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1. fejezet - The role and significance 
of precision agriculture 

1. 

Deep knowledge of the production site is an essential condition of all agricultural interventions. All practicing 

farmers are being aware of this, who try their cultivated areas divide to such nearly uniform fields (spatial units), 

which are cultivated by unified agrotechnology. Industrialized agriculture of the 80’s years organized this into 

further production blocks, which took the heterogeneity of the production site into account only partly, 

according to the technological possibilities of that time. Attainment of the high yields was realized next to the 

deteriorative efficiency of the huge external energy input (fuel, chemical fertilizer etc.). Non-used materials of 

agro-ecosystem endangered the environment potentially. The energy- and environmental crisis, decaying 

agricultural efficiency, reducing subsidies, and rapid growth of the world’s population and starving poor pointed 

out that agriculture is in a global crisis. 

In our country, global problems are further compounded by local problems. In Hungary, in an unprecedented 

way in Europe, the whole national ground estate changed hands very often. In most areas of Western Europe, 

the same farmer cultivates his own land or his leased area through several generations. Despite this, scientific 

foundation of land consolidation and precision agriculture is priority. In our country, 1.5 million new owners got 

back their land during 10 years, and ownership that runs through decades, and inevitable land consolidation 

going on simultaneously. In the global agricultural world market, none of the farmers should not ignore of the 

formation of a new production system, neither already in a short term, which fundamentally affects the present 

and even more the immediate future agriculture. 

Several part or complete alternative solutions appeared for handling of the crisis, which reassured with a 

solution: bio-management, low input production etc. One of the main problems is that their applicability is 

limited because of production site, cropping technologies or economic reasons. Appearance and spread of the 

Information Society and Information Technology (IT) means the real breakthrough. Mapping of this 

Information Society on agricultural specialty is the so-called precision agriculture. Precision agriculture is the 

most widely used name for this form of management. However, this system is named with other names, which 

emphasize several certain part functions better, in particular, for the impact of English literature. Site Specific 

Production emphasizes better the character of that management form, which takes into consideration better the 

environmental needs, comply with the sustainable management needs, while Site Specific Technology (SST) 

refers to that technological system, which utilizes well the features of the production site. Spatial Variable 

Technology (VRT) is also highlights the technological aspects, less taking into account data collection and 

complex spatial decision support (Spatial Decision Supporting System - SDSS). Satellite farming name 

emphasizes the significance of global positioning system (GPS) and remote sensing one-sided and less point at 

the similar importance of ground sensors and operational onboard computers. 

Spatial thinking has a long tradition in Hungary, both in practice and in scientific research. It is enough to 

mention only a few names, first of all Lajos Kreybig, Pál Stefanovits, János Sarkadi, Ernő Bocz, Géza Láng, 

Béla Győrffy, who attracted attention decades ago for heterogeneity, spatial diversity of Hungarian production 

sites, within this, mainly soils. In connection with precision farming, Győrffy (1999) notes that this includes 

production site adaptive cultivation, changing technology within the same plot, integrated plant protection, state-

of-the-art technology, remote sensing, GIS, geostatistics, changes in the crop mechanization and appearance of 

achievements of information technology in plant production. Next to soil maps, creation of yield maps and yield 

modelling. Comparison of soil maps to yield maps, laws of the distribution of pests, weeds, diseases within the 

plot. The main differences between conventional and precision farming are summarized below (Table 1). 
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The dominant components of precision agriculture: the continuing high precision positioning, GIS and remote 

sensing tools of the analysis and the highly automated field work (Figure 1). 
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Comprehensive information technology tools in all areas of life and handling of tools, which are based on the 

usage of them, will understandably simplifies and become indispensable for the average user, as for example 

mobile phone in our days, also the described things in this book will be available for the average farmer. During 

the compilation of the content, different user (engineering, production, consultancy and IT) demands and 

interest were trying to be reconciled. What can an average farmer expect from the initiation of precision 

agriculture? First, the growth of efficiency, and the decline in input costs. Efficiency is increasing by reducing 

losses, since a better decision support information system is available for farmer. It is possible to reduce the 

environmental load and work processes can be better organized. 
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2. fejezet - Reasons of spatial 
variability in agriculture 

1. The soil 

One of the most important natural resource of Hungary is soil. The most important feature of the soil, as a three-

phase polydisperse system, is fertility, which is related to water- and nutrients, as well as thermal energy storage 

capacity of soils, the dampening and buffering capacity of the various physical, chemical effects, with nutrient-

service activities that associated with microbial activity. 

The functions of soils (Várallyay, 1992) are summarized as follows: 

• Conditionally renewable natural resource, whose quality (functionality) not decreases necessarily and 

inevitably by the usage (primer biomass production), but the maintenance, preservation requires constant 

awareness activities, of which the most important elements are the reasonable land use, agricultural 

techniques and melioration; 

• Ensures territory for microorganism activity is soil, production site for natural vegetation, cultivated crops, by 

integrating and transforming the impact of the other natural resources (solar radiation, atmosphere, surface 

and underground water storage capacity, biological resources); 

• Elementary medium of primer plant biomass production, which is more or less ensures the soil-ecological 

conditions of plants, especially water- and nutrient supply, thus the primary nutrient source of the biosphere; 

• Environmental element that is able to store heat, water and plant nutrients; buffer medium of stress effects 

that reach the soils for the impact of natural and human activities, it is capable to mitigate, moderate the 

adverse effects of them - within certain limits. 

• Huge filter system of the nature that is able to protect deeper layers and underground water resources from 

contamination that reaches the surface. 

It follows from the above mentioned that soil attends many functions, from which one of the most important is 

its fertility, but no means the only one. The obstacles of productivity are the following (Várallyay, 1985): 

• High sand content (low organic and colloidal minerals content); Consequences: low total available soil water, 

drought sensibility, low buffering capacity, acidification sensitivity in case of non-calcareous soils, poor 

nutrient supply ability; 

• Highly acidic pH soils; consequences: Al-toxicity, nutrient fixation and immobilization, low microbial 

activity; 

• Negative consequences of salinisation: strong alkalinity, extreme water management, inland water hazard, 

little usable water resources, negative nutrient state; 

• Salinisation in deeper layers of the soil; high clay content; negative consequences: extreme water 

management, inland water hazard and drought sensibility, little usable water resources, adverse microbial 

activity and nutrient state; 

• soil degradation by permanent saturation, periodic surface water cover, water erosion and deflation, of which 

consequences are organic matter and nutrient loss; 

• Shallow soil layer. 

Rational management with nutrition capacity, which is a part of the nowadays much talked-about Sustainable 

Development (Stockholm, 1972; Rio de Janeiro, 1992) requires the rational management with nutrition capacity, 

by means of farmer ensures favourable conditions for soil biological activity, the energy sparing and proper 

quality agro-technical operations and application of environmentally technologies. 
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In the latter period, five major programs related to the formulation of agricultural tasks of the above mentioned 

area in co-ordination of academic István Láng and the MTA: 

• Agro-ecological potential of the Hungarian agriculture (Láng et al., 1983; Várallyay et al., 1985) 

• Alternative biomass utilization for different purposes (1981-1983) 

• Adaptive agriculture (1988-1992) (Láng and Csete, 1992) 

• Agro - Quality 21 (1996-1998) 

• Agro-21 (1993-1995) (Agro-21, 1995) 

The above researches have highlighted the key factors, which are capable to ensure long-term the multi-purpose 

use of soils. In European context, land use of Hungary will be characterized long term by the very large 

proportion of cultivated soils according to the area of the country and also determinative that extent of those 

areas, which are affected by soil productivity inhibitory factors, is more than 50% within the cultivated soils, as 

it is shown in Table 2 (Szabolcs and Várallyay, 1978). 

 

The formation of soils, as in other parts of the Earth, is influenced by the geological, climatic, topographical, 

biological and human factors, as well as the age of soils. In Hungary, due to the basin character, these effects 

mixed especially strongly. It is worthy to note that after studying tabular data, map, which describes spatiality, 

and the individual inhibitory factors that are next to each other (Figure 2) point at how much better for example 

the complex soil conditions of the Great Plain. 
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The descriptive tabular data analyze effectively the quantitative relationships and overall point out the fact that 

high detailed knowledge of the production site is particularly important in our country, correlate to other parts of 

Europe, but it have a number of obstacles, for which it is pointed at several points of the book. One major 

disadvantage of tabular data (table 3., 4., 5.) is that they are unable to give back accurately the spatial 

(concerning to the examined area) overlapping effects of the examined impacts and their timeliness, but reflect 

accordingly the quantitative relations of the main active agents. 
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Based on the tables (No. 3-5), a preliminary assessment can be made to the spatial extent of heterogeneity. By 

the analysis of soil forming factors, we cannot ignore the impact of human activities on soil either. This effect is 

particularly intense in the last few hundred years. This human activity causes the promotion of soil fertility on 

the one hand; on the other hand, it causes the deterioration of soil fertility in certain areas. All the soil forming 

factors listed in table 7 developed their effects together in the Carpathian Basin, and their interaction limited the 

appearance form, physical, chemical and biological properties of the given soil. 
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The soil processes constitute different contrast pairs, which are in dynamic balance in space and time. These 

equilibrium processes may shift to one or the other direction of the process, they may intensify, change 

periodically in time, may have longer or shorter periodic impact. Their impact is periodic or permanent in any 

spatial unit of the three-dimensional soil space. The most important process pairs are listed in Table 8, by 

Stefanovits et al. (1999). 

 

The basic factors affecting soil formation, and the ever-changing soil processes in the Carpathian Basin resulted 

much more complex spatial and temporal heterogeneity to the European average in the formation of the similar 

soil formations, which resulted three-dimensional mosaic soil variability in the topsoils of Hungary. 

This mosaic location is clearly identified nowadays on small landscape level, and in certain parts, within the 

small landscapes as well in part landscape units. The Hungarian soil sciences specialty is still debtor with the 

development of the high-precision, high-detailed digital substance soil information system. One of the biggest 

tasks of the near future is the professional, effective creation of this soil information system. 

2. Relief 

The accurate relief database, as a very important feature of the environment is an essential basic information in 

all enterprise, which handle by precision farming. It is determinative in respect of the formation of soils, and is 

able to basically change the water management and nutrient service conditions, and the microclimate. Its spatial 

variability is one of the biggest beside high resolution, which determines the size and quality of the crop in field 

conditions. The computer-generated Digital Elevation Model (DEM) describes the characteristics of the terrain. 

The most commonly used data structure for the describing of relief is the square grid, as this is the easiest to 

produce, relatively efficient solution in respect of the computer application. However, there are a number of 
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disadvantages, because spatial anomalies (e.g. local outsider value (extreme positive or negative)) can be 

described only with error depending on the grid size, and data storage needs are large without compression. This 

error may be determinative, primarily in agrohydrological applications, in lack of the knowledge of sudden 

spatial changes. However, due to the relatively simple production, it is also commonly used in the crop mapping 

softwares. Use of raster DEMs is also widespread, so that the two models are often mixed in practice. In case of 

the grid-based DEMs there has information only for the gridpoints, while the raster model covers continuously 

the whole enquiry surface in row/column resolution. Regular raster is relatively easy to form from the regular 

grid, which covers the area with regular square sheets (digital image units). During the negotiation of GIS 

technology, this model will be discussed in detail, since topography modelling is an important specialty of GIS. 

During the transformation of the two models, the same grid size is has to be considered, and that grid values for 

the nodes (e.g. ArcView), or image unit centre (e.g. IDRISI) are given, as we get a different model results 

(Figure 3). 

 

The Triangulated Irregular Network (TIN) model is a significant alternative to the regular raster of a DEM, and 

has been adopted in numerous GIS softwares and automated mapping and contouring packages. Triangulated 

Irregular Networks are able to follow the changes of the space more statuesque, however, integrity of result 

layers with regular raster layers can be a problem. In a TIN model, the sample points are connected by lines to 

form triangles. Within each triangle the surface is usually represented by a plane (Figure 4.) 

 

In the model, nodes, boundary edges running to the nodes, and Delaunay triangles are being stored. To produce 

DEM, TIN models use the breakpoints of contours, elevation points, ruptures, and data of permanent 

watercourses, sinkholes and still waters. Boundaries of the test area should be specified and those parts of the 

area, which have no elevation data. Thus, modelling will not be done for the cross-border areas and the spatial 

―holes‖. If these are not entering for the model, then it will erroneously automatically take into consideration 

these parts of the area. By the usage of triangles it is ensured that each piece of the mosaic surface will match to 

the adjacent pieces – and the surface will be continuous - after heights of the three corner points define the 

surface of each triangles. The advantage of TIN models is that they can follow the extreme direction changes of 

the space with less error opposite with the grid application. The TIN model is attractive because of its simplicity 

and thrift (e.g. Winchester-capacity), in addition, certain types of the terrain can be divided into triangles very 

practically by flat sides. Beside grids, TIN models are also well applicable for the determination of special tasks, 

e.g. agricultural micro catchment networks. 

Hill shading is used in the conventional geographical imagery technique as well. During the Peucker analysis, it 

angles on setpoint and it is not adjustable (Figure 5). 
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During the Lambert reflectance analysis, an ideal surface assumes that reflects all incidents light and in this 

case, any testing angle can be set. Test performed by Lommer-Siegel law, gives occasionally better result than 

Lambert analysis and compounds the possibilities of the previous two analyses. Hill shading techniques give 

well usable results during albedo value tests with ecological aim, by making 2D plastic (Horn, 1982). Besides 

landscape designing, important information can be collected by the application of this for the settlement of light-

demanding fruit cultures. 

The new GIS systems, almost without exception, offering the user analysis possibilities related to the 

topography, or other phenomena that continuous in space. The most common DEM analysis possibilities are as 

follows: 

 

2.1. DEM data sources and their production 

Traditionally, the most common primary (direct) data collection is the ground-based triangulation done with the 

help of the geodetic automatic total measuring stations. The fully digital coordinate collecting device, which is 
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based on laser distance measurement, usually produce DEM automated with the help of CAD-based technical 

engineering processing software. 

By the conversion of the printed contours of the conventional maps, discs used for printing maps are scanned, 

result raster vectored and edited, height values are assigned digitally to the contours and, at last, height of all 

gridpoints are interpolated from the data of contours (e.g. with the help of a D algorithm in Arc/Info-SCAN 

module). 

With the help of photogrammetry, where digital workstation reckons automatically to numerous point the 

increment of parallaxes by airborne and satellite images. Smooth areas interfere the production of it from digital 

or scanned airborne or satellite images, especially ponds, as well as such cases, in which something (buildings, 

trees) disturbs, blurs the base surface. 

By radar technology, the plane, which emits active radar rays, measures the time of emission and reflection, the 

measurement data should be corrected by the flight movement of the plane. 

By laser technology, similar to the previous process, topographic values are calculated from the return time of 

the actively emitted laser beams, which is being normalized to a relative gray scale (Figure 6). 

 

in field conditions. The above figure shows that besides the scanning of vegetation, the spatial definition of 

wires of the high voltage lines can be solved. 

Through global positioning by DGPS, which is the base technique of precision farming, spatial location can be 

measured continuously almost without loss of time. The other chapters will detail the technical solution. 

Many terrain data sets can be found in Hungary, but there is no such digital data set, which is important for 

precision farming in M = 1 : 10 000 scale, however, several national projects going on, which will hopefully 

bring the deficit remedied within 1-2 years. In connection with the currently available data, the most important 

one will be discussed in relation to the topic. In the Mapping Office of the Hungarian Defence, EOTR 1:100 000 

scale digital elevation data are available about the territory of Hungary in EOV projection system, concerning to 

50 m x 50 m, and 10 m x 10 m grid size segments values. About the dataset can be said that it is a grid, which 

was made by the digitization of 5 m contour lines. The 10 m x 10 m grid size height values were interpolated 

from the 50 m grid size height values and therefore do not contain more basic information. The data set supports 

the analysis of the regional functions especially; the usage of it for precision agricultural purposes on hilly areas 

is limited. 

Image maps, based on airborne images can be found at the Mapping Office of the Hungarian Defence. These are 

the traditional paper maps, which scan the Mapping Office undertakes. The state of the paper maps is quite 

scratched and dusty. Experiences have shown that substances of the sample substances scanned with 400-500 

dpi are suitable for further analysis. A small part of the image maps originate from low flight. These are black 

and white airborne images, of which 50 x 60 cm enlargements can be created. The scale of the image is 1:30 000 

and sextuple enlargement can be created with traditional photographic techniques. Black and white airborne 

images taken form high flight are also available, where the scale is 1:60-80 000 and sextuple enlargement is 

possible. Total photogrammetry for the area of Hungary was made in every 10 years, so around 1950, 1960, 

1980 and 1990 ±1 year deviation the total area of the country was covered by 1:25 000 scale image maps. These 

traditional paper maps are available in the Mapping Office of the Hungarian Defence, and copies can be created 

of them. 

The 1999 Hungarian Topographic Programme determines the height databases related to the Digital 

Topographic Database (DITAB) and gives the aspects of the establishment and monitoring of the Digital 
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Elevation Model (DEM). In connection with DITAB, three different types of altitudinal data system are 

distinguished: 

DEM: Digital Elevation Model, which determines the physical surface of the terrain (soil) with the help of 

heights given in discrete points that located by determined system. 

DSM: Digital Surface Model, which describes the surface of the terrain and landmarks that can be seen from the 

top, taking into account the land use method. 

DCM: Digital Contour Model, which determines the physical terrain surface with the help of contour lines. 

Unfortunately, making of the national DEM is in a very early stage, however, the brief description of the 

proposed technique can be useful to all those who prepare and continuously maintain the topographic data of 

their cultivated areas by their own GPS and purchased digital data. Horizontal resolution of the DEM is 5 meter; 

in vertical it will have decimetre sharpness (Iván et al., 2000). 

As a first step, a basic DEM is getting ready with the usage of the gauge data of vectorized contour lines, 

heights, water-courses and still-waters. It should be further refined by hydrogeological data, e.g. topographical 

data of a local catchment, fishpond, etc. are being ―burned‖ into the basic DEM. In Hungary, the major part of 

the cultivated areas is slashed with capital, associate channels, dams, artificial ditches or other spatial fracture. 

These interpolation algorithms do not known. These ruptures are carried to the TIN model with their spatial 

extension, then being interpolated to DEM grid. For filling of DSM data, stereophotogrammetry (see 

Photogrammetry), laser and radar based methods may be used. The changing data during cultivation, 

landscaping can be actualized in a similar way. 

Since DEM can essentially affect the results of the spatial tests, accordingly this will be presented by my own 

studies in more detail. 

It is important to know the user that the accuracy of data collection, the type of the selected model and purpose 

of the test can give very different results when analyzing the same area as well. 

Experiences of the melioration works in the eighties have shown that the measurement error does not exceed 0.2 

m in plain conditions. This is mainly justified by water management and soil sciences reasons, as the elevation 

maintenance of mosaicing of the Hungarian soils. Conversion of the relief is possible only very limited and, 

only if it is not explicitly an intervention for soil protection, is not recommended, but its detailed knowledge can 

determine the output of the whole management. For example, result of the relief analysis of Vilmos Westsik’s 

long-term field experiment can be mentioned. Detailed description and analysis of the results made by sand 

remedial rotations were carried out by Lazányi (1994). 

The 17 ha area adjacent to Nyíregyháza was measured by area levelling in a 20x20 m grid and was calculated 

for the above Baltic height values in EOV projection (Tamás, 1999). The regular grid enabled the running of a 

number of comparative interpolation procedures (Figure 7). 
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For the opportunities and pitfalls of the interpolation procedures will be pointing out in detail in relation to a 

similar phenomenon, namely nutrient management. However, as can be seen in the above figure, the two 

extreme solutions between a rough trend surface (Polynomial Regression) and kriging, mentioned as optimal 

interpolation, different, but between the given test criteria separately good continuous surfaces can be produced 

proceeded from the same database, by pointwise regular or irregularly scattered (randomized) measuring data. 

Spatial estimation is essentially determined by the spatial position of the samples correlate to each other and the 

whole test space, which impact can be established by variogram analyzes. In case of Figure 8, grid size and the 

survey points overlapped each other. 



 Reasons of spatial variability in 

agriculture 
 

 15  
Created by XMLmind XSL-FO Converter. 

 

Kriging had smoothing effect in this case (approximate interpolator), while in case of the nearest neighbouring 

points it was exact interpolator, which returned all measuring points correctly. General character of the 

topography can be very well interpreted globally in the upper part of the Figure, while in the lower part of the 

Figure, places of the local projecting extreme values can be determined easier. The first process is more efficient 

in case of phenomena that spread to major block parts, for example junction conditions, erosion tests, the second 

procedure makes easier the understanding of the local, less migrated phenomena in space, for example heavy 

metal pollution. In case of both processes, however, well-to interpret and locate in space those points that are 

critical in respect of the understanding of the spatial nature of the phenomenon. These are those parts of the 

territory, where a very rapid increase or decrease, or value change occurs within a relatively short distance. In 

case of the relief these are the places of saddles, valleys, ridges, natural or artificial terrain ruptures. These parts 

of the area are always analyzed with particular care. The quickest analysis possibility is obtained by the spatial 

analysis of the first derivative of the finished DEM surface, where those areas have emphatic values that wanted 

to be located. It is clear that the bottom of a valley or a peak can be easily mapped by a quadratic (parabolic) 

curve. Change sign, i.e. the extreme takes the value 0 in case of the first derivative, while the trend tangent value 

of the resulting straight express the intensity of the slope or ascent. More complex topographic surfaces such as 

relief parts described by tertiary functions can be located by further derivation for the accurate determination of 

the inflection points. It is worth to experiment with different models in digital environment towards the most 

acceptable result is obtained. In practice, this usually means re-evaluation of sampling and monitoring strategy, 

which results a more accurate technology that is suited to the production site. Figure 9 shows the sampling map 

created by Westsik area derivation process. 

 

In the above figure, size of the circle is proportional. From the basic database, those parts of the area that 

supposed homogeneous can be located such way by the giving of class categories. 
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2.2. Trends of DEM techniques 

In spreading of DEMs it played a major role that the covering of a big part of the United States has already been 

done in previous decades by the U.S. Geological Survey (USGS). 

Terrain is basically a three-dimensional phenomenon. In this area, significant developments are expected, so a 

brief look at the main research directions including. 

The roots of the three-dimensional geographical information systems going back to the multi-dimensional 

geological modelling, and two-dimensional geographical information systems. The three-dimensional GIS is 

significant primarily in the area of earth sciences (Raper, 1989; Turner, 1991). Thus, in the applications 

primarily geology, mineral research and the 3-dimensional environmental modelling (pollution dispersion tests) 

were spread. The traditional two-dimensional mapping is suitable for the describing of surface phenomena, 

although in respect of visualization, 2.5 dimensions are widely used, where the 2 dimension is described by a 

mathematical surface. The main problem with this model is that it was unable to describe the volumic data 

structure. Such volumic problem often occurs in geosciences in the course of geological reality, or the 

description of a soil layer. Raper (1989) calls these dominant geological phenomena to geo-objects. The real 3-

dimensional GIS is extremely demanding of computer resources, especially through the appropriate description 

of the graphic image and the spatial relation system of geo-objects. Most of the volumetric modelling aspires for 

the description of the boundary surfaces and the link of the two surfaces. The solid volume modelling 

techniques describe spatiality with the help of simple polygons and paired linear interpolation (Mallet, 1991) or 

the creation of complex 3D grid (Belcher and Paradis, 1991) or with the help of voxels and mathematical 

functions based on solid body modelling (Fisher and Wales, 1991). Most of the methods can be grouped into the 

volumetric or surface processes. The most commercial 3D geographical information systems determine the 

assignment of volume by voxels (Volumetric pixel elements). These voxel applications are the 8-tree and their 

variations, geo-cellular model, 3D grid and isosurface. Voxels can be imagining as a 3 dimension pixel, which 

corresponds to the 3-dimensional binary data extension of the regular 4-tree arrangement (Sammeth, 1990). A 

lot of tree models make possible the description of further complex geometries by the storage of the years and 

vertex points. The main advantages of voxel models are that heterogeneity of the 3-dimensional attributive data 

within volume is relatively easy to describe, but these are very data storage and computer-needs models. In case 

of more complex voxel modelling, e.g. by the combination of the 3-dimensional grids and isosurfaces, every 

voxels can describe the density of the 3-dimensional orthogonal grid through eight nodes, values of grid points 

can be calculated by using isosurfaces (3-dimensional contour lines). The result is such model structure that is 

similar to an onion leaf, where the individual layers can be managed graphically, analyzing the interior of the 

model. The geo-cellular models mean further variations of voxel modelling, where the complex and 

discontinuous grid model is described by using the grid surfaces on such way that it has the possibility for the 

alteration of the geometry of voxels and their spatial distribution (Denver and Phillips, 1990). 

3. Earthwork 

More agricultural activities apply earthwork: terracing, grading, road construction, irrigation, land consolidation 

and remediation, when precession surveying and accurate implementation is important to effective work 

(Figure). Source:Geotrade Hungary Ltd. 

This work can be improve to apply GNSS supporting for 2 or 3 dimensional field work (Figures) Source: 

TRIMBLE 
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The Trimble 2D single elevation control option uses a single LR410 Laser Receiver to control the lift of the 

machine blade. The Trimble 2D dual elevation control option controls both the lift and tilt of the blade by 

connecting two LR410 laser receivers or one LR410 and an AS400 Slope Sensor to the system. By controlling 

both functions, the system allows the operator to control the material more accurately, especially across larger 

jobsites (Figures). Source: TRIMBLE 
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The Trimble 2D cross-slope option is designed to be used on motor graders for fine grading work. The system 

uses two AS400 angle sensors and an RS400 rotation sensor to calculate the cross-slope of the blade. The 

system allows the operator to select which side of the blade is controlled and switch sides on the return pass 

(Figure). Source: TRIMBLE 
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The Trimble 2D for excavators is a depth and slope control system for excavation, trenching, grading and profile 

work. The system uses an AS450 Angle Sensor, AS460 Dual Axis Sensor and LC450 Laser Catcher to measure 

the relationship between the body, boom, stick and bucket to determine where the cutting edge is and should be, 

directing the operator to the desired depth and slope (Figure). Source: TRIMBLE 

 

Designed for use in harsh construction environments, the Trimble CB450 Control Box gives the operator a full-

colour graphical display for easy viewing and guidance to grade(Figure). Source: TRIMBLE 



 Reasons of spatial variability in 

agriculture 
 

 24  
Created by XMLmind XSL-FO Converter. 

 

The Trimble ST400 Sonic Tracer mounted to the blade of the motor grader uses a physical reference such as 

curb and gutter, stringline, existing or previous pass as an elevation reference. Using a sonic tracer, the system 

can match curves and accurately get to grade in fewer passes. This reduces operator fatigue, saves material and 

reduces the need for grade checkers(Figure). Source: TRIMBLE 

 

The Trimble LR410 Laser Receiver is fully linear and has smooth corrections the full length of the receiver. It is 

mounted to a mast on the blade and connected to the machine hydraulics to control lift to an accuracy of 3-6 

millimetres. Source: TRIMBLE 
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The Trimble Tablet for Construction is a rugged, versatile and fully connected handheld computer for heavy and 

highway and marine construction professionals. By incorporating a cellular modem, laptop, GPS and controller. 

From the field, to the truck cab to the office, users stay connected and work faster. With instant email access and 

data synchronization from the construction site, there is no more delay associated with driving data updates to 

and from the office and field (Figure).Source: TRIMBLE 

 

To plan a new surface more engineering software can be use. The Trimble Paydirt SiteWork is a powerful 

estimator's tool. It is used for calculating site earthwork and material quantities, and performing detailed 
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analysis of a site project. The software allows estimators to determine excavation cut and fill volumes, and strip 

volumes for an entire site or for selected regions of a site. In sitework, columns that report the area of cut, area 

of fill, and total area for the selected AOI were added to the Total Volumes Report. These calculations use grid 

cells to determine these areas, while the Areas and Volumes Report uses the polygonal boundary of the AOI to 

calculate the enclosed area. Therefore the Areas and Volumes report will be more accurate than the estimate 

based on grid cells - see the figure below for a very coarse gridding example of a complicated AOI shape( 

Figure). Source: TRIMBLE 

 

4. Land surveying and data management 

Due to elevation differences between field locations, surface measurements often have to be adjusted for the 

effects of slope. The result can be used as input data for water and nutrition management, soil cultivation, 

erosion control as well as different agro ecological models. A simple technique is differential leveling. A 

telescopic sighting device with a bubble level is set over a control point of known elevation. The surveyor then 

sights on each leveling rod (stick ruled with fractional gradations) and, compensating for the height of the level 

itself, determines the height of the second point at which the sightline intersects the ruling. Trigonometric 

leveling includes the usage of a theodolite (or transit) instead of a level, which has compass, telescopic, and 

leveling components. The theodolite is set up over the known control point. The surveyor measures the vertical 

angle between the horizon (or other level line) and the sightline. The sightline is focused on the leveling rod at 

the same height as the height of the sighting device. Trigonometric relations associated with a right triangle can 

be used to determine both the elevation and the planimetric distance between known and unknown points. 

Finally, the level or theodolite can be placed over the new point for which elevation was determined in order to 

expand the „network― of vertical measurements (Figure). Source: Robinson, A., et al (1995) 
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LIDAR (Light Detection And Ranging) is an optical remote sensing technology that can measure the distance 

to, or other properties of a target by illuminating the target with light, often using pulses from a laser 

(Wikipedia, 2011). The term "laser" originated as an acronym for Light Amplification by Stimulated Emission 

of Radiation (Gould, 1959). The emitted laser light is notable for its high degree of spatial and temporal 

coherence, unattainable using other technologies. Terrestrial and airborne LiDAR sensors, a new class of survey 

instrumentation, have recently become popular and are used by mapping professionals to provide as-built 

mapping products in various disciplines, including land surveying, landscape design, irrigation etc. (Figure). 

Source: LIDAR NEWS 

 

Terrestrial LiDAR Instruments are static-tri-pod mounted measuring devices similar to the size and shape of a 

traditional surveying total station. The terrestrial LiDAR sensor is a recently developed instrument that uses 
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advanced laser measurement technology capable of obtaining thousands of point measurements per second. 

