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1 Introduction 

1.1 Ambient Displays 
Ambient Information Displays provide an alternate method of displaying information that 
does not require the constant attention of the user. These displays may be of many forms 
– some examples include lights that change colour, sounds that vary dependent on 
conditions and physical objects with the ability to display information through 
movement. The input conditions can be wide and varied – any information that can be 
digitised or processed electronically is potentially a data source. 
 
In order to provide Ambient Displays, a number of components are required: 

- Display Devices 
- Information Sources 
- Information Processing 
- Device Configuration Management 
- Connectivity between the information sources, processing and display devices 

 
The diagram below shows these components in context: 
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Figure 1: Context Diagram 
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A number of possibilities exist for each of these components. For each in turn, these may 
include: 

- Device Management 
a. Highly-distr ibuted system – displays are managed by local information 

processing/configuration systems. 
b. Centrally-managed system – all displays are managed by central information 

processing/configuration systems. 
- Information Processing 

a. Vendor defined – the provider of the device or information provides the 
format of the output. 

b. User Managed, Distr ibuted – configurations are managed by each user, but 
are not shared between users. 

c. User Managed, Collaborative – configurations are managed by each user, 
and both produced data and configurations are able to be shared between 
system users. 

- Device Configuration 
a. Configuration at the device – devices are configured using device specific 

methods at the device. 
b. Centrally configured – the Device Manager server drives the configuration 

of the devices, presenting a unified configuration view for all devices. 
- Connectivity 

o Protocol Accessibility 
a. Open Standards – utilising public standards for communication, such 

as HTTP, RS-232, or Wi-Fi. 
b. Propr ietary – utilising custom developed communication protocols. 

o Connectivity Options 
a. Support for  multiple protocols – supporting many difference device 

communication protocols. 
b. Require specific protocols – device must support a specific protocol 

in order to be communicated with.  
o Device Connectivity Complexity 

a. Simple Device Connectivity with Br idge – devices connect using 
simple and/or short range connection methods, with bridge device 
connecting or providing management services. 
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Figure 2: Simple Device Connectivity with Br idge 

 
b. Complex Device Connectivity – devices connect directly to the 

management services – no requirement on extra conversion or specific 
infrastructure hardware exists. 

 
Figure 3: Complex Device Connectivity 

1.2 Thesis of the Thesis 
This thesis will cover all of the components involved within Ambient Displays; however, 
the focus will be on developing a server based framework for Ambient Displays. 
 
It is the author’s assertion that an Ambient Display framework combining collaborative 
workflows and central server based management will provide a user experience where the 
following aspects will be observed to evolve: 

- As users become more familiar with the system, they will progressively introduce 
more complex data transformations into their personal collections (such as 
deriving averages of stock performance instead of simple up/down indicators) 

- Users used to “use anywhere”  technology such as web-mail will take advantage of 
the ability to control devices from anywhere by changing settings on devices they 
may not necessarily be using at the time – controlling the information flow when 
it suits them – not when it suits their location. 

- User feedback will emerge as an important factor, due to the ease of performing 
fast feedback/improvement cycles afforded by server-centralised software. 
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1.3 Driving Factors for Research 
A number of systems already exist providing various Ambient Information systems. 
However, these systems work in a provider-driven form – the user has limited control 
over the information they are provided. It is intended that this work will result in an 
evaluation of user-driven systems, and a new framework for managing Ambient Displays 
and their related drivers. 
 
It is also hoped that once a working implementation of the design has been created, 
information gathered from both recorded usage pattens and the work produced within the 
collaborative environment will assist in providing insight into desired uses for Ambient 
Displays. 
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2 Literature Survey 

2.1 Overview of Literature Reviewed 
The literature reviewed falls into a diverse set of categories since the aims of this work 
incorporate multiple bodies of work. 
 
Initially, other complete Ambient Information Systems will be explored. Following this, 
concepts and technologies relevant to the various constituent components required to 
provide an Ambient Information System (as described in the context diagram of Figure 1) 
will be explored. These include (sorted by categories as defined in the context diagram): 

- Display Devices 
o Ambient Displays 
o Evaluation of Ambient Displays 

- Device Management / User  Inter face 
o Collaboration Systems 

- Device Connectivity 
o Device Communication 

2.2 Complete Ambient Information Systems 
Few organisations have attempted complete hardware and software Ambient Information 
systems. Ambient has created a large scale solution with a number of varied devices. 

