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The objective of this research project is to simulate and evaluate the effect of
movement velocity and cognitive abilities on the visual perception of three groups
of urban users: pedestrians, cyclists and car drivers.The simulation and analysis
is based on the 3D Dynamic Visual Analysis (DVA) (Fisher-Gewirtzman, 2017).
This visibility analysis model was developed in the Rhinoceros and Grasshopper
software environments and is based on the conceptual model presented in
Fisher-Gewirtzman (2016): a 3D Line of Sight (LOS) visibility analysis, taking
into account the integrated effect of the 3D geometry of the environment and the
variant elements of the view (such as the sky, trees and vegetation, buildings and
building types, roads, water etc.). In this paper, the current advancement of the
existing model considers the visual perception of human users employing three
types of movement in the urban environment--pedestrians, cyclists and drivers--is
explored.We expect this research project to exemplify the contribution of such a
quantification and evaluation model to evaluating existing urban structures, and
for supporting future human perception-based urban design processes.
Keywords: visibility analysis and simulation, predicting perception of space,
movement in the urban environment, pedestrians, cyclists, car drivers

INTRODUCTION:
Urban transportation in a future sustainable city
should rely on pedestrians, cyclists and public transportation (Knoﬂacher, 2006). These means of transportation would contribute to good urbanity. While
the car still remains the main transportation solution
in many cities, “ecological” transportation solutions

are increasingly adopted to reduce the dependence
on cars. To encourage pedestrian and cyclist transportation, proper routes, that provide not just essential attributes such as safety but also special experiential perceptions, should be developed through planning and design decisions.
Visibility inﬂuences people’s perception and be-
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havior, because the human environment is largely
understood through vision (Cullen, 1971; Broadbent,
1990; Kultsova et al, 2013; Kultsova et al, 2012; FisherGewirtzman, 2016). Visibility along an urban path or
route may change as a result of the velocity, means,
and purpose of movement. Visual perception of
humans in the same location may vary in diﬀerent
circumstances, such as the lighting of the environment (natural or artiﬁcial light), the time of day, the
weather, temperature, density of people and vehicles, activities taking place, etc. in addition, the cognitive abilities of speciﬁc humans, with reference to
their age, mental or physical condition, may inﬂuence perception along a path.
In this paper, we present a novel visibility simulation and analysis model, the 3D DVA model, which
can adopt to changing velocity and cognitive conditions of diﬀerent groups of urban users, recreating
the relevant experience for each one. A pedestrian
is more likely to collect many more details and cues
from the visual environment; a cyclist focuses more
in the direction of movement, and the car driver concentrates not only on the direction of movement but
also by the fact that his view is limited by the car
frame.

RESEARCH OBJECTIVE
The objective of this research is to develop a reliable simulation and analysis model for predicting visual perception with three typical urban user groups
(pedestrians, cyclists, and car drivers), moving at different velocities and with diﬀerent orientations along
the same urban path. In addition, the possibility
of simulating variant cognitive conditions, based on
changes due to aging or other physical and mental conditions, is demonstrated. In this paper, we
present a comparative analysis, to exemplify the differences and similarities.

LITERATURE REVIEW:
Movement in the urban environment
Movement is central to simulation of spatial activities at building and street level (Batty, 2003). Simu-

