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1. fejezet - 1. THE FUTURE OF PLANT
PRODUCTION. DEFINITION OF
PRECISION FARMING. COMPARISON
OF CONVENTIONAL AND PRECISION
FARMING
1.
Despite the reduction of the demographic growth, global population increases with 75 million people every year.
According to estimations, global population will reach 8 billion by 2025. In parallel with the population growth,
the amount of resources per capita decreases, therefore food demand can only be fulfilled with higher
productivity. During the next two decades, the food production of developing countries has to increase by 70%,
and the rise of agricultural water consumption should not be more than 14%.
71% of Earth‟s surface is covered with water, but only 2.5% is sweet water. 0.04% of the total water stock is
suitable for human consumption. Its territorial distribution is unequal, more than three-fourth of it can be found
in the polar ice-caps. Comparing the countries, Brasilia possesses more than 17% of the global water stock,
while India which has a six time larger population has only 5%.
During the 20th century, water consumption increased sixfold, while in Europe, the average water consumption
is 200 litres (110 l in Hungary). In the Sahara area the average water consumption is 10-20 litre/day. Areas
threatened with water shortage are North China, Australia, North Africa the Middle East and India.
The largest consumers of sweet water are agriculture (71%), industry (20%) and the communal sector (9%). The
proportions are different by continents; while in Europe and North America industry is largest consumer (4245%), in Africa and Asia agriculture uses the most water (84-85%). The amount of irrigation in agricultural
water consumption is around 10%, but in the case of improper technology its environmental impact is
enormous. The negative effects that take place within soil structure and secondary salinification involve 10% of
the irrigated areas (30 million ha out of 255 million ha irrigated area). The non-sustainable water management
and the low-efficiency, outdated technologies cause extensive water pollution, and ground water reduction.
Underground water stocks might be depleted, especially in dryer climate areas, where irrigation is done from the
deeper layers of soil. The most important cereal producer countries (India, China, USA, the countries of the
Arabian Peninsula) reduce the amount of underground waters by 160 billion cubic meters annually, which is the
equivalent of the yearly water volume of two rivers with the size of the Nile. In Saudi-Arabia, 75% of the water
demand is fulfilled from ground water; according to the forecasts, water costs will be depleted within 40 years,
sooner than oil fields.
Despite negative examples, the significance of agricultural water management became more important, because
– combined with proper agricultural policy – it might have a positive effect on environment and society.
The water stock of Hungary consists of 58 billion m3 of precipitation, 114 billion m3 of surface water courses
and 6.75 billion m3 of underground water. The annual water consumption is 610 m3/person, which is
approximately 10m3 more than the annually renewable stock. According to the survey of the Hungarian
Academy of Sciences, the share of agriculture from water consumption is annually 315-590 million m3.
Secure forage and food raw material production requires infrastructural development. During the measurement
of qualitative and quantitative parameters of plants grown with the most modern methods of plant production
technological developments require environmental pressure to be minimised in order for the activity to be
sustainable and for the ecological potential to be utilised. With that we lay the foundation for such agroecological models by means of which the optimisation of in-plot treatment units can be carried out. Quality
cannot be further improved during processing. The reduction of environmental pressure can only be realised
through accurate nutriment supply, and the minimised application of pesticides, herbicides and insecticides.
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1. THE FUTURE OF PLANT
PRODUCTION. DEFINITION OF
PRECISION FARMING.
COMPARISON OF
CONVENTIONAL AND
PRECISION FARMING
For the maintenance of the current agricultural production and the production of the required amount of
produce, the proper realisation of the technological elements of plant production and sufficient nutriment supply
are required. At the same time, the amount of applied nutriments, the proper or improper level of their supply,
possible shortage or overdose have significant effects on the chemical composition of agricultural products.
Consequently, the production of healthy and properly composed food cannot be separated from nutriment
supply technologies.
For the realisation of the above outlined objectives the toolset of precision farming needs to be developed
systematically integrated. The development of the technology is primarily aimed at the preservation of the
natural gradients between the agricultural production unit and the natural environment, ensuring the optimal
utilisation of the agro-ecological potential of the production site.
The main objective of the developments of precision farming is the application of economical, sustainable and
practical plant production which is in conformity with the spatial heterogeneity of the production site. For
example, compared to the rough resolution (plot-level) determined nutriment supply, not only costs can be
saved, but environmental pressure resulting from unnecessary, non-utilisable nutriment use can be reduced,
optimal nutriment supply can be ensured and energy balance can be improved. The technology of nutriment
supply strongly determines the chemical composition, mineral content of produced plants, the occurrence and
proportion of potentially toxic materials in products, and consequently the healthy, less healthy or toxic nature
of finally produced foods. Location specific technology helps achieving food and forage raw materials to be free
of toxic materials and chemicals. With the use of the technology, the chemical composition and macro-, micro
element content of both food and forage raw materials is ensured in naturally synthetized form, without the use
of additives. As a result of the production system the use of plant protection chemicals is reduced, because it
does not focus of protection (weeds, pests, diseases), but on prevention (Table 1).
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2. fejezet - 2. PRINCIPLED
FUNDAMENTALS OF SATELLITE
POSITIONING
1.
The demand for positioning appeared in the ancient eras of mankind. In the beginning, important objects (trees,
rocks) and some objects of the sky (Sun, brighter stars) have been used for geographic positioning.
Ancient civilisations achieved significant results in the observation of Sun, Moon, the brighter stars and the
movement of planets. In 201 B.C. Eratosthenes was able to determine the difference amongst latitudinal data by
means of the observation of the meridian Sun, thus the north-south position. East-west direction position
differences were first determined through the covered distance and then through the measurement of speed and
time.
The appearance of the Chinese magnetic compass and its European spread was the next important milestone in
surface navigation.
In the middle ages, as a result of the dynamic development of sea trade the most important technological
advancements took place in sea navigation. The development began in the 13th century and by the 16th century
the exact determination of geographic latitude – by means of the measurement of the North Star – became
possible. The measurement of geographic longitude became possible after the invention of chronometers as of
the 18th century.
The development of high-precision chronometers s linked to the England. Following the accident of the English
fleet in 1707, the government conducted a competition in 1717 for the determination geographic longitude on
sea. In 1735, John Harrison was to first to creat a chronometer in which two –synchronized, but oppositely
moving – weights compensated the errors caused by the irregular movement of ships. His H1 and H2
chronometers were used as of 1741, but the construction was very sensitive for centrifugal forces. Following a
reconstruction, the H4 chronometer was created between 1759 and 1761, which included moving compensation,
bearing, and a bimetal stripe for the compensation of errors caused by thermal expansion (Figure 1).
These technological solutions have been used until the invention of the electronic oscillator as a time measuring
device. During the recent centuries of maritime navigation, geographic latitude was determined by means of
sextants while longitude by means chronometer and the observation of the Sun. These global measurement data
was completed with the observation of seaside signal points (lighthouses, rocks) and the measurement of speed.
Dual mirror measurements were first applied by Hadley in 1731 in its octant Current sextants are the improved
version of that one.
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2. PRINCIPLED
FUNDAMENTALS OF
SATELLITE POSITIONING

In parallel with maritime navigation cartography and geodesy also developed continuously. Maps became more
and more accurate, and the demand for more exact measurements became higher in everyday life as well. The
methodology of triangulation which was a revolutionary advancement in cartography was developed by Snell
van Royen. The procedure was first applied for the survey of larger geographic areas by Picard and Cassini.
One of the largest breakthroughs of geographic positioning was resulted by the development of space
technology.
In 1957, during the testing of the Sputnik–1 satellite a new phenomenon was recorded. Analysing the
wavelength changes of the radio signal emitted by the satellite, the exact position of the satellite can be
determined. In parallel with the Russian research activities, the development of navigation systems also started
in the USA. The Transit system of US Navy lunched in 1964 for submarined and surface ships.
Within the Transit four satellites revolved on a polar orbit around Earth on an altitude of 1000 km, therefore –
using the Doppler-effect – even a deep sea submarine was able to determine its own position in 10-15 minutes.
As a basic requirement, the accuracy of the passive navigation receiver was 0.1 sea mile, but the system became
even more accurate: 0.042 sea miles. The Transit system has been replaced by GPS in 1996.
Currently four Global Navigation Satellite Systems (GNSS) are known. The systems consist of three
fundamental components:
• the space segment (satellites)
• the user interface (receivers and services) and
• the control system (land-based control and monitor stations).

2. GPS
In 1973, by the time of its establishment the original name of the GPS system was Defense Navigation Satellite
System (DNSS), which was replaced by Navstar-GPS in the same year.
GPS satellite
The establishment of the system required very high expenses (approx 12 billion USD). Development started
during the 1970s (the cold war), it was part of the classified space war plan. The system became available for
civilian users as a result of a Congress decision, and it became totally built up in 1994. During 1994-1998
4
Created by XMLmind XSL-FO Converter.

2. PRINCIPLED
FUNDAMENTALS OF
SATELLITE POSITIONING
civilian use was corrupted by the emission of a jamming signal (SA - selective availability), in order to limit its
accuracy. Therefore the GPS system could have errors of couple hundred meters. SA could be avoided only with
the reception of the military signal, but this required a code which changed on a daily basis. In 2000 President
Clinton revoked SA, thus the accuracy of navigation devices improved up to 20m.
The space segment of the NAVSTAR system consists of 21 active and 3 spare satellites, which are situated in
six, 55˚ inclination planes. There are four satellites in each of the 6 planes on an orbit with an altitude of 20,200
km. the radius of the orbits is 26,370 km. Currently – following the total completion of the system, 4-8 satellites
are visible from any point of the surface.

3. GLONASS
The history of GLONASS (GLObal NAvigation Satellite System) began in 1960, but its actual development
started in 2000. The system which consisted of first 22 then 24 satellites completed in 3 years, and became
available for the public in 2007. This system was also designed for military use, so its availability will be
terminated during war.
The biggest difference between GPS and GLONASS is that while the GPS system is a code division system
(every satellite has the same frequency, but different codes (CDMA)), the GLONASS system is a frequency
division system, which means that the codes are identical for each satellite, but the frequencies are different
(FDMA).

