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Abstract — Problems exist in cable systems to monitor temperature differences in wind tower cooling water and thermal load with 
complex pipelines and cumbersome wiring difficulties when extending the monitoring nodes. This paper introduces a novel 
Wireless Sensor Networks, WSN-based, monitoring system for wind tower cooling water temperature difference and thermal load. 
It uses WSNs based on 433M band and rumor routing protocol to realize the system for continuous real-time monitoring functions. 
Technical personnel can observe the wind tower cooling water’s current or historical data expediently. And it provides a 
reasonable basis for further production plans. The system has a simple structure and can be expanded easily and its nodes can also 
be installed flexibly. The experiment and test results show that this system runs stably, has good characteristics of operability, 
accuracy and real-time performance. 
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I. INTRODUCTION 

In this paper, a monitoring system of the cooling water 
temperature difference of the cooling water temperature of 
the wind tower based on the wireless sensor network (WSN: 
Sensor Network Wireless) is proposed. At present, the 
Echelon bus of the LONWORKS company of the United 
States is widely used in the CAN bus of industrial field. 
Compared with the traditional monitoring method, WSN has 
the following advantages: sensor network has little influence 
on the system interference, the network capacity is large, the 
node position of the flexible system can be changed without 
changing the hardware, Work in 433M frequency band, anti-
jamming is strong, diffraction signal of (penetrating), support 
a variety of wireless sensor network communication way; 
continuous real-time online monitoring, master wind cooling 
tower water temperature and flow, according to the situation 
and timely decision-making. 

II. OVERALL STRUCTURAL ANALYSIS  

The structure of the cooling water temperature difference 
and heat load monitoring system of the wind tower is 
composed of Figure 1, which is composed of the collection 
node, the relay node, the base station and the monitoring 
center. Through the monitoring center data can be uploaded 
to the Internet, to realize the remote transmission of data. 
The system is divided into two layers: data collection layer 
and data management layer. 

 

Figure(1). Structure of Wireless Sensor Networks. 

 
Data acquisition layer is composed of data acquisition 

nodes and relay nodes in the sensing area, which is 
composed of data acquisition nodes and relay nodes. The 
nodes in this area can choose different paths to transmit data 
according to the communication situation in the region, 
which will eventually converge to the base station. The 
nodes in the sensor area are designed by the idea of relay. 
Gathering nodes can not only monitor the cooling water 
temperature and flow of the point, but also transmit the 
monitoring data to other nodes, which greatly reduces the 
number of relay nodes, and makes the system more flexible. 

Data management layer is responsible for data storage, 
sharing and other operations, partial to the staff to master the 
real-time situation of cooling water temperature and flow, 
and historical records, etc.. At the same time, the operator 
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can release instructions in the monitoring center, change the 
system's sampling and data upload frequency, or for a 
specific node to focus on monitoring, etc. 

A. System Network And Routing Protocol  

This system has abandoned the wireless sensor network 
architecture based on ZigBee technology, and uses the 
custom wireless sensor network which works in 433M 
frequency band. Has the following advantages: 433M 
frequency band is free band, no need to pay the extra cost; 
signals in the frequency range of diffraction of (penetrating) 
are strong, suitable for wind tower of more obstacles and 
more complex working environment; transmission is far, up 
to 150m, with high transmission rate, normally up to 
76.8KB, to fully meet the general monitoring network 
transmission requirements. 

The routing protocol of the system is proposed by D. 
Braginsky et al. Routing protocol. The basic idea is that the 
sensing nodes in the time monitoring area generate the proxy 
message, and the agent message spread to the neighbor node 
along the random path. At the same time, the base station or 
the sink node sends the query message along the random 
path in the network. When a query message and a proxy 
message are crossed, a complete path to the base station or 
the sink node to the time monitoring area is formed. 

In the specific implementation of the monitoring system, 
each sensor node maintains a neighbor list and an event list. 
When the sensor nodes detects an event occurs, a table is 
added to the event list and a proxy message is generated. 
Nodes arrive at the event area according to the event list, or 
the node randomly selects a neighbor to forward the query 
message. 
 

III. SYSTEM HARDWARE DESIGN  

The hardware of the system mainly includes the base 
station, the relay node and the sensor node, which is 
composed of the wireless communication module and the 
related auxiliary circuit. 

A. Wireless Communication Module  

CC1000 is based on the Chipcon SmartRF technology, 
the 0.35 CMOS M technology, an ideal ultra high frequency 
single chip transceiver. Its working frequency band is 315, 
868 and 915MHz, but CC1000 is easy to be programmed to 
make it work in the range of 300 ~ 1000MHz. The 
transmitter and receiver power of the monitoring system is 
lower, and the monopole antenna with a /4 /4 is simple and 
can provide the best working range: 

                                                               (1) 
Where f is the frequency, unit MHz, L is the length, unit 

cm. The system works in the 433M band, the antenna length 
is 16.4cm. Antennas should be close to the IC connection, if 
the antenna is far from the IC input pin, the antenna should 
be matched with the transmission line (50Ω). 

