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Abstract

This paper studies the requirements for a truly wear-
able augmented-reality (AR) terminal. The requirements
translate into a generic hardware architecture consisting of
programmable modules communicating through a central
interconnect. Careful selection of low-power components
shows that it is feasible to construct an AR terminal that
weighs about 2 kg and roughly dissipates 26 W. With state-
of-the-art batteries and a 50% average resource utilization,
the terminal can operate for about 10 hours.

1. Introduction

The goal of ubiquitous computing is to have computers
act as “human assistants” that support us instantly. Com-
puters should move out of our awareness instead of being at
the center of our attention [ 14]. For ubiquitous computing to
become reality we need two important technologies to ma-
ture: wireless communication (wearability) and augmented
reality (user-interface). Wireless communication is obvi-
ously required to obtain services provided by an arbitrary
computer regardless the location of the user. State of the
art in wireless communications, however, does not provide
the bandwidth and/or coverage needed by most (networked)
applications. For example, web surfing on a wireless com-
puter is limited to text pages, since graphical images take
forever to load. Fortunately, commercial interest in wire-
less communications advances the bandwidth available to
individual users rather quickly.

Augmented reality (AR) is the other technology needed
for ubiquitous computing, since it provides a user interface
that truly hides computers from human awareness. Appli-
cations that use augmented reality are capable of enhancing
the real world with additional information at any convenient
location in the view of the user. This information can be as
simple as plain text, and as complex as synthetic 3D objects
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displayed in stereo. Augmented reality obviously requires
the exact location and orientation of the user to render the
visual information correctly. Applications can take advan-
tage by becoming location sensitive, for example, interac-
tive travel guides may provide information on the spot about
the spot.

The computational intensity of high-quality augmented
reality is rather high and unsuitable for general-purpose
wearable computers. Tasks like 3D rendering, posi-
tion/orientation tracking, and video compression require
special purpose components to achieve high performance
and low energy consumption. Energy consumption is very
important, since batteries take up a significant fraction of
the weight of wireless terminals. A general-purpose wear-
able computer does not provide the raw processing power
required by augmented-reality applications.

In the Ubiquitous Communications (UbiCom)
project [3] we therefore develop a next generation of
wireless augmented-reality terminals that enable ubiquitous
communications. This paper proposes a terminal that
meets challenging requirements in terms of augmented-
reality performance, energy consumption, wearability,
and flexibility. The terminal under study is based on a
modular design that eases the exploitation of -down modes
provided by the individual low-power components. The
AR terminal is feasible and could be build today since
the hardware consists of standard integrated circuits that
are commercially available. Integrating all functionality,
however, will be a major undertaking.

2. Requirements

The requirements of a next generation augmented-reality
terminal are difficult to specify, since AR technology is
rapidly advancing and true experience is limited. Neverthe-
less we can derive some high-level requirements from the
user’s perspective that a terminal should be wearable, dis-
play augmented information timely and accurately, and be
flexible enough to support various applications.



2.1. AR performance

We assume that AR applications will superimpose
scenes of synthetic objects on the real-world view of the
user. A stereo display is required to augment the environ-
ment with true 3D objects. Objects may be composed out of
detailed textures and could be dynamically requested from
servers in a backbone network. This requires a wireless con-
nection with sufficient capacity. We anticipate that some
applications want to display (or capture) full motion video,
so the throughput of the wireless connection should be in
the order of 10 Mbps per user. The end-to-end latency over
the wireless link, which is probably most stringent for inter-
active audio applications, is required to be less than 25 ms.

The 3D objects should, of course, be positioned accu-
rately in the user’s view. A rotational accuracy of 0.25° is
a reasonable requirement [9]; it corresponds roughly to a
quarter of a thumb an arm’s length away. To maintain this
accuracy when the user moves his head, say with a moderate
50°/s, the end-to-end latency of the AR display subsystem
is required to be less than 5 ms. This is a very short time to
1) detect the user’s movement, 2) compute the augmented
view based on the new head position, and 3) update the
display. With (perfect) head-motion prediction, however,
the 5 ms latency requirement only constrains the rendering,
which should therefore exceed 200 Hz.

