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Abstract 
The conversion of geographical entities between the raster and vector data structures 
introduces errors in the entities position. The vector to raster conversion results in a loss of 
information, since, when a Boolean classification of each pixel is used, the entities shape must 
follow the shape of the pixels. Thus, the information about the position of the entities in the 
vector data structure is lost with the conversion. This loss can be minimized if, instead of 
making a Boolean classification of the pixels, a fuzzy classification is performed, building 
Fuzzy Geographical Entities. These entities keep, for each pixel, the information about the 
pixel area that was inside the vector entities and therefore only the information about the 
position of the entities boundaries inside the pixels is lost. The Fuzzy Geographical Entities 
obtained through the previous conversion may be converted back to the vector data structure. 
An algorithm was developed to reconstruct the boundaries of the vector geographical entities 
using the information stored in the raster Fuzzy Geographical Entities. Since the grades of 
membership represent partial membership of the pixels to the entities, this information is 
valuable to reconstruct the entities boundaries in the vector data structure, generating 
boundaries of the obtained vector entities that are as close as possible to their original 
position. Even though slight changes on the entities shape and position are expected after the 
re-conversion to the vector data structure, when Fuzzy Geographical Entities are used, the 
entities areas are always kept during successive conversions between both structures. 
Moreover, if the conversion and re-conversion methods are successively applied considering 
the same pixel, size, origin and orientation, the obtained results are always identical, that is, 
the positional errors introduce will not propagate indefinitely. 

Keywords: vector to raster conversion, raster to vector conversion, fuzzy geographical entities, 
positional error, error propagation 

1 Introduction 
The geographical information may be stored using the vector or the raster data structure. The 
use of either structure depends on the methods used to collect the data and on the use that will 
be given the information. Within this paper only areal Geographical Entities (GEs) are 
considered. 

In the vector data structure, the geographical space is considered continuous and the primitives 
used to represent the geographical information are points, lines and areas. In the raster data 
structure, the geographical space is discrete and the primitives used to represent the 
geographical information are cells (pixels), usually square, forming a tessellation. Since the 
pixels are homogeneous, that is, only one attribute value can be assigned to each one, the shape 
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and position of the GEs are conditioned to the shape, size, origin and orientation of the cells 
forming the raster tessellation. 

The conversion between both data structures is sometimes necessary. The entities shape and 
position may be represented more accurately in the vector data structure than in the raster 
structure. The vector to raster conversion corresponds to a discretization of the geographical 
space, and, since a Boolean classification is usually done, each pixel has to be classified as 
belonging or not to the GE. When a grid corresponding to the pixels is overlaid to the vector 
representation, the boundaries of the GEs will cross some pixels, and therefore those pixels, 
known as mixed pixels, are partially outside/inside the entity. The obligation of assigning to 
each mixed pixel full membership or no membership to the entity introduces errors in the GE 
position and shape, which depend on the criteria used to make the choice of weather the pixel 
is considered to be inside or outside the GE. Examples of criteria used are: the pixel is 
considered to belong to the entity or not depending on the area occupied by the entity inside it, 
or weather the entity occupies the pixel center (e.g. Burrough and MacDonnell, 1998). 

The conversion from the raster data structure to the vector data structure may be performed in 
two ways: 

1. The segments contouring the geographical entity correspond to the limits of the cells 
in the raster structure.  

2. The conversion described in the previous point may be smoothed to generate entities 
with a more real configuration. 

The type of conversion expressed in 1. is very simple and translates exactly the information 
present in the raster structure, but the resulting entities are represented with a stepwise look, 
which clearly does not correspond to their real shape.  

The second approach results in entities with better look, but their real position, shape, and area 
is unknown, since the smoothing methods don’t use any information about the real position of 
the entities, because that information is not available in the raster structure.  

The problem associated with these conversions is that from the vector to the raster structure 
there is a loss of information, and therefore, to convert the data back to the vector structure two 
choices are possible: or no more information is added, and the result is a stepwise entity; or 
information has to be created to smooth the entity boundary, but, since no additional 
information is available, it has to be created independently of the real characteristics of the 
entities. 

In this paper, a method to minimize the loss of information when converting GE from the 
vector to the raster structure is proposed, using Fuzzy Geographical Entities (FGEs), as well as 
an algorithm to convert the obtained fuzzy entities back to the vector structure using the 
supplementary information stored. 

2 Fuzzy Geographical Entities 
Definition: A fuzzy geographical entity (FGE) E is a geographical entity whose position in the 
geographical space is defined by the fuzzy set 

{ }E Regions belonging to geographical entity E= , with membership function [ ]( ) 0,1E ipµ ∈  

defined for every point pi in the space of interest. The membership value one represents full 
membership. The membership value zero represents no membership, and the values in 
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between correspond to grades of membership to E, decreasing from one to zero. (Fonte and 
Lodwick, 2004) 

The degrees of membership may have several semantic interpretations and may be computed 
considering different approaches (Fonte and Lodwick, 2005). This allows the construction of 
FGEs in many situations using different types of information. For example, the degree of 
membership of one element to a set may represent the uncertainty regarding the element’s 
membership to the set or partial membership to it. 

