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Abstract. This paper elaborates on the issue of quality assessment in model and cartographic generalization. Quality assessment  is carried out through the development and implementation of a quality model overarching these two processes. The proposed model constitutes a part of the ongoing research on the development of a comrehensive map/chart quality assessment methodology for the three main phases of map composition process (model and cartographic generalization, symbolization/annotation). The design of the methodology is based on the assumption that the map/chart is the result of composition of spatial data sets of known quality. These data undergo a number of transformations in a series of processes, which are executed in a production line. A Quality Management System imposes quality control in every phase of the map composition process, according to the ISO 9001/2008 standard. Considering the above, the ISO quality elements/sub-elements and measures are integrated into the proposed quality model as tools for the map/chart quality description, assessment and subsequent quantification. In the model generalization phase, quality elements and measures are also utilized for the identification of inconsistencies between the source and the cartographic database schema before data migration from the source database to the cartographic one. In the cartographic generalization phase, a new quality element concerning shape similarity and its corresponding measure are introduced and an alternative measure for positional accuracy is adopted.
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Introduction
In recent years, along with the augmented production and dissemination of spatial data accompanied by the development of Spatial Data Infrastructures (SDIs), numerous data quality issues arose.  National cartographic organizations handle these issues through the implementation of Quality Management Systems based on international (ISO) standards. Considerable percentage of the disseminated spatial data bear quality information that refer mainly to positional accuracy, lineage etc. The growth of spatial data productivity is followed by an escalation in publication of maps and charts. Maps/charts do not carry any indication of their quality although they consist a by-product of spatial data. In a number of cases, map/charts derived from spatial data of known quality carry an abstract indication of the quality of the source data. This kind of information is not adequate by itself to confer map/chart quality and finally its fitness for use. The transformations involved in map composition process have a considerable effect on  source data: influence their geometry, reclassify or eliminate them. Therefore, there is a need for the development and implementation of a quality assessment methodology in map composition process to assess the quality of the final product (Tsoulos & Blana 2013).  
The conceptual framework of the methodology followed, includes the description of the application environment and the basic approaches that have to be adopted. The logical framework of the methodology encompasses the design of a quality model for each discrete phase in map composition (model and cartographic generalization, symbolization/annotation). This paper introduces the main structural elements of the proposed quality model that refer to the processes of model and cartographic generalization. 
Quality Assessment Methodology
Conceptual Framework
The proposed methodology considers the map/chart as the result of a production line in the framework of a Quality Management System, according to the ISO 9001/2008 standard (application environment). Map composition is a discrete process in the production line; it is carried out in digital environment and is completed at the end of a sequence of sub-processes (model and cartographic generalization, symbolization/annotation). The source spatial data and the input data of each sub-process should be of known and acceptable quality. Therefore, whenever a sub-process is concluded, a quality control process is executed triggered by the Quality Management System. This way, input data in each phase are transformed in compliance with the quality conformance levels provided in map specifications. In case of not acceptable results, the specific process is executed again with different algorithms/parameters.  
Logical Framework-Data Quality Model
The design of the proposed quality model is based on the assumption that the final map is the resulting product of data compilation stored in a cartographic database where the transformed initial source spatial data reside. 
The structure of the proposed quality model consists of the following main building blocks that interact to each other.
Map/Chart specifications
Quality criteria and conformance levels
Map composition processes
Quality control tools that assess and measure quality
Map quality model structural elements
Building block I: Map/chart specifications
Map/chart specifications constitute the fundamental element in quality model design since the required quality criteria for map/chart quality assessment are derived from them. Map/chart specifications include amongst others information on the cartographic database structure in three levels: conceptual, logical and physical.
The conceptual schema of a database provides information about features’ thematic classes, classes’ thematic attributes and classes’ relationships (usually topological relationships). It can also include rules to conduct features classification (class intension). The logical schema of a database refers to data storage in a DataBase Management System - DBMS and the physical schema refers to the internal storage in a particular DBMS.
Building block II: Quality criteria and conformance levels
Quality criteria express the abstract concept of map quality in a more specific and tangible manner and conformance levels provide the limit between the acceptable and not acceptable quality levels. Quality criteria derived from map specifications describe map quality in a rather literal way. Therefore and in order to achieve the quantification of map quality results, there is a need for the adoption of quality criteria  utilizing quantitative variables. In the proposed quality model, quality elements/sub-elements and measures provided in ISO standards supplemented with new elements, are utilized for the quantitative assessment of map quality. 
