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Abstract 
The geometric conflation problem is really pressing nowadays. New demands and challenges 
arisen from SDI (Spatial Data Infrastructures) make the coordination of diverse information 
more and more necessary in order to answer new questions. As the inception of a PAI 
(Program of Accuracy Improvement), the UPM (Polytechnic University of Madrid) has signed 
a collaboration agreement with the IGN (National Geographic Institute) in order to research 
the harmonization procedures between its 1:25 000 series, the cadastral cartography 1:1000 
and the street guide information 1:1000 collected by the INE (National Statistical Institute). 
This paper does not tackle the attribute issue but the geometry one, so just the two first 
mentioned cartographies have been considered. A number of situations found in this geometric 
conflation project are analysed in this work. The different types of geometric transformations 
that can correct these defects are commented. We also collect and formalize some basic 
mathematical constraints derived from cartography rules like topology relationship 
preservation. 

Keywords: geometric conflation, mathematical constraints, cartographic restrictions 

1 The Map Conflation Problem 
Because of the increase of spatial data resources and the popularisation of SIG applications 
(tourism, health, geology,…), the conflation problem of geographic data from different sources 
has become very urgent. Several data sets of the same area can have different scales, different 
update dates and can be of different accuracy, what results in geometric, topological and 
semantic discrepancies among them. Conflation algorithms try to address some of these 
problems. One of the principal aims is the automation of the whole process. 

According to Brovelli and Amboni (2004) the term Map conflation have been coined in the 
80’s by Saalfeld. Despite other approaches, the most popular formulation involves the 
identification of homologue elements between both datasets as well as a suitable 
transformation which brings one map onto the other. We should distinguish between 
geometric, semantic and topological conflation. In the first case, the problem is defined as how 
to transform the features of on map onto another (named the target map) minimizing the 
geometric differences between them. The semantic conflation is employed to homogenize the 
existing feature classes in a map. The existent information is analysed and a new feature 
classification, consistent with the data and with the scale, is generated. It can result in a class 
grouping with less feature classes. The topological conflation has then to be made in order to 
generate again the map topology in case there is joining, merging or disappearance of features 
(Rubio, 2006). This paper deals with the geometric one. 
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Fully automated solutions for Map Conflation have been attempted, but it is a difficult task. A 
general model of map conflation for local government has been proposed in a work by Hoseok 
Kang (2001), but still a certain amount of human interaction was necessary in the proposed 
system. 

Doyster et al. (2001) pointed out that the problem can also be stated as a local transformation 
algorithm based not only in control points but also on linear features. The base idea is that 
most features are essentially polyline based rather than point based (road networks or stream, 
for example). The issues that require different treatment in the line-based framework are: 
identification of counterpart linear features, transformation of corresponding features, 
constructions of regions upon the counterpart linear features and transformation of the content 
of datasets within a linear based framework. 

Brovelli and Zamboni (2004) used yet another type of transformation functions, namely 
multiresolution spline. The main idea is to combine splines with different domain dimension in 
order to guarantee in every region of the field a resolution adequate to the data density, in 
order to exploit all the available information implicitly stored in the sample data.  

Kampshoff (2005) poses the problem as the transformation between one (ideal) true map 
which is only partially known and multiple realizations of the map perturbed with random 
noise and unknown systematic effects. The author considers two possible connections between 
the maps: one deterministic, being the transformation a homoeomorphism and the other with 
an statistical model (the connection between the true map and its realizations is modelled as a 
multivariate spatial random process). 

2 Methodology  
We distinguished some phases in our project. Firstly, a discussion on the geometric 
discrepancies found between both data sources (described below), are classified according 
their nature. Samples of some cases are shown. Then we surveyed the most common geometric 
transformations available in numerical Cartography to correct those discrepancies. Once we 
realised the limited improvements that we could achieve, we went further exploring the 
cartographical restrictions implicitly required for a suitable transformation. This paper 
describes the present state of affairs.  

