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Abstract 

Nowadays, updating and maintenance of topographic maps at various scales have 

become difficult tasks faced by National Mapping Agencies (NMAs). Traditionally, 

maps at each scale were updated independently. Such a procedure is labor intensive, 

time consuming and costly. A more promising method is to frequently update larger-

scale maps first, and then to update smaller-scale maps by detecting and generalizing 

changes from the already-updated larger-scale maps. This study focuses on the 

second step of the method, with settlements as an example. The aim is to develop 

some methods for automated detection and generalization of changes between 1:10 

000 and 1:50 000 scale maps. 

For detection of changes between two topographic maps, most of existing 

methods were developed for maps at similar scales. They did not take into 

consideration the differences in representations on two maps at different scales. In 

this study, a method for detection of changes between already-updated larger-scale 

(1:10 000) map and to-be-updated smaller-scale (1:50 000) map is developed. In the 

method, geographic data matching technique is employed to detect and recognize 

discrepancies between maps. Causes of these discrepancies are categorized into three 

types, namely data error, multiple representation and actual change. Since it is 

difficult to precisely tell whether a discrepancy is effected by certain particular type 

of cause, the method emphasizes the final “updates” which need to be applied to 

smaller-scale map instead of “actual changes”. To realize this idea, discrepancies are 

quantified and represented in a formalized way and a series of rules are formulated to 

identify updates from discrepancies by combining cause-effect analysis and 

quantification of discrepancies. An experimental test has also been carried out to 

evaluate the method. The test results suggest that this method works well in the 

present scale range. 

Generalization of detected changes in settlements usually consists of two 

consecutive steps, namely building grouping and generalization execution. This 

study mainly focuses on the first step, aiming at developing a more generic method. 

To do so, contextual features and three Gestalt factors, namely proximity, common 



 

 

orientation and similarity, are identified as constraints for building grouping and 

degree of proximity, difference of orientations and degree of similarity are separately 

used to describe the three Gestalt factors. As for the use of the Gestalt constraints in 

building grouping process, two possible modes, namely parallel mode and 

hierarchical mode, are explored. First, an attempt to group buildings based on 

parallel use of Gestalt constraints is made, in which a minimum spanning tree (MST) 

is used to link all buildings into a group and these three Gestalt factors are integrated 

into a mathematical model which is then used as edge cost of the MST to partition 

the group into subgroups. Experimental tests suggest that parallel use of Gestalt 

constraints is not capable of producing satisfactory results for building grouping in 

an automated way. Then, a psychophysical test on how the three Gestalt constraints 

are used in manual building grouping process was conducted. Test results indicate 

that there is a hierarchical relationship among their uses. After that, a method for 

building grouping based on a hierarchical use of constraints is developed. In the 

method, proximity is first used to partition buildings in a region into different groups. 

Then for those groups in which the degree of proximity among buildings is medium, 

orientation is used to partition them into subgroups. Finally, for subgroups in which 

the difference of orientation among buildings is small, similarity is used to partition 

them into super subgroups. Experimental results indicate that grouping results 

produced by this method have a better agreement with that of human performance. 
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Chapter 1                                         

Introduction 

1.1 Background and motivation 

1.1.1 The need for rapid updating of digital topographic maps 

During the last decades, a great number of topographic maps at various scales, e.g. 

1:10 000, 1:50 000 and 1:100 000, were produced in China. These maps offered 

fundamental geographic information in different levels of detail for planning, 

management and decision making from macro level to micro level (Chen et al., 

2004). As an extension of map production, updating and maintenance of these maps 

at so many scales has become a difficult task faced by National Mapping Agencies 

(NMAs). Traditionally, these maps were stored in different databases and there was 

no linkage between them. They were updated independently at regular intervals 

which range from several years to decades depending on different scales or different 

regions. It is a labor intensive, time consuming and costly procedure. As a result, 

maps are often outdated when updating of all maps at the same scale is finished. 

Therefore, there is a need for rapid updating of digital topographic maps. Especially 

in recent years, this need has become more urgent than ever. The sufficient and 

necessary condition of this need include the following three aspects: 

Firstly, the frequent changes on the earth’s surface and our desire to represent 

the surface accurately are the original motivations for rapid updating of topographic 

maps. As we all know, topographic maps are representations of the reality (namely 

the earth’s surface). Ideally, there is no need to update topographic maps at any scale 

if no change occurs on the earth’s surface. However, the fact is that the environment 
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of the earth’s surface is changing all the time, due to natural interaction (e.g. volcano, 

earthquake and flood) and human activities (e.g. urban rebuilding and urban 

expanding). This inevitably leads to the result that many of the existing maps are 

outdated to some extent. To keep them up to date, these maps need to be updated 

periodically if not continuously. In some developing countries like China, with its 

rapid development of economy and society, many man-made features (such as 

buildings, roads and railways) were constructed at an ever increasing speed in the 

past three decades. These changed the earth’s surface more frequently and widely 

than ever. Therefore, there is an urgent demand for rapid updating of topographic 

maps in China. 

Secondly, widespread applications of Geographic Information Systems (GIS) in 

various fields are the direct driving force for rapid updating of topographic maps. As 

we all know, geo-spatial data are the “blood” of GIS. It can be said that there is no 

GIS without geo-spatial data. However, nowadays the currency of geo-spatial data 

restricts the application of GIS (Jiang and Chen, 2000). This is because if data are 

not up-to-date, results of geographic queries may not be correct and decisions made 

from spatial analysis may not be reliable (Ramirez, 1996). Therefore, the 

relationship between GIS and topographic maps is two-fold: on the one hand, with 

huge amount of topographic maps available for GIS applications, the use of GIS is 

spreading into various fields; on the other hand, the fast growth of GIS applications 

raises higher requests for the currency of topographic maps. From this point of view, 

it is no doubt to say that GIS applications are the direct driving force for the need of 

rapid updating of topographic maps. With consideration of this, Fritsch (1999) 

pointed out that the emphasis of GIS had been turned from data production to data 

updating and data updating was related to continuous development of GIS. 

Thirdly, automated data acquisition techniques and advanced geo-processing 

software make rapid updating of topographic maps possible. As we all know, 

without technical support, rapid updating of topographic maps will never become 

true. Nowadays, with the maturity of automated data acquisition techniques, such as 

Remote Sensing (RS) and Global Positioning System (GPS), a large amount of 

spatial data can be acquired in a relatively shorter period. These data can be 
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employed to update topographic maps by use of advanced geo-processing software, 

such as Envi, PCI, Erdas and ArcGIS. However, at present, some operations of this 

updating process are still conducted manually or semi-automatically. Therefore, 

there is a need to automate the updating process. 

In summary, a huge amount of topographic maps are being acquired and have 

to be kept up to date. There is a growing demand for rapid updating of these maps, 

both in digital cartography and GIS community. 

1.1.2 Updating modes of topographic maps 

Topographic maps can be updated by different means, which are called updating 

modes in the remainder of this study. Through observation, it can be found that 

updating modes for topographic maps at a single scale are different from those for 

topographic map series with multiple scales. Therefore, this section will address 

updating modes of these two situations separately. 

1. Updating modes of topographic maps at a single scale 

Nowadays, in National Mapping Agencies (NMAs), three updating modes are 

available for topographic maps at a single scale. The first and also the most 

commonly used one is updating of topographic maps by field surveying. For this 

kind of updating mode, the whole updating process can be divided into three steps: 

1) find changes by comparing existing maps with the real terrain; 

2) survey changes by using all kinds of surveying instruments, such as transit, 

total station, GPS and mobile mapping systems; 

3) revise the old maps with surveyed changes. Although this kind of updating 

mode is widely used by NMAs at present, it needs more time, manpower and 

financial resources. 

The second mode is to update topographic maps by using the latest remotely 

sensed aerial photos or satellite images. With gradual maturity of the remote sensing 

technology, this updating mode has become more popular in recent years. Compared 

to the first one, this mode doesn’t need to find changes in the field. But it needs to 
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interpret image and detect changes between map and image. Nowadays, this work is 

mainly done in NMAs by experienced cartographers manually or semi-automatically. 

It is also a labor intensive, time consuming and costly procedure. To shorten the 

updating cycle, two difficult problems, namely automated extraction of different 

features from image data and automated detection of changes between topographic 

maps and image data, need to be tackled. It is noted that much research has been 

devoted to these areas in recent years, e.g., Hoffmann et al. (2000), Niederöst (2001), 

Armenakis et al. (2003), Knudsen and Olsen (2003), Jung (2004), Walter (2004), 

Matikainen et al. (2004). 

The third mode is to update the old map by use of an updated map. This updated 

map could be maps at similar scale from other departments, such as road maps from 

transportation department and river maps from water resources department, or 

already-updated larger-scale maps. Since this updating mode makes full use of all 

kinds of existing data and doesn’t need to re-acquire data completely, it saves time, 

money and man power to some extent. However, the automation of this updating 

mode depends on development of methods for automated detection of changes 

between vector maps. A detailed discussion about these methods will be presented in 

Chapter 2 and Chapter 3. 

2. Updating modes of topographic map series with multiple scales 

Updating of topographic map series with multiple scales needs to consider some 

aspects which updating of topographic maps at a single scale doesn’t need, such as, 

how to update topographic maps at different scales covering the same area quickly 

and how to maintain the consistency between features on maps at different scales. 

Therefore, to some extent, updating of topographic map series with multiple scales is 

more complicated than updating of topographic maps at a single scale. 

Theoretically, updating of topographic map series with multiple scales also has 

three modes. The traditional mode (way) is to update topographic maps at different 

scales independently by using all kinds of data sources available, such as field 

surveying data, aerial photographs or satellite images (Figure 1.1(a)). However, like 

the first two updating modes for topographic maps at a single scale, this updating 
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mode also needs more time, manpower and financial resources. What’s more, it can’t 

guarantee the consistency between features on maps at different scales (Anders and 

Bobrich, 2004). Therefore, it is impossible to meet the market’s demand for updating 

maps quickly, let alone in real time. 

The second mode is the so-called “incremental updating” mode. In this mode, a 

mapping organization should only need to be concerned with updating one detailed 

topographic map and then propagates these updates automatically to other less 

detailed maps in a multiple representation/resolution database (MRDB) (Figure 

1.1(b)). Although this updating mode overcomes some drawbacks of the traditional 

updating mode, it is still an ideal updating mode at present since a multiple 

representation database has not yet been used in production but still in study (Harrie 

and Hellström, 1999a). More detail about this updating mode will be presented in 

section 1.2. 

The third updating mode is to frequently update larger-scale maps by using field 

surveying data or remotely sensed data first, and then to update existing smaller-scale 

maps by deriving information from the already-updated larger-scale maps via 

generalization (Figure 1.1(c)). The first step of this updating mode is the same as 

those of the first two updating modes of topographic maps at a single scale. The 

second step can be distinguished as two situations: global updating in which all 

features on the larger-scale map are generalized to replace all features on the smaller-

scale map and local updating in which only changed features on the larger-scale map 

are generalized to replace the corresponding features on the smaller-scale map. These 

two situations both have two alternative solutions: generalization followed by 

updating and updating followed by generalization (Figure 1.2). However, global 

updating is a topic of pure generalization and is outside the scope of this study. 

Therefore, this study mainly focuses on local updating. 
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Figure 1.1 Updating modes of topographic map series with multiple scales 
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Figure 1.2 Two alternative solutions for topographic map updating via generalization 
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automated detection of changes from remotely sensed data. They are outside the 
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Table 1.1 Comparison of several updating modes of topographic maps 

Updating object Updating mode Updating cycle Requirements 

Updating by 

surveying data 
Long 

(1) surveying instruments  

(2) experienced surveyors and 

cartographers 

Updating by 

remotely sensed data
Long 

(1) latest remotely sensed data 

(2) experienced photo 

interpreters and cartographers 

Topographic 

maps at single 

scale 

Updating by more 

recent maps Medium 

(1) more recent maps 

(2) methods for detection of 

changes between vector maps 

Traditional updating 

mode Long 

(1) latest field surveying data or 

remotely sensed data 

(2) experienced photo 

interpreters and cartographers 

Incremental 

updating mode 
Short 

(1) update to the base map 

(2) MRDB or MSDB 

(3) incremental generalization 

method Topographic map 

series with 

multiple scales 

Updating via 

generalization Medium 

(1) latest field surveying data or 

remotely sensed data 

(2) methods for detection of 

changes between maps at 

different scales and time 

epochs 

(3) change generalization 

methods with consideration 

of contextual features 
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According to the database being used, these methods can be categorized into 

two types, i.e. MRDB (multiple representation/resolution database) or MSDB (multi-

scale database) based methods and conventional database based methods. In the 

following subsections, they will be reviewed respectively. 

1.2.1 MRDB or MSDB based methods 

To meet the requirement for rapid updating, ideally, a mapping organization should 

only need to be concerned with updating one detailed topographic map and then 

propagates these updates automatically to other less detailed maps. To enable this, 

new database designs, such as MRDB or MSDB, are needed (Harrie and Hellström, 

1999a). 

A MRDB is defined as a spatial database, which can be used to store the same 

real-world phenomena at different levels of precision, accuracy and resolution 

(Devogele et al., 1996; Weibel and Dutton, 1999). It can be called as a multiple 

representation database or a multiple resolution database. A MSDB can be described 

as a database consisting of several datasets which contain features stored at different 

pre-defined scales (Cecconi and Weibel, 2001; Devogele et al., 1996). There are 

slight differences between MRDB and MSDB. That is, MRDB may tailor data to 

meet particular thematic purposes while MSDB is concerned more with topographic 

contents and can be considered as a subset of MRDB (Cecconi, 2003). 

Normally, a MRDB has two main characteristics: (1) different levels of detail 

(LoD’s) are stored in one database; and (2) the features in the different levels are 

linked (see Figure 1.1(b)). Corresponding to these two characteristics, it also has two 

advantages: (1) it allows a multi-scale analysis of the data. That is, information in 

one resolution can be analyzed with respect to information given in another 

resolution; and (2) it offers the possibility of propagating updates between different 

scales automatically (Sester et al., 1998; Hampe et al., 2003; Anders and Bobrich, 

2004). A MSDB has the same characteristics and advantages as a MRDB has. 
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Due to the above-mentioned characteristics and advantages, MRDB and MSDB 

have been separately used as platforms for conducting researches on updating of 

topographic map series in the past few years. 

Kilpeläinen and Sarjakoski (1995) and Kilpeläinen (2000) discussed how 

updates on the base level were propagated to other coarser levels within a MRDB. 

They proposed an approach called “incremental generalization” (Figure 1.3). The 

main idea of the approach is that the data for generalization is divided into modules 

which can be processed independently from their surroundings. Generalization is 

then performed only for the modules influenced by the updates. That is to say, if 

water bodies, road networks and buildings are generalized consecutively, an update 

to a building will not result in a change of a road or a river in the target dataset. 

 

Figure 1.3 The principle of incremental generalization 

Compared with the batch generalization approach, this approach has the 

following advantage: the generalization process is performed completely for the 

whole geodatabase only once, whereas in batch generalization, all the data from the 

updated geodatabase have to be completely processed again. However, as pointed out 

by Kilpeläinen and Sarjakoski (1995), the difficult problems encountered in this 
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approach are how to define the set of conflicting features and how to find the border 

for the module to be processed. 

Harrie and Hellström (1999) developed a prototype system for propagating 

updates between cartographic datasets in a MRDB. The prototype system is based on 

a conceptual framework of four steps: examination, propagation, generalization of 

updates and solution of spatial conflicts. In the system, the MRDB was created by 

manually matching two topographic datasets at scales 1:10 000 and 1:50 000. 

Updates of roads and buildings on map 1:10 000 were automatically propagated to 

map 1:50 000. The maps produced by the prototype system were compared to maps 

created by cartographers. Harrie and Hellström concluded that their system could 

increase the productivity in the update process but also had some drawbacks: 

(1)   The cartographic generalization will be performed differently depending on 

the order features are inserted in the large-scale dataset; and 

(2)   Maps created by the prototype system may be significantly different from 

those created through manual generalization since it is difficult to 

transform human knowledge into formal linguistic rules that could be 

implemented in the prototype system. 

Hampe et al. (2003) discussed ideas, advantages and methods of maintaining a 

MRDB for automatic incremental updating of topographic data sets in Germany. 

They mainly concentrated on the design and maintenance of a MRDB and its use in 

two projects: the WIPKA-project and the EU-project GiMoDig. In their approach, 

the MRDB were built based on a Federated Database System (FDBS), in which data 

were stored in different database systems (DBS). Although the approach greatly 

simplified the updating process, it still needs to develop additional generalization 

algorithms for the transition of building/settlement features from a larger scale data 

set to a smaller scale data set and implement the update concept for selected features. 

Anders and Bobrich (2004) proposed a MRDB approach for automated 

incremental updating of German digital landscape models (DLM). In the approach, 

they established the structure of a MRDB based on Oracle and ESRI software.  This 

structure offered the possibility of propagating updates automatically and thus 
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greatly simplified the updating process. They implemented the MRDB database 

schema, some matching tools, some generalization tools, and a graphical user 

interface. But they did not implement a complete system. 

Dunkars (2004) presented a method for the automated propagation of updates in 

a multiple representation database, concentrating on roads and buildings. In the 

method, data mining methods were used to extract cartographers’ knowledge from a 

multiple representation database. An unsupervised classification of the features in the 

larger-scale dataset was performed by using the ISODATA (Iterative Self-

Organizing Data Analysis Technique) algorithm. For each class the probability that 

members of the class were represented in a certain way in the smaller-scale dataset 

was calculated. This knowledge was used for the automated propagation of updates. 

However, the knowledge depended on how the relations between the feature classes 

in the different datasets had been defined in the data model of the MRDB. 

Kang et al. (2004) provided a mechanism for data update across multi-scale 

databases. According to the mechanism, they proposed multi-scale data model, 

update rules and algorithms for handling update propagations in a MSDB. The 

proposed update mechanism mainly contributed to the consistency and incremental 

update of a MSDB. 

Haunert and Sester (2005) presented an incremental approach for the 

propagation of updates from a topographic source dataset to a generalized dataset. 

The aim of their work was to achieve the same result as the complete generalization 

of the source dataset. In order to do so, the information from links that expressed 

correspondences of features, the knowledge of the generalization rules and the 

topology of the features were considered in the approach. This approach was mainly 

designed for the aggregation of categorical data. 

Bobzien et al. (2005) developed two alternative approaches to automate 

incremental updating in MRDB, namely re-generalization and construction. The two 

approaches combined the resolution dimension with the time dimension. Re-

generalization generalized the updated data, whereas construction updated the 
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generalized data (Figure 1.4). In this approach, the MRDB was realized by 

introducing a generalization relation class which stored knowledge gained during a 

generalization process. 

 
Figure 1.4 Two alternative approaches for incremental generalization (Bobzien et al., 2005). (a) 

incremental updating by re-generalisation, (b) incremental updating by construction 

As mentioned before, these methods have a common characteristic. That is, they 

are based on a MRDB or a MSDB which offers the possibility of propagating 

updates between different scales automatically. However, MRDB and MSDB have 

not yet been used in production, but have been studied by several researchers (Harrie 

and Hellström, 1999). Therefore, those methods are not applicable. More generic 

method for updating of topographic map series which takes the current situation of 

map management into consideration is needed. 

1.2.2 Conventional database based methods 

In this chapter, conventional database is a relative term compared with MRDB and 

MSDB. Its characteristics have been mentioned in the previous section. That is, maps 

at different scales are stored in different databases and there is no linkage between 

features on maps at different scales. Since maps in National Mapping Agencies 

(NMAs) have been stored in conventional databases during the last decades, much 

research on updating of topographic map series has also been done based on 

conventional databases. 
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and for processing and propagating updates. However, changes to the larger-scale 

map were assumed to have been clearly identified in the prototype. 

Uitermark et al. (1998) addressed an approach for propagation of updates 

between two independently surveyed databases. In the approach, a knowledge base 

which contains a set of “abstraction rules” was first established to synchronize both 

databases. Then the relations between the features in the two bases were established 

to find corresponding features. Finally, these correspondences were used to integrate 

the updates in the second base. This approach emphasized the relevance of defining a 

strategy to perform a consistent and complete propagation of updates between 

databases of different scales. However, update propagation in all scale range 

depended on the knowledge base which contained abstraction rules. In order to do so, 

knowledge base should be expressed in a shared vocabulary. 

 

Figure 1.5 Structure of an updating mechanism for geographic databases (Badard, 2000) 
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Badard (2000) proposed an approach for update diffusion between geographic 

databases (Figure 1.5). The approach included a process for automatic retrieval of 

updates between two databases. However, it was developed only for a database and 

its derived product produced by the IGN and much interactive work should be 

involved in the derivation process (Kadri-Dahmani, 2001). 

