
Abstract— Control, monitoring and storage of certain 

parameters and values have been considered to be fundamental 

to an increase in quality and quantity of agricultural production. 

This paper presents a system for controlling, monitoring and 

storage of certain values in an agricultural soil using ZigBee 

technology, GSM communication and a PLC. It begins with an 

introduction to ZigBee and GSM technology. Subsequently, the 

new proposed system and its advantages is described. It ends 

with comments regarding the system and possible future 

developments. 
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I. INTRODUCTION 

With the current crisis, it’s imperative to produce products 

of high quality and at acceptable amount, for reducing the 

costs associated with it in order to obtain a higher rate of gain. 

The system presented in this paper makes use of the latest 

advances in technology, especially over the last decade [1] in 

the area of wireless communication, to implement a system 

able to control, monitor and record parameters relating to an 

agricultural soil. In the context of creating a protocol for the 

specific needs of personal area networks (PAN) and home area 

networks (HAN) of sensors and control devices, for low 

power consumption and battery-powered [2], appeared the 

ZigBee protocol [3], which was complementary to the IEEE 

802.15.4 [4]. The ZigBee protocol and GSM communication 

made possible to implement a powerful low cost, easy to 

implement, flexible and less dependent on existing 

infrastructure communication [1]. 

II. ZIGBEE COMMUNICATION 

ZigBee is the only wireless technology based on established 

standards, designed for the need of low productions costs and 

wireless sensors with low power consumption [3]. This 

technology can be used in many places where control over 

wired systems is impossible or very difficult, is simple to 

operate and requires little power, making it an innovation 

compared to current wireless systems on the market. 

ZigBee specification defines the networks layers and the 

security service application among them, but the definition of 

physical layers and medium access is carried out by IEEE 

802.15.4 [2]. Here are some characteristics of ZigBee 

communication: 

• It uses bands with frequencies of 2.4 GHz (World), 915 

MHz (America) and 868 Mhz (Europe);  

• It provides transfer rates of 250 Kbs @ 2.4 GHz 

(16 channels), 40 Kbs @ 915 Mhz (10 channels) and 

20 Kbs @ 868 Mhz (1 channel); 

• Transmission distances up to 1600 meters, depending 

on ground conditions (building, mountains, 

environmental conditions, etc.). 

 

IEEE 802.15.4 specified that the configuration of a ZigBee 

network would possess three types: star, mesh and cluster tree 

(Fig. 2.1) [5]. Devices (nodes) components can be of two 

types: RFD (Reduced Function Devices) and FFD (Full 

Function Devices) [5]. The RFD’s are used for simple 

applications and do not need to send large amounts of 

information. The FFD’s can operate in three distinct ways: as 

coordinator of a network, as a router or as an end point. The 

devices forming a network can be designated as routers, 

coordinators or end points. The routers enable communication 

between nodes without intervention of the coordinator node; 

coordinators create and produce the network and can also act 

as routers; end point devices can only communicate with the 

network to transmit data [2]. 

 

 

Fig. 2.1 – ZigBee network topologies. 

 

In the star topology, the communication is established 

between the devices and a unique existent central, designated 

as coordinator (Fig. 2.1) [5]. In mesh topology, there also only 

one coordinator node; however, all network devices can 

communicate among them, as long as they’re within the range, 

due to the use of routers (FFD’s) (Fig. 2.1) [5]. In the cluster 

tree topology, being this a special case of mesh topology, the 

majority of the devices are FFD’s and RFD’s can connect to 

cluster tree network topology as an end point device (Fig. 2.1) 

[5]. 

Control and Monitoring of Agricultural Land with an Appeal 

to the ZigBee and GSM Communication and Data Storage 

Sílvio J. P. S. Mariano*, Tiago Soares, M. do Rosário A. Calado* 
*
IT- Instituto de Telecomunicações, Universidade da Beira Interior 

Calçada Fonte do Lameiro, 6201-001 Covilhã, Portugal 

sm@ubi.pt, soarestig@gmail.com, rc@ubi.pt 

 

mailto:sm@ubi.pt
mailto:rc@ubi.pt


ZigBee communication has the advantage of being used in 

low power and cost applications, so they can be applied in 

systems for monitoring and controlling agricultural soils, 

security systems, lighting control, among others. 

III. GSM COMMUNICATION  

GSM communication (Global System for Mobile 

Communication) has becoming one of the most reliable 

methods of wireless communication and it’s relatively simples 

to use. It first appeared in 1982 when the European 

Conference of Postal and Telecommunications Administrators 

(CEPT) created a Groupe Spécial Mobile (in French, original 

meaning of GSM) with the purpose of creating a series of 

standards for the future communications plan of the European 

Union [6]. It uses both FDMA (Frequency Division Multiple 

Access) and TDMA (Time Division Multiple Access) to 

multiplex communication in the GSM frequency bands [6]. 

The security on GSM networks is provided by encryption 

protocols of the family A5 [7]. When coupled with a PLC 

(Programmable Logic Controller), the GSM module allows 

one or more users to control a system by sending or receiving 

a short message (or SMS) filled with information of alarms, 

events or parameters coming from the system that the PLC is 

controlling, for example, the user sends an SMS to switch on 

or off a particular component of the system and the system, 

when configured to do so, sends an SMS back to the user with 

the status of any alarms that were triggered. 

Tabela 3.1 – Comparação entre diversas tecnologias de redes sem fios [6]. 

