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Abstract: Inefficient traffic signal control at intersections causes vehicle delays, increased fuel consumption, and vehicle emissions. With respect to the large number of 
fixed signalized intersections along the 7th line of Tehran BRT, passengers experience long delays and travel time while BRT is defined as a high-quality bus-based transit 
system that delivers fast and efficient service according to literature. Due to constraints on increasing supply, actuated traffic signal (ATS) and public transportation priority 
(PTP) are some of the possible signal control methods that can reduce the above-mentioned problems. In this paper, the 7th line of Tehran BRT is simulated using Aimsun. 
ATS and PTP have been simulated and traffic, environmental and economic indicators of transit and non-transit vehicles have been derived. Finally, a cost-benefit analysis 
is conducted to calculate the net present value (NPV), internal rate of return (IRR) and payback period (PP) of investment. Results show a decrease in travel time, delay, 
stop time, fuel consumption and pollutant emissions and an increase in average speed and flow at intersections. The payback period is estimated to be approximately two 
months, indicating a short-term policy and other economic indices confirm the profitability of project. 
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1 INTRODUCTION 
 

Intersections are the most important traffic bottlenecks 
in urban environment. Due to congestion in Tehran, 50.7% 
of trips are facing delays on average [1], and enhancing 
traffic node performances with an integrated approach is 
vital and essential for sustainability of transport system. 
Concerning a large number of vehicles and crowded 
intersections in highly crowded areas of Tehran, fixed 
traffic signal timing of the intersections leads to increasing 
delays, fuel consumption and pollutant emissions of transit 
and non-transit vehicles. Since geometry design changes 
are not possible due to space limitations, therefore 
application of signal control methods such as using 
actuated traffic signals and public transportation priority 
could be appropriate solutions. Regarding the 23% share of 
transport sector in pollutant emissions [2], many 
researchers believe that public transport development is an 
effective way to reduce traffic congestions and air pollution 
in metropolises [3]. 

There are some standards and guidelines providing 
theoretical foundations for the design, analysis, and 
evaluation of BRT systems, the most well-known could 
belong to the Institute for Transportation and Development 
Policy (ITDP). The BRT Planning guideline begins with an 
overview of the BRT and then goes on explaining the 
planning process including operational design, financial 
modeling, physical design, land-use integration, 
multimodal transportation, preparation and developments 
of the business plan, communications and marketing, 
contract preparation, mode choice and fare collection 
technologies, final evaluation and construction. Assessing 
some performance indicators of public transportation 
systems such as average delay, average speed and pollutant 
emissions in developed countries indicate that the Line 7 
of Tehran's BRT does not operate properly [3-10]. Due to 
the fact that more than 50% of the bus fleet in the Line 7 of 
Tehran's BRT is more than 15 years old and with regard to 
a large number of signalized intersections along the 18 km 
route of this line, the amount of pollutants in these 
intersections is considerably high. Also, the average speed 
on this line (20 km/h) is much lower than various standards 
(such as the BRT Standard) and buses experience a lot of 

delay along the route. Hence, local authorities have taken 
action to increase the capacity, efficiency and utility of 
public transportation systems by developing bus rapid 
transit system, dedicated bus routes and transport signal 
priority. Public transport vehicles are designed to move 
large number of commuters in crowded areas. So, many 
believe that public transport vehicles should be prioritized 
at intersections [10]. Transit Signal Priority (TSP) was 
defined by Smith et al. as an operational strategy that 
provides efficient and reliable transit operation by 
providing priority to transit vehicles at signalized 
intersections [11], which leads to lower delays and 
improves the level of service [12]. Various methods of TSP 
could be implemented including permanent (passive)one 
which is suitable for locales where bus volumes are high 
and the dwell times are predictable [13], temporary (active, 
including green extension, red truncation, actuated transit 
phases, phase insertion, and phase rotation) that only 
modifies the signal when a TSP equipped vehicle is 
detected. And also, adaptive priority TSP which considers 
both transit and non-transit delays and adjusts signal timing 
in a way that transit vehicles experience lower delay and 
non-transit vehicles do not affect this strategy significantly 
[14]. Regarding various methods of TSP, traffic and 
economic aspects of the individual policies should be 
considered [15]. 

