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INTRODUCTION

Presented in the map, in analogue or digital form, two-dimensional phenomena such as: flora, soils, agriculture areas, natural resources or population groups, create compositions which consist of variously located areas and lines. Analysis of the character of such phenomena distribution can be carried out by studying differentiation of their density, geometrical features of objects (size of field, circumference), shape rates. 

However, what is really important is the spatial layout created  by individual sub-areas (objects) where phenomenon occurs. Distinguishing typical, characteristic spatial distribution of the most  frequently repeating elementary layout of neighboring sub-areas can, on the one hand, become the classifying  key when it comes to quality division of studied area (regionalization)  and on the other – helpful information when it comes to studying relations between other elements of environment. 

One of the methods of recognizing spatial structure of the set of areal objects, is analyzing images by comparing them to defined a priori patterns. Determining these patterns –types, is significant for this paper. Depending on research aim, various criteria of their classification can be accepted. 

Arable lands distributed in Lower Silesia are the subject of this research. The aim of research is to evaluate spatial distribution of such objects in arable lands whose agriculture character is considerably limited. The subsidies have been offered to homesteads in these terrains (referred to as LFA Less-Favored Agriculture Area). In Poland, LFA are indicated within the document “Rural Development Plan 2004-2006”, elaborated by the Ministry of Agriculture and Rural Development in agreement with European Union. Such activities are supposed to prevent these areas from losing their agriculture function and from their depopulation. 

Presented in this paper scientific works are realized and financed from budget means for science in years 2005-2008, within the research project no. 4 T12 E 02128.

RESEARCH METHODOLOGY

In analysis of image, recognition and classification of typical layouts is based on matching them to patterns of created by the phenomenon compositions in space. In order to determine spatial layout of areal objects, the primary image, i.e. map of ranges is converted to binary form. It can be obtained by covering the  studied area with the grid of basic units of accurately chosen side sizes, and by describing fields, in which phenomenon occurs, as 1, and remaining fields as 0. Binary can be conditional. In this case, assigning values 1 or 0 depends on percentage share of phenomenon in unitary field. The next generalization step is to divide obtained image into bigger units, referred to as modules, composed of, for instance, nine unitary fields (3 x 3 unitary fields). Size of modules depends on sizes of unitary fields. 
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	Fig.1 . Discretisation of the image (a) on the level of qualification: 30% (b) and 50% (c) share of phenomenon in a basic unit.


In such modules, units of values 1 and 0 create various layouts, and the number of their arrangements, according to Newton’s formula, is 512.  

The proposition of classifying layouts into types, taking into account the compactness of full units in nine-unit modules, is presented in other works by Klimczak (2003, 2006).  Because there are many parameters on the basis of which it is possible to divide layouts created by units 0 and 1, in this paper focus on elaborating classification which bases on other properties of modules, but still according to general assumptions of analysis method provided by Klimczak. Taking into account the variety of  ways of estimating layouts in modules, a lot of other may appear, depending on studied phenomenon and the aim of studying their classification. In previous research, the number of obtained results was considerable. It was not good for drawing conclusions about phenomenon’s structure. Too many types caused problems when it came to evaluating layouts typical for given phenomenon. Also cartographic presentation of great number of types was unfavorable for creating cartographic model that was easy for visual evaluation.  

What was proposed was the classification that includes 32 types of layouts. This classification groups patterns, indicated in the first phase of classification, according to common features. The first index, separating types, is the index of compactness (W), applied also in the previous classification, based on the formula: 
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where:

P – area of figure created by linking outside centroids of filled units, 

O – perimeter of figure created by linking outside centroids of filled units, 

This parameter, counted using field’s side as a unit, has nineteen different values. These values are the base for the first phase of grouping, in which 86 types have been separated. 

Among 86 types from initial classification, there are modules characterized by the same index of compactness but of different density (number of unit of value 1). 