Lemarié and Badard (2001) developed a system for automatic identification of 

changes between maps of similar scales and for automatic incremental updating of 

generalized maps. They implemented their approach in LAMPS2. In the approach, 

the whole updating process was divided into four steps, i.e. filtering, updating, 

conflicts solving and consistency checking. However, the generalization part was not 

implemented. 

1.3 Scope and objectives 

As mentioned in section 1.1.1, there is a growing demand for rapid updating of 

topographic map series both in digital cartography and GIS community. Through a 

comparison of several updating modes in section 1.1.2, it can be found that currently 

a promising method which may fulfill the demand is to frequently update larger-scale 

maps first, and then to update smaller-scale maps by deriving information from the 

already-updated larger-scale maps via generalization. Although several researches 

have been devoted to this method, they have various drawbacks as reviewed in 

section 1.2. This study focuses on the second step of the method which can be further 

divided into three phases, namely change detection, change generalization and 

change integration (to be discussed in detail in chapter 2). The general objectives of 

this study are as follows: 

 to develop a method for automated detection of changes between already-

updated larger-scale maps and to-be-updated smaller-scale maps; 

 to develop methods for automated generalization of detected changes. 
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With regard to the second objective, the focus is on building grouping, which is 

the first step for generalization of detected changes. Therefore, the more specific 

objectives of the second objective are: 

 to explore how constraints are used in building grouping process; 

 to present a generic method for building grouping based on knowledge 

obtained in the above objective; 

Since it is difficult to develop an updating method suitable for all types of 

features in a map and settlements are important map features and good indicators for 

urban development, this research focuses on settlement features. Considering the fact 

that different scale ranges may have different dominant generalization operations and 

thus different methods for change detection, the scope of this research is confined to 

the updating of topographic maps between 1:10 000 and 1:50 000. 

1.4 Structure of the thesis 

This thesis is divided into seven chapters. A short preview on the contents of these 

chapters is provided below: 

 Chapter 2. This chapter starts with a framework for automated updating of 

settlement maps via generalization. Then issues involved in this process are 

pointed out. After that, existing work related to those issues are briefly 

reviewed. 

 Chapter 3. This chapter first analyzes causes of changes on the earth’s 

surface and causes of discrepancies between settlement maps at different 

scales and time epochs. Based on these analyses, a method for detection of 

changes between already-updated larger-scale map and to-be-updated 

smaller-scale map is proposed. After that, experiment is designed to 

evaluate the proposed method. 
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 Chapter 4. This chapter first discusses constraints for map generalization 

and building grouping. Then methods for quantification of Gestalt 

constraints are given. After that, an attempt to group buildings based on 

parallel use of Gestalt constraints is made and experiments are conducted to 

evaluate the proposed method. 

 Chapter 5. This chapter starts with a psychophysical test on the use of 

Gestalt factors in manual building grouping process. Then hierarchy of 

constraints for building grouping is described. After that, a method for 

building grouping based on hierarchical constraints is presented and a 

solution for generalization of building groups is proposed. Finally, 

experimental evaluation of the proposed method is made. 

 Chapter 6. This chapter first briefly introduces the development 

environment and main functions of a prototype system developed for 

automated updating of settlement maps via generalization. Then some 

experimental results are shown. 

 Chapter 7. This chapter concludes the thesis by pointing out the main 

achievements and limitations of this research. An outlook on future research 

challenges is also given. 
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Chapter 2                                                    

Automated updating of settlement map 

series via generalization 

In this chapter, a framework for automated updating of settlement map series via 

generalization is outlined first. Then main issues involved in this updating process 

are pointed out. After that, work related to these issues is reviewed. 

2.1 A framework for automated updating of settlement map 
series via generalization 

As reviewed in chapter one, many methods have been proposed for automated 

updating of topographic map series in the past few years. Although these methods 

presented some strategies and solutions, they still couldn’t fulfill the users’ demand 

for up-to-date topographic maps due to the following reasons: 

 Existing methods either assumed that the changes to base map were known 

to users (such as conventional database based method), or adopted a 

structure (such as MRDB or MSDB) available for change detection but still 

in study. Few of them discussed automated detection of changes between 

topographic maps at different scales and time epochs, but covering the same 

area; 

 Existing methods concerned more about update propagation (such as 

incremental updating), but rarely dealt with update generalization (also 
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called change generalization), especially where to generalize (building 

grouping method is often developed for such a purpose). 

In order to overcome the drawbacks of existing methods, a more generic method 

is needed. As mentioned in section 1.1.2, based on existing technology and current 

situation of topographic map management in NMAs, a promising method is to 

frequently update larger-scale maps first, and then to update existing smaller-scale 

maps by deriving information from the already-updated larger-scale maps via 

generalization. This study focuses on the second step of the method, with settlements 

an as example. A special consideration is the updating of 1:50 000 scale maps from 

already-updated 1:10 000 scale maps. Figure 2.1 illustrates a framework of this 

updating process. 

 

 

Figure 2.1 A framework for automated updating of settlement map series via generalization 
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three phases, i.e. change detection, change generalization and change integration. In 

the first phase, the already-updated larger-scale map and the to-be-updated smaller-
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last phase, generalized changed features are integrated into the smaller-scale map. 
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Figure 2.2 gives a detailed flow chart of this updating process. Issues involved in this 

updating process will be addressed in the next section. 

 

 

Figure 2.2 A flow chart for automated updating of settlement map series via generalization 
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2.2 Issues involved in automated updating of settlement map 
series via generalization 

As mentioned in the previous section, the whole updating process is divided into 

three phases in this study. This section will address the issues involved in each phase 

of the updating process separately. 

2.2.1 Change detection 

The main task of this phase is to decide which features on the already-updated larger-

scale map have been changed in reality compared to features on the to-be-updated 

smaller-scale map. Since the two compared maps are at different scales, they have to 

take the influence of map generalization into consideration in the change detection 

procedure. If we have old larger scale map, from which the old smaller scale map is 

derived via generalization, as auxiliary data, the problem will be much simpler since 

the influence of map generalization can be eliminated by comparing the old smaller 

scale map and the old larger scale map. However, in reality, most of the 1:50 000 

scale maps were not derived from 1:10 000 scale maps via generalization in China. 

They were surveyed and maintained separately. Therefore the main issue in this 

phase is development of method for detection of changes between topographic maps 

at different scales in the context of map updating via generalization. Solutions to this 

issue will be discussed in chapter 3. 

2.2.2 Change generalization 

In this phase, the detected changed features on the larger-scale map are generalized 

to fulfill the representation requirements of the smaller-scale map. In order to avoid 

producing new conflicts, generalization can not be directly applied to changed 

features from the larger-scale map. It must take the context of generalization into 

consideration, namely unchanged features from the smaller-scale map. Therefore, the 

first step in this phase is to find which features on the smaller scale map will exert 

influence on generalization of changed features, namely extraction of influence set. 
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       Figure 2.3 illustrates two kinds of generalization modes, namely generalization 

without consideration of contextual features and generalization with consideration of 

contextual features. Obviously, it can be seen the latter result is more reasonable than 

the former result. From the figure, it also can be seen the features in influence set can 

be classified into two kinds: features in the same class (namely unchanged 

settlements on smaller scale map) and features in different classes (such as rivers and 

roads). This study takes following measures to extract these two kinds of influence 

sets: 

(1)   With regard to features in different classes, features with higher priority are 

updated before settlement features and the updating results are taken as 

global constraints for settlement generalization; and 

(2)   For features in the same class, overlay analysis and buffer zone analysis are 

used to extract influence set. 

    
Figure 2.3 Comparison of two generalization modes. (a) changed features, (b) generalization 

without consideration of contextual features, (c) changed features (light grey) 
together with influence set (dark grey), (d) generalization with consideration of 
contextual features 

       The next step is to generalize the new dataset which is composed of changed 

features from larger scale map and influence set from smaller scale map. Usually, 

this generalization process is implicitly divided into two consecutive steps, namely 
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building grouping and generalization of building groups. These are main issues of 

this phase and they will be discussed in chapter 4 and chapter 5. 

2.2.3 Change integration 

The main task of this phase is to replace the corresponding parts of the smaller scale 

map by generalized changed features and to harmonize the relationship with other 

features. Since changed features, unchanged features and the influence set are all 

dynamically recorded separately and avoidance of new spatial conflicts has been 

taken into consideration in the previous steps, the only thing to do in this phase is to 

conflate two layers which contain generalized changed features and unchanged 

features in the smaller-scale map respectively. It’s just a problem of operation and 

therefore it will not be discussed specially in this study. 

2.3 A review of related work 

2.3.1 Map-based change detection 

Change detection is referred to as the process of identifying differences in the state of 

a feature by observing it at different times (Singh, 1989). In general, change 

detection involves the ability to quantitatively analyze the temporal effects of the 

phenomenon by using multi-temporal datasets (Singh, 1989; Lu et al., 2004). Its 

objective is to compare spatial representation of two points in time by controlling all 

variances caused by differences in variables that are not of interest and to measure 

changes caused by differences in the variables of interest (Green et al., 1994). That is 

to say, the goal of change detection is to detect “significant” changes while rejecting 

“unimportant” ones (Richard et al., 2005). 

Normally, change detection involves the comparison of two datasets and 

consists of following four processes (Armenakis et al., 2002): 

(1) Detection, namely discovery of change; 

(2) Recognition, namely thematic classification of the change; 

(3) Identification, namely description of the feature of the thematic change; and 
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(4) Quantification, namely measure of the magnitude of changes. 

In view of the type of data sources for change detection, change detection can 

be categorized into three types, namely, between two images (e.g., Singh, 1989; 

Hayes and Sader, 2001), between a vector map and an image (e.g., Ohlhof et al., 

2000; Armenakis et al., 2002; Olsen et al., 2002; Knudsen and Olsen, 2003), and 

between two vector maps (e.g., Badard, 1999; Goesseln and Sester, 2003). As 

mentioned before, this study focuses on updating existing smaller-scale maps by 

deriving information from the already-updated larger-scale maps. Therefore, change 

detection mainly occurs between two vector maps. In the remainder of this 

subsection, only work related to change detection between two vector maps will be 

reviewed. 

Apart from the other two types of change detection, many researchers have also 

paid their attentions to the detection of changes between two vector maps in the past 

few years. Among them, Badard (1999) presented a generic tool for update retrieval 

in geographic databases based on geographic data matching technique. In the tool, 

the data matching mechanism adopts a bottom-up process: data matching is first 

performed on the geometrical primitives, then correspondence relationships between 

simple features are deduced, finally complex features are reconstructed (Figure 2.4). 

According to his statement, the process of update retrieval based on this tool allows 

the automatic extraction of the evolutions (i.e. changes caused by time) between two 

versions of a same geographic database. 

Goesseln and Sester (2003) proposed a solution for automatic integration, 

change detection and update between maps of different origins. In their solution, a 

merging of segmented features was first performed to ensure correct investigation of 

correspondences between different datasets, then a rigid transformation by iterative 

closest point algorithm (ICP) was employed to adjust the matching process, finally a 

simple intersection of corresponding features was used for the detection of change. 
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Figure 2.4 General structure of the geographic data matching mechanism (Badard, 1999) 
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From the above literature review it can be seen that most of the current methods 

for automated detection of changes between two vector maps are based on 

exhaustive comparison of all the features in the two maps by using data matching 

techniques (Badard, 1999; Goesseln and Sester, 2003; Walter and Fritsch, 1999). 

Some other researchers have also discussed semantic inconsistency (Comber et al., 

2004) and differences between spatial tessellations at different epochs (Masuyama, 

2006). Although some techniques have been developed for the detection of changes 

between vector maps, most of them were for maps at similar scales. In other words, 

if the change in scale is larger (such as from 1:10 000 to 1:50 000 in this study), these 

techniques may not apply. This is because these techniques did not take the 

differences in representations on two maps at different scales (termed multiple 

representations in this study) into consideration. Therefore, method for detection of 

changes between settlement maps at different scales and time epochs is still lacking. 

2.3.2 Digital map generalization 

Map generalization is defined as the process of selection and simplification of detail 

of representation appropriate to the scale and/or purpose of the map (ICA, 1973). 

Since it is a means for deriving smaller-scale maps from larger-scale maps and a 

critical technique for the updating of smaller-scale maps from newly updated larger-

scale maps (Li, 2007), it has been a hot topic in the cartography and GIS 

communities for many years. This subsection will provide an overview of map 

generalization from several aspects, including definitions, processes, models, 

constraints, operators and algorithms. 

In the past decades, map generalization has undergone two different phases, i.e. 

analogue phase and digital phase. In analogue phase, map generalization is 

“responsible for reducing complexity in a map in a scale reduction process, 

emphasizing the essential while suppressing the unimportant, maintaining logical and 

unambiguous relations between map objects, and preserving aesthetic quality” 

(Weibel and Dutton, 1999). The main objective is to create maps of high graphical 

clarity, so that the map image can be easily perceived and the message the map 

intends to deliver can be readily understood (Weibel and Dutton, 1999). In digital 
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phase, map generalization is described as "the process of deriving, from a data source, 

a symbolically or digitally encoded cartographic dataset through the application of 

spatial and attribute transformations" (McMaster and Shea, 1992). The objectives of 

this derivation process are to reduce in scope the amount, type, and cartographic 

portrayal of the mapped or encoded data consistent with the chosen map purpose and 

intended audience, and to maintain clarity of presentation at the target scale 

(McMaster and Shea, 1992). 

In digital cartography, three types of generalization as shown in Figure 2.5 can 

be distinguished in the process from reality to cartographic products (Grǔnreich, 

1985; Mǔller et al., 1995; Weibel, 1996), they are: 

 Object generalization (from reality to primary model (DLM)). This kind of 

generalization takes place whenever a database is created as a representation 

of the real world. In this process, an abstraction (generalization) occurs since 

it is impossible to capture the real world with infinite detail. 

 Model generalization (from primary model to secondary models (DLM’)). 

This process performs a controlled reduction of data. It has two objectives: 

(1) To minimize memory requirements and increase computer 

efficiency in analytical procedures; and 

(2)    To reduce map resolution for analytical purpose in GIS.  

 Cartographic generalization (from DLM (or DLM’) to cartographic product 

(DCM)). It is the process to generalize spatial data for purpose of 

cartographic visualization. The difference to model generalization is that it 

is aimed at generating visualizations, and brings about graphical 

symbolization of data features (Weibel, 1996). 
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Figure 2.5 Generalization as a sequence of modeling operations (Grǔnreich, 1985) 

To implement the generalization process, several conceptual frameworks (also 

called ‘models’) have been proposed (Brassel and Weibel, 1988; Mǔller, 1991; 

McMaster and Shea, 1992; Ruas and Plazanet, 1996). Among them, the framework 

proposed by Brassel and Weibel (1988) has been widely accepted, which includes 

five separate processes of generalization, i.e. structure recognition, process 

recognition, process modeling, process execution and data display (Figure 2.6). 

 

Figure 2.6 A conceptual framework for digital map generalization (Brassel and Weibel, 1988) 
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When generalizing a map in an automated way, constraints are needed to 

control the process. Over the past few years, different kinds of constraints have also 

been proposed for specific map features by many researchers. Since they are very 

important for building grouping methods, they will be discussed in detail in chapter 4. 

For automated generalization, the overall process of generalization is often 

decomposed into a set of generalization operators which are able to solve very 

specific problems of the generalization process. Many researchers have proposed 

different sets of generalization operators. Su (1997) summarized the current available 

operators for digital map generalization as listed in Table 2.1. 

Table 2.1 Existing operators for digital map generalization (Su, 1997) 

 

In order to provide a systematic classification of generalization operations, Li 

(2006) made a classification of essential operations for digital map generalization 

based on the dimension of geometric elements, i.e. point, line and area, and identified 

a set of essential operations for each of them (see Table 2.2). 

After the operations for digital map generalization have been identified, one or 

more algorithms need to be developed for each of them. Over the last decades, 

researchers from cartography, geography and computer science proposed a variety of 

algorithms to translate operators into computer programs. They include algorithms 

for point feature generalization (Van Kreveld, 1995; Yukio, 1997; Ai and Liu, 2002), 
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linear feature generalization (Douglas and Peucker, 1973; Li and Openshaw, 1992; 

Wang and Mǔller, 1992; De Berg et al., 1995) and area feature generalization 

(Monmonier, 1983; Zhang and Tulip, 1990; Mǔller and Wang, 1992; Schylberg, 

1992a, b, 1993; Beines, 1993; Su and Li, 1995; Li and Su, 1996; Su and Li, 1997, 

1997a, b; Bader and Weibel, 1997; Barrault et al., 2001; Ruas, 2001; Galanda and 

Weibel, 2002).  In terms of type of map feature, they include algorithms for building 

generalization (Ruas, 1998; Boffet and Serra, 2001; Regnauld, 2001; Christophe and 

Ruas, 2002; Rainsford and Mackaness, 2002; Duchêne et al., 2003; Li et al. 2004; 

Bader et al., 2005; Ai and Zhang, 2007; Li, 2007; Yan et al., 2008), road network 

generalization (Mackaness and Beard, 1993; Mackaness, 1995; Thomson and 

Richardson, 1995; Morisset and Ruas, 1997; Thomson and Richardson, 1999; 

Thomson and Brooks, 2002; Jiang and Claramunt, 2003; Jiang and Harrie, 2003; 

Zhang, 2005), river network generalization (Richardson, 1993; Wu, 1997; Wolf, 

1998; Thomson and Brooks, 2000; Ai et al., 2006), etc. 

Table 2.2 Essential operations for digital map generalization (Li, 2006) 

Features Operations 

Individual point features Displacement, elimination, magnification 

A class of point features 
Aggregation, regionalization, selective omission, (structural) 

simplification, typification 

Individual line features 

Displacement, elimination, (scale-driven) generalization, partial 

modification, point reduction, smoothing (including curve-fitting 

and filtering) 

A class of line features 
Typification, collapse (including double to single and ring to 

point), displacement, enhancement, merging, selective omission 

Individual area features 

Collapse (including area-to-point, area-to-line and partial), 

displacement, exaggeration (including directional thickening, 

enlargement and widening), elimination, (shape) simplification, 

split 

A class of area features 
Aggregation, agglomeration, amalgamation, dissolving, merging, 

relocation, (structural) simplification, typification 
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2.3.3 Building grouping 

As mentioned in the previous subsection, much attention has been paid to the 

generalization of specific types of map features, such as buildings, road networks and 

river networks. However, due to the complexity of the spatial distribution of 

buildings and for reasons of spatial recognition, building generalization has always 

been one of the difficult operations in automated map generalization (Li et al., 2004). 

According to observations on manual generalization, building generalization 

implicitly consists of two consecutive steps, i.e. dividing buildings into groups (also 

called building grouping) and performing generalization operations on  building 

groups (also called generalization execution) (Li et al., 2004; Yan et al., 2008). 

Automated building generalization is the simulation of these two steps. For the latter 

step, as mentioned above, a lot of work has been done in the past few years and much 

of them have achieved good results. Therefore, this study mainly focuses on the 

former step of building generalization, namely building grouping, and only work 

related to this area will be reviewed in this subsection. 

Building grouping is a process to separate buildings into different groups based 

on some constraints (also called ‘criteria’ in some literature). During the last decades, 

several researchers have proposed different methods for building grouping based on 

different criteria. 

Regnauld (1996, 2001) proposed an approach to recognize building clusters 

(groups) for typification. In the approach, the Minimum Spanning Tree (MST) was 

used to detect and organize building relations and a proximity graph was employed 

to analyze and segment the building set with respect to various criteria taken from 

Gestalt theory. Such analysis provided some essential geographical information, such 

as the average size of buildings, shape of the group and density, attached to each 

group of buildings. The whole building grouping process is based on the “divide and 

conquer” principle: first, the initial set of buildings is segmented into homogeneous 

groups; then the characteristics of each group are used to build a new representation 

of the group according to the new scale, whilst preserving their essential 

characteristics. 
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Anders and Sester (2000) and Anders (2003) put forward a parameter-free 

method for cluster detection in spatial databases. This method was designed as a 

preprocessing step for the typification operation in cartographic generalization. 

Steinhauer et al. (2001) described an approach to automate the human process 

of recognizing abstract regions in cartographic maps, consisting of disjoint map 

features of arbitrary type (not just buildings). The approach used the adjacency of 

buildings in the Voronoi diagram, the distance between buildings, and their 

cardinality as criteria to form building groups. Although the use of the Vononoi 

diagram for that purpose was elegant and the procedure offered the potential for the 

detection of arbitrary feature groups, the approach also ignored the use of grouping 

criteria that are more specific to buildings, such as directional or size relations among 

buildings (Yan et al. 2008). 

