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Abstract

Understanding pedestrian activity schedule, which describes how pedestrians perform and
schedule activities in walking space and time, is important for the planning and operations of
infrastructure facilities. Currently, while activity schedule models (ASM) have been extensively
used for general travel behavior, the focus on pedestrians has been relatively scarce in the
literature. In this paper, we review the existing ASMs in the pedestrian context, and investigate
the potential use of general models from the literature in this specific context.
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1 Introduction

It is predicted that the world population will be increased from around seven billion to nine
billion by 2050. In addition, over 70% of population will live in cities comparing to that of
today (50%) (Weidmann, 2012). Even in countries with stagnant population growth, people
move to major cities for better economic opportunities and/or other reasons. The increase of
urban population results in expanded demand of walking to various infrastructure facilities.
This is mainly driven by different types of human activities, for instance, shopping in mall/city
center, or catching the scheduled train in a platform. To meet the increasing walking demands of
pedestrians, a better management of the existing facilities and/or establishment of new facilities
is required, for either of which solutions a better knowledge about how pedestrian behave and
interact with the environment is beneficial.

As a pedestrian, there are three different levels of choices to make: the strategic level (depar-
ture time choice and activity pattern choice), the tactical level (Activity scheduling), and the
operational level (walking behavior) (Hoogendoorn and Bovy, 2004). Specifically, In this paper,
we focus on the tactical level choice of pedestrians. So we review the activity schedule models
(ASMs) that are already existed in literature, both in pedestrian domain and within general traffic
settings, with the objective to investigate the potential application of general ASMs to the study
of pedestrian.

1.1 What aspects included in this paper

This paper focus on three critical aspects: congestion impact, flexibility of activity, and interaction

with other individuals. These aspects influence significantly the activity schedule decision of
pedestrian.

First of all, avoiding congestion is an intrinsic desire of pedestrians that might serve as a primary
stimuli of activity scheduling. Therefore, it is interesting to see how congestion is considered in
the literature both in pedestrian and in general settings. In addition, empirical studies done by
Crawford and Melewar (2003) and Strack et al. (2006) show that impulse shopping makes up
significant portion of purchase behavior. Therefore, it is also necessary to understand how people
would modify their activity schedule (impulse shopping as an example) during the execution
of their primary plan. Furthermore, either in a transportation hub or in city center, pedestrians
are likely to walk with others. In this case, how pedestrians schedule their activities with their
companion(s) (termed as interaction) is an interesting topic to study. To be more precise





       

• The congestion impact on activity schedule is how congestion would influence the route
choice, and the sequence of activities, the timing and duration of activities.
• The flexibility of activity demand refers to the adding/deletion of an activity into /from

the activity set. In addition, in this paper, it also refers to the activity swapping or activity
duration change.
• The interaction considers the case where at least one activity of a individual will be

finished together with another individual. So they need to consider when and where to
meet for carrying out the activities together.

In summary, in this paper, the congestion impact, flexibility of activity demand, and interactions
of activities and individuals is covered to display a picture of the tactical level activity schedule
models and discuss potential application to pedestrians.

1.2 Contribution of this study

• Summarize the scientific literature in pedestrian about activity scheduling.
• Summarize the scientific literature on activity scheduling considering congestion, flexible

demand, and interaction in general setting.
• Point out the potential application of ASMs from general setting to pedestrian.
• Illustrate the research gap.

1.3 Structure of this paper

The following of this paper will be organized into 4 sections. Section 2 first discusses the
data related to pedestrian activities, and then discusses the existing study in pedestrian activity
scheduling. Section 3 summarizes some existing ASMs in the general setting. Section 4
continues to discuss the potential application of general ASMs in pedestrian domain. And finally
Section 5 gives a summary and conclusions of what is dicussed above. Note that this paper
does not target at providing a comprehensive literature study in activity scheduling, and only
works related to the three specific aspects (mentioned above) are presented. Readers who are
interested in activity scheduling and searching for more comprehensive review papers can refer
to (Garling et al., 1994, Bhat and Koppelman, 1999, Lin et al., 2008b, Timmermans and Zhang,

2009, Rasouli and Timmermans, 2014).





       

2 State-of-the-Art in pedestrian activity schedule models

In this section, the prerequisite data needed to infer the activity schedule behavior of people will
be discussed first, followed by the existing ASMs in pedestrian domain in literature. Since the
data acquisition and analysis techniques are not the focus of this paper, only a brief introduction
to them will be provided here. Interested readers are kindly referred to Danalet (2015) where a
more comprehensive introduction is given.

2.1 Pedestrian activity data

To date, various techniques used to collect pedestrian data have been studied and implemented
thanks to the fast development of sensor technologies and the recognition of the importance
to understand pedestrian behavior. Moreover, great efforts have been made to improve data
processing in transportation using techniques from computer vision, machine learning etc.
Following is a quick introduction of the data acquisition and analysis techniques.

