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ABSTRACT:

It is one of the important ways for GIS data updating based on map generalization. This paper analyzes the main steps for road data
updating based on map generalization. As the core of this updating process, matching method considering the levels analyses and
selective omission based on mesh density are developed. The approach for road data updating based on these two tools is proposed,
which is applied in the project of national GIS data updating at 1:50,000 scale from data at 1:10,000 scale ant the results shows its

feasibility.

1. INTRODUCTION

GIS data need to be updated to keep its up-to-date. As the use
of GIS is spreading into various fields and our environment
changes over time, the demand for updating GIS data is
increasing. The old GIS data can be updated using the new data
at larger scale based on map generalization. It is one of the
important ways for GIS data updating, due to its efficiency,
economy and data consistency preserved.

The methods of GIS data updating have been studied by several
researchers in recent years, most of which are focused on the
update of MRDB (Multiple Representation Database).
Kilpeldinen and Sarjakoski (1995) discussed the incremental
update based on map generalization in a MRDB. Harrie and
Hellstrom (1999) developed a prototype system for propagating
updates from large-scale data to small-scale data. Badard and
Lemarie (1999) described a tool of matching for updating,
and so on. However, how to update the old GIS data at small
scale using the new data at large scale when the MRDB of these
data is not built? These approaches mentioned above are still
very limited, so new tools of matching and generalization
methods are required for this update process. This paper aims at
updating GIS data at 1:50,000 using new data at 1:10,000 based

on map generalization and focus on studying road data updating.

2. MAIN STEPS FOR UPDATING PROCESS

This updating process can be divided in two main steps.
Retrieval of updates from two data at different scales is
regarded as the first step. Then the second step is to update the
old database with the information received.

The first step consists of two main sub-steps, i.e. data matching
and selective omission. Matching is a critical first step for
extracting updates and it is to establish the correspondence
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relationships between geographical objects that represent the
same phenomenon in the real world(Gabay and Doytsher,
1994; Filin and Doytsher, 1999; Walter and Fritsch, 1999).
The two representations may have very different scales, levels
of abstraction and different production time in this study.
Selective omission is one of generalization operations for road
feature. It is a process to retain more important road features (or
to eliminate less important ones), while the essential topological,
geometric and semantic characteristics of a road network are
preserved(Jiang and Harrie, 2004; Mackaness, 1995). The
results of matching and selective omission are overlaid and
analyzed in order to retrieve updates. The unmatched roads on
the data at small scale are regarded as the disappearance of
roads. The roads on this database need to be deleted and can be
called the disappearance of generalization, which are the
counterparts of the roads matched and unselected on the data at
large scale. The roads unmatched and selected on the data at
large scale are considered as the new or change roads. These
updates retrieved are coarse and not taken to update directly the
old data, which operations belong to the second step for
updating.

The other operations of map generalization for road feature
such as simplification, typification and displacement should be
consisted in the second step. This step also involves addition
and deletion of database operations as well as the preservation
spatial integrity. In this step, some operations may be carried
out according to the algorithms developed, for example
simplification can be applied the algorithm presented by Li-
OpenShow (Li and Openshaw, 1992; 1993). However most of
the operations are difficult to automatic implement. Especially
the operation of displacement need to deal with the specific
conflicts to preserve the integrity of the database updated.
Nevertheless the handled objects are mostly updates in this step,
so these sub-processes can be implemented by interactive
operation with the relative few workloads.



The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences. Vol. XXXVII. Part B4. Beijing 2008

Thus the first step is the core of the updating process, and the
key is to develop the algorithms for matching and selective

3. MATCHING BASED ON ANALYSIS OF LEVELS

Beside application in GIS data updating, network matching also
plays an important role in image processing, data integration
and so on, so considerable efforts have been devoted for
network matching. These methods mostly focus on an
investigation of algorithm that consists of three types of
matching, i.e. node matching, segment matching, and edge
matching. The matching measures for nodes matching include
distance, the degree of node and the value of spider function
(Rosen and Saalfeld, 1985; Saalfeld, 1988). Edge matching can
be implemented based on the node and segment matching
(Gabay and Doytsher, 1994; Filin and Doytsher, 1999; Lemarie
and Raynal, 1996), or directly using of the measures and the
buffer tool (Walter and Fritsch 1999, Badard 1998, zhang et al.,
2005). However, these approaches mentioned above are focused
on matching of data with same or similar scales.

3.1 Analyses for matching levels

Indeed, a road network can be regarded as the composing of
line feature and crossroad feature, so the analyses for matching
levels are also divided into two parts according to the matching
of two type features.

One edge can be divided into segments and several edges can
be joined a route. So for line feature, three levels are displayed,
and we name segment as the decomposed level object, edge as
the basic level objects and route as the abstract level object. As
to line feature matching, three matching levels are also formed
according to line feature levels (see figure 1).

