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In this article, a driving cycle was developed based on acquired data
from a hybrid gasoline-electric vehicle on two routes in Tehran city,
using the K-mean algorithm. For this objective, speed data and the
geographical locations of the vehicle were acquired with a mobile
application and results were validated by data in the vehicle monitor
on two different routes in Tehran city. Then, using the K-mean
algorithm, two driving cycles were extracted and their characteristics
compared to those of big data. Obtained results demonstrated that
for the developed software, data acquisition was accurate and of
appropriate quality. Final introduced driving cycles had relative
errors below 10%, which indicated their appropriate selection from
acquired big data. Moreover, compared to extracted cycles by
gasoline vehicles in Tehran city, it could be claimed that the vehicle
type had impact on vehicle driving; however, this impact was more
related to the driving culture and the roughness of the roads in this
city. This is because these cycles all record figure of more than 80%
and approximately 30 km / h for the percentage of driving time and
average travel speed, respectively. Another interesting result
obtained from the analysis of big data is that the stop time in cycles
was less than 10% and therefore, drivers in Tehran had low
tendency to stop. Thus, for controlling the vehicle speed under traffic
conditions, high variations in speed was needed. This led to
approximately 40% of the variations from the average speed
compared to other cycles, which were alittle higher.
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EXTENDED ABSTRACT

Introduction

Today, driving cycles are focused on by design engineers in automotive industries. This
issue is based on new regulations for vehicle emissions due to environmental problems,
fuel consumption and cost. Another application of driving cycles is to use for designing
different components of the vehicle, entitled the duty cycle. It means to consider the
loading cycle of a vehicle part as an optimized process of designing and manufacturing.

Various factors could affect the driving cycle or the duty cycle in a country. These
factors are similar to traffic conditions, vehicle type, driving behavior, weather status, route
type for the data acquisition, road characteristics, gearbox type, fuel type, geographical
climate, and driving skills of the driver. However; the final driving cycle includes a vehicle
speed versus the time under all conditions.

In the literature, different driving cycles have been presented. As a claim on the novelty
of this work, considering a hybrid vehicle could be an innovation. Works on hybrid vehicles
are still rare. In this article, a driving cycle was developed based on acquired data from a
hybrid gasoline-electric vehicle on two routes in Tehran city, using the K-mean algorithm.

Methodology

For the objective in the present work, two different routes in Tehran city, the speed data
and the geographical locations of the vehicle were acquired with a mobile application, and
then, their results validated by data in the vehicle monitor.

The vehicle type was Toyota-Prius (2017) and the data acquisition type was onboard
with GPS-logger software. The accuracy of GPS was approximately 3 (2-5) meters and the
frequency of the data acquisition was 1 second. The route selection was based on Figure 1
in Tehran city and experiment was carried out for 2 and 3 hours on both routes.

Then, using the K-mean algorithm, two driving cycles were extracted and their
characteristics compared to those of big data. The clustering method was undertaken
based on four groups including congested, urban, sub-urban, and highway conditions.
Driving cycles were considered as follows:

e SDC1 cycle: Acceleration vs. Velocity, Group center: Average
e SDC2 cycle: Acceleration vs. Velocity, Group center: Median
e SDC3 cycle: Idle Time vs. Velocity, Group center: Median
e SDC4 cycle: Idle Time vs. Velocity, Group center: Average
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Figure 1. The route selection for the present study in Tehran City

In Table 1, the time percentage is presented for congested, urban, sub-urban, and
highway conditions. This table illustrates the data for two types of configurations,
including the average speed versus the average acceleration and also, the idle time versus
the average speed.

Table 1. The time percentage for different conditions

Traffic status Highway Sub-urban Urban Congested
Average speed versus average acceleration 23.5 22.0 30.0 24.5
Idle time versus average speed 445 8.8 36.2 10.5
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Results and discussion

As an example, Figure 2 depicts the final driving cycle for the second route of this study.
Moreover, Figure 3 shows the related micro-trips obtained from the K-means technique.

Obtained results demonstrated that for the developed software, data acquiring was
accurate and was of appropriate quality. Final introduced driving cycles had relative errors
lower than 10%, which indicated their appropriate selection from acquired big data.
Moreover, compared to extracted cycles by gasoline vehicles in Tehran city, it could be
claimed that the vehicle type had an impact on vehicle driving; however, this influence was
greater on the driving culture and the roughness of the road in this city. These cycles
included data of more than 80% and approximately 30 km for the driving time percentage
and the average travel speed, respectively.
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Figure 2. The final driving cycle in the second route of Tehran City
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Figure 3. The micro-trips in the second route of Tehran City
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Another interesting result obtained from the analysis of big data was that the stop time
in cycles was less than 10% and therefore, drivers in Tehran had a low tendency to stop.
Thus, for controlling the vehicle speed in traffic conditions, high variations in speed were
required. This led to approximately 40% of the variations from the average speed
compared to other cycles, which was lightly greater.

Conclusion

In this article, a driving cycle was developed according to data recorded from an
electric-gasoline hybrid vehicle (Toyota-Prius) for two routes in Tehran city by the K-
means algorithm. Obtained results could be summarized as follows,

- Thedeveloped driving cycle for Tehran city was similar to world driving cycles
and there were no large differences between the data.

- In SDC1 and SDC3, only 25% of the total time was due to idle condition (or
zero acceleration).

- The average speed of 100 km/h was approximately obtained, which was
similar to the driving cycles of other Asian countries.

- From the standard deviation for the acceleration in SDC1 and SDC3, it could be
concluded that the driver repeatably changed the vehicle speed with a drastic
change. The related value was 2 compared to less than unity in the literature
for the average acceleration.
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