 

3. To match an object with the original image, the matching technique is arranged. 
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CHAPTER 2 

LITERATURE REVIEW 

 

This chapter explains researches related to image processing recognition and techniques 

that can be applied for assembly process. There are two main topics consisting of 

analyzing image to define necessary parameters and analyzing identifying techniques for 

recognition. 

 

2.1 Extracting an image to define necessary parameters 

 

In order to use image processing to analyze parts, shape and color are two attributes that 

can be firstly identified. Color model is one of the methods that can specify the 

characteristic of color. For example, Human can digest hue, brightness and colorful. On the 

other hand, image processing can also detect Red, Green and Blue color separately, called 

as RGB color model. RGB color model has been diversely used in manufacturing to 

recognize details of parts. Therefore color model is a decided attribute which can identify 

the different parts. However, a limitation of color model recognition is it can only 

recognize a simple picture. 

 

Besides, there is another parameter that can recognize the different among parts. Kaya et 

al. (2005) and Cayiroglu and Demir (2012) apply a definition of color different for color 

recognition in assembly process. A duty of the researches is to assembly mosaics from a 

database following an original image. First of all, the mosaic color on the database is 

recorded as RGB code. Then an image is added to the program and color codes of objects 

on an image are created. An algorithm compared the color of the image with a whole color 

on a database.  However, all of the color on the database cannot cover on the whole image. 

Thus the program has to select the closest color in order to match the mosaic on original 

image. After matching, the machine receives commands from the algorithm to assembly 

the mosaics following the picture. In fact, the color different is one of an index that can 

classify the different of two objects but the color different index is not good enough to 

identify irregular shapes and also the same color with different shape. Moreover, the 

calculating time is high because all of pixels on the image are calculated. 

 

Furthermore, shape of parts is a main image processing parameter that is being used in 

manufacturing nowadays. Contour tracing is a popular method which can analyze and seek 

the detail of object contours. Contour tracing technique applies the connectivity of 

neighbor pixel for tracing. In reality, border pixels on an image are linked together with 

neighbors thus a tracer can search the entire contour pixels by edge linking. The contour 

tracing process seeks an initial pixel on the border then detects the neighbor’s pixel and 

chooses one of them. The process continues searching the next neighbored pixel repeatedly 

until the initial point is reached again. A group of edge pixels are recorded as directions 

and coordinate of pixels in a form of chain code(XX). In order to trace the contours, a 

raster scan is applied to search the initial pixel on contour. The method of arrangement is: 

an algorithm searches the first pixel point on the image from the top-left corner of an 

image row by row. When the first pixel is discovered, it is assume that it is an initial point 

on a contour. The basic contour tracing algorithm (Ghuneim) includes Moore-neighbor 

tracing algorithm, the radial sweep algorithm (Mirante and Weingarten, 1982) and Theo 

Pavlidis’ algorithm (Pavlidis, 1982). However, there is some limitation on contour tracing 

algorithm. First, the image must be very clear and no noise which can affect to the raster 

scan process. Secondly, it can identify only external contours.  
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However, there is some researcher which can provide inner and outer contour. Chang et al. 

(2003) and Ren et al. (2001) represent new algorithm that applied the contour tracing 

technique to recognize not only outer contour but also inner contour. For 2D image 

analysis in assembly process, defining contour is a very useful parameter since shapes can 

be identified easily and also be explained to specifications of parts completely. Change’s 

technique applies contour tracing and raster scan to identify boundary of objects. By using 

raster scan, when the first initial pixel is reached, a tracer will find counterclockwise a next 

position from neighboring pixels on the contour until the initial point is reached again. All 

of pixels on the contours are identified as pixels on an outer contour. Then the algorithm 

again defines the next initial contour by checking the other contours. In the case that the 

tracer reach a pixel that already recorded as the border pixel, the tracer will not chose that 

pixel and search the next initial pixel. If the second initial point is reached, a tracer will 

find clockwise a next position from neighboring pixels on the contour until the initial point 

is reached again. All of pixels on the contours are identified as pixels on an inner contour 

(Chang et al., 2003). Figure 2.1 shows the four major steps in tracing and labeling 

component points. 

 

 
 

Figure 2.1: The four major steps in tracing and labeling component points  

                    (Chang et al., 2004) 

 

There is another method that can also identify inner and outer contour of objects. Ren also 

uses raster scan and contour tracing techniques. The process of the method firstly searches 

the first initial point by using raster scan technique. Then a contour tracing method is 

arranged. If an above or a below points on the initial pixel are white, the boundary is either 

outer or inner respectively. Afterward a program continues searching all of the pixels on 

the boundary. Lastly, set of pixels are recorded as P-code which can determine direction of 

tracer’s movement in order to memory details of objects (Ren et al., 2001). Figure 2.2 

shows definition of above and below points. 

 

○
●
○

Above Point

Below Point

Initial Point

          
 

Figure 2.2: Definition of above and below points 
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According to two contour tracing techniques, a problem on two methods is still alive. In 

some case, both of the parts are overlapped or the shape of part is irregular or complex. 

The algorithm cannot separate the object contour. Hence, the algorithm should be higher 

efficient. The contour analysis has to be adapted to identify an interconnected contour. 

Kuagoolkijgarn et al. (2010) develop an algorithm that can identify details of 

interconnected contour. An algorithm initially do raster scan and contour tracing. When a 

tracer, which always searches neighborhoods, reach a shared contour or a branch, a tracer 

will record that pixel coordinate as a set of shared contour and go to the right way of a 

branch. A contour tracing is run until a initial point is found out again and then a tracer will 

search an information on the set of shared contour and jump to a branch and do contour 

tracing again by choosing a next right way. Moreover, if any information on the set of 

shared contour is chosen, it will be deleted on that set. The process run repeatedly until a 

set of shared contour is empty set. All of the possible contours on an image are traced 

(Kuagoolkijgarn et al., 2010). A limitation of this algorithm is interconnected contours 

must be 1single pixel wide closed contour. 

 

2.2 Reviewing identifying techniques for recognition 

 

For image recognition, there are many methods that can be used to recognize parts. In the 

most cases, contour identification is widely used in the assembly application. The contour 

information can be calculated to determine some important information, such as perimeter, 

area, radius, angle and etc. Marble mosaic tiling automation with a four degrees of freedom 

Cartesian robot (Oral and Inal, 2008), which can assembly marble mosaics following a 2D 

drawing, apply radius and line parameters to determine types of parts, such as circle, 

triangle, square and etc. Shapes of parts are calculated and converted to radius and line 

value. Finally, types of shape on the objects are recognized. A machine assembly marble 

mosaics depending on shape of the objects. In reality, there is some case that the radius and 

line are similar to another thus the machine may match an object to a wrong part. 

 

Auyson et al. (2011) applies a longest distance, measures from a centroid of an object to 

the farthest point on a contour, for checking a deformation of a part. The algorithm 

controls the machine to release a useless part from the whole part. An algorithm identifies 

the contour of the unwanted object on an image. This contour is always cut and removed 

from the main part. However, the texture of the parts is easy to be deformed. The 

deformation of the unwanted parts may affect to the position of the main part when the 

machine delete the unwanted part out. Therefore, the longest distance has to be known in 

order to cut the parts suitably. 

 

There is another technique that is widely used in manufacturing, especially assembly 

process. The technique is simple but high quality. Kruger et al. (1981) presents tree-parsing 

pattern recognition process. This process can analyze types of the parts. This part-

identification process arranges fundamental parameters, consist of perimeter of object, 

square root of area, total hole area, minimum radius, maximum radius and compactness, by 

image processing to classify types of parts. The process measure and compare a parameter 

step by step following Part specification and the tree diagram. For example, Figure 2.3 

show tree-parsing pattern recognition process that can analyze types of automotive parts 

consisting of a connecting rod, cylinder head, piston sleeve and break caliper. 
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Figure 2.3: Tree-parsing pattern recognition process (Kruger et al., 1981) 

 

Likewise, it has some image processing methods that can be applied for mosaic assembly 

application. In order to recognize an object with original mosaic, Landi et al. (2006) uses 

shape and color parameters to do recognition. Exploit edge detection uses Region based 

methods to split and merge image and then the image will become well-defined images and 

edge of the contour are defined. Color and shape are two parameters that is segmented and 

matched to the similar parts.  

 

Museros et al. (2011) represents a new technique that can recognize arbitrarily shape of 

mosaics in ceramic assembly process. The process of work is to assemble mosaics 

following an original image. At the beginning, parts can be taken by a camera and image 

processing converts the original image to B/W image by a canny edge detection technique. 

Afterward contours of objects are identified. In order to specify the detail of the object 

contours, angle, type of convexity, relative length and type of curves are necessary 

parameters that can be recorded as a set of data. All of these parameters can be found out 

from contour and color information of the object. All set of data are compared with the set 

of original object information on an original image. If a data part is matched completely to 

an original image data, the ceramic will be arrayed following a matched object. Figure 2.4 

show an example of ceramic part and a set of recorded data. 

