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Abstract 

The concept of Computer Vision is not new or fresh. On contrary ideas have 

been shared and worked on for almost 60 years. Many use cases have been 

found throughout the years and various systems developed, but there is 

always a place for improvement. An observation was made, that methods 

used today are generally focused on a single purpose and implement 

expensive technology, which could be improved. In this report, we are going 

to go through an extensive research to find out if a professionally sold, 

expensive software, can be replaced by an off the shelf, low-cost solution 

entirely designed and developed in-house. To do that we are going to look at 

the history of Computer Vision, examples of applications, algorithms, and 

find general scenarios or computer vision problems which can be solved. We 

are then going take a step further and define solid use cases for each of the 

scenarios found. Finally, a prototype solution is going to be designed and 

presented. After analysing the results gathered we are going to reach out to 

the reader convincing him/her that such application can be developed and 

work efficiently in various areas saving investments to businesses.  

Keywords: software design, low-cost, computer vision, OpenCV, C# 
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1 Introduction  
IT has been a big part of the manufacturing, accommodation, health care and 

many other industries for some time now, but even with examples of leaps in 

technology as the industry 4.0 (the smart factory) concept in the 

manufacturing industry, there are still many areas with problems and 

improvement possibilities. Robots are one way of solving issues. Robotic 

equipment has been assisting us for as long as 57 years, after the first 

industrial robot, “Unimate” was in operation on a General Motors assembly 

line [1]. In 2015 robot manufacturers “Yaskawa”, “ABB” and “Fanuc” 

together had 950 thousand activated robots worldwide, and this number is 

increasing [2]. Humans, however, are still very much needed not only for 

maintenance and supervision of robots but to perform various tasks. For this 

reason, we are not going to put primary focus on robotics but instead have it 

here as an additional source of information for comparison reasons.  

In this report, the author is going to examine another way of solving 

various problems that occur throughout the day – Computer, or sometimes 

also referred as Machine, Vision. Computer Vision as a concept has first 

emerged in the early 1970s as an idea to mimic human intelligence and 

enable robots with knowledge [3]. Since then Computer Vision has been a 

topic of interest and has found many use cases in modern society. We will 

investigate a few existing solutions, use case examples, compare prices 

between solutions and devices, and try to find out, why hasn’t anyone 

attempted to build their own low-cost solution for Computer Vision problem-

solving. Finally, a prototype for an inexpensive solution for general use is 

going to be presented. We are going to talk about techniques used to design 

an architecture and develop the solution and evaluate the reasons why this 

solution is better than currently existing ones.  

1.2 Related work 

The project is rather broad in size and based on the research, not many people 

have attempted to acquire something similar, or have not shared it publicly. 

However, identical application designs have been worked on, and many 

researchers have studied Computer Vision topic in general.  

 A book called “Computer Vision: Algorithms and Applications” by 

author Richard Szeliski contains a vast amount of information regarding 

different algorithms, techniques, and provides examples which include one 

specific software example and code for it. The book is rather sizable, 933 

pages to be exact, which is a lot of information to process. However, some 

algorithms are explained in greater detail. These came in handy during the 

research and the implementation stages. [3] 

 Blog post on website Code Project, which contains a vast database with 

content helpful for developers, by Pavel Torgashov was particularly 



   
 

beneficial as a starting point for the project. Mr Torgashov writes about 

Contour Analysis for Image Recognition in C# programming language which 

fits our requirements. The post explains mathematical implications behind his 

algorithm and provides source code examples.  

Since this work includes comparing existing software to find common 

ground for software that is going to be designed, several existing software’s 

had to be examined. “RoboRealm” and “Adaptive Vision Studio” were a few 

with a broader interest. [4][5] 

1.3 Problem formulation 

From authors personal experience, knowledge passed from his co-workers 

and information in various articles, it is clear that there are many everyday 

processes/tasks in multiple sectors to improve. We live in the age of 

digitalisation where computers and other smart devices help us throughout 

the day, but there is always space for improvement and savings in 

investments to thrive for.  

Fundamental computer vision has been used for a while, but with 

technology continually getting better we can solve and improve many 

processes, decrease the need for human power and eliminate a significant 

number of faults. All of this can be achieved by designing a low-cost 

Computer Vision-based monitoring, recognition and real-time reporting 

software.  

Many companies have not implemented such technology because of the 

price and difficulty level of available on the market solutions. Systems 

currently used in various processes are also complicated to change or 

improve. Thus even if an idea occurs, it could end up costing an extreme 

amount of money and fail. Also, companies that have implemented Computer 

Vision embodying systems have spent an awful amount of investments for 

overpriced equipment and complicated deployment.  

Questions remain. Why hasn’t anyone attempted to design such a 

software? Has someone tried, but failed? What was the reason for the failure? 

Would companies be willing to buy such a solution, and would such a 

solution be capable of solving problems we face right now? What could the 

potential use cases for such software be? Failure and defect detection, 

changes monitoring, OCR (Optical Character Recognition), SRT (Shape 

Recognition Technology), identification? Thorough research is going to be 

conducted to find the answers to all the questions.  

1.4 Motivation 

The problem to be covered in this work is attractive to a few fields/industries. 

Since it is a software designed to include multiple purposes, it must have an 

interest from various sectors including, but not limited to science, industry 

(manufacturing, production, health care, etc.) and society. One of many 



   
 

possible use cases in the science field is the Pendubot (pendulum robot) 

automatization problem.  

Pendubot is a mechatronic system with two fixed connections 

interconnected by loose joints. A DC-motor actuates the first joint while the 

second joint stays unactuated. This second joint is being controlled by the 

first one [6]. The DC-motor controls the angle, but an encoder that is located 

between the two fittings is what sends the edge information to the motor. In 

this case, the encoder causes friction which in a perfect solution we would 

like to remove.  

Professors Anders Hultgren at Blekinge Institute of Technology (BTH) 

and Matz Lenells at Linnaeus University (LNU) have suggested a way where 

Computer Vision is used to eliminate any friction replacing the encoder with 

raw data received from video images. [7] 

Adopting our software, we could monitor for angle changes and send 

them in rapid shots to let the motor know how to maintain the pendulum. 

This way we eliminate the need for the encoder, friction is removed, and we 

have a perfect Pendubot solution. In addition to that, our software could 

potentially recognise Pendubots parts to only send information when needed, 

for security reasons. 

The Pendubot problem is just one example in one field that such 

application could solve. By conducting research online even, the youngest 

reader could find many other use cases.  

Also, the low-cost part comes in very strong. Most of the systems 

available online have turned out to cost a considerable amount of money. In 

section 1.2, Related work, we have introduced two solutions - “RoboRealm” 

and “Adaptive Vision Studio”. According to “RoboRealm” website, “pricing 

for a single license starts at 500 USD”. [4] The author believes that these 

applications are too demanding to use without the right level of knowledge in 

the field thus the price seems far too high.   

1.5 Objectives 

O1 Investigate and define a number of possible Computer 

Vision scenarios/general problems and use cases directly 

linked to scenario/general problem 

O2 Discuss a suitable architecture for a low-cost, multipurpose 

CV software solution and define a reference architecture 

that could serve as a template for the concrete software 

architecture in the future 

O3 Run and discuss some use case demonstrators to fulfil the 

assumption that the application suggested is viable 



   
 

1.6  Scope/Limitation  

Clear deadlines have been set up for this project. However, the topic is rather 

broad, and the author is not going to be able to solve everything and answer 

all the interesting questions. For this and other reasons, it was chosen to work 

in an Agile Software Development way, where requirements and solutions 

evolve through the team effort of self-organising and cross-functional teams 

and communication with customers and end users. [8] This approach is going 

to enable the author to deliver something for each iteration, where iteration 

can be considered his own goal in comparison to time or each meeting with 

the supervisor or assisting people.  

