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Abstract—In light of the agricultural development in China, more attention 
has been paid to the studies about precision agriculture. The environmental fac-
tors such as temperature-humidity and soil humidity are the key influencing fac-
tors on crop growth, therefore, how to rapidly and accurately acquire the envi-
ronmental information of crop growth and learn about their real-time growing 
environment is of vital importance. The wireless sensor networks (WSN) can 
make real-time environmental information acquisition as well as communica-
tion and processing of network environmental data. Based on this, the RSSI 
range-based positioning method was optimized in this paper in order to greatly 
improve its precision. To be specific, in this study, the particle swarm optimiza-
tion (PSO) algorithm was firstly applied in the hybrid mutation strategy to make 
more accurate node positioning and significantly improve the evolutionary per-
formance by enlarging the hunting zone; besides, through the use of WSN, the 
influencing parameters on crop growth such as soil humidity, and temperature-
humidity etc. would be monitored; finally, to realize the precise location and 
derive the unseeded nodes, GPS was applied for accurate positioning, and the 
intelligence algorithm was adopted to determine the coordinate position of un-
known nodes. At last, the actual field test indicates that the designed monitoring 
system in this paper satisfies the requirements for precise measurement, playing 
a positive role in promoting the development of precision agriculture. 

Keywords—Wireless sensor networks (WSN), ZigBee technology, unseeded 
system, precision agriculture 

1 Introduction 

As a large agricultural country, China is facing with the situations such as an in-
creasingly fierce competition in the international market of agricultural products, 
declining product quality, and environmental deterioration [1-3]. How to reduce the 
consumption of resources by changing the traditional methods, and then achieve a 
significant increase in production efficiency and output based on limited resources, is 
a key issue urgently to be solved. With the emergence of precision agriculture, the use 
of advanced technologies in agricultural production has, to some extent, achieved the 
goal of high efficiency and high output of agriculture. At present, precision agricul-
ture is widely promoted due to the increasing popularity of WSN, and its prospects 
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and market demands in the country are extremely prominent, especially its major role 
in terms of promoting the intelligentization and informatization of agricultural devel-
opment, [4-6]. The paper aims to make real-time monitoring of the growth and sow-
ing of crops through such technologies, such as convenient networking, strong perti-
nence, and relatively lower costs, etc.  

2 WSN technology and its application  

2.1 WSN composition structure and system  

Many wireless sensor modules together constitute the WSN system with small-size 
structure, convenient deployment of major modules, and the lower cost; it moves per 
the actual situation and acquire the information of related objects in the coordination 
and cooperation mode; then the processed information is sent to the test staffs [7-9]. 
In the monitoring network system, with the nodes placed at random, the data of ob-
jects should be monitored according to specific requirements, besides, the simple 
calculation and processing can be made accordingly. Generally, the WSN configura-
tion can be divided into three parts: network nodes, topological structure, and trans-
mission protocols [10-12]. 

2.2 ZigBee technology 

ZigBee technology, with its outstanding ad-hoc network and self-healing capabil-
ity, can work in free frequency band at a relatively lower cost [13-15]. Per the specific 
requirements, by increasing the communication distance and the network area, the 
signal transmission and data acquisition can be performed widely. In the wireless 
monitoring system, this technology is more applicable, because of its extremely prom-
inent data security by applying the collision avoidance mechanism to the transmission 
process; besides, before sending the data, the channel monitoring should be completed 
in order to ensure the channel availability, and then the transmission could be made, 
so as to avoid conflicts and significantly reduce the interference [16-18]. At the same 
time, more effective encryption and security processing can be performed on key 
data, effectively avoiding malicious intrusion problems, and improving reliability and 
security. 

2.3 ZigBee communication technology  

In a ZigBee network, coordinate, routing, and end nodes are the most basic forms. 
The Z-Stack protocol stack is its key part, mainly including the various major mod-
ules. With the physical layer as the bottom layer to standardize the ZigBee communi-
cation standard, it is responsible for interacting with the outside world to realize the 
wireless closing and receiving; as the network is established through access to the 
control layer by medium, the network is the important part located between the appli-
cation layer and MAC layer, as the core connection hub within the network [19-20]. 
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In ZigBee devices, the most critical function of the security layer is to provide proto-
col security services to ZigBee. The application layer plays a role in providing inter-
faces and effectively managing the devices. 

3 Zigbee network nodes positioning technology in precision 
agriculture 

When the sensing activities are measured through the agricultural WSN, the most 
critical is the sensor nodes positioning, because the monitoring could be effectively 
conducted only after the nodes determination. Thus, the location of the node needs to 
be clarified, so as to acquire the actual information about the environment. 