4. GALILEO
The Galieo programme is the joint project of the European Union and the European Space Agency. The fleet of
30 satellites would have launched in 2008 according to the original plans. The most important objective the
system is the establishment of a high-accuracy positioning system (which is independent from the USA) and the
widening of the user segment.
Similarly to the other satellite systems, the system is divided to multiple segments; it includes the receivers,
applications and maintenance.
The project (which has an estimated value of 20 billion EUR) consisting of 30 satellites (27 active and 3
operational spare ones) will start its operation in 2014 and it will provide global coverage by 2019 according to
the plans. In October 2011, two test satellites have been launched, which are parts of the system to be started; in
2012 two additional satellites orbited. The 27 satellites will be named by the 27 Member States, the Hungarian
satellites will be called Lisa (Figure 2).
With a proper receiver system (in principle the current devices as well) the basic service of Galileo will be
available for free, providing a sub-metre positioning accuracy. The satellites are on an altitude of 23 222 km, on
three planes that have an 56° angle with the equator (9 satellites and 1 spare on every plane).
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2. PRINCIPLED
FUNDAMENTALS OF
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Opposed to the existing GPS and GLONASS systems, it is aimed at civilian use. Its additional features include
differential improvements and that it is adapted to the existing systems in constellations. The GALILEO
represents Europe‟s strategic and technological autonomy. IT offers freely available services for civilian users
which are similar to the GPS system, but with additional elements, like additional services, security and
commercial applications. These are fully compatible, and interoperable with other GNSS systems. The system is
defined as independent; but it is also optimised to be compatible.
Interoperability id realised on three main areas:
• GALILEO receivers are compatible with other GNSS systems, especially with GPS.
This is expressed by the frequency of GALILEO, its signal structure and the temporal system as well the
geodesic date.
• Combination possibilities of GALILEO with other systems, like fundamental navigation systems or mobile
communication networks.
• The use of the GALILEO system can be combined with the use of telecommunication systems. This is
advantageous, because it provides higher communication capacity and easier access to value-added services
of GNSS

5. COMPASS
China started the development of the COMPASS satellite positioning system at the beginning of the 2000s.
Until 2004 China was an active contributor to the European Galileo project, but in 2006 they announced the
development of a separate system. The first satellite has been launched in 2007, which was followed by another
five in 2010.
The project has two known names: in English it is called Compass, in Chinese it is Beidou (the Chinese name of
the Great Bear constellation). The system basically has the same structure and functions as the already existing
GPS and GLONASS systems. The accuracy of absolute positioning is estimated to be 10 meters after total
completion. The Compass system will include 35 satellites and according to the plans it will be finished in 2020.
The Compass will provide five open (free) and five classified (military) services, on eight different radio
frequencies.
The most important fields of application of satellite positioning systems:
6
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• traffic/transportation
• security technology (vehicle protection)
• geodesy, land survey
• environmental research
• precision farming
The most important advantages of the application of satellite positioning systems:
• the position is direct 3D, it is not separated either during measurement or processing
• measurement is totally automated, suitable for alphanumeric data collection linked to coordinates
• for geodesy, land survey use the efficiency is higher
• execution of measurements is practically independent from meteorological conditions and the day period
• the GPS receiver is relatively easy to be integrated with other digital devices, measurement tools
• the measured data can be directly used in objective specific information systems.
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3. fejezet - 3. THE OPERATION OF
GPS
1.
The theory of classic positioning is based on analytical geometry methods. Satellite positioning is based on
distance measurement ascribed to time measurement. Since the spread speed of the radio waves emitted by the
satellites and the time of emission of arrival of the radio wave are known, the distance of the source can be
determined. In the three dimensional space, geographic position can be determined through the knowledge of
the distance from three points the locations of which are known.
The basis of the global position systems is a system of satellites circulating around Earth on exactly known
orbits. If any of the satellites is considered static for a moment we can imagine a triangle of vectors, where one
vertex is the observed satellite, another is the observing station on Earth‟s surface and the third one is the centre
of Earth, the geo-centre. Since the satellite circulates on an orbit which is known in the geocentric coordinate
system, its momentary position (the vector pointing towards the satellite from the geo-centre) is known. If the
vector pointing towards the satellite from the surface station is determined, the vector pointing from the geocentre towards the surface station can be calculated and the object will be located.
GPS receivers can only determine the length of the surface-satellite vector; its direction is still unknown.
Accurate positioning requires spatial arc-section with the parallel measurement of three distances. The method
of distance determination is also different from the usual it is considered to measure the running time of the
satellite radio signal. The result will only be an actual distance if the atomic clocks of the satellites and the
simpler clock of the surface receiver are synchronized. Accurate synchronization is practically impossible;
therefore a new variable is used in the system of equations of positioning: the clock error of the receiver.
Therefore the distance of at least four satellites has to be measured simultaneously. Based on the results, the four
variables (three geocentric coordinates and the clock error) can be calculated.
Steps of the procedure:
• connection of the satellite and the GPS receiver, exact chronometry
• exact measurement of the distance between the receiver and the satellite, knowledge of the actual orbit and
emitted signal of the satellite
• triangulation, a minimum of 4 visible satellites
• correction of the delays caused by the troposphere and ionosphere.
There are two either rubidium or caesium atomic clocks on every satellite, providing exact time measurement.
The oscillators ensure the generation of the base frequency and the code. The GPS time does not include the
leap seconds used in civilian life; therefore the GPS receivers get the difference between the two as well.
GPS satellites operate on two frequencies: 1575.42 MHz (L1) and 1227.6 MHz (L2). Every satellite transmits
spread spectrum signal ‟pseudo random noise‟ (PRN), which is different for every satellite.
PRN codes have two types:
1. C/A , „Coarse / Acquisition code”, which contains 1023 signals in every msec, the length of a code element
is 1 μs.
2. P(Y) code „Precision code”, which contains 1023 signals and the length of a code element is only 0,1 μs.
Satellites emit C/A codes on the L1 frequency, while the P-code on both frequencies. P-code can only be
decoded by means of a military GPS-receiver.
Signals spread towards one direction within the system: from the satellites towards the receivers. The signals
emitted by the satellite serve multiple purposes: they support the measurement of distance and carry information
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from the satellite to the receiver (orbit data of the satellite, exact time, and correction data of distance
measurement).
The location of the unknown geographic position (the receiver) is determined similarly to triangulation.
Theoretically 3 satellites would be sufficient for determination, if every clock of the system was perfectly
accurate. However, in practice at least 4 satellites are used considering the known inaccuracies of the system.
For the calculation of the distance from the satellites the receiver uses the same method as for the calculation of
exact time: it calculates the differences between the time emitted from the satellite and the time present in the
receiver. Multiplying the temporal difference and the spread speed of radio signals will determine the distance
between the receiver and the given satellite. Ont he basis of the distance from the three satellites the location of
the receiver can be on 2 points of the circles sectioned from the three spheres. The system is able to select the
actual point, because the false one is located either in space or within Earth.
The fourth satellite serves the exact determination of time, because if the clock is synchronized with the clocks
of the other elements, the fourth sphere will exactly cross the intersection of the three spheres. If
synchronization is not present, every three spheres will provide different intersections, and the receiver corrects
the clock for the four intersections to be in a single point.
Various interfering effects (unevenness of the gravitational space of Earth, the gravitational effect of the Sun or
the Moon, solar wind) cause inaccuracy in satellite positioning; these can be eliminated in practice. The effect of
the atmosphere causes a significantly larger distortion related to the speed of radio waves, because their spread
is only constant in vacuum. Towards Earth, the signal of the satellites first crosses the Van Allen radiation belt
which contains electronically charged particles, then the troposphere which contains vapour; it slows down in
both of them compared to the theoretic speed. There are multiple solutions for the minimization of errors, for
example the difference in the spread speed of L1 and L2 frequencies can be used (atmospheric effect is
frequency-based), the reception of multiple satellite signals (GPS and GLONASS) or differential correction
(Table 2).
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4. fejezet - 4. THE OPERATION OF
DGPS
1.
According to the research of TAMÁS (2001), the accuracy of GPS data can be improved with differential
correction. In essence, data collection is carried out in at least two locations. On a known position stable land
station (so-called reference station) and an unknown position other GPS receiver. The errors of mobile GPS
receivers can be corrected with the help of the reference station data.
Differential correction not only corrects errors originating from S/A code errors, but the clock errors of the
receiver and the satellite as well as the distortions caused by orbit defects or by the ionosphere or atmosphere.
The accuracy of correction is determined by the position of the reference station, but it can be even dm-level
accuracy.
Differential correction has basically two methods:
• the so-called real-time differential correction
• the so-called differential post-processing
The machinery operations of precision agriculture require real-time correction, since the spatial coordinates of
the power engine has to be determined immediately with high accuracy and possible spot by spot.
In the case of real-time differential correction the reference station calculates and transfers the errors and
corrections of the satellite data. This correction is received by the mobile station and used for the calculation of
its own position.
The GPS reference station
„The GPS Pathfinder Community Base Station (GPS reference station) which is required for differential postprocessing collects correction data during the field measurement and the time of data collection can be
scheduled for up to one week in advance. The max. recommended distance of the reference station and the
mobile receiver is approximately 400 km. Beyond this distance the potential correction errors might be large.”
(TAMÁS, 2000)
RTK (Real Time Kinematic)
„The first device system of high-accuracy real-time kinematic positioning was first introduced in 1994; the first
Hungarian experiences have been published in 1996.” (BORZA, 1996) „The development of RTK GPS
receivers and methods has been stimulated by the obvious demand for GPS to be able to carry out cm-level
accuracy activities, which is one of the dual tasks of geodesy besides surveying. At the beginning of the „GPSera” the DGPS technology was able to solve the task of navigation with at most 1 meter accuracy. According to
its current concept, RTK means real-time, kinematic, cm accuracy, phase measurement based satellite
positioning.
During the last decade the RTK technology went through a large development:
• Initialisation time significantly decreased.
• Accuracy of relative positioning has improved, from the initial 2-3 cm to 1 cm.
• The base distance increased as well: previously it was 15 km, today it can be even beyond 40 km” (BUSICS,
2005).
Single base RTK
Since the introduction of this technology in 1994, it is continuously used more widely. The attribute
‟conventional‟ does not only refer to the own establishment of the reference station and the own radio
10
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transmitter-receiver, but the limited base distance as well. Models applied in the middle of the 1990s did not
allow the increase of the base distance above 10-15 km. The limited radio reception resulting from the low
performance of the own radio transmitter (which is also limited by a frequency permit in Hungary) and the
physical obstacles further reduced the 10-15 theoretical range even to a radius of 1-2 km. The limited range of
the radio transmission can be increased with mobile phone data transfer or internet connection between the
reference receiver and the moving receiver.
Secure data communication was allowed by the development of mobile technology and the Internet –based,
standardised transmission of RTCM format data. Centralised collection, processing and transfer of the data of
permanent stations had to be solved, which postulates a processing centre. The solution if this issue led to the
RTK network concept.
RTK Network
The RTK network means permanent GNSS stations, which work together synchronised, within a larger
geographic area. Their data is collected by a processing centre with the aim of modelling the factors influencing
measurements, and allowing the fulfilment of the demands of users operating in the area for high-accuracy,
reliable and effective real-time positioning. This means the realisation of the following conditions:
• Base stations and central services work constantly, 24/7. The so-called availability is a guaranteed service.
• The secure operation of base stations (the integrity of data) also has to be guaranteed. Continuous control of
measurement data and the supervision of the correctness of the provided data have to be solved.
• At least one processing centre is necessary, where a proper hardware, software and communication
background as well as a staff ensure sound operation.
• The centre has to provide real-time (immediate) data.
A property of network-based operation is used, that reference receivers continuously measure on known location
spots, therefore the cycle ambiguity, satellite orbit errors, atmospherical and other effects are calculable and the
resulted corrections can be transferred towards users real-time, the required technological conditions are
available. By means of RTK networks, single receiver-based, cm accuracy GNSS measurements are realisable
towards users.
Compared to the single base solution the higher security of the user is an advantage (the loss of a station does
not terminate the measurement), and higher accuracy is achievable. At the same time, every element of the
infrastructure (each permanent station, the central server and software as well as data transfer) have to operate
continuously and flawlessly, which is very hard to implement. The user thinks that the 1 cm accuracy
measurement is carried out with a single moving receiver, however there is a whole land-based auxiliary system
operating in the background.
Practical realisation of RTK networks took place in the first years of the 2000s. That is when the so-called first
generation network solutions have been created in developed countries. Domestic use of RTK network
technology in Hungary is possible since the autumn of 2005, when the proper supervising software have been
launched in the processing centre in Penc.” (BUSICS et al., 2009)
„The comfort services of RTK systems have also developed: for example a wireless (Bluetooth) connection can
be established between the GPS antenna and the control unit; a background map can be displayed on the screen;
navigation can be supported with voice; the whole unit is integrated and an easy, intelligent data transfer can be
realised between the GPS unit and a measuring station.
The RTK, as a kinematic type measurement can be continuous (route measurement) or semi-kinematic (when
spots are identified on the field).” (BUSICS, 2005)
Navigation ( Starfire, RTK)
The StarFire iTC antenna is able to receive the signals of different accuracy levels. Variable accuracy means,
that the required accuracy can be applied with the same antenna for any different operation. Select the required
level and the John Deere GreenStar system will work within the designated range.
SF1: Allows approximately 30 cm accuracy, its use is free for every John Deere StarFire antenna.
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SF2: The most accurate satellite navigation correction signal. The corrected signal results in a +/– 10 cm
accuracy, therefore it can be used for most agricultural activities (sowing, spraying, tillage, etc.).
„RTK: A StarFire iTC antenna and the GreenStar AutoTrac steering system together with the StarFire RTK
land-based correction station correct the GPS signal, allowing cm accuracy. With the correction, the vehicle is
able to drive on the same path day by day, week by week, year by year.” (I3)
Geostationary orbit, geostationary satellite
According to the research of MUCSI (1995), satellites operating on a nearly polar orbit, usually work 800-990
km above Earth‟s surface. In the case of the moon, the height of the orbit is 384,000 km. Somewhere between
these two distances there is a certain special orbit where the periodic time of the satellite is exactly 24 hours.
This radius, which is approximately 42,250 km, has a 35,900 km distance from Earth‟s surface. If we choose
this orbit height and the plane of orbiting coincides with the plane of the equator, and if the speed of the satellite
on this orbit equals the rotation speed of Earth, then it will always appear above the same surface area. Such
orbits are called geostationary orbits; the satellites on them are geostationary satellite. The orbiting time of the
geostationary satellites is 1436 minutes, namely one star day.
Operation conditions of SF1, SF2 and RTK:
• SF1: visibility of minimum 3 satellites out of 24,
• SF2: visibility of minimum 3 satellites out of 24 and the visibility of the geostationary satellite
• RTK: visibility of minimum 3 satellites (5 are recommended) out of 24, the visibility of the geostationary
satellite and visibility of the and-based station.
RTK frequency distance
„When passing through ionosphere and troposphere, the signal is being distorted. This results an error in
satellite distance measurement (which also means a position error). Therefore the used devices have single or
multiple frequencies:
L1 only: Relative measurement from the base
up to 10 km in the case of kinematic and RTK measurement,
up to 20-30 km in the case of static measurement.
L1/L2: Relative measurement from the base
up to 10-30 km in the case of kinematic and RTK measurement,
up to even multiple hundred km, in the case of static measurement.” (I1)
System elements
„Elements of the reference station:
• GPS receiver and antenna;
• RTK software (included in the receiver);
• radio connection (or mobile internet, etc.);
• possibility of data entry (antenna core, coordinates of the reference station, etc.)
Elements of the moving receiver (rover):
• GPS receiver and antenna, antenna holder rod;
• RTK software (included in the receiver);
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• radio connection (or mobile internet, etc.);
• field controller (control unit)
• possibility of data entry (antenna core, coordinates of the reference station, etc.)” (I2)
The equipment of satellites
„Transceiver radio channel, on-board computer with significant data storage capacity, two independent
frequency etalons, oscillator and frequency multiplier for the creation transmission signals. The weight of a
satellite is approximately 850 kg, its energy resource is solar cell” (CSEPREGI et al., 1998).
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5. fejezet - 5. GIS DEFINITIONS
1.
Geographic Information Systems (GIS) are used in Hungary since 1990, globally since 1970, their importance in
practical life is high.
The definition of GIS is not unified, besides the many similarities, there are differences and contradictions.
DUNKES (1979): initially it was equally with computer-based mapping, but today it is more than simple
automatic mapping.
TOMILSON (1972): GIS is the common field of information processes and spatial analytical techniques.
CLARKE (1986) considers important the collection, processing and visualisation of spatial data.
COWEN (1988): not all software which visualise maps or map-like images can be considered GIS systems.
MÁRKUS (1994): there is a difference between GIS as a science related to the analysis of data linking to
Earth‟s surface and GIS systems as devices and technology. Based on that, GIS as a scientific field has already
existed before the use of computers.
TAMÁS J.–DIÓSZEGI A. (1996): GIS systems have to possess two fundamental functions. Spatial analysis and
the handling of visual information.
Questions occurring during spatial analysis are included by Table 3 according to MAGUIRE (1991).