It has been noticed that in the groups of patterns characterized by the same value of the first index, there are layouts whose links between outside centroids of units create identical figures. This feature of layouts became the basis for separating types within the first index. As a result, 32 types of layouts have been obtained. Exemplary module of layout pattern, with description of classifying indices, is presented in Fig. 2, while Fig.3 presents shapes of figures obtained by linking outside centroids of filled units, which decide about separating layouts patterns. 
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	6 – W - index of compactness, based on the formula :     W = P/O, 

      where:

P – area of figure created by linking outside centroids of filled units, 

O – perimeter of figure created by linking outside centroids of filled units, 

A – marker distinguishing shape created by linking outside cetroids within the first index.  

	Fig.2 Exemplary type of layout with description of classifying indices.



[image: image4.emf]0 A 0 B 0 C 0 D 0 E 0 F 0 G 1 A 2 A

3 A

4 A

5 A

5 B 6 A 7 A

7 B

8 A

9 A

10 A

10 B

10 C 11 A

11 B

12 A

13 A 13 B

14 A

15 A

16 A

16 B

17 A

18 A


Fig. 3. Shapes differentiating types (without taking into account scales of figures) 

Each module, classified to certain type, in which units with value 1 create a chain of 0 and 1, is attributed certain code. In Table 1, the types codes and compactness ratio values of the types, have been set together.  

Table. 1. Values of compactness ratio (unit – side of basic field) and types codes

	Code
	Compactness ratio
	Code
	Compactness ratio

	0A
	0,00
	8A
	0,28

	0B
	0,00
	9A
	0,29

	0C
	0,00
	10A
	0,31

	0D
	0,00
	10B
	0,31

	0E
	0,00
	10C
	0,31

	0F
	0,00
	11A
	0,33

	0G
	0,00
	11B
	0,33

	1A
	0,11
	12A
	0,35

	2A
	0,15
	13A
	0,38

	3A
	0,16
	13B
	0,38

	4A
	0,19
	14A
	0,40

	5A
	0,21
	15A
	0,41

	5B
	0,21
	16A
	0,44

	6A
	0,24
	16B
	0,44

	7A
	0,25
	17A
	0,47

	7B
	0,25
	18A
	0,50


. 

In elaborated for this analysis complementary application, the patterns of types are provided in the form of the table of chain codes. To established in that way patterns, the converted, binary picture of phenomenon is compared.  Each basic unit has properly created identifier. Program, on the basis of identifier, allows to calculate the location of neighboring units in rectangular system X, Y. Around each field a module, with central unit identifier, is built. This way of building modules allows to carry out analysis of layouts in nine configurations.  Each module is attributed certain code of type. 

Saved in database results of types classification, can be presented in the form of quality thematic maps, taking into account different variants of classifying indices. 

ANALYSIS OF IMAGE PRESENTING DISTRIBUTION OF ARABLE LANDS. 

Distribution of arable lands in Lower Silesia has been the subject of analysis. In the analyses, the grid of basic units, constructed according to TEMKART system, has been applied.  Two levels of grid of the sides 1km x 1km and 0,5km x 0,5km have been used. In Lower Silesia there are 83687 units of the grid 0,5km x 0,5km and 20936 units of the grid 1km x 1km. 

The process of discretization has been elaborated on the basis of information included in databases with data about arable lands’ share in reference unit. Satellite photos were the first material used to indicate localization of arable lands. In the column – feature value, on level 30% and column for 50%, using SQL in MapInfo, values 1 or 0 are inscribed. Number of units and phenomenon occurrence are tabulated – Table 2. 

Table 2 Number of units in studied area, depending on unit’s size and accepted level of qualification. 
	Unit’s size
	Percentage share of phenomenon in unit
	Number of all units in studied area 
	Number of units with attribute 1 
	Percentage share of units with attribute 1 in all units

[%]

	0,5km
	30%
	83687
	57737
	68,99

	
	50%
	83687
	52266
	62,45

	1km
	30%
	20936
	14619
	69,83

	
	50%
	20936
	12576
	60,07


Using two sizes of basic fields and two qualification levels, allows to carry out analyses on various levels of initial data generalization. 2322 modules of 3km x 3km  and about 9301 of 1,5km x 1,5km have been created (number of modules depends on configuration). By analyzing layouts of 0 and 1 units in a module, and comparing them with patterns, the types of pictures have been determined. 

