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ABSTRACT: This research aims to define a Typical Driving Cycle (TDC) of an electric taxi in
Loja, Ecuador, an intermediate Andean city, considering the unit in service. In the first
instance, the speed, taxi positions, current, and battery voltage are acquired in real time
through the OBDII port of the KIA SOUL EV, using a data logger device at a sampling
rate of 1 Hz. The variables are read and stored using a program code developed in
Labview. In addition, the start and end of rides are recorded. The taxi is monitored for
a month, and the variable mass of the unit in service is recorded; road gradient effects
are considered. Then, based on the fundamental theory of vehicle dynamics, the traction
energy consumption of the taxi is obtained using Matlab Simulink; the TDC is defined by
applying the Minimum Weighted Differences, whose characteristic parameters are the
energies of the different forces opposing the vehicle motion. The vehicle completed 660
rides in the wholemonth, which is equivalent to an average of 54% of the traction energy;
the rest of the energy, the taxi circulated without users. The TDC corresponds to ride 5,
on day 11, with a traction energy consumption of 0.57 kWh, being 49.48% associated with
inertia resistance.

RESUMEN: Esta investigación tiene como objetivo definir un Ciclo Típico de Conducción
(TDC) de un taxi eléctrico en Loja, Ecuador, una ciudad andina intermedia, considerando
la unidad en servicio. En primera instancia, la velocidad, posiciones del taxi, corriente y
voltaje de la batería se adquieren en tiempo real a través del puerto OBDII del KIA SOUL
EV, utilizando un dispositivo registrador de datos a una frecuencia de muestreo de 1 Hz.
Las variables se leen y almacenan utilizando un código de programa desarrollado en
Labview. Además, se registran el inicio y el final de los viajes. Se realiza el monitoreo del
taxi durante unmes, y se registra lamasa variable de la unidad en servicio; se consideran
los efectos del perfil de pendiente. Aplicando la teoría fundamental de la dinámica
vehicular se obtiene, en Matlab Simulink, el consumo de energía de tracción del taxi;
el TDC se define aplicando las Diferencias Mínimas Ponderadas, cuyos parámetros
característicos son las energías de las diferentes fuerzas que se oponen al movimiento
del vehículo. El taxi realizó 660 viajes en todo el mes, lo que equivale a un promedio del
54% de la energía de tracción; el resto de la energía, el taxi circuló sin usuarios. El TDC
corresponde al viaje 5, del día 11, con un consumo de energía de tracción de 0,57 kWh,
donde el 49,48% está asociado a la resistencia por inercia.

1. Introduction

The transportation sector is one of the most significant

contributors to global environmental pollution and
greenhouse gas emissions, leading to increased
attention from governments worldwide [1, 2]. Given
this, the progress of electric vehicles as a sustainable
transportation alternative has been significantly promoted
[3]. Although electric vehicles offer zero exhaust emissions
and high energy efficiency, their range and performance
are affected not only by intrinsic factors but also by
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external factors and driving style. In this direction, driving
cycles (DC), understood as a time series of vehicle speeds,
have been used intensively, among other applications,
to estimate polluting emissions and fuel consumption
of vehicles operating with thermal engines, evaluate the
energy management, range, and estimate the energy
consumption of the hybrid and electric vehicle (EV), assess
traffic impact and for vehicle powertrain design [4, 5]. DCs
can be divided into two categories in terms of application
range: standard and non-standard [6]. Government
entities involved in the approval of motor vehicles use
standard DCs, such as FTP-75, to generally evaluate the
fuel/energy consumption and emissions of automobiles.
However, these standardized procedures carried out under
controlled conditions, such as in a laboratory, do not reflect
actual driving behavior, that is, their representativeness
of the actual driving pattern in a given city or region [7]. In
fact, the characteristics of driving cycles in specific areas
are diverse, as they have significant differences in road
structure, types of roads and vehicles, traffic conditions,
driving culture, geographical characteristics, economic
level, and the scale of the city [8]. Hence, the interest in
the construction of a non-standard DC, or Typical Driving
Cycle (TDC), focused on evaluating the behavior of the
vehicle in real driving conditions and the fundamental
importance of each region having a TDC [9].

