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Abstract: In order to build China's typical urban vehicle driving cycle, this paper based on the GPRS wireless 
data acquisition system, through the on-board PDA collect data, the kinematics fragments after initial treatment 
can be got, and then use the principal component analysis and dynamic clustering method to partition the 
fragments, so as to build a vehicle driving cycle. The new driving cycle compares about driving characteristics 
with the foreign typical driving cycle, the results show that the time ratio of driving characteristics of 
acceleration and deceleration based on China's urban driving cycle above the time ratio of driving characteristics 
of acceleration and deceleration in EU, the time ratio of constant speed based on China's urban driving cycle 
under the time ratio in EU. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 

 
Vehicle driving cycle on the graphics expression 

is the curve of the speed change over time, it 
represents the typical speed change law of the vehicle 
in the road of tested area [1]. Emissions of the 
vehicle performance, fuel economy performance and 
dynamic performance are aimed at a specific vehicle 
conditions. Due to the different traffic in different 
countries, cities and regions, caused the actual 
vehicle conditions in different areas have great 
difference, these differences make the vehicle in 
different regions in the process of actual operation 
show different performance. 

Worldwide vehicle road conditions mainly 
includes three types, including vehicle road 
conditions in the United States, the European Union 
working condition of vehicle road (ECE, Economic 
appointed for Europe) and Japanese vehicles road 
conditions (JDC). FTP-75 in the vehicle road 
condition is the transient driving conditions, the 

European Union's latest road conditions NEDC and 
Japan's current road condition 10.15 is steady state 
conditions, also called modal condition, these three 
vehicle road driving cycles adopted by many 
countries throughout the world, our country is 
working in vehicle road condition, temporary use 
vehicle road conditions in the European Union [2]. 
Compared to the steady working condition of 
vehicle, transient vehicle driving cycles more in line 
with the actual driving conditions, also is the 
research trend of vehicle driving conditions in  
the world. 

Now the European Union, the United States and 
Japan have their own accord with the actual situation 
of domestic vehicle curve road conditions, China has 
yet to form their own vehicle driving cycle, 
temporarily borrow EU road vehicle performance 
curve, but China's traffic, such as urban structure and 
traffic rules, even driving habits, such as vehicle 
structure and there are big differences in European 
countries, causing the vehicle performance, fuel 
consumption level and discharge performance 
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deterioration, serious cause energy waste and 
pollution emission levels increase. 

In the process of building a working condition, 
the data is generally through the vehicle data recorder 
or equipment to collect such as GPS navigation, 
vehicle data recorder to the higher precision and 
accuracy of data collection, but its storage space is 
limited; GPS navigator due to reasons such as GPS 
signal is easy to drift, to consider another way, in this 
paper, based on the GPRS data acquisition methods, 
and then using the principal component analysis and 
dynamic clustering analysis of construction vehicle 
driving cycle. 

 
 

2. The Data Collection 
 

2.1. The Experiment Plan 
 
In a large number of at home and abroad research 

of vehicle road condition of existing building 
methods and the current WLTP - DHC vehicle road 
condition investigation method, on the basis of the 
in-depth study and research, the "no car line + mass 
selected vehicles investigation" method and "selected 
lines + a few vehicles investigation" method 
compares the argument, the project selection "is not 
selected route + mass selected car vehicles 
investigation" method to build road conditions, 
vehicle equipped with 72 computers running recorder 
by GPS data collection, data packets in the form of 
text stored in the sd card [3], by combining the 
hypergraph control and VB programming technology 
can be playback test in the process of road traffic, 
vehicle road conditions is established based on the 
short stroke method, finally compare the vehicle 
driving cycle and European standards and  
relevant conclusions.  