The rotational accuracy has also consequences for the
resolution of the display. The size of a pixel should be less
than 0.25°, so for a field of view of 160° a minimal resolu-
tion of 640 pixels is required. In addition, the positioning
system should be reasonably accurate. If we want to place
virtual objects within one meter from the user, its location
must be known accurately within 1 cm.

2.2. Wearability

Ideally, an AR terminal should be as wearable as cloth-
ing. At least, its weight should not hinder the users move-
ment or balance. Head-worn components like see-through
displays, trackers, and cameras should weigh less than
400 g. Components meant to be stored away in a vest pocket
are limited to about the weight and size of a PDA like the
palmpilot, which weighs about 170 gram. Belt-worn de-
vices may weigh more. Properly shaped components that
match the form of the human body may weigh up to 2 kg
without hindering the user [4].

An important consequence of the wearability require-
ment is that the weight of the batteries that can be part
of the AR terminal is limited to about 1 kg. With state
of the art battery technology (re-chargeable Lithium cells),
this means that an AR terminal can carry about 120 Wh of
energy. Consequently, low-power design is a major issue
when developing an AR terminal.
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Figure 1. System structure.

2.3. Flexibility

The field of augmented reality is rapidly evolving. By re-
quiring the mobile terminal to be flexible, the user is more
likely to profit from future developments. The terminal
should be designed such that it can handle advances in hard-
ware as well as developments in software. At the hardware
level, for example, the user may start off with a rather cheap
and low performing head-mounted display and upgrade to
an expensive alternative when becoming convinced of AR’s
potentials. At the software level, it is important to offer
support for general purpose processing at the terminal since
applications still have to be developed.

3. System structure

The requirements from the previous section are an ex-
ternal specification of how an AR terminal should perform.
Some of the requirements concern the terminal as a whole
(e.g., the total weight should be less than 2 kg), while others
concern only a single unit (e.g., communication throughput
of 10 Mbps). To understand the impact of global require-
ments it is important to identify how the units interact and
depend on each other.

Figure 1 shows the functional system structure of the AR
terminal envisioned in the UbiCom project. It consists of
eight units. The application is crucial and has most con-
nections to other units. It drives the image synthesis by in-
structing what to display, and responds to input from the
user interface and location changes reported by the posi-
tioning unit. The application is also responsible for han-
dling contact with other users reachable through the wire-
less network.
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Figure 2. Hardware architecture.

Note that the image synthesis is not solely controlled by
the application, but also takes information from the posi-
tioning unit. This is necessary to be able to meet the 5 ms
requirement on end-to-end latency between user movement
and display update. Including the application in the re-
sponse loop would introduce too much latency. The ap-
plication specifies which objects should appear in the aug-
mented view, while the image synthesis determines where
the objects should be displayed in the user’s view based
upon the exact position and orientation.

Finally, note that the image capturing unit provides im-
ages not only to the image compression unit, but also to the
positioning system. This connection is to aid in meeting the
0.25° rotational accuracy requirement. Feature extraction
(and tracking) in images of the real world offers an addi-
tional means to correct drift and other errors in position-
ing devices like accelerometers and gyroscopes [11]. Pre-
cise knowledge of the position and orientation of the user’s
viewpoint is vital for synthesizing images that can be accu-
rately superimposed on the real-world view.

4. Hardware architecture

The system structure is a high-level functional descrip-
tion of the AR terminal and must be mapped to specific
hardware such that the requirements of Section 2 are met.
This is a complex task since many design issues have to be
addressed and often one choice also impacts several other
issues. The hardware architecture in Figure 2 constrains the
seemingly unlimited design alternatives for an AR terminal.
This hardware template still offers many options, while en-
forcing a flexible structure consisting of modules interacting
through a central interconnect.

