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Abstract 

The increase in connectivity and use of “smart” devices offers companies new 

possibilities to improve their efficiency by using digitalization. For example, booking 

of meeting rooms have gone from using a paper calendar to electronic booking. To 

enable both digital remote booking, as well as being able to book a room directly (as 

with a paper calendar) this project has developed a room manager system. The room 

manager is a device that provides a quick and intuitive way for employees to handle 

conference room booking. The project was started on behalf of the company ÅF, who 

would like to optimize their use of conference rooms. 

The result was a fully functional touchscreen device built using a Raspberry Pi. The 

room manager integrates successfully with the existing calendar system used at ÅF and 

meets all the requirements set by ÅF. The device will be used to determine if a room 

manager system is worth investing in and may be used as a foundation for continued 

development. 
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1 Introduction 

This chapter provides an introduction to the project and the report. The purpose of the 

project is explained, and the goals and objectives are listed. The scope of the project is 

specified. Next the result of the project is discussed. Finally, the structure of the rest of 

the report is laid out. 

1.1 Purpose 

The purpose of this project was to create a working prototype for a room manager. The 

project was started on behalf of the company ÅF AB, hereafter referred to as ÅF. A 

room manager is a device capable of managing a conference room. Showing room 

status, booking the room and cancelling meetings are common features. The intention 

is to attach the room manager to a wall outside of a conference room. This device will 

offer an easier way for employees to quickly book conference rooms and clearly display 

the room’s status. This prototype device will be used to determine if a room manager 

system is something that is worth investing in for ÅF. 

1.2 Goals and Features 

At the start of the project ÅF specified what kind of features they wanted the room 

manager to have. After evaluating the time available for the project and the time 

required for the requested features a list of goals and features was created. 

  

1. It should be immediately apparent from a quick look at the room manager if the 

room is currently occupied or available.  

2. If the room is not occupied a user should be able to quickly book the room using 

the touch interface on the room manager. 

3. The room manager should be able to show upcoming meetings in a schedule 

view. 

4. When a meeting starts the user checks in using the touch interface. If the user 

does not check in within 15 minutes of the meeting starting the meeting is 

automatically cancelled. 
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5. The room manager should be self-explanatory and require no prior experience 

or instructions to use. 

The panel is meant to complement the existing method of scheduling meetings 

through the Outlook client. Its main use will be to quickly book an available room 

when having a spontaneous meeting. The main goal of the project was to create a 

functioning device that has all the listed features. 

1.3 Scope 

The goal of this project was to create a prototype room manager. The final result should 

not be ready for use in production or in a “live” environment. Security aspects were 

considered to be outside the scope of the project. The project was limited to creating a 

single room manager device that interacts with a calendar.  

1.4 Results 

The result is a functioning room manager prototype that has all the features requested 

by ÅF. The room manager successfully creates, deletes and displays calendar events by 

making requests to the Microsoft Graph API. The device is fully capable of being used 

to determine if a room manager system is worth investing in. 

1.5 Structure 

The remainder of this report is structured as follows. Chapter 2 provides background 

information about key concepts and implementations. It also shows how various 

components were systematically evaluated and chosen. Next, chapter 3 describes the 

design of the project. System design, user interface design, hardware design and web 

to server communication are covered. Chapter 4 gets into the details of the 

implementation of authorization, making requests to the API and system architecture. 

The results of the project and an evaluation of them is provided in chapter 5. This 

includes achieved goals and comparisons to other similar products. As a conclusion, 

chapter 6 discusses how the project went, provides suggestions for future work on the 

room manager and ends with some closing remarks from the authors. 
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2 Background 

This chapter introduces several important concepts relevant for a complete 

understanding of this project and its implementation. This includes a brief explanation 

of Internet of Things and what a calendar system is and how they are used. In addition, 

this chapter describes the technologies, tools, hardware and frameworks used in this 

project. The operating system, programming language and web framework sections 

shows how each component was systematically evaluated and how the best option for 

this project was chosen. 

2.1 Internet of Things 

Internet of Things (IoT) is a term that refers to the system of devices, machines, 

vehicles, household items or any other “thing” that is connected to the internet and 

capable of transmitting data. By embedding sensors, software and electronics into 

items and giving them connectivity, IoT extends the internet to things that traditionally 

have not been a part of it. IoT devices collect and share data with the goal of increased 

efficiency, economical saving and in the case of household items, quality of life 

improvements [1] [2]. 

2.2 Calendar Systems 

Most large companies today use networked calendar systems. These systems provide 

an electronic calendar that may integrate with email, appointments, contact lists or 

other parts of an office suite. Using an electronic calendar allows employees to easily 

see their scheduled meetings and appointments. Reminders can be sent to their 

workstations or even their smartphones. Using a calendar system is essential for 

managing a company with many employees [3]. 

2.2.1 Current system at ÅF 

ÅF uses Microsoft Outlook as their email and calendar service. Outlook integrates with 

the other Microsoft services used such as Skype to automatically display when a user 

is in a meeting. The Outlook client runs on the Microsoft Exchange Server. Outlook 

features a shared calendar system that offers users the ability to schedule meetings. 

This is done in the Outlook client by selecting a room where the meetings will take 
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place and then adding that room along with all participants in an email. The user 

specifies the date and time for the meeting. Once the email is sent, the room will reply 

with either a confirmation that the meeting has been scheduled or that the meeting 

could not be scheduled. To know if a room is booked or not the user has to navigate to 

the calendar of the room in question. This is not a straightforward process and involves 

multiple steps and searches. 

ÅF outsources parts of their office suite management to a third-party. This caused 

some issues with account access during the project. The implemented solution is 

shown in detail in the “Authorization using OAuth2” section in chapter 4. The effect 

this issue had on the project and the result is discussed in the “Limitations” section in 

chapter 5. 

2.3 Integration 

To interact with the calendar system and handle bookings the room manager needs to 

make use of the Microsoft Graph API and implement the OAuth2 authorization 

framework. This section introduces terms and concepts related to integrating with the 

calendar system and describes how remote access was handled. 

2.3.1 Remote Access 

Many IoT devices are designed to be completely standalone without any input devices. 

As an example, a Raspberry Pi may be connected to a camera and set up to function 

like a security camera. The security camera can then be connected to Wi-Fi and 

installed to watch an area. Once installed it would be very inconvenient to have to 

connect a keyboard and monitor to the Pi every time you want to change a setting or 

update the software. The solution is remote access. Using a program such as PuTTY to 

remotely connect to the Pi enables access to the IoT device remotely. 

PuTTY 

PuTTY is a remote terminal emulator capable of using SSH and Telnet network 

protocols to run a remote session on a computer over a network. PuTTY allows for the 

user to remotely use the terminal of another device at client end. The client in this case 

is the Raspberry Pi machine [4].  The process in detail is as follows; PuTTY allows for 

a user to enter the IP-address of the device they want to access remotely, along with a 

username and password for the device. Once performed, the user can use the terminal 
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of said remote device on their own device. In the context of this project, a Windows 

machine was used to remotely access the Linux machine in the Raspberry Pi. 

