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Abstract 
This thesis is published by HMS for students taking a  degree. 
Currently HMS uses a PC-based configuration tool to configure Anybus products, the PC-
based tool is currently only usable with Windows Operating system. Thus the goal of this 
project is to investigate and prototype a configuration tool which is cloud-based. This implies 
that the cloud-based configuration tool is required to be platform independent and accessible 
from a browser, another requirement described in the project description is that the cloud-
based configurator should feel familiar for users. Research was done in order to investigate 
and find a suitable cloud computing service to build the cloud solution with. The result of the 
research was PaaS and the cloud solution are composed of Kubernetes and Virtualbox. The 
reasons why Kubernetes was the chosen cloud solution are because of its efficiency and 
robustness. In order to build the application which will be hosted on the cloud solution, it is 
required that the programming language or tool is compatible with the Kubernetes and is able 
to reproduce the functionality and features which the PC-based configurator provides. 
Angular was deemed to fit the requirements and was used to create the application. 
The result of the project is a prototype which runs on Kubernetes, has the same functionality 
and features as the PC-based configuration tool.  
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Abbreviations 

HMS: Hardware Meets Software 
XML: Extensible Markup Language 
FTP: File Transfer Protocol 
IP: Internet Protocol 
API: Application Programming interface 

  REST: Representational State Transfer 
 HTTP: Hypertext Transfer Protocol 
 SQL: Structured Query Language 
 OPC-UA: Open Platform Communications- Unified Architecture 
 MQTT: Message Queuing Telemetry Transport 
 VM: Virtual Machine 

SDN: Software-defined Networking 
OS: Operating System 
CLI: Command-line interface 
UI: User Interface 
GUI: Graphical User Interface 
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1.Introduction 
 

Traditionally a PC-based configuration tool is used to configure an Anybus-product, the PC-
based tool is currently only usable on a PC with Windows as Operating system. The 
consequences of this is usage limitations such as platform dependencies. In this project we 
will explore the possibilities of replacing the traditional PC-based tool with a cloud-based 
configuration method, by investigating and evaluating the current PC-based tool and then 
investigating methods and techniques to use for developing a cloud replacement. The thesis 
will not only be theoretical but also practical, at the end of the thesis a prototype will be 
presented which is built with the chosen methods and techniques. 

1.1. Aim of the project 
The goal of this project is to investigate and prototype a configuration tool running from a 
cloud solution. The solution will be robust so that it is able to cope with errors during 
execution, the solution will also be platform independent, future proof to ensure its value in a 
distant future, easy to use and familiar for customers that are used to the current PC-based 
tool. 

1.2.Problem definition 
 Investigate techniques and methods to use. 
 Evaluate the requirements of the PC-based tool to replace. 
 Prototypes of the chosen methods and techniques. 
 Evaluate potential problems with the prototype. 

 

1.3. Limitations 
In this project the focus on important security aspects will be overlooked. Due to the fact that 
the result will be a prototype and not a fully-fledged program. But the prototype will be tested 
so that the minimal requirement of usage is to an appropriate standard. Which means that the 
user should be able to use the prototype without risking any corruption on files or devices. 
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2.Background 

2.1.HMS 
HMS is an independent supplier of products for industrial communication, the products 
which enable industrial machines and appliances to connect and communicate in different 
ways. HMS stands for "Hardware Meets Software" and was founded in 1988 as a degree 
project by Nicolas Hassbjer and Staffan Dahlström. Today, the business is in a total of 14 
countries and has more than 5 million installations in companies such as Siemens, Toshiba, 
Sony, Panasonic etc. Their head office is in Halmstad [1]. 

2.2. Why change to a Cloud-based application? 
There are several benefits of replacing the PC-based application to a cloud-based one.  
A cloud-based application is generally accessible through several platforms and is not bound 
to a specific Operating system (OS) like the current PC-based configurator is. A cloud-based 
application is always up to date since it is the providers obligation to keep the application up 
and running, thus there is no need for the user of a cloud-based application to check for new 
versions or to update the application.  The user is able to access the cloud-based application 
from anywhere as long as there is an internet connection [2], which is not possible with the 
current PC-based application since it is platform dependant. The only advantage that the PC-
based configurator has against a cloud-based one is if the user has poor internet connection or 
non at all. 



Cloudify our product configuration, Göran Trivic & Mohammed Azan, 2019-05-17 
6 

2.3.The current PC-based tool 

 
Figure 1: A picture of the PC-based configurator.  
 

To configure a product with the PC-based configuration tool the user has to follow a few 
simple steps. First of the user needs to choose which of the two supported protocols will be 
used either Open Platform Communications- Unified Architecture (OPC-UA) or Message 
Queuing Telemetry Transport (MQTT) as can be seen in figure 1. The user has the option to 
create a new file or to open an already existing file. If a file has either been created or opened 
the user has the option to add, modify or remove so called Tags. Tags contains values like 
name, data type, number of elements, the chosen protocol, start address and the size of the 
Tag. When the user is done configuring the file there is the option to generate an Extensible 
Markup Language (XML) file or to generate the XML file and send it to an desired Anybus 
product through File Transfer Protocol (FTP), appendix 9.14. 
  
To send the XML file over FTP the user is required to know the Modules Internet Protocol 
(IP) address, their own username and password, there is also the option to send the XML file 
anonymously which does not require username or password. When the XML file is sent and 
received by the Anybus product, the product will configure itself depending on the values of 
the Tags. 