2.2.1 Ambient 
In the field of complete Ambient Information Displays, significant developments have 
been made by Ambient, an MIT spin off[1]. They have developed a series of wireless 
objects which can be configured by the user to display information from a selection of 
sources. The devices include a Stock Orb, a device that is by default configured to 
display the current state of the (US) stock market through changes in colour to the orb 
(shown in Figure 4). The “Weather Beacon” again utilizes colour to show, by default, the 
weather predictions for the user’s predefined local area. The “Ambient Dashboard”  
utilizes an analogue panel display to show numeric based information in a fashion similar 
to the way information is presented in many cars (shown in Figure 5). 
 

 
Figure 4: Ambient Stock Orb [2] 

 
Figure 5: Ambient Dashboard [3] 
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2.3 Ambient Displays 
Significant research has gone into the development of different Ambient Displays. Many 
different institutions and organisations have produced varied designs and results. The 
following section details some of the research into the field. 

2.3.1 Informative Art: Using Amplified Artworks as Information Displays [4] 
This paper explores the utilization of artwork to display information. It was the intention 
of this work to provide information to the user through methods that did not attract direct 
attention. The example in the paper provided a composition where an artwork was 
dynamically modified in order to show email activity for a group of users. Figure 6 and 
Figure 7 below provide a before and after view of the artwork. 
 

 
Figure 6: Informative Ar twork used to show 

Email Traffic (Before Email Ar r ives) 

 
Figure 7: Informative Ar twork used to show 

Email Traffic (After  Email Ar r ives) 

2.3.2 CMU Information Percolator [5] 
The Information Percolator was a project by Carnegie Mellon University aiming to create 
an “Ambient Display in a decorative object” . Figure 8 shows the creation, which utilizes 
bubbles in water filled tubes. Attached pumps are controlled in order to produce bubbles 
in the tubes, which in turn create images – which can be used to display ambient 
information. 
 

 
Figure 8: The Information Percolator  by CMU 
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2.3.3 Sideshow [6] 
Sideshow is a software only solution produced by Microsoft Research. It is an 
information awareness tool that sits in the user’s taskbar, with users selecting 
various “ ticket”  information sources to be monitored. The tool aims to provide 
“peripheral awareness of a broad range of information from virtually any 
website or database”. Not only does it provide the ability for users to customise 
what information is displayed – the ability to write custom tickets is also made 
available. This allows for the community to broaden the range of the software, 
and hence customise it to their needs. 

2.3.4 WaterCalls - Ambient Call Queue [7] 
The WaterCalls project aimed to explore the use of ambient displays in an 
emergency call centre. The display utilised bowls of water to display the call 
queues in multiple call centres. Figure 9 shows the display. Each bowl in the system 
represents a call centre, whilst the water represents the call queue and the overflowing 
calls. 
 

 
Figure 9: The WaterCalls Ambient Display 

 
This project was very focussed on the effect of the display on workers within the call 
centre – it was very important that the display not distract them from the calls they were 
handling. Thus, the study highlighted the importance of considering the users of the 
system, and ensuring that the display fitted in with their work-flow. 

2.3.5 AmbientROOM – integrating ambient media with architectural space 
[8] 

The ambientROOM project envisioned utilising architectural space to provide a new 
form of communication between humans and digital information. A free-standing small 
office room was fitted out with a number of ambient displays and alternative input 
devices allowing alternate interaction with the information sources provided to the room. 
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2.4 Collaboration Systems 
The internet has seen a significant number of collaboration systems. Before the internet 
was born, bulletin board systems provided for interchange of information through users 
dialling into a central server and leaving messages. The internet still provides this form of 
functionality through message boards – thousands or even millions exist in various forms. 
 
Usenet provides a distributed system for exchanging messages. Despite its age, it is still 
in wide use today. 
 
Wikis provide a different collaboration environment. Instead of static posts, Wikis allow 
the entire content of a site to be edited by users. The site becomes completely live, and 
ownership for the site no longer needs to reside with a single author. 
 
A number of other systems exist that are not discussed here, such as Lotus Notes[9] and 
Microsoft Sharepoint Portal Server[10]. 

2.4.1 Usenet 
Usenet is a distributed Internet discussion system that evolved from a general purpose 
UUCP network of the same name. Users read and post email-like messages (called 
“articles”) to a number of distributed newsgroups. [11] 
 
Usenet has provided a long standing distributed communication system on which users 
discuss incredibly diverse topics. It has evolved through different iterations of internet 
protocols – original implemented using UUCP and now implemented using NNTP (over 
TCP).  