3.1 Improved particle swarm optimization algorithm  

In order to ensure consistency with the positioning accuracy, the paper improved 
the standard particle swarm algorithm by applying the hybrid mutation strategy, so 
that the defects of the algorithm can be effectively improved. The specific steps of 
algorithm are given as follows: 

(1) Set parameters such as population size, number of iterations, and learning fac-
tor etc.; 

(2) Initialize the corresponding speed and position of all particles, and then com-
plete the calculation of fitness. 

(3) Through the use of the Cauchy variogram, the variation component is dis-
turbed, and the global, individual fitness, and optimal value correlations are clarified. 

(4) The following formulas are used to update the particle velocity, position, etc., 
and then the assessment of individual fitness is made. 
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(5) Complete the later-period mutation operation. Through selecting the Gaussian 
variogram, the search particles are perturbed; the search is completed with the emer-
gence of new individual appears, and then the fitness evaluation is carried out. 

(6) Following the steps above, the previous individual will be replaced by the op-
timal individual generated thereafter. 

(7) End the condition by determining whether the fitness is optimal, or whether 
number of search iterations meets expectations. If reach the conditions, the algorithm 
is ended, otherwise, repeat the above steps. The flow chart is given as: 
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Begin

 Set param

Initialize xi,yi  Confirm pb,gb

Update xi,yi  

Calculate particle fitness

Hybrid variation operation

Is the fitness of the new particle 
better than the fitness of pb?

Set pb to new position

Is the fitness of the new particle 
better than the fitness of gb?

Set gb to new position

Whether the program reaches the 
end condition

Output optimal gb

 
Fig. 1. Improved particle swarm algorithm flow localization 

3.2 Fitness function  

The paper uses the RSSI ranging method to complete the distance measurement 
work; in view of the errors existed inevitably here, the positioning will be transformed 
to be the optimization problem of error model, that is, calculation of the minimum 
solution to the fitness degree; if the value is small, the better positioning results shall 
be achieved. So, the corresponding fitness function is given as: 
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where, m is the number of effective beacon nodes; di is the distance measured; (x, 
y) is the estimated coordinate for the unknown node; (xi, yi) is the coordinate of the 
beacon node; the positioning error is taken as the key criterion for measurement of 
positioning accuracy. At less distance difference, it shall be more accurate. 

22 )()( yyxxE tt !+!=                                                                                 (4) 
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where, (xt, yt) means the actual corresponding coordinate position of nodes; (x, y) is 
the estimated coordinate position. 

3.3 Simulation test  

To test the algorithm performance above, by applying the Matlab software, an ex-
perimental simulation platform based on RSSI ranging is constructed. Through the 
selection of the unknown node, the simulation experiment could be conducted about 
the positioning error, with 20% as the distance-measuring error; if 20 beacon nodes 
are selected, the related results are shown in Fig.2; so, compared with the standard 
particle swarm algorithm, this algorithm has a relatively smaller positioning error 
with a good compensating error effect. Therefore, it can be found that the improved 
algorithm possesses smaller positioning errors, more accurate results, and higher 
accuracy. 
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Fig. 2. Comparison of node localization errors 

4 Requirements analysis and overall design of unseeded system 
in precision agriculture 

4.1 System requirements analysis and design requirements:  

The required functions of the developed system in this paper include: 

1. Acquisition of farmland environment information; 
2. Processing of monitoring data; 
3. Real-time online monitoring. 
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The design requirements include: 

1. Outstanding reliability 
2. Low energy consumption 
3. Use of standardized protocols 
4. Design of an easy-to-maintain platform 
5. Advanced technology and low cost. 

4.2 Overall design of unseeded system 

The large-scaled developed system is intertwined; the nodes are installed in the 
network by using the terminal nodes of various sensors for transmitting the monitor-
ing data to the coordinator node in real time. In the lower computer of the node posi-
tioning system, the coordinator node is particularly prominent, because the applica-
tion of the coordinator node can enable the data acquired by the terminal to communi-
cate with the control centre. Therefore, the coordinator node works to construct the 
network, send the read command to the terminal periodically, and carry out the data 
transmission; besides, after receiving these data, the host computer should make ef-
fective integrated processing. The system structure diagram is shown as follows 
(Fig.3): 

Server

Monitoring center

 Gateway

Coordinate 
nodes

Routing 
nodes

Terminal 
node

Terminal 
node

 
Fig. 3. The overall structure of the monitoring system 

5 Software and hardware design of unseeded system 

5.1 Hardware design of unseeded system  

The hardware of ZigBee network unseeded monitoring system mainly consists of 
sensor nodes, communication and monitoring module etc. 

