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Discrete Spatial variables

1. Discrete Spatial variables

In thislesson, you will learn to work with the following spatial data representation models:

1

Feature data, which represents spatial features as points, lines and polygons and is best applied to discrete
objects with defined shapes and boundaries.

Raster data represents imaged or continuous data. Each grid cell in araster is a measured quantity. The
most common source for raster dataset is aremote sensing image or aerial photograph. A discrete object
can be stored in araster dataset by assigning the identifier value to the grid cell.

Raster datasets excels in storing and working with continuous data, such as elevation data, pollution
concentration and temperature.

Lernziele

In unit 1: Introduction, you will learn the discrete and continuous nature and behavior of spatial objects
and, how to describe them in image mode and feature mode based on the analytical tasks you need to
perform. Actually, you have learnt these conceptsin the basic module Spatial Modelling of Real World.
The purpose of this unit isto recall your memory on spatial modelling.

In unit 2: Individual spatial properties of features, you will learn the spatial properties of spatial objects
and how to describe these in feature mode and image or raster mode.

In unit 3: Spatial pattern and neighborhood features, you will learn different indices and implement the
concept of largest proximity and minimum distance based on Euclidian distance. Moreover, you will
learn how to allocate spatially in relation to the proximity of a spatial feature.

In unit 4: Weighted spatial patterns and neighborhood, you will learn and implement the concept of
largest proximity and minimum weighted distance based on weighted Euclidian distance. Moreover, you
will learn how to alocate spatially in relation to the proximity and weighted minimum distance of a
spatial feature.

http://www.gitta.info - Stand vom: 25.4.2016 2



Discrete Spatial variables

1.1. Basic concepts

In this unit, you will learn characteristics and different behaviour of continuous and discontinuous spatial
distribution of spatial phenomena. Spatial variables are used to describe and analyze the spatial distribution
of phenomenon. We will focus on discrete spatial variables that describe the discrete spatial distribution of
phenomenon. Then you will learn a priori features and a posteriori features which can be defined based on the
gpatial variables and regionalisation. Moreover, representation of real world spatial features in object mode
and image mode will be presented. We will introduce orientation of units that you will learn after this unit
based on the knowledge you gained. Moreover, the linkage to the other lessons and modules are presented
for your reference.

Download the PDF ver sion of thegraphicand animation
presentation of thisunit.

1.1.1. Geographic Objects

G of Gl Scan beinterpreted as Geographic Object or Spatial Object or Spatial feature or Geographic Individuals.
At the planet scale, our world is only one object with the defined boundary. At the global scale, you can view
our planet aswater and land mass. They have their owned defined boundaries. In our planet, thereis more water
mass than land mass. It is interesting why our planet is called Earth rather than Water. Anyway, at the more
refined scale, electric poles, rivers, roads, tramlines, water pipes, fire hydrants, lakes, vineyards, agricultural
land and the forest patches are examples of geographic objects. Most of the tangible geographic objects have
the defined acceptable boundary and properties such as name, types and status etc. These are called discrete
geographic objects. These are also called discrete objects. For example, lake Geneva has a defined boundary.
Its name (property) is called Genevalake. After that boundary, it is not known as Genevalake. It is one of the
most famous (status) urban lakesin the world. Therefore, Genevalake is a discrete geographic object.

«  Thegeographic boundaries are defined non thematically or thematically.
o  Thenationa boundaries are defined as the nationality as a theme.
o Land useand land cover boundaries are defined thematically.

These geographic objects have the phenomenatoo. It isdifficult to delineate the boundary of these phenomena.
Most phenomenaareintangible or perceptible by sense such astemperature. Some phenomenaaretangible such
as distribution of vegetation at ecotone. Ecotone is the fuzzy boundary between two ecological communities.
Temperature, rainfall, elevations and ecotones are good exampl e of phenomenon. At the global scale, we cannot
draw the temperature temperature boundary of our earth. At the more refined scale, we cannot still draw the
temperature boundary of Genevalake. Because, the boundary of the phenomenon does not truly exist. It exists
arbitrarily as the fuzzy boundaries. The phenomena are continuous in nature. Therefore, these phenomena are
illustrated with arbitrarily defined boundary which are normally fuzzy. We will learn how to draw the fuzzy
boundaries for phenomena.

These phenomena are illustrated as continuous surfaces using grid cells. Each grid cell has a rea value of
phenomenon (e.g. continuous temperature) based on field measurements and interpolated values.

More detail on sampling and interpolation to generate the continuous phenomenon of geographic objects will
be discussed in a dedicated |esson. Moreover, we will learn how to represent continuous phenomenon surfaces
into arbitrarily defined fuzzy boundaries as discrete objects in the future units.

http://www.gitta.info - Stand vom: 25.4.2016 3
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Discrete Spatial variables

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

1.1.2. Spatial Features

The spatial objects can be represented in object (vector) mode or image (raster) mode. In object mode,
individual spatia objects can be defined as point or line or polygon. In image mode, individual spatial objects
can be defined as a set of contiguous cells, which are known as regions.