The primary goal of the project is to find general scenarios and use 

cases for Computer Vision problems and design a software solution which 

could enable the user to generate his/her own “mini” applications in regards 

to vision. These could be barcodes, colour, object or any other recognition 

and deploy these to a small processing device as RaspberryPi. This 

RaspberryPi like computing device could then be mounted at various 

locations and work on its task without occupying much space or the need for 

many resources. However, if this final goal cannot be achieved, the Agile 

methodology will enable the author to provide a first, second, or third level 

application and research data that can be used to head towards final goal.  

There are some considerably similar applications available which the 

author wishes to test and compare to his original solution. However, the 

number of such applications is far too significant for a time period set for this 

project. For this reason, a few “eyecatchers” will be selected and examined.  

Lastly, the original solution to be designed can fulfil many use cases. 

However, because of already described reasons, the author is going only to 

identify a few which can be considered main use cases. These are then going 

to presented at the final presentation meeting. 

1.7  Target group  

We have discussed the target group in short before, in the introduction 

section, but in this chapter, the author is going to provide a more detailed 

explanation of target groups for this project.  

The project has interest in all three major fields – industry, social and 

science. However, the limit is going to be placed on two of these – science 

and industry. A reason for such an approach is based on a personal belief that 

these two fields might have a more significant interest. Also, in a case of 

running against time pressure, only the primary area of interest, industry, may 

be kept. With authors personal experience in the production industry field, in 

particular, automotive production, he believes that there are many areas with 

processes where the solution could save some investments.  

In addition to production industry, this report should spark some 

interest in software engineering and Computer Science sectors. The project is 



   
 

focused on Software Design, architecture and implementation, where the 

author is using specific libraries and technologies which may provide 

valuable information to anyone in Computer Science field. However, since 

the report aims to be readable for the general reader, we are not going to get 

very specific and showcase a lot of pure code.  

1.8  Outline  

In this chapter, we are going to illustrate and summarise the contents of this 

report with brief details on what each section contains.  

 Let’s begin with the Method. The focus of this chapter is about 

describing the approach that is going to be used to analyse and answer the 

problem formulation. It is going to contain the methods used, reliability and 

validity, and ethical considerations subchapters. 

 Next, we have the Objectives for Solution Scenarios. This chapter is the 

central chapter, focusing on describing general scenarios and use cases found 

during the research. It also discusses various devices with the potential to 

host and execute the application in further iterations.  

 Moving forward we are going to find the Results chapter. Now the 

name of this chapter speaks for itself. This chapter is going to contain the 

results gathered throughout the work and summary of the entire report. 

 Discussion chapter is about performing an actual dispute regarding the 

results gathered and analysis conducted on them. We are going to discuss and 

find out if problem formulation, questions and the overall problem was 

solved. 

Lastly, we are going to end the report with the Conclusion chapter. In 

conclusion, the author is going to summarise the entire report. We will go 

through and determine if we have achieved what we were aiming for and 

show that the work conducted is relevant to Computer Science and the fields, 

science, industry, social, which were presented before.  



   
 

2 Background  
To get the best content out of this report, the author is going to introduce 

some concepts, theories and terminology used throughout the document. The 

chapter has been broadened to deepen the understanding and reading pleasure 

for the reader.  

2.1 Computer Vision 

Computer Vision (CV) is a term often used in this report. Firstly, it is an 

interdisciplinary field, which means that it does not strictly follow one 

academic discipline. For such reason, CV can be somewhat complicated to 

comprehend and start working with. Computer Vision explores and tries to 

find ways how computers could gain knowledge and solve tasks based on 

information received from digital images and videos by analysing them. It is 

trying to automate tasks that the humans are capable of solving using their 

visual capabilities and potentially to exceed human capabilities by 

introducing various software and hardware combinations. [9][10]  

The interest in the field started in the year 1960 when universities 

working with ideas regarding artificial intelligence came up with a plan to 

replicate the human vision. The idea behind it was to enable robots with 

knowledge in recognising the world around them. Back in the 1966 people 

have thought that this is achievable in a rather quick period - summer project. 

What was tried then is to attach a camera communication to a computer and 

let the machine "describe" what kind of information it received through the 

camera. [3] 

 Many methods were and still are being used to find ways to teach 

computers of human visual capabilities. Using optical illusions is one of the 

exciting approaches. Optical illusions have been used by various experts in 

psychology field to test how different persons interpret same images. We use 

illusions, in a different perspective in the Computer Science sector. The way 

computers "see" is by analysing the information behind the pictures received. 

Machine examines such aspects as length, amount of colours, saturation or 

shadows, and return results.  

However, there are more complicated reasons behind using illusions in 

Computer Vision. Computer scientists use illusions to make computer 

recognition quicker by enabling the machine to reject interpretations of the 

world that are impossible before even trying to understand and return 

information. Such technique allows the computer to discard a big bunch of 

images and save processing time [3].  

 

 

 

 



   
 

Figure 2.1.1: Müller-Lyer illusion. [44] 

There are various illusions to discuss, but let's focus on one that is rather 

simple, however in authors personal opinion quite interesting. In 1889 

German sociologist Franz Carl Müller-Lyer has come up with an illusion that 

consists of a stylized arrow. The idea is that a person, who is shown an image 

containing the optical deception, is asked to point at what he/she believes is 

the midpoint. Most of the people questioned would then look closer towards 

the "tail" end [11][12]. However, a computer might calculate the distance 

between both points, figure the middle, and point at precisely the midpoint 

location.  

Almost 60 years have passed since the first idea of Computer Vision 

was publicly shared. In 2018 there exists a significant number of applications 

embodying Computer Vision principles. Computers are now capable of 

learning 3D shapes, which has been a challenging task throughout the years 

[13], conducting an automatic inspection of various products and other 

artefacts resulting after manufacturing processes, assisting humans with 

identification tasks including multiple species identification [14] and many 

other similar tasks.  

The concept of Computer Vision has also evolved throughout the years. 

At first, only thought of interesting to science sector, nowadays it is also 

being used for various social, entertainment activities. Snapchat is a 

multimedia messaging app that was first introduced back in September 2012. 

It has achieved great success with a total number of 187 million daily active 

users (data from 2018 - 02 - 13) in both iOS and Android operating systems. 

According to research by “OmniCore”, "More than 400 million Snapchat 

stories are created per day."[10] But why are we talking about Snapchat in 

this context? Well, while exploring the statistics gathered by professional 

analysts, we can assume that Snapchat application might be the most socially 

used application that uses Computer Vision today.  

In 2015 Snap Inc. the owner of Snapchat has invested an enormous sum 

of money, 150 million dollars, and bought a Ukrainian start-up company 

“Looksery”, where developers were working with augmented reality face  



   
 

Figure 2.1.2: Find the Bears: dlib. "Histogram of Oriented Gradients (HOG)". 

[45] 

filters which were fitted using a combination of various computer vision 

algorithms. Since this is one of most common and widely known Computer 

Vision use case today, let’s see how it works.  

Three steps are happening behind the scenes of the Snapchat 

application while augmenting a filter graphic on user’s face. Firstly, face 

detection. The most widely used technique to locate a face is a combination 

of Histogram of Oriented Gradients (HOG) and Support Vector Machine 

(SVM). The combination of HOG and SVM is not a simple approach. To get 

a grasp of it, we should explore it in much greater detail. However, we are 

not going to do that here, but rather explore some aspects to understand the 

overall procedure.  

In brief, what happens in the first step is a pyramidal representation of 

an image that is loaded gets computed. This pyramid essentially consists of 

scaled down versions of the original image which the algorithm uses a sliding 

window approach to loop over extracting small patches of pixels. For each of 

these patches, it then decides if the patch contains a face or not. After the 

algorithm locates the face, all the resources needed to perform detection in 

the first place are safely discarded [16].  

