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Abstract We have designed, implemented, and evaluated a map application for wearable computer users. Our application, 
called VValkMap, is targeted at a walking user in an urban environment, offering the user both navigational aids as welt as 
contextual information. Wa[kMap uses augmented reality techniques to display a map on the surrounding area on the user's 
head-worn display. WalkMap is constructed by the means of software development, user interface design and evaluations, 
and existing knowledge on how humans use maps and navigate. The key design driver in our approach is intuitivity of use. In 
this paper, we present the design and implementation process of our application, considering human-map interfaces, 
technical implementation, and human-computer interfaces. We identify some of the key issues in these areas, and present 
the way they have been solved. We also present some usability evaluation results. 
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Introduction 
[he development of small, personal digital devices is 

rapid. Advanced smart mobile phones, like Nokia 

Communicator, and handheld and paImtop computers 
are paving their ways into everyone's pockets, and even 

wearable computers have slowly started to emerge. 
With these various forms of mobile terminals and a 
wireless communication channel, we are able to gain 
access to computational resources and services 
regardless of the time and place. 

One of these sewices is a positioning service. In 
short, a positioning service combines geographical 
data and position information to allow the service user 

to see himself/herself located on a digital map. This 

development greatly enhances tasks such as wayfina L 
ing [1--9]. In addition to wayfinding, the location infor- 
mation is an essential part of context-awareness 
[10-14]. In short, context awareness can be under ~ 

stood as knowledge about user's current location, 
mental and physical state, environmental conditions, 

and so forth. By applying context-awareness, the com ~- 
puter can sense the changes in the using environment, 
and act accordingly. 

A potential platform for a personal digital map is a 
wearable computer. Equipped with a high quality 
see-through head-worn display, in a future not so far 
away, a wearable computer user can have a totally 
personal, high-performance computer integrated into 
his/her clothing and available at all times. The system 
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can be operated while walking, it is aware of the user's 
current context, including position, and can assist the 

user in many daily tasks, including navigation in familiar 
or unfamiliar environments. 

W'e chose a fresh approach to developing such a 
map. First, we were targeting at a system that should 

be wearable in each and every aspect, including user 
interface. SecQnd, we studied the way people are 

accustomed to using conventional paper maps, and 
applied that knowledge to our digital maps. As a result, 
the user is offered an augmented reality co~text-aware 

software map application that can assist in wayfinding 
as well as allow access to contextual information. 

Our goal was to develop an augmented reality 

context-aware wayfinding guide for a walking user in 

an urban environment. The guide should provide the 

user with information on the surrounding area, to assist 
in finding a route to a specified target location, and to 

prevent the user from getting lost. The user was 
expected to have a wearable computer equipped with 

a see-through head-worn display, and an input device 
for both discrete input (buttons) as well as continuous 
input. We did not expect the user to need to input 
any text while moving. Our application was named 

WalkMap. 

When designing an application like ours, there are 

three primary issues that need to be addressed; 

1. The humane.map interface 

2. the technical software and hardware implemen- 

tation 
3. the human-computer interface. 

In the next section, we will present the human-map 

interface of WalkMap. The other two aspects are 
fully covered in the subsequent sections. Finally, we 

conclude the work after discussion. 

• to locate oneself on a map 
• to recognise the destination 

• to pIan and execute the route to the destination, 

To locate oneself on a map, the person must be able to 

perform the conversion of the 3D environment to the 
scaled 2D map, to match the objects in the environ- 

merit with the symbols on a map, and to find the 
correct orientation. Only after that can the route plan- 
ning and execution begin. At least this is the case with 
conventional paper maps. 

Nowadays, more and more maps appear in elec- 
tronic form. These digital maps are most often used in 

aircraft and cars, but are spreading into personal usage 
as well. A digital map consists usually of an electronic 

representation of the environment (the data), and a 

software component to interpret and display that in for- 

mation (the map application). The dynamic nature of 
the information behind the visualisation allows several 

various views of the same data. 
Digital maps are able to free the user from some of 

the cognitive processes involved in navigation. They 

also provide the user with features that are not poss- 
ible with paper maps, such as reacting to changes in 
the environment, or displaying the positions of other 

map users. 
Positioning services are closely related to digital 

maps, A positioning service provides the map user with 

information on the current location. The most common 

positioning service is the satellite-based Global Pos- 

itioning System, or GPS. Positional data can be 
acquired with a GPS receiver. The accuracy of a GPS 
service is usually around 7 m, but with differential cor- 
rection it can be brought down to a few dozen centi- 
metres. For an extensive ex ~[anation on GPS, refer, for 