Although a spatial object and phenomenon can be defined in object mode and image mode. Discrete spatial
objects can be more accurately present in object mode and continuous phenomena of spatial objects are more
meaningfully presented in image mode.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

The following presentation will focus on structures of lessons that illustrate concepts, techniques and
methodologies on how to represent features in object mode or image mode based on discrete sample data
collection of geographic features and their phenomena.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

1.1.3. Develop a ssimple data model

1. Develop asimple datamodel for an urban road transportation information system.
2. Develop asimple datamodel for Soil pH distribution.

http://www.gitta.info - Stand vom: 25.4.2016 4
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Discrete Spatial variables

1.2. Individual spatial properties of features

Asyou have learnt in the spatial modelling lesson, spatial objects can be described as point, line and polygon
(aredl) features. Moreover, the spatia objects can be represented in object mode and/or image (raster) mode.
In thisunit, you will learn how to describe the geometric properties of spatial objectsin image mode and object
mode.

At the end of the unit, you should be able to describe geometric properties of point features, linear features and
polygon features in image mode or object mode especially for your spatial analysis projects.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Download the PDF ver sion of thegraphic and animation
presentation of thisunit.

1.2.1. Individual spatial propertiesof Point Features

Point features can be described assingle x, y valuesin object mode or single column, row valuesinimage mode.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Example of representation of point features
The following graphic illustrates the representation of point features in object mode.

CQHCEPt :  Point features: Representation of Point feature conceptually

Location of 8 houses Spatial distribution of 8 houses
Point X (m) Y{m) Ly
1 2.0 3.0 9 .
2 3.0 1.0 &1 8
3 6.0 2.0 7-
4 5.0 3.0 e : =
5 4.0 5.0 B &
6 7.0 4.0 = .
7 7.0 6.0 i AL
8 9.0 8.0 & Ry ® ®
2] 2 ®a
'E &
0

01 23 4 56 7 8 910

Coordinate X
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Discrete Spatial variables

Concept :  point features: Representation of Point feature in object mode in GIS

File structure of point features in GI5

9 = @ N b D R -

END

0.2000000E+01
0.3000000E+01
0.6000000E+01
0.5000000E+01
0.4000000E+01
0.7000000E+01
0.7000000E+01
0.8000000E+01

Map unit is meter.

0.3000000E+01
0.1000000E+01
0.2000000E+01
0.3000000E+01
0.5000000E+01
0.4000000E+01
0.6000000E+01
0.8000000E+01

Wl Db Wk =

10

Presentation of spatial distribution of 8 houses

0.0

10

Concept :

Point features: Representation of Point feature in image mode in GIS

Ascii raster file representation of point features

ncols
NMOWs

10
10

xlicorner 0.0
ylicorner 0.0

cellsize

1.0m

F WO~ ® b W R =

NODATA value -9999

Then values of each cell are listed from

left to right line by line,

Unit is in meter.

Create point featuresin point mode and image mode

Ry 0, Cobenn O

Row & Coluorm 9

1. Create a point feature file based on the following table using available GIS system, at your lab.

Pointl D X(m) Y(m)
1 2 3
2 3 1
3 6 2

2. Create araster representation of a point feature based on the point feature vector data that you have created
above using available GIS system, at your lab.

http://www.gitta.info - Stand vom: 25.4.2016



Discrete Spatial variables

3. Create an ASCI| raster file based on the raster representation of the point feature.

1.2.2. Individual spatial propertiesof Linear Features

Linear spatial features such as road, railway and footpath can be represented as the series of single x, y values
asachain in object mode or a series of grid cellswith respect to row and columnsin image (raster) mode. The
length, sinuosity and direction, are some geometric properties of line features.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Some Examples

Representation of line feature in image mode is similar to the structure of representation of point feature in
image mode as you can see in the following example:

CD“CEPt *  Line features: Example of creating line file in object mode

File structure of line feature in Ascii format

1
0.2470000E+03
0.2515000E+03
0.2560000E+03
0.2630000E+03

END
END

0.1335000E+03
0.1360000E+03
0.1330000E+03
0.1370000E+03

Example of line feature in object mode

Line feature created in GIS

The length is 18.618 m.

See the detail calculation in previous slides

http://www.gitta.info - Stand vom: 25.4.2016 7


http://www.gitta.info/DiscrSpatVar/de/multimedia/SpatialPropertiesLine.swf

Discrete Spatial variables

Concept 5 Linear features: Representation of linear features in image mode

The resolution of image is 0.5 meter.

147 1

Ascil raster file represenialion of linear fealures

ncols 40
nrows 24
sllcorner 0.0
ylicorner 0.0
cellsize 0.5m

NODATA_value -9999

Red color line is presented as green

raster cells.
127 20
245 265
Example of linear feature in image mode
Example of calculating length in image mode
Concept : step- 1 : Rasterisation
1 20 )
147 4 The image is created based on 1 m
grid cell resolution.
The grid cells that passed through ling
feature are important to calculate the
length in image mode.
The green cells are the cells tha ling

] feature passes through.