4.1. Flexibility

The modular hardware architecture provides the required
flexibility for AR terminals. When an improved product be-
comes available, say a more accurate positioning device, it
can be easily integrated by replacing the original position-
ing module. New products and gadgets can also be incor-
porated by simply adding them to the central interconnect.
The general purpose processor provides the necessary flex-
ibility for the application software.

4.2. Low power

The modular structure is also suitable for power man-
agement, which is important given the limited battery capa-
bilities of an AR terminal. Modules can be switched on or
off depending on the needs of the application. For example,
when watching video clips while commuting by train the
camera and positioning modules are not needed and can be
powered down. Preferably a module is equipped with a lo-
cal processor, so it can behave intelligently and power down
its devices autonomously without explicit control from the
application.

Another frequently employed method to reduce power
requirements is to off load tasks to servers in the backbone
network. If real-time constraints (latency and jitter) allow a
task to be executed by a server, the cost and complexity of
the terminal can be reduced as demonstrated by the InfoPad
project [13]. The software, however, becomes more com-
plex because it has to deal with a distributed system and
must address issues like data consistency. With our hard-
ware architecture each module is connected to the wireless
network through the central interconnect and, thus, can be
configured to off-load tasks to the backbone.

4.3. Multiple devices

A third advantage of the modular structure is that each
module is free to use multiple devices while providing a
single interface to the other modules. For example, the po-
sitioning system may combine information from accelerom-
eters, gyroscopes, GPS, and camera images to provide the
required sub-cm position accuracy. Since the sensors are
part of a single module, combining the inputs occurs lo-
cally without interrupting other modules. Local processing
is also important to avoid unnecessary data copies across
the interconnect.

Multiple devices can also be used to offer a wide range
of performance, which cannot be obtained with a single de-
vice. For example, a wireless connection module equipped
with infrared and GSM can offer communications to the
backbone network both indoor and outdoor. By selecting
autonomously which device to use, the remainder of the ter-
minal is shielded from the hand overs [12].
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Figure 3. Demonstrator architecture.

5. UbiCom demonstrator

To validate the system structure and hardware architec-
ture discussed in sections 3 and 4, a demonstrator was
assembled out of off-the-shelf components. The empha-
sis was on developing a first terminal with all required
augmented-reality functionality in a short time frame of
only six months. The usage of off-the-shelf components
conflicts with the wearability requirements, and resulted
in a demonstrator weighing about 20 kg and dissipating
200 W. The experience gained with designing, construct-
ing and using the demonstrator, however, provided impor-
tant input for the design of a truly wearable terminal to be
presented in Section 6.

The UbiCom demonstrator consists of a base station and
a wireless terminal. The hardware architecture of the ter-
minal is shown in Figure 3. The central interconnect of
the terminal is a PCI bus on a passive backplane with 16
slots. PCI has the advantage that standard PC boards can
be used, for example, the real-time rendering of 3D images
in stereo is performed by two ordinary Voodoo2 cards. The
head mounted display (HMD) is a commercially available
display from I-glasses, which provides an LCD-based see-
through stereo display with a 42° field of view and a reso-
lution of 640x480. It weighs almost 200 g.

The demonstrator architecture (Figure 3) closely
matches the proposed hardware architecture from Section 4.
The wireless connection is a custom designed infrared link
driven by two DSP boards (77 C60): one for sending and
one for receiving. The TriMedia DSP board performs video
compression, but it takes its input directly from the camera
instead of through the interconnect as proposed in Figure 2.
Finally, the positioning module, a magnetic tracker by In-
terSense, uses a number of fixed ultrasonic acoustics sen-
sors, and limits the usage of the demonstrator to an indoor
environment. Figure 4 shows the demonstrator hardware

Figure 4. Demonstrator.

Figure 5. Application with artificial lemming
gliders coming out of a real box.

without casing, power supply, and ultrasound sensor.

