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Abstract 
 
Multi-touch technology and digital tabletops have been used in different fields. 
They provide a natural way of interaction with computers through gestures. In this 
report, we present a digital desk for power plant control rooms aimed at 
visualizing the power grid status. The thesis reports about the development of this 
desk that comprised field studies, use cases and requirements identification, low-
fidelity prototyping, and software development. A final evaluation of the design 
indicated that digital tabletops can be valuable for control room operators since 
they can enhance learning and communication among the collaborating operators. 
The work was done at ABB Corporate Research in Sweden. 
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1 Introduction 
 
This section gives an overview of our project and introduces the objective of the 
thesis. The structure of this report is described in the remainder of the chapter. 

1.1 Project Description 

With the development of industrial automation, control systems are introduced to 
help control and monitor production processes. A control room is a room serving 

as an operations centre where a facility or service can be monitored and 

controlled [1]. According to Ivergård et al. (2008), the concept of control room has 
nowadays spread to different areas, including food processing, surveillance and 
security, financial control etc [2].  
 
Control rooms are widely used in power plants. As a leader in automation and 
power technologies, ABB produces many power products and systems, ranging 
from high voltage, low voltage, transformer, to power generation and distribution. 
This thesis was part of a research project at ABB Corporate Research in Västerås, 
Sweden in collaboration with the Network Management business unit at ABB 
Power Systems. The research focused on next-generation control system in the 
control room environment. The purpose was to investigate the feasibility of using 
multi-touch technology and digital tabletop in control rooms. We used Microsoft 
Surface as the digital tabletop for this research. Two master students and some 
research engineers were involved in the project. The time for this thesis was 20 
weeks (30 hp). 

1.2 Objective and Aim 

The aim of the thesis was to develop a tabletop user interface for power plant 
control room operators. We also wanted to answer the following questions: 

• How can multi-touch tabletop interfaces be used in a control room? 
• What parts of operator’s work could benefit from this kind of interaction? 
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• Can the features of Microsoft Surface enable a new way of working as an 
operator (from the perspectives of collaboration and interaction between the 
system and real world objects)? 

Moreover, at the end of the thesis, the aim was to present some scenarios where 
digital tabletops could be used to improve power plant control room operator’s 
work.  

1.3 Report Structure 

This report is organized as follows: First, we introduce the background 
information on control rooms. Second, we discuss how user interface approaches, 
particularly multi-touch, can be used on digital tabletops. Third, technical aspects 
of digital tabletops, such as sensing approaches and tagged objects for object 
identification, are introduced. In the section of methods, we specify how we 
approach our research and development questions. In the remainder of the report, 
we present a set of digital desk prototypes. Moreover, we discuss the limitation of 
our prototype from technical and design perspectives. 

1.4 Delimitation 

The goal of the thesis was to develop a prototype to be able to evaluate the 
feasibility of the multi-touch technology for the control room. Hence, the system 
was not connected to a real SCADA. Moreover, due to the 20-week time 
limitation, we did not develop low-level priority functions (i.e., fancy graphics) 
that were not required for the demo. 
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2 Background 
 
The basic concepts of control room and multi-touch technology are presented in 
this section. The characteristics of Microsoft Surface are introduced as well. 

2.1 The Control Room Environment 

In power plants, electricity is generated and distributed to the outside world. An 
industrial control system called Supervisory Control and Data Acquisition 
(SCADA) is often used to control and monitor the underlying processes. This 
system connects to the sensors in the plant and presents the real-time status to 
operators in the control room. Figure 1 shows operators working in a control room. 
 
Normally in a control room, the work environment contains many automated 
computer systems and the work always depends heavily on these systems [3]. 
There are many displays on the operator’s desktop. Each display shows a specific 
function so operators can observe them at the same time without switching 
between each other. Large displays can also be found on the walls. They may, for 
example, show the routing of distribution and its status, or the overview of the 
system. When alarms are coming, alert sound will be played loudly to attract 
operators’ attention. Phones are also important equipments for control rooms. 
Operators use them to contact field engineers and get the latest process status. 
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Figure 1. A control room (source from ABB). 

2.2 Natural User Interfaces 

Computer user interface has evoluted from Command Line Interface (CLI), to 
Graphical User Interface (GUI), to Natural User Interface (NUI). In the CLI, users 
use keyboards to key in commands as the input. The computer displays the results 
in plain text. The classic MS-DOS operation system is a CLI system.  
 