 
 

2.2. The Choice of Drivers and Vehicles 
 
WLTP (Worldwide Harmonized Light Vehicles 

Test Procedure, global Light vehicle Test program) 
vehicle driving cycle group (DHC) driver age group 
for minimum 20 years old up to 70 years old, sex 
with men only, because of the women also occupies 
considerable proportion of the actual vehicle drivers, 
so drivers in this project includes men and women, 
according to the actual situation in this project on the 
driver's age choose minimum 20 top 60 year old age 
group, on the choice of the driver choose to 
cooperate with site, take the way of voluntary 
registration and approval. Vehicle type selection 
need according to certain principle to be filtered, 
because the autonomous driving method is adopted, 
can choose the vehicle type is more, can pass than 
power, engine displacement, curb weight/full quality 
factors such as the clustering analysis of 
geographical existing vehicle choice. 

2.3. The Choice of Experimental Area 
 
In this paper, data collection of vehicle road 

condition of area is a city in China. The city's urban 
road is circular and the pattern of radioactive, 
including composed of 3 radial ring 14 fast network, 
common trunk highway network planning layout is 
on the basis of highway network planning, 
implements the city transit as well as the core in the 
main external radiation channels are composed of a 
highway and a common trunk highways, formed the 
central urban area and new coast area core foreign six 
radiation channels, the establishment of a foreign 
developed city traffic system [4]. Common trunk 
highway network planning through internal network 
structure optimization, has realized the central urban 
area, new coast area and district level highway 
connecting between new town. 
 
 
2.4. Parameters Principle and Equipment 

and Sampling Frequency of the Data 
Acquisition 

 
General packet radio service GPRS uses packet 

switching technology, especially suitable for 
intermittent, sudden and frequent, point more 
scattered, small and medium-sized flow of data 
transmission, so the GPRS can effectively meet the 
needs of the working condition of the car remote data 
acquisition [5].  

Remote data acquisition principle is as follows: 
first of all on-board data acquisition terminal of the 
CAN controller module through the CAN bus and car 
owners for data exchange, speed and vehicle running 
status information, and the data obtained will be 
carried out in accordance with the communication 
protocol data into PDU packet data unit; PDU are 
then transferred to the GSM network in the on-board 
data acquisition terminal services of GSN (serving 
GSN, SGSN); The SGSN sends the data to the 
gateway GSN (gateway GSN, GGSN), GGSN 
encapsulation treatment, will receive the data into a 
format can be transmitted in the Internet, the final 
data is connected to the Internet server receives the 
central database, complete the whole process based 
on GPRS remote data acquisition. The remote data 
stored in a central database server, must be carried 
out on the original data processing and analysis, to 
build the actual running condition of vehicle. 

This project through the independent 
development of vehicle traveling data recorder 
collected experimental data, the GPS speed belongs 
to a branch of GPS system, GPS system in 
determining the carrier instantaneous position at the 
same time, also can determine the instantaneous 
velocity of carrier. GPS velocity is installed on the 
motion vector of GPS receiver for GPS signal and 
carrier's movement speed is obtained. Although the 
running speed of motion vector of each different, but 
no matter whether it is uniform motion, as long as the 
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install GPS receiver in the movement of carrier, can 
at the same time of dynamic positioning, real-time 
measuring their running speed [6]. 

Car driving recorder is formed by GPS navigator 
through the secondary development of data 
acquisition equipment, its principle is: running 
recorder and related signal through the remote 
wireless transmission of the vehicle ECU, general 
packet radio service GPRS is chosen as the working 
condition of remote collection and transmission 
method of the data acquisition speed and the 
parameter values of the time. Running recorder is 
equipped with 4 G SD card, can build enough data 
storage space, to accommodate data acquisition reads 
the massive amounts of data in the process of vehicle 
running time, speed and latitude and longitude will 
be stored in the form of text to the vehicle traveling 
data recorder SD card, convenient to read and see in 
the future. Vehicle traveling data recorder can not 
only capture speed and the parameter values of time, 
still can obtain the vehicle's running mileage and the 
latitude and longitude of the location in which the 
vehicle traveling data recorder for a vehicle traffic 
condition data packet, including the state of mileage, 
speed, time, location, longitude, latitude, parameters, 
such as with a comma between each parameter  
value.  

