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Abstract

Intelligent Transportation Systems (ITS) play a fundamental role in reducing
traffic congestion and increasing safety during daily transportation. These
systems can also be useful in improving social welfare leading to general sa-
tisfaction. Proper performance evaluation can be efficient in improving the
performance of these systems, and providing a scientific assessment index
system can assist decision-makers in smart communities to plan for the de-
velopment of ITS. However, the evaluation of these systems requires identi-
fying appropriate indicators of performance evaluation that are consistent
with the views of the beneficiaries of these systems. In this paper, perfor-
mance evaluation indicators of ITS have been identified, and three indicators
entitled “environmental and safety”, “assistance in reducing traffic conges-
tion” and “attractive public transport” are presented to evaluate the perfor-
mance of these systems. Moreover, the intelligent transport systems of the
Tehran-Karaj Freeway in Iran are studied, and inferential statistical methods
are employed to test the research hypotheses. It is worth noticing that in this
study, a one-sample T-test method is used for hypotheses assessment and the
SPSS software was used to analyze the findings. Also, the results demonstrat-
ed that the performance of ITS in the Tehran-Karaj Freeway regarding the
indicators, such as “Declaration of route blocking information due to main-
tenance or reconstruction” and “Declaration of path geometry conditions”
has not been acceptable.
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1. Introduction

Due to the rapid growth of urban population and urbanization in recent years,
along with the apace development of technology, transportation problems, such
as environmental pollution, reducing energy resources, increasing the damages
derived from accidents, suburban transportation management, the increment of
wasted times and the rapid increase in transportation demand, especially during
rush hours have gained a dramatic amount of attention. The development of the
transportation facilities requires massive investments and considerable time to
run, and these have generated a large number of restrictions in this regard. Thus,
overcoming the problems through relying on traditional control methods seems
impossible. Also, following the advances in communications technology and
electronics, intelligent transportation systems (ITS) have been studied more
profoundly since the 1980s [1].

The benefits of ITS concerning both costs and the quality of controlling are
unique and remarkable. Intelligent transportation systems are about applying a
set of advanced technologies and equipment, such as sensors, processors, and
communications technology in transport systems, creating the possibility that
the different parts of transportation management automatically interact with
each other so that an integrated transportation network is to be managed. This
technology develops the performance of traditional transportation by using the
electronic exchange of data and information. These systems manage the trans-
port structure to curb the needed time for trips according to the space and ca-
pacity of the transport vehicles, population growth, and the increase in travel
rates. In this way, road transport capacity is enhanced without increasing the
physical road lanes. The use of intelligent transportation systems enables both
the government and the private sector to utilize new technologies to improve
safety, security, information accuracy, comfort, increase traffic congestion dy-
namics, and reduce fuel consumption and pollution. Using ITS expands the
quality and access to information for both service providers and clients (drivers)
and also prepares a condition to employ the equipment and identical services in
different environments [2]. In recent years, the use of intelligent transportation
systems has been developed, and the majority of countries throughout the world
utilize these kinds of systems at different levels of technology. In Iran, these sys-
tems are used in the towns and roads between cities. However, a significant
point in using ITS is the performance appraisal of these systems that should be
accomplished based on appropriate indicators.

Previous research identified various performance indicators for evaluating in-
telligent transportation systems. [3] decided to develop a set of performance in-
dicators for the practical assessment of transportation systems in a smart city
located in China. They divided this set of indicators into the following six cate-
gories: transport structure, traffic information service, traffic efficiency, traffic
safety, energy, and pollution reduction as well as social inclusion. Finally, having

calculated the index, they concluded that their proposed sets of indicators are
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suitable for assessing the performance of transportation systems in smart cities
according to big data. Also, [1] suggested a pragmatic framework to evaluate the
economic benefits of ITS projects from the societal point of view. They did their
study in China and stated that these systems help to curb travel and fuel costs
and increase the capacity of roads that consequently, this trend leads to the eco-
nomic development of a society. In a study conducted by [4], an anomaly detec-
tion method was employed to appraise the road traffic data in intelligent trans-
portation systems. This method is based on multi-channel singular spectrum
analysis (MSSA) intending to determine the spatio-temporal properties of the
transportation network. [5] considered the factor of feasibility in studying an
ITS project’s lifecycle.