2.1.1 Data collection

There are many data collecting technologies that are already applied in practices to count or
track the activities episodes of people. These include manual counts and shadowing, mechanical
counts, survey data, lasers and infrared sensors, video counting, GPS, RFID tags and readers,
smart card, and data from mobile phone (Danalet, 2015).

Different techniques have their own pros and cons, and therefore suit to different purpose. For
example, the manual counts and shadowing, mechanical counts, lasers and infrared sensors,
RFID tags and readers, etc. are suitable to collect data to understand the strategic (macroscopic)
choice (like O-D pairs) of pedestrians. GPS, data from mobile phone, WiFi data can be used
to track the tactical (meseascopic) choice (like route choice) of pedestrians in a network with
cheaper cost. And video counting or video record can be used to understand the operational
(microscopic) choice (walking behaviors) of pedestrians in a walking space. For example, Alahi
et al. (2014) use networks of cameras to track and analyze pedestrian trajectories. What’s
more, techniques can be combined together to collect data optimally as claimed by Hogan et al.

(2015) who implemented a monitor system with the combination of WiFi technology, computer
vision tools, and infrared counters. In addition to the actual design of data collecting system,





       

Fetiarison et al. (2010) developed a simulation framework which helps the designer to evaluate
the collection methods before implementing them.

2.1.2 Data processing

The next step after collecting the data is to extract desired information from these data. Various
interesting results are obtained from the data mining. In this section, we will introduce some
studies which are critical for building the activity schedule model. They are related to activity
sequence detection, O-D demand inference, fundamental diagram statistics, and pedestrian
objects recognition.

In activity schedule model, the sequence of activities and route choice are of great importance to
the calibration of the models. For this reason, Danalet et al. (2014) apply Bayesian approach to
detect the sequence of activity episodes visited by pedestrian from WiFi traces data. Bierlaire
et al. (2013), Chen and Bierlaire (2015) use smart phone data to infer the routes and transportation
modes chosen by travelers. Saarloos et al. (2010) uses a multidimensional sequence alignment
method to identify the types of facilities where pedestrians stopped, and whether or not stops
occurred in the main street. Subsequently, five distinctive pedestrian segments are identified by
cluster analysis. In the end, meaningful regularities in activity patterns of pedestrian are found
despite the complexities of behaviors.

When activity sequences are not available, O-D pairs are informative to the validation of models.
Hänseler et al. (2014a, 2015, 2017b) estimate the pedestrian network O-D demands using
an assignment mapping model and apply this model to the train station of Lausanne with
its collected data. Clifton et al. (2016) uses multinomial logit model to estimate pedestrian
destination choice which can be integrated into regional travel demand models. Chan et al.

(2007) use a bi-level programming model to estimate O-D matrix and activity/destination choice
model parameters. This is an iterative process composed of upper level of O-D matrix updating
and lower level of activity-based user equilibrium assignment model.

Since activity sequences or O-D pairs only provide the location aspect to schedule model,
travel time is still missing for the route choice. Fundamental diagram which reveals the travel
time with respect to the pedestrian density is of great value to the activity schedule model. In
literature, Nikolić et al. (2016) estimate from a real scene dataset and a controlled experiment
a probabilistic speed-density relationship of pedestrians. Nikolić and Bierlaire (2014, 2017)
build a stream-based approach and a data-driven spatio-temporal discretization framework
to characterize the flow characteristics of pedestrians from Lausanne train station pedestrian





       

trajectory data.

Besides the above contributions, It is worthy to mention some studies that might play an
important role in future. This first one is that Tan et al. (2006) validates the utilization of a
Stereo panoramic virtual reality (VR)-based system to measure pedestrian activity scheduling
behavior by comparing against actual observations of activity-travel sequences of pedestrians.
This study benefit us a cheaper and easier way to collect activity scheduling data. However, as
the study mention, some differences still exist, which leave the opportunity to improve. Another
class of study is the pedestrian detecting and tracking methodologies which convert unreadable
video or data into interpretable data. Example can be found in (Nanda and Davis, 2003, Viola
et al., 2005, Antonini et al., 2006b, Enzweiler et al., 2008, Dollár et al., 2012, Dehghan et al.,

2014, Bhadra et al., 2015, Hasanova, 2017).

In addition to these researches, the collected data can also be used to validate various models
that are proposed to explain the walking behavior of pedestrians (Hänseler et al., 2014b, 2017a,

Zhang et al., 2008, Yuan et al., 2016, Zhou et al., 2012, Scovanner and Tappen, 2009, Antonini
et al., 2006a)

2.2 Pedestrian activity schedule

Pedestrian activity schedule, in general, could contain the activity choice, destination choice,
mode choice, route choice, etc. we refer interested readers to Bierlaire and Robin (2009) which
contributes to identify the list of choices that pedestrians are facing, summarize how each of
them has been addressed in the literature, and discuss how the framework of discrete choice
model may be considered in each case.

