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Abstract
Data from devices may provide important information about the status of 

the devices, and values from the sensors of these devices. A larger number of 

devices generating data are appearing in our lives. All this data has to be put 

into understandable reports for humans to read, if we want to create 

conclusions. By using analytics tools, the data can be processed into a readable

format designed for human consumption. However, not everyone has easy 

access to the analytics tools to analyse data. The solution to this problem is to 

provide an analytics as a service implemented into the cloud computing 

platform.

The goal with the project was to analyse services available in the cloud 

platform Microsoft Azure to design a solution for Analytics as a Service and 

implement the design into the cloud. The solution required the ability to receive

a stream of data, process this data and present it in a visual report.

The analysis of services was an important part of the project. The 

functionality and costs of the services were evaluated for the design before the

solution was implemented.

The solution was a website where the data was presented with a report 

provided by Power BI Embedded, which received the data from a database. 

This database contained data of the data stream after the data had been 

formatted.
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1. Introduction
With more devices being connected to the internet, more data becomes 

available. A lot of useful information could be taken from this data. However, it 

is difficult and time consuming for a human reader to analyse the data by 

hand. Therefore, this data must be processed into a format that humans can 

read with the help of analytics tools that reports based on the data. If the tool 

is available as a service, the owners of the data do not need to install an 

expensive system to operate the analytics tools on. Instead, a possibility is to 

use the abilities of cloud computing. The data owners send their data to the 

analytics service, which is implemented with the available tools in the cloud, 

and receive a visual report from the analysis of their data. This will save the 

data owners time and no costs for upkeep of hardware will be needed.

The tasks of the projects was to analyse different tools and services 

available in a cloud platform. We were tasked to use Microsoft Azure as the 

cloud platform. After analysing the tools available in Azure, the task was to 

create and test an implemented version of analytics as a service (AaaS). This 

implementation was required to take a data stream of information to be 

processed into information useful for humans.

Purpose and Goals

The purpose of the project was to analyse available services in Microsoft 

Azure that could be used to implement the analytics as a service (AaaS) 

concept. The analysis of both the functionality and costs of services were 

important in the project.

The goals in the project were:

● Analyse service alternatives in Microsoft Azure to create an AaaS
● The implemented system must have an analytics tool to analyse data 

from a data stream and create reports.
● Analyse the cost of the services and the implementation.
● Implement the chosen services into the system.
● The system must have the ability to add more data sources later 

(flexibility).
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Firstly, we had to get used to Microsoft Azure and find service alternatives 

to analyse. Then, the alternatives had to be analysed to control that they could 

be connected to each other. The costs of the alternatives had to be analysed 

and we had to assume a price of the implementation from the chosen service 

alternatives. Designing the system with the chosen alternatives and connecting

the services had to be done to let the analytics tool get data. Visual 

presentation of the data in the analytics tool had to be created. Lastly, 

implementing this presentation into a service to view the report had to be 

done. 

Results

The goal of creating and implementing the concept of Analytics as a 

Service was reached by using the Event Hubs service as a tool to receive data 

streams to analyse. However, we never received a data stream to connect to 

Event Hubs. The service Stream Analytics was used to transform the data 

stream, if the stream was available, and insert the transformed data into the 

SQL Database. SQL Database was the service chosen to be the storage in the 

solution of the project. Power BI Embedded was used as the analytics tool in 

the project and was implemented into the website and the Power BI report was 

saved in the Power BI workspace collection service in Azure. Web Apps was the 

chosen service to host the website with inside Azure.

The estimated calculation showed that the full project with all the services 

running would cost 404.92 USD per month, see Table 5. The price includes a 

virtual machine to that we used for creating the Power BI report and building 

the website with Visual Studio 2015. All currencies in the report are valued in 

USD. 
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Disposition

Chapter 2 contains the background about the project. The services that 

were analysed are briefly described in this chapter. Information about Microsoft

Azure, the term cloud computing and the term Internet of Things are described 

in Chapter 2.

Chapter 3 contains the analyses of the services and how they compare to 

each other. The analyses contain information about functionality of the services

and the economical costs of the services. The chosen tools are then found in 

the end of this chapter. Information about the security of Microsoft Azure is 

available in Chapter 3. The analysis of the services in Azure was a major part of

the project.

Chapter 4 is the design chapter and the design of the implemented tools is

available in this chapter. The solution and how the services are connected to 

each other are described in Chapter 4.

Chapter 5 is the implementation chapter. How to configure the services 

and how to implement the analytics into the website are available in this 

chapter.

Chapter 6 contains results, conclusions and a few thoughts about the 

project.
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2. Background
In this chapter the background of the project will be described. 

Descriptions and information about cloud computing, the term Internet of 

Things and the cloud platform Microsoft Azure are brought up in sections 2.2, 

2.3 and 2.4, respectively. A short description of the design of the solution for 

the project can also be found in Section 2.1. General usage of the services that 

are discussed and how these services will fit in the project are also included in 

the chapter. The services IoT Hub and Event Hubs, services that connect to the 

system from outside the Microsoft Azure cloud, are explained in Section 2.5. 

The service Stream Analytics, which processes the data from the gateway 

service, is described in Section 2.6.

Two database services are discussed in Section 2.7; SQL database and 

DocumentDB. The analytics services that analyse the data stored in the 

database are described in Section 2.8. The analytics services are Power BI 

Embedded and Elasticsearch & Kibana. Lastly, a tool for viewing reports is Web 

Apps, which is discussed in Section 2.9.

2.1. The Project

Analysing data coming from a device by presenting the data in an easy to 

read format can improve the insights that people have about the device. 

However, the upfront costs and resources needed to set up an analytics tool 

can be high. Hardware and software are needed, and the hardware will 

probably stay idle when not analysing data. Thus, it will use power, which costs

money.

A solution to the startup costs would be to have the analytics tools 

deployed in the cloud instead. The cloud will remove the costs for having 

hardware and the administration needed for the hardware. Instead, the user of 

the cloud only pays for what computing power they use in the cloud. More 

about how the cloud works can be read in Section 2.2.
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The task in this project was to analyse different analytics tools, ways to 

implement the tools in the cloud service Azure, and to choose a solution and 

implement one or more chosen tools. In the end, the result of the project will 

be a tool to analyze a user’s data that the user has entered through a data 

stream. The project is implemented in the Azure cloud.

Figure 1: Show all the service steps necessary for this solution of the project to work.
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Figure 1 shows how the data flows through the solution. The data stream 

comes into the cloud with the data sink service (a medium capable of receiving

data), working as input. The data needs to be stored, but it is not possible to 

store the data raw in an SQL database. Therefore, the data needs to be 

transformed into a format that can be stored through the data transformation 

service. Data storage is where the data is stored and is accessible through 

Microsoft Azure. The analytics tool requests data from the data storage and 

processes the data to enable different methods  to analyse the data, such as 

diagrams and tables. By analysing the data, it becomes more readable by a 

human user who can see the data through the data view. 

2.2. Cloud Computing

Cloud Computing is a term used for on-demand networks that provide 

users with a shared collection of computing resources that is allocated to the 

users depending on their needs. The computing resources are usually delivered

over the Internet in the form of services running on the hardware in the cloud-

network. The services include applications, networks, virtual machines, storage

and servers [1].

The cloud-network is supposed to reduce the amount of resources a 

business need to get their application running. The costs for hardware, system 

administrators and software are reduced as well as the time spent on 

implementing the infrastructure. Instead, the task for setting up the 

infrastructure is given to the cloud-network providers. For a user of the 

services, acquiring computing resources should be quick and require no 

interaction with an administrator from the service providers.

The costs of using the cloud will depend on what type of service that the 

user utilizes. The idea is that the consumers pay only for what they use. If a 

service is stopped by the user, then the computing power that was required by 

the service can be reallocated to another consumer in the cloud. This dynamic 

allocation of resources causes the hardware to be utilized more effectively. If 

the consumer instead had their own machine and was not currently using it, 

then the machine would be idle and consume power, which costs money.
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Knowledge about the exact systems that the cloud services are running on

and where the physical location of the hardware is not needed from the 

consumer who uses the cloud. The user might have information about what 

country the computing resources are provided from but not the exact location 

of the physical storage of the machines.

Accessing the cloud is simple and can be done from multiple platforms 

through commonly used tools. One common way of reaching cloud services 

from providers is through a web browser. 

According to the NIST Definition of Cloud Computing, by the authors Peter 

Mell and Timothy Grance [2], the service models for the cloud can be broken 

down into three main categories:

Software as a service (SaaS) - Software as a service means the possibility 

for an application to run anywhere. The application can be accessed through 

the web browser or a program interface. The application is easily accessible 

anywhere because the application is running on a server, which means that the

application is not restricted to a local machine.

Platform as a service (Paas) - Platform as a service is the tools provided by

the host for the customer to develop their applications. The features of PaaS 

can be programming languages, libraries, networks and other tools to make 

sure the user can run their applications. The customer has full authority over 

which application and service they want to use.

Infrastructure as a service (IaaS) - Infrastructure as a service is where the 

hardware runs the applications, operating system and services that are 

available. It runs on fundamental computer components such as processor, 

storage, network and other components. The customer can not manage the 

hardware, but they can manage the operating system and applications that are

installed on the hardware.
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2.3. Internet of Things

Internet of things is a collective term for devices with a sensor or 

computer in it and that are able to communicate. The IoT device can detect its 

surroundings and analyze and communicate with other devices. By doing so, 

the machine with the sensor can create a situational behavior and help to 

create a smart and helpful service. The service is used in this project by 

gathering information to be able to analyse the data collected by different 

sensors.

The term previously used was “machine to machine” (M2M) [3], which is a 

term for the connection between different end systems. Some organizations 

have talked about “Internet of Everything” which can be considered as a 

generic term for all communication on the Internet. The term “Internet of 

Things” was first mentioned by Kevin Ashton in 1999 [4]. He describes a 

system where physical objects would be connected through the Internet with 

the help of sensors.