In this paper, the operation of the 7th line of Tehran's 
BRT has been evaluated and with reference to long delays 
and high fuel consumption, some operational strategies 
such as actuated traffic signals and public transportation 
priority have been examined to enhance the efficiency and 
utility of BRT in Tehran. In actuated traffic signals, 
allocation of green time to the approaches is based on the 
volume of traffic passing at any time and could create 
coordination in the urban transportation network. Many 
researchers have conducted studies on the subject of TSP 
and actuated traffic signals. Abbasi et al. (2020) evaluated 
1st line of Tehran's BRT using Aimsun under different 
operational scenarios. They concluded that actuated traffic 
signals have many benefits, for instance, travel times, CO 
and NOx emissions and fuel consumption were reduced by 
6.31%, 25.9%, 6.2% and 5.26%, respectively [10]. 
Vilarinho et al. (2017) presented a person-based traffic 
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signal control strategy for an isolated intersection. The 
traffic signals allocate green time based on an auction-like 
schema. Results revealed that the proposed signal control 
system reduced total person delay at the intersection and 
effectively provided priority to vehicles with more 
occupancy [16]. Ilahi and Irawan (2013) simulated BRT 
lines in Indonesia using Aimsun under different scenarios. 
They concluded that TSP, as the best scenario, reduced 
travel times and delays by 41% and 57%, respectively [17]. 
Shaaban and Ghanim (2018) investigated the impact of 
implementing a TSP treatment along a major arterial. A 
micro simulation approach was used to model and evaluate 
the potential benefits of TSP for bus transit vehicles. The 
network was built in VISSIM and considered different 
peak hours for performance assessment. The results 
showed that bus travel times were reduced by more than 
40% and in some cases had a minimal negative effect on 
the general traffic [18]. Ghanim et al. (2013) conducted a 
microscopic simulation study to identify the impact of 
implementing TSP strategies on an arterial corridor 
segment at Michigan State University. Microscopic 
simulation was carried out in VISSIM, and results showed 
that transit vehicles benefit from the provided preferential 
treatments [19]. Yang et al. (2012) analyzed two proposed 
control strategies using a microscopic traffic simulator, 
VISSIM. Signal priority used advanced detection, a TSP 
strategy that detected one cycle in advance of bus arrival. 
Based on the evaluation of indicators such as delay, travel 
speed and reliability, the simulation results showed that 
proposed control strategy has remarkably improved the 
efficiency of public transit [20]. Wang and Weng (2010) 
proposed a cycle-flexible actuated control method to 
improve the operating efficiency of an intersection using 
VISSIM. Results indicated that cycle-flexible actuated 
control method improves the operational efficiency of 

vehicles of other phases compared to the cycle-fixed 
actuated control method [21]. 

According to State of The Art (SOTA) review, it was 
concluded that simulation is the process of creating an 
abstract representation to represent important aspects of the 
real world. It is capable of examining changes in existing 
systems and studying systems that are in the design phase. 
Since none of the signalized intersections on the route of 
the 7th line of Tehran's BRT are equipped with actuated 
traffic signal timing and TSP treatment, microscopic traffic 
simulation tool, Aimsun, has been used to study TSP and 
actuated signals in Tehran's BRT. Most of the previous 
studies focused on an isolated intersection or an arterial 
road. However, in this paper, the 7th line of Tehran's BRT 
has been considered as the case study which connects the 
southernmost point of Tehran to the northernmost point 
through an 18 km dedicated BRT route. Also, unlike 
previous studies, this paper focuses on the overall bus 
schedule rather than a single trip. In addition, in this paper 
all of the control systems of intersections along the route 
are changed to the actuated signal timing to remove the 
barriers and disadvantages of fixed signal timing and to 
obtain rapid recognition of bus priority requests. Another 
contribution of this paper is considering the economic 
aspect of scenario and conducting a Cost-Benefit Analysis 
(CBA). Besides, less attention has been paid to the 
pollutant emissions and fuel consumption of transit and 
non-transit vehicles, also regarding the importance of 
longitudinal slope in fuel consumption and pollutant 
emissions, this factor has been considered in this paper.  

This paper is structured as follows: Section 2 is about 
the used methodology, section 3 addresses traffic 
simulation, section 4 reviews and discusses the results, and 
section 5 outlines the major conclusions. 