LiDAR sensors of interest for survey operations use either Time-of-Flight (TOF) measurement or Phased-Based 

(PB) measurement technology to obtain target point distance. TOF technology is based upon the principle of 

sending a laser pulse and observing the time taken for the pulse to reflect from an object and return to the 

sensor. Advanced high-speed electronics are used to measure the small time difference and compute the range to 

the target. The distance range is combined with high-resolution angular encoder measurements (angular and 

elevation angles) to provide the three-dimensional location of a point return. This type of technology is similar 

to that used in total stations. However the LiDAR sensor is capable of collecting up to 50,000 measurements per 

second (Figure). Source: LIDAR NEWS 

 

 

In PB measurement technology, the phase difference is measured between the reflected beam and the 

transmitted amplitude of the modulated continuous wave laser beam. The target distance is proportional to the 

phased difference and the wave length of the amplitude modulated signal. In addition, the amplitude of the 

reflected beam provides the reflected power (Figures). Source: LEICA 
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Figure This LiDAR image shows a canopy height profile across a narrow transect through a 500-year-old-

growth Douglas fir forest in USA (Figure). 

Airborne laser scanning (ALS, also referred to as airborne LIDAR) is a widely used data acquisition method for 

topographic modelling. The resulting 3D data provides a good basis for modelling the ground surface with or 

without objects (houses, trees) and is utilized in several different application areas, e.g. hydrology (Mandlburger 

et al., 2009),vegetation mapping (Hug et al., 2004) and forest mapping (Naesset, 2007). ALS especially excels 

in forested areas due to the fact that an active direct 3D sensing principle is utilized (for the estimation of one 

point on the illuminated surface only one line of sight is necessary). Small footprint ALS systems can penetrate 

the vegetation layer through small gaps in the canopy and therefore may allow receiving an echo from the 

terrain surface even in densely vegetated areas. This advantage of ALS in vegetated areas and furthermore the 

increasing capabilities of ALS sensor systems (increasing point density with more than 4 point/m²) has also 

revolutionized prospection of precision agriculture. Source: REIGL 
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3. fejezet - Technology of Crop 
production 

1. 

The size of the yield of vegetation is the common impact of genetic, ecological, and technological factors, which 

can significantly vary in the function of micro production site relations. There have been a number of scientific 

researches for the analysis of the crop production impact of the similar factors, from which the more important 

results, in respect of precision farming are going to be look at through the example of cereals, without demand 

of completeness. A combination of different crop production factors was presented first by Győrffy (1976) on 

the basis of the research results of the 1960s. The results of the multi-factor test clearly show that the yield is 

maximum, when each of the most important factors are being in optimum. 

The yield of maize was 1,758 t/ha in shallow cultivation, without fertilization, by low density, with free-

blooming genus, in bad cultivation, at the same time, in inverse of this treatment, the yield of maize was more 

than quadruple than the previous, namely 7,534 t/ha in deep cultivation, with chemical fertilizer, with major 

density, with hybrid seed-corn, and good cultivation. The individual factors have contributed to the yield growth 

in the following proportions: fertilization 27-, genus 26-, cultivation 24-, plant number 20-, and deep cultivation 

3%. Data of blind-tests of a long-term field experiment originate from 1956 were settled by Győrffy and János 

Sarkadi. They tried to select ―homogeneous areas‖, being fertilization, crop rotation, or plant density 

experiments. Experience shows that this is very rarely successful, if it succeeds, then the typical is that the 

representation force is low, because in reality agricultural fields are homogeneous only in appearance, but not in 

reality. The experiment has been set with the continuous plant number method developed by them. Plant number 

changed from 20 000 up to 120 000 per hectare. By the microrelief of two repetitions was in 50-100 cm deeper 

location. In the area with thinner topsoil yield is reduce strongly after 40 000. While in the area with thicker 

humus layer reaches the maximum yield by 60 000, but there is no decline quite up to 120 000. It is also 

established that in the 70’s, in maize plant number experiment performed in State Farm in Tamási, plant 

number-optimum changed between 80-100 thousand on the bottom of the relief in the function of the relief, at 

the top part of the agricultural field, which was relatively flat it was 60-80 thousand, on the sloping part it was 

40-50 thousand (Győrffy, 1999). 

Győrffy (1979) showed that the optimum plant number of maize hybrids was 35-40 thousand per hectare in the 

fifties, in the sixties 50 thousand and in the seventies it was 55-60 thousand. He established that the optimal 

plant number depends on the hybrid, precipitation relations of the landscape, water management of the soil, and 

nutrient level. 

Bajai (1966), Nunez and Kampraht (1969), Pintér et al. (1981, 1983) have shown a correlation with the yield of 

maize, and the various size of the production site. A number of interacting factors (soil cultivation, fertilization, 

irrigation) can affect the reaction of the hybrid-plant number. Recent researches have also shown that the 

optimum plant density of hybrids depends on not only the length of the growing season of the genus, but the 

genotype as well (Allison, 1969; Bunting, 1971; Nagy and Bodnár, 1986; Sárvári, 1988; Berzsenyi et al., 1994; 

Széll, 1994; Nagy, 1995). Researches of Berzsenyi (1992), Dang (1992), and Dang and Berzsenyi (1993) in 

Martonvásár detected significant plant number interactions. Studying the effect of the vintage found that the 

decline of dry matter production in rainy years is greater at the growth of plant number in the treatment without 

manure. Without fertilization, grain crop of maize decreased significantly over 60 000 plants/ha plant number in 

rainy years. However, in dry vintage, increasing of number of plants have not resulted yield growth from 30 000 

plants/ha at all. From foreign researchers, tests of Holliday (1960) showed that there is a basic biological 

relationship between the yield and plant number. In case of those plants, where the economically useful yield is 

supplied by the reproductive parts (grain) of the plant, correlation of the yield and plant number can be 

characterized by a parabola function. Maize is concerning to this group. However, in dry vintage, increasing of 

number of plants have not resulted yield growth from 30 000 plants/ha at all. From foreign researchers, tests of 

Holliday (1960) showed that there is a basic biological relationship between the yield and plant number. In case 

of those plants, where the economically useful yield is supplied by the reproductive parts (grain) of the plant, 

correlation of the yield and plant number can be characterized by a parabola function. Maize is concerning to 

this group. If the net yield is given from the vegetative parts of the plant, the connection can be described by 

asymptotic (saturation) function. 
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The crucial effect of fertilization on yield of maize hybrids is presented by the summary work of Berzsenyi 

(1993) by the last twenty research results of Martonvásár long-term field experiments. Among the significant 

interactions the most significant were those, which contain environmental impacts as well. In the agro-technical 

factors, nutrient supply and fertilization play a central role in production technology by their interactive effects 

connecting to other technological elements. Fertilizer is one of the critical technological elements of wheat 

production. The biggest problem in nutrient supply of wheat means the exact determination of nutrient amount 

because of the effect of the extremely much, modified factors that impact the nutrient uptake and demand 

directly and indirectly (Láng, 1974; Ruzsányi, 1975; Bocz, 1976; Golceva, 1977; Remeszló, 1979; Fedoszjev et 

al., 1979; Eccles and Devan, 1980; Koltay and Balla, 1982; Jolánkai, 1982; Harmati, 1975; Pepó, 1995). 

Pakurár et al. (1999a) examined the development of the N, P and K content of soils in the top 200 cm layer, in 

long-term field experiment on areas with different nutrient supply, and found that for the effect of the different 

fertilizing, which lasted for 16 years, nutrient content of the soil changed significantly in the whole depth of the 

test. 

Irrigation will be essential increasingly in the future for the safety of maize production in some parts of the 

country (Szőke and Molnár, 1977, Petrasovits, 1969). Several researchers found that the utilization of chemical 

fertilizers and nutrients of soils is more favourable in case of optimal soil moisture than in dry conditions. 

Water supply and chemical fertilization play a dominant role in maize production, interaction of the factors 

significant particularly in droughty vintage (Bocz, 1978, Debreczeni and Debreczeniné, 1983). The combined 

effect of irrigation and fertilization can increase the fertilizer impact for its treble or quadruple, the irrigation 

impact for its one and half size (Ruzsányi, 1993). Yield safety of hybrids with high-yielding predominates only 

by an adequate water supply value and proper nutrient supply is extremely important as well (Nagy, 1992). 

Nagy (1995) analyzed the combined effect of soil cultivation, irrigation, plant number and fertilization in detail 

in the area of Debrecen, and the quantification of the effects, by the disintegration of the variance components 

method. During the creation of the model, effects and interactions that are independent from vintages were 

defined, and examined only those correlations that available in each year. 

Prime mean of the experiment during the 5 years was 8,159 t/ha maize. Treatment averages were contrasted 

with this. The impact of soil cultivation is 560 kg/ha. This meant that if autumn ploughing was applied 

consistently during the six years, yield increased by 560 kg per hectare per year. Applying soil preparation 

without ploughing, yield decreased with the same number (560 kg/ha). The different between the two soil 

cultivations is 1120 kg/ha. In critical drought years, disadvantage of spring ploughing manifested on measurable 

way in yields. With the spring ploughing, insurance of good seedbed was impossible not only for the 

germination of maize and even emergence, but the water loss caused by soil preparation inhibited the steady 

development of the vegetation as well in the critical summer period (Nagy, 1996). 

Impact of irrigation was 869 kg/ha in his experiments. Without irrigation, yield was less with this amount. Using 

irrigation, extra-yield was 869 kg/ha. Significance level of irrigation and soil cultivation is 0.1%, i.e. effects 

have been proven with high degree. 

Impact of plant number is 183 kg/ha. During the five years, the lower plant density (60 000 plants/ha) favoured 

for the development of higher yields. With yield shortfall has to be counted by the 80 000 plant/ha cultivated 

maize. The reason of this is the drought character of years, which were analyzed. In such years, apply of high 

plant density is risky. Plant number was significant on 4.8%. 

Experimental results found that irrigation and fertilization are interact positively with each other, and according 

to the enquiries, it is true by less than 0.1% significance level. Positive interaction means that change of both 

factors in the same direction reinforce each other, gives a positive value, while opposite changes weaken the 

existing impacts, and ultimately lead to negative values. 

Baking quality of winter wheat is determined by the biological, ecological and agro-technical elements on 

individually and interactive way. Long-term field experiments (Debrecen, 1987-1995) of Pepó (1999) 

demonstrated that strong interaction can be established between the vintage, genotype and fertilization in respect 

to the quality of winter wheat. Quality stability of the genetically more favourable quality genus (GK Öthalom) 

was better than the genus with genetically more favourable properties (GK Zombor). 

In Győrffy (1986) and Berzsenyi (1993) opinion, during the crop production, by the increasing or decreasing 

only one factor, the best results cannot be achieved. Cultivation interventions are not independent of each other. 
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Towards the economic production, voluntary change of one of the factors leads to the change of the other factor, 

otherwise the harmony upsets, and because of the interactions negative results obtained (Nagy, 1995). 

In precision farming, laws established in the exact field experiments have to be interpreted by the farmer as the 

spatial relationship of these effects. This makes the exploration of relationships more difficult compared to the 

field level management, because in fact the guiding principle should be a reasonable assumption that the 

variance of the effects of agricultural treatments increases with distance. As an advantage may be noted that in 

this approach, production site environment, as a spatial environmental system, is a more appropriate model for a 

number of effects. Of course, there is a lot depends on the reliability of basic data, the applied analytical 

procedures and the spatial resolution. 
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4. fejezet - Information Technology 
and Precision Agriculture 

1. 

The GIS and agricultural systems require both the fast and efficient data collection system, which is capable for 

automated data processing and its output data can be directly integrated into the decision support models. Beside 

the traditional data collection procedures, satellite positioning systems, and mainly Global Positioning System - 

GPS systems -, which are the most used in civil applications, spread rapidly from the 90s and effectively 

become an indispensable positioning tool of precision agriculture. This enabled the introduction of a completely 

new production system. 

The global positioning system (GPS) is a positioning system based on satellites, which are operated by the 

DoD(U.S. Department of Defense). After completion, the system will be able to supply position and time data at 

all points of the Earth, in all weather conditions, 24 hours a day. 

Currently 24 NAVSTAR type satellites circulating on orbit, 20 200 km away from the Earth. For the following 

of the orbit data of satellites, the U.S. Department of Defense employs 4 ground-based monitor stations, 3 data 

transfer stations and a control station (Figure 10). 

 

The economical and everyday domestic use of GPS system can be very effective and efficient if a wholehearted 

domestic infrastructure will be available to it. In the past decade Hungary connected to the European reference 

network, which meant the building of the 24 points civil and the 20 points military frame network and approx. 

10 x 10 km GPS basis point-network. Particular actuality of year 2000 was that President Clinton withdrew the 

for the average value about 20 m. The satellite positioning systems have now become a strategic IT tool, so the 

European Union decided the build up of a separate satellite network and related logistics system until 2006. 

With this, EU made itself independent from the U.S. network, and on the other hand, with the utilization of the 

new space and information technological results, without improving the accuracy, at least the value below 5 m 

wanted to be achieved, and increased operational safety (GeoEurope, 2000). This would approach the needs of 

precision agriculture. Accuracy can be increased by post- or real-time improvements here as well. The Russian 

GLONASS satellite navigation system is currently in operation as well, which can be received by special 

receivers. 

2. Advantages of GPS system 

GPS system has many advantages in opposite to the traditional geodesy and navigation. The four most 

important features are the following: 

• GPS system is directly and automatically 3D, which is not divided either during the measurement, or 

processing, compared to conventional systems, where horizontal and vertical coordinates separate. This also 



 Information Technology and 

Precision Agriculture 
 

 40  
Created by XMLmind XSL-FO Converter. 

means efficiency increase and accuracy growth, since there is no need for calculation of complicated 

projection-, direction-, and distance reductions. 

• The measurements are not required to carry out visual connection, which is the most fundamental condition 

for conventional systems, and what the building means extremely high costs and very difficult. 

• The measurements can be conducted in practically any weather conditions, rain, humid weather, wind and 

sun, etc. are not disturbing factors. Thus, measurements can be planned in the exact time and for deadline. 

• The measurement is fully automated; there is no need for manual methods. The memory of the systems is 

capable for storing large amounts of information, can be downloaded directly into the computer, respectively 

to the processing software, from where, as a further possibility, optionally can be exported to the most widely 

used GIS (GIS, Geographical Information System) respectively CAD (CAD, Computer Aided Design) 

systems. 

At the same time, the most instruments are suitable for alphanumeric data collection connected to coordinates as 

well, that is, more different numerical, respectively textual information can be stored in digital form connected 

to the given object (IS, Intelligent Systems). 

3. GPS applications 

The joint collection of position, time and attribute information is important in many applications. In the 

following, only the major application possibilities of the most important areas are presented. The instrument 

demand and application methods of the applications may vary substantially with regard to the precision 

required. In case of applications for navigation purposes, when the task is to find a sort of spatial location along 

a sort of route, sometimes it is sufficient to visibility, i.e. with 50-100 m accuracy. High-precision applications 

include the 10-1 m intensive tasks and super precision 1-0,1 m, as well as 0,1-0,01 m applications with geodetic 

accuracy can also be differentiated. Next to the technical reasons, discrimination has financial reasons as well. 

Between the similar provinces, with accuracy increases exponentially its cost. Therefore it is essential that 

accuracy be required only for the necessary and sufficient information level from our system. Here is especially 

true the fact, which is known from another area of information technology: the more data does not necessarily 

mean more information but in any case more expensive. In case of the diverse works of agriculture, different 

accuracy is required. 

Culture technical applications counted to the geodetic precision applications (e.g. area-settlement, 

photogrammetry, hydrography, etc.). Excursion-tests of buildings, works need extreme precision applications. 

High-precision GPS systems are used in precision agricultural cultivators and harvesters. Here, beyond the 

ecological-production information, positioning has a great importance, for example by the link of the machines 

to information systems (harvest, nutrient replacement, or chemical dose out). Professionals, who handle by this 

area (experts of extension service, consultants, insurance companies, foresters, geologists, geographers, 

hydrologists, biologists, etc.), collect the descriptive attributive information, the precise geographic 

localizations, sizes, respectively distances, time changes, etc. in the field in 2D, respectively 3D systems. But 

separate public utility information systems, telecommunications-, gas- and electrical systems, information 

systems of cable operators are also concerning to this category, respectively the super precision-demanded 

applications, where, beside the planning, GPS applications often have the role in the form of outside 

interventions, troubleshooting, etc. 

The route-planning, transportation optimization, public transport and other on-line dispatching systems also can 

be part of the municipal information systems, which require navigation accuracy in positioning. A significant 

scope of GPS system is mapping and navigation. The navigation of the flight control, navigation, the military, 

disaster response, in particular, plays a major role in rescue operations, civil applications, but it is equally 

important. Navigation plays a major role particular in flight control, shipping, military, disaster response, rescue 

operations, but it is equally important in civil applications. One of the ―most promising‖ areas is overland 

transport, for which agricultural transport and trade may also be linked. The common name of the system is 

IVHS (Intelligent Vehicle Highway Systems). One form of the so-called autonomous systems. These are able to 

the positioning of a separate vehicle, for example a car. Data and positions are displayed on a digital map. The 

system is also capable for navigation by giving target coordinates. The map, respectively map database are 

containing the most important key information (e.g. the possible destinations, hotels, airports, etc.). Another 

form of the system is the so-called AVLN, which is used to monitor the entire fleet. Each vehicle has its own 
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on-board GPS, which determines its position and sends it to a dispatcher centre, where it is also displayed in 

digital maps. 

Users may be: transport companies, ambulances, fire departments, police, money transportation, hazardous 

waste transport, etc. The most advanced form of the system is the so-called ITS system (Intelligent 

Transportation Systems). In this case, communication is bidirectional; the vehicle sends its information to the 

dispatcher centre, which is proposing the further route in the knowledge of this etc. 

Mapping and map creation by GPS systems are the most important factors of the development of the modern 

and effective digital map databases. By the result of the traditional mapping, inaccurate of maps and 

obsolescence of data are often experienced. The reason is that new surveys will be very rare and obsolescence of 

the natural data is very rapid. GPS technology is especially suitable for basic point-setting, so can mean a 

solution to this problem as well. The costs are the half-tierce of conventional ground-based technologies. For the 

measurement of one point needs about 15-20 minutes with centimetre accuracy, the costs approx. 35 000-40 000 

HUF (2000). 30-40 points a day can be assessed in all weather conditions with this technology. Control and 

correction of maps can be produced in the same way, just under less time, with the so-called stop kinematic 

method. In this case, detection time is reduced to 1 minute. Continuous kinematic measurement is also known 

for the completion of map updates. Then, circle the area on foot or by car, GPS receiver collects position data in 

every 2-5 seconds. The correction of changes is possible either on the ground in digital maps. This measurement 

technique is used mainly in the agricultural field devices as well. Pakurár and Lénárt (2000) recommend the 

application of the new based guidance organization management system of GPS systems in cropping, which 

main elements are operational communication, control of field machineries, transport control. 

However, there are numerous areas of GPS applications, where together with the becoming easier, they become 

more multitudinous. Such areas are tourism, climbing, cycling, boat- and sailing navigation, hang gliding, etc... 

The future, however, can reserve many new areas for the spread of GPS applications, for example weed 

mapping, inland water-damage survey, land use control can be mentioned. 

4. Operation of the GPS system 

4.1. The principle basics of satellite positioning 

The operation of the system is based on the following principles: 

• Satellite trilateration, i.e. triangulation, which is the base of the system. 

• The knowledge of the satellite distance. 

• Accurate timing, for which a fourth satellite is needed. 

• The knowledge of the position of satellite in space. 

• Correction, correction of delays, caused by troposphere and ionosphere. 

Therefore, for the knowledge of the exact geographical position at least 4 satellites are needed, for the 

determination of x, y, z coordinates and time. 

Measurement of the distance from satellites happens by radio signals arriving from the satellite. The receiver 

establishes when the given code compartment left the satellite, so multiplying the time difference of 

transmission and reception with the speed of light, we get the distance. 

Every GPS satellite give sign in 2 frequencies, on L1 1575.42 MHz and L2 1227.60 MHz. The L1 signal is 

modulated by two types of code, P-code and C/A code. The so-called P-code (P, Precision) is a military 

application code. On the other hand, the so-called C/A code has free-access. The L2 signal is modulated by P 

code only. Since all GPS satellites operate at the same frequency, specific code recognition is necessary. Thus, 

all satellites can be identified by their own so-called PRN (PRN, Pseudo Random Number) ID code. 

Towards the exact timing, atomic clocks with nanosecundum accuracy work in the satellites. Any inaccuracy of 

the ground-based receivers is eliminated with the help of a fourth satellite. 
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Analysis and correction of orbit data is the task of the ground-based stations. The control station calculates and 

corrects the orbit data of all satellites at least once a day. The correction data are being communicated with the 

satellites by the data transmission stations. 

Elimination of delays caused by ionosphere and troposphere carried out by the GPS receivers partly. Errors 

caused by the hours and orbit excursions are corrected by DoD (U.S. Department of Defense). 

An artificial error source is the so-called S/A (Selective Availability) code worsen, which is being also in the 

DoD’s (U.S. Department of Defense) competency. This can cause about 100 meters error during the 

geographical positioning. Eliminate of this can be made by the so-called differential correction. 

5. Differential correction to DGPS 

Basic GPS is the most accurate radio-based navigation system ever developed. And for many applications it's 

plenty accurate. But it's human nature to want more. 

So some engineers developed ―Differential GPS‖, a way to correct the various inaccuracies in the GPS system, 

pushing its accuracy even farther. 

Differential GPS or ―DGPS‖ can yield measurements good to a couple of meters in moving applications and 

even better in stationary situations. 

That improved accuracy has a profound effect on the importance of GPS as a resource. With it, GPS becomes 

more than just a system for navigating boats and planes around the world. It becomes a universal measurement 

system capable of positioning things on a very precise scale. 

So, the accuracy of GPS data can be greatly increased by differential correction. The main point is that data 

collection happens at least two places simultaneously. On the one hand, on stabile ground-based station with 

known position (so-called reference station) and, on the other hand, on other GPS receiver with unknown 

position. Errors of the mobile GPS receivers can be compensated with the help of the data of the reference 

station (Figure 11). 
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In the early periods of GPS, reference stations were established by private companies who had big projects 

demanding high accuracy - groups like surveyors or oil drilling operations. And that is still a very common 

approach. You buy a reference receiver and set up a communication link with your roving receivers. 

But now there are enough public agencies transmitting corrections that you might be able to get them for free! 

The United States Coast Guard and other international agencies are establishing reference stations all over the 

place, especially around popular harbours and waterways. 

These stations often transmit on the radio beacons that are already in place for radio direction finding (usually in 

the 300 kHz range). 

Anyone in the area can receive these corrections and radically improve the accuracy of their GPS measurements. 

Most ships already have radios capable of tuning the direction finding beacons, so adding DGPS will be quite 

easy. 

Many new GPS receivers are being designed to accept corrections, and some are even equipped with built-in 

radio receivers. 

Differential correction eliminates errors resulting not only from the S/A code worsen, but clock errors of the 

receiver and the satellites as well and also distortions caused by the ionosphere, respectively atmosphere, which 

originates from the orbit errors. The accuracy of the correction is determined by the precision of the position of 

reference station, but its accuracy can be decimetre as well. 

Differential correction has basically two methods: 

• The so-called real-time differential correction, 

• The so-called differential post processing. 

Machine operation of precision agriculture requires real-time correction, since spatial coordinates of the power 

machine should be determined immediately if possible from point to point, with high accuracy. 

In case of the real-time differential correction, errors, respectively correction of data of the caught satellites are 

calculated and transmitted with radio signals by the reference station. This correction is caught by the mobile 

measurement station and being used during the calculation of its own position. 

As a result, the displayed position is the differential corrected position. Radiation of the real-time differential 

correction happens usually in RTCM SC-104 (RTCM SC-104, Radio Technical Commission for Maritime 

Services Special Committee Paper No. 104) format. 

The correction signals for precision agriculture can be radiated by a satellite, which is being operated for this 

purpose, and agricultural area is scattered by ground stations. 

In the area of Hungary, there is an example for both technical solutions. 

Over the territory of Europe, reception of the correction signals of OMNISTAR satellite allows real-time 

positioning with about meter accuracy in subscription system. Its advantage that can be received throughout the 

country, but the disadvantage that it is extremely expensive. 

During the differential post-processing, measurement and compensatory calculation may be different from one 

another in time and space. This may comes to mainly geocoded (supplied with spatial references - coordinates) 

terrain data collection. However, in case of back navigation (alignment) to the sampling point already real-time 

correction is needed. 

In case of differential post-processing, correction of data of the caught satellites are being saved to a file by the 

reference station. Mobile receiver station also saves its own position data to a file. During the processing, these 

two files are compared to certain correction methods, which culminated in a differential corrected file. 

The main error sources of GPS system is summarized in Table 10, and as it is seen, S/A error influences only 

partially the positioning accuracy, as some GPS hardware trading company that are not sufficiently familiar with 

the area, suggest the inverse of this. When used for navigation (e.g. in case of long-distance transport tasks), 
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these errors are acceptable. In case of precision agriculture, the 10 meter accuracy is conditionally, 5 m in 

general, the meter is sometimes necessary. 

 

One common error of the GPS operation, if the receiver passes through on a roofed area (bridge, tunnel), or 

electromagnetic field (high voltage lines), which associated with the temporary interruption of the satellite 

connection or a high degree disruption (Figure 12). 

 

In such cases, great differences can be in the area of error correction capabilities between the similar GPS 

devices. 

In conclusion, technical level of the current GPS systems requires the correction calculations for the application 

of precision agriculture in the vast proportion of cases, in real-time, and for this, ground-based radio technical 

solutions are the most competitive. 
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5.1. WGS-84 coordinate-system 

The central question of satellite positioning is the matching of the determined position to the ground-based 

reference system, which is usually the most important issue among the users. The problem arises from the fact 

that the reference systems developed by ground-based methods are others and others in all countries, which has 

partially geographical, geodesic, partially science historical, historical, respectively political roots. 

GPS systems apply the so-called WGS-84 (World Geodetic System 1984) coordinate system as a geodetic 

reference system. The shape and size of the Earth is represented with such geoid by the system, of which surface 

gravity is constant. If size of gravity on the surface of the geoid is similar to the size of gravity that can be 

measured on the ocean surface, then the geoid in fact represents the mean sea level. Vertical localization of a 

ground surface configuration arises from the comparison of measurable gravity on the ground surface and 

measurable gravity on the average sea level. The surface of this geoid, however, is extremely complex, which 

can only be approximated by mathematical models. It follows from geodetic principles - depending on the 

accuracy and spatial extension - that terrestrial gravity is relatively well-characterized with the simple ellipsoid 

(or spheroid) model. However, size and shape of ellipsoid, which is best suited to the given area, and its distance 

from the centre of the earth, varies by location. Accordingly, so many ellipsoids were made for different areas of 

the earth. 

Ellipsoid, used by the GPS system is the so-called GRS-80 ellipsoid. (This is a very good approach to the 

earth’s ―optimal‖ shape, which would be true if the earth would be a completely liquid dollop, which would take 

a balance with the gravity - the earth's rotation -.) The date system (1984) combined with the GRS ellipsoid 

obtained the system used by GPS, the so-called WGS-84 (World Geodetic System 1984). The longer axis of 

GRS-80 ellipsoid is 6 378 137.0 meters and the shorter axis is 6 356 752.3 meters. This means that distance 

between the centre of the Earth and the equator is shorter only by 21 kilometres, than the distance between the 

centre of the Earth and the corners (either the North Pole or the South Pole). 

Conversion between the domestic EOV-based coordinate system and the WGS-84 coordinate system is possible 

with post-processing. The conversion will give the most accurate result if conversion performs between WGS-

84 coordinate system EUREF (EUREF, European Reference Frame) system and EOV. The transformation is 

based on the determination and conversion of the parameters (altogether 7 parameters) calculated by the so-

called Bursa-Wolf model. The model is suitable for the conversion of 2D and 3D coordinates equally. 

5.2. GPS Measurement 

During the terrain measurements, the following operations are being performed: 

Real-time positioning – „Position‖ 

The most important criterion of real time positioning is the common detection of at least 4 pieces of satellites at 

all time. If the instrument is capable for the detection of this, the display shows "GPS Position" label. If the 

receiver loses one or more satellites of this, so unable to position-determination (e.g. in forests, between 

buildings etc.), then the most recently detected position can be seen with "Old Position" inscription until the 

nearest correct detection. The initial positioning time can be up to 15 minutes. 

Checking of GPS status – ―GPS Status‖ 

Under the ―GPS Status‖ plank, control of critical parameters and abstraction of other information related to 

satellites is possible. 

The most important information that can be found here: 

• ―SAT Tracking‖ plank informs about the number of followed satellites and their PRN code. In addition, it 

also provides information about the first critical parameter, the so-called PDOP (Position Dilution of 

Precision) value. PDOP value is a mathematically calculated value, which characterize the measurement 

accuracy. Calculation of PDOP value is made from the position of satellites and their geometry correlate to 

each other. Although this may be the most reliable characteristic of the accuracy of positioning, since this is 

probability value, it does not guarantee the accuracy of measurement alone. The receiver automatically selects 

the lowest - the best - PDOP value satellites for position determination. If PDOP value is 4 or less, high 

measurement accuracy is indicated. PDOP values between 5 and 8 are still adequate. Measurement associated 
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with high degree of uncertainty in case of PDOP values over 8. The acceptable maximum value can be set 

under ―Configuration / Rover Options‖ menu (PDOP Mask or PDOP Switch). Typical value = 6. 

• ―Sat and Posn SNR‖ plank informs about the direction angle, horizontal altitude and the so-called sign-noise 

relationship of the certain satellites. ―PRN‖ label that can be read on the display is the unique identification 

code of satellites (1-32). ―Elv‖ means the height of the satellite above the horizon, in degrees. Threshold can 

be set under ―Configuration / Rover Options‖ menu (Elevation Mask) here as well. Typical value is 15. (―Az‖ 

means the direction angle of the certain satellites. Benchmark would be the geographic north ―True North‖, 

magnetic north ―Magnetic North‖, the geographic South ―True South‖ respectively the magnetic south 

―Magnetic South‖. Set is also made under ―Configuration / Rover Options‖ ―North Reference‖ section. 

• „SNR‖ characterize the strength of signal that arrives from the satellite (SNR, Signal to Noise Ratio). The 

very weak signal does not followed by the receiver. It is also an adjustable option under ―Configuration / 

Rover Options‖ „SNR Mask‖ menu. Typical value is 6; the higher signal strength gives sufficient security for 

determining position. 