example, to Getting [15], 

Human-map Interface 
Using a map is a complex task. Map use can be defined 
as 'the ability to relate a two-dimensional map to the 
three-dimensional world' [2], i,e. an ability to match the 

terrain and map models in one's mind. This ability 
includes: the performance of several cognitive and spa- 
tial processes. Thus, not surprisingly it has been found 
that even adult map users often use maps inefficiently, 
and they do not feel confident with navigational maps 
[2]. Indeed, one challenge in developing a wayfinding 
assistant is to reduce the map reader's cognitive load 

and hence make the map using experience more 

positive. 
The skills required for a successful navigation [3] can 

be stated as follows; 

The Alignment 
One of the key aspects ~n navigation is alignment. 
Basically, this term defines how the user is holding the 

map, i.e. it spedfies how the map is oriented with 
respect to the user and the environment. 

A map may be reader aligned, in which case the 
orientation of the map remains constant with regard to 
the reader's body. A typical example of this is a reader 
holding the map with the print upright. In these cases, 
the map is usually misaligned with respect to the 

environment. In many maps, north is presented up on 
the map; therefore, this kind of map can be referred to 

as north-up aligned. 
An environment aligned map, on the contrary, is 

oriented consistently with regard to the environment; 
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i.e. the north on the map always corresponds to the 
north in the environment This implies that in order to 
keep the map aligned, the reader is required to turn the 
map in relation to himself/herself when turning in the 
environment. Environment aligned maps are, often 
referred to as forward~up (or track-up) aligned. 

The alignment is clearly the single most significant 
factor concerning spatial knowledge and hence map 
understanding. Fundamental research to point out this 
issue was conducted by Levine et al. [16]. They con- 
duded that a map is easiest to use when it is aligned 
with the terrain. Similar results have been obtained in 
later experiments; see, for example, Warren et al. [9]. 

Since digital maps are usually shown on displays, 
they are very flexible when it comes to issues like 
alignment. It is the map software designer's responsi- 
bility to decide which aIignment modes to implement, 
and how they are used. Some research has been done 
on these issues with digital maps, 

Aretz [1 ] has studied the design of electronic dis- 
ptays. He performed a cognitive analysis on a pilot's 
navigation task in an aircraft in a simulated environment 
on a workstation. In the simulation, the aircraft 
remained in the middle of the screen while the map 
moved, He compared the forward-up and north-up 
approaches. The results showed that the alignment 
should depend on the task: tasks that primarily use the 
egocentmd reference frame (ERF; the user's forward 
view) should use forward-up alignment (such as local- 
ization), whereas tasks that need a world-centred ref- 
erence frame (WRF) should have north,-up aligned 
maps (such as reconnaissance). 

As discussed earlier, with digital maps the alignment 
mode can be changed any time; therefore, the map 
software designer can leave this selection to the user. 
However, we required that there is a proper default 
value for the alignment. Should this alignment be 
forward-up or north-up? 

The default task in our case is targeted search, This 
task uses clearly the ERF; therefore, the forward-up is 
the correct choice and is on by default. However, the 
user can switch to any other alignment mode if he or 
she so wishes. 

Automatic or Manual Alignment? 
In WalkMap, the default value for alignment is forward- 
up. One question concerning the alignment remains, 
though. Should the alignment be automatic, or should 
the map remain static until the user manually updates 
the map? As pointed out by Aretz i1 ], the inconsistency 
of the rotating map display hinders the development 
of a cognitive map. In this respect, the map shoutd not 
be aligned continuously. However, it is questionable 

whether an average walking user in a city needs to 
develop a cognitive map. 

Since no previous research has addressed this issue, 
we arranged a field experiment to find out the answer 
[17]. Qur results showed that neither automatic nor 
manual mode should be preferred. This result was 
indicated both by the quantitative analysis (there were 
no statistically significant differences in performance 
between the two modes) and the user opinion survey: 
four users out of 10 preferred the manual mode, while 
six preferred the automatic mode. Therefore, the users 
should be offered both methods. The mode should 
default to automatic, however, since those users who 
performed the automatic mode section first had a 
tendency to simulate the automatic orientation func- 
tionality by constantly orienting the map manually. This 
could imply that over time, the automatic mode coutd 
turn out to be better. 

