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Abstract

We present a real-time algorithm to automatically
classify the dynamic behavior or personality of a
pedestrian based on his or her movements in a
crowd video. Our classification criterion is based
on Personality Trait Theory. We present a statistical
scheme that dynamically learns the behavior of ev-
ery pedestrian in a scene and computes that pedes-
trian’s motion model. This model is combined with
global crowd characteristics to compute the move-
ment patterns and motion dynamics, which can also
be used to predict the crowd movement and be-
havior. We highlight its performance in identify-
ing the personalities of different pedestrians in low-
and high-density crowd videos. We also evaluate
the accuracy by comparing the results with a user
study.

1 Introduction

Modeling and classifying the behavior of different pedestri-
ans in a crowd is an important problem in various domains
including psychology, robotics, pedestrian dynamics, and be-
havior learning. Even simple tasks like walking towards a
goal position involve several complex decisions such as fig-
uring out the most efficient path or route, and choosing be-
tween the various available paths to avoid collisions. Accord-
ing to Convergence Theory [Turner and Killian, 1987, a well-
known approach used in sociology and economics, crowd be-
havior is not a sole product of the crowd itself; rather, it is
defined by the individual pedestrians in that crowd. As a re-
sult, it is important to accurately predict the behavior of indi-
viduals and their interactions with the environment to capture
realistic, heterogeneous crowd behaviors.

Recent advances in sensor technologies have made it easier
to capture high resolution videos of pedestrians and crowds.
Moreover, surveillance cameras are frequently used in pub-
lic places and buildings for monitoring human behaviors. In
this paper, we address the problem of classifying the behav-
iors of different pedestrians in a crowd video based on their
movement patterns and use these patterns for crowd behav-
ior prediction. Besides surveillance, these techniques are also
useful for architectural design and collision-free navigation
of robots or autonomous vehicles in crowded scenarios.
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Figure 1: Crowd Behavior Learning/Prediction: Our approach can
automatically classify the behavior of each pedestrian in a large
crowd. We highlight its application for the 2017 Presidential Inau-
guration crowd video at the National Mall at Washington, DC (cour-
tesy PBS): (1) original aerial video footage of the dense crowd; (2)
a synthetic rendering of pedestrians in the red square based on their
personality classification: aggressive (orange), shy (black), active
(blue), tense (purple), etc; (3) a predicted simulation of 1M pedes-
trians in the space with a similar distribution of personality traits.

Many factors including biological, developmental, and sit-
uational variations, along with individual personalities, gov-
ern people’s overall behavior. We mainly focus on capturing
the variations in behavior that arise as humans navigate the
physical world and avoid collisions. In general, categoriz-
ing the variety of personalities that humans exhibit can be
hard. Psychologists have proposed different models to repre-
sent these variations, but they have some limitations
let al., 1995]|. Therefore, we base our classification on Person-



ality Trait Theory, which proposes that a wide range of varia-
tions in behavior is primarily the result of a small number of
underlying traits. It is also important to model many external
or environmental factors, including surrounding pedestrians
and the crowd’s movement flow for estimation and predic-
tion.

Main Results: We present a novel learning algorithm to
classify pedestrian behaviors based on their movement pat-
terns. We extract the trajectory of each pedestrian in a video
and use a combination of Bayesian learning and pedestrian
dynamics techniques to compute the local and global charac-
teristics at interactive rates. The local characteristics include
the time-varying motion model that is used to compute the
personality traits. We also present new statistical algorithms
to learn high-level characteristics and global movement pat-
terns. We combine these characteristics with Eysenck’s 3-
factor PEN model [Eysenck and Eysenck, 1985| and char-
acterize the personality into six weighted behavior classes:
aggressive, assertive, shy, active, tense, and impulsive. We
also use the individual personalities to predict the state of the
crowd under different environmental scenarios.

To the best of our knowledge, this is the first approach that
can automatically identify the behavior of each pedestrian in
a crowd. We have evaluated its accuracy with a user study
(88:48%) and evaluated its performance on different videos
with tens of pedestrians. One example is the large crowd
gathered in Washington, DC for the Presidential Inauguration
(January 2017) using PBS HD video footage (see Figure 1).
Our approach offers many benefits:

1. Robust: Our approach is robust, can account for noise in
the pedestrian trajectories, and classifies the behavior using
time-varying pedestrian movement dynamics.

2. General: Our approach is applicable to indoor and outdoor
crowd videos and makes no assumption about their size or
density.

3. Crowd Analysis and Prediction: Our approach can be
used to analyze and estimate the future movement or behavior
of the crowd. Furthermore, it can be used to predict different
scenarios based on the behaviors and global characteristics,
e.g., the distribution and density of a large crowd at the Na-
tional Mall in Figure|T}

The rest of the paper is organized as follows. Section 2
provides an overview of related work in video-based crowd
analysis and personality models. We introduce the terminol-
ogy and present our algorithm for computing the local and
global characteristics in Section 3. We highlight the perfor-
mance on challenging benchmarks and describe results from
our user evaluation in Section 4.

2 Related Work

In this section, we give a brief overview of prior work on
video-based crowd analysis, behavior classification, and per-
sonality models.

2.1 Video-Based Crowd Analysis

There is extensive work in computer vision, multimedia, and
robotics that analyzes the behaviors and movement patterns
in crowd videos, as surveyed in [Li ef al., 2015} Borges|
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Figure 2: Our method takes a streaming crowd video as an input.
We compute the state of pedestrians in the crowd, as explained in
Section 3. Based on the state information, we learn local and global
behavior properties, which are combined for behavior classification
and prediction.

et al., 2013]. The main objectives of these work include
human behavior understanding and crowd activity recog-
nition for detecting abnormal behaviors [Hu et al., 2004

Bera et al., 2016]. Many of these methods use a large num-
ber of training videos to learn the patterns offline

[Ricci, 2011} [Solmaz et al., 2012]. Other methods utilize
motion models to learn crowd behaviors [Pellegrini et al.,
2012]] or use machine learning algorithms [Zhou et al., 2012;
Cheung et al., 2016]. Some techniques focus on classifying
the most common behavior patterns in a given scene using of-
fline learning. These include activity prototypes using a con-
vex learning algorithm [Zen and Ricci, 2011]] and detection
of popular behavior patterns like bottlenecks, fountainheads,
lanes, arches, and blocking [Solmaz et al., 2012]].

Crowd behavior learning using motion or simulation has
been used for different applications. Parameter learning has
been used to predict pedestrian motion for tracking
let al., 2012]. However, these techniques use either manual
selection or offline learning techniques to estimate the goal
positions. Other researchers have used low-density tracking
data to learn agent intentions [Musse e al., 2007|] or use on-
line Bayesian motion-prediction methods for human-robot in-
teractions, data-driven crowd simulation [Kim et al., 2016],
and offline training [Zhong et al., 2015]..

2.2 Pedestrian Behavior Modeling

Different approaches have been used to model pedestrian be-
havior. [Funge et al., 1999]] use cognitive modeling to em-
power agents to plan and perform high-level tasks [Godoy
let_al., 2016]. Other approaches use personality models
to simulate the behavior of pedestrians and crowds includ-
ing the OCEAN model [Durupinar et al., 2011]], the MBTI
model [Salvit and Sklar, 2011|], and Personality Trait the-
ory [Guy er al., 2011)] and General Adaptation Syndrome
Theory [Kim et al., 2012]]. However, these methods only take
into account local motion models, not the global characteris-
tics.
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