From the software perspective, the demonstrator is an
open system based on the Linux kernel. The software is
organized according to the system structure in Section 3 ex-
cept for the image capturing module, which does not need
to connect to the positioning system since that uses the ul-
trasound system for calibration. Unlike the hardware, a
large fraction of the software is developed within UbiCom.
The hardware products are typically accompanied by ven-
dor software for Windows, which cannot be used on Linux
and is impossible to change because of its proprietary na-
ture. We managed to get a simple game, known as lemming
gliders, to execute on the UbiCom demonstrator. Figure 5
shows an example view through the HMD with real and ar-
tificial objects.
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Figure 6. Low-power architecture.

6. Low-power design

This section discusses the next iteration in the design
process of a wearable AR terminal and emphasizes the low-
power aspect that was neglected in the UbiCom demonstra-
tor. Our limited, but favorable, experience with intelligent
modules is reflected in the low-power terminal architecture
presented in Figure 6. Each module is equipped with a
C-programmable StrongARM CPU (SA 1100), which con-
trols the dedicated hardware and interfaces to the other
modules. Using the same processor in all heterogeneous
programmable modules simplifies the software consider-
ably. Given the modest power demands of the SA 1100
(max 500 mW), our low-power architecture provides a
very flexible system without compromising wearability too
much. The alternative of designing dedicated hardware to
reduce power consumption further may be deployed in the
future when the functionality of the modules is much better
identified, and thus, flexibility is not as important as today.

The remainder of this section discusses the design con-
siderations for various modules that resulted in the selection
of the components present in Figure 6. The goal is to keep
overall power dissipation limited to about 20 W, so the AR
terminal can operate for at least six hours with 1 kg of bat-
teries. The operation time of the terminal depends on how
effective the power-down modes of the hardware compo-
nents can be deployed when executing a particular mix of
AR applications. This issue will be discussed in Section 7.

6.1. Interconnect

The interconnect forms the heart of the AR terminal. It
must be capable of transporting data between the various
modules at the required speed. The actual throughput re-
quirements depend on the data streams generated by the AR
application at hand. We anticipate a maximum throughput
with bursts up to roughly 1 Gbps, which is derived from the
PCI throughput in the UbiCom demonstrator. Another re-
quirement is that the interconnect must interface with mini-
mal glue logic to the StrongARM processors of our intelli-
gent modules. Two basic interconnect alternatives are avail-
able: a shared bus like Ethernet and a packet switch like
ATM.

A shared bus is easily extended with new modules and,
therefore, provides the flexibility required for an AR termi-
nal. The disadvantages of bus technology are the limited
data rates and the power consumption. Power-down modes
are difficult to realize since all bus interfaces are required
to listen continuously to determine which data is addressed
to them. For example, the 400 Mbps Firewire (IEEE 1394)
parts by Texas Instruments dissipate 1.4 W when transmit-
ting/receiving at full speed.

Currently, packet switching provides the best perfor-
mance/power ratio [7], since crossbar switches transport
data in parallel and only active modules need to participate.
We considered IEEE 1355, Octopus, and Icube as candi-
dates for the AR terminal interconnect. The IEEE 1355 as-



model manufacturer  resolution color  brightness [fl] field of view [°] refresh [fps] power [mW]
PS5 display reflectiontech ~ 864x256 1 bit mono 4 60 191
cyberdisplay  kopin color 320x240 24 bit color 22 16 180 56
lightcaster displaytech 320x240 24 bit color 20 90 100
lightcaster displaytech 640x480 15 bit color 60
lightcaster displaytech 1280x1024 24 bit color 60 250
microbright  planar 640x480 8 bit color 10 10 30 1300
microbright  planar 1280x1024 1 bit mono 800 160 60 300
microbright  planar 1280x1024 8 bit mono 75 160 60 1300

Table 1. Characteristics of micro displays.

sociation offers a 32-port crossbar switch with a data rate
up to 3.2 Gbps [2]. This meets the throughput requirements,
but it dissipates 10 W rendering it unsuitable for our AR ter-
minal. The Octopus switch [5] is specifically designed for
low-power. The current FPGA implementation only dissi-
pates only 330 mW and provides 6 ports with an aggregate
throughput of 96 Mbps.