Boffet and Serra (2001) presented a method to identify spatial structures within 

urban blocks for the characterization of towns. In their method, angularity, proximity 

and orientation principles were used to describe two main types of building spatial 

dispositions: structures of free space and alignment. Their main contribution is the 

proposal of a series of measures to characterize the ‘free space’ between buildings.  

Christophe and Ruas (2002) presented an approach to building grouping, 

focusing on the detection of a very special kind of groups, that is, buildings aligned 

in rows. In their approach, straight-line templates were used to detect building 

alignments. The identified alignments were then characterized by a set of parameters 

such as proximity and similarity, and only those perceptually regular buildings were 

retained. 

Rainsford and Mackaness (2002) also used the template matching technique for 

building grouping, concentrating on the simplification of the shape of individual 

buildings. 

Li et al. (2004) proposed a building grouping approach based on urban 

morphology and Gestalt theory. In their approach, the neighborhood model in urban 
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morphology was employed to provide global constraints for guiding the global 

partitioning of building sets on the whole map by means of roads and rivers, by 

which enclaves, blocks, superblocks or neighbourhoods were formed; whereas the 

Gestalt principles from Gestalt theory were used as local constraints to provide 

criteria for the further grouping of enclaves, blocks, superblocks and/or 

neighbourhoods. In the grouping process, graph theory, Delaunay triangulation and 

the Voronoi diagram were employed as supporting techniques. 

Allouche and Moulin (2005) explored how Kohonen-type neural networks 

could be used to deal with one of the applications of map generalization, in which the 

main problem was to identify high-density regions that included cartographic 

elements of the same type. The use of this type of neural network permitted us to 

generate different levels of grouping according to the chosen zoom-scale on the map. 

In the approach, a SOM (self organizing map) was first trained over the initial dataset 

where dense regions should be identified. The obtained SOM was then filtered by 

using a set of automatically generated thresholds. Finally, a polygon surrounding the 

marked points of each dense region was generated. 

Yan et al. (2008) presented a multi-parameter approach to automated building 

grouping and generalization. In the approach, three principles from Gestalt theories 

(i.e. proximity, similarity and common directions) were employed as guidelines and 

six parameters (i.e. minimum distance, area of visible scope, area ratio, edge number 

ratio, minimum bounding rectangle and directional Voronoi diagram) were selected 

to describe spatial patterns, distributions and relations of buildings. The whole 

building grouping process was divided into three steps: 

(1) Topological adjacency relations between buildings were detected and all 2-

building groups were obtained; 

(2) Intermediate groups were constructed according to spatial relations of 2-

building groups; and 

(3) The intermediate groups with common buildings were either separated or 

aggregated and the final groups were achieved. 
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Basaraner and Selcuk (2008) presented a structure recognition method for 

contextual building and build-up area generalization in medium-scale topographic 

maps. In the method, blocks are considered as main generalization units and Voronoi 

zones as specific generalization units. Clusters of buildings are used to reveal 

cartographically conflicted and geographically associated features. Appropriate 

generalization operators were recommended by analyzing spatial characteristics and 

relationships in and near the zones. 

Obviously, these methods try to simulate the manual process that cartographers 

group buildings together by using a number of well-defined theories/techniques, such 

as graph theory, Delaunay triangulation network, the Voronoi diagram, Kohonen’s 

Self Organizing Maps (SOM), urban morphology, clustering analysis and Gestalt 

theory, and by defining a lot of parameters to describe some grouping criteria. 

However, they rarely deal with the relationship among the uses of these constraints 

in the process that cartographers group buildings together. Therefore, a more generic 

method for building grouping is still lacking. 
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Chapter 3                                                    

Detection of changes between maps at two 

different scales 

3.1 Change analysis of the earth’s surface 

Geographic data represents the earth’s surface which is constantly changing 

(Ramirez, 1996; Ramirez, 1998). To obtain better change detection results, better 

understanding on the causes and processes of the change on the earth’s surface is 

needed. With the priori knowledge about the causes, processes and consequences of 

the change, one can also improve the automation of change detection techniques for 

more practical implementation and application (Lunetta and Elvidge, 2000; Zhang, 

2004). Therefore, change analysis of the earth’s surface is very important to change 

detection. 

The change on the earth’s surface is generally presented in four forms which 

include: (a) species change of objects, (b) expansion, shrinkage or shape variation, (c) 

position change, and (d) fragmentation or combination (Lu et al., 2004). Normally, 

these changes are due to two major sources, i.e. natural interactions and human 

activities (see Table 3.1). 

According to their frequency and magnitude, changes caused by natural 

interactions can be categorized into two kinds. One is abrupt and usually radical 

change. For example, changes due to earthquakes, tornados, flooding, landslides, 

forest fires, etc., are of this kind. These changes usually have two characteristics: (1) 

they modify the earth’s surface in a radical way; (2) the results caused by them are 
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obvious and they are easy to detect. The other is systematic and usually slow change. 

These changes are caused by the constant action of such forces as gravity, tectonic 

masses, wind, running water, etc. These changes may not be obvious at the first 

instance, but they will gradually be obvious with the time passing.  

Human activity is another source of changes on the earth’s surface. It also can 

generate abrupt and radical changes, such as the use of explosives for engineering 

project or for war. According to whether the results can be known or not in advance, 

changes caused by human activities can be categorized into predictable changes and 

unpredictable changes. For the former, construction of many manmade features, such 

as buildings, roads, cannels, etc., is of this kind. In these cases, the construction 

process may last a long period. However, the outcome is planned in advance and 

predictable. For the latter, they are always caused by unpredicted circumstances. For 

example, the sand storm in north China is mainly due to over-cutting of forests and 

over-grazing of grass land. For this kind of change, the result is often unknown at the 

initial time and gradually evident later on. 

Causes and magnitude of changes are very important to change detection and 

map updating. Not all changes occurred on the earth’s surface need to be detected 

and updated on maps. Change detection only applies to those features which need to 

be taken into consideration in the specified maps. For example, if a map doesn’t need 

to consider driveways, construction of new driveways in the area will not prompt the 

demand for map updating. Even for those features which need to be considered on 

maps, only those changes which can be represented on target maps are concerned. 

For example, if the grid distance for DEM production is defined as 12.5 meters, 

change less than 10 meters will not be taken into consideration. That is to say, those 

changes on the earth’s surface will not be detected as “changes” on maps anymore. 

Therefore, before change detection, we need to know exactly two things: one is the 

study area and the research objects, with regard to this study, they are “topographic 

map updating” and “settlements” respectively; the other is what kind of change we 

need to concern, in the following sections, this question will be answered by 

analyzing causes of discrepancies between maps at different scales and time epochs. 
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Table 3.1 Causes of changes on the earth’s surface (Modified from (Ramirez, 1996)) 

 

3.2 Types of discrepancies between maps 

Although two maps at different scales and time epochs may represent the same area 

of the earth surface, they may be quite different due to different levels of abstraction 

and possible changes on the earth’s surface. When overlaying such two maps 

together, many discrepancies can be identified (these discrepancies may be 

significant if the difference in scale is large and/or the change over time is large) and 

they may be in different forms. This section will analyze the possible forms of these 

discrepancies. 

It is well known that a feature on a map always contains both geometric and 

attribute information. Similarly, discrepancies between map features could be 

geometric or/and attribute discrepancies. Here, geometric discrepancy refers to the 

difference in the geometry of corresponding features on two maps.  According to the 

alterations in feature patterns, geometric discrepancy can be further divided into 

three categories, i.e. new addition, disappearance and alteration, as listed in Figure 

3.1. 

Causes Origin Is it predictable Frequency Magnitude 

Abrupt 
Difficult 

(or unpredictable) 
Very low Large 

Natural 

interactions 
Systematic 

Difficult 

(or unpredictable) 
Constant Small 

Abrupt Predictable Low Large 

Planned Predictable Very high Large Human 

Activities 
Other factors 

Difficult 

(or unpredictable) 
Low Medium 
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Figure 3.1 Types of discrepancies 

In terms of geometric correspondences, geometric discrepancy can also be 

classified into following six types: 

 Type 1:0:, a feature in larger-scale map has no correspondence in smaller-scale 

map (Figure 3.2(a)); 

 Type 0:1, a feature in smaller-scale map has no correspondence in larger-scale 

map (Figure 3.2(b)); 

 Type 1:n (n>1), a feature in larger-scale map has several correspondences in 

smaller-scale map (Figure 3.2(c)); 

 Type n:1 (n>1), a feature in smaller-scale map has several correspondences in 

larger-scale map (Figure 3.2(d)); 

 Type m:n (m>1 and n>1), several features in larger-scale map correspond to 

several features in smaller-scale map (Figure 3.2(e)); 

 Type 1:1, a feature in larger-scale map has one correspondence in smaller-scale 

map (Figure 3.2(f)). 

Attribute discrepancy refers to the difference in the thematic values of 

corresponding features between two maps. Figure 3.2(g) illustrates such a 
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discrepancy. That is, the quality of the building was changed from shanty (marked 

“A”) to brick structure (marked “B”) while its geometry shape did not change. 

 

Figure 3.2 Patterns of different types of discrepancy between a new larger-scale map (left) and an 
old smaller-scale map (right) 

Maps at different scales represent different kinds of reality (Li, 1994).  For 

example, at a smaller-scale, “The first middle school” may be used to denote a 

grouped building while, at a larger-scale, it is possible that this school is represented 

by a number of separate buildings, each with a different name (see Figure 3.3). If the 

difference in scale is large, then it would be difficult to find correspondences only by 

attributes of the features on two maps. Therefore, in this study, the correspondence 

(c) Alteration – 1 : n 

(e) Alteration – m : n (f) Alteration – 1 : 1 

(b) Disappearance – 0 : 1 

(d) Alteration – n : 1 

(a) New addition – 1 : 0 

 

 

A 

(g) Attribute discrepancy 

B 
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relationships between features on two maps will be determined first by detecting 

geometric discrepancies, and then by detecting attribute discrepancies when the 

degree of geometric discrepancy is within a tolerance. According to this line of 

thought, attribute discrepancy may be taken into consideration only in the case of 

type 1:1 discrepancy in this study. 

 

 

 

 

 

 

Figure 3.3 An example of semantic inconsistency between maps at different scales. (a) buildings 
on larger-scale map, (b) corresponding building on smaller-scale map, (c) names of 
buildings on two different maps 

3.3 Causes of discrepancies between maps 

In the previous section, seven types of discrepancies between maps at different scales 

and time epochs are distinguished. Although the causes of these discrepancies may 

be various, they still can be categorized into three types (as listed in Figure 3.4): data 

error, multiple representation and actual change. In the following subsections, these 

causes will be examined in more detail. 

3.3.1 Data error 

Data errors are unavoidable and may be introduced at each stage of map-production 

process, including coordinate transformation, scanning, rectification and digitization.  

Take digitization as an example, if an operator digitizes the same map feature twice, 

the results can not be identical.  Similarly, different operators may obtain different 

Code Name 

A Teaching building 1 

B Teaching building 2 

C Teaching building 3 

D Library 

E Canteen 

F The 1st middle school 

A D 

B 

C E 

(a)  

F 

(b) (c)  
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results when digitizing the same map feature.  The discrepancies between these 

different results are all caused by data errors (Figure 3.5(a)). 
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Figure 3.4 Classification of the causes of discrepancies 

Data errors could be categorized into gross errors, systematic errors and random 

errors.  Gross errors are mistakes indeed and maps are supposed to be free of such 

errors.  Systematic errors are those following certain models, such as a shift of map 

features in a single direction.  Actually, it can be eliminated by using some 

mathematical models such as affine transformation (Masuyama, 2006) for scale 

distortion.  Therefore, in this study, discrepancies caused by data errors mainly mean 

those caused by random errors.  Random errors in map features are traditionally 

measured by root mean square errors (RMSE) and the allowable tolerance is defined 

by map accuracy specification. For example, a value of 0.5mm is for topographic 

maps of China at scale 1:50 000 (SBSM, 2006).  In US, a similar value is used but its 

specification is stated in terms of 95% probability, i.e. 95% of features having errors 

smaller than 0.5mm. 
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Figure 3.5 Three types of causes of discrepancy (larger-scale map with light grey continued lines 

and smaller-scale map with dark grey dotted lines) 

3.3.2 Multiple representation 

Multiple representations mean the representations of the same feature or area at 

different scales. Since topographic maps at different scales covering the same area 

(multiple representations) are all abstract representations of that area, they must have 

different levels of abstraction. The discrepancies between multiple representations 

are due to these different levels of abstraction (Figure 3.5(b)). Usually, the 

representation at a smaller-scale may be derived from the representation at a larger-

scale through some generalization operations (Shea and McMaster, 1989; Langram, 

1991; Mackaness, 1994; Peng et al., 1996). For particular settlement, which is the 

main concern of this study, a subset of operations as follows has been in common use 

(Li et al., 2004): 

 Aggregation: to combine buildings separated by space. 

 Collapse: to make the building represented by a symbol with a lower 

dimension. 

 Displacement: to move the building to a slightly different position. 

 Exaggeration: to enlarge a building with small size. 

 Elimination: to eliminate small and unimportant buildings. 

 Simplification: to make the shape of buildings simpler. 

(b) Discrepancy caused by 
multiple representations 

(a) Discrepancy caused by 
data error 

(c) Discrepancy caused by 
actual change (the right one) 
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 Typification: to represent buildings with a typical distribution pattern. 

From these definitions it can be seen different generalization operators modify 

the representation of cartographic features in different ways (see Table 3.2) and have 

different impacts on change detection. For example, the geometric correspondence 

relationship before and after generalization is n:1 for aggregation operation whilst 

1:1 for simplification, displacement and exaggeration operations. Frank and Ester 

(2006) pointed out that these operations have impacts on three aspects of 

cartographic representations: 

 Shape similarity, e.g., by exaggeration, collapse and simplification; 

 Location similarity, e.g., by collapse, displacement, exaggeration, and 

simplification; and 

 Semantic content similarity, e.g., by aggregation, elimination, and typification. 

The location similarity means the similarity in position. It also indicates the 

errors in position caused by generalization. The effect of location similarity is very 

similar to the effect of data error and thus those operations which cause location 

similarity will be handled together with data errors in this study. According to 

Muller’s research on German topographic map series (Muller, 1990), for the scale 

span concerned in this study, the dominant generalization operations are aggregation 

and elimination. Therefore, in the later procedure of discrepancy filtering, mainly 

these two operations will be distinguished for discrepancies caused by multiple 

representations. 

3.3.3 Actual change 

As discussed in section 3.1, actual changes on the earth’s surface occur mainly due to 

natural interactions and human activities. Figure 3.5(c) shows one kind of such actual 

change represented on maps, in which a building on the smaller-scale map has no 

correspondence on the larger-scale map.  In reality, actual changes can be 

summarized in the form of: 
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 Newly constructed: addition of new building(s) in an empty space. 

 Demolished: elimination of building(s) in a place. 

 Rebuilt: old building(s) replaced by new building(s). 

Table 3.2 Type of discrepancy caused by generalization operations 

Generalization 

operation 

Illustration of generalization 

process 

Type of discrepancy caused 

by different operations 

Aggregation 
 

n : 1 

Collapse  1 : 1, 1 : n 

Displacement 
 

1 : 1 

Exaggeration 
 

1 : 1 

Elimination 
 

1 : 0 

Simplification 
 

1 : 1 

Typification 
 

m : n (m>n) 

 

3.4 A strategy for change detection in the context of map 
updating via generalization 

In the previous section, three types of causes have been discussed and illustrated for 

discrepancies between settlement maps at different scales. However, in fact, different 

causes may lead to the same discrepancy effect or they may have a combinatorial 

effect on discrepancies between settlement maps. As a result, it is difficult to 

precisely tell whether a discrepancy is effected by certain particular type of cause. 
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For example, one may find that a building in the larger-scale map has no 

correspondence in the smaller-scale map.  This can be explained in two ways: 

(1)  Actual change happened in real world, that is, a new building being 

constructed;  

(2)   The building was eliminated in the process of generalization because the 

area of the building is smaller than the smallest representable size at a 

smaller-scale. 

 

Figure 3.6 The relationship among discrepancy, actual change and update 

Due to the above-mentioned reason, this study will not try to separate different 

types of causes of discrepancies between settlement maps strictly in the change 

detection procedure. Instead, in the context of map updating via generalization, the 

final “updates” which need to be applied to smaller-scale map is emphasized, which 

may be due to a result of multiple representations, actual change, and/or a combined 

effect (the relationship among discrepancy, actual change and update is illustrated in 

Figure 3.6). That is to say, only if the discrepancy meets the requirements for 

updating, it will be detected as update (the same meaning as “change” in change 

detection) regardless of what kind of causes it may be originated from. To realize this 

idea, a new strategy is employed in the change detection procedure: after finding out 

discrepancies between settlement maps at different scales, the only thing is to filter 

out those discrepancies which do not need to be considered for updating and 

consequently the remainders are updates.  In this study, the following two types of 

discrepancies are those which do not need to be considered for updating: 

Discrepancy 

Actual change 

Update 
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 Those discrepancies whose magnitude is within the tolerance of data 

accuracy; and  

 Those discrepancies which satisfy the requirements of generalization 

operations. 

3.5 Data preprocessing before change detection 

Since the two kinds of source maps may have different projection coordinate systems 

and different precisions, they can’t be overlaid together directly. That is to say, they 

need to be preprocessed before change detection. This includes projection 

transformation and elimination of systematic errors. They will be addressed 

respectively in this section. 

3.5.1 Projection transformation 

Map projection is any method of representing the surface of a sphere or other shape 

on a plane. It is the mathematical foundation of topographic maps and thus necessary 

for creating maps. In the past few years, many map projections were designed for 

different purposes, such as conformal projection, equal-area projection, equidistance 

projection. However, all map projections distort the surface in some fashion. 

Depending on the purpose of the map, some distortions are acceptable and others are 

not. Therefore, different map projections exist in order to preserve some properties of 

the sphere-like body at the expense of other properties. 

According to its geographic characteristic, in China, topographic maps at basic 

scales, i.e.1:500 000; 1:250 000; 1:100 000; 1:50 000; 1:25 000; 1:10 000; 1:5 000, 

adopt the Gauss-Krüger projection (transverse Mercator projection). The Gauss-

Krüger projection uses a plane rectangular coordinate system which takes the 

projected central meridian as ordinate (y) and the projected equator as abscissa (x). 

In this coordinate system, the origin is at the intersecting point of the ordinate and the 

abscissa; the y-coordinate takes a positive sign when going north from the equator 

while a negative sign when going south; the x-coordinate takes a positive sign when 



                          Chapter 3 Detection of changes between maps at two different scales 

 47

going east from the central meridian while a negative sign when going west. In order 

to refrain from using negative values, it is defined that the ordinate of each zone is 

shifted 500 kilometers to the west. That is, the coordinates for the origin are (500000, 

0) and the shifted ordinate is X=x+500000m. For the sake of marking to which zone 

a certain point belongs, it is defined that a sign denoting the projection zone is added 

ahead of the X value. For example, n×1000 000+X. The resulting coordinates are 

called universal coordinates. 

In order to control projection distortion, among the seven basic scales in China, 

the 1:500 000-1:25 000 scales use the Gauss-Krüger projection with 6° zones while 

the 1:10 000 and larger scales use the Gauss-Krüger projection with 3° zones. That is 

to say, for the two kinds of topographic maps concerned in this study, namely 1:10 

000 and 1:50 000 scale maps, they adopt different zone division methods. Therefore, 

projection transformation needs to be conducted before they are overlaid together. 

Zone transformation on the Gauss-Krüger is frequently used in surveying and 

mapping. To solve this problem, many scholars have presented several calculating 

methods over a long period (Wu and Yang, 1981; Yang, 1982; Yang et al., 2000). 

They can be summed up as the following two types of methods: 

 Indirect transformation. Given Gauss-Krüger coordinates (x1, y1) in the first 

zone, their geodetic coordinates can be computed by using inverse equations 

for the Gauss-Krüger projection. Considering the results, the Gauss-Krüger 

coordinates (x2, y2) can be obtained based on the central meridian of the 

second zone as a datum. 

 Direct transformation. First, the relationship between the coordinates of a 

point in two adjacent zones is derived. Then the coordinates in an adjacent 

zone can be calculated according to its coordinates in the first zone by using 

a special transformation table. 

