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Abstract
Agriculture is the backbone of the world’s economy. It provides a 
way of livelihood to a large part of the world. Similarly, it has great 
impact on the world’s economy. The farmers face several problems 
due to inadequate rainfall, drought, pests, increased moisture and 
other reasons in crops. A traditional approach to measure all these 
factors is that the farmer; he needed to visit the field and checking 
them at regular intervals of time. But now, the agricultural process 
becomes extremely crucial for socio-economic change worldwide, 
therefore, the agricultural techniques are needed to be improved. 
The ZigBee technology emerges as the new standard for improved 
wireless technology for field area.
In our paper, we presented the idea about how the ZigBee can be 
utilized for agricultural monitoring and explained about the ZigBee 
technology, the architecture and protocol stack of ZigBee.
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I. Introduction
The objective of this paper is to introduce the readers to the ZigBee 
wireless sensor network and its applications in the agricultural 
monitoring. The agriculture provides a major portion of economic 
wealth for any country. In traditional farming, the farmers himself 
needed to visit the crop field to check the important parameters like 
qualities of agricultural land, weather conditions, crop health etc. 
All these factors cause large amounts of laborious work. Since the 
world is growing exponentially and the requirement of quantity 
and quality of the products is also growing, therefore, it is required 
to have such a technology which can compete in the existing 
scenario. The former concepts of agricultural activities like 
irrigation, crop rotation, use of fertilizers, pesticides and animals 
etc. have also changed. Now days, the process of agriculture has 
improved. The use of best agricultural practices and techniques 
becomes important. In today’s technical world, the farmers are 
encouraged to adopt the modern techniques and equipments for 
better quality products give the results that along with the quantity, 
the quality is also improved [1].
The sensors play a vital role in day to day life. They can be used 
to monitor and easily handle several issues. The sensors are used 
tremendously in the field of monitoring the agricultural land, home 
automation, business automation and much more. Once the sensors 
will be deployed and they will work for years in addition to the harsh 
weather conditions. The ZigBee is a low power, low cost, highly 
reliable and secured wireless communication standard intended for 
the use in home automation, building control applications, meter 
readings etc. For its use in agricultural monitoring, sensors can be 
deployed in different positions where they sense the temperature, 
humidity, water level, pH level etc. Now the sensed data is sent 
to the base station [2].
The complete process takes place in following steps:

The various sensors sense the agricultural parameters.1. 
Identify the sensed location and perform data gathering.2. 
Transfer data from the crop field to the base station for 3. 
decision making.

Based on the data, the control decisions are made.4. 
Other sensors are already available in the market, for example, 
water level sensors, valve-controlled irrigation system, actuators 
etc. But the work done in this area is not sufficient enough. 
Specially in case of transferring data wirelessly from the crop 
field to the base station or remote server [3].
The ZigBee technology makes it possible to identify pests, drought 
or increased moisture. These information at real-time intervals will 
help to offset the adverse conditions by automatic actuation of 
control irrigation, fertilization and pest control. This technology 
will be useful for wireless monitoring of agriculture.

II. ZigBee
The ZigBee Standard is based on the top of IEEE 802.15.4 standard. 
It is created by the ZigBee Alliance, which is a group of more 
than 100 companies like Philips, Freescale, LG, and Ember etc. 
These companies came together to enable reliable, cost effective 
and low power monitoring and control products for the world [4]. 
These ZigBee specifications are set by the ZigBee Alliance group 
for Wireless Personal Area Network (PAN) and device-to-device 
network. ZigBee is a set of specifications for the devices having 
low data rates, low power and therefore, longer battery life. 
Due to the exponential growth of wireless technologies and 
an increasing need of throughput, it is required to have such a 
technology which can serve faster with low power consumption. 
This demand has been mainly since the need of volumetric data 
transfer at high rate, internet, video conferencing and others 
increasing use of multimedia applications. These requirements are 
fulfilled by established technologies like 802.15.x and Bluetooth. 
These technologies provide faster data transfer. But there are some 
areas where the data needed to be transferred is not too large, for 
example, in an agricultural area, the sensors sense the data and 
send it to remote servers. On the basis of that collected data, the 
decisions are made and the actuators are used [5]. Bluetooth is 
not capable for such applications since they have high power 
consumption. Also, ZigBee is an easily affordable technology. 
Its deployment and maintenance costs are low and its sensors 
use extremely low power, therefore, having longer battery life, 
in addition to this, the use of mesh networking makes it reliable 
[6].