9

2.3.1. Communication Types
When talking about Internet of Things there are four different types of 

communication:

● Device-to-device communication

Device-to-device communication represents two or more end systems 

that are able to communicate with each other directly. The end system 

are able to communicate through both wired and wireless networks.

● Device-to-Cloud communications

Device-to-Cloud communication requires a direct communication 

between the end system and the cloud. This communication uses an 

existing communication mechanisms such as UDP/IP, TCP/IP and WIFI.

● Device-to-gateway communication

Device-to-gateway communication uses an application-layer gateway 

model. This model is used for increasing the security and to be able to 

use functions such as protocol translation. 

● Back-end data sharing model

A back-end data sharing model communication architecture lets the user 

export and analyze data from the cloud service.
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2.4. Microsoft Azure

Microsoft Azure is a cloud service from Microsoft reached through the 

Azure website-portal. Microsoft Azure has a wide variety of services available. 

The services range from web-applications and storage to analytical tools on 

data. Connecting the services inside Microsoft Azure can be done over the 

Internet or through virtual networks. Virtual networks and IP-addresses can be 

added as services on Microsoft Azure, letting users create internal networks 

inside the cloud.

Figure 2: The different application and service that can be used (PaaS), (screenshot,

portal.azure.com, list of service categories)
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Adding a new service is done by pressing the “New”-button, seen in Figure

2, which takes the shape of a plus sign in the image above and is encircled with

red, in the Azure Portal, then choosing one of the categories that fits the user’s 

need. There are multiple categories to choose from in the Azure Marketplace, 

which can be seen in Figure 2 above and can also be found in the Directory of 

Azure Cloud [5].  
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The categories are visible in Figure 2. Only some of the services from the 

many thousand are described in this section. The categories are:

● Compute

The Compute category contains virtual machines for different operating 

systems such as the Microsoft Windows Server operating systems and 

different Linux distributions. Services and tools for simple functions also 

exist in the Compute category.

● Networking

Networking includes services to create and manage virtual networks. 

Services for IP-addresses, virtual networks, network gateways, load 

balancers and other tools to help manage the virtual networks are in the 

Networking category.

● Storage

Services for storing data exist in the Storage category. Handling the data 

by backing it up can also be done with multiple services in this category. 

The services for databases are in their own category called Databases.

● Web + Mobile

The Web + Mobile category has services for deploying, and developing, 

web and mobile applications. 

● Databases

SQL Database, DocumentDB and other ways of deploying databases for 

storing a large amount of data can be added from the Databases 

category. See Section 2.7 for information about SQL Database and 

DocumentDB.

● Intelligence + analytics

Tools for analysing data and creating reports based on the analysis can 

be found in the Intelligence + analytics category.  Power BI Embedded 

(see Section 2.8.2) is one of the tools.

● Internet of Things

Databases and connectivity services such as IoT Hubs (see Section 2.5.2)

and Event Hubs (see Section 2.5.1) are found in the Internet of Things 

category.

● Enterprise Integration
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Integration tools to connect systems with each other are in the Enterprise

integration category. One of the services is Microsoft Biztalk Server.

● Security + Identity

The Security + identity category contains services for authentication for 

other services, firewalls for the cloud solution and other services to 

protect the data from attackers.

● Developer tools

Preconfigured virtual machines with Visual Studio are found in this 

category. Tools for testing, sharing code in teams and creating 

automation processes on the resources also exist under Developer tools.

● Monitoring + management

Tools for diagnostics, monitoring the resources and managing the 

services are included in the Monitoring + management category.

● Add-ons

In the Add-ons section, virtual machines with Visual Studio are found. The

Logic Apps service, that can also be found in Enterprise Integration, is 

available and provides the developer with a tool to create workflows 

between resources.

● Containers

Containers contains ready to use software, packaged in containers, that 

are easy to deploy. Services to create containers with services for 

deployment is available in the Containers category.
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Tools from other developers and companies, that are not Microsoft 

developers, are also available in Azure on the Microsoft Azure Marketplace, 

which gives users of the Azure cloud the ability to choose from a large amount 

of services [6]. These services are also as quick to add as the services from 

Microsoft. Services are organized into workspaces called “Resource groups”. 

The groups are ways of organizing services that are used together, 

constructing a container for related services [7]. After creating one or multiple 

resource groups, the customers can decide what services they want in each of 

the resource groups. The owner of the subscription applies the rules on the 

resource groups that the owner has shared with other users, and the owner 

decides what permissions the other users have. Multiple resource groups can 

be added under a single subscription.

A service called Storage Account is used in many other services to store 

telemetry data and other data from monitoring the services. The Storage 

Account can be used to store other data as well, that is used in applications.
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2.5. Data Input

Section 2.5 contains information about services that can be used to 

receive data from outside of Microsoft Azure. The services are Event Hubs, 

found in Section 2.5.1, and IoT Hubs, found in Section 2.5.2.

2.5.1. Event Hubs
The Event Hub is a tool to receive messages. Event Hubs is a service for 

keeping a collection of Event Hubs. The Event Hub, which is in the collection, 

can be used to create connections between devices and the Microsoft Azure 

cloud for the devices to send messages into the cloud [8]. In Figure 1, the 

Event Hubs service is part of the Data Input object of the figure. Event Hubs 

allows devices to send data into the cloud and can process thousands of 

different events per second. Data is temporarily stored in a small partition in 

the Event Hub where the message events are put into a queue that a service in

the data transformation part reads from [9]. The time data is stored is a few 

minutes and the space a message has taken is released after those minutes. 

The Event Hub works as a “front door” to the data that is produced from the 

connected devices. Together with other tools, the data can be stored in a 

database, such as a Microsoft SQL Database.

2.5.2. IoT Hub

IoT Hub, like Event Hubs, is a service in Microsoft Azure that is used for 

connecting devices, computers with sensors, into the system that runs on 

Microsoft Azure [10]. IoT Hub is similar to Event Hub, since both the services 

can be used to connect devices from outside the cloud [11]. IoT Hub allows the 

user to both receive data from devices, and send commands to the devices. 

The name IoT Hub comes from the term “Internet of Things”, because the main

idea with IoT Hub is to connect many different types of devices.

2.6. Data Transformation
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Stream Analytics is described in this section and Stream Analytics is the 

only service that was found to be useful for the task of transforming data.

2.6.1. Stream Analytics
Stream Analytics can be added as a service with the name Stream 

Analytics Job. The service fits into the Data Transformation part of the solution, 

seen in Figure 1. Stream Analytics works in real time on input data from a 

source, such as Event Hubs and IoT Hubs, and makes computations on the 

data. Processing units for Stream Analytics are called Streaming Units and they

can process data at a maximum of 1 megabyte per second. An SQL variant 

called Transact-SQL, SQL with some modifications, is used to create queries on 

the data to decide what to do with the data.

It is also possible to have historical data from a non-stream source to get 

non-real time information. The non-real time information is called reference 

data and can be gathered from a Storage Account [12]. 

2.7. Data Storage

The data storage section contains information about the services that can 

be used to store data. Microsoft SQL Database and DocumentDB are the two 

database systems that have been analysed.

2.7.1. SQL Database

Microsoft SQL Database is a relational database management system for 

storing and retrieving data; a database server [13]. In Microsoft Azure, 

Microsoft SQL Database exists as a service that can be added to the resource 

group and reached through the Internet. In the project, the SQL database can 

be used to store data from the data stream. The analytics services in turn 

retrieve data from the SQL database.
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2.7.2. DocumentDB

DocumentDB is a service in Azure that is used as a database. 

DocumentDB is a NoSQL-database[14] and uses the JSON-format to store data. 

It is possible to query documents in the database by using SQL-queries. 

DocumentDB provides both speed and scalability [15].

2.8. Analytics Tools

The services described in the analytics tool section are Elasticsearch & 

Kibana and Power BI Embedded, the two services that have been looked at. 

These services work as the heart of the analytical part of the project.

2.8.1. Elasticsearch & Kibana

Kibana is a visualization tool for reports of analyzed data [16]. 

Elasticsearch analyzes data that is preferably written in JSON format [17]. 

Kibana has support for integration with Elasticsearch, and both tools are open 

source and made by Elastic. Both Kibana and Elasticsearch are available as a 

single service on Microsoft Azure, where the tools are available as a single 

service and are free to use. However, it is possible to add more features, such 

as security options and monitoring, for a fee [18].

2.8.2. Power BI Embedded

Power Bi Embedded is a service available in Microsoft Azure that is able to 

analyze data from different sources and create an interactive report based on 

the data. The service is embedded into an application or website. Power BI 

mainly works with data taken from SQL databases. By analysing data, the user,

who is usually a company, will be able to have a better intelligence of what is 

happening in the company and can adapt or do changes within the company 

much faster [19, 20]. 
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The Power BI reports can be made with Power BI Desktop, a free tool that 

is available from Microsoft. Power BI has the ability to make the reports through

scripts or by using the visual editor that makes the scripts for the user.

2.9. Data View

To view the data in an easy to access way, the analytics tool needs to be 

integrated into an application. The service Web Apps was the only tool for a 

view that was reviewed.

2.9.1. Web Apps

Web Apps is a service to provide a platform to host websites and web 

applications [21]. The Web Apps services is easy to scale and provide resources

when a higher amount of requests are sent to the website. The service has 

support for a variety of programming languages such as the .NET-family, Java 

and Python. Web Apps allows the administrator to decide the availability of the 

website.
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3. Analysis
This chapter contains analyses of the possible tools described in the 

background chapter. Security aspects of Azure and the services are also 

brought up. The approach was to look at the services’ different features and 

how they could help creating the final solution. Parts that were considered were

the functional part of the services, the costs of the services and how those 

costs differ between tools. 

The functional analysis describes how the services work together in the 

solution and it discusses features that are useful and features that makes the 

implementation more difficult. The functional analysis can be found in Section 

3.1.

In the economic analysis, the costs of the services are compared. The 

security part brings up a discussion about the security of using Microsoft Azure.

Finally, security issues in Microsoft Azure are discussed. The economic analysis 

can be found in Section 3.2.

The analysis of the services was performed to give us an understanding of 

the services before choosing services for the different steps in the solution. 