Nowadays, with the maturity of map projection transformation technology, 

projection transformation can be done by several commercial GIS software, such as 
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ArcGIS and MapInfo. In this study, ArcGIS software is employed to do such work. 

According to definitions of 3° zone to 6° zone, it can be seen only coordinates within 

the even zone need to be transformed when conducting zone transformation from 3° 

zone to 6° zone on the Gauss-Krüger. Precisely to say, only central meridian in the 

even zone need to be changed as follows: the central meridian in the left part is 

changed to (L-3)° and the central meridian in the right part is changed to (L+3)° (L is 

the central meridian before projection transformation). Take topographic map of 

Shenzhen city as an example, the projection file for zone transformation (from 3° 

zone to 6° zone) can be written as follows: 

input 

projection transverse 

units meters 

spheroid krasovsky 

parameters 

1.000                                        //Scale factor at central meridian 

114 0 0                                     // Longitude of central meridian 

0 0 0                                        // Latitude of origin 

500000.0                                 // False easting (meters) 

0.0                                           // False northing (meters) 

output 

projection transverse 

units meters 

spheroid krasovsky 

parameters 

1.000 

117 0 0 

0 0 0 

500000.0 

0.0 

end 
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3.5.2 Elimination of systematic differences 

After conducting projection transformation, the next step is to eliminate systematic 

differences between two compared maps, which are often caused by systematic 

errors as mentioned in section 3.3.1. Usually, transformation is used for such purpose, 

which is based upon the comparison of the coordinates of source and destination 

points (also called control points). At present, three types of transformations are 

commonly used. They are affine transformation, similarity transformation, and 

projective transformation. 

An affine transformation can differentially scale the data, skew it, rotate it, and 

translate it. Figure 3.7 illustrates the four possible changes. 

 

Figure 3.7 Four possible changes of affine transformation. (a) scaling, (b) skew, (c) rotation, (d) 
translation 

The affine transformation function can be expressed as: 

                                           
FEyDxy
CByAxx

++=
++=

'
'

                                                  (3.1) 

where x and y are coordinates of the input layer and x’ and y’ are the transformed 

coordinates. A, B, C, D, E and F are determined by comparing the location of source 

and destination control points. They scale, skew, rotate, and translate the layer 

coordinates. The affine transformation requires a minimum of three pairs of control 

points. 

The similarity transformation scales, rotates, and translates the data. It will not 

independently scale the axes, nor will it introduce any skew. It maintains the aspect 

ratio of the features transformed and requires a minimum of two pairs of control 

points. The similarity transform function can be expressed as: 

(a) (b) (c) (d) 
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                                                (3.2) 

where: 

tsA cos⋅= , tsB sin⋅= , C = translation in x direction, F = translation in y direction 

and:  

s = scale change (same in x and y directions), 

t = rotation angle, measured counter-clockwise from the x-axis 

The projective transformation is based upon a more complex formula that 

requires a minimum of four pairs of control points. This transformation is often used 

to transform data captured directly from aerial photography. It can be expressed as: 

                                            

1
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1
'

++
++

=

++
++

=
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                                                (3.3) 

      In this study, the affine transformation is used to eliminate systematic differences 

between two compared maps since they may locally skew the topographic data. This 

work is done by using spatial adjustment tools in ArcGIS software. In the 

transformation process, road data are used as auxiliary data and more than eight pairs 

of road intersecting points are selected as control points. Since the 1:10 000 scale 

topographic map is superior to 1:50 000 scale topographic map in terms of the 

positional accuracy, the 1:50 000 scale topographic map is transformed in this study. 

3.6 Detecting changes between maps at different scales and time 
epochs 

Based on the strategy proposed in section 3.4, the method for automated 

detection of updates in this study comprises the following three main steps: 

 Detection and recognition of discrepancies: to detect all discrepancies 

between the two maps based on overlay analysis and recognize their types 

based on geographic data matching technique; 
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 Quantification and representation of discrepancies: to calculate the 

magnitude of detected discrepancies and represent them in a formalism way; 

 Identification of updates from discrepancies:  to filter out those 

discrepancies which do not need to be considered for updating by combining 

cause-effect analysis and quantitative computation of each type of 

discrepancies. In this step, a series of rules is formalized for such purpose. 

In the following subsections, these three steps will be discussed in more detail. 

3.6.1 Detection and recognition of discrepancies 

The discrepancies between two maps can be detected by overlaying them in the same 

coordinate system after elimination of systematic errors as discussed in section 3.5.2. 

To determine to which category a discrepancy belongs, a recursive algorithm is 

developed to find the geometric correspondences of features on two maps. The 

algorithm starts with one feature in the smaller-scale map and searches for all 

corresponding features in the larger-scale maps, and then reversely checks any 

correspondences for these features in the smaller-scale map. This cross-checking will 

continue until no further correspondence is found.  The same recursive search will be 

applied to other features in the smaller-scale map. After such a search process, most 

of the discrepancies will be found. However, there may be some features missed out 

in the larger-scale map and a final check is needed to detect these features. 

Let }S...,,S,{SS m21=  and }L,...,L,{LL n21=  be the sets of IDs of features 

(FIDs) in smaller-scale map and larger-scale map respectively. Let set P record FIDs 

of features from smaller-scale map and set Q record FIDs of features from larger-

scale map in a geometric correspondence. Let ( )•Card  be a function to compute the 

cardinality of a set.  In this context, ( )PCard  is used to indicate the cardinality of set P. 

Then the steps for finding correspondences can be described as follows: 

 Step 1: If S is non-empty, get a feature iS  ( )mi ≤≤1  from S and move it to 

a new temporary empty set, then go to step 2.  If S is empty and L is non-
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empty, assign 1:0 correspondence to all the features of L. Otherwise, if S 

and L are both empty, then stop. 

 Step 2: For each feature in the new temporary set, add it to P, then search 

for those features in L which have intersections with this feature. 

- If no such features are found in L, record the correspondence 

( ) ( )PCard:QCard , then empty P and Q and return to step 1. 

- If one or more features are found in L, move them to a new temporary 

empty set and go to step 3. 

 Step 3: For each feature in the new temporary set, add it to Q, then search 

for those features in S which have intersections with this feature. 

- If no such features are found in S, record the correspondence 

( ) ( )PCard:QCard , then empty P and Q and return to step 1. 

- If one or more features are found in S, move them to a new temporary 

empty set and go to step 2. 

Through exhaustive comparison, all geometric discrepancies can be detected and 

each of them belongs to one of the six types, that is, 1:0, 1:1, n:1, 0:1, 1:n and m:n, as 

shown in Figures 3.2(a)-(f). For discrepancy whose type is 1:1, if its magnitude of 

discrepancy (to be discussed in the next subsection) is very small, it needs to further 

check their attributes to determine whether there is an attribute discrepancy between 

them. 

In the above-mentioned geometric matching process, it is also possible that some 

features may be mismatched. Figure 3.8 shows such an example. In this case, the 

correct correspondence is 1:1 but not 2:1 as will be automatically determined by the 

algorithm.  To avoid such a mismatching, a rule is formulated as follows: 

Rule 1: If two area features have a degree of discrepancy (its definition and 

computation to be discussed in the next subsection) which is larger than 
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a given threshold value, they should not be considered as having a 

correspondence. 

 

Figure 3.8 An example of mismatching – 2:1 correspondence detected (The correct 
correspondence between features on larger-scale map (light grey) and smaller-scale 
map (dark grey) should be 1:1) 

3.6.2 Quantification and representation of discrepancies 

In order to further separate those detected discrepancies, quantification of 

discrepancy is needed. It means to measure the ‘degree of discrepancy’ between 

corresponding features. Since discrepancy and similarity are two complementary 

concepts, measure of degree of discrepancy is essentially an issue of measure of 

similarity. In shape matching area, many distance measures are often used to assess 

similarity between shapes, such as bottleneck distance (Efrat and Itai, 1996), 

Hausdorff distance (Alt et al., 1995), turning function distance (Latecki and 

Lakämper, 2000), Fréchet distance (Alt and Godeau, 1995), surface distance 

(Lemarié and Raynal, 1996). The description and evaluation of these distance 

measures can be found in (Veltkamp, 2001). Since the surface distance can finely 

describe positional similarity between intersecting areal features, it will be used to 

measure the degree of discrepancy between corresponding features in this study.  

Let A and B be two polygons. Let ( )AArea  and ( )BArea  be the area of polygons 

A and B respectively, then the ‘surface distance’ between A and B, marked as 

( )BA,ω , is defined as follows: 

                        ( ) ( ) ( )
( )

( )
( )BAArea

BAArea1
BAArea

BAAreaBAAreaBA,ω
∪
∩−=

∪
∩−∪=               (3.4) 
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where ( )BAArea ∩  is the area of the intersection set of polygons A and B, and 

( )BAArea ∪  is the area of the union set of polygons A and B. 

Equation 3.4 is the general formula for the degree of discrepancy between two 

area features. In the case of 1:n, n:1 and m:n, the total area of a group of polygons 

will be used in the formulae. The different expressions for the quantification of 

different types of discrepancy are listed in Table 3.3. 

Table 3.3 Quantification of discrepancy in terms of geometric correspondences 

Type of discrepancy Degree of discrepancy 
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Once the discrepancies are identified and quantified, a 2-tuple representation can 

be built for each pair of corresponding features and can be stored as parameters 

between them. It will provide qualitative and quantitative information for later 

differentiation of discrepancies. A 2-tuple representation between corresponding 

features is represented as follows: 

        ( )( )••=→ ,ω,CR iiSL    ( )61 ≤≤ i                  (3.5) 
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Where SLR →  denotes the relationship between features on a larger-scale map and 

corresponding features on a smaller-scale map, iC  denotes one of the six types of 

geometric correspondences (i.e. 1:0, 1:1, n:1, 0:1, 1:n and m:n), ),(ωi ••  refers to the 

degree of discrepancy between two features (or feature groups) of the thi  type of 

geometric correspondence. Figure 3.9 illustrates the 2-tuple representations for all 

the six types of geometric correspondences. 

 

 

 

 
 

 

 

 

 

 

 

 

 
Figure 3.9 2-tuple representation of the six types of geometric correspondence between larger-

scale map (light grey solid line) and smaller-scale map (dark grey dash line) 

3.6.3 Identification of updates from discrepancies 

After the discrepancies are quantified and represented in a formalism way, a series of 

rules can be formulated to identify the updates from discrepancies by combining 

cause-effect analysis and quantitative computation of each type of discrepancies. 

This subsection will address these rules according to different types of discrepancy. 

1. Type 1:0 

For this type of discrepancy, two possible causes can be identified, i.e. actual 

change (i.e. a new building being built in the real world) and multiple representations 

(i.e. generalization operator elimination).  To identify updates from this type of 

11.95%)1,:(nR SL =→
5.34%)1,:(1R SL =→ 100%)0,:(1R SL =→  

100%)1,:(0R SL =→  12.89%)n,:(1R SL =→ 84.15%)n,:(mR SL =→
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discrepancies, the main task is to separate those discrepancies possibly caused by 

multiple representations.  To do so, a rule can be formulated as follows: 

Rule 2: For type 1:0, if the area feature in the larger-scale map is smaller than the 

smallest representable size in the smaller-scale map, then the discrepancy 

is considered to be caused by multiple representations. Otherwise, it is 

identified as update. 

Figure 3.10 shows such an example. According to the above-mentioned rule, the 

disappearance of feature A in the smaller-scale map in Figure 3.10(a) is considered to 

be caused by elimination operation (multiple representations). However, the 

disappearance of feature B in the smaller-scale map in Figure 3.10(b) is considered to 

be caused by actual change. 

 

Figure 3.10 Two cases for identification of updates from discrepancy type 1:0 ( δ , smallest 
representable size in the smaller-scale map) 

2. Type 1:1 

For this type of discrepancy, three possible causes can be identified, i.e. data 

error, multiple representations (e.g., generalization operators simplification, 

displacement, exaggeration, collapse) and actual change (e.g., an old building being 

demolished and a new one constructed). As mentioned in section 3.3.2, for this case, 

the effect of generalization operations is very similar to the effect of data error and 

they are handled as data errors in this study. Therefore, only data-error-effect caused 

discrepancies need to be identified. For this purpose, a rule can be formulated as 

follows: 

(a) δArea A <  

A 

(b) δArea B >  

B 
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Rule 3: For type 1:1, if the degree of discrepancy is larger than an allowable 

value, then it is identified as an update; otherwise the discrepancy is 

considered to be caused by data errors. 

Figure 3.11 shows an example of this type of discrepancy. According to the 

above-mentioned rule, no update is identified in Figures 3.11(a) and (b); whereas the 

discrepancy between two features in Figure 3.11(c) is identified as an update. To 

implement this rule, the main problem is to define the allowable degree of 

discrepancy caused by data error. 

Suppose polygons A and B are two features to be compared.  Let polygons 1A  

and 2A  be buffer polygons outside and inside the boundary of polygon A 

respectively, polygons 1B  and 2B  be buffer polygons outside and inside the 

boundary of polygon B respectively, and their buffer distance be the threshold of 

allowable error (e.g., 0.5mm according to Chinese 1:50 000 map accuracy 

specification), then the allowable degree of discrepancy caused by data error for 

polygons A and B can be defined as follows: 

 ( ) ( )( ) ( ) ( )( ){ }2121Error BB,ω,BB,ωmax,AA,ω,AA,ωmaxmaxω =          (3.6) 

Where ( )1AA,ω denotes the degree of discrepancy between polygon A and polygon 

1A  (see formulae in Table 3.3). ( )2AA,ω , ( )1BB,ω and ( )2BB,ω  have similar 

meanings and can be calculated in a similar way. 

 

Figure 3.11 Three cases for identification of updates from discrepancy type 1:1 ( Errorω , 
allowable degree of discrepancy caused by data error) 

3. Type n:1 

(b) ( ) ErrorωGF,ω <  

F 

G 

(c) ( ) ErrorωGF,ω >  

F 

G 

(a) ( ) 0GF,ω =  

G 

F 
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For this type of discrepancy, two possible causes can be identified, i.e. actual 

change (e.g., an old building being demolished and several new buildings 

constructed) and multiple representations (i.e. generalization operator aggregation). 

In this case, those discrepancies caused by aggregation and subsequent simplification 

may be excluded from updates.  A rule is formulated as follows: 

Rule 4: For type n:1, those discrepancies may be excluded from updates if the 

following three requirements are satisfied simultaneously: (1) each of n 

features in the larger-scale map has at least one neighbouring feature 

with a separation smaller than a given threshold; (2) all the n features in 

the larger-scale map are identified as falling into the region of the 

corresponding area feature in the smaller-scale map after considering 

possible data errors; and (3) the degree of discrepancy between 

corresponding features is below a value allowable for aggregation effect. 

To check the first requirement, a buffer zone is created for each of the n features, 

with buffer width as half of the maximum allowable distance for aggregation.  If 

each buffer zone intersects with at least one of the other buffer zones, this 

requirement is considered to be satisfied. 

To check the second requirement, the ‘inclusion function’ (see Equation 3.7) 

(Vauglin and Bel Hadj Ali, 1998) is employed for such purpose. For each of the n 

features in the larger-scale map, the degree of inclusion in the region of the 

corresponding area feature in the smaller-scale map is calculated by Equation 3.7.  If 

all the values are larger than a given threshold, this requirement is considered to be 

satisfied. 

    ( ) ( )
( ) ( ){ }BArea,AAreamin

BAAreaBA,I ∩
=                      (3.7) 

To check the third requirement, the value of the allowable degree of discrepancy 

for aggregation and subsequent simplification should be set.  Such a value may be 

obtained through statistical analysis of existing maps.  However, it should be noted 

that different values may be set for different types of settlements (e.g., the value for 
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rural area may be larger than that for urban area) since they may have different 

distribution characteristics. 

4. Types 0:1, 1:n and m:n 

Type 0:1 can only be caused by actual change, i.e. a building being demolished.  

Types 1:n and m:n may be caused by multiple representations (i.e. local collapse for 

type 1:n and typification for type m:n) and actual change (e.g., several small 

buildings being demolished and replaced by a big one in the case of 1:n and several 

buildings being demolished and replaced by several others in the case of m:n). All 

these three types of discrepancies are extracted as updates. 

3.7 Experimental evaluation 

To test the method presented in previous sections, a case study is carried out.  In the 

test, two maps at different scales covering the same area are selected from a city in 

the Mainland China.  The scales of these two maps are 1:10 000 and 1:50 000, 

respectively.  The 1:10 000 scale map was updated recently and the 1:50 000 scale 

map is the map to be updated.  Figures 3.12(a)-(d) show the two maps and the results 

of change detection.  The parameters used in the procedure of change detection are 

listed in Table 3.4, some of which are provided in terms of the map accuracy 

specification by the State Bureau of Surveying and Mapping (SBSM, 2006). 

Table 3.4 A set of threshold values for the test 

Types of Parameter Threshold value 

Maximum distance for aggregation 0.5mm 

Tolerance of data error on the map 0.5mm 

Smallest representable area on the map 21.5mm  

Allowable degree of discrepancy for aggregation 35% 
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Figure 3.12 Experimental results of change detection 

In this test, there are 519 buildings in the 1:10 000 scale map (Figure 3.12(a)) and 

126 buildings in the 1:50 000 scale map (Figure 3.12(b)). In the change detection 

procedure, a total of 140 pairs of discrepancies were detected: 14 of them are type 

1:0 discrepancies, three of them are type 0:1 discrepancies, 27 of them are type 1:1 

discrepancies and 96 of them are type n:1 discrepancies.  By using the set of rules 

formulated above, only four out of the 27 type 1:1 discrepancies, six out of the 96 

type n:1 discrepancies, 11 out of the 14 type 1:0 discrepancies and all the 3 type 0:1 

discrepancies are identified as updates. These 24 pairs of discrepancies which have 

been identified as updates involve 38 buildings in the 10 000 scale map and 13 

(c) Superimposition of the larger-scale map 
and the smaller-scale map 

(d) Superimposition of detected updates from 
larger-scale map and to-be-updated 
features from smaller-scale map 

A

B 

C 

(a) Already-updated larger-scale map  
      (1:10 000) 

    (b) To-be-updated smaller-scale map  
          (1:50 000) 
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buildings in the 1:50 000 scale map (see Figure 3.12(d)).  The statistical results are 

given in Table 3.5. 

Table 3.5 Statistical results of discrepancies 

Type of 

discrepancy 

Number of 

discrepancies 

Number of discrepancies 

identified as updates 

Number of updates 

misidentified 

1 : 1 27 4 2 

n : 1 96 6 1 

1 : n 0 0 0 

1 : 0 14 11 0 

0 : 1 3 3 0 

m : n 0 0 0 

 

After detecting changes by using the presented method, a manual examination of 

the results of change detection was made. The examination result indicates that most 

of the updates identified are in accordance with the manual work except that three of 

them are misidentified. That is to say, among the 140 pairs of discrepancies only 

three of them are misidentified as updates which means the correctness rate of the 

method in this test reaches 97.8%. The misidentified three pairs of discrepancies are 

marked in Figure 3.12(d): two of them are type 1:1 discrepancies (marked as A and 

B) and the other one is type n:1 discrepancy (marked as C).  They are not identified 

as updates in the manual work since they may be considered as meeting the effect of 

multiple representations (namely application of generalization operation 

“simplification” for A and B and “aggregation” for C).  However, map generalization 

is a subjective process. That is to say, for the same feature or group of features 

different people may produce different generalization results.  Thus, it is difficult to 

guarantee all the generalization effects can be identified correctly by using some 

thresholds in an automated process and that’s why three updates are misidentified in 
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this test.  In order to avoid this, a manual inspection following the automated change 

detection process is necessary. 

3.8 Summary 

In this chapter, causes of changes on the earth’s surface and causes of discrepancies 

between settlement maps at different scales and time epochs were first analyzed 

respectively. Based on these analyses, a method for detection of changes between 

already-updated larger-scale (1:10 000) map and to-be-updated smaller-scale (1:50 

000) map was proposed. In the context of map updating via generalization, the 

method emphasizes the final “updates” which need to be applied to smaller-scale 

map instead of “actual changes”. Based on this idea, the method comprises three 

main steps: (i) discrepancies between two maps are detected and recognized through 

an exhaustive comparison of map features; (ii) these discrepancies are then 

quantified and represented in a formalism way; (iii) with a combination of cause-

effect analysis and quantification of discrepancies, a series of rules are formulated to 

identify updates from discrepancies.  Finally, real-life data was used to verify the 

effectiveness of the presented method.  The results suggest that the new method 

works well in the present scale range. 
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Chapter 4                                                      

Building grouping based on parallel use of 

Gestalt constraints 

In chapter 2, existing methods related to building grouping were reviewed. As 

mentioned before, these methods tried to simulate the manual process that 

cartographers group buildings together by using a number of well-defined 

theories/techniques and by defining a lot of parameters to describe some grouping 

constraints (criteria). However, they rarely deal with the relationship among the uses 

of these constraints in the process that cartographers group buildings together. This 

chapter together with the next chapter will first explore and describe the possible 

relationship among the uses of constraints for building grouping, and then present a 

generic method for building grouping based on the possible relationship among the 

uses of constraints. 

