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INTRODUCTION

With the increasing problems of traffic congestion in urban areas, transportation planners
need better tools to assess its evolution through the years. Travel time measures on road
networks provide key information to identify critical spots of congestion and evaluate the
scale of this phenomenon across the area. Many technologies are currently available to
measure travel time at specific locations (license plate matching, loop detectors, bluetooth
device matching). Traditionally, at larger scale, travel time is estimated with the help of
mandated floating cars (probe vehicle) that run through the road network. Nowadays, ad-hoc
—or randomly collected—data can be obtained from GPS devices aboard individual cars and
commercial vehicles. However, each of these ways of collecting data suffers from
limitations; cumulating the information they provide seems like a relevant approach and this
starts by comparing the measures they can output.

This paper presents a comparison of travel time measure between two data collection means
for the same locations in an urban area: GPS and floating cars. GPS data come from a
carsharing company operating in the Montreal, Canada area. GPS traces are collected
anonymously in some of the vehicles, without any path supervision (members were doing
their usual trips). On another hand, a specialized firm operated floating car data on fixed
routes. The Quebec Ministry of Transportation process has collected this data through the
years in the context of a travel time evaluation. For modelling purposes, floating car routes
were fragmented in one kilometre road links. Incidentally, some carsharing vehicles
equipped with GPS devices were driven on parts of the floating cars routes. On these road
links, GPS traces coming from carsharing vehicles are superimposed to floating car data and
statistical analysis can be conducted.

This study is part of a wider project that tries to assess the evaluation of congestion in the
Montreal area. It aims at enhancing the understanding of traffic congestion through the
development of new indicators and modelling tools.

The paper is organised as follows. First, some background information will be provided with
respect to concepts related to traffic analysis and research conducted in the field. Then, the
databases used will be described, along with the case study and comparison methodology.
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The results will then be presented and discussed and perspectives will be provided based on
these results.

BACKGROUND

Multiple studies have been conducted on the negative impacts of congestion and it is an
ongoing research issue. Besides, the current sustainability issues divert many studies
towards the indirect impacts of congestion, namely environmental impacts (Nesamani et al.
2005), equity and accessibility issues or even the impacts of congestion on activity rhythms
of households and people, for instance the reduction in the number of shopping trips
(Schmaocker et al. 2006). At the same time, multiple studies are being conducted specifically
on the assessment of the sustainability level of various transportation projects. Litman (2008)
proposes a series of indicators allowing a better understanding of the role of transportation
infrastructures, projects and politics in order to reorient the current planning process. He
actually recommends that every transport indicator includes economical, social and
environmental impacts. Indicators such as travel times between home and work location and
delays due to congestion are identified as economical indicators where a reduction is
perceived as a positive contribution to sustainability.

The need to better understand the problems related to traffic, coupled with the increasing
availability of information technologies, resulted in an increasing availability of various types
of travel data. Increasing availability and performance of intelligent transportation systems
have actually contributed to this state. Many researches have recently focused on data
processing and analysis challenges and the definition and estimation of relevant indicators to
describe the traffic conditions. In the USA, the works from the Texas Transportation Institute
(Schrank and Lomax 2003, 2005, 2007), propose various indicators describing the state of
traffic in the main areas. For instance, they observe that, during the last twenty-five years,
congestion has increased. Actually, household car ownership combined to urban sprawl,
have contributed to the growth in recurrent congestion. Figure 1 shows the evolution of
congestion (average annual delay for every person using motorized travel in the peak
periods in 439 urban areas in the USA) from 1982 to 2007 in relation with the scale of the
area. Globally, the average delay is 36 hours and there are 9 urban areas with delays higher
the 50 hours.
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Figure 1. Evolution of congestion in the USA in relation to the scale of the area (Schrank et Lomax,
2009)

Challenged with the problems of congestion and sustainability, the institutions are less and
less heading towards the reduction of congestion but are rather aiming to increase the
reliability of travel times on their infrastructures. This new concern is leading to the
development of new indicators and consequently the need for new and better data to assess
both mean and variability of travel times in varying conditions (day of the week, period of the
day, road conditions, etc.).

In the same spirit, FHWA (2004) puts a lot of effort into the development and estimation of
traffic congestion indicators through its Mobility Monitoring Program that relies on electronic
devices available in some thirty areas. Another interesting contribution is the one from
Pennsylvania DOT (Szekeres and Heckman, 2005) that implemented a Congestion
Management System for statewide transportation planning.

