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SUMMARY
Recent advances in video sensors, computer vision, graphics, mobile robotic systems, distributed
computing, and high-speed computer networks have inspired a new generation of visualization and
telepresence systems for Intelligent Transportation Applications. This paper focuses on the
development of and experiments with a visualization and telepresence environment that together
present an interactive, immersive, and context-preserving display of outdoor information. The
developed visualization integrates a variety of types of information about a section of interstate such
as aerial photographs, maps, and live outdoor videos into a single interactive environment. The
persistence of context in the visualization aids the remote viewer in more easily comprehending and
exploring the outdoor space. All the environments systems and algorithms are integrated and are
being extensively tested in a real-world ITS application context using several novel testbeds.
INTRODUCTION
Several important requirements must be considered when developing an outdoor tele-exploration
(remote space exploration) environment. These requirements need to be satisfied to give the
environment user a visually appealing and effective sense of the remote space. First, a variety of
types and resolutions of content-rich information is needed to adequately represent the space and the
appropriate details within the space. Second, the application should be interactive and allow the user
to specify which areas, scales, and information they are interested in seeing at that instant. Third and
most importantly, the information needs to be presented together with its surrounding environmental
context to give the user a good comprehensive sense of the space. Finally, the visualization
environment needs to transition and adapt smoothly between the requested views to most effectively
convey this large quantity of information and maintain an overall sense of togetherness.
A common example of a tool that responds to a similar need is a paper map used for navigation and
orientation within a new area. This medium presents the information of the space in a static, symbolic
manner that is useful in part because it simplifies a large amount of data down to a subset that the
user is interested in such as roads, buildings, parks, hospitals, etc. However once a map is created the
user cannot view new information or update or change the information already on the map if a new
need arises. Additionally the paper format cannot generally meet both a need for wide-area context
display and local area detail, i.e. a map for a state will not be helpful in navigation around a university
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campus or recreation area. In this sense the paper map is not interactive or dynamic in its view of the
information, and clearly these elements are useful and desirable in a map implementation.
The environment that has been developed meets these needs with a context aware interactive map
framework and application. This powerful framework provides a way to methodically acquire,
process, and intuitively represent a variety of information types to the user based on their interest.
The resulting application allows a user to interactively view diverse information of different types
and resolutions in an interactive, integrated visualization application. Both static and dynamic
information are represented within the context of the nearby environment. Context-preservation
assists the user in fully understanding the space by increasing their comprehension using visual,
symbolic, permanent, and temporal aspects of the space viewed interactively from a remote location.
In many ITS applications a wide area of roadbed needs to be continuously monitored for multiple
conditions including incidents, congestion, weather, road damage, and other hazardous conditions.
With the trend of rapidly increasing highway usage in urban areas these conditions need to be
detected and resolved quickly to minimize the health and congestion impacts of delayed emergency
and hazard response. Roadside video sensors are excellent for monitoring these and other conditions
because of the large amount of information available about the region in view of the camera.
However one of the difficulties in using video sensors is the installation and use of the large number
of sensors required to cover a large area. Viewing a large number of video streams manually in a
sequential manner on a monitor or side-by-side on a bank of video monitors makes it unintuitive to
understand the physical relationships (position, orientation, etc) between the video sensors and the
area being monitored. In order to better understand the relative camera positions enable operators to
better determine the potential wide-area effects it is useful to consider a viewing environment that
preserves the context of the surrounding outdoor area enabling intuitive viewing of relevant
information.