3.1. Functional Analysis

The Functional analysis discusses the functional features of the possible 

services that could be used for data input, data transformation, data storage 

and data analytics and compares the services to each other.



20

3.1.1. Data Input

Event Hubs, described in chapter 2.5.1, and IoT Hub, described in chapter 

2.5.2, are both possible to use as points for input of the data that is later 

analyzed with the analytics tools. IoT Hub has the ability to send data to the 

devices, which Event Hub does not have. However, there is no need to send 

data to the devices in the solution. Instead, output from the solution comes 

through the analytics services, which is viewed by the user that reads the 

reports. Both the Event Hubs and the IoT Hub services are able to have many 

devices connected to the services. Still, only one single data stream is allowed 

in the solution.

The service Event Hubs can receive thousands of events per second. 

However, one single throughput unit, the computation units that receive data 

in an Event Hub, may only receive a maximum of 1000 events per second at a 

total data size of 1 megabyte. If more events are needed per second, more 

throughput units can be added. Event Hubs can push the data it collects to 

multiple applications. There are two different tiers to choose from depending 

on how large data stream that is needed. The basic tier may only have one 

application that receives data while the standard tier may have 20. The 

standard tier also allows for data to be stored for 7 days in the temporary data 

storage in the Event Hub [22].

IoT Hub can receive millions of events per second, making it able to 

handle more data per second than a throughput unit in Event Hubs. IoT Hub 

can monitor the connected devices to detect flaws with connections, showing 

logs for the user inside Azure [23]. Since IoT Hub supports the ability to send 

messages to the devices, the messages sent to the devices might pose a 

security risk. IoT Hub has authentication available, but the devices must 

support authentication to make it available. Security questions are important 

and the developers of the service make sure that security is a top priority [24]. 

The security, scale and communication patterns are seen in Table 1 to show the

differences of the two services.



21

Table 1: Comparison of IoT Hub and Event Hubs

IoT Hub Event Hubs

Security Provides per-device 
identity and revocable 
access control.

Supports shared access 
policies decided by the 
publisher.

Scale Supports millions of 
connected devices.

Supports up to 5000 
connections.

Communication patterns Allows cloud-to-device 
and device-to-cloud 
messaging.

Only allows input from 
devices to the cloud.

3.1.2. Data Transformation

Stream Analytics Job was chosen since it simply processes the data stream

and sends it into the database, and the service does what is required in the 

solution. We found that this service was the only one that has a focus on the 

exact task that needs to be done in the solution. If the data stream would grow,

then the user can add more Streaming Units to process the data more quickly. 

Stream Analytics reads a stream of data, structured in a CSV-, JSON- or 

Apache Avro-format. The chosen format will then be translated into a chosen 

format, depending on the storage service. The data stream can be acquired 

from an Event Hub, an IoT Hub or a Blob Storage (which is a service that can be

used to store data in Microsoft Azure). It is also possible to get stored data, that

is not a data stream, from the Blob Storage. The files of data that we were 

given were in the CSV-format and can be read by Stream Analytics.

Output from Stream Analytics can be put into a Microsoft SQL database, a 

Blob Storage, directly to Power BI and many other formats. The ability for 

Stream Analytics to have multiple output formats provides the project with 

more choices if parts of the solution have to be switched out later.



22

3.1.3. Data Storage
 Two services were looked at for the data storage, and these two were 

DocumentDB and SQL Database. DocumentDB saves data in the JSON-format 

in the form of documents compared to the SQL Database which stores data in 

tuples inside tables.

Advantages of a non-relational database like DocumentDB is that the 

records, documents in the database, do not need to be structured the exact 

same way compared to the SQL databases’ structured data. Changing the SQL 

database to allow different data takes time where the DocumentDB does not 

need such changes. Both DocumentDB and SQL Database supports SQL 

queries for inserting and retrieving data.

The consistency, availability and performance of DocumentDB can be 

adapted depending on what the application needs. The SQL database 

prioritizes consistency above availability and performance, as in every read 

receives the most recent write or error to make sure the most recent 

information is acquired. Since information is stored differently in the databases,

performance may be different. SQL Database may store the information about 

an entity in multiple tables, requiring JOIN queries to get all the information. 

Since DocumentDB allows the documents to be more flexible, most data about 

one entity may be stored in one document. Table 2 contains the discussed 

differences about storage format, schemes and scale.

The conclusion from this: If the data is flexible and large differences in the 

structure is common, then the DocumentDB is useful. If the data is structured 

and strict, then the SQL Database is the service to choose [25, 26].

Table 2: Comparison of DocumentDB and SQL Database

DocumentDB SQL Database

Storage format JSON documents Tables

Schema Dynamic Fixed schema

Scale Scales by adding more 
servers to the database.

Scales by adding more 
resources to the 
database.
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3.1.4. Analytics Tools

In this part, the analytics tools, Elasticsearch & Kibana and Power BI 

Embedded are discussed and their differences are brought up and compared. In

Table 3, differences between the two analytics services are shown.

Table 3: Comparison of Elasticsearch & Kibana and Power BI Embedded

Elasticsearch & Kibana Power BI Embedded

Format Made for JSON documents. Supports many data 
formats. Stream 
Analytics compatible.

Graphical 
interface

Graphical creation of diagrams and
graphs through Kibana.

Graphical creation of 
diagrams and graphs 
through Power BI 
Desktop.

Script Scripting supported with Painless 
and other languages with plugins.

Supports scripts with R if
installed.

Open source Yes No

Elasticsearch & Kibana

Elasticsearch & Kibana are available as a single service in Microsoft Azure. 

Elasticsearch and Kibana are both free tools, but using the service in Azure 

might come with extra costs [27]. Adding the Elasticsearch & Kibana service 

requires the user to get a virtual machine to run the tools. Instead of adding 

Elasticsearch & Kibana through Microsoft Azure, it is also possible to install 

Elasticsearch and Kibana on an already existing virtual machine in Azure, but 

this is not an automated process. Setting up the tools manually on a virtual 

machine requires more time and knowledge compared to adding the 

Elasticsearch & Kibana service in Azure.

Kibana works as a dashboard for the user and runs as a service on a 

machine. Connecting to Kibana is done through a web browser by typing in the 

IP-address of the machine and the port which Kibana uses. It is also possible to 

embed the dashboard into another webpage.
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To add more security to Elasticsearch & Kibana, it is possible to activate 

the Shield service which requires the users to log in to the service before using 

Kibana. The administrator has the ability to decide what the separate users are

allowed to see from the data in Kibana. The users can create their own graphs, 

tables and maps by selecting the available data that they want to analyse.

The administrator can use the console and use the JSON parser to filter, 

create queries and create views.

Power BI Embedded

When the Power BI Embedded service is chosen to be added by the user, 

the user is tasked to create a Power BI workspace collection through a creation 

helper that is shown on the screen. When the workspace collection is added 

and deployed, the user may add Power BI workspaces into the collection. To 

create visual reports, Power BI Desktop is used and the report-file, which 

contains information on how to show the data from a data source, is exported 

into the Power BI workspace. 

Power BI Desktop runs on a machine using Windows. To export the data to 

the Power BI workspace in Azure, a command line tool is needed, or the export 

could be implemented into another program. Connecting to the workspace is 

done with an access key, then a title for the report is needed and this title will 

be visible in the workspace. Power BI Embedded runs inside another application

and is developed with the Power BI API. There are multiple tools inside Power BI

to create diagrams, maps with positions, scripting capabilities to select data 

and the possibility to install add-ons. 

Power BI Embedded is simple to use and does not require many lines of 

programming code to make it work, making the creation of the report view 

quicker and a better result is visible. It is possible to script in the programming 

language called R, used for statistical program and is made for creating graphs,

diagrams, analyses and other statistical operations [28].

3.1.5. Data View
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Web Apps offers tools to quickly deploy a website. If the administrator is 

connected to the Azure Cloud services, then the administrator can deploy the 

website with just a few clicks and have the website running on Web Apps in a 

few minutes.

Web Apps was the only service for a view that we reviewed. It is possible 

to embed Power BI Embedded into an application that is not running through 

web browsers.

When creating an web app in Microsoft Azure there is an SSL1 connection 

as a standard. But if one chooses to have a different domain name linked to the

same domain, then there is a need to get an SSL certification to secure the 

extra domain names. 

The Web Apps service has support for authentication through different 

platforms such as Google+, the social network by Google, and Active Directory,

an authentication and authorization service that is used in many of the 

platforms Microsoft has.

3.2. Economic Analysis

The economic analysis part discusses the monetary costs for the services 

and compares the costs of the services to each other. Many of the services 

analyzed have multiple tiers to choose from and come at different costs.

3.2.1. Data Input
In the data input section, the costs of the input services are explained.

IoT Hub

IoT Hub comes with 4 different service plans for the users. The users 

choose one of the service plans depending on the required amount of 

messages needed to be sent to the IoT Hub from all devices. 

1Secure sockets layer (SSL) is a cryptographic protocol that provides secure 
communication between a host and a client over a network.
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Table 4: (Price information about IoT Hub)

Edition type Price (Per month) Messages per 
day

Message size

Free Free 8 000 0.5 KB
S1 $ 50 400 000 4 KB
S2 $ 500 6 000 000 4 KB

S3 $ 5 000 300 000 000 4 KB

Table 4 shows data on the pricing information from the IoT Hub pricing 

web page [29]. The first service plan tier is free, but comes with limitations, 

such as the maximum message size is only 500 bytes and the total number of 

messages sent are limited to 8 000 per day. Service plan tier S1, S2 and S3 can

all send messages with a size of 4 kilobytes. The amount of messages sent per 

day have a limit of 400 000, 6 000 000 and 300 000 000 respectively for the 3 

subscription plan tiers.

Event Hubs 

The cost for every million events into Event Hubs is $0.028, where an 

event is a maximum of 64 kilobytes per message. The historical data that was 

received had circa 500 000 lines, where every line was a little more than 100 

bytes, and this data was received during a time of 6 months.