OBJECTIVES

This research is part of a project aiming to define and estimated travel time reliability
indicators on the highway network. One part of the project also aims at evaluating the
potentialities offered by various travel time data collection technologies to provide relevant
and continuous data to enrich or replace current approaches. GPS traces are one of these
technologies. Currently, the Quebec Ministry of Transportation relies on floating cars data to
assess travel times on their highway networks. These kinds of data are relevant but costly
and, due to sample size and structure, they are often insufficient to assess the impact of
various attributes on travel times (month of the year, day of the week, road conditions,
weather, etc.).

Using the floating car method, travel time data were collected from 1998 to 2004 on the main
highways of the Montreal region. These travel time data were systematically split into one-
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kilometer segments and significant simulation models were developed on the basis of travel
time frequency distributions. Using these models, it is possible to estimated mean travel time
on various highway segments as well as the variability of these travel times. This paper
builds on previous modelling work using floating cars data and (see Loustau et al., 2010) and
seeks to assess the value of GPS traces coming from shared cars to enrich the currently
available travel time data or eventually replace them. The first step is hence to compare
travel time distributions obtain using the two data collection approaches to see if they
typically fit. This is the main objective of the work presented in this paper. More specifically,
this analysis aims at estimating, for some highway segments sampled using the two
approaches, the mean and variability of travel times. This will allow to assess the relevance
of ad-hoc GPS traces, not collected for measurement purposes, to provide continuous
information on travel times, as part of a continuous traffic monitoring program.

INFORMATION SYSTEM

This section brings some definitions relevant to this study, and exposes the two different
datasets that were used: floating car data and GPS traces.

Definitions

Traffic congestion is easy to observe because it reflects the saturation state of a road or a
network. The accumulation of vehicles and the increase in queue length are good signs of
congestion, but let us define the concept more precisely. The congestion is defined as an
excess volume of traffic on a portion of a road or traffic lane given the capacity of the road.
This phenomenon can be due to the following seven main causes (Schrank et Lomax, 2005):

e Saturation of the road because of insufficient capacity: the capacity is function of the
number of lanes, lane width, presence of intersections, curves, bottlenecks, etc.

e Accidents of the road that reduce the capacity by blocking or perturbing lanes.

e Work zones along the road. The capacity of the road can be temporally reduced
because of lane shifts, reduced width and lower speed limits.

e Weather conditions can influence the capacity because of lower speeds or block
lanes caused by low visibility and changes in road surface.

e Traffic lights and other traffic control devices can be badly designed or their
malfunction can cause capacity reduction, they can also cause instability in the
network (like railroad crossings, for example).

e Special events like shows, sporting games, and commercial sales can momentarily
increase the volume on a road.

e Daily variations in transportation demand can also cause such perturbations.

These factors can interact between each other, and they can also be additive. Accidents
could be caused by bad weather, for example.
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The reliability of travel time is typically linked to its variability. The seven preceding factors
will influence this variability. We will, in this paper, define two types of traffic congestion:

e The recurrent congestion is related to the normal use of the road network and will be
likely caused by variations in daily demand.

e The non-recurrent congestion is due to random and unpredictable events like
accidents, sporting events.

The recurrent congestion is observed during peak hours. It is usually well known by the
commuters and easier to predict. However, non-recurrent congestion can happen more
often on some road links; commuter will then consider both recurrent and non-recurrent
congestions when they choose their road itinerary to destination. Sometimes, a commuter
will choose a longer road but with a more reliable travel time, instead of taking the shorting
path and fall in non-recurrent congestion. Travel time reliability can really influence the
choice of the commuters.

