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Abstract — To solve the urban road safety, congestion, pollution and efficiency, we need grasp accurate real-time traffic conditions 
of the city. Intelligent Traffic need to discover rules and provides various services through processing, analysis and mining massive 
real-time and historical data. Big Data technology is an effective way to achieve this purpose. Based on the analysis and comparison 
of the current popular processing platforms and technologies of the big data, this paper designs a new framework for processing 
traffic big data that is fit for both batch processing and real-time processing at the same time, and then to achieve data collection, 
storage, correlation, semantic processing and analysis of the traffic big data through this new framework. The experimental results 
show that the framework can real-time, fast and accurate processing and calculating traffic big data.  
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I. INTRODUCTION 

In recent years, intelligent traffic is developing rapidly in 
our country [1]. Combined with the application of epc 
system network, the traffic information collection methods 
and data type have been enriched greatly. With the fast speed 
and automation of the traffic data generation, the amount of 
data to be processed is in a rapid expansion, forming a 
massive traffic information [2-3]. The data scale effect to 
these massive traffic data has brought great challenges for 
data storage, management, and analysis. Blending in cloud 
computing, big data technology, the intelligent transportation 
technology has been better able to face this challenge [4]. 

The activation application of traffic big data will bring 
great changes to the traffic development, which is mainly 
embodied in the instantaneity, distribution, efficiency and 
predictability of the big data technology [5, 6]. 

1) Instantaneity. Traditional fuzzy query and statistical 
analysis of huge amounts of data couldn’t meet the needs of 
the traffic instantaneity. But the big data could analyze and 
process the traffic big data in real time to help people quickly 
find abnormal traffic in huge amounts of traffic data and 
locate the crux, which is convenient to traffic management, 
making the traffic running more reasonable [7]. 

2) Distribution. The application to traditional data has 
usually analyzed single table mining, which would be 
powerless because of efficiency when it comes to across a 
table [8]. However, the big data distributed parallel 
processing has done well in analyzing the complex table 
correlation, pushing and associating the data string, improve 
the data processing ability, supporting high concurrency and 
multi-access and cooperating and disposing rapidly together 
with people in the traffic emergency. 

3) Efficiency. The Efficient mining ability to traffic data 
could quickly find the inner relation rule of massive traffic 
data, which would improve the traffic operational efficiency 
and traffic capacity of road network. Making use of the big 

data, the city of London has reduced the time for traffic 
congestion and improved the traffic operation efficiency. 

4) Predictability. The higher predictive ability of big data 
technology could misinformation and omission of traffic 
state [9, 10]. Through establishing the monitoring and 
prediction model of regional traffic status and monitoring the 
traffic dynamic in real time at any moment, the big data 
technology would help the driver and user to understand the 
status of the traffic congestion in advance and thus avoid the 
traffic jam. 

Apart from the above aspects that the big data has made 
great effect on traffic, it also has had a huge impact to the 
safety of the traffic environment [11]. The instantaneity, 
predictability and comprehensive decision model of big data 
has contributed to improving data processing ability of the 
traffic safety system [12]. The big data could analyzed the 
safety of moving vehicle in a comprehensive way by quickly 
integrating each sensor data, and combining the moving 
vehicle trajectory data, which would help to provide 
auxiliary for the emergency decision, improve the ability to 
emergency rescue, and reduce the occurrence of traffic 
accidents in an effective way. Thus, the emergence of big 
data technology and its application could effectively solve 
many problems that the intelligent transportation has been 
faced with [13, 14]. In order to use the big data technology 
and dig the potential value of the traffic data, it has been 
required a data management platform to deal with various 
types and sizes of data. 

Next, we describe the big data processing technology in 
more detail. 

II. BIG DATA REAL-TIME PROCESSING TECHNOLOGY 
With the coming of the era of big data, various solutions 

to dealing with big data have emerged as the times require. 
Seven years ago, for management, storage and analysis of 
large amounts of data, yahoo created a distributed computing 
platform Hadoop. As a batch system, Hadoop has the 
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advantages of high throughput and automatic fault tolerant, 
etc. Hadoop has been widely used in the field of the massive 
data processing at present. 