 

       
 

Figure 2.4: An example of ceramic part and a set of recorded data (Museros and  

                    Rscrig, 2011) 
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A matching technique applies a maximum similarity score (Chen et al., 2008) as a decided 

parameter, that can identify the object. The algorithm crate contour images from an 

original image and the contours are traced. Some of points on the contour, which depends 

on vertices or curvature of the contour, are recorded as a set of data. A similarity between a 

part’s contour and an original image contour are checked by using similarity score. The 

checking technique is called as efficient partial shape matching. The similarity score will 

be very high when the positions on the contours between a part and an original image are 

the same position. According to the benefit, an object and a part can match perfectly when 

the similarity score is high for any point on the boundary. 

 

A spatial cross-correlation process (Choi and Kim, 2000) is a kind of a matching process 

which can recognize angle of object rotations. In order to measure angle between two 

objects, if the detail of the object is the same but the angle of rotation is different, this 

algorithm can be notified the different angle between them. The method of work for the 

process applies a circular projection method and Zernike moment to recognize the angle of 

rotation. Circular projection is a method that is able to define the largest radius measured 

from the center of the circle and combine with look up table that used to specify the 

determined template. Normally, look up table can determine the different distance between 

center point and fining point on the array. Then add all of value in the look up table to 

descriptor equation. The reason that the descriptor is used is the vector sum or descriptor 

can sum the intensity up from the array and project the result on the projection profile. 

Lastly, verification process, Zernike moments and matching, are the mapping process that 

can map the original template with the suitable group of array. The result shows that even 

though the image or the object is rotated or moved, the descriptor can still catch the correct 

object. Figure 2.5 displays concept of circular projection for template and conceptual 

illustration of a vector sum. 

 

 
 

 
 

Figure 2.5: Concept of circular projection for template and conceptual illustration  

                      of a vector sum (Choi and Kim, 2002) 
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CHAPTER 3 

METHODOLOGY 

 

This chapter presents a methodology for the recognition of 2D irregular shape parts for 

automatic assembly. 

 

3.1 Research background 

 

Automatic assembly of 2D parts is a process of recognizing individual pieces from a set of 

given parts and of assembling them to form the pattern of an intended design. Computer 

vision and image processing are carried out to capture the image of these parts; to 

recognize them; to generate toolpaths; and to manipulate a material handling unit in order 

to assemble the parts together according to the design. Among these activities, part 

recognition is the most critical step to achieve automatic assembly. It composes of two key 

sub-activities: describing parts and matching parts. Each of the parts is recognized when its 

description is matched with the description of one of the available known objects.  

 

On an image, parts are represented by regions where each region composes of boundary 

and interior. Each part can be described in term of region or boundary. Region-based 

description can provide more complete characteristics but at the same time, more 

information requires more time to operate also. Therefore, unless interior features are 

necessary, only boundary is sufficient to represent the object of interest. In fact, human 

being normally recognizes objects from their shape boundaries. 

 

Recognizing parts, however, is not a trivial task due to shape complexity, part orientation, 

and image distortion. They cause non-unique complicate description representing each 

part. In practice, various parts are used to form a pattern, and they are available in various 

shapes from simple primitive polygons to complex non-polygons. The description 

unavoidably becomes more complicate as the shape complexity increases. Furthermore, 

these parts are normally unorganized and presented in different orientation from their 

intended ones. As a result, addition effort is required to match similar parts having 

different orientations because their descriptions are different. Besides these two process 

conditions, the image distortion is another hurdle to be overcome. It creates inconsistent 

description. Two images can be different even though they are taken consecutively from a 

static scene by a digital camera. This is resulted from the CCD array of the camera 

recognized a different light intensity of each pixel each time, leading to the shifting of the 

contour points. The shape distortion appears clearly between any two different 

orientations.  

 

Several researches have been introduced but they are mainly for polygon objects. 

Furthermore, the image distortion has not been explicitly considered. The implementation 

of automatic assembly of 2D parts still has limitations until the three main issues are 

properly addressed. Therefore this research has been developed to find the solutions of 

solving these problems. In addition, toolpath generation has been integrated into this 

research to connect the proposed part recognition to real implementation of automatic 

assembly. The detail is explained in the next section. 
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3.2 The overview of research concept 

 

  Preparation Process

Database

Image 
Preparation

Parts’ attributes 
Identification

Matching 
Attributes

Image 
Preparation

Parts’ attributes 
Identification

Tool path 
Generation

2D Color Image 1-pixel wide 
closed contour 
binary image Parts’ attributes

Matched parts

Tool path

2D Color Image

Main Streaming Process

Intended parts 
design

Given parts 1-pixel wide 
closed contour 
binary image

Parts’ indexes 
making

Parts’ indexes 
making

Specified indexes

Parts’ attributes

Machine

Specified indexes

Image enhancement Matching process Tool path generation

 

Figure 3.1: The diagram of research concept 

 

As aforementioned, recognizing 2D irregular shape parts is not an easy task. Their 

complicate appearances require simplification to keep their descriptions simple for ease of 

matching. A polygon-based representation has been applied in this research for this 

purpose because a polygon is a well-defined closed chain of line segments (edges) and its 

description is based on vertices and edges. The irregular shape parts are transformed to be 

polygon-like parts containing line segments and dominant points. Their descriptions are 

generated based on the segments and dominant points. Ideally, only the number of the 

dominant points and the chain of the segment lengths should be sufficient to describe a part 

because it is unlikely that different parts, especially the complex ones, will have the values 

for these two indicators. Unfortunately, the presence of image distortion creates negative 

influence to both indicators.  The lengths of the segments will be deviated. Therefore, 

chain code has been introduced as an additional indicator. The chain code basically 

describes the orientation of a segment relative to the previous segment which is less 

sensitive to the image distortion. Furthermore, it can help crosscheck two different parts 

having the same chain of lengths. Another image distortion concern which is more critical 

is on the missing of the dominant points resulted from orientation.  For polygons, the 

dominant points are vertices connecting the pairs of edges that clearly have different 

orientations. They will not disappear because of the image distortion when the part is 

reoriented. On the other hand, a few dominant points may disappear in case of non-

polygon because the orientations of the two adjacent segments may not be much different 

on the polygon-like shape. Therefore, two descriptions are created to handle the possibility 

of point missing for all the parts obtained from the design: one at the intended orientation 

appearing in the design and another one at another orientation. The shortest and the longest 

lengths are two additional indicators.  
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For matching activity, only the parts that have the same number of dominant points are 

checked. The chain of lengths and the chain code are the two important indicators to 

differentiate most of them. The chain comparisons may be time consuming steps due to the 

different part orientations and the number of segments. Sorting, therefore, has been 

introduced to shorten matching time since it is unlikely that different parts, especially 

complex parts, will have the same sets of lengths and codes. Therefore, both the chain of 

length and chain code are broken down and sorted in ascending order before matching. As 

a result, each of the reference parts in the design has four descriptions: unsorted description 

for the intended orientation, sorted description for the intended orientation, unsorted 

description at another orientation and sorted description at another orientation. For the 

parts to be assembled, each of them has one sorted and one unsorted descriptions.  All 

descriptions include five indicators: the number of dominant points, the chain of segment 

lengths, the chain code, the shortest length and the longest length. 

 

After the given parts and a design are matched, the next process is to generate toolpath to 

control the material handling unit. Toolpath selection and angle of rotation are determined. 

The toolpath selection is for choosing a suitable traveling route. The angle of rotation is for 

reorienting a part. The orientation can be determined from the edges and dominant points.  

The remaining of this chapter presents this research in more details. 

 

In order to assemble 2D irregular shape parts, there are four main activities; 1) image 

acquisition, 2) image enhancement, 3) part recognition and 4) toolpath generation. A 

diagram of research concept is illustrated in figure 3.1. For acquiring an image, the system 

requires assembled parts as a design and given parts as a candidate. Both of them are 

acquired in the system by capturing images. The method of capturing any picture depends 

on the necessary information. As the concept idea is explained in the previous paragraph, 

the analyzed information is shape. Therefore, only shapes will be focused on. By 

considering a shape of object, a technique of taking a silhouette is applied.  

 

Then the next process is image enhancement. This process is to transform a raw image to a 

proper image, which can be analyzed easily by a matching algorithm. The matching 

algorithm focuses only on shapes of the image. In this step, an image is improved by noise 

filtering, black and white conversion and canny-edge detection. The output of this process 

is one-pixel wide closed contour image which represent a group of binary contours. A step 

of work for second process is shown in figure 3.2. More information is explained in 

chapter 6 

START

Convert to black and white image

Apply contour detecting technique

Filter noise 

Acquire an image

END
 

 

Figure 3.2: The process of image enhancement 
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Refer to the concept idea of this research, one part is represented by a group of descriptions 

and it can be matched by checking a similarity of descriptions of given parts and a design. 