B Some of the cells are manually
removed due to the proportion of the
line passing through the cell is
insignificant.

127 20
245 265

http://www.gitta.info - Stand vom: 25.4.2016



Discrete Spatial variables

CDHCEpt - Step - 2 : Calculation of length in image mode
20

147 4
Then connect the cell centers to
calculate the length.
Then calculate the distance of
from each center cell to another
center cell along the connected

—— line of cell centers
_4.4'.- = 7]

: Llength=14+1+14+1+1+
14+ 1+ 1+1+1++ 1+1 .4+
14+1+14+1=184m

127 20
245 265

Calculatethelength in object mode

Create the line feature using available GIS system, from your lab, based on the following table. Then find out

the length of the line feature manually.

Point X (m) Y (m)
1 247 1335
2 251.5 136
3 256 133
4 263 137

Calculatethelength in image mode

Cadlculate the length of the linear feature in image mode based on the following presentation. In this
presentation, all the cells that are passed through by the line significantly and insignificantly are considered
for calculation of length in image mode.

http://www.gitta.info - Stand vom: 25.4.2016 9



Discrete Spatial variables

The resolution of image i 1 meter.

B3
o

: 70 1
147 1 147 1

0=
[

B3
o

127 20127

245 celis that are passed through by line 285 245 Line thal connects the cell centers 265

1.2.3. Individual spatial propertiesof Aeral Features

Areal features such asforest land, agricultural land, park and land parcels etc. can be represented as the series
of single x, y values as a closed chain in object mode or a set of contiguous grid cells with respect to row and
columns in image (raster) mode. The location (position), size (area, perimeter) and shape (compactness) are
the geometric properties of areal (polygon) features.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

http://www.gitta.info - Stand vom: 25.4.2016 10
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Discrete Spatial variables

Examples

Cuncept :  Areal features: Example of creating areal feature in object mode

File structure of area feature in Ascii format

1 0.2552839E+03
0.2550000E+03
0.2480000E+03
0.2520000E+03
0.2620000E+03
0.2630000E+03
0.2550000E+03

EMD

EMD

Example of creating an areal feature in object mode

0.1381790E+03
0.1320000E+03
0.1380000E+03
0.1430000E+03
0.1420000E+03
0.1330000E+03
0.1320000E+03

Areal feature created in GIS

Area = 119.5 m?and Perimeler = 42.79 m

Cnnce pt : Areal features: Representation of areal features in image mode

The resolution of image is 0.5 meter.

147

Ascil raster file representatlion of areal features

ncols 40
Nrows 24
xllcorner 0.0
yllcorner 0.0
cellsize 0.5m

NODATA value -9999

Light green polygon is presented as pink

raster cells,

Example of creating an areal feature in image mode

127

245

265

http://www.gitta.info - Stand vom: 25.4.2016
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Discrete Spatial variables

CDHCEpt . Calculation of area and perimeter of areal feature in image mode

The resolution of image is 0.5 meter.
147
Area = Total number of cell * area of each cell
= 144 * (0.5 0.5)
= 36 m?

Linear Perimeter = (8 * 1.4} + (31 *1}} 0.5
=211m

Perimeter of the envelope =52 * 0.5 m
=26m
Green polygon is polygon feature in object mode.
Blue line is the line that connects the cell centers.
Linear parimeter is calculated based on the distance 127

between cell centers. Envelope penmeler is calculated
hased an the length of call edges bounded the area

1

20

245

Example of calculating area and perimeter in image mode

Calculate area and perimeter in object mode
1. Create a polygon feature in object mode based on the following table, using available GIS system at your

lab. Find out the area and perimeter values calculated by the GIS system.

265

20

Point X(m) Y(m)
1 248 138
2 252 143
3 262 142
4 263 133
5 255 132
6 250 129

2. Cdculate the area and perimeter of the created polygon using GIS. 3. Caculate the perimeter and area
manually based on the created polygon feature.

Calculatethe area and perimeter in image mode

Calculate the area, perimeter of the envelope and linear perimeter in image mode at 1 meter grid cell resolution

based on the following presentation.

http://www.gitta.info - Stand vom: 25.4.2016
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20 1 20
4 T a7 1
Fa
Fd
-
]
I
I {
|
] p
L4 SE
=
127 200 127 20
245 265 245 265
Cells that are partially or tofally covered by areal feature Cell canters are connected
1.2.4. Questions

«  Describe the geometric properties of the point feature
«  Describe the geometric properties of the line feature
«  Describe the geometric properties of the areal or polygon features

Shareyour results
o  Shareyour answers with the class, using the class email list
«  Submit your practical work of following sections as the attachment to the instructor by email:
o  Create point features in point mode and image mode
o Createlinefeaturein GIS
« Cadculatethe length in image mode
o Create areal featurein GIS

http://www.gitta.info - Stand vom: 25.4.2016



Discrete Spatial variables

1.3. Spatial pattern and neighborhood of features

In thisunit, you will learn theimportant concepts on spatia patterns, neighbourhoods, proximity and distance.
After understanding the concepts, we will learn how to create buffer polygons around specified input features.
Moreover, this unit will introduce how to convert point features to Thiessen or proximal polygons. The
distance between features is also important; calculation of distances between features will also be introduced.
In addition, you will learn how to create buffer regions around grouped input features.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Download the PDF ver sion of thegraphicand animation
presentation of thisunit.