In the second step, the application locates facial landmarks unique to 

the user. This means that for each face that we have detected in step one we 

are going to extract and return the local region coordinates of each facial 

feature where facial feature could mean the eyes, lips, nose, mouth or any 

other human face specific landmark. Article “One Millisecond Face 

Alignment with an Ensemble of Regression Trees” by Vahid Kazemi and 

Josephine Sullivan discusses the techniques and mathematical formulas 

needed to accomplish this extraction in detail [17]. We are not going to do 

that here. 



   
 

Figure 2.1.3: “The Technology behind Snapchat Filters – Active Shape 

Model” [46] 

  

Figure 2.1.4: Final step in the Snapchat filter attachment procedure – graphics 

get augmented. 



   
 

The last step in the process of filter augmentation is the image processing. Up 

until this point the application has precisely located the face and it's unique 

landmarks. Now we want to place the graphics on calculated facial positions 

accurately. Snapchat does this by using a technique called Active Shape 

Model (ASM). ASM is a facial model that has been trained manually 

marking facial points on thousands of images. It provides the machine with 

an understanding of an average face to save time and processing power while 

applying the 3D models of graphics in live mode. [18] 

For the last note before ending this subchapter, the author would like to 

point out and remind the reader, that Computer Vision could also be 

referenced as Machine Vision (MV), to avoid any misconception. The subtle 

difference between the two of them here is that Computer Vision focuses on 

computers while Machine Vision has a broad range of hardware operating 

devices which could embody the visual aspect. These devices are going to be 

introduced further in the next chapters.  

2.2  OpenCV 

OpenCV or Open Source Computer Vision Library is a library that is going 

to be used in some parts of the implementation and referred to throughout the 

report. This chapter is therefore here to provide the reader with a deeper 

understanding of the library, it’s history and some of the capabilities.  

Released in 1999 January under an alpha release, OpenCV grew out of 

a research aimed to advance CPU-intensive applications, that was conducted 

by Intel Corporation. The idea, discovered while visiting various universities, 

where students have developed a shared library containing code for solid 

ground to start working with Computer Vision embodying applications, 

turned into the library we see today. Initially written in C and C++ it is now 

available on Linux, Windows and Mac OS X. [19] 

Following the initial idea to generate a common infrastructure for 

Computer Vision applications OpenCV currently contains over 2500 publicly 

available algorithms. These include a set of classic and state-of-the-art 

computer vision and machine learning algorithms used to detect and 

recognise faces, identify objects, etc. [20] 

Although Intel corporation was the one who started OpenCV, their plan 

was always to provide the library as a commercial and research promotional 

tool. Following their plan, it is now publicly open and free without 

requirements to share or return any implementation. However, it is highly 

appreciated by the developers in the community if projects are shared for 

further improvement of the library.  

The installation process of OpenCV is quite simple due to the 

availability of information available online. Anyone can download OpenCV 

free of charge from their main site [21] and find information such as  



   
 

Figure 2.2.1: Example OpenCV application to load an image from disk and 

display on the screen 

installation guides, answers to various questions and more on multiple 

websites publicly available online.  

Let’s take a look at the structure of OpenCV. The library follows an 

arrangement of five main components: CV, containing image processing and  

Vision Algorithms, MLL which includes Statistical Classifiers and Clustering 

Tools, HighGUI for GUI (Graphical User Interface), Image and Video I/O, 

and CXCORE that holds basic structures, algorithms, XML support and 

drawing functions. Lastly, CvAux contains both defunct areas and innovative 

algorithms for background and foreground segmentation. [20] 

OpenCV also includes various code examples to get developers ready 

to use the library quick and easy. An example of such code samples is a 

simple OpenCV program to load an image from disk and display it on the 

screen. We are using C language in this example. Nothing awe-inspiring and 

it does not come close to the real potential of OpenCV, but we have to start 

somewhere. 

Since OpenCV is written in C and C++, it has limitations for other 

platforms and languages. For this reason, various wrappers have been 

designed to make OpenCV available for more projects. One of such 

wrappers, called Emgu CV is going to be used in the implementation stage of 

this project, thus we should take a closer look at it. 

Emgu CV is a cross-platform .NET wrapper that allows OpenCV 

functions to be called from .NET compatible languages like C#. It can be 

compiled by Visual Studio, Xamarin Studio and Unity and runs on Windows, 

Linux, Mac OS X, iOS, Android and Windows Phone.  

Emgu CV contains two layers, primary, which includes functions, 

structure and enumeration mappings directly reflecting the ones in OpenCV, 

and the second layer which contains classes for advantages within the .NET 

[22].   

 



   
 

Figure 2.2.3: Emgu CV, Architecture Overview [47] 

Coming back to the simple code example from OpenCV in C language, 

above, we illustrate the use of Emgu CV for a similar function showcasing 

the simplicity of the approach in figure 2.2.2. What happens here is 

“Openfile” object that is an “OpenFileDialog” component is used to select an 

image from the machine. This image is then read into a colour Image object  

Figure 2.2.2: Emgu CV, C# button click method to display an image. 



   
 

called “My_Image”. After this process is complete the chosen image gets 

displayed by assigning the Image property of the “PictureBox” element.  

OpenCV covers many functions, techniques and recognition types. It 

includes video and image processing for tracking and motion of objects, 

projection and 3D modelling, image segmentation and much more. The 

author is going to talk more about one specific technique in the following 

chapter, section 2.3.  

2.3  Contour and Contour Recognition 

Many types of recognition appear in Computer Vision sector. In this report, 

you may notice some terms like Contour Recognition (CR), Optical 

Character Recognition (OCR) or Shape Recognition Technology (SRT). 

These are different kinds of algorithms, ways of analysing images to extract 

sensitive data. However, since the application being developed throughout 

this project is meant to work as a multipurpose problem solver, more than 

one recognition pattern may occur further in the project lifecycle. For this 

reason, the author is not going to list every algorithm individually but focus 

on CR since it has higher interest.  

 To comprehend the method of Contour Recognition, we first need to 

clarify what a contour is. In general sense, it can be explained as a curve that 

joins all consecutive points that are located along the boundary and having 

same colour or intensity. Contours are particularly useful for shape analysis,  

Figure 2.3.1: Finding extreme points in contours with OpenCV. [48] 



   
 

object detection and recognition [23]. Their features can effectively illustrate 

object that should be clearly defined by its shape. Such item could be a bottle, 

coffee mug, apple or some other. This technique was mimicked from human 

vision, where humans can recognise a wide range of objects just by their two-

dimensional representation outline [24]. 

There are various techniques to recognise contours including Fast 

Contour Tracking, Image Segmentation and processing of Hidden Markov 

Model (HMM), but we are not going to go in that much detail and will not 

discuss them separately.  

2.4  Background subtraction 

Another particularly interesting image processing technique in Computer 

Vision field is background subtraction. Sometimes the technique can also be 

referred as foreground detection, however, these are entirely the same, but 

referred as differently.  

 In simple terms, background subtraction works by extracting the 

foreground from the image for further image processing such as object 

recognition, motion tracking, etc. This means that regions of interest, such as 

humans, cars, text, or anything else chosen by the user are kept, while any 

background, may that be a street, sky or some other type of landscape will get 

ignored and removed.  

Background subtraction technique is commonly used for moving object 

detection in videos from permanently placed, or static cameras. Now the 

approach works best when using static cameras, for the reason that the 

machine is mainly focused on the background and changes in it. While 

analyzing the background the computer can detect changes, thus the moving 

object, from the difference between the current frame and the background 

image. Since we are looking for changes in various frames the technique 

cannot work on static images and needs a video stream. Background 

subtraction assists for a large number of applications in Computer Vision 

field, such as surveillance tracking or other. [53] 

Now, since the technique of background subtraction is mainly based on 

a static background assumption which in real life is not always the case, 

where we might get disturbances such as reflections, rain, wind or other 

disturbing background changes, static backgrounds methods have difficulties 

with outdoor landscapes.  

Temporal average filter or TAF is a method used in background 

subtraction. The way this method works is by estimating the background 

model from the median of all pixels of a number of previous images. The 

system uses a buffer with the pixel values of the last frames to update the 

median for each image. 



