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 Driving cycle plays a vital role in the production and evaluating the 

performance of the vehicle. Driving cycle is a representative speed-time 

profile of driving behavior of specific region or city. Many countries has 

developed their own driving cycle such as United State of America, United 

Kingdom, India, China, Ireland, Slovenia, Singapore, and many more. 

The objectives of this paper are to characterize and develop driving cycle of 

Kuala Terengganu city at 8.00 a.m. along five different routes using k-means 

method, to analyze fuel rate and emissions using the driving cycle developed 

and to compare the fuel rate and emissions with conventional engine 

vehicles, parallel plug-in hybrid electric vehicle, series plug-in hybrid electric 

vehicle and single split-mode plug-in hybrid electric vehicle. The 

methodology involves three major steps which are route selection, data 

collection using on-road measurement method and driving cycle 

development using k-means method. Matrix Laboratory software 

(MATLAB) has been used as the computer program platform in order to 

produce the best driving cycle and Vehicle System Simulation Tool 

Development (AUTONOMIE) software has been used to analyze fuel rate 

and gas emission. Based on the findings, it can be concluded that, Route C 

and single spilt-mode PHEV powertrain used and emit least amount of fuel 

and emissions. 
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1. INTRODUCTION 

The world today is experiencing the alarming level of pollution, especially air pollution made by 

exhaust emission from the vehicles. Department of Statistics Malaysia has reported that in 2016, motor 

vehicles have contributed the major sources of air pollution which is 70%. Hybrid vehicle is the most 

promising vehicle to reduce the fuel consumption and exhaust gas emission [1]. There are a few types of 

hybrid vehicle such as hybrid electric vehicle (HEV), battery electric vehicle (BEV), full electric vehicle 

(EV) and plug-in hybrid vehicle (PHEV). Main focus of this paper is PHEV. PHEV is a rechargeable HEV 

that are equipped with charging connector, typically in-board charger [2]. However, for pioneering vehicle 

emission models and powertrain input, the development of driving cycle is important [3]. 

Vehicle driving cycle is a series of point for speed of vehicle versus time which is mainly used to 

evaluate the performance of either the vehicle or engine. Most of the researches on driving cycle are based on 

condition of vehicle in a specific location such as United States FTP75, European ECE15, Japan 10115 and 

others. These driving cycle are widely applied for evaluating the performance of the vehicle emission, 

fuel consumption, traffic condition and also for designing, development and modeling the new vehicle 
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especially hybrid vehicle [4], [5]. However, a driving cycle that is representing Kuala Terengganu city, 

capital city of Terengganu, has not been established yet.  

Three major steps to construct a driving cycle are route selection, data collection and cycle 

construction. There are various methods of cycle construction. However, four typical and famous methods 

are micro-trips based construction, pattern classification cycle construction, segment based cycle 

construction and also modal cycle construction. As in work of [6], [7], the micro-trips based approach has 

been chosen where the relative error between target and test micro-trips is calculated and the percentage 

below 15% is accepted and combined as a driving cycle. Likewise in [8], a semi-random approach is taken 

on selecting the micro-trips from the road type and timings by classified categories. As in Slovenia, the 

microtrips are selected from the database and connected in a series to form a driving cycle in such a way that 

speed-acceleration frequency distribution of the driving cycle is matched to the frequency distribution from 

the collected speed-time data [9]. While in Dublin, Ireland, a stochastic and statistical methodology is used to 

develop and assess the representativeness of the driving cycle [10]. 

For this paper, the micro-trips clustering approach using k-means method is used to develop a Kuala 

Terengganu driving cycle. The differences between this work and others are, the value of k is different 

regarding the traffic condition and style of driving, and the target route also different. The objectives of this 

paper are to characterize and develop driving cycle of Kuala Terengganu city at 8.00 a.m. along five different 

routes using k-means method, to analyze fuel economy and emissions using the driving cycle developed and 

to compare the fuel economy and emissions with conventional engine vehicles, parallel PHEV, series PHEV 

and split single mode PHEV. In this paper, the development of Kuala Terengganu along five routes will be 

discussed. In section 2, the methodology including the route selection, data collection, driving cycle 

development which is by using micro-trips and k-means approach also will be discussed. Later, in section 3, 

the analysis of the fuel economy and exhaust emissions of PHEV is compared with the analysis of the other 

vehicles powertrain using Vehicle System Simulation Tool Development (AUTONOMIE) software. 
 