In this paper, we divide the pedestrian ASMs into two different class: heuristic (rule-based)
model and exact utility maximization model. The heuristic models are based on the bounded
rationality assumption of people while utility maximization model assumes that people tries to
maximize their welfare when carrying out the activities. Both models have their pros and cons
with which we discuss in more details.

To understand the activity schedule behaviors, it is beneficial to know the activity travel pattern
adopted by people or factors that influence these patterns from the existing data. Some studies
have worked on these topics. Liu et al. (2014) apply nested logit model to identify travelers’
activity patterns by dividing the considered duration into 3 periods: before check-in, before
security, and before boarding; and divides the activity into different classes. Kalakou and





       

Moura (2015) use a multinomial logit model to explain passengers’ choices regarding activities
(aeronautical and non-aeronautical activity) in the terminal. Ton et al. (2015) study based on
empirical data the factors that influence the route and activity location choice of passengers in
a train station. They find out that travel time, walking distance, train stop location alongside
the platform and right side orientation of the vertical infrastructure significantly influence route
choice of departing passengers, and that travel time from station entrance to the retail outlet,
total distance, the requirement to make a detour for a shop visit, and right side orientation are
the most important factors that influence the activity location choice. Equipped with these
knowledge, we can begin to study the existing models

2.2.1 Heuristic model

Heuristic models are a class of models that determine the decision of pedestrian based on some
pre-specified rules. This class of model is very suitable for multi-agent based simulation because
of its easiness to implement. For example,Dijkstra et al. (2009, 2011) apply a perceptual field
concept to pedestrian agents for modeling impulse and non-impulse store choice processes.
Accordingly, they estimate from data the activation level which is a key parameter of perceptual
field (Dijkstra et al., 2013). Incorporating the perception field concept for activity schedule,
Saarloos et al. (2007) build a multi-agent model which focus on the interaction between agents
and environment.

There are also other heuristic models that exist in the literature. Usher et al. (2010) presents a
rule-based, priority-given activity schedule model inside a simulator for inter-modal facilities.
Each activity is attributed a priority so that high priority activities will be given a priority
when time is tight. In addition, Dijkstra and Jessurun (2013), Dijkstra et al. (2014) simulate
the planned and unplanned store visit by using Monte Carlo simulation. Moreover, Zhu and
Timmermans (2009, 2011) propose and validate the so called Heterogeneous Heuristic Model
which can estimate the coexistence of different decision strategies using a single model to
simulate the shopping behavior of pedestrians.

From the introduction of the models, we see that different models emphasize on different aspects
of pedestrian that the authors want to investigate. This makes the model unsuitable to apply
directly to other situation. The perceptual field might be suitable to city center or shopping mall
as pedestrians do not have a tight budget or primal target. When apply to transportation hub
like train station, this model might fail as pedestrians has a primary object to catch the trainThe
pure statistical models like Dijkstra and Jessurun (2013), Dijkstra et al. (2014) might have the
same problem as same group of pedestrians might behave differently in different environment.





       

In addition, these models normally depend heavily and extensively on data which itself might be
noisy. Therefore, a model which is flexible enough will be of great interest.

2.2.2 Utility maximization model

Based on the concept of utility maximization, Hoogendoorn and Bovy (2004) propose an
activity schedule model which considers the randomness of the experienced traffic conditions.
A dynamic programming is used to obtain the route choice, activity area choice, and activity
scheduling. Later, Hoogendoorn and Bovy (2005) expand their former work by relaxing the
discreteness assumption of the routes, which results in a dynamic mixed discrete-continuous
choice problem that is analogy with stochastic control theory and dynamic programming in
continuous time and space. These models are realistic as they can take the walking behavior of
pedestrians and randomness of travel time into consideration.

Another aspect of pedestrian activity schedule is provided by (Zhang, 2009). In this model,
activities are regarded as a consumption of goods which cost time and money while a multi-linear
time-dependent utility of this consumption is assumed. In addition, the interaction between
time and time, expenditure and expenditure, and time and expenditure are considered as well.
Finally, a utility maximization protocol is adapted to schedule the activities. Another modeling
way is the sequential activity schedule which is adopted by (Danalet et al., 2013). The authors
use detected campus activity-episode to build an sequential activity schedule model which
determines the next location probability, and activity pattern based on current state. Same as
former work, Danalet et al. (2016) proposed three models with different dynamic consideration
and agent effect to model the activity location choice of pedestrian.

The mathematical rigorousness of utility maximization models is the main advantages of this
class of activity schedule models. To obtain the finally schedule model, we need to have the
utility of each activity which is normally assumed and estimated from data by now. As a result,
the estimated result depends on the input data. In addition, obtaining schedule from these models
relays significantly on complex computation which might be impossible for an individual to
work out. Moreover, these models might also lose the power to explain pedestrians’ behaviors
like impulse shopping. Furthermore, individual interaction is not considered in these models.
Therefore, Further development of this class of model is needed.