The way the discrepancies have been classified differs between buildings and road features. In 
the first case, a more global classification has been made considering what happens in each 
polygon as a whole. In the second one, it has been considered what happens in each “piece” of 
feature or concurrent linear features in a node where there is a discrepancy. Such a 
classification can throw light on the type of geometric transformation that must be employed in 
each case depending on its characteristics as well as to know which discrepancy or set of 
discrepancies are the most frequent. Some of the cases that are described in both classifications 
are quite surprising and a comment about their possible causes is made there. There are other 
cases where an ortophoto would be necessary. It appears to be interesting to take some points 
on the field with the aid of a GPS so that a trend of the data could be derived and therefore a 
direction to correct them.  

To assess whether the disparate scales are the ultimate reason of the differences, it seemed 
appropriate to consider some additional cartography at a scale closer at least to one of the two 
which are the focus of our study. For that purpose a 1:5000 one provided by Maptel was used, 
and the three data sets were compared together. The first results suggested that the 
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classification made is still valid for this new comparison and that the frequency of appearance 
of each type of discrepancy does not vary in a substantial manner from one pair to another. 

3 Main characteristics of the two datasets 

3.1 Tiles 796-1 and 536-1 of BCN25  
This dataset has been derived from the MTN25 (Mapa Topográfico Nacional 1:25.000). We 
have considered the layers corresponding to “Buildings and Constructions” and “Road lines”. 
This cartography is of general purpose and we have considered the files 796-1 (Gandía city) as 
well as 536-1 (Guadalajara city and its surroundings). The first one covers some rural areas 
and coastlines, while the second one shown is representative of middle sized cities. 
Considering the nominal scale, the dataset has too detailed geometrical information due to the 
original restitution scale of 1:12.500. There have been also regular updates with substantial 
field work. The original flight date used for tile 796-1 is 1993, the one of the map creation is 
1997 and the edition date is 1999. As for the tile 536-1, the corresponding dates are 1983, 1995 
and 1996. The planimetric accuracy for the layers considered has been studied, and the RMSE 
has been estimated as 4.0 m for Building and Constructions and 3.6 m for Road lines. Both are 
well within the expected range for this nominal scale. 

3.2 Cadastral cartography 1:1000 of DGC  
The Cadastral information collects geometric and attribute information for buildings and other 
constructions. It is updated continuously based upon documentation with few or no field work 
at all. 

In general, the survey metric requirements are compiled in the Urban Cadastral Cartography 
norm: the largest deviations between data and ground truth must be fewer than 40cm and 80% 
of the points and survey elements must present deviations less than 30 cm. In addition, the 
linear magnitudes of a topographic object and the distances between points of different 
features, within a radius of 100 meters, must have a maximum tolerance of 30 L2/1000 m, 
where L is the considered linear magnitude expressed in meters. 

The data for Gandía is believed to have non-uniform accuracy, being higher in the urban areas 
and lower for the coastline and harbour.  

There is no quantitative information about the real accuracy; however, it is believed that it is 
certainly higher than the BCN25 so the Cadastral cartography should have been taken as the 
reference set. However, the project goals were to upgrade the BCN25 so the final product 
should be presented at such scale. 

4 Geometric Discrepancies between BCN25 and DGC 

4.1 Building and Structures 
The discrepancies found were classified into seven different types, and below we show 
samples from a couple of cases. 

Due to the difference between scales, the DGC set is expected to be more detailed. However 
this does not happen in all the cases as the lineage of the data is not uniformly the same over 
the area. 
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In some types the planimetric discrepancies exceed 6.25m (¼ mm at 1:25.000 scale) very 
frequently. On the contrary, there are other types where the planimetric discrepancies rarely 
exceed it. This is shown in the classification. In the figures the thick line corresponds to the 
BCN25 and the thin to the DGC. 

E1 type 
Figure 1 illustrates a very frequent discrepancy involving comparable shapes, but with 
counterpart figures slightly turned between them. Homologue points are easily identifiable.  

E3 type 
A straight line on the BCN is a polygonal in the DGC and a polygonal in the BCN tends to be 
a smooth curve in the DGC. Some significant homologue points are identifiable. The error is 
usually less than 6.25m. Also it is a frequent discrepancy. See Figure 1. 

 

 

 

 

 

 

 

 

 

 

Figure 1 Illustration of the named E1(left) and E3 (right) type geometrical discrepancies. 

Other types were not collected here due to space limitations, but will be included in the final 
report. 

4.2  Roads and main traffic lines 
Unexpected differences have been found between the maps. The DGC set is not always more 
detailed than the IGN BCN, but of course geometric differences exist.  