 

 
Figure 1 Flow chart for proposed methodology 
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2 METHODOLOGY 
 

Nowadays, traffic simulation tools are used to evaluate 
the feasibility of implementing a new system or improving 
the performance of an existing system. Considering the 
complexity of traffic and human behavior, using an 
appropriate simulation tool is necessary. Aimsun is one of 
the microscopic traffic simulation tools to study various 
traffic management strategies and numerous measures of 
effectiveness (MOEs). 

The 7th line of Tehran's BRT has been selected to 
study. A large amount of data required for microscopic 
simulation including geometry data, traffic volume and 
signal timing data have been obtained from the 
Transportation and Traffic Organization of Tehran 
Municipality and field survey [22]. The 7th line of Tehran's 
BRT has been simulated in Aimsun, and after calibration 
and validation of the model, TSP and actuated traffic signal 
timing have been simulated to evaluate the traffic, 
environmental and economic indicators of proposed 
scenario. The flowchart of the proposed methodology is 
shown in Fig. 1. 

According to Fig. 1, after selecting the 7th line of 
Tehran's BRT and its impact area, various data have been 
collected to analyze the current situation including traffic 
volume, geometry-design characteristics such as route 
slope, number of lanes, lane widths, and etc. along with 
traffic-signal characteristics such as timing schedule, 
duration of each phase and their sequence. After preparing 
and processing data, simulation of the current situation was 
performed in Aimsun. In addition, in order to accurately 
simulate the reality, various parameters were selected for 
model calibration. 

After calibration, the validity of the model was 
examined using data different from the data used in the 
calibration phase. Therefore, the proposed scenario was 
simulated to prioritize the bus which approaches the 
intersection and announces a request. The control 
algorithm (the right part of Fig. 1) starts and adapts the bus 
intersection crossing. After the simulation, the results of 
each scenario are extracted and various traffic, economic 
and environmental aspects are compared. 
 
2.1 Case Study 
 

Tehran, the capital of Iran, has a population of 
8,694,000. It is also known as Iran's largest and the most 
crowded urban area, the largest city in Western Asia, and 
the 19th largest city in the world [23]. Due to the lack of a 
decent and highly efficient public transportation system, 
more than 3 million cars are on the roads. 

The 7th line of Tehran's BRT, as illustrated in Fig. 2, is 
one of the longest public transportation lines in Tehran, 
transporting thousands of passengers daily between 
Tehran's northernmost (Tajrish Square) and southernmost 
part (Railway Station). The bus route covers the entire 
Valiasr Street, one of the longest streets in the Middle East 
with a length of 18 km. The information of the 7th line of 
Tehran's BRT is summarized in Tab. 1. 

Regarding the importance of TSP treatment at 
intersections, this technology has been implemented in 
many developed and developing countries but despite 
numerous intersections along the route of the 7th line of 

Tehran's BRT, no intersection is equipped with this 
technology. There are 20 intersections along the 7th line of 
Tehran's BRT, in which 13 intersections are signalized but 
none of them is equipped with TSP treatment. 
 

Table 1 An overview of the 7th line of Tehran's BRT 
Variable Unit Value 

Number of passengers (daily) Person 220,000 
Number of stations Station 37 

Average distance between stations Meter 500 
Average travel time (peak hour) Minute 80 

Route type -- Dedicated lane 

 

 
Figure 2 7th line of Tehran's BRT (The Dark Green line) [22] 

 
Local authorities have taken some actions to control 

private car congestion and increase the share of public 
transportation in Tehran. Along the length of Valiasr Street 
(18 km), private cars are allowed to drive in one-way 
direction but BRTs move in two-way direction using 
dedicated bus lanes. Fig. 3 illustrates the Valiasr street-
view according to field survey. 
 

 
Figure 3 Valiasr street section 

 

 
Figure 4 Aimsun bus station types [24] 
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3 TRAFFIC SIMULATION 
 

Aimsun as a microscopic traffic simulation tool has 
been used to simulate the operation of the 7th line of 
Tehran's BRT. Two types of lanes, including general and 
reserved lanes can be modelled in Aimsun. On general 
lanes, all vehicles are allowed to drive but in reserved lanes 
only specific group of vehicles (e.g. public transportation) 
is allowed to drive. Reserved lanes may be of two types: 
compulsory or optional [24]. Regarding the field study, 
compulsory reserved lanes were modelled in Aimsun to be 
used by BRTs. 

