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ABSTRACT

Simulation-Based Optimization for the Placement of Surveillance Cameras in

Buildings Using BIM

Ameen Hamza Albahri, Ph.D.
Concordia University, 2017

Many companies and organizations highlighted the importance of developing various
security monitoring systems for the purpose of protecting their assets against any
undesirable events. The process of installing surveillance cameras inside buildings is
complex and costly. One of the most important issues that can affect the cost of
surveillance cameras in buildings is finding the best placement of cameras. Individuals
who are responsible for the camera installation are facing great challenges due to the
large number of variables related to this problem. Finding effective scientific methods to
address this problem can lead to increasing the efficiency of the camera placement
through maximizing the coverage and minimizing the cost. Furthermore, available
methods did not take into consideration the impact of different elements (e.g. the HVAC

system) that can affect the camera placement.

Building Information Modeling (BIM) is becoming an indispensable process for the
Architecture, Engineering and Construction (AEC) industry. In terms of security
management, BIM technology can improve the performance of security systems during
the design phase because of its ability to identify various elements that surround the 3D

surveillance cameras in the form of geometrical and non-geometrical entities.
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The objectives of this research are: (1) to develop a method that can help in calculating
the coverage of surveillance cameras inside buildings; (2) to investigate the impact of the
building elements on the camera configurations, parameters and coverage using BIM; (3)
to develop a method that can find the near-optimum types, number and placement of
fixed cameras inside a building; and (4) to develop a method that can find the near-
optimum placement and movement plan of a Pan-Tilt-Zoom (PTZ) camera inside a

building.

A method is developed to calculate the camera coverage inside buildings using BIM and
a game engine for the purpose of automating the calculation process and achieving
accurate results. This method includes a sensitivity analysis for evaluating the suitable
cell size in order to cover the monitored area. Also, the research proposes a novel method
using BIM, which provides a new opportunity to better optimize the number and
locations of cameras by exploiting the rich information available in the model. The near-
optimum results aim to maximize the cameras’ coverages and to minimize their costs.
BIM is used to define the input of the optimization process and to visualize the results.
The method uses Genetic Algorithm (GA) to solve the optimization problem. Finally, the
research addresses the placement problem for a PTZ camera. PTZ cameras are used as an
addition to fixed cameras in order to ensure the detection of dynamic activities. The
research extends the previous method to optimize the placement and movement plan of a
PTZ camera inside a building. Several case studies are used to demonstrate the
applicability of the proposed methods. The proposed methods can help individuals who
are responsible of the camera installation to efficiently determine the near-optimum

types, number and placement of cameras needed to monitor spaces in buildings.
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CHAPTER 1: INTRODUCTION

1.1 General background and research problem

Supporting security systems of diverse facilities has been given much concern by the
public. According to Challinger (2008), an effective security technique should have the
ability to specify areas of risks and delineate standards to reduce undesired incidents. For
this, most current practices focused on increasing the efficiency of security approaches to
ensure the detection of people’s movement inside buildings. One way to do this is to
increase the number of video surveillance systems in order to obtain as much coverage as
possible. However, many organizations are claiming that adopting video surveillance
systems is too costly for both installation and maintenance processes (Kelly, 2013).
According to a case study implemented by Reid (2005), installing 45 cameras,
multiplexers, monitors, recorders and cables to ensure monitoring of several areas inside
a facility costed $420,000. It is necessary to know that once the surveillance cameras are
placed inside the building, it is too costly to change their positions (Chen et al., 2013). In
most situations, surveillance cameras are installed based on experience, which usually is
not efficient since there is no scientific method that can ensure the coverage of important
areas at a minimum cost (Amriki and Atrey, 2012).

One significant factor that can affect this issue is the process of evaluating the near-
optimum number, types and placement of the cameras. Generally, most of the current
techniques are in 2 Dimensional (2D) or 3 Dimensional (3D) forms, which showed the
following problems. First, the usage of the 2D technique may increase the possibility of

not covering some important areas which are located under the Field of View (FOV) of



the camera or in places where there are different ceiling or floor elevations. Second,
traditional 3D techniques do not consider some building elements that can affect the
camera coverage. To illustrate, teams who are responsible for the camera installation
usually follow a camera placement layout in order to place the required cameras at their
specified locations. Sometimes, these locations are not suitable because of the incomplete
coverage caused by geometrical constraints (e.g. ventilation systems and ceiling
signboards) which are hard to be detected using traditional 2D or 3D techniques. As a
way to avoid these elements, installers usually prefer to change the placement, orientation
or even the height of these cameras, which will affect their coverage.