       

3 General activity schedule models

As we have seen in section 2 that further development of pedestrians ASMs are needed, this
section contributes to study the ASMs existing in general setting. Since the prevailing of activity-
based demand model (ABM), ASMs, a key component of ABM, are rich in number and content
in literature database. Due to the capability of author and other constraints, this paper will only
cover ASMs that consider congestion impact, flexible activity demand, and interaction between
individuals.

3.1 Activity schedule considering congestion impact

In general, congestion would influence the travelers in two ways: the travel time to destinations,
and the waiting time at destinations. Since we stand on the side of transportation, we will focus
on the travel time impact of congestion in this review. In literature, there are generally two
ways to consider congestion impact. One is to use time-depended link cost, while the other uses
traffic assignment to estimate the link flow from which we can deduce the corresponding link
travel cost. Because the methodologies adopted to address activity scheduling with congestion
impact differ significantly, in this subsection, we divide the collected activity schedule models
into three categories, according to the most significant characteristics of the models, in order to
make the presentation clear. They are network based models, allocation resembled model, and
activity-based model and assignment model integrated models

3.1.1 Models with network representation

Generally, to represent the activity scheduling process, the network should be space-time
augmented network. However, exception like the super-network proposed by Liao (2011) exists.
In a network, a node is generally denoted as a state while the arcs denote actions that can be
taken at the nodes (states). To integrate congestion into network based representation, an easy
and intuitive way is to use time-dependent travel cost. The idea is to allow the arcs which
represent the same action to have different costs which depend on time dimension of the network.
This idea can be verified by simply considering the fact that the travel time on a road during the
peak hours is different from that during little utilization. In literature, Liao (2011) incorporate
time dependent travel cost into multi-state super-networks to account for the dynamic of traffic
network. Liao et al. (2013a) develop the super-network further to incorporate space-time





       

constraints and embed time into disutility profiles of activity participation and parking. A year
later, Liao et al. (2014) integrate stochastic travel time of the arc into multi-state super-network
for scheduling the activities.

This super-network concept is very useful to consider various aspects of activity schedule.
However, the building of such super-network is very sensitive to the number of activities,
potential location choice of each activity, and mobility choices to reach the location. With the
increasing of choices, the network will explode.

network representation of activity schedule can be combined with traffic assignment model to
consider the congestion impact. Some examples exist. Ramadurai and Ukkusuri (2010) model
the activity-travel choices using an activity-travel networks and then formulate into an equivalent
variational inequality problem considering the dynamic user equilibrium. Fu and Lam (2014,

2016) integrate the activity-time-space network with the state-augmented multi-model network
to explicitly model multi-model trips and individuals’ activity schedules. In addition, stochastic
utility of activity and congestion effect in the transit vehicles are included in the scheduling of
activities. Liu and Zhou (2016) designed a transit network with the consideration of congestion
(waiting) on the route.

Comparing with the time-dependent travel cost approach, traffic assignment model could provide
an real-time estimation of the traffic state. This might represents a real futures activity scheduling
with the assistance of transportation information system so that individuals could obtain real-time
information of the traffic states. However, a combination of super-network ASMs and traffic
assignment models increase the computational burden as each iteration of scheduling requires a
convergence of assignment model.

3.1.2 Integrate household activity pattern problem with congestion effect

Another class of activity schedule model which was proposed by Recker (1995) resembles to a
pick up and delivery problem. However, in this model, the travel time of each trip is assumed to
be proportional to the distance. Recently, models, belonging to this class and considering the
travel time impact of congestion, are published. Chow and Djavadian (2015) expand the HAPP
model by integrating the mode choice and travel time inside the representation and mathematical
formulation. Liu et al. (2017a) integrate the HAPP with a congested transportation networks to
study the dynamic household-level equilibrium with household activity interactions.

First of all, this class of model, by its nature, considers both the interaction and congestion





       

impact on activity scheduling. This makes the models closer to the represent real behaviors.
Currently, the model requires an activity set in advance which might compromise its capability
to model the impulse activities. Therefore, a further extension can be expected.

3.1.3 Models with integration of activity-based model and traffic assignment model

Within the integration of activity-based model and dynamic traffic assignment model, it can
be divided into two different sub-categories. One category has a fixed activity set (equilibrium
problem), while the other allows the activity set to change or has the activities generated by a
simulation model according to the traffic state (fix-point problem).

For the first category, example models can be found in Lam and Huang (2002, 2003), Ramadurai
and Ukkusuri (2010), Pendyala et al. (2012), Nuzzolo et al. (2012), Zockaie et al. (2015), Han
et al. (2015), etc. Lam and Huang (2002) propose a dynamic equilibrium activity/travel choice
model (departure time and route choice) during the morning peaks. this model is included in Lam
and Huang (2003) which introduces another activity-based time-dependent equilibrium model
that could finally reveal an aggregate destination and activity demand. Ramadurai and Ukkusuri
(2010) model the activity-travel choices (activity location, time of participation, duration, and
route choices) using an activity-travel networks. This model is formulated into an equivalent
variational inequality problem considering the dynamic user equilibrium. Nuzzolo et al. (2012)
present a dynamic assignment model for transit networks which considers the flexibility of
passenger departure time, stop and runs choices. Pendyala et al. (2012) propose a system which
involves a dynamic integration of the activity-travel demand model and the dynamic traffic
assignment. Zockaie et al. (2015) present a framework which integrates an activity based model
and a multi-criteria dynamic traffic assignment model to evaluate various pricing schemes. Han
et al. (2015) introduces a stochastic user equilibrium model which considers the transit network
with capacity constraints.

