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Objective: In this paper, the driving cycles on three major freeways, Tehran-Qom, Tehran-Saveh,
and Tehran-Karaj, have been analyzed and extracted. These cycles have not yet been calculated
comprehensively or even separately, and our goal is to provide new and precise data regarding
driving cycles on these routes. The obtained information can be used to improve transportation
policies, help create the basis for reducing pollutants, and optimize driving behavior in the future.
Method: To conduct this study, a light passenger car and a GPS application on the driver’s
cellphone were used. Vehicle speed data were collected at various time intervals along the
selected routes. The data were then corrected using data-processing techniques and noise
elimination. By employing MATLAB software and utilizing methods such as micro-trip analysis
and the k-means algorithm, optimal driving cycles were extracted both individually for each route
and for the combination of freeways. This process was undertaken to provide an accurate
depiction of driving behavior on these routes.

Results: The findings indicate that the extracted driving cycles exhibit significant fluctuations in
speed and acceleration. These fluctuations may be influenced by factors such as traffic congestion,
the occurrence of accidents, and road and weather conditions, and they reflect the dynamic nature
of driving conditions in different environments. When compared to global standard driving cycles,
the driving pattern on the studied routes shows lower positive and negative accelerations, which
may indicate a more cautious or smoother driving style on these routes. Moreover, most drivers
tend to maintain higher speeds, such that their average speeds are higher than those of the standard
cycles. Another notable point is the high proportion of driving time on these routes, which
indicates few stops along the way and contributes to increased travel efficiency. In addition, the
analysis shows that drivers’ behavior is strongly influenced by road conditions, pavement quality,
traffic flow, and changes in weather, highlighting the necessity of adapting driving strategies to
varying environmental conditions in order to improve safety and efficiency.

Conclusions: The results of this study indicate that accurate extraction of driving cycles on the
main freeways of Tehran Province can be used as an effective tool for estimating pollutant
emissions and designing air pollution reduction policies. The results of the research, together with
the examination of similarities, confirm the high accuracy of the software in extracting driving
cycles. The differences emphasize the importance of developing a driving cycle that is compatible
with drivers’ behavior and the geographical conditions of each country, in comparison with other
countries.
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Introduction

One of the primary contributors to environmental challenges in metropolitan areas is vehicular traffic,
with a substantial share stemming from gasoline-powered vehicles. While these vehicles play a vital role in
personal mobility and economic activity, their extensive use in high-density cities not only undermines air
quality and public well-being but also magnifies broader environmental concerns. It is important to note that
real-world driving practices, encompassing acceleration, deceleration, and cruising, can vary considerably
under different road types and traffic conditions. As a result, the rates of energy consumption and overall
impacts from vehicles shift dramatically based on where, when, and how they are driven.

To understand and potentially mitigate these impacts, driving cycles serve as a crucial analytical tool. A
driving cycle represents a sequence of instantaneous speed data and related parameters over a specific
timeframe, effectively capturing how vehicles operate in typical traffic scenarios. Standardized driving
cycles have been developed in many regions to guide regulations and performance assessments. However,
one must acknowledge that such cycles often fail to reflect the unique conditions found in individual cities—
factors like infrastructure design, rush-hour congestion, local driving habits, and vehicle composition. This
highlights a crucial gap that needs to be addressed. In practice, crafting localized driving cycles can support
more precise planning and policy decisions.

As urbanization accelerates and vehicle ownership continues to rise, understanding the region-specific
characteristics of driving behavior becomes increasingly critical. In megacities such as Tehran, where traffic
congestion is a persistent challenge, extracting accurate driving cycles is essential for estimating vehicular
emissions, assessing fuel efficiency, and developing sustainable urban mobility policies. This is particularly
relevant because international standards may not fully account for the distinct driving behaviors observed in
Tehran. A locally derived driving cycle not only provides insights that can inform vehicle manufacturers,
urban planners, and policymakers but also enhances the accuracy of environmental assessments.

This study presents driving cycles for the Tehran-Saveh, Tehran-Qom, and Tehran-Karaj freeways, both
individually and in combination, using a clustering approach to analyze driving data. By doing so, it aims to
bridge the gap between standardized cycles and real-world driving patterns, ultimately leading to more
precise emissions estimations and better traffic modeling.

Method

This research was conducted in two primary stages: field data collection and data analysis. In the first
stage, three main freeways around Tehran, namely Tehran-Qom, Tehran-Karaj, and Tehran-Saveh, were
selected. A light gasoline vehicle was equipped with GPS Logger software, and the On-Board measurement
method was chosen due to its ability to avoid the delays associated with chase-and-follow techniques. This
method stands out because it allows for direct recording of speed-time profiles, latitude, longitude, and
elevation. Data were collected at one-second intervals, resulting in more than 100,000 data points gathered
during different hours of the day and night. Although signal loss in tunnels is a potential drawback of this
method, it was not a concern in this study as the selected routes did not include any tunnels. To ensure data
accuracy, an additional step was taken where noise-affected data points were identified and removed using
filtering techniques. An acceptable error margin of 2% for key parameters was set to ensure greater
reliability in the analysis.

