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Development of a Simplified Computerized Tool
to Measure the Visibility of Open Spaces

Rim Meziani, Mohammed Ghazal, and Hassan Hajjdiab

Abstract

The objective of this research is to create a simple computerized tool to
measure the visibility of open spaces by testing different scenarios and
building arrangements and comparing their visibility graphs to be created
by applying Gaussian theory. Two building arrangements were proposed on
a site selected from the Abu Dhabi 2030 master plan. One building arrange-
ment is based on a linear form of buildings (scenariol) and the other one on
L-shape (scenario 2). The two scenarios were tested and the visibility of
open space was studied according to the horizontal distance, and the angle
of view, which is limited by the edges of the window. The simulation results
showed that scenario 2 offers more visibility. This confirmed what was al-
ready measured by the author in previous research by using a manual ap-
proach. This tool will be more developed in the future to include building
height, consider recessed windows, etc.
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1. Introduction

The existence of open spaces in our life in general and in cities in particular
is very important for the health and wellbeing of the human and the commu-
nity (Ulrich et al., 1991) and also of the ecosystem. Studies have demon-
strated the good effect of windows and good views, especially of nature on
people’s recovery after surgery (Ulrich, 1984) improvement of their psy-
chological life and mood but also the satisfaction of an area by the residents
(Hideotoshi, 1995). In addition to the environmental benefit of open spaces
such as providing light, fresh air, balance of ecosystem, etc., open spaces
represent a space for social interaction among the community, a place for
exercising, playing, gathering and refreshing. So, viewing open spaces
would not only positively affect the society and the environment but also the
economy. Studies demonstrated that buildings having view on open space
would increase their attractiveness in a matter of buyers and renters and
would bring more value to the real estate market. Hence our interest to study
the relationship between the buildings arrangement and the visibility of open
space.

Planning support systems facilitate the understanding of the urban sys-
tems and their interaction to store, analyze and view data in order to assess
policy choices and future conditions, to identify issues, create visions, for-
mulate goals, and compare scenarios. Hence using technologies such as an-
alytical models, visualization and communication programs, internet and
GIS provide the planning and the strategic decision with information sup-
port to be more intelligent and community-oriented process. Visual thinking
in particular becomes a very important mode of thought that may change
people’s view of their environment in order to improve it. Furthermore, the
planning support systems enable the planners to help the public and decision
makers to make better choices and take smarter decisions after visualizing
the different scenarios of urban development and forecasting their results
and the implication of their interventions by running simulations and build-
ing models (Berke et al., 2006); (Riddell, 2003). From here comes our in-
terest in visualization and urban modeling.

This paper aims to develop a simplified user-friendly computerized tool
to measure the visibility of open spaces from each building surrounding the
open space. In this paper we refer to green area or park as an open space.
Two building arrangements will be used as scenarios to be tested by using
the proposed tool and a comparison between the visibility graphs produced
after simulation by using Gaussian theory will be done allowing us to find
out which buildings arrangement offers more visible area of the open space.
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This area will be measured in an accurate way leaving not doubt about per-
sonal judgement while observing the visibility graphs. The paper will de-
scribe the tool then explains its application and presents the simulation re-
sults before going to the conclusion.

But before that, it is important to note that visibility has been studies in
different ways and been analyzed by using different tools and approaches.
Probably the most known visibility studies of outdoor areas at the urban
scale are associated with space syntax theory by UCL (Hillier, 2005) in
which visibility graphs produced by Depthmap software (Turner, 2004)
are represented by different colors to represent values of high or low visibil-
ity linked to accessibility by using Isovist, local and global integration val-

ues, etc. (Turner, 2001).

Sometime visibility was associated to natural and artificial surveillance
of both indoor and outdoor spaces by using of GIS, more precisely the use
of Isovist Analyst done by ArcView software. An automated technique
called Rank and Overlap Elimination (ROPE) made possible the study of
the visibility of open spaces through their visual coverage (Rana, 2005).

GIS has been often used to assess the visibility through Viewshed to an-
alyze the visual effect of terrain maps. Viewshed can be defined as the en-
vironment points that an observer can see; regardless of its many limitations
when it comes to measuring the visibility from a human perspective, since
it is linked to the vertical dimension such as the slope of the terrain, its ele-
vation and the distance from the observation point (Nutsford et al., 2015).

Viewshed like other visibility analyses were not originally designed to
measure the visibility that is human-centered in landscape planning. As-
sessing visibility shall be related to aspect of vision and perception, hence
by quantifying the effect of slope, aspect, and the distance between the ob-
server to the related area (Chamberley et al., 2013). So, Viweshed analysis
is often related to a visibility of “non-flat terrain”.

