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EFFECT OF TRAFFIC INFORMATION ON TRAVEL TIME
OF MEDIUM-DISTANCE TRIPS: A CASE STUDY IN TEHRAN

ABSTRACT

In populated cities with high traffic congestion, traffic in-
formation may play a key role in choosing the fastest route
between origins and destinations, thus saving travel time.
Several research studies investigated the effect of traffic in-
formation on travel time. However, little attention has been
given to the effect of traffic information on travel time ac-
cording to trip distance. This paper aims to investigate the
relation between real-time traffic information dissemination
and travel time reduction for medium-distance trips. To ex-
amine this relation, a methodology is applied to compare
travel times of two types of vehicle, with and without traffic
information, travelling between an origin and a destination
employing probe vehicles. A real case study in the metropol-
itan city of Tehran, the capital of Iran, is applied to test the
methodology. There is no significant statistical evidence to
prove that traffic information would have a significant impact
on travel time reduction in a medium-distance trip according
to the case study.
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1. INTRODUCTION

Routing is a decision support system that guides
a traveler from a certain origin to a specific destina-
tion across a network. Although this system can be
different in many aspects, its main goal is to provide
travelers with an optimal solution, i.e., to identify the
shortest or fastest path to travel from an origin to a
destination. Routing methods can be classified into
four categories: static and dynamic routing, determin-
istic and stochastic routing, reflective and forecasting
routing, centralized and non-centralized routing. In
static routing, historical traffic data is utilized, while in
dynamic routing real-time traffic data is used as the
system input. Stochastic routing considers the ran-
dom nature of traffic data, whilst the deterministic
approach treats traffic data as fixed variables. Fore-
casting routing applies models to predict traffic data,

while reflective routing employs the current state of a
network. Non-centralized routing carries out optimiza-
tion for each user, whilst centralized routing takes the
whole network into consideration [1]. Reliable traffic
data is vital for planning efficient routing.

Reliable sources of traffic data may provide travel-
ers and decision-makers with accurate and real-time
information enabling them to select appropriate routes
to reach their destinations. Many developed countries
employ Advanced Travel Information Systems (ATIS)
to capture real-time traffic data and disseminate it to
travelers using devices such as monitoring cameras,
inductive loop detectors, speed cameras, and Blue-
tooth detectors. Nevertheless, those systems require
high capital investment. Recently, other sources of
real-time traffic information, such as crowdsourcing,
have been applied as emerging cost-effective alter-
natives. In this regard, smartphone applications have
been widely deployed to send and receive information
from and to travelers with highly developed systems.
Those systems not only require low-cost infrastruc-
tures but also deliver information in real time to the
city traffic control center, which provides travelers
with visual outputs through smartphone applications
[2]. However, this alternative is highly dependent on
travelers holding smartphones connected to the inter-
net. Practically speaking, the related penetration rate
would not be high enough, especially in developing
countries.

One of the most cost-effective methods of real-time
traffic data collection is to deploy probe vehicles
equipped with smartphones or handheld GPS while
they are running in transportation networks. Informa-
tion parameters such as location, speed, acceleration,
and direction of vehicles are collected and sent to
traffic centers. After data cleaning, useful information
such as traffic conditions is transmitted to travelers to
optimize their route in terms of travel time, distance, or
convenience to reach their destinations [3]. This meth-
od has an advantage over the abovementioned ones
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due to the fact that it needs neither high capital invest-
ment nor travelers holding smartphones connected to
the internet.

2. LITERATURE REVIEW

Different studies have been conducted on the
application of real-time traffic data in transportation
planning. Saraydar et al. proposed a method called
mobility management to use wireless technology in
collecting data. Detecting users within a wireless net-
work was made possible by mobility management re-
sulting in links flow [4]. Tsui and Shalaby designed a
real-time data collection system based on GPS data
to detect transportation modes using fuzzy logic. They
claimed that the main challenge in real-time data col-
lection was to obtain similar results with limited data
from short-distance trips [5]. Yim and Cayford designed
a field experiment to compare smartphone efficiency
and GPS. The results showed that GPS technology was
more accurate than those based on Base Transceiver
Station (BTS) signals for routing and collecting traffic
conditions. Likewise, the authors declared that low
system accuracy of BTS signals made them inappro-
priate for traffic condition data collection usage, espe-
cially in situations where routes had complicated geo-
metric characteristics [6]. Guo et al. presented a new
approach in traffic data collection called link condition
data collection system. This system received informa-
tion from smartphones and fleet management sys-
tems to estimate the links speed and travel time. This
information was applied to assist transportation agen-
cies in transportation planning [7]. Conversely, some
researchers focused on the limitations and drawbacks
of employing smartphones in traffic data collection [8].
They stated that smartphones captured a high volume
of traffic data which needed to be transferred to a data
center, resulting in high battery and data usage and
threatening user privacy.