These discrepancies have been grouped into eight groups, each of them related to the different 
problems to be solved to get both data sets into only one, guaranteeing its geometrical 
continuity.  

It follows, as a sample, a description of two different types with an example illustrating them. 
In the figures the thick line again corresponds to the BCN25 and the thin to the DGC. 

C3 type 
Crossing translated and its branches turned. Angles are not preserved. Point of roads 
intersection and its counterpart are identifiable. It is not a very frequent discrepancy. 

0          5           10m                                                   0   5  10m 
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C5 type 

Crossing translated as a whole. Angles are preserved. 

 

 

 

 

 

 

 

 

Figure 2 Illustration of the named C3(left) and C5(right) type geometrical discrepancies. 

5 Cartographic restrictions 
When applying a geometric transformation to the map objects within the conflation process, 
there exists a list of cartographic rules that should be followed This list was made with the help 
of cartographers from the Department of Surveying Engineering and Cartography of the 
Technical University of Madrid (Iturrioz; Arranz; Rubio, 2006):  

1. Angles between features should be preserved. 
2. Segment proportionality should be preserved. 
3. Colinearity preservation of some particular features or set of features as building 

fronts. 
4. Topological relationship preservation:  

4.1 Preservation of the map orientation. 
4.2 Preservation of the relative spatial position between features 
4.3 Preservation of the continuity in the map lines (roads, streets, …) 

5. Preservation of the curve orientation. 
6. Preservation of the continuity between two adjacent tiles of the map. 

There are a number of cartographic transformations commonly used for Conflation and other 
purposes. Nevertheless not all of them satisfy all the abovementioned requirements. 

6 Geometric Transformations commonly used in numeric Cartography 
The mathematical conflation problem should be stated clearly. Given two different 
cartographies of known accuracy for the same area and a set of corresponding points correctly 
identified, the problem is to find a suitable geometric transformation defined over the given 
cartography onto the target one such that the image of the control points fits as much as 
possible its targets. 

Some authors requires an exact fit between source and image control points. We feel that it 
should not be expected that the transformation produces an exact image of the control points. It 
is sufficient that the discrepancies between targets and the transformed points are comparable 
to the known errors of the target cartography. If we characterize the accuracy in every case 

0   5   10m                                                                   0     5    10m
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through its MSE, a solution could be acceptable if the MSE of the transformed map is of the 
same order than the map of reference. In the former case it is said that we require the 
transformation to interpolate the control points; in the latter, we require it to approximate 
them. 

We also stated that the transformation should be suitable. We mean that the valid 
transformation should satisfy most of the cartographic restrictions as described before. If the 
discrepancies are small enough, the violations to the rules could be negligible. On principle we 
do not know whether the discrepancies are small or not, so we will prefer to use 
mathematically valid expressions disregarding the distance between control points and its 
images.  

According to the above mentioned cartographic restrictions, we list the different geometric 
transformation types that are commonly used in cartographic applications, highlighting the 
properties that are relevant for the accomplishment of such restrictions. Notice that some of 
them do not have enough degrees of freedom to fit an arbitrarily distributed set of control 
points.  

6.1 Similarity or Helmert Transformation 
The main property of this geometric transformation is that the distance between homologue 
points is k times the distance of the original points, for a positive constant k known as 
similarity ratio. For the orientation to be preserved and hence the map topology, only direct 
similarities (composition of a direct movement, turn or translation, with an homotecy) will be 
considered. Notice that if both maps are of the same nominal scale, k should be very close to 
1.0. 

If k = 1, the transformation is simply a movement. If k ≠ 1, they have a unique double point C 
(centre of the similarity) and the transformation can be decomposed in a unique and 
commutative way in the form: 

( ) ( ) ( )k,CH,CGk,CS oα=  

The overall transformation can be expressed as:  
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In general angles between features are preserved, but not the distances. They transform 
segments into proportional segments. So, they preserve the shape, proportion and orientation 
of the figures. Thus they satisfy all the stated cartographic restrictions. 

The Helmert transformation is also known as the four parameter transformation and it needs 
two points and their homologues to be determined. Using more than two points leads to an 
over determined problem which typically has no solution. In this case the constraints could be 
relaxed, and the parameters are evaluated using approximation techniques. 