2.4.2 Internet Forums 
The Wikipedia article on Internet Forums [12] defines an Internet Forum as “a Web 
Application which provides for discussion, often in conjunction with Online 
Communities. Older forums data back around to 1996, following the newsgroups and 
bulletin board systems which were widespread in the 1980s and 1990s.”  
 
Bulletin boards generally provide a simple and highly accessible communication 
solution. A message board rarely requires more than a web browser to access – hence is 
available from most web connections, and does not require special software to be 
installed. Their simplicity has led to wide-spread adoption – a large portion of community 
and commercial sites contain internet forums or message boards in one form or another. 

2.4.3 Wikis 

2.4.3.1 The Wiki Way: Quick Collaboration on the Web [13]  
The Wiki Way is an oft-referenced text that covers the basic concepts of Wikis, along 
with analysis as to how they affect the end user. 
 
The culture of Wikis are examined, and a number of important concepts are discovered: 
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- Wikis are an open community, and this makes some people uneasy– the 
seemingly inherent chaos that exists within a Wiki may be off-putting to 
some, especially considering the ease at which work could be destroyed. 
However, it is pointed out that corrections can be made with the same ease, 
and that most Wiki implementations do back up their data. 

- Two distinct wr iting styles exist when working on a Wiki – Document and 
Thread Mode – Document mode refers to the writing of a proper, complete 
document detailing a piece of information. Thread mode refers to a 
discussion, more akin to those found on UseNet or messageboards. 

- Work per formed within Wikis is generally well considered – since the 
medium does not need to be real-time, people have time to consider what they 
are writing, and may take great amounts of time to develop the content. 

- Content can be refactored – anyone can take content that has over time 
become fractured, and re-write it in a cleaner form. 

- The use of WikiWords encourages linking and collaboration – WikiWords 
are words written in CamelCase that, in most configurations, automatically 
become links to pages of the same name. Users often become accustomed to 
writing terms in CamelCase when they see the need for a link, and even if 
they may not expand the content, it will encourage other users to do so at a 
later point. 

- The layout language should be logical, not visual – logical formatting helps 
ensure that the visual layout of the Wiki remains consistent across multiple 
pages, and also assists in rendering the page on multiple device types, such as 
portable devices, and screen readers. 

2.4.3.2 The individual and the collective in Open Information Communities 
[14]  

This text discusses information commons – places where information can be shared and 
manipulated. Different approaches to managing these commons are examined – free 
access communities such as Wikipedia[15] and reviewed communities such as 
Nupedia[16]. 
 
The author discusses “ transaction costs”  in terms of collective communities. Transaction 
costs refer to the difficulty of becoming an active contributor to a community. In order to 
have an active community, the transaction cost must be suitably small. However, the 
community must also be able to remain self-supporting and not fall into chaos. 

2.4.4 Groove.net [17] 
Groove Networks develop a commercial product that aims to provide a “virtual office”. 
From within their software, users can share files, have conversations and meetings, and 
develop business processes.  
 
The software aims to alleviate the common difficulties of providing virtual collaboration 
environments – security, configuration, accessibility through firewalls. All of the 
provided tools also exist within the single Groove application – however, integration with 
outside applications is also available.  
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2.5 Device Communication 
A significant number of options exist for low cost device communication – covering 
communication via new wiring, over existing wiring or wirelessly. 

2.5.1 Zigbee 
The Zigbee technology is actively developed by the Zigbee Alliance[18]. It provides an 
entire network stack from physical transmission specification through to application layer 
protocols. 
 
In the paper “ZigBee Technology: Wireless Control that Simply Works” [19], Patrick 
Kinney discusses the need for a “wireless network standard that meets the unique needs 
of sensors and control devices” . The paper also enumerates the features provided by 
ZigBee: 

- Lower power consumption. 
- Simpler protocol – compared to Bluetooth, which has a multitude of different 

states based upon latency and power requirements, ZigBee is exceedingly 
simple, having only two states – Active or Idle. 

- Low cost for device, installation, and maintenance. 
- High density of nodes per network. 
- Simple protocol – the protocol is far simpler than that of Bluetooth. 
- Global implementation – the standard encompasses different frequencies 

making it available under different countries frequency regulations. 
 