The You-Are-Here Symbol 

It is essential for the user to locate himself/herself on 
the map, With digital maps this task becomes trivial- 
the user can see the You-Are~-Here (YAH) symbol 
on the screen on the coordinates indicated by the GPS 
service. However, how should the YAH symbol 
behave? 

There are two basic ways to visualize dynamic 
positioning information on a digital map, Either 

• the YAH symbol is drawn in a static position in the 
middle of the screen, and the map moves as 
the user moves, or 

• the YAH symbol moves on the screen and the 
map image remains static. In this case, when the 
user is about to move out of the displayed area, 
a new image has to be created and the whole 
display has to be changed at once, 

Clearly, the YAH symbol behaviour is tied to the align- 
ment mode in use. In case of automatic forward-up 
alignment, it is not logical to rotate the map and to 
move the YAH symbol at the same time, Therefore, for 
a forward-up aligned map, the only viable choice is to 
move the map and keep the YAH symbol static. 

It seems that the former method is better regardless 
of the alignment mode used, Kim et al, [4] have 
examined the effects on rotation and movement of the 
map in an automobile, They had a simulated driving 
environment to measure the arrival time, navigation 
efficiency, and map reading time. Among other things 
they found that the arrival time is shorter if the car is not 
moving on the map but the map moves and the car 
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Fig. 1. The hardware components and their interfaces to the wearable computer. 

symbol remains fixed in the middle of the screen. This 
was due to the fact that the changes in a display were 

constant and smooth. With a moving car, when the car 
reaches the edge of the screen, the whole display 

should be changed at once. 
As a result, it is obvious to choose the former 

method: in WalkMap, the YAH symbol remains static 
while the map pans as the user moves. This is true 

regardless of the alignment mode. 

Implementation 
In this section, we will take a look at the way WalkMap 
~s implemented. As a general principle, we apply itera- 

tire design in all our work. In other words, as soon as 
the requirement analysis has been completed, we 
design and implement the first working prototype. We 
then evaluate the prototype with an appropriate 

method, identify the required changes, and go on 

with the next revision. Even the requirements may be 

modified if the results so indicate. 

computer was equipped with a Trimble Nay-GUIDE 
GPS receiver (accuracy about 7-10 m), and an dec- 

tronic compass, Leica DMC-SXZ. The compass and the 
GPS receiver were connected to the serial ports of the 

computer. Our discrete input device, called N-Fingers, 
is connected to the PS/2 port. It is described in more 
detail in section 4.3. 

A Sony Glasstron PLM-S700E see-through head- 

worn display (HWD) was used. We ran the display in 
640×480x 16 resolution at 60 Hz refresh rate. A sche- 

matic of the hardware configuration and interfaces is 

shown in Fig. 1. In Fig. 2, a user wearing the computer 

is shown. The components are installed on a belt with a 
shoulder string. The CPU unit and the battery are 

attached in front on the belt, while the display control 
unit and the GPS receiver are in the belt case behind 

Our Wearable System: 
An Overview 

In order to develop the WalkMap application, we 
needed to have a working prototype of an entire 
wearable computing system, including hardware 
components, and software architecture, tn this section, 

we will briefly describe these essential elements. 

Hardware 
Since our research focus was not on hardware, we 
used:only COTS (commercial off the shelf) equipment. 
Our wearable computer was a Plug'n'Run NetCARD 
PC by Cell Computing with a 333 MHz Pentium II 
processor, 128 MB RAM, a compressed 340 MB IBM 

Microdrive, two serial ports, two USB ports, one 
parallel port, and two PCMCIA slots. In addition, the Fig. 2. A user wearing the computer. 
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Fig, 3. MEX message delivery system. 

the user's back. The compass is in the visor of the cap, 

and the GPS antenna is located in the shoulder string, 

Software 
We have designed and implemented a dedicated soft- 
ware architecture for wearable computers, caned 
Message EXchanger, or MEX [18]. MEX is a low- 
footprint message delivering system. It allows easy 

connections between various software components in 
one or more computers. Each software component is 
a MEX service capabIe of sending and receiving 
messages through MEX (Fig. 3). 