Therefore, this process, part recognition, contains two activities which are generating index 

descriptions and matching parts as shown in figure 3.3. The input of this process is a 

contours binary image and a matching system requires contours with x,y coordinate 

informtaion. In order to use this information, a contour tracing technique is applied. The 

data that is traced is groups of contour with x,y coordinate. In practice, the whole data is 

very huge and difficult to explain. Therefore, only individual important information should 

be selected but still can describe the shape. Under the polygon-like concept, dominant 

points or vertices are significant parameters that are used to identify the contour. In order 

to find any dominant point on a boundary, a linearity and maximal curvature calculation 

are applied. However, this information is still raw information that cannot specify any 

differences of shapes. The data should be transformed in a format that is proper and easy to 

classify. Thus this data will be converted to index chain descriptions. There are two 

descriptions containing edge length chain and modified chain code. Edge length chain is a 

group of sequencing edges length which can explain the size of the object. Modified chain 

code is a group of sequencing edges direction which explains a rough frame of an object. 

Sometime the size of the object is closed to the other, the algorithm can still classify by a 

second one. On the other hand, if the frame of a shape is equal to the other, the algorithm 

can arrange by the first one. Furthermore, it has two more others descriptions that can also 

explain the simple shape. They are called shortest and longest distances. Two descriptions 

can classify any shapes that are totally different from the others. In any case that the two 

index chain description cannot separate the objects’ difference, two simple descriptions 

will be provided. Therefore, there are four index descriptions for explaining one object. 

  

The second step is matching process. This process tries to compare the given parts with a 

design. The descriptions representing given parts will be compared with the descriptions to 

explain a design. However, there are two issues that effect on this steps; part image 

distortion and part orientation. When any given parts come into the system, sometimes the 

image distortion affects on object shapes. The number of dominant points is not stable 

when an object pair is in different orientation. The issue makes the descriptions value 

changed even if it is a pair. According to the issue, matching process cannot match the 

parts by two index chain descriptions because the number of the matched part is not the 

same. As the issue has been studied, the object that is rotated to 45 degree is the most 

distorted object. The second index descriptions pattern is created from a 45 degree rotated 

object to solve the distortion issue. The next issue is a part orientation. When any part is 

managed in different rotation, the order of the value in an index chain description will be 

changed. Therefore, the algorithm takes more time to find a matched chain by rotating each 

value in a chain one by one until reaching the set of similar values. The time consumption 

is mostly high when there are a large number of parts. To decrease a matching calculation, 

the matching process should be arranged. The algorithm will check a similarity score 

between given parts and a design for every possibility by comparing a sorted index chain 

descriptions between them. The highest score describe that matched possibility. Most of 

the parts should be matched in this step. In a case that there are several similar shapes, their 

groups of raw index chain description is analyzed and do matching for remaining parts.  

Lastly, creating first and second index descriptions might not cover every case due to 

image distortion. There is still a few pair that the dominant point number is not equal to the 

original one. Therefore, the last two simple index descriptions which are shortest and 

longest distance will be compared with a design to match the remaining parts. Finally, all 

given parts will be matched to the design. The deeper information is described in chapter4. 
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Part recognition

Index descriptions 

generation
Matching process+

 
 

Figure 3.3: Two activities of part recognition process 

 

After the matched parts are known, the machine will create toolpath following the 

matching information in this process. There are two activities and one issue for this 

process. The activities are part orientation and toolpath generation and the issue is finding 

angle of rotation. As the given parts are randomly placed on a working area, the 

assembling machine rotates a picking part to a designing angle. However, the type of part 

is non-polygon in which it does not have a reference point thus it is difficult to find the 

angle different between a matched pair. As the non-polygon is transformed to a polygon, 

the complexity is simplified. The reference point can be found out from a polygon’s 

attributes. Thus the angle of rotation is calculated by an edge’s angle. The angle of all 

edges direction will be measured with reference to x-axis and then created as a set of 

angles. Each set will be compared the value with the design one by one. Lastly, the 

algorithm can find every angle of rotation for all matched pairs. Next activity for this step 

is called toolpath selection. The route of movement is one of an important parameter in 

order to optimize the assembling time consumption. If the machine can movement 

properly, the efficiency of the process will be better. Hence, a greedy algorithm is applied 

to select the toolpath. This algorithm has been used in a real process. It always selects the 

current best way for selection. Therefore, the shortest distance becomes a justified 

parameter. The machine always chooses the closest object compared from the current 

position, as a route in every assembling round. The toolpath selection and part orientation 

are explained in chapter5. By running all process, the performance is shown with a real 

hardware, pick and place machine, in chapter6. 
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CHAPTER 4 

PART RECOGNITION 

 

This chapter presents a parts’ recognition that can match non-polygon from photograph 

image by binary contour image information.  

 

4.1 The overview of part recognition system 

 

This process contains two activities; creating index description and matching part. The 

input of this process is one-pixel wide closed contour image. The first sub-process, 

creating index description, is to create index descriptions that can recognition 2D irregular 

shape parts under the polygon-like concept. Then the second sub-process is to try to match 

any given parts to a design by index descriptions from the first process. The output of this 

algorithm is a group of matched parts. 

 

4.2 Creating objects description 

 

This process is to assign a one-pixel wide closed contour image as the input and obtain 

index descriptions as the output. The work flow of the algorithm is illustrated in figure 3.1. 

Initially, a set of contours with x,y coordinate for every object are generated from the 

input. Then all parts are converted to forms of polygon by finding vertices on their 

boundary. Next, one of a group of dominant points is chosen to create a specifying 

descriptions which are edge length chain, modified chain code, shortest and long distance. 

Two first indexes are generated in a form of chain that explain the detail of edge on the 

boundary and two last indexes, shortest and longest distance indexes, are simple 

descriptions that can identify simple objects. All of them can be created as a pattern. Each 

pattern identifies one object. Therefore each part must be identified one pattern. The set of 

description is recorded in a database. Then the algorithm checks a number of unidentified 

parts. If there are unidentified parts, it will choose one of them and goes back to the 

previous step, creating descriptions, and continue. On the other hand, if there is no 

remaining unidentified part, the algorithm finishes the process. The algorithm run until all 

parts are identified. 
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Input : a contour binary image

Generate dominant points

Create index descriptions

Is there still object 

contours ?

Record the information in a 

database

Shortest 

Distance

Edge length 

chain

Modified 

chain code

Longest 

Distance

Create groups of contour with x,y coordinate

End

Retrieve a set of dominant point of one object

Database

 
 

Figure 4.1: A flow diagram of creating index descriptions 

 

4.2.1 Creating group of contour with x,y coordinate 

 

After the quality of an image is provided in an image enhancement step, the raw image is 

already converted to one-pixel wide closed binary contour image. Therefore the input of 

this process is a contour binary image. In order to use this information, the algorithm traces 

every point on a boundary to obtain several groups of contour with x,y coordinate. A 

contour tracing technique is applied. The algorithm for tracing groups contour in this 

research is proposed by Kuagoolkijgarn et al. (2010). 

 

4.2.2 Generating dominant point 

 

In this process, each contour is transformed to a polygon-like according to the concept 

idea. The process is to find a maximal point on each curvature under the assumption that a 

corner point is always in a curve. In reality, vertices and edge are two attributes that can 

identify a polygon shape. If all of corner points on the boundary are known, the part can be 

seen as a polygon. As the input of this process which is received from a previous step is 
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groups of contour with x,y coordinates, the program generates a set of dominant points 

from a contour in this step.  

 

At the beginning, the process starts choosing a first pixel from the boundary as a starting 

point. It can be any point on a boundary. Then fifteen pixels, which are next to a starting 

point in clockwise direction, are chosen as candidates. The fifteenth pixel is an ending 

point. The group of candidates is checked that whether it is linear or curve by equation 4.1. 

The value from the equation is between 0 and 1. This value is compared with a threshold 

value. If it is higher than a threshold, the group of candidates is approximately a straight 

line. Then the next fifteen pixels in clockwise direction next to the ending point are 

included with a previous candidates and the ending point is changed to the last one. The 

new group is checked the linearity again by the same equation and threshold.  
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Where    

 1x  : The x coordinate of starting pixel 

 1y  : The y coordinate of starting pixel 

 nx  : The x coordinate of ending pixel n  

 ny  : The y coordinate of ending pixel n  
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id  : The total number of pixel from the starting pixel to ending pixel n  

 

On the other hand, if the linearity value is lower than a threshold, the region is 

approximately a curve. It is assumed that there is one dominant point on a curve. Then the 

distance between a starting and ending points are defined as an absolute line. Then each 

point on a curvature is calculated by equation 4.2 and 4.3 to find a perpendicular distance 

between dot and absolute line. A pixel that is the farthest from the absolute line is chosen 

as a dominant point. After the dominant point is selected, that point is going to be a new 

starting point. Then, the next fifteen pixels, which is next to the new starting point, are 

included as new candidates. The calculation is rerun again to find a next dominant point. 