lating movement in the urban environment involves
the representation of the physical environment, and
the inﬂuence that it can have on the subjects moving through it. Several models have been developed
to explain and predict movement patterns in urban
environments (Haklay et al., 2001), amongst them
agent-based models simulating pedestrian behavior.
Cavens et al. (2005) presented a method integrating both, the physical environment and the strategic
decision of individuals. In addition to modeling the
pedestrian’s physical movements with their decision
making, the study also simulated the reaction of hikers to change in the landscape.
Most research works focus on one means of
transportations, such as pedestrian movement: one
example is Puusepp et al. (2018), who developed
a synthesis method for modeling data and urban
qualities as perceived by the individual pedestrian.
Their agent-based model simulates the route selection mechanisms of individual pedestrians. They
argue that after calibrating the agent-based model
with ﬁeld observations, the model will allow urban
planners and city authorities to evaluate the impact
of future urban design scenarios on pedestrian ﬂows
in the city.
There has been an increase in recent years in the
understanding of how the built environment aﬀects
the travel behavior of cyclists. Rybarczyk G. (2014)
described a modeling approach for urban planners
to understand cyclists‘ travel patterns. The approach
used an agent-based model to investigate how smallscale urban design details can aﬀect cyclists’ wayﬁnding. They based their model on observed bicycle
volume. Hull and O’Holleron (2014) assessed bicycle infrastructure in several European countries.
They compared a range of factors that inﬂuence cyclists: coherence, directness, attractiveness, safety
and comfort of the network. Their aim was to explore
whether introducing good design to the existing bicycle infrastructure could encourage more people to
cycle. Some of the factors may be translated to visual cues, and could be implemented as future extensions to the DVA model. The 3D DVA model can
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be adjusted to analyze several modes of transportation, and to simulate the visual perception of space
in each.

Visibility analysis in the urban structure
Researchers have endeavored to describe the complexity of the urban structure with analytical models and tools designed to represent this complexity by measuring the wide range of data available,
with its numerous and varied characteristics (Batty,
2013). Several research studies have explored the
relationship between urban space morphology and
how users perceive its experiential qualities (FisherGewirtzman, 2017), some with 2D and others with
3D visual analysis. A recent overview of 3D visibility analysis and representations of three-dimensional
isovists was presented by Dalton and Dalton (2015).
They observed various attempts, and reported on
their capacity to represent meaningful complex spatial information. They also presented expert evaluations of these various attempts.
The 3D Dynamic Visual Analysis (DVA) (FisherGewirtzman, 2017) simulates and predicts the visual
perception of a human moving along an urban path.
This analytical model was assessed in an experiment
conducted in an immersive virtual environment, using variant urban path morphologies. Movement
velocity was equal for all paths (Fisher-Gewirtzman,
2018). The challenge of diﬀerent movement experiences was negotiated by further developing and reﬁning the potential of this model.

MODEL DESCRIPTION
Introduction: general description
The simulation and analysis model presented in this
paper is based on the 3D Dynamic Visual Analysis
(DVA) (Fisher-Gewirtzman, 2017). This visibility analysis model was developed in the Rhinoceros and
Grasshopper software environments. This enabled a
3D Line of Sight (LOS) visibility analysis, taking into
account the integrated eﬀect of the geometry of the
environment, as well as variant elements of the view
such as the sky, trees and vegetation, buildings and

building types, roads, water etc.
The visibility analysis is based on Lines of Sight
from each viewpoint, aimed at a target surface. Calculations sum up the accumulated length of all Lines
of Sight from each viewpoint. A maximum length is
set to represent distant views and the sky view. Consecutive viewpoints along a path are deﬁned by the
user. The distance between the viewpoints can be
changed according to the characteristics of the path.
In the case of comparison between variant paths, it
is important to deﬁne a set number for all the paths.
The Lines of Sight are created by drawing lines from
the viewpoint to a grid of points that are projected on
a curved plane in the direction of movement along
the deﬁned path - see Figure (2). The Lines of Sight
are intersected by the ﬁrst opaque element or surface they meet, and their length is measured and
recorded. The ﬁnal stage consists of summing up the
calculations of all viewpoints deﬁned along the path.
The dynamic movement of walking along an urban path was represented as the accumulated visibility calculations of consecutive viewpoints along that
path directed towards a target point, and was represented through graphs documenting distance and
intensity of visibility for each view point