In Ecuador, the deployment of electric vehicles is
considerably low. According to the National Institute
of Statistics and Censuses [10], in 2020, 637 EVs
were registered in the nation, equivalent to 0.027% of
the national vehicle fleet, made up of more than 2.3
million motor vehicles. In this sense, from an energy
and environmental point of view, the transition from
combustion engine vehicles to EV is a great challenge, as
well as a great necessity, considering that transportation is
the sector that demands the highest energy consumption
in the country [11–13]. In the context of promoting the
deployment of electric vehicles in the national market,
it is imperative to develop research on vehicles that
operate with electric propulsion systems, and evaluate
their behavior in real-world driving conditions, since they
present an opportunity to achieve enormous benefits in
the fight against the growing effect of GHGs [14].

Even though the research and standardization process
began in the early 1970s, the creation of CDs remains a
developing topic in the scientific and technical literature,
even more so when applied to EVs. In [15], the Markov
chain and Monte Carlo (MCMC) method are used to
construct the TDC of an electric vehicle used as a taxi in
the city of Xi’an, China; Specifically, a BYD e6 is used. It
is concluded that the developed driving cycle provides a
reliable basis for the study of the estimation of energy
consumption, driving range and equivalent emissions.

Similarly, the authors in [6] generate a TDC for passenger
EVs using statistics and the Markov chain method in
Beijing. The evaluation results show that the developed
TDC represents real-world data well and that it can help
evaluate and analyze the life cycle of electric vehicles in
the urban study area. On the other hand, the authors in
[7] monitor a fleet of electric vehicles using a non-invasive
data recording system in Florence. The velocity versus
time data series were processed for filtering and grouping.
The main product of the research is a set of CDs obtained
by pseudo-random selection of original data based on
microtrips. The similarity of the synthetic DCs with the
acquired data has been verified by validating the cycle
parameters. The method followed for creating the DCs
has been implemented in a software package in Matlab. In
[16], a real-world urban driving cycle with a road gradient
profile is developed for the hilly urban terrain of Islamabad
city. The TDC was constructed using the Markov chain and
Monte Carlo method that demonstrated the weights of
different types of roads in the geographic area under study.
Powertrain simulations were carried out on 24 vehicle
models of different vehicle technologies operating in 8
different driving cycles to determine central factors, such
as energy consumption, and autonomy, among others.
The results indicate that, without the road gradient profile,
errors ranging from 10.2 to 22.2% accumulated in the
powertrain simulation, in addition to substantial impacts
on the factors considered. In [17], a TDC was developed
using a driving database of a fleet of electric vehicles
over a six-month period in Dublin, Ireland. A stochastic,
Markov chain, and statistical methodology are used to
develop and evaluate the representativeness of the driving
cycle. It is shown that the developed driving cycle consists
of the exact proportions of driving conditions in terms
of road types and traffic conditions as those observed in
real-world operating conditions. The authors conclude
that the developed driving cycle would help design
electric vehicles that are working, not only in Dublin, but
also in urban areas of other medium-sized cities. An
optimization-based method for the practical development
of a driving cycle for electric vehicle energy management
applications in Shenyang, China, is presented in [18]. TDC
is determined using a genetic algorithm with a variable
number of microtrips. The presented method can achieve
a more representative driving cycle that is 2.49% closer to
the real data than the traditional Markov chain method.