A typical indicator of travel time variability is the coefficient of variation (ratio between
standard deviation and mean). But there is also the Travel Ratio Index:
T95 - TS0
TR = g
where:
e T95 is the time of the 95" percentile of the observed distribution

e T50 is the median time in the distribution

Floating car data

From 1998 to 2004, the Ministry of Transportation of Quebec has collected travel time dat
using the floating car method. Floating cars were used to measure the travel time on 55
different routes in the Greater Montreal Area (see Figure 2), at different times of the day
(mainly peak periods), days of week and seasons. A total of 29,229 measurements are
found in the database, covering the 7 year-period: 51 months of observation, no observation
in 2003. The 55 routes cover a total of 800 km, mainly highways. For each observation, a
series of time and location stamps are available, based on the floating car odometer inked to
a precise recording device. Therefore, the travel time can be measured at very good level
along the route.
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Figure 2. Map of the floating car routes

The raw dataset has been used in several preceding studies (Tremblay et Robitaille, 2005;
Robitaille et Nguyen, 2003, Babin et Gourvil, 2007; Babin et al. 2007; Babin et al. 2006).
Recently, a new methodology has been developed to better analyze the data; routes were
segmented in one-kilometre segments. Each segment can be characterized with its own
travel time (Loustau et al 2009). This allows refining the analysis: frequency distributions of
travel time were calculated for individual segments. Using a clustering technique, segments
were then aggregated based on the similarity of frequency distributions of travel times, for
AM and PM peak periods (Loustau et al., 2010). Models combining three log-normal laws
were developed for each cluster of segments and used for simulation.

GPS data

The second dataset is composed of GPS traces collected aboard vehicles from the
Communauto carsharing company in Montreal. This can be qualified as indirect data
collection compared to the floating car direct collection, because in the case of carsharing,
the vehicles are not bounded to given routes. But the carsharing users will sometimes travel
on the same road links that are found in the floating car routes, so we have here a base of
comparison for the two types of data collection.

The database contains traces collected in 53 carsharing vehicles between March 2006 and
March 2008. This data is randomly collected and therefore is not bounded by any sampling
plan. Only the road segments with high volume of data will be retained in the analysis. The
on-board GPS in carsharing vehicles is not primarily made for travel time measurement: the
interval of time between location points can vary from 6 to 287 seconds, so interpolation is
made necessary for some observations. As a matter of fact, because of communication
costs, the carsharing company has reduced the number of sampling points through the
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years. For this reason, the observation of verified localized phenomenon with this dataset
could be biased.

Today, more than 400 cars are equipped with GPS devices; hence, the probability of
observing cars travelling on critical sections of the network is higher than for the period of
time for which data were available at the time of the research.

Examples of frequency distributions of travel time on one-kilometre segments are presented
in the next figure (Figure 3for five segments belonging to the route that is used for
demonstration purposes. These distributions exemplify some types of frequency distributions
that can be derived from GPS traces and observed in the area. For instance, segment 20
shows a concentrated distribution with a high peak at around 35-40 seconds per kilometre
(=100 km/h) revealing that this segment often provides free-flow travel conditions. Segment
30 is however more congested (peak at around 60-65 seconds per km — 57 km/h) and less
reliable since the distribution if more dispersed.

Frequency distributions of travel time for one-kilometre segments
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Figure 3. Examples of frequency distributions of travel times for one-kilometre segments of A-40
(westbound) — pooled GPS data

ANALYSIS

To point out the fact that it is clearly useful to compare the two kinds of datasets, an example
is exposed using the Autoroute 40 that crosses the Island of Montreal from east to west. This
circuit is 68 km long, and consequently is composed of 68 segments. This highway crosses
four main highways, respectively the A13, A15 (twice) and A25 (Figure 4). As can be seen on
the map, highway 15 merges into the A-40 for some 2.5 km before splitting back into
separate highways. This combination of flows often translates into important congestion at
many periods of the day and in both directions.
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Figure 4. Highway 40 from east to west

Sample size consideration

In order to assure accurate results, the size of the sample is important. GPS data are
available from 2006 to 2008. However, some months of observation do not provide a
sufficient sample and will hence not be considered. Figure 5 summarises the available
sample, by month of observations. Only months with sufficient sample sizes will be used in
the main analysis.
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Figure 5 Sample size per month of observation

Means and variation of travel times

The first step of the process is the comparison between indicators estimated using the two
datasets. For this first analysis, all available data are pooled: floating cars combining data
from 1998 to 2004 and GPS traces combining data from 2006 to 2008.