The MEX message deiivery system allows easy 

addition and removal of components even when the 

system is running. The applications in MEX are com- 

posed of several different software components that 

together form an application. A typical application is 
composed of sensors, application logic, and a user 

interface. All the components are separate pieces of 
software. This approach allows us to customise the 
applications and reuse the components. The same 
component can be used in several different appli- 

cations that might be running simultaneously. The 
distribution of the software components also allows 

us to experiment with different combinations of 
components. 

WalkMap Software 
Implementation 
WalkMap is built on top of the MEX system. The Walk- 
Map software takes advantage of the service distri- 
bution provided by MEX. The WaIkMap functionality is 

Virtual Objects 
The main functionality that the user gains from 

WalkMap is the help in real world navigation and 

access to surrounding data. WalkMap creates a user 
interface that represents the surroundings to the user, 

The user interface is composed of a presentation 

of the environment and location dependent 
information, 

A lot of research has been done on the contextual 

information, For instance, Schilit L14] studied dynamic 
environment objects These objects belong to the cur- 
rent context and they can represent real or non- 

physical objects, Pascoe [13] studied the creation 

and manipulation of virtual objects. Pascoe's virtual 
objects, referred to as stick-e notes, contain GPS 

information and they can be created and accessed at 
the location. 

We use v~tuol objects to present the information 

around the user. The virtual objects are a presentation 
of entities around the user. The entities can be real 
world objects, obiects that only exist in the virtual 
space, or other users. 

Virtual objects are stored in a network database. The 
user accesses this database at regular intervals or by 

manually requesting this information, The virtual 
objects have several properties that are required in 

order to be presentable to the user. The required 

properties are location coordinates, visibility range 

and object name. !mportant, but not necessary 

properties are a URL presenting the image of the 

obiect, a rink to the content of the virtual object, and 
object type. 

The location coordinates and the visibility range are 
used to determine when the user can see the obiect. 
The location of the obiect is presented or transformed 

to the same coordinate system as the user is using, 
such as GPS. If the user is inside the circle defined by 

the virtual obiect location and its visibility range, the 
object can be shown to the user. 

The object type is used for filtering, The information 

space around the user can be composed of a vast 
number of virtual objects and not all of them 

need to be shown to the user, The user should see 
only the obiects that he or she finds interesting, The 
virtual objects form an important part of the user 
context. 

The name and the image are used when visualising 
the obiect to the user. The link is used if the user wants 
to access the information behind the object. 
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Context Awareness: The Core Component 
There are many definitions for the term 'context'. For 

our purposes, a good one has been presented by Dey 

[12]: 'Context is any information that can be used to 

characterize the situation of an entity. An entity is a 

person, place, or object that is considered relevant to 

the interaction between a user and an application, 

including the user and the applications themselves', 

However, in this particular work, we do not take as 

wide an approach to context. The context in WalkMap 

is composed of the user's location and the virtual 

objects around him or her, As stated above, the objects 

exist in the real or virtual world, or they are other users. 

Therefore, as far as WalkMap is concerned, the context 

can be understood as 'A collection of entities in the 

limited virtual space around the used. 

WalkMap has a context-aware cQmponent that 

takes care of dealing with the context. As we are cur- 

rently using only a Iimited definition of context, we 

thought there could be a need to extend our definition 

in the future. Thus, the context-awareness was built 

into one separate component. This component can 

be rewritten to take into account a wider definition 

of context including additional factors, such as 

temperature and weather. 
The context-aware component constantly monitors 

the user's current location. It is also connected to the 

virtual object database. As the user moves, the context 

aware component examines the visibility ranges of the 
current virtual objects and updates the user's context 

space accordingly. The context-aware component is 
called the Core, as it contains all the core functionality 

of the application. 

In addition to the virtual object database, the Core 

aiso accesses the map database containing geographi- 

cal information. In our prototype system, the geo- 

graphical data is stored locally on the user's terminal. 
However, it is straightforward to connect the Core into 

any existing remotely stored Geographical information 

System (GIS) database. 

Software Components :for the Sensors 
WalkMap exploits several sensors attached to the sys- 

tem. Each hardware sensor has a respective software 

component to feed this data to the MEX message 

system. The necessary sensors include compass and 

GPS receiver. These sensors constantly monitor the 

user's location and orientation. They both have 

threshold 'values that require a big enough change in 
order to send information to MEX. This threshold value 

is dependent on the hardware used. The more accu- 

rate and the less Iag the component has, the more data 

we can feed to the system. 

