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Abstract

Detection of the real changes is the first step in the updating of smaller-scale maps through the derivation of information from alrerady-updated larger-scale maps.  This paper presents a method for automated detection of such real changes, with setttlements as example.  In this new method, the first step is to detect all discrepancies between maps.  Such discrepancies are classified into three categories, i.e. data-error-caused discrepancies, multiple-representation-caused discrepancies and real-change-caused discrepancies.  The second step is to distinguish real changes from those discrepancies which might be caused by generalization operations and/or those which might be caused by data errors. Rules are formulated for such purpose. Finally, real-life data is used to demonstrate the effectiveness of this method.

1. Introduction

Traditionally, topographic maps are produced, stored and mantained at various scales, e.g. from 1:1000 to 1:4M. Nowadays updating and maintenance of topographic maps at so many scales has become a difficult task faced by National Mapping Agencies (NMA). In a traditional way, maps at each scale were updated seperately. However, it is a labor intensive, time and money costly procedure. 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). To do so, the first step is to automatically detect the real changes between already-updated larger-scale maps and the to-be-updated smaller-scale maps, which is the topic of this paper. 

Detection of changes refers to the identification and location of discrepancies in the patterns of two datasets produced at different epochs (Armenakis et al. 2002). It can be performed between two image datasets, between an image dataset and a vector dataset, and between two vector datasets. In the early stage, research was mainly focused on detection of changes between two multidated images (e.g., Singh 1989, Hayes and Sader 2001). Recently, much work has been done for detection of changes between image and vector datasets (e.g., Olsen et al. 2002, Armenakis 2002). More recently, attentation has also been paid to the detection of changes between two vector datasets. Among them, Goesseln and Sester (2003) proposed a solution for automatic integration, change detection and update between datasets of different origins. Comber et al. (2004) described an approach to identify changes from inconsistency in the land-cover datasets with different ontologies. Masuyama (2006) presented methods for detecting apparent differences between spatial tessellations at two different points in time. 

Although much work on the detection of changes between two vector datasets has been carried out, yet methods for automated detection of real changes (also called real change-caused discrepancies in this paper) between already-updated larger-scale maps and the to-be-updated smaller-scale maps (i.e. between two topographic maps at different scales and produced at different dates) are still lacking. Therefore, this study aims to develop such methods. The scope is confined to the automated detection of real changes between 1:10000 and 1:50000.

Following this introduction, causes of discrepancies between already-updated larger-scale maps and the to-be-updated smaller-scale maps are analyzed and a strategy for automated detection of real changes is presented. Then, the proposed method is described in detail.  After that, experimental evaluation of the method is given and conclusions are drawn.
2. Discrepancies vs Real-Changes: An Analysis and a Strategy

As stated in previous section, there are discrepancies between two topographic maps, but some discrepancies may be cuased by other facctors rather than real changes.  In this section, the causes of different types of discrepancies are first discussed and a strategy is then proposed to identify real changes.
2.1 Causes of discrepancies betweeen two topographic maps 

By superimposing two maps, which are recorded in the same coordinate system, one may find some discrepancies between them. The causes of these discrepancies can be categoried as listed in Figure 1. Three types of causes are identified, i.e. data error, multiple representation and real change. Accordingly, discrepancies are also classified into three categories in this paper, i.e. data-error-caused discrepancies, multiple-representation-caused discrepancies and real-change-caused discrepancies.
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Figure 1 Causes of discrepancies

Data errors could be 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. Figure 2(c) partially shows systematic-error-caused  discrepancies, i.e. a shift of the smaller-scale map to the right side. Actually, systematic errors can be eliminated by using some mathematical formulae such as affine transformation (Masuyama 2006).  Therefore, data-error-caused discrepancies are mainly from random errors.  

Multiple representations mean the representations of the same features at different scales.  The differences between these different representations are due to different levels of abstraction on real world features. Various generalization operations can be applied to derive representations at a smaller scale from those at a larger scale (Mackness 1994, Peng 1996).  For particular settlement, which is the main concern of this study, Li et al. (2004) identified a subset of operations, including aggregation, collapse, displacement, exaggeration, elimination, simplification and typification (see Figure 1). However,  for the transformation from 10000 to 50000, which is the scope of this study,  the dominant generalization operations are aggregation and elimination. Figure 2(c) may also partially shows the discrepancies caused by aggregation.  

Figure 2  Possible discrepancies between larger-scale map and smaller-scale map

Real changes occur due to natural interaction and human activity. For example, a building may be destroyed by a storm and a similar one is then re-built. Similarly, a group of small buildings may have been abolished and a large complex has been built. It is also possible that Figure 2(c) also partially shows such development.   

