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Abstract: Technology automatization in agriculture enables us to solve efficiently problems associated with the population growth, 
sufficient food production and its quality. This applies through the whole chain of agricultural processes from the plantation of crop, 
fertilizing, harvesting, food storage, processing and distribution. The development of low-cost microcontroller technology and efficient 
control algorithms enables use to enhance the integration of agriculture processes, increase their efficiency and reduce losses. This pa-
per reports on the development of a new SCADA control system which is designed to enhance the efficiency of seeding and harvesting 
processes. This system is integrated with the GPS so that the process is fully automated.  
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1. Introduction 

The use of automated information technologies based on
modern electronic components and making use ofaccurate 
navigation systems, e.g. GPS or GLONASS enables mobile 
units, vehicles and stationary objects to optimize the perfor-
mance of agricultural processes, increase the productivity, 
reduce the production costs and to improve the quality of the 
working conditions for the personnel involved in this work. 
Information technology management systems (ITMS) which 
have been developed in the last 30 year and are now being 
adopted by individual farms and large agricultural complex-
es are detailed in ref. [1-3]. An important benefit of these 
systems is that it addresses the issue of the limited capacity 
of a human operator to respond to a rapidly changing 
process (e.g. [4]). Agricultural processes often require inter-
vention at the rate of higher than 1 Hz, which is commonly 
beyond the capability of a human operator. This suggest that 
it is advisable to adopt ITMS and those farms who do so are 
often called the intelligent farms. In our paper we propose 
new engineering solutions to improve further the quality of
agricultural products, increase the labor productivity and to
reduce the cost of the work.  

2. Methodology 

2.1. System Architecture 

It is known that physiological barrier of a human operator to
monitor and control systems through visual information is
not less more than 1 sec, i.e. its maximum frequency is
around 1 Hz. Therefore, in a short term a human operator is
not able to control fast processes. The capacity of an infor-
mation channel is: 

2log (1 / )S Ny x z z  , (1) 

where x is the Nyquist frequency, Sz is the mean power of

the signal and Nz is the mean power of the noise. This de-
pendence applies if the channel is an ideal filter and the 
noise spectrum is white. Ifthespectralpowerdensity, 

( )NS f , ofthenoiseisknown, thenthe information capacity 
of the channel is: 
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where f is the frequency. 

According to the calculations, experiments on the "machine 
operator" system and based on the fact that the operator has 
to manage the technological, power and operational 
processes, there is a unique opportunity to optimize the qual-
ity and performance of the control process for individual 
machines through system integration. For this purpose, tech-
nological operations with high performance needto collect, 
handle and use full information about the basic processes 
within theis operation, e.g. those which relate to the produc-
tion of agricultural products, their storage and processing. 
This flow of information is continuous. A majority of tech-
nological processes in agriculture are deterministic but sto-
chastic. Most of them are stationary ergodic which enables 
to apply proactively the control and to monitor the quality of
implementation to optimize the functioning of the manage-
ment system associated with food production. Figure 1 
shows the main control objects of an agricultural field crop 
production unit. Figure 2 presents a block diagram of a wire-
less sensor network (WSNS) automated for information 
management systems of its field units.  
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Figure 1: Information flow and automated control system for crop collection and processing 

Figure 2: The block diagram of a wireless automated information management systems of fieldunits 

2.2. System Hardware and Software 

In order to reduce the time and direct cost of developing 
software applications and minimize the software develop-
ment costs, it is common to use the so-called SCADA sys-
tems that provides a standard communication protocol to
access and visualize information from the programmable 
controllers and distributed sensors. Development of SCADA 
system has attracted large investments and is now used 

widely as an industry standard. Therefore, developers of
software for process automation rely heavily on SCADA
system elements. Currently, the mostly widely used SCADA
systems in Western Europe and Russia are In-Touch, FIX, 
Factory Link; most of which have been developed in the 
United States. Examples of some SCADA systems which 
were developed in Russia are: Trace Mode, Jmage and Good 
Help. The benefits of a SCADA system are:
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 The opportunity to develop afully autonomous control 
system by a reasonably qualified specialist; 

 Means of gathering information from a lower-level devic-
es; 

 Management and registration of the emergency signals; 
 Provision of storage media and post-processing capabili-

ties; 
 Primary means of processing information; 
 Visualization of information in the form of graphs and 

charts. 

A vast majority of SCADA systems implemented in Win-
dows which allows for a high degree of integration of these 
systems. Each system manages actuators, collects data from 
sensors, processes information, services operator worksta-
tions and database servers. It is clear that for effective func-
tioning in this heterogeneous environment the SCADA sys-
tem should ensure a high level of network server in standard 
media (e.g. ARCNET, ETHERNET) and using standard 
protocols (e.g. NET-BTOS, TCP / IP), as well as to provide 
support for a most popular network standard in the class of
industrial interfaces (e.g. PROFIBUS, CANBUS, LON, 
MODBUS).These requirements are, to some extent, satisfy 
almost all of the modern SCADA systems, with the only 
difference that the set of supported network interfaces are 
different[5].Integrating disparate automation systems with a 
variety of hardware and software should be based on inter-
national standards, have a wide range of support functions 
and have the following structure: 

(i) Low levelautomated control systems. These local auto-
mation systems are installed in tractors, agricultural ap-
pliances, transport vehicles, equipment for post-harvest grain 
handling, potatoes and vegetable storage, etc. This equip-
ment is sensors, controllers, modules for the collection of
discrete, analog, time and spectral information, modules for 
managing the actuators, communication modules, remote 
input-output terminals. This level is self-contained, i.e. in the 
absence of communication with the upper level it is able to
work without any loss of information, and to exercise auto-
nomous control in normal and emergency operation. At this 
level it is common to have a reconfiguration controller to
change the process and get local control map through a spe-
cial output device connected to a serial interfaces (e.g. 
RS232 or RS485).  