3 Conversion between vector and raster data structures using FGEs 
As explained in section 1, the problem associated with the consecutive conversion between the 
vector and the raster data structures is that from the vector to the raster structure there is loss of 
information and, with the conversion back to the vector structure, or a stepwise vector 
representation is obtained or a smoothing process is used, which is independent from the real 
position and shape of the entity, since no further information about its position is available. 
Moreover, if both processes are applied consecutively transformations are added each time the 
conversion is made, changing the entity’s shape and position. 

The consecutive conversion between the vector and raster data structures generate the results 
shown in Figure 1. The area of the initial GE is 2138 m , and after the conversion to the raster 

structure and its re-conversion to the vector structure, an area of 2141 m  was obtained. 

 

a) b)a) b)
 

Figure 1 a) The lighter vector GE was obtained converting the darker GE to the raster data structure and 
the resulting raster GE back to the vector structure. b) The lighter GE was obtained converting the darker 

GE between the vector and the raster data structures six times. 

The philosophy behind the herein proposed work, it that, when converting the GEs from the 
vector to the raster data structure, more information about their shape and position should be 
kept, so that the errors introduced with the conversion are minimized. 
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3.1 Conversion from vector GEs to raster FGEs 
The conversion from the vector to the raster data structure with a Boolean classification 
assigns to each cell a value one or zero, meaning that the pixels belongs or not to the entity. If, 
instead of making a Boolean classification of the pixels a fuzzy classification is done, it is 
possible to assign to each pixel a degree of membership to the geographical entity. In this case, 
the grades of membership of the pixels represent partial belonging (and not uncertainty), and 
translate the degree to which the pixels belong to the entity. A semantic interpretation of the 
grades of membership as degrees of similarity is presented below, even though, in this case, 
the computation of the membership function is intuitive. 

The interpretation of degrees of membership as degrees of similarity is based on the concept of 
grouping elements into sets characterized by the properties of one or several elements, 
considered as ideal, or by properties representative of the set. The degrees of membership of 
the other elements to the set are computed evaluating the similarity of their properties to the 
properties of the ideal element or the properties representative of the set. The degree of 
similarity between the elements or their characteristics may be evaluated considering a 
distance between each element of the set and the ideal element, or a distance between the 
characteristics of the elements and the representative characteristic (Bilgiç and Turksen, 1999; 
Zimmermann and Zysno, 1985). The distances used to compute the degrees of membership 
and the computation of these degrees depend upon the application. An example of application 
of this semantic interpretation may be found in Fonte and Lodwich, 2005. 

The interpretation of the degrees of membership as degrees of similarity may be used to 
compute the degrees of membership of the pixels to the raster FGE. The ideal situation occurs 
when the pixels are completely occupied by the entity, that is, the pixels are inside the GE. In 
this case, the degree of membership one is assigned to the pixels, which form the core of the 
FGE. To compute the degree of membership of the mixed pixels to the FGE it is necessary to 
evaluate the degree of similarity between them and the ideal pixels, which is computed 
evaluating a distance between the characteristics of the ideal pixels and the mixed ones. In this 
application, the characteristic chosen to perform the comparison is the area occupied by the 
vector GE inside each pixel. The quantification of the similarity between pixel pi and the ideal 
pixels is based on the distance between the area occupied by the entity in the ideal pixels, 
AIdeal, (which corresponds to the total area of the pixels TotalA , that is, Ideal TotalA A= ) and the 

area occupied by the GE in pixel pi, ( )Occupied iA p  (see Figure 3). 

 

IdealA

( ) ,Occupied i Ideald A p A⎡ ⎤⎣ ⎦

0 OccupiedA( )Occupied iA p  

Figure 3 The distance ( ) ,Occupied i Ideald A p A⎡ ⎤⎣ ⎦  is the difference between the area occupied by the GE 

in pixel pi, ( )Occupied iA p , and the area of the ideal pixels IdealA . 
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That is, 

( ) ( ) ( ),i Occupied i Ideal Ideal Occupied id p d A p A A A p⎡ ⎤= = −⎣ ⎦  (1) 

The grades of membership of the mixed pixels pi to the FGE are then computed as a function 
of this distance, that is: 

( ) ( )E i ip f d pµ = ⎡ ⎤⎣ ⎦  

where, ( )0 1f = , ( ) 0Idealf A =  and ( )0 i Ideald p A≤ ≤ . 