 

2. RESEARCH METHOD 

Figure 1 shows the flow chart and research activities on how to develop a driving cycle in Kuala 

Terengganu (KT) along five different routes which are Route A, Route B, Route C, Route D and Route E 

during Go-to-Work time in Kuala Terengganu city which is 8.00 am. The inputs of KT driving cycle are 

second-by-second speed. The data are collected at Go-to-Work (GTW) time which is 8.00 am since 8.00 am 

is the mostly people in Kuala Terengganu go to work with 10 runs of data. All five routes have been chosen 

as selected routes based on its traffic volume in Kuala Terengganu. In this research, the on-board 

measurement method will be used using a Global Positioning System (GPS). The data gathered then will be 

divided into several micro-trips and from each micro-trip, the features such as average speed and percentage 

of idle will be calculated. The clustering of the micro-trips using k-means method will be took place in order 

to find the final driving cycle of Kuala Terengganu along Route A, B, C, D and E at 8.00 a.m. Then, using 

the final driving cycle of Kuala Terengganu, the fuel economy and emissions will be analyzed using 

AUTONOMIE software and will be compared to other vehicles’ powertrain such as conventional engine 

vehicle, parallel PHEV, series PHEV and split single mode PHEV. 
 

 

 
 

Figure 1. Flow chart of driving cycle development 
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Table 1 shows the assessment parameters in order to characterize the driving data. The parameters 

chosen are average speed, average driving speed, average acceleration and deceleration, time proportion of 

idling, cruising, acceleration and deceleration and root mean square of acceleration. Those 9 parameters have 

been chosen as the assessment parameters since they are the fundamental assessment in order to determine 

the characterization of the driving cycle. 

 

 

Table 1. KT Driving Cycle Assessment Parameters 
Parameters Unit Equation 

Average speed of whole driving cycle Km/h V1 = 3.6
dist

Ttotal
 

Average running speed Km/h V2 = 3.6
dist

Tdrive
 

Average acceleration of all acceleration phase m/s2 
a = (∑ {

1 (𝑎𝑖 > 0)

0   (𝑒𝑙𝑠𝑒)
𝑛
𝑖=1 ) -1 

(∑ {
𝑎𝑖 (𝑎𝑖 > 0)

0   (𝑒𝑙𝑠𝑒)
𝑛
𝑖=1 ) 

Average deceleration of all deceleration phase m/s2 
d = (∑ {

1 (𝑎𝑖 < 0)

0   (𝑒𝑙𝑠𝑒)
𝑛
𝑖=1 ) -1 

(∑ {
𝑎𝑖 (𝑎𝑖 < 0)

0   (𝑒𝑙𝑠𝑒)
𝑛
𝑖=1 ) 

Time proportion of idling % % idle =
Tidle

Ttotal
 

Time proportion of cruising % % cruise = 
Tcruise

Ttotal
 

Time proportion of acceleration % % acc = 
Tacc

Ttotal
 

Time proportion of deceleration % % dec = 
Tdec

Ttotal
 

Root mean square acceleration m/s2 
RMS = √

1

𝑇
∫ (𝑎)2𝑑𝑡

𝑇

0
 

 

  

2.1. Route selection 

Figure 2 highlights the selected routes for KT driving cycle from Kampung Wakaf Tembesu to 

Wisma Persekutuan named as Route A, Route B, Route C, Route D and Route E. According to Ministry of 

Works Malaysia, these five routes are the most frequent routes used by Kuala Terengganu citizen as ‘route-

to-work’ routes [11]. In this study, speed-time data are collected by using GPS based on on-board 

measurement method along the selected route starting from Kampung Wakaf Tembesu to Wisma 

Persekutuan. Kampung Wakaf Tembesu as the starting point is chosen due to its population. Whereas, 

Wisma Persekutuan as the end point is chosen because most of the government sectors located in the Wisma 

Persekutuan and it’s nearby. 
 

 

 
 

Figure 2. Selected routes; Route A, B, C, D and E 
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2.2. Data collection and micro-trips definition 

Data was collected at GTW time which is 8.00 am along the selected road with 10 runs. There are 

three types of techniques or ways to collect the data which are chase car technique, on-board measurement 

technique and combination of on-board measurement and circulation driving. Chase car technique is when 

instrumented vehicle record the second-by-second speed data as it follows the target vehicles. While on-

board measurement technique is when speed-time data collections were carried out using a real time logging 

system equipped on a selected vehicle along the predetermined route. Lastly, combination of on-board 

measurement and circulation driving also known as hybrid method is the combination of the two 

techniques [12]. For KT driving cycle, on-board measurement technique will be used for the data collection 

since it is more suitable for KT drivers’ irregular behavior to avoid a risk such as accident and sudden 

loss of control. 