The Icube switching fabric provides an intermediate so-
lution between the performance of IEEE 1355 and the low
power dissipation of the Octopus switch. It can transfer up
to 133 Mbps per 100 mW channel. Unlike the others, it is a
passive switch that needs to be driven by a control proces-
sor (another SA 1100). The FIFOs needed to buffer the data
transported through the switch can easily be interfaced to
the StrongARM CPU present in each module. When con-
figured as a 1 Gbps four-port switch (including a control
processor) it dissipates about 2.3 W.

6.2. Positioning

The positioning module is driven by a control program
on the StrongARM CPU that combines the information gen-
erated by multiple sensors. Two sensors are head worn: the
MicroRing gyroscope sensor (25 g) and the 3DM orienta-
tion sensor (26 g). These sensors track local movements and
orientation of the user’s head. The global position is tracked
with a GPS receiver (Jupiter LP) that dissipates 250 mW
excluding the antenna (100 mW). The accuracy of the GPS
receiver is enhanced with a dead reckoning navigation sys-
tem (DMR) using an internal magnetic compass, electronic
pedometer, and barometric altimeter. The enhanced GPS
information is used to correct the drift and accumulating er-
rors of the head worn sensors.

The disadvantage of using GPS is that it only operates
in an outdoor environment. Since we require the AR termi-
nal to function indoor as well, we need an additional sensor
to calibrate the head-worn orientation devices when GPS
is not functioning. The InterSense system used in the Ubi-
Com demonstrator is unsuitable since it is limited to a single
room and dissipates 60 W. Within the UbiCom project we,

therefore, research the possibility of using feature extraction
and tracking from objects in the user’s view. This requires
a camera to deliver a stream of images to the positioning
system and some sophisticated algorithms to analyze them.
The camera images may either be derived from the gen-
eral video capturing module, or from an additional camera
hooked up to the positioning system directly.

6.3. Image rendering and display

The processor controlling the rendering and display sys-
tem is used to convert high-level descriptions of scenes with
3D objects to render specific input formats (i.e., polygons
and textures). It also decompresses audio and video en-
coded in the MPEG stream obtained from backbone servers
over the wireless connection. The Permedia II rendering
chips from 3Dlabs render in real time. They each dissipate
1.5 W and require an additional 8 MB of SDRAM (1 W).

The choice of display is quite important since it deter-
mines the look-and-feel of the AR terminal to a large ex-
tent. Head-mounted displays come in various forms and
with different capabilities (see [1]). Of particular interest
are the micro-displays, which offer a small form factor in
combination with low power requirements. Table 1 lists the
characteristics of a few commercially available micro dis-
plays. Given our requirements for a high resolution display
(see Section 2) the lightcaster display is selected as the basis
for the low-power AR terminal.

6.4. Application and image capturing

The main requirement on the camera is a low weight
since it is to be mounted on the user’s head. The MPEG2
encoder (EMPIRE by Philips) compresses the images, and
an audio signal as well, so the camera should preferably out-
put a digital signal. The MTV-5366 camera from Mitron ap-
proaches the requirements: it weighs 45 g, dissipates 2.4 W,
and provides a 752x582 resolution; the analog output has to
be explicitly converted to a digital signal.



The StrongARM CPU is not needed for the image cap-
turing other than that it moves data from the MPEG2 en-
coder to the interconnect. It can thus also be used for other
tasks. In particular, it will be used to execute applications.
This saves a general purpose module at virtually no cost.

