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ABSTRACT co-located peers and to directly sense and model spatal rel
Location information can be used to enhance interactiom wit tionships in a very accurate manner. On this basis we show
mobile devices. While many location systems require instru _how information concerning spatial relations can be inoerp
mentation of the environment, we present a system that al-rated in spatialized interfaces to support interactive eole
lows devices to measure their spatial relations in a true-pee laborative tasks of mobile users.

to-peer fashion. The system is based on custom sensor hard-

ware implemented as USB dongle, and computes spatial re-/ "€ Relate system is based Belate Donglessensor nodes

lations in real-time. In extension of this system we propose that can be attached to mobile computing devices such as lap-
a set of spatialized widgets for incorporation of spatita+e  (©PS and PDAs via USB, as shown in Figure 1. The dongles

tions in the user interface. The use of these widgets is-illus &€ able to measure distance and angular bearing between
trated in a number of applications, showing how spatiatrela ©ON€ @nother in a true peer-to-peer fashion. This means that

tions can be employed to support and streamline interactionSPatial relations of a set of devices can be determined wher-
with mobile devices. ever these become co-located, indoors or outdoors, without

need for any instrumentation of the environment. The sen-
ACM Classification H5.2 [Information interfaces and pre- sor dongles operate over ranges of a few meters (2m for a

sentation]: User Interfaces. - Graphical user interfaces. single hop) and provide centimetre-level accuracy assgmin
_ devices are roughly co-planar (e.g. co-located on a table or
General TermsDesign, Human Factors work surface). Raw sensor data is processed on the mobile

) i i device to establish a dynamic peer-to-peer overlay network
Keywords: ~ Context-aware computing, mobile computing, petween co-located mobile hosts, and to compute and main-
spatially-aware interfaces, spatial relations, locasigstems  tain a model of spatial relations in real time. The model
provides fine-grained relative device position and origéoita
INTRODUCTION (quantitative information), as well as qualitative redaships

It has been widely recognized that interaction with mobile g,ch adeft of right of, approachingandmoving away.
devices can be enhanced by using spatial information such ’ ’

as the location and orientation of the device. Locationrawa
services (“find the nearest Italian restaurant”) have bken t
subject of extensive research [1, 7] and are now available
on devices such as mobile phones and PDAs. A range of
research efforts have also shown how indoor location and
proximity information can be used to adapt and streamline
interaction with mobile devices [2, 12, 26].

Less attention has been paid to using information about the
spatial relations of a set of co-located mobile devices fer e
hancing interaction and collaboration. In this paper we dis
cuss an extension of mobile devices designed to make infor-
mation on spatial relations available to support intecarcti
with nearby users, devices and resources. We introduce the
Relatesystem and toolkit enabling mobile devices to detect

Permission to make digital or hard copies of all or part of twork for Figure 1: Relate enables maobile devices to sense rela-

personal or classroom use is granted without fee providatdbpies are tive positions of nearby peers and to use this as context

not made or distributed for profit or commercial advantage that copies in the user interface

bear this notice and the full citation on the first page. Toyoatherwise, to

republish, to post on servers or to redistribute to listguies prior specific

permission and/or a fee. . L. .
UIST'05, October 23-27, 2005, Seattle, Washington, USA. In [15] we gave an in-depth description of the Relate sensing

Copyright 2005 ACM 1-59593-023-X/05/0010$5.00. system and spatial model including the results of extensive
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experimental testing. Using the Relate system, we diseuss i on for standard mobile computing devices. Finally, Relate
this paper a new aspect, namely the construction of user in-has a strong focus on user interfaces and provides a complete
terfaces that make use of information about spatial reiatio solution for building spatialized interfaces. This is astdd
between mobile devices. In order to make spatial contextby providing a combination of new sensing hardware, a run
and spatial relations available to interface designerds,udn time system for spatial modeling, and a toolkit for integfac
timately to users, we have designed a setpstialized wid- and application building.