Demers et al. employed 200 probe vehicles
equipped with GPS to collect traffic data over three
months. Seemingly, the main problem of this research
was the low number of vehicles equipped with data
collection devices compared to the total number of
vehicles in the associated transportation network
[9]. In a study conducted at the California Innovative
Transportation Center, 100 probe vehicles equipped
with smartphones were utilized to collect data from
10 miles of a highway in San Francisco. The vehicles’
speeds and locations were captured every three sec-
onds and transferred to a data center. Traffic condition
data was sent to travelers to effectively select their
routes to destinations [10]. Herrera et al. applied the
traffic data collected in the California Innovative Trans-
portation Center to determine traffic conditions based
on GPS imbedded in the smartphones. They also at-
tempted to evaluate the precision of traffic speed in

free flow and condensed traffic conditions. Moreover,
they investigated the penetration rate of vehicles
equipped with data transferring devices to all passing
vehicles [11]. Guanwan and Chandra proposed an av-
eraging time interval which had an effect on the accu-
racy of the result of the probe vehicle technique. They
found that there was an optimum averaging time inter-
val (i.e., seven seconds) where the accuracy of traffic
velocity was at the highest level [12].

Levinson et al. studied the effects of an infor-
mation dissemination system to reduce the drivers’
travel time and vehicle operation costs. Although the
system causes vehicle operation cost reduction, it
may increase the travel demands. The value of this
system is apparent during recurring congestion when
traffic flow is close to the capacity. However, its value
is much more significant over non-recurring conges-
tion [10]. Rouhani and Gao examined the effects of
the Advanced Traveler General Information System
(ATGIS) on the road network in Fresno, CA, and found
that the total travel time in the city could be reduced
by 17% (no pre-system perceived costs) to 1% (accu-
rate pre-system perceived costs), and even increased
by 1% (higher-than-actual pre-system perceived costs)
[13]. Leontiadis et al. evaluated the effect of using a
decentralized traffic-based navigation system. They
designed a system where vehicles were allowed to re-
route by using individually collected traffic information.
By performing a case study, they evaluated the possi-
bility of minimizing the travel time of drivers by using a
decentralized system. The authors concluded that traf-
fic congestion in a realistic scenario could be reduced
by the decentralized approach. Similarly, they claimed
that monitoring only a subset of streets could cause
undesirable results even in a congested street [14].

To sum up, several valuable achievements have
been accomplished by researchers in terms of col-
lecting traffic condition information via conventional
intelligent transportation systems or affordable devic-
es such as smartphones or GPS. It has been claimed
by many researchers that real-time traffic information
could assist travelers or related authorities. Howev-
er, little attention has been paid to investigating the
fact of how helpful traffic information is with regards
to the length of trips, especially over medium distanc-
es. Long-distance or inter-city trips are defined with
thresholds of 50 to 100 km [15-16], while short-dis-
tance trips over less than 5 km can be carried out on
foot or bicycle [17]. In short-distance trips, traffic in-
formation might not have a significant effect on travel
time due to two reasons: (1) using mostly modes of
transportation with separate lanes (walking and bik-
ing) which would not be largely affected by traffic jams;
(2) short distances between origins and destinations
would not allow for travel time to significantly decrease
due to selecting uncongested routes using traffic infor-
mation. Therefore, it is concluded that there has not
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been enough research conducted on the significance
of real-time traffic data dissemination for travel time
in medium-distance trips (from 5 to 50 km, mostly in
urban areas).