Cloudify our product configuration, Göran Trivic & Mohammed Azan, 2019-05-17 
7 

3.Theory 

3.1. Cloud computing & service models 
Cloud computing is the distribution of computer resources, it delivers services like data 
storage, computing power, servers, databases, networking etc. over the internet (the cloud). 
 
The major benefits of cloud computing are cost efficiency, sustainability and scalability since 
the resources can be adjusted accordingly to the users desires. Cloud computing can reduce 
the cost of managing and maintaining IT systems by using cloud computing services from a 
provider, instead of purchasing expensive equipment and systems. The personnel- and energy 
consumption costs will be reduced since there is no equipment or systems [2]. 
 
Most providers follow a pay-as-you-go system, thus the services are easily scalable for the 
user needs [2]. If for example there is a demand for a bigger distribution of computer 
resources the company pays for the additional services, but it can also be the other way 
around. For example, if the system needs to be scaled down. This also contributes to cloud 
computing being very sustainable. As mentioned in section 2.2 the users of a cloud-based 
system, will have benefits like automatic software updates and an easily accessible system 
since the only requirement is to have an internet connection.  
 
Cloud computing offers three levels of service models such as Software as a Service (SaaS), 
Platform as a Service (PaaS) and Infrastructure as a Service (IaaS) [3]. 
 
SaaS offers users a hosted set of software that runs on a platform and infrastructure. The user 
is not responsible for the development of the structure or software, the user only consumes 
the elements provided by the SaaS provider. The user pays for the consumption used while 
the host manages the given application [3]. Some examples of established SaaS providers 
would be Netsuite and Salesforce.com. 
 
PaaS offers users a platform for application development without managing hardware and 
certain integration tools. PaaS consists of infrastructure software that includes database, 
middleware and development tools. It provides a service to developers for building and 
delivering web applications over the internet. Every PaaS system has various supported 
programming languages or Application Programming interfaces (API) [3].  
 
IaaS provides the user with hardware and software such as server, storage and network, 
operating systems and file systems. The services provided by IaaS are generally a platform 
for running and storing applications. The IaaS provider is responsible for housing, running 
and maintaining the equipment [3]. Example of an IaaS would be OpenStack and Amazon 
Elastic Compute Cloud. 
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3.2. Cloud Solutions 

Cloud Foundry: Cloud Foundry is an open source, multi-cloud application platform, 
delivered as platform-as-a-service and is administered by the Cloud Foundry foundation. 
Cloud Foundry is written with a dynamic general-purpose object-oriented language called 
Ruby. The distributed architecture that the Cloud Foundry uses has explicit design guidelines 
like loose coupling with event driven and non-blocking interactions thus allowing the widest 
possible scalability, flexibility and reliability [4]. The five main components for Cloud 
Foundry is the Cloud Controller, the Health Manager, the Router, the Droplet Execution 
Agents (DEAs) and a set of services. All components are horizontally scalable and self-
healing thus it is possible to add copies of each component if needed in order to support 
incoming workload of the cloud [5]. 
 
The Cloud Controller also referred to as the CC, handles all state transitions, deals with users, 
apps and services. The CC packages and stages applications and binds services to 
applications [5]. The CC also provides a set of APIs for PaaS clients to access the system by 
presenting the Representational State Transfer (REST) interface that the command-line 
interface (CLI) communicates with. To keep track of all the information the CC has an 
internal database that stores information about services, apps, user roles etc. 
 
The Health Managers task is to alert the CC when something is wrong. By retrieving the 
application status through periodical checks, the Health Manager takes care of managing the 
application by recovering the application in case of faults [5]. For example, if an application 
crashes the Health manager will alert the CC to restart the application. 
 
The Router handles all the Hypertext Transfer Protocol (HTTP) traffic and routes the 
incoming traffic to the right destinations(component) [5]. The router maintains the distributed 
routing state by updating the realtime distributed routing tables from DEAs. 
 
The DEA is responsible for running and monitoring all applications, the DEA manages the 
lifecycle of the application instance. The key functionalities are staging and running the 
applications, managing the lifecycle of each applications, alerts on any change in state of 
applications and starts and stops the applications upon request from the CC [5]. 
 
A set of services is a set of third-party components that can be used with Cloud Foundry. All 
the services like Structured Query Language (SQL) and no-SQL databases, messaging 
systems etc. are stored in an external database called Service. Each Service has a general 
architecture consisting of two components, a Service node that handles the running of service 
processes and a Service Broker which communicates with the Cloud Controller through an 
API for provision and binding of a Service instance. 
 
NATS is a lightweight publish-subscribe and distributed queuing message system written in 
Ruby. By providing asynchronous communication the messages that are published through 
the NATS service have non-blocking behaviour, this means if a module crashes the other 
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components in the system do not end up in a deadlock waiting for a response from the 
crashed module. The components in the Cloud Foundry system communicate through NATS 
[6].  
 
Kubernetes: Kubernetes is a fairly new cloud native platform that was developed by Google 
in 2014. It is open-source which means that the services, tools and support are widely 
available for anyone [7]. 
 
Kubernetes is not an all-inclusive PaaS system but provides much of the basics of PaaS and 
some flexibility of IaaS. Basic features of PaaS such as deployments, scaling, load balancing, 
logging and monitoring. It provides the workload for the management of networking, 
computing and storage infrastructure [7]. 
 