As illustrated in Fig. 4, there are three types of public 
transport stops in Aimsun, including normal, bus bay and 
terminal. In normal public transport stops, the public 
vehicles stop in the stop area. In bus bays, the vehicles stop 
outside the section nearby the public transport stop area 
and terminals are public transport stations with a certain 
capacity of vehicles. According to field survey, the first 
(Railway) and the last (Tajrish) stations are defined as 
terminals and intermediate stations are modelled as normal 
stations. 

In order to simulate bus schedule, time headway of 
buses has been analysed and it was normally distributed 
with the mean of 5 minutes and standard deviation of 3 
minutes. Another important parameter is stop-time at 
stations which was 25 seconds on average according to 
data derived from Tehran Bus Organization. With 
reference to the location of Line 7, many commercial and 
administrative centres are located along this line. Hence, 
many people use this line on a daily basis to get to work. 
So, the volume of traffic in the morning peak is used in the 
simulation. 

In Aimsun, two types of TSP algorithms could be 
simulated, including Serve-All or Alternative. Serve-All 
serves all the remaining phases between the current green 
phase and the dwell phase with their minimum green time. 
The Alternative serves the dwell phase as soon as possible. 
The proposed TSP algorithm in Fig. 1 was used to 
prioritize BRT. 

Because of different outputs of microscopic simulation 
tools, it is necessary to run the model several times. In this 
regard, 10 replications were considered according to 
results and previous studies, and finally an average of 
results was chosen as the output. The replication reduces 
variability in experimental results, and, therefore, increases 
the significance and confidence level of them. 

Calibration means to adjust the model parameters to 
improve the model's ability to simulate local traffic 
characteristics and drivers' behaviour. It plays a crucial role 
in minimizing the differences between the simulation 
results and corresponding field measurements, such as 
traffic volumes, speed, and travel time. To obtain a close 
match between the observed and simulated traffic 
measurements, one has to perform a proper calibration of 
microscopic traffic simulation model parameters [25]. 
Among a large number of parameters in microscopic 
simulation, travel times and traffic volume data were 
chosen. According to Fig. 5, simulated and observed traffic 
volumes were compared and it was found that the 
simulation model has appropriate accuracy. 

 
Figure 5 Comparison of field and simulated traffic volume 

 
According to the outputs, simulated and observed 

travel times were compared and the difference was 1.23%. 
Fig. 6 illustrates an intersection with dedicated bus lanes 
and TSP treatment operation in the simulation model. 
 

 

 
Figure 6 A part of simulated intersection in the model 

 
4 RESULTS AND DISCUSSION 
 

Various dimensions of the proposed scenario such as 
traffic, environmental and economic have been analyzed in 
this section. 
 
4.1 Primary Analysis of Traffic and Environmental 

Elements 
 

With respect to the importance of sustainability and 
reliability of public transportation systems, travel times, 
pollutant emissions and fuel consumption have been 
calculated and illustrated in Fig. 7. Regarding the fixed 
timing of intersections in scenario 1 (i.e. status quo), 
passengers experience long delays and stops at 
intersections due to the fixed traffic signal timing and 
allocation of green time was based on a predefined 
schedule instead of traffic volumes. In this regard, actuated 
traffic signals were simulated in scenario 2 and travel time 
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reduced by 8% due to lower delays and stop times which is 
in accordance with Abbasi et al. (2020) findings. Since 
stop-and-go driving behaviour, long stop and re-
acceleration at intersections lead to higher pollutant 
emission rates and fuel consumption, in this regard, TSP 
and actuated traffic signals were simulated in the proposed 
scenario and CO, NOx and fuel consumption reduced by 
7.5%, 4.3% and 6.2%, respectively. Fig. 8 illustrates the 
indicator changes of transit vehicles compared to the status 
quo. According to Fig. 8, buses experience lower delay 
using TSP and actuated traffic signals because the signal 
gives priority to buses when detected by detectors and 
regarding the proposed TSP algorithm, delays were 
reduced by 20.5% and average speed was increased by 
8.4% which are in line with [16, 17] results. 
 

