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Abstract

Opportunistic augmentation denotes connecting a
personal mobile device to another device to gain a
transient advantage for the user. For example, a mo-
bile phone user might borrow a large display and
keyboard from a desktop personal computer. This
uniquely ubiquitous computing activity requires effec-
tive device and service discovery as well as appropri-
ate media usable across two or more devices. In this
paper we show how Session Initiation Protocol (SIP),
the call signaling protocol for Voice over IP, effectively
separates discovery from media-rendering selection in
opportunistic augmentation. This separation improves
system flexibility while allowing users or system ad-
ministrators to choose the most appropriate discovery
technologies for the environment. We also describe
two phone-centric discovery mechanisms and demon-
strate the practicality of the system by implementation
and use in a test environment.

1. Introduction

Small handheld computing and communications de-
vices now offer comparable processor speed and stor-
age capacity to low-end personal computing equip-
ment. However, no handheld device has a large display
and text input remains a significant challenge [1].

Pierce and Mahaney propose “opportunistic annex-
ing”, a transient use of input/output peripherals like
monitors and keyboards, to overcome these limitations
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[2]. The use of “docking stations” for notebook com-
puters is an existing example of the use-model for mo-
bile but not handheld devices. We have varied the
name slightly, using “augmentation” rather than “an-
nexing” to suggest that the mobile device needs access
to I/O resources, not total control over them. Specif-
ically, we imagine sharing a display and keyboard
across multiple mobile devices. Either way, the no-
madic handheld user gains functionality while retain-
ing mobility by leveraging ubiquity of larger, less mo-
bile I/O devices in their environment.

In this paper we explore a phone-call like approach
to opportunistic augmentation, using the Session Ini-
tiation Protocol (SIP) [3]. SIP, widely known as the
IETF [3] call-initiation protocol for Voice over IP,
readily adapts to initiate non-audio sessions and it has
been used in numerous experimental multi-modal and
multi-device settings. In SIP-based opportunistic aug-
mentation (SIP/OA), one device is phone: a personal,
mobile device with limited human interaction capabil-
ities. The other device has better affordances for hu-
man interaction. For example, the phone could run a
web distributed authoring and versioning (WEBDAYV)
server to allow access to files in the device through
a web browser on a display device. Another exam-
ple would have the phone run a “virtual desktop” and
the display device would act as a remote display for
that desktop environment. Other media-exchange pro-
tocols may appear in the future and they can be added
to a SIP-based system without altering the SIP layer.

2. Use Model

The essential logic behind SIP as a basis for oppor-
tunistic augmentation derives from the mobile user’s



experience. Given a small, portable device with lim-
ited human interface capability and an available de-
vice with a larger screen and keyboard, we need a sim-
ple interaction model for connecting the two devices
that people would learn quickly. A phone call clearly
matches these requirements; we need only teach users
that calls could be placed to computers and that non-
audio sessions could result.

The basic user experience for SIP/OA will be that of
a “multimedia phone call to myself”. The user “dials”
the “phone number” of the display and, when the dis-
play “answers”, a session of user-interaction can pro-
ceed. Of course, there need be no dials, numbers, or
audio involved in the augmentation session. The dial-
ing procedure (discovery and binding) can be fulfilled
with, for example, RFID sensing as we describe in the
section “Click-a-display”. The “answer” starts a ses-
sion within which a data-oriented computing activity
can proceed. Even without overt voice call features,
the SIP/OA user-experience is modeled on a phone-
call in that there is a caller and callee, a call or session,
an exchange, and finally disconnect.

SIP/OA builds on the SIP architecture and proto-
col by 1) adding discovery mechanisms suitable to
device augmentation that transfer SIP URLs and by
2) adding session description payloads to the INVITE
messages suitable for device-device interaction nego-
tiation. With these relatively small additions we create
an architecture that supports multiple, widely varied
discovery solutions and supports any IP host-to-host
media connection. Most important, we can do this
without coupling the discovery mechanism to the par-
ticular media rendering programs. The architecture is
illustrated in Fig. 1. The next two sections describe
these two additions.

3. Phone-centric Discovery Mechanisms

The first addition to SIP is augmentable device ad-
dress discovery for phones. We built prototypes for
two quite different approaches. Dial-a-display uses the
SIP/OA metaphor literally: the user keys a phone num-
ber into their handheld device to provide the URI for
SIP INVITE. (See Fig. 2.) The use model is unusual
compared to a phone call in two regards: first the call is
to a nearby device, not one far away; second, the call
is answered by the same human that placed the call,

just on a different device. Despite these oddities, the
user interface could be straight forward as it is driven
by user actions. As with voice calls, SIP/OA calls can
be added to user’s “speed dial” settings.