 

 

2.1 The login page of PuTTY 

 

2.2 The terminal view after login to the Raspberry Pi 

WinSCP 

WinSCP is an open source free SFTP client for Windows. It allows users to securely 

transfer files using SSH between a local machine to a remote machine. WinSCP 

provides an easy to understand GUI where the user can simply drag and drop files from 

one computer to the other. In this project WinSCP was used to transfer files from the 

development computer to the Raspberry Pi [5]. 

2.3.2  Microsoft Graph API 

Microsoft Graph is a developer platform that allows access to a plethora of Microsoft 

services, programs and devices. Graph includes APIs for Office 365, Azure Active 
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Directory, Enterprise Mobility and Security services, Windows 10 and Education. 

Using Microsoft Graph allows access to these resources through a single endpoint. 

Some of the resources available include chats, emails, calendars, users, files, groups 

and devices. Access to these resources is handled using relationships. A user’s 

relationships determine which resources he is connected to.  As an example, a user is 

connected to a group by having a memberOf relationship with the group. The user has 

access to any resources that the group has access to [6]. 

2.3.3 Microsoft Azure / Active Directory 

Azure is a cloud computing service created by Microsoft. Using a global network of data 

centres Microsoft offers several services. These include the ability to build, test, deploy 

and manage applications. Azure offers support for Microsoft frameworks and tools, 

and also allows developers to use many third-party solutions and systems. Azure is 

widely used, and according to Microsoft 95% of fortune 500 companies run on the 

Microsoft Cloud [7]. 

Azure Active Directory (Azure AD) is Microsoft’s cloud-based directory and identity 

management service. Azure AD allows companies to create a single user identity that 

works across the entire enterprise. Access control is handled using a centralized policy 

and rules. Azure AD allows access to APIs by using an implementation of the OAuth2 

Authorization Code Grant flow. This flow enables Azure AD to grant client applications 

and websites limited access to protected resources, without revealing the user’s 

credentials to the client application [8]. 

2.3.4 OAuth2 

OAuth2 is an authorization framework that enables applications to obtain limited 

access to user accounts on an HTTP service. As an example, you may want to use an 

application to read your Outlook email. Providing the application with your Microsoft 

account login details would allow the application to access your account. However, 

access would not be restricted to only your email, and you may not trust the application 

to handle your login safely (or at all). This is the problem that OAuth2 aims to solve. 

With OAuth2, the user does not provide login details to the application. Instead, when 

a user wants to allow an application to access their Outlook account, the user 

authenticates with Microsoft and authorizes the application to access their email. The 

application is granted an access token that allows limited access to the account. In the 
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example used this would mean that the application only has access to the user’s email 

[9]. 

Roles 

The Oauth2 RFC 6749 standard defines four roles [10]: 

• The resource owner – A resource owner is capable of granting access to a 

protected resource. The resource owner can be a person, and when that is the 

case it is referred to as an end-user. 

• The resource server – The server that hosts the protected resources and 

responds to access requests made using access tokens. 

• The client – The application that makes protected resource requests on behalf 

of the resource owner with the resource owners authorization. A client can be 

implemented and executed on a variety of different types of devices, the term 

does not imply any specific characteristics.  

• The authorization server - The server that issues access tokens to the client 

after successfully authenticating the resource owner and obtaining 

authorization. 

Protocol Flow 

The interaction between the four roles in the OAuth2 protocol can be described in six 

steps. 

1) The client requests authorization from the resource owner. The request can be 

made directly to the resource owner; however, it is recommended to instead use 

the authorization server as an intermediary. The request is either denied or 

approved. 

2) If the authorization request in step 1 is approved the Resource owner sends an 

Authorization Grant back to the client. The grant is one of four types, which type 

depends on how the client requested authorization and which types are 

supported by the Authorization Server. 

3) The client requests an access token from the Authorization Server by presenting 

the Authorization Grant. 

4) If the client successfully authenticates and presents a valid grant the 

authorization server issues an access token. This access token specifies which 

protected resources the client has been granted access to. 
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5) The client uses the access token to request access to protected resources from the 

Resource Server. 

6) If the access token is valid the Resource Server serves the request. 

Section 3.1 on page 14 shows the protocol flow for our implementation and explains 

each step in more detail. 

 

2.4 Raspberry Pi 

The Raspberry Pi (hereafter referred to as “Pi”) is a small, low cost single-board 

computer. It is developed in the United Kingdom by the Raspberry Pi Foundation.  

Originally intended to help promote the teaching of programming and Computer 

Science, the original Pi became much more popular than expected. The Pi quickly 

became a very popular choice for creating IoT devices for personal use. Common uses 

include setting up the Pi to work as a Wireless print server, a media centre, or a file 

storage server.  The Pi is highly customizable and can be connected to many different 

peripherals and devices [11]. The Raspberry Pi Foundation has released several 

different Raspberry Pi models, the latest of which is the Raspberry Pi 3 Model B+, 

shown below in figure 2.3.  The Pi 3 Model B+ has a 64-bit quad-core CPU @ 1.4GHz, 

dual-band WLAN, Bluetooth, 1GB SDRAM and is the first model to support Power-

over-Ethernet (PoE). PoE allows the Model B+ to be powered through a single ethernet 

cable [12]. The ability to both power the device and provide internet access through a 

single cable made the Pi 3 B+ the best choice of model for this project. PoE makes 

installing the device in the wall easier. It also allows each room manager to be turned 

on or off from the switch they are connected to if they are connected to a PoE capable 

switch with individual port PoE control. 

 

2.3 The Raspberry Pi used in the project 
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2.4.1 Raspbian OS 

Raspbian is the officially supported operating system for the Raspberry Pi. It is based 

on Debian, which is a Linux distribution and is available for free. Raspbian comes pre-

installed with various software that can be used for programming, learning and general 

use. 

2.4.2 Windows 10 IoT 

Microsoft offers a free version of the Windows 10 OS specifically designed for IoT 

devices called Win10 IoT. When choosing the operating system to use for the room 

manager Windows 10 IoT was considered. The Raspberry Pi model used in this project 

was released in March 2018. Due to it being a new product, software support was not 

as extensive as for the previous model, the Pi 3. Unfortunately, Win10 IoT did not 

support touch input and Wi-Fi on the Pi 3 B+ when this project started in September 

2018. This lack of support meant that it was not viable to use Win 10 IoT for this 

project. The other OS considered for use, Raspbian OS, was chosen instead [13]. 

 

2.4.3 Touch Screen Interface 

The Raspberry Foundation offers an official Raspberry Pi Touch Display for use with 

the Pi. This 7” touchscreen is easily connected to a Pi with two connections. One 

connection to the Pi’s GPIO port provides power while a ribbon cable connects to the 

DSI port on the Pi. The small size and official support for the Pi makes this touch 

display a great choice for an IoT device. The Pi and the circuit board on the display 

have pre-drilled holes that allow them to be attached to each other. Connecting a Pi to 

the touch display enables developers to easily create standalone, touch based IoT 

devices. 

2.5 Programming Language 

When choosing the programming language to use for this project two attributes were 

kept in mind: Compatibility and documentation. Compatibility refers to the ability to 

compile and run the program on the chosen hardware and operating system. The 

quality of the documentation available for a language determine how easy they are to 

learn and to understand how they function.  
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2.5.1 C# 

C# is a multi-paradigm language developed by Microsoft within its .NET initiative.  