Abstracted level Route mathing

Basic level

Edge matching ' ' ' ' ‘

Decomposed level | [Segment matching

Figure 1. Three matching levels for linear feature

It is difficult for using measures of matching to realize edge
matching of many to many. However, for matching of segment
or route, the types of matching are either 1:1 or 1:0, due to
segments or routes as the results of edges spited or joined. So
segment or route matching can be easily confirmed using
measures, and edge matching can be obtained based on these
two kind matching. Moreover using of segment matching is
frequently adopted methods (Xiong and Sperling, 2004).
Depending on the criteria of length and direction segments can
be split along edges with same scales. Nevertheless, for
different scales segments split and their counterparts are not
enough equal due to the different abstract levels, and it will
affect accuracy of edge matching. It is not feasible using
segment matching to obtain edge matching under this condition.
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omission. Then they are detailed in the next two sections

A joined route and its counterpart can be easily built, so route
matching is used to represent edge matching in this paper.

Route matching is divided into 1:N and M:N (M>0, N>0)
matching according to the number of edges on the routes
corresponding (see figure 2), where 1(or M) represents number
of edges on the route at large scale and N represents number of
edges on the other route at small scale. Edge matching can be
regarded as the route mapping of one to one, and be induced to
route matching.

S

N

(b) Route matching of M:N

(a) Route matching of 1:N
Figure 2. Two types of route matching

Simple crossroads are all described as one node on two road
networks at different scales. However, complex crossroads are
represented differently on two road networks at different scales.
These crossroads are composed of nodes and edges. So
matching of nodes and matching between node and edge are
defined. In addition, an end point can be regarded as the
decomposed level of a node, and the matching end points will
help to build node matching and route matching.

Based on the analysis above, the crossroads corresponding can
also be divided into three levels of matching. The end point
matching can be regarded as the decomposed matching level,
and the node matching as the basic matching level, and the
route matching and matching between node and edge as the
abstracted matching level, see figure 3.

| Between node and edge matching |

| Absmctedlevel |

| Route matching |
| Basic level | | Node matching |
| Decomposed level | | End point matching |

Figure 3. Three matching levels for crossroad feature

3.2 Strategy and methods for matching

According to the principle from the simple to the complex, the
method of matching adopts the bottom-up strategy. It is starting
with end point matching, then proceeding node matching, and
finally ending up route matching and matching between node
and edge. This strategy is consistent with the order of matching
levels from the decomposed to the abstract. To obtain the higher
levels of matching, they need to be transformed into the lower
levels of matching, or using the lower levels of matching. For
instance, M:N route matching can be transformed 1:N route
matching and 1:N route matching can be transformed into 1:1
route matching again by joining edges with different algorithms.
In addition, the low level of matching may also need the help
from the high level of matching. For example, the part of
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matching of end point need infer form the node matching. The
strategy of matching is shown in figure 4.

For 1:N route matching, the buffers around every edge need to
be created firstly. Secondly according to the matching for end
points of an edge, the edges corresponding are joined within
given buffer, and then the candidate route matching is found.
Lastly, the 1:1 route match will be identified by comparing
measures including length, Huausdorff distance and semantic
attributes of the routes. Accomplished 1:1 route matching, the
M:N route matching is processed in succession. The unmatched
edges on the data at small scale are to be joined into a route at
every node based on the principle of perceptual organization,
which describes two edges with the same direction at the
intersection. So M:N route matching will transform into the
matching of 1:N. The method of 1:N route matching mentioned
above can be carried out again.

Joining M edges
Analysis of buffer considering the attributes
of edge
M:N route
Matching of end matching :‘[> Matching between
point 1:N route node and edge
matching
{} ﬁ Joining N edges based on
Node matching the buffer and node
matching

Figure 4. Strategy of matches of objects

Accomplished route matching, the unmatched edges on the data
at large scale are filtered. The matching between node and edge
can be easily inferred according to its definition mentioned
above.

4. SELECTIVE OMISSION BASED ON MESH AND
MESH DENSITY

For the selective omission of roads, various techniques already
exist. For example, the graph theory principles (Mackaness &
Beard, 1993), space syntax (Mackaness, 1995; Jiang &
Claramunt, 2004) and self-organizing maps (Jiang & Harrie,
2004) are employed to support generalization of road network.
Unfortunately, all these methods failed to consider the
distribution density of roads which is an important constraint.
Hu (2007) reveals that selective omission of roads should be
retained the density difference besides topological, geometric
and semantic properties of the road network. Two distinctive
types of density variations are considered, with one across
different regions within the same map (e.g. urban and rural
areas) and the other across different map scales of the same
region. The density conventionally defined as the ratio of total
length of roads in a given region to the area of the region.
However, this measure is not sufficient for the purpose of map
generalization because the local variations of road density over
the space are not indicated. So a novel approach of selective
omission for roads is used in this study, which is based on mesh
and mesh density in a network.
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4.1 Concepts of mesh and mesh density