1.3.1. Spatial pattern and neighborhood of Point Features

Here we will learn about spatial patterns and neighbourhoods of point features. Especially, how to measure the
distance between point features, how to create a buffer polygon or polygons from a point feature and how to
create proximal polygons from the point features.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Thelinear distances (Euclidean distances) among the point features are fundamental properties to describe the
gpatial patterns of point features.

http://www.gitta.info - Stand vom: 25.4.2016 14
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Example of distance calculation

COHGEFIt *  Point features: Example of a distribution for calculation of distance

Localion of & houses Spatial distribution of 8 houses and Migros
Paint X (m} Yim) 10
1 2.0 3.0 9 ® Migros *
2 3.0 1.0 a 8
3 6.0 2.0 i
4 5.0 3.0 o 7
5 4.0 5.0 5 6 5 o
6 7.0 4.0 5 5 . .
7 7.0 6.0 g 4 4 »
8 9.0 9.0 I .
iy 2 * 3
lhe location of Migros is X = 5and ¥ = 9. 1: &
] T T T T T

o1 23 4 5 6 ¥ & 910
Coordinale X

The following is the result of calculating distances among point features or houses. The distance between a
point and itself isO.

C'DHCEPt *  Point features: Example of calculation of distance among points

Linear disltance {meler} among house

5
2 3 4 5 4] 7 a

0 |2.236 |4.123|2.000(2.828|5.099|5.831|9.220

. 0 |3162|2.828(4.123 |5.000 | 64031000

0 |1.414 (3606|2236 |4.123| 7616

A 0 [2238|2.236)3.B06|7.211

5 0 |3.182|3.162| 6.404
E 0 |2o0o00|5.385

0 |9.220
g 0

http://www.gitta.info - Stand vom: 25.4.2016 15
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Example calculation of Thiessen Polygon

CDHCEpt - Point features: Example of a distribution for calculation of thiessen polygon

Localion of 8 poinis Spatal distribulion of 8 poinis
Foint X {m) Yim) 10
1 20 3.0 9 ®
2 3.0 1.0 g 8
3 6.0 2.0 ]
T,"_
4 50 3.0 » 7
5 4.0 5.0 m O 5 @
& 7.0 4.0 g 9] G
7 7.0 6.0 EE 4 @
8 9.0 9.0 o .1 !
=. =, 3- L) &
2: 2 ® 3
14 L ]
0

o1 23 4 5 6 7 8 910
Coordinale X

First, al points are triangulated into a Triangular Irregular Network (TIN) that meets the Delaunay criterion.
Then, the perpendicular bisectors of each triangle edge are generated, forming the edges of the Thiessen
polygons. The locations at which the bisectors intersect determine the locations of the Thiessen polygon
vertices.

Concept: point objects: Thiessen polygons based on 8 points

Thieszen FPolygons

The area of each polygon
is illustrated within the
polygon.

Coordinaie v
o

]
4.348

o1 23 456 7 8 910
Coardinate X
Areas of largest proximity to the B points

Example of buffering point features
Buffer polygon or polygons can be created by using a constant buffer distance or variable buffer distance
around the specified input point feature.

http://www.gitta.info - Stand vom: 25.4.2016 16
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Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

CDHGEpt - Point features: Example of variable buffer around paoint features

1 m constant Buffer around points 1,2, 3, 4 and
0.5 m constant buffer around points 5,6, 7, 8

s . @

Spatial distribution of 8 points

81 &
= T 7 7
5 f 5 ® 5 @
15 57 [
IE 4] 1 4 o o @ 6
L @ * @

2] 2 ® 3
14 L)
D T T T Al T T T

o1 23 4 5 6 7 8 910
Coordinate X

Example of calculating closest distance
Closest distances can be cal culated from the point features using Euclidian distance. The following exampleis
calculated based on the on the point distribution map illustrated to the 0.5 m raster grid.