3. OBJECTIVE AND SCOPE

The main objective of this study was to investigate
the statistical significance of disseminating real-time
traffic condition information to travelers in reducing
their travel time moving from an origin to a destination
in a medium-distance trip. The scope of this research
is limited to urban transportation networks. The traffic
data collection was performed using probe vehicles
equipped with smartphones and cameras runningin a
medium-distance origin-destination loop on recurring
congestions dealing with peak and off-peak hours on
weekdays and a weekend.

4. METHODOLOGY

After a thorough literature review, the problem was
defined including a description of the problem context
along with the objective and scope. Then, an experi-
ment was designed to collect traffic data over a medi-
um-distance origin-destination in the Tehran transpor-
tation network. After data collection, data cleaning and
data preprocessing were executed to remove noise,
inconsistencies, and incompleteness. Finally, the in-
formation was analyzed to express the importance of
real-time traffic data dissemination among travelers in
medium-distance trips. The flowchart of the research
methodology is depicted in Figure 1.

4.1 Experiment design

The selected case study was located in Tehran, the
capital of Iran. In a metropolitan city such as Tehran,
with a population of around nine million, making it the
third largest city in the Middle East, the number of pri-
vate cars and trips grows faster than the urban trans-
portation network expands. According to the statistics
presented by the Tehran Traffic and Transportation
Center, almost 45% of daily trips in Tehran are taken
by private cars [18]. During peak hours, 80% of trips
are taken by private cars and taxis. The average speed
of vehicles in Tehran is 26.5 kilometers per hour and
the ratio of delay time (difference between free-flow
travel time and actual travel time) over mean travel
time is 50.7 percent. Aimost 29 percent of the network
is located in a level of service lower than “E” [18].

The design of the study included three parts: de-
fining response variables and factors, determining the
block of data collection and preparing protocols and
schedule. First, the speed and travel times of probe
vehicles were defined as a response variable. Having
applied smartphones imbedded in probe vehicles, pa-
rameters such as vehicle speed and travel time were
captured. After that, parts of the transportation net-
work including an origin, a destination, and routes
connecting the origin and destination were selected
for data collection, where the origin and destination
were at a medium distance from each other. For this
purpose, a pilot study was conducted to investigate
which part of the Tehran transportation network is

Experiment design

—p| Traffic condition monitoring via probe
vehicle, a panel, and TTCC

Select five common routes between
the origin and destination

\4

\4

Survey preparation

Record travel time of informed vehicle

Record travel time of uninformed
vehicle

\ 4

Run initial experiment

Module 1
Data collection

Comparison of informed and
uninformed vehicles

\ 4

Module 2

Run statistical test to check .
Data analysis

significance of difference

Figure 1 - Research methodology
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appropriate for traffic data acquisition. To choose the

origin and destination, the following criteria were tak-

en into consideration:

- The origin and destination should be out of the
Tehran traffic restricted zone (located in the CBD of
Tehran, where only authorized vehicles can enter)
to ensure that the traffic pattern is not affected by
the zone moving restrictions on working days.

- The number of feasible routes connecting the or-
igin to the destination should be higher than one
to provide opportunities to select a route with the
best traffic conditions between the origin and des-
tination.

- The routes should include either highways or arte-
rial roads. Also, these routes should have a wide
range of traffic conditions in peak and off-peak
hours.

- The origin and destination areas should have suf-
ficient space, such as a parking lot, for probe vehi-
cles to remain organized by the survey coordinator
before starting data collection.

- The routes should be equipped with cameras and
monitored by the Tehran Traffic Control Center
(TTCC) to enable utilizing their captured data to val-
idate the data collected by the probe vehicles.

- The origin and destination should be at a medium
distance (between 5 and 50 kilometers) in an ur-
ban area.

After various field investigations in the pilot study,
the Azadi and Sanat squares were selected as the or-
igin and destination with a distance of approximate-
ly ten kilometers, in the west part of Tehran. Those
squares are among the main squares in Tehran, with a
high rate of trip generation which meets all the criteria
mentioned above. The five most common routes were
chosen (among various available routes) between
the origin and destination based on local cab driv-
ers’ opinions. It should be noted that by selecting just
five routes and instructing the drivers to follow one of
those routes, other minor routes which may not actual-
ly be common alternatives were intentionally neglect-
ed, since some of them were so far from each other
that switching between them after receiving real-time
information did not seem reasonable.

