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ABSTRACT

Feasibility of Using Wearable Devices for Collecting

Pedestrian Travel Data

Rohit Ajmera

Information on the travel characteristics of pedestrians is needed in the planning
and design of pedestrian facilities. Desired information includes route selected, travel
speed, trip origin and destination, and delay. Conventional methods of acquiring
pedestrian travel data such as trip diaries suffer from a number of limitations.

Pedometers are simple wearable devices that are receiving considerable attention
in the health promotion and physical activity fields. In recent years, there have been
significant developments in global positioning system (GPS) technology. User-friendly
devices are now available for under $100. At the same time, more expensive wearable
GPS data loggers are available in the market that are capable of collecting more extensive
data. While the technology offers great potential in terms of data collection capabilities,
questions about accuracy, reliability, user acceptability, and post-processing requirements
must be addressed.

A formal assessment was conducted of pedometers, a hand-held GPS unit and a
wearable data logger to determine their feasibility in collecting pedestrian travel data.
Experiments were devised and conducted to assess the accuracy and reliability of the
devices in a variety of conditions including heavy precipitation, dense vegetative cover
and between tall buildings. In addition, devices were given to a number of subjects who
used them outdoors for a 24-hour period. Each subject also completed a brief
questionnaire intended to assess user acceptability of these devices. Results indicated
that the pedometer is not suitable for collecting pedestrian travel data. The GPS devices
hold promise as data collection devices as long as their limitations are taken into account.
The paper presents recommendations about the suitability of each device for collecting
pedestrian travel data.
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Chapter 1

1.0 INTRODUCTION

1.1 Background and Problem Statement
Walking is the most basic form of transportation. Until recently, walking and
bicycling have not been considered as viable transportation solutions. However, there
has been a growing interest in walking as a mode of transport and/or for recreation due to
an increase in the concern for public health and as a result of problems associated with
motorized means of travel. The potential of pedestrian and bicycle travel to provide
mobility, reduce congestion, improve environmental quality, and promote public health
has received increasing attention in recent years. Walking is being realized as a key
ingredient to livable communities. It provides a means by which to connect the various
activities of a neighborhood, without the need for auto trips, and is almost always a
segment of each public transit trip and often a segment of an auto trip. Walking is
expected to grow in popularity as public recognizes the benefits of walking and as more
pedestrian friendly designs are implemented. There is now considerable interest in
designing new facilities for, and adapting existing infrastructure to, non-motorized travel.
Methods of collecting travel data (such as volume, speed and travel time) for
motorized modes are well-established. However, planners and engineers have tended to
undercount non-motorized travel by ignoring short trips, non-work travel, travel by
children and recreational travel. These short trips account for a majority of the trips made
by non-motorized means and thus travel data on these trips should play a role in facility

planning, design and construction.



Information on the travel characteristics of and facility usage data by pedestrians
is needed in the planning and designing of pedestrian facilities. Needed information
includes data on route selected, travel speeds, trip origin and destination and pedestrian
volumes. The conventional methods for pedestrian data collection include trip diaries and
trip logs, which although simple, may burden the user and tend to show error. Error may
include under counts, incomplete counts, improper logging of times and other human
errors of this nature. Error may also be due to traffic conditions such as standing at an
intersection waiting for the walk signal that may increase the travel time, or increase in
trip times due to a gradient in the route.

A basic method of acquiring pedestrian count data is through manual counts.
Since the technique is labor-intensive, this is a costly method, particularly if done on a
large scale. Consequently, a variety of new technology is being applied to pedestrian
detection and counting, including Infrared Detectors, Microwave Detectors, Heat Sensors
and Laser Counters. However, these techniques have their own limitations. When
pedestrian traffic becomes heavy, the detection of individuals becomes complicated.
There can be error in observations during heavy rains and other severe weather
conditions. Also, pedestrians outside the detection zone can be missed. Since they
essentially monitor pedestrian activity at a point, these techniques do not provide
information concerning trip length or travel times, which may be of considerable
importance for both planning and facility design. Also, as the technology gets more
sophisticated for these devices, the cost of buying, installing and maintaining them

continues to increase, which may preclude their use in large scale projects.



New technology is not limited to fixed sensors. There are presently various data
collection devices that can be worn by individuals and, thus, have the potential to provide
data on pedestrian travel behavior. In the physical activity area, there is considerable
interest in pedometers as a motivational technique to encourage walking since they allow
users to monitor and measure, in a simple fashion (using steps), their physical activity.
Given the low cost and popular appeal, can the pedometer be used to collect certain
pedestrian travel data?

In recent years, there have been considerable developments in Global Positioning
System (GPS) technology. User-friendly devices are now available for under $100. These
units can provide information on path of travel and possibly travel time. At the same
time, there are more expensive wearable GPS data loggers on the market. These devices
can keep track of time, location and altitude for up to three days on a single battery
charge. While this offers great potential in terms of data collection capabilities, questions
about cost, user acceptability, device limitations and post-processing requirements must
be addressed. For all of the devices mentioned, accuracy is an issue. Therefore, it seems
appropriate to conduct a formal assessment of these wearable devices to determine the
feasibility of their use in collecting pedestrian travel data.

1.2 Objectives

This study was conducted to assess the feasibility of using various wearable
devices in collecting pedestrian travel data. The overall purpose of this project was to
determine the feasibility of using wearable devices namely pedometers, GPS data loggers
and hand-held GPS units, for acquiring pedestrian travel data. In order to accomplish the

overall goal, several specific objectives were established:



To conduct a thorough review of the literature on various methods for collecting
pedestrian travel data including conventional techniques and those using new technology.
To identify and characterize different wearable data collection devices and acquire
several of these for testing purposes.