In the basic tier, the cost for a throughput unit is $0.015 per hour and for 

the standard tier the cost is $0.03 per hour. The standard tier also has an 

archive available for $0.05 per hour. In a month with 31 days, there are 744 

hours. So the cost for the basic and standard tiers are about $11 and $22 per 

month respectively, if the archive is not used and only one throughput unit is 

running [30].

3.2.2. Data Transformation

The costs of the data transformation service are analysed in this part 

named data transformation. Only Stream Analytics is shown as it was the only 

service for data transformation that was analysed.

Stream Analytics
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The cost of the Stream Analytics Job service is $0.001 per gigabyte of data

that is processed. The cost for every Streaming Unit is $0.031 per hour. If the 

solution would run constantly with one Streaming Unit processing 1 megabyte 

of data every second, then the cost for the Stream Analytics Job service would 

be $0.0864 for 86.4 gigabytes of data. The cost of the Streaming Unit will be 

$0.744 every day [31].

3.2.3. Data Storage

The prices of the DocumentDB and the SQL Database services are 

discussed in this section.

DocumentDB

The cost for the DocumentDB service is $0.25 for every gigabyte used per 

month. Each Request Unit, a sort of processing unit used for reading and 

writing in the database, costs $0.008 per hour, or about $6 per month. 

It is possible to choose predefined service tiers as well, that have a size of 

10 gigabytes but with different request units. There are three tiers and they 

have 250, 1000 and 2500 units each per second as a maximum. The costs are 

$25, $50 and $99.99 for the different service tiers [32]. 

SQL Database

There are three major service tiers available for the single databases in 

SQL Database. There is the Basic service tier with 5 DTUs (Database 

Transaction Units, available). A maximum size of 2 gigabytes storage per 

database and a cost of  $0.0067 per hour, about $5 dollars per month, are the 

features that Basic also supports. 

The second major tier, Standard, has 4 minor service tiers that all allow up

to 250 gigabytes of storage per database. The differences are the amounts of 

DTUs available, making those with more DTUs cost more. The price range is 

between $15 for the cheapest tier and $149.99 for the most expensive one, per

month.
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The third major tier is for very large projects and allows for between 500 

gigabytes and 1 terabyte of storage per database. The project is not large 

enough to have any use of the largest databases [33]. 

3.2.4. Analytics Tools
The analytics tool section has information about the prices of Elasticsearch

& Kibana and Power BI Embedded.

Elasticsearch & Kibana

The Elasticsearch & Kibana service is free, when not counting the cost of 

the virtual machines to run the software on. It is possible to add more features 

at a cost to Elasticsearch & Kibana. These features are security add-ons to 

monitor and make audit logs, the ability to run clusters and the ability to 

receive support from the support center for Elasticsearch & Kibana as well as 

the other tools available from Elastic [34]. However, the extra features are not 

necessary for the solution in the project.

A problem with Elasticsearch & Kibana is that a high amount of memory is 

needed to get the most out of the service. It is stated on Elastic’s website that 

64 gigabytes of RAM is the recommended amount of memory [35]. According 

to the pricing documents, a machine in the general purpose range called A8m 

v2, which has 64GB of RAM, costs $615.29 per month [36]. 
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Power BI Embedded

Power BI Embedded costs per session. The price, as of 2016-09-20, is $5 

per 100 sessions. The first 100 sessions per month are free and a session starts

when a user views the report in Power BI. A session continues until the report is

closed or 1 hour has passed [37]. Additional costs for running Power BI 

Embedded depends on the application it is implemented into. If Power BI 

Embedded is implemented into a webapp, then costs will depend on the Web 

Apps service plan.

3.2.5. Data View
The costs for the data view may vary, but it is to be expected that not too 

much power will be needed to run the website since only a few users will be 

using the site. If more power and space are needed, then it is possible to 

upgrade to a stronger subscription for the Web Apps service.

Web Apps

Web Apps comes in five service tiers [38]. One is a free testing tier that 

can only be used for testing. The second tier is a shared preview that allows for

more time spent testing per day, 240 CPU minutes per day compared to the 

free tier’s 60 CPU minutes per day. The cost is about $9.67 per month for the 

shared service plan.

The most relevant tier for the project is the basic service plan tier which 

comes in three different levels, each with more computation cores and RAM 

than the one before. The cheapest one costs about $56, which provides one 

core, 1.75 gigabytes of RAM and 10 gigabytes of storage. The two levels above 

in the basic tiers double in price and provide double the cores and RAM.

The Standard tier offers the same computation power, but storage is 

increased to 50 gigabytes starting at a cost of $74 per month and the two 

levels above double in price.

Premium offers the same computation power but with 250 gigabytes of 

ram, starting at $223 per month and the cost doubles for the next 3 levels. The

Premium 4 costs $1786 per month and is not needed for the project.
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3.3. Conclusions of analysed services

Here are the thoughts and decisions about the services and what services 

are chosen for the different parts of the solution.

Input

We have decided to use Event Hubs as the input service because no data 

has to go back out to the devices where the data is coming from. It is also a 

little cheaper; $11 per month compared to IoT Hub’s $50 per month.

If the input type changes later on to have multiple devices connected 

instead of having a single stream, it is not difficult to switch between the 

services as the Stream Analytics supports both Event Hubs and IoT Hub. 

Afterwards, the Stream Analytics Job has to change the input to match IoT Hub.

If the data stream coming from IoT Hub is the same as the one from Event 

Hubs, then the T-SQL code does not need to be changed since the stream is 

still formatted the same way in both the cases. The advantage the Event Hubs 

service has is that it is cheaper to use in small to mid large applications. The 

two way communication that IoT hub offers is unnecessary in this project 

because the data is a one way stream and for security reason it is safer to not 

be able to communicate with the sensors’ devices. 

Transformation

The Stream Analytics service is what was chosen for the project and 

supports a stream of data, which is what the input in the project is made of. 

The service is easy to connect to different input and output services simply by 

choosing the services from lists and Microsoft Azure creates the connections 

between these services. If changes need to be made, in case the data changes,

a few lines of code need to be changed telling Stream Analytics about what 

data should be transferred to the output service. Changing input service and 

output service can be done by choosing from the lists of available services in 

the solution. The cost for the Stream Analytics service is very low, less than a 

US Dollar per day, making it an inexpensive choice for the final solution.
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Storage

We chose the SQL Database service to be used as storage for the solution.

Since the data in the project is made of log files and will be mostly the same, 

with some values changing, SQL Database became the choice for the project. 

The SQL Database works well enough and is fast enough to make operations 

on. Costs are about the same for SQL database and DocumentDB. The 

difference is only a few dollars per month and SQL Database can be expanded 

if more storage space is needed.

Analytics

The analyses of the data will be made with Power BI and shown in a 

website together with Power BI Embedded.

Because Elasticsearch & Kibana consumes a large amount of memory, the 

overall cost of the virtual machine will be higher. Kibana offers a lot of strength 

due to the user being able to change their view of diagrams during runtime. 

This may make it more difficult for some users not accustomed with the 

environment. There may be situations where the user does not understand the 

scripting language either. It is better to put the graph creation in the hands of 

an administrator with knowledge about scripting and graph creation.

Power BI Embedded only shows the view of a created report. The report is 

imported into a website where the report is shown. The user may use filters, as 

long as the filter features are put into the report by the creator of the report. It 

is difficult for inexperienced users to make mistakes that would ruin the views. 

Kibana can also be locked down to make sure users can not change the data 

view or add new diagrams.

Data View

In data view, we chose to use level one in the basic plan, which means the

project will use a one core server with 1,75 gb of RAM and a 10 GB storage 

space. The cost of this service will be roughly $56 per month. We came to a 

conclusion that this would be sufficient because there will not be a large 

amount of users of the complete solution. 
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3.4. Security of Microsoft Azure

When moving data to the cloud, the customer will not have to think about 

the on-premise security. Instead, the customer relies on the cloud to be secure.

A survey shows that 60% of the clients that have not been using the Azure 

cloud are skeptical of the security and 45% were concerned that they will lose 

control. However, while 94% of Azure cloud clients experienced security 

benefits, 62% said that privacy protection increased thanks to the cloud [39].

Figure 3: This is an example on how a security layer could be built with the help of Microsoft Azure 

security and 3rd party security. (https://azure.microsoft.com/en-us/documentation/articles/best-practices-

network-security/) 
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Microsoft Azure takes two approaches to strengthen security, prevent 

breach and assume breach. The goal of preventing breach is to try and analyze

and prevent vulnerabilities in the system, to build continuous improvements 

and make sure the latest patch is implemented. Furthermore, Microsoft Azure 

tries to make sure the server is DDoS2 secure with optional multi factor 

authentication. An example of this security could be a first shell that is a DDoS 

protection, a second shell that determines which data is allowed, a third layer 

that ensures isolation between the virtual network machines and a fourth and a

fifth layer used to make sure that the network traffic flows in a path and 

method that a developer choose before gaining access to an application, look 

at Figure 3 [40]. Microsoft Azure also tries to create scenarios where breaches 

might appear to see what the attacker can access. By doing so, Microsoft Azure

can isolate the breach as much as possible.

Who has access to the data in the physical data center? Nobody. The data 

center administrators take care of the feeding of the server, making sure that 

there is power, the network is up and the HVAC (Heating, ventilation and air 

conditioning) system is running, with no access to the data in the physical 

server.

A customer's virtual network is completely isolated from other tenants. By 

restricting access to the virtual network, the software can not communicate 

with other parts of the environment, unless the administrator physically opens 

up a port for communication. The only way a software developer can modify an

application in an Azure virtual machine is by using RDP (remote desktop 

protocol), which is a proprietary protocol to control another machine over 

networks and over a distance.

2Distributed Denial of Service (DDoS) is an attack where the adversaries use different 
tools and/or machines to disrupt a service of a host, typically by flooding the host with 
requests.



34

Figure 4: Explaining the different security option for Microsoft Azure. (youtube.com: Microsoft Azure

Security and Compliance Overview, 2014)

There is an option on how a user wants to encrypt data. For example in 

Figure 4, there is bitlocker for full disk encryption [41], StorSimple with AES-

256 encryption for storage [42] and .Net crypto API for application [43, 44].  