According to NÉMETH (1995) the GIS is a computer technology which integrates mapping and information
data and creates maps and reports.
According to the above, it is clear that the determination of the definition of GIS is not unified. GIS as a spatial
information system includes hardware, software, database and experts (LÓKI, 1998).
The fundamentals of GIS systems are digital maps. The map is the reduced, generalised, plane visualisation of
Earth‟s surface and the objects on it (RHIND, 1994.)
In the case of maps, the knowledge of scale and the projection system is important. In the case of large scale
maps the scale is higher than 1:10000 and is lower for low-scale maps. If we intend to orientate spatially and
globally, the knowledge of geographic coordinates and the latitudes and longitudes is the most suitable tool. In
civilian cartography the most frequently used projection system is the Unified National Projection System.
The projection is a so-called tilted-axle cylindrical surface. Domestic military maps have been prepared in the
so-called Gauss-Krüger projection system before the change of political regime in 1990. Its basic projection is
the Krasovsky ellipsoid, its image surface is a transversal cylinder surface (the axle of the cylinder is parallel to
the plane of the equator).
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In earlier periods (until 1908) stereographic projection system was used, the basic projection of which is the
Bessel ellipsoid, and its image surface is the tilted-axle tangential plane projection of a sphere.
Space images are sold in the UTM projection system. The basic surface of the UTM projection system is the
Hayford ellipsoid, its image surface is a conform cylinder surface.
Conversion between projection systems can be done with a closed mathematical relation with 10-20 cm
accuracy (VÖLGYESI et al., 1994).
Important element of the system is the database itself; without database GIS does not exist. The value of the
database, its special importance and its cost proportion compared to other GIS elements is shown below:
Hardware: software: data = 1:10:100
An object can be determined by the knowledge of either geometric or attribute data. For the geometric
characteristic of objects points, a multitude of points, line, surface or a three dimensional body as a geometric
figure is used.
There is vector and raster visualisation. The vector visualisation means a controlled segment, which can be
accurately identified within the rectangular coordinate system through the coordinates of its starting and end
points. In the case of raster visualisation the object is identified with the covering of different shape (triangle,
quadrangle, hexagon) areas.
For the characterisation of objects descriptive or attribute data is used. This descriptive data shows what the
given object is and what properties it has.
Properties are usually indicated – for the sake of computer processing – in table format. In the case of raster
visualisation, the columns include the properties, while the rows include the codes of end points. In the case of
vector visualisation however, the columns also include properties, but rows include objects (Figure 3).
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Attributive data can be classified into four large groups: natural data, data related to technological facilities,
economic data and social data.
Natural data include geological, mining, geophysical, pedological, hydrological, climatological and biological
data. Technological data include infrastructural data (roads, railroads, public utilities, etc.). Economic data are
very complex: data of natural sectors and their share of GDP.
Land recording data are transitional between economic and social data. Social data include information about
population and its living circumstances. Our Geographic information system is good and effective if our
database has as much data or information about the observed area as possible. These data are databases
classified on the basis of different topic groups, as the layers of the real world they are capable of aiding the
creation of records, reports drawing consequences with the help of GIS software. The essence of the layer
approach is that one layer can only include identical object types. Figure 4 shows an example of the
visualisation of the real world by means of layers.
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6. fejezet - 6. OPERATIONS WITH
SPATIAL OBJECTS
1. Overlay procedures
The regional planning practice introduced the overlapping of layers before the introduction of digital methods,
at the end of the 1960s. Practically, they solved the issue by drawing the different thematic maps on transparent
surface and they registered the combined effect of different factors by analysing the map on a lighting board. It
is not hard to imagine how labour-intensive this process was and how simple possibilities the method provided
in comparison with modern computer-based methods.
If we intend to define the essence of the layering procedure, it can be said that basically this procedure connects
attribute belonging to the same land points appearing on the involved layers. If the attributes on the different
layers refer to the same properties and their dimension is identical, then different arithmetic and logical
operations can be carried out with them besides layering. However, these operations can mostly be carried out in
relation with the derived values.
In the case of identical attributes, adding up and deduction only make sense, if the two layers recorded an
attribute in two different times and the layers are suitable for drawing conclusions from related to the changes.
For example as a deduction of two population density maps based on the same are but made in different time,
we get a map which shows the change of population density during a certain period (Figure 5).
During the solving of analytical, planning tasks the most frequently used operation of GIS is the protective zone
or buffer zone creation. Although this operation is closely related to layering, its most important knowledge is
summarized in a separate point considering its importance.
Semantically, the primary task of protective zone generation is well reflected by its name: it is about the creation
of new objects around certain objects – with the purpose of for example the fulfilment of water purity
requirements of drinking water – the shortest distance of which is constant from the original object.
Besides the original water preservation objectives, zone generation is used for many other tasks. There
protective areas for example in the neighbourhood of underground pipe-lines (gas, oil, water, electricity, data
transfer, etc., high voltage wires, roads, railroads, etc. These zones are often physically indicated on the surface
and the operator of the facility acquires easement or ownership right to the zone. The generation of protective
zones in these cases is aimed at the prohibition of certain activities within the area for the sake of the safety of
the facility or the environment. In these cases the protective zone is a constant object which is a part of the
digital map.
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2. Protective zone (buffer zone) generation
The zones can be used during neighbourhood analyses to forecast how the building of a road will influence the
security of the surrounding natural resources (Figure 6). It is clear that if there are valuable forests near the road,
the increase of unauthorized tree cutting can be expected. However, while in the case of protective zones
established in construction descriptions provide proper protection, this simplification is not always satisfactory
for the analysis of natural phenomena.
For example in the case of the designation of the water protection districts of surface water courses the natural
boundary is the catchment area, which depends on the geographic conditions and the boundaries of which are
usually not in a constant distance from the water course. In the case of underground waters the situation is more
complicated, because the boundaries are influenced – besides the terrain – by the positional, filtering and water
transmission parameters of the underground layers.
It is easy to admit that the environmental impact study which was mentioned as an example, the danger
threatening the valuable wood stock does not only depend on how far the forest is from the road, but also on
how the transportation conditions are between them. This is strongly influenced by geographic, pedological,
water drainage, etc, factors.
On the basis of the above considerations it can be established that in geographic modelling the constant distance
protective zones provide satisfactory results only combined with other factors and utilised together with multiple
layers and operations.
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7. fejezet - 7. THE FUNDAMENTALS
OF REMOTE SENSING
1.
The electromagnetic radiation arriving to Earth‟s surface comes mostly from the Sun (extra-terrestrial radiation).
In the course of remote sensing radiation originating from the Sun and reflected by the surface and radiation
emitted by the surface are measured. In the case of passive remote sensing no external energy source is used
only sensors, while in the case of the use of external electromagnetic radiation source we use active remote
sensing. When reaching the upper limit of the atmosphere the electromagnetic wave interacts with it, and
consequently the energy is partly absorbed, partly reflected or diffused. If the moving direction of the incoming
and reflected waves have the same angle as the perpendicular incidence it is mirror-reflection, if it is reflected to
a different direction, it is diffuse reflection. Usually the degree of diffusion is higher in low-wavelength ranges.
The air layer between ground objects and the sensor might have an interfering effect during the assessment of
the reflectance of the observed object. The wavelength ranges where the degree of diffusion and absorption is
the lowest are called, atmospheric windows. Refection takes place on water drops and polluting materials within
the atmosphere. Ozone and atmospheric gases almost totally absorb ultraviolet radiation, therefore this range is
less applicable in remote sensing. Water steam and carbon-dioxide are significant absorbents, which mainly
absorb within the infrared range (Figure 7).
The different reflectance values of the surface are caused by the different material attributes. The ratio of the
reflected, absorbed, transmitted and emitted energy. depends on the type and condition of the material. Different
reflection values can be experienced in different wavelength ranges. If the spectral reflection values of the object
or the surface segment are represented on a graph, the result is a spectral curve, which includes the values of the
reflected and emitted radiation in different wavelength ranges. The spectral curve represents the different
reflection attributes of different surfaces very well. The wavelength ranges which a certain property can be
observed the best with can be determined with its help. Not only the objects can be distinguished on the basis of
the reflectance values, but their condition can also be evaluated. Water content of floral tissues, deformations
caused by pathogens and water stress, change of the nutriment and salt content of the soil, water pollution level,
etc. can be detected on the basis of the reflectance.
In the case of multispectral data, the waves of the electromagnetic spectrum are recorded, where reflectance
values measured on each wavelength range are stored on different channels. During the design of sensors it is
determined which wavelength ranges will be recorded. There are cameras and sensors where the wavelength
values to be recorded can be calibrated with the application of filters. Most of the multispectral cameras operate
in the electromagnetic wavelength range of visible light and in nera-red and infrared range. Spectral imaging
allows the visualisation and use for analysis of reflectance values that can be measured on wavelengths invisible
for the human eye. Imaging devices which have higher spectral coverage and finer spectral resolution than
multispectral data are called hyperspectral sensors.
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Many multispectral sensors create panchromatic single-channel images as well, which record the entire intensity
spectrum on a single channel for each pixel. Usually, in the case of satellite systems the number of channels is
3-10 and imaging not more than 15 channels is usually characteristic. In the case of Landsat satellites the
spectrometric image has 7 channels in the visible wavelength range. There are three channels (red, green, blue)
and another three within the near red and infrared range and also a panchromatic channel is available (Table 4).
Different channels can be used for different purposes. In the case of vegetation analysis the near-red and
infrared ranges play key roles, while for example deep water observations blue range is also important.
Visualisation of multispectral images is also challenging, because the human eye is only able to separate three
segments of the visible wavelength range; it senses red, green and blue only. Digital visualising devices create
pictures with the additive or subtractive mixing of these three colours, therefore only three channels can be
visualised in the case of multispectral data as well. This the reason for the emergence of the so-called colour
shifting visualisation forms, where the gradient values of each channel are visualised by means of one of the
red-green-blue channels.