A wireless Ambient Display is well within the target usages of Zigbee – however, the 
technology does not yet seem widely proliferated, and there are only a small number of 
development platforms utilising Zigbee available. 

2.5.2 RS-232, RS-485/RS-422 
RS-232 is a widespread standard found in most personal computers that provides low 
speed connectivity to devices such as modems. It provides a very simple connectivity 
solution due to its widespread adoption in microcontroller devices. 
 
RS-422 and RS-485 provide connectivity standards for industrial applications [20]. They 
allow for far greater cable reaches, and RS-485 allows for multi-drop designs – more than 
two devices can be connected to the same media. 

2.5.3 Power Line Communication – X10 
X10 [21] provides a low-bandwidth, low-cost solution for home automation. Data is 
transmitted over power lines at approximately 50 bits/second. It is primarily used for 
lighting control – both smart light switches and computers will be able to control the 
lighting within an X10 enabled home. 
 
The protocol would be adequate for low bandwidth ambient displays – however, 
development kits seem to be relatively rare – X10 focuses on working devices, so a 
solution would need to be developed from raw theory. 
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2.5.4 Wi-Fi 
Wi-Fi, or 802.11b/g is a highly proliferated standard for wireless network access. It 
provides maximum speeds of between 11 and 54Mb/s. Access to most networks is 
generally provided through access points connected to an Ethernet network, which in turn 
is generally connected to the greater network infrastructure. Due to the large number of 
combination Wi-Fi broadband routers available on the market today, many home users 
have wireless networks available. 
 
Embedded Wi-Fi solutions exist – however, the price of these solutions is more 
expensive and generally more complex than other solutions targeted at the embedded 
market. 

2.5.5 Bluetooth 
Bluetooth is a similar technology to Zigbee. The complete protocol stack is defined to 
allow devices to form a Personal Area Network. It is widely implemented in many varied 
devices, including laptop computers, mobile phones and PDAs (Personal Digital 
Assitants). 

2.5.6 Ethernet 
Ethernet is by far the widest spread networking technology – a significant portion of 
home PCs today have an Ethernet NIC (Network Interface Card) installed, and most 
broadband internet connections are shared through Ethernet cards, hence making them 
available for embedded devices. 

2.5.7 Internet0 
Internet0[22] is an initiative by the MIT Media Lab to develop a simplified, leaf-node IP 
network for embedded devices. 

2.5.8 Berkeley Motes 
Berkeley Motes are low powered embedded platforms with built-in wireless capabilities. 
Equipped with a small microcontroller and hardware for wireless communication, they 
can be used to form sensor networks. Originally quite a large device, later revisions are 
small enough to sit directly on top of a small 3 volt button cell battery. [23, 24] 

2.5.9 Sun Microsystems Sun SPOTS 
Sun SPOTS provide a new embedded platform for wireless sensor networks. Sunspot 
hardware runs a J2ME (Java 2, Micro Edition) platform natively – no operating system is 
required beneath the JVM (Java Virtual Machine). This platform aims to reduce the 
development complexity of building embedded wireless devices. [25] 
 
A Sun SPOT main board extends 35mm by 25mm in size, providing a very small device 
that could be easily integrated into any number of products. Sun SPOTS utilize an 
802.15.4 MAC layer – the media access layer defined as part of the Zigbee specification. 



  12 

2.5.10 IrDA 
IrDA (Infrared Data Association) describes a physical specification for transmitting data 
using Infrared light. The specification is widely implemented in many portable devices, 
allowing for short range low speed line-of-sight data transmission between devices. 

2.5.11 Summary 
Method Advantages Disadvantages 
Zigbee - Intended to be low cost. 

- Project is valid for the target 
platform.  

- Small number of development 
kits. 
- High complexity compared to 
other options. 

RS232 - Very simple implementation. 
- Wide availability of compatible 
hardware. 

- Requires physical cabling 
between host and devices. 
- Only supports short cable runs 
between host and device. 

RS485/RS422 - Still relatively simple 
compared to wireless options. 
- Supports long cable runs 
between host and devices. 
- Lower susceptibil ity to 
interference.  

- Compatible hardware not 
common – adapter devices from 
RS-232 would need to be 
developed. 

Power Line 
Communication 

- Removes the need for 
additional cabling to be installed. 

- Available commercial options 
do not appear entirely suitable – 
custom options would need to be 
developed. 
- Power Line interference may 
result in low signal qualities. 

