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ABSTRACT

This paper proposes a method for designing user interfaces
based on ideas rooted in data communication theory. It sug-
gests that a visual user interface should be treated as a multi-
transmitter, single-receiver communication system, where the
total available bandwidth for transmission is limited. The pro-
posed design entails the scaling of visual components that are
displayed according to their degree of relevance to the user,
or in other words, their probability of selection by the user.

1. INTRODUCTION

Visual computer interfaces are designed as gateways for users
to access the raw information that is embedded within those
systems. The design of these interfaces play key roles in
the efficiency, speed, and ease with which a user can extract
information. The efficiency of these interfaces has become
more and more important over the past few decades with the
prevalence of personal computers, personal digital assistants
(PDASs), and mobile communication devices that are becom-
ing smaller and smaller in size and visual display area year
after year. In this paper, we propose that such an interface
can be seen as a communication channel between a computer
and a human. Furthermore, the overall system can be seen
as a communication system with multiple transmitters and a
single receiver. From this perspective, the concepts of infor-
mation theory can be used to optimize the performance of
such systems with respect to information rate and packing ef-
ficiency. We will show the implications to be that the amount
of visualization area that is allocated to each particular ob-
ject (image, application, etc.) must correspond to the user’s
level of interest in that object, which in turn corresponds to
the probability of selection of the object by the user.

The concept of a variable visual representation size has
been tackled in different contexts by researchers in the past
[1, 2, 3, 4]. In [1], in the context of the Collapse-to-zoom
methodology, the authors suggest that when displayed with
more detail, the likelihood of users identifying more relevant
content increases.

A fair amount of work has also been done with respect to
resizing of icons to assist users in their selection [5, 6]. The
conclusion was that although in cases where the number of

1-4244-0367-7/06/$20.00 ©2006 IEEE 381

objects to be selected is small these interfaces perform bet-
ter, in situations where the selection is made among a large
number of objects, the performance degrades.

In [7], the authors describe a space management scheme
that dynamically allocates the space necessary for application
windows that are opened on a computer screen. It offers a bet-
ter management method over the conventional schemes that
simply open the windows on top of others and allow for cas-
caded and tiled views on demand. To overcome these short-
comings, they offer a method that minimizes the amount of
overlapping windows and at the same time attempts to maxi-
mize the amount of used area by each application.

In [8], the authors look at different methods of present-
ing photographs in order to assist users in the task of image
searching. Different methods of presenting the photos were
analyzed, including the arrangement of the photo thumbnails
with respect to their similarity. It was determined that, on
average, users prefer to have the images arranged such that
similar photos are displayed close to one another.

In the following sections, we will describe the analogy be-
tween multi-transmitter, single-receiver communication sys-
tems and visual user interfaces. Then, we will develop a sys-
tematic approach to dynamically allocating the display area
dedicated to objects based on their relevance to the user.

2. COMMUNICATION SYSTEMS

Consider the multiple access communication system shown
in Figure 1, where each of the many transmitters indepen-
dently transmits information on a common communication
channel. Each transmitter ¢ transmits a transmitter-dependent
codeword of length C';. The overall transmission is performed
at discrete time intervals, with each individual transmitter in-
dependently deciding whether they would participate in each
discrete transmission.

Since all the transmitters might be transmitting at the same
time, the total system bandwidth B is limited and as a result,
different transmitters, compete for bandwidth. Let us assume
that each transmitter ¢ is assigned a bandwidth B; with the
constraint that

ZBl- = By (1)
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Fig. 1. A multiple access communication system, with multi-
ple transmitters and a single common channel.

Now, the bandwidth occupied as a result of each trans-
mission is inversely proportional to the codeword length. In
other words, C; = AB; L This relationship arises as a re-
sult of the nature of frequency transforms, where the spectral
bandwidth and the temporal length are inversely proportional
to one another.

Now, for the different transmitters competing for the avail-
able bandwidth, an equal division (or, equivalently, equal code-
word lengths) is often not the optimal strategy from an in-
formation theoretic perspective. The bandwidth B; that is
assigned to each transmitter is often scaled according to its
transmission probability. For example, if in a dual-transmitter
communication system the probability of A transmitting is
higher than the probability of B transmitting, it makes sense
to assign greater bandwidth for the transmission of A than the
transmission of B.

Our goal is to choose appropriate C; (or alternatively, B;)
values in order to minimize the average transmitted codeword
length, while adhering to the total bandwidth constraint. The
average codeword length L can be stated as:

where p; is the probability that transmitter ¢ would transmit at
each discrete time interval. It should be noted that since each
transmitter decides independently when to transmit, there is
no relationship between the transmission probabilities among
the different broadcasters. It is easy to show using Lagrange
multipliers that minimizing L subject to the condition

>; Bi = Br results in the following optimal bandwidth al-

location:
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where B} is the optimal bandwidth that should be allocated
to transmitter 4.