Evaluating the efficiency of the camera coverage requires considering three major
elements: (1) the relationship between the used cameras and their surroundings,
specifically the important areas; (2) the type of the used cameras including their features,
capabilities and limitations; (3) the physical obstacles, such as the existence of different
ceiling or floor elevations and the interferences with other building systems; and (4) the
non-physical factors that can limit the operating process of these cameras, such as the
existence of privacy areas. Although some practices, such as Chen et al., (2013), proved
the ability of BIM to detect previous elements, more efforts are needed to investigate the
role of this technology in optimizing the placement of surveillance cameras inside
buildings. Also, the efficiency of the camera layout can be determined by evaluating the
coverage of each camera type. This evaluation is affected by the following factors: (a) the
purpose of usage which includes security, safety or work monitoring; (b) the economic
features including camera purchasing, installation and maintenance costs; (c) the special

conditions including important and unimportant areas, privacy areas and physical



constraints; and (d) camera parameters that include Field of View (FOV), focal length,
camera height, location and orientation while considering the target height and distance.
Furthermore, individuals who are responsible for the camera installation inside buildings
are facing great challenges due to the large number of variables related to this issue. For
this reason, researchers developed different techniques to optimize the placement of
surveillance cameras inside buildings. However, these techniques did not consider the
existence of the above mentioned elements (e.g. ceiling signboards), which may affect
the visibility of the placed cameras. More attention is needed regarding the features (e.g.
FOV) of the placed cameras and their impact on the camera optimization process.
Another important issue is that almost all previous studies implemented their methods on
surfaces without considering geometrical constraints, which surrounded the placed
cameras and can affect their coverage. This work will benefit from BIM in determining
the locations of these constraints and considering them in the camera placement process.
Also, the placement of some types of cameras, such as the Pan Tilt Zoom (PTZ) cameras,
is much harder to be optimized. To illustrate, most current practices have focused on
improving the monitoring, tracking and synchronization processes of these cameras
(Chae and Kano, 2007; Yang et al., 2010; and Starzyk and Qureshi, 2011); and ignored
their placement inside buildings. This is due to the complexity of the dynamic coverage
of PTZ cameras which aims to monitor the movement of people.

This research aims to address the camera placement issue by answering the following

questions:



(1) How to calculate the coverage of a single surveillance camera considering different
building elements that can affect the camera coverage? How to optimize the
placement of this camera considering related factors?

(2) What are the factors that can affect the coverage of multiple cameras? How to
optimize the placement of multiple cameras?

(3) How to improve the proposed methods in order to consider different camera types

and placement?

1.2 Research objectives

The main target of this research is to develop a novel and scientific method that can help

in placing surveillance cameras inside buildings. The specific objectives are:

(1) To develop a method for calculating the coverage of surveillance cameras inside
buildings.

(2) To investigate the impact of the building elements on the camera configurations,
parameters and coverage using BIM.

(3) To develop a method that can find the near-optimum types, number and placement of
fixed cameras inside a building.

(4) To develop a method that can find the near-optimum placement and movement plan

of a PTZ camera inside a building.

1.3 Research significance

This research is very beneficial for individuals who are responsible for installing cameras
inside buildings. The research aims to achieve accurate coverage results and near-

optimum camera placement using scientific approaches instead of depending on human



experience. Using the research methods, users will be able to determine the near-
optimum types, number and placement of cameras needed to monitor an area inside a
building. The proposed methods will ensure the following: (1) to obtain the maximum
coverage of surveillance cameras; (2) to reduce the cost of coverage by reducing the
number of placed cameras of suitable types; and (3) to ensure adequate coverage in case

of using PTZ cameras.

1.4 Research organization

This chapter is presenting an introduction about the issue of the camera placement inside
buildings and the considerations that affect its performance. Furthermore, the current
status of relative studies along with their limitations was briefly discussed. Also, the
research problem, objectives and importance were addressed. Chapter 2 includes a
comprehensive literature review. Chapter 3 provides an overview of the research
methodology. Chapter 4 explains the first method of calculating the camera coverage in
buildings using BIM. Chapter 5 explains a method of simulation-based optimization for
the camera types, number and placement in buildings using BIM. Chapter 6 explains a
method of simulation-based optimization for the placement of a PTZ camera in building

using BIM. Chapter 7 discusses the conclusions and future work.



CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

The purpose of this chapter is to review the research and the latest practices related to

camera placement optimization. Also, it aims to highlight the issues and standards that

can affect the study’s objectives. The chapter reviews the following topics:

(1) The configurations, parameters and features that affect the selection and placement of
cameras.

(2) The rules that should be considered during the camera placement process.

(3) The role of BIM in addressing several issues in the AECOM industry and close to the
camera placement issue.

(4) The existing optimization methods that can assist the research methodology.

(5) The most related practices that focused on the camera placement.

2.2 Security monitoring

According to Wilkis (2015), there is no system that can ensure complete coverage, and
every system has its own strong and weak points. Focusing on security systems of
multiple surveillance cameras, the cameras may leave small uncovered areas which might
be a target for suspicious activities (Gigliotti and Jason, 1984). Therefore, many
approaches have been developed for strengthening surveillance systems. A report by
Challinger (2008) listed some of these methods used inside buildings as follows: access
control, security officers, emergency plans, physical security, closed-circuit television
(CCTV), lighting, documented procedures, and security awareness activities. The report

also pointed out that crimes, disorder, emergencies, and fear are the most significant



issues that concern security officers. These issues can be classified as follows
(Challinger, 2008):

(1) Crimes

Crimes can be classified as: (1) stealing incidents that may occur in either private
locations or public ones such as car parking areas, (2) damaging and destroying public
assets, (3) violent and offensive behaviour against the community, and (4) unauthorized
access to prohibited areas by intruders who may conduct undesirable activities such as

stealing or spying.

(2) Emergencies

These are incidents that affect the stability of the environment or the community and that
need quick responses by professionals. According to Challinger’s report, these incidents
mostly occur because of the following two reasons: (1) incidents caused by humans, such
as f