Click-a-display simplifies the user experience by
storing the equivalent of the phone number in an elec-
tronic tag. (See Fig. 3). The tag can be on the handheld
or on the display. For a tag reader on the display, the
identification tag would be mounted in or on the hand-
held device. A user would apply the handheld to the
reader, the display computer would resolve the tag-id
to a URL [6] which would then be used as a URI in
SIP INVITE. We used RFID tags on our SIP phone.
For optical tags, existing cameras on phones can be
harnessed for this mode of discovery [7], with the tag
on the display and the caller being the phone.

4. “Application” Sessions

The second ingredient in SIP/OA is media descrip-
tion suitable for opportunistic augmentation. The SIP
standard [3] relies on the Session Description Proto-
col, or SDP [11] for specification of potential media
sessions. Typically the SIP INVITE message from a
caller to a callee will contain in its message body an
SDP-formatted message. SDP in turn relies on [ANA
MIME to specify media types. In Voice over IP (VoIP)
uses, the media types in the SDP body are audio and
other information in the body details the acceptable at-
tributes for audio communications. RFC 3264 details
the communications pattern of SIP messages that al-
lows selection of compatible media and attributes be-
tween caller and callee [11].

For opportunistic augmentation we need user agents
that support media type “application”. Some exist-
ing SIP user agents support video media types, but we
did not find one supporting media type application.
Therefore we extended a SIP softphone to add sup-
port for media types “application/http” to support web
browser/server interaction and “application/x-vnc” to
support the VNC remote desktop protocol. The ex-
tension required adding new media descriptions to the
SDP body sent by the SIP UAC, new “offer/answer”
code [12] to compare the session request to the capa-
bilities of the recipient, and new media-handler code
for the new media types.

Since SDP evolved for use in Internet telephony, the
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Figure 1. SIP as an architectural separation between discovery and media renderers in opportunistic
augmentation. On the left side each box represents a discovery approach: RFID and Barcode mean
identification technologies as describe for “click-a-display” “Phone #” refers to “dial a display” in the
text. These discovery mechanisms can use a database to convert numbers into SIP URIs. Autorun
means using stored files in the mobile device with special names recognized by the augmenting
device; UPnP stands in for various network protocol based device and service discovery solutions.
In the middle is the SIP User Agent (UA), addressed by discovery, and configured with information
on the available media rendering applications. On the right side are media-renderers including VNC,
web browsing where the server could be in the mobile device (HTTP), file editing where the files are
served from the mobile device (NFS), and file content synchronization (sync). Discovery leads to a
SIP interaction that then negotiates a matching application protocol. The SIP/OA architecture allows

flexibility on either side mediated by an Internet standard communications protocol.

media description for applications is not worked out in
detail. However its basis in IANA MIME types makes
extensions orthogonal to the audio and video descrip-
tions. Fig. 4 shows a example SDP document. Our
additions in the last two lines offer a web server at port
8080.

To answer this offer, we apply RFC 2534, iterat-
ing over each of the media descriptions (lines starting
with m=) stanzas and comparing the media types and
parameters to capabilities of the answering user agent.
Any failures to match are marked with port 0 in the
answer SDP body. We invented the attributes “server”
and “client” and interpret them using the rules for
“sendonly” and “recvonly” respectively. The attributes
designed for audio and video are not clear when ap-
plied to application protocols. Applications tend to be
bi-directional so the attribute needs only specify which
side will listen and which will talk to start the protocol.

Thus “server” and “client” would be clearer.

After the offer/answer phase, we launch a media
stream. If this is an application media type, we need
to launch or configure a corresponding application.
This action will be specific to the user agent operat-
ing system and application preferences. Just like web
browsers launch external applications to handle media
types they do not support directly, our extended SIP
softphones launch external applications. We use the
same strategy of a locally configured table that maps
MIME types to applications.

5. Implementation

To demonstrate separation of discovery and ap-
plication selection via SIP we implemented a SIP
“softphone” to support “application” MIME media
types[10], configured these phones to launch one of
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Figure 2. Schematic for Dial-a-display Opportunistic Augmentation with SIP. 1) User reads the phone
number of the display and keys it into the mobile device. 2) The mobile device issues INVITE mes-
sage to the SIP proxy. 3) The INVITE message is forward to the display. 4) The remaining SIP protocol

messages establish a session.
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Figure 3. Schematic for Click-a-display Opportunistic Augmentation with SIP. 1) An RFID tag is placed
within range of the tag reader for the display. 2) The reader sends the ID value to the SIP UA repre-
senting the display. 3) The display’s SIP UA issues an INVITE message to a URI created from the ID
value and sends it to the SIP proxy. 4) The INVITE message arrives at the mobile device. 5) After the
human answers, the remaining SIP protocol messages establish a session.
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Figure 4. An example SDP body with applica-
tion media formats.

two different applications, and connected two differ-
ent discovery mechanisms to the phones. Running
this softphone on a mobile laptop models a futuris-
tic mobile phone; running this softphone on a desktop
PC models a display that can augment such a phone.
We also worked with a commercially available VoIP
phone[14] taking the role of the mobile device, to ver-
ify the basic communications elements of our soft-
phone, to understand issues with commercial imple-
mentations, and for more realistic user trials. These
phones do not support the mime-type “application” so
we placed code in our softphone to simulate the recep-
tion or transmission of the extended data for the user
trials.