Table 1 - Route description (from Azadi to Sanat squares)

The average traffic condition of the chosen routes
(based on the level of service) is “E”. The routes may
include freeways, highways, and arterial roads of Teh-
ran which are specified in Table 1 with the associat-
ed number of lanes and lengths. The speed limits of
arterial roads, highways, and freeways in Tehran are
50, 80, and 100 km, respectively. Figure 2 illustrates
the origin and destination along with the five routes
between them.
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Figure 2 - Selected origin and destination

It should be mentioned that only one OD pair was
chosen here as a case study. Of course, the case study
explained herein was insufficient to assess the effect
of trip distance on travel time. However, this research
only focuses on medium-distance trips and proposes
a methodology to evaluate the effect of travel time
information on OD travel time which was elaborated
using a case study. In fact, more samples with various
OD networks and distances in different regions of the
city (i.e., CBD and non-CBD areas) over weekdays and
weekends in peak and non-peak hours with at least
three to five replications with minimum 30 samples for

HWY (3 lanes)

Route Consists of (type of road / number of lanes) Length [km]

1 Jenah HWY (3 lanes) + Sheikh Fazlolah FWY (4 lanes) 9.1

2 Jenah HWY (3 lanes) + Hakim HWY (3 lanes) + Sheikh Fazlolah FWY (4 lanes) 10.2

3 Jenah HWY (3 lanes) + Hemat HWY (3 lanes) + Sheikh Fazlolah FWY (4 lanes) 10.6
Jenah HWY (3 lanes) + Sheikh Fazlolah FWY (4 lanes) + Yadegar Imam HWY (3 lanes) +

4 10.0
Eyvanak ARTL (2 lanes)

5 Jenah HWY (3 lanes) + Sheikh Fazlolah FWY (4 lanes) + Yadegar Imam HWY (3 lanes) + Heamt 10.5

Note: FWY, HWY, and ARTL stand for Freeway, Highway, and Street, respectively.
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each OD are required to examine a significant effect
of OD distance on travel time while travelers are using
real-time traffic information.

4.2 Survey preparation

After designing the study, preparation for the sur-
vey was carried out. The preparation included assign-
ing tasks and developing instructions, preparing forms
and equipment, and conducting an initial experiment.
A panel of 42 surveyors was employed in this survey,
categorized in 21 probe vehicles running from the or-
igin to destination, i.e., the Azadi square and Sanat
square, respectively, and vice versa. It is noted that
the routes from the origin to destination and from the
destination to origin are abbreviated as AS and SA, re-
spectively.

An instruction was developed to provide detailed
information to the surveyors about the routes and
associated segments that each vehicle should pass,
equipment that should be mounted on the vehicles,
methods of applying it, and the traffic condition form
which should be qualitatively completed for each seg-
ment. The instruction also included the verbal and vi-
sual descriptions of traffic, which assisted the panel to
rate the traffic condition of each segment. The descrip-
tions were defined based on the concepts applied by
the TTCC in preparing a color-coded map to be able to
validate the panel rating. The TTCC subjectively rates
the Tehran transportation network according to traffic
conditions using a color-code scheme which is associ-
ated with the letters A to E (A relates to free flow, while
E is a congested traffic condition).

A few discussion sessions were held with the panel
to clearly explain the traffic conditions, simulate the
situations they encountered in the field by showing vid-
eos of various traffic conditions and expressing how to
rate them. The panel was to subjectively rate the traffic
condition of each segment with the letters A, B, C, D,
and E, where A is the perfect traffic condition, while E
represents the worst one. Two surveyors were on board
in each vehicle (Figure 3a). One was the driver and the

a) Panel rating

other sat in the front seat running the equipment and
filling the traffic condition form. Both surveyors rated
the traffic condition in such a way that the passenger
first wrote his/her judgment down on the form on his/
her own and then asked the driver to express his/her
rating about the traffic condition. This approach led to
unbiased rating by surveyors. More specifically, if the
passenger had asked the driver’s rating first, it would
have affected the passenger’s rating, that is, it might
have caused bias in the data. The panel rating was
employed to generally validate the data captured by
the equipment mounted on the vehicles.