Summary 

The complete software system can be seen in Fig, 4. In 

addition to the components described above, the user 

interface is also a separate software component. It 

receives the context space from the context aware 

component and sensor data from the different sensors 

attached to the system. Based on these, the user 

interface is created. 

User Interface 

WalkMap is supposed to be used while walking. 
Hence, the user interface should be as simple and 
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Table 1. Comparison of the different visualisations in WalkMap 

Name/Property Virtual Objects Map See through Map Orientation 

Blank No No 
ContextCompass Yes No 
VectorMap Yes Yes 
BitmapMap Yes Yes 

Yes N/A 
Most N/A 
Some North/forward up 
No North up 

intuitive as possible. Further, it should not mquire com- 
plicated actions that am hard to perform, or that may 

draw attention to the user on the street, All user 

interface components are mquired to follow these 
guidelines. 

There are several user interface components in 

WalkMap. These include 

• map's visual mpmsentation on the screen 
• object selection on the map 
• controlling the map behaviour. 

These components am presented in this section. In 

addition, some issues concerning usability evaluation 
are discussed. 

Visual Representation 

The user has several choices on how the user interface 
is visualised The general idea is to give the user a set of 
different user interfaces that have different see through 
capabilities. As the target user should be able to use 
the system while walking, there should be at least a 
non-blocking view of the mal wor ld Since a (nearly) 

blank scMen would probably not provide enough infor- 
mation on the surroundings, them should also be visu.- 

alizations that provide morn geographic information, 

but block morn of the user's mal world view. 

The WatkMap user interface has several different 
levels of visualisations, Their key properties are 

compared in Table 1. 
The different visualisations have different properties. 

Qn the one hand, the first two visualisations have less 
overall information availabIe, but on the other hand 
they have much better see-through capabilities. These 
user interfaces should be used when the user is walk-~ 

ing and knows where he or she is going, In this case the 
user requires much less navigational information and 
can just concentrate on walking. 

Blank screen has no information presented on the 
screen. The user sees the real world unblocked, but the 
access to the context space is limited to audio only, 

ContextCompass is a compass presentation of the 
surrounding contextual data. It requires very little 

space in the HWD and thus allows a good see-through 

properties, No geographical information is shown. The 
user only sees the virtual object locations in relation to 

him or her. The ContextCompass is described in more 

details in Object Selection below. 
There are two fulluscreen map presentations in 

WalkMap, The Bitmap presentation shows a full- 
screen bitmap of the environment and the virtual 
objects are overlaid on it, The bitmap has no see- 
through capabilities and thus it cannot be used while 

the user is walking. One example of a Bitmap map can 
be seen in Fig. 5. Them can be any number of'skins' to 

the bitmap presentation, allowing specialized maps 

such as tourist maps, or maps for childMn. The number 

of skins depends on the GIS information available. 
The Vector map uses a vector presentation of the 

surroundings, This map alsQ mquires full screen, but it 

is still somewhat semitransparent. The user can see 
through the geographical data as seen in Fig. 6. The 
virtual objects am also overlaid on top of this map and 
zooming is also altowed in this mode. The Vectormap 
can have different skins as well. 

Vectormap presents streets in white and the build- 
ings in yeItow. The YAH symbol and the virtual objects 
am drawn on top of this. 

Fig. 5. 1he Bitmap view. The virtual objects are laid on top of 
the map data, 
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Fig. 6. Vector map. The black parts are see-through in the 
head worn display. 

Fig. 7. ContextCompass. The user has most of the view 
unblocked. Virtual objects are shown on the compass. This is 
a synthesised image. 

Object Selection 

The current context may consist of dozens of objects. 

Eurthermore, theme can be numerous objects visible on 
a map atany time. From these, the user should be able 

to select any object effortlessly. We have two solutions 

for this task. 
The first is called ContextCompass [t9 !. The visual 

appearance is based on a linear compass shown on 
top on the head-worn display (Fig. 7). This compass 
covers a 110 ° area in front of the user (55 ° on both 

left and right sides). 
Each object that belongs to the user's curment con- 

text is visualised on the ContextCompass in their 

respective horizontal positions (the vertical position is 
equal for atl objects shown on the compass, regardless 
of their real vertical positions). Hence, the object that is 
located straight ahead is shown in the middle of the 

compass, whereas other objects aree shown on the 
respective side (left or right). In case an object is 
not in the 110 ° range, it is drawn on either side of the 

compass. 