In the course of hyperspectral remote sensing spectrum is created in multiple (10–100 magnitude) ranges from
the points of the given area; an image can be assembled from the pixels including each spectrum (imaging
spectrometry).
Hyperspectral remote sensing methods have been originally developed for the geochemical analysis of distant
planets and space objects, because the materials on the surface of other planets can only be determined by means
of remote sensing. Spectrometry is currently the most effective method for the analysis of the surface materials
of the planet Mars (the OMEGA device of Mars Express is such an imaging spectrometer).
As of the 1980s, hyperspectral technology was also used for mineral mapping purpose. In Europe which is
covered with vegetation and clouds it was mainly used for the detection of mining pollution as well as for the
geological mapping if the surface in dry areas.
Hyperspectral remote sensing is one of the newest methods of land cover analysis. Aerial images using
spectrometry have been taken in 2002 for the first time in Hungary.
Data collection methods and remote sensed data applied in remote sensing are classified in multiple ways.
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On the basis of the operation principle of the sensors
• Photographic cameras: Photographic systems can only use films or digital sensors which are sensitive within
the range of visible light and near infrared range (380–900 nm), therefore they are only capable for the
analysis of this range.
• Scanners: Scanners create images with lined-scanning (SPOT HRV sensor) or optical-mechanical scanning
(e.g. LANDSAT).
On the basis of bandwidth:
• Optical sensors: They create images from the visible (0.4µm) range to the reflected infrared (3µm) range.
Images taken with measurement chamber cameras and satellite images made with conventional scanners
belong to this group.
• Microwave sensors: The wavelength range of microwave sensors is within the 1mm-1m range. On the basis
of the source it can be passive or active sensor (RADARSAT). It easily reaches across clouds and vapour; it is
sensitive to the surface of objects. Primarily it is used in sea research remote sensing procedures
On the basis of the number of channels:
• Panchromatic (PAN). High geometric accuracy grayscale image made with the integration of visible and near
infrared ranges.
• Multiple channels (MSS). It includes multiple (4 – 60) wider wavelength channels within the visible (VIS)
the near infrared (NIR), and the short wave infrared range.
• Hyperspectral images. Low wavelength (2-100nm) and high number of channels (min. 60) are usual. Image
size is lower than in the case of conventional images, image processing has high power demand (DAIS,
AISA, HYMAP, etc.).
Geometric resolution:
• Meteorological satellite images: High geometric resolution (100–2000m) and usually high number of
channels, the use of microwave sensors is characteristic. Beyond meteorological observation, it is applied in
the observation of global vegetation and climate changes (NOAA, GOES, Meteosat 8, INSAT, etc.).
• Precision images. Below 1m geometric resolution images, which have previously been used only for military
application (IKONOS, QUICKBIRD, ORBVIEW). In civilian use it is mostly popular in cartography,
technical and precision agricultural application.
The spectral resolution of hyper-and multispectral images is determined by the number of bands, bandwidth, and
the wavelength range. With the application of sensors capable for working with more and narrower bands more
properties can be observed which were impossible to analysis earlier with conventional high resolution images.
For the proper selection of wavelength range and bandwidth the reflectance properties of the material have to be
known.
Besides the use of multispectral bands the use of better spatial resolution panchromatic (monochrome, visible
light range integrating) bands are also wide-spread (LANDSAT, SPOT, IKONOS etc), which are primarily used
in cartography. Factors which influence geometric resolution in the case of images made as photographs:
sensitivity of the applied film (emulsion), focal length of the lens and the orbit altitude.
In the case of scanner imaging, geometric resolution is determined by the size of the instantaneous field of view
(IFOV) belonging to each detector. The points of the image are provided by the value of the radiation energy
arriving from the instantaneous field of view. In the case of scanning devices, geometric resolution is usually
identified with the pixel size of the image. However, this is a strong simplification, because in the case of a
significant amount of scanning devices the recording band is very wide (1500 km in the case of IKONOS);
moving farther from nadir the size of pixels is continuously increasing as a result the viewing direction.
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8. fejezet - 8. INTEGRATION OF
NEAR-SURFACE REMOTE SENSING
INTO THE SYSTEM OF PRECISION
PLANT PRODUCTION
1.
Nitrogen fertilization which is based on the precise determination of application schedule and dosages which are
in conformity with the demands of the plant has a continuously rising significance both environmentally and
economically. Determination of optimal fertilizer dosages and the optimal date of fertilization should be based
on the nitrogen supply of plants. The nitrogen supply index which expresses the ratio of nitrogen content which
is required for the maximum growth and the actual nitrogen content is an index which requires destructive
measurement methods. The disadvantage of the destructive (chemical) analysis is it being costly, labour and
time consuming, therefore such measurement methods are required which can be carried out quickly and easily
in practice.
Chlorophyll molecules have a major role in the fixation of light energy and its conversion into chemical energy,
therefore the chlorophyll content of leaves fundamentally determines photosynthetic potential and primary floral
production (biomass production). As a result of the biological function of chlorophyll molecules the chlorophyll
content of leaves provides information about the physiological condition of plants, because the amount of
chlorophyll has in close correlation with the age and development stage of the plant and the degree of different
natural and anthropogenic stress factors. A significant amount of the nitrogen stock of the plant can be found in
chlorophyll, therefore the chlorophyll content of leaves has a linear relation with nitrogen content and nitrogen
stress is expressed also in the chlorophyll content of leaves. Therefore, the measurement of chlorophyll content
allows us to estimate the physiological condition and nitrogen supply of plants, but the chemical determination
of chlorophyll content is time and labour consuming. This is why non-destructive, optical measuring methods
have been started to be used, which are based on the measurement of reflectance or transmission.
Chlorophyll molecules absorb light within the red and blue range, while they let it pass through in the infrared
range. Within the blue range, other photosynthetic pigments also have significant light absorption potential
(Figure 8), therefore optical methods measure the reflectance and transmission of red light. In order to achieve
more accurate results, in the course of optical measurements such indexes are created with the proportioning of
red and infrared light, which are closely correlated with the chlorophyll content.
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9. fejezet - 9. OPERATION OF POWER
ENGINES AND TOOLS
1.
During the operation of power engines and tools the most important sensor of precision farming is the GPS
system which carries out positioning. With the help of GPS, multiple options are available for the control of
machinery tools. In the first case the GPS – after having done the calculations – provides feedback to the
operator and then the intervention is done by him. However, currently there are systems which carry out
interventions by themselves, so that the operator only has to make corrections if something out of the ordinary
occurs. The control of power engines and machinery tools – if done with the help of a satellite signal receiver –
can be done more and more precisely these days. The general composition of the systems which are available
and applicable in Hungary usually consists of a GPS receiver, and a unit which displays current position.
Depending on what quality solutions are offered (more expensive or cheaper but still useful) multiple systems
are available. The companies continuously develop their products, so with the launch of new satellite systems or
satellites the accuracy of control constantly improves. One of the systems available in Hungary is the CASE IH
Advanced Farming Systems (AFS) control system.
Mostly European users know and apply the on-board computer system (ACT) of AGROCOM GmbH and Co.,
with the complementing AgroMap software. The RDS Marker Guide system can be used together with the
AGROCOM system; it visually displays the steering direction.
The AgGPS computer system of Trimble Navigation Ltd. is under constant development. Currently the AgGPS
442 GLONASS Receiver is the newest available antenna which makes positioning easier with numerous
optional additions. Previously a simple LED (Light Emitting-Diode) display was used for visualisation with a
monochrome screen (AgGPS EZ-Guide Plus), but now the screen is available in colour as well (AgGPS EZGUIDE 500 SYSTEM).
The system includes the AgGPS AutoSense sensor which measures the steering angle of the wheels and
provides feedback for the sake of the most accurate control.
Optionally the EZ-Steer system is also available, which is solves automatic steering by means of a friction
wheel.
The Pro-Series 8000 type on-board computer-based system of the Australian RDS Technology Ltd. is also
available, which – similarly to the ACT terminal of Agrocom – solves different precision tasks (yield mapping,
application control).
The Green Star steering system of JOHN DEERE, which is able to connect to dual-frequency GPS receiver and
the automatic steering Auto Tracking system, or even the more accurate RTK GPS receiver. The touchscreen
display makes the modification of settings during working processes easier.
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10. fejezet - 10. DIFFERENT SCALE
SOIL MAPS, AS THE DATA SOURCE
OF PRECISION FARMING
1.
During the last 100-150 years a large amount of natural geographical and pedological information has been
gathered by scientists and experts dealing with pedology and agro-geology. During the last decades the work
was led by different objectives and soil maps have been created on the basis of different approaches.
Integration of data and the development of a systematic mapping system became a large task. The main problem
has always been the visualisation of the multilateral pedological data on a single map.
There is a hardly resolvable contradiction in the fact that conventional maps have a relatively narrow toolset for
the visualisation of attribute data, however the general characterisation requires the consideration of diverse,
hardly compatible aspects (physical, chemical, geographical, geological or spot-like or territorial properties)
(Szabó et.al., 1999).
Multiple phases are distinguished in the development of Hungarian pedological research, and as of the 1990s a
new phase has started. The different phases are the following:
1., 1779-1858: During this phase, TESSEDIK SÁMUEL, NAGYVÁTHY JÁNOS, PETHE FERENC tried to
introduce and popularize scientific and agricultural knowledge amongst domestic farmers by means of the
processing of foreign results. The book of Field Farming has been published in 1855 and this one already dealt
with soil classification, soil improvement and the possibilities of increasing soil productivity.
2., 1858-1891: SZABÓ JÓZSEF was dealing with the pedological characterisation and soil mapping of Békés
and Csongrád counties and Tokaj-Hegyalja, and later Heves and Szolnok counties. Soils have been classified
depending on their conditions of origin; therefore the classification was built on genetic foundation. In 1866,
LORENZ J. published his map in Vienna, which summarised the natural conditions behind the agricultural
production of the Austro-Hungarian Monarchy.
3., 1891-1909: Establishment of the Agrogeological Department of the Institute of Geology. The primary task of
the department is mapping and analysis of soils. As a result of the work of INKEY BÉLA, the survey of the soil
conditions of villages and counties has started. During this phase, our pedological experts did not have an
overall picture of the soil conditions of Hungary.
4., 1909-1931: As a result of the first International Agro-geological Conference, detailed surveys have been
stopped and instead of them overall soil mapping works have started. The survey of the salt-affected soils of the
Great Plain was a very significant process during this phase as was the dynamic soil classification system
elaborated by SIGMOND ELEK.
5., 1931-1957: KREYBIG‟s overall soil mapping. This cartographic method had a revolutionary significance in
domestic cartography, because the maps include physical and chemical properties, Sigmond‟s soil classes, the
representative soil layers of each spot and the different attribute soil layers representing the heterogeneity of the
given spot. The explanatory booklets attached to the maps served the detailed pedological and environmental
characterisation of the area, and they also included the survey and laboratory report data of the representative
soil layers. Practically, the Kreybig system was an early, analogue geographic information system.
As a result of the 20 years of work a 1:25000 scale soil map has been created covering the total area of Hungary;
this was a unique achievement in Europe. The survey activities related to the Kreybig-map kept the experts
occupied, therefore in many cases only enthusiastic amateurs could carry out the work; the survey was not
proper everywhere.
6., The phase from 1951 to present day is characterised by the reawakening of the genetic approach. The reason
for this is on the one hand: overall maps are not suitable for the characterisation of the soil cover of the country,
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because the differences of soil origin and productivity are not represented in them. On the other hand, new soil
physical and chemical methods emerged, which became necessary to be introduced.
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Digital cartographic technology started a new era in Hungarian cartography in terms of both form and content.
Currently there are two digital pedological databases in Hungary, which cover the entire area:
• Digital Genetic Soil Map of Hungary, which was created in 1995, in 1:200000 scale, by the Plant Health and
Soil Protection Station of Budapest and the Infograph Ltd. It is traded in multiple formats (DXF, Mapinfo,
Intergraph). The data includes genetic soil types by sub-types, soil types on the basis of their mechanic
composition, and soil types on the basis of the fundamental stone type.
• Digital Agrotopographic map created by the Pedological Research Institute of the Hungarian Academy of
Science in 1:100000 scale, also in multiple formats (DXF, Mapinfo, Intergraph). The division of the database
is in conformity with the 1:100000 scale EOTR maps.
The better utilisation of natural resources is not only an essential objective in Hungary but also globally (amine,
food shortage).
At the 1960 congress of the International Soil Science Society (ISSS) held in MADISON, WISCONSIN (USA)
a decision has been made about the creation and publication of a 1:1000000 scale FAO-UNESCO soil map,
which involves the entire planet.
The first global map was published in 1981, only in 1:5000000 scale because of the high expenses.
The spread of GIS technology allowed FAO global soil maps to be created in digital format with digital
databases.
Besides national soil classification systems (USA, Germany, Russia, etc.) the FAO soil classification system is
also becoming popular. The current FAO soil classification system is a three level system, the highest and most
generalizable level of which is called major soil groupings. This level consists of 28 soil groups, to which 153
soil units belong. For the identification of each classification unit so-called diagnostic soil levels and diagnostic
properties are applied (Table 6).
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11. fejezet - 11. EVALUATION OF
IRRIGATION DOSES.
1.
Determining irrigation water as accurately as possible is an increasingly topical question of crop production
sectors, since the availability of water as an input resource is unbalanced and uncertain. The increasing yield
level, the periodical extremities of climate and the limited character of the water base, as well as the constantly
increasing irrigation costs necessitate the rationalisation of input use which is a critical factor of economical
production. Accordingly, the needs point beyond the determination of single irrigation doses of a certain plot,
but the traditional methods based on empirical or statistical principles are not able to meet these requirements. In
order to operate the automatic (precision) systems of large-scale plants in an economical way, decision support
background is also needed in addition to the automatic sensory measurement and registration of soil moisture.
There are various procedures available for the planning of the irrigation schedule, or, in a wider sense, the
modelling of the water cycle of the soil-plant-climate system. These methods are usually deterministic models
or model-submodel complexes whose input parameters use meteorological, agrometeorological or occasionally
plant phenological measurements and observations, while the boundary conditions are soil, plant and plant
phenological parameters. The outputs of these models are the water balance of the crop production space and
other derived information (Figure 9).

