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ABSTRACT

It is a common practice to show multiple streams on display
simultaneously. However, the characteristics of human
vision system allow observes to pay attention to one video
at a time [8]. Such approach requires observers to adjust the
view point of the spatial representation of the monitored
environment internally when switching the view from one
camera to another. The adjustment can be very difficult if
the environment is sophisticated, or the observer is unable
to understand the geometrical relationship among cameras
very quickly.

Multi-camera systems have been widely used in many
video surveillance applications. When an event happens and
is monitored across multiple cameras, it is easy for an
expert to generate the corresponding spatial representation
to comprehend the series of event. However, it is not trivial
for users new to the environment. With support from
psychological evidences, we propose an approach to mimic
generating pictorial-based representation of mental images
when a target is moving across the views of cameras. First
we conduct a ball-rolling experiment to compare this
approach with others. The empirical results demonstrate
that the performance of users with this approach is
significantly better than others. We suggest that it is
because this approach is better for users to preserve spatial
representation of the environment while transiting views
between cameras. Then we propose a framework to realize
this approach. The demonstrations in different situations
indicate the validity of such framework.

Girgensohn et al. [3] suggested that compared with single
main screen, users prefer the arrangement that putting the
views of neighboring cameras beside the main screen
geometrically
correspondingly
for
better
spatial
representation. However, their approach requires users to
specify the views where the targets appear. For an
intelligent video surveillance system which is capable of
detecting and tracking interesting events, the corresponding
views switch automatically along with the detected events,
and users may not be able to follow the changes in time.
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Our goal is to generate mental images for the users to
monitor the video streams obtained from a multi-camera
network in a more intuitive way. Mental image is a classical
concept appeared in cognitive science textbooks [7].
According to Stanford Encyclopedia of Philosophy [14],
mental imagery resembles perceptual experience, but
occurs in the absence of the appropriate stimuli, and mental
image is the picture-like representation of visual mental
imagery. D’Esposito et al. [2] provided physiological
evidence showing that visual association cortex engaged
during the generation of mental images. Slotnick et al. [13]
further demonstrated that visual mental imagery induced
retinotopically organized activation of early visual areas in
human brain. With the definition of mental images
mentioned above, to understand the series of the event
when watching multiple video streams, we assume that
observers generate corresponding mental images to
interpolate the views among cameras to understand the
series of the event when comprehending an event in multicamera
systems.
For
simplicity,
pictorial-based
representation of mental images will be abbreviated as
“PRMI” in the following of this paper.

ACM Classification Keywords

H5.2 [Information interfaces and presentation]: User
Interfaces.
INTRODUCTION

Multi-camera systems have been widely used in many
video surveillance applications, such as airports, banks, and
other famous buildings and places. When an interesting
event happens, usually it is monitored with more than one
camera. For example, a suspect may walk through the
corridors and across the views of multiple cameras.
Observers watch multiple video streams and integrate
information to understand the series of events.
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For an intelligent multi-camera surveillance systems which
can automatically detect and track the events, like an expert
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Apparatus and Participants

A 17” LCD display with IBM-PC compatible system was
adopted, and 9 university-level students participated in this
experiment.
Stimuli

(a)

Figure 1 demonstrates the spatial organization of the virtual
space, where the 3D structure is presented in Figure 1(a),
and the map of the whole virtual space is presented in
Figure 1(b). The virtual space consisted of 8 × 6 square
rooms, and each room was 20 × 20 × 10 feet. The textures
of the walls were all the same, but with different
background colors in different regions. The background
colors were not shown on the map. There were 6-foot wide
corridors between rooms. Since there were 8 × 6 square
rooms, there were 9 × 6 blocks of vertical corridors and 8 ×
7 blocks of horizontal corridors with 7 × 5 intersections.

(b)

Figure 1. Experiment Settings. More details are illustrated
in text.

guiding novice users monitoring the environment, we
suggest that it will be helpful for observers to comprehend
the series of events if a virtual camera, which is termed
“mental camera” in this paper, can mimic generating the
series of PRMI between cameras along with the series of
events and directly show the PRMI on display.

As illustrated in Figure 1(a), a 2-foot-in-diameter ball was
placed in the center of the corridors. There were textures on
the ball to help participants visualize the ball rolling on the
corridors. For each trial, initially the ball was placed on the
top-center of the vertical corridor and rolled downward at a
speed of 8 feet per second, as indicated as the red spot and
red line on the map. When the ball entered into an
intersection, the ball may move forward, turn left, or turn
right at the intersection. The ball moved along six blocks
and then stopped at an intersection.