2.2 A strategy for automated detection of real changes

Although discrepancies can be classified into three categories according to the causes, yet it is difficult to determine to which category a discrepancy belongs, simply by  viewing the graphic representation. As discussed previously, the discrepancies shown in Figure 2(c) may be due to generalization operation (i.e. aggregation) or due to real change, possibly also with some small errors. Considering the fact that data error is allowable to some extent, those discrepancies which are within the allowable error range are not considered as real changes in this study.  Considering another fact that generalization is the operation to be carried out after change detection in the process of updating smaller-scale maps with already-updated larger-scale maps, those discrepancies which meet the requirements of generalization are not considered as real changes.  For example, the case shown in Figure 2(c) is not considered as real changes.
3. A Method for Automated Detection of Real Changes

Based on the strategy, a method for automated detection of real changes is presented and will be described in this section.

3.1 Discrepancy detection and cause analysis

When overlaying two maps in the same coordinate system, one can find some discrepancies between them  (Wijngaarden et al. 1997, Goesseln and Sester 2003).  In  view of geometric correspondence, these discrepancies can be classified into six types, i.e., 1:0, 1:1, n:1, 0:1, 1:n and m:n. Their possible causes can be listed respectively in Table 1. 

Table 1 Possible causes of discrepancy in view of geometric correspondence

	Type of discrepancy
	Possible causes

	1:0
	(1) real change, i.e. new addition

(2) multiple representation (generalization), i.e. elimination, because the area of the settlement is smaller than the smallest representable size at smaller scale

	1:1
	(1) data error

(2) multiple representation (generalization), e.g. simplification,  displacement, exaggeration, collapse

(3) real change, e.g. deletion followed by addition

	n:1
	(1) real change, e.g. deletion followed by addition

(2) multiple representation (generalization), i.e. aggregation

	0:1
	real change, i.e. deletion

	1:n
	(1) multiple representation (generalization), i.e. local collapse

(2) real change, e.g. deletion followed by addition

	m:n
	(1) multiple representation (generalization), i.e. typification (m>n)

(2) real change, e.g. deletion followed by addition



Note that data error may exert an influence on the identification of geometric correspondence.  To counteract such influence, a rule is formulated as follows:
Rule 1: If two settlements are found intersectant and their degree of discrepancy (computation will be discussed in next subsection) is below the given threshold value (e.g. 3%), these settlements are not considered to be intersectant.

Regarding the possible causes for each type of discrepancy listed in table 1, there is a need of further explanation.
· With regard to multiple-representation-caused dicrepancy, for sake of simplicity, only possible results caused by a single generalization operation (rather than by a combination of multiple generalization operations) are considered;
· Although error might be a cause for all types of discrepancy, yet it is only considered in the case of 1:1.  This is because error can be neglectable comparing to other possible causes in other cases, but, for type 1:1 error may be the only cause leading to discrepancy;
· Although some possible causes due to generalization operations (such as simplification, displacement, exaggeration, collapse and typification) are listed in Table 1,  yet those caused by elimination and aggregation will be considered because they are the two dominant operations from 1:10000 to 1:50000.
3.2 Quantification of discrepancies and representation of correspondences

Quantification of discrepancy means to measure the “degree of discrepancy”. In this paper, the so-called “surface distance” (Vauglin and Bel Hadj Ali 1998) is employed to measure the degree of discrepancy between corresponding features.
  
Let A and B be two polygons. Let S(A) and S(B) be the areas of polygon A and polygon B respectively.  The “surface distance” between A and B is defined as follows:


[image: image1.wmf])

B

A

(

S

)

B

A

(

S

)

B

A

(

S

)

B

,

A

(

ds

È

Ç

-

È

=


Where 
[image: image2.wmf])

(

B

A

S

Ç

 is the area of the intersection of polygons A and B, 
[image: image3.wmf])

(

B

A

S

È

 is the area of the union of polygons A and B.

Based on this surface distance function, the “degree of discrepancy” for all the six  types of discrepancy can be defined, as shown in Table 2.

Table 2 Quantification of discrepancy in view of geometric correspondences
	Type of discrepancy
	Degree of discrepancy

	1:1
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	n:1, 1:n
	
[image: image5.wmf])

B

A

(

S

)

B

A

(

S

1

)

B

),

A

,...,

A

,

A

((

n

1

i

i

n

1

i

i

n

2

1

È

Ç

-

=

=

=

å

U

w



	m:n
	
[image: image6.wmf])

B

A

(

S

)

B

A

(

S

1

))

B

,...,

B

,

B

(

),

A

,...,

A

,

A

((

m

1

j

j

n

1

i

i

n

1

i

m

1

j

j

i

m

2

1

n

2

1

U

U

=

=

=

=

È

Ç

-

=

å

å

w



	1:0, 0:1
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Once the discrepancies are identified and quantified, a 2-tuple representation which provides qualitative and quantitative information for differentiation of discrepancies for each pair of corresponding features can be built as follows:


[image: image8.wmf])

,

CR

(

S

)

