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Abstract — with the development of science and technology, understanding the health status of bridge engineering structure 
through appropriate monitoring method plays a vital role in ensuring the safety of bridge engineering structures. At the same time, 
it also provides the necessary basis for the maintenance and reinforcement of bridge engineering structure. In this paper, we use 
wireless sensor network to realize the health monitoring of bridge, and overcome the disadvantage of the traditional bridge health 
monitoring, which has certain practical significance. First of all, this paper studied the composition of bridge structural health 
monitoring system and monitoring content. Then, based on the research of the theory and technology of sensor nodes, this paper 
designs a wireless sensor network node based on Zigbee. This part of the design includes hardware design and software design. The 
hardware design is based on the main line of nodes, and we design the sensor module, processor module, communication module 
and power supply, and gives the figure of the basic structure of the sensor node. Moreover, this paper analyzes the basic principle 
and the independent component analysis of the bridge diagnosis system. At the same time, this paper introduces the bridge damage 
early warning based on the time series analysis method, and analyzes the structure and the specific implementation of the bridge 
damage detection. Finally, this paper realizes the design of the upper computer system based on the system function and the 
application of the VB development environment. 
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I. INTRODUCTION 

Bridge is a large infrastructure with huge investment and 
a long period of use, and its security has an important impact 
on the national economy [1]. In recent years, the continuous 
occurrence of bridge collapse accident on people's life and 
property caused serious damage. The relevant departments 
have to strengthen the bridge health status of attention, and 
they realized that the bridge as a public transport 
infrastructure, its health is about people's lives and national 
economic security. Most of the bridges in our country have 
not established the maintenance system to ensure the safety 
and durability. There are two main reasons: on the one hand, 
because of the lack of security monitoring system of bridge 
structure, some abnormal structure cannot be found in time 
and the corresponding measures are implemented; on the 
other hand, because the current detection technology cannot 
make accurate and objective assessment of the structure of 
the damage to the components, when the structure of the 
severe degradation of the local quality is repaired and 
reinforced, it often has to be updated to the parts that may 
exist. Therefore, the establishment and improvement of the 
bridge health monitoring system is not only affected by the 
health and safety of the bridge, but also closely related to the 
economic benefits [2, 3]. At present, the detection of the 
bridge is still based on the traditional artificial detection 
method. This method is economical and feasible, but there 
are still obvious deficiencies in the large bridge, and it 
cannot make a reasonable and scientific evaluation of the 
overall safety. In this situation, it is very important to 
establish a bridge monitoring and comprehensive evaluation 
system which is a hot topic in the research field[4]. 

Wireless sensor network (WSNs) is a new type of 
network structure, which is composed of many sensor nodes 

to transmit information from the organization and wireless 
communication. It integrated the sensor technology, 
embedded computing technology, wireless communication 
and distributed information processing and other 
technologies. As one of the most challenging problems, it 
has great application prospect in both military and civilian 
areas. Using wireless sensor network technology to solve the 
problem of life cycle health safety monitoring and 
assessment of bridge structure has great social significance 
and economic value. Therefore, it has become a hot research 
topic in the world. Bridge health monitoring is to monitor the 
integrity of the bridge by using nondestructive testing, and to 
make the diagnosis of damage location and damage degree. 
The main physical parameters of bridge health monitoring 
include stress, deflection, dynamic response and temperature 
and humidity, and the other wind, traffic and load should be 
monitored according to the actual situation and system 
requirements. Wireless sensor network technology is applied 
to bridge engineering field to bridge health monitoring and 
safety assessment into the new energy, which has brought an 
opportunity for the development of long-term health 
monitoring of bridge. 