   
 

To understand the background, algorithm examines all images in a given time 

period which in terms can also be called training time. During the training 

time we only display images. [54] 

After the training period for each new frame, each pixel value that was 

gathered during the training time is compared with the input value. If the 

input pixel is within a threshold, the pixel is considered to match the 

background model and its value is included in the buffer. Otherwise, if the 

value is outside this threshold pixel is classified as foreground.  

Even if this method might sound appealing for a reader’s eye, it is not 

very efficient. In order to return valid data, the buffer explained above has to 

be rather large which in terms will cost a high computational cost and require 

an efficient machine to even work at its minimum. [54] 

3 Method 
The following section is focused on providing the reader with more detailed 

information regarding what he or she should receive from this report. We are 

going to go through the scientific approach and method description in detail. 

The chapter is initially here to make sure that the reader understands the 

methods used and reasons behind their usage. 

3.1  Scientific Approach 

A systematic literature review is going to be conducted to gather the required 

information, assist with the implementation of the prototype and provide 

valid results regarding differences between existing applications and the 

solution generated during this degree work. Information described will 

include the price ranges, capabilities, ease of use for the end user, techniques 

and equipment which potentially could host the original solution estimates.  

The author is also going to investigate the use cases for the software 

system. Understanding the existing problems in communication with external 

companies has led to a decision not to conduct a questionnaire, which would 

be sent out to experts in the field. Companies are often unable to share private 

information and/or are not willing to respond thus risk of not enough replies 

to provide valid data occurs. Because of this reason another literature review 

regarding the use cases is going to be conducted where data will be collected 

from articles, websites, blogs, books and personal opinions.  

3.2  Method Description 

Some research questions have been set up at the beginning of the project. To 

answer them a combination of two research methods is going to be 

conducted. The author is going to perform a systematic literature review to 

acquire information needed to develop the solution, compare existing 

solutions with original prototype solution, and conduct a verification and 



   
 

validation process to assure that the original software is sufficient for tasks 

discussed.  

 Question one regards use cases for the newly developed solution. We 

have already explained how the information regarding use cases is going to 

be gathered in chapter 3.1, thus we are going to avoid duplicating information 

and will not discuss this here  

 Question number two is mainly going to be addressed in chapter 4, the 

Objectives for Solution Scenarios. Details regarding it are not going to be 

dwelled upon it here since the primary goal of section 4 is to explain 

everything regarding question two in particular.  

Lastly, question three is about displaying use cases found. The author is 

going to showcase some use cases, which in terms will also be run on the 

prototype software developed. Information gathered after running 

demonstrators and chosen use cases is going to be analysed and presented in 

Results chapter. Examples of these results may contain failed initial use 

cases, improvements or other.  

One could argue that the number of use cases and solution scenarios to 

be showcased and analysed could be more prominent. However, the emphasis 

must be put on the purpose of this degree work which is not to come up with 

a complete log of use cases and test as many applications as possible. The 

goal of the project is more to provide proof that the need for such application 

in fields of industry, science and social exists and software of such type could 

provide benefits to various areas.  

3.3  Reliability and Validity  

Within this project, the author is using a combination of two known work 

methods – “Systematic Literature Review” and “Verification and 

Validation”. For “Systematic Literature Review” the author is going to locate 

various articles with proven validity (acquired from trusted information 

sources online or real-life libraries and written by trusted authors), analyse 

them and extract information with interest to him personally and the project.  

A few real software examples are also to be gathered and compared to 

original, newly developed solution. Upon completing the information 

gathering process, the author is going to analyse the data to prove that the 

need for discussed application is high and will present such claim supporting 

data or opinions.  

For the Systematic Literature Review to be reliable, my chosen 

publications should not receive any negative or controversial reviews or 

counter publications.  

For results calculated by attempting Verification and Validation method 

to be reliable and consistent when repeating this work, hardware used must 

be the same, or of high similarities.  



   
 

Computer-related, software projects always have a high dependency on the 

platform, operating system version, machine and many other aspects which 

should also be considered.  

Results after both, the literature review and the software verification 

and validation methods highly depend on the factor of the quick ageing 

technology, both hardware and software. Any of computer-related equipment 

may always change the results gathered by introducing new computing ways, 

operating systems or machines. 

For these reasons repeating my work could potentially produce 

different results in the future and should not be considered a final all-time 

valid work. The information I have gathered is only applicable to hardware 

used and the time frame it was used at, which is the period of this degree 

work start to its completion.  

To sum up, I would like to say that the validity of this project is 

considered justifiable, due to the structured procedure in which the thesis 

work has been conducted and documented in the final report. Moreover, the 

work is dependent on literature review and the implementation, which will 

correlate with the results, thereby increasing the validity. 

3.4  Ethical Considerations 

This project has been conducted without the participation of research groups, 

such as people being surveyed or any equivalent. Thus it does not expose any 

personal related information or harm anyone's privacy.  

The names mentioned in the report are public or university 

representatives. Any other people mentioned have been contacted regarding 

this publication and have not expressed concerns. In case of any future 

arguments or complaints, this work is available for review at any time.  

Publications and information within this report are appropriately 

referenced when needed, and if not, the reader is to assume that these are the 

author's ideas being shared. Software, code examples and applications 

discussed in the report are all publicly available and referenced. Furthermore, 

no sensitive information was leaked. 



   
 

4 Objectives for Solution Scenarios 
In this chapter, we are going to discuss what needs to be done and how to 

replace existing systems with the prototype developed during this project. 

The author is also going to introduce the prototype and talk about the way it 

was implemented and the measures taken to design it.   

The primary objective of this chapter is to introduce the solution 

scenarios and use cases discovered throughout the research and introduce the 

prototype solution implemented. We are going to investigate such general 

problems like image/object classification, object detection, moving target 

detection, examples as vehicle parking management systems, and 

manufacturing processes and propose an off the shelf solution that could 

replace them.  

4.1  Scenarios 

Subchapter “Scenarios” discusses a few scenarios and describes general 

computer vision problems discovered throughout the project work. To save 

time for the reader, we are only going to discuss four problems which the 

author believes are most focused towards the current iteration of prototype 

solution introduced.  

It is worth noticing that these problems are not the only ones that the 

solution is capable of solving. More problem solutions could be discovered 

conducting more thorough research, potentially involving experts and 

companies from various fields.  

4.1.1 Image/Object Classification 

As humans, we are capable of identifying various objects and placing 

different levels of labels on them. When a toddler sees Figure 4.1.2.1 located 

below, he or she will most likely name objects such as a dog, a horse, a car, 

etc. Displaying the same picture to an adult we may receive slightly more 

sophisticated replies than data received from a toddler. A mechanic might be 

able to tell us more about the vehicle, including its make, colour, engine 

power, fuel type. A veterinarian will most likely be able to tell us the bread of 

both of the animals, dog and horse in the picture, age, maybe some other 

important to him/her features.  

Computer, however, does not endow the same level of awareness that 

we as humans achieve from life experiences. Further on, it is not an easy task 

for a machine to classify images or objects. Actually, in this case, even a 

toddler might have more capabilities on categorising pictures seen than a 

sophisticated device. However, computer scientists have been working on 

various techniques and algorithms to enable computers with these capabilities 

[3]. 

 



   
 

Figure 4.1.2.1: Object/Image classification example [26]. 

One of the techniques available right now is contextual image classification. 

How does this approach work? Contextual means that this technique is 

focusing on the relationship of adjacent pixels or the neighbourhood of the 

pixel to classify images. The idea is based on same principles as language 

processing. In language, we use sentences which consist of various words. 

Now a word can have multiple meanings unless a context is provided. When 

we see this word being used in a context, usually a sentence, we immediately 

understand what it is supposed to mean. For images, the principle is same. 