Quality criteria in model generalization refer to issues of: a. features’ integrity (not populated feature classes) b. features’ correct classification and attribution (erroneous attribute values records) c. conceptual inconsistencies due to elimination of other features (holes, orphan lines or dangling objects) and d. inconsistencies in fields’ format and features geometric types due to  schema incompatibility between the source database and the cartographic database (structured in accordance with map specifications). 
The ISO elements/sub-elements utilized for the typification of the quality issues described above are the following: 
a) The ISO quality element/sub-element of completeness/commission-omission for errors of features due to incorrect classification and unpopulated feature classes
b) The ISO quality element/sub-element of logical consistency/conceptual consistency for handling topological errors occurring due to feature elimination (holes, orphan lines or dangling objects) 
c) The ISO quality elements/sub-element of logical consistency/domain consistency and that of thematic accuracy measures/quantitative non-quantitative attribute correctness for the inspection of attribute values errors
d) The ISO quality element/sub-element of logical consistency/format consistency for handling issues of features geometric type mismatch and fields format incompatibility between the source database schema and the cartographic database schema.
Quality criteria in cartographic generalization refer to errors resulting due to geometric transformations on feature shapes, features displacement and features typification. These kind of errors cause problems in the preservation of features (cases where the geometric characteristics of areal or line features are deformed in a way that does not comply with their class intension rules), features’ positional accuracy, topological inconsistencies and features’ shape preservation. The ISO elements/sub-elements of completeness/commission, positional accuracy/absolute-relative, logical consistency/conceptual-topological consistency are utilized to describe the corresponding quality issues described above. The issue of shape preservation cannot be addressed with the use of the existing ISO elements, so a new quality element that of ‘shape similarity’ is introduced and incorporated in the quality model.  
Conformance levels for all the ISO elements/sub-elements used in both generalization processes (model/cartographic) except for the ‘shape similarity’ element, are set to zero (zero violations are allowed) and the results are either acceptable or not acceptable). This specific decision is based on the consideration that quality criteria can be utilized also as constraints during the generalization process and the conformance levels as the threshold where a process is terminated when resulting values are not acceptable. 
Regarding the quality element of ‘shape similarity’ (for line and polygonal features), a domain of acceptable values of shape similarity measure is considered more flexible to be used in generalization processes. It is pointed out that the domain of acceptable values of shape similarity measure is set separately for each feature. 
Building block III: Model generalization process
Aiming at the simplification of the overall quality assessment process, model generalization is performed in three phases. The first phase includes actions leading to the identification of the necessary model generalization operations (as those described by Regnault and McMaster, 2009). These are performed on the source database schema to comply with the new cartographic database schema. The classes and classes’ attributes of the source database schema correspond to the classes and classes’ attributes of the new (cartographic) database  schema as provided in map specifications. The matching is accomplished by the use of class and class attributes definitions. The input data reside in a table and a ‘join’ operation is executed. Four cases are foreseen for feature classes (one-to-one, one-to-many, two null correspondences) and two cases of correspondence for class attributes (one-to-one, null).  A mark is assigned to each correspondence denoting the appropriate model generalization operation that is to be performed on classes and classes’ attributes in the initial schema. According to the above possible model generalization operations are:
An one-to-one relationship. Indicates that a class or class attribute in the initial database schema exists in the new schema 
An one-to-many relationship. Indicates a ‘class abstraction’ operation
A null correspondence in classes. Indicates a ‘class elimination’ operation or a ‘class composition’ operation
 A null correspondence of attributes. Indicates an ‘attribute aggregation’ operation or an ‘attribute elimination’ operation.
At the end of this phase quality control concerning format compatibility of feature classes geometric types and attributes fields format is performed between the source database schema and the new one (see quality element of ‘format consistency’ mentioned as forth quality requirement in paragraph 3.2) .
In the second phase of model generalization process, a temporary database is created where data from the source database will be migrated in. The necessary operations on features of each class (instance level) will be performed as they are imposed from the operations at schema level  defined in the previous phase and according to each class intension rules (in the new schema database).  The model generalization operations on instance level include geometric type conversions, object elimination, reclassification, aggregation or merging and attribute modification. 
The third phase of model generalization includes the necessary quality controls performed on features and features’ attributes in the temporary database according to quality criteria derived from map specifications (see paragraph 3.2). At the end of this phase, data migrate from the temporary database into the new one if the quality control results are acceptable.  
Building block 3: Cartographic generalization process
Cartographic generalization encompasses in general, spatial transformations concerning features shape (simplification, smoothing), aggregation (grouping point or line features, collapse, typification) and displacement. These transformations are carried out through the implementation of algorithms with parameter values defined by the cartographer. Every time a parameter value of an algorithm changes, quality control needs to be carried out on the result of the process for the verification of the quality criteria as described in paragraph 3.2. Quality measures refer to the ISO quality elements/sub-elements of completeness/commission and logical consistency/conceptual-topological consistency as provided in the ISO standard.