In each probe vehicle, two pieces of equipment
were employed in the survey, consisting of smart-
phones and cameras. Smartphones were mounted
in the vehicles in a horizontal position (Figure 3b). A
proper smartphone application was utilized to record
travel time, vehicle location, and speed. The data was
captured and stored every one second on the smart-
phones. Simultaneously, a camera was mounted on
each vehicle behind the windscreen to capture the
video of the whole survey. The video assisted the pan-
el to verify their qualitative rating of traffic conditions
after the survey. After all the arrangements, the initial
experiment was executed on different routes to check
whether the designed experiment was implementable
or not. The initial experiment proved that the routes
were properly selected, and the experiment could be
successfully executed.

4.3 Data collection and preprocessing

The data collection was carried out over three time
slots with different traffic conditions to enable unbi-
ased data collection in order to obtain a valid conclu-
sion. The traffic conditions were off-peak hours on a
weekday morning, peak hours on a weekday afternoon,
and a weekend. Three to five replications were con-
ducted in each time slot to decrease the error inher-
ited in the collected data. Each route was surveyed in
both directions: first from the origin to the destination

s\

b) Smartphone mounted on the car dashboard

Figure 3 - Data collection
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and second from the destination to the origin. The
data collection took on average three to five hours in
different traffic conditions.

In each survey, five vehicles drove through five dif-
ferent routes (illustrated in Figure 2) from the origin to
the destination starting at the same time, and two ve-
hicles began the survey five minutes later. The travel
times of all vehicles were captured. One of those two
vehicles (running five minutes later than the others)
called “the informed vehicle” received real-time traffic
conditions of upcoming routes from those five vehicles
running earlier to be able to wisely take the one route
which most probably had the lowest congestion and
shortest travel time. The information received by the
informed vehicles covered a spatially sufficient area,
i.e., considering the average speed of 50 km/h (as-
sumed based on the observations in this survey), the
five lead vehicles were roughly 5 km (almost half of the
length of the routes) ahead of the informed vehicle. It
seems that real-time data from the intermediate sub-
routes (sub-routes used when switching from one path
to another one) was provided to the informed vehicle.
This may result in a wise route choice by the informed
vehicle. However, it should be noted that due to the
subjectivity of inputs such as traffic congestion report-
ed by the vehicles running earlier, the decision made
by the informed vehicle might be susceptible to error
in decision-making regarding the best route to take.

Hence, another vehicle, called “the uninformed ve-
hicle”, took a route based on the best of the driver’s
knowledge, i.e., without traffic information on the up-
coming routes. The novel idea behind this five-minute
gap was to monitor the traffic conditions of all possible
routes that the informed vehicle could take. This was
provided by five probe vehicles and disseminated as
future traffic conditions to the informed vehicle. This
idea results in a more realistic and accurate future

@ ()

travel time for the informed vehicle as compared to
the application of travel time prediction models. In the
latter approach, a model is fitted to the captured data
which inevitably contains errors in travel time predic-
tion. Nevertheless, the proposed method reports the
real traffic conditions of the routes that travelers are
going to pass. The five routes provide enough flexibility
for drivers to decide to reroute based on the best travel
time and traffic condition. This concept is illustrated in
Figure 4. Concurrently with the data collection, a per-
son in the office was in charge of recording and storing
a color-coded qualitative traffic condition map of the
selected routes provided by the TTCC.

It is of great importance to note that being famil-
iar with a route or being a commuter plays an import-
ant role in choosing a route. Sometimes commuters
do not even trust or pay attention to real-time traffic
information. This becomes even more important for
medium-distance trips as compared to long-distance
ones. In this study, the drivers’ levels of familiarity with
the routes were categorized into two groups: the unin-
formed vehicle which decided based on previous expe-
rience, such as that of a commuter, and the informed
vehicle that selected the route based only on traffic
information, rather than previous knowledge. The driv-
ers were all at the same level of knowledge and famil-
iarity with the routes.

After data collection, data preprocessing was car-
ried out. Incomplete data, outliers, and inconsisten-
cies were investigated. In some cases, smartphones
did not work properly, or cameras failed to store data.
In those cases, incomplete data was discarded. The
box plot method was applied to detect outliers in the
data and eliminate them. Moreover, the consistency of
the data was checked with regards to units and dimen-
sions; no inconsistencies were detected.