The process runs repeatedly to find all possible dominant points on a boundary until the 

first dominant point is reached.  
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Where    

 id  : The distance between pixel i and straight line 

 ix  : The x coordinate of pixel i  

 iy  : The y coordinate of pixel i  
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The number of dominant point can be adjusted by the threshold value. As, the example 

illustrated on figure 3.2, the threshold is a curve sensitivity of an calculation. The higher 

threshold value creates the higher number of dominant points. The lower threshold value 

creates the lower number of dominant points. Therefore setting a threshold should be 

optimized in order to cover important dominant points on the boundary. As the several 

image have been tested for checking dominant points, the suitable value of the system is 

0.67 

 

     
 

             Threshold = 0.63       Threshold = 0.67   Threshold = 0.69 

 

Figure 4.2: The example of non polygon with different threshold 

 

4.2.3 Calculating index descriptions 

 

In order to create index descriptions from a contour binary image, characteristics of objects 

is concerned. Optimizing a time consumption of automatic assembly is one of a key factor 

that can increase the efficiency. Thus the descriptions should be short, compact but still can 

identify the shape’s differences easily. Moreover, a great description should not be affected 

by a part’s orientation and digital image distortion. Therefore, in this chapter, the 

description of each contour is given by a set of description, <[d1,d2,…,dn], 

[mc1,mc2,…,mcn], Llong, Lshort> where [d1,d2,…,dn] represents a distance index chain 

description, which is a set of sequencing edge length measured on a boundary of the 

object, [mc1,mc2,…,mcn] represent a set of number that explain a located direction of 

edges, Llong is a longest distance between a pixel on a boundary and a Centroid and Lshort is 

a shortest distance between a pixel on a boundary. Those descriptions are strong and stable. 

They are not affected by image distortion and shape complexity. The first two descriptions 

have been developed to explain a magnitude and direction of edges respectively. As the 

several simple descriptions have been tested, shortest and longest distances are able to 

classify any different objects. 

 

 Distance index chain 

 

After the dominant points are selected from the previous process, then the algorithm 

measures every distance between two related dominant pixels. For each vertex, a position 

is displayed as a coordinate in x and y axis thus distance of each edge can be found by 

using a distance formula shown in equation 4.4. To identify an object by distance index 

wholly, all edges are represented as a group of edge length chain. This description can 

describe any shapes that their sizes are similar to the other. The table 4.1 and 4.2 show the 

example of distance index chain description for each object. In the table 4.1 and 4.2, even 

if the distance index chain descriptions are measured with different orientation, the value is 

still similar to the other with different and the same order. Thus the distance index is not 

affected by image orientation issue. 
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jijiij yyxxd       (4.4) 

 

Where 

 
ijd   : The distance between the dominant point i and the dominant point j   

 ix  : The x coordinate of dominant point i  

 iy  : The y coordinate of dominant point i  

 
jx  : The x coordinate of dominant point j  

 
jy  : The y coordinate of dominant point j  

 

Table 4.1: The examples of distance index chain of polygonal parts with different   

       orientation 

 

1 2 3 4 5 6

104.48 158.35 389.19 258.79 - -

105.01 154.87 387.57 253.21 - -

124.17 171.41 160.11 159.15 136.89 150.12

138.19 150.56 123.71 171.68 161.00 157.65

Image
Distance index chain
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Table 4.2: The examples of distance index chain of polygonal parts with different  

       orientation 

 

1 2 3 4 5 6

53.01 63.07 179.47 85.59 164.35 30.41

87.66 166.14 28.28 55.00 63.38 181.59

145.01 65.12 83.60 220.34 106.30 -

151.48 58.25 82.22 221.77 109.65 -

Image
Distance index chain
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 Modified chain code index 

 

This method applies the original chain code theory to specify the edge’s direction. The 

advantage of the chain code is that the chain code can show a pixel’s direction on a shape 

in a form of number, zero to seven. Each number represents one direction. However, the 

original chain code cannot be used in this process due to the whole value is very 

complicated and is affected a lot by the image distortion. Therefore this technique should 

be modified. The new technique, modified chain code, will consider only on the position of 

dominant points. Any unnecessary points on the boundary are not used. Each two corner 

point or one edge represents one angle with reference to x-axis by using the equation 

below. All of angle for all edges are calculated. Then the value of each modified chain 

code can be found from the different angle of two related edges’ angle.  
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Where 

   : The angle of edge length with reference to x axis 

 ix  : The x coordinate of dominant pixel i  

 iy  : The y coordinate of dominant pixel j  

 
jx  : The x coordinate of dominant pixel i  

 
jy  : The y coordinate of dominant pixel j  

 

The different angle can be converted to a number by using a map of modified chain code 

as shown in figure 3.3. Each quadrant is specified by the individual number. The different 

angle is checked to find the direction of the second edge length. However, due to the 

digital image distortion, the angle different chain is not really stable. If the different angle 

is in around conflicted regions, 90, 180, 270 and 0 degree, the algorithm might create a 

different number. Around the conflicted region, the number can possibly be two numbers 

thus the fraction number, 1.5, 2.5, 3.5, 0.5, are created to represent the angle that is in the 

conflicted regions. The range of these regions is between ± 15 degree from the main axis.  
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Figure 4.3: A concept of modified chain code 

 

In order to find one different angle, two neighboring edge length are required. The first  

edge lengths that can be seen first in clockwise direction is chosen as a reference edge 

which is parallel to the reference edge line. The dominant point between two of edge 

lengths is an origin of the graph. The arrow of the reference direction is always pointed out 

from a first point of the first edge line to the origin. The technique for selecting a number is 

shown in the figure. In general, there are several edge lengths for each boundary. Every 

edge lengths should be created as a modified chain code numbers and represented with the 

order in clock wise direction. Thus the directions of edge lengths for one boundary are 

shown as a chain. 

 

The advantage of this technique is that the number represents a rough direction thus the 

part rotation cannot change the number. If this technique is used with a distance index 

chain description, the algorithm will fulfill the performance.  

 

Two tables below show the example of modified chain code description representing 

polygon and non-polygon. The result shows that even if the orientation of pair is different, 

values in a set of modified chain code description are similar to the other. However, the 

order of each pair is different. 
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Table 4.3: The example of modified chain code of polygon with different orientation 

 

1 2 3 4 5 6

1 1 2 2 - -

1 1 2 2 - -

2 4 2 1 1 1

1 1 2 4 2 1

Image
Distance index chain
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Table 4.4: The example of modified chain code of non-polygon with different   

       orientation 

 

1 2 3 4 5 6

3.5 1.5 1.5 1 2 1.5

1 2 1.5 3.5 1.5 1.5

1.5 1.5 4 2 1.5 -

1.5 1.5 4 2 1.5 -

Image
Distance index chain

 

 Shortest and longest distance index 

 

This technique is to measure all distance among every pixel on the boundary and a 

Centroid of the object and then choose shortest and longest pixels from those values. 

Therefore, for one object, there are one shortest and one longest distance. This technique 

can classify any parts that two index chain descriptions cannot analyzed. The equations 

that use to calculate between the Centroid and a pixel on the boundary are shown below; 
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Where    

 cid  : The distance between centroid and the pixel i   

 cx  : The x coordinate of centroid 

 cy  : The y coordinate of centroid 

 ix  : The x coordinate of pixel i  

 iy  : The y coordinate of pixel i  

 

4.2.4 Creating second pattern 

 

As the parts’ rotation has been test, an image distortion always affects on the dominant 

point calculation. When the part is orientated with different rotation, sometime some 

position is missed. However, location of the other dominant points is still the same. 

According to the test, a highest possibility of missed point is at 45 degree. Therefore, a 

second pattern for an intended design is generated by finding four descriptions at 45 degree 

counterclockwise. Hence, there are two sets of descriptions specifying one object. The first 

set is four descriptions of an actual intended design. The second set is four descriptions of 

45 degree counter clockwise design. Figure 4.4 shows an actual design and 45 degree 

counterclockwise design. All of that information will be compared with given index 

descriptions in the next process. 

         
 

                 No rotation       45 CCW rotation 

 

Figure 4.4: Two patterns of a design part 

 

4.3 Matching parts 

 

This section is to match given parts to a design by four descriptions < [d1,d2,…,dn], 

[mc1,mc2,…,mcn], Llong, Lshort >. The main issue consideration of this section is an 

orientation. Given parts are arranged with unknown position and pattern. Therefore the 

sequence of index chain descriptions is not the same. In order to match, each value in a 

chain have to be rotated one by one until reaching a match pair in every positions thus the 

calculating time might be long. To optimize a matching process, the algorithm firstly 

should avoid a sequence by sorting two indexes chain descriptions and then tries to match 

all of them. However, if there are several similar parts, the first technique cannot 

completely match. The second step is required. The two remaining raw index chain 

descriptions are tried to match with considering their order. This step consumes a lot of 



 

25 

 

time but the majority of parts are already matched in the previous step. Thus the 

calculating will be shorter than the original one. Lastly, if there are remaining parts, which 

cannot match due to an image distortions issue, the shortest and longest distance 

descriptions will be provided. The step of matching parts is shown in figure 4.5.  