Simulating visual perception while using
variant urban transportation modes:
The model described above simulated pedestrian
movement in the urban environment; the proposed
extension presented in this paper simulates the visual perception of additional groups of urban users,
namely pedestrians, cyclists and drivers.
The diﬀerences between the three are reﬂected
by four main parameters:
1. Height of viewpoints
2. Field of view.
3. Number of samples along the path representing the ratio of the variant velocities.
4. Location/orientation of the designated paths:
pedestrians‘ paths, cyclists’ paths and vehicle
routes.
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Figure 1
Diﬀerent height
and location of the
paths

Each path was situated at a diﬀerent height and location. The pedestrian path was located along the sidewalk; the viewpoints were located 170 cm above the
ground (the average eye level for a pedestrian). The
cyclist path was located along the center walkway,
where a pathway could be designated for cyclists;
viewpoints were located 185 cm above the ground
(the average eye level for a cyclist). The driver path
was deﬁned along the traﬃc pavement, with viewpoints located 135 cm above the ground (the average
eye level for a driver). (See Figure 1).
The ﬁeld of view is represented by a diﬀerent dispersion of the lines of sight for each type of user, as
well as the velocity of movement. Pedestrian movement (i.e. at a lower speed) was simulated by dispersing lines of sight evenly in all directions up to the limitation of 180°, assuming that a pedestrian would look
around in all directions during movement and not
only focus on the direction of movement. When the
speed of movement increases, the view tend to focus
more in the direction of movement. Consequently,
more lines of sight are concentrated towards the center, and the ﬁeld of view becomes narrower. (Fig. 2).

Figure 2
Diﬀerently
dispersed Lines of
Sight for each user

To express the variant velocities along the paths, consecutive viewpoints were deﬁned at diﬀerent distances. To simulate a pedestrian (the lowest velocity),
the distance between viewpoints was the shortest.
For higher velocities, such as for the cyclist and the
car driver, the consecutive viewpoints were deﬁned
further apart. The ratio between distances simulating each velocity was deﬁned according to the differences in time for traveling a speciﬁc route, as de-
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Figure 3
Viewpoints deﬁned
relatively to each
other

Figure 4
Analysis results and
trends

ﬁned in Google Maps, for a vehicle, a cyclist, and a
pedestrian. The path chosen was a 1 km route along
Rothschild Boulevard, in Tel Aviv, Israel. According
to Google Maps, the average pedestrian will take 12
minutes to complete this path (assuming an average
speed of 1.4 m/s); a cyclist will take 4 minutes (average speed of 4 m/s in this area); and a vehicle will take
3 minutes (average speed of 5.5 m/s in this area, assuming the absence of traﬃc jams). The consecutive
viewpoints for the pedestrian path were located every 5 meters. The samples for both cyclist and vehicles paths were relatively located along the path. (see
ﬁgure 3).

Demonstrating the three-way analysis
Visibility analysis considering the accumulated
lengths of Lines of Sight at each viewpoint along a
1km route was conducted, simulated the three urban
users. The outcomes of the analysis are represented
in three graphs: pedestrian in blue, cyclist in green,
and car driver in red. Each user had a diﬀerent number of consecutive viewpoints. The pedestrian path
had 200 viewpoints in total, the cyclist 68, and the
driver path the least with 52 in total. (See Figure 4).
Some trends could be identiﬁed from the graphs.
Similar trends are marked in green (parts A, C, D,
F), and the diﬀerentiated trends are marked in red
(parts B, E). These trends occurred at speciﬁc loca-
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tions along the route (see Figure 5). Some of the similar trends occurred where maximum visibility was
calculated for all three users, such as at a junction
along the street. Another similar trend occurred at
the point of the minimum visibility calculation for all
three users, where the path was at its narrowest section. Another trend was the increase in visibility towards the end of the route (see part “F”). This was due
to the fact that there were no towers in this direction,
and the open view towards the sea was located further along the same direction. As for the diﬀerentiated trends, in parts “B” and “E” visibility peaked for
the cyclist’s path, while the pedestrian and the car
driver were quite similar. Looking at the path itself,
the cyclist at this point had an open view and was
able to see much more of the sky, compared to other
parts of his route.