The GUI introduces graphical elements such as windows, icons, and menus. It also 
introduces mouse as the main input device. Users can interact with the computer in 
other ways than typing. The advantage is that users can see the information 
visually, and manipulate these elements directly in a more intuitive way. There is 
no need to learn the commands so it makes using computer easier and faster. The 
most well known GUI system is Microsoft Windows. [4] 
 
The NUI provides an even more intuitive interface than the GUI. The word natural 
means users use gestures to control the content on the screen. Keyboard and 
mouse are totally abandoned in this approach. Multi-touch technology can enable 
the NUI and Microsoft Surface is an early product which provides this interface. 
[5] 
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2.3 Digital Tabletops and Multi-touch Interaction 

Since the release of the iPhone in 2007, multi-touch technology has greatly 
attracted people’s eyes. The main difference between an iPhone and a traditional 
mobile phone is that it uses a large multi-touch screen as the sole input method 
instead of a keypad [6]. People use their fingers to accomplish all operations by 
using different gestures and direct touch. The latest Windows 7 adds multi-touch 
support as a core capability as well [7]. This kind of “new” technology gives 
people a more intuitive way to interact. But in fact, multi-touch technology can 
date back to 1982, when University of Toronto developed the first multi-touch 
system called Flexible Machine Interface. The first multi-touch screen was 
developed by Bell Labs in 1984 [8]. 
 
In 1991, Wellner created the DigitalDesk which used a camera and a projector 
above a real desk to allow interacting with paper and electronic objects by 
touching them [9][10]. The camera located the position of the fingers and read the 
paper documents. The projector displayed the feedback by projecting electronic 
objects onto the desk. The system provided tangible manipulation by touching 
instead of using a mouse.  
 
The basic implementation of multi-touch is as follows: The content image is 
projected to the screen with LEDs behind. When the fingers touch the screen, the 
reflection of light is sensed by the camera and the data is sent to software which is 
responsible for calculating and showing the response. It is also possible to use 
pressure-sensitive material on the screen to sense the touching. [10] 

2.4 Microsoft Surface 

Microsoft Surface is the first commercial multi-touch computer released by 
Microsoft in 2007. It can respond to natural hand gestures and real-world objects, 
helping people interact with the content in a more intuitive way. With a large 
display, people can gather around it and interact with the data simultaneously and 
collaboratively. It supports up to 52 discrete simultaneous contacts at a time. 
Figure 2 shows Microsoft Surface. 
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Figure 2. Play chess on Microsoft Surface. 

2.4.1 Hardware Platform 

A Microsoft Surface unit is a coffee-table-sized computer. It has a 30-inch touch 
screen on the top with a projector underneath the surface. The vision system uses 
five infrared cameras to sense hand gestures and physical objects. The applications 
respond to the input and the projector visualizes the result onto the screen [12]. 
Figure 3 shows how the Surface tabletop works.  
 



Linköping University 
Department of Computer and Information Science 

 

 17 

 
Figure 3. Microsoft Surface hardware overview. 

 
(1) is the multi-touch screen which can sense the pressure of fingers and can 
recognize physical objects by reading the shapes or tags. (2) is the vision system. 
The infrared below emits LED light to the screen. When objects are put on the 
screen, the light reflects back and is picked up by the cameras. (3) is the computer 
of the Surface. Nowadays Surface uses a Core 2 Duo processor, 2GB memory and 
a 256MB display adapter. (4) is the projector with the resolution of 1024*768. 

2.4.2 Software Platform 

Currently, the version of Surface is 1.0. The computer is based on the Windows 
Vista operating system and Surface applications are running in the Surface Shell. 
The Surface SDK provides extra Windows Presentation Foundation (WPF) 
controls with built-in multi-touch support. Surface can recognize three 
manipulation gestures: move, rotate, and resize [13]. Besides WPF, developers can 
also use XNA to develop Surface programs [12]. 
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Figure 4. Microsoft Surface software architecture [14]. 

2.4.3 Tagged Objects 

A tag is a special pattern of dots. It consists of a geometric arrangement of infrared 
reflective and absorbing areas. The concept is similar to bar codes. Each tag stores 
a unique binary code value which can be recognized by the vision system 
implemented in Microsoft Surface. 
   
Microsoft Surface supports two types of tags: byte tags and identity tags. A byte 
tag stores 8 bits of data so there are 256 possible values. Identity tags have a much 
larger range than byte tags. An identity tag stores 128 bits of data, so there are 
totally 2^128 possibilities which means an almost unlimited range of values. 
Figure 5 shows an example of byte tag, and Figure 6 shows an example of identity 
tag. 

 
Figure 5. Byte tag. 

 

 
Figure 6. Identity tag. 
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A tagged object is an object with a tag attached on it. A Surface application can 
recognize an object according to the tag value. Tagged objects can be used in 
many scenarios. For example, an identity card with a tag can be placed on the 
Surface so the card holder can be recognized (e.g., log in to a system). 

2.5 Related Work 

Researches of digital tabletops and multi-touch technology have been done in 
different areas. Peltonen and colleagues observed the large multi-touch display in 
the center of Helsinki to analyze the public availability and the contribution to 
public [15]. Rick and Rogers presented the process of adapting a single-user 
desktop educational application to a collaborative multi-touch application [16]. 
Scott and colleagues conducted two studies to understand the territoriality in 
collaborative digital tabletops [17] and gave the design guidelines for effective 
collaboration [18]. Forlines et al. investigated the differences between direct-touch 
and mouse input [19]. Morris et al. discussed cooperative gestures [20] and 
Wobbrock et al. presented a complete user-defined gestures set [21]. However, 
little has been done in the control room area. 
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3 Methods 
 
This section describes the methods we used to collect and analyze data, find 
scenarios and use cases of using digital tabletop, and convert them into functional 
requirements. It also introduces the Scrum process that we followed for the 
development of the prototypes. 