On the one hand, the performance evaluation of these systems with suitable
indicators leads to the improvement of technology levels of these systems, and
on the other hand, the increment of users’ satisfaction is expected, since gener-
ally speaking in the management science the performance evaluation is the first
step through moving toward improvement and corrective actions. According to
the Deming Cycle (PDCA), proper evaluation can cause the improvement of
performance and the modification of probable mistakes. Besides, based on the
study of [6], considering the comments of customers about the products results
in quality improvement. In addition, [7] examined the speed control and intelli-
gent transportation systems by concentrating on the views of drivers. They
showed that their perception of these systems is positive, and they believe that
deploying these systems will give us an awareness of the traffic situation and also
increases driving safety.

Tehran Karaj Freeway is one of the busiest road axes between Tehran and Al-
borz provinces in Iran. Besides, according to information available on the web-
sites of Iran Road Maintenance & Transportation Organization' and Road
Management Center?, there are four intelligent control systems on this freeway.
These systems include video surveillance and speed cameras. Hence, in this pa-
per, according to the importance of this central freeway, we aim to provide indi-
cators for performance evaluation of intelligent transport systems on this free-
way. So, we endeavour to respond to the following fundamental question:

Which indicators can be used for the performance evaluation of intelligent

transport systems on the Tehran-Karaj freeway?

Intelligent Transportation Systems

ITS have been developed since the beginning of the 1970s [8] and formerly they
come from the term Intelligent Vehicle Highway Systems (IVHS) presented by
the University of Michigan Transportation Research Institute (1988) to deter-
mine the usage of computer, communication, and automation technologies for
meliorating the safety and efficiency of traffic [9]. ITS encompass two compo-
nents named, ATIS (Advanced Traveler Information Systems) and ATMS (Ad-

'http://www.rmto.ir/Pages/Home.aspx.
*https://www.141.ir/.
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vanced Traffic Monitoring System). ATIS provides the required information for
ITS, and ATMS supplies the surveillance, detection, and response aspects of In-
telligent Transportation Systems [10]. By reviewing the literature, it is cogent
that there are several definitions of intelligent transportation systems. According
to a definition, it can be defined as “the application of computing, information,
and communications technologies to the real-time management of vehicles and
networks involving the movement of people, goods, and services” [11]. Besides,
Intelligent transportation systems is a generic term for the combined use of
communication technologies, control, and information processing systems for
transportation systems. Generally, the term “intelligent transportation system” is
applied to mention “the integration of control, information and communication
technologies with transport infrastructure”. When these systems are integrated
into the infrastructure of the transportation system as well as vehicles them-
selves, they alleviate congestion, improve safety, and increase productivity [12].
The application of such systems leads to saving lives, time, money, energy, and
environmental benefits. ITS include all modes of transportation and covers the
dynamic interaction of all components of the transport system. Being widely ap-
plicable in various modes of transport is the main merit of Intelligent Transport
Systems. The core task of these systems is to improve decision making (especial-
ly on-spot) of transportation networks’ controllers and other users and, as a re-
sult, to enhance the overall application of the transportation system. This defini-
tion involves a wide range of techniques and strategies that can be achieved by
employing technology or improvement in a set of transportation technologies
[13]. Information is the focal point of ITS that can be in the following forms:
fixed data, updated and recent traffic data, and digital map. Most of the ITS tools
are based on gathering, processing, combining, and preparing the information.
Data collected by ITS can prepare updated information about the current condi-
tion of the roads network or the information for planning a trip. Also, this set of
data supply better, healthier and more harmonious information for the deci-
sion-makers of roads and associated companies, public transport, and commer-
cial service providers plus private travelers in order to use the road network
more intelligently [14]. By applying ITS technologies, the transportation systems
would be smarter, greener, and more efficient.

ITS is employed in the following scopes: 1-The management and monitoring
the traffic, 2-Traffic optimization, 3-Driving autonomously, 4-Identifying the
status of driver, 5-Identifying the mechanism of driver behavior and 6-Preventing
and analyzing car accidents [12] and its primary goal is to employ appropriate
technologies to generate more intelligent users, vehicles and roads [15]. To sum
up, due to having some specific characteristics, such as 1-automated computa-
tion, 2-flexibility, 3-providing precise, accurate and up-to-date information and
4-owning asynchronous and distributed algorithms for control, coordination
and resource management undoubtedly in the near future intelligent transporta-

tion systems will attain increasing importance [16].
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2. Research Conceptual Model

Relying on the studies and environmental features of the Tehran — Karaj Free-
way and in order to identify indicators for evaluating the performance of intelli-
gent transport systems, three indicators of environmental and safety, Assistance
in reducing congestion, and attractive public transport are recommended. It is
noteworthy that each of these sub-indices is shown in Table 1 (Figure 1).