GIS tools applied to capture the vision field have been used in security,
wireless network design, landscape, etc. (Suleiman et al., 2015). For exam-
ple, in (Eve and Enrico, 2014) Viewshed with traditional topographic vari-
ables were used to investigate the visual properties of different parts of land-
scape both cultural and natural. Furthermore, in (Suleiman et al., 2015), the
authors tried to arrange the buildings in a development area to have the best
view to the landscape and open space by studying the visibility to these
spaces. The paper also tries to answer the question about the best location
in a city for a publicity panel or a shop from the visibility viewpoint.
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Using Algorithm visibility was also used in (Oren and Yerach, 2012) that
studied the structure and disposition of the urban building blocks repre-
sented by mass model shops. Furthermore, the visibility analysis of an urban
environment by using 3D models was studied using the Spatial Openess In-
dex in (Fisher, 2012); (Fisher-Gewirtzman and Wagner, 2003); (Fisher-
Gewirtzman, 2003), which is considered by us as the closest study to our
research.

This computerized tool measures the quantity of the open space viewed
from different buildings around it considering that the viewer is standing in
the center of the building only, which is in our understanding unrealistic,
hence in our viewpoint represents the weakness of this study. Because, the
measurement of the visible area would be more realistic and accurate if the
viewer’s location was considered in each window of each building facing
the open space, since the building does not have one window only. Here
comes the advantage of our tool, its flexibility to give the user the possibility
to decide about the windows number, locations and measurements and
change the viewer’s locations each time the simulation is run. The other
flexibility of our tool is represented in the input data. The user can enter any
image and not necessarily a drawing file of 3dimensional model. Further
explanation is included in the methodology section.

2. Site Selection and Building Arrangement

According to the 2030 vision of Abu Dhabi, the Abu Dhabi Master Plan
2030 is the UAE government’s vision to establish Abu Dhabi as an interna-
tional capital city and is based on sustainable development principles that
are related to the wellbeing of the community, the protection of the environ-
ment and the development of the economy (Urban Planning Council, 2007).
The creation of a sustainable livable urban environment and guarantee a bal-
ance between the mixed cultures existing in the cities with the preservation
of the cultural character and traditions of Abu Dhabi as an Emirati and Arab
city is one of the main objectives of the master plan. Hence, maximizing
the use of the open spaces, by increasing walkability and encouraging social
interaction, increasing the land use around them, creating a micro-climate,
improving the physical as well as psychological health of people, creation
of quality urban life, etc. are key factors to achieve a sustainable urban life.
So, maximizing the visibility to open spaces would contribute to the execu-
tion of these factors, as mentioned in the introduction and literature review
section.

To make sure that the research is more realistic, we selected a site located
in the south spine precinct of the Capital district in the Abu Dhabi 2030
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master plan (Figl). Since the site has not been built up yet, this makes our
proposals for the building arrangements more credible to be applied later on
after running the simulation. Our intention is to approach the Urban Plan-
ning Council to give recommendations in this regard and to encourage them
to use this tool in the phase of urban design and broadcast it to other entities.

Let us note here the actual arrangement of buildings was not proposed in
the 2030 master plan of Abu Dhabi and the more detailed design guidelines
and orientation were left to be considered in the urban design phase. So,
developing such a tool in our research would be of a great help to architects,
urban designers and even decision makers. The study area has one open
space that is considered green area surrounded by buildings of a maximum
30meters of height (Fig. 2) and a high density residential land use, the set-
back decided by the master plan was respected and in future research, the
building height will be considered as well.

Fig. 1. Left: Building height map of the Capital District, Abu Dhabi 2030 mas-
ter plan (white circle shows the location of the study). Right: Location of the
study magnified.

Two building arrangements were studied based on basic building form, a
linear one (Fig.3) and an L-shape one (Fig.4). The distances between build-
ings, the privacy, the size of the plots, and the exposure of the buildings to
the open spaces by maximizing the length of the building facades were con-
sidered. More building arrangements and complex building forms will be
tested in the future.

The proposals were drawn to scale, respecting the real dimensions by us-
ing AutoCAd, and then imported as a picture to the tool. Since the land use
proposed in the 2030 master plan is a high density residential, the L-shape
based arrangement will create more indoor areas that would emphasize the
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social interaction among the community, and proposed to face as much as

possible the open space in order to maximum its visibility.
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Building Arrangement 1

Fig. 2 Linear and L-shaped building arrangements studied.

3. Methodology

Building Arrangement 2

3.1 Description of the Proposed Tool

The tool is user-friendly somehow like any CAD tool (Fig.5) that can be
used easily by students or professionals. Any building arrangements were
drawn in CAD then converted to a picture format and inserted into the tool
with an identification of the center points of the windows. Let us note that
the developed tool accepts any picture format even not previously drawn by
CAD packages. The number of buildings or open spaces is not limited, as
well as the number of windows from which the visibility is to be assessed,

hence the importance of this tool.