Initial analysis of distinguished types in the studied area, and evaluation of the number of their occurrences were the basis for limiting further analyses to ten, the most often appearing layouts. 
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Fig.4 Distribution of the most popular types of images of arable lands  in 3x3 km modules
for 30% share of phenomenon in basic units (5th configuration).

Figure 4 is an example of a map presenting chosen types, made in MapInfo program, on the basis of modules database. What is visible in the maps is great share of modules of „18A” type, which create characteristic group, stretching from the center of voivodship to southeast. Moreover, smaller groups of modules of this type are visible in north, northeast, west and south. Modules with all units with attribute 1 and modules whose outside links between centroids of units create the shape of big square, belong to the group of modules with „18A” code.  Modules of type  „0A”, the ones that do not have units of attribute 1, create groups. The biggest group of these modules can be found in north – west part of studied region, smaller groups are located in south- west and south parts. What is also visible is quite a big share of modules of type “17A”, where links between fields create square with one corner beveled. They create more diffused layout, but their neighborhood with types „18A” is also visible. 

In Table 3, there are 10  most often appearing types for chosen size of module and level of phenomenon’s share.  This table also presents the share of chosen types in the whole group of modules. As the table shows modules 3km x 3km in all configurations have the same types. Small differences, in individual configurations in the group of 10 the most numerous types,  appear for modules 1,5km x 1,5km and for qualification of feature in unit on levels G
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50%  of arable lands. Further researches can be carried out for this chosen group. The analysis of ten types helps noticing the regularities in their distribution. Type „18A” of the highest value of compactness ratio, makes the most numerous group. Next, when it comes to quantity, are types of high compactness ratio but of more complicated shapes created by links between centroids of units of attribute 1. Type “0A” which is characterized by the lack of fields with phenomenon occurrence, is also numerous. 

Table 3. Quantity of ten most often appearing types of layouts in modules 3kmX3km for qualification of arable lands on level G
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	 Configuration

	Type

 
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX

	
	Number

	0A
	199
	203
	203
	187
	186
	196
	197
	189
	206

	0B
	88
	88
	92
	100
	90
	88
	98
	100
	90

	0C
	61
	61
	64
	69
	70
	58
	55
	58
	58

	4A
	68
	63
	61
	50
	70
	64
	58
	59
	54

	8A
	69
	61
	61
	74
	68
	88
	66
	68
	60

	9A
	62
	85
	67
	74
	78
	76
	72
	79
	61

	11B
	57
	53
	45
	62
	64
	62
	72
	77
	76

	15A
	188
	204
	217
	184
	185
	172
	223
	195
	211

	17A
	239
	255
	231
	262
	262
	236
	247
	217
	258

	18A
	1010
	993
	1011
	972
	973
	997
	973
	1000
	963

	Suma
	2041
	2066
	2052
	2034
	2046
	2037
	2061
	2042
	2037

	Share of chosen types in the all types [%]
	87,9
	89.0
	88,3
	87,3
	87,8
	87,5
	88,5
	87,9
	87,5


Configuration of modules depends on location of basic field, accepted as the beginning of layout of created modules.  In order to determine the influence of configuration on obtained results, the index of structure similarity has been calculated. 

To do that, quantity and then the frequency of certain type occurrence in nine configurations, have been indicated. Then, in each configuration for subsequent type, the minimal value of frequency was established, which after totalizing makes the index of structure similarity. In Table 4 there are obtained indices for both modules and both levels of feature qualification in field. 