Hadoop is a distributed system infrastructure developed 
by the Apache Foundation, permitting the users to develop 
distributed applications without understand the distributed 
underlying details [15, 16]. Hadoop consists of two parts: 
Hadoop Distributed File System (HDFS) and MapReduce 
computing framework.  

The architecture of HDFS has been illustrated by Fig. (1), 
the communication between three kinds of node including 
Namenode, Datanode and Client has been based on TCP/IP. 
When Client performing a read or write operation, data is 
being cached in the temporary folder of the machine at first. 
After buffer data block reached the set value (default 64M), 
Client informed Namenode, and Namenode responded the 
RPC requests of Client, then insert the new name of the file 
to the distributed file system structure level and found the 
block of storing that data in the Datanode, and notified that 
Datanode and the information of the corresponding data 
block of Client at the same time. Then the Client wrote the 
block of data in a specified data node. HDFS has a 
characteristic of high fault-tolerance and can be deployed on 
the low-cost hardware, and can provide high throughput to 
access the data of applications. 

 
Figure 1. HDFS structure. 

MapReduce is a model of parallel processing, there are 
two main processing steps: map and reduce. Work process is 
shown in Fig. (2). 

The process of Map is as follows: 
 (1) Computing framework will first fragment the data to 

be handled, which is convenient for processing map task. 
 (2) After the fragmentation, multiple machines could 

work map simultaneously. Map would output intermediate 
results in the form of < key, value > after processing each 
record. And The output results of map would be put in a 
circular memory buffer. when the buffer is going to 
overflow, it will create a overflow in the local file system 
files in which that data in the buffer would be written. 

 (3) Before being written in the disk, the thread has 
generated the same number of partitions according to the 
number of reduce tasks. When the map task output records, it 
would produce overflow file which needs to be merged at 
this time. With the continuing sorting and merging of files, a 

partitioned and orderly data file has been finally generate. At 
last, the data from the corresponding partition would be 
copied to the relevant reduce task. 

 
Figure 2. MapReduce framework. 

The process of Reduce is as follows: 
 (1) Reduce will receive data from the different map 

tasks. If the amount of data that the reduce end has received 
is fairly small, it would be saved in internal storage. 
However, if the amount of data exceeds a certain percentage 
of the buffer size, it would be combined and then written 
overflow to the disk. 

 (2) With the files written overflow increasing, they 
would be merged into a more orderly file, and then be 
processed by reduce function. The reduce function that has 
installed business logic defined by the user would process 
the data and then output the result. 

Hadoop is a batch system in essence. The data is 
introduced into the Hadoop file system (HDFS) and 
distributed to various nodes for processing [17]. Finally it 
would do a summary to the results and then generate the 
results files to be stored in HDFS. 

III. SOLUTIONS TO TRAFFIC BIG DATA PROCESSING  

A. The Overall Frame Structure Design  
One characteristics of the traffic data is many 

heterogeneous sources, large amount of data. Much 
equipment, for example, induction coil, microwave velocity, 
traffic light control system, etc. have generated large 
numbers of original data every day. It is worthwhile to 
provide convenience for traffic decision and guidance and 
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effectively relieve urban congestion problem by making 
good use of these large amount of multisource data. 

Therefore, on the basis of an overall consideration for the 
characteristics of the traffic data and its application 
requirements, traffic big data solution shown in Fig. (3) has 
been designed. The solution is based on the existing open 
source software, hardware and low cost and reliable data 
processing platform on the application system, whose 
structure containing six layers described in detail as follows: 

(1) Traffic heterogeneous data mainly includes the 
induction coil, microwave velocity, video monitoring, traffic 
light control system, etc. These equipment could generate 
traffic data which could be divided into real-time processing 
data and non-real-time data processing according to different 
demands. 