In the literature consulted, there are no TDC developments
applied to EVs that operate as taxis in an Andean region,
which can serve as a starting point for future research
related to the evaluation of the real driving behavior
of these vehicles in this particular orography. Thus,
this research aims to define the TDC of an electric
taxi, considering the unit in service. For this purpose,
the Minimum Weighted Differences of Characteristic
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Parameters (MWD-CP) methodology, developed by
[19], is used. The research was carried out in Loja, an
intermediate Andean city with an urban population of more
than 250,000 inhabitants. The city is located at an altitude
of 2060 meters above sea level, in the Southern Sierra
Region of Ecuador. The contributions of the present work
are noteworthy, as they broaden the field of knowledge
on electric vehicles in real driving conditions in Andean
cities, defining a TDC. In addition, the application of
the MWD-CP methodology to estimate the TDC, whose
characteristic parameters are the energies of the different
forces that oppose the movement of the vehicle, is novel.
It is also relevant that the effects of the road gradient
are considered for the purpose of weighting the energy
consumption and that the smoothing of the slope was
performed differently and methodically, starting from the
correction of the instantaneous altitude data of the vehicle
with the EU 646 standard, shown in [20]. And, finally, the
fact that the EV used in this research provides its services
as a means of public transport in the taxi mode has not
been studied.

The paper is developed as follows: Section II explains
the data acquisition method, model, and methodology for
defining TDC. The analysis of results is shown in Section
III, and finally, Section IV presents the conclusions of the
study.

2. Methodology

2.1 Data acquisition method

The electric taxi used in the research is the KIA SOUL EV,
whose technical specifications are detailed in Table 1. On
the other hand, the experimental scenario comprises the
free travel of the electric taxi in the urban area of Loja,
Ecuador, located at an average altitude of 2060 meters
above sea level. This information was considered in the
calculation of air density. Since the vehicle circulates at
a higher altitude, the air density would have lower values
and, consequently, the air resistance as well. Thus, an
air density of 0.88 kg/m3 was considered. The unit is

Table 1 Vehicle specifications

Feature Specification
Type of motor AC permanent magnet synchronous
Maximum torque 285 Nm
Maximum power 81.4 kW
Battery type Lithium-ion polymer
Battery capacity 27 kWh

monitored for one month, in daily workdays, acquiring in
real time the speed, geographical variables, current, and
battery voltage through the OBDII port of the KIA SOUL
EV, using a data logger device, model OBDLink MX+, which

includes GPS, at a sampling rate of 1 Hz. The reading
and storage of variables is performed with a program
code developed in Labview, which was used in previous
research [21, 22]. In addition, the initial and final time
of each run is recorded, and the number of passengers
is counted. This allows obtaining a variable mass of the
unit in service. That is, when the taxi circulates without
passengers, the value of the mass of the taxi is considered
to be the empty weight of the vehicle, which is 1492 kg,
plus the weight of the driver which is 70 kg. Whereas, if
the taxi circulates with a ride, the mass of the unit will
vary according to the number of passengers. NTE INEN
1323:2009, detailed in [23], stipulates that the mass of
an occupant is 70 kg. Figure 1 shows the satellite map
of the electric taxi route on day 3, with a total of 49,775
monitored data. EU regulation 646 is used to establish
the road gradient to be used in the vehicle dynamic model.
It considers 4 sequential processes of altitude smoothing
and 2 of road gradient smoothing. The smoothing starts
by taking the geographical variables of latitude, longitude
and instantaneous altitude of the vehicle as starting points.
Thus, Figure 2 shows the final smoothing of altitude, where
a maximum value of 2,262 masl is highlighted. Meanwhile,
Figure 3 shows the final road gradient smoothing, with
a maximum value of 0.28 radians, when compared with
the road gradient obtained with the GPS Visualizer online
application, where the monitored values of latitude and
longitude of the vehicle are entered

 

 

Figure 1 Satellite map of the EV’s route on day 3.

 

 

Figure 2 Altitude profile of the EV’s route on day 3.
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Figure 3 Road gradient of the EV’s route on day 3.