Kubernetes is a container management system with features like managing clusters of 
containers, deployment and management of applications. Hence Kubernetes manages scaling 
of applications and optimization of hardware beneath the container. Kubernetes is compatible 
with various application languages and frameworks, such as Java, .NET, Python, Go etc. If an 
application is able to run in a container it is able to run on Kubernetes. Kubernetes is 
adaptable to different environments, it can run containers on public clouds, Virtual Machines 
(VM) or hardware. It is also adaptive across many platforms making it a highly flexible and 
attractive system [8]. 

 
Figure 2: Kubernetes architecture 

 
Kubernetes works in a master  slave architecture as is demonstrated in figure 2. Kubernetes 
master node is the unit that manages and controls the workload and communication. It is 
divided into components of Etcd Storage, API-Server, Scheduler and Controller Manager. 
Etcd Storage contains configuration data of the cluster and is accessed by all nodes in the 
cluster. API- Server is central in managing the received REST requests for modifications. 
The Scheduler selects where a service is deployed and schedules the pods depending on the 
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resource utilization on various nodes. It also provides information regarding resources 
ng 

numerous distinct controller processes. The controller works towards a new desired state 
when spotting any changes in the service [8].  
 
Kubernetes worker node holds the information for network management between containers 
such as Docker and communicates with the master node to assign resources per schedule to 
the containers. It consists of Kubelet, Container, Kube Proxy, cAdvisor components. Kubelet 
manages the running pods and communicates with master node components. This includes 
services like runni tatus [9]. 
Replication controller ensures that specified number of equivalent pods are in a running state 
inside a cluster, it also balances the number of pods by adding or removing. Containers that 
are placed inside a pod are the lowest level of microservices. Kube Proxy acts as a network 
proxy that forwards the request to the correct pods in a cluster across isolated networks. The 
cAdvisor assists in gathering and monitoring data from a node about resource usage and 
performance [8]. 
 
OpenShift: OpenShift is an open-source scalable PaaS developed by Red Hat. There is three 
versions of OpenShift, OpenShift online, OpenShift dedicated and OpenShift container 
platform. The different versions deliver diverse OpenShift technology to users, developers 
and community members[10]. 
 
OpenShift is a container orchestration platform optimized for web applications. With 
OpenShift it is possible to build, test and deploy web applications without supplying and 
maintaining servers for each separate application. Kubernetes provides the core container 
orchestration functionality for OpenShift. Features that are included are monitoring, 
automatic horizontal scaling and rescheduling of containers and failure resiliency. A 
container usually provides a single service such as a database or web server, these services 
are generally called micro-services. Containers can also be used for arbitrary workload. A 
container can contain several running application instances on a single host without 
disturbing each applications process [12]. With the help of Kubernetes, OpenShift has the 
ability to run multiple independent projects managed by different users with the help of web 
routing and load balancing. There are also templates for the applications and an extensive 
web user interface [11]. 
 
Application owners manage their application via an administration server that is hosted by 
OpenShift. The applications are managed through the command line interface (CLI) or a web 
interface. There are 3 kinds of nodes that are used in the system, master-, worker- and router 
nodes. The master nodes contain the desired configuration and state for each application. The 
worker nodes contain the web applications, the web applications are run in containers [11]. 
The primary node agent, also called Kubelet runs on each worker node. The primary node 
agent is tasked with providing the desired container state from a master node and if needed 
adjusting the container to reach the desired state [13]. Containers are not accessible outside 
the OpenShift software-defined network (SDN) but this is solved by the router node. The 
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router nodes are used by application users to access the right container, the users are required 
to connect to a router node which then routes requests to the appropriate node [11]. 

3.3. Tools 

3.3.1. Kubectl and Minikube 

Kubectl is a command-line utility that is used to create, delete and update Kubernetes objects 
and communicate with Kubernetes API. Pods, ReplicaSets and services are some examples of 
Kubernetes objects. The Objects are represented as JSON or YAML files and can be posted 
as a API request or returned as a query on the Kubernetes server [14]. YAML is a superset of 
JSON and is used to create the configuration files for deployment and services [15].  
 
Minikube is a tool that runs single-node kubernetes clusters inside a VM. It provides the 
developer with a local development experience and a good simulation of a Kubernetes 
cluster. It is primarily used for learning and experimentation because it only runs in a VM. It 
requires VirtualBox or Hyper - V installation for use in Windows OS [14]. 

3.3.2. Git & Github 

Git is a distributed versioncontrol system used to coordinate work among programmers 
during software development. Git provides the ability to track changes made in the source 
code and which programmer implemented the change, it also enables complete history- and 
full version tracking. Git is commonly used by companies due to the feature of reviews. For 
example, if there is a project leader responsible for a project, this individual would probably 
like to oversee all changes made in the project. If a programmer makes a change in the source 
code it will only apply when and if the project leader accepts the request, it also provides the 
project leader with the possibility to deny the change and add a description of why the change 
was not accepted [16]. 
 
Github is a web-based hosting service for version control which is used with Git. Github 
offers the same features as Git with some extra features. The extra features that Github 
provide are features like bug tracking, task management and wikis for each project [17]. 