Test needed in the process of the main data 
acquisition parameters and the required experimental 
equipment and the sampling frequency can be 
summarized in Table 1. 

 
 

Table 1. The main data acquisition parameters, equipment 
and acquisition frequency. 

 
Parameter Equipment Frequency 

Time 
Vehicle traveling 
data recorder 

Acquisition 
frequency = 1 Hz 

Vehicle speed 
The ECU and 
vehicle traveling 
data recorder 

Acquisition 
frequency = 1 Hz 

Longitude 
Vehicle traveling 
data recorder 

 

Latitude 
Vehicle traveling 
data recorder 

 

Engine speed ECU 
Acquisition 
frequency  1 Hz 

Air pressure Barometer  

Air temperature 
Digital 
temperature and 
humidity meter 

 

 
 
2.5. The Determination of the  

Experimental Data 
 
Generally more reasonable experimental plan, the 

more the amount of experimental data collected to 
get the more accurate vehicle road conditions, the 
current domestic research conducted a lot of riding 
condition, but the result of the working condition of 

the constructed have bigger difference, the reason 
mainly has two aspects, on the one hand is the route 
planning when selecting experiments and 
experimental time gap or representative is poorer, 
traffic survey method is not scientific; On the other 
hand is there are many differences between the 
amount of experimental data collected. Theory to 
construct the accuracy of the running condition and 
test the amount of data collected about, the more the 
amount of data collected under a certain condition, 
the construction condition of the more accurate, but 
when the data volume exceeds a certain value, with 
the increase of amount of data running condition to 
improve the accuracy of small. The project under the 
condition of existing experimental data gathered as 
much as possible, to ensure the accuracy of the 
running condition. The relations of the work 
Condition and data as shown in Fig. 1. 

 
 

 
 

Fig. 1. The relationship between the experimental  
data amount. 

 
 
3. Build Vehicle Driving Cycle 
 
3.1. The Data Processing of Driving Cycle 

 
Data processing needs two analysis theories: 

principal component analysis theory and cluster 
analysis theory. 

Principal component analysis (pca) is a 
mathematical transformation method, through linear 
transformation variables (indicators) that are relevant 
to a set of linear combination into another set of 
unrelated independent variables (comprehensive 
indexes), with fewer variables instead of the original 
more variable, the mathematical processing is the 
original m eigenvalue variable as a linear 
combination, as a new variable, main component, 
such as 

 

11 1 12 2 1...i m mF l X l X l X= + + +  (1) 

 

Set 1 2( , ,..., ) ( 1, 2,..., )T
i i i iml l l l i m= =  is m 

constant vector, and then the relationship between 
new and original variables is: 
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A large amount of information of Principal 

component expressed by the variance ( )iVar F  of 
iF   

 

( ) ( ) , 1, 2,...T T
i i i iVar F Var l X l l i m= = = (3) 

 
( , ) ( , ) , 1,2,...T T T

i j i j i jCov Y Y Cov l X l x l l j m= = = (4) 
 
To calculate the sample covariance matrix: 
 

( ) ( ( ))( ( ))T
ij p p E X E X X E Xσ ×  = = − −  (5) 

 
To calculate the characteristic value of sample: 
 

1

2

1

( )
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i i
i
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 (6) 

 
To calculate the contribution of each principal 

component: 
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i

i
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m m

i F
i i

S
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S

λ λ

λ
= =

= =
 

 
(7) 

 
We usually take the cumulative contribution rate 

is greater than or equal to 80 % of the principal 
component to determine k principal component as 
the characteristic value of the variable before the 
principal components. 