Available ISO quality measures for ‘positional accuracy’ are considered as inadequate for the assessment of positional displacement in cartographic generalization. The positional displacement of a particular line due to generalization does not occur as the result of a stochastic process like the positional error of spatial data derived from a digitization process or from the comparison of a data sample with the original data.  It is specific for each line and the corresponding value parameter of the algorithm used and it changes with the parameter’s value, (so it is treated in a deterministic manner). 
Specifically for ‘positional accuracy’, the measure proposed by Goodchild and Hunter (1997) is adopted. The specific measure refers to the creation of a buffer zone of width equal to the horizontal accuracy defined in map specifications. It is preferable due to its simplicity when applied on large datasets. It also considers the maximum displacement of the generalized line (or polygon boundary) with respect to the original one in contrast to the measure of mean displacement (sum of the polygonal areas formed between the generalized line and the original line divided by the length of the original line). 
For ‘shape similarity’ a new measure is proposed involving the correlation of two measures: the area formed between the graph lines of the ‘turning functions’ of the initial and the generalized line (Arkin et al. 1991, Veltkamp 2001, Frank & Ester 2006) and the measure of the sum of the polygonal areas formed between the initial and generalized line. The first measure utilizes the representation of the line shape by its “turning function”. It is chosen due to the inherent characteristics of the function: it is invariant under change of scale, rotation and translation. The distance between the graph lines of turning  functions of the initial and the generalized line is a measure of ‘shape similarity’ and equals to the area formed between the graph lines, provided that the initial and the generalized line have the same reference point and the same direction. It is also necessary that the initial and the generalized line have the same orientation before the construction of their turning functions.
The second measure (the sum of the polygonal areas formed between the initial and generalized line) is mostly a measure of positional displacement and it is utilized as a complementary measure, which is correlated to the first one. Based on the results of this correlation, it is examined whether the shape of the generalized line is acceptable.
Implementation
Model generalization (Tsoulos & Blana, 2013) and cartographic generalization processes have been implemented on a sample of hydrographic features (lakes and rivers) of a database at scale 1:250.000 for the production of map at scale 1:1.000.000. Quality requirements were set according to map specifications that include the conceptual and logical models of the cartographic database.  Rules for collecting and filtering information to perform model generalization are derived from classes ‘portrayal criteria’ as defined in the specifications with reference to the resulting map scale. 
The basic model generalization operations performed refer to objects reclassification, objects and attributes elimination and aggregation. Holes and orphan lines are the major conceptual errors identified and corrected. 
The cartographic generalization process is implemented with the use of the Douglas-Peucker algorithm on a sample of river lines with lengths ranging between 10 km to 50 km. Algorithm’s tolerance values are set to 100 m. - 1000 m. (step 20 m.) considering map positional accuracy (1000 m.). The turning function of each initial and generalized line is constructed for each tolerance value (fig. 1). Graphs, representing the area between graph lines of the turning functions of the initial and the generalized line for each tolerance value in relation to tolerance value are produced (fig. 2). The visual inspection of the generalized lines in relation to the graphs mentioned above shows that the deviation between the turning functions of the initial and generalized lines tends to increase as the tolerance values increase. In the next step, the correlation between the graph lines of the turning functions of the initial and generalized line and the sum of the area formed between the initial and generalized line is computed. The correlation is computed in a dynamic way as the algorithm’s tolerance values increase. Considering the results of the implementation of the specific method, it becomes evident that there is a tolerance value where the correlation is poor.  This refers to the value to be applied in order to achieve shape similarity between the initial and the generalized line
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Figure 1. Turning functions of the original, the generalized line and both 













Figure 2. Turning functions of the original and the generalized line deviations with respect to tolerance values (m).
Conclusions 
Based on the results of the described methodological framework for map/chart quality assessment, the implementation of a quality model that encompasses the operations performed in the two discrete phases of generalization to ensure compliance with map specifications, is considered feasible. Quality elements/sub-elements and measures for model generalization available in ISO standards are considered adequate to be used in quality control. For quality assessment in cartographic generalization, ISO quality elements/sub-elements and measures should be enriched with additional elements, that of shape similarity and a new measure for positional displacement. There is also a need for further research towards the identification of the range of tolerance values where the shape of line features is preserved. At present this is carried out through statistical analysis for the correlation of the dependent and the independent variables involved. 
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