Table 4. Table of the value of structure similarity index. 
	Size of module
	Phenomenon’s share
	Index of structure similarity 

	3km
	30%
	0,893

	
	50%
	0,872

	1,5km
	30%
	0,943

	
	50%
	0,871


Obtained values of index indicate very similar structure in nine configurations. The highest value was obtained for modules 1,5km x 1,5km with 30% phenomenon’s share, and the lowest value – also for the same module but with 50% phenomenon’s share in basic unit.  Obtained high values confirm small influence of accepted configuration of modules on obtained results. 

Index of structure similarity estimates differences between configurations on  the basis of numerical values. For complete evaluation of configuration’s influence on obtained results, the analysis of modules distribution in studied area, layout and neighborhood of indicated types, are of great importance. For this purpose, the following analyses were carried out by presenting in maps ten most numerous types. In this work, the examples of maps are limited to presentation of types’  distribution in chosen fragment of studied area. 
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Fig.5. Distribution of the most popular types of images of arable lands (30% share of phenomenon in a basic unit) for 3 x 3 km modules in three configuration.
The results obtained for one size of module but for different shares of phenomenon in basic unit (30% and 50%) were also analyzed (Fig.7). That allowed to estimate the influence of applied qualifying generalization on the type and layout of modules in space. 

Apart from comparing ten most frequent types, also the results obtained for one chosen layout type were presented (Fig.6). Such an elaboration enables carrying out evaluation of spatial distribution. 
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Fig.6. Distribution of the chosen type (15A) of image of arable lands (30% share of phenomenon in a basic unit) for 3 x 3 km modules in three configuration.
What is visible in the maps for both sizes of modules, is the fact that the layout of bigger groups of the same type modules, located in south-west of 7th area (0A) and in north –east (18 A), is preserved. Location of the remaining layouts of types for 30% and 50% phenomenon share, changes a lot. Huge difference is also visible in the number of the most peripheral types. For 30% phenomenon’s share in filed, there are more modules of type 18A and fewer of type 0A. For 50% phenomenon’s share, these differences are reverse. Number of the remaining patterns is similar to both levels of qualification. It should be pointed out, that for modules 1,5km x 1,5km it is easier to notice structure occurrence similarities of types between two percentage qualifying levels than for bigger modules. 
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Fig.7. Distribution of the most popular types of images of arable lands in 3x3 km modules for 30% and 50% share of phenomenon in basic units (5th configuration).
Maps with 30% and 50% phenomenon’s share in unit for chosen type, at first  examination seem to be completely different when it comes to layout created by modules. 

However, after the analysis, it is visible that localization of most types is preserved. Similar situation concerns both sizes of modules. For smaller modules, despite similar changes in modules layout, what is more visible is random location of types for both levels of qualification. 

SUMMARY 

Obtained data which concern type and the number of types, allow to characterize the structure of studied phenomenon and distinguish local types of layouts. 

Distinguished types of layouts result from specification of arable lands’ location. This method makes the comparison with other, functionally related surface phenomena, possible. Accepted in research assumptions: two sizes of elementary unit and two levels of phenomenon’s qualification in unit, as well as the possibility of multi-variant creation of modules, are the basis for applying such level of generalization which is necessary for its spatial character and for analyses aims. Small dependence of obtained indices on accepted research variants, once again has drawn attention to the power of cartographic models. They allow for estimating spatial distribution. On the basis of obtained results, multi-variant analyses can be carried out and presented in a form of  map. Presentation of distribution of indicated types in map, completes significantly the obtained results of analyses. 

REFERENCES

Klimczak H. (2003): Modelowanie kartograficzne w badaniach rozmieszczenia zjawisk 
przestrzennych. Zesz. Nauk. AR CXCV, Nr 459. Wrocław. 

Klimczak H., Galant K., Alkśnin M. (2006): Modelling of spatial structure of chosen forms of land cover using geometric reference units. Reports on Geodesy. No.2 (77)

a





b





c








_1210661790.unknown

_1211377541.unknown

_1234200594.unknown

_1211377522.unknown

_1211288606.unknown

_1210433593.unknown