Wi-Fi - Very widespread wireless 
solution. 

- Expensive option for small 
devices. 
- Complex to implement for small 
devices. 

Bluetooth - Wide proliferation in varied 
devices 

- Development is complex 
- Development kits are complex 
- Short-range only 

Ethernet - Very widespread wired 
solution. 
- Significant numbers of 
development kits available. 

- Quite expensive compared to the 
RS options. 

Internet0 - Continuity of protocol provided 
right to leaf nodes of network. 

- Very little information available 
on implementations. 
- End solution would most likely 
need to be from scratch since no 
technical starting points are 
provided. 

Berkley Motes - Very small microcontroller and 
radio infrastructure. 

- Designed primarily for wireless 
sensor networks – low power, 
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- Low power long life aims not completely 
inline with those of actuators, 
where the actuation functionality 
will generally draw far more 
power than the 
microcontroller/radio. 

Sun 
Microsystems 
SunSpots 

- Small devices 
- Easy to program (using Java) 
- Builtin infrastructure for radio 
and processing 

- Still in development stages – 
development boards not 
commonly available 

IrDA - Low cost, low complexity 
communication solution. 

- Requires visual link between 
communicating parties 

2.6 Evaluation of Displays 

2.6.1 Evaluating the comprehension of ambient displays [26] 
This paper describes a framework to be used in the evaluation of Ambient Displays. It 
argues that there are three levels of comprehension for a display, building on each other 
in increasing order: 

1. That information is visualised. 
2. What kind of information is visualised. 
3. How the information is visualised. 

 
The paper asserts that most analyses of displays assume 1 and 2, and begin analysis at 3; 
then further states that a poorly designed display may not even pass the first level – and 
hence how well the information is visualised may be completely irrelevant. 

2.6.2 Exploring the design and use of peripheral displays [27] 
This paper, focused primarily on computer based displays in the form of Instant 
Messaging (IM) notifications. Through their work, they discovered that users do indeed 
use the “ lightweight”  forms of notification provided, such as sound effects and visual 
indications. The researchers did, however, discover that users used these notifications in 
different ways, and generally felt a strong need to customise them to their needs either to 
make them more useful, or less annoying. 

2.6.3 Heuristic evaluation of ambient displays [28] 
According to the authors of this paper, most ambient displays that have been developed 
have not been evaluated due to the complexity and cost of performing an evaluation. 
Generally, an ethnographic or “ living lab”  evaluation is required. As alternative, it is 
proposed to use heuristic evaluation. 
 
Heuristic evaluation of a display involves recruiting a group of novice evaluators and 
instructing them to evaluate the display against a set of criteria (heuristics). In this study, 
ten heuristics as defined Jakob Neilson [29], were used as a starting point for evaluation: 

1. Visibility of system status – the system should always keep the user informed of 
what is going on. 
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2. Match between system and real wor ld – the system should communicate with 
the user using their own language – not system-oriented terms. 

3. User control and freedom – users often make mistakes, and the ability to 
“emergency exit”  is important. 

4. Consistency and standards – conventions should be followed, and user should 
be presented with consistent terminology. 

5. Error  prevention – good error messages should be paired with strategies to 
prevent errors occurring. 

6. Recognition rather  than recall – requirements on user’s memory should be 
minimising, with the aim instead to make objects and actions visible. 

7. Flexibility and efficiency of use – accelerators can be provided to speed up the 
interactions of advanced users. 

8. Aesthetic and minimalist design – un-necessary information should not be 
provided. 

9. Help users recognize, diagnose, and recover  from errors – errors should be 
presented in plain language. 

10. Help and documentations – help information should be available and easy to 
search. 

 
The paper highlights that, unfortunately, most of these heuristics are not relevant to 
Ambient displays. Studies performed by the authors refined the heuristics to become 
more relevant: 

1. Useful and more relevant – the information is relevant and useful in the intended 
user setting. 

2. “ Peripherality of display” – the display should be unobtrusive and remain as 
such unless the user desires otherwise. 

3. Match between design of ambient display and environments – the display 
should blend in and only the information should stand out. 

4. Sufficient information design – display should cover just enough, and avoid 
information overload. 

5. Consistent and intuitive mapping – displays should add minimal cognitive load. 
6. Easy transition to more in-depth information – if multi-level information is 

provided, the navigation should be easy. 
7. Visibility of state – transitions of information state should be clear and obvious. 
8. Aesthetic and pleasing design – display should be pleasing when placed in 

intended setting. 
 