Sensor terminal node design. In the unseeded system, the terminal node, as the 
basic unit, can be divided into two major parts: firstly, in terms of functionality, it’s 
used for data acquisition, data transmission, and voltage conversion; secondly, it 
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works as the ZigBee module with the analog-to-digital interchangeability and data 
processing. For the microprocessors, the CC2530 microprocessor chip is used, and the 
TDR-3 sensor is used to collect soil, moisture, and other data. But, the humidity, tem-
perature, and other data are collected by the SHT15 model sensor. Table 4 shows the 
unseeded detector, and Fig.5 depicts the automatic seeding effect at 25%-35% humid-
ity. 

 
Fig. 4.  Unseeded detector 

 
Fig. 5. Automatic seeding effect picture 

(1) Temperature and humidity sensor 
The system adopts the SHT15 sensor to measure humidity and temperature. CMOS 

and wireless sensor technology are integrated in this sensor containing lots of sensor 
modules. Because of the integration of many sensor elements onto one chip, the sen-
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sor module has the advantages such as high speed, high accuracy, and portability. The 
following (Fig.6) is the internal composition chart: 

Temperature sensor

Humidity sensor

Analog-digital 
converter

Calibrated memory

A
m

plifier

B
us interface

 
Fig. 6. SHT15 temperature and humidity sensor inside the structure 

1) Humidity formula  
Formula at standard 25°C:  

2
RH32125 SOc !+!+= cSOcRH RH                                                            (5) 

Formula in actual situation:  

2521 )()25( RHSOttTRH RHctrue +!+!"=                                               (6) 

where, 25RH is the humidity value at 25°C, RHSO  is the relative humidity of 

output self-sensor, trueRH is the humidity value in actual situation, cT is the current 
temperature, and the remaining variable is the coefficient. 

2) Temperature formula  

TSOddT !+= 21                                                                                                (7) 

(2) TDR-3 soil humidity sensor  
Such sensor is easy to operate; it has the good stability and reliability in terms pf 

data detection with the specific principle: with the dielectric constant of soil affected 
by the moisture, monitoring shall be carried out. The sensor has four interfaces, and 
the three types of power supply modes in total, namely solar battery, parasite power, 
and external power supply. The technical parameters are shown as follows (table 1): 

Design of coordinator node. In the ZigBee WSN, being adopted to send and re-
ceive software, set parameters, and manage information, the coordinator node is re-
garded as the key connecting node, and also the key to realize the connection between 
the monitoring centre of the host computer and the terminal node. It can connect the 
terminal node by combining with the ZigBee network and transmit the data to the 
control centre with the RS232 bus. 
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Table 1.  TDR-3 soil moisture sensor technology parameters 

Name Technical parameter 
parameter Soil water 
Rage 0—100% 
Precision ±2% 
Settling time About 1 second after power. 
Response time Enter a stable state in 1 second. 
Working voltage 12V DC 
Working current 50mA 
Output signal 4—20mA 
Packing material Engineering plastics 
Probe material Stainless steel 
Remote distance <200m 
Precision ±0.2°C 

 
Design of power management circuit. The power management can provide pro-

tection for the power-saving equipment. The power module of coordinator node sup-
plies power to the CC2530 chip continuously, facilitating the chip dormancy and data 
collection. However, the terminal node, without requiring the continuous power sup-
ply, mainly includes the two methods: continuous external power supply and power 
supply, but with the premise that the actual farmland conditions are considered.  

5.2 System software design  

In terms of the design and implementation of system software, the Z-Stack proto-
col stack function should be taken into consideration; the software design specifically 
involves three major parts, namely, the procedures for operating the terminal node 
module, the software program design of the key coordinator node integrally connect-
ed to the network system, and the software programming for monitoring program 
commands. For the design of node software program, it specifically refers to the in-
formation transmission of host computer, signals acquisition and transmission, net-
work networking methods, etc. 