• ―Sat Hlth (URA)‖ menu provides information in meters about the status of satellites (Sat Health - usability of 

the satellite) and the typical errors of distance measurement in each satellite (URA, User Range Accuracy - 

accuracy of distance of the receiver). The specific value is communicated to the GPS receiver appliances by 

the U.S. Department of Defense (DoD) via the satellites. Its value depends on the degree of the so-called S/A 

(S/A Selective Availability) artificial code worsen (see The operation of GPS system). The possible values 

are: 1, 2, 4, 8, 16, 32, 64, 128, 256, 512 and 1024 meter. Below 5.8 m the accuracy is appropriate. Between 

5.8 and 8, positioning with the given satellite is relatively inaccurate. In case of value = 16, usage of S/A is 

probable, so that inaccuracy can be 100 meter. In case of 32 or 64 meters, position is worsened, the S/A is 

active. In this case, application of differential correction is necessary in order to achieve 2-5 meters accuracy. 

Above 64 meters, it is likely to be a problem with the satellite, so the receiver can disable the use of satellite 

signals. 

The data also require differential correction, if the accuracy of primary data collection is not sufficient for the 

completion of the task we used. For the carry out of the correction, data collected by the reference station are 

used, which were collected at the same time with the filed measurement. For the completion of the correction, 

―Util / Differential Corrections‖ menu item of Pfinder software is used. For the completion of the correction, 

"Base" file of the reference station and ―Rover‖ file of the GPS receiver is needed. From this, corrected data 

(―Corrected‖) are calculated with the help of the correction parameters (―Difference‖) by the program. The 

corrected data are then can be displayed (―Output / Display‖), or exported to other GIS programs („Output / 

GIS‖) in the aim of geometric corrections and further data processing, or database construction (Trimble, 1994). 

In the most GIS systems (e.g. IDRISI, LEICA ERDAS, ArcGIS -Tracking), direct GPS sign reception is 

possible, which detects the spatial movement of the rover as a moving cursor, or a downloadable coordinate 

data. 

Further developments are moving towards in speed and accuracy of data collection. Nowadays, receivers with 

12 channels are almost completely spread. More and more receivers are incorporated in the basic GIS display 

and data acquisition functions. Receiver of Trimble GeoExplorer 3 has such capabilities. The so-called GPS/GIS 

system integration is going on so vigorously from both directions. The emergence of palmtops greatly 

accelerated the spread of GIS client softwares running under Windows CE and related to GPS. 
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5. fejezet - Geographical Information 
System (GIS) 

1. 

About this, in itself a very diverse area, only the most important funds are switching out in respect of the 

understanding of the topic. Readers, who interested in GIS, can obtain further knowledge from more Hungarian 

books and papers (Detrekői and Szabó; Kertész, 1998; Lóki, 1998; Márkus, 1994; Tamás, 2000). 

GIS is such science and method that handle by the exploration and analysis of relations between the spatial 

objects and phenomena. GIS includes the process of the spatial data collection, digital production, integration 

and analysis of data, together with the presentation of analyzes. GIS is mentioned by numerous names (GI, LIS, 

TIR, FIR), but the most generally used name is the Geographical Information System, in the English 

abbreviation GIS. In professional circles, there is a lot of debate on the correct naming. Today, unprecedented 

integration is achieved through the digital environment between the data collection - analysis instruments and 

different disciplines. As a result (particularly in the international expertise), the Geo Information System - GIS 

spreading, which emphasizes high terrain instrument integration and query possibilities of remote data files. 

Almost 80-90% of the information is connected to space. At the time of the development of information society 

this makes the application of the specialty indispensable. In the area of agricultural sciences, precision 

agriculture can be perceived as applied GIS in information technology meaning. 

A lot of computer softwares are available that help the digitization, scanning, vectorization of data, respectively 

the linking of data and attributive data. This carries out the technical drawing tasks of the engineering work (e.g. 

basic CAD program package) with very powerful graphic tools. GIS, however, never be confused with the 

computer map. A lot of market program do not go further from these abilities. Although these properties are 

undoubtedly important and necessary, the real geographical information systems have capabilities in excess of 

them. The most wanting case maps is the ability of the analysis of data, which a real GIS analysis system cannot 

be missed. Questions that raise during the spatial analysis are included in Table 11. 

 

Perhaps the simplest case of these analyses is when we are curious, what happens in that case, when different 

objects are connected. For example, we are curious, where those populated areas are, where the groundwater 

level is higher than the maximum permitted, or how much the location of the highest yield with the location of 

the largest fertilizer doses coincided within the agricultural field. This is the problem that cannot be resolved by 

the traditional database management system. By the traditional database query, queries concern to the same 

property or object, whereas in this case, these properties should be combined. Then we need a GIS system. This 

system is appropriate for the selection and analysis of properties by common geographical occurrences. This 

classical GIS operation is called the operation of map overlay. The geographic analysis system has a two-way 

interactive connection with the databases, from digital maps to data sources and back. 
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Change that carried out in the database is immediately displayed in the graphic file; respectively changes 

performed in the database react to the creation of the database by adding new features. For example, on a hilly 

area, from data sources of high slope categories, areas that covered by vegetation less, the wettest regions and 

looser soils, digitalized GIS environment of specifically sensitive areas for erosion can be created through a 

decision-making system. These data sources are linked to an appropriate data base. The end result database and 

the end result digitalized GIS environment of the eroded areas did not take part in non of the original maps or 

databases, however, as a result, contain data of all basic database and digital map graphic file. 

GIS systems use basically two main data models, similar to other applications, for the describing of the 

precision agricultural spatial phenomena and the related attributive data (attributes), during the model building. 

These are the vector, and raster systems. In the near future, a further so-called Object Oriented (OO) model is 

expected to be spread, which is primarily more suitable for the more realistic description of the environment of 

the complex spatial objects, but for extent reasons, not discussed. 

The geographical phenomenon is displayed, respectively written in vector systems with their boundaries, or 

series of points, or series of lines that connected to each other (arcs, line segments). In case of the breakpoints of 

points, lines and polygons, X, Y coordinates of the given property or the longitude and latitude coordinates in a 

sort of projection system, are fixed (Figure 13). 

 

Vector graphic units that can be seen in the above figure are so-called graphical primitives, may be installed in a 

different way during the GIS conformation of an economy, however, the change of a given object type requires 

the rebuilding of the model. A simple example: a dug well can usually be interpreted as a point object, but in 

this case, during the analysis is just one bigger point being got back to the screen with enlargement, and e.g. 

perimeter or territory of the well cannot be measured on the screen. If the perimeter of the dug well was digitally 

„drawn‖, then later measurement will be possible form this graphical element on the screen, if the software is 

able to do so. The situation is similar by any spatial objects, for example, if the local road-system or water 

network was interpreted as arcs (only longitudinal data can be measured directly). If these objects were given as 

polygons, width can be also measured. Since in the GIS systems there is interactive relationship between the 

map-graphic units and databases that contain their data, i.e. continuously change of any item associated with the 

change of the other item, so the data of the object can be specified not only graphically, like on a drawing, but 

also ―numerically‖ in database (Figure 14). 
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Attributive data of the geographical phenomenon are recorded in a standard database operator program pack, or 

establish a connection through an identifier between the graphic display of vectors and the database. In the 

vector system, a variety of attributive data may be used, for example: humus content, pH of soil spots; name of 

parcels on an urban map; land use; value of the certain plots etc. Vector and raster layers should have to been 

converted to clear raster or vector layers, before the spatial operations. 

In the raster system, the whole map area is covered by a determined resolution grid, which grids contain cells (if 

this raster image being displayed on the screen, it is often called pixel), and these cells include the attributive 

data of properties that can be found on the surface of the Earth, respectively each cell possess with any row or 

column coordinate data. The raster can be interpreted effectively as a data matrix, and so all matrix operation 

can be performed with the data layer, which is mathematically and logically permissible. In the matrix, cell 

values (pixels) can contain a number of quantitative or qualitative attributive data codes. For example, a cell can 

admit the value=8, which may sign a district No. 8, or the No. 8 soil class code (qualitative attributive data), or 

can sign 8 m vertical rise above sea level (quantitative attributive data). Although these cell data represent the 

environmental phenomenon, the grid elements may create an image themselves as a layer, and all layers can 

have specific map information content. The pixels can change their colour, shape or grade of gray. The value of 

the visual unit is directly responsible for the graphic display of the whole image in this case. In this case, this 

raster system directly affects the image seen by us. The raster systems are typically used by such images that 

bearing a large number of data, and where data have a different value in almost every cell. Such images for 

example the images used in the satellite image processing, or raster images used in aerial imaginary. Therefore, 

it can be said that the raster systems are much more suitable tools in such cases, where the analysis concerns to 

the continuous spatial surface. For example, such continuous spatial surface is the map of topography, 

vegetation, or precipitation etc. Another advantage of raster systems that their structure is relatively easy to fit to 

the structure of digital computers. Raster systems are very easy to be appreciated in cases, when different 

number of layers is used during mathematical combinations. They are particularly beneficial in the construction 

of environmental models, such as the analysis of soil erosion, or forestrial, hydrological applications. While 

raster systems are mainly analysis-oriented systems, vector systems are instead database management-oriented. 

Vector systems are much more effective, for example for the application of map data, since these are especially 

fix the boundaries of the individual properties and not the fact that what happens outside the borders. The 

graphical display of the properties is directly related to the database of attributive data. In the vector systems, 

one of the most frequently used operations for example the determination of distances between two points, or 

move around the boundaries of a specific area and the establishment of the perimeter or the territory. Therefore, 

vector systems can be used by mapping applications extremely well, since their logic is very close to the logic of 
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the structure of vector model. Therefore, vector systems are very popular in engineering - mapping design 

works. Raster systems, however, can be used more beneficial than vector systems during the analysis of the 

continuous space. Real environment and its digital GIS display are shown by Figure 15. 

 

Both raster and vector systems may have special benefits in connection to a given analysis. The GIS softwares 

used today provide an opportunity for the user for the application of both techniques. Although the software 

systems can inherently carry out raster or vector analyses, however, the results can be changed by raster to 

vector, or vector to raster direction conversion. The comparison of raster and vector data model is included in 

Table 12. 

 

If you want to decide what kind of data model is wanted to be used in a GIS system, it must first be thought over 

that what would be the aim of the given system, what would be the system used for, in respect of the following 

criteria: 
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• Data amount, 

• Topological relationship system, 

• Generalizability, 

• Analytical skills, 

• Accuracy. 

All spatial data can be classified in the following types: nominal, ordinal, interval and ratio. The lowest level is 

the nominal, where object are ordered to classes, i.e. we give a name to it. The next level is the ordinal, in which 

the properties of objects are being sorted by the relative value. The interval and ratio are such properties of the 

objects, for which value can be assigned in a number of series. However, there are a number of series, in which 

zero value cannot be true, and this restricts the way how to use them. 

Table 13 contains a summary of measurement series with examples and more detailed properties. 

 

There is a basic difference between the first (nominal/ordinal) and the second two (interval/ratio) type attributive 

data. Values of the nominal and ordinal sample are cannot be manipulated by arithmetic allegations, usage of 

further subtractions, multiplications and divisions. For example, the idea of averaging the owners or soil types is 

absurd, but it can be recognized that the usage of numeric values does not mean that we are able to manipulate 

the numbers according to our wish. GIS operations required the introduction of further data types: 

• The logical yes - no (Boolean), i.e. 0 and 1 values, 

• Fuzzy, i.e. transition logical values between 0 and 1, 

• Real or integral values for the performing of logical or numeric operations 

• Topology values, for determination of the spatial relations of objects 

In the vector and raster systems, geographic database is built as a collection of maps. This map collection 

includes the entire database concerning to the study area. This map collection or map series is disconnected to 

logical elementary units; this elementary unit is the coverage in the vector system. These coverages include the 

geographical definition of the given phenomenon, respectively the related tables of attributive data. However, 

these coverages at least two things differ from the traditional maps. First, each contains only a single 

phenomenon type, such as polygons of soil spots, or plots of residential areas, and secondly, these can include a 

whole series of attributive data concerning to the given phenomenon. In raster systems, this map logical unit is 

called layer. Such a layer can be for example the layer of land use, layer of roads, topography, the layer of 

villages or wet habitats, such as in Figure 16. 
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One significant advantage of GIS is that almost all digital data logger, or conventional data source that can be 

converted into digital form, can be integrated to a system. Accordingly, list of reporting tools is growing. This is 

particularly noticeable in the relatively new application areas, such as precision agriculture. So far, primary data 

sources are separable, with which data are collected directly from the area (e.g. geodetic methods), as well as 

secondary data sources, where already done map materials are being converted to digital form. Between the 

primary data sources and secondary data sources, borders begin to blur, and in this, precision agriculture also 

plays a role through the terrain data collection and immediate processing. Development is very fast between the 

already existing conventional power machine and work machine monitors and terrain computers and GIS tools. 

The wireless Internet technology (WAP, PDA), the so-called intelligent data loggers confirm terrain work 
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extremely, and improvements that exceed the average are to be expected in this area. Tools that are now 

available in practice are shown by Figure 17. 

 

Some tools and technology are determinative mainly in secondary data collection; these are the usage of 

digitizing tablet and digitization on screen. The digitizer tablet, depending on the size, allows the processing of 

A/3 and A/0 maps. Drawings that are placed to a tablet, which is being interwoven with metal mesh, are 

followed with a cursor that has a cross hair by the user. On the computer screen the similar way, line following 

of in advance scanned maps should be to carry out. The advantage of digitization is the low-cost assets, the high 

degree of flexibility and adaptability, however, it is an extremely time consuming process. Even the data input, 

which happens by a cursor that is supplied with a cross hair on a digitizer board or monitor is very time-

consuming and teaching and learning of operators, who will perform data entry is take a long time. However, 

the modern digitization softwares support the automatic fault diagnosis, editing procedures, automatic detection 

and correction of editing errors, which greatly improves the data accuracy and data quality that is available by 

digitization. Technical processes that should have been chosen during the digitization are greatly affected by the 

applicable hardware terms, the type and algorithm of the software, quality of the digitization data source and 

training and practice of operators, who engaged in digitization. During the digitization, five important steps can 

be isolated. The first is the collection and sorting of documents, the second is the describing of documents, the 

third is the selection of documents, the fourth is the preparation of documents and the fifth is the digitization. 

The map or drawing file can be added to the first working phase without topology in digital form. The most GIS 

program packs, however, create the topology together with the digitization, or after the digitization, with the 

help of some kind of automated topology builder system. Digitization and the structure of the topology are 

essential parts of each other during the GIS database construction. Those program packages, which set up the 

topology after the digitization, are usually require more additional editing tasks from the operator, while 

topological building at the same time with digitization requires the carry out of a more complex work. 

Digitization of data set without topology can be performed for example in AutoCAD systems, creating the so-

called DXF files. From these, single topology file will be created subsequently. The most GIS softwares use the 

GBF/ DIME (geographical base file/ Dual Independent Map Encoding). This system was introduced by the U.S. 

Census Bureau in late 1960 for the linking of street names and databases. The principle of this encoding is that 

the individual arcs start from node, arrive from node, consist of segments, and recorded the direction and 

neighbourhood of the certain arcs. The advantage of this system is the high degree accuracy of data connection. 

The topology, i.e. the description of the connection system of geographical objects refined much further on. 

During the description of polygons: 

• point that identifies the centre point of the polygons; 
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• topological description of segments that border the polygons, i.e. keeping from which node to which node and 

who are the neighbours of the right and the left polygons; 

• coordinate pairs of nodes; 

• all coordinate pairs of the boundary segments in the breakpoints. 

During the identification of line types: 

• use of line identifiers; 

• description of the segments that constitute the line; 

• labels connected from the node and to the node; 

• coordinate pairs of nodes; 

• coordinate pairs of all line segments. 

In case of point type objects: 

• point ID; 

• description of the coordinate pair of the point, which determines the topology. 

For the control of the correct structure of topology, the more advanced GIS programs contain a number of 

topology construction and control routines. 

During the description of the map sources the following data are offered for the description: 

• Title of the map; 

• Series number of the map; 

• Sheet number of the map; 

• Area illustrated by the map; 

• Date of issue; 

• Geodetic survey that is the base of data sources, and update date of data; 

• Map scale. 

During the description of the data sources, it is also important to describe any other information that connect to 

the projection system of it, for example the projection is created through multiple transmissions, such as 

projection to cylindrical projection from ellipse etc., or in case of cone projection it is possible that we work 

with projection lines, series, the central meridian, description concerning to the origo etc. 

The following workflow of digitization is data selection. Those objects, descriptive symbols are having to been 

identified that are needed to be digitized. Different object groups that can be found in the same object class must 

be care particularly. For example, in case of waters, with the different water resources symbology, in case of 

surface water resources, if they are wanted to be mapped, or with the separation of the different tributaries of the 

same watercourses, or with the selection of the different subtypes by a soil type layer. During the digitization, in 

this preparatory phase the main goal is to select clearly the object that is need to be digitized from the other 

background drawing elements, which are do not wanted to be digitized in the given layer. 

The next phase of digitization work is the preparation of the document. Selected objects in the previous process 

are being signed, their identification code, user code are being determined. Extremely useful, if these markings 

are not done on the original map material, because it is quickly becoming confused, but it is worth to use some 

kind of translucent tracing paper on the original map material, or any map overlay and marking of the certain 

objects is carry out separately on this sheet. In this map overlay, sheet number, scale and identification of the 

source map should have to been indicated for identification purposes, and this must be enclosed to the original 
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source map. Previous to this, it is have to been clear that what kind of object classes wanted to be created. What 

kind of objects can be found in this object class? What entity form do they appear and what elements of this 

entity are those that will be digitized. At the same time, but till the end of the work, it is have to been clearly 

defined that in the given layer, which will be those registry points that ensure a clear reference between the 

digitizing bench and the data source. Preparation of documents being done either on the source map, or some 

kind of map coverage, in any case, the following nominations must be done: 

• Obvious and clear identifier numbers, object classes and coverages; 

• Marking of the various errors, tears in objects that are going to be digitized; 

• Determination of registration points, or points that are mentioned as guard crosses in the certain literature; 

• Designation of the frames of the area that is going to be digitized; 

• Identifier and labelling of the pointwise objects; 

• Sign of nodes, mostly in case of polygons it is almost indispensable; 

• Labelling and identifier of line segments; 

• If the software requires, identification and labelling of polygon centres; 

• Separation and identification of the arcs that border the polygons. 

By the markings, signs that have already been used of some kind of prevalent GIS software should be applied. 

The most fortunate is the use of the same symbols, which are used by the given software, later, by structuring 

the topology, the algorithm will use it itself as well. Signs of the identification points, nodes, points, line 

segments, adjacent segments and polygon centres are usually always used by these algorithms. In fact, symbol 

type of these signs is not determinative; however, the same exact, clear, consistent use of these is extremely 

important. By the individual layers, both on the source map and from the source map, in case of the map 

overlays that made for the markings, it should have been to represent, what type of layer or coverage wanted to 

be digitized for the given source map or from the overlay, e.g. soil types, hydrograph, etc. During the coding of 

the individual objects, completion of encoding of the object classes in tabular form is recommended before 

starting the digitization. By coding it is useful, if the individual local values may have some content, so it is 

suggested to be coded the types of the different objects for the first local value. For example: points begin with 

number 1, lines with number 2, polygons with number 3. The second number may sign the first object category. 

For example, in case of points, wells start with number 1 as well; in this case the code is 11. The given object 

class starts with this number, and individual objects that belonging to this, are numbered accordingly to their 

number. Thus, the first number such well would get the number 1101 in that case, if the number of wells does 

not exceed 99. Of course, other encoding method is also possible; however, the coding principles should have to 

be clarified in any cases before the digitization. In case of the registration points, at least 4 registration points or 

guard crosses should have to be appointed in case of each layer. It is favourable, if these registration points are 

somewhere in the edges of the digitalized GIS environment. Generally recommended four registration points at 

the four corners of the map, four registration points by the area of the median of the maps, and one registration 

point in the centre of the map. Naturally, the more registration points we have, the more accurate is the fitting of 

reference system that is generated by the map reference system and the digitizing net. By the marking of the 

guard crosses and registration points, it is always should be take into consideration that the cross hair of the 

digitizer has to be able to cover these points clearly, since the recording of them affect fundamentally the 

complete digitization work quality. It is also necessary to decide that in those cases, when the borders of the 

given object were interrupted for some reason in the map base stock, for example the given river name is 

included in that line segment, which signs the river, or a river flows through a given section of a lake, in that 

case the individual line segments have to be completed by the so-called virtual lines. These virtual lines also 

have to be established before starting the digitization. It is worth to separately sign those objects, which will 

cross or affect the edges of the digitized area, since the later matching of them may cause problems. In case of 

arcs and polygons, nodes have a particularly important role. Nodes should have to be indicated in case of the 

start and end points of arcs, and by line type objects, it is also worth to insert nodes by the individual segments. 

Nodes occur in all cases, where two arcs meet, in case of arcs that border polygons, and by meeting of line and 

polygon. By the digitization of long and varied-shaped arcs, it is worth to insert so-called pseudo-nodes that can 

be used to interrupt the digitization by the operator in order to carry out better work. In case of polygons, during 

the digitization, a specific problem may be, especially by a beginner operator, the placement of polygon ID, and 
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more importantly the separation of the individual border segments, and the definition of the identifier of the left 

and right polygon. Interpretation of the left and right polygons can be carried out the simplest way, as if being 

stand on the given line segment and the starting node would be behind us in the mind. In this case, we face the 

end-node of the given line segment, and then the left hand of polygons is the left-polygon - it may be 

appropriate the outside world as well, i.e. the area outside the map, or the area outside the polygon - and the 

right hand polygon section will be the right neighbourhood of the given arc segment, in case of the boundary 

polygon. By entering the left and right polygons, or with the description of the from-where relations can be 

essentially avoided those things, like the individual map elements have to be entered twice, primarily in case of 

the boundary elements during the digitization. One problem of digitization occurs in case of the complex 

polygons, if a foreign island is located within a polygon, or a smaller polygon is located outside of a given 

polygon, which belongs to the big polygon, in respect of the identification of the object. In order to identify the 

same object classes, in respect to the identification of the same object, it is also worth to use a virtual line. After 

these preparations, digitization itself can be started. 

Digitization can be made in two solutions technically. One of them is the pointwise digitization, when a signal is 

given to the digitizer tablet on each breakpoints, the other is the digitization that carried out in a continuous 

mode, where the cursor determines a given number of positions during a given time period from the digitizer 

tablet. Another solution is, when the location of the given number coordinate pairs is taken on by the digitizer 

based on the distance, i.e. within a certain distance done with the movement of the cursor. Of course, this 

depends on the sensitivity of the digitizer tablet, which ranges between 0.1 and 0.01 mm by the different tablet 

types. An experienced operator is able to follow the object to be digitized usually within a 0.2-mm margin of 

error, and can move 1-2 mm/second with the cursor. Accordingly, by the calculations of Burrough (1986), if the 

average speed of digitization is 10 cm/min and a medium-detailed map contains a 200 m long line segment, 

which is in case of a 1:50 000 scale 60 x 40 cm soil map requires a 20-40 hours digitizing work. During the 

digitization, objects may be carried in a variety of unique methods, but it is worth to prepare any digitization 

strategy. A good method, if the already entered objects are being lined through on the map, because of the same 

not to get into the database twice. In the order of digitization, firstly the guard crosses or registration points have 

to be entered in all cases. Providential, if the intake of guard crosses follows some kind of order. It is advisable 

to begin by the north-west corner of the map and proceeding clockwise towards the south-western corner the 

finish. Then, or by some programs before this, active area of the digitizer tablet should have been distinguished, 

on which digitization is carried out. After entering the guard crosses, error values of the input is calculated 

immediately by some programs, and re-entry is offered to the operator, if the magnitude of these deviation 

values higher than the technically desirable value. In case of the different type of objects - point, line, polygon – 

it is providential, if they are being carry in stored in separate coverages during the digitization. 

Through the data integration, data that were input by digitization should be transformed into a unified data file. 

On data file that were carry in during the digitization, usually significant editing, error searching and error 

correction operations have to be performed. In case of those map areas that consist of more sheets, matching of 

the map edges is a significant task. In addition, it can happen that the individual digitalized GIS environments 

were made in different projection systems. It is possible that data file with different scale was used; in this case, 

generalization should be carried out. Back dissociation of the big data sources occasionally to map sheets can 

also be significant. Raster to vector and vector to raster-type conversion may also occur in the data model. The 

most common among these operations - which is have to be made in any case, after the digitization – is the 

clarification and editing of data. Not only the graphics files, but the attribute data files should also be checked. 

By the attribute data files, errors can be divided into three main categories. On the one hand, these errors can be 

traced back to the possible errors of the original data sources; on the other hand, incorrect coding, and also data 

transmission may have different problems. During the electronic data transmission, problems may occur 

between the different hardware platforms; in case of a not compatible hardware this exists by the different 

operating systems as well. Between the different database models, such as among the object oriented or 

relational database management compatibility problems may occur. Additional problems may be the different 

character sets (binary, ASCII), the different coding systems (run-time coding, chain or block coding), different 

file structures, the different spatial data models (vector or raster), the different projection systems, scales, data 

definitions. But it is possible that the different GIS models can use different geocoding. For example, 

coordinate, grid cell or postal code shape geocoding. So in case of traditional GIS systems, compatibility of the 

different data transmission systems have to be reviewed and preferably have to be formulated by the demand of 

the end-user. 

After the compatibility problems of the attribute data files, we should return to the most common errors of the 

vector graphic data files received after digitization. These errors must be eliminated during the editing and the 

structure of the topology. The most common errors that occur by digitizing are the following: 
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• missing entity or element (lack of points, lines or border segments); 

• double entity or element (e.g. a line is digitized twice); 

• lack of labels (e.g. not labelled polygons); 

• double-labelled objects (e.g. the same polygon get two identifiers); 

• incorrect labels; 

• wrong input - primarily potential error (e.g. points, lines or polygon segments are in the wrong place); 

• digitization errors committed by the operator (e.g. swinging lines, undershooting, overshooting, pseudo-

nodes); 

• occurrence of bad data (e.g. the operator digitizes such points that are not included in the data sources, some 

kind of contamination or whatever). 

These errors are requested in the most professional GIS softwares independently and the correction of errors 

must be entered by the operator. The most common repair option is the automatic node linking. This means that 

if two nodes can be found within a circle given by the operator in the map, then these will be switched to one 

node by the algorithm. Of course, if a value with too large radius is given by the operator during the editing, 

then such nodes will be linked, which originally did not intend to connect, so the automatic node interconnection 

values always have to be done in accordance with the relevant technical specifications that must be set before 

the start of digitization. Similarly, undershooting, overshooting and connection of the swinging ends of line 

should be solved with editing tasks. In this case, generally, those line segments should be signed firstly, on 

which the editing operation is wanted to be carried out, and after they are appointed in accordance with the 

preset tolerance values can be connected to the right place. Further such editing task is the matching, connecting 

and closing of line edges in the digitization area. 

After the development of the topological relationship, further data integration tasks may also be needed, because 

the unified geographical environment of the different data sources should be developed for the completion of the 

spatial analyses (Figure 18). 
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During the fitting of the sheets, graphical elements of more map sheets should be fitted. Common task is the 

conversion of the different projection system data. Generally, data of the DGPS positioning (e.g. yield map) are 

collected by WGS84 projection, but the Hungarian maps prepared by EOTR projection system, therefore these 

should be standardized. Today, those GPS instruments are starting to appear on the market, which are able to 

collect data immediately in the Hungarian projection system. It is worth to take it into account by the selection 

of the instrument. It may happen many times that our area affects two or three sheets. In this case, this area has 

to be cut digitally from the already fitted sheets. Data layers with different scales should be brought to operation, 

e.g. when the scale of the topographic data is M 1:25 000 and scale of soil data is 1:10 000, in this case, it is 

possible that generalization is needed, that is in raster system, image with the same row and column number 

should be developed. After the contraction, the result pixel inherits the properties of the surrounding pixels. In 

case of polygons, generally the 50% higher aerial polygon takes forward the properties of the neighbourhood, 

for example in case of a sand and a clay soil spot, after generalization, properties of only one or the other remain 

in the result layer. Another generalization problem, which does not affect the original data content, but their map 

or monitor display. With the given signal code, information may cover each other and towards the visual 

display, these have to be ―simplified‖. 

During the GIS analyses, operations may bothered by errors. Users often fall into the mistake that computer-

performed operations assumed to be almost error-free, because „the computer calculated‖. This is not true, a part 

of the errors inevitable objective errors, e.g. error that exists in the software of the given operation. By these, 

much more significant those errors that were faulted during the data collection and processing, or through a bad 



 Geographical Information System 

(GIS) 
 

 59  
Created by XMLmind XSL-FO Converter. 

calculation concept, since these are more difficult to be disclosed. The most common error sources of the 

information processing of precision farming are summarized in Table 14. 

 

Tools of the analysis: database query, map algebra, distance operations, neighbourhood operations. These will 

be mentioned in details in relation to the decision support systems. 
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6. fejezet - Data needs and data 
sources in precision agriculture 

1. From soil map to soil information system 

Over the past 100-150 years, a large amount of geographical and soil information have been gathered by the 

scientists and specialists, who handle by soil sciences and agro-geology. Over the past decades, the work was 

guided by different goals and soil maps were based on different planning concepts, which fact attracts attention 

for the prudent use of these information. Basic information, which connect to soil, primarily to soil type, keep 

their information content for a long time and in case of agro-environmental researches that become particularly 

important today, is important the reconstruction of the earlier soil environment for the comparative tests of 

longer periods. In the development of the Hungarian soil sciences, several parts can be differentiated, which are 

the following: 

1779-1858: In the part, of which major participants are Sámuel Tessedik, János Nagyváthy and Ferenc Pethe, 

with the processing of the foreign results, natural science and agricultural scientific knowledge was presented to 

the domestic farmers and they tried to endear these with them. The book named ―Mezei Gazdaság‖ (Field 

Economy) was published in 1855, and this is already dealt with the separation of soils, the soil melioration and 

opportunities of the increasing of soil fertility. 

1858-1891: Work of József Szabó is dealt with the soil characterization and sol mapping in the area of Békés 

and Csongrád counties, in Tokaj-Hegyalja, then the area of Heves and Szolnok counties. The soils were 

classified, depending on the circumstances in which they formed, so the systematization is built on genetic 

bases. Lorenz J. published his map in Vienna in 1866, which summarized the natural conditions that were the 

base of the agricultural production in the Austro-Hungary, so the soil conditions of Hungary is also discussed. 