gets. These widgets provide a variety of views for spatial )

relations and support both explicit and implicit interacti ~ Face-to-Face Collaboration

using spatial information. The widgets are implemented in With the advance of mobile technology, some researchers
the Relate Toolkit, which provides a set of APIs for building have started to recognize its potential to support fackde-
user interfaces and applications that make use of spatial reCoOmmunication and collaboration. Among the early propos-
lations. To demonstrate the utility of the Relate Toolkie w &ls are match-making and awareness technologies to provide
present two applications that we have built to support users’0aming groups with a sense of connectedness [18], ad hoc
in face-to-face meetings, and sketch a third one to supportd@mes and gaming platforms that seek to make real-world
service browsing in mobile environments. The experience of 9r0up mobility part of digital entertainment [3], educaa
building and exploring this first set of applications praagd ~ Software tools [9], and messaging devices that adopt “word
insights and raises open questions that we discuss in the fina®f mouth” metaphors for proximity-based passing of infor-

part of this paper. mation [4]. Most of these systems and applications could
benefit from accurate knowledge about the spatial arrange-
RELATED WORK ment of the devices involved, yet their current sense ofespac

Currently, mobile computers have a very limited world model is limited to rough estimates of device proximities based
and generally lack knowledge about the physical space inon infrared visibility, Bluetooth device discovery, prase
which they operate and the presence and exact location ofwithin a radio cell with known location, or analysis of net-
devices. Efforts in context-aware and ubiquitous comput- work signal strength.

ing over the last years have focused on making knowledge . _

about the world available to computer systems and spatialMobile Interaction Techniques

knowledge has been of particular concern. As stated by Bru-Knowledge about spatial relations represents a new form of
mitt et al. [6], the addition of basic geometric knowledge ha context for mobile devices which can be employed for novel

the potential to greatly increase the shared understamging nteraction techniques. One of the first projects to conside
tween user and system. spatial information beyond mere location was Fitzmausice’

work on spatially-aware palmtop computers [12]. Proximity
Two of the earliest projects in this direction were ParcTadb a  as criteria for interaction was explored as part of the PatvcT
Sentient Computing. The ParcTab system pioneered use ofystem in the form of proximate selection, a technique for
location information to enable a range of context-aware ap-automatically changing interfaces so that the naturaluesfa
plications and interfaces for small handheld computerk [26 reflect the user’s current context [26].
Sentient Computing demonstrated use of fine-grained posi- i , i ) i
tioning technology to maintain a spatial model of an envi- Other interaction techniques for mobile devices do not make
ronment, which appears to reproduce the perceptions a usefS€ Of explicit spatial information but use spatial metapho
has of the world [2, 14]. Both systems involved elaborate Pick-and-Drop is an extension of the drag-and-drop interac
infrastructure solutions for locating and identifying dms  tion technique for multiple co-located devices [24]. Using

which limited their wide-spread adoption and deployment. & SPecial stylus, it allows users to pick up an object on one
computer with a stylus and drop it on another nearby com-

Location Technologies puter. Danesh et al. [9] describe an interaction technique f
Since then a variety of location technologies for mobile and identifying and selecting devices through a pointing gestu
ubiquitous computing have been developed [16]. Many of using custom tags and a custom stylus called the gesturePen.
the available location technologies and systems provide in It allows users to select a device using a “that device there”
formation at metre- or room-level accuracy which has beengesture instead of navigating through traditional usesrint
shown to be useful for a wide range of mobile tasks, includ- face widgets such as lists. Finally, Hinckley [17] explores
ing discovery of device and user co-location within a certai synchronous gestures for dynamic display tiling, a teatiq
space or area [26, 19]. However, few systems reported toenabling users to tile together the displays of multipldatab
date are capable of providing more fine-grained spatiatinfo computers just by physically bumping them into each other.
mation to devices and users that are already co-located, a€urrently none of these examples make use of explicit dpatia
targeted by our system. This includes systems using com-knowledge.

puter vision [6, 10] and ultrasonic ranging [27, 23]. _
Toolkits

Relate differs in important respects from this previous re- A major concern of our work in Relate is to bring information
search. First, Relate focuses on peer-to-peer relative pos about spatial relations to the fingertips of developers diid u
tioning and spatial relations rather than absolute locatie mately users. Related work in this respect includes the Con-
formation; in this specific respect, our system is close ¢ th text Toolkit that enables interface developers to treatedn
DOLPHIN [21] and AHLOS [25] systems for localization in  input like widgets [11]. We also seek to provide widgets,
ad hoc networks. Second, Relate does not rely on external inhowever specifically for interaction using spatial relatio
frastructure but combines all required sensinginasmall ad Topiary is a prototyping tool for location-enhanced apglic
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tions that like Relate provides specific abstractions fa-sp 1.

tial information however in contrast to Relate it is focusse

on support in early design stages [20]. Other work con-
cerned with provision of spatial programming abstractions
includes “programming with space” in the Sentient Comput-

Emitting ultrasonic signalsperiodically each dongle emits
an ultrasound signal using all transducers simultaneously
At each point in time only one dongle is sending. This
is achieved by synchronizing co-located dongles using the
built-in short-range wireless network.

ing project [2] and the Location Stack [16].

