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Abstract 
 
In this study, the main theories, which were proposed in a PhD study completed at the 
Cartography Division of Istanbul Technical University, were presented. This study 
aimed to develop new approaches for covering the generalization based map design 
deficiencies of car navigation systems currently in use. For this purpose, commercial 
car navigation products were examined depending on the technologies that they used 
for map design. Optimization of the road network data and determination of the land 
use information of areal data were considered as the problems to be solved in this 
study and a route dependant generalization process was proposed to add value of 
current car navigation systems. This approach covered generalization processes 
applied on both areal and linear objects for optimizing the data presented at detailed 
level. Another approach, which determines the geometries of the road network 
interchanges and classifies them automatically, was also presented in this paper. This 
classification approach aimed to formalize interchanges efficiently to generalize them 
depending on the aim of the application. Two different methods that define 
interchanges mathematically were used in this context. Interchanges were defined as 
matrices and tree structures depending on the requirements of the navigating user in 
these methods. 
 
Keywords: Generalization, map design, navigation, classification of road 
interchanges 
  
1. Introduction 
 
As a primitive result of developing technologies, usability of the digital maps for 
navigation purposes increased and navigation systems have recently become an 
integral part of everyday life. Currently, navigation systems can be considered as the 
advanced tools, which integrate positioning, communication, digital mapping, 
computer, and small display hardware technologies in a single system. These systems 
are used for several purposes as aircraft, marine, nautical, pedestrian, and car 
navigation. 



 
Basically, current car navigation systems can be considered as an application that 
requires multiple levels of representations varying from the detailed ones at large 
scales to the general overviews of the data at smaller scales. Stated representation 
levels are the maps and since maps are used to provide human-machine interaction in 
navigation process, they are one of the basic components of navigation systems. 
 
Map design for navigation purposes should be considered in terms of small display 
cartography, because the navigation systems use hardware with limited dimensions as 
display media in practice. Small display map design requires additional constraints in 
comparison with classical map design (Timpf et al., 1992; Sarjakoski and Sarjakoski, 
2005). The common aim of these maps is to communicate the optimal data on a 
narrow screen. This task requires a special map design process including the intensive 
use of the generalization methods. Additionally databases used to design navigation 
maps need systematic updates in the case of changes in road geometries or attributes. 
All requirements of navigation map design process overlap with the context of the 
Multiple Representation Database (MRDB) (Ulugtekin et al., 2004; Dogru and 
Ulugtekin, 2006).             
 
This study aims to develop new approaches for covering the generalization based 
deficiencies of current car navigation maps. For this purpose, an automated route 
dependant approach for navigation oriented generalization is proposed to derive car 
navigation maps from the base data, which includes geometric data of road network 
and building together with their required attributes. In this context, proposed approach 
defines additional constraints for generalization process based on the calculated 
navigation route while deriving maps of detailed representation level. The basic stages 
of this approach are considered as selecting objects that make sense for the driver 
during navigation and visualizing related information as precisely as possible. 
Another approach, which determines the road network interchanges and classifies 
them automatically, is also presented in this paper. This classification approach aims 
to define interchanges efficiently to generalize them depending on the aim of the 
application. Two different methods that formalize interchanges mathematically are 
used in this context. Interchanges are defined as matrices and tree structures 
depending on the requirements of the navigating user in these methods. Results of the 
study prove that both methods used to define interchanges enable the cartographer to 
classify interchanges automatically for generalizing them in small scale 
representations.  
 
2. Generalization for Navigation Purposes 
 
Generalization is certainly one of the most important issues of the cartography which 
is the science and art of visualization of world reality on paper, screen or similar 
media. Particularly researches on automated generalization, data base design for 
multiple representations with very huge amount of data currently became a research 
base of Cartography.  
 
Navigation, which aims at wayfinding especially in the foreign environment, is a 
fundamental human activity. Advanced navigation systems integrate positioning and 
communication techniques, digital mapping, computer and handheld device 
technologies to cover the aim of navigation application. In addition to the accuracy of 



the data used in these systems, efficient communication of the system based 
information with the user is also important for the successful use of the system. Road 
maps representing the physical phenomena related with the calculated navigation 
route are used for the communication of the information together with the use of multi 
media technologies supported by the system. Since map design for navigation 
purposes is a different process from topographic map design, accurate use of the 
generalization operators is more important than the use of any operator. While 
designing these maps, particularly geometry of the road network should be strictly 
preserved and remaining data should be generalized for navigating the driver 
successfully in an unfamiliar environment by representing the physical reality as well 
as possible (Nivala and Sarjakoski, 2003; Zhang and Harrie, 2005; Dogru and 
Ulugtekin, 2006).   
 