6.5. Wireless connection

The wireless communication module employs multiple
devices to provide the best performance/cost ratio, where
cost is defined as power dissipation. The power dissipation
of a particular radio typically depends on the range of op-
eration. We use three different radios: IrDA for short range
(<5 m), WaveLAN (up to 500 m), and GSM for global cov-
erage. The StrongARM CPU runs the communication soft-
ware that drives the three radios, and selects the appropri-
ate one for connecting to the backbone network depending
on the application’s needs (i.e. throughput) and the perfor-
mance of the radios at the current location. It must provide
seamless hand overs between multiple cells, and even be-
tween different radios when contact is lost, for example, by
going outdoors.

IrDA is a widely accepted standard for infrared commu-
nications with low power requirements. The HP implemen-
tation, for example, dissipates 620 mW when transmitting
4 Mbps across 1.5 m. The short range limits IrDA to indoor
environments such as offices and hallways. WaveLAN by
Lucent, on the other hand, is a CDMA radio with a range up
to 500 m outdoor. The performance depends on the distance
and environment; the target of 10 Mbps limits the range to
about 120 m outdoor, and 40 m indoor. It is commercially
available as a PC card that dissipates 1.5 W. Finally, the
GSM radio by Nokia comes as an integrated PC card with
GSM phone and antenna. It delivers 9.6 Kbps, dissipates
1 W, and is intended as a backup when moving out of Wave-
Lan coverage.

6.6. Software

The SA 1100 processor, which forms the core of each
intelligent module, was primarily selected for its low-power
aspects. The second advantage is that the SA 1100 is sup-
ported by the Linux operating system. Since all software
for the demonstrator system runs on top of Linux, we hope
that a considerable fraction can be reused for the low-power
terminal. The major obstacles are the low-level device
drivers and the distributed computing aspects introduced by
the intelligent module concept. For example, the applica-
tion and rendering software, which share the main CPU in
the demonstrator, will run on separate modules in the low-
power terminal.

Software is the glue that binds the intelligent modules
together. As such it has a large impact on energy consump-

Module power (mW)  weight (g)

positioning 2750 226
GPS receiver 250 25
GPS antenna 100 50
DMR 500 50
3 DM 250 26
gyroscope 150 25*
SA1100 500 50
16 MB EDORAM 1000

rendering and display 7000 300
Permedia II (2) 3000 200*
8 MB SDRAM (2) 2000
Lightcaster (2) 500 50
SA1100 500 50
16 MB EDORAM 1000

video and application 5900 145
camera MTV-5366 2400 45
MPEG?2 encoder 2000 50
SA1100 500 50
16 MB EDORAM 1000

wireless connection 3000 207
infrared (620) 20
WaveLAN 1500 80*
GSM (1000) 57
SA1100 500 50
16 MB EDORAM 1000

interconnect 3100 135
Icube 800 85*
FIFO (4) 800
SA1100 500 50
16 MB EDORAM 1000

Lithium battery 1000

AR terminal 21750 2013

* estimated value

Table 2. Power and weight breakdown of the
AR terminal.

tion. If organized properly, the software in a module can
control the low-power modes of its hardware devices to de-
liver the required performance at the lowest cost. In some
cases the operating system can transparently exploit low-
power modes, but in other cases the application software
must change its requirements or explicitly control the hard-
ware to reduce the energy consumption to acceptable levels.
For example, the Linux scheduler can be modified to ad-
just the processor’s clock speed to automatically match the
workload. Another example is the application deciding to
switch to black-and-white imaging when batteries run low.



application positioning (2.75W) rendering (7TW) video capture (5.9W)  wireless link (3.1W)
entertainment + ++ — +

video communication +/- + ++ 44+
guidance ++ + —— +
information retrieval + + — ++

Table 3. Application classification.