CDHGEpt = Point features: Calculation of euclidian distance in image mode

Spatial distribution of 8 points Closest Distance from points at 0.5 m grid

10
g o 6457 5045 4.14.0 36 30 2010 g0 1.0 20
o] & 58 G042 36 3230 28 22 2014 10 1.4 22
. T: 7 5045 3628 222022 14 1014 20 22 28
o E: 5 ® 42 36 3222 14 1.014 1.0 g0 1020 30 16
E =] ° 368 2.6 2220 1.0 g0 1.014 1.0 1422 3.2 4.1
E o] 4 of 3222 14 1,014 1.0 1.0 1.0 §.0 1.0 2.0 3.0 40
{3 3: 1 . . 3.0 20 1.0 0.0 1.0 1.0 g0 1.0 1.014 22 3.2 4.1
] 5 o3 3222 14 1.0 1.0 1.4 1.0 §0 1.0 2.0 28 36 45
] ® 36 28 20 1.0 0.0 1.0 1.4 1.0 1.4 2.2 3.2 41560
ol I 413222 14101422 20 22 28 36 45 54

o1 23 4 5 6 7 8 910
Coordinate X

Then raster grid cells are allocated to the properties of point features based on the nearest proximity from the
point feature (Thiessen's region).
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CDHCEpt - Point features: Allocation of grid cells based on the nearest proximity

(Grid cells are allocated to the nearest proximity

Clo=sest Distance from points at 0.5 m grid
to the point

B4 57 5045 4140 36 30 2010 §o 1.0 20
5B 5042 36 3230 28 22 20 14 1.0 1.4 22 8
5045 3626 222022 14 1.014 20 22 28

42 35 3222 1.4 1.0 14 1.0 g0 1,020 3.0 36 5 i

36 2822201090 1.014 1.0 1422 3.2 4.1
3.2 22 141014 1.0 10 1.0 0.0 1.0 20 30 4.0
4.0 20 1.0 D0 10 1.0 0.0 1.0 1014 22 3.2 4.1
3227 14101014 1.0 0.0 1.0 2.0 2.8 3.6 456
36 28 20 1.0 00 1.0 14 1.0 1.4 22 32 4150 3
413222 14101422 2.0 2.2 2.8 36 45 54

Calculatethedistance in object mode

1. Cdculatethe distance among point features, using the available GI S software from your GIS Lab, based
on the point distribution map illustrated.

2. Cadculate the linear distance between Migros and individual houses, using the available GIS software
from your GIS Lab. The result should be similar to the following.

From Migros To house Distance
Migros 1 6.708
Migros 2 8.246
Migros 3 7.071
Migros 4 6.000
Migros 5 4.123
Migros 6 5.385
Migros 7 3.606
Migros 8 4.000

Gener ate the Thiessen Polygons

Generate the Thiessen Polygons, using the available GIS software from your GIS Lab based on the point
distribution map illustrated. The output area values should be similar to the values mentioned in the example
illustration.

Calculatethe closest distance in image mode

1. Calculate the closest distance, using the available GI S software from your GIS Lab, based on the point
distribution map illustrated. Y ou may choose the resolution of the grid cell.
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2. Then alocate the grid cells to the property of the point feature based on proximity, using the available
GIS software from your GIS Lab.

1.3.2. Spatial pattern and neighborhood of Linear Features

Here we will learn about spatial patterns and neighbourhoods of line features. Especially, how to measure the
distance between linefeatures, how to create abuffer polygon or polygons from aline feature and how to create
proximal polygons from the line features.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Example of minimum distance calculation from aline feature
Closest distances are calculated using Euclidian distance formula in a similar way to calculating distances
between point features, asillustrated above.

Concept : Linear regions: Minimum distance calculation

Spatial distribution of features Minimum distance from line feature

Coordinale ¥
Lrl

=
ey,

|:| 2 3 4 5 E ? 3 EI 10
Coordinate X

Minimurm distance is calculated at 0.1 m grid resolution.

Then the grid cells are allocated based on proximity distance.
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Concept :

Linear regions: Minimum distance calculation

) . Allpcation of grid cells 1o linsar f=atures hased on
Spatal dstrbution of features I S I :
dislance

Coordinale ¥
I'_rl

4 5 B 7
Conrdinate X

[ }
—_—
ba
[

6

Allecation is calculated at 0.1 m grid resolution.

The following figure illustrates the result in vector or object mode.

Concept : Linear Objects: Area of largest proximity

[ 13.478 m?
1 g 7
. d

12107 m? J 1sEMm

Example of buffering line features

Buffer polygon or polygons can be created by using a constant buffer distance or variable buffer distance
around the specified input line feature.
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Conce F't : Linear regions: Constant buffer from line feature

Allocation of grid cells to linear features based on

Spatial distribution of features o
distance

Coordinate ¥
th

4_

3 4 8

iy

1_

G T T T T T T T T T

o1 23 4 5 68 7 8 910
Coordinate X
The 0.5 m buffer is created from the linear feature.
COHCEPt : Linear regions: Variable buffer from line feature

) Variable buffer distance from linear feature
Spatial distribution of features .

Coordinate ¥
Lrl

44

Ky 4 8
ey

-1_

o1 23 43 g 310

The 0.5 m buffer from 1, 2, 3, 4 and 1 m buffer from 5, 6, 7, 8.

Calculate the minimum distance of line features

1. Caculate the closest distance, using the available GIS software from your GIS Lab, based on the line
distribution map illustrated. Y ou may choose the resolution of grid cells.

2. Then dlocate the grid cells to the property of the point feature based on proximity, using the available
GI S software from your GIS Lab.