Sy Travel time [min] | 15
Traffic condition B

@ffr

&l

-
O

v

Qg‘m Travel time [min] | 10
Traffic condition A
[ dd )
&
Travel time [min] | 18
Traffic condition C

onl e
©)

Rl
QD Travel time [min] | 22
Traffic condition D

e

-
% Travel time [min] |26
Traffic condition E

Figure 4 - Routing based on the best traffic condition and shortest travel time
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5. RESULTS AND DISCUSSION

Data exploration was executed through computing
descriptive statistics (e.g. mean and standard devia-
tion) for speeds and travel times of the informed and
uninformed vehicles over different time slots and ori-
gin-destination pairs. A sample of data is presented in
Table 2.

As expected, the average speed of vehicles on
weekend is higher than in off-peak hours on weekdays.
Likewise, the average speed of vehicles in peak hours
on weekdays is the lowest. The same order of mag-
nitude can be observed on travel time in the reverse
order, i.e., the highest travel time values correspond
to peak hours on weekdays. The same pattern can be
understood from the panel rating and TTCC outputs.
It should be mentioned that the captured videos from
the routes were consistent with the traffic conditions
rated by the panel and TTCC.

Similarly, the travel times of different replications
are almost the same. On average, the travel time of
the direct route from the origin to the destination (AS)
is shorter than that of the opposite route (SA), which is
due to the longer distance of SA compared to AS. Fur-
thermore, the difference in travel time (informed mi-
nus uninformed vehicle travel time value/percentage)

Table 2 - Descriptive statistics for speed and travel time

is meaningful (i.e., negative) only in the peak hours
of weekdays although its magnitude is relatively low.
In a case of non-recurring congestion due to an unex-
pected event (i.e., an accident or an unexpected event
during driving), there would be a significant effect of
real-time traffic information on travel time reduction.

Moreover, it was expected that the travel time of
the informed vehicle would be shorter than that of the
uninformed vehicle. Almost all cases, especially sur-
veys conducted in peak hours on weekdays, followed
this fact, but some replications (such as replication 2,
SA on the weekend) violated this rule. The reason is
that the traffic data of upcoming routes provided to the
informed vehicle would be useful in case of encounter-
ing congestion on some routes and uncongested con-
ditions on others or even in non-recurring congestion
caused by accidents or special events. In other words,
if all routes experience smooth flow, or if they are all
fully congested, the knowledge of traffic conditions
of upcoming routes does not play a significant role in
reducing travel time of the informed vehicle since all
choices roughly face the same travel time. On the oth-
er hand, if a traveler can pick a route with smoother
traffic conditions (using future traffic condition data)
among other routes suffering from traffic jams, he/she
will effectively decrease his/her total travel time.