As it is stated by Mackanness and Mackechnie (1999), road network generalization 
can be considered as the combination of two processes: one is the reduction of 
connectivity between junctions (requiring the removal of sections of roads), and the 
other is the reduction of complexity within the junction (requiring the simplification 
of the junction itself). Several generalization operators as simplification, smoothing, 
merging and displacement are used for generalizing the road segments between the 
junctions. However since these operators cause significant deformations on road 
geometry, they are not widely applied for designing navigation maps. However; 
operators on selection, exaggeration, and classification are used to obtain a 
generalized and readable view of the physical reality. 
 
Current car navigation systems use predefined zoom level and selection strategy to 
generalize the map content. In this strategy, predefined zoom levels are considered as 
representation levels and their contents (roads, blocks, point of interests (POIs), and 
landmarks) are determined based on the scale and the aim of the application. 
Attributes of the related geometries are used for selection process of required data 
(Dogru, 2009; Dogru et al., 2008). For example, road segments are firstly classified 
and then selected for representation depending on their functional types. The use of 
zoom levels is organized automatically according to speed or position of the moving 
car: when the speed reduces or when the car navigates in an urban area, navigation 
information is presented on detailed maps (large scaled), otherwise less detailed maps 
are used to communicate the navigation information to the driver. 
Although above stated methods cover several needs of car navigation, they still have 
deficiencies at especially detailed levels while generalizing the road network data. As 
it is depicted in Figure 1 (screen shots of a commercial navigation system, IGO 2006), 
all road segments are selected to be displayed at detailed level. The use of selection 
operator without any additional constraint may sometimes results in the complicated 
representations, which reduces the visual perception of the driver, of the physical 
reality as depicted in the figure. Design problems caused by the use of predefined 
selection and zoom level strategy should be handled in two dimensions as large and 
small scale problems depending on the aim of the application. As it is depicted in 
Figure 1, optimization of the map data selected for representation is the main reason 
of these problems. This problem is considered as generalization (classification and 
selection) of the road segments and generalization of the interchanges (complex 
junctions) for large and small scaled representations respectively (Figure 1c and 
Figure 1a-b). This study briefly explains the methods developed for solving such 
problems. 



 

 
Figure 1. Sample zoom levels of a commercial navigation product (IGO 2006) 
 
3. Proposed Approaches for Large Scale Road Map Generalization 
 
First approach proposed in this study covers generalization processes applied on both 
areal and linear objects for optimizing the data presented at detailed level. Since both 
of the proposed methods use the geometry of the calculated navigation route as the 
main input data, the process combining areal and linear generalization processes was 
considered as route dependant process.  
 
Since the dimension of display media of navigation systems are small in size, the data 
presented in navigation maps has a limited content for increasing the visual perception 
of the system user. These maps generally represent the areal data of the building 
blocks surrounded by road network together with the data of point of interests. For 
this purpose, building blocks are first classified based on their land use characteristics 
and then they visualized depending on their land use classes. Land use determination 
process is generally executed by the use of a comparative determination method. For 
example in a settlement area buildings in a block are first classified according to their 
intended uses (industrial, settlement and etc.) then the ratio of the total area of each 
building class is calculated depending on the total area of the related block. Land use 
characteristic of each block is finally determined by comparing calculated ratio values 
for it. Since the predefined threshold values are used as determining factors in this 
process, in some cases this method does not give accurate results. As it is depicted in 
Figure 2, when the total area of the buildings (industrial buildings in Figure 2a) is too 
small depending on the area of the related block, the block can be classified in a 
wrong way (Dogru et al., 2008). For example, the industrial area in Figure 2a is not 
displayed in classified representation presented in Figure 2b. 
 



 
Figure 2. Sample result for block generalization 
 
In the method that is proposed for areal generalization process, an increase in the 
accuracy of the land use information was aimed at for the blocks that are neighboring 
to the calculated route. This task was achieved by dividing neighboring blocks of 
calculated route into basic units (at least two parts as intersecting and surrounding 
areas) that will be reconsidered for the land use determination process. As it is 
depicted in Figure 3a, the buffer zone method, which was also used by Elias (2002) 
for automatic location map derivation process, was applied while determining basic 
units. Determined basic units were reclassified by the use of comparative 
determination method as stated above. The use of the basic units increased the 
accuracy of land use determination process, because total area of each neighboring 
block of route segment decreased (Figure 3b). 
 