3.1 Requirements Elicitation  

Figure 7 shows the process of our research in this project. To elicit the 
requirements for the system, we needed to understand current work flow in the 
control room. ABB engineers had done a field study at Company A in November, 
2009. They observed operators’ daily work and some parts were video recorded. 
They also did interviews with operators. Fortunately, we got the video tapes which 
lasts for 11 hours that we analyzed. We did another field study at Company B in 
March, 2010 to learn more about work in the control room. It was a semi-
structured interview for half day. From these interviews we got a good picture of 
the working environment of power plants and control rooms. 
 
After the interviews, we analyzed the work flow we observed. We tried to find 
some use cases that multi-touch technology and digital tabletop could be used to 
improve productivity and collaboration among operators. Based on the use cases, 
we summarized the requirements for our prototype. 
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Figure 7. The research process. 

3.2 Detailed Process 

Company A is one of Sweden's leading energy companies. It provides customers 
with energy services, district heating, cooling, natural gas, broadband and the 
electricity supply network. Company B is a city-owned electric power and district 
heating provider.  

3.2.1 Data Collection 

The video tapes from Company A were being used as the main data source. From 
the video we could get an intuitive feeling of the environment in the control room 
and the systems they used. The work flow was the most important part we needed 
to understand. We focused on power outage handling and took notes of the roles 
and actions of operators. Moreover, we looked at how operators collaborated to 
solve problems. We also drew the work flow in sequence diagrams to help 
understand. 
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3.2.2 Analysis 

First, we held meetings to discuss scenarios based on the collected data. From the 
discussions, we created ideas and summarized the major functions we could 
provide. There was no limitation of which areas the ideas should be in. All ideas 
were welcome. We used mind maps to record the ideas and used a tool called 
Freemind to draw mind maps. After the meetings, the initial mind map was shared 
on the server so everyone had the access to it. Whenever a new idea came across 
the mind, we added it to the map. We also sought for successful cases and watched 
videos of digital desk concepts to get some inspiration. After we had got enough 
ideas, we held a workshop to present the results to the group. We discussed the 
ideas and put them into different groups based on the functionality. 
Consequentially, we created some use cases to apply the new ideas. Finally, we 
presented the use cases to the Network Management business unit and revised 
them according to the feedback.  

3.3 The Scrum Approach 

We used the Scrum to implement the high-fidelity prototype. Scrum is one of the 
agile software development methods. It is based on the iterative development 
process. All tasks that need to be done are placed in a product backlog and are 
tracked by the team. The whole development is divided into a series of short 
periods called sprints. For each sprint some tasks are selected as the goal which is 
called sprint backlog. Typically one sprint lasts for one to four weeks. During the 
sprint, team members hold short daily meetings to review the status and issues. 
With the progress of sprints, the software is delivered incrementally. [22][23] 
 
Considering the time that we had for the prototype implementation, we split our 
development into two sprints with four weeks for each. We listed all functionality 
based on the functional requirements. The product owner prioritized the functions. 
For each sprint, we picked high-priority functions into the sprint backlog. Before 
the sprint started, we held a meeting and used planning poker to estimate the story 
points (man days) needed for each function. Every member showed his estimation 
to others. If we could not achieve the same points, we should explain the reason 
and did the estimation again until we could have the same points. Then we printed 
out the functions with the description, priority, and story points as cards. During 
the implementation, we used the task board as shown in Figure 8 to track the 
overall status. There were three columns named “Not checked out”, “Checked 
out”, and “Done”. We broke down every function into detailed tasks and put them 
in sticky notes. Initially all tasks were “not checked out”. If someone started to 
work on a task, the task was moved to “checked out”. After the task was 
completely done, it could be moved to the “done” column. On the right side there 
was a burn down chart to show the progress. Every morning we had a short 
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meeting to discuss what we had done, what issues we had, and updated the burn 
down chart. 
 

 
Figure 8. Scrum task board. 
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4 Results 
 
This section describes the results from the two field studies. A mind map with the 
ideas of using digital tabletops in the control room was created and use cases are 
described. The chapter also introduces and explains the prototypes in detail based 
on the functional requirements. 

4.1 The Environment 

From the video record we found that several systems were being used in the 
control room at Company A: a SCADA system connecting to each power station 
retrieving real-time information, an Outage Management System (OMS) which 
connected to the call center for inputting the source of outages, a phone system for 
contacting field engineers, and some other less significant systems. There were 
totally nine displays in the control room which were placed on three operator 
tables. There were ten people working in shifts. Every eight hours they changed 
the shift. Figure 9 shows the layout of the control room at Company A. 
 

 
Figure 9. Control room layout. 
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Currently, work orders were all written on paper. Field engineers received the 
work orders every morning. There were two types of work orders: planned and 
unplanned. Planned work orders were for planned maintenance, while unplanned 
work orders were for emergencies. 
 