1891-1909: The formation of the Department of Agrogeology of Geological Institute. The main task of the class 

is the mapping and analysis of soils. Thanks to Inkey Bela's work, survey of soil conditions of some civil 

parishes, than counties was started, however, because of the connection to the Russian soil sciences school and 

the soil similarities of our country, Dokucsajev’s soil sciences methods are preferred instead of the Prussian 

agrogeological recording method. During this period, soil specialists have not yet formed a national picture of 

our soil relations. 

1909-1931: Due to the first International Agrogeological Conference, detailed recordings were suspended, and 

instead of them, large scale soil mapping work started. In this era, a great importance work was the survey of 

saline soils of the Great Plain and the dynamic soil classification system as well, developed by Sigmond Elek. 

1931-1954: Large scale soil cognition mapping elaborated by Lajos Kreybig. This mapping method is 

revolutionary in national mapping, because the most important physical and chemical properties, Sigmond’s soil 

classes, and representative soil sheets of the given spots and also the heterogeneity of the soil sheets 

characterized by different properties can be found on the map sheets concerning to a spot. The explanatory 

booklets attached to the map sheets make for the detailed soil sciences and environmental characterization of the 

area, and the representative soil profiles contain the data of recording and laboratory reports. is essentially an 

early analog geographic information system. The large scale Kreybig soil cognition system is essentially an 

early analog geographical information system. As a result of twenty years of work, 1:25 000 scale soil map was 

done from the whole area of our country, which was unique in Europe. The Kreybig’s field recordings tied the 

professionals, so slight other soil researches were carried out by them, and there were not a sufficient number of 

qualified soil recorder, so many places, just an enthusiastic amateur did the work, so the recording is not 

appropriate everywhere. 

From 1951 to the present day-long section is characterized by the revival of the genetic trend, which is due, 

firstly, that the large scale maps are not suitable for the characterization of the soil cover of the country, since 

differences in the genesis and fertility of soils are not reflected in it. Secondly, new soil physical and chemical 

methods are known, which necessitated the introduction. Merging of data and the development of the systematic 

mapping system meant a growing task. The main problem has always been that how to display the wide range of 

soil data on a single map. Particularly dominant, and still a unique and internationally recognized the activities 

of István Szabolcs, who handled by saline soils, Pál Stefanovits, who handled by clay minerals, György 
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Várallyay, who handled by water management, and a number of experts and scientists, who are not mentioned 

by name in lack of space, but carried out important survey and analysis work in mapping activities. The soil 

mapping has never been a simple visual task. The modeling of the complex spatial soil processes requires very 

high-level synthesizing and analytical skills, and always reflects the domestic and international technical and 

scientific possibilities of the given era. 

The edition and publication of the 1:1 000 000 scale FAO-UNESCO soil map, which covers the whole world, 

was decided on the Congress of the International Society of Soil Science (ISSS) in 1960, in Madison, Wisconsin 

(USA). The first map that spread to the whole earth was published in 1981, its scale is only 1:5 000 000, 

regarding to the costs. The expansion of GIS has enabled the FAO world soil maps are being made in digital 

form and with digital databases. Beside the national soil classification systems (American, German, Russian, 

etc.), the FAO soil classification system is increasing as well. The current FAO soil classification system is a 

three-level classification system, of which the highest and most generalized level was named as ―MAJOR SOIL 

GROUPINGS‖. This level consists of 28 soil groups, which include 153 Soil Units. For the recognition of the 

certain classification units, the so-called diagnostic soil levels and diagnostic features are used. 

The digital mapping technology opened a new phase in the international and domestic soil mapping in the form 

and content also. The result of this work can greatly help the domestic agriculture to go on a new growth lane. 

The modern terrain computers are suitable for self-sufficient, high spatial resolution mapping work as well. The 

professional responsibility of the scholars of agricultural sciences is very great in that this spontaneous process 

is being supplied with professional methodological guidances, and the appropriate information technological 

standardization (such as DAT or industrial standards) work is being carried out, in a manner that the farmers are 

being assisted in their work effectively and inexpensively in the daily work process. 

On international level, digital soil mapping methodological developments of SOTER are likely. Domestic 

adaptation of this was performed by Várallyay and colleagues creating the HUNSOTER. Hungary currently has 

two digital soil databases, which covers the entire country: The Digital Agro-topographic Map (AGROTOPO) 

was made in 1:100 000 scale in also a variety of formats (DXF, MapInfo, ArcMAP) and based on the 

HUNSOTER methodology in the care of the Research Institute for Soil Science and Agricultural Chemistry of 

the Hungarian Academy of Sciences. The database layout fits to the 1:100 000 scale EOTR maps (Fig.20.). 

 

Another data file: Digital Genetic Soil map of Hungary, which was made in 1995, in 1:200 000 scale, and the 

creator of this is the Budapest Metropolitan Plant Health and Soil Conservation Station and the Infograph Ltd. It 
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is marketed in a variety of formats (DXF, MapInfo, Intergraph). The file contains the genetic soil types by 

subtypes, the soil types by the mechanical composition of soils, the soil types according to the parent material. 

1.1. Production of digital soil maps and soil information systems 

Before being handling by the topic in more details, look at the differences between a paper map and its digital 

form, as an information source (Table 15). 

 

The ―digital map‖ is a collector word, and primarily refers to the visualization, store and convert availability in 

computer format of the traditional paper maps. It does not refer to timeliness of the data source, so the 

conversion of a paper map into digital format that origins from a 1984 field survey can be imagined. It does not 

refer to the digital format, i.e. weather it is a raster or vector file (see later). 

In case of those map data sources that can be converted to digital form should take into account the following: 

scale, projection, nomenclature, classification and legend, geocoding (see later), map accuracy, existence of the 

framework of georeference system – coordinate reference system (lat.; long), reference and sampling soil profile 

(by soil mapping), numerical stratification of soil profiles and descriptive data encoding (by soil mapping). In 

case of digital map data sources: data format, file format and extension, metadata (see later), spatial extension in 

x and y directions. 

D

not available for the farmers. Table 16 presents the sources of the available analog paper maps. 
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One of the most obvious production methods of the high spatial resolution digital soil maps is the conversion of 

the existing maps. 

The digital reambulation of the Kreybig maps has been completed in the treatment of the Research Institute for 

Soil Science and Agricultural Chemistry of the Hungarian Academy of Sciences (Fig.20). 
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This work involved the manual digitizing, uploading and linking of databases of the basic map sheets. Overall 

chemical and physical soil properties of the soil root zone featuring soil patches were identified for croplands. 

Three characteristics were attributed to soil mapping units and displayed on the maps; further soil properties 

were determined and measured in soil profiles. 

The Kreybig legacy represents a valuable treasure of soil information, which is digitally processed and 

developed in the Digital Kreybig Soil Information System (DKSIS). The constant, almost half a decade data 

content itself, however, is imprecise for the farmer in the everyday use and particular in case of precision 

farming. The country-wide coverage and the easy usability will be beneficial. The reason of the easy tractability 

is that a difficult to be dissolved contradiction lies in the fact that traditional maps have a relatively small toolkit 

in the presentation of attribute data, although the general characterization of soils requires the consideration of a 

wide variety, often very hard reconcileable aspects (physical, chemical geographical, geological and pointwise 

or aerial features) (Pásztor et al., 1998; Szabó et al., 1998). Special concern is the 2-dimensional representation 

of the 3-dimensional soil space, which is given by the numerical description of the profile, which is 

representative for a given soil spot, on the database level (graphically not being mapped element). During the 

data collection of Kreybig maps traditional geodetic tools were available. Thus, the spatial boundaries of the soil 

spots were the then military M 1:25 000 elevation contours. The role of relief is perhaps more appreciated today 

in the digital systems. However, within the soil spots (contour boundaries) location of the sampling profiles can 

not be identified. One difficult problem is the matching of the classification system of the used plant mapping 

model with other soil maps. The latter, is a general problem in case of all soil maps as well that are available 

today. 

By the Soil Conservation Stations digital production of genetic and 100-point analog maps was performed. 

Another solution, when the farmer himself or with the help of a soil-agro-chemistry expert makes his own soil 

information system. Várallyay (1997) summarized the functions of the soil information system, see below 

(Figure 21). 
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The disadvantage of the configuration of the own information system is the instrument and expertise demand. 

The advantage is that the farmer is not bound by the limitations of previous analogue maps; he is able to 

establish his soil information system that suited best for his own farming precision concepts, which supports 

spatial decision optimally. Many readers can ask the question, whether the soil map and soil information system 

are synonymous with each other. We can clearly establish that not. The modern soil information system is a 

product of the system integration of satellite positioning, GIS, remote sensing, intelligent data acquisition and - 

monitoring devices. It is characterized by high (and sometimes real-time) timeliness, automation, open data 

exchange format and the various separated existing (cultural, topographical, hydrological, economic, etc.) data 

integration. In many cases, it can communicate with external expert systems and data warehouses natively. By 

means of this, the user is supported on a high-level, in the solution of the complex economic, environmental and 

quality assurance issues, concerning to the production site. 
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7. fejezet - The Case Study of TEDEJ 
Farm 

1. 

The creation of such Land Information System (LIS) in most cases requires the development of a model 

renewed from the bases, which of course can not work without taking into account the existing data sources. In 

the following, the bases of the developing of such a system are presented at the area of TEDEJ Co. 

The work phases of the satellite positioning (GPS)-based soil information system are the following: 

• Terrain sampling strategy - field work, 

• GPS positioning - coded sampling, 

• Sample preparation – Analytics, 

• Digital completion of graphic files, 

• Digitizing, 

• Scanning, 

• Editing, 

• Topology construction, 

• Arrangement of numerical files to relational database (Encoding, classification, normalization, key 

distribution, identifications, data tables switching). 

For some of these operations further explanations will be given in the context of GIS. 

During the mapping work, in case of the survey of the soil and collection of data, the most important initial step 

is the visit of the field being surveyed, cognition of its natural endowments and economic conditions. Very 

important the designation of sites for soil profiles on the area to be mapped, the exact recording of the locations 

of the revealed soil profiles on the map. By the 1:10 000 scale mapping at least 1 sampling point should be 

identified on 10-25 ha by the method book of the genetic mapping depending on the features of the area. 

During the sampling method, accurate assignment of the most typical place that characterizes the soil spot 

should be pursued. The most typical place is a rather subjective category. Development of the sampling strategy 

will later be negotiated in relation to the topography and the nutrient management. During the recording happens 

the on-site morphological survey and description of the soil profile into the recording report. By the mapping, 

type of the soil should be established, and the soil and groundwater sampling have to be carried out for 

laboratory tests. The best resolution (e.g. 1:10 000 scale) topographic maps must to be obtained from the test 

area. Thus, with the help of the contour map, sites of the soil profiles can be selected during the field visit. By 

the occasion of the on-site soil sampling, morphological examination of the soil profiles will be performed and 

soil sample will be taken for laboratory tests. During a mapping in Tedej (Hajdú-Bihar county), the on-site soil 

mapping was performed by the method book of the genetic üzemi soil mapping, and 74 soil profiles were 

unearthed in the area. At the same time with the sampling, accurate, three-dimensional positioning of soil 

profiles was performed with the help of TRIMBLE DGPS positioning system. The processor of the DGPS 

equipment is able to determine the distances of each satellite from the time differences between the locally 

generated and the received signals and hence the spatial position. 

The other component of the subsystem is a GPS reference station, TRIMBLE GPS Pathfinder Community Base 

Station that is needed for the real-time or differential post-processing, which collects and transmits correction 

data at the same time with field measurements, to improve positioning accuracy. The maximum recommended 

distance of the reference station and the mobile receiver is approx. 20 km. Above this distance, the occurring 

correction errors may be very high. The reference station collects the correction data into 1-hour files, of which 

the size is about 1 megabyte. The soil samples supplied with identification codes (from 74 soil profiles, 351 soil 
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levels) were examined in the accredited laboratory of the Plant Health and Soil Conservation Station of Hajdú-

Bihar County. Beside the 3D coordinates collection (geocoding), the sample registration and identification was 

also done on the spot. 

Between the used mapping systems preparation of the digital terrain model of the study area is very important. 

The digital terrain model (DTM) will help us to prepare the soil map and its cartograms, i.e. the soil spot 

boundaries done. The preparation of DTM was started by the digitization of topographic paper maps that are 

available from the area. The digitization was carried out using ArcGIS software. Digitization of contour lines 

was completed, contour lines were identified, the tears in contours due to the characteristics of the topographic 

map have been removed and the connectivity of contour line ends between the sheet has been verified. 

After digitization, node compression and generalization followed and the points were concentrated to 1 meter 

distance. During the unification of the objects, the half a meter contour lines were assigned to the meter contour 

lines. Then, in the raster system, have the DTM of the area built using the Inverse Distance Weighing (IDW) 

interpolation. The digital terrain model of the study area is shown by Figure 22. 

 

On the resulting DTM, smoothing and error filtering were done. During the smoothing, terrain errors are 

eliminated, so data reduction can be achieved and digitization errors can be improved. By error filtering, the 

local areas that less than 1000 m2 are removed from the map, since these can no longer be taken into account as 

separate arable land cultivation units. Then the whole system was reformed to vector polygons and the necessary 

editing and topology construction were performed. During the editing, points that are on the same height are 

separated. The separation, where possible, happens along the half a meter contour lines and dm long contour 

lines. With this technique, such a base map was prepared, where a specific polygon concerns to each sampling 

point, respectively those smaller polygons, which do not contain sampling points, there the features of the 

nearest point that is located in the similar height are assigned. Over the data files that are used for the 

positioning of spatial object, the most important data of the system are the laboratory tests data of the examined 

soil profiles, data of the on-site reports that record the on-site tests (delimitation of soil layers, soil type, soil 

errors, groundwater depth, determination of surface soil thickness, etc.). After concatenation of the attributive 

data, database was able to be saved in dBase IV or MS Access format. 

For the development of the various cartograms (e.g. humus layer thickness and humus content, lime content and 

pH, salinity, etc.), additional data tables had to be created for the derived and coded information relating to the 

sheets, and for the on-site reports data (Fig 23). 
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The encoding was performed by the consideration of the conditions of the ―Guide to the implementation of 

large-scale national soil mapping‖ (MÉM, 1989) titled publication. For encoding, routines written in scripts 

were used, which can be used again during the spatial expansion of the system. The tables of the developed 

relational database can be linked together with first key fields. As a first key field, usually the sheet number, the 

soil spot identifier or, in case of code tables, the given code could be explored. The attributive database formed 

in this way is assigned to the sampling points. The soil profile (sampling point) is a point object identified by 

GPS coordinates, which can be modeled as a database on a 2-dimensional map – not able to be mapped object. 

In complex models, heterogeneity of the 3D can be described by finite difference network or 8 tree models, but 

they are still too expensive for the precision agriculture (their application is considered during the solving of 

pollution spread or agro-environmental problems). 

The task of soil mapping is the extension assignment to this point object, i.e. delimit the area (polygon), which 

represents the characteristics of a point reliably. Accordingly, spatial relationship is being developed between 

the two layers, namely the receiver object (soil spot) gets all attributive data of the hosted object (sampling 

point). The created integrated GIS environment allows any logical query to the location and its characteristics 

(for further explanation see the GIS section). Soil development is a changeable process in space and time. On 

the intensively cultivated soils, these processes may occur incredibly fast (during years - decades) compared to 

the geological ages, and can perhaps irreparably be changed. There are no detailed monitoring systems that are 

covering large areas in space, since the country-wide nutrient surveys experienced two cycles. The pointwise, 

but national Soil Information and Monitoring System (SIMS) is only informative in respect of precision 

farming. The change of technical tools and methods provide a number of new information and responsibility on 

the farmer in order to protect the environment (Fig. 24). 

A good example is the comparative analysis between the traditional and GPS-based digital soil mapping results 

that were performed just after 15-20 years (Olvasztó et al., 2000). The differences between the soil map 

prepared in digital way and the map edited and limited on conventional way can be observed in Figure 23. 

 

The old genetic locations are marked with a line in the figure. It can be observed that the old boundaries follow 

only partially the contours of the located soil map based on the DTM. The difference probably origins from the 

fact that the previously published map location happened by the observations in the field, and the maker 

probably did not have topographical maps. Another interesting feature of the two maps is that the soil types, 

which were observed and tested, are occur in the soil information system we use only partially. Unfortunately, at 

that time observed and in respect of soils very valuable leached and calcareous soil types can no longer 

observed, and instead of them the deep saline, solonetz meadow chernozem soils can be found in the area. This 

is probably due to a rise in groundwater level. In the whole area several Linear typed irrigation systems operate, 
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which probably contributed to the increase of the groundwater level under the area. Test results of a 

groundwater sample taken from the field also confirm our assumption that the groundwater has a very strong 

saline effect, since the salt content is 3077 mg/l, the Na% is nearly 63%, the Mg% is high and the SAR value is 

also high, its value is 9,3. 

The state of the salt content, salt balance and other characteristics of soils can be traced well using GIS, since 

the sampling sites can be searched back precisely using the GPS. So accurate conclusions can be established 

already under shorter time (1-2 years) and important decisions can be made in respect of soil protection (e.g. to 

prevent salinization). 
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8. fejezet - Remote sensing, Airborne 
images and Satellite images 

1. 

Beside the global positioning, development of remote sensing technology was accelerated. Remote sensing is 

such a data collection process, which provides data about the test object or phenomenon, so that the measuring 

instrument has no direct physical contact with the subject of the investigation. During the remote sensing, when 

the same phenomenon is measured in two or more spectral ranges, multispectral images are prepared, if from 

air-plane then called to airborne remote sensing, when from satellite tool, then we are talking about satellite 

remote sensing (earth satellite, space station, space shuttle) (SPOT, 2000 - http://www.spotimage.com). 

The most important feature of satellite remote sensing is that it is able to transmit huge data mass to the ground 

in automated system. Sensing satellites scan the surface of the earth with a frequency depending on their orbit 

elements, and by the repeated images that concern to the same area, time-series (multitemporal) analysis can be 

done. With the help of the multispectral images, surface shapes can be divided into classes with lower or greater 

confidence, based on the match of certain feature characteristics. The resulting classes can be transferred to GIS 

as thematic layers. The advantage of using remote sensing data is that images can be applied directly in digital 

form after preparation in the geographic information system of precision agriculture. The generally exploited 

information bearer in remote sensing is the electromagnetic radiation. The radiation that transmits information, 

origins from some kind of energy source. On this basis, two types of detection methods, and sensor types are 

distinguished. The active sensors use the energy of their own emissions and the energy reflected from the test 

area (this is more common in the field of precision agriculture), while passive sensors catch energy emitted by 

naturally occurring energy sources. This may be the object's own radiation, or electromagnetic radiation 

reflected from the sun. The sensors applied in remote sensing use the appropriate spectrums of the 

electromagnetic waves. The Earth's atmosphere itself is a significant absorption and/or reflecting medium that 

passes the electromagnetic energy arrives from the sun through only the so-called atmospheric windows. The 

first such significant window is in the visible light range. The radiation that has lower-wavelength than blue 

light is reflected by the atmosphere, but the green, red and near-infrared waves ensures a good opportunity to 

observe the surface. The importance of this range is increased by the strong reflective properties of the 

chlorophyll content of vegetation in the red and near infrared wavelengths. 

There are further atmospheric windows in the mid-infrared, heat infra and microwave ranges. If the percentage 

of the reflection of the incident radiation from a given object is examined, this gives the light absorption 

property of the object, which depends on the physical properties and the wavelength of the used light of the 

object. Depending on the wavelength, this value is the typical value for the certain materials (albedo). If a 

reflected radiation from an object (albedo) is illustrated beside the continuous change of the wavelength, a curve 

is obtained, which is the so-called spectral reflectance curve of the object. Since the value of albedo depends 

only on the wavelength of the applied light and the electromagnetic characteristics of materials forming the 

object, the certain materials can be characterized specifically with this curve. In the digital technology, different 

prisms and filters are placed in the way of the incoming beam. So as to ensure the separation of the elements 

with proper wavelengths, the so-called channels (CCD), which get into separate sensors. Such multi-wavelength 

parallel recorded images are called multispectral images (ASPRS, 2000). 

The airborne images, taking the advantages of the excellent detail and geometric resolution of the traditional 

films are made primarily for mapping purposes, where not only the planimetric elements of the terrain are 

mapped, but in case of image-couples, elevation data are also being evaluated. The applied films are black and 

white or color negatives that are sensitive for the visible light (Figure 24). 
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Less commonly, the aim of the photography is the assessment of the state of the environment in a narrow field. 

Then the black and white or color infrared films are favored, as they carry more information about the state of 

vegetation. Scanners that are placed on the satellites are usually work in multispectral mode, of which 

wavelengths and channels were always selected by the spectral properties of the phenomenon that is wanted to 

be observed. By the selection of the used wavelengths, effect of the atmosphere should take into account, so the 

sensors can only operate in the bands that are being ensured by the windows. The surface space resolution of the 

images varies between wide borders, from the kilometer to meter (Figure 25). 

 

The primary satellite basic recording data are modified and transformed during the analyses by mathematical 

matrix processes. 

This computer-aided analysis is called for digital image processing. The four most important set of operations 

on the area of digital image processing are the follows: 

• The scanning made from different directions and elimination of the errors of scanners, elimination of the 

visual distortions 

• Correction of the distorting effects that are mainly caused by the state of the atmosphere, increasing of the 

right visualibility (contrast rise, colour composite) - the radiometric corrections 

• The image classification is nothing more than computer-aided interpretation, when groups with certain 

characteristics are formed by the image content or texture. The classification is based on the analysis of the 

spectral characteristics of each area. The different surfaces that cover the surface have such spectral 

reflectance curves that are different, but individually very specific. This will help if we examine the surface 
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on several wavelengths, the surfaces with different covering can be well separated from each other by the 

analysis of the values that occurs on the applied channels. 

• Transformation to the different map projection systems - image transformation. The last three groups can be 

done with raster GIS programs well. 

Many companies were specialized for digital image processing in the world, but the technical terms for the 

completion of these operations are now already can be found in all domestic agricultural universities. 

The satellite images are practically available free. Directly from abroad may be obtained commercially, or 

through distributors in Hungary. One of the main distributors is Eurimage Customer Services (Via Galileo 

Galilei, 00044 Frascati, Italy. Telefon: 39-694180218, Fax: 39-69426285). Euroimage provides satellite images 

practically from the entire territory of Europe. The most commonly used satellite images can be purchased on 

different processing levels. 

The two types of images of Landsat satellite: the multispectral (MSS) and the thematic mapper (TM). The area 

of a total image is 185 x 185 km, so the area of Hajdú-Bihar county can practically be covered with one image. 

Two directions of processing are available. One is the radiological correction, another is the geodesic correction. 

In respect of geodetic correction, product with three levels is available. The "A" level, where checkpoints are 

not used, the "B" level, where control points are used and the "C" level, where digital terrain models are also 

used. The radiometric correction includes the errors that origins from cloud up and image transmission and the 

completion of edge heightening, edge damping. These post processes are also carried out by the Hungarian 

distributor, which is the Remote Sensing Centre of FÖMI (Institute of Geodesy, Cartography and Remote 

Sensing). In the Landsat satellites, Landsat-3 MSS began operating in 1972 and its spatial resolution was 80 m x 

80 m smallest pixel size, while the thematic mapper (TM) satellite sensor type sends images to the ground since 

1982 with 30 m x 30 m resolution, respectively in panchromatic channel with 15 m x 15 m resolution. Today, 

Landsat 7 satellite is also operating, while the earlier ones continuously finished data collection due to 

unavailability. Spectral resolution of TM is shown by Table 17. 

 

The channel 1 is suitable for the analysis of the waterfronts, and partly penetrates into the water too, and beside 

this, it is suitable for the differentiation of soil and vegetation. The 2., 3., and 4. channels are suitable for the 

examination of the vegetation especially: maximum plant reflection is in the 2. channel, the minimum is in the 3. 

and the maximum chlorophyll reflection is in the 4. channel. Channel 5 indicates the moisture of the soil and 

vegetation, the 7. is for the differentiation of rocks, and the 6. detects the surface temperature. 

The Landsat circulates around the Earth in 5 cycles per 16 days, so it can on average every 2 weeks taking 

images about the area of Hajdú-Bihar County. Not only the whole format, namely the 185 x 180-170 km area 

can be retrieved at once, but it is possible to retrieve image quarters as well from the image. This means a 91 x 

86 km area. This may be standard, or an extent granted by the receiver and, in addition, there is an 50 x 50 km 

extent as well, also in standard or quicklook format. From the individual channels color composites can be 

produced. These can be black and white or colour composites as the buyer desires, which are being processed 

from 1:1 000 000 to 1:100 000 scale. Of course, from the raw data to processed data, respectively depending on 

the level of processing, price differences are very different. The degree of processing - as already mentioned - 

may be "A" level, i.e. without control points; in this case, the correction error of the system is around 500 
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meters. "B"-level with control points, where the system error is around 15 m, and "C" level, where the error is 

less than 15 m, but in this case, the customer has to provide the digital elevation grid points for the analysis. A 

major advantage of Landsat TM images is that time series analyses can be asked from the emission period. 

Since some of the recordings can be made in cloudy period, so the user has the option of retrieving so-called 

quick view (quick looks) format. 

The SAR-1 satellite images can be obtained since 1990, so from the Launch date. Primarily, it is appropriate for 

taking of radar images (Synthetic Aperture Radar (SAR)). This spectrum is very useful for rapid determination 

of soil water reserves. A complete SAR image covers a 100 x 100 km area, where the size of the smallest pixel 

is 12,5 x 12,5 meter. The advantage of radar techniques is that they use such wavelengths, which are poorly 

absorbed by the clouds, in addition they are independent from the illumination of the surface, that is, the image 

quality does not depend on the weather and time of day, so primarily by hydrologic water resource management 

analyzes this data source can be used advantageously (Fig). 

 

The synthetic aperture radar (SAR) is based on the principle that the transmitter antenna emits the impulses 

track along known (preferably straight) lines. If by the receiving you making sure that not only the tension of the 

reflected impulses, but also the phase (which transmitter impulse they come from) is being recorded, so such 

data series can be won that after an appropriate computer processing, gives a similar fine track side resolution, 

as if the antenna has been extended significantly towards the line. 

The rapid proliferation of radar images can be made in the last few years. Nowadays, such SAR instruments also 

can be found, which scan the surface simultaneously on more bands. A lot of methods have been developed for 

the utilization of multispectral radar images, but there are no such mature processes yet, as in the multispectral 

remote sensing with CCD sensor. The image forms in leaning planes because of the leaning recording mode, 

therefore, each pixel must be superimposed to the surface as geometric corrections. Less manageable problem is 

that the underlying sections are overshadowed by the swells of the surface. This problem, however, appears 

usually only in case of lower flight altitudes and high mountains. 

Data of JERS-1 satellite can also be easily purchased. The optical sensor of JERS-1 contains a visible, a near 

infrared (WNIR) and a short-wavelength infrared range (SWIR), as it can be seen in Table 18. 



 Remote sensing, Airborne images 

and Satellite images 
 

 74  
Created by XMLmind XSL-FO Converter. 

 

2. The SWIR spectral channels 

The NOAA AWHRR satellite makes the most often images from the country's territory. These are known as 

meteorological satellites. An entire AWHRR image covers 3 000 x 6 000 km area. Its data are available since 

1988. These meteorological data are also available on a subscription base, namely one satellite image through 3 

months, or 90 satellite images for a predetermined period of time. Their spatial resolution is about 1km, so these 

are not directly suitable for the purposes of precision farming directly, over the already mentioned tasks 

(http://noaasis.noaa.gov/NOAASIS/ml/avhrr.htm). 

The SPOT satellites produce two types of images. One is the panchromatic image, another is the multispectral 

image. The resolution of panchromatic image is 10 m x 10 m. The resolution of multispectral image is 20 m x 

20 m. One SPOT image covers a 60 km x 60 km area. The panchromatic images are sensitive from 0,51 to 0,73 

µm, while the multispectral images are made in three channels: 1 green, 1 blue and 1 red channel. In practice, 

the SPOT panchromatic images are mixed, respectively they can be mixed with the multispectral images of 

Landsat satellites, by which the higher resolution of panchromatic technique can be combined with the 

multispectral, color image possibilities of the multispectral images. These pre-processes are also carried out by 

the Hungarian distributor, accordingly the Institute of Geodesy, Cartography and Remote Sensing (FÖMI) for 

the order. The SPOT images can be processed to map preprocessing, where M 1:25 000 scale maps can be 

produced in the mentioned resolution. 

The satellite images are now give very reliable results about the plant covering of an area. The more spectral 

ranges allow the exploration of differences that appear in the vegetation and are not visible for the eyes or from 

airborne images (e.g. nutrient deficit as a consequence of soil error, water pressure, etc.). 

With the gathering and analysis of this information, however, the farmer can have such data from his own area, 

which allows a later information determination that originally was not possible. It means that he will be able to 

―teach‖ the reflectance curves, which were made from his area, i.e. to correlate with many phenomena that is 

important in respect of farming and typical for the given production site, e.g. nutrient supply, water supply, 

composition of weed flora etc. 

For farmers, who handle by precision farming, is highly recommended to have an airborne image from his own 

production site. Large scale photogrammetry of Hungary was completed in 2000 (M 1:30 000). This so-called 

digital orthophoto stock visualize the area of the farm with map accuracy, however, the information content is 

higher than the traditional "drawing" maps’. As a digital file, it can be directly loaded to field computers. 
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The precision agricultural application requires min. 10 m spatial resolution and daily frequency return time. 

Today, many satellites in orbit (Landsat-7, Spot-5, Early Bird, etc.) reached these opportunities. In case of the 

launch of planned satellites in the near future it is likely that the resolution of remote sensing images will be 

close to the airborne images. Today, in the international market relative oversupply occurs from remote sensing 

images, because the speed of ground interpretation and application capability is significantly below the speed of 

transmission. In this area, another important direction of development should be mentioned. This is mainly due 

to the number of spectra analyzed, and some increase in width. By means of the hyperspectral sensation, with 

the accuracy of a "flying spectrometer‖ can be analyzed the characteristics of plant space that has never been 

measured in such detail earlier. Beside the visible and near infrared range, the radar track helps in the analyses 

of the salt and water resource management and analysis of clay mineral composition, while the examination of 

magnetic waves promotes the exploration of the deeper soil layers (Kitchen et al., 1993; Sudduth et al., 1996; 

Sheets et al., 1995). 