Tech- 

nology 

Band 

(Ghz) 

Maximum 

bitrate 

(Mbps) 

Physical 

layer 
MAC 

Approximate 

range 

GSM, 

GPRS 
0.9, 1.8 0.17 GMSK 

TDMA

/TDD 
30 km 

TETRA 0.4 0.36 
DQPS

K 
TDMA 50 km 

IEEE 

802.11b 
2.4 

11 (DA), 

2 (FH) 

SS/DS- 

DQPS

K 

CSMA

/CA 
200 m 

IEEE 

802.11a 
5 54 OFDM 

CSMA

/CA 
200 m 

HIPERL

AN I 
5 20 GMSK 

EY-

NPMA 
Extensible 

HIPERL

AN II 
5 54 OFDM 

TDMA

/TDD 
Extensible 

Bluetooth 2.4 1 SS/FH 
TDMA

/TDD 
10/100 m 

IrDA Infrared 16 PPM 
IrLAP/ 

IrLAN 
1 m 

 

GSM network provides a full-duplex data communication 

[8]. As it uses a synchronous scheme (TDMA) and as it’s not 

appropriate to be used in data transmission, the General Packet 

Radio System (GPRS) was created to solve this problem. 

GPRS is a system that uses the GSM operators to transmit data 

and allows transmission speeds up to 170 Kbs [6]. 

IV. PROPOSED SYSTEM  

The system presented in this paper was based in [1] and 

consists in one base station and a few monitoring nodes 

(Fig. 4.1). 

 

Figura 4.1 – Proposed system. 

Nodes (RDF’s) are responsible for collecting data on 

temperature, humidity and soil acidity (pH), while the base 

station is responsible for the coordination between the various 

nodes. The information collected by the nodes is then sent to 

the network base station, where it will be forwarded to the 

remote management system (Fig. 4.1). On the other hand, the 

information is accessible to the user via GSM (GSM – PLC 

connection) and is stored using the data base system 

implemented by the PLC. 

The base station comprises an online monitoring device, a 

GPRS data terminal unit (DTU) and a ZigBee module (FFD) 

(Fig. 4.2) [1].  

The GPRS DTU implements remote data transmission via 

GPRS network. The module consists of a ZigBee controller 

MSP430 from Texas Instruments and a CC2420 RF chip. The 

RF chip is used to collect information from the nodes and send 

it to the PLC via DTU GPRS interface [1]. 

Both FFD and RFD’s are built with the TinyOS operating 

system. This OS is an embedded system for wireless 

communication networks that presents a set of necessary 

components included for pre-applications [1]. 

The RDF nodes has two functions: it acts as a sensor to read 

the temperature, humidity and soil acidity to collect the 

information for the PLC and as a router to send it to the FFD. 

The FFD has the following functions: receive information 

from the RDF’s, read the sensor’s information and send it to 

the remote management system (Fig. 4.2). 

Thus, the combination of ZigBee and GSM communication 

can be helpful to implement a control and monitoring 

information in real time and subsequent storage of data to 

future statistical comparisons. 

 



 

Figura 4.2 – Detailed proposed system. 

V. REMOTE SYSTEM MANAGEMENT 

The information received by the base station is then 

forwarded to the remote management system where it will be 

stored in the internal data base of the PLC. 

The remote system management comprises a S7-1200 

DC/DC/DC PLC from Siemens, an HMI console KTP600 PN 

Mono from Siemens and a GSM communication module and 

its antenna, Fig. 5.1. The communication module proposed in 

this paper is constituted by the CP 1242-7 GSM processor 

from Siemens and an antenna ANT794-4MR also from 

Siemens. This module is responsible for the GPRS 

communication between the user and the PLC, allowing the 

user to remotely access and control the system. 

For the implementation of a database system on the PLC, 

the internal data logging system was used, Fig. 5.2. This 

system allows the creation of data logs depending on the needs 

of the user and allows the storage of data and values related to 

the temperature, humidity and soil acidity sent by the ZigBee 

network. 

The system of data logs creation works as follows: 

• On the first day of each month, at 00:00:00, is created 

and opened a data log file; 

• Every day at 23:59:00 a record is made to the data log 

containing the record number, the data and UTC time 

of the record, the temperature, humidity and pH value 

(Fig. 5.2); 

• On the last day of each month, the corresponding data 

log for that month is closed, so the data log referring to 

the next month can be created and opened.

 

 

Fig. 5.1 – Remote system management constituent parts. 

 



 

Fig. 5.2 – Data log example. 

 

 

Besides being used for storing values from the ZigBee system, 

the PLC is also used to monitor and control a water supply 

system, Fig. 5.3. 

 

 
Fig. 5.3 – Water supply system. 

 

This system allows the control and monitoring of the amount 

of water in a tank and its pH regulation. The water comes from 

a hole or any other point of water capture. Inside the tank, the 

pH of the water is constantly being analyzed and controlled by 

the pH bomb (Fig. 5.3). Subsequently, water is distributed for 

the various waters circuits. 

Through a web page, the user has full access to monitor and 

control the entire system parameters and values of the water 

supply system. Also, for local monitoring and control, an HMI 

console was used. 

This system has great advantages compared to a manual 

system of the same type, namely: 

• Autonomous control f the water level and pH value; 

• Control and monitoring overall system-wide (HMI 

console and web page); 

• Greater ease of troubleshooting and/or failures; 

• Visible system alarms when some failure occurs; 

• Possibility of creating databases; 

• Better control of expenses and greater energy savings. 

VI. CONCLUSIONS 

The system proposed in this paper has as main objectives 

the improvement of quality and quantity production on the 

agricultural land. This system combines ZigBee and GSM 

communications with a data and values storage system 

implemented using a PLC for system control and monitoring 

of an agricultural land. 

Although ZigBee protocol is still fairly recent and under-

represented in the market, it has many advantages over other 

types of wireless communications such as low cost and energy 

consumption, higher flexibility, the ability to adapt to any type 

of system and the possibility of monitoring remote areas 

without additional infrastructures. 
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