CONTEXT AWARE MAP
An architecture has been developed for the organization and development of the system that has been
introduced, this architecture is pictured in figure 1. For this research to be possible, a lot of
information must flow behind the scenes including video, audio, images, and control signals. It is
useful to begin to understand the relationships between the functional elements and the information to
get a sense for the system organization as well as its inherent reliance upon communication.
The core element of this system is the context aware map, which stores and presents a variety of
information about the environment being visualized interactively to the user. This information
includes maps, but is also able to include aerial images, CAD drawings, and live video information.
An important assumption of this environment is that the ground is represented as a flat, 2-D surface
within the application. This assumption reduces the computational complexity and enables
incorporation of live information into an interactive visualization that runs on standard computer
platforms. By using two dimensions to represent a 3-D space it is logical to present the outdoor space
as it would appear from an overhead perspective. This “top down” view is useful for many different
tasks, and is also frequently used in paper maps and other formats. It is also important to note that
accurate three-dimensional models of outdoor environments can be very difficult and time-consuming
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Figure 1: The system architecture has distributed sensing and processing elements
and uses the context aware map to maintain and display information to the user
to produce accurately. By requiring simply a 2-D geo-registered aerial image to begin, the process of
registering the information is faster and the resulting visualization is effective.
The context aware map is labeled as context aware because it can use a diverse array of information
to present the context for a space. Context is defined as the circumstances in which an event occurs; a
setting. For use in this visualization, representation of the environmental context can be achieved
through the use of multiple pieces and resolutions of information about an area, each of which will
have a natural resolution or scale associated with it. By using multiple pieces of information at
different scales, the context can be captured and represented. A multi-layer approach is very practical
to represent and display these different types of 2-D information within a single interface. In this
layered approach, each set of flat information has a “depth” value that will control its position in Z
relative to the other layers. A layer with a higher Z value will appear on top of the other information,
a layer with a lower Z value will appear occluded by a higher layer if one is present. However to
provide this information in a comprehensible format a physical ground basis is needed to set the
relative information positions and scales. This process of geo-registration can be very complex;
however using an orthographically registered aerial image of the area can make a good
approximation. Correct information registration with respect to this background image and ground
basis is accomplished using a simple 4-point registration method.
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An important novel aspect of this visualization is that it incorporates live information about a space
within the same interface as the other information. The process of displaying live video updates the
images when a new image is available from the video source. The display and acquisition of live
video is also synchronized with the environment visual display loop to avoid flickering video.
TELE-EXPLORATION FRAMEWORK
A framework and system organization was necessary to begin system development. This framework
establishes the modularity and flexibility of the resulting system as well as illustrating how the
elements are assembled into a working system. The mobile aspect of this framework incorporates the
control and bi-directional information transmission of mobile platforms into the strategy. The use of
mobile elements further expands the ability of the system to display remote spaces from the user’s
desired viewpoint. This organization relies heavily upon the context aware map to display the detail
and context information to the coherent information to the main user, shown at the top of figure 1.
Remote users are shown at the bottom of the figure (in the mobile elements section) and on the right
hand side. These users are able to communicate and interact with the main user using multi-modal
interfaces.
A key component of the organization is the decision on where to separate the elements to decrease the
dependence on a central coordination agent resulting in a more flexible and robust system. Dividing
and distributing key system elements results in the ability to run the user interfaces and
computationally complex algorithms from different locations based on available resources and needs.
The context aware interactive map can be run in multiple locations for distributed users because it
relies on a network connection to connect to the various elements. The implementation of this
framework is object-oriented and modular such that the elements can be re-used in different
implementations.
An important feature of this organization is
the distribution of the video sensing
elements; the video for the visualization is
captured and transmitted over the network.
This removes a conventional constraint of
machine vision systems by eliminating the
need for a video cable connected directly
from the camera to the computer.

STATIC & DYNAMIC STREAMS OF
INFORMATION
Achieving a good understanding of a remote
space requires using appropriate content-rich
information as a representation of the space.
There are a couple distinct categories of
information that are specifically considered
for use in the representation of the space:

Figure 2 : Aerial images, maps, and live
video contain content-rich information
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static and dynamic. Static information includes many different and readily available types including
perspective and aerial images, road maps, CAD drawings, etc. This kind of information provides both
appearance-based background and foreground information as well as symbolic and other nonappearance based information. For this to be represented in the visualization the information should
be stored in an image format for display. Dynamic information is information that changes over time
such as live video, weather, wireless network coverage, etc. Primarily live video is being utilized as
dynamic information, typically this information is displayed as a foreground layer.
To develop and test these powerful algorithms a research testbed of video clusters has been designed
and installed at the UCSD CVRR. Currently several sensor clusters exist outside our lab, two are
located on streetlights near an busy intersection on campus where buses, cars, bikes, and people are
regularly in motion. Other sensors are mounted on the SERF building with coverage of nearby roads
and courtyards. Our newest cluster has a direct view of I-5 from on campus. Each sensor cluster
contains a high-speed pan/tilt/zoom (PTZ) rectilinear camera and Omni-Directional Video Sensor
(ODVS) both mounted in weatherproof housings. All of this video is digitized by special video server
units and streamed to the lab using direct fiber optics and a pair of one-gigabit switches. This special
high-speed network connection has the capability of carrying sixteen full-size video streams
simultaneously. This video is also switched to the public internet from the lab, allowing access to the