 
Figure 7 Comparison of Travel times and Environmental Indicators of transit 

vehicles 
 

 
Figure 8 Traffic and Environmental indicator changes of transit vehicles using 

TSP 
 

With respect to the importance of reducing congestion 
and delay for all users, different performance measures for 
non-transit vehicles were derived. TSP treatment reduces 
the delay and stop-times of transit vehicles and allocates 
the green phase to BRTs based on priority request. Non-
transit vehicles might experience a lower level of service, 
increased delays and stop times. Fig. 9 illustrates the traffic 
indicators of non-transit vehicles. It can be calculated that 
by transit prioritizing, non-transit vehicles experience more 
travel times and delays at intersections. Travel times, stop 
times and delays increased by 2.59%, 11.25% and 8.81%, 
respectively. Stop-and-go driving behaviour increases the 
fuel consumption [10]; according to Fig. 9, fuel 
consumption increases by 1.28% and speed reduces by 
2.45%. Because of stop and go driving behaviour and 
compacting vehicles at intersections, the density increases 

by 0.4% which shows that TSP does not significantly affect 
the queues of vehicles, which is in line with [18] results. 
 

 
Figure 9 Traffic indicator changes of non-transit vehicles in percent 

 
After implementation of TSP and actuated traffic 

signals, person based indicators have been derived and 
illustrated in Fig. 10. Regarding the actuated traffic signals, 
green time allocation is based on volume on approaches 
and TSP treatment gives priority to the public 
transportation system. Considering a large number of 
passengers in BRT and simulated scenarios, travel times, 
delays and stop times of people are reduced by 5.64%, 
2.07% and 2.6%, respectively. It is clear that due to 
actuated traffic signal implementation, the mentioned 
indicators decrease. Lower stop times are leading to higher 
speed and flow in the network. In the proposed scenario, 
speed and flow increase by 1.59% and 1.2%, respectively. 
Also, due to constant driving behaviour and elimination of 
re-acceleration and deceleration, fuel consumption 
decreased by 1.48%. These findings and trends are in 
accordance with [16-17] results. 
 

 
Figure 10 Person based traffic indicator changes 

 
4.2 Primary Analysis of Cost and Benefit Elements 
 

CBA is widely used to evaluate alternative courses of 
action that are designed to achieve appropriate policy 
objectives [26]. When travel time reduces, passengers 
experience lower travel time; all should be accounted for 
benefit analysis. The value of time (VOT) is defined as the 
opportunity cost of time and is a fraction of an individual's 
hourly wage. The value of time is also the first-order 
parameter used in cost-benefit analysis. Regarding the 
accessibility to passenger's data of transit vehicle, CBA has 
been conducted only for BRT passengers. According to 
data taken from the Statistical Centre of Iran in 2018 [22], 
the VOT is calculated according to Eq. (1): 
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where VOTB is the VOT of individuals ($/hr), S is the 
average household income per year ($), T is the average 
working hours per month (hr) and D is the household size. 
Regarding passenger information and statistics published 
by the Central Bank of the Islamic Republic of Iran and the 
Bureau of Economic Statistics, the VOT is 1.5$ (It should 
be noted that, 1 US Dollar = 42,105 Iranian Rials 
(Exchange-rates, 2020)) per hour. 

Considering VOT as 1.5 $/hr while 220,000 passengers 
are commuting on a daily basis, then 12,55$ million would 
be saved according to the travel time reduction. 

In studies conducted by Boardman et al. (2017), CO 
and NOx cost reductions were estimated at 890 and 4,790 
$/Ton on average in 2016, respectively [27]. The costs are 
related to some direct and indirect issues such as the cost 
of treatment due to related diseases like pulmonary and 
heart disease, as well as the cost of mental and 
psychological disorders. Regarding the CO, NOx 
emissions and fuel consumption reductions in the proposed 
scenario, it is expected to save 4.22$, 22.73$ and 1.15$ 
million annually, respectively.  

Regarding the actuation of traffic signals, the 
implementation price should be accounted for CBA. Along 
the BRT route, among 20 intersections, 13 intersections are 
equipped with fixed traffic signals. According to the SRTS 
guideline, the purchase, installation and maintenance costs 
of actuated traffic signals are estimated to be 500,000$ per 
intersection for a 4-leg approach intersection [28]. 
Therefore, 6.5$ million is the cost for actuated traffic signal 
implementation. 