In a summary, all of these models in nature is a dynamic traffic assignment model. The outcome
of these models depends on the freedoms that the authors want to investigate. Normally, they
are confined in departure time choice, route choice, location choice, duration choice, etc. The
activity sequences can be but seldom considered. This is because the change of the activity
sequences will change the network state significantly which is not favorable to convergence of
computation. In addition, these models are also incapable to model the impulse activities.

The shortcomings of above equilibrium models could be mitigated by fixed-point models which
are the focus of this paragraph. With respect to the fix-point models, examples can be found





       

in (Lin et al., 2008a, Auld et al., 2011, Xu et al., 2017, Halat et al., 2017). Lin et al. (2008a)
integrate an activity based model (CEMDAP) and a dynamic assignment model (VISTA) to
find the fixed point of activity demand and traffic states. After this, Auld et al. (2011) integrate
a dynamic traffic assignment model into ADAPTS so as to allow the simulation of travel
demand considering network condition. Xu et al. (2017) introduce a model which allows the
integration of activity based model and dynamic traffic assignment. The expected travel time
obtained from dynamic traffic assignment is used by the activity-based model to generate the
travelers’ individual and household activity schedules. Halat et al. (2017) integrate dynamic
traffic assignment with activity schedule model which allows the cancellation and swapping of
activities.

These models are more flexible than the equilibrium models in the sense that they allow
activity set modification. This gain comes from the understanding of an additional people’s
behavior (activity cancellation and reschedule behavior). Good news is that we can use both the
equilibrium models and fix-point models to evaluate the performance of network design even
though the indexes (Total activity time versus total activity attracted) are different. The choice
of the type of model to use depends on our objectives.

3.2 Activity schedule considering flexible activity demand

The models discussed above concentrate on scheduling activities. However, when it comes to
execution step, possible randomnesses will make the original schedule unfeasible or not optimal
anymore, in which cases rescheduling (deleting or swapping the sequences) might be needed.
In addition, individuals might also insert some activities that are not planned. Therefore, it is
necessary to understand how people will reschedule their activities. In a word, we consider here
the models which include the inserting/deleting/swapping of activities.

3.2.1 Empirical behavior study with respect to flexible activity schedule

Before we review any specific activity reschedule model, we might need to understand firstly
how people behave or percept. There are several empirical studies. For instance, Doherty and
Miller (2002) focuses on basic process of activity scheduling as it occurs over time, including
an examination of how far ahead decisions are made and how they are subsequently modified
during their execution. The various modeling structures and decision rules incorporated in the
conceptual framework are outlined and discussed. Arentze et al. (2004) predicted from stated
data that changing route or departure time is the most important way of adapting work trips while





       

changing route and switching to bike are the dominant responses for non-work activities. Ruiz
and Timmermans (2008) focus on understanding the modification of the timing of pre-planned
activities to accommodate a new activity. The result shows that the characteristics of the activities
involved are the most important factors influencing the process of schedule change. Bladel
et al. (2009) analyses the factors that influence the activity plan and activity rescheduling. The
results show that activity and schedule characteristics considerably affect activity planning. The
rescheduling model also has several highly significant activity and schedule attributes. Clark and
Doherty (2010) tries to understand why and how people reschedule their activities, with an aim
to contribute to a more realistic model for the entire schedule process, especially rescheduling
and conflict resolution sub-models.

These empirical evidences show us that rescheduling activities depends on the characteristics of
individuals as well as the nature of activities, and that the aspects of activities that are chosen to
change depends on activity itself. These are valuable information to model activity rescheduling.
A rule based reschedule model, for example, should alter the route or departure time first for
work trips as suggested by (Arentze et al., 2004).

3.2.2 Activity schedule models with flexible activity demand

With respect to the activity reschedule models, the main stream is based on bounded rationality
assumption of individuals. This assumption differs from utility maximization assumption, which
assumes that individual adopts an optimal activity schedule for the whole period considered, in
that people would make a activity schedule heuristically.