2.2 Model

According to Newton’s law of motion, the acceleration of
the vehicle satisfies the differential Equation 1.

m · dv(t)
dt

= Ft(t)− Fr(t) (1)

Where Ft is the traction force that must be provided by
the engine to the wheels for the vehicle to move. Fr is
the sum of the drag forces, and m is the total mass of
the vehicle, including the rotating parts; Fr comprises the
rolling resistance force Ff , the aerodynamic drag force Fd
and the gravitational force related to the vehicle inclination
Fc. Under this context, and by clearing Ft, Equation 1,
which represents the equation of longitudinalmotion of the
vehicle, can be rewritten as indicated by Equation 2; it is to
be noted thatm·dv/dt has been substituted for the inertial
force Fa.

Ft = Ff + Fc + Fd + Fa (2)

The equivalences of the different resistance forces are
shown in Equations 3, 4, and 5 below [24].

Ff = frmg cosα (3)

Fc = mg senα (4)

Fd =
1

2
CdAρa (Vx)

2 (5)

Where Vx is the vehicle speed and α is the road gradient in
radians. The terminology used in the previous equations,
as well as their values, is detailed in Table 2.

Table 2 Variables of the longitudinal dynamics of the EV

Variable Description Value Unit
fr Rolling resistance coefficient 0.017 -
g Gravity 9.81 m/s2

Cd Aerodynamic drag coefficient 0.35 -
A Frontal area vehicle 2.3 m2

ρa Air density 0.88 Kg/m3

The power required for a vehicle traveling at a given speed

can be estimated using Equation 6.

px = Ft · Vx =(
ma+ 1

2CdAρaV
2
x +mg senα+mgfr cosα

)
Vx

(6)

On the other hand, the total energy consumption,
understood as the total electricity used for a trip, is
calculated by integrating the power during the travel time
T, as shown in Equation 7.

ex =

∫ T

0

p(t)dt (7)

To calculate the energy demand or consumption, only the
positive energy ex(+), is considered, since it is the one
needed to provide traction and move the vehicle [25]. The
negative energy is channeled through the regeneration
system of the EV. The positive energy from the different
forces opposing the motion of the vehicle would be equal
to the energy demand or consumption.

2.3 Methodology for defining TDC

The Minimum Weighted Differences of Characteristic
Parameters (MWD-CP), a methodology developed by [19],
is used to obtain the TDC. The methodology comprises
three phases: route selection, driving cycle sampling,
and representative cycle selection. The first two phases
were already addressed in previous sections of this article.
However, it is emphasized that the definition of the TDC
focuses specifically on the rides made by the electric
taxi during the month. That is, it excludes from this
analysis when the taxi circulates without passengers.
Regarding the last phase, the objective is to choose among
all the sampled rides the one that represents them,
expressing each ride in terms of characteristic parameters
or performance values. Pij is defined as the value of
parameter i obtained for cycle j. First, the arithmetic
mean of each parameter, P̄i, is calculated for all the
sampled cycles. The second step consists of comparing
each characteristic parameter with respect to the mean
value of the same parameter for all the sampled cycles,∣∣Pij − P̄i

∣∣, and then summing the differences obtained
for each parameter. However, some parameters are
more relevant than others. Therefore, the sum of the
differences should be weighted according to the relevance
of each parameter in determining, for example, the energy
demand, as in [26], where the proposed characterization
parameters are the energies demanded by the types of
loads, and their weight will be the percentage of their
contribution to the total energy demand. Finally, as
described in Equation 8, the cycle, or ride, with the smallest
sum of weighted differences, is selected as representative
of all cycles in the sample and, therefore, as the TDC.