R

(

L

w

=


Where L(R)S  denotes the relationship between features from larger-scale map and features from smaller-scale map, CR denotes the type of geometric correspondences (i.e. 1:0, 1:1, n:1, 0:1, 1:n and m:n), 
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 refers to the degree of discrepancy.  Figure 3 illustrates the six types of geometric correspondence and their 2-tuple representations.
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L(R)S = (n:1, 11.95%)
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L(R)S = (1:1, 5.34%)
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L(R)S = (1:0, 100%)
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L(R)S = (0:1, 100%)
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L(R)S = (1:n, 12.89%)
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L(R)S = (m:n, 93.28%)


Figure 3  2-tuple representation of the six types of geometric correspondence between larger-scale map (light gray) and smaller-scale map (dark gray)
3.3 Filter of discrepancies

In order to obtain the discrepancies caused by real changes, a series of rules are formulated to filter out data-error-caused discrepancies and multiple-representation-caused discrepancies.  These rules are explained as follows: 
Rule 2: For type 1:0, if the area of settlement in the larger-scale map is smaller than the smallest representable area  in the smaller-scale map, then the discrepancy is considered to be caused by multiple representation. Otherwise, it is considered to be caused by real change.
Rule 3: For type 1:1, if the degree of discrepancy is zero, no discrepancy exists between two features; if the degree of discrepancy is within the limitation of allowable error, the discrepancy is considered to be caused by data error; otherwise, it is considered to be caused by real change.

Suppose polygon A and polygon B are two features to be compared.  Let polygons A1 and A2 be buffer polygons outside and inside polygon A respectively, polygons B1 and B2 be buffer polygons outside and inside polygon B respectively, and their buffer distance be the threshold of allowable error, then the allowable degree of discrepancy caused by data error for polygon A and B can be defined as follows:
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 denotes the degree of discrepancy between polygon A and polygon A1 (see formulae in Table 2). 
[image: image12.wmf])

A

,

A

(

2

w

, 
[image: image13.wmf])

B

,

B

(

1

w

and  
[image: image14.wmf])

B

,

B

(

2

w

have similar meangings and can be calculated in a similar way.
Rule 4: For type n:1, if the following three requirements are satisfied simultaneously, then the discrepancy is considered to be caused by multiple representation; otherwise, it is considered to be caused by real change: (1) each of n features in larger-scale map has at least one neighboring feature and the distance between the feature and one of its neighboring features is smaller than the allowable maximum distance for aggregation, (2) after excluding the influence of data error, each of the n features in larger-scale map is within the area of the feature in the smaller-scale map, and (3) the degree of discrepancy between corresponding features is below a given threshold which the aggregation operation may cause.

For the first requirement, buffer zones are created for each of the n features with the buffer distance half of the maximum distance for aggregation. If each buffer zone intersects with at least one other buffer zone, this requirement is considered to be satisfied.

   
For the second requirement, “inclusion function” (Vauglin and Bel Hadj Ali 1998) is calculated for each of n features in the larger-scale map in order to see whether or not it is smaller than the given threshold.

With regard to the third requirement, it is thought that every aggregation operation has an allowable degree of discrepancy. The value of the allowable degree of discrepancy can be obtained by making statistical analysis of existing aggregation work, which was produced by manual generalization.
Rule 5: For type 0:1、1:n and m:n, they are all considered to be caused by real changes.

Discrepancies in the cases of 1:n and m:n are extracted as real changes, which will be generalized for updating smaller-scale maps.
4. Experimental Evaluation

To demonstrate the method presented in previous sections, a test area is selected from a city in the Mainland China.  The scale of larger-scale map is at 1:10000 (Figure 4(a)) and smaller-scale map is at 1:50000 (Figure 4(b)).  Figure 4(c) and 4(d) shows the results of real changes detected. In the procedure of change detection, the maximum distance for aggregation and the tolerance of data error on larger scale map is set to be 5mm and 0.3mm respectively, and the smallest representable area in the smaller-scale map is 1.5mm2 (SBSM 2006), and the allowable degree of discrepancy for aggregation is set to be 35%.

It can be seen that many discrepancies exist between two maps (see Figure 4(a) and 4(b)), but only some of them are detected as real changes (see Figure 4(c) and 4(d)). This suggests that many discrepancies which might be caused by generalization operations (i.e. aggregation and elimination) or  by data errors are filtered out in the change detection procedure. Meanwhile, it indicates that the method works well at this scale range.
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Figure 4 Detection of real changes. (a) Already-updated larger-scale map, (b) to be updated smaller-scale map, (c) changed features, (d) added features
5. Conclusions 

Taking settlement as example, this paper has presented a method for automated detection of real changes between already-updated larger-scale topographic maps and to-be-updated smaller-scale maps. The method considers the influences of data error and multiple representation and formulated rules to distinguish such influences from real changes. This new method was applied to updating of 1:50000 maps from already updated 1:10000 maps.  The results demonstrated that the method performs well at this scale range.


Note that the method described in this paper is only for separation of real changes from the discrepancies caused by errors and by two generalization operations (i.e. aggregation and elimination). There is a need to develop more solutions for separation of real changes from discrepancies caused by other generalization operations, such as simplification, typification, collapse, etc., in the future.  
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