4.1 Constraints for map generalization and building grouping 

4.1.1 Constraints for map generalization 

When generalizing a map in an automated way, constraints are needed to limit the 

number of solutions and to control the generalization process. Here, in the context of 

map generalization, a constraint is referred to as a design specification to which the 

solutions to a generalization problem should adhere (Weibel and Dutton, 1998). That 

is to say, constraints originate from specific map controls applicable to a 

generalization problem. They are usually expressed as something to maintain or to 

avoid. The expression “to respect” is used for something to be adhered to as far as 
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possible while “to preserve” is used for topology related constraints in the same 

sense as to maintain (Peter and Weibel, 1999). Similar to constraints, sometimes 

rules are also designed to control map generalization process. However, there is 

slight difference between rules and constraints. That is, “a constraint is not bound to 

a particular action. The overall rule is that all constraints must be satisfied or 

resolved, but any number of actions can be applied to resolve them” (Beard, 1991). 

During the last decades, several researchers have proposed different 

classifications of constraints for map generalization. Beard (1991) classified the 

constraints into four types: graphic, structural, application, and procedural constraints. 

Ruas and Plazanet (1996) concentrated only on constraints related to features and 

differentiated four types of constraints: legibility (perceptibility threshold of features), 

shape (important shape information to be preserved), spatial (position of a feature or 

the position of features in relation to one another), and semantic (used to represent 

indicators). To govern the whole map generalization process, Weibel and Dutton 

(1998) classified constraints into five categories: graphical (minimum size and width 

are directed by graphical limits), topological (existing relationship between features 

are maintained), structural (criteria describing spatial and semantic structure), Gestalt 

(relate to aesthetics and visual balance), and process (mainly reflect how operators 

are selected and sequenced). 

In addition, other types of constraints have also been defined by Weibel (1996),  

Harrie (1999), Sarjakoski and Kilpelainen (1999), Sester (1999), Lamy et al. (1999), 

Edwardes and Mackaness (2000), Barrault et al. (2001). 

Although different types of constraints for map generalization have been 

proposed by many researchers, only those constraints which are important with 

respect to the intended map purpose in the generalization process are emphasized due 

to the following reasons: 

 It is impossible to define all constraints to which a generalization solution 

should adhere; 
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 It is impossible to meet all constraints since many constraints even 

contradict each other; 

 Most constraints do not work independently since they are contextually 

related and affect one another; 

 Not every constraint is needed in every situation. 

4.1.2 Constraints for building grouping 

As mentioned in the previous subsection, constraints for map generalization have 

been proposed by many researchers in the past few years. For specific building 

generalization and building grouping, different types of constraints have also been 

proposed by several researchers. Regnauld (2001) identified four main kinds of 

constraints for building generalization, namely legibility (i.e., perception, separation 

and maximum density), visual identity (i.e., shape, size and color), spatial 

organization (e.g., gestalt factors proximity, similarity and continuity) and 

homogeneity. Based on geometric, topologic and semantic analysis of spatial 

features, Ai and Zhang (2007) proposed five types of constraints for building 

generalization, i.e., the maintenance of position accuracy, the avoidance of short gap 

distance, the balance of whole area, the retainment of Gestalt nature and the 

retainment of square shape. For building grouping in building generalization, Li et al. 

(2004) distinguished two types of constraints: global constraints based on urban 

morphology and local constraints based on Gestalt principles. 

Since this study mainly focuses on building grouping, the Li et al.’s schema for 

classification of constraints will be followed. That is to say, in this study, two 

categories of constraints, namely contextual features and Gestalt factors, will be 

employed to guide the process of building grouping. For the former category of 

constraints, among the many contextual features, roads and rivers are often used as 

global constraints to initially partition buildings on a map into different regions due 

to their network structures and their relationships with buildings. For the latter 
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category of constraints, Gestalt factors from Gestalt theory will be used as local 

constraints to further partition buildings in a region into different groups. 

It is well known that most people can group map features with some common 

characteristics together by intuition. For example, features that ‘look the same’ can 

be grouped together. Usually, these common characteristics are referred to as Gestalt 

factors and these groups are also called perceptual groups. From this point of view, a 

perceptual group consists of entities that have similar characteristics and do not 

exhibit too many differences. The separation between two groups generally occurs 

whenever there are sufficient inconsistencies in pattern regularity. 

Gestalt theory is the study of the factors influencing grouping perception of 

graphics, which was first investigated by the Gestalt psychologists in the 1920s and 

1930s (Koffka, 1935). It emphasizes that the whole is often perceived as more than 

the sum of its parts and thus it is often used to govern the spatial organization of 

features in the building grouping process. It consists of a number of principles of 

perceptual organization which are used to describe how certain perceptions are more 

likely to occur than others. These principles have been applied for the recognition of 

spatial distribution patterns for many years in both digital and manual generalization. 

So far, at least eight Gestalt principles have been employed to form groups of 

cartographic features in automated map generalization. The definitions of these 

principles are as follows: 

• Proximity: Features which are close to each other have a tendency to be 

perceived as a group (Figure 4.1(a)). 

• Common orientations/directions: Features distributed along a similar 

direction are perceived as a group (Figure 4.1(b)). 

• Similarity: Features with similar shape or similar size tend to be perceived 

as a group (Figure 4.1(c)). 
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• Continuity: The regularity or tendency of the features can not be easily 

disturbed. For example, two crossed curves maintain their respective 

continuity. 

• Closure: A feature group with a closed tendency is easily regarded as being 

perceptually closed. 

• Common region: Features in the same region are more easily grouped 

together. 

• Connectedness: Connected elements can easily form a group. 

• Common fate: The features that are moving in the same direction appear to 

be grouped together (It is used in dynamic maps). 

 

Figure 4.1 Three commonly used Gestalt factors for building grouping. (a) proximity, (b) 
common orientation, (c) similarity 

Among these eight Gestalt factors, the first three are most frequently used to 

recognize spatial distribution of buildings. Therefore, for local constraints, this study 

mainly focuses on these three Gestalt factors. In the next section, methods for 

quantification of these constraints will be addressed. 

4.2 Quantification of constraints for building grouping 

In the previous section, constraints for building grouping have been determined. This 

section will discuss quantification of these constraints for automated building 

grouping. For the first category of constraints, namely contextual features such as 

(a) (c) (b) 
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roads and rives, it’s no need to quantify. Therefore, this section mainly focuses on 

the quantification of the three Gestalt constraints. 

4.2.1 Proximity 

A famous proposition stated that “Everything is related to everything else, but near 

things are more related than distant things” (Tobler, 1970). It means proximity is 

very critical to spatial analysis. Obviously, it also plays a very important role in 

building grouping process. Its quantification means to measure the degree of 

proximity between neighbouring buildings. Usually distance measures are used for 

such purpose. Among the many distance measures, the minimum distance, the 

maximum distance and the centroid distance are three most commonly used ones. 

However, these distance measures only consider a single point from each feature but 

have nothing to do with the position, shape, orientation, and spatial extent of each 

feature at all. In other words, they are incapable of measuring the distance relations 

between area features adequately (Deng et al., 2007). As a result, they are not able to 

completely describe the degree of proximity between buildings. For example, the two 

buildings in Figures 4.2(a) and 4.2(b) have the same minimum distance but different 

degree of proximity. Obviously, the buildings in Figure 4.2(a) look closer than those 

in Figure 4.2(b). 

 

Figure 4.2 Buildings having the same minimum distance but different degree of proximity 

In order to overcome the above-mentioned drawback of the minimum distance, 

Ai et al. (2002) presented a method to calculate ‘adjacent distance’ between two 

buildings, which is based on portioning model and calculus idea. In the method, 

skeletons within the visible scope among buildings were first extracted by 

constructing constrained Delaunay triangulation networks. Then weighted average 

dmin 

(a) 

dmin 

(b) 
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width of skeletons between two buildings was calculated and taken as the final 

adjacent distance of those buildings (Figure 4.3). 

 
Figure 4.3 Computation of adjacent distance between two buildings (Ai et al., 2002). (a) skeleton 

extraction of the visible scope between two buildings, (b) representation of skeleton 
width for three types of triangles 

 
Figure 4.4 Buildings having the same ‘adjacent distance’ but different degree of proximity 

      Although the adjacent distance can solve some problems ignored by the 

minimum distance, such as consideration of position and shape, it only considers the 

shape within the visible scope between two buildings and still doesn’t consider the 

size, the orientation and the whole shape of buildings. For example, according to the 

above-mentioned method, the three pairs of buildings in Figure 4.4 have the same 

‘adjacent distance’ since they have the same spatial distribution within the visible 

scope between two buildings. However, in fact they have different degree of 

proximity. 

  Hausdorff distance is anther distance measure used for measuring degree of 

proximity between two non-empty compact sets in the metric space. It is defined as 

the larger one of the two directed Hausdorff distances, which is the “maximum 

distance of a set to the nearest point in the other set” (Rote, 1991). Given two point 

sets A and B, the Hausdorff distance between A and B is represented as 

(b) (a) (c) 

(a) (b) 



                     Chapter 4 Building grouping based on parallel use of Gestalt constraints 

 70

                                        )},(),,(max{),( ABhBAhBAH =                                (4.1) 
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                                       (4.2) 

where a and b are points of sets A and B respectively, and ||a-b|| is any metric 

(Euclidian distance in this study) between these points. 

  From the definition, it can be seen the Hausdorff distance overcomes the 

drawbacks of the minimum distance since it takes the position and shape of features 

into consideration (see Figures 4.5(a) and 4.5(b)). Therefore, it is always used to 

measure distance between linear or area features. However, it also has its own 

weakness, namely very sensitive to noise. That is to say, a single outlier can easily 

change the distance value. Figures 4.5(c) and 4.5(d) illustrate this weakness: the local 

change in the shape of feature D leads to dramatic change in distance value which 

overpasses human beings’ degree of perception. 

   

Figure 4.5 Illustration of advantage and disadvantage of Hausdorff distance for measuring 
degree of proximity 

     To overcome the drawback of the Hausdorff distance, a modified Hausdorff 

distance is developed to describe the degree of proximity for building grouping in 

this study. The computation of the modified Hausdorff distance between two 
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buildings needs to first divide the buildings into raster units (see Figure 4.6). Then, 

like the Hausdorff distance, the modified Hausdorff distance from A to B (or B to A)) 

are defined as follows: 

                                                
m
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∈
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=
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n

abd
ABmh Bb

Aa∑
∈

∈
=

)}},({min{
),(                                  (4.4) 

The modified Hausdorff distance between A to B is defined as: 

                                           ( )),(),(
2
1),( ABmhBAmhBAMH +=                              (4.5) 

where a and b are raster units of sets A and B respectively, d(a, b) is Euclidean 

distance between units a and b, m is the unit number within polygon A and n is the 

unit number within polygon B. 

   
Figure 4.6 Rasterization of buildings for computation of the modified Hausdorff distance. (a) 

original buildings, (b) creating minimum bounding rectangle, (c) rasterization 

      From the definition it can be seen the modified Hausdorff distance considers not 

only the boundary of the features but also the interior of the features. This avoids the 

situation in which a little outlier leads to dramatic change in distance value. 

4.2.2 Orientation 

Orientation is usually used to describe the spatial extent of an individual building. 

Buildings distributed along a similar orientation (direction) are often perceived as a 
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group. Therefore, orientation is another important influential factor for building 

grouping in building generalization. Up to date, at least five measures have been 

developed to calculate orientation of a building (Duchêne et al., 2003). They are: 

longest edge, weighted bisector, wall average, statistical weighting, and minimum 

bounding rectangle (MBR) (see Figure 4.7). Through experiments, Duchêne et al. 

(2003) concluded that the MBR method is the most appropriate one. Therefore, in 

this study, the MBR method will be employed to describe orientation of an 

individual building and difference of orientations between two buildings is used to 

judge whether two neighboring buildings are in common orientation. According to 

this computation method, orientation of an individual building is a value between 0 

and 180 while difference of orientations between two buildings ranges from 0 to 90. 

         

Figure 4.7 Five measures for describing building orientation (Duchêne et al., 2003) 

4.2.3 Similarity 

Features with similar characteristic, such as shape or size, tend to be perceived as a 

group. Therefore, similarity is chosen as the third local constraints used for building 

grouping in this study. Usually, it can be evaluated from three aspects, namely shape, 

size and orientation. In the existing building grouping methods mentioned previously, 

these three aspects are often described respectively by different parameters. For 

example, in (Yan et al., 2008), size similarity is evaluated by the area ratio and shape 

similarity is evaluated by the edge number ratio of two buildings. However, 

sometimes cartographers need to consider these three aspects as a whole when they 

conduct certain generalization operation, such as typification. Therefore, a similarity 

measure with consideration of these three aspects is needed. 
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   It is noted that when two buildings are equal they must be completely similar in 

shape, size and orientation. Based on this common sense, the degree of similarity 

between two buildings is defined as the ratio of the area of their intersection to the 

area of their union after overlaying their centers of gravity. It is expressed as 

                                                     
)(
)(),(
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BASBADS

∪
∩

=                                         (4.6) 

where )( BAS ∩  is the area of the intersection set of polygons A and B, )( BAS ∪  is 

the area of the union set of polygons A and B. 

      Accordingly, degree of dissimilarity, marked as DD, between two buildings is 

defined as: 

                                                    
)(
)(1),(

BAS
BASBADD

∪
∩

−=                                     (4.7) 

      From the definition it can be seen the computation of degree of similarity (or 

dissimilarity) between two buildings needs to superimpose them based on their 

centers of gravity (Figure 4.8). 

               
Figure 4.8. Computation of degree of similarity between two buildings. (a) location of centers of 

gravity of two compared buildings, (b) Superimposition of buildings based on their 
centers of gravity 

      According to the above-mentioned computation method, degree of similarity 

between two buildings is a value between 0 and 1 that represents a linear estimation 

of similarity: high value indicates similar and low value dissimilar. Figure 4.9 

(a) (b) 
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illustrates some computation results of real data. It can be seen that the results 

computed by this method have better agreement with human perception. 

 
Figure 4.9. Some computation results of degree of similarity of two buildings 

4.3 Two possible use modes of Gestalt constraints in building 
grouping process 

In the previous sections, constraints for building grouping and their quantification 

have been discussed. Then the next question arisen is how to use these constraints, 

especially Gestalt constraints, in building grouping process. According to the past 

experience, two possible use modes may exist, namely parallel use mode and 

hierarchical use mode. 

      Parallel use mode means the above-mentioned three Gestalt constraints work 

simultaneously to form the grouping results in building grouping process. However, 

the influence strength of each constraint can be different. Represented by 

mathematical models, the commonly used one can be expressed as follows: 

                                       DisslOrienox DDDIDist ×+×+×= γβα Pr                        (4.8) 

where IDist is the integrated distance between two neighboring buildings, oxDPr  is 

the degree of proximity between them, OrienD  is the difference of orientation between 

them, DisslD  is the degree of dissimilarity between them, α , β  and γ  are parameters 

representing influence strength of the three Gestalt constraints respectively. 

      From the above model it can be seen the integrated distance between two 

neighboring buildings is represented as the integration of their degree of proximity, 

(a) DS = 0.2316 (b) DS = 0.3755 (c) DS = 0.6030 (d) DS = 0.8551 
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difference of orientation and degree of dissimilarity and the influence strength of the 

three constraints are separately controlled by three different parameters. In the next 

section, this model will be employed to explore parallel use of Gestalt constraints in 

building grouping process. 

      Hierarchical use mode means the three Gestalt constraints are hierarchically used 

to form building groups in building grouping process. That is to say, the use of the 

three Gestalt constraints has an order of priority and only one constraint is considered 

at a time. Detailed discussion about this use mode of Gestalt constraints will be 

presented in the next chapter. 

4.4 An attempt to group buildings based on parallel use of 
Gestalt constraints 

4.4.1 The line of thought 

Building grouping process is essentially a clustering process which aims at grouping 

physical or abstract objects into classes of similar objects. Since the graph-based 

clustering method is a powerful clustering method which gives results having better 

agreement with human performance (Jaromezyk and Toussaint, 1992) and minimum 

spanning tree (MST) is a powerful tool for spatial clustering analysis (Zahn, 1971), 

MST-based clustering method will be used for building grouping in this study. By 

using MST, the line of thought for building grouping based on parallel use of Gestalt 

constraints is as follows: 

      First, contextual features (namely roads and rivers) are used to partition buildings 

on the whole map into different regions due to their network structure and their 

relations with buildings. As a result, buildings within different areas enclosed by 

roads and rivers form different regions and buildings without any area enclosed by 

roads and rivers form a separate region. 

      Second, for each region, the above-mentioned three Gestalt factors, namely 

proximity, common orientation and similarity are used as local constraints to further 
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partition it into different groups. In this process, a constrained Delaunay triangulation 

network (CDTN) is first constructed to model the adjacency relations among the 

vertices of all the buildings. Then based on the CDTN, a connectivity graph (CG) is 

created to capture the adjacency relations among the buildings. In the graph, the 

integrated distance between neighboring buildings (calculated by the above-

mentioned mathematical model) is used to weight the edge linking them. Finally, a 

MST is built based on the CG and it is used to partition the buildings into different 

groups by deleting any edge which is longer than a predefined value. 

4.4.2 A procedure for building grouping 

According to the above-mentioned line of thought, for a region partitioned by roads 

and rivers, building grouping procedure based on parallel use of Gestalt constraints 

consists of the following five steps: 

1. Construction of constrained Delaunay triangulation network 

Delaunay triangulation (DT) is a powerful tool for spatial adjacency analysis due to 

its empty circle and close to equiangular properties (De Berg et al, 1997). It is always 

used to detect adjacency relations among point features. For area feature like 

buildings, spatial adjacency relations can be modeled by means of a modification of 

a conventional Delaunay triangulation, namely constrained Delaunay triangulation 

(CDT), in which all the building boundaries are forced to serve as edges of the 

triangulation (Figure 4.10(b)). Detailed description about CDT sees (Jones et al., 

1995). 

2. Creation of connectivity graph 

In order to describe the adjacency relations among the buildings more clearly, a 

connectivity graph is created by connecting centroids of neighboring buildings 

whose boundaries are linked by triangles (Figure 4.10(c)). In the graph, each building 

is associated with a vertex and linked by edges to its neighbors. This step transforms 

adjacency relations among area features to adjacency relations among point features, 

which is much easier to represent. 
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3. Calculation of integrated distance 

The integrated distance between neighboring buildings is used to weight the edge 

linking them in the connectivity graph. In this study, equation 4.8 is employed to 

calculate this distance. In the equation, oxDPr , OrienD  and DisslD  are separately 

calculated by the methods described in sections 4.2.1, 4.2.2 and 4.2.3. However, for 

the first two values they need to be normalized before calculating integrated distance 

since they are not values between 0 and 1. With regard to the first value, i.e. degree 

of proximity, it needs to be divided by the maximum one among all the Euclidean 

distances between linked buildings in the connectivity graph. With regard to the 

second value, i.e. difference of orientations between two buildings, it needs to be 

divided by 90 (since it ranges from 0 to 90). As will be discussed later, the difficult 

thing for this method is to decide the values of the three parameters, namely α , β  

and γ . At present, for a certain building pattern, the values of the three parameters is 

obtained by trial and error. 

4. Construction of minimum spanning tree 

Although connectivity graph can clearly describe the adjacency relations among the 

buildings, it is not very convenient for spatial clustering analysis since it can’t be 

split into two unconnected subgraphs by removing anyone of the edges. Therefore, 

based on the connectivity graph, a minimum spanning tree is built for such purpose 

(Figure 4.10(d)). It needs to point out that a spanning tree of a graph is a tree 

containing all n nodes of the graph, where any two nodes of the graph are connected 

by a unique path, and the number of edges in it is n-1. A minimum spanning tree is a 

spanning tree with minimum cost, where the cost is measured as the sum of the 

integrated distances over all the edges of the tree. In this study, the MST is built in a 

recursive way based on Prim’s algorithm (Jungnickel, 1999). 