2. Sensing and analyzing ultrasonic signalsach dongle
uses its three transducers to listen for incoming ultradoun
signals. The receiving dongles measure the peak signal
values and the times-of-flight of the ultrasonic pulses sent
by the transmitting device to compute estimates for dis-
tance and angle-of-arrival.

RELATE SYSTEM

The Relate system consists of new sensing hardware, a run
time system for spatial modeling, and a toolkit for spatiadi

user interfaces:

1. Relate Donglea USB ultrasound sensing device for peer-
to-peer localization. Relate dongles are designed for usg.
with mobile computers (such as laptops or PDAs) and de-
liver real time measurements about their relative distance
and bearing.

Data collection: Dongles share sensor readings over the
RF network channel, and each dongle collects and stores
readings (including its own local measurements as well as
those provided by other dongles) in a buffer. Periodically,
each dongle uploads the sensor data from its buffer over
the USB link to its host computer where it is stored and
processed further.

2. Relate Spatial Engine software system running on the
mobile device to which the USB dongle is attached. The
engine is responsible for computing and maintaining a
high-level model of the spatial relations of co-located mo-
bile devices.

3. Relate Toolkita set of APIs for building user interfaces
that make use of spatial relations.

The dongle and the spatial engine have been described in de-
tail in [15]. In this section we give a brief summary of these
components, and also describe how the system is configured
for use.

Sensors and
USB interface

—

Microcontroller
and RF module

> Transducers

Figure 3: Spatial Relation Graph (Spatial Model)

Figure 2: Relate Dongle (outside and inside view)
Relate Spatial Engine and Model
Relate Dongles The Relate Engine is a software service running on the mo-
A Relate dongle is a wireless sensing add-on to a mobile hostoile hosts. It interfaces with the dongle to receive sensor
for which it collects data. It is built from custom hardware data for two purposes: (1) to compute and maintain a dy-
and uses protocols for ad hoc networking and distributed namicspatial modebs a real time representation of the spa-
sensing. tial arrangements of mobile devices; and (2) to establish a
dynamic peer-to-peer overlay network between co-located

A Relate dongle is shown in Figure 2. It is composed of & Relate-enabled mobile devices for spatially-aware commu-
circuit board with a microcontroller and RF module, and an- njcation at the application level.

other separate circuit board with sensors and USB interface

The dongle casing is about 5.5 x 3.5 x 1.5cm in size, and The spatial arrangement of devices is modeled in a graph
has a standard A-type USB connector on one side. The othestructure, with nodes representing mobile devices andsdge
three sides of the dongle each have a 1 cm ultrasonic transindicating spatial relations between devices (see Figura 3
ducer, arranged to cover the space left, right and in front of graph captures the spatial arrangement at a particularipoin
the USB port on the host device. time, and the overall model is realized as sequence of time-

. . ) i stamped graphs.
Dongles use a distributed ultrasonic sensing algorithm for

peer-to-peer localization. Each dongle performs the ¥allo
ing tasks:

Nodes and edges of spatial relation graphs are labeled with
attribute-value pairs. Node attributes include the ID & th
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dongle; the location of the USB port on the host device (re- Configuring Relate

quired to map dongle positions to device positions); IP net- The Relate system requires some information on the physical
work address and hostname (enabling Relate to establish asetup of devices and dongles in order to compute coordinates
overlay network); and user information (name, affiliation, and spatial relations correctly. Figure 4 shows the control
email). On the local device, most of this information is con- panel which provides a number of panes for system configu-
figured when the Relate engine is first installed, using an end ration:

user configuration tool detailed in Sect. . It then becomes, ., Identity pane, where users can enter their name, the
shared between devices via their dongles (i.e. over the don- 5 me of the de\}ice a URL (e.g. pointing to their hc;me

gles’_dedicateq RF channel). Note that no IP connectivity is page), the local IP address (optional) and the name of an
required for this. image file containing a photograph or portrait.