Fig. 1: A Comparison Between Different Wireless Technologies
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III. Architeture

A. ZigBee Device Types
The IEEE 802.15.4 defines two device types: the Full Function 
Device (FFD) and the Reduced Function Device (RFD). The 
ZigBee hardware uses the physical devices to provide a low cost 
implementation. An IEEE 802.15.4 network uses RFD’s and 
FFD’s[3]. Such a network requires at least one FFD to work as 
ZigBee coordinator. It is a device with sufficient system resources 
for network routing. It is a communication device which can 
communicate with an RFD and other FFD. It can also discover 
the other FFD and RFD for communication purposes. It works as 
a bridge between two networks. It enables the mesh networking 
features of ZigBee networks, as well as extending the overall range 
of the network. A network may have numerous RFD’s. They are 
battery powered and can search for available network, transfer 
data, determine whether data is pending and request data from the 
coordinator. They can also sleep for extended periods of time to 
save power and reduce battery consumption. The ZigBee physical 
device types are distinguished by ZigBee logical device types 
deployed in a network. ZigBee uses three logical device types: 
ZigBee coordinator, ZigBee Router, ZigBee End Devices.

B. Topologies
The ZigBee network layer supports three topologies: star, tree, 
mesh. In star topology, the ZigBee coordinator is placed in the 
center and it controls the whole network. It is responsible for 
initiating, maintaining and controlling the devices on the network. 
The remaining devices i.e. the end devices, directly communicate 
with the coordinator.

     PAN Coordinator 
    ZigBee Router (FFD) 
   ZigBee End Device (RFD) 

Fig. 2: Network Topologies for ZigBee

In tree and mesh network, the responsibilities of ZigBee coordinator 
are to start the network and choosing certain parameters. The 
ZigBee routers may extend the network whenever required. In 
a tree network, routers can move the data and also can control 
messages through the network using a hierarchical routing 
strategy.

C. ZigBee Stack Architecture
The ZigBee Standards are maintained by the ZigBee Alliance. 
The ZigBee technology is made up of Application layer, Network 
layer, Media Access (MAC) layer and Physical (PHY) layer. The 
IEEE 804.15.4 Standard defines the physical layer and MAC layer. 
The PHY layer supports three frequency bands with different 
gross data rates: 2.4 MHz (250 Kbps), 915 MHz (40 Kbps) and 
868 MHz (20 Kbps)[7]. The 2.4 MHz band provides license free 
operation, vast spectrum allocation and worldwide compatibility. 
The ZigBee Alliance defines upper layers. 

Application layer: Profiles and customer's application.1. 
Network layer: Routing, addressing, discovery and join.2. 
Mac layer: Controlling media, basic RF transmitting/3. 
receiving.
Physical Layer: Receiver energy detection, Link quality 4. 
indication and clear channel assessment.

Fig. 3: Stack Architecture of ZigBee

The IEEE 802.15.4 PHY layer includes features such as receiver 
energy detection, link quality indication and clear channel 
assessment. The network addressing follows 64-bit IEEE and 
16-bit short addressing, supporting over 65,000 nodes per network. 
The IEEE 802.15.4 MAC sub layer controls the access to the 
radio channel using unslotted CSMA-CA (Carrier Sense Multiple 
Access with Collision Avoidance) method. It is also responsible 
for flow control via acknowledgement and retransmission of data 
packets, frame validation, and network synchronization as well 
as support to upper layers for robust link operation.  peer entity 
control transfers.

D. Design of ZigBee Node
The ZigBee node is the basic unit to realize the monitoring function 
and also a most important unit of an intelligent monitoring system 
for agricultural environment. The ZigBee node has traditional 
terminals in its structure and it performs following functions:

Realizing data collection and processing.1. 
Data forwarding, storage and management.2. 

The basic hardware architecture of a sensor node consists of 
generally four modules, the sensor module, processor module, 
wireless communication module and energy spectrum module 
[3].

Fig. 4: Hardware Structure of ZigBee Node
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The sensor module is responsible for sensing changes in the 
parameters and prepares the electrical signals to convert to the 
digital domain. Then in processor module, processes the data and 
sensed analog signal is converted and used as input for processing 
unit. The communication module is used to wirelessly send the 
data to the remote server however; the transceiver is used for 
communication.

IV. Applications of Zigbee in Agricultural Area
In agricultural applications, the constant monitoring and control are 
essential to support customer requirements along with to acquire 
productivity improvements. The two main branches of agriculture 
are precision farming and vegetable cultivation. The ZigBee 
technology has a wide range of applications in agricultural field. 
The sensors are used for monitoring temperature, soil moisture, 
humidity, water level, pH and other volatile compound detection. 
Some of the applications of ZigBee technology in agricultural 
field are briefly explained below.