5. Segmentation of minimum spanning tree 

For each edge in the MST, there is a weight. To segment the MST, the first thing is 

to sort these weights in an ascending order as shown in Figure 4.11 (marked with 
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rectangle). Then the segmentation of the MST is conducted in a recursive way: from 

the largest weight on, each weight is sequentially used as a criterion to cut edges 

whose weight is equal or larger than it. As a result, the buildings are partitioned into 

several groups. For each group, if the integrated distance among buildings is 

homogeneous, then the segmentation process stops. Figure 4.10(e) shows a 

segmentation result. 

 
Figure 4.10. Building grouping procedure based on parallel use of Gestalt constraints. (a) original 

buildings, (b) construction of constrained Delaunay triangulation network, (c) 
creation of connectivity graph, (d) construction of minimum spanning tree, (e) 
segmentation of minimum spanning tree. 

（a） （b） （c） 

（d） （e）
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Figure 4.11 Construction and segmentation of MST with integrated distance as weight 

4.5 Experimental evaluation 

The proposed method has been implemented in a prototype system named 

Mapupdate, which will be introduced in chapter 6. Various experiments have been 

carried out to test the method. Experimental data are six building patterns which are 

selected from 10 000 topographic maps in a province of mainland China (detailed 

information about these data see section 5.1.2). In each experiment, the proposed 

method is used to partition a building pattern into groups. In the partitioning process, 

different sets of (α , β ,γ ) parameters (α , β  and γ  may be 1, 2 and 3 respectively) 

for Equation 4.8 are separately used as weights to create and segment a MST. To 

save space, for each pattern, only five of them in which α  is equal or larger than β  

and γ are illustrated in this thesis. They are (1, 1, 1), (2, 1, 1), (3, 1, 1), (3, 1, 2) and 

(3, 2, 1). In order to observe the partitioning process, for each set of parameters, six 

grouping results are illustrated, which separately partition a pattern into one group, 

two groups, three groups, four groups, five groups and six groups. The differences 
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between neighboring grouping results are marked by ellipse in the corresponding 

figures. The experimental results of pattern 1 are illustrated in Table 4.1 and the 

experimental results of pattern 2, pattern 3, pattern 4, pattern 5 and pattern 6 are 

illustrated in appendix A-E, respectively. 

Table 4.1 Experimental results of pattern 1 

Weight Grouping results 

One group Two groups Three groups 

   

Four groups Five groups Six groups 
(1, 1, 1) 

   

One group Two groups Three groups 

   

 

 

 

 

 

 

(2, 1, 1) 
Four groups Five groups Six groups 
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One group Two groups Three groups 

   

Four groups Five groups Six groups 
(3, 1, 1) 

   

One group Two groups Three groups  
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Four groups Five groups Six groups (3, 1, 2) 

   

One group Two groups Three groups 

   

Four groups Five groups Six groups 
(3, 2, 1) 

   

 

From the experimental results, a number of insights can be obtained as follows: 

(1) For the same building pattern, different MSTs will be created by using 

different sets of parameters. For example, in Table 4.1, the five MSTs (the 

grouping results with one group) are different from each other since they use 

different sets of parameters. 

(2) For the same building pattern, the partitioning process may be different by 

using different sets of parameters. For example, in Table 4.1, the five 
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partitioning processes (from one group to six groups) by using different sets 

of parameters are different from each other. 

(3) The appropriate set of parameters may be different for building grouping of 

different patterns. For example, parameter set (2, 1, 1) may be appropriate for 

building grouping of pattern 1. However, for building grouping of pattern2, 

the appropriate parameter set may be (3, 1, 1). 

From the experimental results, it also can be seen the proposed method is not 

capable of producing satisfactory results for building grouping in an automated way. 

This is mainly due to the following reasons: 

(1) It is very difficult to decide the values for the three parameters α , β  and γ  

since for different patterns the values may be different. That is to say, given a 

set of values for α , β  and γ , they may be suitable for some building 

patterns, but not suitable for other building patterns. At present, for a certain 

building pattern, the values of the three parameters may be obtained by trial 

and error. However, it is almost impossible to find a general corresponding 

relationship between the characteristics of building patterns and the values of 

the three parameters. Therefore, it is impossible to decide the values of the 

three parameters for a pattern in an automated way. 

(2) The size and characteristic of a building pattern in which the values of the 

three parameters should be the same is still unknown. As a result, for a given 

building pattern, if the same values of the three parameters are used to 

partition the whole buildings, the results will not agree with human cognition. 

4.6 Summary 

In this chapter, constraints for building generalization and building grouping were 

first discussed and methods for quantification of Gestalt constraints were described. 

With regard to the use of Gestalt constraints, it is pointed out that two possible use 

modes may exist in building grouping process. After that, an exploration on building 
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grouping based on parallel use of Gestalt constraints is made. Exploration results 

suggest that building grouping based on parallel use of Gestalt constraints is not 

capable of producing satisfactory results for building grouping in an automated way. 
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Chapter 5                                                      

Building grouping and generalization based 

on hierarchical use of Gestalt constraints 

5.1 Use of Gestalt factors in building grouping by 
cartographers 

5.1.1 Motivation and objective of the experiment 

In this study, the motivation for making an experimental investigation into the use of 

Gestalt factors in building grouping by cartographers can be summarized as the 

following three aspects: 

First, as mentioned in section 2.3.3, several methods have been proposed for 

building grouping based on different constraints. However, they rarely deal with the 

relationship among the uses of these constraints in the process that cartographers 

group buildings together. 

Second, in the previous chapter, it was pointed out that two possible use modes 

of Gestalt constraints (namely parallel use mode and hierarchical use mode) may 

exist in building grouping process and an exploration on parallel use of Gestalt 

constraints was made. However, exploration results suggest that building grouping 

based on parallel use of Gestalt constraints is not capable of producing satisfactory 

results for building grouping in an automated way. 
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Third, through observation on manual building grouping results, it can be found 

Gestalt constraints may be hierarchically used in building grouping process. For 

example, Figure 5.1 may illustrate such a process: first, proximity is used to partition 

the buildings into different groups; then orientation or similarity is used to partition 

the groups into subgroups. 

 
Figure 5.1 An example of possible manual building grouping process 

Based on above-mentioned motivation, the objective of this experiment is to 

verify whether the three Gestalt factors are used in manual building grouping process 

and whether their uses have an order of priority. 

5.1.2 Design of the experiment 

1. Stimuli and subjects 

The stimuli used in this experiment are eight building patterns which are selected 

from 1:10 000 topographic maps in a province of mainland China. To save space, the 

photo-reduced versions of them are illustrated in Figure 5.2. In this experiment, these 

patterns are used to generate building groups for deriving 1:50 000 scale maps. In 

order to make the subjects know exactly what these patterns look like at target scale 

(1:50 000), the scale reduction versions of them are also provided to subjects and the 

subjects are required to group buildings on them. Since this experiment mainly tests 

the use of the three Gestalt factors, i.e. proximity, common orientation and similarity, 

in building grouping process, the selected patterns can be distinguished as the 

following three types according to their difference in these aspects: 
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E 
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• Type Ⅰ: groups are well separated. This is mainly identified by the fact that 

neighboring buildings within a group are obviously closer than those across 

different groups. Due to this distribution characteristic, it is relatively easy to 

group this kind of building patterns. Pattern 1 (Figure 5.2(a)) and pattern 2 

(Figure 5.2(b)) are of this kind. Although they are of the same kind, there is 

still a small difference between them. That is, buildings within the same 

group in pattern 1 are similar in shape, size or orientation while it is not the 

same in pattern 2. 

• Type Ⅱ: groups are not well separated but buildings are locally similar in 

shape, size or orientation. For this kind of pattern, groups are not as easy as 

Type Ⅰto be perceived. Pattern 3 (Figure 5.2(c)) and pattern 4 (Figure 5.2(d)) 

are of this kind. 

• Type Ⅲ: groups are not well separated and buildings within the same group 

are not clearly similar in shape, size or orientation. For this kind of pattern, it 

is hard to discern the boundary of different groups. Pattern 5 (Figure 5.2(e)), 

pattern 6 (Figure 5.2(f)), pattern 7 (Figure 5.2(g)) and pattern 8 (Figure 5.2(h)) 

belong to this kind. 

      Two groups of human subjects took part in the experiment. Each group has 20 

members. The members are experienced cartographers from different mapping 

agencies of China in the first group while non-experienced graduated students from 

the Hong Kong PolyU in the second group. However, for members in each group, 

they all have no notion of Gestalt factors at first. This ensures the experimental 

results more conformable with map specification and avoids the deliberate 

consideration of Gestalt factors in building grouping process. 
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Figure 5.2 Eight building patterns for psychophysical test on building grouping (Type Ⅰ: 

patterns 1 and 2; Type Ⅱ: patterns 3 and 4; Type Ⅲ: patterns 5, 6, 7 and 8) 

(a) Pattern 1 (b) Pattern 2 

(c) Pattern 3 

(d) Pattern 4 

(e) Pattern 5 

(f) Pattern 6 

(g) Pattern 7 (h) Pattern 8 
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2. Experimental procedure 

In order to make the experimental results more reasonable, the subjects need to group 

buildings on stimuli without prior information about Gestalt factors. To do so, the 

experiment was conducted in a four-step procedure: 

(1) The eight building patterns (1:10 000) together with their scale reduction 

versions (1:50 000) were presented to the first group of subjects. The subjects 

were asked to group them separately according to their map-making 

experience. The grouping results were directly drawn on the scale reduction 

version of each pattern. 

(2) These subjects were showed some graphic illustrations of the three Gestalt 

factors, as shown in Figure 4.1(a)-(c), to know how these Gestalt factors 

work, and then they were asked to recall and record for each building pattern 

what kind of Gestalt factors they might used in the previous grouping process 

and the possible order of priority of these Gestalt factors. 

(3) The grouping results of each pattern produced by the first group of subjects 

were presented to the second group of subjects. Since for the same building 

pattern, different human subjects may produce different grouping results. The 

subjects in the second group were asked to choose the most appropriate result 

they thought for each pattern, which should meet the following requirements: 

(1) each perceptual group in the grouping result can be separated visually 

from other perceptual groups; and (2) each perceptual group can not be 

further divided into subgroups, otherwise the first requirement can not be met. 

(4) Like the step 2, the subjects in the second group were told how the three 

Gestalt factors work and then asked to record for each building pattern what 

kind of Gestalt factors they might used in the building grouping process and 

the possible order of priority of these Gestalt factors. 

Through the above-mentioned four steps, different grouping results for each 

pattern can be obtained. In this study, for each pattern, the grouping result which was 
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produced most frequently by the 40 subjects will be considered as the final grouping 

result for that pattern (the p-value is also used to indicate significance of the 

statistical result). In the same way, for each pattern, the possible Gestalt factors and 

their possible order of priority used in building grouping process are the most 

frequently occurred ones among the final grouping results. 

3. Evaluation 

In order to further verify the reasonability of the investigation results, four statistical 

indices are designed. They are largest maximum intra-group distance (LMIGD), 

minimum inter-group distance (MIGD), homogeneity of intra-group orientation 

(HIGO) and homogeneity of intra-group difference of similarity (HIGDS). The first 

two indices are designed for evaluation of proximity constraint whilst the third for 

orientation constraint and the fourth for similarity constraint. The detailed 

explanation of these indices is as follows: 

• Largest maximum intra-group distance (LMIGD). For each perceptual group 

in a grouping result of a pattern, there is a maximum distance between 

neighboring buildings (called ‘maximum intra-group distance’ in this study) 

which meets such a requirement: if the pre-defined grouping distance is 

smaller than this distance, the perceptual group will be divided into 

subgroups. The largest maximum intra-group distance is the maximal one 

among all these distances in a pattern. Therefore, this index decides on 

whether perceptual groups in a grouping result can be further divided into 

subgroups. 

• Minimum inter-group distance (MIGD). In this study, the inter-group 

distance is defined as the minimum distance between two nearest buildings 

across two neighboring perceptual groups. This distance has such a 

characteristic: if the pre-defined grouping distance is larger than this distance, 

the two neighboring perceptual groups will be merged into one group. 

Minimum inter-group distance is the minimal one of all these distances in a 

pattern. Therefore, this index decides on whether a perceptual group in a 

grouping result needs to be merged with other perceptual groups. 
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• Homogeneity of intra-group orientation (HIGO). For each perceptual group 

in the final grouping result of a pattern, the so-called ‘MBR measure’ 

(Duchêne et al., 2003) is used to calculate orientation of individual building. 

Then the coefficient of variance (defined as the ratio of the standard deviation 

to the mean) of these orientations is used to assess orientation homogeneity of 

that perceptual group. If at least one of the perceptual groups in the final 

grouping result is homogeneous (the coefficient of variance is less than an 

experience value, i.e. 15% in this study), it indicates the orientation constraint 

has been taken into consideration in the building grouping process. Otherwise, 

it doesn’t indicate that. Therefore, this index is used to verify whether the 

final grouping result has considered the common orientation constraint. 

• Homogeneity of intra-group difference of similarity (HIGDS). For each 

perceptual group in the final grouping result of a pattern, the degree of 

dissimilarity between neighboring buildings is calculated by the method 

mentioned in section 4.2.3. Then the coefficient of variance (defined as the 

ratio of the standard deviation to the mean) of these values is used to assess 

similarity homogeneity of that perceptual group. If at least one of the 

perceptual groups in the final grouping result is homogeneous (the coefficient 

of variance is less than an experience value, i.e. 15% in this study), it 

indicates the similarity constraint has been taken into consideration in the 

building grouping process. Otherwise, it doesn’t indicate that. Therefore, this 

index is used to verify whether the final grouping result has considered the 

similarity constraint. 

5.1.3 Results and analyses 

In this subsection, the experimental results and analyses will be presented according 

to different types of building patterns. 

1. Type Ⅰ 

For this type, there are two patterns, namely pattern 1 and pattern 2. The grouping 

results and corresponding statistical results of these two patterns are listed in Table 
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5.1 and Table 5.2 respectively. It needs to point out that in these tables P1 means 

pattern 1, R1 means grouping result 1, G1 means perceptual group 1, and so on. 

When it comes to order of priority of Gestalt constraints, ‘P’ refers to proximity, ‘O’ 

refers to common orientation, ‘S’ refers to similarity, ‘P-O’ means proximity is prior 

to common orientation in order, ‘(OS)’means common orientation is equal to 

proximity in order, and so on. 

Table 5.1 Grouping results of type Ⅰ building patterns 

Pattern 

code 
Origin Grouping results 

P1 

 R1 

R1  R2 
P2 

 

 R3  R4 

 

From Table 5.1, it can be seen there is only one grouping result for pattern 1 and 

four grouping results for pattern 2. From Table 5.2, it can be further seen: 

(1) For pattern 1, among the 40 human subjects, 30 of them consider the order of 

priority of Gestalt constraints as ‘P-O-S’, five of them consider it as ‘P-O’, 

three of them consider it as ‘P’ and two of them consider it as ‘P-(OS)’. As a 

result, ‘P-O-S’ (p-value=φ(3.162)=0.003) is considered as the final order of 

priority of Gestalt constraints for building grouping of pattern 1; 
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(2) For pattern 2, among the 40 human subjects, 30 of them produce R4, four of 

them produce R3, four of them produce R2 and two of them produce R1. As a 

result, R4 (p-value=φ(3.162)=0.003) is considered as the final grouping result 

for pattern 2; 

(3) Among the 30 human subjects producing R4, 25 of them consider the order of 

priority of Gestalt constraints as ‘P’, two of them consider it as ‘P-O’, two of 

them consider it as ‘P-(OS)’ and one of them considers it as ‘P-S’. As a result, 

‘P’ (p-value=φ(3.651)= 0.0005) is considered as the final order of priority of 

Gestalt constraints for building grouping of pattern 2. 

Table 5.2 Statistical results for building grouping of type Ⅰ patterns 

Order of priority of Gestalt 
constraints Pattern 

code 
Grouping 

result code 
P P-O P-S P-(OS) P-O-S 

Number 

of 

subjects 

Final 

grouping 

result 

Final order 

of priority 

P1 R1 3 5  2 30 40 R1 P-O-S 

R1 2     2 

R2 3 1    4 

R3 4     4 
P2 

R4 25 2 1 2  30 

R4 P 

 

In order to further verify the reasonability of the investigation results, the above-

mentioned four evaluation indices are calculated for grouping results of each pattern. 

Table 5.3 shows the calculation results of type Ⅰ building patterns. For each pattern, 

the left figure illustrates indices LMIGD and MIGD for all the grouping results, the 

top right figure illustrates all the perceptual groups in the final grouping result, the 

bottom right figure illustrates indices HIGO and HIGDS for all perceptual groups in 

the final grouping result. From the table, it can be seen: 
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(1) For pattern 1, as shown in the left figure, the LMIGD is smaller than the 

MIGD and the difference between them is very large in the only grouping 

result. This means if the pre-defined grouping distance is within the range 

from LMIGD to MIGD the grouping result will not change. Also, it indicates 

the perceptual groups are well separated by proximity. From the bottom right 

figure, it can be seen in the final grouping result G1, G2 and G4 are 

homogeneous in orientation and G4 is homogeneous in similarity (since their 

coefficients of variance are less than 15%). This means common orientation 

and similarity may also have been taken into consideration in the building 

grouping process. 

(2) For pattern 2, indices LMIGD and MIGD for all the four grouping results are 

illustrated in the left figure. From the figure it can be seen the LMIGD is 

larger than the MIGD in R2 and R3. This is not reasonable since it means 

neighboring buildings with larger distance are within the same perceptual 

group while neighboring buildings with smaller distance are in different 

perceptual groups. Therefore, R2 and R3 are exclusive from final grouping 

results. With regard to R1 and R4, it can be seen the LMIGD in R4 is smaller 

than that in R1 which means more groups may have been produced in R4 than 

those in R1. This further indicates that R4 meets the two requirements 

(mentioned in 5.1.2) for grouping result better than R1 dose. Therefore, R4 is 

considered to be more reasonable and it will be considered as the final 

grouping result for this building pattern. 

(3) From the bottom right figure of pattern 2, it can be seen in the final grouping 

result all the perceptual groups are neither homogeneous in orientation nor in 

similarity (since their coefficients of variance are more than 15%). This 

means both common orientation and similarity have not been taken into 

consideration in the building grouping process. 
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Table 5.3 Evaluation indices for the grouping results of type Ⅰ patterns 

Pattern 
code 

           LMIGD                 MIGD                    HIGO                     HIGDS 

P1R1 
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2. Type Ⅱ 

Two patterns, namely pattern 3 and pattern 4, belong to this type. The grouping 

results and corresponding statistical results of these two patterns are listed in Table 

5.4 and Table 5.5 respectively.  

G1 

G2 G4

G3 

G1 
G6 

G4 

G2 G3 

G5
G2G7 

G8 



              Chapter 5 Building grouping based on hierarchical use of Gestalt constraints 

 96

R2R1 R3 R4 

R5 R6 R7 R8 

R2 R3

R5 R6R4

R1

R7

Table 5.4 Grouping results of type Ⅱ building patterns 

Pattern 

code 
Origin Grouping results 

    

P3 

 

    

       

   

P4 
 

   

 

From Table 5.4, it can be seen there are eight grouping results for pattern 3 and seven 

grouping results for pattern 4. From Table 5.5, it can be further seen: 

(1) For pattern 3, among the 40 human subjects, 29 of them produce R5, three of 

them produce R6, three of them produce R4 and five of them produce R1, R2, 

R3, R7 and R8 respectively. As a result, R5 (p-value=φ(2.846)=0.007) is 

considered as the final grouping result for pattern 3;  
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Table 5.5 Statistical results for building grouping of type Ⅱ patterns 

Order of priority of Gestalt 
constraints Pattern 

code 
Grouping 

result code 
P P-O P-S P-(OS) P-O-S 

Number 

of 

subjects 

Final 

grouping 

result 

Final order of 

priority 

R1     1 1 

R2     1 1 

R3     1 1 

R4 1    2 3 

R5 3 2 1 1 22 29 

R6 1 1   1 3 

R7     1 1 

P3 

R8     1 1 

R5 P-O-S 

R1  1    1 

R2  2   2 4 

R3 2 23  2 3 30 

R4  1   1 2 

R5     1 1 

R6  1    1 

P4 

R7  1    1 

R3 P-O 

 

(2) Among the 29 human subjects producing R5, 22 of them consider the order of 

priority of Gestalt constraints as ‘P-O-S’, three of them consider it as ‘P’, two 

of them consider it as ‘P-O’, one of them considers it as ‘P-S’ and one of 

them considers it as ‘P-(OS)’. As a result, ‘P-O-S’ (p-value=φ(2.785)=0.008) 

is considered as the final order of priority of Gestalt constraints for building 

grouping of pattern 3; 
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(3) For pattern 4, among the 40 human subjects, 30 of them produce R3, four of 

them produce R2, two of them produce R4 and four of them produce R1, R5, 

R6 and R7 respectively. Consequently, R3 (p-value=φ(3.162)=0.003) is 

considered as the final grouping result for pattern 4;  

(4) Among the 30 human subjects producing R3, 23 of them consider the order of 

priority of Gestalt constraints as ‘P-O’, three of them consider it as ‘P-O-S’, 

two of them consider it as ‘P-(OS)’ and two of them considers it as ‘P’. 

