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Introduction
Pedestrian infrastructure is not a high priority in American transportation planning and research,
due to the over-emphasis of automobile infrastructure. Because of the lack of attention to
pedestrians in a car-centric society, pedestrian needs are often overlooked which results in
dangerous situations for both pedestrians and automobile drivers. While we understand basic
principles of pedestrian movement, we have not applied that understanding to improving
pedestrian infrastructure for greater pedestrian accessibility and movement.
Many of the pedestrians that are using less-than-great infrastructure are walking because they
have no other choice. Often times pedestrians are vulnerable populations such as the disabled,
the elderly, the young or the impoverished. Thus, addressing pedestrian needs is an issue of
equity. Planning for the most vulnerable and developing solutions for the people with the most
needs ensures that infrastructure is accessible,functional and comfortable for everyone.
In this project, pedestrian movement will be modeled as a context to understand where
pedestrian infrastructure should be improved for greater accessibility. These measurements will
be based off of pedestrian interactions to the context they move within, with greater focus on the
contexts in which pedestrians choose to disregard pedestrian infrastructure. Such cases being
instances of jaywalking, and the development of desire paths.
Typical pedestrian movement models can be grouped into three categories depending on what
structure the model is based off. These include models based off of: Continuum Theory, Cellular
Automata, and Newtonian Dynamics (Rainald, 2009). Models based in the Continuum Theory
are “flow” based models describing human movement as a gas or liquid that moves through
contexts that are solved using conservation law methods (Rainald, 2009). Cellular Automata
models are designed based on pedestrians moving within a cartesian grid jumping from one cell
to another at a time (Rainald, 2009). Finally, Newtonian Dynamic models define pedestrians in a
more abstract mathematical approach, referring to pedestrians as responding to ‘social forces’
in a similar way to magnetic forces (Zeng, Nakamura, Chen, 2014). Other ways that pedestrian
modeling has been grouped is based off of approaches to modeling including: simple statistical
regression, spatial interaction theory, accessibility approach, fluid-flow analysis, queuing models
and agent-based models (Editorial, 2001). Each type of modeling structure and approach have
different strengths and weaknesses to how pedestrian movement is understood and how it
impacts model outcomes, especially when it comes to measuring accessibility. There is no “one
type” of modeling structure that best fits the approach for pedestrian accessibility and thus a
great deal of this project has been evaluating different methods for their applications.

Pedestrian movement models can also be categorized based on what type of choice the
pedestrian in the model is making. Such choices for pedestrian movement include: activity
choice, destination choice, mode choice, route choice, the choice of next step, the choice of
speed, and pedestrian interactions such as group behavior, collision avoidance, leader-follower
and scene elements (Bierlaire and Robin, 2009). These choices and interactions are impacted
by the environment and the infrastructure that the pedestrian is functioning within, so many of
these questions of choice are related to this paper’s topic and have influenced what approaches
are taken.
This paper will review and discuss Social Force modeling approaches and will be evaluating the
usefulness to the topic of pedestrian accessibility.
Model Description
Social Force Models take principles of Newton’s Laws for modeling magnetic forces and apply
them to human movement. Translating the magnetic forces into social forces to define and
illustrate how humans react to their environment has been found to be very unique from
previous modeling methods and informative for modeling pedestrian behavior.
It describes human interaction as something that is created from social “forces” not directly
exerted by the environment but a measure of internal motivations (Helbing & Molnár, 1995).
Examples of these forces would include the attractive force of the destination, or the repulsive
effects of walls and surrounding pedestrians within the environment as a pedestrian doesn’t
want to collide with walls or interact with other people on the street (Helbing & Molnár, 1995).
This is illustrated in Figure 1. Some pedestrians may have an attractive effect upon the
pedestrian if they are friends, family or the related to destination of the pedestrian in question.
The social force model also takes into account the differences between desired direction, and
desired speed with actual direction and actual speed with measurements of desired velocity and
actual velocity (Helbing & Molnár, 1995).