We want to find the patterns and associated meanings. [25] 

Another method of classifying an image or object is Edge Detection, in 

this report more commonly referred to as Contour Recognition. We have 

already discussed contours and CR in chapter 2, “Background” thus are not 

going to get into detail again to avoid duplicating information. Chapter 4.2, 

“Use Cases”, and specifically subchapter 4.2.1, however, is going to extend 

this problem by introducing one possible use case. The chapter is supposed to 

help the reader understand the question by examining a real-life example.  

4.1.2 Object Tracking 

Object tracking, or in some cases also referred as video tracking is the 

process of locating an object that is currently moving. Throughout the time 

the method has found various uses within human and computer interaction, 



   
 

security and surveillance systems, augmented reality topics as discussed in 

the Background chapter where referred to the Snapchat application, and many 

others. It is a somewhat costly operation for a processor since the amount of 

data incoming from within a video is rather high. In addition to that, usually 

object first needs to be recognised and classified, as discussed in subchapter 

above, which alone costs a considerable amount of processing power. 

Various algorithms for solving the problem of capturing information 

from moving object exist. The one we are most interested in this work is 

contour tracking.  

 Since the application being proposed already embodies capabilities of 

classifying various objects based on their contour information it is a common 

sense in software development to reuse functionality and make the 

application generic.  

A little bit regarding contour tracking. Contour tracking is the detection 

of object boundary or active contours while observing the change of initial  

outline to its new position in the current frame. This approach to contour 

tracking directly evolves the shape by minimising the contour energy using 

gradient descent [27]. 

Figure 4.1.2.1: Object tracking example from YouTube video. [49] 



   
 

4.1.3 Color Identification 

As humans, we are capable of seeing 7 million different colours. From really 

vivid and sometimes called eyesore colours to some that are quite soothing 

and relaxing [28]. Depending on the colour of fruit we can tell if it is fresh or 

rotten. Looking at the sky, we can say if the weather outside is beautiful or 

not. Everything works slightly different in the computer world.  

Computers are only capable of analysing raw data, numbers gathered 

from various sources to execute any actions. Colour is not different. When an 

image is given to computing system it “sees" it as a combination of numbers. 

Each pixel in the image provides the computer with a unique code, and the 

combination of those codes together form the image we see with our eyes. 

Now there are various available ways for encoding a picture out of which you 

have most likely heard of RGB (Red-Green-Blue) and CMYK (Cyan-

Magenta-Yellow-Black). We are not going to discuss these in detail here 

[28].  

Since every colour contains unique numerical code to describe it, 

computers are capable of using different segmentation and colour extraction 

algorithms to extract this code and use it for multiple calculations which can 

then support humans in other tasks. As an average human being, we might be 

able to name the primary colours: red, green, blue. Some of us might know 

colours like yellow or orange. However, it is rarely a case that a person 

would understand what sarcoline (flesh-coloured) hue means and looks like 

in real life. For such reasons, computers and their quick processing speeds are 

used to retrieve colour information.  

Figure 4.1.3.1: Color identification of wool balls example from YouTube. 

[50] 



   
 

4.1.4 Text Information Extraction  

Text extraction is a conventional technique used these days. We live in a 

world with people speaking different languages, using different products, 

watching and creating television shows, writing and reading books. Even this 

report contains thousands of words, text information that can be extracted and 

used by a computer.  

 Nowadays, computer vision is capable of extracting information from 

image or video sources on the go. We see such examples like vehicle license 

plates being read to grant access to specific building constructions. Google on 

the go video translating function is another exciting application which 

embodies augmented reality to make the object with a text format 

information being extracted from appear unchanged, but text being translated 

into chosen language. But how is this done?  

OCR or Optical Character Recognition is one way of achieving this. 

OCR technology enables mechanical or electronic conversion of images with 

typed, handwritten or printed text to machine-readable text. It can perform 

such conversions from a scanned document, a photo of a paper, writing on a 

billboard, license plate and many other sources. [29]  

 Now OCR may be one of the most commonly used techniques, 

however, in personal experience, it will require close to “perfect” conditions, 

such as lighting, shadows, saturation and even weather conditions to achieve 

good results. For this reason, authors personal opinion is that a library 

template of well-trained contour templates might work better to receive text 

information.  

Figure 4.1.4.1: Text information extraction from various sources (potato 

chips packing; license plate; newscast).  



   
 

4.2  Use Cases 

In the following chapters, we are going to dive even more in-depth and define 

a use case for each solution scenario described in the sections above. The 

reason for such approach is to endow the reader with real-life information 

that he or she can better relate to.  

4.2.1 Production Artefacts Sorting Using Object Classification 

Let’s begin this chapter with some information pertaining to the specific use 

case we are going to discuss. We are going to talk about a particular process 

within a production factory. Bear in mind that this is just one example of such 

operation and there may be different factories throughout the world with a 

similar or equal level of tasks.  

A factory plant is an industrial site which usually consists of one or 

more buildings, various machinery, and workers, that as a unit manufactures 

or reproduces goods [30]. There could be different types of these plants 

including automotive, electronics, or other.  

In the early 20th century, business magnate and the founder of the Ford 

Motor Company, Henry Ford has revolutionised the factory concept with an 

innovative idea of mass production - assembly line. The idea was to employ 

highly specialised, efficient workers to work alongside a series of rolling 

ramps and belts to "keep the production moving". Such method decreased the 

costs of production and delivery speed drastically. Later this technique was 

further developed by introducing industrial robots, which enabled assembly 

line with even more speed, precision and a significantly smaller number of 

the human error. [30] 

Figure 4.2.1.1: “High-speed vision checks food cans concisely”. (defective 

can rejection) [31]. 



   
 

A task within the assembly line we are looking into in this section is sorting. 

Now throughout the time from the first assembly lines were introduced to 

current days there were various ways of classifying production artefacts. 

From straightforward approaches of using human power, where workers 

would be situated alongside a running line of products and sort them out into 

correct locations, to more advanced techniques involving barcodes or 

Computer Vision. Since this work is focused on Computer Science with a 

most significant interest in Computer Vision as an assistance tool, we are 

going to look into ways computers are being used in sorting. 

Some assembly lines have an easy task of transporting packaged items. 

These are usually goods retailers or postal service providing companies. In 

such cases, the package will most often contain a barcode, which is a unique 

code that a computer can scan using laser technology, quickly decode it and 

let the machinery, the belts, know where the item should continue onwards. 

What we are looking into here is something that would solve barcodes, but 

additionally would enable the computer with the ability to analyse contour or 

edge information of object information incoming from a video source and 

transport it where it belongs by assembly tills based on that.  

Similar technologies have been used in some factories. One example of 

such is bottle inspection and sorting tools. In this example lasers are checking 

the bottles along the assembly line to ensure they are of a correct height, have 

not been chipped or contain any other defect.  

 The author of this work believes that Computer Vision could be used 

more extensively, on a broader variety of production artefacts, without 

increasing the price of technology by using the technique of object 

classification discussed in section 4.1.1  

4.2.2 Vehicle Speed Reinforcement Using Object Tracking 

The second use case we are going to discuss is directly linked to scenario 

Figure 4.2.2.1: Screenshot of the video presenting traffic surveillance system 

by YouTube user "seriousSAMuell" - "Automated Traffic Surveillance 

System - Video #1". [51] 



   
 

describing major computer vision problem in section 4.1.2 – object tracking. 

Now here we are talking about objects that have a potential or at the moment 

are considered moving, where moving means that their physical and virtual 

position changes from frame to frame.  

In real life, we see various examples of moving objects. From extreme 

slow cases of Cornu aspersum, more commonly known as a garden snail 

which can only achieve a 0.047 km/h as a full-grown adult, to official  

standing land speed record produced by Andy Green in a vehicle called 

Thrust SSC, of 1227.985 km/h [32]. What a camera can see, a computer can 

execute an algorithm and calculate the speed for, and this data can be used for 

various processes.  