The Raspbian OS does not support C# and the .NET framework natively but it is 

possible to run such programs by using Mono or by installing .NET core. Mono is an 

open-source project whose purpose is to create a framework that can run .NET 

applications cross-platform [14]. Similarly, .NET core is also an open-source 

framework that allows the execution of .NET programs on platforms other than 

Windows [15]. C# has extensive documentation and tutorials available online as part 

of the Microsoft .NET documentation [16].  

2.5.2 Python 

Python is an interpreted, interactive and object-oriented language maintained by The 

Python Software Foundation, a non-profit organization. According to the foundation, 

clear syntax and remarkable power were combined to make the language, together with 

interfaces to system calls and libraries. The language is versatile and portable, able to 

run on Unix variants, Mac machines and Windows machines. Python is a very popular 

choice when writing programs for the Pi. The official operating system for Pi, Raspbian, 

is a Linux distribution and supports Python natively. Raspbian includes a pre-installed 

python development environment, IDLE [17]. The Python Software Foundation 

provides substantial documentation for each version of Python [18] [19]. 

 

2.5.3 Chosen Language 

Both languages have detailed and extensive documentation and due to this 

compatibility became the deciding factor. Microsoft offers tutorials on how to use the 

Graph API using various languages, including C# (.NET) and Python [20]. When 

following these tutorials some compatibility issues between C#, the Pi and the 

Raspbian OS were encountered. While it is possible that these issues can be resolved 

or worked around, the extra work would take time that could have been spent 

developing. There was also a risk of encountering an issue that could not be resolved 

without updates to the frameworks used to enable C# support. It was determined that 

the better solution was to use Python since it is natively supported on the chosen 

platform. 
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2.6 Web Framework 

Web frameworks are a structure used to simplify writing, maintaining and scaling web 

applications. This is done by providing tools and libraries to handle common web 

development tasks such as routing URLs to appropriate handlers, communicating with 

databases, supporting sessions and authentication of users, formatting output to other 

formats and adding safety towards web-based attacks. In the implementation of this 

project, a server-side web framework was used. When determining which framework 

to use the quality of documentation and features available were the deciding factors 

[21]. 

 

2.6.1 Django 

Django is a high-level Web framework written in Python. It is open-source and 

available for free. Django’s primary purpose is to simplify the creation of database-

driven websites. One of the ways Django achieves this is by providing many common 

features and functionality “out of the box”. It has support for any client-sided 

framework you may want to use and can deliver content in many different formats 

(HTML, RSS, JSON, XML, etc.). Django can also be extended if there are additional 

components or features that are needed.   

The Django framework also makes it easier to create a secure website. It protects 

against many vulnerabilities by default and offers secure methods for handling user 

accounts and passwords. Since Django is written in Python it runs on many different 

platforms, including Windows, Mac OS X and many variations of Linux. The versatility 

and compatibility of Django has helped make it a popular choice among developers. 

The Django framework includes a development server that is intended to help speed 

up the development process. This lightweight server allows developers to quickly get 

things up and running, without having to configure a production server such as 

Apache. However, it is very important to note that the development server should not 

be used in production! The documentation for Django is extensive and up-to-date [22] 

[23]. 

2.6.2 Flask 

Another web framework written in python is Flask. Flask calls itself a 

“microframework”. What this means is that Flask provides a simple but extensible core 
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that developers can build web applications with. Flask doesn’t make many decisions 

for you, it is up to you to decide which database to use, for example. Flask allows 

developers to add the things they need using extensions and doesn’t provide any 

unnecessary features. This approach makes Flask a very light and customizable 

framework. Flask offers comprehensive documentation and tutorials [24] [25]. 

 

2.6.3 Chosen Web framework 

After looking at Django and Flask and comparing their different approaches to web 

frameworks the conclusion is that the choice between the two is mostly down to 

preference. For developers who prefer to customize each part of their applications and 

pick and choose between extensions Flask will probably be the better choice. The 

“batteries included” mentality of Django seemed the most appealing for this project 

and choosing it allowed the project to get up and running quickly. 

2.7 Libraries 

To get additional functionality and make some functions easier to implement two 

Python libraries were used. These are introduced below. 

2.7.1 Requests: HTTP for Humans 

Requests is a Python library whose main function is to make HTTP requests easier to 

understand and write. Request accomplishes this by removing the need to manually 

add query strings to URLs and to form-encode POST data. It also handles Keep-alive 

and HTTP connection pooling automatically [26]. 

2.7.2 Django Channels 

As Django has a synchronous core, Channels works as an asynchronous extension 

which allows the use of protocols in need of long-running connections. This allows for 

communication through sockets and more, all while keeping the synchronous base of 

Django [27]. This works by using ASGI, a standard used for compatibility between 

webservers, frameworks and applications, which allows multiple incoming and 

outgoing events while still operating tasks in the background such as listening for 

events and more [28]. ASGI provides a standard for websocket used to connect to the 

socket of a specific webserver where the scope of the socket contains necessary HTTP 

details. 
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2.8  Summary 

This chapter provided the background information needed to fully understand the 

terms and concepts used in the following chapters. First, the concept of Internet of 

Things was explained and there was a brief description of the online calendar systems 

used at many companies and the one used for this project. The integration section 

introduced the programs used to remotely access the Pi and several key components 

used to integrate with the calendar system. These components include the Microsoft 

Graph API and the OAuth2 authorization framework. The Raspberry Pi and its 

hardware components and operating system were detailed. Next the reasoning and 

evaluation behind the choice of programming language and web framework was 

discussed. Finally, the libraries used were listed and their functions explained.  
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3 Project design 

This chapter describes the system design and user interface of the project. The 

communication and authorization flow between the server, API and user is visualized 

and explained. Next, the design goals of the user interface are discussed and the 

interface itself shown. The last sections show how the hardware was set up and how 

the communication between the browser and server was handled. 

3.1 System Overview 

The following section describes the system design of the project. How authentication 

is handled and how requests are made are shown using figures and described step by 

step. 

 

 

3.1 Overview of authentication flow 

3.1.1 Acquiring a token 

To access the calendar system several steps are required. These steps are shown in 

figure 3.1. In step 1 the server starts the authorization flow by redirecting the user to 

the Azure AD endpoint. The user authenticates by signing in to their Microsoft account 
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and grants the application the permissions it requests. Azure AD redirects the user 

back to the web application and provides an authorization code in step 2. This code is 

used by the application in step 3 (Figure 3.1) when requesting an access token from 

Azure AD. The authorization code proves that the user has authenticated and granted 

consent to the application. Azure AD verifies the authorization code and returns an 

access token and a refresh token, shown as step 4. The access token is used in step 5 as 

authentication when making requests to the Outlook Graph API. The response from 

the API is shown as step 6. If the access token expires a new one can be requested from 

the Azure AD using the refresh token. 