II. RESEARCH CONTENTS 

A. Composition of Bridge Health Monitoring System 

Bridge health monitoring is to carry out non-destructive 
testing of bridge structure, real-time monitoring of the 
structure of the overall and local behavior, to the extent of its 
damage to the diagnosis, and its state to make assessment for 
the bridge in the special climate, traffic conditions or bridge 
operation conditions of serious abnormal trigger warning 
signal. A typical bridge health monitoring system block 
diagram is shown in figure 1. 
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Figure 1.  Block diagram of a typical bridge health monitoring system 

The system mainly includes sensing system, data 
management system and early warning system: 

Sensor system includes sensor nodes and data 
communication, which is the terminal equipment of the 
whole bridge monitoring system.  At the same time, it is 
responsible for the acquisition and transmission of all kinds 
of signals, and controls the working time and frequency of 
all sensors. In addition, in order to achieve the purpose of 
real-time monitoring and remote monitoring, the data will be 
transmitted to the monitoring room through a reasonable 
transmission mode. 

Damage diagnosis and early warning system is mainly to 
analyze the received data using the application of damage 
theory and according to the results of the analysis to make an 
assessment of the status of the bridge. In the right, it is a 
system that is based on the results of damage analysis and 
state evaluation.  

B. Content of System Monitoring 

Many indicators reflect the health status of the bridge. 
Because the comprehensive monitoring will cause the 
problem that the hardware is huge, the data is complex and 
the processing data is not reliable and so on.  In the 
monitoring indicators, we should choose the index that can 
reflect the health status of the bridge according to the 
selection of bridge types. Because the selection of the bridge 
monitoring index is based on the "bridge itself", the main 
monitoring indicators are as follows: 

(1)Environmental temperature and temperature 
distribution of bridge monitoring 

Certain monitoring processes or the measurement 
accuracy of the sensor itself may be affected by temperature. 
By monitoring the temperature of the environment, the 
impact of temperature on these processes or sensors can be 
eliminated. By monitoring the temperature field of the whole 
bridge, combining with other monitoring projects, the 
behavior of bridge in a temperature field can be understood. 

(2)Stress monitoring of main girder 
Through monitoring the control of the main beam and the 

internal force of the key part to study the internal force 
distribution, the local structure and the response of the link 
under various loads can provide the basis for the damage 
diagnosis and condition assessment. Under the action of dead 
load, the beam axis position of the bridge, arch axis position 
of arch bridge, position of the axis of cable-stayed bridge and 
suspension bridge girders and towers and the change of axis 

position under active loading is an important indicator to 
measure the bridge is in a state of health. 

(3)Deflection monitoring 
The bridge deck is a component that directly bears the 

traffic load, and the deflection of the main girder is an 
important parameter to reflect the working condition of the 
main girder under the action of various traffic loads. 

(4)Vibration monitoring 
The vibration characteristics of the bridge are related to 

the stiffness, quality and distribution of the bridge structure, 
which is a quantity to represent the whole state of the bridge, 
and regularly measure the vibration characteristics of the 
bridge, can grasp the operating status of the structure of the 
bridge as a whole. Vibration data can provide basic data for 
various researches based on vibration monitoring data (such 
as damage identification, state assessment and early 
warning). 

C. Design of wireless sensor network node based on 
Zigbee 

Sensor node is the basic unit of WSNs, which is the 
source of the data information. Based on the research of key 
technologies in wireless sensor networks, the wireless sensor 
network node based on Zigbee is designed in this chapter.  
The nodes of the wireless sensor network nodes are shown in 
Figure 2: 

 
Figure 2.  Basic components of sensor nodes 

Among them, the sensor module is responsible for 
monitoring information collection and data conversion in the 
area of network coverage; the processor is responsible for 
controlling the operation of the entire sensor node, that is to 
say, it stores and processes the data itself and other nodes; 
The wireless communication module is responsible for the 
communication with other sensor nodes, the exchange 
control information and the data receiving and transmitting 
data; Power supply module provides the energy required for 
the operation of the node, usually using a micro battery. 

Design of the software of the network system based on 
the hardware design of the sensor node is the key to the 
system design. This part is mainly divided into the main 
program, data acquisition in the digital filter subroutine, A/D 
channel conversion subroutine, watchdog monitoring 
program, wireless communication module subroutine. In this 
section, the main program and the wireless communication 
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module program are developed on the IAR software 
platform. 