The object that is currently in the middle is high- 

lighted and can be selected. This implies that any con- 
text object can be selected by simply turning one's 
head towards it. As the user turns his/her head, the 

objects on the compass aree continuously updated. 
Some key information on the selected object is 

shown to the right of the ContextCompass. This infor- 
mation includes the distance to the object, and a short 
description. This information, along with the objects' 

geographical coordinates and icons, is provided by the 

context-aware software component discussed earlier. 

The user may also need to select an obiect while 
viewing a map, Therefore, in addition to ContextCom- 

pass, we also needed a method for selecting an obiect 

on a 2D plane. While this is straightforward to perform 
with any curment pointing device (like the mouse), we 
wanted to develop a more simple way of performing 
the selection. As a result, the ] D selection technique 

was implemented, 
In 1 D selection, the user controls a visual circle on 

the screen. Once the selection tool has been activated, 
the circle radius can be manipulated; the middle point 

remains in the middle of the screen, The object that is 
currently on the perimeter of the circle is highlighted 

and can be activated, This way, only one-dimensional 

movement is required to select any object on the 

screen, 

Controlling the Map 

In addition to controlling contextual objects, the user 
will also need to control the map behaviour (i.e., to 

change the alignment settings, to change the visualis- 

ation modes, and so forth), He or she may need to 

initiate commands directly, or to browse simple menu 
structures. We have developed a dedicated interaction 

technique fbr such discrete commands. 
Our interaction technique is called N-Fingers [20]. 

N-Fingers relies on the natural movements of fingers 
towards each other. There aree four 'buttons' in the 
joints of the index finger, middle finger, and ring finger; 

these buttons are 'clicked' by thumb. This way, the user 
can have up to eight discrete buttons when both hands 
are used. Even though the current prototype is imple- 

mented by using physical snap fasteners and a some- 
what clumsy copper plate on the thumb (Fig. 8), our 
extensive user evaluations [20] showed that for cursor 
controlling tasks, N-Fingers is as fast the keyboard 

cursor keys. 
The hand icon visible in the Figs 5-7 is one form of 

displaying the available commands to the user. In Fig. 7, 
for example, the 'Open' command can be activated by 
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Fig. 8. N-Fingers. 

clicking the button in the middle finger. As a result, the 
currently selected object is opened. The contents of 

the hand icon then change, reflecting actions that can 

be performed on the selected obiect. 

Usability Testing 
In order to achieve meaningful results from usability 
studies cQncerning wearable computing and aug- 
mented reality, at least some of the experiments 

should be arranged in real use conditiQns. To support 
the outdoor experiments, we have deve]oped a dedi- 
cated usability evaluation software system [211, which 

takes full advantage of the customisation provided by 

MEX and WalkMap. Since all the key software compo- 

nents are separate services, we can have different 
combinations to be tested and to reuse the software 

components~ 
Undertaking usability tests of a wearable computer 

is a very difficult task. Wearable computers are very 

personal by nature and this poses problems for exper- 
iments. Qn the one hand, we wanted the user to use 

the system alone, as in a real-use situation. On the 
other hand, the test supervisor should control the test 
and know what is happening in the wearable com- 

puter, The solution to this problem is achieved by 
connecting the laptop of the test supervisor to the 

wearabIe computer. The test supervisor gets full access 

to the personal information on the wearable computer 

and by controlling the context-awareness, the test 
supervisor can control the entire test. This functionality 
was achieved by replacing the Core component (in Fig. 
4) with a test control component. This component runs 
on the test supervisoFs laptop and controls the test 
subject's user interface in such a way that the user will 
not notice any difference compared to normal usage. 

The wearable computer and the test supervisor's lap- 

top are connected via a wireless local area network 

(WLAN). 
The user interface of the wearable computer is 

duplicated and the new situation is shown on the test 
supervisor's [aptop, The supervisor has access to 

exactly the same user interface as the test subject and 
the supervisor can now observe the user both in the 
real and virtual worlds. The test supervisor aEso has a 

general information component that informs the 
supervisor about events occurring with the use of the 

wearable computer. This approach tackles the general 

problem of wearable computer usability testing by 
opening the personal virtual world of the test subiect to 

others. 
The software architecture of the test system is seen 

in Fig. 9. The basic system is the same as seen in Fig. 4 

with a few minor changes The core component is 
changed to the controller, there are two instances of 
the same user interface, and the tNFQ component is 

added to the test supervisoJ% laptop. The sensor data 

is stored into Iogfiles during the test. The data is syn- 

chronized and can be used after the test to replay the 

user interface as it was seen by the test personnel 
during the test. 