Hence, based on the proposed model, the hypotheses of the present study are
as follows:

H,: Environmental and safety indicator and proposed sub-indicators are ap-
propriate indicators to evaluate the performance of Intelligent Transportation
Systems in the Tehran-Karaj Freeway.

H,: Assistance in reducing congestion indicator and proposed sub-indicators

Table 1. Evaluation of intelligent transport systems indicators in Tehran-Karaj freeway
derived from (ITS Handbook 2000, 1999).

Main indicators Sub-indicators

1) Declaration of path geometry conditions (such as screws and slope).
2) Diagnosis and prediction of air pollution.

. 3) Forecasting weather conditions.

Environmental . .
. 4) Warning about exceeding the safe speed.
and safety indicator o . ]

5) Providing safe speed selection information along the way.

6) Coordination with agencies responsible for emergency relief.

7) Controlling and monitoring suspicious vehicles.

1) Declaration of route blocking information due to maintenance or

. . . reconstruction.
Assistance in reducing . .
R 2) Alternative route guide.
congestion indicator

3) Inputs and outputs control of the route

4) Law enforcement through collecting violation evidence

1) Announcing route traffic and suggesting public transportation

Attractive public alternatives.
transport indicator 2) Announcing the exact departure time of public transportation
alternatives.
Assistance in Reducing Environmental and
Congestion Indicator Safety Indicator

\ Intelligent Transportation /

Systems Evaluation Indicators

v

Attractive Public Transport Indicator

Figure 1. Research conceptual model.
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are appropriate indicators to evaluate the performance of Intelligent Transporta-
tion Systems in the Tehran-Karaj Freeway.

H,: Attractive public transport and proposed sub-indicators are appropriate
indicators to evaluate the performance of Intelligent Transportation Systems in
the Tehran-Karaj Freeway.

3. Research Method

This research is a questionnaire-based study. The questionnaire has been de-
signed according to the conceptual model. Each indicator is measured based on
the Five-point Likert scale ranging from 1 to 5, which 1 indicating “strongly dis-
agree” and 5 “strongly agree”. We assessed the validity of the questionnaire
throughout content validity. Several experts and professors have confirmed the
face validity of the current questionnaire. The reliability is assessed using Cron-
bach’s alpha in a prototype 50 that results are shown in Table 2. Also, the statis-
tical society of this study includes all people who have used their cars in public
transport fleet and directly in the Tehran-Karaj freeway in one month. In this
case, given the reviews of the current situation and the limitations, 120 of these
people are selected for the study. Probability sampling (simple incidental sam-
pling) has been used in this study. There are about 20 females and 80 males in
the sample, and the average of ages in this sample is 33 years. Of those, 70% and
30% have a college education and high school diploma respectively.

4. Testing Research Hypotheses and Results

In this section, we test the research hypotheses. After the test, we should review
the behavior of the main variables for normality. Accordingly, by deploying the
Kolmogorov-Smirnov test, which its results are shown in Table 3, it was found
that three variables have normal behavior. Based on the normality of these va-
riables, to test the research hypotheses, a one-sample T-test is proposed. Besides,
since the numbers 4 and 5 represent terms “agree” and “strongly agree” in the
questionnaire if number 3 is chosen as the test number and all variables gain a
score higher than 3, it means that the majority of the respondents agreed with
the index. The results of testing the main hypotheses and sub-indicators are
demonstrated in Table 4 and Table 5. In this case, we used Equation (1) to per-
form the One-Sample T-test and relevant calculations are conducted using the
SPSS software.

_X-p
t=— (1

Jn
Equation (1). One-sample T-test
The sample mean (X )—The population mean (y)
The sample standard deviation (s)—Number of observations (1)
According to the findings in Table 4, all the leading indicators as the indica-
tors for assessing the Intelligent Transportation Systems (ITS) are approved (the
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Table 2. The reliability of the research question.

Indicator Name Number of Questions Cronbach’s Alpha
Environmental and safety indicator Seven questions 0.829
Assistance in reducing congestion indicator Four questions 0.719
Attractive public transport indicator Two questions 0.757

Table 3. Kolmogorov test results.