 
Figure 3. Sample result for proposed block generalization method 
 
Linear processes of proposed approach based on a strategy for classifying and 
selecting road segments. Differently from the predefined zoom level technology, 
which uses attributes of the road geometries for road network classification, 
geometries of road segments were used to classify the network data in the proposed 
approach. This strategy considered the relations of the road segments with the 
calculated route and used visibility criteria for selecting road segments. In this 
context, adjacent segments of the route was firstly determined and secondly an 
algorithm, which selects the road segments related to the adjacent segments, was 
iterated to determine the road segments that would be displayed. This algorithm was 
developed by using the principles of stroke approach of Thomson and Richardson 
(Thomson and Richardson, 1999; Thomson, 2006). By the use of this approach, each 
segment of a road network is identified as the first, second and third degree road 
segment depending on the visibility of the segment from related junction. Stated road 
segment classes were depicted with black, grey, and dashed black linear symbols 
respectively in Figure 4. In the figure, thick road segments depicted the calculated 
navigation route from initial to final node. 
 



 
Figure 4. Result of road network classification depending on the calculated route 
4. Proposed Approaches for Small Scale Road Map Generalization 
 
In the second part of the study new methods were proposed for solving the data 
optimization problems of road networks presented in small scaled maps. These 
methods were planned to be used for generalization of road networks, in particular 
complex road junctions (in other words interchanges). The methods included four 
main stages which determine, formalize, classify and generalize the road network 
interchanges 
 
In order to have an efficient classification based on the aim of the work, first of all, 
objects that need to be classified should be clearly formalized by considering their 
characteristics depending on the aim of the application. Since deriving road maps for 
car navigation purposes was considered as the basic aim of this study, interchanges 
were formalized according to the requirements of the driver. A driver simply needs to 
see the results of processing navigation systems as understandable as possible. 
Basically turning rights of a junction should be defined at the system in order to 
calculate the navigation route accurately. Hence, the complexity and the turning rights 
of an interchange should be defined rigorously in this formalization. 
 
Road interchanges were formalized as matrix and tree representations in this study. In 
matrix method, each interchange was formalized as matrix that has n dimensions, 
where n represents the number of connecting segments at the interchange. Each cell 
was determined by counting the total number of connection points of road segments, 
which should be passed by a driver while driving in an interchange (see Figure 5). 
Each matrix formed by using this method indicated both turning rights and 
complexity of an interchange (Dogru et al., 2007). 
 

 
Figure 5. Martix representation of an interchange 
In addition to the turning rights and complexity of an interchange, a tree structure 
represented an interchange by considering all possible maneuvers of the driver 
together with the directions while passing the interchange. All possible maneuvers of 



a driver, who enters the interchange from any direction, at any connection point of the 
interchange can be defined by a digit starting from 1 to m (see Figure 6). 

 
Figure 6. Tree representation for all routes of an interchange 
 
Both matrix and tree definition of the interchanges enabled the cartographer to 
classify them depending on their characteristics such as the total number of the roads 
connecting at the interchange, turning rights (partial or complete) and geometrical 
structure of the interchange. All these classifications were performed on the prototype 
software developed on GeOxygene Platform (Badard and Braun, 2004). Accuracy of 
the classification was determined by using error matrix (Foody, 2002).  Figure 7 
displays the result of the interchange classification depending on the turning rights of 
them. Overall accuracy of this classification was determined as 95% by using error 
matrix. 
 

 
Figure7. Classification result depending on the turning rights of the interchange 
 



5. Conclusions 
 
As a conclusion, this study presents new approaches for producing navigation maps 
that will be used as the user interface for different representation levels of car 
navigation process. All methods presented in this study were implemented using 
GeOxygene Platform developed in COGIT Laboratory of French National Mapping 
Agency (IGN, Institut Géographique National). Java programming language, XML 
and UML were used for implementation. PostgreSQL and PostGIS were selected as 
database technologies. Additionally, Eclipse was used as Integrated Development 
Environment and GIS software as OpenJump and ArcGIS was used for visualization 
of the implementation results (Dogru et al. 2008; Dogru 2009). 
 
The use of methods developed for producing navigation maps of detailed 
representation level will enable the user to produce user centric navigation maps 
depending on the calculated route. Navigation technology growing rapidly and 3 
dimension (3D) technology and real-time navigation applications are new trends of 
the sector. Together with these developing technologies, new methods including real-
time mapping should be developed for obtaining dynamic navigation maps. Since the 
content of the derived maps will change for each route selection, this approach can 
also be considered to be used as a part of real time and 3D navigation studies. 
 
Formalization and classification methods proposed for generalization of interchanges   
enable the cartographer to automatically classify all different kinds of interchanges 
into well defined classes. Authors believe in that this method will have benefits on 
different issues of cartography and navigation systems by introducing a new 
generalization approach for road networks based on navigation purposes. 
 