To develop an experimental plan to assess the feasibility of using wearable devices to
collect pedestrian travel data.

To carry out the experimental plan through laboratory and field testing.

To analyze the collected data.

To develop conclusions about the suitability of each device and recommendations for

their use in collecting pedestrian travel data.

To document the work in the form of a thesis.

1.3 Organization of the Report

This report consists of five chapters. Chapter 1 has presented background
material, identified the problem and outlined the project objectives. Chapter 2 is a critical
review of the relevant literature, including general data collection methods for both
motorized and non-motorized travel and descriptions of new technology for pedestrian
data collection. Chapter 3 describes the experimental plan and the methodology used in
conducting the feasibility study. Chapter 4 presents an analysis of the data collected and
describes project results. Chapter 5 presents conclusions about the feasibility of each
device. Recommendations for their use in collecting pedestrian travel data are included

along with recommendations for follow-on research.



Chapter 2

2.0 REVIEW OF LITERATURE

This chapter summarizes and critically reviews previous research that has been
conducted relative to data collection for both motorized and non-motorized means of
transportation. It includes various devices and techniques that have been used to date to
collect travel data used in planning and designing of transportation facilities. Since this
project was primarily concerned with assessing the feasibility of using wearable devices
for collecting pedestrian travel data, the review of literature will focus on that topic.
However, in order to put the problem in proper context, the literature review covers the
topic of travel data collection generally, including that for motorized means, even though
the emphasis is on conventional and contemporary methods of collecting pedestrian data.
The latter part of the review discusses the literature dealing with wearable devices, i.e.,
pedometers, hand-held GPS units and wearable data loggers, and reviews their

characteristics and applications for obtaining travel data.

2.1 General Travel Data Collection

Travel data collected for planning generally or for specific use in a transportation
project can play an important role in improving the transportation system. Travel data in
its simplest form consists of information on the performance of the existing transportation
system or facility, and can help to predict performance in the future. Transportation
planning largely depends on the quality of travel data that is used as an input at various
levels of planning processes. The existing transportation system requires that a variety of

data and information be assembled which adequately describe the current status of



systems, facilities and traffic. For any transportation project to be successful in the long

run, information or data has to be collected which helps not only in planning and

designing but also for analyzing various situations. Data are collected for many reasons

and applications (Roess, et al; 2004):

o [nvestigating trends over time — traffic engineers need trend data to help forecast
future transportation needs.

e Managing the physical system — inventories of physical elements are always needed.
These inventories help assess which items need to be replaced or repaired, and on
what anticipated schedule.

o Understanding the needs and choices of the public and industry —this data is required
for planning and development purposes to get a good measure of how and why people
travel.

o Assessing the effectiveness of improvements — when improvements of any kind are
implemented, follow-up studies are needed to confirm their effectiveness and to allow
for adjustments if all objectives are not fully met

o Assessing potential impacts — an essential part of traffic engineering is the ability to
predict and analyze projected traffic impacts of new developments with the help of
data collected and to provide traffic input to air pollution models.

o Evaluating facility or system performance — all traffic facilities and systems must be
periodically studied to determine whether they are delivering the intended quantity
and quality of access and/or mobility service to the public.

e Calibrating basic relationships or parameters — fundamental measures, such as

perception-reaction time, discharge headways at a signalized intersection, headway



and spacing relationships on freeways and other uninterrupted flow facilities, and
other key parameters and relationships must be properly quantified and calibrated to
existing conditions.

Transportation data collection and traffic studies provide the underpinning of all
traffic planning, design and analysis. If the data is incomplete (e.g. limited data on non-
motorized modes) or not accurate, then the engineering that is based on it may be flawed.
Some of the tasks involved in data collection, reduction, analysis and presentation are
somewhat mundane. Planners use a variety of methods for collecting the data needed for
input into the planning process. The type of data gathered varies with the type of facility
that is being studied and also with the purpose of study. The data collected can be either
travel data or performance data.

The most basic measurement in collecting travel data is counting--counting
vehicles, passengers, pedestrians or bicyclists. These count measures are used to produce
estimates of volumes, demand and quality of flow, which are in turn helpful in the
planning and design of various transportation facilities. Performance data may include
information on speeds, travel-times, route selected, origins/destinations and
arrival/departure times. These data are gathered using various techniques, methods and

devices.

2.1.1 Counting Devices (Motorized means of transport)

Manual data collection by direct observation in the field, with use of standard
paper forms, was the most prevalent method for collecting travel data (such as turning
movement counts) for many years. Mechanical hand counters have also been in wide use

for decades to count the number of vehicles which pass a point on the road. Buttons are



depressed to advance interlocking mechanical wheels. Different buttons are used for
specific movements (left, through, right), for classification of vehicles or for other
purposes.

In-road mechanical traffic counters, activated by a pressure tube (pneumatic) as
wheels cross the tube, have been the mainstay of many traffic counting programs when
extended counts are needed but a more permanent installation is not economically
justified. Wire loops buried in the pavement have long served both traffic counting and
traffic control purposes. These loop detectors are not used in locations where there is
frequent pavement construction, special disruptions, or frost heave of the pavement. In
such places, radar, ultrasonic and magnetic detectors can be used to detect presence or
passage of vehicles (Roess, et al; 2004). Some volume counting detectors are so small
and low-powered that they are literally nailed down in the pavement, and removed later.
Some detectors transmit their data to a remote station by wireless communication.
Mechanical traffic counters are economical in cost in comparison with the radar,
ultrasonic and pressure plate detectors, which can be expensive. The type of counters
used for counts depends on various factors such as data sought, costs and environmental
factors.

Modern techniques of data collection are no