The driver’s path had the highest average visibility
calculations, mainly due to two reasons: The ﬁrst is
that there were the fewest number of obstacles in his
way (the pedestrian walked right next to the building’s façades, and the cyclist traveled beneath the
trees). The second reason is the manner in which
the lines of sight for the car drivers were scattered.
They focused more towards the center and direction
of movement, where there were fewer obstacles.
In addition to the accumulated total visibility

of each view point, this model can provide a separate visibility analyses regarding the variant layers of
information (type of buildings and functions, trees,
road, sky etc.) as perceived by all three users. The
separate visibility analyses along the path were compared for the three users. The dominant elements of
the view that inﬂuenced the variant users’ visual perceptions are emphasized in the graphs. As an example, the trees were one of the most visually dominant
elements for the cyclists, since they cycled beneath
the trees along a path designated for cyclists, in the
center of the boulevard (see Figure 6).

Simulating variant cognitive conditions
This model can also simulate perception of various
psychological aspects, as well as medical / aging /
disability induced aspects. As an example, the age
of car drivers may range from between 16-18 to old
age; they may be sober or drunk; they may suﬀer
from short sightedness etc. Following is an example of how this model can be adapted to simulate
an urban driver with full cognitive abilities, and another with lower cognitive abilities. Full cognitive
ability is simulated by all lines of sight in each viewpoint. Thus, with the lower cognitive ability simulation, the lines of sight are reduced randomly by a
certain percentage at each viewpoint along the designated path. Figure 7 illustrates four possible conditions, where visual perception is 100%, 80%, 60%
and 40% respectively. The deduction of rays is carried on randomly at each viewpoint along the designated path, so that the number of rays is deducted
evenly along the path. Future work will consider calibrating the model with real human cognitive conditions. In addition to reducing number of rays, shortening the length of maximum rays could simulate the
visual abilities of short-sighted people.

SUMMARY, CONCLUSIONS AND FUTURE
PLANS:
This paper presents a novel simulation and 3D dynamic visual analysis (DVA) regarding the visual perceptions of three groups of typical urban environ-
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Figure 5
Trends locations
along the street

Figure 6
Analysis results
regarding the
variant layers of
information

Figure 7
Four possible
conditions where
visual perception is
100%, 80%, 60%
and 40% for each
viewpoint along the
path.

ment users: pedestrians, cyclists, and car drivers. The
motorcycle, potentially a more sustainable means of
transportation than a car (Jittrapiroment et al, 2016),
was not simulated, although it can easily be deﬁned
in a future development of the model. The analysis
calculations considered orientation and consecutive

viewpoints along a path, height, and the ﬁeld of view
for each of the users, with regard to their movement
velocity along the path. A demonstration and comparative analysis was conducted to present the similarities and diﬀerences between the diﬀerent groups
of urban users. A preliminary approach towards vari-

SIMULATION, PREDICTION & EVALUATION | Explorations - Volume 2 - eCAADe 36 | 575

ant cognitive abilities is proposed. This should be calibrated with real physical and mental conditions.
This analysis and simulation can be used for studies of current and future urban design proposals, simulating the visual perception of diﬀerent urban users
when moving along variant urban paths. Outcomes
may provide the data for a future generative urban
design model. We expect this research project to illustrate the contribution of such a quantiﬁcation and
evaluation models to the future urban design processes. In addition to evaluating design alternatives,
this model could suggest the optimization of path selection, to match the best experience for the individual. (i.e. bicyclists would choose a green safe path,
pedestrians a path along many cafes, etc).
Assessing this model with experiments in real
and virtual environments is proposed as a future research project. Assessment may provide an opportunity for calibrating the model, facilitating a more accurate human perception simulation.
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