Beside the satellite images, airborne imaginary and photogrammetry, what handles by this, is also an important 

data supplier. Digital orthophotography that can be considered modern, provide information for the soil maps, 

land use, agricultural environmental protection, water management, etc., currently much more quickly than the 

ground geodetic procedures. 

3. Image segmentation 

Unlike traditional pixel-based classification methods, segment-based classification is an approach that classifies 

a remotely-sensed image based on image segments. Segmentation is the process of defining homogeneous pixels 

into these spectrally similar image segments. This chapter explores how this functionality is incorporated within 

IDRISI TAIGA (www.clarklabs.org) ITT ENVI EXPLORER (http://www.ittvis.com/ENVI/Tutorials.aspx) and 

also outlines the workflow. 

The goal of the segmentation process is to change the characteristics of the image into more meaningful ones, 

thus facilitating interpretation and classification. Because these image segments better represent objects in the 

landscape than do the original pixels, each step of the classification process, from defining training sites to 

classifying from these segments, is simplified. It is also possible to achieve better accuracy. The common salt-

and-pepper effect that results from a pixel-based classification is reduced and a more cartographic-grade map is 

the result. 

Segment-based classification is highly suited for applications that utilize medium to high resolution satellite 

imagery and is a useful addition for those mapping land cover and monitoring land change. Other applications 

such as biodiversity and habitat mapping, where a lone pixel in the classification result may not fit in its context, 

can also take advantage of this classification approach. Feature Extraction is a tool for extracting information 

from high-resolution panchromatic or multispectral imagery based on spatial, spectral, and texture 

characteristics. You can use Feature Extraction to extract a wide variety of features such as vehicles, buildings, 

roads, bridges, rivers, lakes, and fields. 

Utilizing a powerful set of existing classification tools, from the traditional maximum likelihood to the cutting 

edge machine learning tools such as the multi-layer perceptron and classification tree analysis, IDRISI’s 

methodology combines pixel-based and segment-based approaches. Three modules have been developed to 

facilitate the creation of a segment-based classified map. SEGMENTATION creates an image of segments. 

SEGTRAIN interactively develops training sites and signatures. SEGCLASS classifies the image utilizing a 

majority rule algorithm. 

The SEGMENTATION module generates an image of segments where pixels identified within a segment share 

a homogeneous spectral similarity. Across space and over all input bands, a moving window assesses this 

similarity and segments are defined according to a user-specified similarity threshold. The smaller the threshold, 

the more homogeneous the segments. A larger threshold will cause a more heterogeneous and generalized 

segmentation result. 

IDRISI utilizes a watershed delineation approach for the initial partition of the input images. Then, similar 

segments are merged to form larger segments, based on a user-specified similarity threshold. The segmentation 

process consists of three procedures: 

1. Derive surface image 
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First, for each input image, a corresponding variance image is created using a user-defined filter. As an example, 

pixels that are more homogeneous will be assigned lower variance values, while pixels at the boundaries of 

homogeneous regions will be assigned higher values. 

If there is more than one input image, the final surface image will be a weighted average of all variance images 

from all image layers. The weight of each image is specified by the user. 

2. Delineate watersheds 

The pixels’ values within the variance image are then treated like elevation values within a digital elevation 

model. Pixels are grouped into one watershed if they are within one catchment. Each watershed is given a 

unique integral value as its ID. 

3. Merge watersheds 

The watersheds or image segments are then merged to form new segments. The process is guided by the 

following logic: 

The segments must be adjacent and mutually most similar. 

The difference between the mean and standard deviation values of the two segments within a pair must be less 

than the user-specified threshold. A flexible tuning mechanism is included to allow one measurement to have 

more weight over the other if appropriate. The threshold, or similarity tolerance, controls the generalization 

level. The larger the value, the fewer number of segments in the output. 

The next step in the classification process is to derive training sites and signature classes from the image 

segments. In addition to the current signature development tools, the SEGTRAIN module creates training sites 

and signature classes based on the image segments. With an intuitive graphical interface, you can interactively 

select segments of interest as sample sites for particular classes. Once a segment is selected, all pixels in that 

segment are used for signature development. These images can then be used as input into one of IDRISI’s many 

classifiers. 

The last step in segment-based classification is to classify the image segments. This is done with the assistance 

of a reference image. A reference image is an already classified image. This image can be created using the 

segment-based signatures or some other approach. The important point here is that this reference image is used 

to assign the majority class within each segment. 

A majority rule algorithm is applied within each segment to determine its class assignment. Since the base unit 

in a segment-based classification is an image segment, the accuracy may improve upon the pixel-based 

classification and produce a cartographic-grade classification result as well. 

The segment-based classification approach within IDRISI is straightforward and bypasses the complex rule-base 

construction process found in other tools. It also provides the user with a variety of classification choices for the 

creation of the reference image. The option also exists for combining the many pixel-based classifiers with this 

approach to create a hybrid classification procedure not found elsewhere. 

The special applied image segmentation method is to segment living biomass ont he crop field Use Vegetation 

Suppression to remove the vegetation spectral signature from multispectral and hyperspectral imagery, using 

information from red and near-infrared bands. This method helps you better interpret geologic and urban 

features and works best with open-canopy vegetation in medium spatial resolution (30 m) imagery. 

The ENVI IDL algorithm a step-by-step procedure for performing a specific task, such as a mathematical 

formula or a set of instructions on a computer program. models the amount of vegetation per pixel using a 

vegetation transform. The model calculates the relationship of each input band with vegetation, then it 

decorrelates the vegetative component of the total signal on a pixel-by-pixel basis for each band. You can use 

the results of vegetation suppression for qualitative analysis, but not for subsequent spectral analysis. 

Vegetation suppression is most commonly used in lithologic mapping and linear feature enhancement in areas 

with open canopies. For closed canopies in moderate-resolution data, vegetation suppression is primarily used 

for linear feature enhancement. 



 Remote sensing, Airborne images 

and Satellite images 
 

 77  
Created by XMLmind XSL-FO Converter. 

4. Data warehouse and Internet 

Precision farming requires large amounts of information from external data sources concerning to the area, 

which implies effective search procedures. Who has already used the Internet environment, quickly wondering 

on the huge masses of data and quickly faced the fact that the large volumes of data are not equal to the well 

information. In case of a wanted word, the more than 20 matches are not checked further by an average user, 

however, tens of thousands of hits are not uncommon either. Data warehouses will help with this problem, so 

large-scale expansion in agricultural areas in Hungary is expected in the near future. 

The environmental data are extremely heterogeneous, not only in content but also in information form as well, 

and are very complex. Therefore, their processing in a unified environment requires the application of a very 

specific data structure and data processing algorithms. In this operation generally secondary data sources are 

used already. The creation of the OpenGIS platforms is dominant for the environmental information technology 

as well, of which development was proposed by the association of the leading information technology research 

and manufacturing companies (OGC) in 1994. This is an open system, of which individual components provide 

a single, preferred vendor independent and formal standards-based interfaces towards the outside world, as well 

as tried to ensure the most consistent data connection interface as possible in respect of the users and developers. 

The objective is the creation of the common language of GIS components, which requires careful consideration 

of the geographic information modeling (UNIPHORM, 1999). 

• Integration between the processing standards of the components. 

• Quick and efficient development cycles 

• Avoidance of data transmissions and redundancies (data duplications). 

The next step of data flow is data analysis, where the available agricultural information is prepared for decision 

support purposes. This requires the simultaneous data access from different cultivation units, heterogeneous 

hardware environments, organizational shared data models. One of the main aims of this synthesis is that the 

analyst form a correct picture about the state of the environment and potential risks of the possible alternatives. 

In the process, data integration process that was started in the course of data collection, storage, and integration, 

lasts longer. But here is not primarily technical, but application aim data integration is the main task. 

Data that were aggregated continuously through the analysis can be summarized in the last data flow, metadata 

level, of which the main aim is to support the efficiency of data request systems. 

The integration process of environmental data is the most intellectual and computer power demanding part of 

the whole information flow process, since those information layers, which are wanted to be used for later 

analyses, are being formed in this operational part from the big mass data set by the user. As the interpretation 

of metadata, an American and a European definition will be presented: 

Federal Geographic Data Committee (FGDC): „The metadata is a „data from the data‖. It describes the data 

content, quality, condition, and other features. The metadata helps to locate and understand the data" (FGDC, 

1995). 

European Committee for Standardisation (CEN): "The easiest way to define metadata as „data from the data‖. 

This includes information about the database content, its visualization, extent (spatial and temporal), spatial 

aspects, quality and availability" (CEN 1995). 

Phenomena that describe the meta knowledge are classified to meta-individual types to give the specifics as 

their meta-occurrences. 

On the properties of meta-entity types, properties of knowledge is meant, so data type can right to call to meta- 

attribute type, the one with a character to meta-property value. 

The meta database is the organized combination of the meta entity-, attribute- and relationship-occurrences, in 

this meaning the meta database is nothing more than the model of the application database, as the meta-entity 

occurrences are equal to the entity types of the application database. As the general structure of the application 

database is described by the data model, the general structure of the metadatabase is recorded by the metamodel, 

the model of the model. The metadatamodel is the organized combination of the meta entity-, attribute- and 

relationship-types. 
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The metadatabase is the archiver of knowledge about the knowledge; it records not only the structure of the 

application database, but any information about the database. Also stores data that connect to the development 

and usage. Metadata have great importance by the changing of the digital map data (what I sell, what I buy), as 

they give an opportunity for the user to formulate wishes easier, better, and more specifically, as well as for the 

provider to give adequate information on his products. The metadata makes the selection between the data that 

are in the database easy for the Internet browsers. For example: the Institute of Geodesy, Cartography and 

Remote Sensing (FÖMI) operates effectively the FISH data warehouse as one of the largest data owner in the 

country, but the regional information (University of Debrecen) will be more important for precision farming in 

the near future (Figure 27). 

 

In both systems, map servers perform the spatial information service from actual soil maps, as it can be seen in 

Figure 28. These data request systems have an increasingly important role by the spread of the Internet network 

and data warehouses. Today, these browser systems are those, which select the potential information sources by 

the metadata structure from data that concern to the environment. The Internet warehouse of cadastral data, 

namely TAKARNET is based on a similar technique (http://www.foldhivatal.hu). 

The Central Archives of Surveying Data and Maps in the Institute of Geodesy, Cartography and Remote 

Sensing (FÖMI) has the following stocks according to the 1998 status: Upper-and fourth horizontal points of 

reference and landmarks – 58 601 pcs; upper order height points of reference 22 492 pcs; large scale survey 

basemaps 307 731 pcs sheets; topographic maps (1:10 000, 1:25 000, 1:100 000, 1:200 000) 1 034 152 pcs 

sheets; measuring chamber airborne images 1 million pcs. The above division of FÖMI created and hosted the 

FISH (Land Information Service in the Net) Internet-based GIS data warehouse since 1999 (Vass, 2000). 

The main databases: 
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TER_TAJ – Cadastral register, which subsystems, with land privatization, land surveying and estate registration 

works, compensation, for the organization and management of the share expenditure. 

• Management Information System III.DIGIT about the availability of digital maps 

• Maps of the settlements in the frame of the National Cadastral Program (NKP_TÉR-TÁJ) 

• Outlying Numeral Processing (KÜLTER_KP_RA) 

Upper points of reference: VAB – vertical, MAG – altitudinal points of reference 

Airborne film archiver database (LFA). By the airborne images with measuring chamber that were made 

between 1986-98, 100-200 meters accuracy can be achieved, while the GPS navigation systems that were made 

nowadays make possible the delimitation of areas under 10 m, which also meets the needs of the precision 

farming. 

Topographic Map archiver (TOP_TAR) Contains the most representative data of the all EOTR 1:10 000, 1:25 

000, 1:100 000, 1:200 000 map sheets that cover the area of the year 1999 Hungary. Its upload with raster maps 

is continuous and vector digitizing of maps was also started. 

The maintenance and updating of the above map datafiles are costly, so the data owner devolves the significant 

part of these for the purchaser, in this case for the producer. In Western Europe, but mainly in the USA, the 

usage of these publicly funded data is strongly supported by the state, because it is interested not in the resale of 

basic data, but their more widespread use. 

The cadastral data are almost essential information in case of a farmer, who perform precision farming, taking 

into account the Hungarian fragmented rent and ownership structure. In the GIS system, these digital maps can 

be fitted above the cultivated area as a layer. Then, degrading to owners or tenants and classifying, data from 

production and rental relationship can be analyzed. 

GIS also integrated the data warehouse technology. The data server and the so-called map server technology, 

together with a "thin" GIS client system that possesses to map management and retrieval capabilities can be 

used for analyses. Thus, the user is able to analyze (and not only to view it) remote digital map files, for 

example hydrographic data, as if it was running on his own computer. The Autodesk MapGuide is such a world-

wide spread GIS solution. The software enables the stored map data that are in variety formats and descriptive 

information to be published through a real vector and raster GIS interface; the GIS data are also available 

through a web browser. 
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Since an average user meets to the opportunities of the viewing module, so the other technical details are not 

discussed. The Autodesk MapGuide Viewer intelligent client application allows for the users the interactive 

management and query of the map-based information on Autodesk MapGuide Server site. Raster and live, copy-

protected vector maps are available; standard SQL-based spatial data filtering by layers; display of multi-aspect 

thematic maps by the data of the related database; PC, Macintosh and Sun SPARC station work environment; 

Dynamic buffer areas can be created around the selected objects; more objects can be selected on the basis of a 

List, Radius, Polygon, Buffer and Section; Maps and utilities can be displayed equally; Layer control, 

enlargement-depended layer display; Multiline map tips; enlargement for addresses and places; Pan, zoom; 

Distance measurement; Copy Map to Clipboard, High quality maps can be printed with rate, north arrow and a 

legend; Point, line and polygon data can be read, write and edit from the custom application with the use of the 

free distributed SDF format; Connection of more map servers to remote spatial and attribute databases; Open 

programming interfaces (API) for browsers. 

Data warehouse solution of ESRI is also a widely used map server solution. ArcIMS (Internet Map Server) is 

the complementary module of ArcView GIS 3.0. It allows the publication of ArcView maps and the connected 

information through the INTERNET. Thus, the set of information produced by the participants will become 

available for all those who are interested in. The interactive maps can be generated from many data formats, 

such as shapefile, ARC/INFO coverages, SDE layers, DWG, DXF, DGN files, respectively from a number of 

raster images. End-users do not need a special tool for running; during the first use a Java applet – called 
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MapCafé is being downloaded to the user's computer, with the running of the browser information can be 

viewed. This Java application allows the data viewing, browsing and querying via the Web. 

ArcExplorer is a separate easy to use GIS basic software with graphical user interface, which is an effective 

query and analysis tool of GIS databases. ArcExplorer is able to download and manage raster or vector maps, 

attribute data as an Internet (Web) client, also in shapefile format, in the presence of ESRI Internet Map Server. 

The ArcExplorert was developed in MapObjects, so perfectly fits with the GIS and application programming 

software family of ESRI. 
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9. fejezet - Cropping technology of 
precision agriculture 

1. Sensors and monitors 

In precision farming, many sensors and monitors can help the productive work. These basically perform the 

insurance of the high level quality requirements of a production process. Continuously changing technology can 

be applied for the production site, if these devices are switched with a few meters accurate continuous position 

determining GPS system, and the simultaneous data collection is being allowed for the operator. In case of the 

machineries, a basic requirement that the setup parameters should have to be set automated, without stopping, 

from the driver's cab. 

1.1. Sowing and soil tillage help sensors and monitors 

The sowing is preceded directly by the seed bed preparation and soil cultivation interventions. The connected 

machineries are able to prevent the excess trampling and soil compaction beside the fuel and time savings. 

Digital maps taken from the spatial distribution of the infield soil moisture and compaction greatly enhance the 

effectiveness of soil tillage equipments. During the sowing preparation and sowing, sowing depth can be set 

continuously in most drills depending on the soil type and soil moisture. The achievement and spatial 

distribution of the appropriate nugget fraction can be help by the image processing systems. This can be 

considered as a kind of technical solution of remote sensing, so their informatical bases are common. The 

plough-land development of the optical hardware is a so-called military construction, which cost is greater with 

4-5 orders of magnitude than an average room-used machine. This covers implicitly the extreme temperature, 

humidity, dust and beat protection. Generally, the images of the two cameras placed at the front of the 

machinery form stereo image pairs, which are filtered after preparation. By the filtration, those values of the 

grey intensity images that are important to us are selected by a given threshold from those parts of the image, 

which do not carry information. The set of this threshold value always depends on the specific analysis and have 

to be calibrated for that. Since the image pairs allow distance evaluation as a map, so the power machine can be 

controlled continuously by the measured and analyzed visual information based on the DGPS positioning. Of 

course, this technique can be used effectively not only in soil cultivation, but in pest control weed recognition as 

well, where the image analysis makes possible the targeted spreader operation. Digital color image analysis 

ensures not only the shape recognition (e.g. soil nugget size), but also the differentiation of weed species (e.g. 

monocots and dicots), where more selective weed control or pest control is possible. Figure 29 shows the images 

of the plowing and after harrowing in the same area on loam soil in Hajdúság. At the bottom of the picture, 

values of the column diagram show the distribution of the particules fraction of the test area as a result of the 

image processing. 
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Determination of salinity and soil moisture is possible easily, almost without any loss of time. The moisture can 

be observed simply by measuring the electrical conductivity of the soil. The disadvantage of the procedure is 

that on territories with high salt content does not give reliable results. 

odel for the measurement of soil conductivity (EC), in which at 

least four disc-shaped electrodes that rotate in the soil and can be fitted to the frame of the cultivating machine 

are used. The Veris 3100 model measures soil conductivity in two arrangements: in the 0-25 cm and 0-75 cm 

soil layers. The mapping system assigns spatial positions to the measurements of the discs using a GPS. 

Applying on a 15-20 meters cultivation band, a sample between 40 and 100 per hectare can be resulted by the 

system with a maximum speed of 12 km/h. 

Using the data file individually on a standard mapping software, it can be displayed as a map. In similar design, 

depth of cultivation can be mapped with a sensor that converts the electrical resistance values of soil compaction 

or can be modified direct continuous set changes by this, primarily in case of mounted machineries. The 

quantification of nugget size distribution that is representative for the seedbed happens by the generalized 

classifications, such as very fine, fine, medium, coarse and very coarse class. Since it is a subjective, visual 

assessment, definition of correlation is not always clear. The diurnal, practical seedbed evaluation is highly 

based on the roughness of soil surface and on the size of the soil aggregates that are typical directly under these. 

Stafford and Ambler (1990) used image analytical techniques for the determination of the typical soil aggregate 

size distribution in seedbeds; such a technology forms an auto-sensing unit in the seedbed preparation tillage 

equipments. 

The visual techniques, however, are only suitable for the estimation of the aggregate size distribution that is 

representative on the surface of the seedbed, although the system's performance, compared to the practical 

seedbed estimation, proven to be beneficial according to some experts. 

The fine seedbed can be characterized by small arithmetic mean size value, while the rough environment gives a 

great value. 

The ultrasonic procedure is also suitable for the measurement of nugget fractions. These operate by the issue of 

discrete sound pulses and directly detect the reflected pulses from the surface of the target. The time difference 

between the detection of the sign emission and the reflected signal is directly proportional to the speed of sound 

and the distance between the sensor and the target. If the test surface is uneven, for example in case of a rough 

seedbed, each pulse that was emitted from the sensors will result reflected pulses, the latter are the results of 

reflection from those parts of the aggregates, which are in the sensor target area, so can be characterized by a 

greater distance (in vertical plane). Separation of the first and the subsequent reflected pulses (by time) is 

therefore proportional to the roughness of the surface, and if a linear relationship is assumed, it is proportional to 

the seedbed aggregate size distribution as well. 
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In a particular area, by the frequency analysis of the large number of "roughness" signs that were got under a 

few seconds on a given way, distribution value of the surface roughness can be derived. In some ultrasonic 

sensors, signal conditioning hardware is installed, with which output voltage can be ensured in directly 

proportional to the perceived distance that gives information on the distribution of nugget fractions of the 

seedbed, which can be calibrated directly. This will be an important automation possibility of the control of the 

tillage machines. 

Sowing is one of the most critical point of the entire cropping technology. The basic objective of the 

industrialized cropping technologies was the establishment of uniform homogeneous vegetation in the whole 

production site. This was possible in case of those production sites that have high cultivation potentials; 

however, even in the very high level controlled cropping experiments, creation of the same cropping conditions 

often causes problems for the researchers. Precision agriculture provides the first time the possibility for the 

farmer’s hands that optimizes territorial in space the amount of seed and the sowing depth. Overall, 5-15% seed 

savings are available, which could be significant beside the today's prices. 

The John Deere 1760 Max Emerge Plus PLANTER pneumatic precision seeder is a towed construction 

equipment with 12-lines. This machinery is capable for the sowing of precision sowing required seeds (sweet 

corn, hybrid maize, sunflower), soil disinfection at the same time with sowing (in its 6-lines version, also 

dispensing solid fertilizer). The seeder can be used in the conventional plowing cultivation technology (standard 

version), and additionally in the no-till, reduced course-number, or direct drilling technology with the 

application of complementary equipments. In case of complementary DGPS and on-board computer, it can be 

used effectively for precision sowing. Its proper operation requires the deep knowledge of the machine, its good 

putting – seed variety and dial selection that is appropriate for its size (kernel weight), by seed feeder structure, 

stem distance and the appropriate setting of vacuum values, etc. - and the selection of the best speed in 

prevailing circumstances (Kelemen, 1999). 

In case of the complete system, the control of the whole process is based on the yield average map and its 

special processing, which is linked to the data directly provided by the sensor of the GPS system in the related 

machine units. This database controls jointly the executive units on the seeder through the information system of 

the tractor and the machineries (GREENSTAR SEED CONTROL SYSTEMS), which are controlled by a 

directly placed unit, a separate smaller controlling computer. 

The application of crop monitoring monitors has a history during the precision sowing (corn, sunflower, sugar 

beet etc.). In our country, it is used especially by large areas sown maize. The main controlling opportunities are 

presented by the example of the Digitroll photo sensored monitor (Figure 30). 
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The microprocessor equipment that is suitable for the simultaneous controlling of the 4-6-8-12 lines, is able to 

work in time or stem distance proportional mode. The stem distance rates are graphically displayed and the 

sown and set seed amount is measured. Ensures automatic coulter number set. It determines the total hectares 

sowed, number of seeds/ha, part hectares and seed dropping time. In case of an error, it has a beep sound and 

gives a graphic sign. In case of grain sowing, respectively during the distribution of soil fumigants granular, 

instead of the photocell control of the coulters, the instrument does the control of the sowing or granular caster 

axis. 

1.2. Pest control assisted sensors and monitors 

The pest control sensors and monitors observe the high-precision dosing of liquids. In this meaning, the above 

written can be applied implicitly during the liquid or suspended fertilizer delivering. Pest control is one of the 

most expensive growing interventions, which has large environmental risk. Many professional trends live 

together from the so-called integrated pest control to organic farming, however, generally representative for all 

of them that pay increased attention for the damage prevention, and towards, a better understanding of the 

production site. One group of the sensors and monitors that help the precision pest control are those assets, 

which are carry out the continuous assessment of the production site simultaneous recording GPS coordinates. 

These are construed in detail in books, which handle by pest control forecasting. Some more common tools are 

listed below as a reminder. In plant disease doctrine in protection against scab, blight - resistance measuring 

devices, in damage doctrine - insect traps, in weed doctrine - weed survey. The positioning by GPS is implicitly 
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really effective in those cases, which can be effectively isolated within a cultivated field with the exploration of 

one or more infectious focuses. In case of the quick, focused treatment of these, the success is evident. The 

exploration of these focuses for large areas and the identification of their location is one of the main virtues of 

airborne imaginary (see Chapter remote sensing). In many cases, the actual reason, such as a yellow spot 

occurring within a potato table can not be identified with an airborne image. This can be caused by a pest 

control problem, nutrient supply disruption, but soil and water management problem as well. On the airborne 

image, to the problem places can be navigated back and the reasons can be identified in the field, by terrain 

specified GPS coordinates. 

For the prevention and elimination of pest control damages, optimal time interval is critically little in many 

cases. Therefore, those technical researches are very intensive, which are directed to the prompt detection of the 

damage placed in the machine, according to the results of the evaluation, continuous control of the mode of the 

spreaders in the space. The biggest advances in the area of weed control occurred in the field of automated weed 

detection. The basis of this is also the image processing and execution described during remote sensing, by soil 

cultivation is the above-mentioned video camera and GPS performing positioning created for field conditions. In 

practice, those solutions can be used easier, which change the herbicide dose depending on the soil properties. 

Several herbicide doses have to be changed based on the organic matter and clay content of the soil. In lack of 

that, extinction or weeding can both occur in the traditional farming. Digital soil map and DGPS allow the 

actual changes of the delivered doses. 

In the traditional pest control, in case of high-value machines, continuously variable spreader operation in 

moving is possible in many places (Figure 31). 

• Spray tank (2000, 2500, 3000 l) 

• Sucker filter 

• Pump 

• Compression filter 

• Sectional control unit 

• Controller computer 

• Lower hydraulic mixing unit 

• Tank cover 

• Tank washing water 

• Chemical mixing tank 

• Lavatory tank 

• Self-fill up unit 

• Sectionable caster frame 
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The chemical dosing machine that can be seen in the above figure can be made in self-propelling or towed 

design. The spraying computer controls the data of the machinery by the DGPS and digital map data placed in 

the driver cabin. The application opportunities are presented in RDS computers that are widely used in the 

world. From the RDS sprayer computers, Genie 1 and 2 are can not be linked to direct GPS yield mapping, 

CERES and Hermes computers, however, DELTA series forms a compatible system with these devices. 

Particularly 3J type, which is suitable for the pest control work and 4J type, which can be well utilized in 

nutrient management are the modern instruments of precision farming. 

and displays during the operation the running speed (km/h), the applied dose (l/ha), the amount of area (ha), 

sprayed chemicals (l), the amount of liquid in the tank. The computer is able to work in automatic and manual-

controlled mode, the dose you want to dispatch can be increased or decreased in 10% steps from the driving 

cabin. The computer is able to simulate in stationary state the pre-programmed working conditions depending 

on the speed, so the settings can be checked. The interface cable of the electrically operated sectional unit can be 

connected to the computer, so the computer will detect the number of the operating spreaders and segments. It is 

important that the device is also suitable for speed authentication, so the authentication of speed can be verified 

with the DGPS. Laser speedometer may be added separately. The operating parameters of the chemical 

treatment are preserved by internal memory, and can be printed separately. 

The RDS DELTA 3J-A version also provides flow measurement-based control, however, it is equipped with a 

higher, 50 bar pressure limit flow meter, used in orchards. The newest RDS Delta 34 is a fast responding, 

automatic regulation system for all types of sprayer. 

The control is based on the pressure sensation here. In case of the computer, which controls not only the spray, 

but N-solution and suspension fertilizer and lime mud it is important that the density of the material to be 

dispatched should be individually programmed. The size of 8 different types of nozzles can be pre-programmed 

to the computer. 

In the above presented brief technological description has repeatedly been referred to the electrical remotely 

controlled sectional units that can be connected to the onboard computers with an interface. The sectional units 

split into sections the sprayer frame that can be regulated separately, so the volume of the chemical, which goes 

to the framework elements can be controlled. By field machineries 20, in case of fruit chemical dosing machines 

to the pressure of 50 bar, with a different section number depending on the model, through the electrical bypass 

valves, ensures speed proportional application. Several well-known market brands (e.g. ARAG, TeeJet) is 

available to the farmer (Fig. 32). 
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Through the electric volume control valve that can be built in the ARAG electric sectional, within one gear, in 

peed difference, the applied l/ha dose remains constant. If the farmer still does not want to invest 

in an expensive on-board computer, but has a general-purpose DGPS, then through an electrical sectional-

controller unit shown in the above figure, control can be performed from the cabin adapted to the production 

site. Arag devices with wireless communication (W24) have automatic distribution control by flow rate and/or 

pressure detection either through flowmeter or pressure sensor. W24 module for sending/receiving data to and 

from other ARAG devices, in particular to receive spray rate information from Skipper automatically close 

boom sections and/or main valve when on treated areas send settings and valve status to Skipper. In practice of 

other vendors, the membrane-locked drip resistant spreaders are also used today, respectively little, but within 

definitely different treatment needed parts of the field, the setting change of the multi-position spreaders (Figure 

33). 

 

In case of spot treatments, the variable cone angle, respectively different covering solutions and unique spreader 

control can be applied (Video 5.). 
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The adjustable-angle spreaders are particularly well used by under-leaf spraying or track spraying. The one or 

two-headed spreader can be rotated into the needed direction. 

The introduction of the complete precision computer technology, in case of the self-propelled machines should 

be considered in any case, because the savings are here the largest (Video 6.). 

The image shows that different amounts of chemicals are allocated from the sectional castor frame by the data 

of the GPS receiver placed on the top of the cabin. The performance-proportional costs can be improved further, 

if the pest control is performed with nutrient- management as a service. By these machines, rate of the time 

spent with actual work and associated working time (file out, service, maintenance, training) was better, than in 

case of those machines, which performed seasonal work. 

To protect the environment and use less pesticide need to automaticly detect the wheet on field condition. The 

GreenSeeker sensor is an active light source, real-time plant reflectance 

sensor(http://www.ntechindustries.com). Its unique, optical-electronic system emits light at two wawelengths, 

measures the reflectances ( near infrared 770 nm and red 656 nm) and calculate outputs as NDVI realted value. 

The sensors performs identically in sunlight and darkness. Sensor effectively can be use to control nutrient 

response, pest and disease impact and real time fertilizing or spot spraying. 

1.3. Harvesting assisted sensors and monitors 

In case of the harvesters, the on-board system of the machine is used incorporating the data acquisition system 

and separately as well. From the data logger, data can be uploaded to a central computer using a chip card or 

disk (see later, e.g. TRIMBLE AgGPS system), through the GPS signal collection geocoding and spatial 

processing of the operational data are performed. 

Beside the measurement of the general machine operating parameters, during the precision farming one of the 

most important results is the application of those instruments that ensure the crop mapping, which later will be 

described in details by the harvest and crop mapping section. 