This process of acquiring an access token is performed once during the initial setup 

of the room manager. Once the room manager is ready for use the refresh token will 

automatically be used to reacquire the access token when needed. When API calls are 

made steps 5 and 6 are performed for each request. 
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3.2 System flow during user interaction 

3.1.2 Making a request 

 After the initial set-up and log in the room manager is ready for use. The system flow 

during use is shown above in Figure 3.2. In step 1 the user interacts with the browser 

displaying the web application by using the touch screen. The following text describes 

the flow then a user books the conference room. The user presses “Book: 1 Hour” to 

book the conference room. The request is sent to the server (step 2) and the server 

verifies that it has an access token. If the token has expired a new one is requested 

using the refresh token. If there is no token the application will need to perform the 

steps outlined previously in this chapter in section 3.1.1 “Acquiring a token” on page 

14.  If the token is valid the server constructs the request and sends it to the Outlook 
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API endpoint in step 3. The Outlook API will respond in step 4 with HTTP status code: 

201 Created.  

This means that the request was successful and that a resource was created. Next the 

server updates the web application in step 5 and changes the webpage status to display 

the occupied state in step 6. After these steps are complete the user has successfully 

booked the conference room and the status has changed to occupied. For other 

requests such as cancelling a meeting the general flow remains the same, but the 

messages and responses change depending on the type of request. 

 

3.1.3 Flowchart: Process overview 

 

3.3 The flow during system set-up 

 

 

3.4 The flow during system use 
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3.2 User Interface Design 

The room manager created during this project will be interacted with by using a touch 

screen interface. The size of the panel is 7” and the resolution is 800x480 pixels. The 

size of the screen and the fact that it will be interacted with using touch had to be kept 

in mind when designing the UI. The buttons were made large to offer enough surface 

area for a typical sized finger to easily touch. The steps needed to book a room were 

kept to a minimum. By using colours to indicate room status it is very easy to see if a 

room is available just by glancing at the panel.  Green is used to indicate available and 

red to indicate occupied. 

 

 

3.5 Home Screen showing an available room 

3.2.1 Home screen 

The home screen is the “default” state that the panel will spend most of its time in. On 

the home screen the current status of the room is displayed. Red clearly indicates that 

a room is currently occupied whereas green shows that the room is available. The 

available state is shown above as figure 3.5. When the room is available the user can 

quickly book the room by clicking the “Available” button after which the user can 

choose the duration of the meeting between 15, 30, 45 minutes or an hour. This state 
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is shown in figure 3.6 below. The result will be a completed meeting reservation with 

the default subject “Quick-book Meeting”. 

When the room is not available, a red screen will be shown containing details on the 

subject and end-time of the meeting that is currently ongoing, shown below as figure 

3.7. There is also a check-in button to allows users to verify that the meeting is taking 

place. Lastly the home screen always displays a clock in the top-left corner and a button 

on the top-right corner of the screen that redirects the user to the calendar view. 

 

3.6 Home Screen during quick booking 
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3.7 Home screen showing an unavailable room 

3.2.2 Schedule 

The schedule page shown below as figure 3.8 displays the next 7 upcoming reservations 

for the room. It is shown as a table containing columns for subject, start-time and end-

time. The schedule page also contains the top-left clock that is displayed on all views 

and a “back” button which takes the user back to the main screen.  
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3.8 The schedule for the conference room 

3.2.3 Sign in page 

The sign in page should not be seen during normal operation. It exists only to provide 

the ability to login in to the room account through a browser. Since this is done during 

the set-up of the room manager a normal user should never see this page. 

 

3.9 The sign in page 

3.3 Hardware Design 

The hardware used in this project consists of a Raspberry Pi 3B+ single-board 

computer and a Raspberry Pi 7” Touchscreen. The Pi is attached to the touchscreen 
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and the whole unit is housed in a small plastic cover as shown below in figure 3.10.  The 

Pi uses the Raspbian OS and hosts the server in a virtual environment. The web 

application is accessed through a browser. The Pi can connect to Wi-Fi using the on-

board wireless LAN and requires a single power connector to function. Alternatively, 

the device may be both powered and connected to the network by using PoE. 

 

 

3.10 Front view of the room manager showing the Raspbian desktop. 

3.4 Web Application and Server Design 

During the project the communication between the server and web application had a 

significant redesign. This section shows the initial design and the flaws that motivated 

the redesign. Next the final design is described, and the improvements made 

highlighted. 

3.4.1 Initial design – Pure HTTP using development server 

The first version of the web application ran on a Django development server and 

worked purely on a synchronous request-response basis. When the user clicked a 

button or navigated to a webpage the browser sent a HTTP request to the server. The 

server then ran the appropriate API calls and functions and redirected the browser to 

a HTML page based on room status. To poll the API for any changes to room status the 
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web browser ran a simple JavaScript that refreshed the page every 5 seconds. The 

resulting HTTP request to the server was used to run an API call and check status.  

When testing the room manager, it was made apparent that the initial solution had 

flaws. Each refresh of the webpage was clearly visible to the user and if they were in the 

process of booking the room the page reset upon refreshing. The result was a user 

experience that felt very primitive and frustrating. It was also possible to cause multiple 

requests to the server by quickly tapping the buttons before they disappeared. Running 

the web application on the Django development server was not a problem since the 

goal was not to be ready for production at the end of the project. However, replacing it 

with a proper production server would result in a more complete solution for future 

work. The room manager had all the required functions and could be considered 

“complete” but the decision was made to look for alternate solutions to improve the 

end result. To replace the need to refresh the page, a different method of 

communication between the web browser and server was necessary.  

3.4.2 Final design – Dynamic website using Django Channels 

The final version of the web application runs on a Daphne server and uses Django 

Channels to implement web sockets. Compared to the Django development server, 

Daphne can be used in production. Django Channels extends regular Django and 

allows it to handle web sockets. Websockets allow the server and the web application 

running in a browser to communicate asynchronously. This means that the browser 

and server can communicate with each other “live” without needing a HTTP request 

from the browser.  

When the user tries to book the room, the browser sends a message through the web 

socket to the server. The server parses the message and, depending on the type of 

message, executes functions and makes API calls. When the server receives a response 

from the API it prepares a data object containing room status, current time and any 

other information needed by the web application. This data object is then sent through 

the web socket, and the data contained within is used by the web application to update 

its status. This redesign resulted in a much more responsive and faster application. 

Communication through the websocket is fast, and the only noticeable delay is when 

waiting for the API to respond. Using Daphne instead of the development server 

brought the system closer to being ready for real use. 
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3.5 Summary 

This chapter discussed the design of the project and its components. The system 

overview section described the process for authenticating and authorizing the 

application to access the API. In addition, it explained how a request is made to the 

graph API. The interface design section showed the user interface design and discussed 

how the resolution and size of the touch panel affected the design and what the goals 

of the UI design were. Next, the hardware section talked about how the hardware was 

set-up and the software that runs on the Pi. Finally, in the web application and server 

design section the initial design of the system was shown, and the improvements made 

in the final redesign discussed. 
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4 Project Implementation 

This chapter provides detailed information on how the various system components 

have been implemented. Code examples provide a deeper understanding for how the 

room manager functions. The documentation used as a foundation to implement the 

required tools and libraries for the project were provided by Microsoft Office Dev 

Center.1 

4.1 Authorization using OAuth2 

To access the Outlook calendar system the application needs to provide authentication. 

As briefly mentioned in section 2.2.1 of the background chapter (page 3) there was an 

issue with account access. Due to a lack of proper access privileges there was limited or 

no access to the actual room calendars used at ÅF. The solution was to use a user 

account calendar in place of a room calendar. A regular user account was used to sign 

in and authorize access to its own calendar. When discussing authorization or logging 

in, any mention of a “user” refers to this account and not the end user utilizing the 

room manager to make bookings. 