The evaluation system described above has been 
successfully applied to WalkMap reseamh [17]. We will 
now take a closer look at this experiment, It should be 

noted that the evaluation system is general and can 
be used to evaluate many different applications in 
addition to the one described hem, 

The purpose of the experiment was to find out 

which alignment method (automatic or manual) is bet- 

ter for a WalkMap user, i.e,, to study human-map inter- 

action. The experiment was carried out on a university 
campus area that consisted of several bigger buildings, 

roads, sidewalks, and parking areas, The users were 
asked to find virtual targets shown on the map, located 

around the campus area~ The vector version of the map 
was used. 

We had 10 subjects in the experiment, eight maIe 

and two female, whose ages varied between 18 and 
30; the average age was 26, AII users were familiar 
with, and had used, different types of map, including 

city" street maps, road maps, and terrain maps. Each 

user also said that he or she knew how to use a 

compass. One user ranked himself a totally inexperi- 

enced map user, whereas the others thought that they 
had intermediate map-using skills. No one considered 
himseIf or herself a professional in map use. The 
environment was totally unfamiliar b r  four out of 10 
users. The rest knew the area in more or Iess detail 

The equipment used in the experiment was our 
standard wearable computer, as described in the 
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section on our wearable system above, The test super- 
visor had a laptop computer. The usability evaluation 
system aJlowed the supervisor to see the subject's user 
interface, as well as to control the course of the exper- 

iment, without distracting the user's task execution. 
The supervisor followed the subject as he or she 

performed the tasks. 
The map front-end running on the test subject's 

computer had two modes: manual orientation, and 

automatic orientation. In the manual orientation mode, 
the user had to align the map to forward-up manually, 

whereas in the automatic orientation mode the map 
was continuously aligned to forward-up. No other 

alignments were possible. 
The user's computer was equipped with a Track- 

point-like pointing device. No pointing was required in 
this test, only two buttons were needed. With the first 

mouse button, the user could orientate the map in the 
manuaI orientation mode, and with the second mQuse 

button, the map could be toggled between hidden and 

shown in both modes. 

Each test session began with an interview. Along 
with basic data (age, gender, education) the user was 
asked about previous map and compass experience. 
We also wanted to know whether the user knew the 
environment in advance. After the interview, the rough 
course of the test was explained, 

The test consisted of two parts. In each part, the user 
had to find 10 targets that existed in the virtual world 
only. He or she was shown one target on the map at a 
time. Once the user had walked to the target and 

indicated that it was found, the target was removed 

from the map, and the next target was shown. The next 

target was always visible on the map without zooming 
(actually, zooming 'was disabled in this experiment). 
The user was allowed to make comments during the 

walk. 
The actual experiment consisted of two sections; a 

manual orientation section, and an automatic orient 

section. Every other user performed the manual orien- 

tation first. Regardless of the order of the sections, the 
route was always travelled in the same order. 

In the manual orientation section, the user was able 

to align the map forward-up by pressing one of the 
mouse buttons; the map remained in this orientation 

until it was oriented again, In the automatic section, on 
the contrary, the map was rotated continuously so that 
it was always kept aligned forward-up. 

After the first section, the map behaviour changed. 

At this point, we also asked for comments and opin- 
ions such as whether the user used the map during the 

route (in contrast to checking the target location in the 
beginning and just trying to find the target without 

the map), how long it took to learn to use the map, how 
he or she used the orientation (in the manual orient 
mode), and whether the rotation of the map made the 
usage more difficult (in the automatic orient mode). 
After both sections, the user was asked to compare the 
two maps to each other. One test session took about 
one hour, including the interview, the introduction, and 
both test sections. The route was about 2 km long, 

We measured the time between displaying a target 
and reaching a target. The number of incorrect target 

locations was counted, In the manual orientation 
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mode, we counted the number of orientations 
made. 

The quantitative data analysis showed that there 
were no statistically significant performance or accu~ 
racy differences between the two alignment modes. 
Also the user preferences were roughly equal for both 
modes. Hence, the map should be equipped with both 
manual orient and automatic orient methods. How- 
ever, since the users that performed the automatic 
mode test first used the orientation function in the 
manual mode significantly more than the others, one 
might conclude that over time, the automatic oriem 
ration might be preferred. Therefore, the automatic 
alignment was made default in WalkMap. 