Figure 6 first presents the mean travel time per segment (one-kilometre segment) estimated
using both datasets. It is obvious that both datasets capture the same zones of congestion
(segments with high travel times: 23 to 35 with a peak in the A-40-A15 merge zone). Values
are also quite similar, in the western part of the route (segment 40 and subsequent). Higher
differences are observed in the eastern part of the route but the overall pattern is still similar.
At this point, it is hard to know if differences are due to technology or evolution of traffic
conditions over time. Figure 7 presents the coefficient of variation of travel time on the same
segments, again using both datasets. Some segments are similarly characterised by both
datasets and the overall trend, from east to west, seem similar. Actually, as a first indicator of
comparability, the correlation coefficients between results from the two datasets are
respectively 0.83 and 0.43 for the mean and coefficient of variation. Mean estimations are
hence quite correlated and the correlation is also relevant for the coefficient of variation.
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Figure 6. Means travel times estimation using the two datasets: GPS vs floating cars
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Figure 7. Travel times coefficients of variation of estimation using the two datasets: GPS vs floating
cars

Difference between years

Since estimations of mean travel times seem to be consistent between the two technologies,
we are using them in sequence to observe the evolution of this attribute throughout the
years. As can be seen in Figure 8, showing mean travel times for the eight years of
observation, it is clear that the segments which were subjected to congestion (especially
segments 23-25 and 31-33) present, for years 2007 and 2008, high means of travel times.
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Figure 8. Means of travel times per year

One of the most interesting differences between data is for the section between segment 25
and 30. Actually, we have a clear confirmation from the Figure 9 of previously seen
phenomenon: whereas for the past years, the traffic was more fluid, now, there seems to be
a gradation of congestion between the two picks of congestion, an observation that could
reveal saturation of the following segments and overflow to these segments.
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Figure 9. Means of travel time of segments 20 to 40

This observation is also confirmed by the two following figures presenting coefficients of
variation of travel times, on each segment, for the eight years of observation. We can see
that the traffic had become less reliable form year to year. Even if this evolution is not
especially important in terms of number, the traffic can be unbearable for a daily user. It is
quite clear for segments 20 to 35, as shown in Figure 11.

Year 2008
Year 2007
Year 2004
Year 2002

Year 2001

Year 2000

Year 1999
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46 49 oy
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Figure 10. Coefficient of variation of travel times per year
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Figure 11. Coefficient of variation of segments 20 to 40

Expansion factor for means

In order to compare the years, it is possible to use an expansion factor which is defined in
the next formula:

mean of travel timesyeqy j41

E . =
year i—year i+1 ;
mean of travel times,eqy ;

From this factor, there is a confirmation of a degradation of travel times for year 2007 and
2008. Obviously, the first segments of the circuit seem subjected to an enormous
degradation. Several explanations are possible, considering the fact that they correspond to
a bridge area:

¢ Problem due to one or both of the technologies (measurement errors)
e Highway maintenance

e Weather conditions

The second and third reasons, which need a confirmation from the Ministére des Transports
du Québec, are clearly the most likely.
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Figure 12. Expansion factors of travel times for years 1998 to 2008
CONCLUSION

This paper has presented a study aimed to the comparison of two different ways of
measuring travel times on a freeway segment. In previous studies, floating car data, which
are collected expressly for this task, has proven their benefit and their acuity on some routes.
However, this exercise of data collection is too expensive to be viable on a continuous basis.
Therefore, available GPS traces can be used to measure travel times over a network, if
enough observations are available. In this study, we were able to estimate travel time on
high volume segments by looking at specific GPS traces collected in carsharing vehicles.
These results are promising and show that the measurement of travel time at high scale
could be done with larger GPS datasets.

Of course, the analyses that were done here are partial and suffer from some limitations.
Floating car data are limited to specific routes and cover an old period (1998-2004). Data
quality is variable between the years, and not all periods are covered. GPS data are only
available since 2006. In some cases location sampling is scarce and could suffer from
interpolation. In addition, carsharing users are likely to avoid congestion and will not use the
service as much on peak hours, limiting the number of observations. Hopefully, the
increasing number of shared cars equipped with GPS traces will reduce this effect and
increase the coverage of the area throughout the days and years. Still, other sources of GPS
traces may have to be found to complete the dataset.
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The study reveals that these two sources of data are complementary and can benefit one
from each other. This brings new research perspectives for the measurement of travel time:

e Try to generalize the analysis to several routes to see if the differences between the
datasets are systematic;

e Use more recent GPS traces, hoping to achieve better levels of resolution. Other
sources of GPS data could also be envisioned.

e Try to add data from other sources of travel time collection technologies, like
Bluetooth device matching, series of loop detectors, cell phone data, etc.
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