The control system of combines is traditionally one of the most widely used applications. Some solutions will be 

presented, which are perhaps less known, but serve the objectives of precision farming. The CEBIS system is 

such monitor, which can be used by Claas combines. The monitor collects and analyzes integratedly the quantity 

and moisture content of yield. The data in this case, can be uploaded to chip card (Figure 34). 

 

The control system of Claas combine includes the IMO on board computer system assembled with the central 

computer (Figure 35). 
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The IMO warns the driver with graphic and sound for the deflections that are other than the set operating 

parameters. In addition to specific on-board computers, equipments that can be installed independently from the 

type, are becoming increasingly popular. 

RDS is one of those companies, who formed a whole system aggregation for precision farming purposes 

(http://www.rdstec.com). The advantage of this solution is undoubtedly that the hardware, software and data 

format compatibility is assured. The RDS CERES collects the operation data of the combine: date of the work, 

time spent with work, harvested area, harvested wet crop, average moisture content (%), converted dry crops, 

hectolitre weight, route and speed data (Figure 36). 

 

The data logger has internal memory, so it keeps data after disassembling. The RDS Ceres 8000i is a 

dynamically accurate, continuous crop yield monitor system that enables you to see and map your yield as you 

cut. Using a number of permanent sensors the Ceres 8000i measures yield, forward speed, moisture content, 

header position and angle position (2-axis). Suitable for use on virtually all combines, the Ceres 8000i is 

configurable to suit cereals harvesting. It requires a single GPS receiver to be fully functional for a full yield 

mapping system and with an internal secondary software module acts as a multi-function cab-computer for 

yieldmonitoring, yield mapping, soil mapping and variable rate control applications. 

2. Nutrient management 
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The nutrient management is one of the most successful parts of precision farming. The change of the technical 

background made possible the rethinking of the entire process, avoiding the risk of under or over fertilization. 

During the nutrients-management: the sampling, agro-chemical tests, evaluating results, workflow design and 

field application, equally can be performed more efficiently. This is particularly true in the case, if a specialized 

service company undertakes the entire process. For this, particularly fertilizer producer and spreader companies 

specialized in Hungary. 

Németh (1999) notes that during the fertilization, recording of fair block values, GIS system construction, 

separation of homogeneous block parts that can be handle sized in the practical point of view, is essential by the 

application of the precision technology. The area spots can be identified in space using GPS technology, and can 

be recognized during the operations with the help of the computer that is placed on the tractor and the spilling 

quantities can be changed. By the preparation of the nutrient supply consultancy, those manure portions can be 

defined for these isolated spots, which the farmer (consultant) can accept as a difference in agronomic and 

technological respect. 

In case of the traditional nutrient test, depending on the sampling target (e.g. in the frame of the nationwide soil 

survey system launched by the MÉM NAK in the mid-1970s, per 6 hectares – per 12 hectares two parallel 

samples), but usually took an average sample per at least 1 hectare. The collected average sample is 

representative in that case, when it is consists of adequate number of sub-samples, which, based on this, 

represented the average nutrient supply unit under the 50 to 100 meters imprecision. Sarkadi et al. (1986) 

analyzed the correlation between the standard deviation (%) and the number of the part (point) samples and it 

was concluded that at least 20-25 sub-samples (about 1 kg soil sample) is needed - after appropriate 

homogenisation – for the formation of a representative, reliable aggregate (of course, this assumes that the 

development of the homogeneous blockparts was suitable). In field conditions, generally 0-10 and 10-30 cm 

layers were patterned. The largest proportion of the field sampling errors caused by the fact that mean samples, 

in principle, could be mixed only from those areas that are considered homogeneous in the function of the 

sampling conditions (e.g. topography, soil physical, chemical, biological properties, soil-forming layer, etc.) 

(Colliver, 1982). The laboratory - measurement - errors and the differences due to the use of the same method in 

different laboratories cause much smaller error compared to sampling. 

Obviously seen that in case of the mixing of sand soil and loam soil, the analytical results can be inaccurate. The 

separation of the homogeneous parts of the field is considered to subjective, even with a huge practice as well. 

During the precision farming, 3D GPS coordinates of all sampling points can be determined. The significance of 

the classic average sampling is no longer relevant, but at least the same or perhaps even greater the significance 

in the number of samples and the sample density, i.e. the determination of the sampling strategy, of which the 

aim is the representative sampling (Figure 41). This is true for all pointwise sampling, independently of its 

purpose (soil mapping, agro-environmental protection, etc.). 

 

In the above figure, average sample collection is representative for the traditional sampling techniques, while the 

other sampling techniques require geodetic positioning, in this case GPS measurements. 

Next to the location of the samples, optimizing of the number of samples (sample density) projected to the given 

area is important as well. Jászberényi et al. (1999) has developed a 12-24-48 meters sampling grid during the 

Al-P content analysis (Figure 38). 
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The above figure shows that the reducing of the sampling frequency smoothed (generalized) the values of the 

examined phenomenon. With this, place of the local projecting extreme values (nutrient deficit or surplus) can 

be less defined. The optimal of the sampling grid size can be accordingly determined by the definition of the 

range values of geostatistical variogram analyses (see later). 

From the pointwise sampling, surfaces that describe the spatial continuity of the phenomenon is produced by 

using interpolation. This operation is very common (harvesting, nutrient management, water management, 

terrain analysis etc.) and carries a lot of error possibilities during the precision farming, so the main 

characteristics will be detailed. 

The GPS devices determine the spatial position of sample collector at a given point. Next to the latitude and 

longitude data, if not expressed relief analysis wanted to be performed, data concerning to the given area is 

assigned to the location, in that case nutrient supply value or a value that affects this. These values are 

determined usually with different frequencies, scattered throughout the area. From the pointwise values a 

continuous data surface that covers the whole study area - most often - some kind of grid is formed by 

interpolation. Accordingly, the spatial interpolation is the process, which gives an estimation for the values of 

the investigated properties in the points of the region defined by the available observations, that do not have 

sampling, by the properties and the spatial position of the observed points. The spatial interpolation is based on 

the assumption that the value of the closely spaced points in space is more likely similar than those points, 

which are far from each other (Tobler’s Law). The processing software should include a range of spatial 

interpolation routine in order that the user would able to choose the most appropriate method for the data and 

tasks, but this is often not met. To simplify the tasks of the farmers, mostly just a few robust interpolators are 

built in (e.g. inverse distance weighing method), which is suitable for the approximate analyses, however, the 

rate of the error possibilities is big. The interpolation procedures can be divided into at least two main groups. If 

the interpolation surface is trained giving back the original values faithfully (without difference) on the data 

points that are the base of the interpolation, - exact interpolators are being talking about. Here, the surface passes 

through all points whose value is known: such as the B-splines and local error-free kriging. The approximate 

interpolators are being applied in such cases, when the given surface values are uncertain to some extent. Here it 

is modeled that in case of many data sets exist for slowly changing global trends and local fluctuations are 

resulted to these trends, however, they have rapid changes, and thus result local uncertainty (error) in the 

recorded values. These procedures: Thiessen polygons, graduated polynomial functions, trend surfaces, kriging 

modeled by local error. The smoothing (point balancing) reduces the impact of the errors for the surface. Certain 

procedures, depending on the parametering, both precise and approximate methods can be considered. The 

impacts of some determining interpolators are discussed below. 

The inverse distance weighting is a very fast method. The effect of the weight value reduces with the test 

distance. This means that in case of the match of all other factors, the closer a data point to the wanted point, the 

greater the weight of matter in determining the Z value. Difference between the grid value computing methods 

lies in the calculation and application of weight factor for a data point during the interpolation. Advantageous to 

try all forms of display for a given data set to determine the most appropriate method in respect of the 

investigation. 

 

The wij weight varies between 0.0 and 1.0 for each data point, which is being taken into consideration during 

the interpolation. The amount of the total weight, which are used by the calculation the value of a point grid, 
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equal to 1.0. The data points for which greater weight belongs to, are written to the weight factor closer to 1.0, 

while those for that belongs to lower weight, are written to the weight factor closer to 0.0. 

Difference between the grid-based methods is in the mathematical algorithm, with which weights are calculated 

during the grid point interpolation. Every method results different representations of the existing data. 

In case of the inverse distance weighing relationship, the calculation is based on the following: 

 

The above formula shows that if the value of the smoothing parameter is 0, then the relationship can be used as 

an exact interpolator. In case of values given between 0-1, different scale of smoothing can be achieved. In case 

of the exact operation, in the results can often be seen "wren" phenomenon that is nearly concentric contour 

lines are gotten through the strong respect of the local character. With smoothing, this phenomenon can be 

mitigated by the following relationship: 

 

Kriging: the literature used to talk about optimal interpolation. Today, especially by Matheron and others, 

several versions of the original simple kriging were spread, from which point and block kriging are 

fundamental. In case of the point kriging, the base of the spatial estimation is the value of the point in the test 

grid point, while the block kriging takes into account the size and shape of the examined grid cells, accordingly 

averaging within the block and not explores the values of the points. Thus, it can be considered as a smoothing 

interpolator. By the calculation of the variogram from point to block, algorithms use a 3x3 Gaussian filter in 

many cases. The point kriging tries to express the processes reported by the data that, for example the high 

points are connected by an edge instead of the distinct "bull eye" contours. 

Kriging can be used as an exact or smoothing interpolator, depending on the user-defined parameters. It can also 

take into account the magnitude and direction of anisotropy. During the method, that searching scope is defined 

measured to the test grid point (in case of anisotropy the defined direction ellipsis) within that the interpolation 

weights are allocated considering the variance of the sampling points, which amount is 1. 

The base of the study is the determination of a pilot semivariogram, which defines the spatial variance 

(heterogeneity), the intensity and the distances of the sampling points. 

The variogram model mathematically specifies the spatial dispersion of the data. The interpolation weight that is 

assigned to the data point during the calculation of the grid point, depends on the variogram model. The 

variogram models can have more than 500 different combinations. A detailed variogram test allows such insight 

into the data, which otherwise would not be possible and gives an opportunity for the determination of the range 

of the variogram and anisotropy. 

The calculation of a trial variogram is the only sure way to determine, which variogram model can be used the 

best. To do this, deviation of all the values with all the values must be trained. In case of n samples (n * (n-1)) / 

2 sample pairs, where Z (xi) is the attributive value of i point and Z (i + h) that is away from it in a given h 

distance (imaginary grid distance) (Figure 38). 
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The above figure shows that a virtual grid was developed between the random soil sampling points scattered in 

space in a h distance. The sampling points in most cases do not coincide with the points of this grid 

(approximate interpolators). After giving the grid density (grid size, -lag) values direction of the value pairs 

training must be given. Generally, it is omnidirectional, i.e. there is no a specific direction natural phenomenon 

(anisotropy), which would affect the number and location of the included sample values by the calculation of the 

value of a grid point. Figure 44 presents the process of the calculation of the semivariogram (briefly variogram). 

 

The steps shown in the above figure are generally calculated automatically by the interpolation software. This 

entails the risk that the analyst is not aware of the underlying processes in many cases. After entering the 

imaginary grid size and searching direction, first the differences between the value pairs are trained, then 

averaged within the imaginary grid size intervals. Our selected best-fitted theoretical variogram function is 

matched to the qualified interval averages. Spatial weights are divided by the variogram parameters and the grid 

that covers the study area is trained (Figure 40). 

 

The above figure shows that during the creation of the grid, the whole surface was taken into account, however, 

in many cases there are such parts within a given table, on which the surrounding sampling points can not be 

interpreted, e.g. a water surface, road surface, some kind of area that has not received any treatment. These 

spatial "errors, tears" generally have to be covered (blanked) separately from the constituted grid values. This 

can be done mostly with objective software subsequently. 
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The empirical semivariogram, accordingly to the above mentioned, is the following: 

 

where N(h), is the number of Z(xi) and Z(x i+h) pairs, which are in a h distance form each other. 

For the semivariogram values of the point pairs experimental variograms, sometimes nested variogram 

combinations are used towards the more accurate fit. Generally, fitting is performed by the smallest root mean 

square. Fitting around the y-axis is particularly important. If the function can not be launched from the origo, the 

value of the intersection is the so-called nugget effect, which can be interpreted as a measuring or local error, its 

relative value (nugget effect / threshold) is analogous with the relative deviation Cv in the traditional statistics. 

Where the variance reaches the threshold value, this distance is considered to range, i.e. there is no spatial 

relationship between the test point and points farther away. The construction of the experimental semivariogram 

is shown by Figure 41. 

 

The range is determined by the fact that the variogram components how rapidly change with the increasing 

separation distance. The main variogram functions are shown in Figure 47. In case of an isotropic set, the 

distance, h, can be calculated by the following equality: 

The nugget effect is used, when there are error possibilities during the data collection. If the value of the nugget 

effect is 0 (for example in case of a linear variogram), then the interpolator behaviors as an exact interpolator, 

the smoothing effect is more emphasized with the increasing of its value. The nugget effect is consists of two 

factors: 

Nugget effect = Error deviation + Local deviation 
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The error deviation allows the determination of the deviation of measurement errors. This value is the quantify 

of the repeatability of data measurement. The local deviation is relative to the measurement points, allows the 

determination of the deviation of a small grid size. 

In the test space, the spatial location of sampling points can also be a determining effect. On the one hand, for 

the useable search direction (full search direction - omnidirectional, or with the giving of some kind of search 

sector), respectively for the steadiness of data. This movement (drift) has a significant effect in that case, if the 

interpolation happens through large, incompletely sampled areas (holes – drift) in the data sample, and if you 

extrapolated beyond the data. If doubt arises, do not use the drift option, which means that the interpolation has 

occurred with general kriging. The Linear Drift and Square Drift are used for the implementation of universal 

kriging. The usage of them must be based on the accurate knowledge of the processes defined by the data. If the 

data vary around a linear direction, then the linear drift is the best. If they are scattered around the square 

direction (for example a parabolic arc), then the square drift is the best choice. Because of the extremely 

dynamic development of geostatistics within the GIS, for reasons of length, the study of the following authors is 

suggested: Isaak et al., (1989), Cressie (1991), Pannatier (1996). A significant part of the herein described 

interpolators being built into the GIS systems continuously, e.g. Spatial Analyst - Arc/View (www.esri.com), 

GEOAS-IDRISI (www.clarklabs.org, SURFER (www.goldensoftwer.com). These analyses, however, happen 

temporalily in post processing, or during the set of the field computer. 

The user is intended to attempt to simulate the "real" complexity of the phenomenon, but may be simply to 

define the general spatial trend of the data, and thus receive help in the decision making process. 

Czinege et al. (1999) prepared fertilization proposal for the agricultural fields of a 5 200 ha sample area in the 

range of Cegléd, while in the area of Dunaharaszti, for a 180 ha plot. 

During the application of the technique, such a computer system is installed on the fertilizer spreader, which 

allows the infield position track of the machine, and the amount of the spilling fertilizer can be changed on a 

required point (as a difference, of course, differences that can be interpreted in practice may be accepted, those, 

which enhance the effectiveness of the management. 

To prepare the application of the precision fertilization, the widest available information should be collected 

from the agricultural field that is under cultivation (field maps, field record, long-term production datarows). By 

the preparation of the nutrient supply professional advices, the accurate information concerning to the record of 

the field – yields of the prior 5-10 year period, yield maps, fertilization data, nutrient balances – have similar 

importance as the regional data and the soil sampling circumstances. For the precision fertilization, as an initial 

mapping information, on more than 70% of the agricultural fields was finished in our country; the most 
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appropriate is its 1:10 000 scale genetic soil map data file. This combined with the digital terrain model, 

information can be achieved from the slope conditions, the aspect and also the erosion conditions. 

Czinege (1998), during the digital analysis of an agricultural field, on a plot that was not fertilized several years 

before sampling, found strong correlations in case of the tested (soil) parameters between the topography, the 

humus content of the soil, and the soil moisture content, while the plant height and yield data were associated 

with the organic matter content and moisture content. The levels of the soil sampling: 1 ha, 4 ha (formed by four 

previous 1 ha grid). 

During the sampling based on the 1 ha squares, by the P-content two distinct field parts were determined, with 

over 171-270 mg/kg and 271 mg/kg AL-soluble P2O5 contents, which made possible different fertilization 

calculation and dose dispatch. 

In the Research Institute for Soil Science and Agricultural Chemistry of the Hungarian Academy of Sciences, in 

the advisory system developed with the leadership of Németh (1999) physical and chemical properties of soils 

play a fundamental role in the grouping of soils, such as the organic matter content, the nitrogen (by the 

statement of the fertilizer doses), the pH (by the determination of phosphorus fertilizer doses) and the physical 

assortment (nitrogen and potassium fertilizer doses). The system is suitable for the support of precision nutrient 

management, since the measurement results are classified into groups given by different value intervals. 

In the database, soils are grouped by their combination of properties, which give the first digit of their four-digit 

code (Várallyay et al., 1992). 

1.The first group includes those soils, in which production conditions are not inhibited: equilibrium models 

(chernozems), leaching types (forest soils), and accumulation types (meadow soil). 

By these points, the second digit of the four-digit code refers to the soil physical assortment, the third digit to the 

pH and lime-state, while the fourth digit to the humus content of the agricultural field, respectively the 

homogeneous part of the field, soil mosaic. 

2.Those soils were divided into further five groups, where there are cultivation inhibitory properties: salinity, 

shallow soil layer, etc. Here, of course, the information content of the four-digit codes is different than in case of 

soils classified to the first three groups. It carries, shows those negative attributes, which excluded the soil 

(mosaic) from the first three groups. 

Overall, taking into account the above classifications, the system consists of 280 different mosaics that exist 

between our domestic soil relations. The development of the bases of the system, after the soils are grouped, the 

soil mosaics, the three major nutrients (N, P, K), as well as calcium and magnesium are categorized separately 

for the adjudication of nutrient supply, establish groups of soil properties, 6-6 groups in any nutrients (exception 

to this rule is calcium, there are only three groups formed). 

In this categorization, all the naturally occurring, existing (280 pieces) mosaics were classified using a matrix 

board (the blocks were marked with Roman numerals). The system has the advantage that a soil mosaic with the 

same code number can pertain to different blocks per elements, so its greatly enhances the flexibility (and 

therefore the accuracy) and applicability of the system (Németh, 1996). 

During the planning of the infield nutrient dosing must take into account that the task here is not the uniform 

dosing, but the altering in moving, but the dosing of the same quantities within a certain territorial unit. In case 

of liquid or suspended fertilizers, the transverse spilling evenness is better also in case of the precision 

agricultural equipments, than solid fertilizers, although this is greatly affected by the dosing structural solution 

(air-delivery – buffer plate, centrifugal plate). The transverse, variable rate application can be solved really 

effectively in case of special machines that work with liquid fertilizer and developed for this reason. The 

traditional machines can be suitable for the task with some transformations. The machinery should include a 

DGPS antenna receiver assembly, a control computer and an electrical controlling automation. This last one 

contains an electrically operated main stop valve is and isolator units. The isolator unit also has fine controlling 

the applied l/ha dose remains constant. The GPS unit constantly analyzes and determines the position of the 

machinery within the field and modifies the given dose for the given part of the field with the help of the 

controlling computer. The infield movement occasionally could be planned in advance in the function of the 

shape of the plot and in case of the sectioning – feeder, the width of sections. In case of solid fertilizer, by a 

projectile-reel machine, the feeder gap size can be set with the hydraulic. Here, however, only longitudinal 
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regulation is possible. In case of air delivery and buffer plate applications, the fertilizer amount admitted to the 

certain windpipes can be controlled also in transverse direction with the hydraulic cover of the tile of the 

dispenser cylinder. The transverse distribution is fundamentally influenced by the quality of the fertilizer. 

3. Water management 

In a production site, one of the factors that is showing the largest variation and affecting the size of the yield is 

the quantity and quality of the actual available water for the vegetation. The measurement of soil moisture and 

climatic data was covered by the section of sensors, henceforth the possibilities of the precision application of 

irrigation is analyzed. Currently, the automated self-propelled sprinkler and micro irrigation systems are those, 

which can be converted for this purpose. Most of the tests and partly commercial products are also related to 

these areas. In case of the self-propelled center pivot and linear systems, the DGPS system continuously 

monitors the position of the towers and the control modifies the applied water amount in accordance with the 

production site. In case of the micro irrigation equipments (drip or micro spray solution), moisture measurement 

controls (usually a dielectric constant or tensiometers based on pF value measurement) placed in the area guide 

the intensity of dosing or the most often the time of this. In this case, spatial motion does not occur, but the state 

of the production site is continuously changing. 

This is continuously interpreted as a spatial event (geoevent) by a geographical information system (e.g. 

Tracking Analyst-Arc/View) that is located in a central control computer, and takes the control for the necessary 

interventions. It is forseeable that in this case, the GPS coordinates once calibrated, DGPS control is not 

necessary and the GIS software is also a possible, but not obligate expansion. However, GIS is worth to apply to 

solve the pointwise water balance calculation and control of the conventional micro-irrigation automations 

(mostly time switching, rarely through electric magnet valves combined with flow meter), but it is unable to 

give information about the whole crop production space. From the foregoing comes that most of the researches 

and results were born in the area of the mobile self-propelled irrigation equipments. Camp and Sadler (1998 a) 

began to develop an irrigation system (Valmont Industries - USA), which allows improved water, nutrient and 

pesticide management. The general concept was that water management and use of chemicals should be solved 

on the stored data divided into small production site units within the total irrigated area, based on the real-time 

botanical and soil measurements, or a combination of them. 

The water supply equipment is 9,1 m long, and includes three distribution pipes, valves and spreaders connected 

to the frame. Each distribution pipe has such spreaders, of which size makes possible the insurance of different 

rate of flow. Running one or more distribution pipes, application of seven different water norms is possible, at 

any given tower speed, for example if 1/7 and 4/7 distribution pipes are turned on, the 5/7 of the application 

maximum, or 9.1 mm is the water dose, when the tower is moving at a half speed, respectively 4,5 mm, when it 

is moving at full speed. The system allows the application of 12,7 mm water norm with 18 mm stairs, when the 

tower passes with half speed. 

The base of the application of the system for nitrogen release is that the nitrogen release is modified by the 

change of the water dosing speed, beside a constant nitrogen concentration. The injection is made by the fixed 

base of the rotative. The variable nutrient injection rate is ensured by a nutrient-pump. An on-board computer 

calculates the water flow rate and adjusts the engine speed for the proper amount of nutrient transport in order to 

maintain a constant concentration. Dosing of the pesticide happened similarly. 

In addition to the system infrared thermometers (IRT) have been installed on all members of the equipment, 

which ensured the plant and soil mapping, and the feedback control of the irrigation based on the surface 

temperature. Between domestic relations, the IR control is applicable by limited meteorological conditions, due 

to the frequent clouds and convective air cooling. In the central pivot irrigation system, the control elements are 

and Sadler, 1998 b). Because of the irrigation conformation of the spreaders, the practical unit size is minimum 

9,1 m x 9,1 m. With the application of the spatially indexed plant and soil data stored on the computer the 

control software chooses several polygon-shaped elements along the irrigated area to cover these with irregular-

shaped borders. In case of the modern irrigation systems, data of the DGPS system is complemented with 

appropriate section calculation by rotational self-propelled irrigation to control the radial aerial variability. 

Precision Irrigation’s Variable Rate Irrigation (VRI) provides precision control of all sprinklers on a centre-

pivot or linear-move irrigator. This is achieved by individually pulsing sprinklers on and off to modify the 

application rate along the length of the irrigator(Figure 43). 
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Irrigation machine that travel in linear and pivot motions require valves to be switched along the length of the 

pivot to change from one mode to the other. In Linear mode, all sprinklers along the length of the system need to 

be turned on for even application along the length of the irrigator. When the machine goes into pivot-mode, the 

sprinkler flow rate has to decrease as you get nearer the pivot point, as this part of the irrigator has a lower 

ground speed than the rest of the irrigator further out. Based on wireless control only a single power wire runs 

the length of the irrigator to provide power to the wireless nodes and the GPS on the end. 

Experiences have shown that the precision water-, fertilizer- and pesticide-management is possible by using 

self-propelled irrigation system, however, the control elements, or the field sizes may vary. The size of the 

control element varies in the function of the application and the location and mostly depending on the type and 

extent of the spatial differences and the economic and environmental benefits of the variable rate applications. 

In spite of the relatively little available information it is concluded that very rapid perspective developments are 

expected in the area. For this also gives the hope that significant investments have been born in the area of the 

self-propelled linear irrigation facilities and the high-value assets will be much more efficiently operated 

through the conversion beside relatively low expenditure. 

3.1. The power machine and machinery operation 

The possibilities of the power machine and machinery operation will be shown by the example of a target 

system planned for precision farming, which, independently from the type of the power machine and machinery, 

the planners: 

• for the effective field movement, i.e. the reduction of the excess number of operations, 

• for location-combined variable rate application, 

• for the insurance of the opportunities of further processing were created. 

The latest precision farming serving system of TRIMBLE is the AgGPS 170 field computer (Figure 44, 45). 
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The AgGPS 170 field computer system comprising: a field computer, the AgGPS relay, and the external 

keyboard of AgGPS, which allows different precision control in the field during agricultural interventions. 

The system is not only a simple GPS system, but a relatively complex solution, which is including agricultural-

mapping opportunities. 

The hardware is closed as a design, the device was placed in waterproof aluminum casing, which can withstand 

the harsh environmental effects during the agricultural work. A high-resolution color monitor ensures the correct 

data reading, by which particularly important that in case of daylight the intensity of illumination is appropriate, 

and also gives the opportunity to work at night. The hardware system can be operated from 12 and 24 volt 

power supply as well. Data loss is prevented by an appropriate data storage system. The data are stored on a 

removable, compact flash data card, which allows easy data transfers and downloads to other computers. The 

essence of the AgGPS system is that able to do all areas of agriculture (crop, pest control, nutrient supply, soil 

cultivation, soil sampling etc.) supplying with accurate geocoding, the field display of data concerning to the 

operation unit and decision support system, in a complex way. Particularly advantageous solution is that the 

system is able to control the power machine along the contours, and along irregular boards right, in such a way 

as to minimize the number of operations during the cultivation of the given agricultural field (Figure 46). 
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With this, reducing the number of unnecessary work processes and saving money can be achieved. Data can be 

analyzed by a spreadsheet system as well, which can be found in almost all computers. The AgGPS relay allows 

the user to adjust the required accuracy itself during the work operations, with which through the signal density-

usage, also cost savings can be achieved in compliance with the sufficient accuracy to the given activity. An 

important possibility of the AgGPS system is that the vehicle controls continuously the planned movement 

route, and displays continuously for the driver the move away from this. It specifies the speed of the vehicle 

movement, and can be controlled the different, variable rate dispensed quantities (e.g. in case of fertilizer dosing 

or pest control). One advantage of the AgGPS 170 field computer is that can be run under Microsoft Windows 

CE operating system, which operating system can be used on a lot of computers during the subsequent analyses 

as well. 

The menu of the equipment relates to the field work, the settings, the applied instruments, and also includes a 

help interface. The various tables and the borders of the tables can be recorded during the field menu and data 

can be loaded. The advantage of the system is that a wide variety of infield movements can be pre-programmed, 

for example straight, curved, spiral, "N"-shaped, circular, irregular movements. 

It can be determined whether within which tolerance you wish to move from the given route of movement, 

taking into account the operational width of the given machine linkage (Figure 52), and in case of the excess of 

this value, the alert values that ring for the driver (SNAP-TO-SWATH). 

 

The used harvest directions can also be given. Point, line and polygon mapping can be performed with software, 

the shape of the used operational table can be set, and different points can be loaded (e.g. soil sampling points) 

in the system. The field computer takes into account the most common power machine control automation: 

MID-TECH, Raven, Dickey-John, Rawson/New Leader. Very useful its soil sampling strategic system, which 

consider the grid-based sampling, the zone-based, and the guided sampling procedures. It is important to note 

that the ESRI shape file is the output format, which is the basic file format of Arc/View geographical 

information system, but also can take into account the data format of the SSTOOLBOX and the AgLink 

agricultural-geographical information system. On the display of the agricultural computer, navigation is ensured 

by the movement of a crosshair that shows the current vehicle position. Appropriate magnification sizes, and 

scale settings can be assigned to this. The various, non-graphic describing data can be stored in dBase (DBF) 

file format by the system, which can easily be edited at a later stage with the database management of Microsoft 

Excel. 

In the settings menu the software allows for different mapping, configuration and alert solutions settings. In the 

devices menu, the accuracy need of GPS, display illumination, text setting, the external keyboard, and the 
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different application rate and dosage, the actual machinery operational data can be monitored. The current GPS 

longitude and latitude data, the number of the received satellites, the field speed the deviation from the set 

cultivation road, direction and distance, the size of the already cultivated area, and the elapsed time can also be 

read here. 

3.2. Work with the field computer 

An agricultural production process consists of many workflow, from the soil cultivation to sowing, through the 

nutrient supply and pest control, to soil sampling and soil mapping. At the beginning of each work, the machine 

operator opens a new table file in the software section. The border of the table is determined here and the type of 

the work (whether such a work would be carried out, which covers the entire area, or a pointwise work, e.g. soil 

sampling) is also defined here. Different descriptive information can be assigned to the table, such as the name 

of the table, the given agricultural operation, for example harvest, soil cultivation etc., and can determine such 

data, which may be relevant to the subsequent processing. These are the following: 

• the name of the machine's operator, identification (e.g. this is useful in case of the same collective operation 

of more harvesters in the same field), 

• the used agricultural materials (e.g. pesticides, fertilizers, name, type and quantity of the seed-corn) 

• type of the plant, 

• weather conditions, 

• other job-related remarks. 

This additional information can also be made in advance and load to the software section, thus saving time at 

work on the field. After being given in the software the name of the agricultural field, agricultural unit, and 

agricultural operation, a field map appears on the graphical display. On this display it is possible for a last check 

to see whether the cultivation route, the operational width and the field boundary are correct, before beginning 

the given work operation. The map of the field boundary has already been determined before the given work 

operation with the software in two ways. One possibility is the round trip of the given operational unit using an 

automatic mapping function and recording GPS coordinates, by means of this, the software locks a polygon 

automatically from the GPS points giving the boundary of the area. Another option is that the boundary of the 

field will not be determined in advance, but after work simply an envelope gives the boundary of the cultivated 

area along a straight baseline taken between "A" and "B" points, with this, giving a virtual frame for the 

operational unit (Figure 48). 