Considering a linear variation between the grades of membership and the distance, function f 
corresponds to a straight line and the grades of membership are computed as shown in 
Equation 2 (see Figure 4). 

( ) ( ) ( )Ideal i
E i i

Ideal

A d p
p f d p

A
µ

−
= =⎡ ⎤⎣ ⎦  (2) 

0

1

d

( )E ipµ

IdealA  
Figure 4 Membership function of pixels pi to the FGE E. 

According to Equation 1 ( ) ( )Ideal i Occupied iA d p A p− = , and therefore, from Equation 2 

( ) ( )Occupied i
E i

Total

A p
p

A
µ =  (3) 

Equation 3 proves that the grades of membership may be computed dividing the area of the 
pixel occupied by the entity inside each pixel by the area of the pixels, which is the normalized 
area of the pixel occupied by the GE. 

The GE shown in Figure 5a) was converted to a raster FGE considering the grid represented in 
Figure 5b). The obtained FGE is shown in Figure 6. 
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a) b)  
Figure 5 a) GE represented in the vector data structure. b) The vector GE overlaid with a grid of cells. 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0.2 0 0 0 0.1 0.2 0.3 0 0 0 0 0 0 0 0 0 
0 0 0.6 1 1 0.8 0.6 0.8 1 1 1 0.6 0.3 0.4 0.1 0 0 0 0 0 
0 0.1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.6 0 0 0 0 
0 0 0.5 1 1 1 1 1 1 1 1 1 1 1 1 1 0.3 0 0 0 
0 0 0 0.3 0.7 1 1 1 1 1 1 1 1 1 1 1 1 0.7 0.2 0 
0 0 0 0 0 0.3 0.2 0.2 0.4 0.6 0.5 0.3 0.7 1 1 1 1 1 0.8 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0.6 0.8 1 1 1 0.8 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 1 1 0.8 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 1 1 0.8 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.3 1 1 1 0.6 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0.9 0.1 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 1 1 1 0.5 0 0 
0 0 0 0 0.1 0.4 0 0 0 0 0 0 0 0 0.3 1 1 0.4 0 0 
0 0 0.2 0.8 1 1 0.6 0.3 0.4 0.6 0.7 0.7 0.7 0.5 0.4 1 1 0.5 0 0 
0 0 0.5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.6 0 0 
0 0 0 0.5 0.7 1 1 1 1 1 1 1 1 1 1 1 1 0.9 0 0 
0 0 0 0 0 0.2 0.7 1 1 1 1 0.6 0.5 0.7 0.9 1 1 1 0 0 
0 0 0 0 0 0 0 0.1 0.4 0.3 0.1 0 0 0 0 0.1 0.2 0.1 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

  
Figure 6 Raster FGE corresponding to the vector GE shown is Figure 5. 

If the Rosenfeld operator to compute the area of FGEs (Fonte and Lodwick, 2004) is used to 
compute de area of the FGE generated by the conversion, the obtained value is equal to the 
area of the original entity represented in the vector data structure. In this way, even though the 
information regarding the location of the original border of the entity is lost, the information 
about its area is kept, as well as the area occupied by the entity inside each pixel. 

3.2 Conversion of raster FGEs to the vector data structure 
The conversion of a raster FGE back to the vector data structure requires the identification of 
the segments forming the entity boudary. In the previous section, Equation 3 was used to 
compute the grade of membership of each pixel to the FGE. Now, the grades of membership 
and the total area of the pixels are known and therefore ( ) ( )Occupied i E i TotalA p p Aµ=  may be 

computed. The segments forming the boundary are found, such that the area occupied by the 
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entity inside each pixel is correct. An algorithm was developed considering the following 
steps: 

1. Identify the points and segments belonging to the boundary of the entity. Whenever 
there are neighbor pixels with grades of membership zero and one, the common 
point or segment belongs to the entity boundary (see Figure 7). 

•  

110.1

10.60

000

110.1

10.60

000

0.100

10.90.7

111

0.100

10.90.7

111

 
Figure 7 Example of points and segments belonging to the border of the GE. 

If the grades of membership are considered with only one or two decimal places these points 
are easy to find, since the rounding of the grades of membership will turn some of them into 
zero and one. If no point is found, the pixel with the smallest grade of membership with two 
continuous neighbors with membership equal to zero is chosen and two points are identified 
such that a rectangular triangle is formed with equal cathetus, such that the area occupied by 
the GE inside the pixel is correct (see Figure 8). 

 

00.81

00.10.7

000

00.81

00.10.7

000

 
Figure 8 Example of points considered to belong to the border of the GE. 

2. Choose one of the points found in the previous step.  

3. Identify in which direction (to each pixel) the boundary will head, 
considering that the frontier is followed is the clockwise direction. 