A. “Wireless Sensing and Control for Precision Green 
House Management” [8]
The greenhouse is an advanced technology for agriculture in which 
the temperature and humidity can be controlled. Greenhouses 
are extremely efficient for the growth of out-of-season fruits, 
vegetables and flowers. It provides a convenient climatic for the 
proper growth of plants. It provides the best results by efficient 
controlling and monitoring of temperature, humidity, light. It 
also provides the protection from pests. ZigBee sensors provide 
climatological condition monitoring which is an important 
aspect of agricultural production. It also has a direct impact on 
productivity and maintenance of crop. These sensors provide the 
information about the plant growth and other parameters that 
have important influences on production. For monitoring the 
greenhouse environment, the sensors are to be deployed in fixed 
locations. These sensors will sense the temperature and humidity 
inside the greenhouse. This data is then transmitted to the analog 
input pins of the microcontroller. The microcontroller processes 
the data and transmits it through ZigBee, which is connected to 
the serial output pin of the microcontroller.
At the receiver side, the ZigBee receiver module receives the signal 
and sends it to host computer through RS 232. From here the data 
will be viewed on the computer screen in MS-Excel file sheet and 
will be send to the user at regular interval of time. Having that 
information, the temperature and humidity conditions inside the 
greenhouse can be controlled.

B.“Paddy Crop” Monitored by ZigBee Sensors [9]
The crops which require a constant water level are can be 
monitored by the ZigBee sensors. The sensors can be deployed 
in some positions which will sense the physical parameters like 
temperature, water level etc. and send it to the central Global 
System for Mobile. The GSM provides the facility to send the 
message to the farmer’s mobile phone and immediate action will 
be performed when the response received from the user. That GSM 
node is responsible for sending the data to the gateway, which 
connects two networks having different protocols. The gateway 
provides time synchronization which is required in numerous 
devices. Gateway will send the data to the personal computer. A 
database is connected to the personal computer which consisting 
of minimum and maximum threshold values for temperature, water 
level. If the sensed data have values above or below the threshold 
values, then the alarm unit of architecture will initiate an alarm 

and send a message to the farmer’s mobile phone. It will also take 
an action on the basis of response given by the farmer. 

C. "The Temperature Humidity Monitoring System of Soli 
Based on Wireless Sensor Networks” [10]
The temperature and humidity plays a vital role in the case of 
crop health. These parameters can guide agricultural production 
and improve crop yield. They also provide a scientific basis for 
high-precision monitoring along with the calculations for farmland 
drought and flood area. One of the temperature and humidity 
sensors is SHT15. It is a compact-sized, calibrated, multi-function 
intelligent sensor. This digital component is manufactured by 
company of Switzerland sensiri-on. It is capable of measuring 
relative parameters such as temperature and humidity. Some of its 
features are: temperature range is -40 0C ~ 120 0C, Resolution is 
0.1 0C and Response time is less than 3s. It is one of the intelligent 
new sensors which are calibrated, debugging free and almost no 
outer circuit. It will sense the temperature, humidity and converts 
it into digital values. This sensor works on 5V DC supply. The 
output pins of sensors are connected to the microcontroller through 
the data lines. The microcontroller sends the data to the ZigBee 
transmitter which is connected with the ZigBee receiver device 
at the receiver end.

D. “Smart Fields” Monitored by Wireless Nano-sensors 
[3]
These sensors are nano-sensors and useful to monitor the plant 
viruses. These are also helpful in monitoring of soil nutrients that 
operate at nano scale. The land surface can be altered at nano 
scale so that it can be bind selectively with particular biological 
proteins, in such cases, these nano scale sensors will be helpful in 
realizing the vision of smart fields. Presently multiple countries 
are working to promote a total Smart Field System. This system 
will be capable of automatically detect, locates, report and applies 
water, fertilizers and pesticides in the field. It is the next step of 
going beyond the sensing to automatic applications.

E. “Soil Net- A ZigBee Based Soil Moisture Sensor 
Network” [11]
The soil moisture is a key factor in precision farming. It is also 
responsible for ground water recharge. Variability of soil moisture 
at a large scale is driven by space-time precipitation and radiation 
pattern. At local scale, land cover, soil condition act as redistribute 
soil moisture. A soil network sensor network is compatible with a 
ZigBee wireless sensor network with a mesh network topology. 
The network is dynamic in nature had extremely low energy 
consumption. It is also able to react to external influences along 
with the different node setup. The measured data is stored in a 
database which has easy and variable access.

V. Conclusion
In this paper, we studied about the ZigBee wireless sensor network 
and its applications in agricultural areas. ZigBee can be used 
efficiently in agricultural areas as we studied above for Green House 
monitoring, temperature, humidity and smart field monitoring. 
ZigBee provides the wide range of applications and serves in 
every aspect in our day to day life. ZigBee can be used almost 
anywhere. In future, it will be the boon of hi-tech agriculture. An 
abundant amount of implementations takes place every year in the 
field of wireless sensor networks. It makes everything easy and 
fast. But still a plenty of work is needed to be done, specially, in 
case of transferring the data wirelessly.
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