The development of a drive cycle is based on micro trips. Micro-trip is a trip between two 

successive time points at which the vehicle velocity is zero [13]. Each micro trip starts with an idle phase and 

ends with a decelerating phase which reduces to zero. This measure of motion involves of acceleration, 

cruise and deceleration modes. The whole data has to be separated into number of micro-trips. A large 

number of micro trips can be acquired after this process for all collected data. Then, the micro-trips are 

clustered into several groups depending on the traffic situations such as congested traffic flow, medium 

traffic flow and clear traffic flow. K-means approach will be using in order to cluster the micro-trips. 
 

2.3. K-means clustering method 

As mentioned earlier, in this study, k-means approach will be used in order to cluster the micro-trips 

since it is simple and fast method yet easy to implement. K-means is one of the simplest unsupervised 

learning algorithms that solve the clustering problem. The procedure follows a simple and easy way to 

classify a given data set through a certain number of clusters (assume k clusters) fixed a priori. The steps of 

the k-means algorithms are described briefly below [14]: 

Step 1: Decide on a value for k. In this study, the value of k is based on traffic condition.  

Step 2: Initialize the k cluster centers (randomly, if necessary) 

Step 3: Decide the class memberships of the total data, N by assigning them to the nearest cluster center. 

Step 4: Re-estimate the k-cluster centers, by assuming the memberships found above are correct. 

Step 5: If none of the N data changed memberships in the last iteration, exit. Otherwise go to Step 3. 
 

2.4. Feature extraction and micro-trips clustering 

The proposed approach in developing the driving cycle is by micro-trips clustering. In order to 

cluster the micro-trips, driving features must be extracted first. There are a lot of driving features that can be 

extracted from the micro-trips as mentioned earlier in Table 1. But, for this purpose, only two features will be 

used which are average speed and also percentage of idle. These two features have been chosen since they 

will give greatest effect on the emission [15]. After the extraction of the parameters, the average speed and 

percentage of idle is plotted in 2-dimensional feature space as in Figure 3. As shown in Figure 3, it can be 

proved that there is a relation between average speed and percentage of idle. When the average speed is high, 

the percentage of idle will be low and vice versa.  

Figure 4 shows the micro-trips are clustered into three groups using k-means clustering method. 

Each group has its own characteristics and stands for different traffic condition; clear traffic condition, 

medium traffic condition and congested traffic condition.  
 
 

 
 

Figure 3. Average speed of micro-trips VS 

Percentage idle of micro-trips 

 
 

Figure 4. Clustering of micro-trips 
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2.5. KT driving cycle development 

In previous section, the micro-trips have been clustered into 3 groups. Whereas, in this section, the 

representatives of micro-trips are determined in order to produce the driving cycle for each cluster. 

The closest micro-trips to the cluster center will consider as the representative micro-trips. The selected 

micro-trips for each group are presented as in Figure 5, Figure 6 and Figure 7. The micro-trips then will be 

combined in order to produce final driving cycle of Kuala Terengganu along Route A, B, C, D and E 

at 8.00 a.m.  

 

 

 
 

Figure 5. Congested traffic condition 

 
 

Figure 6. Medium traffic condition 

 

 

 
 

Figure 7. Clear traffic condition 

 

 

3. RESULTS AND ANALYSIS 

In this section, the results of the development of driving cycle will be analyzed and discussed. Also, 

the analysis of the fuel rate and gas emission will be determined and the comparison between KT driving 

cycle with other vehicle powertrain such as conventional engine vehicle, parallel PHEV, series PHEV and 

split single mode PHEV will also be discussed. 

 

3.1. KT driving cycle analysis 

Figures 8-12 shows the final proposed Kuala Terengganu driving cycle along Route A, B, C, D, and 

E at 8.00 a.m. As in the figure, it shows that every routes present different pattern of driving cycle. This is 

due to other external factors such as traffic light, road conditions, drivers’ behavior and environmental 

factors [16]. Also, the micro-trips at the higher speed range are longer compared to the micro-trips at lower 

speed range. This is because the vehicle experiencing a free flow moves at a higher speed range with less 

frequent stop due to less traffic condition.  
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Figure 8. Final proposed of KT driving cycle along 

Route A 

 

 
 

Figure 9. Final proposed of KT driving cycle along 

Route B 

 

 

 
 

Figure 10. Final proposed of KT driving cycle along 

Route C 

 

 
 

Figure 11. Final proposed of KT driving cycle along 

Route D 

 

 

 
 