The model captures binary spatial relations between device® @Devicepane, whichis shown in Figure 4. In this pane, ge-

as edges between nodes. Spatial relations are computed from ©Metrical properties of the physical configuration are spec

sensor data in a staged processing pipeline. The initigesta ~ 1ied- This includes the width and depth of the local host,

are for association of sensor readings with pairs of nodesfo ~ the side to which the Relate dongle is attached, the dis-
lowed by consolidation of distal and angular measurements {@nce of the dongle to the left, back corner of the host and
using non-linear regression, and yield accurate quainttat the type of the host (e.g. a laptop computer or a PDA).
information. Further stages are for computation of qualita Additionally, the logical port number can be set as well.

tive spatial relationships that approximate human corsoefpt
space [8], such asearandfar, and for inference of spatio-
temporal relations, such approachingand movingaway.
The computed relations are summarized in Table 1.

Table 1: Spatial Relations modelled in Relate
Relation Type Explanation
distance AB Numeric | the exact distance be
(0...00) | tween A and B in mm,
e.g. “930”
the direction from A to-
wards B relative to the
orientation of A in de-
grees, i.e. Oindicates
B is straight ahead of
A, 90° indicates B is
exactly to the right of
A, etc.
indicates that B is in-
side a 90 wedge to the
left of A, i.e. =£45°
from the cardinal axig
with respect to the cur
rent orientation of A
analogous to left AB

Numeric
(0...359)

angle AB

left AB Boolean

right AB Boolean
behind A B
in_frontAB

farAB

indicates that the dist
tance between A and B
is more than 200cm
indicates that the dist
tance between A and B
is less than 20cm
indicates a decrease of
the distance between A

J

I

Boolean

near AB Boolean

approaching AB | Boolean
and B when comparing
two consecutive mode|
graphs

indicates an increase aof
the distance between A
and B

movingaway A B | Boolean
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. Relate Configuration
Device
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Width (mm): 365 laptop

Depth (mm): 300

Dongle attached to | FRONT [% 1

Distance to left side (mm): 15

Distance to back side (mm): laptop

Port dongle is attached to: | /dev/tty.usbseri... [§]

Esave settings [ Cancel )( OK
icclinaicllys | wiati

Figure 4: Control panel used to configure the Relate
system

USING SPATIAL RELATIONS IN THE USER INTERFACE

Spatial relations as modeled in Relate represent a particu-
lar form of context with specific characteristics. Relata-co
text corresponds with the immediate physical space in which
it is used. All entities described in the Relate model, i.e.
devices as well as users, services and resources associated
with these devices, are immediately accessible for the user
in “real-world” space. The spatial relations captured ia th
model place these entities in a context that users have di-
rectly “before their eyes.” We believe this can be exploited
to ease access to and interaction with nearby users, devices
and resources in a variety of ways.

Context in general can be used in various ways to dynam-
ically adapt user interfaces of mobile devices. Partiaily i
spired by [26] and [5], we can distinguish three types of
context-aware interface adaptation:

1. Context-aware triggeringautomatic execution of actions
depending on context

2. Context-aware actionsshanging the result of a command
depending on context

3. Context-aware presentatiorpresentation of information
depending on context



In Relate we seek to support all three types of interface spatial widgetsmake use of relations in a way that is not
adaptation using spatial relations as specific type of adnte immediately obvious to a user. In the following we describe
Context-aware triggering is supported by an event serviceone implicit (spatialized list) and three explicit spatiad
that allows applications to subscribe to events in the Relat widgets (spatialized map, compass, and label).

system. These can be model events (updates of the model
maintained by the Relate Engine), spatial events (chamges i — =
spatial arrangement of devices) and network events (clsange by distance, increasing |+ H
in the Relate network such as the discovery of a new device).

Alternatively, a service is available to query context imfi@- 'f_’ 34
tion in the Relate model, and to use context query results to L
trigger certain actions. Carl

Luke

Context-aware actions (the second type of interface adapta
tion) are supported by Relate specifically for communicatio
actions. A spatial communication service provides a number
of spatially-aware communication primitives that can bedus

to disseminate data in a Relate overlay network depending orspatialized List The spatialized list is a listbox whose en-
their spatial relations. The event, query and spatial commu tries are sorted dynamically with respect to a spatial ieat
nication services have been described further in [15]. i th Each entry in the listbox is associated with a particular re-
paper we focus now on the third type of context use listed |ate device. The place of each entry in the list is determined
above, i.e. on presentation of information in mobile user in by the current value of the relation. As an example, let’s as-
terfaces depending on spatial relations as context. sume we want to display the names of the owners of nearby
mobile devices sorted according the current distance to the
respective device. Each entry of the spatialized list isia pa
consisting of a textual label (the owner’s name) and a Relate
device ID. As spatial relation we use distance. The widget
can than be defined as follows:

Figure 5: A spatialized list widget

A classic example of spatially-aware presentatioprisxi-
mate selectiona technique for automatically changing in-
terfaces so that the natural defaults reflect the user'sotrr
context [26]. Proximate selection can be implemented by
highlighting or sorting interface objects (e.g., icons}@cl-

ing to the physical distance of the entity they represeat (i. Relation = distance

device, service, or user). Clearly, knowledge about the spa . . )

tial relations between devices is necessary for proximate s Entries = {(T'ina, 1), (Luke, 2)(John, 3), (Carl, 4)}
lection. Another example of spatially-aware presentat@m  Tpe gpatialized list sorts the names according to the curren
be found in the area of awareness support for meetings [13] gistance from the local device to any of the four devices. As-
Spatial context delivered by Relate can be used to informg,ming certain distances, the names might be sorted in the
a user about the identities of meeting participants and thei 5,qer John. Tina. Carl. Luke as shown in Figure 5 for illus-
seating arrangement. This can be implemented by presentingtion. However, the list is dynamically updated accogdin

an overhead view of a meeting situation depicting the loca- 1 the actual distances stored in the Relate model. As com-
tion and owner names of all laptop computers in a room. In puters are moved, the list order may change.

this case spatial contextis used inexplicitmanner (the user

is directly presented with spatial information), while pro Spatialized Map Our second widget is a spatialized map

mate selection makesiplicit use of spatial context. that directly visualizes the positions of entities in thde®e
o o ) ) model in a two-dimensional view using a relative coordinate

While it is not too difficult to come up with potential uses for - system with the local device at the origin. The spatial ar-

spatial context and spatial relations, the constructidh@$e  rangement of the device icons is a to-scale representation o

applications and user interfaces is rather complicated- Sp the actual device arrangement. This allows a user to easily
tial information must be acquired (i.e. sensed), processed map petween reality and map display.

abstracted and presented. The first three tasks are handled
by the Relate dongle and software engine. In order to makeThe Map widget not only visualizes entities and their loca-
spatial context and spatial relations available to interfde- tion, but also supports a set of interaction primitives:

signers, we propose a setsfatialized widgets. e Selection:users can select one or more of the depicted en-
tities. This can be used to specify the target of a command,

A spatialized widget is_a visual interaction element whose_ a/l;&hrggrgli?‘gf:)r;?ngt%onrgauttﬁé g;g@?:&ngngt;w up window
appearance and behaviour adapt based on spatial context i pa4_and-drop:users can drag-and-drop interface objects
formation as represented in the Relate spatial model. R pro g, 45 files onto entities. This can be used to transfer
vides a visual representation of spatial relations beva®en ——j ¢omation to a spatially-selected Relate device.

vices, services and people and supports spatial interactio _ i _ i

techniques. Each widget can be tailored to accommodate thd he widget presentation can be influenced using a number of

requirements of specific applications. parameters. This includes filters for entities and relatips
to be included in the views, various view options (textual vs

We distinguish between explicit and implicit spatial witlje  iconic etc.), and definition of the origin for the relativeoce
Explicit spatial widgetsvisualize spatial relationgmplicit dinate system. Figure 6 shows a map in which each Relate

Spatialized Widgets
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device is represented by an icon. The local device is dapicte the second one lists all devices that stand in a specifidoalat

in the lower right corner of the widget. to the local device.
il i
Tina o the left, nearby] Tinal - the et
dells Carl
- Figure 8: Two types of spatialized label widgets
RELATE TOOLKIT

The Relate Toolkit enables developers to build graphioad us

interfaces that make use of spatial relations. It is written
o wdl Java, currently requires Java 2 Standard Edition versib2 1.
ot and runs on Windows, Mac OS X and Linux. It consists of

two major components:

1. A set of Java classes implementing spatialized widgets

10.em

2. A programming interface for direct access to the spatial

Figure 6: A spatialized map widget model and asynchronous event notification

Spatialized Compass In some circumstances it may not The Relate toolkit implements a number of widget classes
be useful or necessary to provide a realistic view of device that extend standard Swing components, d @nponent
arrangement, but rather to use a more abstract representao facilitate easy integration of spatialized widgets witn-
tion that highlights important relations while ignoringde-  ventional user interface elements. In addition, every spa-
emphasizing others. For this purpose, we devised the Com+ialized widget implements a common interface RelateView,
pass widget (cf. Figure 7). The compass places the localwhich defines the following methods:
along the circle In the direction in whieh they appear iom + UPJat e(odel ) instructs a widget to update its ap-
the local device. Thus a compass uses angular relationships pmeozggrcgsgggo;g'gg z;?art:eet el:]formatlon contained in the
between the local and nearby devices but ignores distances. Upd | be .I bool bl
The compass widget is useful, for example, for indicating * aut oUpdat e(| ongi nt erval , bool ean enabl e)

L ? S PR configures a widget so that it will automatically update
the direction in which a service can be found. Similarly to . e S

. . . everyi nt er val milliseconds (by retrieving the current

the map widget, the compass widget supports selection and model from the Relate engine). Tlaabl e parameter
Sirglg\;l;and—drop operations and can be tailored using filtets a specifies whether to turn automatic updates on or off.
While the former method provides developers with a means
to take full control of what is being displayed at any time,
the latter one can keep the information being displayed up-
to-date without requiring any intervention from the main ap
plication.

In addition every spatial widget has a small set of individ-
ual methods to customize its appearance (see below). Most
widgets make use oflsappi ng object that maps displayed
items (such as textual or graphical representations) tatRel
devices and vice versa.

Figure 7: A spatialized compass widget For example, the spatialized map widget is implemented
in a Rel at eMap class. It extenddPanel and provides
support for drag-and-drop operations via the standard-meth

Spatialized Label All widgets so far have used a graphical ods defined irj ava. awt . dnd. Individual items can be
representation of spatial relations. However, a textyaleee  highlighted using theet Mar kedDevs( Vect or devs)
sentation can be useful as well, for instance for use on smallmethod. Via theset Render i ngPar anet er s method,
screens, or in toolbars. The spatialized label fulfills thig. the developer can customize the way in whiRel at eMap

It is a simple text label whose text value verbalizes theestat renders the items being displayed. Using this method, it is
of one or more relations from the viewpoint of the local de- possible to specify whether or not to use a fixed scale for the
vice. Figure 8 shows two types of spatialized label: the first relative coordinate system and to set a variety of other view
one lists the value of selected relations for a specifiedogevi  options.
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Applications
The first set of applications that we have built using Relate
target support for co-located users and are motivated by com
mon challenges we observe. The first one addresses meeting
in which participants are not very familiar with each other
and can benefit from awareness support to match faces td
names and affiliations. The second one addresses the pro

lem of transferring a document from one computer to an-

other, which remains cumbersome despite advances in sponf =

taneous networking. In addition to these we sketch a third ap | £ .

plication targeting support for mobile users to browse bgar E—ca B e
services. L % 2

areness Tool V1.0

Spatial Awareness Supportfor Meetings Face-to-face meet-
ings are still one of the most effective ways of working to-
gether. Social awareness is one of key factors for collabo-
ration, i.e. an understanding of who the collaborators are,
what their affiliation is, and what they do. It is a common
experience to join a meeting and to not be familiar with the e Jonn Asma inc)
names and affiliations of other participants. With this imchi - .
we have designed an awareness tool that provides an ovet - -
head view of the meeting situation depicting the seating ar- Saial Barikeknben) Pk Frank ks vies]
rangement of people, approximated by arrangement of their

mobile computers (cf. Figure 9). The awareness tool has ,m':m —

the same purpose as ordinary name tags or place tags: it al G S pRTRETEI
lows meeting participants to identify each other and to ad-
dress each other by name without having to remember each Figure 9: A spatialized awareness tool

others names. Contrary to printed tags, however, the aware-

ness tool works without preparation whenever and wherever

people meet as long as participants bring along a laptop com- browser, selecting a computer from list or typing in the
puter enabled with Relate. machine name)

The awareness tool is implemented using one map widge$. establishing a connection to the target computer
and two spatialized labels. The map displays the location

of each computer in a room. Each computer is representeg initiating the file transfer

by an icon indicating the computer’'s owner name and affili-

ation. The two labels sit under the map and state the names

of the persons sitting immediately to the left and right & th  Performing these tasks is non-trivial, especially for imei-

local user, assuming awareness for the immediate neighborenced users. This is despite the existence of dedicated FTP
is particularly relevant. Furthermore there is a menu item tools and the built-in file-sharing capabilities of todagjs-

in the view menu, which allows the user to set the origin of erating systems.

