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Intelligent traffic management system based on big data is the trend of the development of the transportation 
system. It integrates information technology, wireless communication technology, computer technology, 
sensor technology and other advanced technologies to form a comprehensive and efficient integrated traffic 
management system. Traffic system based on big data needs to deal with a large number of unstructured data 
and semi-structured data. Also, the capacity of the data becomes larger, the data grows faster, and the format 
of the data becomes more complex. Traditional ETL technology has been unable to meet the needs of the 
construction of intelligent traffic network which is based on big data. According to the characteristics of the 
traffic network based on big data, this paper designs a kind of ETL system with high universality and high data 
processing efficiency. First, in order to improve the efficiency of data processing, we optimize the workflow of 
ETL. In order to make ETL suitable for big data traffic network environment, we redesign the ETL data 
processing rules by identifying and merging. And then we optimize the extracting, transforming and loading of 
the ETL system. Finally, the experimental results show that the redesigned ETL system can effectively serve 
the traffic network system based on big data. This method has a high efficiency in processing complex data 
structure and large data capacity of big data.  

1. Introduction                  

With the rapid development of the city, traffic congestion, traffic pollution and traffic accidents are the major 
problems to be solved in the city. Intelligent transportation system based on big data is imperative. It embeds 
the internet of things and car networking technology into traffic management, so it can control the entire traffic 
management system efficiently and comprehensively. However, due to the rapid increase of traffic users, the 
traffic related data of intelligent traffic system has jumped from the TB level to PB, EB level, even ZB level. A 
great amount of data has a great impact on the operation and management of intelligent transportation 
system. Traffic data includes data base, picture, video, text and other structured data, unstructured data and 
semi-structured data and so on. Researchers in the field of big data generally believe that data mining and 
analysis is the key of big data technology. However, many scholars in the study find that the implementation 
time of the data acquisition and preprocessing stage usually accounts for 60%-80% of big data entire process 
time. This stage is the most time consuming stage in the whole system development process (Abiteboul et al., 
1999). In the process of data acquisition and preprocessing, we need to extract data from distributed and 
heterogeneous data sources, and then clean, transform and integrate the data. Finally, we load the data into 
the data warehouse. This process is called extraction, transformation and loading (ETL). Due to the large 
number of data from different sources, the work performance of intelligent traffic system based on big data is 
directly influenced by processing efficiency and quality of ETL. 
The traditional traffic control system mainly uses the ring coil and video to detect the traffic flow, but the 
system is passive. The whole framework of intelligent transportation based on big data includes physical 
sensing layer, data processing and analysis prediction, and optimization management application. According 
to the wide application of big data systems in variety of fields, the traffic network architecture based on big 
data is shown in Figure 1. 
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Figure 1: The traffic network architecture based on big data  

The big data technology can be widely used and widely recognized in traffic network, what is mainly reflected 
in the real-time distribution, efficiency and predictability of big data technology. The real-time and distributed 
data processing guarantees the high efficiency and predictive ability of the big data in the traffic network 
application. Excellent ETL design is the premise to guarantee the real time processing of the distributed traffic 
data. At present, the major software companies have developed many outstanding ETL system, such as 
Oracle's Oracle Warehouse Builder (OWB) (Borowski et al., 2008), Microsoft’s SQL Server Integration 

Services (SSIS) (Haselden et al., 2007), IBM’ Data Stage. There are single ETL tools, such as Kettle, Clover 
ETL, Talend and Data Cleaner. These soft wares have their own advantages and the application scope. 
Researchers in the study of ETL mainly concentrate in 4 areas: ETL modeling, ETL processing, data quality 
and metadata (Xu et al., 2011). Modeling research mainly focuses on conceptual modeling, logical modeling, 
model transformation and optimization etc. Mu et al. (2009) propose a method for automatically generating 
code in the process of ETL, which is based on conceptual model. Lenzerini et al. (2003) study the definition, 
initial loading scenarios and conceptual model specification, and improved the concept of modeling. Ding 
(2007) simplifies the general model of ETL activities, and models the workflow on basis of the process. Study 
on the process of ETL focuses on the research of data extraction and data transformation. Zhang Rui (2010) 
describes the core contents of ETL from extraction, transformation and loading of three different angles. 
Zhang Xufeng et al. (2006) divide data extraction into total data extraction and incremental data extraction, 
and the ETL process is divided into full ETL process and incremental ETL process.  In the face of complex 
data, Strong et al. (1996) defined a common data quality, which can make ETL work efficiently. Kimball et al. 
(2007)) put forward 6 important indicators of data quality evaluation in ETL. Wang et al. (2010) propose an 
ETL service framework based on metadata, the metadata in data warehouse is used to describe the structure 
of the data warehouse and the establishment of the method.  
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2. ETL technology 

ETL is an important part of the construction of data warehouse (Zhang Ning et al. (2002)). Firstly, it solves the 
problem of data dispersion (Ma (2004)). Secondly, ETL can not only filter the "dirty data" in the data set, but 
also can guarantee the data clean and effective (Lin (2003)). ETL is the process of data extraction, data 
transformation and data loading, every industry will encounter the problem of mass data processing. Figure 2 
shows the structure of the traditional ETL model. 
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Figure 2: The structure of the traditional ETL model. 