s Speed Travel time
k- c : Speed mean standard Travel time . . TTCC
ret s S | Sample size o . difference | Panel rating )
= = E= [km/h] deviation [min] . rating
» b © minute [%]
o o | 2 [km/h]
1S © o
[ £ 2
-(%” v uv \% uv \% uv v uv _ \Y uv .
) AS 1 | 727 | 720 | 478 | 36.7 | 20.2| 222 | 15.0 | 145 | 0.5(3.6) A B A
>
E .§ SA 1 | 484 | 482 | 589 | 479 20.1 | 30.2 | 131 | 12.2| 0.9(7.5) A A A
X
©
g § AS 2 | 414 | 452 | 29.7 | 46.4 99| 261 | 123 | 135 | -1.2(-9.1) C B B
S SA 2 | 408 | 436 | 61.7 | 379 174 | 23.2 | 10.6 | 10.0 | 0.6(6.5) A B B
AS 1 | 763 | 894 | 431 | 311 | 235 | 214 | 21.7 | 223 | -0.5(-2.6) B C B
()
é .§ SA 1 | 619 | 663 | 559 | 42.8 16.6 | 20.3 | 12.8 | 13.8 | -0.9 (-7) A B B
X
é § AS 2 | 869 | 1030 | 35.7 | 26.7 | 251 | 20.8 | 23.7 | 24.2 | -0.5(-2.3) B C C
[a
SA 2 | 8831001 | 38.0 | 27.03 | 186 | 224 | 229 | 242 | -1.3(-5.5) C D D
AS 1 | 812 | 588 | 53.2 | 454 151 | 21.8 | 11.8 | 115 | 0.2(2.2) A B B
SA 1 | 603 | 430 | 58.6 | 65.7 15.0 | 19.1 | 10.0 75| 2.5(33.6) A A A
kel
_gcca AS 2 | 638 | 563 | 53.9 | 479 12.4| 239 | 109 | 10.9 | 0.0(0.3) A B B
]
§ SA 2 | 659 | 483 | 535 | 58.2 13.4 | 19.15 | 12.8 8.6 | 4.2(48.9) A A A
AS 3 | 693 | 605 | 51.2 | 44.6 16.5| 23.0 | 11.8 | 11.3 | 0.0(0.3) A B A
SA 3 | 476 | 507 | 56.8 | 55.5 12.2| 16.7 8.1 8.9 | -0.7 (-8.5) A A A
IV: Informed Vehicle, UV: Uninformed Vehicle
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Furthermore, the high standard deviation of speed
(in most cases) expresses the variability of speed over
routes. This fact is more visible on weekdays due to
unstable fluctuated traffic patterns (several stop-and-
go and free-flow movements). Moreover, the average
and standard deviations presented in Table 2 were cal-
culated using instantaneous speed (captured almost
every 1-2 seconds) which results in a high variability of
speed. Nevertheless, this variability would not affect
the travel time since the travel time was directly mea-
sured (not using the instantaneous speed).

The histograms of travel speeds of informed and
uninformed vehicles from origin to destination (AS)
and vice versa (SA) on weekdays and weekends are
depicted in Figure 5. As shown in this figure, no logical
pattern can be understood with regards to the signif-
icance of traffic condition information on travel time.
In other words, it was expected that the histogram of
the informed vehicle would have been skewed to the
left, i.e., most of the captured speed data should have
been located in higher speed bins. However, there is
no significant evidence to prove this expectation. For
instance, as shown in Figure 5a related to the vehicle
speed from the Azadi to Sanat squares on weekdays,
the frequency of the uninformed vehicle at a speed bin
of [90,105] is higher than that of the informed vehicle
and likewise in the opposite direction, as in Figure 5b.
The uninformed vehicle frequency in the range of 60
to 95 km/h is almost similar or even higher than that
of the informed vehicle.
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0715—30 30-45 45-60 60-75 75-90 90-105
Speed

a) Speed - AS - Weekday

300

Hinformed

BUninformed

'15-30 30-45 45-60 60-75 75-90 90-105
Speed

c) Speed - AS - Weekend

This pattern is even vaguer in the case of weekends
(Figures 5¢ and 5d), which seems logical. That is, in
case of lower traffic congestion, i.e., on weekends, us-
ing traffic condition information would not significantly
affect the travel time since most of the routes between
the targeted origin and destination are in the higher/
better traffic level of service, as stated before. There-
fore, the same result is derived based on the speed
histograms of various replications on the weekend.

Figure 6 shows the travel times of informed and un-
informed vehicles on weekdays and the weekend on
Sanat to Azadi squares (Figure 6a) and Azadi to Sanat
squares (Figure 6b). Only in the case of peak hours on
weekdays does the pattern seem logical, showing that
the travel time of the informed vehicle is shorter than
that of the uninformed one. There is no strong evidence
from the figures that there is a significant difference
between the informed and uninformed vehicles in both
directions (i.e., from Azadi to Sanat squares and from
Sanat to Azadi squares) in terms of travel times.

Travel time, in fact, is a random variable which
should be properly expressed by probability distribu-
tion. Having applied numerous rows of travel time
data (replications) collected for each vehicle (in-
formed/uninformed) in various traffic conditions, a
probability distribution was defined as, for instance,
schematically illustrated in Figure 6a. The area over
which two probability distributions are overlapped
(highlighted in the figure) represents the concept
of error types | and I, i.e., although the probability
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Figure 5 — Speed histogram for different origin-destination
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Figure 6 - Comparison between informed and uninformed vehicle travel time in different time slots on various origin-
destination pairs

distribution mean of the uninformed vehicle’s travel
time is greater compared to the informed one (in peak
hours on working days), in rare cases the situation is
completely opposite, meaning that the travel time of
the informed vehicle is longer than that of the unin-
formed vehicle. Therefore, this error is partially due to
the inherent randomness of travel time.