3.4. Angular 
Angular is an open-source JavaScript framework maintained by Google. Angular simplifies 
the customisation of components that are added to HTML documents, and the 
implementation of application logic. To build a web application with Angular it is common to 
use TypeScript (TS), HyperText Markup Language (HTML) and Cascading Style Sheets 
(CSS)[18].   
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3.4.1. Required languages for developing Angular web applications 

TypeScript: is a superset of JavaScript which compiles into plain JavaScript [19]. 
TypeScript was developed by Microsoft as an open-source project to eliminate the obstacles 
that occurred with JavaScript. When it comes to creating large applications with JavaScript it 
can be quite difficult since JavaScript depends on complex pattern knowledge and the 
debugging is done during runtime, which means that developer is only able to do test when 
the code is done. TypeScript reduces the chances for errors during run time since it introduces 
type safety and code compilation which allows for error and bugs to be caught and eliminated 
without having to deploy a line of code. TypeScript also introduces concepts like Classes, 
Interfaces, Generics and Modules from different object oriented languages. Hence the 
advantages of this is easier development of large scale applications, since it is simple to 
create components and libraries which can be used with various objects [20]. 
 
HTML: is a markup language which is used to create web pages and web applications [21]. 
To structure a web page or a web application an element is added to the words or code which 
the user wants to display on the page. The so called elements are made up of two tags, an 
opening tag and a closing tag. The element tells the browser how to handle the information 
which is enclosed between the tags. If we look at appendix 9.7, the <html></html> tag tells 
the browser that anything between the two tags is HTML code. The <body></body> tag tells 
the browser that anything between these tags should be displayed in the main browser 
window. The <h1></hi1> tags tells the browser that the parts between the tags are a main 
heading and so on. It is also possible to add so called attributes to tags which provides 
additional information to the browser. For example -  indicates to the 
browser that the language used between the tags will be displayed in language US English. 
 
CSS: is a style sheet language used to structure the design of the content in a document 
written with a markup language like HTML [21]. With CSS the developer is able to create so 
called rules which specify how the content of an element should appear, some examples of 
options which CSS provides is altering the width, height, size, color and position in the 
browser window. The developer is also able to style certain elements like text, list, tables etc. 
 

3.4.2. Developing with Angular 

The benefits of using Angular in a project like this are several. Angular speeds up the process 
of developing a framework with the help of powerful template syntax, Angular is maintained 
and developed by Google and has had 5 updates versions since the first release of Angular 2 
in 2014 and most importantly it is Cross-Platform. 
 
The requirements to be able to use Angular is to have Node.js, npm package manager and 
Angular-Cli installed. Npm package manager contain libraries that are essential for Angular 
application development. Angular-Cli is a command line tool for Angular development. 
When the components are installed a new project can be created. See appendix 9.5. The only 
files which will be managed is the PROJECTNAME.COMPONENT- CSS, HTML, TS, 
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SPEC.TS and the PROJECTNAME.MODULE.TS files. The content of the web application 
is created in the HTML file, while the effects and behavior of the content is programmed in 
the TS file, the visual and the layout of the content is defined in the CSS file. L
button for example, the button is created in the HTML file, the event that happens when the 
button is pressed is defined in the TS file, while the size,position, and colour of the button is 
determined in the CSS file[22]. 
 
To build a good web application the developers need to use components. Components are 
referred to as building blocks of user interfaces (UI) in Angular applications, a component is 
a TypeScript class that has some metadata attached to it [23]. When a components is added to 
a project it is important to add the component in the APP.MODULE.TS file, and to include 
the component in the declarations, see appendix 9.6. Since APP.MODULE.TS is the 
bootstrap module the component will be rendered by default.A component will only contain 
the files mentioned above[24]. 
 
Angular material is a library which contains a collection of components that implements a 
general interaction patterns according to the specifications given in the components Material 
Design. For example <mat-menu> is an already designed component in Angular material. To 
implement this component the developer needs to follow the specification which can be 
found on the Angular material webpage [25]. Some of the other components which are of 
great use is buttons, datatables, models etc. 
 
Other library like rxjs, will provide a so called Subject that acts both as a observable and a 
observer that could potentially emit objects [26]. Subjects are useful when multiple 
components need to interact with each other. They are usually contained in a service that 
would be imported into components for implementation. 
 
In Angular components should not fetch or save data, thus Angular introduces services. The 
main objective of an Angular service is to structure and share data and functions with the 
components of an Angular application. An angular service can be used to enable 
communication between components. An example of this would be if there are two different 
components in an application, the first component is a table representing some data of the 
user's choice. The second component is a button which opens a dialog window for the user to 
put in data which is represented in the first component. But for the communication to be 
possible between the two components, there needs to be a service that fetches the data from 
component 2 and transfers it to component 1[27]. 

3.4.3. Compatibility with browsers 

In the project description two of the requirements are platform independency and that the 
cloud-based application should feel familiar to the users. Thus indicating that the cloud-based 
configurator should include all functionality and features that the current PC-based 
configurator provides and the cloud-based configurator should be accessible through a 
browser. 
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Since the current configurator has a feature to generate an XML file it is essential that this is 
included in the cloud-based application. It is necessary for the developer to check if all the 
Web APIs used to produce and generate the XML file in a browser is supported by the 
desired web browsers. To determine which browsers that supports the desired web API, the 
developer needs to check the documentation of the API [28].  
 