 

Database

Find out a matched pair by 

sorted data

Remaining 

unmatched parts ?

Find out a matched pair by 

unsorted data

Remaining 

unmatched parts ?

Yes

No

Find out a matched pair by 

longest and shortest distance

Output : matched parts

Yes

No

Input : given descriptions

 
 

Figure 4.5: The flow chart of part matching 

 

Firstly, the distance index chain and modified chain code descriptions are arranged by 

sorting. The sequence is not considered. The algorithm can match the majority of parts that 

that shapes are very differences from the others in once time. The two indexes are 

compared one by one from the lowest value to the highest value by applying the similarity 

score equation shown in equation 4.7.  The algorithm can separate between the matched 

and unmatched parts. However, in the case that there are some similar parts, the algorithm 

cannot justify them then matching by unsorted data is performed.  

 

Secondly, sequencing distance index chain and sequencing modified chain code 

descriptions from the database are compared with the indexes information of actual 

objects. In this step, not only a set of descriptions but also the sequence is checked to find 

out matched parts. At the beginning, the last value in a set of distance index chain 

description of actual object is relocated to the first position and then all index description 

values are compared one to one with a group of distance indexes chain description of one 
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intended designing part to find a similarity score by equation 4.7. Thus one similarity score 

represents one index different value. For representing a set of one description, there are a 

set of similarity scores. In order to analyze simply, those data is averaged themselves and 

the next relocation is provided. The calculation is the same as the previous one. The 

process run until all value in a set is relocated. The algorithm also calculates the similarity 

of the second description, modified chain code description, as the previous process. All 

value in the first set of similarity score is averaged with the other one to one. The highest 

score in the group is chosen from all of them as a represented similarity score. The set of 

descriptions for second pattern, 45 degree rotating part, is also arranged as well as the other 

remaining parts to give represented similarity scores. Any pair that its score is higher than 

a threshold, 0.9, is matched. Lastly, most of the remaining parts are arranged in this step. 

However, the number of calculating round should not be large since most of the objects are 

matched already in the first step.  

 

Even if the effect of an image distortion can be solved by creating a second pattern, a few 

test still occurred a few mismatching because some dominant point were missed or 

exceeded. Therefore, shortest and longest have been implemented to use as the last two 

descriptions. The calculation is the same as the process of matching by two index chain 

descriptions. The advantage of last two descriptions is that they are not sensitive to an 

orientation issue and can classify total parts’ differences. The remaining parts are analyzed 

last by the same similarity score equation. 

 

 
j

j

XX

XX
SC






1

1
21       (4.7)0 

 

Where   

 SC  : The similarity score, -1 to 1 

 iX  : The index value of designing part i  

 
jX  : The index value of actual parts j  

 

4.4 Implementation 

 

A parts’ recognition has been test by Labview software. Inputs contained an intended 

design image and a given object image. They were captured by a webcam. The program 

can show a number of matched parts and total number of targeted objects as the output. To 

test the efficiency of 2D matching algorithm, six types of input, containing non-orientated 

polygon, orientated polygon, non-orientate simple non-polygon, orientated simple non-

polygon, non-orientated non-polygon and complicated orientated non-polygon, were 

operated. 
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Figure 4.6: The front panel of the program 

 

4.4.1 Experimental result 

 

Test 1 and 2: Non-orientated and orientated polygon, 

 

The matching results of polygon are presented in the two tables below. The fifteen 

polygonal parts were tested. It contained convex and concave polygon. All images were 

clear with no noise. The canny edge detection worked well. The first process is to match 

given parts with a design by modified chain code and distance index chain descriptions. 

The second process is to match given parts with a design by shortest and longest distance 

descriptions. The objects were tested twelve times, six times for non-orientated and six 

times for orientated test. In the table 4.5, the result shows that the program could match 

fifteen pieces successfully within the first process. Moreover, in the table 4.6, the parts 

could also match fifteen pieces successfully even if the orientations are not the same. 

These cases are the simplest case that the matching algorithm should match all of them 

with no error. 

 

 
 

Figure 4.7: The design of assembled polygon parts 
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Table 4.5: Matching result of polygonal parts with the same orientation 

 

Pattern No. Actual image 1st process 2nd process Total Efficiency(%)

1 15 - 15 100

2 15 - 15 100

3 15 - 15 100

4 15 - 15 100

5 15 - 15 100

6 15 - 15 100
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Table 4.6: Matching result of polygonal parts with different orientation 

 

Pattern No. Figure 1st process 2nd process Total Efficiency(%)

1 15 - 15 100

2 15 - 15 100

3 15 - 15 100

4 15 - 15 100

5 15 - 15 100

6 15 - 15 100
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Test 3 and 4: Non-orientate simple and orientated simple non-polygon 

 

The matching results of simple non-polygon are presented in the two tables below. The 

sixteen polygonal parts were tested. All images were clear with no noise. The contour 

tracing technique runs with no error. The objects were tested twelve times, six times for 

non-orientated test and six times for orientated test. In the table 4.7, the result shows that 

the algorithm could match all non-orientated parts in the first process. However, in the 

table 4.8, the program could match a majority of parts the first process and match the 

remaining parts in the second process with no mistake. The image distortion made a 

number of dominant points differ to the design for some parts. However, the second 

process could already solve the issue by matching the remaining parts. 

 

 
 

Figure 4.8: The design of simple non-polygon 
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Table 4.7: Matching result of simple non-polygon with the same orientation 

 

Pattern No. Actual image 1st process 2nd process Total Efficiency(%)

1 16 - 16 100

2 16 - 16 100

3 16 - 16 100

4 16 - 16 100

5 16 - 16 100

6 16 - 16 100
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Table 4.8: Matching result of simple non-polygon with different orientation 

 

Pattern No. Actual image 1st process 2nd process Total Efficiency(%)

1 15 1 16 100

2 15 1 16 100

3 16 - 16 100

4 14 2 16 100

5 15 1 16 100

6 15 1 16 100
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Test 5: Orientated complicated non-polygon 

 

The matching result of complicated non-polygon is presented in table 4.9. The forty one 

polygonal parts were tested. All images were clear with no noise. The contour tracing 

technique runs with no error. The objects were tested six times. The program could match 

a majority of parts the first process and match the remaining parts in the second process 

with a mistake for second, third and six tests. The parts were matched correctly in first, 

fourth and fifth tests. The main issue for matching wrongly is an image distortion and 

parts’ shape. The image distortion made a number of dominant points differ to the design 

for some parts and the value of shortest and longest were also similar to the others. 

Therefore, in this case, the algorithm matched incorrectly. 

 

 

 
 

Figure 4.9: The design of a map of USA 
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Table 4.9: Matching result of a map of USA 

 

Pattern No. Actual image 1st process 2nd process Total Efficiency(%)

1 37 4 41 100

2 35 5 40 97.5

3 35 4 40 97.5

4 34 7 41 100

5 39 2 41 100

6 35 4 39 95
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Same 

orientation

Polygon

Non-polygon

Different 

orientation

100 % 100 %

100 %
95-100 

%

 
 

Figure 4.10: The result of matching polygon and non-polygon 

 

After doing the experiment, all result shows that the algorithm can match the polygon 

parts. Even if the parts are orientated or the same rotation, the efficiency of matching 

algorithm is 100 % match. In order to test more complex parts, the simple non-polygons 

were provided. The result shows that matching algorithm can recognize all parts. However, 

when a map of USA was tested, there are a few parts the algorithm cannot match. 

Therefore, the efficiency for testing complicated parts is not equal to 100 %. A few parts 

cannot be matched. Sometime the number of the dominant point was not equal to its pair 

because of image distortion. The remaining parts are rechecked by the second step. 

However, sometime the size of the remaining parts is very similar to the other. Thus the 

algorithm matched mistakenly. According to figure 4.9, the efficiency of non-polygon with 

different orientation in the forth quadrant is between 95 to 100 % 

 

4.5. Conclusion 

 

To match parts, there are three main steps containing image preparation, parts’ attribute 

identification and parts’ matching. For the first step, the image detail is improved by low-

pass filter, black and white conversion and canny edge detection. Low-pass filter removes 

some noise and particular around objects’ contour. Black and white conversion converts 

from gray image to black and white image. Canny edge detector generates contour image. 

The result is one-pixel wide closed contour. For the second process, parts’ attribute 

identification, contour tracing algorithms generate x,y coordinates of all pixels on the 

boundary. dominant points are chosen from pixels on the boundary and then distance index 

chain and modified chain code are made from dominant point in order to identify the 

object. When all objects are already specified, all indexes are compared one by one to try 

to match the parts. If some parts cannot be matched from the distance index chain and 

modified chain code, shortest and longest distance are another choice. After the algorithm 

is tested with several types of parts, polygon parts are able to match in first process in 

every orientation. Simple non-polygon parts are mostly matched in first process and the 

remaining parts is matched in second process. When a map of USA is tested, the efficiency 

of matching algorithm is not 100 %. The main reason that the parts cannot match all is an 

image distortion or the number of the dominant points is not equal to design parts indexes. 