The encryption key is not stored inside of Azure with your data, it is stored 

outside.

When removing data from the server, the index that provides data in the 

hard drive is removed instantly from the primary index. The geo-replica of the 

data gets removed asynchronously. If a hard drive stops working, the disk will 

be sent to be destroyed.

We have come to the conclusion that Microsoft Azure is safe enough for 

the project. The developers of Microsoft Azure assures that security and 

integrity is a priority when developing, evaluating the services and hardware. 



35

4. Design

This chapter describes the design of the system, and what tasks the 

different parts in the system have. The overview is found in Section 4.1 

followed by the design of the different parts of the solution split into sections of

their own; 4.2 - Data Input, 4.3 - Data Transformation, 4.4 - Data Storage, 4.5 - 

Analytics Tool, 4.6 - Data View.

4.1. Overview
The solution, which is visualised in Figure 6, consists of a service that first 

takes care of the input data, getting the information into the cloud solution. The

service that was chosen was Event Hubs. The input is then processed by the 

data transformation service that extracts the data from the input service, 

transforms the data into a format that can be stored and loads the data into a 

database. Services for the data transformation and storage are Stream 

Analytics and SQL Database respectively. Last is the analysis and report tool, 

together with a view of the report. The service for analytics was Power BI 

Embedded and the service for the view was Web Apps.
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Figure 5: Chosen services for the stages of the solution.

In Figure 5 the steps of the solution are shown together with the chosen 

service for each step. More detail about each part of the solution can be seen 

in Figure 6. The Real-time connection between Stream Analytics and Power BI 

is a possibility that can be added in the future, but was not implemented during

the project. 
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Figure 6: Detailed view of the solution with the possible direct stream between Stream Analytics 

and Power BI Embedded. (Note: In this project we did not use the Output rules BI)
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4.2. Data Input

In Event Hubs, it is possible to decide the rules of the devices and services

connected to a hub inside Event Hubs. It is possible to make the connections 

read- or write-only, thereby increasing the security level. The security setting is

called Shared Access Policies and are decided by the user of Azure. Inside 

Event Hubs, after choosing one of the created hubs, the user can change the 

properties and access the policies.

Because Event Hubs was the service chosen, and multiple hubs can be 

created inside the service, at least one such hub was needed. The hub has 

access keys made with the shared access policies.

In the solution, a policy to send data into the Event Hub was used and a 

policy for the Stream Analytics job was also used. This way, data from Event 

Hubs can not be sent out from Azure and has to go into Stream Analytics. The 

policy to send data to the Event Hubs service will only be implemented into the

program or programs that sends data to Event Hubs.

4.3. Data Transformation

Stream Analytics takes the data from the input service (Section 4.2) and 

transforms that data into a structure that can fit in the storage service (Section 

4.4). The chosen tool for data transformation, Stream Analytics Job, is made for

transforming large data streams. The design is simple; take the data from the 

Event Hubs service and push this data forwards into the SQL Database to store 

the data.

Stream Analytics supports having Power BI as output, letting real time 

data be viewed in the reports. The real time analytics connection was not used 

in this solution, but could be implemented in future solution.
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4.4. Data Storage

Microsoft SQL Database was the service used for this solution. The SQL 

Database made it easy for the analytical tool (Section 4.5) to analyse the data, 

both in real time and historically.

The collected data must be stored to provide the user with the ability to 

create reports on demand. Databases are quick and easy to operate on. The 

analysis services, that have been looked through, have support to operate on 

common database services that exist in Azure. Power BI Embedded has the 

support to read data from SQL Database.

Different users of the service should not be able to read or write any data 

that the users have no access to. One solution is to create separate databases 

for different users of the system, thus making it impossible for users to get to 

other databases and the data of others. In the solution, only one database was 

used but with multiple tables. A table for old data that does not come through 

the input stream is put into its own table, named “Raspberries”. The data from 

the input devices will be inserted into another table, named “Lemons”. A row in

the table stores a whole message from the device where the data originally 

came from. Data such as position, device ID, timestamps and what operations 

that were activated are stored in the database.

To secure the data in the storage we chose to use TDE3. TDE was easily 

accessible and ensures security while the storage is not in use. If more security

is needed, then a developer can use column encryption4 or Azure key vault5.

3Transparent Data Encryption (TDE) encrypts the data in the database while in rest, but 
decrypts the whole database while in use.

4Column encryption encrypts each column separately and is independent on if the data is
in rest mode or used.

5Azure key vault is used to safely encrypt and store secrets, for example authentication 
keys. 
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4.4.1. Table SQL Query
The data we were given was structured into CSV-files (Comma-separated 

value) and the created tables in the database “Sylt” matched the columns in 

the CSV-files.

The CSV-files contained no data on the data types of the columns, thus we

had to analyse the data and come to a conclusion about what data types to use

in the tables. The SQL query below contains the structure of both the “Lemons”

and “Raspberries” tables. The difference was that for “Lemons”, the table name

had to be changed to “Lemons”.

CREATE TABLE Raspberries
(
type varchar(20),
companyId int,
apiKey varchar(50),
applicationId int,
deviceId varchar(50),
triggerId varchar(50),
triggerKey int,
triggerName varchar(80),
triggerType varchar(50),
metaData varchar(max),
actionId int,
actionName varchar(50),
actionType varchar(50),
actionData varchar(max),
latitude float,
longitude float,
radius int,
timing varchar(20),
timestamp datetime
)
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The column “type” saved the type of communication between a sensor 

and a device, such as a ping. The “companyId” had an integer that was 

mapped to a company. The domain for the API was saved in “apiKey”. The 

“deviceId” saved the ID of devices that communicated with the sensors. 

“triggerId” contained the ID of a sensor. We left “triggerKey” as an int since the

column was empty. “triggerName” had the name of the sensor and 

“triggerType” contained the sensor model type. “metaData” was a string 

containing data about the device. “actionId” was the ID for the message action 

and “actionName” is a name mapped to the ID.”actionType” contained the 

domain information about the function domain. “actionData” contained data 

for the function. The columns about position were “latitude” and “longitude” 

who had geological position. How far the sensor reaches was stored in “radius”.

For when a device enters range or exits range of a sensor is saved under 

“timing”. “timestamp” saves the time of the event.
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4.5. Analytics Tool

Figure 7: Shows the Power BI report with the chosen graphs. 

The chosen analytics service, which is Power BI Embedded, requests data 

from the storage on-demand. The type of data and database is not important 

for the analytical tool to understand. With the data, the analytics service 

creates reports on the gathered data. The report can be highly adaptable 

depending on what data relationship the customer wants to choose to link. The 

creator of the report is the person that decides what data is supposed to be 

used in diagrams and graphs in the report, see Figure 7.
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Power BI Embedded acquires its data from the SQL Database and will be 

updated regularly to make sure recent data is available to be viewed. It is also 

possible to connect Stream Analytics directly to Power BI to stream new data 

directly into the report view. For the future, a report that is connected to 

Stream Analytics could be added to the report list inside a workspace in the 

Power BI Workspace Collection. As long as the user has the ability to choose 

between report views in the website, this solution should be a possibility.

For the solution, only one report was used. The report must show data that

is deemed relevant. For data of the position of the sensor devices, a map was 

used by taking the longitude and latitude parameters. 

The chosen visualizations tools were: 

● Line chart - Is used to easily see the amount of relevant data changing 

over time.
● Slicer - Filters data depending on the dates the user wants to see.
● Stacked bar chart - Total amount  of relevant data per month.
● Map - Locate where the data is coming from.

4.6. Report View 

Web apps was used to host the website. The website is then used to 

embed the Microsoft Power BI’s report and the ability to analyse the results. A 

user has to log in with their login credentials to make sure no intruders can see 

the data nor the results. This was the thought, but the implementation was 

different. The actual implementation can be found in Section 5.6.

The application is an ASP.NET MVC application and was created by 

referring to the Power BI Embedded sample[45, 46]. ASP.NET MVC is an open-

source (under Apache 2.0 license) web application framework, based on a 

model - view - controller pattern (MVC) [47]. The application has files for the 

views of the application, models for the code objects and the controller where 

methods are defined. The models are defined in two files; one for a report that 

is loaded from the Power BI workspace and one file for a list of the reports. The 

controller has the methods, related to the website and the models, for 

requesting the reports and creating the list of the reports.
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To get the reports from the workspace, the ID of the workspace in the 

Power BI workspace collection is needed as well as a connection string found in

the Access keys section of Power BI workspace collection. A token is then 

created. Then, to get the view of the report, a report name must be sent 

together with the token.

The visual design is made of the list of reports loaded from the Power BI 

Workspace that is located on the left side of the view in a column. On the right 

side of the view, a welcome page is visible. This can be seen in Figure 8. When 

a report is chosen in the list, the report is requested from the Power BI 

workspace and put into the view on the right side on a new page. This can be 

seen in Figure 9.
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Figure 8: The welcome page of the website.

Figure 9: The report view of the website.
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5. Implementation
As described earlier, in Chapter 2.1, the project is implemented in the the 

cloud service Microsoft Azure by using the chosen services that we analysed. 

The project was gradually implemented over time. Since the different services 

do not rely on the other services, the services could be added in any order. 

Chapter 5 is split into sections of how the services were implemented, and

a section for the Overview, which is found in Section 5.1. Section 5.2, with the 

title Datastream Input, contains the implementation of Event Hubs. Section 5.3 

5.1. Overview
Before any of these services were implemented, they were tested and 

analysed. A Microsoft Azure subscription must be available to access the 

services and it is assumed that the subscription has been acquired before any 

services can be implemented. All the implemented services used the same 

subscription.

The analyses can be found in Chapter 3. The tests were done inside a 

Resource group deployed for testing purposes. The final solution was then 

made inside a Resource group called “SaaS_Solution” when the testing and 

analyses of the services had been completed. When creating a Resource group,

the creator must do the following steps:

● Choose a Resource group name.
● Choose a an Azure subscription to put the group into.
● Choose a location from the available data centers to deploy the group to.