Figure 1: Basic Diagram of the Social Force Model

This approach to modeling pedestrian behavior works because humans walk so regularly that
reactions to the environment are mostly automatic based off of previous experiences and do not
go through an individual cognitive and psychological process to decide their response (Helbing
& Molnár, 1995). Since the majority of pedestrians have similar automatic responses to the
environment we can assume that these forces act equally upon each pedestrian.
The Social Force model was first introduced by Helbing and Molnár in 1995 in a paper titled:
“Social force model for pedestrian dynamics”. It has since seen a great deal of development as
researchers have modified, adjusted and added to the basic principles of the model to greater
reflect upon the detail in pedestrian movement being modeled or the specific context the model
is applied to. That being said, the majority of the additions and adjustments made to the social
force model have been very specific and unique to each context it is being applied to and isn’t
necessarily applicable to other modeling methods.
Applications
The Social Force Model has been used in numerous different applications and contexts
including its original approach to modeling human movement at a micro-scale for architecture
and design of human flow (Helbing & Molnár, 1995). Examples to the specific uses cases for
this would be modeling movement in Museums, Churches, Malls, Downtowns, and Plazas. The
Social Force model has also been used to model the movement of pedestrians at signalized
crosswalks (Zeng, Nakamura and Chen, 2014), analyzing evacuation patterns and modeling
escape panic (Helbing, Farkas and Visek, 2000), and modeling self-organizing pedestrian
movement (Helbing, Molnar Frakas and Bolay, 2000). The Social Force model has been
calibrated to maximum likelihood estimation, which evaluates individual trajectories rather than
crowd dynamics (Ko, Kim and Sohn, 2013) along with modifying the model for more realistic
pedestrian behavior and social evolution in crowds (Lakoba and Finkelstein, 2005). One of the
strengths of the Social Force Model is its flexibility in adjusting the model for niche contexts and
different scales of movement.
However, most of the Social Force Models found in literature have been applied specifically only
for human systems (mainly pedestrians) due to the uniqueness of the model forces designed
and being applied within the context of human reactions within the model.
Within the context of pedestrian accessibility research, Social Force Modeling may or may not
have a huge influence within this project. The majority of Social Force Modeling has been in
testing how human react within different contexts for uses in safety measurements and
development of environments. The focus on accessibility and evaluating already existing
networks is not as widely used for Social Force Modeling.
Discussion on Model Suitability (Strengths and Weaknesses)

As mentioned in the previous section, one of the greatest strengths of the Social Force model is
its adaptability in applications. It is also well suited in creating models that are able to measure
outcomes that are related to small social reactions that have big impacts on the modeling
outcome.
That being said, the Social Force model does have some weaknesses, including the lack of
decision making for pedestrians. This is good for simplistic, reactionary contexts however it isn’t
very good for evaluating complex situations. For example, the original Social Force model is not
very good for modeling larger crowds for multiple reasons, one of them being the inability to
have non-panicking and panicking pedestrians and another being the changes in pedestrian’s
tolerances within their territorial sphere as density increases (Helbing, Farkas and Visek, 2000).
However, this weakness was addressed by modifying the original model to account for those
changes with an additional algorithm when applicable (Helbing, Farkas and Visek, 2000).
Another criticism of the Social Force model is the symmetry of social forces are inconsistent with
human behavior (Löhner, 2008). In Löhner’s article “on pedestrian motion” they point out that
just because pedestrian 1 is trying to avoid pedestrian 2 does not imply that pedestrian 2 is
trying to avoid pedestrian 1 (Löhner, 2008). They also go on to mention that we as humans tend
to be only influenced by our nearest neighbors, particularly the ones that we can see, and not
every pedestrian within the neighborhood as the model implies (Löhner, 2008). Dependent upon
cultural setting, some pedestrians may avoid closeness to walls, while others prefer to walk
rapidly close to walls, but this is an element that can be adjusted as needed in the original
model.
Within the application of pedestrian accessibility to the Social Force model, there are different
weaknesses apparent to the model that impact a smooth application for this context. Since the
model is designed to evaluate changes in environment rather than evaluating entire networks,
the scope of the project may be difficult to evaluate using the social force model. This model
may not be suitable for modeling pedestrian accessibility unless it is able to be modified from its
original design to be able to include network datasets or are combined with network based
modeling structures. At this point in time, research has not been found that has combined these
two modeling structures. That may be due to other restrictions and challenges in researching
pedestrian networks that have slowed the research in combining these two models.
Network based models rely on underlying street network data of the segments of infrastructure
that can be traversed to travel from point A to point B. Typically for pedestrians, network data
can be at best: incomplete and at worst: segmented strips of sidewalk data, disconnected block
from block. Most network datasets typically used in network based models are developed from
street data for automobiles, where every street is connected to the rest of the road network
(otherwise the street is useless for automobile travel). However, pedestrian infrastructure has a
different reality where sidewalks can end abruptly and sidewalks around each block are
disconnected from other blocks without assumed road crossing connections. Working with
pedestrian network datasets in itself is a challenge due to the lack of data availability, and the

inherent disconnection in pedestrian infrastructure (Holtzer, 2018). This could easily impact the
lack of research in using the Social Force model on pedestrian’s networks at this time.
However, evaluating and correcting pedestrian network connectivity is important for vulnerable
users, such as the disabled, who require full functional sidewalk infrastructure to traverse
across. It's important for safety for pedestrians, who may otherwise choose to walk along the
road where sidewalks are not available. It's also important to provide safe, logical signalized
crosswalks along busy roads so pedestrians do not have to resort to jaywalking to make it to
their destination.
The possible solutions for this problem at this time is to create a model that is network-based
that evaluates accessibility, connectivity and barriers through walkability surfaces, then consider
applying the social force model as a secondary structure for this project.
In the future, improvements could be added to this review with further research on different
subject matters and applications of the Social Force model, but particularly more research
based on network modeling related to pedestrian accessibility and how that could be included to
Social Force models.
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