B. The Hardware Design Of The Collection Node  

As shown in Figure 2, the sensor node is composed of 
four parts, a microprocessor unit, a wireless communication 
unit, a signal conditioning unit and a power management 
unit. Among them, the temperature signal sensor and flow 
sensor will be the cooling water of the wind tower to convert 
the amount of physical quantities into electrical signals. The 
signal conditioning unit of the sensor output signal is 
processed by the signal processing unit, which is suitable for 
A/D conversion. Amplifier for precision instrument amplifier 
AD620, With the characteristics of offset voltage, offset 
current and high impedance, the weak signal can be 
processed (up to nA level). Sensor nodes can use three kinds 
of power supply to the collection device to supply the power 
supply: AC220V, dry battery and solar energy. The 
microprocessor unit adopts AVR series microprocessor chip, 
which is connected with the signal conditioning unit through 
the microprocessor chip, the microprocessor unit and the 
signal processing unit are connected with the SPI bus, and 
the cooling water temperature and the flux digital signal are 
converted, the verification and storage. For dry battery and 
solar power supply, low power consumption design has 
become the main problem. In the power management unit for 
power management, nodes will enter the sleep mode without 
data acquisition or data forwarding, so as to save energy and 
prolong the survival period of the system. A/D 
transformation, calculation, analysis, verification and storage 
of the dissolved oxygen parameters voltage signal of the 
output. 

 

Figure(2). Node diagram. 

C. Acquisition Node Software Design  

The base station uses the low power consumption and 
high performance of ATMEL company to produce 8 bit 
CMOS processor ATmega128L as its microprocessor 
controller, using CC1000 chip as its wireless transceiver 
module. The 485 serial bus interface is connected with the 
industrial control computer of the monitoring center. 

The acquisition node has two functions: data acquisition 
and data relay. The data relay function is realized with the 
same relay node. After the acquisition node is initialized, the 
initialization of the protocol stack and the initialization of the 
hardware device are finished, and the [4] is constructed. 
After the completion of the network construction, a timer is 
triggered. After the completion of the time, the data can be 
collected and then processed, and then, according to the 
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construction of a good network channel, the data can be sent 
to the. 

IV. SYSTEM SOFTWARE DESIGN CONCLUSION 

This system will use the NESC language according to the 
structure of the TinyOS operating system to carry out the 
software design of the node and the relay node. The TinyOS 
operating system uses the module and the module to connect 
the module, and the hardware resource is removed. 

During the process of operation, the workload of the 
software design can be greatly reduced, and the management 
of hardware resources is more convenient. 

A. Relay Node Software Design  

After the relay node, the initialization of the protocol 
stack and the initialization of the hardware device are then 
constructed. First, according to the rumor routing the 
network of wireless sensor network for protocol construction 
inspection system can be constructed. During the system 
work, the node is scanned by the hardware, and the channel 
is busy with the channel to choose the low energy loss, and 
the remaining energy of some channels as the network's 
preferred channel [5]. Network structure changes with the 
different nodes energy consumption, network layer in the 
right channel to select the channel, and randomly selected 16 
only 1 node ID assigned to this new network. After the 
completion of the network construction, respectively, the 
corresponding operation can be performed in accordance 
with the instructions. When no data is sent and received, the 
relay node is in a dormant state. 

B. Acquisition Node Software Design 

The acquisition node has two functions: data acquisition 
and data relay. The data relay function is realized with the 
same relay node. After the acquisition node is initialized, the 
initialization of the protocol stack and the initialization of the 
hardware device are finished, and the [6] is constructed. 
After the completion of the network construction, a timer is 
triggered, timing. After the completion of the data collection 
and subsequent processing, and then, according to the 
construction of a good network channel, the data will be sent 
to the. 

V. TEST RESULTS  

Acquisition node, relay nodes and a base station to 
complete welding, assembling, burning program, Mochtar 
Riady building parking lot on the west side as the 
experimental simulation test site. The test results show that: 
in the case of a relatively open environment, in the case of 
node distance in 100 meters, the node data transmission and 
reception is normal, no packet loss phenomenon, the 
maximum transmission distance between nodes can reach 
150 meters, fully applicable to the work environment of the 
wind tower. The base station can receive data reliably and 
steadily, and the data is uploaded to the industrial computer. 
When testing, the use of a notebook computer simulation of 
industrial control computer, the use of serial debugging 

assistant from the base station to receive data, the data 
received from the notebook displayed in figure 3. 

 

Figure(3).  base station upload data. 

VI. CONCLUDING REMARKS  

The monitoring system of the cooling water temperature 
difference of the cooling water temperature of the wind 
tower based on wireless sensor network is constructed. The 
hardware and software design of relay nodes and sensor 
nodes are completed by the chip with low power 
consumption and sleep mode. The system works in the 433M 
free frequency band, and uses the advanced wireless sensor 
network (WSN) technology and the custom rumor routing 
protocol to realize data acquisition and transmission, and 
realize the monitoring of the cooling water temperature 
difference of the wind tower wireless monitoring. The 
system has good real-time performance, accuracy and 
scalability. 
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