Figure 12. Final proposed of KT driving cycle along Route E 

 

 

Table 2 shows the characteristics of KT driving cycle along Route A, B, C, D and E in terms of nine 

parameters such as average speed, average driving speed, average acceleration and deceleration, time 

proportion of idling, cruising, acceleration and deceleration and root mean square of acceleration. From the 

table, it shows that the speed range above 30 km/h was dominant. This is due to the busy and medium traffic 

condition of KT ‘route-to-work’ routes. 
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Table 2. Assessment Parameters of KT Driving Cycle along Route A, B, C, D and E 
Parameters Route A Route B Route C Route D Route E 

Distance travelled (km) 13.11 14.85 8.21 14.94 13.61 

Total time (s) 1094 1114 901 1187 1197 
Average speed (km/h) 43.13 47.99 32.80 45.29 40.93 

Average running speed (km/h) 45.63 50.48 36.00 47.49 43.47 

Average acceleration (m/s2) 0.44 0.49 0.55 0.48 0.49 
Average deceleration (m/s2) 0.51 0.57 0.57 0.54 0.49 

RMS (m/s2) 0.64 0.72 0.71 0.70 0.68 

Percentage idle (%) 4.47 4.04 7.21 3.79 4.76 
Percentage cruise (%) 2.92 7.17 5.43 7.49 5.59 

Percentage acceleration (%) 49.59 47.80 44.46 47.05 44.49 

Percentage deceleration (%) 43.01 40.99 42.90 41.67 45.16 

 

 

3.2. Fuel rate and emissions analysis 

After the driving cycle has been developed, the fuel rate such as fuel consumption and fuel 

economy, and emission can be determined using AUTONOMIE software version v1210. AUTONOMIE is a 

tool for automotive control system design, simulation and analysis. It is mathematically-based forward 

simulation software based on MATLAB, with MATLAB data and configuration files and models built in 

Simulink. Table 3 shows the fuel rate and emissions of KT driving cycle for Route A, B, C, D, and E using 

split single mode PHEV powertrain. The emission of a vehicle will emit carbon monoxide (CO2) gas. 

From the result in the table, it can be concluded that Route C is the best route to take in order to go 

to Wisma Persekutuan at 8.00 a.m. since it gives the lowest value of fuel consumption which is 0.49 

l/100km, the highest value of fuel economy which is 202.14 km/l and the lowest value of CO2 emission 

which is 11.68 g/km. While, Route B gives the highest value of fuel consumption and emission which are 

1.35 l/100km and 31.96 g/km respectively, with the lowest value of fuel economy which 73.90 km/l. 

 

 

Table 3. Fuel Rate and Emissions of KT Driving Cycle 
Route Fuel consumption (l/100km) Fuel economy (km/l) CO2 Emission (g/km) 

A 0.55 181.32 13.03 
B 1.35 73.90 31.96 

C 0.49 202.14 11.68 

D 0.92 108.94 21.68 
E 0.54 184.36 12.81 

 

 

In order to prove that split single mode of PHEV gives the lowest value of fuel consumption and 

CO2 emission, and the highest value of fuel economy, the comparison between conventional engine vehicles, 

parallel PHEV, series PHEV and split single mode PHEV has been made using Route C driving cycle and 

tabulated in Table 4. From the table, it clearly shows that split single mode of PHEV is the best powertrain 

among conventional engine, parallel PHEV and series PHEV with the lowest value of fuel consumption and 

emission, and the highest value of fuel economy. It is because, the power split type PHEV is designed by 

combining one engine, two motor-generators (MGs), and multiple planetary gears [17]. Thus, it will reduce 

the emissions emitted and the energy consumption. 

 

 

Table 4. Comparison between Split Single Mode PHEV, Parallel PHEV, Series PHEV 

and Conventional Vehicle 
 Split single mode PHEV Parallel PHEV Series PHEV Conventional vehicle 

Fuel Economy (km/l) 202.14 102.63 63.24 14.02 
Fuel Consumption (l/100km) 0.49 0.97 1.58 7.13 

CO2 Emission (g/km) 11.68 23.05 37.41 168.79 

 

 

4. CONCLUSION 

The development of KT driving cycle is done using micro-trips clustering by k-means method. The 

data are collected from predetermined initial location to final location along Route A, B, C, D and E at Go-

to-Work time which is 8.00 am. The KT driving cycle is successfully obtained and can be concluded that the 

proposed method is possible to generate a KT driving cycle for PHEV powertrain to overcome exhaust 

emission and fuel economy problems. Further study has to be made on other main road in Kuala 

Terengganu city. 
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