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The driving and traffic cycle in cities is one of the most important and
complex challenges in urban management. For the data collection
process, the chasing vehicle moved in a certain route in the city
through the selected time period, and data collection was conducted
with software installed on a mobile phone. This research investigated
the driving cycle in Semnan city using the chasing method and the K-
means clustering technique. The distance covered during data
collection was approximately 12 km for each route. Additionally, the
total distance covered for the data collection in this study was
approximately 130 km. The car model information, age, and gender of
chased drivers were recorded as the influential parameters. Then,
using the K-means technique, the data collected for different routes
were analyzed to extract the behavioural patterns in the routes of
Semnan city. Furthermore, in this study, the appropriate number of
groups for data clustering was investigated, and considering the
standard deviation of the data, it was concluded that the optimal
number of clusters was 5. Increasing the number of clusters, despite
improving the accuracy of calculations, led to longer processing times.
Therefore, by clustering with 2, 3, 4, 5, and 6 groups, it was observed
that these numbers of clusters improved by approximately 40, 80, 90,
98, and 99%, respectively, indicating that increasing the number of
clusters showed a significant improvement in the results. These
clusters included urban roads, secondary roads, highways,
motorways with light traffic, and start-stop. This information can help
city officials and traffic managers with traffic and safety improvement
programs, according to the specified patterns, and provide a deeper
understanding of driving behaviour in Semnan city.
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EXTENDED ABSTRACT

Introduction

Inthe field of automotive industries, the focus on driving cycles by engineers has reached
a specialized dimension. This emphasis aims at enhancing the performance of vehicles,
reducing greenhouse gas emissions, and optimizing fuel consumption and costs. Driving
cycles are regarded in this context as highly effective and realistic tools for evaluating the
behaviour of vehicles, greenhouse gas emissions, and fuel consumption.

Nevertheless, it is essential to note that the effectiveness of these driving cycles is
strongly associated with real-world conditions. These conditions encompass various factors
that can significantly impact these cycles. Factors such as traffic issues, weather status, data
collection routes, road characteristics, fuel types, and driving skills are among these crucial
elements. A more precise alignment of driving cycles with these conditions and features
ensures a more accurate and insightful assessment of vehicle performance and optimization
recommendations. This approach, in addition to increasing efficiency, contributes to
environmental preservation and the reduction of operational costs.

In the literature, various driving cycles have been introduced. An innovation in this
context involves the utilization of the chasing method for the data collection with two
passengers, facilitating real-time data acquisition. This cycle was implemented using data
collected in the city of Semnan with a gasoline vehicle on the specific days of the week. The
development of this cycle was achieved through the implementation of the K-means
algorithm and the optimization using the Elbow method.

Methodology

In this research, the data collection was conducted along a specified route in Semnan city,
as illustrated in Figure 1, with a round-trip length of 12 km, resulting in an overall data
collection of approximately 130 km. The data collection was consistently performed on
Mondays and Tuesdays between 8:00 and 9:00 PM by a driver and a passenger. The driver,
aged 25, had 8 years of driving experience. The data related to the movement of vehicles
within the city were recorded with proper accuracy. Subsequently, these data were analyzed
to identify the driving patterns and congested traffic points. The chasing car tracked the
random vehicles along the designated route, recording important data such as the speed,
time, age, and gender of the drivers. Throughout this tracking and recording process, in
addition to mimicking the driving behaviour, the characteristics of the vehicles were also
documented. Furthermore, information regarding the age and gender of the drivers,
considered important variables in determining driving behaviour, was recorded during the
data collection process. The GPS-LOGGER software with a 1-second accuracy was used for
the data collection. A Tiba car, manufactured in 2022, was employed as the tracking vehicle.
To obtain clusters, the K-means algorithm was utilized for data clustering, and the Elbow
method was also employed to find the optimal number of clusters. Clustering was
performed based on four groups: urban road, secondary road, highway, and motorway.
Clusters were defined based on the average standing time and the average acceleration,
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considering the speed in two threshold conditions: zero and the mean speed in the selected
and optimal states.

Figure 1. The route selection for the present study in Semnan City.

Results and discussion

As a first result, Figure 2 depicts the driving cycles for the zero-speed threshold in two
states, based on the idle time and the average acceleration. Figure 3 illustrates the obtained
micro-trips using the K-means algorithm. The results indicated that the data acquired
through the mentioned software was accurate and of satisfactory quality. The introduced
final cycles had errors of less than 10%, demonstrating the selection of reliable and precise
data. Comparing the cycles obtained in this research with the other works conducted for
Tehran in Iran and other cities worldwide, it can be stated that the cycles derived in this
study were properly accurate and aligned with the performed clustering. Each segment of
the obtained cycle was identified with the corresponding clustering state, and the portion of
the cycle length associated with that clustering state was also determined.

Urbanroad — Secondaryroad — Highway — Motorway Urban road Secondary road Highway Motorway

100 T 100

Speed (km/h)
Speed (km/h)

0 f " ‘\ i it [ L
sl " ! iy (]
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 500 1000 1500 2000 2500

Time (5) Time (s)
@ ()

Figure 2. The final driving cycle in the second route of Semnan City for (a) average speed and (b)
average acceleration.
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Figure 3. The micro-trips in the second route of Semnan City for two types of clustering.

Conclusion

In this article, a driving cycle was developed based on recorded data from a gasoline
vehicle (Tiba) for a route in Semnan city, utilizing the chasing vehicle method and the K-
means algorithm. The optimization of the developed cycle was also examined using the
Elbow method. The obtained results are summarized as follows:

The developed driving cycle for Semnan city was similar to the global driving
cycles, and there were no significant differences between the data. This cycle can
serve as a representative for Semnan city or other cities with similar climatic and
geographical conditions in this province.

The stop time in this cycle was less than 10%, indicating smooth and light traffic
conditions in the city during peak hours.

The utilization of the optimization methods for determining the number of groups
in clustering in this research showed that for different scenarios and considering
the speed threshold and speed and acceleration parameters, the optimal number
of clusters may vary.

The method of K-means was employed for data clustering. The results
demonstrated that this approach provided appropriate accuracy and better
outcomes compared to various other references mentioned in this research. It was
proved that the utilized method was properly effective and reliable.
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