The proposed approaches form an innovative way to classify and represent the 
junctions by considering them not only as single vertexes of a graph, but also as a set 
of vertices forming a complex road structure. As for the use in road network 
generalization, it should be possible to produce more quality road maps by 
standardising the representation of complex junction structures. Consequently, the 
complete maze of the junction representations on road maps can be covered by 
producing simplified representations with optimal detail. Additionally, this method 
will enable the cartographer to produce not only thematic road maps for different 
purposes such as guidance and navigation but also topographic maps.   
 
6. Acknowledgement 
 
Authors would like to acknowledge The Scientific and Technological Research 
Council of Turkey (TUBITAK) for supporting the studies implemented at National 
Geographic Institute of France. Authors thank to the Metropolitan Municipality of 
Istanbul because of their supports on this study within the context of “Projem 
Istanbul”. Authors also acknowledge the Company of Basar Computer Systems and 
the Besiktas Municipality as the data providers of this study. 
 
References 
 
Badard, T., and Braun A., 2004. Oxygene: A platform for the development of 
interoperable geographic applications and web services, In Proceedings of the 15th 



International Workshop on Database and Expert Systems Applications (DEXA'04), 
IEEE Press, pp. 888-892. 
 
Dogru, 2009. Cartographic Approaches for Designing Car Navigation Maps by Using 
Multiple Representational Databases, Istanbul Technical University, Institute of 
Science and Technology, Geomatic Engineering, PhD Thesis, Prof.Dr. Necla 
Ulugtekin, February 2009.  
 
Dogru, A.O., Van de Weghe, N., Ulugtekin, N.N., and De Maeyer, Ph., 2007. 
Classification of road junctions based on multiple representations: adding value by 
introducing algorithmic and cartographic approaches, 23rd International Cartographic 
Conference (ICC 2007), 4-10 August 2007, Moscow, Russia. 
 
Dogru A.O., Duchêne, C., Mustière, S., and Ulugtekin, N., 2008. User centric 
mapping for car navigation systems, 11th ICA Workshop on Generalisation and 
Multiple Representation, 20-21 June, Montpellier, France.  
 
Dogru, A.O., and Ulugtekin, N., 2006. Car navigation map design in terms of multiple 
representations, First International Conference on Cartography and GIS, 25-28 
January, Borovets, Bulgaria. 
http://www.datamap-bg.com/conference_cd/pdf/35_233_Necla_Tu.pdf 
 
Elias, B., 2002. Automatic derivation of location maps, in: GeoSpatial Theory, 
Processing and Applications, 34/4, Ottawa, Canada. 
 
Foody, G.M., 2002. Status of land cover classification accuracy assessment, Remote 
Sensing of Environment 80, 185-201. 
 
Mackaness, W., and Mackechnie, G., 1999. Automating the detection and 
simplification of junctions in road networks, GeoInformatica, 3:2, pp.185-200. 
 
Nivala, A.M., and Sarjakoski L., T., 2003. An approach to intelligent maps: context 
awareness, Workshop HCI in Mobile Guides, Udine, Italy. 
 
Sarjakoski T., and Sarjakoski L.T., 2005. Geospatial info-mobility service by real-
time data-integration and generalisation, The GiMoDig Public Final Report. 
 
Timpf, S., Volta, G.S., Pollock, D.W., and Egenhofer, M.J., 1992. A conceptual 
model of wayfinding using multiple levels of abstractions. In Theories and Methods of 
Spatio - Temporal Reasoning in Geographic Space, edited by Frank, A.U., Campari, 
I., and Formentini, U. 639. Heidelberg-Berlin: Springer Verlag, pp. 348-367. 
 
Thomson, R.C., 2006. The ‘stroke’ concept in geographic network generalization and 
analysis, in Progress in Spatial Data Handling, Springer Berlin Heidelberg, pp 681-
697. 
 
Thomson, R.C., and Richardson, D.E., 1999. ‘The ‘good continuation’ principle of 
perceptual organization applied to the generalization of road networks’, in 
Proceedings of the ICA 19th International Cartographic Conference, Ottawa, Canada, 
pp. 1215–1223.  



 
Ulugtekin, N., Dogru, A.O., and Thomson, R., 2004. Modelling urban road networks 
integrating multiple representations of complex road and junction structures, 
Proceedings of the 12th International Conference on Geoinformatics, pp. 757-764 
Gavle, Sweden. 
 
Zhang, Q., and Harrie,L., 2004. Real-time map labeling for personal navigation, in: 
S. Anders Brandt (Eds.), Proceedings of 12th International Conference on 
Geoinformatics - Geospatial Information Research: Bridging the Pacific and Atlantic, 
Gavle University Press, Gavle, Sweden, pp. 39-46. 
 