Clustering analysis theory according to the 
characteristics of the thing itself is studies the 
individual classification method, the principle is 
assigned to the individual in the same class have 
larger similarity, more closely, assigned to the 
different kinds of individual difference is very big, 
more distant relations. According to the classification 
of object of clustering analysis can be divided into 
different sample clustering and variables. 

Because this article is aimed at containing a large 
number of segments of kinematics clustering 
samples, so the dynamic clustering method is used to 
analyze the kinematics fragments. 
 
 
3.2. The Construction of Driving Cycle  

 

Vehicle road segments of kinematics whole 
sample were divided into three categories, the first 
category reflects the vehicle in time operational 
characteristics of road congestion roads; the second 
category reflects the vehicles at medium speed road 
are unblocked roads run characteristic. The third 

class reflects the vehicle on expressway unblocked 
road running characteristics. These three segments of 
kinematics is a vehicle in the database of different 
road conditions, based on these three segments of 
kinematics database to build vehicles in congested 
roads, more open path, fast working condition of the 
road vehicle on the road. 

According to the construction of vehicle running 
time of road conditions or the aim of running 
distance and kinematics fragment average operation 
time and average distance running characteristic 
parameters such as road, determine the choose of 
kinematic synthesis of vehicle road conditions need 
fragment number n, from good segments of three 
types of kinematic data randomly divided into 
segments of a given number of sports learn to build 
vehicles, road conditions, analyzing the characteristic 
of the working condition of building the road finally 
compared to build good condition and some standard 
conditions. 

According to comprehensive segments of three 
kinds of kinematics characteristic value, the 
corresponding segments of one type of kinematics, 
such segments of kinematics calculation every 
segments of the kinematics and the overall sample 
correlation coefficient, choose n some segments of 
the kinematics of correlation coefficient is bigger to 
the synthesis of a certain length of time the vehicle 
road condition, working condition of the length of 
time in general is 800-1200 seconds, and calculate 
the n some segments of the kinematics of the 
comprehensive characteristic value [7], calculated 
and compared with that kind of kinematics fragment 
comprehensive characteristic value comparison, find 
out the correlation coefficient between the two, if the 
correlation coefficient between the two at about 0.8, 
is to determine the fitting condition is effective, can 
reflect the features of one type of vehicle road, on the 
other hand, is to choose n some kinematic segments 
by fitting, until meet the error condition. 

Correlation coefficient calculation formula, such 
as the formula (1), type of ( , )Cov X Y  as the 
covariance of the variables X and Y, ( )Var X  and 

( )Var Y  the variances of the variables X and Y 

respectively. 
 

( , )

( ) ( )

Cov X Y

Var X Var Y
ρ =  (8) 

 
The first kind of vehicle road condition represents 

the vehicle in the condition of low speed running on 
a road mode as shown in Fig. 2. Road vehicles at low 
speed running condition for operation time was 1087 
seconds, is composed of 11 segments of kinematics, 
kinematics segment running time 107 seconds, the 
average operation time is short, is due to the branch 
flow is large, intersection traffic light more, stop the 
car more frequently, its maximum speed is 39.73, 
slow running speed, as the typical branch and low-
speed traffic characteristics of city one.  



Sensors & Transducers, Vol. 166, Issue 3, March 2014, pp. 23-28 

 27

The second category of vehicle road condition as 
shown in Fig. 3, it represents the vehicles in the 
traffic a carefree medium-speed operation mode of 
urban main road, it is also working condition of city 
road model, top speed of 60.84 km/h, conforms to the 
urban main road 40 to 60 km/h speed  
characteristics. Vehicle road condition lasts 1127 
seconds, moderate speed seven segments of 
kinematics, less than four road slower vehicle driving 
cycle kinematics, kinematics segment running time 
161 seconds, the average 54 seconds more than the 
kinematics of working condition of low speed 
fragments and show that in this mode, the road traffic 
is clear, vehicle parking fewer, exercise duration is 
longer, comply with the traffic characteristics of 
urban trunk road. 
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Fig. 2. The first type of vehicle road driving cycle. 
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Fig. 3. The second type of vehicle road driving cycle. 
 