If the matching algorithm can catch the missed dominant points, the algorithm can match 

all of them.  
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CHAPTER 5 

TOOLPATH GENERATION 

 

This chapter explains toolpath calculation in order to assemble parts efficiently. There are 

two activities that are mentioned: 1) Parts orientation. 2) Route of assembling parts. 

 
5.1 Parts orientation 

 

In an automatic assembling process, given parts come from other processes and are placed 

in a working area of the assembling system. An automatic assembling machine can known 

their position by capturing an object image. In order to assembly parts following a design, 

the different rotation between a given parts and a design must be known. Therefore, this 

section explains a method of finding the angle of rotation for each pair. In practice, the 

different angle calculation is not easy to find because the shape of parts are irregular or 

non-polygonal. There is no reference parameter. However, when the parts are considered 

as polygon, the angle calculation will be simpler by using distance index chain description 

[d1,d2,…,dn]. Edges for each object are calculated to find a set of angles with reference to 

x-axis as mention in chapter 4 (equation 4.5). Then it is managed as an angle chain 

[a1,a2,…,an]. One angle chain represents one object. As an example is shown below, each 

angle represents an angle of an edge length with reference to x-axis.  

 

53 – 159 - 271

1

2

1

3
2

3

 
 

Figure 5.1: Angles of each edge length with reference to x-axis 
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5.1.1 Parts reorientation    

 

After all given parts and designing parts are represented by the angle chains. The angle of 

rotations for each pair can be found by finding a deviation of edge length chain. The last 

value in a distance index chain [dn] of a given part is relocated to the first position of the 

chain [d1]. Then the total deviation between the value in a distance index chain of a given 

part and the value in a distance index chain of a design for every position are arranged by 

equation 5.1.  

 





n

i

digij ddDeviation
1

      (5.1)0 

Where  

 
jDeviation : The total deviation of distance chain descriptions for matched pair j  

 
gid  : A value of distance index of a given part at position j  

 did  : A value of distance index of a design at position i  

 n  : A total number of a distance index chain description  

 

Next, the last value in a distance index chain [dn] of a given part from the previous step is 

relocated again to the first position and the algorithm defines the total deviation by the 

same equation. The algorithm relocates value and finds the deviation continuously until all 

of values in the chain are relocated. The algorithm will find the minimal deviation with a 

number of shifting time [nt]. Therefore the algorithm relocates the last value of angle chain 

of the given part [an] to the front position for nt times. The positions of both angle chains 

are matched. The different angle of a chain is managed one to one to find the different 

angle chain. The average angle of rotation is calculated by averaging the different angle 

chain. All matched pair have to be calculated the angle of rotation by this technique. It is 

the angle that the machine always follows. The process below shows the example of 

calculating angle of rotation. 

 

Step 1: Creating Angles with reference to x-axis and distance index chain 

1

3

2

1

2

3

Given part

Designing part

1 2 3

Angle 107.1 212.5 324.8

Distance index 281.5 186.1 293.5

 
Figure 5.2: The example of creating distance index chain and angle of rotation 
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Step 2: Relocating the value in the last position to the first position and finding a minimal 

 total deviation.  

 

Table 5.1: The example of total deviation calculations after relocations 

 

1 2 3 1 2 3 1 2 3

186.1 293.5 281.5 293.5 281.5 186.1 281.5 186.1 293.5

283.0 187.2 296.0 283.0 187.2 296.0 283.0 187.2 296.0

96.9 106.4 14.5 10.5 94.3 109.9 1.5 1.0 2.5

Given part

Designing part

1
st
 relocation 2

nd
 relocation 3

rd
 relocation

Error of distance index

Total error of distance index 214.8 5.0217.7
 

 

Step 3: Relocating Angles with reference to x-axis of the given part following third 

 relocation 

 

Table 5.2: Relocating angle of rotation following distance index chain description 

 

1 2 3

Angle 107.1 212.5 324.8

Distance index 281.5 186.1 293.5
Given part

3
rd
 relocation

 
 

Step 4: Finding the absolute different angle for each pair and then average all of them. The 

 machine has to assemble following this angle 

 

Table 5.3: The average of the different angle between a given part and designing part 

 

1 2 3

107.1 212.5 324.8

53.3 158.3 270.9

53.8 54.2 53.9

Given part

Designing part

3
rd
 relocation

Average angle or rotation

Different angle of each position

54.0
 

 

Even if the algorithm can find the angle of rotation for a majority of parts but there are a 

few parts that cannot be matched by two index chain descriptions. The number of edge 

length for an actual part is not equal to the number of edge length for a partner due to an 

image distortion. As the two simple descriptions are used to match that part, the angle of 

rotation is calculated by the longest distance instead and does comparison again for the 

remaining one. Therefore the angle of rotation for the remaining parts is the different angle 

of longest length’s angle between pairs.  
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5.2 Route of assembling parts 

 

In a manufacturing, given parts are sent to the assembling system. They are captured and 

analyzed to match to a design in an image acquisition and parts’ recognition processes 

respectively. Then the machine has to start assembling. In this step, the order of assembly 

should be handled in order to optimize an assembling time or increase the process 

efficiency. As a route optimization has been studied, a method that has been used for an 

assembly is a Greedy algorithm. This technique always analyzes and chooses the best way 

at a present time. As an example of parts selection applied by the greedy algorithm is 

shown in figure 5.3, there are 5 pieces. The machine has to assembly all of them. The 

machine always chooses a part that is closest to an existing probe’s position. A value in a 

bracket shows the distance between a Centroid of a part and a current position. For 

assembling in the first time, the best solution is to assemble a second part which the 

distance is nine meters. Therefore there are four remaining parts which are one, three, four 

and five. The machine then checks the next best way from the remaining parts. For the 

second round, the forth part is selected to assemble. The process check and run until all of 

parts are assembled.   

 

Current position

5(10)4(7)3(17)

1(20) 5(30)4(17)3(12)2(9)

1(18)

1(12 3(9)

5(9)3(21)1(11)

1

Parts number(Distance)

 
 

Figure 5.3: Greedy algorithm example 

 

In order to apply the greedy algorithm, a justified parameter has to be known. As the 

toolpath generation has been analyzed, a pattern of movement affect on an assembling 

efficiency. Therefore, the machine movement is a justified parameter. In practice, the 

pattern of movement contains two steps: 1) moving from a current position to a Centroid of 

a given part. 2) assembling a part following a design. The machine always moves 

following first and second step sequentially. In the second step, a probe of the machine 

pick a given parts at a Centroid then move to a Centroid of an intended design. The path in 

a second step is always fixed. After picking the part up, the machine directly move to a 

pair’s position. The example of second step is shown in figure 5.4. Therefore, the second 



 

40 

 

step will be considered. In the first step, a machine can either move from a home position 

or a Centroid of existing design part to a given part. By applying the greedy algorithm, 

machine will try to choose the shortest distance among an existing position and the parts. 

The process run until all parts are assembled following the design. The calculation of 

distance in second step is shown in equation 5.2. 

 

 

Figure 5.4: The example of the distance between a pair 

 

   2

21

2

2112 cccc yyxxd      (5.2)0 

 

Where   

 12d  : The distance between the coming part’s centroid and the design part’s  

  centroid   

 1cx  : The x coordinate of the coming part’s centroid 

 1cy  : The y coordinate of the coming part’s centroid 

 2cx  : The x coordinate of the design part’s centroid 

 2cy  : The y coordinate of the design part’s centroid 

( xc1 ,yc1 )

( xc2 ,yc2 )

d12

( xc2 – xc1  )

( yc2 – yc1  )

 
Figure 5.5: The distance calculation between a pair 
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5.3 Experimental results 

 

A parts’ recognition has been tested by Labview software. Inputs contained an intended 

design image and a given object image. They were captured by a webcam. The program 

can show orders of assembly and angle of rotation of each pair. . In fact, there are two 

things that are checked. The machine has to choose the shortest path at a current time. 

Next, the machine is able to pick a sample then rotate correctly and place to a proper 

position. Three types of input which are orientated polygon, orientated simple non-polygon 

and complicated orientated non-polygon were tested. 

 

Test 1: Polygon parts 

 

The orientation and toolpath generation of polygonal parts were tested. There are fifteen 

parts. The parts were placed randomly. The result of toolpath generation is shown in figure 

5.6(b). The automatic assembling machine initially was at a bottom right of a given image. 

The machine selected the path to assemble following the number. According to the image, 

the program created toolpath correctly. The shortest path was selected in every round. 

Next, the example result of angle calculation is shown in a table 5.4. The examples of 

different angle between designing parts and actual parts are shown in a fourth column. The 

given parts are rotated following a design.  