The author found that through the use of heuristics, novice users could locate a number of 
known usability problems with displays. 

2.7 Direction Gained from Background Research 
From §2.2.1: Simple, elegant systems can easily become popular with users. 
From §2.4.1: A system that is capable of evolving can remain relevant through changing 
technologies. 
From §2.4.2: Solutions that do not require additional software installations become 
widespread far more easily. 
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From §2.5: A multitude of device connectivity options exist, at varying complexity and 
costs. Since the device connectivity is not a primary aim of this research, options that 
have small implementation complexity will be favoured for development. 
From §2.6.1: Users must be allowed to assemble their own displays – however, most 
users will likely focus on the how; it may be important that the system assists users in 
creating displays that make it clear information is visualised and what kind of 
information is visualised. 
From §2.6.2: Users must be allowed to customise displays to their own needs (even for 
similar data sources, due to the great discrepancies in the ways that users prefer to 
process and track information. 
From §2.6.3: Heuristic evaluation may provide valuable insight during both the initial 
development of displays, as well as through some end-user provisions to test the 
configuration of displays is optimal. 
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3 Research Methodology 

3.1 Overall Methodology 
The method employed to complete this research will consist of the following processes: 

- Initial research into the frameworks existing within the field. 
- Analysis of the requirements of an Ambient Information System to satisfy a 

collaborative user environment. 
- Iterative development of software/hardware in order to implement these 

requirements and create a concrete instantiation of the framework. 
- Critical evaluation of the developed framework and platform. 

3.2 Intended Basic Design 
- Web-based software system – no installation for end users; 
- Standalone hardware devices requiring no configuration other than 

connectivity configuration; 
o Connectivity bridge from Ethernet to RS232/RS485/RS422 and 

SunSPOT devices. 
o Orb-like device providing a single, colour-based actuator. 
o Analogue panel meter providing numeric-based actuator. 
o Model of mailbox with red-flag as simple yes/no actuator.  
o Modified PIR detector providing presence information. 

- Collaboration environment allowing users to share and collectively work on 
data transformations. 

o Wiki-style environment, consisting of user-editable pages. 
o Revision controlled pages, with ability to view history and rollback to 

previous version. 
o Except for special pages (such as those describing actuators, sources or 

transforms), all pages will provide the ability to attach an “ information 
scenario”  where information transformations can be arranged. 

o Server accepting connections from bridge devices, and allowing for 
input/output from the system. 

3.3 Expected Outcomes 
The outcomes for this project will be defined in terms of “User Stories”  [30, 31]. User 
stories attempt to provide high-level definitions of requirements, with the intention of 
providing enough information to work with the requirement, whist remaining small 
enough to provide a unit of work that can be implemented by a developer within a week. 
 
The following sections describe the intended stories for the framework, broken down into 
approximate functional boundaries. 
 
Hardware/Device Stor ies 

1. Simple hardware can access the system via a shared bridge device. 
2. Ambient Devices can connect directly the managing servers. 
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3. Ambient Devices can be driven by the PC. 
4. Ambient Devices can exist entirely as PC software. 
5. Local connectivity options can be managed either at the device or the bridge. 
6. Device configuration beyond local connectivity options can be managed by the 

central management system. 
7. An Orb styled device will be available. 
8. An analogue panel meter styled device will be available. 
9. A “mailbox with red-flag on the side”  styled device will be available.  
10. A PIR (Passive Infrared) sensor will be adapted to exist as an input to the system. 

 
Data Source Stor ies 

11. Online services such as web pages and RSS feeds can be used as information 
sources. 

12. Hardware sensors connecting directly to the management software can be used as 
information sources. 

13. Simple hardware sensors connecting through a shared bridge device can be used 
as information sources. 

14. Information on the user’s PC can be used as an information source.  
15. Different data formats can be supported, with conversions provided between 

them. 
16. Where automated conversions between data formats are possible (such as 

extracting a numerical field from an email count to generate the numeric input to 
an average function), the software can provide suggestions to the user. 

 
User Inter face Stor ies 

17. Multiple users can collaborate on individual information transformation scenarios. 
18. Information displayed on Ambient Devices can be manipulated through a web-

based interface without needing to install management software on their local 
machine. 

19. The configuration of an Ambient Device can be accessed from multiple locations 
– device configuration is not tied to a specific machine. 

