Spatial Information Visualization Methods for Large Scale
Infrastructure Projects
Katherine A. Liapi
University of Patras, Greece
kliapi@upatras.gr

Abstract. For the communication of spatial information with regard to the
design and construction of large scale urban infrastructure projects several
visualization methods and technologies have been developed. The paper
discusses two different trends in relevant technologies: a) those that use
visualization to facilitate communication of construction planning information
between architects, engineers, contractors, the public and other interested
parties, and b) technologies that provide real time information on the conditions
on the construction site.
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Introduction
In large scale urban infrastructure projects construction activities often interfere with the regular rhythms
of the life in the city. Mobility and safety challenges
are the most common disruptions of the daily routine. Strategies to minimize such impacts are numerous; in almost all instances the fast completion
of a project is imperative, while traffic measures to
reduce problems with local access to nearby neighbourhoods and businesses is also a standard tactic.
A common challenge for the implementation of any
of these measures is the communication of spatial
information between all interested parties including
architects, engineers, project managers, contractors
etc.; the dissemination of relevant information to the
affected public is an additional challenge.
Large urban infrastructure projects, such as

highway interchange projects, are often characterized by complex and continuously changing geometric configurations which complicate the overall
project management and affect traffic planning
decisions. The communication of spatial information between all interested parties then becomes a
potential drawback for the timely completion of the
projects and for the city to recuperrate its normal
rhythms. In addition, the fast changing conditions
on the site where the construction happens become
a potential hazard not only for the construction personel but also for the walking citizens and the vehicles in the area.
For the communication of spatial information
with regard to the design and construction of large
scale urban infrastructure projects several visualization methods and technologies have been developed. The paper discusses two different trends in
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Figure 1
Coit Bridge: Snapshots of
the Integrated Traffic and
Construction Schedule

relevant technologies: a) those that use visualization
to facilitate communication of construction planning
information between architects, engineers, contractors, the public and other interested parties, and b)
technologies that provide real time information on
the conditions on the construction site. These two
trends are discussed in the following sections.

Construction sequence and traffic planning visualization
In advanced management processes for large scale
infrastructure projects, by integrating 3D CAD models with the construction schedule to create a 4D
model, the progression of the construction process
over time can be displayed, shared by all interested
parties and evaluated. 4D CAD schedule simulations
has been shown to lead to more readily constructible, operable and maintainable projects (Luiten, et
al. 1998, Lee at al. 2005). Indeed the usefulness of 4D
models has been tested in planning the construction of various large scale public and commercial
projects. Several 4D case studies, conducted by CIFE
(Stanford Center for Facility Engineering), Georgia
Institute of Tehnology, and other academic research
centers have already been published since the late
ninetees (McKinney, K., and Fischer, M. 1998 ).
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Applications of 4D visualization in urban infrastructure projects present a significant difference
when compared to standard projects. Specifically
in large scale urban infrastructure such as highway
and interchange projects, the construction phasing is directly related to traffic planning. Therefore
it is of critical importance that the animation of the
construction process also displays traffic planning
measures such as open or closed lanes, lane markings, exits etc. By integrating the traffic planning
visualization into the construction schedule animation, a new concept of schedule that displays traffic planning measures, that is lane indications and
other measures linked to the activities of the combined Construction Management, allows for the
visual evaluation of various traffic control options
during project construction. A combined construction schedule and traffic planning visualization has
been effectively used during the construction of the
Coit Bridge interchange, a section of a highway interchange project by the commercial downtown of
Dallas, Texas (Liapi et al. 2003). A 4D animation in
this instance allowed for the visualization of both
construction and traffic schedules. Snapshots of the
animation of the combined construction and traffic
schedule are displayed in figure 1.
Disseminating information to the traveling
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public related to changing traffic control measures
during the construction of a large urban project is
often a necessity. A photo-realistic animation in this
case along the driver’s path was deemed as the most
appropriate approach. In such instance the 3D model that was used needed to include all traffic control,
traffic signage and devices that were indicated on
construction and traffic planning documents, as well
accurate site and context information (Liapi 2003)
(figure 2).
For the planning and construction visualization
of the interchange project a comprehensive database that included three distinct levels of geometric
configurations was required; these were the following: a) current as-built, b) intermediate planned/asbuilt (including temporary structures), and c) final
as-designed.
In conclusion n-D technologies in construction,
which ‘build up’ on 4D visualization by linking a 4D
model to additional design/construction parameters, such as cost and sustainability, allow for the
visual display of the respective project information.
Such technologies are still under development and
are of critical importance for progress and life cycle
analysis of urban infrastructure projects (Koo et al.
2003)