On every Thursday a weekly meeting was held to review last week’s status. 
Participants included managers, operators, field engineers, and relay engineers. 
They went through all events that had happened in the past week and discussed 
how to improve the process. 
 
Compared with Company A, the control room of Company B was smaller in size. 
There were 6 different shift teams with 8 hours shifts. The control room was 
divided into different areas that mapped functions/areas in the power plant. 
Operators were responsible for these areas and they rotated their responsibilities. 
There were totally 3 operators in the control room with about 16 displays 
including wall screen. When operators wanted to contact field engineers, they 
called call center which helped to get access to field engineers. Operators didn’t 
know the locations of field engineers. There was a notebook on the desk that 
operators could add information for the shift handover. During the handover one 
operator gave the information to the other operator orally. They could also show 
the data on the display or in the notebook. After the information was exchanged, 
all operators gathered together to talk about any general information. 

4.2 Work Flow 

We observed the process of power outage handling as follows from the video 
tapes: when an outage occurred, alarms arrive to the control room from SCADA. 
Operators hear the audio notification from two speakers on each side of the control 
room. There is a pole hanging from the roof. It shows different colors for different 
types of alarms. Operators check the alarm list in the control system and try to find 
and isolate the fault. If they cannot solve the problem through remote control, they 
contact the field engineer who has the right knowledge and is responsible for the 
affected area. A work order is created and transferred to that engineer verbally on 
the phone. After the field engineer fixes the fault, he contacts the operator again. 
The operator updates the work order and the information in OMS as well. A report 
is created for this incident. Figure 10 shows the outage handling process. 
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Figure 10. Outage handling flow. 

4.3 Use Cases 

We developed some use cases that we thought digital desks could be used for 
control rooms. We defined different roles for people involved: operators, field 
crews, managers, visitors, etc. Each use case aimed for different groups of people 
and different scenarios.  
 
The digital desk can be put either inside or outside the control room, depending on 
the purpose. People can stand around the desk and discuss the information 
presented by the desk by interacting with the application. The desk can present 
different kinds of information, such as power stations, power lines, and so on, 
depending on the roles and permissions. We presented the use cases to the 
Network Management business unit and they chose four for the final prototype. 
Then we created the functional requirements based on the four use cases. 

4.4 Prototypes 

4.4.1 General System Description 

According to the requirements, we designed the system as a map-based application. 
The map is always displayed in the background and occupies the full screen. Users 
use their hands to move, zoom in, or zoom out the map. We designed several 
layers on top of the map. Each layer provides relevant information from the demo 
application server, such as power stations and power lines. Users log into the 
system to turn on/off the layers. For login, they simply put their badges on the 
digital tabletop and enter the pin code. Different users are granted different 
permissions depending on their roles. 
 
The system also provides functions like alarm list, work order, etc. Users can 
locate an alarm on the map to trace the root cause based on the detailed 
information. Every work order has an identity tag so users can put the paper 
version on the digital tabletop and the latest electrical version will be shown on the 
screen. Users can also compare the changes between different versions. 
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For the collaboration part, we designed a participants list which displayed all 
logged in users. Users can drag the photo in the list to see more information. Users 
can also drag stuff to that person to exchange information. 
 
Currently all information was read-only in the prototype. 

4.4.2 Paper Prototype 

We created low-fidelity prototypes before creating the final high-fidelity prototype. 
Low-fidelity prototype is the prototype created at the early design stage. It 
visualizes the design ideas and the development usually doesn’t require much time 
[24]. So it is easy to verify and change the design. The prototype could be either 
paper-based or computer-based.  
 
Sefelin at el. concluded from a study that both kinds of prototypes lead to almost 
the same quantity and quality but computer prototypes are preferred [24]. Bolchini 
at el. also mentioned that the paper prototypes have the limitation of full 
interaction experience because of the necessary of a facilitator to provide feedback 
[25]. We estimated that it would take a much longer time to create a running 
application on the digital tabletop as we were not so familiar with Microsoft 
Surface development at that moment, we decided to create the paper prototype 
first so we were able to simulate the work flow of how the application would work. 
We used software to draw the images for different screens, printed out and put 
them on the digital tabletop and interacted with them just like with the real 
tabletop. Figure 11 shows the paper prototypes we had created. They included the 
menus, map, calendar, different information windows, etc. 
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Figure 11. Paper prototypes on the digital tabletop. 

4.4.3 Computer-based Low-fidelity Prototype 

We re-used the images we created for the paper prototype to create the computer-
based low-fidelity prototype. We created a Microsoft Surface application and 
added the images into it by using existing Surface controls. Finally, we could 
manipulate those images by using gestures on the Surface. 
 
We invited people from the Network Management business unit to visit us and 
demonstrated the prototype to them. They worked with it for a while and they 
really liked it. They also gave us valuable feedbacks so we could improve and 
make it better in the high-fidelity prototype. 
 