In the second stage, the k-means clustering algorithm was employed to facilitate driving cycle extraction.
The fundamental approach relies on micro-trips, which are defined as the time spans between vehicle
movement initiation and its next stop. A key aspect to consider here is that these micro-trips were
categorized into clusters using an iterative k-means clustering process, grouping similar segments based on
speed-time characteristics. The clustering process followed Euclidean distance as the similarity measure and
continued until the cluster centers stabilized or a predefined iteration limit was reached. By randomly
combining representative micro-trips across the clusters, an optimal driving cycle was derived.

For data processing and analysis, MATLAB was selected due to its advanced capabilities in numerical
computation, algorithm development, and data visualization. The final driving cycle was validated by
ensuring that its speed, acceleration, and duration metrics closely matched real-world driving conditions.
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This step was particularly important because it confirmed that the extracted driving cycle truly reflected
Tehran’s freeway conditions.

Results

This study examines optimal driving cycles for the Tehran-Qom, Tehran-Karaj, and Tehran-Saveh
freeways, revealing significant variations in driving characteristics across these routes. Due to differences in
traffic conditions, speed fluctuations, and acceleration patterns among these highways, the combined driving
cycle serves as a comprehensive representation of driving behavior on Tehran’s freeways.

The Tehran-Qom freeway had the highest average speed, reaching 109 km/h. It also showed rapid
acceleration at the start of the route, making it the fastest among the three freeways. The Tehran-Karaj and
Tehran-Saveh freeways demonstrated similar driving patterns, yet the Tehran-Karaj route experienced the
most significant speed fluctuations due to its heavy traffic congestion at specific times of the day. The
combined driving cycle, representing all three freeways, recorded an average speed of 85.6 km/h, with
vehicles remaining in motion for approximately 99.05% of the total driving time. Comparisons with global
driving cycle standards provide valuable insights.

A comparative analysis of Tehran’s driving cycles and established standard cycles reveals notable
distinctions in driving patterns. The Tehran-Karaj cycle exhibited twice the acceleration levels of the
Highway Fuel Economy Test (HWFET) cycle, a standardized highway driving protocol developed by the
U.S. Environmental Protection Agency (EPA). This suggests a more dynamic and aggressive driving
behavior within the Tehran-Karaj corridor. While Tehran’s cycles share similarities with the New European
Driving Cycle (ECE + EUDC)—a European standard used to evaluate vehicle emissions and fuel
consumption—they display greater variability in acceleration, indicating a less uniform and more fluctuating
driving pattern. In addition, the findings indicate that Tehran’s freeway driving cycles align more closely
with the Worldwide Harmonized Light Vehicles Test Cycle (WLTC) than with the New European Driving
Cycle (NEDC), the latter of which is increasingly regarded as outdated and unrepresentative of modern real-
world driving conditions. The higher proportion of driving time and greater average speeds recorded on
Tehran’s freeways, compared to conventional test cycles, suggest reduced frequency of rapid acceleration
and deceleration. These findings highlight how environmental factors and local traffic conditions influence
real-world driving patterns, directly affecting emission estimates and fuel consumption analysis.

Further comparisons with non-standard local cycles, such as the Tehran urban cycle and the Tehran-Amol
highway cycle, reveal significant differences mainly due to heavier urban traffic. These findings underscore
the importance of extracting and analyzing driving cycles tailored to the unique conditions of densely
populated cities like Tehran to enhance traffic modeling and vehicle performance assessments.

Conclusions

This research focuses on the extraction of a driving cycle, which is recognized as one of the most
effective methods for estimating emissions from the transportation fleet and fuel consumption of vehicles.
Developing accurate driving cycles provides a comprehensive framework for estimating pollutant emissions
from mobile sources. By doing so, it enables policymakers to make more data-driven decisions aimed at
mitigating air pollution and improving overall air quality.

Since no specific driving cycle has been developed for Tehran’s main freeways, this study aimed to create
a strong basis for estimating emissions from vehicles in the region. The findings of this research indicate that
drivers tend to maintain a relatively constant speed. This observation is particularly relevant since it suggests
that Tehran’s driving behavior is not drastically different from patterns observed in other metropolitan areas.
Moreover, the strong similarity between the driving cycle developed in this study and internationally
recognized cycles highlights the high accuracy and reliability of the data collection software used in this
research. Such consistency validates the software’s effectiveness and suggests that it could be applied in
future studies across other urban regions.

Furthermore, the findings of this study could play a pivotal role in enhancing transportation infrastructure
planning and traffic management strategies. By incorporating locally derived driving cycles into traffic
simulation models, urban planners and policymakers can gain a more accurate understanding of congestion
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patterns, peak-hour traffic behavior, and fuel consumption trends. This is crucial because it can lead to the
optimization of traffic signal timing, the development of adaptive speed limit policies, and the improvement
of road network efficiency. Ultimately, the differences observed between local driving behavior and
standardized international cycles emphasize the necessity of calculating country-specific driving cycles
rather than relying solely on global standards. This distinction is critical for ensuring that pollution control
strategies and transportation policies truly align with local conditions. Additionally, future studies could
explore the impact of electric and hybrid vehicles on Tehran’s freeway driving cycles, given their growing
adoption in urban areas. This would not only provide insights into fuel efficiency improvements and
emission reductions but also aid in shaping policies that facilitate a transition toward greener urban mobility
solutions.
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