Create Buffersfrom linear features

1. Createthe 0.5 meter constant buffer, using the available GIS software from your GIS, Lab based on the
linear feature map illustrated.
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2. Createthe 1 m buffer around the linear features 1, 2, 3, and 4 and 0.5 m buffer around the linear features
5, 6, 7, and 8 at the same time, using the available GIS software from your GIS Lab, based on the linear
feature map illustrated.

1.3.3. Spatial pattern and neighborhood of Areal Features

Here we will learn about spatial patterns and neighbourhoods of aeral features. Especially, how to measure
the distance among aeral features, how to create a buffer polygon or polygons from aeral features and how to
create proximal polygons from the aeral features.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Example of minimum distance calculation from the areal features
Thedistance value of each cell isnot illustrated for the clarity of presentation. The euclidean distanceisapplied
in asimilar way to the distance calculation for point and linear features.

CDHCEpt = Areal features: Calculation of minimum distance

Spatial distripulion of features Minirum plane dislance

A0

g_

8_

?_
= £
a
5 .
T4
g
S ]

2_

14 [

o1 2 3 4 5 6 7 & 910

Coordinale X

Minirmum distance is calculated at 0.1 m grid cell resclution

Then the grid cells are alocated to the properties of areal features based on the nearest proximity distance
between the cell and areal feature. The result should be similar to the following.
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Concept : Allocation of grid cell to the areal features

Allocation of grid cells to e nearest prowimity o the
Spatial distribution of feaures area fealure

i
g_
8-
?_
= g
5
3 ]
T4
=
a 9 [
2_
1 []
D T

o1 23 4 5 6 7 &8 910
Coordinale *

Ihe gnd cells are allocailed using proximity distance at 0.1 m resolution

The result can be represented as vector or object mode as the following example.

Concept : Region of largest proximity in object mode

Example of buffering areal features
Buffer polygon or polygons can be created by using a constant buffer distance or variable buffer distance
around the specified input areal feature.
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Cunr.:ept »  Constant buffer around areal features

Spatial distribution of features 0.5 m constant buffer from the areal feature

10 B r \
81 ;
-Ilr-

G-

Q)

14 []

Coordinate ¥
-

o1 23 4 5 6 F 8 910 B
Coordinate X T

Concept » Mariable buffer around areal features

0.5 m buffer from the areal feature 1, 2 and
1 m buffer from the areal feature 3 and 4

/ -
Foo ; o

Spatial distribution of features

%
0

Coordinate ¥
e L i wie L L P s

o1 23 4 5 6 7 8§ 910
Coordinate X Tr—

Calculate the minimum distance of areal feature (image mode)

1. Calculate the closest distance, using the available GIS software from your GIS Lab, based on the areal
feature distribution map illustrated. Y ou may choose the resolution of grid cells.

2. Then alocate the grid cells to the property of the areal feature, based on proximity using the available
GI S software from your GIS Lab.

Create buffersaround the areal features

1. Createthe 0.5 meter constant buffer, using the available GIS software from your GIS Lab, based on the
areal feature map illustrated.
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2. Createthe 1 m buffer around the linear feature 1 & 4 and 0.5 m buffer around the linear features 2 & 3
at the same time, using the available GIS software from your GIS Lab, based on the areal feature map

illustrated.

1.3.4. Questions

1. Explain the method of Euclidian distance calculation in object mode and image mode. Then calculate
the distance between Migros and House No.1 manually, based on the example presented in this unit.
2. Create Thiessen polygons based on the following presentation. Find out the errors on the exampl e resullt,

with respect to your result.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Submit and share your answer and results for question 1 and 2 among the class and to the instructor through

email.

http://www.gitta.info - Stand vom: 25.4.2016 25


http://www.gitta.info/DiscrSpatVar/de/multimedia/thiessentest.swf

Discrete Spatial variables

1.4. Weighted spatial pattern and neighborhood

In the previous unit, you have learnt the spatial patterns and neighbourhoods of features, based on the
assumption that the space is homogeneous. Therefore, you can move throughout the space freely to any
direction at the same amount of energy, time, cost etc.

In this unit, the space will be considered as heterogeneous. There is friction to your movement. This friction
can be trandlated as cost, energy, attractiveness, time etc.. Firstly, time will be considered. If you are moving
from town A to B through the highway, you use lesstime than through the footpath. Thefriction of the highway
islower than the friction of the footpath. This friction can be presented as weight. The higher the weight, the
more preference you have. Although the distance along the highway may be longer than the footpath, the time
distance is shorter. Therefore, the highway will be given higher weight and the footpath will be given lower
weight in considering time of movement.

The weight value can be given to spatial objects based on preference, cost, energy, time etc. In this unit, you
will learn about weighted spatial patterns and neighbourhoods of point features, linefeatures and areal features.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Download the PDF ver sion of thegraphic and animation
presentation of thisunit.

1.4.1. Weighted Spatial Patterns and Neighbourhoods of Point Features

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Step by step illustration of weighted minimum distance surface based on the point feature

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Create weighted minimum distance surface
Create aweighted minimum distance based on the following point dataset. Minimum x andy is zero. Maximum
x andy is 10. Select the resolution 1 meter or 0.5 meter, according to your choice.