 
(a) 

 
(b) 

 

Figure 5.6: The result of toolpath selection for assembling polygon (a) The pattern of 

         designing polygonal parts; (b) The result of toolpath generation for  

         polygon 
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Figure 5.7: The design of polygon 

 

Table 5.4: The angle of rotation of polygon examples 

 

Part no. Designing Parts Actual Parts Angle of rotation

1 31.52 (CCW)

2 11.85 (CW)

3 128.86 (CCW)

4 53.94 (CW)

5 60.39 (CCW)

6 87.33 (CCW)
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Test 2: Simple non-polygon parts 

 

The orientation and toolpath generation of sixteen simple non-polygons were tested. The 

parts were placed randomly. The result of toolpath is shown in figure 5.8. The automatic 

assembling machine initially was at a bottom right of a given image. According to an 

image, the program created toolpath correctly. The shortest path was selected in every 

round. For calculating angle, the example result of angle calculation is shown in a table 

5.5. The given parts were rotated to their suitable angle. 

 
(a) 

 
(b) 

 

Figure 5.8: The result of toolpath selection for assembling simple non-polygon (a) The 

         pattern of designing simple non-polygonal parts; (b) The result of   

         toolpath generation for simple non-polygon 
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Figure 5.9: The design of simple non-polygon 

 

Table 5.5: The angle of rotation of simple non-polygon examples 

 

Part no. Designing Parts Actual Parts Angle of rotation

1 12.15(CCW)

2 1.68(CW)

3 8.52(CCW)

4 51.60(CW)

5 81.76(CW)

6 91.03(CW)
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Test 3: Complicated non-polygon parts 

 

The orientation and toolpath generation of forty one complicated non-polygons were 

tested. The result of toolpath is shown in figure 5.10. According to an image, the program 

created toolpath correctly. The shortest path was selected in every round. For calculating 

angle, the example result of angle calculation is shown in table 5.6. A majority of given 

parts were rotated to their proper angle. A few parts was rotated mistakenly because they 

matched wrongly in parts’ recognition process. 

 
(a) 

 
(b) 

Figure 5.10: The result of toolpath selection for assembling complicated non-polygon 

           (a) The pattern of designing complicated non-polygonal parts; (b) The            

           result of toolpath generation for complicated non-polygon 
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Figure 5.11: The design of Complicated non-polygon, a map of USA 

 

Table 5.6: The angle of rotation of complicated non-polygon examples, states of USA 

 

Part no. Design Parts Actual Parts Angle of rotation

1 46.65(CCW)

2 43.59(CCW)

3 57.17(CCW)

4 11.66(CCW)

5 1.95(CCW)

6 69.37(CCW)
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5.4 Conclusion 

 

In order to assemble actual parts following the design, there are two activities. First, the 

machine rotates the given parts to the proper angle of a design. The angle of rotation is 

calculated by finding the different angle of each edge length. A chain of the angle is 

created and then checked the order by comparing the edge length between an actual and a 

design part. The average angle is found by the different angle of each edge length. In a 

case that the parts are matched in a second process, comparing shortest and longest 

distance, the angle of rotation is calculated by the angle of longest distance with reference 

to x-axis. In order to optimize a toolpath of movement, the greedy algorithm is applied to 

choose the suitable path. There are two step of movement: 1) moving to a central of 

coming parts, 2) assembling parts by holding parts to the needed position. Only the first 

step is considered.  

route of movement is important. The greedy algorithm is applied to choose the suitable 

path. There are two step of movement: 1) moving to a central of coming parts, 2) 

assembling parts by holding parts to the needed position. The first step is considered to 

select the proper path. When any part is assembled, the machine always picks the parts at 

the Centroid. The Centroid can be found from the average contour pixels. For the second 

step of movement, the path is calculated from the distance between two Centroid of a pair. 

The several samples, which are polygon, simple non-polygon and complicated non-

polygon, have been tested. The result shows that the program could calculate the 

orientation and toolpath correctly except the complicated non-polygon. A few angle of 

complicated non-polygon is not correct due to the mismatching from the previous process, 

parts’ recognition. 
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CHAPTER 6 

ASSEMBLING SYSTEM DEVELOPMENT 

 

This chapter presents the whole assembling system of an automatic machine. All 

processes, software implement and assembling machine are explained.  

 

6.1 Introduction 

 

In general, an automatic machine has been applied in an assembling process for a while. 

Nowadays, an automatic machine is combined with an image processing to arrange parts 

without human’s consideration. However, there are three main activities when an 

assembling machine is operated. First, an algorithm has to be applied to analyze parts. 

Even if the parts are more complex, it should still diagnose. However, matching 

complicated parts is a main issue of this section. As a matching algorithm is mentioned in 

chapter 4, the issue is arranged. However, the image enhancement is mentioned in this 

chapter to improve a quality of an image before the matching algorithm is applied. Second, 

the machine has to be controlled by a suitable program. A program should be stable and 

support matching algorithm thus Labview has been developed. The software can strongly 

control many machine in any hard place. Moreover, the software is easy to be 

programmed. Lastly, designing an assembling machine is also improtant. A pick and place 

machine should be able to support the algorithm. The proper mechanism should show an 

implementation correctly. Therefore, the topics in this chapter consist of matching system, 

software and machine implementation respectively. 

 

6.2 Matching system 

 

In a process of analyzing and assembling 2D irregular shape parts, there 4 main activities 

consisting of image acquisition, which is to capture an object image into the system, image 

enhancement which is to improve a quality of an image, parts’ recognition which is to 

match given parts to an intended design, and toolpath generation which is to create a 

toolpath to control an automatic machine. The figure below shows the overall of the whole 

system. 

 

Image 

Enhancement

Parts’ 

recognition

Toolpath 

generation

Image 

Acquisition

 

Figure 6.1: Steps of calculation for the system 
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6.2.1 Image Acquisition 

 

In this step, a matching system in a manufacturing initially receives a raw image which is a 

parts image from the camera. In order to analyze objects, shape is an important attribute 

that use to specify the object’s detail. Therefore parts should be captured with a very high 

contrast. A technique of capturing a silhouette is applied in this step. The light is projected 

through an object to a camera. The edge of an object should be very bright. However, any 

object region should be solid and murky. The contrast of the object and background should 

be totally different. The example of this technique is shown in figure 6.2. 

 

 
 

Figure 6.2: An example of silhouette image 

 

6.2.2 Image enhancement 

 

After the raw image is captured from the system, then the image should be enhanced to be 

a proper image in order to support the matching algorithm in the next process. The 

matching algorithm requires a contour binary image but the raw image is not dense and 

come with noise. Therefore, this process improves a raw image by removing noise, 

converting a color to black and white image and converting a dense image to a contour 

image. Noise from an image is deleted by low-pass filter. a color image is converted by 

black and white conversion. A dense image is transformed to a contour image by a canny 

edge detector. These three techniques are explained as follow; 

 

 Low-pass filter 

 

In general, there are several image filter techniques. Low-pass filter is one of the simple 

linear filters that have been widely used. Any pixel value on an image specifies the 

intensity of the image. For example, the value of eight bit gray image is between zero to 

two hundred and fifty five. By applying Low-pass filter the value for each pixel is replaced 

by the average of neighboring pixels’. The equation for calculating the value is shown 

below; 
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For example, In order to find the value from 5 x 5 neighborhood, the central pixel is 

replaced by h[i,j] shown in figure 6.3. The equation for calculating becomes the equation 

6.2. 
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Figure 6.3: The 5x5 filter table for finding the average pixel 
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After passing the low pass filter, the noise intensity on the image is attenuate and the 

contours of an image are smoother compared with the original image. Figure 6.3(b) An 

image after filtering. 

 

   
 (a)           (b) 

 

Figure 6.4: An example of a low-pass filter image (a) A raw image; (b) A image after 

         filtering 

 

 Black and white conversion 

 

The technique in this step is to convert a digital color image to a black and white image. In 

fact, each pixel on a color image can be represented as red, green and blue (RGB). For 

each color, the value is represented as a number between zero and two hundred and fifty 

five. In this process, the algorithm will change from RGB to gray color first. All of those 

color values are converted to be only one value which is between zero and two hundred 

and fifty five. Zero represents black and two hundred and fifty five represents white. 

However, the matching algorithm requires a very contrast result. Therefore the gray image 

will then be transformed to black and white image by using a threshold. The threshold can 

judge that any pixel should be black or white.  The value of the threshold is between zero 

and two hundred and fifty five. However it is usually set up at medium level. If the value 
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represented a color of each pixel is lower than a threshold, that pixel will be changed to 

black. On the other hand, If the value represented a color of each pixel is higher than a 

threshold, that pixel will be changed to white. The figure 6.5(b) shows an example of black 

and white image. 