In this case, the concept is to set up a complex water balance built on the estimated evaporation based on the
wide range and precise measurements of meteorological parameters, as well as the detailed database of plant
phenological and soil parameters and to provide up-to-date and operative information serving individual needs
by involving further inputs.
Agrometeorological inputs
The range of agrometeorological information needed by the model is wider than the measurement programs of
basic weather stations used for agricultural purposes. In addition to temperature (T), relative humidity (RH) and
precipitation sum (p), the following parameters are needed for the calculations: global radiation (R G), radiation
balance (also called as net radiation, Rn), wind speed (w) and the moisture content (θ) of a soil profile of a
specific depth.
Calculation of the reference evaporation
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There is a large number of available algorithms for the submodel performing the estimation of evaporation,
there are lots of versatile methods referred to in international specialised literature. It also has to be noted that
the various approaches and the differences between them in terms of geographical origin and climatological
views are worth considering when choosing between them. Furthermore, the adaptation, validation and
calibration of the used algorithms to local circumstances cannot be neglected either. The product of the
submodel is the so-called reference evaporation which is equal to the potential evaporation value measured on
an idealised grass surface. Using the multiplication factor of the given plant population (crop coefficient, K c),
the evapotranspiration of any population can be produced, taking into consideration the differences arising from
the species, variety, utilisation method, plant conditions, as well as the variability of production technology and
production site. Altogether, the accuracy of evaporation estimation fundamentally determines the success of the
accurate quantification of the water balance. The reason for this phenomenon is that the material and energy
flow circumstances of the air space of plant populations are developed by relatively manifold and complicated
processes which are often impossible to model at a population level; therefore, the temporal and spatial
extension of the measured evaporation values are filled with errors.
Plant and soil parameters
The modelling of the water balance of the plant population as an ecosystem is actually the simulation of every
involved significant exchange process related to the given period. These processes have a temporally changing
nature, since the modelling task is usually not a single one, but it has to cover the whole growing season of the
plant population and the entire development course of the vegetation. The boundary conditions needed for the
modelling of growth can be classified in the following groups:
• limit values showing the length of the growing season (sowing, emergence, harvesting)
• the length of phenological phases (initial, development, middle and post phases)
• typical limit values of plant growth (plant height and root depth)
• values describing the effect of the agrotechnological operations affecting growth (e.g. the impact of reaping,
pruning and tillage method on plant height)
From the aspect of growth dynamics, the cash crops produced in Hungary are rather different, as annual,
biennial, perennial, spring- and autumn-sown populations call for the use of different, often total unique growth
functions. Typically, the growth curve of plants is a logistic trend functions that refers to the development of
both above- and below-ground vegetable parts. The curve shown in Figure 10 is the simplest example and can
be used for the entire life cycle of annual, spring-sown populations or perennial woody plantations (e.g. fruit
trees).
The above-ground part of autumn-sown plants (e.g. certain cereals, rape) show a growth rate that can be
described with transformed and combined functions, while the growth of the root system can still be
characterised with the above described logistic trend. The other parameters of plant life functions are the plant
evaporation coefficients (Kc) which change in each development phase. In each model, there can be one or even
more coefficients (Figure 11), depending on how detailed they are, the latter of which distinguish the different
phenophases and run separate calculations water use from the upper (evaporative) and deeper layers of the soil
while they also deal with the impacts of any possible water stress.
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The water use equivalent (p) is a further plant parameter and it serves the description of the availability of the
water stock in the soil. By introducing this parameter, the model becomes able to calculate the present, but
inaccessible amounts of water for each species, variety and utilisation type; therefore, this aspect can be
considered subjective.
The simulation of plant growth dynamics and the water supply background of vital processes are based on
several soil parameters. These parameters can be related to given geographical locations or plots, but due to the
wider range of usability and even the mosaic regional character of soil conditions, the extendibility of the model
even within the plot itself necessitates that there should be available data for several soil types and physical
types. The most necessary information based on which the water management characteristics can be calculated
are as follows:
• soil (physical) type
• Field Capacity (FC)
• Wilting Point (WP)
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• optionally, the initial and/or constantly measured values of soil moisture (θ) if there is a possibility of
measurements
Calculating the water balance of the root zone
In order to determine the doses of the necessary water replenishment, one has to know the amount of water that
is missing from the respective soil profile. As a matter of course, this amount also depends on plant needs.
Practically, this value is the “gross sum” of the individual water balance which could be zero or even positive,
when there is no need for irrigation water.
The majority of the members in the balance cannot be measured in practice, they are physical quantities which
can be estimated; therefore, during the establishment of the model, one has to take into consideration the
appearance of errors arising from this fact. The basic principle could be the minimising of inaccuracy, as the
total elimination of error is impossible under field circumstances.
Simplified for of the water balance:
Peff+I+CR=ETc+RO+DP,
Where:
Peff: effective precipitation sum
ETc: evapotranspiration of the crop stand
I: quantity of irrigation water
RO: surface runoff
CR: capillary elevation
DP: infiltration into deeper layers