C = Arg

{
min
j

(∑
wi

∣∣Pij − P̄i

∣∣)} (8)
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3. Analysis of Results

3.1 General performance of the electric taxi
in its working day

The histogram in Figure 4 represents the frequency
distributions of the rides classified by time of day. The
electric taxi performed 660 rides in the whole month,
comprised between 03:00 am and 19:00 pm. The
results show a mean of the set of rides set at 09:25
am. The distribution of the data exhibits a considerable
predominance of rides in the morning hours, suggesting
higher labor productivity. The first quartile (Q1) indicates
that 25% of the rides occur up to the 7 - 8 am interval. The
second quartile, Q2, which is the median value, indicates
that half of the rides occur up to the 9 - 10 am interval. Q3
states that three quarters of the rides take place up to the
12 - 13 pm interval. Per month, the taxi performed more
rides, 75 in total, in the 8 - 9 am time slot, and only one ride
in the 6 - 7 pm time slot.

 

 

Figure 4 Histogram of rides per hours a day.

On the other hand, the battery energy performance by
hours of the day is shown in Figure 5. The electric taxi
travels an average of 153 km per day and has an average
battery performance of 8.44 km/kWh, showing consistency
with the results of [27] for city driving in mild weather
without the use of air conditioning. A higher energy
performance stands out, that is, 13.41 km/kWh, in the
interval from 3 to 4 am, justified by low traffic conditions.
On the contrary, there is a lower energy performance, with
3.80 km/kWh, from 6 to 7 pm, as this is a time with more
traffic congestion.

Regarding the traction energy ex(+), a daily average of
54% of it, the taxi circulated with passengers. In other
words, almost half of the vehicle’s route was without
passengers, as shown in Figure 6. This data is of interest
to the cab driver in adopting possible strategies to optimize
his working day.

 

 

Figure 5 EV’s energy performance per hours a day.

 

 

Figure 6 Disaggregation of positive wheel energy by travel
condition for the 24 days monitored.

3.2 Definition of the TDC of the electric taxi
in race conditions

Table 3 summarizes the results derived from the
deterministic MWD-CP methodology. The TDC
corresponds to ride 5 of day 11, with a sum of weighted
differences of 0.25; the lowest among all the 660 rides. Of
the characteristic parameters, the percentage of energy
demanded by inertia stands out in first place, with 49.48%,
and in last place, the percentage of energy demanded by
aerodynamic drag, with 3.48%.

Table 4 shows the parameters related to the TDC,
corresponding to ride 5 of day 11. Among them, a ride
duration of 9 minutes and 8 seconds is highlighted, where
3.4 km were circulated, with one passenger on board. The
high proportion of the acceleration and deceleration state
of the built TDC can be associated with traffic congestion
conditions in the urban area where the electric taxi
circulates [15].

The typical driving cycle constructed for the electric taxi,
by the proposed method, is shown in Figure 7. Figure 8
represents the speed-acceleration probability distribution
(SAPD) of the established real-world driving cycle. From
it, it can be seen that the velocity probability is highest
in the range from 0 to 10 km/h, and the acceleration is
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Table 3 Traction energy consumption results by rides

Day Ride %EF d(+) %EF f (+) %EF c(+) %EF a(+)
∑

11 5 3.48 27.82 19.22 49.48 0.25

Table 4 TDC Parameters

Parameter Value Unit
Total time 548 [s]
Total distance 3.4 [km]
Average speed 22.32 [km/h]
Maximum speed 45 [km/h]
Proportion of idle time 22.40 [%]
Proportion of cruising 16.58 [%]
Proportion of time accelerating 35.88 [%]
Proportion of time decelerating 25.14 [%]

mainly distributed between -0.5 to 0.5m/s2. These results
indicate that the electric taxi starts and stops several
times, accelerations and decelerations are frequent, and
the velocity is low, which is in agreement with the findings
of [28]. This driving condition is typical of a vehicle driving
in an urban area, where traffic is considerable, and there
are many traffic lights.