Consequently, ‘P-O’ (p-value=φ(2.921)=0.006) is considered as the final 

order of priority of Gestalt constraints for building grouping of pattern 4. 

The four evaluation indices are also calculated for grouping results of pattern 

type Ⅱ. Table 5.6 shows the calculation results. From the table, it can be seen: 

(1) For pattern 3, indices LMIGD and MIGD for all the eight grouping results are 

illustrated in the left figure. From the figure it can be seen the LMIGD is 

larger than the MIGD in R1, R2, R3, R4, R6, R7 and R8. As mentioned 

before, these are not reasonable. Therefore, R5 is the only reasonable 

grouping result and it should be considered as the final grouping result for 

this building pattern. 

(2) From the bottom right figure of pattern 3, it can be seen in the final grouping 

result G10 is homogeneous in orientation and G6 is homogeneous in 

similarity (since their coefficients of variance are less than 15%). This means 

common orientation and similarity may have been taken into consideration in 

the building grouping process of this pattern. 

(3) For pattern 4, indices LMIGD and MIGD for all the seven grouping results 

are illustrated in the left figure. From the figure it can be seen the LMIGD is 

larger than the MIGD in R4, R5, R6 and R7. As mentioned before, these are 

not reasonable. Therefore, R4, R5, R6 and R7 are exclusive from final 

grouping results. With regard to R1, R2 and R3, it can be seen the LMIGD in 

R3 is smaller than that in R1 and R2 which means more groups may have 
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been produced in R3 than those in R1 and R2. This further indicates that R3 

meets the two requirements (mentioned in 5.1.2) for grouping result better 

than R1 and R2 do. Therefore, R3 is considered to be more reasonable and it 

will be considered as the final grouping result for this building pattern. 

Table 5.6 Evaluation indices for the grouping results of type Ⅱ patterns 

Pattern 
code    LMIGD                      MIGD HIGO                   HIGDS 
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(4) From the bottom right figure of pattern 4, it can be seen in the final grouping 

result G2 and G3 are homogeneous in orientation and none of the perceptual 

groups is homogeneous in similarity. This means common orientation may 

have been taken into consideration but similarity has not been taken into 

consideration in the building grouping process. 

3. Type Ⅲ 

With regard to this type, there are four patterns, namely pattern 5, pattern 6, pattern 7 

and pattern 8. The grouping results and corresponding statistical results of these 

patterns are listed in Table 5.7 and Table 5.8 respectively. From Table 5.7, it can be 

seen there are eight grouping results for pattern 5, seven grouping results for pattern 

6, four grouping results for pattern 7 and seven grouping results for pattern 8. From 

Table 5.8, it can be further seen: 

(1) For pattern 5, among the 40 human subjects, 29 of them produce R2, four of 

them produce R4, two of them produce R3 and five of them produce R1, R5, 

R6, R7 and R8 respectively. Consequently, R2 (p-value=φ(2.846)=0.007) is 

considered as the final grouping result for pattern 5; 

(2) Among the 29 human subjects producing R2, 25 of them consider the order of 

priority of Gestalt constraints as ‘P’, two of them consider it as ‘P-O’, one of 

them considers it as ‘P-S’ and one of them considers it as ‘P-(OS)’. As a 

result, ‘P’ (p-value=φ(3.9)=0.0002) is considered as the final order of priority 

of Gestalt constraints for building grouping of pattern 5; 

(3) For pattern 6, among the 40 human subjects, 31 of them produce R3, three of 

them produce R2, two of them produce R4 and four of them produce R1, R5, 

R6 and R7 respectively. Consequently, R3 (p-value=φ(3.479)=0.0009) is 

considered as the final grouping result for pattern 6; 

(4) Among the 31 human subjects producing R3, 27 of them consider the order of 

priority of Gestalt constraints as ‘P’, two of them consider it as ‘P-O’, one of 

them considers it as ‘P-S’ and one of them considers it as ‘P-O-S’. As a result, 
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‘P’ (p-value=φ(4.131)=0.00008) is considered as the final order of priority of 

Gestalt constraints for building grouping of pattern 6; 

(5) For pattern 7, among the 40 human subjects, 30 of them produce R2, five of 

them produce R1, three of them produce R3 and two of them produce R4. 

Consequently, R2 (p-value=φ(3.162)=0.003) is considered as the final 

grouping result for pattern 7; 

(6) Among the 30 human subjects producing R2, 26 of them consider the order of 

priority of Gestalt constraints as ‘P’, two of them consider it as ‘P-O’ and two 

of them consider it as ‘P-O-S’. As a result, ‘P’ (p-value=φ(4.017)=0.0001) is 

considered as the final order of priority of Gestalt constraints for building 

grouping of pattern 7; 

(7) For pattern 8, among the 40 human subjects, 30 of them produce R2, three of 

them produce R3, two of them produce R4, two of them produce R5 and three 

of them produce R1, R6 and R7 respectively. Consequently, R2 (p-

value=φ(3.162)=0.003) is considered as the final grouping result for pattern 8; 

(8) Among the 30 human subjects producing R2, 25 of them consider the order of 

priority of Gestalt constraints as ‘P-O’, three of them consider it as ‘P’, one of 

them considers it as ‘P-(OS)’ and one of them considers it as ‘P-O-S’. As a 

result, ‘P-O’ (p-value=φ(3.651)=0.0005) is considered as the final order of 

priority of Gestalt constraints for building grouping of pattern 8. 
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R1

Table 5.7 Grouping results of type Ⅲ building patterns 

Pattern 
code 

Origin Grouping results 
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Table 5.8 Statistical results for building grouping of type Ⅲ patterns 

Order of priority of Gestalt 
constraints Pattern 

code 
Grouping 

result code 
P P-O P-S P-(OS) P-O-S 

Number 

of 

subjects 

Final 

grouping 

result 

Final order 

of priority 

R1 1     1 

R2 25 2 1 1  29 

R3 2     2 

R4 2 1 1   4 

R5 1     1 

R6 1     1 

R7 1     1 

P5 

R8 1     1 

R2 P 

R1 1     1 

R2 2 1    3 

R3 27 2 1  1 31 

R4 1 1    2 

R5 1     1 

R6 1     1 

P6 

R7 1     1 

R3 P 

R4

R7

R6R5 



              Chapter 5 Building grouping based on hierarchical use of Gestalt constraints 

 104

R1 3 1   1 5 

R2 26 2   2 30 

R3 2 1    3 
P7 

R4 1 1    2 

R2 P 

R1  1    1 

R2 3 25  1 1 30 

R3 1 2    3 

R4 1 1    2 

R5 1 1    2 

R6  1    1 

P8 

R7  1    1 

R2 P-O 

 

The four evaluation indices are also calculated for grouping results of pattern 

type Ⅲ. Table 5.9 shows the calculation results. From the table, it can be seen: 

(1) For pattern 5, indices LMIGD and MIGD for all the eight grouping results are 

illustrated in the left figure. From the figure it can be seen the LMIGD is 

larger than the MIGD in R1, R3, R4, R5, R6, R7 and R8. As mentioned 

before, these are not reasonable. Therefore, R2 is the only reasonable 

grouping result and it should be considered as the final grouping result for 

this building pattern. 

(2) From the bottom right figure of pattern 5, it can be seen all the perceptual 

groups are neither homogeneous in orientation nor in similarity. This means 

both common orientation and similarity have not been taken into 

consideration in the building grouping process of this pattern. 

 (3) For pattern 6, indices LMIGD and MIGD for all the seven grouping results 

are illustrated in the left figure. From the figure it can be seen the LMIGD is 

larger than the MIGD in R1, R4, R5, R6 and R7. Due to the above-mentioned 

reason, R1, R4, R5, R6 and R7 are exclusive from final grouping results. 
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With regard to R2 and R3, it can be seen the LMIGD in R3 is smaller than 

that in R2 which means more groups may have been produced in R3 than 

those in R2. Therefore, R3 is considered to be more reasonable and it will be 

considered as the final grouping result for this building pattern. 

(4) From the bottom right figure of pattern 6, it can be seen all the perceptual 

groups are neither homogeneous in orientation nor homogeneous in similarity. 

This means both common orientation and similarity have not been taken into 

consideration in the building grouping process of this pattern. 

(5) For pattern 7, indices LMIGD and MIGD for all the four grouping results are 

illustrated in the left figure. From the figure it can be seen the LMIGD is 

larger than the MIGD in R1, R3 and R4. As mentioned before, these are not 

reasonable. Therefore, R2 is the only reasonable grouping result and it should 

be considered as the final grouping result for this building pattern. 

(6) From the bottom right figure of pattern 7, it can be seen all the perceptual 

groups are neither homogeneous in orientation nor in similarity. This means 

both common orientation and similarity have not been taken into 

consideration in the building grouping process of this pattern. 

(7) For pattern 8, indices LMIGD and MIGD for all the seven grouping results 

are illustrated in the left figure. From the figure it can be seen the LMIGD is 

larger than the MIGD in R1, R3, R4, R5, R6 and R7. As mentioned before, 

these are not reasonable. Therefore, R2 is the only reasonable grouping result 

and it should be considered as the final grouping result for this building 

pattern. 

(8) From the bottom right figure of pattern 8, it can be seen in the final grouping 

result G2 is homogeneous in orientation and none of the perceptual groups is 

homogeneous in similarity. This means common orientation may have been 

taken into consideration but similarity has not been taken into consideration 

in the building grouping process. 
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Table 5.9 Evaluation indices for the grouping results of type Ⅲ patterns 

Pattern 
code                  LMIGD                         MIGD               HIGO                 HIGDS 

P5R2 

 

P5 

 
 

0

15

30

45

60

R1 R2 R3 R4 R5 R6 R7 R8

Grouping result code

D
i
s
t
a
n
c
e
 
(
m
)

0

20

40

60

80

100

G1 G2 G3 G4 G5

Group code

C
o
e
f
f
i
c
i
e
n
t
 
o
f
 
v
a
r
i
a
n
c
e
 
(
%
)

P6R3 

 

P6 

 
 

0

10

20

30

40

R1 R2 R3 R4 R5 R6 R7

Grouping result code

D
i
s
t
a
n
c
e
 
(
m
)

 
0

20

40

60

80

100

G1 G2 G3 G4 G5 G6

Group code

C
o
e
f
f
i
c
i
e
n
t
 
o
f
 
v
a
r
i
a
n
c
e

(
%
)

P7R2 

 

P7 

 
 

0

15

30

45

60

R1 R2 R3 R4

Grouping result code

D
i
s
t
a
n
c
e
 
(
m
)

 0

20

40

60

80

100

G1 G2 G3 G4 G5 G6

Group code

C
o
e
f
f
i
c
i
e
n
t
 
o
f
 
v
a
r
i
a
n
c
e

(
%
)

G1 G2 

G3 G4

G5 

G1 

G2 
G3 

G4
G5

G6 

G1 G2 

G3 
G4 G5

G6 



              Chapter 5 Building grouping based on hierarchical use of Gestalt constraints 

 107
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5.1.4 Summary 

A psychophysical test on the use of Gestalt factors in building grouping by 

cartographers has been conducted. In the experiment, eight building patterns 

classified into three types according to their distribution characteristics were 

presented to 40 subjects for building grouping. Through the experiment, a lot of 

grouping results were produced and knowledge on how Gestalt factors work in 

building grouping process of these patterns was obtained. After that, four evaluation 

indices, namely LMIGD, MIGD, HIGO and HIGDS, were used to verify the 

reasonability of the grouping results. From this psychophysical test, some 

conclusions can be drawn as follows: 

(1) The Gestalt constraints are indeed used in building grouping process, but the 

number of Gestalt constraints used may be different for different building 

patterns; 

(2) If more than one Gestalt constraints are used, their uses have such an order of 

priority: proximity, common orientation, similarity; 

(3) If the buildings are very close to each other, it is no use to consider their 

common orientation and similarity. 
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5.2 Hierarchy of constraints for building grouping 

Hierarchy is fundamental to human cognition since humans always arrange 

information hierarchically and use hierarchical methods for reasoning. For example, 

the cognitive interpretation of visual signals is a hierarchical process: first, an 

unconscious attempt is made quickly to extract information from an image through a 

global search operation; then, attention is paid to specific features of the visual 

landscape that have been identified as being different. 

 

Figure 5.3 A hierarchical structure of road network 

From discussion in previous sections it can be seen the use of constraints in 

building grouping process is also hierarchical. That is to say, there is a hierarchical 

relationship among the use of constraints for building grouping. In fact, this 

hierarchical relationship exists not only between global constraints and local 

constraints, but also within global constraints and local constraints respectively. For 

example, for global constraints, roads within a city can be ranked as highway, major 

road and minor road. Likewise, rivers can be distinguished as main rivers and 

different levels of tributaries. Figure 5.3 illustrates a hierarchical structure of a road 

network. 

      As suggested by the previous experimental results, there is also a hierarchical 

relationship among the use of local constraints for building grouping. That is, their 

uses have such an order of priority: proximity, common orientation, similarity. 

However, this doesn’t mean for all buildings in a region all the three Gestalt 

constraints need to be considered hierarchically. Under some circumstances, only 

Highway 

Major road 
Minor road 
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one or two of them need to be considered. For example, when the distance between 

buildings is very close or very far, it doesn’t need to consider common orientation or 

similarity but proximity. Therefore, the hierarchical relationship among the use of the 

three Gestalt constraints can be described as shown in Figure 5.4. 

 
Figure 5.4 Hierarchical relationships of three local constraints for building grouping 

      From the figure it can be seen degree of proximity is first used to partition 

buildings into different groups. The groups are distinguished as three types, namely 

very close, medium and very far, according to degree of proximity between 

neighboring buildings in the group. Then, for those groups in which the degree of 

proximity between buildings is medium, difference of orientation is used to further 

partition them into subgroups. These subgroups are distinguished as two types: small 

in difference of orientation and large in difference of orientation. Finally, for those 

groups in which difference of orientation between buildings is small, degree of 

similarity is used to further partition them into subgroups. As a result, these 

subgroups are distinguished as two categories: similarity and dissimilarity. 

5.3 Building grouping based on hierarchical constraints 

5.3.1 The line of thought 

Like the line of thought for building grouping based on parallel use of Gestalt 

constraints, in this method, contextual features (namely roads and rivers) are first 

used to partition buildings on the whole map into different regions. Then, for each 

region, MST is used as a spatial clustering tool to partition buildings into different 
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groups. In this process, the three Gestalt factors are used as edge weights to build and 

segment the MST. The difference from building grouping based on parallel use of 

Gestalt constraints is that the three Gestalt factors are used to partition buildings into 

different groups in a hierarchical way as follows: 

(1)   According to degree of proximity between buildings, buildings in a region 

are partitioned into different groups. For groups in which degree of 

proximity between buildings is “very close” or “very far”, they will not be 

partitioned anymore. While for groups in which degree of proximity 

between buildings is “medium”, they need to be further partitioned by 

orientation. 

(2)   Difference of orientations between buildings is then used to partition the 

above-mentioned groups into different subgroups. For subgroups in which 

difference of orientations between buildings is “small”, they need to be 

further partitioned by similarity. 

(3)   Degree of similarity between buildings is finally used to partition the above-

mentioned subgroups into different super subgroups. 

5.3.2 A procedure for building grouping 

Based on the above-mentioned line of thought, for a region partitioned by road 

networks or river networks, building grouping procedure can be divided into 

following six steps: 

1) Construct constrained Delaunay triangulation network among buildings and 

then create connectivity graph based on it (Figure 5.5 (b) and (c)). This step 

is to capture adjacency relations among the buildings. 

2) Calculate degree of proximity between buildings linked by edges and then 

take them as weights of corresponding edges to create minimum spanning 

tree (Figure 5.5 (d)). 
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3) Segment the minimum spanning tree with degree of proximity between 

buildings as weights of corresponding edges (Figure 5.5 (e)). According to 

the above-mentioned line of thought, two threshold values are used to 

segment the MST. As a result, degrees of proximity between buildings are 

distinguished as three types: very close (linked by thicker lines as shown in 

Figure 5.5 (e)), medium (linked by thinner lines as shown in Figure 5.5 (e)) 

and very far (without edges linked as shown in Figure 5.5 (e)). 

 

Figure 5.5. Illustration of building grouping process based on hierarchical use of Gestalt 
constraints 

(a) Original buildings (b) construction of constrained 
Delaunay triangulation network 

(c) creation of connectivity 
graph 

(d) construction of minimum 
spanning tree with 
proximity as weight 

(f) construction of 
constrained Delaunay 
triangulation network 

(g) creation of connectivity 
graph 

(h) construction of minimum spanning 
tree with orientation as weight 

(i) segmentation of minimum 
spanning tree with 
orientation as weight 

(e) segmentation of minimum 
spanning tree with 
proximity as weight 
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4) For those groups in which degree of proximity between buildings is 

“medium”, reconstruct constrained Delaunay triangulation network and then 

create connectivity graph (Figure 5.5 (f) and (g)). 

5) Calculate difference of orientations between buildings linked by edges in the 

new connectivity graph and then take them as weights of corresponding 

edges to create minimum spanning tree (Figure 5.5 (h)). 

6) Segment the minimum spanning tree with difference of orientations between 

buildings as weights of corresponding edges (Figure 5.5 (i)). As a result, 

differences of orientations between buildings are distinguished as two types: 

small in difference of orientations and large in difference of orientations. If 

necessary, for those groups in which differences of orientations between 

buildings are small, degree of similarity can be used to further partition them 

into subgroups. 

5.4 A solution for generalization of building groups 

For generalization of building groups obtained by the above-mentioned method, as 

reviewed in chapter 2, a lot of generalization operations and algorithms have been 

developed. This study will not discuss them (see (Li, 2007) for details). Instead, only 

a solution for selection of possible generalization operations for groups with different 

characteristics will be given as follows. 

(1) For those groups in which the degree of proximity among buildings is very 

close, the operations are aggregation and simplification. 

(2) For those groups which are very far from other groups, the operations are 

simplification, elimination or exaggeration. 

(3) For those groups in which the difference of orientations among buildings is 

large, the operations are simplification, elimination or exaggeration. 
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(4) For those groups in which the degree of similarity among buildings is similar, 

the operations are typification (n>3) or aggregation. 

(5) For those groups in which the degree of similarity among buildings is 

dissimilar, the operations are simplification, elimination or exaggeration. 

5.5 Experimental evaluation 

The proposed method has been implemented in a prototype system named 

Mapupdate, which will be introduced in the next chapter. An experiment has also 

been carried out to test the method. In the experiment, eight building patterns (at 

scale 1:10 000) which have been used in the previous psychophysical test are also 

used to separately generate maps at scale 1:50 000 by using the proposed method. 

The original maps (with segmentation of MST on it) and the generalized maps (the 

small map near to the original map) of the eight patterns are shown in Figure 5.6. 

Some parameter values used in the building grouping process are listed in Table 5.10. 

After that, a comparison of the grouping results produced by the proposed 

method with those manually produced by human subjects in the previous 

psychophysical test is made to evaluate the proposed method. Mainly two aspects of 

the grouping results are compared, namely number of groups produced by the two 

methods and the distribution of buildings in each group (see Table 5.11). From this 

table it can be seen the grouping results of pattern 1, pattern 2, pattern 4, pattern 6 

and pattern 7 are identical to those produced by human subjects. Grouping results of 

pattern 3, pattern 5 and pattern 8 are almost the same as those produced by human 

subjects, with the slight differences marked by ellipses in the corresponding figures. 