OAuth2 is the authorization protocol which allows users to grant applications 

limited access to their Outlook accounts without revealing their login information. The 

initial set-up of the room manager requires a manual login to the designated user 

account. When using the room manager all requests to the API and thus all bookings 

made using the panel will be made by the same user. All URLs and functions related to 

OAuth2 authorization are stored in the “authhelper.py” file. 

4.1.1 Registering the application 

To access the Outlook graph API the application used must first be registered at 

“https://apps.dev.microsoft.com”. During the registration process a program-ID is 

assigned to the app and a secret key is generated. These two values, referred to as 

“client_id” and “client_secret” will be used when making requests. In 

addition, a redirect URL is specified on the registration page. This is where the 

authentication responses will be sent. The client_id and client_secret is 

specified in the “authhelper.py” file.  

                                                   
1 https://docs.microsoft.com/en-us/outlook/rest/python-tutorial  

https://docs.microsoft.com/en-us/outlook/rest/python-tutorial
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4.1.2 OAuth2 Authority 

Since this application performs API requests to the Microsoft Graph API, Microsoft is 

the OAuth2 authority. The base URL to our OAuth2 authority is 

“https://login.microsoftonline.com”. This address is stored as “authority”. When 

redirecting the user to initiate the OAuth2 client credential flow for consent the 

authorize URL is constructed by appending the OAuth2 endpoint to the authority URL: 

1. authorize_url = '{0}{1}'.format(authority, '/common/oauth2/v2.0/authorize?{0}') 

 

In a similar fashion the URL used for requesting tokens is constructed by appending 

the OAuth2 token URL to the authority URL:  

1. token_url = '{0}{1}'.format(authority,'/common/oauth2/v2.0/token')   

 

4.1.3 Authorizing the application 

 

4.1 Sign in page for Microsoft 

After registering the application, the user account will need to authorize the 

application, granting permission to access their calendar. This is the process described 

in the “Acquiring a token” section in the Design chapter. The web application will need 

to redirect the user to Microsoft to allow them to sign in and authorize the application. 

This process is started from the sign in screen during initial setup of the room manager, 
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see Figure 3.9. Pressing “sign in to outlook” directs the user to the authorization URL. 

The user is presented with the sign in page seen in Figure 4.1. After signing in Microsoft 

displays the permissions that the application requests and allows the user to grant 

them. As shown in Figure 4.2 the room manager needs read and write access to the 

user calendar and shared calendars, the ability to sign in the user and read their profile 

and access to their data anytime. 

 

4.2 Granting permissions to the Room manager 

Once the user grants permission to the application the OAuth2 Authority (Microsoft) 

returns an Authorization code. This code is used when requesting a token from the 

OAuth2 Authority. 

 

4.1.4 Acquiring a token 

After the user has authorized the application to access their account the resulting 

authorization code is used to acquire a token and a refresh token. The token will be 

used when making requests to the API, and the refresh token is used to easily reacquire 

the token if it expires. The request for a token is made to the token URL and is made 

up of several parts.  
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1. post_data = {'grant_type': 'authorization_code',   
2.              'code': auth_code,   
3.              'redirect_uri': redirect_uri,   
4.              'scope': ' '.join(str(i) for i in scopes),   
5.              'client_id': client_id,   
6.              'client_secret': client_secret   
7.              }   

4.3 Code snippet showing the post data of an authorization request 

The figure above shows the post data sent with the request. The grant_type specifies 

which type of credential the request is using. The room manager uses the 

authorization code grant type and provides the auth_code to validate 

authorization. After acquiring the tokens, the OAuth2 authority needs to redirect the 

user back to the web application. This address is the redirect_uri provided in the 

request. The scope contains the permissions requested by the application, these 

correspond to the permissions listed in Figure 4.2. Client id and the client secret are 

the values generated during application registration. The API response will contain the 

following data in JSON format: The access token, the refresh token and expires_in, 

which is the time in seconds before the access token expires. 

4.2 Building the HTTP requests 

The core functionality of the room manager software is making HTTP requests to the 

Graph API to access and change a calendar.  By implementing the “Requests: HTTP for 

Humans” library creating these HTTP requests is made easier and the amount of code 

required is reduced.  

4.2.1 Generic API call 

The first part of any request is the graph endpoint. For this project the endpoint is: 

'https://graph.microsoft.com/v1.0{0}'. This address is stored as graph_endpoint.  

All requests will use this address since all requests will be made towards the Microsoft 

graph API. However, this is not the complete URL needed to make a request. The target 

calendar will need to be added to the end of the URL before the request is made. An 

API call consists of several parts, some of which will be different depending on the type 

of request or the content sent. The API calls are implemented with a generic API 

function that contains all the necessary parts. Each part may be modified by functions 

calling the generic API function using parameters.  
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1. def make_api_call(method, url, token, payload=None, parameters=None): 

 

The code snippet above shows the generic API call function and its parameters. When 

calling the function, the method parameter determines the HTTP request method. It 

will be set to GET, DELETE or POST depending on which type of request is being 

created. The “URL” parameter is the endpoint that the request will be made to. The 

URL is created by combining graph_endpoint with the URL of the target calendar. 

As an example, a request to the test room used briefly during development added 

“/users/test@afconsult.com/events” to the graph_endpoint URL. The token 

parameter contains the authentication token used to authenticate to the API. Payload 

defaults to “None” since not all requests will contain a payload. The payload is used 

when making POST and DELETE requests. Lastly the “parameters” parameter is used 

to set filters when making GET requests. This allows the server to make queries to the 

API that only returns relevant events, such as events that have not started and the event 

closest to starting. These types of requests are used to determine if the room is 

currently occupied and if a booking request is valid. 

4.2.2 Get room events 

This request is made when the user clicks the “Schedule” button on the home page to 

view the room schedule. The schedule page shows a list of upcoming events for the 

room. To populate the list, the get_room_events function shown below as figure 4.4 

is called. 

1. def get_room_events(access_token):   
2.     get_room_url = graph_endpoint.format('/me/events')   
3.     current_date = dt.datetime.now().replace(microsecond=0).isoformat()   
4.     query_parameters = {'$top': '7',   
5.                         '$filter': "End/DateTime ge '%s'" % (current_date),   
6.                         '$select': 'subject,start,end',   
7.                         '$orderby': 'start/dateTime ASC',   
8.                         }   
9.     r = make_api_call('GET', get_room_url, access_token, parameters=query_param

eters)   
10.     if (r.status_code == requests.codes.ok):   
11.         return r.json()   
12.     else:   
13.         return "{0}: {1}".format(r.status_code, r.text)   

4.4 Code snippet showing the get_room_events function 
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The get_room_events function makes a GET request to the graph API, requesting 

events to display on the schedule page. The URL is updated to point at the currently 

signed in users’ events. In this case the signed in account is the virtual room itself. The 

current date is calculated and formatted to comply with ISO 8601 [29]. The query 

parameters are configured to filter out events that are irrelevant to the room schedule, 

such as events that have already ended. An event contains several attributes, some of 

which aren’t needed for the schedule view. The attributes “subject”, “start” and “end” 

are selected. They correspond to the event subject, event start time and event end time 

respectively. Once the URL, current datetime and query parameters are set the generic 

API call function is called. If the response code is “OK” i.e. HTTP 200, the function 

returns the JSON object sent by the API. If the response is not “OK” the function 

returns the response status code and text. 