Real time construction site information
visualization
A typical environment for infrastructure operations

is object-cluttered and fast changing, near realtime site modeling methods are needed which can
quickly extract the most pertinent information on
a site. Methods that make use of advances in laser
technology for real or near-real time modeling and
visualization of the changing environment of a construction site in the city can significantly contribute
to the timey and safe expedition of a project. Such
methods provide critical information about equipment operations’ planning and safety and various
other aspects of the construction process that interfere with regular activities in a city.
Site modeling for infrastructure management
includes development of ‘as-builts’ during and after
construction for future maintenance and operations planning, and it involves modeling of existing
infrastructure for the same purposes. Most common
methods for site modeling employ large, expensive
range scanners that produce dense point clouds that
require several hours of both skilled manual and automatic segmentation to arrive at a finished model.
Most site modeling applications use dense point
cloud data acquired from 3D laser-scanners, such as
LADAR type scaners (Laser Distance and Ranging).
These methods produce very detailed models of the
scanned scene, which are useful for obtaining asbuilt drawings of existing structures, However such
computationally intensive processing approaches
render the dense point cloud approach prohibitive
with respect to real-time applications in the construction industry.

Figure 2
Coit Bridge: Animation of
Traffic Control Measures
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Figure 3
(a) Fitted and Matched
Cuboid, (b) Actual Object, (c)
Fitted and Matched Pipe, and
(d) Actual Object

The dynamic nature of sites, where operations
that utilize heavy semi-automatic equipment usually take place, require modeling times in the order
of minutes. In addition, for obstacle avoidance which
is a most needed application, highly accurate and
detailed models of objects are not needed; instead
sufficiently large embodying volumes of simple
geometric shapes are adequate feedback to an obstacle avoidance system running in the background
(McLaughlin, 2004; Kwon, 2003).

Rapid site information visualization and primitive modeling
A rapid modeling approach for modeling local scenes
for construction equipment operations, developed
at the University of Texas at Austin presents significant advantages over full range scanning methods
that require computationally intensive image processing (Cho et. al 2002, Kim et al. 2005). Modeling
methods that make use of sparse point clouds that
aim to aid an operator to quickly model obstacles
using only a few points per object by exploiting this
ability to quickly categorize objects’ importance in a
scene, include ‘primitive modeling’ for target objects,
and ‘bounding volumes’ for peripheral modeling.
This method makes use of primitives to model
construction-site scenes. Geometric primitives are
ideal for modeling construction environments since
they require very little memory, even for large world
maps, and they are easy to store and manipulate:
Planes, convex hulls, cylinders, and bounding boxes
are some of the commonly used geometries. Convex
hulls can be employed in the representation of a
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wide range of construction-site scenes, such as pipe
racks, building structures, and other types of equipment; bounding boxes can be used to represent
ventilation ducts and other prismatic elements; cylinders represent pipes and storage tanks; and planes
can be used to delimit workspaces (McLaughlin,
2004; Kwon, 2003).
The method discussed offers an alternative approach based on objective driven data acquisition,
targets individual objects and clusters of objects,
and scan them with the minimum number of range
points required in practice to model them accurately
and efficiently. This approach is termed the ‘sparse
range point clouds’ approach (Kwon et al., 2003). In
contrast to full area, ‘dense’, range point scanning,
the use of sparse clouds requires times on the order
of minutes for data acquisition and local area 3D
modeling. The method models ‘target’ objects and is
based on the general observation that a few types
of objects can be used to model a wide range of
construction scenes. Cuboids and cylinders are considered sufficient to represent most target objects
(Kwon et al. 2003). Cuboids can be used for fitting
and matching structural objects such as columns,
box-beams, and finishing objects. Cylinders can be
used to fit and match chemical pipes, ventilation
pipes, and concrete piles. The results of a lab-test
of cuboids and cylinder based on developed algorithms are shown in figure 3.
Yet although the previous method is useful for
modeling objects that have to be handled and manipulated, it is not necessary for workspace peripheral objects. Bounding algorithms, also developed
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Figure 4
(a)Actual & Bounded Object