Discussion and Related 
Work 
Several research proiects on personal electronic maps 
have emerged. Some of these are based on wearable 
computers, while others rely on hand-held devices. 
There are context-aware guides, navigational assist- 
ants, and combinations of both. In this section, we 
present some of the most relevant previous research. 
We also discuss the differences to WalkMap. 

A fine example of an electronic map is the Cyber- 
guide by Abowd et al. [10]. Cyberguide is a mobile, 
context-aware tour guide. It is aware of the user's 
current position, and can assist the user in several 
ways. It is focused on context-awareness, and provides 
the user with the means to get additional information 
on the surroundings. 

When it comes to functionality, Cyberguide is the 
closest equivalent to WalkMap. It provides the user 
with both a map and context-aware information. How- 
ever, Cyberguide is implemented on a hand-~hetd 
device, limiting severely the augmented reality 
approach. Furthermore, Cyberguide does not consider 
the overall system, including human-map interfaces. 

The GUIDE [22] is somewhat similar to Cyberguide. 
tt is based on a modified web browser running on a 
hand-held PDA. GUIDE is targeted at tourists, providing 
the user with navigational and context-aware infor- 
mation. Furthermore, it supports guided tours around 
the city. 

Thomas et al. [8] have used a wearable computer 
and a head-worn display for terrestrial navigation. Their 
system is called 'map-in-the-hat'. Mapqmthe-~hat 
assists the user in navigation from point A to point B via 
several waypoints. No actual map is shown, but visual 
cues are displayed including current date and time, the 

compass bearing, the current latitude and longitude, 
and the next waypoint. 

Map-in-a-hat is an example of a pure wayfinding 
approach. No map is used, since the user only needs to 
know into which direction to go and bow far it is to the 
next waypoint. In WaIkMap, similar functionality can be 
achieved by adding waypoints along the route as 
virtual objects, and displaying these obiects on the 
ContextCompass. 

Touring Machine [23] provides information about 
the surroundings to the user, creating a touring 
machine. The system augments data onto the real 
world, supports a large space for users, and combines 
multiple display and interaction techniques. The sys- 
tem consists of a backpack computer and a hand-held 
computer. A head-worn display is connected to the 
backpack computer. 

Touring Machine has two applications on separate 
computers. The 'tour application' runs on the backpack 
computer and takes care of the augmentation. The 
hand-held computer has a web browser that is used to 
show additional information on the surroundings. 

Again, Touring Machine is similar to WalkMap. Our 
system shares similar goals, but we wanted several 
different visualizations on a single display, interaction 
capabilities, and an easy distribution model. 

In general, the design approach is unique in Walk- 
Map. We have considered the application domain from 
several different point of views, and developed a com- 
plete, integrated, and easily scalable map system for 
wearable computers. 

Conclusions 
We have developed an augmented reality navigation 
application for wearable computers, called WalkMap. 
WalkMap combines a navigation assistant and a 
context-aware information centre into one, highly 
integrated yet dynamic system. 

WalkMap is targeted at a walking user in an urban 
environment. The human-map interface has been 
developed by applying results gained in previous 
research concerning maps and navigation, as well as 
arranging field studies. As a result, the map is 
forward-up aligned by default (although the alignment 
mode can be switched to north-up), and by default the 
map is aligned automatically (auto alignment can be 
turned off should the user prefer manual alignment)~ 
Furthermore, the user symbol is in the middle of the 
screen and the map moves as the user moves. 

WalkMap was built on top of MEX architecture. MEX 
is a distributed message delivery system designed 
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especiaily for wearable computers, WalkMap is a 

collection of  different software components that 

communicate via the MEX system. The components 

include sensors, user interface component  and the 

context-aware core component. This distribution of  

Pdnctionality makes the system extensible, which was 

used when creating the usability testing functionaiity. 

The user interface has multiple different visualis- 

ations to give the users different amounts of geo- 

graphical information and spatial data, The less screen 

space we used, the tess geographical information was 

shown and vice versa, We managed to create an inter- 

face to spatial data with minimal screen space in 

ContextCompass. It only takes up little screen space 

yet provides the user with full access to the data in 

the current context. 

In addition to the visual user interface appearance, 

we have also designed new interaction techniques 

fQr controlling the user interface and for object 

selection. All our interaction techniques rely on minimal 

design. 
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