Some might find the use of tracking a snail to observe its behaviour or 

similar, exciting and very much needed. However, the author of this work 

finds many other use cases already implemented in real life that may be of 

higher interest to the reader. Systems like a bus lane, red light, and stop sign 

reinforcement are being used in various countries on various roads. They aim 

to punish rules violating drivers by collecting valid information, pictures, 

while the violation was happening to ensure awareness of rule violation is 

increased and the number of violators decreased. To continue let’s focus on 

one more specific use case out of those already mentioned and the way it is 

implemented in Computer Vision field - vehicle speed reinforcement 

systems.  

 Figure 4.2.2.1 that is located above displays an example application of 

such technology found on YouTube. As you can see, two traffic lanes are 

being monitored for violations. The reason why one road is marked with red 

colour while the other one is marked with green is just for separation 

purposes. What the application does is tracks an object appearing in the top 

of the camera view. When the object reaches defined “tracking area”, the 

broader rectangular red and green areas, its speed from starting, or entry point 

to exit point is calculated.  

Now after acquiring the speed application takes a picture of the vehicle 

and appends it to the list on the right-hand side. If the car was travelling 

below the setup speed limit of 90 km/h, it is marked with green. On the other 

hand, those going above the speed limit will be marked red. You should be 

able to see the points of speed calculating within the speed monitoring area 

on the left-hand side.  

The author believes that this kind of application for object tracking 

could increase the safety on large factory site without introducing high costs 

for overpriced speed cameras and single-purpose systems.  

4.2.3 Remote Production Failure Alerting Using Color Identification 

The last use case is focused on colours, and we are going to look into another 

aspect of the application – identifying colour information on the chosen 



   
 

screen and conducting predefined steps to lead to other processes. We have 

already discussed colour information and algorithms used in section 4.1.3. In 

this section, we are going to look into a couple of real-life examples where 

computer vision is used to extract colour related information and then get 

back to before mentioned screen monitoring case.  

Colour identification methods can be used for various reasons in real 

life. Algorithms specifically designed to measure the ripeness of fruit can be 

found. Bananas as example change from green to yellow and then towards 

darker, black colours throughout the growth period. We may also use colour 

as assistance in object locating. When a computer camera is positioned to 

monitor production artefacts travelling on an assembly line, it may as well 

know that it should report an object that has a quality of distinctive red 

colour, because it may not need to be in that particular line.  

 As already mentioned at the beginning of this section, we are going to 

look into a different approach for the use of colour identification. Three other 

use cases defined in this paper talk about using a camera connected to a 

laptop, or another computing device. To showcase the capabilities of the tool 

implemented throughout the project work we are looking into extracting 

information from within a screen/monitor source attached to the computing 

device.  

Many companies these days are using dashboards throughout their 

offices or even plants to illustrate and report faults or awareness requiring 

processes. These are great tools to intercept problems and start steps needed 

to fix them quickly. However, a dashboard is usually situated in one location 

and might not get enough attention, or the response time required. For this 

reason, the author believes that a screen monitor could potentially help.  

Figure 4.2.3.1: Banana ripening stages.  



   
 

In this case, we set up the application to look at a dashboard with colour 

charts displaying green for all machines functioning well, orange for 

something might be wrong or computers are having a lot of tasks thus may be 

heating up, and red for when something must be done. To ensure that 

someone will notice the red alarm error, the application waits for red colour 

overload and sends messages, may it be SMS or other any other type, to 

maintenance personnel letting them know that something needs to be done 

quickly.  

4.2.4 Automatic Number Plate Recognition Using Text Extraction 

Parking lot management systems were introduced quite some time ago. Some 

people use them daily, while some might have just had to use one once. 

However, most of the people nowadays know what one is, it’s purpose and 

some information regarding how it works.  

Some of these systems are quite simple. These will include a control 

appliance unit which requires the driver to push a button to receive a unique 

ticket card and a gate barrier of some kind. What happens in the background 

of this process is a unique number gets added to the database, which means 

that the vehicle has now entered the car park. There usually is some payment 

procedure in between, but we are not going to investigate that. Upon reaching 

the exit gate barrier, the driver is asked to insert the same ticket card. The 

database is then checked to see if payment or condition is lifted and the 

vehicle can leave. In the affirmative case, gate barrier lifts and the car moves. 

During the research, the author has stumbled upon a product offered by 

“Shenzhen Roanpu Technology”, manufacturing and trading company in 

China. The product offered is an item that can be bought by anyone in private 

or business sectors. “Road safety Magnetic Vehicle Loop Metal Detector 

Parking System Access Control Automatic car parking system” is a device 

similar to the one discussed above, where the driver of the vehicle would 

push the button on the unit to receive a parking ticket. The price for a single 

unit starts at 2000 USD. [33] 

Since technology is developing from day to day, a new approach has  

Figure 4.2.4.1: Parking workflow diagram. [33]  



   
 

been introduced. This approach introduces high-level video cameras to 

replace the ticket card printing units. The procedure is however similar to the 

ticket card approach. What changes, is instead of printing a ticket, software 

connected to high definition cameras is taking care of decoding license plate 

information from images gathered and storing the data in a database. 

However, the mentioned cameras usually cost a significant number of 

investments. After conducting research involving such online retailers as 

“AliExpress”, “Amazon” and “eBay” groups, the author has found that the 

price range for these types of cameras can range anywhere between 100 USD 

and 700 USD. Professional retailers of such equipment do not share the price 

for their products, but instead, provide their customers with an option to 

enquire, which could potentially mean an even higher rate for a business 

sector. 

Video recording technology has been evolving for past years. 

Nowadays anyone can purchase high definition (HD) camera for as much as 

20 USD. The author believes that this kind of camera is capable of providing 

similar results and can enable businesses to save a significant amount of 

money on system deployment and the equipment.  

4.3  Devices 

Throughout the project work, research regarding available hardware 

equipment that could be able to host the prototype application was conducted. 

Qualities as CPU, RAM, storage, network or wireless capabilities, size and 

price were the key aspects of the research. It is a common knowledge that 

image processing algorithms require a significant amount of processing 

power which in terms will affect the price of the equipment. However, a low-

cost solution is what we are looking for, thus in this section, the author 

presents a couple of devices which could be used in the future. Bear in mind 

that these devices have not been tested by the author or anyone in a close 

relationship.  

Due to difficulty in achieving access to a number of these devices and 

costs, the personal laptop was used throughout the project. However, the 

author believes that the information provided by manufacturers of these 

devices should be trusted, and devices listed below can replace the laptop as a 

client. We are not going to investigate the history behind any of these 

devices, creators of them, or any information like that. What interests us is 

the specification information and numbers behind these devices 

4.3.1 RaspberryPi 3 Model B+ 

Many people nowadays are aware of Raspberry Pi. It does not matter if you 

are a professional in Computer Science or a taxi driver, chances are that you 

have at least heard of this name. Raspberry Pi is a low cost, pocket-sized 



   
 

minicomputer used for various processes like media streaming, simple 

calculations, etc. [35].  

 The most recent model or RaspberryPi is Model B+. Model B+ is 

currently most potent release of RaspberryPi’s.  

CPU 1.4GHz 64-bit quad-core ARM Cortex-A53 CPU 

RAM 1GB LPDDR2 SDRAM 

Storage SD card, up to 128GB 

Wireless 
Gigabit Ethernet over USB 2.0 (maximum throughput 300 

Mbps) 

Size 85.60mm x 53.98mm x 17mm 

Price ≈ 40 USD 

Table 4.3.1.1: RaspberryPi 3 Model B+ Specification [35].  

4.3.2 ODROID-XU4 

ODROID is relatively similar to RaspberryPi, device. It almost matches the 

specifications of size and uses the same kind of techniques for storage. 

However, this device has double the amount of RAM than RaspberryPi and a 

better processor. In authors personal opinion, extra 20 dollars are worth to 

pay for the extra power you receive as a buyer. ODROID also implements the 

eMMC 5.0, USB 3.0 and Gigabit Ethernet interfaces, which increases data 

transfer speed that may be needed while processing abundant image 

resources.  