6.2 Affine Transformations 
They are global geometric transformations whose associated expression is also linear.  

Their equation is of the form: 
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for any invertible matrix M of order 2. 

They preserve colinearity (propriety that defines them in an univocally way) and the 
proportion between segments. They do not preserve neither distances nor angles. It is 
necessary that det(M)>0 in order to preserve orientation and hence the map topology. 

In that case the cartographic restrictions enumerated are satisfied except that of angles and 
shape preservation. To determine the six parameters of the affine transformation it is enough 
with three points and their images. 

Sometimes in the Surveying environment this transformation appears under the name of Affine 
transformation what is but a particular case of this one: the product of a direct movement by 
changes both in the x and y scale. They satisfy the same cartographic restrictions as the general 
affine transformation. 

6.3 Rubber Sheeting Method 
There is no unanimity to define what a Rubber Sheeting transformation is. Saalfeld (Saalfeld, 
1993) defines Rubber Sheeting (Homeomorphism) as a map transformation that allows local 
distortions, but preserves topological properties and is linear on subsets of the map. Kang 
(Kang 2002) defines it as a transformation based in bringing matched points into exact 
alignment. Unmatched points could be transformed according to the movement of matched 
points. His proposed procedure requires first dividing the whole area into sub regions and then 
stretching each area by matched points to meet its predefined corresponding area. He proposed 
triangulation as the best method for this subdivision because of its uniqueness characteristics. 
Doysther (Doysther, 1995), uses polygons instead of triangles and defines influence regions 
based on geometric relations between the polygon boundary and the points inside the polygon. 

The term has been used for linear transformations (Saalfeld, 1985, Shimizu and Fusi, 2003) as 
well as non linear. Although generally based on point features some works are based on linear 
features (Doyster et al., 2001). 

Etymologically a Rubber Sheeting transformation comes from the effect produced when it is 
applied to a plan. This gets distorted as if it were of rubber, no in a uniform way but smoothly 
in its whole extension, getting adapted to the plan of reference. If we take strictu senso the 
mechanical analogy, the distortion of the sheet is such that its potential energy is minimised. 

Without losing sight of our objective, this adaptation could be numerically estimated by 
dividing the plan into triangles or another kind of sub regions defined by points whose 
counterparts are known (control points). An exact coupling between points allows us to 
calculate the transformation parameters. This transformation could be of one of the 
abovementioned types or we can use another interpolation or approximation techniques that 
guarantee the smoothness of the zone transitions. The validity of each expression is limited to 
the triangle where it is defined. 

A tool used in this type of interpolation is the thin plate splines (TPS), which can be regarded 
as a 2D generalization of the cubic splines (Donato and Belongie, 2002). In its regularized 
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form the TPS model includes the affine model as a special case. The TPS interpolant )y,x(f  
minimizes the bending energy 
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where ( ) ( )( )jjiiij y,xy,xK −φ= , N1,...,j i, = , the ith row of P is ( )ii y,x,1 , 

respectively, and c is the column vector with elements 1c , 2c , 3c . Solving this linear system 

(points are supposed not to be co-linear), c and λ  are obtained, hence )y,x(f . 

There exists another approach to the problem (Brovelli and Zamboni, 2004) based on an 
interpolation by means of multiresolution spline functions and least squares adjustment that 
removes the rank deficiency problem that, when the spatial distribution of the data is not 
homogeneous, ordinary spline approach suffers for. 

6.4 Complex Conformal Mapping 
Generally speaking, complex conformal mapping are transformations of the complex plane by 
means of analytical functions ( )zfZ =  with non null derivatives. 

It is well known (see for example Ward Brown and Churchill, 2004), that this kind of 
functions preserve angles and multiply the length of short segments by approximately a factor 

( )00 z'fk =  in the neighbourhood of 0z ; in this way a figure near to 0z  and its counterpart 

have approximately the same shape. The expansion coefficient 0k  for distances and the 
rotation angle may vary from one point to other. 

The study of functions of a complex variable on arbitrary simply connected domains (triangles, 
regular polygons,…) can be reduced to the study of, for example, functions defined on the unit 
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circle. And given two analytic functions on a domain D, if they match over a curve C that is 
interior to the domain then they match all over the domain. Hence the values of an analytic 
function in different points of the plane are closely related each other. The mere requisite of its 
differentiability is so strong that determines the relation between values of the function in 
different points. 