(2) Data transformation and synchronization layer mainly 
implement the transmission and synchronization of data 

which could be divided into two types: real-time data and 
non-real-time data according to different data characteristics. 
The non-real-time data is generally used to historical analysis 
or data warehouse operation. The data transformation tools 
such as Sqoop could be adopted to achieve the requirements 
of data transmission and synchronization. However, as for 
real-time data, it is more effective to use publish-subscribe 
approach to dealing with the data flow calculation, which is 
similar to TimeTunnel tool. 

(3) Data processing layer is the core of large data 
processing platform. In order to be able to process real-time 
data flow and batch data by using historical analysis or data 
warehouse, two sets of computing framework have been 
designed. One is Hadoop ecosystem computing framework, 
the other is computing framework based on Storm. These 
two frameworks all have its own corresponding tasks, which 
are managed by the cluster resource manager Mesos. 

 
Figure 3. Traffic big data processing framework. 

 (4) Data storage layer is used to save the final or interim 
results of data processing layer, which mainly contains 
relational database and non-relational database to adapt to 
different types of data. 

 (5) Below the storage layer, there is an additional 
layer—external interface layer, which has two advantages. 
One is shielding the heterogeneous storage logic to make 
storage for high-level application transparent, the other is 
providing a encapsulation for different components (such as 

the Impala, Hive, etc.) and a unified interface for open 
personnel. 

(6) The application layer contains some applications 
related to traffic data, like flow analysis, real-time traffic 
congestion, traffic guidance, etc., which is commonly to be 
seen. 

Data source layer. Heterogeneous data sources have 
structured data traffic，but mostly unstructured data. These 
data sources mainly contain radio frequency identification 
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(RFID), video monitoring, bayonet catch data (including 
ETC, Intersection signal, etc.), GPS(global positioning 
system) trajectory data, the data of swing IC card, traffic 
application service data, and so on. 

Data processing layer. Data processing layer is the core 
of big data processing system framework.  Sqoop has 
integrated the data of data source, stored in the distributed 
database HBase. Here HBase and Impala storage systems 
based on HDFS have been adopted. Impala provides query 
function for real-time interactive SQL big data, which could 
directly query data by using SELECT, JOIN and statistical 
function from HBase, realizing quick storage and analysis of 
big data. According to the different traffic demands, the 
system has designed two sets of computing framework. One 
is MapReduce off-line computing framework that is used to 
predict the traffic model and excavate the rule of traffic 
circulation, the other is Storm real-time traffic flow 
computing framework used to process real-time traffic flow 
data and predict traffic flow during short period. The results 
of data processing could be analyzed visually and unfolded 
to users as dynamic graph. 

Knowledge layer. Traffic big data processing is to make 
a deep analysis of data, excavate the deep knowledge that the 
data has, find the internal rule of the data, which mainly 
contains residents daily travel behavior, travel mode, traffic 
operation decision-making and planning according to the 
characteristics of the urban, residents' individual knowledge 
activities, the dynamic characteristics of the city, the urban 
spatial distribution, etc. The CUDA framework has been 
adopted to traffic video and image, quickly extracting its 
characteristics and abstracting to excavate and analyze. 

B. Data Processing Layer Design  
Hadoop is a maturer processing platform for distributed 

data at present, used to solve insufficient processing ability 
for big data in traditional way. The main advantages to 
adopting Hadoop platform are as follows: 

1) Free open source software, easy to transform and 
update; 

2) Relatively speaking, it has been used in actual 
production environment by many maturer and major 
company like Baidu, Taobao; 

3) Hadoop distributed platform has many components 
that can be integrated together to deal with the traffic data 
conveniently. 

Integrating the actual situation, the Hadoop batch 
processing platform could be constructed according to the 
compound mode illustrated in the following Table 1. 