In addition to the main elements in the equation above, the simplified water balance scheme shown in Figure 12
also contains the evaporation from the soil surface and the transpiration of the soil surface not covered by the
culture crop (but weeds) and is illustrates the two soil layers that can be distinguished from the aspect of the
evaporation process. The water balance of the upper 10-30 cm layer (Ze) affected by evaporation greatly differs
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from the layer beneath which is determined by the penetration depth of the root system (Z r), while it also has an
impact of the water balance conditions of the latter.
Since this simulation method was set up especially in order to utilise the advantages of process approach in
irrigation decision support, it is self-explanatory to use the model in a recursive form. This means that balance is
set up continuously in periodical (daily) steps; therefore, every given (ith) daily balance is built on the preceding
(i-1th) daily value and also serves as the basis of the upcoming (i+1 th) daily balance.
The amount of irrigation water needed for the whole (0) water balance can be expressed in a given day from
equation (1), but since the aim of water replenishment is not this, but to provide optimum growth under
economical circumstances, it is substituted by the concept of depletion (D):
Di=Di-1-(P-RO)i-Ii-CRi+ETc,i+DPi,
where the respective days (i, i-1) were indicated in subscript.
The guiding principle of calculating the actual irrigation water need is that the moisture stock of the soil in the
profile that is accessible for the root system should not decrease below the amount of water which can be easily
taken up by plants:
That is:Dr,i≥RAW,
Where RAW represents the readily available water.
If this happens, water stress occurs and the development is restricted either temporarily or permanently and will
be followed by irreversible damage which could lead to yield decrease.
The correlation between the extent of water shortage and the amount of water to be applied mostly depends on
the farming strategy, in other words, the aims set in relation to irrigation tasks. From the aspect of the system, it
can be expected to give out the signal indicating the necessity of irrigation in any second, while it provides
recommendation referring to the amount of water to be applied. This amount is the difference between the level
of the readily available water and the actual water shortage. At the same time, farmers have to set their
individual goal and adjust the system accordingly.
Technological corrections, meteorological model outputs
The raw model output is often difficult to interpret for its users; therefore, it is an important function of decision
support systems to customize outputs, as well as to improve the practical usability and also to make it easier.
Figure 13 shows the simple user sample interface of an irrigation decision support model collective. In addition
to the visualisation elements, this model enables users to specify a few technological parameters, too. Therefore,
the system is able to consider the efficiency of the irrigation method and the equipment, the proportion of the
soil surface moistened this way, the highest daily irrigation water to be applied which is determined by the
capacity of equipment, as well as the individual irrigation-related goals and attitudes of the farmers (extensive,
average or intensive).
The value of the information provided by similar systems can be further increased if they are provided to users
with a so-called time advantage. The meteorological data which serve as the basic parameters of the system can
be extrapolated and predicted also with the help of modelling procedures. By the integration of model outputs
(taking into consideration that the reliability of the meteorological model results significantly decrease outside
the 0-72 hour time frame), it becomes possible to consider the meteorological conditions of the near future at a
given level of uncertainty in addition to past and present data. Therefore, the planning of agrotechnology and the
timing of interventions become easier and the risk is diminished.
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12. fejezet - 12. THE MOST
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1. Minolta SPAD-502
The Minolta SPAD-502 measuring device (Figure 14) determines the chlorophyll content of leaves based on the
absorption of 650 nm wavelength rays of light, for which it uses infrared light in the 940 nm wavelength range
as a reference. The device expresses relative chlorophyll content in SPAD (Soil Plant Analysis Development)
value, which is calculated from the intensity of red passing through the leaves. The disadvantage of SPAD
measurement is that multiple measurements are required for assessment of the nitrogen supply of a certain area,
because the measuring surface is only 6 mm2 (2 x 3 mm).

The analysed leaf-blade has to be placed to the sensor (2) on the bottom part of the measurement probe (1) of
the device, and then the measurement can be started by pushing down the upper part of the measuring probe (3).
The measured value (SPAD value) is shown on an LCD display (4), and the memory is able to store up to 30
measurements, which can be averaged (5) and repeated (6) after the finish of the measurement (Figure 15).
The measuring probe includes two light sources (LED), which emit a red (650 nm) and an infrared (940 nm) ray
of light. The chlorophyll molecules absorb some part of the red light, but they let through infrared light,
therefore the device is able to determine an index (SPAD value) through proportionating the intensity of the rays
of light arriving in the sensor.
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The Konica Minolta Sensing Inc. further developed the Minolta SPAD 502 measuring device, and they started
to sell it as Minolta SPAD 502 Plus. Its advantage compared to the previous type is its water proof structure and
the fact that the variability of the measurement results can be visualized graphically (Figure 16).

The Minolta SPAD 502 Plus is available with a data collection unit as well (2900PDL), which is able to store
4096 measured values. The 2900PDL type of the device can be linked to the computer and the GPS via a RS232 cable GPS (Global Positioning System), but in the case of combined utilisation with GPS, the memory is
able to store only 1488 measured values and related GPS data.
The SPAD value is closely related to the chlorophyll and nitrogen content of the leaves and the amount of yield
as well, therefore, based on the regression equations determining the relation between SPAD value and the
measured biological parameters (chlorophyll content, nitrogen content, yield amount) it is possible to estimate
nitrogen supply, chlorophyll content and yield amount.
It is proven by multiple experiments that the SPAD values of plants treated with various nitrogen doses are
different, and with the increase of nitrogen doses the SPAD value increases significantly as well, therefore the
nitrogen requirement of untreated areas can be determined with the measurement of SPAD values through the
application of the regression equations determining the relation between nitrogen fertilizer dosages.
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2. CCM-200 plus
The CCM-200 plus is an optical measuring device (Figure 17), it determines relative chlorophyll content in CCI
(Chlorophyll Content Index), which is calculated on the basis of the absorption of 653 nm wavelength rays of
light, applying 931 nm light as a reference.

The measuring probe includes two light sources (LED), which emit a red (650 nm) and an infrared (931 nm) ray
of light. The chlorophyll molecules absorb some part of the red light, but they let through infrared light,
therefore the device is able to determine an index (CCI value) through proportionating the intensity of the rays
of light arriving in the sensor (Figure 18).

Similarly to the Minolta SPAD 502 device, the CCM-200 plus device is also capable of spot-like measurement
(on the leaf-blade), but the measured area is larger in the case of the CCM-200 plus (71 mm2). Similarly to the
Minolta SPAD 502 measuring device, the results of up to 30 measurements can be averaged and graphically
visualized (Figure 15), but unlike the Minolta SPAD 502 device, the CCM-200 plus has 8 Mb memory, which
allows it to store 160,000 measurement results. A further advantage of the device is that the stored data can be
downloaded quickly via a USB interface, and it can be linked to a GPS via an RS-232 cable. In this case, 94,000
measured values and the related GPS data can be stored in the memory.
The CCI value is closely linked to the chlorophyll and nitrogen content of leaves, therefore its measurement
provides the possibility to determine the health condition and nitrogen supply of the plants.
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The practical use of the CCM-200 plus is limited by the fact that it is only capable of the spot-like
measurements of the leaf-blade, therefore the determination of the relative chlorophyll content and nitrogen
supply of the plants is labour and time consuming.

3. Field Scout CM-1000
The previously introduced devices (Minolta SPAD 502, CCM-200) determine relative chlorophyll content on
the basis of rays of light passing through the leaf, while the FieldScout CM-1000 device calculates relative
chlorophyll content on the basis of light reflected from the surface of the leaf (Figure 19).

There are two available versions of the FieldScout CM-1000 measuring device. The 2950 type determines the
CI (Chlorophyll Index) on the basis of 700 nm and 840 nm wavelength light, while the 2953 type calculates
NDVI (Normalized Difference Vegetation Index) value with the application of 660 and 840 nm wavelength
light (SPECTRUM TECHNOLOGIES INC. 2009c and 2009d). The distance between the measured surface and
the device may range between wide limits (28.4–183 cm), therefore the size of the measured surface can also be
changed (1–277 cm2).
A further advantage, that the device is capable of storing 3250 measurement results, and the data can be quickly
downloaded via a USB interface. It can be linked to a GPS device via an RS-232 cable, however in this case
only 1350 measured values and the related GPS data can be stored in the memory (SPECTRUM
TECHNOLOGIES INC. 2009c and 2009d).
The practical use of the FieldScout CM-1000 is limited by the fact that it is only capable of manual
measurements; therefore the determination of the relative chlorophyll content and nitrogen supply of the plants
is labour and time consuming.

4. Green Seeker
The advantage of Green Seeker compared to the previously introduced devices (Minolta SPAD 502, CCM-200,
FieldScout CM-1000) is its availability in multiple types, therefore its version which is suitable for manual
measurement (Model 505) can be used for research purposes, while the types that can be mounted on tractors or
quad vehicles (RT100, RT102) can be used for the industrial level monitoring of plots. Its types that can be
mounted on fertilizer spreaders and chemical sprayers (RT200, RT220) can be used for industrial level
monitoring as well.
The GreenSeeker technology determines NDVI value with the measurement of 660 and 770 nm lights that are
reflected from the leaf surface (Figure 20) by using the following formula: NDVI = (NIR – RED)/(NIR + RED),
where NIR = the intensity of the infrared light and RED = the intensity of the red light. The field located, optical
measurement of NDVI allows plot-level evaluations, while the determination of NDVI through satellite images
allows regional-level analyses.