For SIP/OA to be minimally practical, users must



1) be able to connect phones to displays and 2) ob-
tain significant benefit from the augmentation. Using a
commercial SIP phone [14], we conducted a 12-person
user study to verify that SIP/OA met these criteria. The
details of this study are reported separately[15]. The
three tests relevant here were for click-a-display, dial-
a-display, and—for comparison—manual device connec-
tion by looking up the phone’s IP address and typing it
into a web-browser address bar.

We found the click-a-display (mean 24 £ 1 sec std
error) and dial-a-display (28 &2 sec) technology al-
lows people to connect the phone to the display with
very little training. These connect times were faster
than manual device connection (54 &7 sec). Also the
variation in connection time as measured by the stan-
dard deviation of the times was highest when users
typed the phone’s IP address in to the web browser
(24 sec), lowest for click-a-display (4 sec) and dial-a-
display (8 sec). Therefore we claim to meet the first
minimum criteria above.

The second criterion, benefit, depends upon the
user’s needs and skills. For our study we had users en-
ter values in the phone’s address book. This task can
be done with the phone’s keypad through multitap text
entry. After augmentation they can use the larger, two-
handed keyboard and large screen. We timed users
finding the phone-book using the keypad as a a fourth
“connection method” for comparison. Access to the
phone-book was fast on the keypad, 13+ 8 sec, but text
entry was three times slower than computer keyboard.
(These results are consistent with other studies in the
field [16, 1] on text-entry speed). Our study showed
that users gain from the use of a computer keyboard
and screen over the phone’s keypad and screen after as
little as 15 characters.

6. Related Work

Our work provides a different concrete architecture
for the concepts of opportunistic annexing explored
by Pierce and Mahaney [2]. Rather than imagine that
the mobile device and the augmenting device as part
of one overall application, we treat these devices as
part of multi-device, multimedia session modeled after
multi-party, multimedia work designed for the Inter-
net. This divides the sets of problems into discovery,
connection, and media rendering. Complex applica-

tions can be built with Internet multimedia protocols,
but simple ones like browsing files in a mobile phone
can be used without additional research. Our architec-
ture addresses only the connection and leaves all ques-
tions of interface and user actions after the connection
up to the media rendering programs.

Want et al. use a web-browsing metaphor in their
personal server work [4]. They demonstrate a hand-
held device with little or no user interface, and thus
no ability to “dial”. The discovery in their personal
server relies on proximity wireless strength with the
user interaction driven completely from the augment-
ing device. Presumably users will imagine their de-
vice emitting an invisible aura that is picked up by all
nearby displays. These displays may either actively
notice every user as they come near — creating a pri-
vacy issue — or they may await a user signal to search
out nearby handhelds — creating a usability challenge
since the user must wait for discovery then correctly
select their device from all those within radio range. In
addition, disconnection depends upon the highly vari-
able decay of radio strength.

Two well-known ways to connect small devices to
computers could be used for opportunistic augmenta-
tion: docking and network broadcast discovery. Dock-
ing could be used for phone augmentation connec-
tions. We expect this connection approach be useful
in user-controlled environments where the handheld is
stored for recharging, for example in a home applica-
tion.

Network-based discovery is widely used for small
groups of fixed devices and it has been adapted for
wireless devices [5]. As the number of devices and
networks increase, we expect the user experience to
decline because selection from a long list of poten-
tial matches becomes onerous. Rekimoto [18] showed
how to use human button-press timings for discovery
to avoid this problem. All of these solutions fail if the
two devices are on different subnets.

The dial-a-display discovery method resembles the
most common early method for connecting computers:
using IP addresses directly in media rendering appli-
cations. For example, URLs containing IP addresses
can be typed directly into web browsers. The multi-
media handling by web browsers is similar to the SIP
approach we use. However, the SIP approach fits with
the predominant handheld device, the phone; phone



numbers naturally work well with phone keypads; SIP
already works with NAT and similar multi-network is-
sues; SIP allows either device to initiate the connec-
tion.

7. Conclusion

Our contribution includes 1) an architectural ele-
ment for ubiquitous computing system that decouples
opportunistic augmentation into discovery and session
phases, 2) application of an emerging Internet Pro-
tocol — SIP — to an important ubiquitous computing
paradigm, opportunistic augmentation, 3) demonstrat-
ing how existing or proposed discovery techniques
would work with SIP in our approach, 4) elabora-
tion and implementation of two light-weight discovery
techniques “dial-a-display” [2] and “click-a-display”
[9].
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