Based on this concept, Timmermans et al. (2001) first illustrates a conceptualization and
specification of the process of how individuals adjust their activity programs as a function of
anticipated time pressure during the execution of the program. The adjustment is assumed to be
a utility maximization process but with a bounded rationality. This paper ignite the following
work of a model named Aurora. Joh et al. (2001) present an activity scheduling and rescheduling
behavior where the decision is not make optimally but heuristically. Following, Joh et al. (2003)
estimate the non-linear utility function of time use in the activity schedule adaptation model
Aurora. After this work, Joh (2004), Joh et al. (2004) present how to measure activity reschedule
behavior and propose a model of activity reschedule with the estimation of this model using
activity-diary data. Arentze et al. (2005) implement a dynamic version of Aurora which allows
the learning from before.

In addition to the Aurora model, other rule-based activity schedule & reschedule models are





       

proposed in literature and implemented. Auld et al. (2009b,a) estimate a rule-based conflict
resolution rules using decision trees, and compare its performance with the scheduling rules
in TASHA. Auld and Mohammadian (2012) describe a dynamic ASM which is used in the
framework of agent-based dynamic activity planning and travel scheduling (ADAPTS) model
Auld and Mohammadian (2009).

These two multi-agent simulation models differ from each other in the representation of the
travel time and agent interaction. In Aurora, the historical travel times are stored in the memory
so that agents could take for reference when schedule of reschedule their activities. However,
ADAPTS adopts a traffic assignment model to get the real-time travel time for each timestep.
With respect to agent interaction, Aurora assume the activity set of each agent is independent
while ADAPTS also has a household agent which could generate activity demand as well, and
individual agents could have their own activity demands but are coupled with household agents.
In addition, the activity generation of a individual and household are dynamic based on their
recent achieved activities and needs. In Aurora, the household activity sets are given.

Besides these scheduling and rescheduling models, models based on different mechanism are
also proposed. For instance, Sun et al. (2005) present an Bayesian-type of activity schedule
framework which allows the reschedule of activities based on the updating of information (link
travel time distribution, and deviation from schedules). Gan and Recker (2008) formulate the
household activity rescheduling problem in a MILP format. The backbone of the reschedule
model is the assumption that reschedule decisions are made to satisfy the newly emerging
circumstances while trying to keep the existing preplanned schedule as much as possible intact.
Arentze et al. (2010) Use a heuristic (iterative searching) to implement the activity reschedule,
which allows the inserting or deleting of activity, re-positioning, change location or route of an
activity, of an agent inside an agent based simulation network. Habib (2011) apply random utility
maximization to the sequential schedule of activity choice, time and location. It is assumed at a
given time step, an individual will choose an activity which gives the largest utility to perform.
Halat et al. (2017) integrate the activity schedule with a dynamic traffic assignment model to
allow the activity cancellation and swapping based on the traffic network state.

The mechanism of these models might be different, but most of the models collected focus
on understanding how people would behave if there is a discrepancy between the scheduled
activities and the truth. The models are important in transportation as they might allow us to
predict the traffic impact of potential management measures with a careful integration with
assignment models.





       

3.3 Activity schedule with individual interaction

Among the various interaction between individuals’ activity schedule, household is the most
often situation where interaction could happen. For example, there are activity distribution
among household members, vehicle availability constraints, joint travel etc. Evidence from data
also support this claim. He (2013) found that long working hours reduce the likelihood to escort
children to school while flexible working hour offset this reduction effect. In addition, if the
mother’s workplace is to closer to the school, it is more likely that child will be escorted by the
parents. Ta et al. (2016) found out that household structure make significant influence on men’s
and women’s space-time constraints and reduces the related gender differences in daily activity
participation. Social interaction between individuals can also influence the activity schedule of
individuals. For example, several friends plan to have dinner and watch a move together after
work might change the activity schedule significantly. This necessitate the need of an activity
schedule model consider interaction.

There are generally two aspects that interaction can impact activity schedule. One is physical
constraints while the other one is the desire to finish activity together. Inevitably, there are
studies look at the same problem from different perspectives. Since interaction will involve at
least two parties, activity schedule considering interaction will be used interchangeable with
joint activity schedule.

3.3.1 Joint activity schedule – physical constraints

In reality, some joint activity schedule are originated from physical constraints (resource, time).
For example, the father might drive his children to school and wife to work if there is only one
car in the household. This type of scheduling problem can be regarded as a task arrangement
problem since that we can regard an activity as a task that needs to be finished. The interactions
between activities and individuals resemble that task can only be finished with some order or
resources (people, etc.). A famous example of this class of model is the household activity
pattern problem (HAPP) proposed by Recker (1995) and its variants (Kang and Recker, 2013),
an integrated destination choice model-HAPP. HAPP is regarded a pickup and delivery problem
with time window (PDPTW), and is formulated mathematically under different scenarios.