325-6
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Fig. Configuration of the tool.

The number of windows and their dimensions shall be decided prior to
the location of their center points. The buildings and the open spaces have
to be drawn in a single line border and two colors are to be used to distin-
guish the open space by grey and the building by black. The drawing has to
be kept simple and supports only the borders of the building form and the
open space, without road, etc.

The user then clicks on these points by using the tool (Fig.6), the visibility
graph (Fig.7) is calculated based on a Gaussian distribution model (Simon,
2007).
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Fig. Location of the windows (represented by X) by using the tool.

Fig.7 shows the visibility graph of the input configuration defined in Fig-
ure 2. A degree of one color is shown to express the degrees of visibility
from high to low. The brighter the color the higher is the visibility.
0@ Figure 2 7
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Fig. Visibility Graph.
Where x and y represent the spatial dimensions, and o represent the stand-

ard deviation of the distribution.

x2+y”? (1
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The Gaussian distribution is widely used in the area of signal processing
(Gonzalez, 2009) to model and filter random noise. Gaussian distribution
is also used to model human physical properties (such as height and weight)
and financial and social behavior (Shiryaev and Kruzhilin, 1999); (Shen
et al., 2012) In this paper we model the visibility preference of human
observers using a Gaussian model. In this paper our observer-space model
is demonstrated in Fig.8. The parameters that influence the model are the
distance (d) from the observer to the center of the Gaussian, the angle of
view (a) of the observe in addition to the standard deviation (o) of the
Gaussian distribution. All of the parameters d, a and o are defined based on
the user preference. Our proposed algorithm starts by shooting rays from the
observer to the viewed space. Each point in the space is given a score based
on the Gaussian model defined by parameters d, o and o.
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Fig. The Gaussian distribution of mean=0 and standard deviation of 1.

The process is repeated for all observers. Finally the accumulated
score for the space points are displayed (Fig.9).
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Fig. Our observer space model.

3.2 Application of the Proposed Tool

The tool was applied to run two simulations to assess the visibility of build-
ing arrangement 1 (simulation 1) and building arrangement 2 (simulation 2)
explained in section4 (Fig.10 and Fig.11) taking into consideration: 1-the
viewer’s location is the center of each window located on the building floor,
2- all the floors have a similar windows layout decided by the program’s
user before running the simulation.
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Simulation 1 Simulation 2

Fig. Simulations.
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The resulting graphs (Fig.12 and Fig.13) show the visibility of all the out-
door areas including the open space. It is seen that the open space is more
visible in the arrangement 2.

Visibility Graph - Simulation 2

Visibility Graph - Simulation 1

Fig. Simulation Results.

Furthermore, this tool allows us to assess the visible area by multiplying
the % of pixels by the original area of the open space. For building arrange-
ment 1: Fig.14 represents a number of white pixels of 9477 out of a possible
17066 in the open area, making a percentage of 55.53, approximately 55.5%.
The original area of the open space is: 1703 square meters

The visible area represents = 55.5%x 1703 square meters = 945.165
square meters, approximately 945 square meters. For building arrangement
2: Fig.15 represents a number of white pixels of 9655 out of a possible 17066
in the open area, making a percentage of 56.57 approximately 56.6%.The
original area of the open space is: 1703 square meters. The visible area rep-
resents = 56.6%x 1703 square meters = 963.896 square meters, approxi-
mately 963.9 square meters.

7

Simulation 1 Simulation 2

Fig. The visible area of the open space Simulation 1.
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As a conclusion we confirm that the building arrangement 2 based on the
L-shape provides more visibility of the open space. This verifies also the
research study done before when the assessment was done manually without
using the digital tool. In addition to this, L-shape based arrangement pro-
vides more outdoor areas that enhance the social life in particular in the res-
idential land use.

4. Conclusion and future work

This research aimed to develop a user- friendly tool to allow students and
professional to assess the visibility of open space while proposing a certain
building arrangement. By using simulation, visibility graph is produced and
measurement of the visible area of outdoor spaces can be done. Our interest
is the visibility of open space in order to compare accurately between dif-
ferent scenarios of building arrangements. Using this tool in the urban de-
sign and urban planning is very much helpful and useful especially when it
comes to provide a quality of urban life to the community.

Although our research methodology could be applied to any site in dif-
ferent situations, it remains simple and interesting. It can be applied in gen-
eral, with a change of the building form by professionals, architecture and
urban design students and even non-professionals, who are not necessarily
familiar with Computer Aided Design programs (CAD), hence the im-
portance of this research.

Further research would consider the building height and number of floors,
and would study the effect of the recessed windows on the visibility. A va-
riety of building forms and building arrangements will be considered in the
study.
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