40
Created by XMLmind XSL-FO Converter.

12. THE MOST IMPORTANT
MEASURING DEVICES IN
PRECISION FARMING

NDVI has a close and positive correlation with the development, nitrogen content and biomass production of the
plants as well as the yield amount, therefore the measurement of NDVI allows numerous practical ways of
application. With the temporal and spatial determination of NDVI the monitoring of plant development, the
mapping of health conditions and nitrogen supply and the area-based determination of nitrogen deficiency and
its differentiated additional supply as well as the estimation of the expected yield become possible.
The GreenSeeker Model 505 measuring device (Figure 21) has been developed for research purposes. With its
use the analysis of floral nutriment reaction, plant condition, plant development, yield potential and stress
factors becomes possible.
The GreenSeeker sensor (Figure 22 – 1) emits red (660 nm) and infrared (770 nm) lights to the surface of the
plant and senses the non-absorbed, reflected rays of light.. The microprocessor situated within the sensor
calculates the results through the analysis of reflected light, which are transferred towards the PDA (HP iPAQ
Personal Digital Assistant) (Figure 22 – 2). With the help of the PDA, the measured can be launched, the results
and the related GPS data become collectable, storable, and they can be visualised. The setup and control of the
connection between the PDA and the GPS as well as between the PDA and sensor can also be carried out. The
sensor and the PDA are connected to a control box (Figure 22 – 3), which ensures the power supply of the PDA
and the sensor.
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The manufacturing company recommends a measurement height of 32–48 inch (81–122 cm) for the
determination of NDVI, but does not provide information about how much the measurement date influences the
measurement results.
The RT100 and the RT102 serve primarily research purposes in cases when the characterisation of the NDVI
value of large areas is necessary. Similarly to the Model 505 device the components of the RT100 and the
RT102 are the sensor, the PDA and the control box. The RT100 is manufactured with a single sensor, while the
RT102 has two sensors. The Model 505 is also suitable for the creation of NDVI maps, but the process is labour
and time consuming. At the same time, the GreenSeeker versions which are mounted on tractors and quad
vehicles (RT100, RT102) are able to create the NDVI maps of large areas during a short period of time.
The application of GreenSeeker RT200 allows the spatially differentiated use of chemicals, through the location
specific measurement of the NDVI value. The sensors mounted on sprayers and fertilizer spreaders (Figure 21)
measure plant reflectance within the red (660 nm) and infrared (770 nm) range, which is analysed by the
microprocessor built into the sensor, and resulted information (NDVI value) is transferred into the control unit.
Using the actual, locally measured NDVI values as input data, the amount of chemicals to be used can be
determined on hte basis of the built-in algorithms or the locally calibrated algorithms. The regular measurement
of the NDVI index – besides the differentiated, demand-based application of chemicals – allows the
determination of the temporal and spatial change of plant condition, and the evaluation of the efficiency of the
used chemicals.

Nitrogen fertilization based on NDVI measurement can be realised basically in two ways. Either with the
application of built-in algorithms or with the the use of locally calibrated algorithms. In the case of built-in
algorithms, the algorithms determined by NTech Industries Inc. can be applied for wheat in 4-6 leaves and for
maize in 8-12 leaves status. During the use of built-in algorithms some serious inaccuracies might occur,
because the NDVI value is influenced by the morphological characteristics of the used variety or hybrid, and the
natural or technological environment. Therefore the determination of nitrogen demand on the basis of NDVI
measurements can only be precise if the calibration is carried out locally. In order to achieve this, one or more
reference lines have to be established perpendicularly to the plant rows. In the reference row, the practically
usual nitrogen dosage needs to be applied before sowing; therefore the determination of the nitrogen demand is
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carried out by means of comparing the NDVI values of the untreated area to the NDVI values of the treated
area. For accurate calibration, it is worth to use multiple different nitrogen dosage reference stripes.

5. Crop Circle
The Holland Scientific Inc. manufactures two kinds of sensors for the field measurement of the NDVI values of
plants (Figure 24). The ACS-430 (Active Crop Canopy Sensor) sensor measures the reflectance of plants within
the wavelength range of 670 nm, 730 nm and780 nm, while the ACS-470 (Multi-spectral Crop Canopy Sensor)
sensor measures within the 430–850 nm wavelength range, and it allows multi-channel measurements by means
of the application of 10–20 nm filters. The advantage of Crop Circle sensors compared to the GreenSeeker
sensor is the possibility of multi-channel measurement and the wide variability of the distance between the
sensor and the plant surface ((25–250 cm; optimal distance: 76–91 cm).

The ACS sensors emit measuring light rays in an angle of 45 o, therefore with the knowledge of the distance
between the sensor and the measured surface (measurement height) the width of the illuminated area can be
calculated with the following formula: w = 2∙h∙tan(Ө/2) = 0,82∙h, where w = width of the illuminated area, h =
the distance between the sensor and the measured area, Ө = the angle of the emitted light. In the case of 25–250
cm measurement height the width of the illuminated area varies between 10 cm and 102 cm.
Collection, storage and digital visualisation of the data measured by Crop circle sensors is carried out by the
GeoSCOUT GLS-400 data collector, which has a memory between 64 MB and 1GB. Through the data collector
it is possible to setup and control the connection between the GPS and the sensor, and by means of a built-in
function, NDVI maps can be created through the interpolation of the local measurement results.
The Holland Scientific Inc. developed a sensor which is capable of aerial measurement and mapping (ACS225LR). It can be applied for measurements between the wavelength range of 660 nm and 850 nm in the height
of 5-50 m. The ACS-225LR sensor, combined with the GeoSCOUT GLS-400 data collector is suitable for the
NDVI measurement and mapping of hardly accessible areas.
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1.
One of the most important tasks of precision farming is the determination of the different yield amount
(biomass) within a certain plot. The development goes back at least 30 years. In the course of the first ones, the
pulleys have been equipped with devices which were able to measure the amount of produce going through it
(yield).
The simplest solution was the measurement of the rpm (revolutions per minute) of the pulley, where the number
of revolutions and the grain amount transferred during one revolution had to be multiplied with each other in
order to have the amount of yield.
Another and even a currently used solution is when the grain coming out of the pulley fell against a baffle plate.
The collision energy following the impact is measured electrotensometrically. The amount of material colliding
into the baffle plate is proportional to the measured collision energy; therefore the yield can be measured with
proper calibration.
According to the third and maybe most frequently used method of the recent decades the grain fell from the
pulley onto a cone first. The task of the cone was to even the falling energy of the grains as well as to
homogenise them.
The measuring unit is a narrowing conical pipe-stub, which is suspended on three pin cells. The above solutions
have been used by many, but it is a fact that the change of moisture content within the grain is the reason of the
high number of measurement errors. Therefore, moisture measurement had to be calculated into yield
measurement.
The development of yield measurement devices switched course after that. Currently the devices are mounted
close to the grain tank, in the bladed grain convey, because the use of measurement units located at the end of
the pulley was difficult.
The currently used yield measurement devices are the results of the intensive development processes recent
years. These devices are far from being final or accurate. Manufacturers of large harvesters put a great emphasis
on the development and application of these products, because precision farming is gaining more and more
ground and yield measuring devices are considered as fundamental devices within this farming system
(FÖLDESI – KOVÁCS, 1999.).
The most frequently used yield measuring devices are introduced below.
The first infrared sensored yield measurer unit to become popular in Hungary was developed by CLASS in
1982. This sensor was later sold by RDS Technology as CERES-2 (Figure 25). Almost every CLASS harvester
is equipped with the yield measurement technology. The basis of its operation is the following: an infra gate
(consisting of a transmitter and a receiver) (Figure 25). The infra gate is situated on the side of the machine
within the grain convey. This is shown by Figure 26.
The grain amount which is accumulated on the convey is detected by the infrared gate and is displayed together
with another measurement results. The display is done in weight units; therefore it is required before
measurement to indicate the volumetric weight of the product. For the determination of the yield, the area also
has to be indicated where the product has been harvested from.. A continuously operational humidity meter can
also be connected to the system.
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The baffle plate yield meter (Figure 27) is different from the already introduced type in terms of its
measurement principle, because in this case it is not about volume measurement, but mass flow measurement.
The principle basis of baffle plate yield metering is that the grain amount id determined on the basis of the
measurement of the collision energy of the grains colliding into the sensor. There are two types: In the case of
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the first, the baffle plate moves as a result of the collision energy. A potentiometer detects the motion, which is
proportional to the collision energy.
This solution has been developed by the John Deere Company. In the case of another solution the baffle plate is
leans on a tensometric metering unit and it measures collision energy.

The yield meter developed by the Claydon Company also operates on the principle of volume measurement;
however, volume measurement is not carried out indirectly. For the installation of the yield meter the grain
convey of the harvester has to be modified, because yield metering is carried out by means of the cell feeder
located on the bottom of a tank. Yield determination is based on the measurement of the rpm of the cell feeder.
An electromagnetic clutch is built into the driving chain of the feeder, which transmits driving only if the prestorage tank is full; this is indicated by an inductive sensor. Area measurement is carried out similarly to the
previous system – with a magnetic solution.
The yield meter developed by the Dronningborg company uses the principle of volumetric measurement
similarly to the previously introduced yield meters. Grain amount is measured indirectly. There is a radioactive
source and an intensity sensor located within the grain convey, directly at the grain tank (Figure 28).
Depending on the amount of grain proceeding within the convey the intensity of radiation changes on the
receiving side and the device determines the amount of the harvested grain based on that. This solution is one of
the most effective ones; however it is prohibited because of the gamma radiation.