(ii) Medium level of operation/process control. This is the 
level of human-machine interfaces, operator control and 
cross-process interaction. The equipment used here basically 
workstations. This equipment is of varying degrees of com-
plexity and security depending on the size of the agricultural 
complex. Software used here is standard for a SCADA sys-
tem and it adopts proprietary products with a broad functio-
nality. An operational and control server also provides the 
collection and storage of process data, and automatic calcu-
lation of the performance of the hardware (ITA, harvesters, 
processing equipment in the processing and storage of agri-
cultural products), ensure the overall progress of work, ob-
serves main targets, exercises the centralized control of pro-
duction and technological processes, visualizes the produc-
tion process in the convenient form for managers, prepares 
operational reports and transmits these reports to individual 
services.  

(iii) High level control for the whole complex. This is an
integrated level of information for the whole agricultural 
complex. The equipment used at this level includes a data-
base server and client computers and their users. Data are 
coming from lower levels are pre-processed. The interaction 
of all these levels provides the organization of a common 
information space. For fast integration of all of these levels 
into a single information system it is necessary to use soft-
ware and hardware that support common standards through 
A valid TCP / IP protocol that allows the free flow of infor-
mation between various levels of control and the perception 
of this information by any application. Mobile communica-
tion and remote stationary objects (local system) should 
have special modules for transmitting and displaying infor-
mation in the Web standard. 

Automated complex system structure and basic hardware 
and software components must meet the following criteria: 
(i) the ability to perform automated software development, 
monitor and control the process in real time; (ii) it should be
a bus/modular architecture system with a high degree of
openness, scalable and flexible in terms of hardware and 
software that comply with international standards; (ii) basic 
hardware/software components should be in large-scale pro-
duction and their upgrades should be available readily for 
the entire life of the system; (iii) the system must support 
voice and telemetry mobile communication with the control-
lers with a built-GLONASS / GPS receiver capabilities for 
tracking of moving objects (e.g. position and speed); (iv) it
should have a built-in GSM-terminal to access the Internet 
services that provides delivery of messages and receive 
commands via TCT/IP-connection using packet technology 
(GPRS) or short messages (SMS) on the specified telephone 
numbers; (v) the communication platform must also support 
wired interfaces, standard cable connections, power supply 
network, radio and the Internet; (vi) the system should be
reoriented without significant cost on the composition and 
the functions they perform different processes, quickly re-
spond to any changes in the production cycle or environ-
ment; (vii) the system should carry out archiving of data for 
the main, auxiliary and service production operation, tech-
nological and production data, reflecting the current and past 
state of production of a particular crop and to render archival 
information in a graphic form; (viii) the storage time for an
operation archive should be at least 1-2 days whereas the 
storage time for the averaged and filtered data should be at
least 3-5 years; (ix) the archive should also store the data 
which relate to emergency situations. Information about any 
violations of the agricultural process should automatically 
appear on the computer server, be conveyed to engineering 
services and to the process control manager. The system 
should be able to address the emergency situation from the 
control server and computer related engineering services to
stationary objects, such as lines of postharvest processing of
grain, potatoes and vegetables storage and other related 
processes [6]. 

3. Details of the New Control System  

All-Russian Research Institute of Agricultural Mechaniza-
tion has developed new individual systems to manage agri-
cultural processes. Figures 3 and 4 show the designs created 
for the management of agricultural objects which control the 
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seeding process. The device has the following functions. It
carries out an automatic control of seeding, monitors the 
level of seed and fertilizer hoppers, coordinates and locates 
the position of the mobile unit in the field which is treated, 
measures the speed of the mobile unit and the amount of the 
treated area, measures and controls the distance traveled and 
time of work in the field. The device performs automated 

driving on the path equidistant from the first pass with the 
error not exceeding15 cm.The device carries out the collec-
tion, storage and recording of current information in an addi-
tional memory block that is followed by the subsequent sto-
rage in a personal computer. The device also performs the 
adjustment of its position relative to the baseline [7]. 

Figure 3: A new automated system to control Kombi band seeding of grasses and grass mixtures around grasslands and pas-
tures with the use of global navigation and positioning.
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Figure 4: A photograph of the self-tuning system to control the stationary objects used for crop production 

The system shown in Figure 4 is designed to monitor and to
control technological processes of agricultural stationary 
objects, such as items of post-harvest processing of grain, 
potato and vegetable storage facilities and greenhouses. The 
system includes a PC with software controller, input/output 
(I/O) modules, sensors, and communication lines. The max-
imum length of the wired line connected to the computer 
module is 1200 m. By using the radio this range can be ex-
tended to 5 km. In the case of the GSM connection the range 
is limited only by the cellular coverage area.  

4. Discussion and Conclusions 

This paper presents the requirements for a system that man-
ages automatically individual agricultural machines and ob-
jects in farms which are used to seed, crop and process agri-
cultural produce. It is based on advanced technologies which 
rely on radio communication devices, microprocessors and 
global navigation. The system consists of standardized ele-
ments and allows, if necessary, to add electronic components 
and to program individual subsystems through the central 
computer. The result of our analytical and experimental stu-
dies was a unified information complex farm management 
system. This system is suitable for optimizing the manage-
ment of agricultural companies, farms and mobile units (e.g. 
tractors, combine harvesters and trucks) as well as stationary 
items. This systems is based on unified microprocessor ele-
ments and it enables to increase productivity and improve 
the quality of agricultural products. 
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