Web APIs which are of use are the Document interface, FileReader object, XMLSerializer 
interface and Blob object. One functionality of the Document interface is the possibility to 
create new elements by adding tag names inside the Document [29]. Hence it supports the 
creation of a tree structure of nodes. FileReader object provides the reading of file contents 
asynchronously for web applications [30]. XMLSerializer is used on the Document interface 
to convert the contained tree nodes into an XML string with the method 
serializeToString[31]. Blob object is a file-like object of raw data, and it is used as as file. 
The user has the option to retrieve the file in any desired format [32].  
 
The mentioned Web APIs can support the construction and downloading of an XML file. But 
the use of these APIs can have diverse outcomes depending on the compatibility with 
different web browsers, thus as mentioned above it is crucial that the developer checks the 
compatibility beforehand. 
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4.Method 

4.1. Pre-Studies 
During the pre-studies phase the time was spent on research. The research was mostly done 
by reading scientific journals, research articles and peer-reviewed- e-books and articles 
through Google Scholar, IEEE Xplore and other reliable sources. 
 
The main focus of the research was to distinguish between the different service models and 
cloud solutions to find the most compatible one for the project. The different service models 
are described in section 3.1. and out of the three PaaS was the most suitable for the project, 
because PaaS provides an established infrastructure, thus the developer can primarily focus 
on the application development. Cloud Foundry, OpenShift and Kubernetes are some of the 
cloud solutions that the research was focused on, they are described in section 3.2. 
 
When a service model and a cloud solution was chosen, it was time to find a suitable 
programming language to develop the web application with. The language or tool needed to 
be compatible with the chosen cloud solution. Trough research it was determined that 
Angular was the best option available. 
 
Git & Github which is mentioned in section 3.3.2, was used to document and share all code 
during the development of the cloud-based application.In the different sections of the method 
the reader will get an better understanding of why the components were selected and how 
they were used. 

4.2. The Chosen Cloud solution 
To fit the project description requirements, it was essential that the cloud solution had the 
same or similar features as PaaS. The criterias that we followed was open-source, compatible 
and supportive of multiple programming languages and APIs. The solutions that fulfilled the 
criterias was Cloud Foundry, Openshift and Kubernetes.  
 
Out of the three cloud solutions Kubernetes was chosen.  
The reasons why: 

- Most preferable platform statistically for developers. 
- Most active community of the other two. 
- All versions of Kubernetes are open-sourced while the other two have different 

versions. 
- Since Openshift uses Kubernetes core-container orchestration to an extend, it proves 

that Kubernetes is a useful tool and has modernized the way to deploy applications. 
- CloudFoundry is platform-based thus it does not support multiple platform 

dependencies when switching to another VM. Kubernetes which is container-based is 
easily portable and flexible. 
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Figure 3: A graph over the most used Cloud Management Platforms.  
 

CloudFoundry does not use a container-based orchestration system so it was discarded quite 
early in the selection process. The factors which are stated above all point towards 
Kubernetes being the favored platform.In figure 3, the graph shows that Kubernetes is the 
most preferable cloud platform for developers. Which supports the reasoning behind our 
choice between the different cloud platforms.  Due to a higher percentage of users in 
Kubernetes this leads to a more active and larger community. Thus simplifying the learning 
process and decreasing the time spent on problems that may occur during development. The 
fact that Kubernetes was developed and tested by Google is also an insurance since Google is 
thriving at running production workloads at scale.  
Another point which is a little overlooked since not all developers are students is the fact that 
during this thesis, resources are limited. Therefore, Kubernetes has an advantage over 
OpenShift since Kubernetes does not have a version that needs to be paid for. 
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4.3.System architecture 

 
 
Figure 4: Overview of the system architecture 

 
In figure 4 the system architecture is displayed. The application is built with Angular and 
TypeScript. To expose the application through the web, the application needs to be deployed 
in Kubernetes.  
To be able to deploy an application into Kubernetes, the application needs to be compressed 
into one or several containers. The containers will contain the microservices of the 
application that is going the be deployed. The containers are then inserted into pods and 
deployed in the Kubernetes cluster.  
To make sure that an application stays deployed a Service is bound to the deployment, the 
Service will deploy new pods containing the same containers if it senses an error in the 
current deployment.  The cloud is where the application is hosted is composed of Kubernetes 
and Virtualbox.  

4.4. Cloud set up 
The cloud is displayed in figure 4 and is built with Minikube and Kubectl which are 
described in 3.3.1. The setup is built by using command terminal (Cygwin64) and typing the 
following commands: 
 

 
Figure 5: A command used to start minikube. 
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The Minikube command in figure 5 will create and setup a default local Kubernetes Cluster 
with a infrastructure that runs inside a VM. 
 
 
To check if the setup of the Cluster is successful, the following commands are used: 
 

 
Figure 6: A command to get cluster information. 
 

The Kubectl command in figure 6 displays the cluster information. The user will be informed 
about which addresses that runs the components of the cluster. Such as the Kubernetes master 
node. 
 

 
Figure 7: A command to get information about all active nodes. 
 
In figure 7 the command retrieves information about all the nodes and their roles inside the 
created Kubernetes Cluster. 
 

 
Figure 8: A command which will open up a dashboard. 
 
The Minikube command in figure 8 displays the Cluster in a Graphical User Interface (GUI).  
 

4.5. Building the framework 
In the project definition one of the requirements is that the replacing configurator should feel 
familiar for users. Thus it was determined that the framework and content of the cloud-based 
configurator should be similar to the PC-based configurator.  
Before any development could begin, the current PC-based tool needed to be analyzed. The 
major features of the PC-based tool are described in section 2.3.  
 