 

       
 

                   (a)         (b) 

  

Figure 6.5: An example of black and white image (a) Raw image; (b) Image with  

         black and white conversion 

 

 Canny detection technique 

 

This technique is to analyze the intensity of an image in which the first derivative of the 

image is performed and then choose the high intensity for each pixel to be as edge. The 

result of an image can be one-pixel wide closed contour image. The image information is 

suitable to be analyzed in matching algorithm. The process starts filtering out any noise by 

gaussian filter. Then the gradient of the image are found by applying a pair of convolution 

masks and finding the gradient strength and direction. The non-maximum suppression is 

applied to remove the unconsidered pixel and select only the high gradiant value. The 

result is compared with the threshold. Lastly, the hysteresis thresholding is then applied. 

This step contains two thresholds, upper and lower threshold. If the value is greater than 

the upper threshold, the pixel is assumed that it is an edge. On the other hand, if the pixel is 

lower than the lower threshold, it is not an edge. Finally, the result becomes one pixel 

wide-closed contour. The result example of canny edge detection is shown below; 

 

       
 

Figure 6.6: The example of an image with canny edge detection 

 

After an image is corrected by Low-pass filter, Black and white conversion and canny edge 

detector, the image result is one-pixel wide closed contour.  The result information will be 

analyzed in the next process.  
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6.2.3 Parts’ recognition 

 

The algorithm tries to match given parts to a design by objects index descriptions in this 

process. The input of the algorithm must be both of a designing contour image and a given 

contour image. On first time, the designing part image is required. The algorithm creates a 

group of index description and copy into a database. Then the given parts image are add to 

the algorithm and analyzed in order to match the parts to a design. The result of the 

algorithm is a matched parts number. It will be used to create a toolpath in a next process. 

The process of description is explained in Chapter 4.  

 

6.2.4 Tool path generation 

 

After a group of matched parts is known, then toolpath of assembling parts are generated in 

this process. There are two main activities required. First, all angle of rotation of each 

matched pair are provided. Second, the path selection is arranged by applying a Greedy 

algorithm. Initially, the algorithm chooses the first closest object measured from a home 

position and then create between them as a first path. Next, the distance between distance 

between a matched pair is calculated and added next to the first path. The first round of 

assembling one part is done. Next, the part that is closest to the first designing part’s 

position is chosen as a second candidate. The algorithm calculates a distance between their 

parts and also a distance between a second pair. Both of distances are recorded as a second 

route. The algorithm will find the next route by following the calculations in the second 

round. The process runs until all matched parts are manipulated. All of the process in the 

algorithm finishes. 

 

6.3 Software implementation 

 

According to a research concept in chapter 3, the process always follows the process of 

research concept. There are three main step for assembling given parts. The Figure below 

shows the flow chart of software control. Design parts initially are analyzed in a 

preparation process. A set of index descriptions is generated and recorded in a database. 

Next, given parts will be provided. Parts are randomly placed in a working area. A 

matching algorithm again creates a set of index descriptions and then the design indexes 

and actual indexes are compared to find matched parts. Lastly, all tool paths are generated 

from matched parts. The movement of the machine is then manipulated following the 

routes.  

 

Preparation 

Process

Main 

Streaming 

Process

Machine 

Control

 
 

Figure 6.7: The steps of machine control 
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6.3.1 Preparation process 

 

In this process, a user is required to put designing parts on a working area. The figure 

below illustrates the overview of a program. For running the program to crate index 

descriptions, the user moves a toggle switch to “Preparation Process” and chooses 

“Preparation Process” in a process selection combo box then click “START” button. The 

software will run and generate important parameters. When the process is done, a finish 

LED appears. The number in “Number of Contour” box will show a total number of design 

parts, parts pattern channel displays a real capturing image from a camera. The system 

finishes creating specifying indexes for every part. 

 

 
 

Figure 6.8: The front panel of the program in preparation process mode 

 

6.3.2 Main streaming process 

 

For matching parts and generating tool paths, this process is required. When the indexes of 

the design parts are created in a previous process, a machine is now ready to compare them 

with actual parts. at the beginning, the given parts are randomly placed in a working area. 

the user is required to change the mode from preparation process to main streaming 

process mode as shown in figure 6.9. The toggle switch is shifted to main streaming 

process. The mode in the process selection combo box is also changed to main streaming 

process. After choosing this mode, “START” button will be clicked. The process starts 

running. The given parts image will be shown on camera display. The process will 

calculate specifying indexes for actual parts then compare to design parts and generate tool 

paths. When the process finishes, Finish2 LED will be on. From this step, the program is 

ready to control a machine. Next, the user has to change the mode again from main 

streaming process to machine control mode in the process selection combo box. Then click 

“START” button again. The machine will initially assemble the parts. 
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Figure 6.9: The front panel of the program in main streaming process mode 

 

6.4 Machine implementation 

  

The machine has been implemented as a figure below. The pick and place machine is a 

three axis machine. The degree of freedom is four. It can move along x, y and z-axis as 

well as rotate in z-axis. A suction cup and pneumatic system are used to suck any parts up 

and down. Devices that use to control movement of every axis are five stepping motor. 

 

    
 

Figure 6.10: A pick and place machine 
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As figure 6.10 illustrate, the machine is controlled via a Digital I/O board and Labview 

software. The working area is 210 x 300 sq.mm thus the total area of every parts cannot 

exceed that area. A Logitech HD Pro Webcam C920 is used to capture an objects image.  

 

PC

Camera

Irregular shape parts

Pick and place 

machine
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- Labview

-Image 

processing

-Digital I/O

 
 

Figure 6.11: The overall system communication 

 

A layout of the machine runs as follows;  

 Firstly, designing parts are assembled within a field of view of a camera by placing 

in a working area. 

 Secondly, the camera captures a picture of parts in a first working area. Labview 

immediately communicate with the camera. 

 Next, matching algorithm analyzes parts’ detail and generates specifying indexes, 

the first step is done. 

 For the next step, irregular shape parts are placed randomly in the same area. 

 The program reruns from the second step to third step. 

 After that both reference index and actual parts’ indexes information are compared. 

The matched parts and tool path are generated.  

 Then the communication between a program and a machine starts. The machine 

initially goes to a home position and then assembles parts sequentially. 

 Lastly, the machine run until all parts are assembled. When a process finishes, a 

machine is ready to assemble the next group of actual parts. The process will be 

rerun following second step. 

 

Even if the program can calculate the toolpath and angle of rotation correctly, there were 

the error occurred on the real process. First, the machine could not strongly go to the 

Centroid of the sample. Moreover, when the parts were assembled several times, the end-

effector of the machine, a probe, slightly shifted away from the real Centroid every time. 

However the issue could be solved by controlling the end-effector of the machine to the 

starting position, home position, and then assembled again. However, the solution always 

effect on the time consumption. The toolpath selection has to be recalculated and the 

greedy algorithm may not be applied for this process. The example as illustrated in figure 

12 shows that 2D irregular shape parts are not really at needed positions. 
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Figure 6.12: The assembled non-polygon parts by the pick and place machine 
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CHAPTER 7 

CONCLUSIONS AND RECOMMENDATIONS 

 

7.1 Conclusions 

 

The thesis presents the development of the matching algorithm for assembling 2D irregular 

shape parts. The algorithm analyzes a part by using a contour of an object. The concept of 

the algorithm is any complicated shapes that can be transformed to polygon-like. An input 

of the system contains assembled designing parts, which are prepared by the user, and 

given parts, which are randomly placed on a working area by the user. The system 

compounds two processes with several steps. First, the assembled designing parts are 

required. The system captures an image and enhances it to a contour binary image. Then, 

the next step, part recognition, creates four - index descriptions, which can specify details 

of each object, for every shape parts. The information is recorded in a database. In the 

following process, the given parts are required. The system again captures and enhances an 

image like a previous process. The algorithm generates four index descriptions for 

specifying their contours. After the descriptions of the design and given parts are created, 

the matching process tries to match between them by comparing the descriptions of a 

design and given parts. Thus the algorithm is able to recognize a group of matched parts. 

Lastly, the algorithm generates a toolpath of controlling a pick and place machine to 

assemble all given parts. The output is a group of assembled parts following the design. 

The flow chart of operating process is illustrated in figure 7.1. 

 

Image 

enhancement

Toolpath 

generation
Part recognition

 

 

Figure 7.1: The overall process of the system 

 

7.2 Recommendations 

 

To create the better system in the further, the system, itself, should be improved as follow; 

 This system works only 2D irregular shape parts with orientations. If the parts are 

overlapped or even flipped, the algorithm cannot analyze. Thus, in the further 

study, the system should be able to identify an overlapped part or parts that the 

contour of the region is missed.  

 The communicating board that receives commands from the program to control the 

machine is a digital I/O board. The accuracy of the controller is not too high. So the 

machine cannot run smoothly and accurately. Therefore, the communicating board 

should be changed to an accurate one, such as a motion controlling board. 

 A light from the environment always affects a lot on an image’s details. A result of 

the system changes when an intensity of light changes. Therefore, the system 

should be in a light controlling room or the system should apply a brightness 

adjusting technique, which the brightness of an image is controlled by an image 

histogram, to optimize quality of the image. 
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