Following this pioneer study, Wen and Koppelman (2000) use a two-stage structure to model the
activity schedule of couple. The first step is to determine the number of stops and allocation of
stops and vehicles among the members. The second step is to decide number of tours to take





       

and which tour include which stops. This is similar to a combination of cluster problem and
routing problem. Miller and Roorda (2003) presents the Toronto Area Scheduling model for
household Agents TASHA. This model uses the concept of ’project’ to encapsulate activities
with a common goal. A rule-based method is used to organize activities into projects, and then
to form schedules for interacting household members. Meister et al. (2005) generates activity
schedule by first generating the activities demand for individuals and find a schedule among
household. Finally, Liu et al. (2017a) study the interaction (vehicle selection, mode choice, and
ride-sharing options) between household members when schedule the activity pattern with a
consideration of traffic. The problem is formulated into integer linear programming. The last
two models differ from the other models in the sense that the activity demands are not given at a
household level but at an individual level. So it is more an individuals time table coordination
problem than a task allocation problem.

The advantage of this type of model is that it can incorporate explicitly the physical constraints
(open hour, order of activity) and transfer into problems (task arrangement, routing) that are
well studied. The outputs of these models are normally who does what at what time with what
transportation, which is easily interpretable.

3.3.2 Joint activity schedule – desire propelling

From this perspective, joint activity participation is derived from the desire that individuals
want to do some activity together (social activities). A couple want to see a move together
after working, friends want to have a union in an evening, etc. Comparing to other independent
activities, these joint activities might allow participators an additional sanctification (utility) than
doing along. The general way to model this aspect is to add additional utility to joint activities.
We can estimate this additional utility from data or we can specify this parameter to simulate its
impact on travel schedule outcome.

Examples of this class of model are discussed below. Gliebe and Koppelman (2002) model the
activity choice among household by separating the activities into independent activities and
joint activity which derive positive utility. In addition, equal joint activity time among all the
participants is ensured. Zhang et al. (2005) model the time allocation of each household members
to different types of activity using a household utility maximization model with a multi-linear
group utility function. The interaction is modeled through an interaction parameters. Meister
et al. (2005) schedules the activities of a household by utility maximization with an increasing
factor for joint activity. Bradley and Vovsha (2005) considers the intra-household interactions in
modeling activity and travel-related decisions by takes into account added group-wise utilities of





       

joint participation in the same activity. Ronald et al. (2012) proposed a social interaction model
based on social networks fields and utility-based protocol to schedule the common activity.
Kim and Parent (2016) develop a spatial multivariate tobit specification that allows for each
individual facing a set of potential destinations to take into account the willingness to travel of
other household members Fu and Lam (2016) models the time-dependent two-individual joint
activity-travel patterns by a joint-activity-time-space super-network. The motivation to joint
travel is modeled by an added utility factors.

A significant difference between these models is the way that they add the interaction factors.
Zhang et al. (2005), Fu and Lam (2016) use a factor times the multiplication of individual
activity utility if the activity is done jointly. Meister et al. (2005), Ronald et al. (2012) model
the utility as a function of time with an augment factor 1+joint parameter which is fixed or
depends on the various characteristics of activity, individual, etc. Bradley and Vovsha (2005)
add a value to the joint activity rather than multiplication factor. Kim and Parent (2016) minus
the social distance between oneself and the other in the utility function to enforce the interaction.
Therefore, accounting for the joint activity desire by a reward can be flexible in the sense to
choose the reward function.

3.3.3 Joint activity schedule from other perspectives

Despite the models we mentioned above, other models which are based on the group separation,
super-network, and Markov decision process are also existed in the literature. Fang et al.

(2011) schedule the joint activities of individuals by identifying the candidate space-time
opportunities for joint participation using a concept of time-varying network-based prisms
and optimal opportunities for joint participation are determined by the non-dominated sorting
genetic algorithm-2 Dubernet and Axhausen (2013) present a joint activity schedule model in the
microsimulation model MATSim. The joint activity schedule is achieved by a concept of group
in which the individuals need to replan their activity together to comply with the constraints
or to solve the inconsistency. Liao et al. (2013b) use super-network to model the joint-travel
of individuals. Fu et al. (2016) formulate the series of decisions made by the household as an
Markov decision process (MDP). They divide the activities into a non-compulsory activities and
compulsory activities which should be completed within the planning horizon. The utility of the
joint household is a combination of both individuals and the interaction term.





       

3.3.4 Summary

In general, models in literature that address the interaction between individuals in activity
scheduling process are proposed either from the physical constraints or social desire. Some
other models (super-network, MDP, etc) that do not really fit into these two categories are also
discussed. By now, most of the models fail to consider the stochasticity of travel time, activity
durations, or even activity choices. However, efforts to address this gap is emerging as Fu et al.

(2016), Liu et al. (2017a) are example.

4 Apply general activity schedule models to pedestrian

From the review we have done, we see that the activity schedule model in pedestrian domain
is relatively rare compare to the activity schedule in general setting. Therefore, this section
contributes to discuss the possibility of applying the models in general setting to pedestrian.

4.1 Models considering congestion impact

Comparing with general setting where a node is generally a set of positions in vicinity, a node in
a pedestrian setting generally represent a store. traffic flows in general setting can be replaced
by pedestrian flows. In this sense, the activity schedule models in section 3.1 can be applied to
pedestrians without significant modification. However, some cares needs to be taken.