TABLE 1.DISTRIBUTION OF EDUCATIONAL LEVEL BY AGE IN EACH 
POPULATION GROUP (%) 

Module Function 

MapReduce Computing framework 
Hbase Storage management improve read/write performance
Sqoop Data extraction 
Impala Interactive query 

Hive Data warehouse 

 
Fig. (4) describes interconnected relationship structure 

among modules of Hadoop. The data source is extracted to 

HDFS by data extraction tool Sqoop and managed by 
HBASE database. The concrete execution task of batch task 
would extract data from HBSE and then calculate 
correspondingly, the common tasks of which are 
MapReduce, Impala ,etc. 

 
Figure 4. Processing details of Hadoop batch platform. 

IV. EXPERIMENT 

In this section, we will use Hadoop to compute the 
evaluation index on average driving speed. Table 2 is the 
configuration for a Master node and three Slave nodes in the 
experiment: 

TABLE 2.EXPERIMENTAL CLUSTER CONFIGURATION 

Name CPU(Num.) Hard Disk OS Memory

Master node 1 30G CentOS6.2 2G 
Slave 1node 1 30G CentOS6.2 2G 
Slave 2node 1 30G CentOS6.2 2G 
Slave 3 node 1 30G CentOS6.2 2G 

In the experiments of Hadoop, the Hadoop version of 
Hadoop - 0.20.2 – CDH has been used. All the bayonet 
simulation data used in the experiment is to point at the 
instantaneous velocity that the vehicle across the bayonet 
point in a bayonet at some point. Through calculating the 
average speed at a bayonet point during a period of time, the 
traffic conditions at that moment at the bayonet point could 
be obtained. 

TABLE 3.HADOOP EXPERIMENTAL RESULT 

Record Count(Num.) Data Size(B) Run Time(s)

390000000 8355640 536 

Above is the results of the bayonet simulation data 
produced by processing the text type of size 8G on the 
Hadoop experimental platform. It could be seen from the 
results that it costs 536 seconds for the CDH version of 
Hadoop to process data of size 8G, whose processing 
efficiency is high. 

V. CONCLUSIONS CONFLICT OF INTEREST 

ACKNOWLEDGMENT  

The information processing method for large data of 
traffic based on Hadoop platform has been studied. First, 
depth study HDFS and MapReduce programming model of 
Hadoop, and analysis and comparison of currently several 
common computing platform for big data [18]. Then, in the 
actual deployment of Hadoop cluster environment, the 
design and implementation of a distributed-induced traffic 
assignment method, which is known under the conditions of 
the urban road network data sets can balance traffic induce 
and optimize traffic flow distribution, also proposes a 
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method for obtaining urban road network datasets search 
algorithm. Around the above method designed and 
implemented a traffic information service system based on 
Hadoop, according to the actual travel demand, taking into 
account the optimization the target of urban road network 
traffic assignment, providing distributed traffic guidance 
services to users. By building an intermediate layer to 
achieve a request based on the user access automatically 
triggers Hadoop computing tasks, solve Hadoop original 
work off-line batch mode is not suitable for real-time online 
information service problems. Finally, through the 
simulation examples demonstrate the effectiveness of the 
system [19, 20].  

Based on the analysis and comparison of the current 
popular big data processing platform and technology, the 
traffic big data processing platform that meets needs of batch 
and real-time processing at the same time has been designed 
to aim at heterogeneous traffic data source. Moreover, the 
traffic big data has been done experiment test and calculated 
on that framework. The experimental results have shown that 
the proposed framework could process and calculate the 
various demand parameters of traffic big data in a real-time, 
fast and accurate way. 

Through expounding the investigation contents of 
traditional urban road transit, this paper analyses the 
technical characteristics of big data and its utilization 
prospect in road transit investigation, discusses the 5 
technical and economic advantages of traffic big data system 
including detailed data, high convenience, high accuracy, 
low cost and good benefits, and also puts forward relative 
suggestions on urban road transit investigation under big data 
background [21], such as: promoting the platform 
establishment of traffic big data system; encouraging the 
theory system innovation of transit investigation; and 
actively exploring the utilization of big data in transit area. 
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