Point X Y Weight
A (id=1) 2 2 3
B (id=2) 3 5 2
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C(id=23) 6 4 1

1.4.2. Weighted neighborhoods of Linear Features

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Step by step illustration of weighted minimum distance surface based on thelinear feature.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Create a weighted minimum distance surface

Create aweighted minimum distance, based on thefollowing point dataset. Minimum x and y iszero. Maximum

x andy is 10. Select the resolution as 1 meter or 0.5 meter, according to your preference.

Road From To Weight
A (id=1) 11 9,9 5
B (id=2) 91 19 1

1.4.3. Weighted neighborhoods of Areal Features

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Step by step illustration of weighted minimum distance surface based on the polygon feature

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Create weighted minimum distance surface

Create minimum weighted distance surface, based on the following polygon feature. The list of vertices for
each polygon is provided. Minimum x and y is zero. Maximum x and y is 10. Select the resolution as 1 meter

or 0.5 meter, according to your preference.
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Polygon List of vertices Weight
A (id=1) (1,1); 3,1); (3,3); (1.3); (1,1) 3
B(id=2) (7,1); (91); (9.3); (7.3); (7,1) 2
C(id=3) (7,7); (9,7); (9,9); (7,9); (7,7) 3

D (id=4) (L7); (37);(39); (1,9); (1,7) 1
1.4.4. Questions

1. Refer to Step-4 of the step by step illustration on the minimum weighted distance surface presentation
for point or line or polygon features above. Why isthe Euclidian surface is divided by the weight value?

2. Referto Step-5 of the step by stepillustration on the minimum weighted distance surface presentation for
point or line or polygon features above. What is your strategy or concept to derive minimum weighted
distance values based on weighted distance surfaces of each feature ID. How do you implement your
concept in your GIS system? Describe in detail, the steps of implementation in your GIS System.

3. RRefer to Step-6 of the step by step illustration on the minimum weighted distance surface presentation
for point or line or polygon features above. What is your strategy or concept to find out the influenced
zone by each feature id based on the minimum weighted surface? How do you implement your concept
in your GIS system? Describe in detail, the steps of implementation in your GIS System.

4. Refer to Step-7 of the step by step illustration on the minimum weighted distance surface presentation

for point or line or polygon features above. How do you combine each zone in order to produce a map
that shows all the zones? How do you find out which zones are influenced by more than one zone? How
do you implement your concept in your GIS system? Describe in detail, the steps of implementation in
your GIS System.

Shareyour results
Submit your answer to the instructor through email. Post your answer to the discussion board.
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1.5. Regionalization

This unit will introduce how to delineate or define a boundary of a spatial object (non pre-existed) and
assign a value (nominal, ordinal and ratio) to it or label a pre-existed spatial object Such as your farm
based on point sample measurements of particular phenomena, such as soil texture and assign avalue or label,
such as sandy clay loam to your farm through the process of regionalization *. At the end of the unit, you
will learn how to assign or label the spatial objects (pre-existed or non pre-existed) using the regionalization
concept. When the spatial distribution of phenomenon properties is assumed as discontinuous, it is important
to consider severa situationsfor assigning propertiesto features. Most of the time properties of aphenomenon
are measured at specific locations (measurement sites). This set of data is called sample. From these point

feature measurements thematic properties should be assigned to a set of spatial features.

Concept : Example of object construction process

3 - 5 14
4
5 5 1
2 A’
A
lB A
" Az
‘E lﬁ
13 A
A
13 134 4

Zoning by
inference

Point units of measurement (sample)

Production of areal features (spatial objects)

13

! Regionalization can be defined as: "The process of generalizing properties of a phenomenon throughout space, based on a set of

observations'. This definition is common to both continuous and discrete spatial distributions.
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Cnncept : Example of thematic allocation process

What is the thematic property of each feature?

Pre-existing objects with point measurements Global thematic property assigned to
of thematic properties each object
CRTAE
h-__‘ i3 14.'_':_.._ Allocating by

A7 SAT,e AN labelling °
Y 1 f
AN g a4
164\ 4 i it
¥ .ﬁﬁ ‘1? ‘_:I-.*_..-- *1":'
L

Allocating by anett ’::/_\_- ?

labelling ) e :

Download the PDF version of thegraphicand animation
presentation of thisunit.

Lernziele

The following two complementary objectives will be accomplished during this unit of study:

o To derive spatial features from the spatia distribution of measured properties: This process of object
construction is called regionalization in the strictest sense.

. Toassignaglobal thematic property to each spatial object from a pre-existing set, based on sample data:
Thisprocessiscalled thematic all ocation or labelling and can be considered as part of the regionalization.

1.5.1. Setting of spatial features (Regionalisation)

Regionalization:
Regionalization can be defined as. "The process of generalizing properties of a phenomenon throughout
space, based on a set of observations'. This definition is common to both continuous and discrete spatial
distributions.
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Concept : Example of 2 types of regionalized distribution

Continuous distribution

Elevation

The spatial arrangement of properties
produce a continuous surface more or
less complex.