The code which is relevant to this section will be referenced and found in section 9 appendix. 
As mentioned in section 3.4.2. to be able to create a project the developer needs to have 
node.js and Angular-

-
application, if everything was successful the application will look like the picture in appendix 
9.15. When the first steps are done it is time to create the actual web application. The 
structure and content of the web application is made by adding components to the project, see 
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section 3.4.2. for a description of components. When all the content and components are 
structured and functional, the framework is done. 
 
The framework is divided into four Angular components called MENU.COMPONENT, 
DISPLAY.COMPONENT, TABLE-TAG.COMPONENT and DIALOG-
TAG.COMPONENT. Every component resembles parts of the PC-based tool GUI, this is 
done to maintain a code structure. Each component contains a HTML, CSS and TS file. The 
GUI of the configurator is created, styled and structured through the HTML and CSS file. 
 
The Angular material components are used to produce every graphical component of the 

 GUI. Some will be mentioned and displayed below. 
 

 

 
Figure 9: The menu toolbar and buttons. 
 
Mat-menu component is used to represent the file, edit and help toolbar. Mat-button 
component are used for representing the Add, Modify and Remove buttons same for the icon 
buttons below the toolbar, as shown in figure 9. Mat-menu when clicked will open up 
multiple items like a toolbar. These components have been deployed inside the 
MENU.COMPONENTS.HTML, see 9.1.  
 

 
Figure 10: The radio buttons for choosing protocol and text input. 
 

The MatInput and the Mat-radio-button component are used to enable the selection of 
protocols and writing of text as seen in figure 10. These are deployed in 
DISPLAY.COMPONENT.HTML, see 9.2.  
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Figure 11: A table for storing tags and showcasing important information. 
 
The table in figure 11 is created with the Mat-table component. The table includes the tag 
data which can be sorted ascending or descending, by clicking on the desired element which 
the user wants to sort the data by. This component is deployed in TABLE-
TAG.COMPONENT.HTML, see 9.3.  

 
Figure 12: A popup for creating a tag. 

 
The dialog box is created with the Mat-dialog component which contains components like 
Mat-select and previously mentioned components to store and choose data suited for the 
configuration as seen in figure 12. These components are deployed in DIALOG-TAG.HTML, 
see 9.4. 

4.6. Developing the configurator 
In this section the main focus will be on the significant aspects which were developed for the 
cloud-based configurator. Relevant code will be referenced and found in appendix. 
 
Based on the requirements of the PC-based tool there are some requirements needed for 
achieving a functional configurator. The options of reading and creating XML files are 
essential. The creation of XML files was done in an Angular service called 
CONFIGURATION-XML.SERVICE.TS, see appendix 9.8. By firstly creating a tree 
structure of values through Document interface. Then converting it into XML by 
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XMLSerializer interface and then making it downloadable through Blob object. The Web 
APIs mentioned above were helpful in producing and creating an XML file as well as making 
it downloadable. The reading of an XML file was done in the Angular service called 
CONFIGURATION-READER.SERVICE.TS, see appendix 9.9. By using the FileReader 
object and its readAsArrayBuffer() method then converting it into a Document interface to 
traverse through the tree nodes and retrieving all the relevant values needed. 
  
The requirement of FTP could be implemented through the FTP module in node.js. Hence 
make it possible to send an XML file to an Anybus product for configuration. This is 
unfortunately an ongoing process, which is currently being worked on. 
 
The three-requirement mentioned above are the main parts of the PC-based tool that are 
needed. The other requirements like adding, modifying, removing Tag values and storing the 
configuration information was done through an Angular service called 
CONFIGURATION.SERVICE.TS, see appendix 9.10. This service is injected in all the 
components and some of the services to collect and distribute values. 
 
One important factor for the different Angular components is the interaction between each 
component. This is implemented through observers that triggers events to happen in other 
components. By using Angular services that contain observers in the methods, thus enabling 
the creation of intended interaction. An example is the interaction between DIALOG-
TAG.COMPONENT.TS, TABLE-TAG.COMPONENT.TS when a tag is saved, it should be 
inserted into TABLE-TAG.COMPONENT.TS, see appendix 9.11. 

4.7. Testing the configurator 
The testing of the web application was done gradually by trying different scenarios on each 
code snippet, and then debugging the result on the console. The tests conducted were 
essential to eliminate basic bugs during the coding process. The tests also ensures that the 
data is protected from basic ways of manipulation. It is important to keep the data in an XML 
file free from corruption and errors. Since the XML file is used to configure Anybus products 
that could be harmed if the data is corrupted. 
 
Important code snippets which were debugged and tested are the start and end address of 
each tag. It is essential that each tag has a unique address and that the other tags will not 
overlap one another addresses. Which can occur when the user manually adds or modifies the 
start address. If the user has made an error during the management of tags the user will not be 
able to save since the button will be disabled, see appendix 9.12. 
To make sure that a fitting XML file is opened by the cloud-based configurator, the 
configurator will issue an alert message when an XML file does not contain the essential 
information required for the configurator, see appendix 9.13. 
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4.8. Deployment 
When the cloud is set up and the web application is done, all that is left to do is deployment. 
 

 
Figure 13: A YAML file used for deploying applications. 
 