We only spent a few days to implement this prototype. But we were able to 
demonstrate it and users could try almost all functions. It reduced risks and made 
sure that the final implementation was what users really wanted. 

4.4.4 High-fidelity Prototype 

After the low-fidelity prototypes, we started to implement the high-fidelity 
prototype. It was the final goal of the thesis as well. The prototype should be an 
executable Surface application which could demonstrate the conceptual design. It 
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should consist of all functionality in the requirements. But because of the time 
limitation, only high-priority functions were implemented. 

System Overview 

There was a map team which had developed a map server and a client component. 
We used that client for displaying our map. The map server was running in IIS. It 
acted as a proxy between our application and various map services on the internet. 
Also, it provided caching which meant we could run it without being connected to 
the internet theoretically. 
 
For the business information, such as stations, power lines, they should come from 
the control system. But current control system didn’t have all the information we 
needed. So we developed our own demo application server and imported 
necessary data from the control system. For the left part, we created some faked 
data. Figure 12 shows the high level system architecture. 

 
Figure 12. System overview. 

The Model-View-ViewModel Pattern 

Reenskaug described the Model-View-Controller (MVC) pattern in 1979 [26]. 
Model contains the data and business logic. View denotes the user interface the 
user interacts with. Controller is responsible for handling human input and passing 
the requests to appropriate models. The general flow is that the user interacts with 
the UI, the controller receives the input event and notifies the model of the event. 
The model performs some actions and then notifies the UI of the changes. The UI 
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re-renders itself and the user can see the new data. MVC decouples the user 
interface and business logic/data so it’s easier to maintain the code. It is a very 
typical three-layer architecture design and is still very popular nowadays. 
 
In 2005, Gossman from Microsoft introduced the concept of the Model-View-
ViewModel (MVVM) pattern [27]. It is actually a special version of MVC but 
targets at modern UI platforms such as Windows Presentation Foundation (WPF). 
In this pattern, the Model is the same as in MVC, which represents for the data. 
The View is the presentation layer which contains visual elements such as buttons, 
windows, and other UI controls. WPF provides the data binding mechanism, so for 
simple tasks the View can be bounded to the Model directly to display the data. 
But in reality this is not feasible. The data types in the Model may not be 
compatible with the UI controls, or some business logic may be needed rather than 
displaying the raw data directly. The ViewModel comes out to solve these issues 
ideally. It contains the business logic and exposes some public properties. The 
values of the properties are the final data needed by the View. The View binds to 
those properties and will get notified when their values change. So the ViewModel 
is actually the model for the View. 
 
The advantage of MVVM is that it separates the presentation layer completely so 
UI designers can work on the UI while programmers can work on the back end at 
the same time. Designers may choose their own tools such as Blend and use some 
declarative language like XAML, while programmers can use Visual Studio to 
write the program in C#. Code-behind (the code joined with the mark-up files used 
to separate the display from the logic [28]) can be avoided significantly as the 
benefit of data binding between the View and the ViewModel. It also makes the 
coupling between the View and the ViewModel very loose. Several Views can 
share one ViewModel, but the ViewModel does not and also should not know 
anything about the View. For the testing of the ViewModel, there is no 
requirement for the presence of the View [29]. As we would use WPF and C# to 
develop our prototype, we chose MVVM as the architecture design to ease the 
maintenance of code. Figure 13 shows the overview of the prototype architecture. 
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Figure 13. MVVM Pattern. 

Client-Server Communication 

We used Windows Communication Foundation (WCF) to set up the connection 
between the client and the server. WCF provides a unified model for building 
service-oriented applications [30]. 
 
We created data contracts on the server side for entity objects, such as station, 
alarm, work order, etc. Then we created several service contracts which provided 
different services the client needed. TCP was chosen as the communication 
protocol. The services were configured for per-call activation so different service 
instances would be created for every client request. The benefits are that the server 
can handle client requests concurrently and service instances will be disposed after 
the calls end. They will not hold the memory when there is no request. The client 
side got the generated proxy classes from the server, which contained all data 
contracts and the interfaces of all service contracts as a service reference. 

Map Control 

Since the application was a map-based application, the map control was the most 
important component. We used a map server developed by another team to 



Linköping University 
Department of Computer and Information Science 

 

 33 

retrieve map data from a specific provider. They also provided a simple map client 
component for the normal operations, such as pan, zoom in, zoom out, etc. The 
component returned the map data as a DrawingGroup, which represented a 
collection of drawings. We used an Image to render the drawings as shown in 
Figure 14. The grid lines were removed in the real application. 
 
When the map was panned or zoomed, the current map client needed to re-fetch 
the data and updated the map. It was not a good practice to send request to the map 
server if the map was moved a little bit because the data retrieving and re-
rendering were time consuming. A good idea was to use cache. The map server 
had a cache policy but it was also slow. So we decided to use a screen snapshot to 
simulate the cache. 
 
