€cologiKalSense

Benoit Frédéricque, Product Manager

y,/ 3 '
Pl

= h\

Alain Lapierre, Senior Director, Software Development

Given the large size anticipated expenditure on infrastructure, it's easy to see that
even marginal productivity improvements in infrastructure sustainability will lead
to significant savings in national budgets.

nitastructure serves as the inlerface between people and the world

around them. It is used on a daily basis and can have a major impact

on the health and well-being of the global population. A case in point
is the recent cholera epidemic in Zimbabwe that daimed more than 4,000
lives and was, in parl, caused by the country’s poorly maintained water
and sanitation systems. Other issues in which the world's infrastructure
has an important rale to play include €O, emissions, dimate change,
earthquakes, severe weather, (erorist attacks, coastal floading, hazardous
waste and the depletion of nonrenewable resources. Infrastructure
concemns are not limited to developing economies; developed
economies, including those of the United States and Canada, currently
face challenges directly tied 10 deteriorating infrastruciure.

Given that worldwide urbanization Is accelerating, a significant
battleground for sustaining infrastructure is at the city-and local-
government levels. To effectively manage all of the geospatial and non-
geospatial information associated with urban infrastructure, cities today
need a 3D City Geospatial Information Systemn (GIS). The mission of a 3D
City GIS Is to support declsion processes assoclated with the creation and
operation of urban Infrastructure. This infrastructure miust be designed
and constructed such that it balances the need for growth, development,
and change with the equally critical requirement for sustalinability and a
palpable improvement in the overall quality of people’s lives. A 3D City
GIS can add tremendous value 1o the infrastructure project delivery
process. By providing everything from enhanced visuallzation of future
projects to more accurate and In-depth analysis of existing infrastructure,
JD+endered models enable a morerealistic view of the world around us.

THE CHALLENGES IN SUSTAINING A CITY'S INFRASTRUCTURE
The design of new infrastructure and the management of as-built
maintenance processes involve thousands of technical and human
challenges. Obtaining and communicating the information required for
analysis is only part of the complexity. Multi-disciplinary experts have to
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collaborate frequently on Infrastructure projects. In addition, many of
these experts will have o communicate throughout the project with the
general public and municipal leadership. Challenges related o
infrastructure sustainability are numerous and their relationship 1o the
global economy Is Important. In a study by Booz Allens Hamilton, the
authors put the worldwide budget for Infrastructure sustainability

between the years 2005 and 2030 at 41 trilllon dallars, with 50 percent of
those dollars going toward water infrastructure. Given the large size of the
expenditures anticipated, It's easy 1o see that even mardinal productivity
Improvements in infrastructure sustainability will lead to significant savings
in national budgets, A better understanding of infrastructure usage can
also provide tremendous benefits. For example, a highway dlignment
designed to minimize vehicle energy consumption can reduce a city's
carbon footprint and, thus, help sustain the environment.

SUSTAINING A CITY'S INFRASTRUCTURE WITH A 3D CITY GIS
The deployment of 3D dity modeling for infrastructure is becoming
more mainstream with some of the more popular uses being urban
planning analysis, noise propagation simulations, and flood simulations.
However, 3D city model creation and management is still relatively new
compared 1o the classical 2D GIS paradigm. For example, the Open
Geospatial Consortium (OGC) adopted CityGML, the first standard
dedicated 1o 3D city model exchange, in August 2008, The relative
immaturity of 3D city models sometimes results In sub-optimal
workflows in which valuable infarmation can be lost or 3D madels are
managed independently of 2D GIS data - resulting in duplicated efforts.
When looking at detalled infrastructure projects requiring limited
coverage bul highly accurate 3D data, detailed surveys are conducted.
These detailed infrastructure projects are frequently managed
independently, which can result in a loss of valuable information after
the project has been completed. Often, sunveying/design efforts are
duplicated for overlapping areas and these areas are sunveyed several
times during the life of the Infrastructure.



A 3D City GIS can be defined as an information management system
sultable for geospatial and non-geospatial information. Bentley defines a
3D City GIS as a collection of functionality allowing data, users, and
processes related to a city's Infrastruciure o be effectively managed. It
includes a reference 3D city model suitable for the management and
geo-coordination of detailed infrastructure information as well as a 3D
overview of, and detalled information on, urban infrastructure. It provides
a framework for supporting the information lifecycle from its creation to
Its exploitation by different stakeholders. The main functional
components of a 3D City GIS can be grouped into three categories:

3D modeling and quallty control; Persist, manage, and serve; and 3D
analysis and design.

3D MODELING AND QUALITY CONTROL

Creating 3D models requires data, techniques, tools, and effort.
Depending on the municipality and the infrastructure projedt, different
daia creation lechnigues can be used, induding aerial surveying
techniques; Extract, Transform and Load processes; and terrestrial-based

infrastructure-related industries, a huge percentage of decisions are made
based on unstructured data. Therefore, it is important to take advantage
of all the available information in the decision-making process and,
consequently, to support the persistence, management, and serving of
data at different levels of detail. This includes data In geospatial and non-
geospatial forms that may be structured or unstructured.

3D EXPLORATION, ANALYSIS, AND DESIGN

Making decisions requires information and exploration. With analysis
and design tools, city infrastructure information can be used to make
business decisions. Exploration will support both the process of
finding and discovering information. Analysis aims at enriching the
available information by computing specific measurements or
solving specific problems. Finally, the design process of new
infrastructure generally starts from an exploration and analysis
process. The mission of a 3D City GIS is to support decision
processes related to city infrastructure. A 3D City GIS should provide
a comprehensive set of analysis, exploration, and design toals for all
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surveying. Whether a municipality subcontracts the execution of the 3D
models or creates them inchouse, a good Integration of acquisition
technigue Is required. The information management platform is needed
to guarantee data traceability, quality control and management, and to
avoid any loss of Information.

PERSIST, MANAGE, AND SERVE

Persisting, managing. and serving constitute the platform of a 3D City
GIS, This type of system should provide a secure, collaborative,
interoperable, and scalable environment to manage all the infrastructure
Information, the resources, and the workflows. Practitioners would
typically use specialized deskiop applications to interact with the 3D city
information model, while front-office users might prefer web
applications or collaboration portals and field workers would need
mobile devices. To satisfy such heterogeneous users, a 3D City GIS
should combine flexible capabilities to serve information to different
users on different platforms. This includes data access as well as editing,
analysis, or design capabilities.

Typically, city information related 1o infrastructure will have different levels
of detail and in a wide variety of data formats. The data might have
historical information accumulated and maintained from the time the
infrastructure was pul in use 1o the present. The nature of this data varies
from structured to unstructured. Structured refers to data assoclated with a
data model that describes the objects, their properties, and their
relationships. Databases are typically considered to be “structured.”
Unstructured data, refers to data without a formal data model that
describes the objects related to the infrastructure. This includes Microsoft
Office documents, scanned drawings, and paper. One might think that
unstructured data Is transient and nonessentlal. However, in

data types. Considering that the range of potential analysis needs is
perhaps Infinite, a 3D City GIS should provide open, ad-hoc access to
its content,

CONCLUSION

The challenges of sustaining city infrastructure are enormous. However,
Bentley is committed to developing and leading the transition from
traditional 2D representations of Infrastructure to 3D representations. This
additional dimension can increase the value of data, improve decision-
making capabilities, and enable mare effective communications about
complex situations. A
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