 

the name of the table, the area and unit of the table (hectare or Acres (approx. 0.5 ha)), the circuit of the table (in 

meters or feet (approx. 0.3 m)), the recording time of table data, the recording mode of the table boundary 

(continuous frame or a curve taken along "A" and "B" points), the length and unit of "A" and "B" points (meters 

or feet), the size of the cultivated area (in that case, if the machine does not have gone the full table), number of 

the software version. 

The system allows the display of different background maps-layers on the graphic screen, which helps the 

machine operator in orientation (e.g. different roads, drainage ditches, occurrence of field barriers in the area). 

These data can be loaded in ESRI shape file using a flash data card, which also helps the operator in navigation 

(Figure 49). 
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The set parameters are controlled continuously by the system during the operation and any deviations from this 

is indicated to the driver, helping to minimize the corrections in the field and the operation of the machine go on 

the most effective way, thereby minimizing the unnecessary movements, and the resulting soil compaction and 

loss of fuel. The software makes a separate layer from all work processes that can be filled in map form to other 

GIS systems. The field computer indicates the different GPS status with colorkey during the operation. For 

example, if the high-precision, submeter positioning demand has been set, then in this case a green color 

indicates the DGPS position, in case of 1-10 m accuracy yellow, and in case of accuracy above this, orange 

color indicates the accuracy of positioning. In case of the GPS signal loss, status of the GPS measured at the 

current location and time is indicated with red color. This allows the post-monitoring during the processing and 

also the continuous actual correction. The AgGPS 170 field computer is able to analyze continuously maximum 

about 10 operational parameters combined with the different harvest and machinery on board panels, and collect 

data about these (e.g. the yield during the harvest, moisture content of the yield, speed of the thresher drum etc.). 

The software solution allows the relatively quick and simple mapping with the application of a point, arc and 

polygon (Figure 50). 

 

Various icons and graphic objects can be defined for the mapping, which assists the machine operator's work. 

These graphic objects can be many advantages, for example in case of weed control the composition of weed 

flora, place of occurrence of pests, and spatial visualization of various machine operation obstacles. These 

spatial objects, in some cases can be very useful during the calculation of the net operational area, for example a 

larger saline soil spot or inland water is located in the given area, which had to be avoided with the machinery. 

Later, with the exclusion of these areas, the size of the net productive area in the table can be determined. An 

extra possibility with the usage of the system that the GPS signals are three-dimensional, so contain elevation 

data as well. These elevation data decanted to a geographical information system later, e.g. to the spatial 

analysis system of Arc/View (Spatial Analyst and 3D Analyst), three-dimensional analyses, topographic 

analyses can be carried out, primarily with the use of the high-precision submeter GPS signals. The AgGPS 170 

field computer enables the planning of the variable rate agricultural operations (Variable Rate Application - 

VRA). These infield vary agricultural operations can be planned by specific GIS-agricultural software. Suitable 

for this e.g. the ESRI Arc/View, Agriss AgLink, or AgInfo software of Agronomy Service Bureaus company. 

The application maps made by these systems can be loaded to the field computer that is linked to the recognized 

on-board panels. These may be the following: Mid-tech (TASC 6000, 6100, 6200, 6300, 6500, 6600), Raven 

(SCS 440, 450, 460, 660, 700, 710, 750, 760), Rawson (Accu-Plant, Accu-Rate), DICKEY-John (Precision 

Controll System, Lan Manager I., Lan Manager II.), Teejet (844). 
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Among the above agricultural on-board panels, DICKEY-John has been used in several places also in Hungary. 

The AgGPS 170 field computer also allows the support of soil sampling, which may be based on an ESRI shape 

file, or a user defined grid, or a background map, which was developed by a specific soil sampling strategy. The 

system allows the navigation to the sampling points. It is able to determine the nearest points to the sampling 

point, and warns the operator for the critical information on the screen display during the sampling. The 

computer is able to ensure data downloads through an RS-232 interface as well. The information collected and 

used on such way can be downloaded to external GIS, spatial decision support systems through an input-output 

relation system, or can be downloaded into further computer systems, e.g. to the ESRI ArcExplorer software 

system, or Microsoft Excel, or other processing systems. From these options, further information will be 

provided in the decision support chapter. 

In summary, it can be established that the field computerized system of Trimble is not only a field mapping 

system, but is able to support the control of the variable rate agricultural operations (VRA), soil sample taking, 

and almost all basic input-output conditions that are needed for precision agriculture, all this in a way that the 

most complex information be available immediately for the driver during the operation. Of course, this type of 

field computer has to be compensated with a very high historical cost by the grower. The goal with the detailed 

review was not the bid of the acquisition of these assets, but the presentation of the extensive field work 

opportunities ensured by one of the most modern, most advanced application possibilities. The system analysis 

shows that it is about the widespread and flexible connection of the positioning GPS system, the on-board 

panels that controls the operation of the power machine and the machinery and the GIS systems, during the 

operation of field computers. 

4. Harvest – Yield mapping 

The harvest and yield mapping, in addition to the nutrient management, independently and also in the context, is 

one of the best documented and proven in practice part of the precision farming. Several procedures spread for 

the measurement of yields in combines. The RDS Company applies infrared transmitter, the Claydon company 

cell feeder-wheel speed monitoring, the Dronningborg company uses ray source and intensity sensor, while the 

John Deere uses the measurement of displacement built in the way of the seed. The photoelectric cell process is 

used for the determination of the quantity of grain in the blade of the grain feeder. One or more light sources and 

even detectors are placed in the grain feeder house opposite each other. The mass flow of grain is related to the 

timing of the power interruption of illumination, which is caused by the blade of the grain feeder and the 

delivered grain. Disadvantage of this system is that errors occur, when the combine is working on the hillside, 

and the grain slips to the side of the blades of the feeder. 

The weighing is also done using an impeller at the discharging wormgear. This impeller rotates with a given 

speed. The part between the adjacent blades is filled with grain - and the grain is collected in the area between 

the next two blades. Then, the weight of grain can be determined by recording the speed of the impeller. 

Although the radius, the photoelectric cell and the sprocket wheel type sensing methods can be found in many 

commercial products, in the U.S. markets the bumper-sheet sensors are the most demanded. 

In case of the clean grain feeder mounted to the combine, accurate determination of the speed is elementary for 

the yield – monitoring. The measurement of the speed of the elevator can be solved by a simple magnetic sensor 

mounted on an axis. The harvested area is the traveled distance multiplying by the effective corn head width. 

The effective corn head width is important to be emphasized, because it sometimes happens that the combine 

works not in the full corn head width and thus the actually harvested area is smaller. The traveled distance is 

simply the speed multiplying by the sampling duration. The speed can be measured easily with the magnetic 

sensor that is located at the gearbox of the combine. The base of the measurement is that a measuring wave is 

generated, as the wheel teeth of the gear passing before the magnetic sensor. The above-ground speed, which is 

directly proportional to the square of the frequency, is determined in the calibration phase of the setting of the 

yield monitor. The use of radar is an alternative solution of speed measurement. The use of speed measurement 

radar is advantageous, when the results are compared to the data measured by the sensors of the gearbox, since 

the errors origin from wheel slip thus can be excluded. Most recently, the yield monitor manufacturers began to 

determine the speed using DGPS receiver. However, the DGPS speed measurement may stop the operation of 

the yield monitor, if the DGPS signals can not be received. The measurement of moisture content is an 

important part of the yield measurement. During the mass flow sensation, water- and moisture content of the 

grain is also measured. The near real-time moisture detection is useful during the harvest, as it ensures for the 

combine operator to determine the maturity level on a given area, and is useful during the organization of 

transportation and storage tasks as well. The moisture inside the grain affects the electrical conductivity or 
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capacity of the grain. So the moisture content can be determined by the sensation of the dielectric properties of 

the harvested grain. In case of the most yield monitors, the moisture sensor is installed in the clean grain applier. 

Similar to the power machines, here is also being presented the topic-related innovations through the 

developments in this direction of the leading machinery manufacturers. 

The Massey Ferguson MF 7200 reaping-threshing machine series were determined by considering the technical 

aspects of control and precision agriculture. The more powerful 165-325 HP engines are the standard features of 

the combines of the 7200 series. These high-performance engines made possible the build in of 600 mm 

diameter and 1680 mm wide drums. On the 7200 series combines, seed selection happens mostly in the drum 

basket. The drum basket was extended in front, thus the sweeping angle has increased. In addition, in order to 

increase the performance, a maize drum basket with larger drum gap has been created. The greater permeability 

and cleaning performance required to strengthen the components of the inner core delivery system as well. The 

performance of the delivery wormgear with strengthen axis is 70 tons/h, the grain tanks were made with a 

greater volume (5,2 to 9,5 m3) for the reception of the larger amounts of grain. The driver cabin of the combine 

was ergonomically designed. The sight for the work area is perfect in the whole width of the corn head; this 

ensures that the operator can totally control the harvest at any time. The operating data displayed on the screen 

of the monitoring control system of DATA VISION II. can be controlled all along using a multi-function lever. 

Control of all functions of the hydrostatic engine and the corn head can be performed. In the driver cabin of the 

MF 7200 series combines almost every function is electrical or electronic controlled. The main technical data of 

the MF 7200 reaping-threshing machine series are shown in Table 19. 

 

The Massey Ferguson company built the DATA VISION II. monitoring control system known by 30/40 series 

combines into the machines of the MF 7200 series as standard. DATA VISION II. is a high-quality combine 

monitoring and control system, the on-board computer system is interactive and menu-controlled. It gives 

continuous information on the performance, configuring, and operating status of the combine, and can be set to 

measuring the yield as well. In case of any deviation from the programmed settings, sound and light alerts the 

driver about the malfunction. In case of a failure risk the engine stops. Building on the precision farming system 

of Massey Ferguson Fieldstar, the DATA VISION II. also allows for the production of yield. The combines of 

the MF 7200 series have the option to being mounted by a Constant Flow technology. The system, according to 

the load of the thresher construction, set the running speed automatically. When the control function of DATA 

VISION II. detects the growth of the quantity of grain, the Constant Flow reduces the speed of the combine in 

order to reduce grain loss and utilize the optimum power, respectively it increases the speed by the lower yields 

areas. The Autoglide technology resets automatically the height of the corn head to the preset working position 

after the round at the end of the table, towards the optimization of the performance of the corn head and 

reducing of the load of the operator. The speed of the reel is automatically set to the running speed of the 

combine, and controls the cutting height on uneven and sloping areas. The Autoglide allows for the set of the 

soil pressure of the corn head on such way that following the unevenness of the surface is being copying the soil 

surface, i.e. can avoid the cutting of the mower to the soil surface. 

The strength of the Massey Ferguson combines is the wide range of the high-performance corn heads. The 

Autoglide technology has been integrated into the 7200 series, so their operation can be controlled automatically 

with the DATA VISION II. device. DATA VISION II. makes the control of the maintenance works easier on 

the 7200 series combines. The query happens on the screen, which displays all the operations that should be 

undertaken during the service (Horváth, Németh, 1999). DATA VISION II., completed with the Fieldstar 
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precision farming system, can be one of the basic machines of the precision yield mapping solutions. The 

collected data hereafter, processed by a professional geospatial decision support system, provide further 

analyses for the farmer. 

The John Deere CTS reaping-threshing machine series are manufactured from 1992 in the U.S., and the 

European version is also available from 1998, of which the KITE Co. also has several pieces in Hungary. 

The material cut by the combine gets to the corn head, than, via the leaning applier, gets to the thresher 

mechanism. The thresher mechanism works on a conventional principle. The threshed mixture fallen through 

the basket gets to the crop transmitting runner, than the cleaning equipment, from where the cleaned seeds get to 

the seed container through the seed transmitter system. 

The essential difference is the axial thresher mechanism (e.g. in opposite with the CASE IH reaping-threshing 

machines), that is the threshing and seed selection is done by the same element, i.e. the rotary drum instead of 

the straw shaker boxes, which is positioned along the machine. The straw material that had not fallen through 

the basket gets back in the upper half of the machine to the seed separator drums rotating opposite to each other 

that is located between the high-speed rotating crop returns inhibitor drum placed above the thresher drum, and 

the crop transmitter drum placed behind the thresher drum. Through the fingers placed on the rotating seed 

separator drums, and the spiral linings placed in the inner surface of the mantle installed around the drums, the 

material goes back between the drum and the mantle turning around several times, while the seeds are detached 

through the grate elements placed at the back-down part of the mantle, and get back to the swinging collector 

table, than to the cleaning mechanism. The advantage of this solution is that the threshed seed can be separated 

more efficiently from the straw material, especially during the harvest of cereal grain. The straw material falls to 

the ground between the drum and the mantle back, or detoured to the straw chopper-diffuse equipment, will be 

cut and spread. 

The feature of the combine is the thresher basket that can be open and is typical for the European-produced "Z" 

series reaping-threshing machines, which can also be closed with the placed basket linings. The machine has no 

vibrating table, so the grain mixture falled through the thresher basket is transported back to the pre-cleaning 

structure by runners. The seed tank of the machine is special, of which cover can be opened by electromotive, 

and thus the tank volume can be increased to 9,5 m3. At the same time with the opening-closing of the tank 

cover, arm mechanisms ensure the synchronous movement of the upper joint extension of the filler runner. In 

case of the opened seed tank, according to the extended filler runner, filling of the seed tank happens in a higher 

position. By closing of the tank cover, the runner extension goes back to the lower part of the tank. The machine 

is equipped with modern cab prepared by ergonomic standards, and can be supplemented by John Deere 

GreenStar ground-based positioning and yield mapping system. The main technical data of John Deere combine 

is shown by Table 20. 
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The combine type operates in several places in our country without GreenStar system temporarily. The 

operational details are presented by Table 21. 

 

On the basis of the above operating data can be seen that the combine can be operated with high efficiency. One 

reason for this is that it is less moisture-sensitive, so can be operated already in the early morning hours and with 

late night shutdown. The drum speed can be adjusted within a wide interval. Accordingly, the thresher drum is 

suitable for delicate work, and level of the core breakage is very low (Sörös, 1999). The combine is particularly 

suitable for harvest of seed-corn during the precision farming, harvest of grains susceptible to breakage (pea, 

soybean), and can be operated very efficiently during the harvest of cereals. 

The John Deere Company has a developed program related to the improvements of precision agriculture, which 

wanted to be performed step by step in the coming years. The priority area of the made plan is the so-called 

GreenStar combine (Figure 56), which effectively allows for precision yield measurement (Yield Monitoring 

System). 
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The central computer screen (GreenStar Display) is placed in the cab of the combine and the signs lead to this 

from the sensors placed at two points of the combine. One of the points is for the measurement of moisture 

content (Moisture Sensor) and the other one is for the measurement of the harvested yield (Massflow-Sensor). 

The measuring units are placed at the leaving units after the grain tank of the combine. The GreenStar type 

monitoring unit leans practically on the mentioned two sensors, as well as the speedometer equipped on the 

combine, the positioning system and data of other sensors. Speed and positioning information arrive at the 

central unit of the combine, information about the moisture content and the quantity of the grain are from the 

two sensors. These are stored and processed by the central unit. By the simple units, print of the results can be 

undertaken immediately, but the results can be saved to the hard disk device, from which other processing can 

be performed, for example making the yield of the area. 

The former unit only has the information that what was the yield in the given area. If the combine is equipped 

also with a positioning, GPS system, it is possible to prepare the yield map. The map can be prepared by the 

processed data, using appropriate software. In this case, of course, it is also possible to print the data, and after 

the software processing the preparation of the map. 

As a first step, the yield and this map can be determined in the prepared map by combine rounds. From this, the 

appropriate software creates the contour map (GreenStar Contour Map), in which the different yields and 

moisture content measured at given places have appear in polygons. 

A general error source of the correct yield values comes from the operation relations of the combine. During the 

harvest that requires great deal of attention and physical endurance, directional stability of the driver and the 

optimum driving speed selection is a strenuous exercise even in improved ergonomic and automated conditions 

as well. The laser tracking system automates this task and follows continuously the terminal rows of the crop 
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and automates the row following (autopilot). The Lexion combine of the Claas company is provided by DGPS 

and laser tracking system (Figure 52). 

 

The existing competition fighting on the market of the harvesters has also allowed those modern solutions by the 

new types of Claas combines that are popular in Hungary, as mentioned by the John Deere and MF. So 

automated surface following of the corn head, automated setup of the straw shakers at hilly areas, and highly 

automated control and data processing units are used here as well (see sensors). 

The combine monitors and the GPS positioning systems can be different. Minimum requirement is the 

measurement of positioning accuracy, i.e. recording of the health status of the GPS (see the chapter about the 

GPS), i.e. the definition of any signal loss. The pointwise measurements can be logged back, and coordinate 

correctly identified, usually by a kind of colorkey (Figure 53). 

 

The above figure shows the yield mapping steps of a 13 ha area, made by the results of the Agroinfo agricultural 

computer (USA). In this case, harvest of the wheat table occurred by uninterrupted GPS receiving conditions. It 

can be observed that the combine operator was not determined accordingly the number of rounds, so in the 

middle of the table a loop round had to be done. This also highlights well the data collection error source. At the 

site of the loop round, the combine operated obviously with not full corn head width, which was ignored during 

the mapping, and so unreasonably low yield minimum was calculated. At the edges of the table in the rounds the 

uneven operation of the cultivating machinery (fertilizer, pest control machinery etc.) and trampling damages 

also resulted lower yields. Anyway, precise causal determination of this requires further spatial and production 

analysis. The analysis itself, in this case the interpolation, can be a source of many erroneous interpretations. 
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Many yield mapping system allows only the most robust interpolation for the user, which is, on the one hand 

comfortable, and, on the other hand, does not allow for decision support in greater depth. 

Nissen and Söderström (1999) assessed the Swedish harvest experiences in practical respect. It was found that 

several errors were caused by the process of the yield mapping data files. Between the tested sensors that 

measured the mass flow of the grain was the MF and the LH-Agro, between the volume measuring equipments 

the Claas and the RDS-Ceres. Capabilities of the MF Yieldmap and the AgroSat used for RDS-Ceres, 

respectively the Class Agro-Map yield mapping software were analyzed as well. 

Each yield monitor has a built-in delay. Do not begin to measure the yield, till the meantime the thresher is not 

full, otherwise the yield monitor can not show the correct values. In most cases, this delay is too short by the 

start of a new cutting round, and then the yield is lower in the first 30 meters, than at the end of the adjacent 

cutting round. If the cutter bars are put off too early by the start of a new round, the yield data first will be too 

low. 

During the mapping data process, for problem solving, the first some of the recorded data should have to been 

deleted in each round, if the combine starts from neutral gear. The MF combine ensures the operator that he set 

the delay, when lowers again the corn head, and when he raises the cutter bars at the end of the cutting. The corn 

reaches the sensor about less than 10 - 15 seconds, depending on the type of the combine. The MF and Claas 

allow saving the yield values recorded 10 - 15 seconds previously. The RDS and LH-Agro show the results on 

the display in the combine with a delay, however, in the raw data containing file, the quantity of crop is being 

saved together with the position showed by the GPS during the yield measurement. Therefore, this should be 

taken into account in preparing the maps. However, even if the yield-monitor or the mapping system try to 

correct the time deviation between the actual harvest and the registry value of the yield, recorded location of the 

measurement may need to be set. This need depends on the driver’s combine handling, for example, how fast he 

drives and how quickly he raises the corn head. 

The quality of the yield maps is deteriorated, if in the file that contains raw data can be found such places, where 

the registered yield values are different from the real values for some reason. Generally, each value is stored in 

the file that contains the raw data, and the potentially incorrect values should be filtered by the user. The sudden 

reduction of running speed causes a peak in yield value. The histogram of the raw data (usually distribution test 

listed in equal interval class intervals) is very useful for rapid statistical analysis of the differences. The 

irregular, incorrect values so can be deleted from the primary data collection. Also provide false information, if 

the cutter bars were not raised high enough, so when the combine is stopped, the measurement is continuing. If 

the thresher is not full at the restart, there the yield will be equal to zero. The yield mapping program of the 

Claas job computer collected data can apply a data filter, which removes the 2% of the highest and lowest 

(outlayers) values. 
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The MF Yieldmap deletes the very extreme values, which are 50% or more above the adjacent measurement 

values. All types of yield-monitor have the possibility to setup the cutting width. This is particularly useful 

during the reducing of such errors, when the harvested band is narrower, than the width of the total cut. 

However, it is difficult to estimate the actual cutting width by the driver, and thus increases the risk of incorrect 

values. Since the yield is calculated for the total cutting width, in such cases, the fixed yield on these sites will 

usually be too low (Blackmore and Marshell, 1996). 

If the actual cutting width is displayed in the raw data file, one option is to remove all such records. In case of 

the MF combine, change of the cutting width is a little tricky, since this should be done by the yield monitor set. 

If the combine mounted GPS loses the correction (DGPS) signal or the connection with any GPS satellite, then 

the fixed spatial position is uncertain, therefore, all points without DGPS signal have to be deleted from the data. 

Agro-Map builds the yield map upon the GPS without three-dimensional differential data and DGPS. 

The primary (done directly on the board) data collection errors are handled in different ways by the various 

yield-mapping programs, thus the resulting maps are vary depending on the used program. It can not be declared 

that one of the software or methods always give better results than the other. A yield map is the mapping of 

reality and does not give an absolute true picture. Any kind of map type is merely a generalization of the reality, 

and often only for a specific time. Experimenting is important for users of the software, for example with the 

settings of the interpolation process and the map classification. This was pointed out in previous chapters. It is 

very important to understand how the software works and that the potential bad data how impact the resulting 

map. 

The adjustable search distance (see the structure of the variogram shown by nutrient management) and the raster 

size can change the result significantly. Agro-Map uses a kriging-based geostatistical interpolation method. In 

Agro-Map, kriging was completely automated, which can be used only in case of a rough approach. The user 

can change the interpolation conditions. Agro-Map provides a function that looks for the data points in different 

directions. This function can be used for the reduction of the impact developed for the interpolated estimation 

origin from the cluster observations. RDS software does not interpolate on raster, instead of this, the yield value 

registered by the points is replaced with a moving average estimation, which is based on all the observations 

within a 10 meters radius. The RDS map has a cut in space impression, because the program does not 

interpolates the yield data, and only the search radius can be changed. 

The classification of map data is a very important part of the mapping process, because a high part of the 

analyses of spatial yield data is mainly based on visual inspection (Larscheid and Blackmore, 1996). A map can 
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be very different from another, even if only the classification of the final data changes (Kraak and Ormeling, 

1996). Classification can be done in several ways. The classifications can be distinguished according to whether 

based on the test data set or pre-defined (Burrough and McDonnell, 1986). In the former case, the purpose is the 

mapping of the spatial variability of the test parameter as accurately as possible, and in the latter case perhaps 

lying the habit that the data are classified to specific classes. One example is the case of the economic soil maps, 

which are always (in Sweden), will be classified in the same way. 

The yield-mapping software packages are using not the same classification method. In the Agro-Map system of 

Claas, the user must manually build the legend, but the previously prepared legends can be used later. The 

software does not provide the user information on the instantaneous data dispersion. The user must select the 

colorkey and the data interval for each data class. In MF Yieldmap the user selects the number of classes, 

including differentiation, as well as the minimum and maximum values. The basic colors are spread from blue 

(low value) to red (high value). In case of the AgroSat, the user chooses a minimum and a maximum value, and 

the number of classes (with equal differences). The basic color is spread from blue (low value) to gray (middle 

value) and red (high value). Multiply reuse of the previously saved legends is possible. The RDS provides a 

simple legend, eleven increments from 0 t/ha (red value) to the maximum yield (green value) are distinguished. 

For the development of the infield variable rate cultivation, spatial overlap of the yield maps is required. Other, 

e.g. with nutrient supply maps, this basically GIS analysis is not ensured by the yield mapping software 

themselves. However, comparison of the yield maps of several years is possible and so the yield potential and 

spatial analysis of the weather effects. Estimations can be produced, for example, in every year concerning to 

the same area and the results can be stored in a database, where each point has a record. Data of a new year will 

result a new estimation field in the database. However, for the limitation of those areas, where the crop-growing 

potential is high or low, the average yield should be combined with the degree of the annual variability. The 

yield-mapping in this way is flare to a more flexible yield information system, which increases the yield 

stability. Temporarily, MF system is capable for the production of relative yield maps concerning to more than a 

year. 

Overall, in light of the foregoing, yield-mapping is a complex operation sequence and hides a number of 

problem sources. The used software packages, which have been specially designed for this task, have limited 

functionality and generally such software package that is good for all tasks and suits to all satisfactory levels, 

does not exist. Generally, to avoid standardization problems, the farmer is recommended to use the same kind of 

yield-monitor and yield-mapping program, or such yield-mapping program, which is offered by the 

manufacturer of the yield monitor. 

During the primary data collection, the main sources of errors are the different or wrong monitor and combine 

operation and adjustment, during the processing the data preprocessing performed by the yield mapping 

software (filtering out bad data), interpolation and raster settings, data classification and transformation. 

Extremely high or low yield values that change fast and measured particularly at the beginning and at the end of 

the new round, require increased technical control. 

It is important to try to understand the used monitor and yield mapping software. Of course, the yield-mapping 

data can be imported to geographical information system, which has more advanced analytical capabilities; 

however, this means even a higher requirement, but also a further opportunity for the user. 

5. Decision Support 

Traditionally, many agricultural purposes, mainly financial and accounting decision support software are 

available for the farmers. These general characteristic is that the ecological circumstances and particular their 

spatial variability is practically ignored. The most advanced decision support models, next to the economic 

assessment provide implicitly particularly strong analysis opportunities in this area. With the growth of the 

information technology, a more satisfactory development, which performs the special needs, is expected to be in 

the software market, which feature is the joint appearance of the currently remote technological fields and a 

complex knowledge base for the more accurate modeling of the complex agricultural environment. The 

solutions provide different level analyses are shown in this case also through the examples of some 

representative software. 

The raw data of decision support are provided by the field positioning DGPS and machinery on-board 

controllers and computers. These data can usually be integrated in GIS environment by the analyst, with any 

data that is associated with the test table (see GIS technology). In the simplest case, the data held in a database 
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were linked to a digital graphical table map or maps interactively, which can be different thematically (e.g. yield 

map, airborne image). Looking its analysis possibilities, it can be considered to a modern digital field 

registration book, which is also prepared for the graphical and numerical following of GPS signals. 

On the base of the " Future Farm" EU-(FP7) project we concluded that in the future European farmers will have 

to effectively manage information on and off their farms to improve economic viability and to reduce 

environmental impact. All three levels, in which agricultural activities need to be harmonized with economical 

and environmental constraints, require integrated ICT adoption: (i) improvement of farm efficiency; (ii) 

integration of public goods provided by farming into management strategies; (iii) relating to the environmental 

and cultural diversity of Europe’s agriculture by addressing the region-farm interaction. In addition, the 

communication between agriculture and other sectors needs improvement. Crop products for the value added 

chains must show their provenance through a transparent and certified management strategy and farmers 

receiving subsidies are requested to respect the environment through compliance of standards. To this end, an 

integration of information systems is needed to advise managers of formal instructions, recommended 

guidelines and implications resulting from different scenarios at the point of decision making during the crop 

cycle. Precision Farming as well as robotics are very data intensive and provide a wealth of information that 

helps to improve crop management and documentation. Based on these technologies a new Farm Information 

Management Systems (FMIS) will be developed. As most relevant farm data will be readily available in the 

proposed information system, or may be automatically integrated using standardised services and documentation 

in the form of instructions to operators, the certification of crop production process and cross compliance of 

standards can be generated more easily than with present systems. With the integrated PROGIS technology 

approach many activities on the farm can be measured when someone wants to trace back till to farms accordin 

the EU "farm to fork" slogans and legislations. 

 

Figure 60 shows that the program allows all the major production data to be attached to the table or a part of the 

table. Using the Progis, integration of the airborne images, digital maps and DGPS data can be solved. The 

program has desktop publishing GIS capabilities. 

A number of navigation and data acquisition software were developed for Windows CE operating system that 

can be run on palmtop. Arcpad5 is such software that can be downloaded free from the ESRI website 
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(http://www.esri.com). With this program, any map can be downloaded directly from the territory of our 

economy and data can be collected immediately with GPS or modem connection (Figure 56). 

 

In the above figure, soil genetic map layer of the boundary of Tedej and above that the terrain contours are 

visualized. The software is suitable for the receiving of DGPS signals, so one part of the "office" GIS works can 

be done already in the field. In the spatial analysis capabilities, however, the so-called desktop mapping GIS 

programs are beyond the scope of the above software capabilities. In this environment complex operation may 

be carried out, done on more map layers. 

The most common analysis means site selection carried out according to an aspect, a few typical examples: 

Which culture where to be cultivated – production site selection; which areas are threatened by inland water, 

flooding; during the seed production the sowing structure and the clearance; in which areas can the sewage 

sludge be placed with a minimum of risk Tamás J.,1995; Tamás J., Lénárt Cs., 1995, 1997); in which areas is 

the lowest the risk of the heavy metal contamination of products (Tamás J., 1995); in which areas has the 

groundwater level and nitrate content changed in time (Tamás J., Juhász Cs., 1997). 

During the analysis, first a so-called logic geographical model must be formed. In this, data sources that are 

needed towards the ambition are being determined. It is also being determined, what map layers are being 

dissociated and what types of objects will be placed in the individual layers. 

The necessary data integration will be performed for the creation of the single vector or raster environment. The 

modeling particularly requires that the individual layers of the model can be used by appropriate mathematical 

combinations. For example, we can determine the erosion risk of an area with an equation, respectively the 

magnitude of erosion, which contain the slope categories, rainfall intensity, and aspect of the area. For this, the 

initial mapping values should be modified or transformed with operations corresponding to the mathematical 

equation. The map algebra tools typically include three different types of operations possibilities. First: 

arithmetic operation performed by the constant (e.g. scalar mathematics). Second: possibility of the completion 

of standard mathematical operations (e.g. application of trigonometric functions or perform logarithmic 

transformations etc). Third: opportunity of the completion of various mathematical combinations (addition, 

subtraction, multiplication, division, etc.). In distance analyses, one of the most common tasks is when a buffer 

zone, protecting area have to be constructed around a selected property, within a certain distance, for example 

during pest control or seed production. Another also quite common task is that some kind of propagation model 

must be established around the selected property (e.g. flower pollen spread) or the propagation distance needs to 

be calculated in some kind of resistance model (e.g. nitrate pollution of groundwater near a manure heap). This 

may be the determination of the shortest distance between two selected properties in some kind of resistance 

surface (e.g. drain distance calculation). When it is talked about the resistance impacts or surfaces, and this is 

calculated, this is determined very often as cost distance. The name originates from the certain transport costs 
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meaning of distance and thus combined effect of cost-distance can be modeled in the resistance surfaces. In this 

case, resistance surface corresponds effectively to a cost surface. In this case, the main factor is to achieve the 

lowest cost level, i.e. the lowest cost requirement transportation route must be found between two points. Of 

course, this cost surface will be very heterogeneous and will give different costs in each direction. In a given 

area, it is very important whether the production interventions have to be done mainly in the slope direction or 

opposite to the slope direction. The cost surface, which can be considered to a resistance surface, combined with 

another test can evaluate the lowest costs between two points (least cost path analysis). Allocation tests give 

further analysis possibility of cost distances. During the allocation tests it is assumed that the closest places to 

the designated property can be found. For example, we are interested in that how the harvest works can we 

distribute accordingly within one area in the district of the dryers. In this case, the nearest linear distance is 

understood under the nearest, or perhaps the cost distance values, such as travel time. 