The proposal was, when the first finger touched the screen, the real map image 
was hidden while a snapshot of current screen was displayed. When the user paned 
or zoomed in/out the map, we used TranslateTransform and ScaleTransform 
to change the position and the size of the snapshot. So the user was actually 
interacting with a static image. After the user released all fingers, the map client 
sent request to the server to re-fetch the new map data and updated the map tiles. 
Then the snapshot was hidden and the real map was displayed. But there was a 1 
to 2-second delay between the finger release and the display of the map so part of 
the screen was blank. There were also cases that the user kept touching the screen 
so the map would remain partially blank until the user released all fingers. 
 

 
Figure 14. Map on the digital tabletop. 
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I have tried another approach to enhance the user experience. Instead of fetching 
the map data in the range of the Surface screen, the application fetched a map 
which was 9 times bigger than the screen. Figure 15 shows this approach. The idea 
was that the map covered the maximum range of panning. So when the user paned 
the map, there was no blank space and it felt like the map moved smoothly. This 
approach worked very well on the Surface simulator. But when it ran on Surface, 
the map got stuck when panning and the CPU usage went very high. I used 
profiler to check the performance of rendering and found the image retrieving 
occupied a lot of memory. Finally we got back to the original way. 
 
Initially retrieving the map data took around 15 seconds to complete. But 
Microsoft Surface has a 10-second timeout policy which means if the application 
can not start in 10 seconds, it will be reported as a failure and Surface will stop 
loading the program. Although we could change the timeout value, it was not good 
because we could not predict exactly how long it would take for loading the map, 
and it was a bad user experience if an application took more than 10 seconds to 
start. So we used a timer to delay the map loading until the application had started. 
Now it was pretty fast and the program started up immediately. 
 

 
Figure 15. Bigger map to act as local cache. 

 



Linköping University 
Department of Computer and Information Science 

 

 35 

Badge Recognition 

Microsoft Surface can recognize tagged objects. We used this feature to 
implement the badge recognition for system login. The application ran in visitor 
mode by default. When operators came to the Surface, they could put their badges 
on the screen. The application showed the login window with a numeric keyboard. 
Operators entered the pin code and the application would show more information 
depending on the permissions they had. Figure 16 shows a badge with an identity 
tag attached that we used for tests. 
 
Microsoft Surface SDK provides Tag Visualization for object recognition [31]. 
We created a TagVisualizer above the map. A TagVisualizer specifies the area 
in which the Surface could sense tagged objects. The one we created covered the 
whole screen so the badge could be put anywhere on the screen. We defined a 
Series for all badges and a specific Value for each user. When the Surface read 
the Series, a TagVisualization of the login window was displayed on the 
screen as shown in Figure 17. After the user entered the pin code, it was sent to the 
server together with the tag value for validation.  
 

 
Figure 16. A tagged badge that is used for logging into the system. 
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Figure 17. Log in with the badge on the digital tabletop. 

Information Layers 

The main features of the application were information presentation functions, 
including stations, alarms, outages, field crews, etc. We used the concept of layers 
to present the information. Different kinds of information had their own layers. 
 
In the implementation, a layer was a control over the map. We created a base class 
for all layers which contained some common functions, such as 
RepositionContent() and UpdateContent(). RepositionContent() was invoked when 
the user interacted with the map but before releasing all fingers. This method 
updated the layer information without re-fetching new data from the server. 
UpdateContent() was invoked after all fingers left the map. It sent the new map 
position to the server and retrieved the information data in the range of the 
displayed map. UpdateContent() also sent the new map zoom level to the server so 
filtered information would be retrieved when zooming in or out. Figure 18 shows 
the sequence diagram when the user interacted with the map. 
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Figure 18. Map interaction sequence diagram. 

Multi-threading 

A process can have many threads running in parallel. Multi-threading can be used 
to make the user interface more responsive, especially when performing a time-
consuming task [32]. A separate thread can be created to execute the time-
consuming task, while the main thread can still respond to mouse events or touch 
events. Figure 19 and Figure 20 shows the differences when performing a time-
consuming task. 
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Figure 19. Single thread. 

 

 
Figure 20. Multi-threading. 

 
In our application, we used multi-threading very often. A good example was the 
alarm list. Alarm list displayed all the alarms from the SCADA system. We 
currently didn’t have the data source, so we generated alarms in the demo 
application server. The amount of alarms was huge so it took several seconds to 
retrieve the data. In order to not freeze the user interface, we used a thread to 
retrieve the alarms so the user could still perform some other tasks. After 
completing the alarms retrieval, the thread noticed the main thread to update the 
UI so the alarm list could be displayed.   
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Mediator 

In our application, each view had a related view model. So there were a lot of view 
models communicating with each other. In order to get the reference of another 
view model, the easiest way was to pass it as an input parameter in the constructor. 
But it would make the view models tightly coupled because of the dependency. In 
software engineering, we promote loose coupling between components. There is a 
design pattern called Mediator which can solve this problem very well. The intent 
of the Mediator Pattern is to define an object that encapsulates how a set of 

objects interact. It promotes loose coupling by keeping objects from referring to 

each other explicitly, and it lets you vary their interaction independently [33]. So 
in general, the mediator knows every component but each component knows only 
the mediator. The communication between components is encapsulated inside the 
mediator so components will not communicate with each other directly. Instead, 
they always communicate through the mediator which reduces the coupling. 
Figure 21 and Figure 22 show how we used this pattern to realize loose coupling 
between view models. 
 