To deploy an application to Kubernetes the developer needs to create a configuration file in 
YAML as seen in figure 13.  The name of the deployment is angular-deployment which is 
seen under metadata. The replicas tell the developer how many pods will be created, in this 
case 3. The selector field defines how the deployment finds the different pods to manage. The 
pods are labeled  in the label field under template. The pods run the container 
that is created and named angular which runs the docker , 
the docker image contains the application. The  opens port 80 for the 
container to communicate. 
 

    
Figure 14: Command for running the deployment file.  

 
Figure 15: Confirmation received of successful deployment.  
When the configuration file is ready to be used all the developer has to do is to write the 
command in figure 14. The reply seen in figure 15 will be received if the deployment was 
successful.  
 
Even though the pods are deployed it is still not possible to access the application. To be able 
to access the application it is essential that the pods are exposed and this is done through a 
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Service. In Kubernetes services describes the policy of how to access a set of pods. Which 
means that even though every pod has a unique IP address, the IP addresses are not exposed 
outside the cluster without a Service, thus a Service is required for the application to receive 
traffic. 
 

 
Figure 16: A YAML file used to create a service for deployments. 

 
In figure 16 is a picture of the service which is used to expose our pods. The service which is 
named angular-service will target all the pods that were labeled angular (found under 
selector) in the deployment file in figure 13 and expose them. The protocol which will be 
used is TCP, the targetport is the port which the containers accept traffic from and it is set to 
80. NodePort which is set to 31000 is the port which the service will be accessed on, which 
means that our application will be accessed at this port. 
 

 
Figure 17: Conformations service was created successfully. 
 

To create the service we use the same command seen in figure 14, when we receive the 
answer seen in figure 17 the service is established and the nodes are exposed. Which means 
that the users are able to access the application. 
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5.Results 

 
Figure 18: A picture of the cloud-based configurator. 
 
In figure 18 is a picture of the cloud-based configurator which is running in a Kubernetes 
cluster on Virtualbox as seen in figure 19.  The cloud-based configurator is accessed through 
the Kubernetes servers IP address with the port (31000) that was specified in the service file. 
 
As mentioned in section 4.5 the goal for the framework was to create a familiar environment 
for the users, thus the result seen in figure 18 looks a lot like the PC-based configurator seen 
in figure 1, section 2.3. The cloud-based configurator does not only look like the PC-based 
configurator, it has all the features and functions that are available on the current PC-based 
configurator, a description of the current PC-based tool is found at section 2.3. The cloud-
based configurator has some additional features which is a search bar that simplifies the 
mana
ascending or descending order, by simply clicking on the element which the user desires, it 
will automatically sort the sub elements in that specified order.   
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Figure 19: Virtualbox is accessed by Minikube utility tool and created Kubernetes Cluster as shown 
in Figure 5. 
 

 
Figure 20: Result of applying deployment.yaml shown in dashboard. 

 
Figure 21: Result of applying service.yaml shown in dashboard. 
 
The deployments (figure 20) and services (figure 21) can be seen visually in the minikube 
dashboard. The YAML files used to create the deployment and service which is called 
angular-deployment and angular-service can be seen in section 4.8 figure 13 and figure 16. 
The 3 pods which were created in the angular-deployment file and the port specified for 
traffic in the angular-service file can be seen in figure 20 and figure 21.  
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6.Discussion 

6.1. Cloud 
Since the term Cloud is a vast and abstract concept it can be misleading in many ways. 
In this report we have described the concept of cloud and cloud computing, also the benefits 
that the cloud-based application provides, see section 2.2 and 3.1. It can be argued that the 

the requirements like platform independency can be solved by exposing the web application 
to the public through a server. But as explained in section 3.2, the different cloud solutions 
provide other benefits than platform independency. For example Kubernetes which we used 
to develop the web application with, does not need to shut down the whole server to update 
the application, it is as stated in section 3.2 less down time by using a cloud solution like 
Kubernetes.  
 
The reason we thought PaaS was the most suitable cloud computing service for our project is 
mentioned in section 4.1. If the project was done with IaaS as a cloud service, the results of 
the project would still be possible to achieve. As explained in section 3.1 IaaS provides an 
infrastructure for the developer and is the most flexible cloud service of the three. But since it 
only provides the infrastructure it is more time consuming to develop a cloud solution with. 
Even if the same results would be achievable, the methods and tools would be different, for 
example we would not use the cloud solutions mentioned in 3.2. 
SaaS as a cloud service would not work for this project, since SaaS provides the user with the 
infrastructure and platform required for building the users choice of application. Thus we 
would not have been able to create and set up our own cloud which i mentioned in section 
4.4, and the creation and set up of a cloud was one of the main goals in this project. 
 
Since Cloud Foundry, Kubernetes and OpenShift all provide PaaS, there would not be any 
major differences in the resulting prototype. Since they only provide the service which the 
application is hosted on. 

6.2. Application 
Programming wise we took some precautions on the data produced from the configurator. In 
terms of being corrupted through basic debugging and testing especially in areas deemed to 

lication 
development. A more cohesive testing would had been done, if there was time for it. 
Presumably in a traditional way of testing for example unit testing. 
 
As we mentioned in section 4.6 the FTP functionality is still a working progress during the 
time that this report has to be finished. Even if the FTP functionality is not yet completed the 
cloud-based application still works and it is still possible to send files through FTP with third 
party software, or software included in the OS. For example after downloading an XML file 
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it is possible to send it to an desired Anybus product with FilleZilla. It is not the most 
convenient way but it is a solution until the development of FTP is finished. 
 