the coordinate system to determine where the local user icon o . o

should be displayed. The default setting is ‘bottom middle’ Spatialized user interfaces offer a route to streamlindiline
(this choice assumes that all people in the meeting sit aroun transfer task between co-located computers, in partiylar

a table so that nobodly sits behind another person). simplifying the process of finding and selecting the target
computer. We designed a spatial file transfer tool that al-

Spatial File Transfer Copying a file from one mobile com- lows two or more laptop users to copy files among wire-
puter to another is a frequent but often annoying task userdess computers using a simple drag-and-drop operation. The
are faced with. Despite the fact that most mobile computerscurrent implementation only works for computers connected
are equipped with wireless network technology, people of- to a wireless LAN, but the spatially-aware user interface is
tentimes resort to using USB memory sticks. The difficulty generic and can be used for other wireless technologies such
of transferring a file via a wireless connection is not a téchn as Bluetooth and IRDA.

cal issue, but a result of the often-cumbersome user imterfa

associated with wireless solutions. In order to copy a file The user interface is shown in Figure 10. It combines a tra-
over a wireless link from one computer to the next, a user ditional file browser for selection of a source file with a com-

must perform a number of activities including: pass view of nearby computers for selection of the target.

Files transfer is achieved by simply dragging the assatiate

icon from the file browser onto the icon representing a target

computer. This means that users do not have to know com-

puter names and IP addresses. Instead they can identify the

2. finding the target computer in the network (this may in- desired computer on their screen by mapping what they see
volve searching for the remote machine using a network on the screen with the reality in front of them.

Carl (Open Ltd.)

1. identifying the name of the target computer (this may be
an IP address or hostname)
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806 File Transfer Tool V0.5 of experiments, carried out over a period of several weeks,
file EdIL View each laptop was placed at a randomly generated location and
orientation on &.4 x 1.6 m surface in an indoor office en-
vironment. Many of the randomly generated configurations
involved restricted line-of-sight (LOS) between devicEse
primary purpose of the experiments was to collect sensar dat
for analysis of location and orientation accuracy. In addit

a map view was shown on all laptops throughout the experi-
ments, which allowed us to observe over a long period how
well the visualization of spatial relations correspondethw
reality.
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Following the initial experimentation, we have begun to dem
strate the system and the initial set of applications tosuger

P —_— — collect informal feedback. This initial use, however ligdt
(Transfer ) ( Cancel ) has already provided a range of interesting insights. We re-
[162220 FleTrarsarion s satng.. - port here our lessons learned to date and discuss some of the
open questions we face.
Lessons Learned
Figure 10: Spatial File Transfer combines a compass The accuracy of Relate technology is good enough to im-
view of nearby devices with a standard file browser plement spatialized interfaces—with some limitatiory

accuracy we mean the ability of the Relate technology to
correctly determine distances, angles and spatial rektio
Experimental results have shown that the sensor and model
S Nayers provide relative location and orientation estiraate
Relate applications that are targeted and users on the move,, accuracy and update rate appropriate for the scenarios we
One of the challenges that users on the move face is thepyision: the 90% accuracy is about 8 cm and, 281d up-
discovery of services available in their current environme  y,_qate estimates can be produced several seconds after a de
While there have been proposals to improve service disCoV-;a has been moved [15]. The experiments have also shown

ery in an ubiquitous computing environment (€. . [22]), the ot the system is able to compensate for partial line-gHftsi
process is commonly based on network topology rather than, o hiems when a sufficient number of devices is present. The
real-world space. This can lead to discovery of services wel Jimitations of the current implementation are:

beyond the immediate interaction space of the user. Spatia i ,
context as modeled in Relate can be useful to filter services® The more devices involved the better the accuracy. Accu-
beyond the immediate interaction range, and to list sesvice facy markedly improves with three or more devices. But
sorted by spatial criteria. Figure 11 illustrates a possibt the more devices involved, the lower the update rate.
terface using a spatialized list widget. Note this appiaat  ® All dgwces shoulq be oriented in a 2D plane. The current
has not been explored further at this stage, as it depends on algorithms are tailored for the 2D case, although we are
adaptation of the Relate sensor hardware for embedded op- Working on extending Relate to 3D.

eration in the environment. Jitter is bad. Computing spatial relations from sensor data
is non-trivial. One of the major problems is that quality of
® O O Service Browser measurements can vary tremendously over time. Obstruc-
- tions, device movement and environmental conditions have a
by distance, decrea... | & | big impact on the accuracy. Although the algorithms used by
ColorLaser (printer) Relate filter out spurious and faulty measurements to some
John's Mac (computer) m extent, we found that jitter (temporal fluctuations) poses a
LaserJet (printer) % problem on the interface level. In particular we discovered
Fresemer D22 nrojecton i that users are able to perceive even small amounts of jitter.