20. Any item shown within the system (be it Source, Transform, Actuator, Scenario) 
can have free formatted text associated with it. 

21. All free associated text can have previous revisions retrieved. 
22. Browser book marking functionality can be used to store persistent references to 

pages. 
23. Browser navigation such as forward and back can be used to navigate through 

history. 
24. Users can copy the current browser URL from their location bar and send it to 

another user to direct them to the same page they are working with. 
 
Research Stor ies 

25. Usage patterns and paths through the system can be tracked and replayed to 
provide insight into user’s goals and expectations of Ambient Devices and their 
management systems. 
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Deployment Stor ies 
26. Software Development teams can display the status of a software build using an 

Ambient Device and the system. 
27. Unread email can be monitored without the need for a PC being on, or needing to 

be near a PC. 
28. Stock portfolios can be displayed through different forms that do not require 

constant monitoring. 
29. Indications of transport timetables can be configured to assist in users interaction 

with public transport. 
30. Server equipment health can be monitored through visual displays. 
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4 Plan 

4.1 Resources Required 

4.1.1 Hardware Development Resources 
The hardware for this work is intended to be varied. However, the basic core of each 
device will likely consist of a simple microcontroller. The bridge device will consist of a 
microcontroller, along with upstream network connectivity options (such as Ethernet) and 
downstream connectivity options (such as short-range wireless, and various serial 
protocols). 
 
Thus, the hardware resources required will mainly be focussed around microcontroller 
development resources, and associated development kits for connectivity. 

4.1.2 Software Development Resources 
The software development can be performed on simple consumer-level computing 
hardware with standard software – thus, no significant software development resources 
are required.  

4.1.3 Platform Hosting 
In order to operate the intended system, the software will needed to be hosted on 
accessible servers – allowing users to manage their information and allowing the system 
input/output for information sources/actuations.  

4.1.4 Sample Users 
To effectively develop the framework/system, users will be required to exercise and 
evaluate the system. It is intended initially to utilise associates of the author, then develop 
a plan for a greater test audience based on the initial input received. 

4.2 Execution Plan 
The execution plan will consist of the following steps: 

1. Completion of background research and analysis of the field’s successful and 
unsuccessful practices. 

2. Design of initial hardware and software based on current knowledge and 
information gained from background research. 

3. Deployment of initial design to small user set with feedback measures in place. 
4. Intermediate analysis of design based on feedback from initial users. 
5. Improvement and/or redesign based on feedback. 
6. Re-deployment of improved design with larger user-base and larger feature set. 
7. Final analysis of design, evaluation of experience gained. 

 
This plan and estimated schedules are shown in Figure 10. 
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4.3 Validation Method 
The validation of the planned outcomes will simply involve ensuring that each of the 
described stories can be exercised. This will involve, at completion, the generation of a 
set of steps for each story that exercises the requirement. 

4.4 User Survey Methodology 
To effectively evaluate this system, the user experience in the system will need to be 
closely monitored, paired with some initial background knowledge of the users, such as: 

- The user’s tendency to use other web-based systems 
- The user’s current desire for “always-on”  information (such as the status of 

their email accounts). 
 
The system, as stated in the requirements, will allow the tracking of user’s use of the 
system. This information will be able to be analysed, and the following details extracted: 

- The location of the user (through their IP address or provided information) 
and the operations performed from each location 

- The changes in the complexity of the assembled information scenarios, along 
with the amount of time the user has subscribed to the system. 

- The forms of information important to the user – both through the sources 
commonly used, and the sources that support is requested for. 

- Any common misuse of the system – such as users continually attempting to 
perform an operation is a certain (incorrect) way. 

 
In order to attract users to the system and authorise the monitoring of their usage, the 
author proposes to offer free Ambient Display devices to users participating in the trial. 
The devices would be funding using money sourced from the work’s research bank. 
 
It is intended that user usage information will be gathered constantly over the period from 
the initial test deployment until the completion of the final test deployment. It will be at 
the user’s discretion how often they use the system – however, it is hoped that the 
frequency of system use will also provide valuable information as to its usefulness. 
 
In order to protect user’s privacy, the information handling policy will ensure that 
personally identifiable information is only ever available to the author and their direct 
supervisor(s). Any published or otherwise shared information will only be made available 
in an anonymous, aggregated format. It is intended that all users will be informed of this 
policy before they are in any way involved in the study. 
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