by the UT research group can be employed to create
models that completely encompass objects within
the immediate environment without appreciable
loss of workspace volume (McLaughlin et al. 2004).
In three-dimensional space, the convex hull of a set
of points is the smallest convex volume that contains the points. The convex nature of a hull that
consists of planar faces enabling rapid computation
of distances, is mostly needed for rapid obstacle-

Accordingly a) methods for primitive merging and
b) methods for merging workspace models received
from different locations on a site have also been developed (Bosche et al. 2003 ).
Indeed very often for the modeling and visualization of target objects the modeling of more than
one primitives is required. This is due to the fact
that, in objects that occur from assemblies of simpler objects by only modeling the primitives, the association of one object to the other is lost. Though
modeling of individual objects would be acceptable
for many applications, merging primitives, where
merging means ‘grouping the primitives belonging
to the same object’, helps reducing overall modeling
errors and allows useful information to be associated
with assemblies of primitives. This can be very useful
while considering the readability/clarity of a screendisplayed modeled environment (figure 5).

Motion modeling and visualization

avoidance modeling. An example of a lab-test of the
convex algorithm using a sparse range point cloud is
shown in the figure 4.

Site scenes visualization and primitives merging
For developing site models from spatial data, the
workspace modeling and visualization methods
have been extended to include more complex
scenes and spatial syntax pertinent to site modeling.

‘Flash LADAR’ is a relatively new hybrid technology
with low resolution (60-120 voxels) and high scanning frequency (30 Hz) . While rapid local area modeling using sparse point clouds is optimal for static
site modeling, Flash LADAR may be used effectively
for detecting and modeling moving objects on an
urban construction site, since the most significant
feature of the system is its near real time capability
to track moving objects or people. In other words
the capability of Flash LADAR in the detection and
efficient representation of moving objects (including people) can be employed to complement the 3D
graphical-modeling approach already described.

Figure 5
Merging primitives can
improve model display: Step
1: Model without Object
Recognition Process, Step 2:
Object Distinction Process,
Step 3: Object Distinction
& Object Reconstitution
Process, Picture of Scanned
Scene
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Figure 6
Framework for the combined use of these diverse
information visualization
technologies

Combining rapid local area modeling with realtime obstacle can improve safety and efficiency significantly. Real-time obstacle avoidance for heavy
equipment operations on a construction is probably
the most needed application. It is thus believed that
efficacy of obstacle detection can be made possible
by: (a) proper handling of on site spatial information,
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(b) the integration of dynamic site information (motion of personnel and equipment).
In addition, real time on-site spatial information will also facilitate a thorough site analysis that
could be used for rapid site layout, identification of
safety zones, as-builts, etc. A framework for the combined use of these diverse information visualization
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technologies, which is expected to contribute to optimized project design and construction expedition,
is shown in figure 6. (Teizer et. al.2005)

Conclusions
Several visualization methods and technologies that
facilitate the communication of spatial information
with regard to the design and construction of large
scale urban infrastructure projects have been discussed. Two different trends in relevant technologies
have been presented. First visualization methods
based on 3D CAD site and building/information such
as 4D and n-D nodeling, which facilitate communication of construction planning information between
architects, engineers, contractors, the public and
have the ability to monitor aproject throughout its
life cycle have been presented.
Second current and emerging technologies that
provide real time information on the conditions on
the construction site are also presented. It is argued
that on site spatial information acquisition and visualization methods can provide a solution to problems in infrastructure construction and maintenance
sites. Faster and safer operation of heavy equipment
operations in challenging site conditions, usually of
low visibility, is a significant contribution. In addition
on-site acquisition of spatial information and handling that will include the motion of moving objects
and people can provide the information for a thorough analysis of site layout, identification of safety
zones, utility tracking, general construction management decision making, traffic control on large sites
and enrichment of as-built drawings.
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