For example, users find it very distracting if device icons

( Connect ... ) . .
: : move when the corresponding real world objects do not.

Relative accuracy is more important than absolute accuracy

Figure 11: Design of a service browser using a spa- Relate is capable of delivering highly accurate spatiadrinf
tialized list mation as demonstrated by our experiments. However, we
discovered that on the interface level absolute accuracy is
DISCUSSION less important than relative accuracy. For example, whethe

The Relate system has been tested and used in configuraa distance between computers that are 1m apart is accurately
tions involving between 3 and 5 mobile devices augmentedmeasured as 1m is less important than the fact that two dis-
with Relate dongles. The devices used were: two Acer tablettances that in reality are equal are actually measured to be
PCs running Windows XP, a Dell laptop running Linux, and equal. Users seem to be very sensitive about proportignalit
two Apple PowerBooks running Mac OS X. In a first set and small relative errors are perceived immediately.
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Device representation matter©riginally we assumed that the Relate dongles and host devices form a multi-hop sen-
the representation of devices in the map and compass viewsor network in which nodes share and collaboratively inter-
is of minor importance. Yet contrary to our expectation we pret measurements. Our current implementation is tuned for
found that size and orientation of the icons matters a lot to scenarios in which people and devices cluster close togethe
users. A view becomes much more believable if the icon Through multi-hop measurements it is possible to extend the
size is proportional to the distances visualized in a view. | spatial range of the Relate technology, but it is not cleaatwh
some extreme cases it appeared that wrongly proportionedange and scale of device network to assume.

device icons made it impossible for users to map between

computer screen and reality. Icon orientation, although im CONCLUSION , . . .
portant, seemed of lesser importance than size. The Relate system extends mobile computing devices with

the ability to directly establish their spatial relatioimgwhen
Open Questions they become co-located. In this paper we have considered in-
How important is realism for understanding and usability? corporation of such spatial relations in the user interfalde
We do not have any data to decide whether realism in the in-have proposed a set of spatialized widgets that provide dif-
formation presentation improves the usability of a spattal ~ ferent views of spatial relations, and demonstrated their a
interface. Out of the four widgets we designed, the map usesPlication. Although the use of the Relate system and toolkit
a realistic representation, the compass shows some realishas been limited, they allow us to draw conclusions on which

while the two others use abstract representations. We needve can build further.

to investigate the particular advantages of different sypie
representation and to identify classes of applicationtedui
for each.

How can we visualize qualitative relationsWith the ex-
ception of the spatialized label, the current set of spaéll
widgets is tailored toward presenting quantitative refai
Qualitative relations, in contrast, are very useful fortsply-
aware triggering of actions and spatially-aware commaitds.
is an open question how qualitative relations can be visual-
ized by widgets and how these widgets should look.

Are consistent views important™urrently, each Relate-
enabled computer computes its own spatial model. Although
on the dongle level this involves distributed cooperatemss

ing, it is not guaranteed and in fact unlikely that the models
computed by two hosts are identical. Although the discrep-
ancies are small, the effect is that the view presented s use
of different devices is slightly different. As of now we dotno
know if this causes usability problems or if collaboratia b

First of all, the exploration of applications shows thattida
relations can streamline interaction and collaboratig&ga
Although not formally evaluated, it is apparent that spatia
reference can serve as a shortcut in interaction, as for ex-
ample demonstrated for file transfer in a face-to-face set-
ting. Secondly, our initial experience has very much high-
lighted that what is measured as small and spurious error at
the sensor level, can be perceived as a large problem at the
interface level. While tolerance for general inaccuradses
relatively high, it is very low for jitter in the presentatio

of spatial information. Thirdly, we find general advantages
of our positioning technology confirmed in our initial use.
These are specifically the level of relative positioninguacc
racy achieved without instrumentation of the environment,
and the simple deployment achieved through the use of USB
dongles and minimal setup procedures.
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