The created Resource group is then visible to the users that have access to the 

Azure subscription. Then, when services are deployed into the Resource group 

as a resource, they will be found inside the Resource group. All the resources in

the “SaaS_Solution” group used the location “West Europe” because it was the 

closest available computer power source to Sweden.
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5.2. Datastream Input
The service Event Hubs can be added to an existing or a new Resource 

group. To add the Event Hubs service, the following five properties are needed:

● A name for the resource.
● A pricing plan must be chosen. See Section 3.2.1 for the pricing tiers of 

the Event Hubs service.
● Choose a subscription to deploy into.
● Choose a Resource group to deploy the Event Hubs resource to.
● Lastly, a location for the resource must be chosen.

We named the created Event Hubs “intoexjobb” and chose the pricing plan

as Basic since this pricing plan is enough for the time. 

In the Event Hubs service, the actual Event Hub was added with the name 

“input” and the Partition Count was set to 2. The other options were not 

available to the Basic tier, making them unavailable to the solution. 

Inside the “input” a consumer group could be seen. The consumer group 

was the default that was created when the Event Hub was created and was the

one that was used for the solution. In shared access policies, two policies were 

created; one for data streams to be accepted into the Event Hub and one policy

to allow reading the data from the Event Hub. The input policy was named “in” 

and had the claim “Send” to send data, as in send data into “input”. The output

policy was named “toETL” and had the claim “Listen” to allow the connected 

program to read data from “input”. Both policies come with two secret keys 

used to connect to the Event Hub service.

Programs can only connect and communicate with the Event Hub if the 

program has the secret key saved together with the connection string to the 

Event Hub. 
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5.3. Data Transformation
Data transformation was implemented with the service Stream Analytics 

Job. This service requires:

● A name for the chosen instance of the service.
● A valid subscription.
● A new or existing Resource group.
● A location.

We chose the name “ETL” for the instance of Stream Analytics Job stands 

for “Extract, Transform, Load”. The service was placed in the “Saas_Solution” 

Resource group together with the Event Hubs service “intoexjobb”. 

Stream Analytics could be turned on and off depending on when it needed 

to be operating. To change the T-SQL query, the service had to be stopped. The

query was used by Stream Analytics to decide what data to receive from Event 

Hubs and transform before sending it into the SQL Database. The connections 

between Event Hubs and Stream Analytics, and between Stream Analytics and 

SQL Database were created in the Microsoft Azure portal.
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5.3.1. Connecting to Event Hubs
To connect to Event Hubs, the Event Hubs service must have been 

created. Connecting the Stream Analytics Job to Event Hubs as a consumer was

done by pressing on “Inputs” under the “Job Topology” category in Stream 

Analytics Job, in the Azure portal. Then, adding the connection was done by 

pressing the add-button and a new menu prompted us to add properties. These

properties were:

● Input alias - A name for the connection.
● Source type.
● Source.
● Subscription - Which subscription that contained the Event Hubs service.
● Service bus namespace - Which Event Hubs service we wanted to use.
● Event hub name.
● Event hub policy name.
● Consumer group. (We used the default consumer group)
● Event serialization format - Type of data.
● Delimiter. (For CSV-files)
● Encoding. (For CSV-files)

We gave the alias “InHub” to the Input and chose Data stream as our 

source type, with Event Hubs as the source inside our current subscription. The 

alias “intoexjobb” was chosen for the service bus namespace and the Event 

Hub “input”. Event hub policy name was “toETL”, which was the policy that 

contained the rules to let consumers read the data stream. The Consumer 

group was left blank. The format of the data used in the project came in CSV-

files, thus we expected that any other data to come in the CSV-format, with the

semicolon(;) as the delimiter and UTF-8 as the encoding. When the fields had 

been filled with the required information, the create-button had to be pressed 

to add the Input into Stream Analytics.
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5.3.2. Connecting to the SQL Database
To connect to the SQL Database, the database must have been created 

prior to creating the connection, and a table must exist in the database. 

Implementation of the database can be found in Section 5.4. Creating the 

connection to the database is done similarly to connecting to Event Hubs. 

To add an output to the “ETL” Stream Analytics service, go to “Outputs” 

under the “Job Topology” category for “ETL” in the Azure portal. Then, press the

add-button and a new menu appears. The following properties are required:

● Output alias
● Sink (Where to put the data)
● Subscription
● Database
● Server name
● Username
● Password
● Table

Different data sinks may show different properties and the above 

properties were the ones needed for a database sink. “ToSylt” was the chosen 

alias for our SQL Database, which was chosen as the sink. Subscription was 

“Use SQL database from the current subscription”. The database chosen was 

“Sylt” and table chosen was “Lemons”. Login details were created when the 

SQL Server, “Syltburk”,  was created.

5.3.3. Data Transformation Query
The query was simple. Because the column names in the CSV-files were 

mirrored into the “Raspberries” and “Lemons” tables, the data would be put 

into the correct columns. The following query was used:

SELECT
*

INTO
ToSylt

FROM
InHub

The query selects all the data from the “InHub” connection and directs the

data into the connection “ToSylt”. Every message of data read from the Event 

Hub needed to have the first row consist of the column names. Otherwise it is 

not possible to use the data.
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5.4. Database Implementation
The database is implemented into the SQL Server in Microsoft Azure with 

the SQL Database service. Adding the service will create two resources inside 

the Resource group. Creating the database required an SQL Server to deploy 

the database onto. The server could be created when the database was 

created. The required properties to add for the SQL Database are the following:

● Database name
● Subscription
● Resource group
● Select source (Blank database, sample or a backup database)
● Server - The SQL Server to deploy the SQL Database to.
● Choose if the database should be deployed on an elastic pool of shared 

computation resources.
● Choose a Pricing tier.
● Type a collation to use.

We gave the database the name “Sylt”, and placed it inside the “SaaS-

Solution” Resource group. The source was left as a blank database and we 

created a new SQL Server. We did not use the elastic pool, because only one 

database server was needed for the project.

When the SQL Server was chosen, we chose to create a new one. The 

option was available in the list of available SQL Servers when creating the SQL 

Database. The server needed to be created with a new name that was not 

already used by another resource in the .database.windows.net domain. We 

gave the server the name “syltburk”, causing the fourth-level domain to be 

syltburk and the whole domain is syltburk.database.windows.net. A login with a

username and password had to be chosen. “West Europe” was chosen as the 

location and the server was deployed as a V12 server, which was the latest 

server update at the time. Lastly, there was a checkbox to allow Azure services 

to access the server which we left checked.

After the database had been created, we applied the transparent data 

encryption under the Settings section, visible when the SQL Database “Sylt” 

had been selected in the Azure portal. Applying the encryption was simply 

done by pressing the “on” button and then saving the configuration with the 

“save” button. When seeing the database icon for “Sylt”, there should be a 

padlock on the icon.
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The SQL query to create the tables is available in Section 4.4.1. We used 

DBeaver[48] to access the database and make changes on the tables. 

Implementing the tables went quickly after the data types had been chosen. 

Afterwards, the data could be imported into the “Raspberries” table. When 

importing, the size of the varchar of the columns had to be large enough to not 

cause truncation of the data to occur. This was solved by telling the data 

import function in DBeaver that the data was varchar(max).

5.5. Analytics
The analytics tool is embedded into the website, but the place where the 

report is stored is in the Power BI workspace. To create the workspace, there 

were multiple steps to complete. Firstly, a Power BI workspace collection 

service had to be added to the “SaaS_Solution” Resource group. The service to 

choose from the Azure marketplace is named Power BI Embedded. The 

following properties were required to deploy the Power BI workspace collection:

● Workspace Collection Name
● Subscription
● Resource group
● Location
● Pricing

The name “ExjobbCollection” was entered and the subscription for our 

project was used. Resource group was “SaaS_Solution” in the location “West 

Europe”. Pricing could only be set to “Standard”. Afterwards, the service was 

ready for deployment.

5.5.1. Creating the Report
Creating the report was done in the desktop program Power BI Desktop. 

The first thing that needed to be done was allowing the virtual machine to 

access the SQL database through the firewall. When the IP-address from the 

virtual machine was whiteliested in the firewall in SQL database, then Power BI 

in the virtual machine could connect to the SQL database. The connection was 

enabled via DirectQuery from the SQL database server to Power BI. In Power BI 

we could use queries to filter out the data we did not want. By doing the 

queries filter we could see the important data more clearly. The queries would 

be automatically generated based on the developer's preference. 
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Visualizations tools have there own filter system depending on what data 

the developer wanted to show. When creating a graph there was a list of all the

variables that the developer can choose between. The graph will be generated 

and worked with drag and drop, so it was easy for the developer to manipulate 

the GUI. When creating line chart, we decided to have timeStamp as Axis and 

Count of devicesID as values. The slicer only needed timeStamps to be able to 

filter all the other diagrams on the during runtime. Stack bar chart used 

timestamp with a filter to enable it to show monthly count. The value in the 

slicer was based on Count of deviceId. In the map we used latitude and 

longitude to enable pinpoint the location. Legend used actionName and the 

size is determined depending on Count of deviceId.

5.5.2. Importing the report into Azure
We created a workspace inside the Power BI workspace collection by using

the Power BI command line interface package available in the NuGet Package 

Manager (NPM) for Microsoft Visual Studio 2015. Installing the Power BI Client 

was done in the NPM command line tool by typing:

npm install powerbi-cli -g

Adding a workspace used the command line:

powerbi create-workspace -c ExjobbCollection -k <accessKey>

The property “<accessKey>” is replaced with the second access key available 

in “Access Keys” from the “ExjobbCollection” workspace collection in the Azure 

portal. Now, a workspace was found in the workspace collection with an ID that

was used later.