The American Technological Solution lnternational (TSI) developed a solution where a piece of the convey
housing situated under the bladed convey of the harvester has been modified as a weighing device.
If the weighing phase is close to the grain convey, the entire grain amount passes through it therefore the whole
harvested amount is measured, the yield can be determined.
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A piece of the pipe housing is leaning on the scales cell, this is how the weight measurement is carried out. In
stable units (forage mixing unit, mill, etc.) it is quite common that one element of the transportation system is
formed for weight measurement. In the case of a harvester it is more difficult, because the measurement has to
be carried out on a moving machine.
There are systems available for actual yield measurement, which are monitoring multiple factors for the
determination of the grain amount. Numerous sensors participate in the operation of a system besides the yield
measuring units. A CLAAS harvester has been taken as basis for their introduction. Figure 29 shows the
structure of the system.
The task of yield meter is the measurement of the actual grain amount, this unit is placed close to the grain tank
within the bladed grain convey. This is important; because the grain amount falling back from the blade might
significantly distort the measurement result.
The tilting sensor is required, because depending on the level of tilting, the grains accumulate differently on the
convey blades and consequently the measured values will be different.
The trip meter measures the distance covered by the harvester, because – with the indication of the working
width – the harvested area can be calculated.
The system consists of the following sub-systems:
• yield meter device,
• tilting sensor,
• trip meter,
• work status switch,
• working width adjuster,
• central unit.
The job of the work status switch is to ensure that area measurement only takes place during actual work.
The role of the working width adjuster is to gradually narrow the calibrated cutting width if the total width
cannot be used for some reason.
The central unit serves the control of measurement and data collection. This is the ‟brain‟ of the system, which
consists of a computer in most of the cases. In terms of its form it can be two types: Either the harvester includes
it as an accessory, or it was installed subsequently. Both forms have their advantages and disadvantages.
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14. fejezet - 14. PRECISION SOIL
SAMPLING AND NUTRIMENT
MANAGEMENT
1.
In precision farming technology, the detailed planning tasks and the related implementations are carried out in
1:10,000 - 1:1,000 scale. Determination of the pattern within the plot is necessary, as is the execution of tillage,
fertilization, plant protection tasks linked to the pattern. The plot pattern is determined partly by agroecological
characteristics, partly by the dynamically changing productive condition. The characterisation of agroecological
attributes is carried out by means of land assessment soil maps and topographical maps, the determination of the
dynamic productive condition for local sampling can be done on the basis of time series data.
A sample area precision farming support system has to be elaborated in a way that all this knowledge is
integrated into a unified GIS system which is in conformity with Hungarian standards (topographical, etc.).
Following the precision assessment of the plot (which is divided into 3 ha units based on the initial planning)
and its soil sampling (it consists of 20 sub-samples within a 20 m radius circle), the data of the laboratory
analyses are transferred into a database.
Based on this single spot characterisable identification sampling can be executed identically anytime again, by
not carrying out spot-sampling, but area sampling. In this same database, there are GPS-based measurement
results on the area, and also fertilization data based on precision application. Thus, the database of information
data which is required for technical advisory services is done. Based on this database, fertilization
recommendations can be provided for 3 ha sampling units (as individual plots).
This database is an independent programme, which is able – besides the storage of data – to carry out analyses,
evaluations which are fundamentally necessary for technical advice.
The nutriment balance calculated for 3 ha sub-plots is also required information for technical advisory.
Furthermore, the combined evaluation of the yield-soil sampling data of previous years is a very important
aspect for deciding how much nutriment supply on the area could influence the amount of yield. This is the
basis of the fertilization recommendation; it helps determine the planned yield.
The objective of fertilization technical advice – considering the heterogeneous soil characteristics of Hungary –
cannot be the equalisation of yield in most of the cases; the objective is to utilise the possibilities on the entire
plot as best and economic as possible, by implementing them one-by-one on the sub-areas within the plot.
Precision nutriment management allows us to do so, because potentials can be determined for 3 ha units and
nutriment can be applied based on these results.
If the estimated yield is well determined, the determination of the nutriment amount best fitting plant demands is
a simple task, errors might occur only rarely. However there are large error possibilities in the determination of
the estimated yield. Thus, the larger the database of precision nutriment management is (including the sub-plot
database), the more accurate the estimated yield will be (which is a result of the joint assessment of the yield soil analysis - nutriment balance data. Based on experiences gained so far, any version might occur in practice.
There are areas where much more yield could be achieved than the current one, if more nutriments were applied,
and there are areas (even within the same plot), where yield increase cannot be achieved even with more
nutriments, if other factors are not improved (e.g. soil improvement, liming, sub-soil loosening, etc.)
This method provides a huge opportunity even for the on-site detection of soil defects, because if nutriment is
not a limiting factor, the real reason of low yield can be found.
This is why nutriment equalisation within the plot is not an objective, what is only important is for the
nutriments based on the yield potentials to be available everywhere.
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However, if yield limiting effects are eliminated, it is possible to use nutriment dosages which are in conformity
with the increased yield potentials (the effectiveness of the liming material applied with precision methods is
being analysed currently).
Since precision farming assumes an already high-level production technology, technical advisory is not aimed
only at the maintenance of nutriment levels within a certain plot, but in the case of a low level nutriment supply
a slowly increasing nutriment level can also be an objective. A nutriment addition above the nutriment level
securely meeting the demand of the yield is not the objective of the fertilizing recommendation. The method of
precision nutriment supply provides the opportunity to create a fertilization recommendation according to the
minimum technology. The precision solution of nitrogen fertilization is also a great opportunity for the
utilization of yield potential. In terms of technical advice, this does not primarily mean that the differences of
humus content by sub-plot unit can be significantly taken into consideration, but the nitrogen demand of the
different yield potential is the biggest difference in the recommended dosage.
In the case of cereals, spring barley and sugar beet the application of the Nmin method with precision
technology might provide additional, important correction for the nitrogen fertilizer dosage, but its extra costs
(sampling in 3 ha sub-plots) are so high that is not in proportion with its actual value.
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1.
As of the end of the 1960s, radiometric indexes have been developed for the more accurate quantitative and
qualitative characterisation of the remote sensing values and data. The indexes used in agriculture are mainly
based on the spectral attributes of red and nearly infrared wavelength range. Proportionally to the
photosynthetically absorbed active radiation, the indexes are sensitive for biophysical changes and they
characterise reliably the growing, development dynamics biomass amount, species composition of a given area.
Their agricultural usefulness is multilateral; they can be used for the determination of sowing structure, yield
estimation and degradation/stress analyses. These indexes do not represent the accurate concentration values of
certain plant characteristics, but closely correlated and spatially isolated intensity distributions concerning a
given plant ecosystem. Every index calculation requires the above mentioned and evaluated spectral data
preparation procedures, which need to be carried out in order to expect a proper result (I1).
RVI: Ratio-based Vegetation Index (JORDAN, 1969)
The index is can be calculated by dividing the visible red and infrared channels. The advantage of its application
is its easy calculation. Suitable for the quantitative determination of green biomass amount, leaf area (LAI) and
chlorophyll content.

NRVI: Normalized Ratio Vegetation Index (BARET – GUYOT, 1991)
The index – similarly to the other normalized vegetation indexes – reduces the distorting effects of terrain,
radiation and atmosphere.

SR: Simple Ratio Index (ROUSE et al., 1974)
The Simple Ration Index is the ration of the highest reflectance; it is made easily understandable and effective
by the absorption channels of chlorophyll through a wide range of different circumstances.
The objective of the index is to separate green vegetation from the soil (which causes reflection). The advantage
of its use: it is independent from lighting. Disadvantage: as a result of the division, the distribution of the
resulted data will not be linear; therefore it can hardly be used for statistical analyses.
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The value of the index might range from 0 to more than 30. In the case of green vegetation its value changes
between 2 and 8.
MSR: Modified Simple Ratio (CHEN, 1996)
The index can be calculated by using almost infrared and visible red channels.

ARVI: Atmospherically Resistant Vegetation Index (KAUFMAN – TANRE, 1992)
The Atmospherically Resistant Vegetation Index is relatively resistant to atmospherical factors. It uses
reflectance within the blue range in order to improve the atmospherical dispersion of red reflectancy. This index
is mostly useful in areas with high atmospherical aerosol, like for example tropical areas, which are
contaminated with smut as a result of the frequent burning activities in agriculture.

The value of the index varies between -1 and +1, in the case of green vegetation the most frequent range is
between 0.2 and 0.8.
DVI: Difference Vegetation Index (TUCKER, 1979)
The index can be calculated as the difference of the nearly infrared and red multispectral streaks. Its advantage
is that the displayed values are stretched within a wide range, and it shows both negative and positive values.

RDVI : Renormalized Difference Vegetation Index (ROUGEAN et al., 1995) (HABOUDANE et al., 2004)
This index has been created as a combination of DVI and NDVI data.

NDVI: Normalized Difference Vegetation Index (ROUSE et al., 1973)
NDVI (Normalized Difference Vegetation Index) is a dimension-free index, which expresses the vegetation
activity of a given area. Its value is the ratio of the sum and difference of reflected intensities within the ranges
near-infrared (NIR) and visible red (RED). NDVI correlates with the specific chlorophyll content of the
vegetation covering the area. The determination of the vegetation cover level of a given area or the vegetation
stage requires the measurement of light intensities reflected in different wavelength ranges.

The value of the index is between -1 and 1. In the case of green vegetation it is between 0.2 and 0.8.
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GNDVI: Green Normalized Difference Vegetation Index (GITELSON – MERZLYAK, 1998)
The index works with the the reflection of the light within the green wavelength range; it can be used better
during the early stages of vegetation than in the case of plants being close to maturity and losing their green
colour.

MNDVI: Modified Normalized Difference Vegetation Index (LIU – HUETE, 1995)
It further reduces the distorting effect of soil and atmosphere, by means of integrating soil correction and
atmospheric resistance theories into a single feedback-based equation:

where H1 and H2 are the feedback coefficient functions of the reflectance of blue, red and near-infrared channels
and atmospheric, land cover and vegetation factors; C1 and C2 are weighted constants.
TVI: Transformed Vegetation Index (DEERING et al., 1975)
The objective of the index is to display the negative range appearing on the map created on the basis of the
NDVI index as positive values. Therefore, 0.5 has to be added to the NDVI value. If NDVI values exceed -0.5,
negative values might occur further on.

CTVI: Corrected Transformed Vegetation Index (PERRY – LAUTENSCHLAGER, 1984)
As a result of the correction the result is provided after the filtering of the whole negative range. If the NDVI
index does not contain negative values below -0.5, there is no difference between the TVI and the CTVI
indexes. However, experience shows that images are noisy, because the index overestimates green values. The
purpose of the second root is to ensure normal distribution.

TTVI: Thiam‟s Transformed Vegetation Index (THIAM, 1997)
According to the analyses of THIAM (1997), losing the first half of the CTVI index better results can be
achieved during the display of vegetation.
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Greenness index:
GRNrel = (NDVIo–NDVImin) /(NDVImax–NDVImin) * 100
NDVIo: the current NDVI value of a given pixel; min. and max. refer to the same pixel during the observation
period (I2).
EVI: Enhanced Vegetation Index (HEUTE et al., 1994)
Further developed version of the NDVI index, for the calculation of which the blue range is also used besides
the near-infrared and red ranges in order to improve the soil background signals and to reduce atmospheric
influences, like aerosol dispersion (I3).
EVI = 2,5 *((NIR - RED)/(NIR + 6*RED - 7,5*BLUE + 1))
The value of the index changes between -1 and +1, in the case of green vegetation the most frequent range is
between 0.2 and 0.8.
SAVI: Soil Adjusted Vegetation Index (HUETE, 1988)
The SAVI is vegetation index modified with soil parameters It is used in cases, when there presumably are soil
spots within the vegetation of the observed area. A correction factor (0-1) is also used, which minimises the
variance resulting from the light reflection of the soil.

L: correction coefficient. 0: high vegetation cover, 1: low vegetation cover
The SAVI is created on the basis of NDVI, it is a further developed version. The values of SAVI are always
higher than that of NDVI.
TSAVI: Transformed Soil Vegetation Index (BARET et al., 1989)
Further developed version of SAVI, where lighting is also involved as a variable besides soil spectrum.

s: angle of inflexion of the slope, angle of the land surface and the light rays of NIR
X: correction coefficient, minimises soil impact, its original value is 0.08
MSAVI: Modified Soil Adjusted Vegetation Index (QI et al., 1994)
This index calculates with a correction coefficient (L), which can be calculated from NDVI and WDVI indexes:
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s: angle of inflexion of the slope
MSAVI2: second Modified Soil Adjusted Vegetation Index (QI et al., 1994)

MIVI: Middle Infrared-based Vegetation Index (THENKABAIL et al., 1995)

IPVI: Infrared Percentage Vegetation Index (CRIPPEN, 1990)
This index has been developed for the improvement of calculation speed, its value changes between 0 and 1, it is
used for the elimination of negative values. IPVI and NDVI are functionally equivalent and connected to each
other.

PVI: Perpendicular Vegetation Index (RICHARDSON – WIEGAND, 1977)
The PVI transformation follows a principle which is similar to the Tassalled Cap transformation. It has been
elaborated during the analysis of LAndsat MSS images. Within the four dimension spectral space the pixels
representing soils are located along a certain line. Both low and high reflectance soils can be found on the axis.
The PVI index can be determined on the basis of the 7th and 6th range of the Landsat MSS. According to
JACKSON et. al (1983) PVI is suitable for the demonstration of precipitation effects where vegetation cover is
not continuous, however it is not really effective for the analysis of vegetation damaging factors. Humidity
content of the atmosphere, and air flows also influence the value of PVI unfavourably (I 4).

WDVI: Weighted Difference Vegetation Index (CLEVERS, 1991)
Mathematically simplified version of PVI, it also involves soil level elevations, bit its values are not limited;
therefore it is difficult to interpret.
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GEMI: Global Environmental Monitoring Index (PINTY – VERSTRAETE, 1992)

GVI: Green Vegetation Index (JACKSON, 1983, n stripes)
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