4.2.3 Book the room 

The room booking function shown below as figure 4.5, post_book_room sends an 

HTTP POST-request to the graph API, specifying in the payload that the event should 

be created from the current time with the duration which is set from the parameter 

end_date and the default subject of “Quick-book Meeting”. The end_date parameter 

is set as the user chooses duration of the meeting on the UI. Once this request has been 

completed, a status code of 201 “Created” is expected. 

1. def post_book_room(access_token, end_date):   
2.     current_date = dt.datetime.now().replace(microsecond=0).isoformat()   
3.     get_room_url = graph_endpoint.format('/me/events')   
4.     payload_parameters = {"start": {'dateTime': '%s' % (current_date),   
5.                                     "timeZone": "Europe/Berlin"},   
6.                           "subject": "Quick-book Meeting",   
7.                           "end": {'dateTime': '%s' % (end_date),   
8.                                      "timeZone": "Europe/Berlin"}   
9.                           }   
10.    
11.   r = make_api_call('POST', get_room_url, access_token, payload= payload_parameters)

   
12.     print(r.status_code)   
13.     if (r.status_code == requests.codes.ok):   
14.         return r.json()   
15.     else:   
16.         return "{0}: {1}".format(r.status_code, r.text)   

4.5 Code snippet showing the post_book_room function 
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4.2.4 Get next event 

The get_next_event function is used to get the event that is currently active or the 

next one due to happen. This is accomplished in the same way the get_room_events 

function gets all events, but the filter is changed to only select one event. The function 

returns the event information in JSON-format. 

4.2.5 Check room status 
 

The function shown below in figure 4.6 calls the function get_next_event which 

sends an HTTP GET-request to the graph API along with the access token and retrieves 

the next event in the form of a JSON data-dump. 

This JSON data is then used in the check_room_empty function, made specifically 

to check if the room is empty by comparing the current time with the start- and end-

time of the next event. If the current time is less than the end time and bigger than the 

start time of the event, it is implied that a meeting is ongoing and that the room is 

booked. The function will then return a status value of 1. 

 If, however, the current time is less than start time and less than the end time, it is 

implied that the room is empty seeing as there is no meeting that has started or any 

meeting that has not yet ended. The function will then return the status value 0, which 

applies also if the current time is bigger than the end time and the start time, meaning 

that the meeting has ended, and no next meeting has been found.  

1. def check_room_empty(access_token):   
2.     event = get_next_event(access_token)   
3.     current_date = dt.datetime.now().isoformat()   
4.     start_time = get_start_time(event)   
5.     end_time = get_end_time(event)   
6.     data = get_meeting_data(event)   
7.     if (current_date < end_time and current_date > start_time):   
8.         data['status'] = 1   
9.         return data   
10.     if (current_date < end_time and current_date < start_time):   
11.         data['status'] = 0   
12.         return data   
13.     if (current_date > end_time and current_date > start_time):   
14.         data['status'] = 0   
15.         return data   

4.6 Code snippet showing check_room_empty function 
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4.2.6 Cancel booking 

When a user tries to cancel an event using the room manager the cancel_booking 

function shown below as figure 4.7 is called. The user can only cancel the currently 

active event from the room manager. The first action done when cancel_booking is 

called is that the check_room_empty function described above is called and the 

result is stored as roomData. roomData contains a value called status that is used 

to determine if the room is empty or not.  

If the room is not empty, get_next_event is called to acquire the JSON-data of 

the current event, which is then used in the get_id helper function to extract the ID. 

Each event has a unique ID, this ID is used when making a DELETE request to the API. 

The endpoint URL is appended with “/me/events/id/” to point at the event that should 

be deleted. After deleting the event the API will return a 204 “No content” response. 

 

1. def cancel_booking(access_token):   
2.     roomData = check_room_empty(access_token)   
3.     if (roomData['status'] != 0):   
4.         data = get_next_event(access_token)   
5.         id = get_id(data)   
6.         get_room_url = graph_endpoint.format('/me/events/' + id + '/')   
7.         payload_parameters = {}   
8.         r = make_api_call('DELETE', get_room_url, access_token, payload=payload_para

meters)   
9.         print(r.status_code)   
10.         message = {'status': "cancel"}   
11.         message['next_event_time'] = get_next_event_starttime(access_token)   
12.         return message   
13.     else:   
14.         data = {'status': "Error"}   
15.         return data   

4.7 Code snippet showing the cancel_booking function 

 

4.3 Helper functions 

The helper-functions below are used to get specific data from the JSON-data that 

calendar events are made up of. These helper-functions are short and simple, 

consisting of only a few lines of code and because of this they are only described in text. 

4.3.1 Get event subject 

The get_event_subject function takes the JSON data of a calendar event as input 

and returns the subject text. 
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4.3.2 Get start time 

The help-function to get the start time takes the JSON data of a calendar event as input 

and returns the start time of the event. This function can be used to get the start time 

of the current event or an upcoming event. It is used when determining room status 

and to display the start time of an upcoming event. 

4.3.3 Get end time 

The get_end_time help-function operates the same way as the get_start_time 

function except it returns the end-time of the current or next occurring event. 

4.3.4 Get ID 

As previously mentioned, in order to cancel the current event, it must be removed via 

the API using a unique ID specified for the event. This ID is extracted using the help-

function get_id which takes the events JSON data as input and returns the event ID. 

4.4 System Architecture 

The Raspberry Pi interacts with the graph API by hosting the web server in its own 

virtual environment set up to accommodate the Daphne server. This section will detail 

the process of communication between the browser and the server and the structure of 

the web application. 

4.4.1 Web to server communication 

As previously mentioned in the design chapter, the method of communication between 

server and browser went through two iterations. In the first version of the system the 

server and browser communicated using HTTP. The final solution consisted of hosting 

the web application on a Daphne server and the implementation of websockets. When 

the browser connects to the webserver by making the initial HTTP request a websocket 

connection is established. This connection is kept open, allowing the browser and the 

server to communicate with each other without sending additional HTTP requests. 

The data transmitted between the server and the browser is sent in JSON format. 

When the browser sends a message to the server it either requests the status of the 

room or informs the server that a meeting should be scheduled or cancelled. When 

scheduling a meeting the duration of the meeting is provided. The server response will 

contain the room status, the end time of the current meeting, the start time of the next 

meeting and any other information needed to correctly display the state of the room. 
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If a request fails, the server will return “Error” as the status. The browser uses the data 

received from the server to update the GUI and reflect the new status of the room. 

 

4.4.2 Daphne server 

The server used to host the web-application is a Daphne server which is included in 

Django Channels. Daphne was created specifically to power Django Channels. Django 

Channels extends Django without changing any of its core functionality. Changing 

from the Django development server to Daphne only required a simple change in the 

configuration file.  

4.4.3 Web application 

The web pages of the application are written in HTML and uses JavaScript for scripting 

and CSS for styling. This section describes each of the states the home page can be in 

and the functionality of the page.  