To import the report file, the following command was used:

powerbi import -c ExjobbCollection -w <workspaceId> -k <accessKey> -f 

C:/VSMachine/Desktop/PBview/Map.pbix -n dataVY -o false

The ID for the workspace that was created replaced “<workspaceId>” and the 

access key replaced “<accessKey>”. The workspace ID can be found in the 

Azure portal for “ExjobCollection”. The “-o” flag is set to “false” to avoid 

overwriting any dataset with the name “dataVY”.
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Since the report used Direct Query for the data, the connection string to 

the database must be updated. The command to update the connection string 

was:

powerbi update-connection -c ExjobbCollection -w <workspaceId> -k 

<accessKey> -d dataVY -s Data 

Source=tcp:syltburk.database.windows.net,1433;Initial Catalog=Sylt;Persist 

Security Info=False;User 

ID={your_username};Password={your_password};MultipleActiveResultSets=Fa

lse;Encrypt=True;TrustServerCertificate=False;Connection Timeout=30; -u 

[username] -p [password]

The username for the SQL Database replaced “[username]” and the password 

for the username replaced “[password]”.

5.6. Website
The website was implemented with ASP.NET MVC and is hosted in the Web 

Apps service, see Section 2.9, in the Azure solution. Creating the website was 

done by creating a new ASP.NET MVC project and by referring to the example 

code available on document pages on the Microsoft website [45, 46]. The 

examples marked the important steps to get Power BI Embedded to work in the

website.

Adding the service to the Resource group was done in Azure by searching 

for the Web App service in the Azure portal marketplace and choosing Web 

app. Deploying a Web App requires a name that will be used for the domain. 

We named the Web App “ExjobGUI”. The subscription used was the one 

dedicated for the project. Resource group was “SaaS_Solution”. Application 

Insights were not used and therefore set to “Off”. Then, an App Service plan 

was created where the pricing tier was chosen for the Web App, and the name 

for the service plan was “viewServicePlan”. The location for the service plan 

was “West Europe” and the pricing tier was “Free” for the testing purposes. 

After all these properties are added, the Web App service could be deployed.
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5.6.1. Building the website
Building the website was done with Visual Studio 2015. A new project was 

created and ASP.NET Web Application was chosen as the template. Give the 

project the name “Website”. We chose the empty template and marked the 

checkbox with MVC under “Add folders and core references for:” and we did not

host the website in the cloud. Visual Studio then created the required files and 

folders from the templates. 

To get the required packages, go to “Tools” in the menu and open the 

NuGet Package Manager for Solution. Since we followed the example from 

Microsoft[45, 46], a number of packages had to be installed. The packages 

were:

● jQuery v1.10.2
● Bootstrap v3.0.0
● Microsoft.PowerBI.Api v1.1.3
● Microsoft.PowerBI.AspNet.Mvc v1.1.3
● Microsoft.PowerBI.Core v1.1.3
● Microsoft.PowerBI.JavaScript v2.0.0
● Modernizr 2.6.2

After these packages were installed, we removed the files in the “Content”

folder that were added by the packages. These files were CSS files and were 

not used since we created a new CSS file. The “scripts” folder and “fonts” 

folders were added and files were put into those folders. The fonts were not 

used, but the scripts were needed to make Power BI work.

As stated earlier, the code for the website was taken from the example 

solution which supplied information and code needed to get the website 

running. 

The folders “App_Data”, “App_Start”, “Controllers” and “Views” were 

generated automatically by the project. A few files were created too, but we 

only changed information in “Web.config” (not “Views/web.config”) and in 

“App_Start/RouteConfig.cs”.

In the “Views” folder, two more folders were created named “Dashboard”, 

for the actual views on the website, and “Shared”, for the partial views that 

were used inside the actual views. A file named “_ViewStart.cshtml” was 

created in the “Views” folder. This file executed whenever a View was rendered 

and was linked to a file named “_Layout.cshtml” under the “Shared” folder.
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In “Dashboard”, two views were created called “Index.cshtml”, for the 

index page, and “Report.cshtml”, for the report page. The index file only 

contained text that welcomes the user. “Report.cshtml” used 

“ReportViewModel” as the model and the function of this view was to load a 

chosen report and then embed it with Power BI.

“_Layout.cshtml” is executed whenever a view is rendered and executes 

the “Reports()” method in “DashboardController”, which is described later in 

this section. The scripts are loaded in the “_Layout.cshtml” and thus available 

to all views on the website.

The view “Reports.cshtml” used “ReportsViewModel” as the model, a 

model to store a list of reports. The function of the “Reports.cshtml” view was 

to show a list of the available reports in a Power BI workspace. This list was the 

one in “ReportsViewModel”.

 
Figure 10: The C# classes in the website.
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In Figure 10, the classes of the project are put into a class diagram. The 

class “ReportViewModel” was a model. It was used to contain an access token 

to the Power BI report and the report itself. The other model was 

“ReportsViewModel” which contained a list of the earlier model. Both these 

models were located in the “Models” folder. 

“DashboardController” was the controller (put into the “Controllers” folder)

in the website and contains the methods related to the models. The fields were 

used to save the keys to connect to the Power Bi workspace, see 5.6.3 for the 

settings in “Web.config”. The “DashboardController()” method was the 

constructor and reads the configuration. “Index()” returned the “Index.cshtml” 

view to the browser. The method “CreatePowerBIClient()” collected the reports 

in the workspace, which credentials were saved in the Web.config file. 

“Reports()” created a list of reports acquired from the “CreatePowerBIClient()” 

method and returned this list to the visual list of reports in “Reports.cshtml”. 

“Report()” was used when a report in the list in “Reports.cshtml” was chosen 

and collected the required properties for the Power BI Embedded scripts to 

embed the view of the report into the website.

In Figure 10, the class “MvcApplication” was used to start the application 

and was one of premade classes when the MVC project was created. Lastly, the

class “RouteConfig” has the information of where to route requests, such as the

default route which had the “DashboardController” as the controller and 

“Index()” as the start action.
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Figure 11: Showcases the website with data.

5.6.2. GUI
The visual design was implemented with CSS, Cascading Style Sheet. With

the CSS we specified the style of the HTML tags. When hovering over a link 

there would not be any color changes on the linked text. The color of linked 

texts are white on a black menu to the left, see Figure 8 for an example. Power 

BI report uses an offset to the right to avoid having the report covering the 

menu choices on the left. See Appendix B for the specific CSS code.

5.6.3. Configuration

Figure 12: Shows the properties to connect to Power BI workspace.

In the “Web.config” file a few properties had to be added to get the 

application to connect to the Power BI workspace. These properties were the 

app key, the Power BI API URL, the name of the workspace collection and the 

workspace ID. See Figure 12 for the code to add the properties. The key for 

“owin:AutomaticAppStartup” was set to “false” because of an error with startup

classes.
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5.6.4. Adding the website into Web Apps
Because we ran Visual Studio 2015 on a virtual machine in Azure, we had 

the choice to deploy the website directly to the Web Apps service, as long as 

the virtual machine is allowed to connect to other services. To deploy the 

website, we pressed “Build” in the menu in Visual Studio and then we chose 

“Publish Website”. Then, chose “Microsoft Azure App Service” as the publish 

target. A new menu appears where we chose our subscription and viewed app 

services by “Resource Group”. “Saas_Solution” was then visible in the file 

explorer and in that Resource group was the Web App “ExjobGUI” that we 

chose. The connection was automatically filled with the required properties and

we pressed “Next >”. The configuration was set to “Release” and we pressed 

“Next >”. Lastly, the possibility to preview the files that were going to be 

published was available. Then, “Publish” was pressed.
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6. Results and Conclusion
The goals were to analyse and create an analytics as a service solution 

and implement it into the Microsoft Azure cloud platform. The cost and usability

of the services were also be analysed. All the goals were met and the 

scalability is available for future development. We discovered that it is possible 

to deploy Analytics as a Service in Microsoft Azure.

What could be improved in the future:

● GUI - The GUI of this project could be improved by making the list of 

Power BI reports more user friendly and a better index home page that 

does not only say “Welcome” and warns about events from the analysed 

data.
● Authentication and authorization - Have an authentication and 

authorization solution for website to stop intruders from accessing any 

data that they are not allowed to view. 
● Security - Security in the SQL server could be better by doing column 

encryption.
● Real-time input - Making a real-time input from stream analytics directly 

to Power BI instead of storing it in a SQL server before.

What we could do different is learning more about Elasticsearch and 

Kibana. The service had a lot of visual options for diagrams and tools. We 

would not need a Web app to run the website for Elasticsearch & Kibana since 

the service hosts its own website. Other ways to authenticate and authorize 

the users would have to be implemented in the X-Pac security extension, which

allows roles for accessing data to be created. This way we could implement a 

login authentication and authorization, which we did not implement in the final 

solution of the project.

We never received a data stream that the Event Hub would receive. To 

create an event publisher to send data to Event Hubs, the Event Hubs 

programming guide[50] can be referred to as it explains how to implement the 

publishing client.
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6.1. Economic costs
To see the costs for specific services and tools used in the final product, 

see Table 5. The costs are estimates of a fully operating system without any 

trial pricings for the services. The estimates gave a total cost of $404,92 per 

month, assuming there are 744 hours in a month. If no virtual machine for 

Visual Studio needed to be used, then the cost for the Virtual Machines row 

could be removed, reducing the cost to $390,04 per month.

Table 5: Cost estimation and product specification over the services needed for this project.