CPU 
Exynos 5422 Octa big.LITTLE ARM Cortex-A15 @ 2.0 

GHz quad-core and Cortex-A7 quad-core CPUs 

RAM 
2 GB LPDDR3 RAM at 933 MHz (14.9 GB/s memory 

bandwidth) PoP stacked 

Storage microSD card slot, eMMC5.0 HS400 Flash Storage 

Wireless 10/100/1000 Ethernet (8P8C) 

Size 83 x 58 x 20 mm approx. (excluding cooler) 

Price ≈ 60 USD 

Table 4.3.2.1: ODROID-XU4 Specification [36]. 

4.3.3 UDOO X86 Ultra 

UDOO X86 is the most expensive device of its kind in this list. However, the 

price is worth paying for. UDOO X86 can run almost all the software 

available for the PC world. From media streaming to gaming and even 

developing new applications, this little fellow can achieve similar results to 

those of a cheap PC or laptop. Based on Quad Core 64-bit new-generation 

x86 processors made by Intel and designed for the PC domain UDOO X86 is 

one of the authors personal favourites [37].  



   
 

CPU CPU Intel® Pentium N3710 up to 2.56 GHz 

RAM 8 GB DDR3L Dual Channel 

Storage 32GB eMMC soldered on-board 

Wireless 
Gigabit Ethernet LAN interface + M.2 Key E slot for 

optional Wireless (Wi-Fi + BT) Module 

Size 120mm x85mm 

Price ≈ 260 USD 

Table 4.3.3.1: UDOO X86 Ultra Specification [37]. 

4.3.4 Z83II Mini PC 

Z83II is one example of Mini PC within this list. Mini PC’s are small-sized, 

inexpensive, lower power computers designed for basic tasks. These 

computers are great for the non-high amount of processing power requiring 

tasks [38]. The price range for these devices can range from 100 USD to 

1000 USD depending on the specification. Z83II by Intel may be perfect 

equipment for simple vision-based algorithm processing.  

CPU Intel Atom X5-Z8350 

RAM 2 GB DDR3L 

Storage 128GB 

Wireless 802.11 a/b/g/n/ac 

Size 11.95 x 11.95 x 2.40 cm 

Price ≈ 80 USD 

Table 4.3.4.1: Z83II Mini PC Specification [38]. 

4.3.5 DELL XPS13 9350 

The last device to be discussed is DELL XPS13, the machine where most of 

the work during this project was done. The XPS13 is a leading Ultrabook and 

a top choice laptop in various questionnaires. It has a powerful Intel i7 

processor and 8GB of RAM (extended version can have 16GB built-in 

RAM). Since it is a top-notch computing machine that is very portable 

because of its lightness and size, the cost of it is not small. This exact 

machine was priced at ≈ 1000 USD. For this reason, XPS13 is only going to 

be used throughout the project work, whereas any of above-discussed devices 

should be considered as final product equipment. In the table below you can 

also notice the IDE used in the implementation stage, .NET version and the 

Operating System this machine is currently running.  

Operating 

System 
Windows 10 Pro, Version 1709 (OS Build 16299.431) 

Processor Intel(R) Core(TM) i7-6500U CPU @ 2.50GHz 2.59GHz 

RAM 8.00 GB (7.87 GB usable) 



   
 

Table 4.3.5.1: Machine/laptop to be used throughout the project Specification 

[39]. 

4.3  Devices (continued) 

In order to provide viable data or assumptions regarding what kind of 

requirements should a system fulfil to run OpenCV enabled application, we 

would need to have more information regarding which and how many 

algorithms it is going to run at the same time, the quality of video to be used 

and some other aspects. This information, however, can change from system 

to system, and from one project iteration to other. Bare minimum informed 

by OpenCV developers, however, is Memory (RAM) of at least 256MB, hard 

disk space of 50MB and processor of 900MHz. These numbers will increase 

depending on what the application is doing and what kind of algorithms are 

running in the background [20]. Without testing the app on any of these 

devices, the author is unable to provide any proof in regards that these 

devices would fit the solution correctly. However, based on specifications it 

looks like these or similar devices have a potential for such tasks and should 

be investigated further.  

System 

Type 
64-bit operating system, x64-based processor 

IDE Microsoft Visual Studio Professional 2017 Version 15.7.1 

.NET 

Version 
Microsoft .NET Framework Version 4.7.02556 



   
 

5 Results 
Throughout this project work various questions have been solved, knowledge 

deepened, and new techniques discovered. This section presents main 

findings of the work which include:  

• general scenarios determined by conducting a literature review;  

• the low-cost solution architecture for prototype designed throughout 

project life cycle;  

• demonstrator scenarios which are going to be presented during the 

presentation meeting of degree project course.  

5.1  General Scenarios 

Discovering general scenarios or Computer Vision problems was one of the 

main tasks of this work. For this reason, they have been extracted to a 

separate section, 4.1 Scenarios. The author feels that the part should be 

referenced in this section to put emphasis on scenarios discovered and 

highlight them our results of this work.  

 The table below illustrates the scenarios found and discussed indirect 

link with use cases that were used to get the reader understand the 

problem/scenario better. 

Scenario Use Case 

Image/Object 

Classification 
Production Artefacts Sorting Using Object Classification 

Object 

Tracking 
Vehicle Speed Reinforcement Using Object Tracking 

Color 

Identification 

Remote Production Failure Alerting Using Color 

Identification 

Text 

Information 

Extraction 

Automatic Number Plate Recognition Using Text Extraction 

Table 5.1.1: General scenarios indirect link with use case example used. 

5.2  Suggested solution 

To change the way markets work and keep a substantial amount of 

investments from implementing new systems, a prototype was developed. 

Now, this prototype was mentioned from time to time throughout the report. 

However, we are going to look into it and the way it was implemented in 

more detail here. What was aimed for is a low-cost off the shelf solution 



   
 

developed entirely in-house by using generally available tools such as already 

discussed OpenCV. The device seeks to prove that big systems with multiple 

system components can be replaced by a unified mechanism, capable of more 

than one type of action.  

 Let’s begin with the fundamentals of the system architecture. Visual 

Studio as a development environment and C# as programming languages 

were chosen for a specific reason. Based on the previous personal experience 

the author has had during his internship in the sector of IT, development and 

innovative systems, it was believed that a year spent extensively using Visual 

Studio tools and studying C# aspects with the help of professionals was a 

right choice. Also, example applications and attempts to develop similar 

solution were made by the author before.  

 The solution is structured in one solution (.sln) Visual Studio simple 

file structure where additional project files (.csproj) are stored. Project files 

are used to ensure better project structure where each project can be a specific 

application (contour recognition, barcode decoding, etc.) or system 

component (web server helper methods).  

 For an even better structure and to ensure the system is easy to test and 

deliver MVVM (Model – View – ViewModel) structure was used.  

MVVM is a software architectural pattern where the graphical user 

interface (GUI) is separated from the business logic or more commonly by 

developers called back-end. The view model in MVVM is considered a kind 

of converter. It is responsible for converting the data objects from the model 

layer in such way that objects are easily managed and presented. The view 

model could also be considered more of a model than a view since it handles 

most of the display logic contained within the view layer. [34] 

We have now looked at the way the solution is structured, and techniques 

used to achieve it. Let’s leave implementation part and take a look at how the 

project “looks” analysing various system components.  

Figure 3.2.2: Implementing the Model – View – ViewModel Pattern. The 

MVVM pattern [52] 



   
 

Figure 3.2.1: Communication between system components.  

Figure 3.2.1 displays components necessary for the system to function. 

Starting from the left, we can see the initial source of data, the USB camera. 

Now it has been discussed throughout the project, and examples are given 

showing that a low-cost USB camera is capable of providing sufficient data 

needed to perform various image processing algorithms. Most of the systems 

using high tech cameras that cost a great deal of money can thus be replaced 

by a cheap solution.  