Shepard and Metzler [12] demonstrated the ability of
mental rotation and the linear relationship between the
reaction time and the angle of rotation. In addition, Kosslyn
et al. [6] demonstrated that the reaction time is proportional
to the distance between two locations in an imagined map.
These two psychological evidences imply that given the
transition route, the extrinsic parameters of mental camera
can be interpolated linearly when switching the view from
one camera to another.
In the following section, we design a ball-rolling
experiment to compare the performance among baseline
method (single-main-screen method), Girgensohn et al.’s [3]
method, and PRMI method (presenting based on analogy to
PRMI).
EXPERIMENT: BALL ROLLING IN A MAZE

In this experiment, a virtual ball was rolling along the
corridors in a virtual environment. Participants were
required to determine the end point of the ball. The reason
to conduct the experiment in a virtual environment was that
we could easily manipulate multiple cameras in a complex
environment.

Cameras were put in every center of the corridors.
Therefore, there were total 110 cameras. Each camera was
placed at a height of 9 feet and tilted downward 40 degrees.
For the cameras in the vertical corridors, they may view
upward or downward. For the cameras in the horizontal
corridors, they may view leftward or rightward. The views
of the cameras were facing along the rolling route of the
ball.
While the ball was rolling along the corridors, the view on
the main video screen automatically switched to the view of
the new corresponding camera as the ball was leaving the
field of view of the main camera. There were three methods
presenting transitions between cameras. The baseline
method was that the video immediately switched to the
view of the new camera. Girgensohn et al.’s method in this
experiment was that there were views of neighboring
cameras showing at geometrically corresponding
neighboring regions of the screen beside the view of main
camera, and the views switched immediately to the view of
the new cameras. PRMI method was that the video
smoothly switched to the view of the new camera for 0.25
second with linear interpolation of the parameters between
cameras over time.

For the Girgensohn et al.’s [3] method, although they
mentioned the benefits of displaying the main screen along
with a 2-D map to present the spatial configurations of the
environment, what we focused on here was how the main
screen presents to the users. In some extreme situations, the
users may concentrate on the behavior of the target tracked
on the main screen, and it is difficult to monitor both the
main screen and the 2-D map at the same time. Therefore,
in our experiment, as shown in Figure 1, only the main
screens of the three different methods were presented on the
left to the participants and participants responded in the
corresponding map on the right.

Procedure

For each trial, first the video of the ball rolling along the
corridors was demonstrated on the left of the screen and the
map was shown on the right of the screen. When the video
finished, the video frame disappeared and a “Go” phrase
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(a)

(c)

(b)
Figure 2. Results of the Experiment. More details are illustrated in text.
Results and Discussion

was shown on the left screen, and participants clicked on
the intersections of the map.

The result of number of replays is demonstrated in Figure
2(a). The result of number of errors is demonstrated in
Figure 2(b). The result of the completion time is
demonstrated in Figure 2(c). 5 participants meet the
criterion for evaluating completion time.

The trial was completed as the participants clicked on the
correct intersection of the end point of the rolling route.
Otherwise, the clicked wrong intersections were marked on
the map. Participants could press right button and the video
replayed again.

One-way ANOVA is evaluated in this experiment. From
the results, we can observe that the performance with PRMI
method is significantly better than the other two methods in
number of replays (F = 9.835, p < 0.002) and number of
errors (F = 4.175, p < 0.05). We suggest that with PRMI,
users can obtain spatial representation of transition
trajectory more directly. Therefore, users can directly
follow the trajectory and need no additional effort to
generate the spatial representation internally.

Before the experiment, participants were instructed and
were required to practice on two routes for each method to
familiarize the procedure. One practicing route was a
straight route, and the other was with one turn. A welcome
screen was shown on display in the beginning of the
experiment, and participants pressed the button and the first
trial began. After finishing each trial, participants could
take a break and then pressed the button again, and the next
trials continued. A “Thank you” screen appeared in the end
of the experiment.

On the other hand, the difference of performance between
baseline method and Girgensohn et al.’s method is not
statistically significant. We suggest that it is because the
system automatically switched the views. Therefore, users
may not follow which view of the neighboring camera will
be the next on the main screen. The other reason is that
because the spatial organization is very similar for every
camera, the views of the neighboring cameras may not
provide additional spatial information for the users.

There were 12 routes for each method. Therefore, there
were total 36 trials during the whole experiment. Each route
consisted of at least 3 turns. The order of the trials was
randomized. Participants were specifically notified that the
completion time was measured.
To avoid complicated evaluation, for each trial, the
completion time was measured as from the end of the last
time of the video played to the corrected intersection
clicked. In addition, only the participants who answered
more than 8 trials correctly (no replays and no errors) in
each method would be considered.