 
Figure 21. Tightly coupled view models. 

 

 
Figure 22. Loosely coupled view models through Mediator. 
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Messaging 

Mediator provides a very convenience solution to solve the coupling problem 
between view models. But now every view model had to maintain a reference to 
the mediator, and the mediator would become very large and complicated as the 
amount of view models increased. So we tried to find another approach to make 
the application even more loosely coupled and easier to maintain. 
 
Messaging provides the right solution we needed. At the creation of each view 
model, it declared the message types which it was interested in, and the related 
actions it would take when receiving these messages. So when one view model 
wanted to communicate with others, it simply sent out a message and then it was 
done. The message could either be broadcasted, or be sent to some specific targets. 
After the other view models received the message, they checked to see if it’s the 
message type they were interested in. If it was, corresponding handlers would be 
invoked. Figure 23 shows the communication between view models through 
messaging. 
 
The advantage of Messaging is that when adding a new view model, all it needs is 
to declare the interested message types and implement the handlers. But in the 
Mediator Pattern, the implementation of mediator needs to be changed. However, 
if transactions are required, Mediator is better than Messaging. In current 
implementation, both Mediator and Messaging were used for different scenarios. 

Event 

Messaging solved the communication between view models very well. But 
sometimes the views needed to communicate with the view models other than data 
binding. At this point messaging could not help and event became the perfect 
solution. 
 

 
Figure 23. Communication between view models through messaging. 
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The view models exposed some events and the views could observe the 
occurrence of the events. When an event happened, the view model notified all 
observers and the views could get the changes and take appropriate actions. This is 
actually an implementation of the Observer Pattern or Publish-Subscribe Pattern 
[33]. 

Wrapper 

Our application needed to communicate with some legacy systems, such as the 
map server. We could not avoid using some classes or data structures from those 
systems. But there was a risk that those systems might change in the future. For 
example, the name of the class or the data types of the members could be possible 
to change. If we referred to those classes directly, our application would not work 
unless we made the corresponding updates in everywhere we had used those 
classes. That meant our application was strongly dependent on the legacy systems. 
 
To solve this issue, we used the Wrapper Pattern, also known as the Adapter 
Pattern. The intent of this pattern is to convert the interface of a class into another 

interface clients expect [33]. We created our own wrapper classes for the classes 
that we thought there was a risk to change. In the other parts of the application, 
only the wrappers were used. So if the legacy classes changed, all we needed to do 
was to update the wrappers only. Figure 24 shows the principle of this idea. 

 
Figure 24. Use wrapper to lower the coupling. 
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5 Discussion 
 
In this section both technical and non-technical issues we had in the prototype 
implementation are discussed. Future work that will be done is also described. 

5.1 Technical Issues 

5.1.1 Gestures 

In traditional GUI applications people use mouse as the main input device. The 
most familiar event to users could be double-clicking. But in multi-touch 
applications, it is not convenient to use double-tapping. Although there is no 
difficulty to implement double-tapping from technical standpoint, however, it is 
more intuitive to use single-tapping or drag-and-drop on a multi-touch surface. 
Moreover, there is no mouse hover or mouse move in events implemented for 
multi-touch. So we can not find any mapping between the gestures and the mouse 
events. When deciding which gesture should be used for which actions, we could 
imagine how we interact with physical objects. 
 
Although user-defined gestures are not recommended by Microsoft currently, 
there is some research in this area [21]. We thought intuitive gestures are more 
important for a multi-touch application, so we implemented our own controls with 
customized gestures. One example was the selector control as shown in Figure 25. 
Users could use fingers to draw a rectangle and the objects inside would be 
selected. Users could also move the rectangle area on the screen to change the 
selection. We used this on the map so users could choose objects easy and fast. It 
could be even better if users could draw any closed shapes as a selection area and 
be able to resize. 
 
Currently we didn’t have a solution for mutually exclusive operations. For 
example, if two users are dragging an image in opposite directions, the image will  
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Figure 25. Use two hands to select objects on the map. 

 
not move to any of them. Instead, the computer will treat this as a resize gesture 
and the image will be enlarged. 

5.1.2 Messaging 

We used Messaging as the main communication approach between view models. 
It lowered the coupling in the system significantly. But there are some issues 
which can not be solved by Messaging. 
 
Messaging is not suitable for transactions. View models register their interested 
messages. When the message is sent out, several view models will take 
corresponding actions. If we require action A in view model A happens before 
action B in view model B, we need to investigate the implementation of the 
Messaging. In our implementation, the order of view models receiving the 
messages depends on the order of registration. If view model A registers before 
view model B, A will receive the message first. The registration is always done in 
constructors. So the order is actually depending on the order of initialization of 
view models. If we want to add a new view model, we need to review the 
initialization order of all current view models. This is not a good approach for 
maintenance. 
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Another disadvantage for Messaging is lack of return values. Messages are just 
notifications of events. The other view models can decide if any action needs to be 
taken on their own and execute necessary actions. Normally these actions will not 
return anything. If a return value is needed, there might be a new message being 
created. Finally there will be messages flying here and there. Mediation would be 
a better approach for this problem. 