Concept: Example of 2 types of regionalized distribution

1: forast
& cuthere
¥ vineryard
4: pammp
E: Inie:

Discontinuous distribution

L[N |

Landcover

The spatial arrangement of properties
produces spatial features with clearly
defined limits (boundaries).

Thefollowing series of dlides attempt to explain how to define aboundary of a spatial object (non pre-existed)
using sample point measurements and regionalization processes.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

1.5.2. Spatial object labeling
Labeling:
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Labelling isthe process of thematic allocation to each pre-existing object, based on point measurements.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

1.5.3. Questions

1.  What are the two purposes of regionalization?
2. What isthe basic data requirement for regionalization?
3. Describe the conceptual process of regionalization.

http://www.gitta.info - Stand vom: 25.4.2016
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1.6. Transformation of spatial features

Thisunit will introduce how to aggregate the spatial features on the basis of spatial and/or thematic properties.
Such as, aggregating the spatial features such as the dryland agriculture, wetland agriculture and mixed
agriculture to agriculture, based on the thematic properties. Moreover, this unit will aso introduce how to
disintegrate or break up the spatial features according to spatial and/or thematic criteria; such as allocating a
forest area within 200 meter from the drainages as riparian vegetation protection forests. The existing spatial
features that are represented as forest will be broken up according to the aforementioned criteria. The process
of spatial aggregation and spatial breaking up can be carried out using spatial analysis and overlay functions.
Therefore, the process will not be repeatedly illustrated in this unit.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Concept . Example of spatial feature transformation processes

What thematic property should be assigned to each derived spatial feature?

Aggregation process

........

6 \° by
5 |generalization

Example 1 of a spatial feature transformation process
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Cuncept . Example of spatial feature transformation processes

What thematic property should be assigned to each derived spatial feature?

Breaking up process

12
1
,)‘
?—\v’ ?1,-"
Breaking up
by

inference

Example 2 of a spatial feature transformation process

Download the PDF ver sion of thegraphicand animation
presentation of thisunit.

1.6.1. Aggregation: a spatial generalization

The following illustration will explain the concept of aggregation for spatial generalization.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

1.6.2. Thematic criteria of aggregation

The following illustration will explain the concept of the thematic criteria of aggregation.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

1.6.3. Spatial criteria of aggregation

The following illustration will explain the concept of the spatial criteria of aggregation.
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Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

1.6.4. Spatial and thematic criteria of aggregation

The following illustration will explain the concept of spatial and thematic criteria of aggregation.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

1.6.5. Breaking up of spatial features

The following illustration will explain the concept of disintegration or the breaking up of spatial features.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Examples of braking up features

In the following example, land use and soil thematic spatial features will be broken up into new spatial units

that illustrate distribution of land use on different soil types.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]
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1.6.6. Practice

Concept :

Thematic criteria of aggregation (7)

Practice thematic allocation of aggregated features

Aggregation of “districts” into “counties™ :

Derive thematic properties of aggregated features (counties) for the following

variables in the table below

- Total population: number of inhabitants {Population))
- % of young resident: <18 year old (% Youths)
- Major economic sector: 1, 2 or 3 (Economic seclor)

- Landscape quality: 1 to 10 notation (Landscape quality)

For each variable:

- identify the nature of the phenomenon described by the variable
- define the level of measurement and the measurement unit
- define the aggregation operator to be applied

Concept :

Thematic criteria of aggregation (8)

Practice thematic allocation of aggregated features (cont'd)
Original data at "district” level:

— : Econamic [Landacspe
I Digtrict | Courty  |Population % Youths ., ity
1 123 12 118 by 3 B
2 1125 12 231 23 3 g
3 1126 14 132 36 2 5
4 1130 14 376 # 1 g
5 1 14 M7 24 1 q
= 1133 15 158 H 2 5
7 1134 15 154 30 1 g
g 1135 15 261 3 2 £
; E conomic  |Landscape
ID | County |Population % Youths iactior ity
Derived data at "county™ level: ] T3
2 14
3 15
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1.7. Glossar

Labeling:
Labelling is the process of thematic allocation to each pre-existing object, based on point measurements.

Dieses Element (Animation, Video etc.) kann nicht dargestellt werden und ist nur in der
Onlineversion sichtbar. [link]

Regionalization:
Regionalization can be defined as: "The process of generalizing properties of a phenomenon throughout
space, based on a set of observations'. This definition is common to both continuous and discrete spatial
distributions.

Concept :  Example of 2 types of regionalized distribution

Continuous distribution

Elevation

The spatial arrangement of properties
produce a continuous surface more or
less complex.
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Concept :  Example of 2 types of regionalized distribution

Discontinuous distribution

Landcover

The spatial arrangement of properties
produces spatial features with clearly
defined limits (boundaries).

[N |

1: forest
2 outhore
1: vimeryard
4 pwamp
5: Infie:
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