7. Feasibility

The integration of all components presented in the previ-
ous section will require a major engineering effort. Boards
must be designed and built to host the intelligent modules,
and software must be ported to or developed for them. This
effort is only justified when the low-power AR terminal
meets the initial requirements stated in Section 2. In par-
ticular, the terminal should be wearable. Table 2 summa-
rizes the data previously presented and gives a breakdown in
terms of weight and power dissipation. Note that the power
dissipation numbers are reported for peak usage; for most
components the dissipation in power-down mode is consid-
erably lower.

The low-power AR terminal weighs about 2 kg (includ-
ing batteries) and dissipates about 22 W. Since the break-
down only considers the bare components, we must roughly
add another 20% for glue logic yielding a total of about
26 W. With 1 kg of batteries (120 Wh) the terminal can op-
erate for about five hours. The power breakdown shows that
the rendering module uses the most energy: 7 W, which cor-
responds to about one third of the total. In case of the wire-
less connection we have (optimistically) assumed that just
one of the three radios is active at any time and, therefore,
only accounted the highest contribution by WaveLAN.

7.1. Application scenarios

The operation of the proposed terminal under peak load
is just five hours. In practice, however, AR applications
rarely use all components and power-down modes can be
exploited to extend battery life. To identify the opportuni-
ties of power-down modes we have looked at a number of
application scenarios. The following scenarios are consid-
ered:

entertainment AR provides the potentials for interactive
games in a real-world environment. This type of appli-
cation stresses the rendering module and positioning
system.

video communication With a wireless connection that can
handle (compressed) real-time full motion video a
whole class of applications like remote presence, wear-
able webcam [8], remote inspection [6] can be made

available for AR terminals. These applications stress
the wireless connection and video capturing modules.

guidance All kinds of route planning software and inter-
active travel guides (information on the spot about the
spot) are promising applications for AR.

browsing Different types of information (personal notes,
yellow pages, multi-media files, etc.) should be acces-
sible from the AR terminal. Intelligence can be added
at the user’s convenience and results in applications
like the remembrance agent [10].

Table 3 classifies the scenarios by listing how they utilize
the modules in the low-power terminal. It is difficult to
quantify the effective usage of all components, but applica-
tions will probably rarely use more than 50% of the termi-
nal resources. This observation extends the operation time
of the terminal to about 10 hours.

8. Conclusions

We have identified the requirements for an augmented
reality terminal. Based on initial experience with a demon-
strator we have developed a system structure and hardware
architecture for such a terminal. The flexible architecture
is built out of a central interconnect and intelligent mod-
ules for positioning, image synthesis, video compression,
and wireless communication. Each programmable module
is capable of making intelligent decisions about powering
down devices under its control. The selection of compo-
nents to use in each module was driven by the need for a
low-power implementation with a reasonable weight.

We propose a low-power AR terminal based on state-of-
the-art components. A power breakdown of this terminal
shows that it is a feasible proposal with a weight of about
2 kg and a worst-case power dissipation of 26 W. With cur-
rent battery technology this means that the terminal can op-
erate for five hours, but considering a realistic application
load and efficient exploitation of power-down modes we es-
timate that the terminal can operate more than twice as long.



Figure 7. Basic StrongARM board.

Status and future work

The UbiCom members are determined to realize a low-
power terminal based on the proposal in this paper. We
plan to built upon technology under development by the re-
lated Mobile Multimedia Communication (MMC) project at
Delft University. A basic mother-board with a StrongARM
processor (SA 1100), 32 MB of memory, 1 MB of non-
volatile memory, and a high-speed bus connector (see Fig-
ure 7) has been built and is under test now (august 1999).
The board is small (75 by 100 mm) and must be equipped
with extension boards to interact with specific hardware
such as PCMCIA devices and the high-speed Icube inter-
connect. The combination of a simple processor board and
device-specific extension boards has the advantage of flexi-
bility: new hardware can be incorporated easily through de-
signing a new extension board. The authors will concentrate
on low-power aspects in all software layers of the complete
AR terminal: driver-specific power-down policies, operat-
ing system support, application awareness, etc.
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