Upper computer 
monitoring center

The terminal 
monitoring node 

collects data

The intermediate 
coordinate node 

enters the net

Terminal 
monitoring node 

eraser data

 Serial port communication

Access NetworkAccess Network

 
Fig. 7. The main software system diagram 
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Z-Stack Protocol stack networking. The Z-Stack protocol stack has three related 
networking modes, where the tree networking mode is selected by the system. In this 
networking mode, the terminal node is located at the leaf position, generally used for 
real-time collection of data such as humidity, temperature, etc., and transmitting the 
obtained results to the coordinated information existing in the network; the coordinat-
ing node is used to receive the above information, make real-time response, and feed 
the information back to the intermediate node. When carrying out the identification 
work for the nodes, it is necessary to use a consistent ID as the basis, then followed by 
the data transmission operation. In this mode, it not only guarantees the data security, 
but also reduces the probability of errors in the data transmission process. 

Software design of coordinator node. The networking of coordinator node in-
cludes two parts: network access construction of nodes, and system initialization. The 
related process flow is shown in Fig.8. 

ZigBee coordinator 
application layer

ZigBee coordinator  
network layer

ZigBee coordinator 
MAC layer

NLME-NETWORK-
FORMATION.request Energy detect

MLME-SCAN.confirm

MLME-SCAN.request

MLME-SCAN.confirm
Scan channel

MLME-SCAN.confirm

MLME-SET.request

MLME-SET.confirm

MLME-START.request

MLME-START.confirm
NLME-NETWORK-

FORMATION.confirm

SElect channel,PAN-ID,
Network address

 
Fig. 8. Coordination to build the network node 

Software design of terminal node. With various sensor modules for collecting 
environmental parameters integrated in the terminal node module, the module plays a 
key role in collecting the living environment data of crops. For related hardware, and 
processors, etc., the terminal node needs to carry out parameter initialization and 
combine the primitives to scan the channels, thereby constructing a platform for 
smooth information flow. Besides, the sensor should be used to obtain the variables 
such as soil moisture, temperature, and humidity required to be measured in real time, 
and to make conversion; then in combination with the wireless communication meth-
od, the result is transmitted to the coordinator node, and also the command from the 
coordinator node is received. 
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Unseeded monitoring interface design of host computer. In the unseeded sys-
tem, the Visual Studio 2010, a relatively widely-applied programming software, has 
been selected. The unseeded monitoring interface includes two types: data query and 
main interface, corresponding to the functions of serial communication and database 
access respectively. In addition, the sensor controls existing in the system interface 
can number the terminal monitoring nodes; by clicking one certain device, the corre-
sponding monitoring data shall be displayed on the interface, while by clicking the 
data query button, the historical data shall be displayed. The related data can be re-
trieved from the back-end database to facilitate the analysis of the plants growing 
environment and make evaluations. Fig.9 shows the display interface of upper com-
puter: 

  
Fig. 9. Interface of precision agricultural unseeded monitoring system 

6 System testing 

For the developed system of this paper, after the system software and hardware se-
lection and system design, the related testing was also carried out in terms of the sys-
tem performance. Based on the results, this system conforms to the design expecta-
tions in the operational reliability, the timeliness of hardware and software integra-
tion, and the power consumption etc. 

The environmental data collected by using the artificial and R&D systems is shown 
in the following histograms. 

By comparing and analysing the monitoring data, it can be found that the compared 
with the manual operation, the developed system has the 0.4°C maximum temperature 
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error and 1.4% humidity error, while the relative humidity error of soil reaches up to 
1.9%; these error rates above are all within the margin of error at a higher accuracy. 
What’s more, the easy-to-operate developed system can save the manual workload, 
and then by applying the improved positioning algorithm, the real-time monitoring 
can be made for sensor location, significantly reducing the difficulty in manual posi-
tioning; especially for the large-area farmland, the working hours will be significantly 
reduced, or in the relatively poor environment, the end nodes failure can be detected 
and solved in time. 
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Fig. 10. Collect temperature comparison chart 

7 Conclusion 

In this paper, the RSSI range-based positioning method was optimized in order to 
greatly improve its precision. besides, the particle swarm optimization (PSO) algo-
rithm was applied in the hybrid mutation strategy to make more accurate node posi-
tioning and significantly improve the evolutionary performance by enlarging the hunt-
ing zone. Through the use of WSN, the influencing parameters on crop growth such 
as soil humidity, and temperature-humidity etc. would be monitored; to realize the 
precise location and derive the unseeded nodes, GPS was applied for accurate posi-
tioning, and the intelligence algorithm was adopted to determine the coordinate posi-
tion of unknown nodes. At last, by comparing our developed algorithm with manual 
method, the environmental testing was conducted; it is found in the test that the sys-
tem error rate is smaller within the allowable error range, saving time and labour etc.; 
besides, the more reliable measured quantity is obtained, providing basis for actual 
production. 
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