Once the direction to follow the boundary is chosen, whenever the location of a point of the 
boundary over a pixel border is known, it is possible to know which pixel the boundary will 
cross. For example, in Figure 9a), b) and c), the border will have to cross the central pixels and 
head respectively to the pixels with 0.7Eµ = , 0.3Eµ =  and 0.5Eµ = . 
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Figure 9 The arrows represent the direction taken by the entity boundary when leaving point P, if the 

boundary is followed in the clockwise direction. 
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4. Identity the next point of the frontier. 
The position of the next point is determined such that the area of the pixel being crossed equals 

( ) ( )Occupied i E i TotalA p p Aµ= . 

• If one of the points found in step one, besides point P, is on the frontier of the pixel 
being crossed, point Q, two cases may occur: the grade of membership of the crossed 
pixel is 0.5, and in that case Q is the next point of the boundary; if the grade of 
membership is different from 0.5, an intermediate point I has to be found, located on 
the diagonal of the pixel (see Figure 10). 

•  
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Figure 10 In a) the next point of the boundary is Q. In b), to occupy only the area of the pixel 

corresponding to ( )Occupied iA p  it is necessary to consider an intermediate point I between P and Q. 

• If the previous situation does not verify, it is necessary to identify to which pixel the 
boundary should head to determine over which pixel edge the next point Q will be 

located. If { }1 2 3 4, , ,P p p p p=
is the set of the four neighbors of the pixel to be 

crossed, the chosen pixel will be the one satisfying ( )0 1E ipµ< <
 and 

( ) ( ){ }min
i

E c E ip P
p pµ µ

∈
=

. The coordinates of point Q are computed respecting the 
area occupied by the entity inside the pixel. Intermediate points may be considered 
whenever necessary. 
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Figure 11 The next point Q of the boundary is identified, respecting the area occupied by the entity inside 

the crossed pixel. 

5. The point or points determined in the previous step are now used to determine 
another point R using similar rules, and the process is repeated until the first point is 
reached and the entity closed. 

•  
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Figure 12 Point R of the boundary is identified respecting the area occupied by the entity inside the 

crossed pixel. 

The GE obtained after the conversion of the FGE represented in Figure 6 to the vector data 
structure in shown in Figure 13, overlaid with the original vector GE. The area of the obtained 
GE is equal to the area of the initial vector entity, and only small variations in the entity 
position are found. In this case, only one intermediate point was used inside each pixel, but 
more points can be considered if eventual spikes are to be avoided. 

 

 
Figure 13 The vector GE obtained from the re-conversion of the FGE back to the vector data structure is 

represented in grey, overlaid with the original vector GE (in black). 

4 Conclusions 
The conversions between the vector and raster data structures are useful for many applications, 
therefore it is useful to minimize the errors and uncertainty introduced in the geographical 
position of the entities during the conversion between both data structures. 

The conversion from the vector to the raster data structure results in a loss of information, 
since, when a Boolean classification of each pixel is considered, the entities boundaries must 
follow the shape of the pixels. Thus, information about the position of the entities in the vector 
data structure, which was originally available, is lost with the conversion. A method to 
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minimize this loss is presented, which consists in, instead of making a Boolean classification 
of the pixels, performing a fuzzy classification, building Fuzzy Geographical Entities. These 
entities keep, for each pixel, the information about the pixel area that was inside the vector 
entities and therefore the total area of the GE is also kept. With this approach only the 
information about the position of the entities boundaries inside the pixels is lost. The obtained 
Fuzzy Geographical Entities may be used for analysis and may be reconverted back to the 
vector data structure. 

The conversion of GEs from the raster to the vector data structure results in GEs with stepwise 
aspect. To overcome this disadvantage, the boundaries of the obtained entity can be smoothed, 
but, since no further information is available about the position of the entity, this smoothing is 
simply a geometric operation, transforming once again the shape, position and geometric 
characteristics of the entity, such as its area. On the other hand, the conversion of raster FGEs 
to the vector data structure allows a more accurate result, since there is more information 
available to determine the position of the segments forming the entity boundary. An algorithm 
was developed to reconstruct the boundaries of the vector geographical entities from the 
information stored in the raster FGEs. Since the grades of membership represent partial 
membership of the pixels to the entities, this information is valuable to reconstruct the entities 
boundaries in the vector data structure, so that the boundaries of the obtained vector entities 
are as close as possible to their original position. 

Even though slight changes on the entities boundaries are expected after the re-conversion to 
the vector data structure, when Fuzzy Geographical Entities are used, the entities areas are 
kept. If successive conversions between both structures are done considering the same pixel 
size, origin and orientation, the same results are obtained, since the areas occupied by the 
entity inside the pixels are always the same, that is, the positional errors introduced will not 
propagate indefinitely. 
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