5.2 Design Discussion 

5.2.1 UI Controls 

Although Microsoft Surface has a much bigger screen than a normal PC, it seems 
that we can put far less content on it than on a PC screen. This is because the UI 
controls need to be big enough for the convenience of finger touches. So we can 
not use the traditional UI design principles. 
 
A major difference between NUI and GUI is natural and intuitive. We should 
encourage users to interact with the content directly, just as with real objects. So 
we should avoid buttons as much as possible. A very good example is list box. 
When manipulating a list on a PC, people use mouse to move the scrollbar to go 
up or down. But on Microsoft Surface, scrollbars should be avoided. It is more 
intuitive to use flick gesture (see Appendix I) to move the list items directly. 

5.2.2 Orientation 

When using Microsoft Surface, people can stand at all sides around the tabletop. 
In order to avoid letting the user read the text from top to bottom, Microsoft 
suggests that the UI should be designed to allow the user to change the orientation 
of NUI objects [13]. 
 
In our application, users can open popup windows from the menu. To ensure that 
the orientation of the window was the same to the user, we used the finger 
information to decide the initial orientation. When the user tapped the menu, we 
could capture the orientation of the finger. Then we passed the orientation value to 
the new popup window and the window would face the user in most cases. Figure 
26 explains this idea. 
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Figure 26. Keep window's orientation the same as the finger. 

 
But not every UI control could change its orientation. For example, it was not 
possible to change the orientation of each menu item because there could be 
multiple fingers interacting with the machine at the same time. So we used the 
concept of “preferred” side for the recommendation to users. A circular menu 
might be a better choice. 

5.3 Future Work 

5.3.1 Map Control 

The map control is not working perfectly. Instead of requesting for all tiles every 
time, a better approach is that map tiles could be stored in the local disk. Every 
time the user moves the map, the application will check the local disk to see if the 
tiles are already there according to the longitude and latitude. If not at all there or 
if some tiles are missing, the application will send a request to the map server to 
retrieve those tiles. For existing tiles, the application will compare them with the 
server to see if there are any changes and update if necessary. As time goes on, 
more images will be saved and there will be less network throughput with the 
server. Figure 27 shows the sequence diagram of this approach. However, this  
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Figure 27. Better map control approach. 

 
approach requires not only the client but also the map server implementation 
changes. 

5.3.2 ScatterView 

Microsoft has provided a ScatterView control which integrates the move, rotate, 
and resize functions. The internal Photo application demonstrates the capability of 
this control very well [34]. We used ScatterView to create popup windows. 
 
The default behavior of resize is increasing both the height and the width. The 
content inside will be enlarged to fit the control as well. For our application, we 
didn’t want this behavior. We hoped the window could be resized in either one or 
two dimensions. If the content was text, we wanted to display more information in 
the same font size when the window was enlarged. We overrode the default 
implementation and it worked but not in a perfect way. More work is needed to 
improve the performance of ScatterView.  

5.3.3 Security 

When logging in the system, the user needed to key in the pin code on the screen. 
There might be other users surrounding the digital tabletop at the same time. To 
protect the pin code, the user needed to cover the keypad with his/her hand to 
make the keypad invisible to others. This is not convenient. Figure 28 shows the 
issue. We need to think about this issue from the security perspective. Additional 
devices could also be considered for user authentication, like fingerprint reader.  
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Figure 28. Protect pin code. 

5.3.4 Ownership 

Because of the multi-user feature more than one user can interact with the machine 
at a time. It is convenient for collaboration but other issues are problematic. The 
application could not be able to recognize which user is manipulating because it is 
not possible to read the user information from only the fingers. So there is no 
actual ownership of the desk as with traditional software applications. 
 
Scott proposed the concept of territoriality in shared workspace. He divided them 
into three different types: personal, group and storage [17]. We have not been able 
to consider much in this area and this could be future work. 
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6 Conclusion 
 
This thesis has reported about the development of a digital desk for control room 
operators. The work comprised field studies, use cases and requirements 
identification, low-fidelity prototyping, and software development. The digital 
desk can be used to view the status and assess problems in the power grid. The 
study indicates that compared with traditional GUI interfaces for similar tasks, 
multi-touch desks endow operators with a greater flexibility to view and 
manipulate power grid objects, and it supports learning to a higher degree. We 
also found that the digital tabletop encourages teams of operators to communicate 
more effectively because they share the same visualization and power grid objects. 
We conclude that the digital tabletop is a promising interaction technology for 
power plant operators. Future work includes research in user-defined gestures, 
new UI components development, and security investigations.  
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Appendix I - Surface Gestures 

 [13] 
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