Home Page 

As explained in the project design chapter, the home page generates different layouts 

depending on whether the room is booked or not. The web application sends a status 

request to the server every 5 seconds and receives all the data needed to change to the 

correct state and show any relevant info as a response. This is done using JavaScript 

functions to hide and show buttons and change background colours when the state 

changes. When a button is clicked, the JavaScript function corresponding to that 

button will send a string message to the websocket. Server side, the “consumer.py” file 

contains functions related to the websocket.  They handle the data that the websocket 

receives by listening and waiting for a message to arrive and once it has, it will be 

compared in a switch case and call functions in “outlookservice.py” where all the API 

requests are made. If the message starts with “Book”, the user wants to book a meeting 

and the function corresponding to that action will be called from “outlookservice.py” 

where the rest of the message containing the duration of the meeting will be used to 

request a meeting of appropriate length. The consumer-file also compares cases such 

as cancelling the meeting and checking in to a meeting, all of which result in calling 

functions in the outlookservice-file.  
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Green layout 

The green layout, as discussed earlier in the design chapter, consists of several buttons 

that that are used to trigger the booking functions. On the top-left corner, a clock 

displaying the current time is shown. Below on the middle of the page the start-time of 

the next occurring meeting is displayed. The current time and the start-time of the next 

meeting is provided by the server when responding to a status request. 

Red layout 

The red layout has, apart from a header with the subject of the meeting displayed, 

buttons to trigger certain functions. The cancel button leads to a call to the cancel 

function in the outlookservice-file, the cancel_booking function is explained in 

detail in section 4.2.6. 

Similar to the green layout, a clock is displayed on the top-left corner. However, in the 

middle of the page the end-time of the current meeting is shown instead. The “check 

in” button under the subject of the meeting serves the purpose of checking in a user to 

the meeting and therefore avoiding that the meeting gets removed from the calendar 

after 15 minutes. When a user clicks the “check in"-button, a variable in the session is 

set to the ID of the current event and if the room is not booked, is set to the value of 0. 

After that, another function is called continuously that will return the value of the 

session variable in order to check if it has changed. This triggers a function in the 

outlookservice-file which does four comparisons.  

First comparison; checks that the room is booked, and that the session variable is 

the ID which means that the user has checked in for their meeting.  

Second comparison; checks that the room is booked but that the session variable is 

0 meaning that the user never checked in, which in turn triggers a call to a function 

check_time, returning the ID of the meeting when 15 minutes has passed. Within 

the second comparison, another one is done where the value received from the 

check_time function is compared and if 15 minutes has passed (meaning that the 

return value is the ID) the meeting gets cancelled by the cancel_booking function. 

The last two comparisons are done to make sure that the session variable is nullified 

when there are no meetings booked. 
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Schedule Page 

The schedule page contains, as discussed previously, a table of upcoming events which 

is displayed on the HTML-page using the class ‘table’. The main functionality of the 

schedule is to display the upcoming events, a task that is achieved by making the HTTP 

GET-request to get calendar events, as explained in section 4.2.2. The events are sent 

from the server to the browser as JSON data, which is then used to populate the table. 

4.5 Summary 

This chapter provided detailed information about the implementation of this project. 

The first section describes how OAuth2 was used for authorization to enable the room 

manager to access the Microsoft Graph API. Each step of the process, including 

registering the application, authorizing the application and acquiring a token were 

covered. Next, the structure of the different types of requests used to access the Outlook 

calendar were described. The section covered how a booking is made and how room 

status is determined, among other things. Lastly, the system architecture section 

defined the structure of the room manager system, how communication between the 

server and web application was handled and the functionality of the web application.  
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5 Results and Evaluation 

In the first chapter, the objectives of the project were introduced. In this chapter, those 

objectives will be reviewed, and comparisons drawn between the implementation and 

the application of the objectives to the system. How limitations in account access 

affected the project and the result will be discussed. Furthermore, similar products will 

be introduced and compared to the room manager.  

5.1 Limitations 

During the project a limitation regarding access to the virtual room calendars was 

discovered. ÅF outsources parts of their office suite to a third-party, including email, 

calendar and room booking. The third-party in question handles account management 

and access privileges. Access to the room calendars where meetings are stored was not 

available. Due to this third-party’s inability to grant these permissions or create test 

accounts and test rooms for use in the project an alternative solution was found. User 

accounts also have their own calendar that meetings can be created in. These calendars 

are very similar to the ones used by the virtual room resources. Therefore, a user 

account calendar was used as a “room calendar”. The use of this solution also meant 

that when making requests to the API the account used to authenticate was the user 

account that the calendar belonged to. This limitation did not affect the functionality 

of the room manager regarding meeting the requirements set by ÅF. It will however 

result in additional work for anyone continuing development, this is further discussed 

in the “Future work” section of chapter 6. 

5.2 Fulfilment of goals 

To verify that the application works as intended and accomplishes the tasks defined in 

the objectives, a survey was done where a group of ÅF employees tested the room 

manager and gave their feedback. The survey had questions that were rated from 1 to 

5 where 1 is “very difficult” and 5 is “very easy”. The objectives presented in the first 

chapters are as follows; 

 

1. It should be immediately apparent from a quick look at the panel if the room is 

currently occupied or available. 
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5.1 The room manager set up next to a conference room door 

As shown in figure 5.1 above the status of the room is clearly visible on the screen, even 

when standing some distance away. The decision to use bright colours to indicate 

status allows the status of the room to be seen very clearly, without reading any text.  

Feedback from employees is shown below as figure 5.2 and also indicates that room 

status is easy to see.  
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5.2 Bar chart showing responses to question 1 

2. If the room is not occupied a user should be able to quickly book the room using 

the touch interface on the panel. 

 

5.3 Bar chart showing responses to question 2 

As seen in the bar chart in figure 5.3, employees found that the process of booking 

a meeting was easy. This can be attributed to the decision to minimize the number 

of steps required to book the room. 
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6. The room manager should be able to show upcoming meetings in a schedule. 

 

5.4 The room schedule view 

Figure 5.4 shows the room schedule view of the room manager. The next 7 booked 

events are shown, with their subject, start time and end time available. 

 

3. When a meeting starts the user checks in using the touch interface. If the user 

does not check in within 15 minutes of the meeting starting the meeting is 

automatically cancelled. 

 

5.5 Bar chart showing responses to question 3 
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The check-in function works as requested and the feedback seen in figure 5.5 shows 

that the function was easy to understand. The most popular response was 4 out of 5, 

indicating that there may be room for improvement. 

 

4. The panel should be self-explanatory and require no prior experience or 

instructions to use. 

 

5.6 Bar chart showing responses to question 4 

 

To conclude the survey, the testers were asked about how easy the user interface was 

to understand. None of the testers received instructions or had previous experience 

and were free to figure out the user interface on their own. The majority of the 

responses indicated that the users found the system to be very easy to use and 

understand. 

5.3 Testing 

Testing in regard to systematic testing such as dynamic unit testing was out of the scope 

for this project and was therefore not a priority. Testing occurred in the simple ways of 

checking whether functions returned their respective values and whether input 

parameters contained the rightful values.  
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Manual testing was also done for the API calls where, for example, meetings were 

manually input to Outlook and then cancelled using the room manager’s “15 minutes 

cancel”-function and cancel button. 

5.4 Compsarison to similar products 

There are several companies that offer room managers for purchase. This section will 

compare the features of commercially available options with the room manager created 

during this project. This will provide some indication of how feasible it would be for 

ÅF to create their own room manager system. 