2.1 Data extraction 

Data extraction is the process of extracting data from the source database system. The data that is extracted 
from different databases or heterogeneous sources is the basis for subsequent data processing. Data 
extraction has two modes, namely incremental extraction and total extraction. Incremental extraction is the 
most important way to extract data.  

2.2 Data transformation 

The result of the data transformation is that the data required by the database is obtained after the 
transformed. Data transformation focuses on the data processing, and it contains a lot of data processing 
rules. Common rules for handling data include data extraction rule, data loading rule, filter rule, the projection 
rule, column splitting rule, rule to merge column, column function rule, column filtering rule, table joining rule, 
multi broadcast rule, search and replace rule, derived column rule, column mapping rules, order rule, and 
group rule. 

2.3 Data loading 

Data loading refers to loading transformed and processed data in the activity area into the user specified 
database. The whole process of ETL is over until the completion of the procedure. 

3. Traffic network data analysis  

The construction of intelligent transportation network makes the traffic data more and more diversified. The 
continuous video signal of camera, the text information of traffic police portable equipment, and traffic illegal 
captured pictures produce a large number of types of data. These data are not only complex but also have 
huge data capacity. The core of ETL technology is loading data from the source system into data warehouse 
in accordance with certain rules and logic, which is used to further analysis of data mining.  
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4. The design and implementation of ETL for the construction of traffic network based on 

big data 

4.1 Optimal design of ETL 

Workflow is a summary model of workflow execution process. In this paper, a reasonable set of ETL data 
processing rules can achieve the optimization of workflow and improve the efficiency of data processing. In 
addition, we add a temporary use of the database in the middle of the database, namely the memory database, 
so that the frequent operation of the data can be completed quickly in the memory. 
1) Optimizing the setting of data processing rules. Firstly, we classify the rules in accordance with their 

handled data size into different types. These rules acting on the same data type are the first class, such 
as column splitting rule, column function rule, column filtering rule, and search and replace rule etc. The 
rules acting on the single data set are the second class, such as filter rule, the projection rule, multi 
broadcast rule, column mapping rules, group rule etc. Third type of rule can act on two data sets, namely, 
the join rule. Then, in this paper, these three categories of rules are classified, the first type of rule is 
denoted as CRule rule, the second type is Output rule, the third type is Group rule, and the fourth type is 
Join rule.  

2) In order to ensure that the data transformation can quickly extract the required data in memory, instead of 
the disk database I/O operation, we put all kinds of data temporarily stored inside the memory. This 
method is convenient for data transformation, and greatly reduces the time cost for disk database I/O 
operation. This is the purpose of adding temporary database. The optimized ETL design architecture is 
shown in Figure 3.  
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Figure 3: The optimized ETL design architecture. 

4.2 Optimal design of ETL 

According to the redesign and optimization of ETL structure, this paper implements a strong data processing 
capability, real-time and efficient ETL tools. ETL first extracts different types of data sources. Before the 
execution of the workflow, the process is first analyzed. Then, according to the type of conversion, the 
different conversion is sent to different execution parts. ETL workflow execution starts from the Begin node 
and ends at the End node. 

5. Experiment and analysis 

5.1 Introduction of experimental environment  

This experiment compares the improved ETL with the traditional ETL, the results of experiments shows that 
the method has a significant improvement in the processing of big data. In order to verify the performance of 
the improved ETL, the configuration of the computer we choose is as follows: Intel(R) Core(TM) i5-4300M 
@2.60GHz; RAM: 4G; OS: windows 7; jdk7.0. Database using My SQL 5.0, SQL Server 2008, Oracle 10i. 
Data comes from a city near the second ring traffic network information in 2013.  
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5.2 Experimental results and analysis 

1) Firstly, we compare the efficiency of ETL and traditional ETL in data conversion. The experiments are 
divided into 5 groups. Each group is divided into 5 experiments, which is based on the number of rules. The 
numbers of these rules are 2, 4, 6, 8, and 12. The test of each rule is carried out for 2 times, and the average 
time of the test is taken. As can be seen from Figure 4, the execution time of ETL in this paper is obviously 
less than that of the traditional ETL tools. 
 

 

Figure 4: Comparison of ETL time 

2) The advantage of the improved ETL tool in this paper is that it has a fast response time when the data is 
processed. And at the same time, the ETL can quickly extract, transform and load the useful data into the data 
warehouse. In this experiment, we compare the throughput of the data with two different ETL tools, and verify 
the processing ability of the different ETL tools to the data. As can be seen from Figure 5, the processing 
capacity of the method is not obvious, even worse than the traditional method, when the data size is small. 
However, with the increase of data size, the advantages of this method in the data processing ability are 
reflected. 
 

 

Figure 5: Comparison of experimental results 

6. Conclusions 

By optimizing the data processing rules of the ETL data transformation process, and adding a memory 
database in this process, we propose a design and implementation of ETL for the construction of traffic 
network based on big data. Compared with the traditional ETL tools, the ETL can process a variety of data 
types, and transform data faster. In this paper, the ETL mainly deals with the large amount of data generated 
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by intelligent traffic. First of all, we prove this method to achieve the desired purpose, saving more time during 
data conversion. Secondly, we verify the method in the ability to handle large amounts of data processing. 
With the increase of data size, the advantages of this method in the data processing ability is reflected. Finally, 
the ETL tool designed in this paper can not only meet the requirements of data acquisition and pre-treatment 
of big data of traffic network, but also has very good performance. 
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