This paper builds the third vehicle road condition 

as shown in Fig. 4, it represents the vehicles in the 
fast speed features of road top speed is 89.32 km/h, is 
a main type of highway transportation traffic in the 
city [8]. Duration of 1141 seconds vehicles' high-
speed road condition, made up of four segments of 
the kinematics, driving modes of long duration, 
speed is due to expressway traffic flow, intersection 
of traffic lights and less traffic is relatively small. 
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Fig. 4. The third type of vehicle road driving cycle. 
 
 
Above to build the three vehicles, respectively, 

represents the road conditions in urban road branch, 
one, and the main fast road running mode, can be 
used on the vehicle chassis dynamometer  
simulating vehicle run on all kinds of road, further 
study on the vehicle in all kinds of road fuel 
consumption, emission and emission durability 
experiment, research to improve the vehicle's fuel 
efficiency, reduce air pollutant emissions, etc. Urban 
comprehensive road traffic condition  
is the vehicle in the main urban expressway, and one 
branch running on the operating mode, this paper 
builds the city integrated road traffic conditions as 
shown in Fig. 5, which is by the vehicle  
road, low-speed driving vehicle road condition of 
moderate speed and vehicle road working condition 
of high speed press respectively in the research of the 
overall condition of the proportion of  
time that constitute, comprehensive road traffic 
conditions can be used in the measurement of urban 
comprehensive vehicle fuel consumption and 
formulate a rule of vehicle fuel consumption  
in our country, and new technology development  
and assessment of the model is of great  
importance. 
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Fig. 5. City vehicles consolidated road driving cycle. 
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4. New Condition Comparison with 
Europe 

 

European vehicle integrated road condition and 
build the city vehicles comprehensive road condition 
characteristics more as shown in Fig. 6. Can be seen 
from Fig. 6, a higher percentage of time at a constant 
speed of European driving cycle, and deceleration 
time ratio is low, show that way than Europe the 
roads are blocked in our country, with more 
deceleration. Constant speed fuel consumption refers 
to the vehicle in good pavement at constant speed 
fuel economy index, one speed fuel consumption is 
the lowest, is the speed of the car's economy, and the 
other speed range fuel consumption is opposite 
bigger, because our country road condition and the 
conditions have difference, idle time proportion of 
European conditions, the proportion of time building 
up to more than 10 %, and deceleration time 
proportion low more than  
10 percentage points, according to the working 
condition of European research and design of the 
vehicle speed in our country's economic road 
condition of smaller percentage of time, if, in 
accordance with the working condition of Europe to 
evaluate passenger vehicle fuel consumption and 
pollutant emissions in our country, the resulting in a 
decline in the best performance of the engine, fuel 
consumption increase.  
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Fig. 6. Driving characteristics comparison of the 
building driving cycle and the European driving cycle 

EUCN. 
 
 

The pollutant emissions increase, so according to 
the working condition of Europe to evaluate fuel 
consumption and emission levels of passenger cars in 
our country, does not conform to the actual situation 
of our country. Suggest the establishment and 
development of our country in accordance with our 

country road traffic condition, to scientifically 
formulate conforms to our country actual vehicle 
pollution control strategy provides the basis. 

 
 

5. Conclusions 
 

This paper proposes a remote data acquisition 
method based on GPRS, through on-board data 
acquisition terminal collect driving data, using 
principal component analysis and cluster analysis 
method to construct three kinds of working 
condition, and take the new building vehicle driving 
cycle compare with European standard driving cycle, 
discover between the European driving cycle and the 
new driving cycle have gaps, so we can’t take 
Europe's driving cycle to replace the domestic cycle, 
we should set up own vehicle driving cycle, and 
establish the standard rules associated with China's 
vehicle fuel consumption and emission  
levels accordingly. 
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