Figure 6 can only subjectively support the hypothe-
sis of travel time equality of informed and uninformed
vehicles, i.e., no evidence can be found to support the
fact that traffic information has a significant effect on
the travel time of the informed vehicle between the
origin and destination. In order to retain or reject the
hypothesis, a statistical test is required, called the two-
tailed t-test. This test is applied in the case that the

Table 3 - Result of two tailed t-test

equalities of the mean of two sets of data are investi-
gated. The two-tailed t-test applies hypothesis testing
to reject or retain the equality of means.

In this test, the null hypothesis stated the equality of
the mean of travel time of the informed (4,,,,) and un-
informed (,uunmfo) vehicles (i.e., Ho:ﬂmf0=ﬂunmfo). Hence,
the alternative hypothesis stated the inequality of the
travel time means of the informed and uninformed ve-
hicles (i.e., Hl:ﬂinfoiﬂunirgﬁ))' The test that was carried
out at the level of significance of 95% resulted in ¢ sta-
tistics of 0.791 (as shown in Table 3), which was much
lower than the critical ¢ value (almost 2). Since the ¢
statistics was lower than the critical ¢ value, there was
no significant evidence to reject the null hypothesis.
Therefore, the null hypothesis was retained (could not
be rejected), meaning that there was no statistically

® Paired differences
o
C . .
) 95% Confidence interval ) )
£ Mean | Std.deviation | SO €O of the difference ! of Sig. (2tailed)
B mean
Lower Upper
IV-UV 0.125 1.729 0.462 -0.873 1.123 0.270 13 0.791
Promet - Traffic&Transportation, Vol. 30, 2018, No. 3, 281-291 289




Mohammadi R, Golroo A, Hasani M. Effect of Traffic Information on Travel Time of Medium-distance Trips: A Case Study in Tehran

significant difference between the travel times of the
informed and uninformed vehicles. It should be noted
that the power of the hypothesis testing is on rejec-
tion. In cases such as this hypothesis, where the null
hypothesis is not rejected (it is not called “accepted”,
just noted as “retained”), more investigations are sug-
gested. For future work, it is recommended to expand
the sample size to ensure that the conclusion drawn
is valid.

It seems that in medium-distance trips the traffic
information would not significantly impact their trav-
el time. Obviously, this result does not take real-time
traffic information dissemination for granted. It just
emphasizes the possibility of the trip distance effect
on travel time of vehicles with real-time traffic informa-
tion. It is worth noting that to draw a concrete conclu-
sion whether to retain or reject this statistical test a
more comprehensive data base, as mentioned earlier,
is required.

6. CONCLUSION

Distributing traffic information may generally af-
fect travel times of travelers within transportation
networks. Knowing which route between the targeted
origin and destination has better traffic conditions may
assist travelers in reaching their destination earlier.
This fact has not been thoroughly investigated on me-
dium-distance trips. The main aim of this study was to
investigate the effect of traffic information on reduc-
tion in travel time on medium-distance trips. An exper-
iment was designed to gather data via probe vehicles
to be able to study this effect. Not enough evidence
was provided to reject the hypothesis of equality of
travel times of informed and uninformed vehicles (with
regards to real-time traffic information) in medium-dis-
tance trips based on a case study run in the metro-
politan city of Tehran, the capital of Iran. Of course, to
draw a concrete conclusion whether to retain or reject
this statistical test, more comprehensive data gather-
ing is required.

The randomness inherent in the travel times result-
ed in some cases where the travel times of informed
vehicles were longer than those of uninformed ones,
which seems unreasonable. This fact was mostly ob-
served in off-peak hours, where traffic information
would not have a positive impact on travel time due
to the fact that all routes were encountering smooth
traffic, and traffic information could not make the trav-
el time shorter. In peak hours, however, the difference
between informed and uninformed vehicles was more
visible but not statistically significant for medium-dis-
tance trips.
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