Service type Custom name Region Description Estimated Cost
SQL Database SQL Database West Europe 1 basic database(s) x 744 

hours, size: b 4,98 $
Virtual 

Machines

Virtual 

Machines

West Europe 1 Standard virtual 

machine(s), A0 (1 cores, 

0.75 GB RAM, 20 GB disk, 

$0.020/hr) size: 744 hours 14,88 $
App Service App Service West Europe 1 instance(s), 744 hours, 

size: b1, basic tier, 0 SNI 

connection(s), 0 IP 

connection(s) 55,80 $
Stream 

Analytics

Stream 

Analytics

West Europe 1 GB data processed, 1 

unit(s) x 744 hours 

streaming units 23,07 $
Power BI 

Embedded

Power BI 

Embedded

West Europe 6000 sessions in the 

europe-west region. 295,00 $
Event Hubs Event Hubs West Europe 1 million events, 1 

thoughput units(s) x 744 

hours, basic tier. Archive 

added: false 11,19 $
Support Support 0,00 $

Monthly Total 404,92 $
Annual Total 4 859,01 $

Disclaimer
All prices shown are in US Dollar ($). This is a summary estimate, not a quote. For up to 

date pricing information please visit https://azure.microsoft.com/pricing/calculator/
This estimate was created at 12/16/2016 10:19:37 AM UTC.
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6.2. Problems
When trying to create an authentication for the webpage, we tried to use 

AD (Active Directory). “Active Directory is a centralized and standardized 

system that automates network management of user data, security, and 

distributed resources, and enables interoperation with other directories” 

(Rouse, 2008) [49]. Instead of implementing this authorization feature, we 

decided to finish the goals instead as the authorization would require too much 

time to finish. For the authentication and authorization to be fully operational, a

data storage for login information would be required and code to authorize the 

users had to be implemented. A property for MVC called [Authorize] could be 

used in the code. This property controls if the authenticated user is authorized 

to use an action or controller.

There were problems with getting the iframe to appear in the website 

even though we followed the tutorial for the example. Instead, we had to open 

the example project and control that our MVC application had the same setup 

as the example. To solve it, we had to install the correct versions of the NuGet 

packages for the application.

6.3. Thoughts on the project
Neither of us have developed in Microsoft Azure before, which made the 

project more interesting. In this project there was a lot of time spent waiting on

receiving data from the customer. This time was spent reading about different 

services and tools that Microsoft Azure could provide. The project made us 

work independently, but at some times we acquired help about smaller 

problem or tips about different viewpoints. The company treated us well and 

were supportive and welcoming.

Overall this project taught us how to analyse and choose tools from a 

massive library of services. The software development in Microsoft Azure gave 

us a glimpse into what the future developing will look like, since we believe 

cloud computing services will be more common.
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Appendix A - Views
_Layout.cshtml

<!DOCTYPE html>

<html>

<head>

    <link rel="stylesheet" href="~/Content/style.css">

</head>

<body>

       <div>

           <div>

               <nav>

                   <ul>

                       @Html.Action("Reports", "Dashboard")

                   </ul>

               </nav>

           </div>

               @RenderBody()

       </div>

    <!-- Javascript Libs -->

    <script type="text/javascript" src="/scripts/jquery.min.js"></script>

    <script type="text/javascript" src="/scripts/bootstrap.min.js"></script>

    <script type="text/javascript" src="/scripts/Chart.min.js"></script>

    <script type="text/javascript" src="/scripts/bootstrap-switch.min.js"></script>

    <script type="text/javascript" src="/scripts/jquery.matchHeight-min.js"></script>

    <script type="text/javascript" src="/scripts/jquery.dataTables.min.js"></script>

    <script type="text/javascript" src="/scripts/dataTables.bootstrap.min.js"></script>

    <script type="text/javascript" src="/scripts/select2.full.min.js"></script>

    <!-- Javascript -->

    <script src="~/Scripts/powerbi.js"></script>

    @RenderSection("PageScripts", false)

</body>

</html>
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Reports.cshtml

@model ReportsViewModel

<div>

   <aside>

       <nav id="menyVal">

           <ul id="menyList">

               @foreach (var report in Model.Reports)

               {
                   var reportClass = Request.QueryString["reportId"] == report.Id ? "active" : "";

                   <li class="@reportClass" >

                       @Html.ActionLink(report.Name, "Report", new { reportId = report.Id})

                   </li>

               }
           </ul>

       </nav>

   </aside>

</div>
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_ViewStart.cshtml

<!DOCTYPE html>
<html>
<head>

    <meta charset="utf-8" />

    <link rel="stylesheet" href="style.css" />

    <title>Examensarbete</title>

</head>
<body>

    <div class="side-body padding-top" id="FFH">

       <div style="text-align: center">

           <p>Välkommen</p>

       </div>

    </div>

</body>
</html>

_ViewStart.cshtml

@{

    Layout = "~/Views/shared/_Layout.cshtml";

}
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Report.cshtml

@model ReportViewModel

<head>

    <link rel="stylesheet" href="~/Content/style.css" >

</head>
<div id="FFH">

       @Html.PowerBIReportFor(m => m.Report, new { id = "pbi-report", style = "height:85vh", 
powerbi_access_token = Model.AccessToken })

</div>

@section PageScripts {

    <script>

       $(function () {

           var reportConfig = {

               settings: {

                   filterPaneEnabled: false

               }
           };
           var reportElement = document.getElementById('pbi-report');

           var pageName = document.getElementById('page-name');

           var report = powerbi.embed(reportElement, reportConfig);

           var pages = [];

           var pageIndex = 0;

           var currentPage = null;

           report.on('loaded',

               function () {

                   report.getPages()

                       .then(function (reportPages) {

                           pages = reportPages;

                       });
               });
       });
    </script>

}

Index.cshtml
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<!DOCTYPE html>
<html>
<head>

    <meta charset="utf-8" />

    <link rel="stylesheet" href="style.css" />

    <title>Examensarbete</title>

</head>
<body>

    <div class="side-body padding-top" id="FFH">

       <div style="text-align: center">

           <p>Välkommen</p>

       </div>

    </div>

</body>
</html>



72

Appendix B - CSS
style.css

body {

    /*"bakgrunds färg" background-color: rgb(255, 0, 35);*/

    /*background-size: 23%;*/

}
* {

    border: 0;

    margin: 0;

    padding: 0;

}

p, a, h1, h2, h3, h4, h5, h6 {

    font-family: 'Lucida Sans', 'Lucida Sans Regular', 'Lucida Grande', 'Lucida Sans Unicode', Geneva, 
Verdana, sans-serif;

    color: black;

}

aside {

    position: fixed;

    width: 150px;

    height: 100%;

}

a{

    text-decoration:none;

    color:white;

}

div #FFH{

    padding-left: 150px;

}

* #test{

    background-color: forestgreen;

}

ul #menyList{

    list-style-type: none;

    padding-left: 15px;
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    padding-top: 10px;

    padding-bottom: 5px;

}

nav #menyVal {

    padding-bottom: 20px;

    border-bottom-right-radius: 20px;

    background-color: black;

}
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Appendix C – Models and Controller
ReportViewModel.cs

using Microsoft.PowerBI.Api;
using System;
using System.Collections.Generic;
using System.Linq;
using System.Web;
using Microsoft.PowerBI.Api.V1.Models;

namespace Website.Models
{

    public class ReportViewModel

    {
       public Report Report { get; set; }

       public string AccessToken { get; set; }

    }
}

ReportsViewModel.cs

using System.Collections.Generic;
using Microsoft.PowerBI.Api.V1.Models;

namespace Website.Models
{

    public class ReportsViewModel

    {
       public List<Report> Reports { get; set; }

    }
}

DashboardController.cs

using System;
using System.Configuration;
using System.Linq;
using System.Threading.Tasks;
using System.Web.Mvc;
using Microsoft.PowerBI.Api.V1;



75

using Microsoft.PowerBI.Security;
using Microsoft.Rest;
using Website.Models;

namespace Website.Controllers
{

    public class DashboardController : Controller

    {
       private readonly string workspaceCollection;

       private readonly string workspaceId;

       private readonly string accessKey;

       private readonly string apiUrl;

       public DashboardController()

       {
           this.workspaceCollection = 
ConfigurationManager.AppSettings["powerbi:WorkspaceCollection"];

           this.workspaceId = ConfigurationManager.AppSettings["powerbi:WorkspaceId"];

           this.accessKey = ConfigurationManager.AppSettings["powerbi:AccessKey"];

           this.apiUrl = ConfigurationManager.AppSettings["powerbi:ApiUrl"];

       }

       public ActionResult Index()

       {
           return View();

       }

       [ChildActionOnly]

       public ActionResult Reports()

       {
           using (var client = this.CreatePowerBIClient())

           {
               var reportsResponse = client.Reports.GetReports(this.workspaceCollection, 
this.workspaceId);

               var viewModel = new ReportsViewModel

               {
                   Reports = reportsResponse.Value.ToList()

               };

               return PartialView(viewModel);

           }
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       }

       public async Task<ActionResult> Report(string reportId)

       {
           using (var client = this.CreatePowerBIClient())

           {
               var reportsResponse = await client.Reports.GetReportsAsync(this.workspaceCollection, 
this.workspaceId);

               var report = reportsResponse.Value.FirstOrDefault(r => r.Id == reportId);

               var embedToken = PowerBIToken.CreateReportEmbedToken(this.workspaceCollection, 
this.workspaceId, report.Id);

               var viewModel = new ReportViewModel

               {
                   Report = report,

                   AccessToken = embedToken.Generate(this.accessKey)

               };

               return View(viewModel);

           }
       }

       private IPowerBIClient CreatePowerBIClient()

       {
           var credentials = new TokenCredentials(accessKey, "AppKey");

           var client = new PowerBIClient(credentials)

           {
               BaseUri = new Uri(apiUrl)

           };

           return client;

       }
    }
}

RouteConfig.cs

using System;
using System.Collections.Generic;
using System.Linq;
using System.Web;
using System.Web.Mvc;
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using System.Web.Routing;

namespace Website
{

    public class RouteConfig

    {
       public static void RegisterRoutes(RouteCollection routes)

       {
           routes.IgnoreRoute("{resource}.axd/{*pathInfo}");

           routes.MapRoute(

               name: "Default",

               url: "{controller}/{action}/{id}",

               defaults: new { controller = "Dashboard", action = "Index", id = UrlParameter.Optional 
  }

           );
       }
    }
}
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Appendix D – Power BI Embedded Example 
project license
The MIT License (MIT)

Copyright (c) 2015 Microsoft Corporation

Permission is hereby granted, free of charge, to any person obtaining a copy

of this software and associated documentation files (the "Software"), to deal

in the Software without restriction, including without limitation the rights

to use, copy, modify, merge, publish, distribute, sublicense, and/or sell

copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all

copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR

IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,

FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE

AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER

LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,

OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE

SOFTWARE.