(@)

B = argmin L = By 3)

3. DYNAMIC USER INTERFACES

We now consider a user interface where the user must select
between a set of visual objects or images. The total area al-
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located to displaying these objects, Ap, is of course limited
based on the size of the available display. The area assigned
to image i is denoted as A; with the following constraint:

ZAi:AT

We propose that these image areas are in fact analogous
to bandwidth in the communication system discussed in the
previous section. Bandwidth and screen area are both limited
resources, and a higher area dedicated to a particular item al-
lows it to be identified more easily, more quickly, and to con-
vey more information, just as a higher bandwidth allocated to
a certain transmitter allows it to be communicate faster and to
transmit more information. The optimization question in both
cases is: how do we divide a limited resource to best convey
information from multiple transmitters? In the one case, the
transmitters are actual transmitters tied to a communication
system, and in the other case, the transmitters are visual ob-
jects or images visually transmitting information to a human
user.
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Fig. 2. A visual display depicted as a multi-transmitter com-
munication channel.

As in the communication system example, we propose the
following cost function to be minimized:

vy

where p; in this case is the probability that image ¢ would
be selected by the user, or alternatively, it is the probability
that the user is seeking image ¢. Since a user may select or
be interested in multiple images, the selection probability for
each image is independent of the selection probabilities for
the other images.

Our goal now is to minimize ¥ subject to the side con-
straint that >, A; = A, which is very much analogous to
the bandwidth allocation problem considered previously. As
in that case, it is easy to show that the optimal area assigned
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to image ¢ is:

VB
2 VP;

Af =argmin ¥ = Ap (6)

In other words, the area of each image/object being dis-
played should ideally be scaled with the square root of the
probability that the user is interested in that specific image or
object. The above discussion only pertains to the size of the
displayed images, and not their location. Clearly, the location
of the objects of interest is an important criterion. For exam-
ple, consider the multiple images of Figure 3, consisting of
a small database of images. If we assume that the object of

A

Fig. 3. A set of nine images of the island of Santorini in
Greece.

interest is the light blue pool illustrated in Figure 4, then ac-
cording to our previous discussion certain images that contain
the pool should be scaled to be relatively larger than those that
do not have a good view of this pool.

A simple way of achieving this is by anchoring or center-
ing the best image in the center, and horizontally surrounding
each image with other smaller (and less likely to be chosen)
images, as shown in Figure 5.

Another way is to anchor the primary image at the origin
of a quadrant and surrounding the image within the quadrant
with other smaller (and less likely to be chosen) images, as
shown in Figure 6.

4. DESIGN EXAMPLE

In this section we will briefly outline the design of one such
predictive interface. The problem that we are looking at is that
of being able to quickly search and sift through large num-
bers of images that have been taken from the same environ-
ment. Large-scale surveillance systems are perfect examples
of where the image database is conditioned in this manner.

383

—

Fig. 4. A single object (the pool) is selected within a
panoramic picture.

decreasing probability of selection
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Fig. 5. One possible method of dynamically resizing the dis-
played images based on their relevance to the object of figure
4.

In the mentioned setting, there usually is more than one
available vantage point from which the same spatial loca-
tion can be observed from. Furthermore, a user may want to
quickly find different observations of the same location from
different vantage points. We propose that there should be an
underlying interactive search mechanism that would attempt
to find degrees of relevance among images, such that images
that have with more overlapping contents would be more ‘re-
lated’ to one another. With this system in place, the user can
select an image and the interface should display the most rel-
evant images to the particular selection, scaled according to
their degrees of relevance and allow the user to sift through
them. This would be an alternative to the case where the user
has to do an exhaustive search over all available images. The
basic design of the proposed system is shown in Figure 7.

5. CONCLUSIONS

The design of a visual user interface is approached from a
multi-transmitter communication system, where the human
user is the lone receiver of the system. It was argued that
the area that is dedicated to any visual component should be
proportional to its probability of selection (or degree of rele-



Fig. 6. Another possible method for dynamically resizing im-
ages based on their relevance.

vance) by the user. This would allow the user to more quickly
and efficiently find and select the object of interest. Further-
more, it would allow relevant objects to be displayed with
more detail (i.e. higher visual resolution).

All of this brings us to the conclusion that for a visual
user interface to be able to efficiently present the user with
visual information, it also requires to do some pre-processing
to determine what the user may be looking for. Therefore,
we think that an interactive algorithm that can dynamically
predict what the user is looking for should be a part of any
visual interface technology.
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Fig. 7. Design example of a predictive dynamic interface. The
current image is displayed in the centre of the image. Images
relevant to the user’s search are displayed on the bottom, and
are scaled according to their relevance to the search. The user
can interact with the search algorithm by selecting locations
in the current image.
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