Geographical information systems provide a wide range of neighborhood tests (neighborhood operations, local 

context operators). In these tests such a new layer is created, which is based on some of the existing map layers. 

The simplest example for this is the range of surface analyses, where for example the slope categories may be 

produced from a digital terrain model from an existing map, where elevation values of the certain neighborhood 

places, as pixel values are given. Another similarly frequent inquiry is the analysis of the various aspects, for 

example, determination of the direction of the maximum slope in a digital terrain model. These tests can be used 

optimally for example in case of topography and fruit planting localities that are sensitive for climatic 

conditions, such as peach, grape. Application of the different types of digital filters also belongs to this toolbar. 

Character of the certain neighborhood values changes using the digital filters. For example, elevation values of a 

digital terrain model can be smoothed with an appropriate filter value, or in the opposite effect, highlight the 

edges. The most common application of digital filters is typical during the GIS and remote sensing, since in this 

case, the certain image noises and objects (e.g. weed recognition) have to be filtered from the values of the 

given remotely sensed raster image with some kind of digital filter. Further complex test is the analysis of 

micro-basins and use of more complex environmental and agricultural models. 

Spatial modeling is a particularly exciting area of GIS, because when you consider that the database is not 

simply an environment in GIS, but we can measure the individual properties of this environment, change the 

process in space and time and the database we have can serve as a laboratory for the complex environmental 

processes. In the traditional disciplines the certain complex phenomena had to be examined separately, while the 

GIS can analyze the certain phenomena in these complex interactions. The GIS models can very well support 

the understanding and simulation of the various decision-making processes. As a result of a simple database 

query the decision-maker has often not sufficient information for the preparation of the decision. However, in a 

complex decision-making system, where multi-factor criteria relevant to the decision-making aspects, harder 

and less hard boundary conditions and acceptable risk levels can be incorporated into the environmental model, 

resulting a more valid decision alternative and the decision will have a much lower risk than through a simple 

query. Nevertheless, the process-modeling is a fairly new field of GIS in both areas, so in the environment 

analysis processes and the decision-making, decision support processes. However, this area is very dynamic, 

newer and newer models are building in the GIS toolbar, newer test and analysis capabilities are used for the 

more accurate, more extensive process analysis, respectively decision preparation. The crop production models 

can particularly effectively be applied in GIS environment. J. T. Ritchie created the CERES model in 1972, in 

the Blackland Research Station belonging to the United States ARS, in Texas. The purpose was the yield 

forecast by the weather, soil and properties of the plant species, varieties. Ritchie dealt with soil physics and 

water management, and led an interdisciplinary group for the work. After a decade, with the dissolution of the 

original group, the CERES Centre was get into the Michigan State University with the led of Ritchie, Jones and 

Kiniry (1986) edited the CERES maize info book. Jones then made his seat to University of Florida, where he 

continued the construction of models in the name of GRO, essentially with the same principals. There he 

finished the soybean, peanut and bean models. These were subsequently summed up by G. Hoogenboom into a 

general leguminous model at the University of Georgia. The above models are taken up by IBSNAT (1990) 

project at the University of Hawaii. The so-called DSSAT decision support system (Decision Support System 

for Agrotechnology Transfer) was made in the frame of this. DSSAT aggregated to one system the above 

models by a common input, and output format and database, and placed into such environment that is suitable 

for the store of the results of the runs and graphic display. Another widely used model is the EPIC that have 

been developed by J. R. Williams et al. (1984), it also made in the Blackland Research Center, and even now 

there is also improved. Initially this was aimed the erosion modeling. However, as the plant cover and 

evaporation are also influenced that, initially took the CERES principles and some routines. Thanks for a lucky 

commission, EPIC could be worked out for every state in the U.S., which made it widely known. Kiniry and 

Williams (1992) created a model for the development of the host plant - weed competition also on CERES funds 

and linked to the EPIC program. GIS integration of the model also experienced a variety of applications. The 
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CERES has conquered the world for today, prevalent on every continent (CERES, 1989). In Hungary, the 

domestic adoption of the model is coordinated by Kovács G. (1989) in the Research Institute for Soil Science 

and Agricultural Chemistry of the Hungarian Academy of Sciences. The model integrated to ArcView 

environment is directly suitable for the performation of GIS precision testing, production and also for farm 

management inspections. Pakurár et al. (1999b) conducted simulations using the DSSAT version 3 Decision 

Support System - on the basis of the maize longterm field experiment set in the pilot site of the University of 

Debrecen in Látókép - and recommends the application of the software for yield estimation, determination of N 

doses, timing of N fertilization, and determination of lack of water. 

6. Precision Animal Husbandry 

The general aim of the livestock sector is to meet the aspirations of the world’s population for increased 

availability of animal products in a sustainable manner while ensuring food safety, animal welfare and the 

maintenance of rare and specialist breeds. The expected worldwide increase in consumption of animal products 

for the next decade is 7% annually. The availability of marginal land suitable for producing this increase is 

limited, and hence there is a need to produce more from the same resources (Food and Agriculture Organization 

2000). The development of the precision animal husbandry has began aprox. 30 years ago and nowadays the 

most modem technical solutions are equal to the level of robot technique (the total production process can be 

run without any direct human activity). The basic unit of the system is the individual animal identification of 

radio frequency. However, there are other important elements of the equipment (as connected sensors, the 

central PC, special software). Investigations been carried out in connection with the real operation of these 

systems on several dairy farms. 

The goal was to determine the efficiency values of the running these equipment varieties and to clear up those 

parts of the systems that were not required or could not ensure the profitability, i.e. their costs were higher than 

the produced yield (DAFE,2010). 

The basic idea, to record exact and differentiated data on environment and production and control the production 

process afterwards, can be transferred to animal husbandry, where computer-aided partial methods are 

integrated into a total system. The basis for precision animal husbandry is individual electronic animal 

identification. as well as recording performance and animal data in the functional fields ―feeding‖, ―resting‖ and 

―milking.‖ By interchanging information from these system elements, intensive husbandry for the individual 

animal and automating work processes becomes possible. This is a prerequisite for new housing systems, 

meeting the requirements for more economy and animal welfare. 

6.1. Animal welfare 

The collection of data on animal welfare inspections is essential for the Members of European Community to 

evaluate the impact of its policy in this field. In addition it is important that animal welfare rules are applied in a 

uniform manner, in particular because those rules may affect the competitiveness of some farming activities. 

Commission Decision 2000/50/EC of 17 December 1999 concerning minimum requirements for the inspection 

of holdings on which animals are kept for farming purposes provides that the reports which the Member States 

are to submit to the Commission pursuant to Directive 98/58/EC are to cover calves, pigs and laying hens. It 

also specified the information which the Member States are requested to submit for each species and category of 

animals. From 2009 subsequently every year not later than 30 June, Member States shall submit to the 

Commission a report by electronic means concerning the information collected and recorded in accordance with 

concerning minimum requirements for the collection of information during the inspections of production sites 

on which certain animals are kept for farming purposes EU (2006/778/EC). Animal welfare is now accepted as 

an integral part of the Community’s ―farm to fork‖ policies and is one of the strategic priorities related to the 

development of more sustainable food production policies. However, animal welfare is not only related to the 

production of food and important challenges exist with regard to protecting the welfare of experimental, zoo and 

companion animals etc. The importance attached to animal welfare is evolving in terms of ethical concerns and 

this has become a ―cultural attitude‖ for European society. 

The laying down minimum standards for the protection of calves was deatiled in frame 2008/119/EC. It is 

recognised scientifically that calves should benefit from an environment corresponding to their needs as a herd-

living species. For that reason, they should be reared in groups. Calves, both group-housed and individually 

penned, should have sufficient space for exercise, for contact with other cattle and for normal movements when 

standing up or lying down. The following provisions shall apply: no calf shall be confined in an individual pen 
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after the age of eight weeks, unless a veterinarian certifies that its health or behaviour requires it to be isolated in 

order to receive treatment. The width of any individual pen for a calf shall be at least equal to the height of the 

calf at the withers, measured in the standing position, and the length shall be at least equal to the body length of 

the calf, measured from the tip of the nose to the caudal edge of the tuber ischii (pin bone), multiplied by 1,1. 

Individual pens for calves (except those for isolating sick animals) must not have solid walls, but perforated 

walls which allow the calves to have direct visual and tactile contact. For calves kept in groups, the unobstructed 

space allowance available to each calf shall be at least equal to 1,5 m2 for each calf of a live weight of less than 

150 kilograms, at least equal to 1,7 m2 for each calf of a live weight of 150 kilograms or more but less than 220 

kilograms, and at least equal to 1,8 m2 for each calf of a live weight of 220 kilograms or more.  

Pigs should benefit from an environment corresponding to their needs for exercise and investigatory behaviour. 

The welfare of pigs appears to be compromised by severe restrictions of space. When pigs are kept in groups, 

appropriate management measures for their protection should be taken to improve their welfare. Sows prefer to 

have social interactions with other pigs when provided with freedom of movement and environmental 

complexity. Keeping sows in continuous close confinement should therefore be prohibited. Tail-docking, tooth-

clipping and tooth-grinding are likely to cause immediate pain and some prolonged pain to pigs. Castration is 

likely to cause prolonged pain which is worse if there is tearing of the tissues. Those practices are therefore 

detrimental to the welfare of pigs, especially when carried out by incompetent and inexperienced persons. the 

unobstructed floor area available to each weaner or rearing pig kept in a group, excluding gilts after service and 

sows, must be at least: 

 

The total unobstructed floor area available to each gilt after service and to each sow when gilts and/or sows are 

kept in groups must be at least 1,64 m2 and 2,25 m2 respectively. When these animals are kept in groups of 

fewer than six individuals the unobstructed floor area must be increased by 10 %. When these animals are kept 

in groups of 40 or more individuals the unobstructed floor area may be decreased by 10 %. 

The flooring surfaces comply with the following requirements: (a) for gilts after service and pregnant sows 

equal to at least 0,95 m2 per gilt and at least 1,3 m2 per sow, must be of continuous solid floor of which a 

maximum of 15 % is reserved for drainage openings, when concrete slatted floors are used for pigs kept in 

groups: the maximum width of the openings must be: 

• 11 mm for piglets, 

• 14 mm for weaners, 

• 18 mm for rearing pigs, 

• 20 mm for gilts after service and sows; 

The minimum slat width must be: 

• 50 mm for piglets and weaners, and 

• 80 mm for rearing pigs, gilts after service and sows. 

Council Directive (1999/74/EC) regulate the laying down minimum standards for the protection of laying hens 

while 1234/2007 as regards marketing standards for eggs. 
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All laying hens farming systems must be equipped in such a way that all laying hens have: either linear feeders 

providing at least 10 cm per bird or circular feeders providing at least 4 cm per bird; either continuous drinking 

troughs providing 2,5 cm per hen or circular drinking troughs providing 1 cm per hen. 

In addition, where nipple drinkers or cups are used, there shall be at least one nipple drinker or cup for every 10 

hens. Where drinking points are plumbed in, at least two cups or two nipple drinkers shall be within reach of 

each hen; at least one nest for every seven hens. 

If group nests are used, there must be at least 1 m2 of nest space for a maximum of 120 hens; adequate perches, 

without sharp edges and providing at least 15 cm per hen. Perches must not be mounted above the litter and the 

horizontal distance between perches must be at least 30 cm and the horizontal distance between the perch and 

the wall must be at least 20 cm; at least 250 cm2 of littered area per hen, the litter occupying at least one third of 

the ground surface. The floors of installations must be constructed so as to support adequately each of the 

forward-facing claws of each foot. If systems of rearing are used where the laying hens can move freely between 

different levels, there shall be no more than four levels; the headroom between the levels must be at least 45 cm; 

the drinking and feeding facilities must be distributed in such a way as to provide equal access for all hens; the 

levels must be so arranged as to prevent droppings falling on the levels below. If laying hens have access to 

open runs there must be several popholes giving direct access to the outer area, at least 35 cm high and 40 cm 

wide and extending along the entire length of the building; in any case, a total opening of 2 m must be available 

per group of 1 000 hens; The open runs must be an area appropriate to the stocking density and to the nature of 

the ground, in order to prevent any contamination; equipped with shelter from inclement weather and predators 

and, if necessary, appropriate drinking troughs. The stocking density must not exceed nine laying hens per m2 

usable area. 

If the farmer use cage systemfor hens need at least 550 cm2 per hen of cage area, measured in a horizontal 

plane, which may be used without restriction, in particular not including non-waste deflection plates liable to 

restrict the area available, must be provided for each laying hen; a feed trough which may be used without 

restriction must be provided. Its length must be at least 10 cm multiplied by the number of hens in the cage, 

unless nipple drinkers or drinking cups are provided, each cage must have a continuous drinking channel of the 

same length as the feed, where drinking points are plumbed in, at least two nipple drinkers or two cups must be 

within reach of each cage. 4. cages must be at least 40 cm high over at least 65 % of the cage area and not less 

than 35 cm at any point. The floors of cages must be constructed so as to support adequately each of the 

forward-facing claws of each foot. Floor slope must not exceed 14 % or 8 %. In the case of floors using other 

than rectangular wire mesh, Member States may permit steeper slopes. The cages shall be fitted with suitable 

claw-shortening devices. 

In USA animal wellfare process partly similar to EU practice. Egg farmers sincerely care about the welfare of 

their chickens and completely understand that poor husbandry practices will result in higher mortality and fewer 

eggs. To meet a changing market, farmers needed to upgrade their production facilities while keeping in mind 

the health and welfare of their birds. They also recognized the need to deliver eggs to the market in the most 

economical and quickest manner possible. The modern cage system was found to be a system that could meet 

both requirements in a commercial market. United Egg producers understand they have a responsibility to house 

and manage their animals at the highest levels of husbandry and welfare which is why the "United Egg 

Producers Certified" program was developed. The program assures consumers, foodservice professionals and 

retailers that their eggs originated from farms that follow responsible, science-based modern production 

methods for egg-laying hens. 

The fear, distress, suffering and pain inflicted on an animal during slaughter may affect the quality of the meat 

The slaughter methods are as far as possible spare animals suffering and pain Animals shall be unloaded as soon 

as possible. While waiting in the means of transport they shall be protected from extremes of weather and 

provided with adequate ventilation. Suitable equipment such as bridges, ramps, or gangways, shall be used for 

unloading animals. The equipment shall be constructed with flooring which will permit a proper foothold and, if 

necessary, shall be provided with lateral protection. Bridges, ramps and gangways shall have the minimum 

possible incline. The animals shall not be frightened or excited. In any event care must be taken to ensure that 

animals are not overturned on bridges, ramps or gangways and that they cannot fall from them. In particular 

animals shall not be lifted by the head, feet or tail in a manner which will cause them pain or suffering. When 

necessary, animals shall be led individually. Corridors along which they are moved must be so designed that 

they cannot injure themselves. When animals are moved their gregarious tendencies shall be exploited. 

Instruments shall be used solely to guide them and must only be used for short periods, in particular, they shall 

not be struck on, nor shall pressure be applied to, any particulary sensitive part of the body. Electric shocks may 

be used for bovine animals and pigs only, provided that the shocks last no more than two seconds, are 
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adequately spaced out and the animals have room to move; such shocks shall be applied only to appropriate 

muscles. 

Cages, baskets or crates in which animals are transported shall be handled with care. They shall not be thrown to 

the ground or knocked over. Animals delivered in cages, baskets or crates with flexible or perforated bottoms 

shall be unloaded with particular care in order to avoid injuring the animals' extremities. Where appropriate they 

shall be unloaded individually. Animals which are not slaughtered immediately on arrival shall be lairaged. 

With the exception of animals to be slaughtered within 12 hours of their arrival, they shall subsequently be 

given moderate quantities of food and water at appropriate intervals. 

In the case of the ritual slaughter of animals of the bovine species, they shall be restrained before slaughter by 

mechanical means designed to spare them all avoidable pain, suffering, agitation, injury or contusions. 

In the case of solipeds, ruminants and pigs, only the following stunning methods shall be permitted: mechanical 

means employing instruments which administer a blow or penetrate at the level of the brain, electro-narcosis, 

gas anaesthesia. The stunning methods authorized by each Contracting Party shall bring animals into a state of 

insensibility which lasts until they are slaughtered, thus sparing them in any event all avoidable suffering.Use of 

the puntilla, hammer or pole-axe shall be prohibited. 

6.2. Animal identification 

Due to globalisation and the availability of new technological processes the European food sector is becoming 

more and more complex and consumers’ trust in food - triggered by a number of food scares - is still low in 

several European Countries. Today, consumers increasingly expect healthy and safe food and demand 

information about the origin of their food. 

One of the most common weaknesses in the Member States where food scares have occurred in the last years 

was the absence of reliable instruments to identify and trace back animals and products. Therefore, it is of 

paramount importance to have a reliable traceability system in place to a) enable operators to ensure safe 

sourcing of their products, b) enable the authorities to act precisely and timely before an outbreak turns to a 

crisis and c) improve consumer confidence by reliable information on the food on the market. 

In April 1997, in response to the BSE crisis, the Council of the European Union implemented a system of 

permanent identification of individual bovine animals enabling reliable traceability from birth to death. The 

basic objectives for Community rules on the identification of bovine animals are: 

• the localisation and tracing of animals for veterinary purposes, which is of crucial importance for the control 

of infectious diseases, 

• the traceability of beef for public health reasons and, 

• the management and supervision of livestock premiums as part of the common organisation of the market in 

beef and veal. 

The system for the identification and registration of individual bovine animals includes the following elements: 

• double eartags for each animal with an individual number 

• maintaining a register on each holding (farm, market etc.) 

• cattle-passports 

• a computerised database at national leve 

Electronic Identification (EID) - a Tool for Traceability of Livestock and Animal Products 

The ovine animals are currently identified by two plastic eartags. The Commission is currently exploring the 

possibility of introducing electronic identification as official method to identify bovine animals within the EU. 

Electronic identification can contribute to improvements in existing systems of cattle identification.Joint 

Reseource Center prepared the technical guidelines that aim to establish common practices for identifier 

application, reading, and recovery in all of the Member States. In addition, to assure appropriate levels of 

performance of the devices for electronic identification adopted by Member States the guidelines define test 
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procedures, acceptance criteria and a certification procedure for electronic identification equipmentThe 

technical guidelines are divided into three parts: 

• Part 1: In-field aspects of identifier application, reading and recovery; 

• Part 2: Electronic identifier and reader specifications, and technical characteristics, test procedures, 

acceptance criteria, and codification of identifiers; 

• Part 3: Responsibilities for EID, data elements, common glossary and data dictionary. 

The European Union’s health rules on animal by-products 

The objective of the EU’s health rules on animal by-products is to address the potential risks that animal by-

products may pose for public and animal health. The legislation distinguishes between three categories of 

materials (of higher, medium and lower risk). That categorisation decides whether the materials have to be 

destroyed safely, by rendering or by incineration, or whether they may be used for technical purposes or in 

animal feed. For all categories there are standards for the safe collection and handling of these by-products, for 

their hygienic processing and for official controls on those activities. The rules on animal by-products were part 

of the response to certain crises (linked to BSE, to certain outbreaks of animal diseases and to dioxins in animal 

feed). Their purpose is to strengthen the safety and integrity of the food and feed chain. There are strict rules on 

the collection and handling of animal by-products and on their possible uses. However, proper implementation 

of these rules an be reliably verified only if the origin of a particular product is known and if any steps taken to 

reduce possible health risks in that product are transparent at all stages. 

Traceability of animal by-products can be ensured by the following tools: 

• documentation (in paper or in electronic form) which business operators have to provide when they send 

consignments of animal by-products from the place of collection to a place of destruction, processing or 

further use; 

• identification via labels or colour-coded containers, packages or means of transport; and 

• marker substances which are directly applied to animal by-products. 

The legislation specifies how each of those tools is to be used in practice. It provides a model for the trade 

document for consignments sent from one Member State to another, specifies a harmonised set of colours for 

containers and vehicles and lays down rules on how a marker substance (glyceroltriheptanoate — GTH, a fatty 

acid) has to be applied during the rendering process for high and medium risk material, so that it is still 

detectable in the resulting products. Those tools allow operators to trade animal by-products within the 

European single market on the basis of harmonised standards. They also facilitate official checks by the 

competent authorities of the EU’s Member States (Fig ) 

Fig. EU-Strategy of the utilization animal bí-products 
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For more information about animal by-products and their traceability, please visit: 

http://ec.europa.eu/food/food/biosafety/animalbyproducts/index_en.htm. 

A new Animal Health Strategy for the European Union (2007-2013) where ―Prevention is better than cure‖. The 

strategy provides direction for the development of animal health policy, based on extensive stakeholder 

consultation and a firm commitment to high standards of animal health. It will facilitate the establishment of 

priorities that are consistent with agreed strategic goals and the revision of, and agreement on, acceptable and 

appropriate standards. The strategy is aimed at the entire EU, including animal owners, the veterinary 
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profession, food chain businesses, animal health industries, animal interest groups, researchers and teachers, 

governing bodies of sport and recreational organisations, educational facilities, consumers, travellers, competent 

authorities of Member States and the EU Institutions. 
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10. fejezet - Cost and income 
conditions in precision agriculture 

1. 

The cost-income conditions are substantially influenced by the different support and financial regulatory 

systems. However, in this case, as during the most technological changes, the farmer is interested in the 

expected direct profit and benefits that affect the indirect profit. In this case also concluded that there are two 

major categories of costs: the variable costs depend on the growth of the management, while the fixed costs do 

not change from the growth of the management. The precision farming system leads to changes in both cost-

categories. 

2. Variable costs 

Costs of data acquisition. In case of a highly information-demanding technology, data acquisition costs are 

significant, mostly in the early stage of the use of technology. The positioning combined soil sampling, weed-, 

insect- and pathogen detection, etc. can mean high production costs. The data purchase, subscription, 

consultation fees and data-handling costs also represent a significant part. By average data (data of year 2000 - 

USA) the satellite (raster) sampling cost is $2,50 per 0,4 hectare (the size of the pixel is 1,2 hectares), fee of the 

laboratory soil test assigned to the geographic data is $ 5,50 per sample (with trace element analysis $ 9,50 per 

sample), the area test is $ 3,00 per 0,4 hectare and the preparation of the yield maps is $ 0,50 per 0,4 hectare. 

Several technological developments can reduce the costs of the data. Remote sensing using satellite images is 

much cheaper than the in-field tests and soil sampling; of course, such images require reliable analysis. Even 

more promising can be the development of moving sensors placed on the cultivating machines that allow the 

measurement of soil fertility, identifying weeds or the analysis of other production site problems. Such 

improvements reduce the costs of data acquisition, laboratory tests and the variable costs of management, but 

increase the capital investment need and fixed costs. Data collection and operational intervention in many cases 

being done simultaneously with the help of sensors and monitors mounted to the same machinery. They also 

improve the efficiency and cost savings. 

During the nutrient management, fertilizer and manure, including the soil melioration materials used in 

agriculture, particularly lime, represent a significant cost item, however, direction of the change of this cost 

category is not clear in this management system. In such locations, where the inefficient excessive nutrient use 

was the typical, or simply the type of the soil is rich in nutrients, application of fertilizer can be reduced. In other 

subsectors, within the same field or farm, rate of the nutrient application should be increased from the 

previously applied same rate. Thus, the direction of change, in respect of the costs of fertilizers, is different 

depending on the location and circumstance. 

In case of the soil melioration materials, pH of the soil and other properties vary significantly within the 

agricultural field. Generally, the amount used in the application of lime is expected to decrease. The site-specific 

management of the application can result that less lime have to be used in certain parts of the area, thus saving 

material costs, and potentially can be reduced the costs of adaptation. In fact, in the U.S., the varying 

proportions of soil melioration materials - particularly the use of lime – were the first wider range service 

towards the farmers, after which the fertilizer delivering is might to be solved in a similarly efficient way. 

During the pest control, the purchase and application of herbicides and pesticides are determinative cost factors. 

Although this area is in the early stages of the development, there is a chance for significant economic returns 

with precision farming. By the accurate fixed location survey of weeds and determination of the treatment 

boundaries, if the weeds are in patches, the local spraying allows the minimizing of herbicide use. The different 

rate application of herbicides is needed primarily in the function of the mold, clay and water content in different 

soils. Thus, the different rate application can result cost savings. Although the opportunity is ready for the 

herbicide/pesticide cost savings, the applied amount of these inputs depends on a precision decision. Costs of 

the pest control tests and the variable rate application will increase compared to the same level application 

strategy. 
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Additional costs will also depend specifically on the location. The type of seed-corn and planting density can be 

changed: depending on the soil type, slope, the moisture conditions and other parameters, assuming that these 

differences are controled with the appropriate algorithm by the seeder or planter during the sowing and planting. 

Through the continuous rise in seed-corn prices, saving can be also considerable. 

In precision farming, the analysis in the decision-making is very important, and it requires significant time 

expenditure from the driver, so these costs are rising wih the takeover of precision farming. 

The fixed costs not change with the level of the production. Generally, these are annual costs, which relate to the 

permanent capital investments. Example for the fixed costs of precision farming: amortisation, interest on 

investments and those insurance costs, which refers to the yield-measuring equipments, computers and software, 

GPS device, equipments of the variable rate application technology and other necessary equipments. 

The preparation of base maps and field mapping, soil and site tests can also represent significant expenditures. 

They also rate long-term investments, and their costs have to be amortized as constant expenses over time. 

Related to the management, also fixed costs are arisen. In particular, cost of the development of the human 

capital is often left out of the cost calculation. Typically, prior to the effective application of precision farming 

system is important the learning process. To manage such a system, formation of the necessary knowledge base 

is fundamental. 

Precision farming can potentially improve the profitability of the farm, and can reduce environmental damages 

caused by the agriculture. The economic performance of precision farming depends on the location. The 

available profit depends on the production site variability and the management decisions that efficiently exploit 

this. The yield and the related expenditure likely to increase in some areas, while in other areas decrease, but 

spatially different way compared to traditional farming. Total cost of the farm will likely to increase with 

precision farming, due to the investments in machines, mapping, and human capital. Costs and profits of 

precision farming are also affected by the farm size. The capital cover risk level of the larger farms and probably 

their heterogeneity are also larger and so these will be in majority between the early introductions of the 

technology. The environmental costs and subsidies (e.g. in relation to the National Agri-environmental 

Program) will grow for the farms in future. If it turns out that the precision farming has significant 

environmental benefits to society, the introduction can be speeded up through support and tax mechanism 

allocation for farmers, who bethink admission. Precision agriculture can directly affect the environmental 

quality. However, prevention is still a lot less funding, than the elimination of the already occurred 

environmental damages. Economic determination of the environmental quality of a production site concerning 

to a farm or catchment has not yet been established. 

In case of the switchover to precision farming, management conditions must always be individually considered 

(e.g. if the soil type and the surface is relatively smooth and flat, precision farming may be less advantageous). 

Before investing in a new technology, the already existing production practices must be carefully analyzed. 

Obviously, if the current farming system is not effective, because of the technological discipline often ignored, 

then the investment to a precision farming system is not going to bring significant changes with the similar 

practice. 

The precision management affects the production costs with the optimization of inputs. The costs in case of 

winter wheat and potatoe can be seen in Table 23. 
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The table shows that in the costs of precision farming related to the production, reduction of the variable costs is 

possible. This is especially true by spraying, but may relate to the fertilization and sowing as well. In case of 

wheat, the variable costs are the 31,32% of the total cost, while in case of the potato this means 39,95%. If it 

would be possible to save the 15% of the variable costs, then this would mean 37 pounds/ha by the wheat, and 

173 pounds by potato per hectare. 

Investment demand of a precision farming system is significant, and it also increases the company's permanent 

expenditures (amortisation, repairs and maintenance). In a 320 hectare field, by 22,36 £/ha, the proposed 15% 

savings is available in case of the variable costs (Table 24). 

 

By Blackmore and G. Larsheid (1997), the following practical steps are proposed to the farmers during the 

changeover to precision farming. 

1. First phase; Data Collection, Data Record 

• Constant territorial features through long periods and creation of yield maps. 

• Log shall be kept of all territorial treatments and from the DGPS registration of the machineries. 

2. Second phase; Data integration, Analysis 

• Correction of the yield data and spatial trend, stability calculation, and preparation of classified treatment 

maps. 

• Identification of the emphatically, numerically (significant), stable low-yield areas and cost estimation 

correlate to the average. 

• Identification of the emphatically numerically variable areas and cost estimation correlated to the average. 
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• Identification of the high yield areas that cultivation should have been modified. 

3. Third phase; Decision 

• Selection of cultivation goals in relation to the return, the environmental load level and the acceptable risk. 

• Selection of the cultivation plan for the territorial variability and cultivation aims (e.g. territorial reduction 

of cost factors per field parts) 

4. Fourth phase; Evaluation 

• We appreciate, whether the tactical and strategic objectives have been carried out in all areas (control of 

the results of all activities). 

• We appreciate, whether the issue has improved. If not, list the reasons, and evaluate again. 

The very intensive continuous analysis of the production site minimizes the production risk. During the 

traditional farming, reduction of risk happened with more inputs than justifiable (such as application of security 

spraying), with the using of large amounts of nitrogen fertilizer, and unreasonable machinery use. The quality 

assurance and environmental protection, security tasks that falls on the farmer in the near future, are also in the 

favour of the introduction of precision farming, which can mean additional profits through the saving of 

incidental expenses and market benefits. By American experiences, the available income can reach the 25-30% 

level. When the technology becomes multitudinous, this, in absolute value, will grow in the near future. 