The Web APIs which are mentioned in section 4.6, was used to develop features for the 
configurator. The APIs have some compatibility issues with different browsers especially the 
Blob object used for creating an XML files. The usage of Blob constructors may have some 
compilation errors on different browsers, since there is no information about the 
compatibility with the Blob constructors for some browsers. An example is Microsoft Edge it 
is unknown if it is compatible with Blob, the same goes for other browser on example mobile 
devices. 
 
A subject which is not described in this report is the fact that the cloud-based configurator is 
also compatible on other devices like smartphones and tablets. But since the window size is 
not adapted to these devices it is not regarded as a functional solution.  

6.3. Experience of the project 
The thesis did not have any major detailed requirements thus we had our hands free to create 
the cloud-based application exactly how we wanted. This brings both positive and negative 
sides.  
 
The positive sides of this project are several. For example we have learnt new languages and 
tools like Angular, TypeScript, HTML, CSS, Kubernetes, Virtual machines etc. We have 
learnt what the concept of cloud is and how it is beneficial for today's IT businesses and 
users. We have learnt how to build a cloud-based application from scratch. And most 

that comes with it. 
 
The negative consequences that we encountered during the project was mostly the effects of 
not sticking to a schedule. During the education we have always had some kind of guideline 
to follow, a teacher and deadlines. When we planned the deadlines to reach different 
milestones and results in our time schedule, we could not foresee how time consuming some 
obstacles during the development would be. Even if we didn't encounter some of the 
obstacles that we did, we would still had problems keeping the deadlines, since we 
overlooked how time consuming it can be just to understand some subjects. For example we 
spent a long time understanding the concept of cloud, cloud computing and cloud solutions. 
Even after we understood the concept it took a long time to find and choose the most suitable 
cloud solution for the project. Thus it took a long time until we actually started the 
development of the cloud-based application. The result of not sticking to the deadlines that 
were determined in the time schedule, are that some milestones were not reached like testing. 
But as stated before we can see the negative sides as a learning experience that we will bring 
with us to future projects and developments. 
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6.4. Results 
The results presented in section 5 are sufficient results if compared to the project description.  
Since the prototype provided is a configurator which is platform independent, familiar to 
users and is running from a cloud solution. But if the results are compared to the expectations 
set by the group members in this project, the solution provided falls a bit short. 
As mentioned in section 6.3 the misestimation of time led to the consequences of not 
reaching the deadlines in time. Thus there was no time left to do extensive tests as we had 
planned in the beginning and we had no time to improve the application in more ways than it 
was required by the project description. If we had estimated the time better during the 
planning of the time schedule, then we would have had the possibility to do both tests and 
improvements on the cloud-based application.  
 

 

 

 

 

 
 
 
 

 
 
 
 
 
 
 



Cloudify our product configuration, Göran Trivic & Mohammed Azan, 2019-05-17 
29 

7.Conclusion 
In conclusion our project has shown the benefits of a cloud-based application over a PC-
based application. As long as the user has an internet connection the user is able to access the 
cloud-based application from anywhere and from different platforms. Which is a solution to 
the obstacles the PC-based application faced. As described in the result in section 5 the cloud-
based application works exactly the same as the PC-based application, the only added feature 
is a search bar which makes it easier for the user to search for and manage tags. Thus we 
conclude that the structure and functionality of the cloud-based application is competent for 
use. 
 
As mentioned in 6.2, the cloud-based application is compatible on other devices like 
smartphones and tablets, but the cloud-based configurator is not functional on these devices 
in the current state.  
The next step for the cloud-based application could be to get it fully operable on other 
devices like the ones mentioned above. Another option that could be included is creating a 
way to send XML files, since the cloud-based configurator is a web application it has the 
opportunity to transfer data through HTTP. 
 
As stated in section 6.3, this project has given us a vast experience not only of how to build a 
cloud-based application but how it is to plan and start developing a project from the 
beginning. 
As a result we have gained the experience and confidence to be able to work on bigger 
projects in a company.  
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9.Appendix 
An overview of the program 
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9.1.Code snippets from menu.component.html 

 

 
 

 
 

9.2.Code snippets from display.component.html 
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9.3.Code snippets from table-tag.component.html 
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9.4.Code snippets from dialog-tag.component.html 

 

 



Cloudify our product configuration, Göran Trivic & Mohammed Azan, 2019-05-17 
37 

9.5.A picture of the default content of a newly created project 

 
 

9.6.Declaring a newly created component in app.module.ts 
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9.7.An example of some HTML code 

 
 

9.8.Code snippets from configuration-xml.service.ts 

 
 

 

 

 
 
 
 
 

9.9.Code snippets from configuration-reader.service.ts 
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9.10.Code snippets from configuration.service.ts 

 



Cloudify our product configuration, Göran Trivic & Mohammed Azan, 2019-05-17 
40 

9.11.Code snippets from tag-service.service.ts, table-tag.component.ts and 
dialog-tag.component.ts 

 

 

 
 

9.12.Code snippets from checkValues() method 

 

 
 
 
 
 
 

 
 

9.13.Code snippets from checkConfiguration() method 
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9.14.The layout of the PC-based configurator 
 

 
 

 
 

 
 
 
 

 

9.15.The commands for creating a new project, open it in a browser and the 
default layout produced by Angular 
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