The main program is the main body of the whole process; 
all the routines are used by the main program. It can 
accomplish data acquisition, transmission, sending, receiving 
and processing of various orders. The whole program is 
divided into three modules: command processing, ADC 
processing and communication processing.  

Wireless communication between nodes is the basis for 
the realization of wireless sensor network, which mainly 
includes two aspects, namely, sending and receiving. The 
sending software only needs to send the data to the sending 
data register using the SPI bus from the microprocessor to 
send to send data register. At the same time, the software 
needs to switch to send the work mode. The receiving 
software is only sent to the microprocessor by the SPI bus 
from the received data register, after the end of the system is 
switched to the idle mode. The basic idea of software 
programming is to initialize the SPI port, CC2430 port, SPI 
port, UART port, ADC and CC2430 chip, and after the 
receiver, we can run the task program and realize the 
receiving or sending data. 

D. Bridge damage diagnosis 

Bridge damage diagnosis and early warning is a common 
and universal work in bridge management and maintenance 
work. Therefore, the damage diagnosis evaluation and early 
warning method should be comprehensive, accurate and 
convenient. 

The natural frequency of the structure is a function of the 
overall stiffness and mass, which is proportional to the 
stiffness, and inversely proportional to the mass. The damage 
of some parts or a component in structure will cause the 
change of natural frequency, but the quality of the bridge 
structure generally does not lose. The change of natural 
frequency is caused by the loss of local stiffness. So we can 
compare the damage of the bridge structure before and after 
the damage to the frequency of the damage. 

Based on the above theory, this paper uses sensor nodes 
to measure the vibration of bridge structure, and through a 
certain method to change the vibration frequency, so as to 
determine whether the bridge components are damaged. The 
health status of the bridge is monitored and evaluated by the 
signal measured by the sensor nodes. In order to make the 
diagnosis more accurate, it is needed to analyze and process 
the signal effectively and reliably. In order to make a more 
accurate diagnosis of damage, we can use independent 
component analysis (ICA) to separate the vibration signal 
and noise. It is intended to be used to represent the linear 
variable of the signal of the signal to be represented by a 
linear combination of components independent signals, i.e., 
to recover from the mixed signal to the basic source signal of 
the mutual independence. 

Suppose that there is n independent component s(t). 

 Tn tststststs )()...(),(),()( 321 , and the linear 

combination of   0)( tsE is x(t). 

)()( tAstx                                                                    (1) 

Among them, A is an unknown transfer matrix. The 
purpose of ICA is to find a linear mapping W, and then use 
W and the monitoring signals to restore the mutual 
independence of the original signal s(t). 

)()()( tWAstWxty                                                 (2) 
Among them, y(t) is the estimated amount of s(t), when 

the separation matrix W is the inverse of the A matrix, the 
source signal s(t) can be accurately separated; otherwise 
there is a sort of order and the magnitude of the 
transformation between the two. 

WARP                                                                 (3) 
Among them, the R is the sort matrix, and  is the 

magnitude matrix. These two matrices can be used to 
determine the P. If P is a unit array, the signal y(t) is the 
same as the source signal s (t). 

E. Bridge damage diagnosis 

Bridge monitoring data is a sequence of time series, 
which can be used to analyze the method of sequence 
analysis. Bridge damage early warning system is a kind of 
early warning system which can be set up in bridge operation. 
The basic process of the early warning system is: (1) to 
determine the correct warning theory; (2) to establish the 
diagnosis and evaluation model; (3) to analyze the process of 
diagnosis and evaluation and propose the method of 
implementation; (4) to propose early warning level and 
information dissemination process. According to the 
monitoring data of bridge monitoring, the system structure of 
the early warning system can be divided into 3 parts: 

(1) The information management subsystem transform 
and initial analysis the original monitoring data, and then 
generate a reorganization of information, and provide the 
original information, information and data reorganization 
information query, graphics, reports and other operations; 

(2) First, the early warning analysis subsystem uses data 
fusion technology to preprocess and judge the information, 
and then the system uses early warning model to judge. 