As a consequence of the angle preservation in each point, an orthogonal grid is transformed 
into another orthogonal grid. The region included between two curves is transformed into the 
region included between homologue curves. 

All these properties of the complex conformal mapping make them appropriate to solve 
different physical problems (heat conduction, electrostatic potential, flow of fluids…) and they 
must be considered as candidates to be used in a geometric conflation process. 

Among the complex variable transformations, the linear transformation is the simplest one: 
bazZ += , a and b being complex constants with a ≠ 0. It is a dilatation or a contraction plus 

a rotation followed by a translation . The explanation for this is that if iaaa 21 +=  y 

ibbb 21 += , the image, by the transformation, of the complex number x+yi is x’+y’i in such 
a way that  
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which precisely corresponds to a Helmert transformation on the plane, which then can be 
considered as a particular case of ( )zfZ = . 

On the contrary, the affine transformation does not have an equivalent expression in complex 
variable and the same happens with the rest of transformations because all of them at least 
violate the angle preserving property. 

In general, the strict or interpolation version of the function request finding ( )zfZ =  that 
verifies the required conditions 

( )ii zfZ = , n1,...,i =  

or alternatively, the approximation version requires other less restrictive conditions, as for 
example that minimizes  

( ) 2
1 1 2 2 2

( ), ( ),..., ( )n nZ f z Z f z Z f z− − −
 

The second version suits the problem better, since there is no reason to believe that the Zi are 
exact because they themselves have an error. 

If, for example, f(z) is modelled as a linear combination of base functions, its weights can be 
adjusted in order to achieve the intended result. In the case of the euclidian 2-norm, the 
solution to the problem is well known. In this way  
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and the above condition will be satisfied if the ja  coefficients verify the Normal Equations 
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and HB  the Hermitian matrix of the complex valued matrix B . 

Usually m<<n; if m = n the problem is just the case of interpolation. In the cartographic 
problem considered, a suitable selection of the base functions is essential. The use of high 
degree monomials has the disadvantage known as Runge’s phenomenon, which consists in the 
interpolant not being smooth. A first alternative would be not to use the Euclidean norm, 
however this results in significant difficulties to find the coefficients of vector “a” since the 
Normal Equations would not be valid. A second option is to use the same idea as in the case of 
splines: to use polynomials of low degree whose expression changes for each point. The 
traditional procedure is to generate a triangle network whose vertices are the control points, 
and inside each triangle interpolate with a low degree polynomial. 

7 Conclusions and future work 
In this contribution we summarize some findings regarding the typology of geometric 
discrepancies found in two digital datasets of nominal scales 1:25.000 and 1:1.000 covering 
the same area. Despite the difference in nominal scale, they are roughly comparable due to the 
(lack of) generalization process of the former. 

We should find a transformation, as much general as possible, that helps matching both 
datasets in order to produce just one. We described a set of cartographic restrictions to be 
satisfied by the unknown transformation, and we also state some of the properties of the most 
widely used ones in cartography. 

We conclude that one of the most popular ones (named rubber sheeting) failed to satisfy in a 
strict sense some of the stated requirements, being topology preservation the most important. 
However, it is able to deal with a large number of control points strictly satisfying them. This 
is termed as an interpolation problem. 

The use of conformal mappings (also known as analytical transformations) involving complex 
functions of complex arguments is promising, at least for the 2D case. We envisage the 
possibility to strictly satisfy the control points, or to just approximate them as well. The 
complex mapping is very general; the requested transformation could belong to a large 
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subspace of smooth functions, a fact which is not simple or even possible with linear 
transformations even defined over a triangular set. 

This paper summarizes a larger ongoing research that poses in a general way the subject of 
geometric conflation of maps. It would be interesting to check if this classification of 
discrepancies could be extended to another data sources, if the frequency of appearance of 
each type of discrepancy is kept or, on the contrary, it depends on sources, zones or less closer 
scales. 

We feel that is mandatory to perform a thorough mathematical development of the application 
of each one of the transformations considered in the problem of the geometric conflation, an 
unification of the nomenclature and at last achieve automation. All of these is a pending task in 
this field, despite the valuable approaches to the problem that have been carried out during the 
last years. 
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