Therefore, one may claim that the grouping results produced by the proposed method 

are highly consistent with those by human operators. 
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Figure 5.6 Experimental results for building grouping and generalization 

(a) Pattern 1 

(f) Pattern 6 

(e) Pattern 5 

(c) Pattern 3 

(d) Pattern 4 

(b) Pattern 2 

(g) Pattern 7 
(h) Pattern 8 
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Table 5.10 Parameters and their values for the experiment 

Types of Parameter Threshold value 

Very far for degree of proximity >50m (on the ground) 

Very close for degree of proximity <25m (on the ground) 

Small for difference of orientation <15° 

Similar for degree of similarity >0.8 

 

Table 5.11 Comparison of grouping results by the two methods 

Pattern code 
Items for comparison 

P1 P2 P3 P4 P5 P6 P7 P8 

Number of groups produced by the proposed 
method 4 8 10 4 7 6 6 8 

  Number of groups produced by the manual 
method 4 8 10 4 5 6 6 6 

Number of groups having the same 
distribution of buildings by the two methods 4 8 7 4 5 6 6 6 

 

5.6 Summary 

In this chapter, an experimental investigation into the use of Gestalt factors by 

cartographers in building grouping process was first made to verify whether the three 

Gestalt factors were used in manual building grouping process and whether their uses 

are hierarchical. Experimental results suggest that there dose exist a hierarchical 

relationship among the use of constraints for building grouping. After that, a method 

for building grouping based on hierarchical use of Gestalt constraints was proposed. 

In the method, MST was used to capture the adjacency relations between buildings 

and degree of proximity, difference of orientations and degree of similarity between 

buildings were separately used as weights to segment the MST. Finally, an 

experiment was carried out to evaluate the proposed method.  The experimental 

results have better agreement with human performance. 
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Chapter 6                                                           

A prototype system for automated updating 

of settlement maps 

To implement the methods proposed in this project, a prototype system named 

Mapupdate is developed in the windows environment. To verify the validity and 

feasibility of the proposed methods, experiments have been carried out in the 

prototype system. This chapter will first briefly introduce the development 

environment and main functions of the prototype system, and then exhibits some 

experimental results. 

6.1 Development environment of the prototype system 

Considering the reusability and extensibility of the function modules in future 

research, the development of the prototype system adopts the component-based 

software development mode, which is a way to produce reliable, reusable, language-

independent code at the binary level and the most popular software development 

mode at present. 

Here, a component is an object written according to a specification. For 

example, COM (Component Object Model), which is introduced by Microsoft in 

1993, is one of these specifications. It is used to enable interprocess communication 

and dynamic object creation in a large range of programming languages. By making 

use of this specification, it is possible to build reusable software components that can 

be dynamically interchanged in a distributed system. There are many terms in 
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circulation that refer in part to COM; OleDB, ActiveX, and DirectX are all 

technologies based on the COM specification. 

Based on COM technology, many GIS software companies provide tool 

package for users to develop GIS application software. ArcObjects is such a tool 

package developed by Environmental Systems Research Institute Inc. (ESRI). It 

comprises a technology framework, an object-oriented geographic data model, an 

integrated library of software components, and a rich collection of developer-

oriented resources (for example, a printed developer guide, online developer help, 

and a series of class diagrams). Compared with other tool packages, ArcObjects has 

following advantages: 

 The ArcObjects software components are delivered as an organized 

collection of object–components, which offer a number of key advantages 

over earlier software development methodologies; 

  With ArcObjects, domain-specific components can be created from other 

components; 

 The ArcObjects components collaborate to serve every data management and 

map presentation function common to most GIS applications; 

 ArcObjects provides an infrastructure for application customization that lets 

programmers concentrate on serving the specific needs of users. 

Due to the above-mentioned advantages, ArcObjects is employed in the 

prototype system to manage map data. For simplicity and convenience, Visual Basic 

is chosen as the development language. Some special function modules, such as 

generalization operations and updating operations, are also completed in Visual C++ 

environment. To call these modules easily, they are encapsulated into DLL (Dynamic 

Linking Library) by ATL (Active Template Library) technology. To summarize, the 

development environment is illustrated in Figure 6.1. 
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Figure 6.1 Development environment of the prototype system 

6.2 Main functions of the prototype system 

Based on the above-mentioned development environment, a prototype system is 

developed. The overall interface of it is shown as Figure 6.2. The main functions of 

the system can be divided into two parts, namely basic functions similar to most GIS 

software and specific functions for settlement map updating, as listed in Figure 6.3. 

Each part also includes several function modules. They are briefly explained as 

follows: 

(1) File management: this module deals with map files or layers, such as creating 

a new map, opening an existing map, saving current map, adding a map layer 

and deleting a map layer; 

(2) Graphics editing: this module provides some editing tools for graphics, such 

as adding feature, deleting feature, editing feature, saving edit, canceling edit 

and redoing edit; 

(3) View management: this module provides common map browsing functions, 

for example, zooming in, zooming out, panning, panning by drag, full extent, 

previous view and next view; 

(4) Information query: this module provides some tools for information query, 

such as query by point, query by line, query by rectangle, query by polygon, 

Windows operation system 

Application interface 

ArcObjects Dll 

Visual C++ development environment Visual basic development environment 
Call 

Encapsulate Embed 



                   Chapter 6 A prototype system for automated updating of settlement maps 

 119

attribute identity, searching information, measuring area and measuring 

distance; 

(5) Tool: this module provides some commonly used tools, such as selecting, 

selecting by polygon, spatial selection and layer management; 

(6) Generalization operations: this module provides some generalization 

operations for map generalization, such as line simplification, polygon 

simplification, polygon aggregation and skeleton extraction; 

(7) Updating operations: this module provides some operations dealing with map 

updating, such as influence set extraction, change detection, building 

grouping and generalization of building groups. 

 

Figure 6.2 Overall interface of the prototype system 
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Figure 6.3 Main functions of the prototype system 
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Figure 6.4 Change detection and extraction 

 

Figure 6.5 Building grouping by proximity 
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6.3 Experimental results and analysis 

With the prototype system as an experimental platform, experiments have also been 

conducted to test the whole updating procedure. In order to test different phases of 

the updating procedure, two types of topographic maps from Tianjin city are selected 

as experimental data: one from urban area (mainly for testing change detection 

method) and the other from suburban area (mainly for testing building grouping 

method). Each type includes an already-updated 1:10 000 scale map and a to-be-

updated 1:50 000 scale map which cover the same area. The 10 000 scale map is 

employed to update 1:50 000 scale map by using the methods proposed in this 

project. These two areas have following different characteristics: 

 In urban area, actual changes are mainly caused by urban rebuilding. The 

degree of change is relatively small and changes are relatively discrete.  

 While in suburban area, actual changes are mainly caused by urban expanding. 

The degree of change is relatively large and changes are relatively 

concentrated. 

The updating results of settlement maps from urban area are shown in Figure 6.6. 

For this updating test, the source maps are the same as those used in chapter 3. As 

mentioned before, the correctness rate of the proposed method for detection of 

changes between topographic maps at different scales reaches 97.8% in this test, 

which means it works well in the present scale range. Detailed evaluation sees 

section 3.7. 

For building grouping of detected updates, among the three Gestalt constraints, 

only proximity is used to partition the buildings into different groups since the 

distribution of the detected updates is relatively discrete. From Figure 6.6(f), it can 

be seen the building grouping and generalization results are in harmony with the 

unchanged features from smaller-scale map, which means the proposed methods 

work well. 
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Figure 6.6 Updating results of settlement maps from urban area 

 

(a) Already-updated larger scale map (1:10 000) 

(b) To-be-updated smaller-scale map (1:50 000) 
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Figure 6.6 (continued) Updating results of settlement maps from urban area 

(c) Detected updates from larger-scale map (1:10 000) 

(d) Unchanged features from smaller-scale map (1:50 000) 
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Figure 6.6 (continued) Updating results of settlement maps from urban area 

(e) Generalized updates 

(f) Updated smaller-scale map (1:50 000) 
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The updating results of settlement maps from suburban area are shown in Figure 

6.7. The parameter values used in the updating procedure are listed in Table 6.1, 

some of which are provided in terms of the map accuracy specification by the State 

Bureau of Surveying and Mapping (SBSM, 2006). 

Table 6.1 Parameters and their values for test 2 

Types of Parameter Threshold value 

Maximum distance for aggregation 0.5mm 

Tolerance of data error on the map 0.5mm 

Smallest representable area on the map 21.5mm  

Allowable degree of discrepancy for aggregation 45% 

Very far for degree of proximity >50m (on the ground) 

Very close for degree of proximity <25m (on the ground) 

Small for difference of orientation <15° 

 

There are 651 buildings in the 1:10 000 scale map (Figure 6.7(a)) and 8 buildings 

in the 1:50 000 scale map (Figure 6.7(b)). In the change detection procedure, a total 

of 309 pairs of discrepancies were detected: 301 of them are type 1:0 discrepancies 

and 8 of them are type n:1 discrepancies. By using the set of rules formulated in 

chapter 3, all the 301 type 1:0 discrepancies are identified as updates (Figure 6.7(c)) 

and the 8 type n:1 discrepancies are considered to be caused by multiple 

representations. After change detection, an examination of the result was made. The 

examination result suggests that the change detection result produced by the 

proposed method has better agreement with human performance. 

The building grouping and generalization results of detected changed features are 

separately shown in Figure 6.7(d) and Figure 6.7(e). It can be seen the detected 

changed features are partitioned into seven groups. Some statistical indices designed 

in section 5.1.2 are also used to evaluate the grouping results. The statistical results 

are given in Table 6.2. 
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Table 6.2 Some statistical results of grouping results 

Group code Intra-group or inter-

group distance (m) 1 2 3 4 5 6 7 

1 20.05 26.15 44.87     

2  19.23 39.87     

3   22.29 39.08 25.97   

4    15.02 31.77 25.37 33.25 

5     17.48  43.19 

6      14.06 34.16 

Group code 

7       16.02 

 

In Table 6.2, if the group code in column and in row is the same, it records the 

maximum intra-group distance for that group. Otherwise, it records the inter-group 

distance between the two groups. Only inter-group distances between neighboring 

groups are recorded in the table. From the table, it can be seen the largest maximum 

intra-group distance is 22.29m, which is smaller than the minimum inter-group 

distance, namely 25.37m. This means neighboring buildings with smaller distance 

are within the same group and those with larger distance are in different groups. This 

further indicates that the grouping results are reasonable. 

From Figure 6.7(f), it can be seen the building grouping and generalization 

results are in harmony with the unchanged features from smaller-scale map, which 

means the updating results are reasonable. At the same time, it also indicates the 

proposed methods work well in present scale range. 
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Figure 6.7 Updating results of settlement maps from suburban area 

(a) Already-updated larger-scale map (1:10 000) 

(b) To-be-updated smaller-scale map (1:50 000) 
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Figure 6.7 (continued) Updating results of settlement maps from suburban area 

(c) Detected updates from larger-scale map (1:10 000) 

(d) Building grouping of changed features from larger-scale map 
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Figure 6.7 (continued) Updating results of settlement maps from suburban area

(f) Updated smaller-scale map (1:50 000) 

(e) Generalized updates 
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Chapter 7                                                      

Conclusions 

7.1 Summary 

Huge amount of topographic maps at various scales have been acquired and have to 

be kept up to date. There is a growing demand for rapid updating of these maps both 

in digital cartography and GIS community. Through a comparison of several 

updating modes, it is pointed out that a more promising method which may fulfill the 

demand is to frequently update larger-scale maps first, and then to update smaller-

scale maps by deriving information from the already-updated larger-scale maps. This 

study is devoted to the second step of the method, with settlements as an example. 

Special consideration is the updating of 1:50 000 scale maps from already-updated 

1:10 000 scale maps. 

A framework for automated updating of smaller-scale maps by deriving 

information from the already-updated larger-scale maps was outlined, in which the 

whole updating process was divided into three phases, namely change detection, 

change generalization and change integration. After that, main issues involved in 

each phase were pointed out. This study mainly focused on two important issues of 

them, namely detection of changes between two topographic maps at different scales 

and building grouping for change generalization. 

For the first issue, a method for detection of changes between already-updated 

larger-scale (1:10 000) map and to-be-updated smaller-scale (1:50 000) map was 

developed. In the method, geographic data matching technique was employed to 

detect and recognize discrepancies between maps. Causes of these discrepancies 
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were categorized into three types, namely data error, multiple representation and 

actual change. Since it was difficult to precisely tell that a discrepancy was effected 

by certain particular type of cause, the method emphasized the final “updates” which 

need to be applied to smaller-scale map instead of “actual changes”. To realize this 

idea, discrepancies were quantified and represented in a formalized way and a series 

of rules were formulated to identify updates from discrepancies by combining cause-

effect analysis and quantification of discrepancies. Experimental results suggested 

that the new method works well in the present scale range. 

With regard to the second issue, this study aimed at developing a more generic 

method for building grouping. First, contextual features and three Gestalt factors, 

namely proximity, common orientation and similarity, were identified as constraints 

for building grouping and methods for quantification of the three Gestalt constraints 

were developed. Then, two possible modes, namely parallel mode and hierarchical 

mode, for the use of the Gestalt constraints in building grouping process were 

explored. For the first mode, an attempt to group buildings based on parallel use of 

Gestalt constraints was made. Experimental results suggested that parallel use of 

Gestalt constraints is not capable of producing satisfactory results for building 

grouping in an automated way. For the second mode, a psychophysical test on how 

the three Gestalt constraints are used in manual building grouping process was 

conducted. Test results indicated that there is a hierarchical relationship among their 

uses. After that, a method for building grouping based on hierarchical use of Gestalt 

constraints was developed, in which minimum spanning tree (MST) was used to link 

all buildings into a group and the three Gestalt constraints were hierarchically used to 

partition the group into subgroups by segmenting the MST. Experimental results 

showed that grouping results produced by this method had better agreement with 

human performance. 

Finally, a prototype system for automated updating of settlement maps at 

different scales was described. The system implemented all the proposed methods 

systematically. Two pairs of maps from different areas were used to test the whole 

updating procedure. The results show that updating of smaller-scale maps by 

deriving information from the already-updated larger-scale maps is an efficient way 

for updating of topographic map series. 
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The contribution of this work can be summarized into two aspects. First, a new 

method for detection of changes between two topographic maps at different scales 

was developed. The novelty of this method is that it takes differences in 

representations on maps into consideration and emphasizes the final “updates” which 

need to be applied to smaller-scale map instead of “actual changes”. Second, a more 

generic method for building grouping was developed. The characteristic of this 

method is that constraints for building grouping are hierarchically used to partition 

the whole buildings into different groups. 

7.2 Conclusions 

With the objective of updating smaller-scale (1:50 000) maps by deriving 

information from the already-updated larger-scale (1:10 000) maps, the dissertation 

has presented some methods for automated detection and generalization of changes 

between these maps, with settlements as an example. Several experiments have also 

been carried out to verify the validity and feasibility of the proposed methods. Based 

on theoretical analysis and the experimental results, some conclusions can be drawn 

as follows: 

(1) The proposed method for detection of changes between topographic maps at 

different scales works well in the present scale range.  The correctness rate of 

this method in the test described in Chapter 3 reaches 97.8%. In that 

experiment, a total of 140 pairs of discrepancies were detected and 24 of 

them were identified as updates. Out of  the 140 pairs detected, only three 

were misidentified as updates, through a manual examination  

(2) Parallel use of Gestalt constraints is not capable of producing satisfactory 

results for building grouping in an automated way.  This is because the 

influence strength of each Gestalt constraint may be different for different 

building patterns and it is very difficult to measure such strength in an 

automated way. Another problem is that it is very hard to discern the 

boundary of these different patterns. 
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(3) Psychophysical test results suggest that there is a hierarchical relationship 

among the use of the three Gestalt factors in building grouping process. That 

is, if more than one Gestalt factors are used, their uses have such an order of 

priority: proximity, common orientation and similarity, though the number of 

Gestalt constraints used in building grouping process may be different for 

different building patterns.  

(4) Hierarchical use of Gestalt constraints overcomes the drawbacks of parallel 

use of Gestalt constraints in building grouping process. Such use avoids the 

counteraction of effects when considering multiple Gestalt constraints 

simultaneously. Experimental results also indicate that building grouping 

based on hierarchical use of Gestalt constraints is a feasible and efficient 

method. 

(5) Experimental results in chapter 6 suggest that updating of smaller-scale maps 

by deriving information from the already-updated larger-scale maps is a 

feasible and efficient method for updating of topographic map series. It can 

save time and man power. 

7.3 Limitations and future work 

Automated updating of smaller-scale maps by deriving information from the already-

updated larger-scale maps is a complicated process. As mentioned before, it 

comprises three phases, namely change detection, change generalization and change 

integration. This study mainly addressed two important issues of these three phases, 

namely detection of changes between two topographic maps at different scales and 

building grouping for change generalization. Other issues, such as choice of 

generalization operators and generalization algorithms for different building groups, 

may also have impacts on updating results since different generalization operators or 

algorithms may produce different generalization results. They will be taken into 

consideration in further research. 
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     Since it is difficult to develop an updating method suitable for all types of features 

in a map and settlements are important map features and good indicators for urban 

development, this research mainly focuses on settlement features. As, at different 

scale ranges, different dominant operations (for example, aggregation for 

generalization from 10 000 to scale 50 000 and typification for generalization 

operation from scale 100 000 to scale 500 000) may have been involved in the 

generalization process, different methods may be required for change detection.  In 

the next step, attention will also be paid to applicability of this method to maps at 

other scale ranges (e.g., from 1:50 000 to 1:200 000) and with other features (e.g., 

water bodies and roads). 

     The methods developed here are mainly for urban or suburban areas, in which the 

density of settlements is relatively higher. Therefore, more experiments need be 

conducted to verify the feasibility and validity of these methods for rural areas in 

which the density of settlements is relatively lower. 

     For building grouping, only three visual perception criteria, namely proximity, 

similarity and common orientation are considered in this study since they are 

frequently used to recognize spatial distributions of buildings and play very 

important role in building grouping process. However this does not mean other visual 

perception criteria, such as continuity, closure, are negligible. In future research, 

further investigation will be made to fully explore the application of other visual 

perception criteria. 
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Appendix 

Experimental results for building grouping based on parallel use of 

Gestalt constraints 

A. Experimental results of pattern 2 

Weight Grouping results 

One group Two groups Three groups 

  

Four groups Five groups Six groups 
(1, 1, 1) 

   

One group Two groups Three groups (2, 1, 1) 
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Four groups Five groups Six groups  

   

One group Two groups Three groups 

  

Four groups Five groups Six groups 
(3, 1, 1) 

  

One group Two groups Three groups 

  

(3, 1, 2) 

Four groups Five groups Six groups 
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One group Two groups Three groups 

   

Four groups Five groups Six groups 
(3, 2, 1) 
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B. Experimental results of pattern 3 

Weight Grouping results 

One group Two groups Three groups 

   

Four groups Five groups Six groups 
(1, 1, 1) 

   

One group Two groups Three groups 

   

(2, 1, 1) 

Four groups Five groups Six groups 
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One group Two groups Three groups 

   

Four groups Five groups Six groups 
(3, 1, 1) 

   

 One group Two groups Three groups 
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Four groups Five groups Six groups 

(3, 1, 2) 

 

 

 

 

One group Two groups Three groups 

   

(3, 2, 1) 

Four groups Five groups Six groups 
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C. Experimental results of pattern 4 

Weight Grouping results 

One group Two groups Three groups 

  

Four groups Five groups Six groups 
(1, 1, 1) 

  

One group Two groups Three groups 

  

(2, 1, 1) 

Four groups Five groups Six groups 
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One group Two groups Three groups 

   

Four groups Five groups Six groups 
(3, 1, 1) 

   

One group Two groups Three groups 

   

Four groups Five groups Six groups 
(3, 1, 2) 

   

 One group Two groups Three groups 
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Four groups Five groups Six groups 

(3, 2, 1) 

   

 

D. Experimental results of pattern 5 

Weight Grouping resutls 

One group Two groups Three groups 

   

Four groups Five groups Six groups 
(1, 1, 1) 

 

  

 One group Two groups Three groups 
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Four groups Five groups Six groups 

(2, 1, 1) 

   

One group Two groups Three groups 

   

Four groups Five groups Six groups 
(3, 1, 1) 

   

 One group Two groups Three groups 
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Four groups Five groups Six groups 

(3, 1, 2) 

   

One group Two groups Three groups 

   

Four groups Five groups Six groups 
(3, 2, 1) 
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E. Experimental results of pattern 6 

Weight Grouping results 

One group Two groups Three groups 

   

Four groups Five groups Six groups 
(1, 1, 1) 

   

One group Two groups Three groups 

   

(2, 1, 1) 

Four groups Five groups Six groups 
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One group Two groups Three groups 

   

Four groups Five groups Six groups 
(3, 1, 1) 

   

One group Two groups Three groups 

   

(3, 1, 2) 

Four groups Five groups Six groups 
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One group Two groups Three groups 

   

Four groups Five groups Six groups 
(3, 2, 1) 
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