Figure 3: Outdoor Video Clusters provide continuous streaming video of roads and
other areas over standard or high-speed networks
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video cluster information and PTZ camera control from anywhere in the world. This distributed
sensing element enables the visualization application to be run with live video anywhere network is
available, increasing the flexibility and expandability of the visualization.
Two different methods for video capture within the visualization application have been implemented.
The first method uses an ActiveX control supplied by the video server hardware vendor, the second
method is an abstract and non-window based direct http access method. These methods each had
different advantages, speed of implementation and video frame rates turned out to be the most
important. Method 1 was able to obtain speeds up to 30 fps and maintained good frame rates when
multiple videos were viewed simultaneously, Method 2 had slower overall frame rates (maximum
15fps) but scaled better to higher numbers of videos. Method 1 was chosen for this implementation
because of its consistently high frame rates (up to 30 fps at 50% JPEG compression) and ease of
integration with the application. These experiments were performed with a dual PIII-700 MHz PC
with 640MB RAM, a GeForce3 graphics card, and running Windows 2000 Professional.
The development of this visualization framework and application displays a concept of a useful
exploration environment that will be available in future generations of portable mapping devices.
With the rate at which current computing power, mobile systems, and graphics acceleration are
increasing, future mobile devices will have system resources beyond what is currently available on
stationary, larger computers. With the future possibilities in mind, the existing implementation is
targeted for powerful desktop computing technology to enable demonstration of real-time and
interactive implementations.
EXPERIMENTS
The developed environment has been demonstrated to be useful in outdoor visualization for ongoing
experiments in several application contexts. Usability studies are being conducted on this research
with several real-world applications, most notably traffic incident detection and management studies.
A new video cluster installation along I-5 where it passes through UCSD campus has been used to
develop a visualization including live video of the I-5 corridor. (See figure 4 & 5) As a component of
ITS, this visualization enables viewing of live traffic conditions within context of the surrounding
roadways and areas. The results from this implementation will be the focus of the work presented
here.

Figure 4: Demonstration of the Interactive Zoom functionality within the
visualization focusing in on a live traffic view using infrastructrual cameras
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Multiple new video clusters are being installed along interstates as infrastructure to improve the
accuracy and speed of traffic incident management. As part of that activity, this research is being
used to provide the ability to monitor and explore large areas of outdoor roadbed. Additionally, the
mobile elements of this framework that were not focused on in this paper are being developed and
used to interact with traffic incidents.

Figure 5: A visualization of I-5 around UCSD campus demonstrates the interactive
display of live video within context including maps and aerial images
This implementation of the visualization runs on standard PC hardware under Windows using
conventional networks for information transmission. The resulting visualization is dynamic and
interactive, which is very difficult to summarize and describe in a static document. Some screen shots
of the application running are included to attempt to demonstrate some of the capabilities of the
application.
The application gives the user the ability to interactively view the environment easily by smoothly
zooming, translating, and rotating the scene providing continuity to the visualization as the view
changes. Multiple layers of static and dynamic images convey both visual and symbolic information
within the context of the surrounding area. Each individual image/video can be fully manipulated
using this interface by clicking and dragging on the right hand side icons. Additionally the images are
selectable by clicking directly in the interface window.
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Figure 6: Live video overlay is accomplished using a 4-point registration
process and aligning the road correctly with the background
CONCLUDING REMARKS
The environment that has been developed demonstrates effective interactive visualization of outdoor
spaces and highways using multiple types of static information as well as multiple live video
elements. This visualization is particularly effective because of its presentation of the context around
the area of interest. The framework has provided a flexible and robust methodology in the
implementation of this environment. This research is currently being extended to several new
applications including bridges, multi-sensor cluster interstate coverage, and border-crossing.
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