The result of the completion time is not significantly
different among the three methods (F = 1.788, p > 0.2). We
suggest that one of the reasons is because we only measure
the time from the end of the last replayed video to clicking
the correct intersection. Therefore, the result may be
confounded with that some participants may replay the
video for several times until they are certain of the answer,
and click on the correct intersection quickly.

Hypothesis

Three hypotheses are proposed as follows:
(H1) Among the three methods, the number of replays is
the least in PRMI method.

3D environment
construction

(H2) Among the three methods, the number of errors is the
least in PRMI method.
(H3) Among the three methods, the completion time is the
least in PRMI method.

3D
foreground
objects extraction

Synthesized mental images
with a mental camera

The reasons for the above three hypothesis is based on the
assumption that PRMI method provides more direct spatial
organization of the whole environment to help users
represent the space in mind more easily.

Figure 3. Framework of realizing PRMI for video
monitoring.
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the cameras. It is strongly
recommended to watch video for
the
impression
of
our
implementation
(http://www.csie.ntu.edu.tw/~chs
hou/vt.wmv).
In
our
implementation, the processing
speed can reach 22 fps with an
Intel Pentium IV 3.4 G IBM-PC
compatible system.

(a)

(b)

(c)

(d)
Figure 4. Some generated PRMI in different situations. More details are illustrated
in text.

REALIZING PRMI FOR VIDEO MONITORING

The scenario in Figure 4(a) is that
one camera is behind the other
and both are viewing in same
direction, where the size of the
target showing on the images is
quite different. The scenario in
Figure 4(b) is that the two
cameras
are
viewing
in
orthogonal
directions.
The
scenario in Figure 4(c) is that the
views of the two cameras are
blocked by a wall. The scenario
in Figure 4(d) is that there are
some areas which are not viewed
from either camera, and possible
locations of the target are then
modeled with blue lines [9].

CONCLUSION AND FUTURE WORK

Based on the observation of the confirmed hypotheses, we
propose a framework capable of automatically detecting
targets and generating PRMI along the series of events.

Multi-camera systems have been widely used in many
video surveillance applications. With support from
psychological evidences, we propose an approach to mimic
generating pictorial-based representation of mental images
when an event happens across the views of cameras. First
we conduct the ball-rolling experiment to compare among
baseline method, Girgensohn et al.’s method, and PRMI
method. The results demonstrate that the performance of
users with PRMI method is statistically significantly the
best among the three methods. We suggest that it is because
users can obtain spatial information more directly with
PRMI method. Then based on the observation from the
empirical results and support from psychological evidences,
we propose a framework to realize this approach. The
demonstrations in four different situations indicate the
validity of such framework.

Figure 3 illustrates the general framework of generating
PRMI between cameras. Given two cameras and a view
transiting from one camera to the other, first the intrinsic
and extrinsic parameters of cameras are obtained [15], and
the 3D geometry model of the environment is offline preconstructed [5]. Then the system is put online, and
computer vision techniques are adopted to detect targets
automatically [4, 9]. With the assumption that the targets
are standing on the floor, the 2D images of the targets can
be mapped to the 3D geometry model of the environment.
Finally, based on the support from psychological evidences
that the linear relation between the rotating angle and
reaction time [12] and the reaction time is proportional to
the distance [6], the pre-constructed 3D geometry model of
the environment and the 3D information of the targets are
synthesized with a mental camera, whose parameters are
the linear interpolation of the parameters of the real
cameras over time [1, 11]. The framework can be improved
when the components in the framework, such as detection
and tracking techniques in computer vision, are improved.

There are several issues which we can explore further in the
future. First of all, it is common that there are multiple
targets moving around the whole environment, which is not
discussed in this paper. One possible solution is that the
system can track the targets simultaneously and present
them side by side. Unlike camera-based arrangement of
sub-windows, this setting will be target-based arrangement
of sub-windows. In addition, we only used linear
interpolation between cameras when transiting one camera
to another. This interpolation implies the straight transition
route between cameras. We can explore further how to

Figure 4 demonstrates some of our implementation of the
framework in different situations, where the leftmost and
the rightmost images are the images from real cameras, and
the middle three images are some generated PRMI between
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design transition routes which can really represent the
transition routes of the mental images of an expert in
different environment settings. Besides, with the
improvement of related computer vision techniques, such as
detection and tracking, the proposed framework can be
improved.
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