5.4.1 Evoko Liso 

Evoko Liso is a wireless room manager used to book, cancel and much more. Below is 

an extended list of features provided by Evoko Liso [30]. 

• Evoko Liso has a mobile application connected to the booking system with easy 

booking, ability to invite co-workers to the meeting and access to schedules. 

• Users can book, end or extend meetings directly from the clock on the room 

manager.  

• Analyses statistics, provides multi-site management options and real-time unit 

monitoring. 

• Communicates with third-party systems; For example, allows AC:s to turn on 

10 minutes before a meeting starts and is compatible with RFID/NFC and PIN 

for identity verification. 

• Allows for reporting of non-functioning equipment directly on the screen.  

• Compatible with Microsoft Outlook, Microsoft Exchange, Google G Suite, 

IBM/Lotus Domino, and stand-alone version of their own Evoko Booking. 

• Cost of a unit is 1280 EUR (excluding taxes/fees), Evoko Home application, two-

year warranty and more [31]. 

5.4.2 Meetio 

Meetio is another room manager used for booking and cancelling directly on the 

screen. Below is a list of features provided by Meetio [32]. 

• Switches between three states; green when the room is available, yellow when 

the room will soon be occupied and red if the room is currently occupied. 
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• Contains a view of the meetings of the day and allows users to see what time 

slots are open and when the next meetings start. 

• Check-in button makes sure to free up rooms that aren’t being used despite 

being booked. 

• Meetio Admin; cloud-based web-app for management included in the Meetio 

Room manager and Meetio View license [33]. 

• Displays the equipment available in the room such as TV, projector and more 

and allows reporting of faulty equipment on the screen. 

• Stores data about room usage and booking behaviour. 

• Compatible with Microsoft Exchange and Google G Suite.  

• Price for one unit is around 733 EUR and includes Philips 10” screen with LED, 

36 months of license, wall mount and power adapter and lastly 36 months 

hardware guarantee and support [34]. 

 

5.4.3 Joan 

Joan is the third and last room manager to be introduced in this chapter. Joan has 

features such as [35]: 

• Is wireless with a rechargeable battery that lasts from 12 weeks to 12 months.  

• Compatible with Google G Suite, Microsoft Office 365, Microsoft Exchange, 

iCalendar and more. 

• Displays real-time schedule to show room status and allows users to book and 

cancel meetings directly on the screen. 

• Joan Portal; a web portal for management of the devices with settings to turn 

features on/off, check battery and WIFI-signal and more.  

• Stores statistics over room resource usage.  

• Cost of a Joan Manager is around 458 EUR and gives a battery life of 12 weeks, 

a larger Joan device (Joan Board) costs around 1214 EUR and gives a battery 

life of 12 months [36]. 

 

5.4.4 Comparison to our room manager 

• Allows users to book the room and cancel their meeting directly on the screen 

• Check-in function clears unattended meetings 
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• Schedule page shows upcoming meetings 

• Room status is highly visible by using both colour and text 

• Is custom-made specifically for ÅF to suit their needs therefore allows features 

to be added freely such as improved UI and new functionality. 

• The server and web application can be moved from the Raspberry Pi to a 

separate server; which makes it easier to reuse the Pi if necessary and also makes 

expanding the application easier when only one device is hosting the webserver. 

•  The cost of one unit is around 176 EUR including casing and power cable. This 

does not however include the cost of development, which would be significantly 

higher if done by ÅF employees.  

 

5.5 Code review and Code quality 

Approximately halfway through the project a code review was performed together with 

an ÅF employee who has experience using Python. Code structure, naming of variables 

and the use of comments were discussed. The code quality was determined to be good, 

but there was room for improvement by implementing the PEP8 style guide. PEP8 is a 

style guide for the Python language that has rules for how to format Python code. The 

goal of PEP8 is to provide a standard style that is consistent across projects, increasing 

readability and long-term maintainability. After the code review all python code was 

reformatted to comply with PEP8. This took some time away from development but 

resulted in higher quality code and better readability. 

5.6 Summary 

This chapter showed the result of the project and discussed how well the objectives set 

in the introduction chapter were accomplished. Feedback from employees at ÅF who 

tested the room manager were used as part of the evaluation.  In addition, there was a 

detailed comparison between our solution and commercially available room managers. 

Lastly the code quality and the result of the code review were discussed. 
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6 Conclusion 

This final chapter will discuss how the project went, and the journey behind it. 

Furthermore, the future work section provides a starting point for continued work on 

the room manager. Notable aspects that need to be considered and suggested features 

are listed. Finally, the report ends with a few words from the authors. 

 

The project has managed to achieve all the of the goals and features requested by ÅF. 

When starting out it was not certain that accessing the calendar through the API would 

be possible. Initial access restrictions to the room calendars were quickly solved with a 

slight workaround. By using personal accounts work could proceed and the 

functionality of the application was not affected. During the project work progressed 

at a good pace without any notable long-lasting problems, largely due to the excellent 

documentation provided by Microsoft and the Django Software Foundation. Overall 

the project was highly successful and ÅF are very satisfied with the result. They have 

expressed a desire to continue working on the room manager and hopefully put it to 

use. 

6.1 Future work 

The project has resulted in a functioning prototype. Before the room manager is ready 

for use in a “live” environment there are several things that need to be worked on. 

These were either outside of the scope of the project or not possible to resolve due to 

third-party factors. 

• Security – The security aspect of the room manager was considered outside 

of the project scope but is of course something that must be investigated 

before the panel is put into use. 

• Account access – As mentioned in the limitations section of the Results and 

Evaluation chapter, during the project access to the real Outlook rooms was 

not possible. Anyone continuing development would need to resolve this 

issue with the third-party that handles the email and calendar systems for 

ÅF. 
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In addition to the necessary items listed above some additional features were 

considered during the project that could not be implemented due to time constraints. 

If work continues on the room manager adding these features should be considered. 

 

• Card-reader – During development the ability to use existing ID-cards for 

identification and booking rooms was discussed. A brief investigation showed 

that NFC modules are available for the Raspberry Pi. With such a module it 

would be possible to read information from NFC cards. However, it was 

determined that implementing such a feature was not possible due to time 

constraints.  

• Improved UI – In regard to the UI the focus during this project was to create 

a UI that is easily understood and that clearly displays the status of the room. 

This was achieved but visually there is room for improvement. A more 

modern and stylized look could help make the UI look better, this can include 

a change in colours to accommodate colour-blind people.  

• Office map – In addition to the schedule for the specific room, a map-view of 

the rooms with their respective status (available or occupied) can be added 

for easier overview. 

• Connect the room manager to outside devices such as air conditioners, 

projectors and more, allowing a user to interact with them using the manager. 

6.2 Closing remarks 

When looking back at the project, we feel very satisfied with the result. During the 

initial planning of the project it was not certain that we would be able to access the 

calendar API at all. As it turned out it was possible to access the API and we were able 

to implement all the features requested by ÅF. The starting process was smooth and 

moved on rapidly, the only complication was the inability to access the room-accounts. 

However, this did not set us back and an alternative solution was quickly found. During 

the project we learned a lot, we had little or no previous experience with the languages 

and frameworks used. We also learned the importance of good documentation, as this 

made working with the Microsoft Graph API and Django much easier. It was fun 

working on something that may end up being used, and we are glad that ÅF have 

expressed a desire to continue development. 
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