 

 

Figure 7 EV’s typical driving cycle per rides

 

 

Figure 8 Speed-acceleration probability distribution of the TDC

3.3 Comparison of typical city driving cycles

In this section, nine evaluation parameters of three urban
TDCs are compared with the driving cycle developed
in this research. This is in order to discuss the
similarities and differences between them and evaluate
the representativeness of the results obtained in real
driving conditions. The EV TDCs for the cities of Xi’an
[15], Dublin [17], and Beijing [6] are specifically analyzed.
The results of the comparison are shown in Table 5.
From the results of the comparison, it is noted that the
average acceleration value of the TDC of Loja is lower
than the TDC of Xi’an and Dublin. As these last two TDCs
experience a wider range of accelerations, it could cause
a greater demand for energy consumption to the driving
cycle [29]. However, the energy regeneration perceived by
the driving cycle must be taken into consideration. The
average speed and maximum speed of the TDC of Loja
are lower than the TDC of the other cities. This may
be associated with the larger size of cities and greater
distances to travel, where roads and highways allow higher
speeds to be reached. The proportion of acceleration and
deceleration states for the driving cycles in the four cities
are similar, demonstrating analogous traffic conditions.
Finally, similar battery energy consumptions are obtained
for the driving cycles of Loja, Dublin, and Beijing. In
fact, congruence is observed in the results obtained when
comparing the energy consumption of the Loja TDC with
that given by the manufacturer in real driving conditions,
that is, 0.112 kWh/km [27]. It is noteworthy that the Xi’an
TDC turns out to be the least efficient in terms of energy
consumption, with a value of 0.239 kWh/km.

4. Conclusions

The purpose of this study was to define a typical driving
cycle of an electric taxi in an Andean city, considering the
unit in service, that is, while circulating with passengers,
using the deterministic methodology MWD-CP. From the
results obtained, it is concluded that the electric taxi
travels an average of 153 km per day and has an average
battery performance of 8.44 km/kWh. It is highlighted that
this energy consumption is from the tank to the wheel. The
unit made 660 rides in the month, where three quarters of
these occurred up to the interval of 12 - 13 pm, suggesting
higher work productivity in the morning hours. The TDC
corresponds to ride 5 on day 11, with a sum of weighted
differences of 0.25, a traction energy consumption of 0.57
kWh and a battery energy consumption of 0.1584 kWh/km.
The characteristic parameters used were the energies of
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Table 5 Comparison of the results for typical city driving cycles

Parameter Loja Xi’an Dublin Beijing
Vehicle type EV EV EV EV
Road type Urban Urban Urban Urban
Average speed [km/h] 22.32 23.82 30.87 23.96
Maximum speed [km/h] 45 63.86 84.5 69
Average acceleration [m/s²] 0.3930 0.73 0.62 0.3675
Average deceleration [m/s²] 0.4865 0.76 0.64 0.3961
Proportion of idle time [%] 22.40 10.58 20.7 24.41
Proportion of cruising [%] 16.58 27.41 27.6 10.88
Proportion of time accelerating [%] 35.88 29.67 26.7 33.56
Proportion of time decelerating [%] 25.14 32.25 25.0 31.15
Energy consumption (battery) [kWh/km] 0.1584 0.239 0.154 0.1267

the various forces that oppose themovement of the vehicle,
where the percentage of energy demanded by inertia had
the greatest prominence, with 49.48%. The TDC had a
duration of 9 minutes and 8 seconds, where the electric
taxi circulated 3.4 km, with a passenger on board. A
high proportion of the acceleration and deceleration state
of the built TDC was obtained, with 33.88% and 25.14%,
respectively, associated with real-world driving conditions
in the urban area of the city, where traffic and traffic lights
have a predominant role. This also justifies the low speed
of the unit, with an average of 22.32 km/h. Through the
SAPD diagram, it was identified that the speed probability
is higher for the range of 0 to 10 km/h and the acceleration
is distributed between -0.5 to 0.5m/s2. Finally, a daily
average of 54% of the traction energy, the taxi circulated
with passengers. That is, almost half of the vehicle’s route
was without passengers. This finding is conclusive for the
driver to adopt possible strategies to optimize his working
day.
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