 The next component of the system is the main component – the client. 

For clarity sakes, by a client here we are talking about the prototype proposed 

solution. This solution consists of various computer vision algorithms, which 

were discussed in previous chapters, which are used to process the data 

incoming from the camera which is then sent out to the next component – the 

server. 

 The server in this system acts as a bridge between the client and various 

other types of clients. What you can see in the rightest side of the figure 3.2.1 

are a few examples of components which could use the data received from 

analysing images or video. These could be remote mobile clients, dashboards, 

or even robots. The server’s responsibility in the system is to know which 

component is supposed to receive the data and send it off. We might send a 

short message, saying that the assembly line has stopped to a group of 

maintenance managers own mobile devices, or a short 0 based code to a robot 

to shut it down. Options are unlimited.  

Now the purpose of the diagram is to let the reader understand how simple 

the approach is in comparison to use cases discussed in chapters before. The 

system proposed initially consists of very few components whereas systems 



   
 

used in various sectors today are focused on the single task and use not one, 

but many expensive system components.  

The decision was made not to share any of the examples taken directly 

from prototype solution, or the code. This is not due to any copyright issues 

or contrary willingness of sharing the code, but rather because the solution 

has grown to be very wide and sharing only some parts of implementation 

might not make as much sense taken out of the context. 

5.3  Demonstrators 

The last part of results chapter is focused on something that we have not 

discussed in detail before – demonstrators. These are methods of visually 

illustrating the work that has been done. In this project not only that we have 

discussed various devices, computer vision techniques, history, architectures 

and other important information, but also an artefact, software prototype was 

developed.  

In the duration of the entire project, the author had some demonstrators 

in mind. These have changed and evolved because of such issues as time 

limit, price and availability of hardware, etc. In the end, the author has 

decided to showcase one use case, that falls under the general problem of 

Image/Object Classification as a hands-on video presentation. The use case 

this video covers is Production Artefacts Sorting Using Object Classification, 

which in authors personal opinion is an exciting use case for business and 

specifically manufacturing sector. [55]  

 

Figure 3.2.1: Screenshot of prototype solution classifying license plate letters 

(license plate recognition use case)  



   
 

6 Discussion 
Throughout the project work, the primary goal of the author was to raise the 

awareness of over expenditure within computer vision systems. Many facts 

and information were shared to let the reader understand that there is a 

significant amount of investments that can be saved in various areas, be that 

industry, science or any other sector.   

 Now when it comes to investments, it can always be a sensitive topic 

and raise a lot of discussions. This chapter is left entirely for that. The author 

has raised his points why he believes that the low-cost architecture is 

sufficient for the general scenarios described in the above sections.  

 Firstly, we have already gone through explaining that the solution 

delivered after completing this project is not finished and should not be 

considered finished. There are plenty of additional features and requirements 

that could be added in the future. However, the application in its current state 

is already capable of solving three out of 4 described scenarios. There might 

be some bugs which need to be located and fixed. However, we have proved 

that a student is capable of designing a prototype that is capable of solving 

several scenarios with a single application.  

Secondly, we have made the assumption that there is no need to spend a 

significant amount of investments in professionally made applications. In this 

project, the authors were able to design something that replicates top-level 

applications sold today. Generally, such thinking should mean that a team of 

professional developers could create an even better application quicker, 

saving working hours and being even cheaper. Unfortunately, this is just an 

assumption that the author provides, since without performing any VCA 

(Video Content Analytics) performance evaluation using motion tracking 

metrics there is no highly reliable data that could be trusted. This could 

change while trying to replicate this research with an addition of various 

hardware tests, time and possibly man power resources.  

 Lastly, we have introduced an approach which does not require 

expensive hardware, but a single USB camera. We have gone through various 

technologies like ticket printing machines and high definition specified 

cameras. This approach can first of all reduce the costs of hardware, since 

businesses won’t need to spend money on single process handling cameras, 

ticket printing machines or other kinds of hardware. Costs of deployment get 

decreased too. Unified equipment deployment is usually difficult and requires 

experts to spend hours in physical fitment and software compatibility 

adjustment. A USB camera has got its recognition by being highly portable, 

available through very broad range of devices and other aspects.   

 Now the above statements in addition to the information provided 

within this report in authors personal opinion are enough to prove that the 

prototype solution discussed throughout the report and proposed as a general 



   
 

tool is sufficient for general scenarios discussed, thus the solution is adequate 

to replace some of the existing applications. 

 Within the next chapters, we are going to discuss what else can be done 

to broaden the awareness of the problem and solution to reach “daylight”. 



   
 

7 Conclusion  
In conclusion, there are some things to sum up. During this project, a 

tremendous amount of information was gathered. New ideas and theories 

were also acquired by the author, which helped in completing the report and 

sparked some new ideas for future work. We have shown that the interest in 

computer vision as a general computer science problem has been rising since 

first iterations and initial idea which were all discussed. 

 The primary goal of the project was to raise the awareness of people in 

various sectors by sharing information which can potentially save 

investments. The project had set aims to prove that large, single purpose 

systems can be replaced by low-cost unified and in-house developed an 

application that is capable of solving not one, but many processes under a 

lower cost. For this and some other reasons we have aimed to make our work 

interesting to not one, but several areas.  

 The author hopes that this thesis will spark at least a bit of interest to 

the area as he has and that this work might inspire some businesses to build 

their systems based on information provided here.  

 Some things could have been done better, including much more 

sophisticated prototype solution, software architecture and test data based on 

devices listed and other things which the reader can find in more detail in 

section 7.1 Future Work. However, taking time frame, budget and current 

technology offered, the author believes that the project and the report are 

sophisticated and exciting for various areas.  

7.1 Future work 

A key feature of Agile is that we replace the focus on the project by 

introducing a product. This means a couple of things, for example, the project 

manager is considered as a product owner. However, what I am trying to say 

here is that Waterfall type projects can have a set final look and can be 

regarded as finished. In Agile, we provide a product, and even if initial 

requirements are completed, we can always come back and improve our 

product.  

 What this means to me, and this project? It says that there is always a 

place for improvements. I have delivered calculations, personal ideas and 

reflections of why such an application could spark an interest in various 

fields. Examined potential computer vision scenarios or problems and 

determined a few viable use cases. Conducted research and gathered results 

depending on hardware equipment which could improve the system 

architecture envisioned. However, the product I display in the final 

presentation and discussion in this report has a potential to evolve to a much 

larger scale system while using some of the information already contained 

within this document.  



   
 

What we have discussed in this project is a beginning of an extensive system 

– initial stage of a project. If time frame for this project had been more 

extensive, this software could have generally become more automated, 

containing more algorithms and solution scenarios. In the end, we want the 

end user to use such software to solve any action with ease, depending on 

creativity. The current iteration showcases a couple of possible scenarios. 

Each iteration after this could add more functionality, different types of 

recognition techniques, object models, etc.  

 Another thing that was discussed in meetings with the supervisor and 

hoped for as the best-case scenario is a unified task solver builder. This 

software would enable the end user to build his/ her applications and deploy 

them to remote processing device as RasspberryPi to only focus on a 

particular designed task. Such equipment would then connect to the central 

server which would be configured to know the further steps needed to 

attempt. These could be sending a simple, text form message to some other 

device, robot or display where the data received could trigger some actions, 

making process automation complete.  

 A similar solution as described above is described in article “Computer 

Vision (CV) and PLC for Object Detection with C#” by Iman Cartiman [last]. 

Mr Cartiman is working on a similar solution, however focusing on one task 

– monitoring for faulty/flipped medicine containers. His answer is using a 

computer for computing similarly to the one I present, however, in the future 

our solution would try to eliminate the use of computer or laptop to provide a 

portable, lightweight solution.  

Figure 8.1.1: “Computer Vision (CV) and PLC for Object Detection with 

C#”. [40]  
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