• The super-network model proposed by Liao (2011), Liao et al. (2013b) can be simplified
as pedestrians only involve walking as its mobility.
• When using time-dependent travel time to represent the congestion effect, the time-

dependent value needs to correspond to the pedestrians network. For example, the travel
time from one activity location to another activity location in a train station various with
not only the time in a day but also the timetable of trains. In addition, these dependence
relationship needs to be verified through empirical study of data.
• The HAPP models might not be applicable to pedestrians as pedestrians seldom allocate

the task but try to walk together.
• For the activity-based and traffic assignment models, we might pay special attention to the

traffic assignment models. Compare to traffic, pedestrians are even more complex because
of their characteristics and flexibility of walking area than the lanes.





       

• Probably, an important factor that we need to consider when applying the activity schedule
models to pedestrians is the congestion impact on the service level in the store where
queue might be formed. This phenomenon might be handled in the location choice model
of pedestrian activity scheduling model.

4.2 Models considering flexible activity impact

Pedestrians are more likely to be flexible in their activity rescheduling than vehicle travelers
as it might not cost too much to add one additional event. In literature, many studies Bayley
and Nancarrow (1998), Crawford and Melewar (2003), Lin and Chen (2013), Gutierrez and
Gutierrez (2002), Strack et al. (2006) have been undertaken to understand the importance of
impulse shopping in airports, supermarkets, etc. It is in a consensus that impulse shoppings
(which means inserting activities in our case) is an significant component of shopping behavior.
Therefore, taking this impulse activity into consideration is of great importance to pedestrian
activity schedule model.

As reviewed in section 3.2, most of the models in literature use heuristic rules to model the
activity rescheduling behaviors. For the simulation purpose of pedestrian behavior, this class
of model might be favorable, which is consistent to the phenomenon that most of the activity
schedule models existing in pedestrian domain are heuristic based Dijkstra et al. (2009, 2011),
Saarloos et al. (2007). The challenge here might be understanding the rules that govern
the inserting/deleting/swapping of activity scheduling behavior. Moreover, incorporating a
congestion level of stores which reveal the potential waiting time required might make the model
more realistic. This is because pedestrian could go to finish another activity in the vicinity of
current position and come back again with the potential to gain more utility.

In spite of simulating the activity of each individuals, understanding the fixed point of the activity
demands and supply is also critical to the design of facilities. In general setting, Halat et al.

(2017) proposed a combination of activity reschedule model and dynamic traffic assignment.
This framework could suit the pedestrian background as well. The challenges might lie in the
fact that pedestrian might change their activity schedule more dramatically than vehicle traveler
which might cause convergence problem (slow convergence if converge) to the frameworks.
Therefore, further contribution can be made in making such framework convergence better and
quickly.





       

4.3 Models considering joint travel impact

In the context of pedestrian, interaction between individuals also play an very important role.
For example, it is normal that family, friends, or colleagues go to airports to travel together. In
city center, family and friends might also go shopping or other leisure activities jointly. Thus,
understanding the joint activity schedule among pedestrians is crucial. However, the interaction
among pedestrians are more probably originated from the desire rather than the allocation
of activities or resources. Under this assumption, we will focus on the adaptation of activity
schedule models listed in section 3.3.2.

As reviewed, the fundamental idea in this class of modeling is the additional reward of joint
activities to each individual. It is necessary to point out that the models in the literature assume
that all parties of the individual will perform the same activity. However, in pedestrian setting,
this assumption might not hold. For instance, in the context of shopping in city center, one of
two friends wants to buy clothes while the other one wants to buy books. It is very likely that
these two individuals will visit both cloth stores and book stores together. Both individuals
get the utility being together for two activities while each one get utility from finishing their
corresponding activity. In this context, we need to adapt the models which allows scheduling the
union of activity sets of all individuals together while considering their preference separately.

5 Summary

This paper begins with a review of the activity schedule models in pedestrian domain and general
setting with a specific focus on the models which consider the congestion impact, flexible
demand, and interaction between individuals. Then, the potential application of the activity
schedule models in general settings to pedestrians specifically is investigated. Finally, some
interesting research gaps are found.

In general setting, even though the rich of the activity schedule models existed in literature, only
a few study from Halat et al. (2017), Liu et al. (2017b), Fu and Lam (2016) cover congestion
effect, flexible demand, and interaction jointly. None of the paper cover all the three aspect
together, this is a gap that needs to be filled. In addition, applying and proposing activity
schedule models to pedestrian domain is full of opportunity. For example, integrating the
congestion and/or interaction concepts in to the pedestrian heuristic models can contribute to a
more realistic model. With in mind that pedestrians activities does not show a regular dynamic
as general activities, modifying heuristic models from general setting to pedestrians could also





       

be another interesting direction. Especially to us, the models which can incorporate as much
aspects as possible together and allow the evaluation of the performance of pedestrian network
are of primary needed.
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