(3) The auxiliary decision-making system of early 
warning analysis cannot come to the correct conclusion of 
the arrangement of the auxiliary decision-making; through 
consultation service of expert system can assist the owner’s 
decision. 

III. COMPUTER MONITORING SYSTEM DESIGN 

Taking into account the actual working conditions of the 
bridge site technicians, bridge maintenance managers and 
decision makers, the bridge health monitoring system must 
be set up to meet the needs of bridge service and 
management personnel. So the problem of selecting the 
whole structure of the system is related to the bridge 
monitoring system. According to the actual situation, this 
paper uses B/S model. 

A. Design of Software Function Module of Upper 
Computer 

Upper computer should have the following functions: 
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(1) It can communicate with the sink node and receive 
data from the sink node, and it can send control commands 
to the sink node; 

(2) The upper computer should be able to store the 
received data so that the user can query; 

(3) The upper computer should be able to carry out the 
data analysis, in which the data of the sensor node is found to 
exceed the preset value and endanger the health of the bridge; 

(4) The upper computer should have the function of data 
management, which can be used to monitor the received 
sensor data, and support the query of historical data; 

According to the functional analysis, the design of the 
upper computer system module is shown in Figure 3. 

 
Figure 3.  Module structure of  the upper monitor system 

According to the function of the system and the module 
structure, the main interface of the monitoring system is 
designed, which is shown in Figure 4. 

 
Figure 4.   Main interface of monitoring system 

The sensor data interface is shown in Figure 5 below. 
The interface includes the network structure of the sensor 
nodes, the real-time monitoring and sensor type。 

The rest of the interface design is not described in detail 
in this section. Below we will analyze and design the data 
management module. 

 

 
Figure 5.  Sensor data interface 

B. Design and Implementation of Data Management 
Module 

This system uses XP Windows’s operating system as the 
application platform, and the database software uses Server 
SQL 2010, and Visual Basic Microsoft 6 is used as the 
platform for the development of software. Perform various 
operations on the database cannot leave the data access 
interface. The three most common data access interfaces are: 
ActiveX data objects (ADO), remote data objects (RDO), 
and data access objects (DAO). Among them, ADO is easy 
to use and simple and flexible. It is wide application. ADO 
interface is used in this paper. 

The database should contain information of the bridge 
and the user information table. In addition, we also need to 
establish a number of monitoring data based on specific 
monitoring needs. Table 2 to Table 1 is a simple example of 
a data table. 

TABLE I.  DATA TABLE DESIGN 

Table name Include field 
Bridge information table Bridge girder name, 

monitoring project, monitoring 
position, the number of 
sensors, monitoring type, 
monitoring time, notes 

User message table User name, password, 
company, phone, note 

Temperature monitor Bridge girder name, 
monitoring position, 
monitoring time, monitoring 
data, notes 

Deformation monitoring 
table 

Bridge name, location, time 
monitoring, monitoring data, 
monitoring the safety 
threshold, alarm record and 
note 

Stress monitoring table Bridge name, location, time, 
monitoring data, the relief 
valve value, the alarm records, 
note 
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TABLE II.  USER MESSAGE TABLE 

Field name Type length Explain 
Bridge girder name Text 100B Primary key 
Monitoring position Data integer  
Monitoring time Time integer  
Monitoring data Data floating point  
Note Text 100B  

IV. CONCLUSION 

The health monitoring of bridge has important 
significance for the safe operation of the bridge. In this paper, 
we analyze the bridge health monitoring system and wireless 
sensor network, and apply the wireless sensor network to the 
bridge health monitoring system. Based on the research of 
the theory and technology of sensor nodes, this paper designs 
a wireless sensor network node based on Zigbee. And then 
according to the analysis and description of the system, this 
paper designs the upper computer system and designs a 
suitable system structure module according to the system to 
the actual functional requirements. Finally, this paper 

realizes the design of the upper computer system based on 
the system function and the application of the VB 
development environment. 
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