Attractive public transport  Assistance in reducing

Environmental and

Main indexes

indicator congestion indicator safety indicator
1.281 1.292 1.328 k-s statistic
0.066 0.071 0.059 Significant
Normal Normal Normal Result
Table 4. Test results of the research hypotheses.
) Degrees of Significant Difference ~Confidence interval 95%
Freedom Level  from the mean Upper limit Lower limit
Environmental and
L. 9.503 119 0.000 0.65000 0.5146 0.7854
safety indicator
Assistance in reducing
. 8.708 119 0.000 0.60625 0.4684 0.7441
congestion indicator
Attractive public
L 15.147 119 0.000 0.89583 0.7787 1.0129
transport indicator
Table 5. Test results of the sub-indicators.
Degrees of Confidence interval 95%
T Significant level Mean Difference
freedom Upper limit Lower limit
Declaration of path geometry conditions (such as screws
1.070 119 0.287 0.13333 -0.1135 0.3801
and slopes)
Diagnosis and prediction of air pollution 8.462 119 0.000 0.78333 0.6000 0.9666
Forecasting weather conditions 7.702 119 0.000 0.73333 0.5448 0.9219
Warning about exceeding the safe speed 9.132 119 0.000 0.68333 0.5352 0.8315
Providing safe speed selection information along the way  7.029 119 0.000 0.72500 0.5208 0.9292
Coordination with agencies responsible for emergency
. 9.867 119 0.000 0.75000 0.5995 0.9005
relief
Controlling and monitoring suspicious vehicles 7.029 119 0.000 0.74167 0.5327 0.9506
Declaration of route blocking information due to
. . 1.969 119 0.051 0.20833 -0.0011 0.4178
maintenance or reconstruction
Alternative route Guide 3.455 119 0.001 0.35833 0.1530 0.5637
Inputs and outputs control of the route 14.989 119 0.000 1.03333 0.8968 1.1698
Law enforcement through collecting violation evidence 8.669 119 0.000 0.82500 0.6366 1.0134
Announcing route traffic and suggesting public
. . 13.382 119 0.000 0.93333 0.7952 1.0714
transportation alternatives
Announcing the exact departure time of public
) . 13.882 119 0.000 0.85833 0.7359 0.9808
transportation alternatives
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significance level is less than 0.05). Also, according to Table 5, two sub-indicators
entitled “Declaration of path geometry conditions (such as screws and slope)”
and “Declaration of route blocking information due to maintenance or recon-
struction” are rejected and subsequently are removed from the final proposed
model. However, other sub-indicators are accepted.

5. Conclusions

In this study, we have identified three main indicators, called “Environmental
and Safety”, “Attractive public transport” and “Assistance in reducing conges-
tion” for appraising the performance of intelligent transportation systems. All
the sub-indicators related to the main indicators mentioned above except “Dec-
laration of path geometry conditions (such as screws and slopes)” and “Declara-
tion of route blocking information due to maintenance or reconstruction” have
shown their appropriateness for the performance evaluation of Intelligent
Transportation Systems meaning that these sub-indicators are reliable, and by
improving each one, the performance amelioration of intelligent transportation
systems is expected since one of the factors hindering the development of these
systems is the lack of accurate evaluation of the current condition of a system
[17]. The rejection of the aforementioned two sub-indicators depicting the
weakness of Intelligent transportation systems located in the Tehran-Karaj free-
way regarding these two sub-indicators, clarifying that the performance is not
adequate and more emphasis must be dedicated in order to improve the perfor-
mance of Intelligent Transportation Systems in this regard (Figure 2).

However, this study has some limitations. Generally, although there are sever-
al leading and crowded routes in Iran, due to the lack of sufficient financial re-

sources, this study is exclusively based on one of the leading transportation

ﬁssistance in Reducing \

Congestion Indicator

@vironmental and Safety \

Indicator

1. Diagnosis and prediction of
air pollution.

2. Forecasting weather
conditions.

3. Warning about exceeding safe
speed.

4. Providing safe speed selection
information along the way.

5. Coordination with agencies
responsible for emergency relief.
6. Controlling and monitoring

suspicious vehicles. /

Figure 2. Final proposed indicators.

1. Alternative route guide.

2. Inputs and outputs control of
the route

3. Law enforcement through
collecting violation evidence

N /

Intelligent
Transportation
Systems Evaluation
Indicators

ﬁttractive Public Transport \

Indicator

1. Announcing route traffic and
suggesting public transportation
alternatives.

2. Announcing the exact
departure time of public

@nsportation alternatives. /
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routes in Iran (Tehran-Karaj Freeway). It is worth mentioning that this limita-

tion cannot call into question the results of this paper since the majority of main

transportation routes in Iran are not equipped with Intelligent Transportation

Systems. Moreover, it is undoubtedly true that this research has an acceptable

contribution to providing ITS evaluation indicators; therefore, the chosen indi-

cators in this study could be the basis for evaluating ITS in future research.
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