The payback period (PP), Net Present Value (NPV) 
and Internal Rate of Return (IRR) have been used to assess 
the economic aspects of the proposed scenario. The 
payback period is the time taken to recover the initial 
investment i.e., the amount of time taken to break even on 
the investment. NPV is the difference between the present 
value of cash inflows and the present value of cash 
outflows over a period of time and IRR is a discount rate 
that makes the NPV of all cash flows equal to zero in a 
discounted cash flow analysis which is calculate based on 
Eq. (2) and Eq. (3), respectively. 
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where, CO is the initial investment, Ct represents the cash 
flow and r is the discount rate (18%). 

Costs include the purchase, installation and 
maintenance cost of actuated traffic signals and benefits 
include travel time saving, fuel consumption and pollutant 
emission reductions. The payback period is estimated to be 
2 months after implementation, indicating a short-term 
policy which is in accordance with Abbasi et al. (2020) 
findings, Also the NPV and IRR are 10.9 $ million and 
113% annually, respectively. 

5 CONCLUSION 
 

In recent years, population and vehicle ownership 
growth have increased the congestion and delay in 
metropolises which made intersections as the main 
bottlenecks of urban traffic. Regarding the high volume of 
vehicles at intersections, traditional signal timing methods 
are inappropriate solutions because of fixed green time 
allocation to different approaches of intersections. The 7th 
line of Tehran's BRT is one of the longest (18 km) public 
transportation lines in Tehran and passengers experience 
long delays because of fixed traffic signals. Due to space 
limitation, an increase in supply is not possible and using 
signal timing methods such as actuated signals and public 
transportation priority are potential solutions. Despite 
numerous intersections along the route of the 7th line of 
Tehran's BRT, no intersection is equipped with Transit 
Signal Priority (TSP) treatment and among 20 
intersections, 13 intersections are signalized but none of 
them are actuated. 

According to previous studies, simulation is capable of 
studying systems that are in the design phase. Microscopic 
traffic simulation tool, Aimsun has been used to study TSP 
and actuated signals in Tehran's BRT. The original 
contributions of this paper are to study the operation of 
BRT line instead of an isolated intersection or an arterial 
road. Another contribution of this paper is considering the 
economic aspects of scenario and conducting a cost-benefit 
analysis. Also, less attention has been paid to the pollutant 
emissions and fuel consumption of transit and non-transit 
vehicles. Regarding the importance of longitudinal slope in 
fuel consumption and pollutant emissions, this factor has 
been considered in this paper. In addition, unlike previous 
studies, this paper focuses on the overall bus schedule 
rather than a single trip. 

Regarding the importance of different aspects of 
proposed scenario, traffic, economic and environmental 
impacts have been analysed for transit and non-transit 
vehicles. Results show that by implementation of TSP and 
actuated traffic signals, traffic indicators such as travel 
times, delays and stop times of people will be reduced by 
5.64%, 2.07% and 2.6%, respectively. Speed and flow of 
vehicles will increase by 1.59% and 1.2% due to the lower 
stop times, respectively. Besides, fuel consumption will be 
decreased due to the constant driving behaviour and 
elimination of re-acceleration and deceleration by 1.48%. 
In terms of cost-benefit analysis (CBA), costs include the 
purchase, installation and maintenance cost of actuated 
traffic signals and benefits include travel time saving, fuel 
consumption and pollutant emission reductions. The Net 
Present Value (NPV), Internal Rate of Return (IRR) and 
payback period were calculated and found the proposed 
scenario as a profitable and short-term policy. 

It is difficult and sometimes impossible to evaluate all 
the costs involved in transportation systems. In this sense, 
it is recommended for further research to consider the 
impact of noise pollution and people shifting to BRT 
regarding the increase in utility of public transportation. 

It is important to note that the presented use case is 
operatively limited regarding the availability of real-time 
data exchange with other public transport subsystems. 
Cooperation and data exchange between main subsystems 
of the traffic system is today crucial because drivers, 
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vehicles and infrastructure are no longer independent, they 
cooperate in order to improve the quality of public 
transport system in general [29]. And, by implementation 
of a true cooperative concept, it can be improved. Also, 
there is a possibility for implementation of urban mobility 
estimation subsystem that real-time estimates state of 
public transport (transport demand and supply) [30]. This 
information can be included in real-time priority subsystem 
optimization. 
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