A mesh is defined as a naturally closed region that does not
contain any other region in a road network. Naturally, one
could consider using area of an arbitrary mesh in the new
measure for road density. It is called mesh density. In fact,
mesh density is a special case of the road density expressed
conventionally and can be described as follows:

D=P/A 1)

Where P is the perimeter of a mesh, A is the area of the mesh,
and D represents the mesh density. Form this equation we can
find that the road stubbles within the mesh boundary are all
ignored. The road segments in a network can be classified into
two types, i.e. the segments that constitute mesh boundaries and
the stubbles lying within the boundaries. Road stubbles can be
relatively easily handled according to their geometric and
semantic properties. The elimination of any road stubble will
not influence the connectivity of network. Moreover, if a mesh
needs to be simplified, the road stubbles within the mesh will be
likely omitted prior to boundary segments. For these reasons,
this simplification is adopted.

The meshes can be classified based on the types of roads on its
boundary. A mesh may be bordered by roads of different
classes such as main streets and secondary streets. Then meshes
are classified based on the bounding road segments. In this
method, the class of a mesh is assigned with bounding segment
of the lowest ranking. For road generalization based on the
mesh density, a mesh can be regarded as the basic unit of
selection. With a given set of roads, the mesh density can be
mapped out. The mesh density is then used as a constraint to
determine which meshes should be treated. Usually, a threshold
is given beforehand or computed from the given set of data.
Moreover different thresholds may be applied to different
classes of meshes in order to preserve the density variations
across different regions of a road network. If the density of a
mesh goes beyond the threshold, then there is a need to
eliminate one or more road segments on its boundary.

4.2 Determination of thresholds for mesh density

There are two different ways to determine a density threshold
for each class of meshes. They are respectively based on
theoretical analysis, map specifications and empirical study.

For maps at a certain scale, there must be a minimum size for a
mesh unit below which the mesh cannot be perceived anymore.
Correspondingly, there must be a threshold of mesh density
beyond which one or more segments on the boundary of the
mesh must be eliminated so that two or more adjoining meshes
could be merged to form a larger mesh. Such a threshold is
regarded as the permissible largest density (PLD), which
implies the longest possible length of roads in the smallest
visible area. The minimum mesh size could be set to the SVO
(Smallest Visible Object) in “natural principle” proposed by Li
and Openshaw (1992, 1993). SVO could be a small circle, a
raster cell or any other geometric entity. So the PLD i.e. density
threshold can be expressed in terms of the ground size and the
principles of the SVO as follows:

D, =4/(S, L, - (1-5,/S))) @)
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Sometime other values similar to the mesh density are required
for area symbols in cartographic specifications and the mesh
density can be computed according to them. For example, the
mesh area has been also mentioned with the threshold in
cartographic specifications. Since the mesh area as a constraint
does not take the shape of the mesh into account, it can only
lead to the elimination of part of meshes. So the threshold of
density can be computed by this area specified.

The second way is based on the statistic of the sample maps to
determine the threshold of density. For example, an empirical
study was carried out for the scale change from 1:10,000 to
1:50,000. Two sample maps are from the urban street network,
which mostly contains SS (Secondary Streets). The diagram in
Figure 5 describes the density distributions of SS meshes at
different scales. Towards the side with a larger density
(between 0.026 and 0.070), the map at 1:10,000 contains more
meshes than the map at 1:50,000 for each density value, which
indicates that the number of meshes needs to be reduced with
the decreasing map scale. In other words, some road segments
should be deleted and their associated meshes merged. However
towards the side of smaller density (between 0.010~0.026), the
map at smaller scale contains more meshes than that at larger
scale for each density value. It indicates that the meshes with
larger densities have been merged, thus leading to a reduced
number of meshes with smaller densities. The density value
0.026 is a critical point. That is, most of the meshes with a
density over 0.026 will not be represented on the map at
1:50,000 and need selective omission. This critical point might

be used as the density threshold for SS meshes at scale 1:50,000.
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Figure 5. Threshold determination of mesh density by statistics
of sample maps

The threshold values for different types of road meshes can be
determined with different methods according to the ranking.
The density thresholds for the meshes with lower classes will be
set to 0, meaning the elimination of all these meshes at smaller
scale. The density thresholds for the roads with high classes are
set to the PLD in order to retain them all. The density
thresholds for meshes with the middle classes can be
determined using the second way.

4.3 Elimination of road segments and merging of adjoining
meshes

The aggregation of adjoining meshes must start from those
candidates with the largest density. This requires that meshes
with densities beyond the threshold value be identified as
candidates and sorted by density. Doing so is to protect the
meshes with densities beyond the threshold value from being
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over-merged, which may cause some road segments to be
unnecessarily deleted.

In order to determine which segments to be eliminated, some
parameters need to be adopted. The attributes such as name,
class and length of road segment may form a set of such
parameters. However, the values of these attributes are not
always available. In this methods, two further parameters are
considered, i.e. the length and the degree of stroke (Thomson,
2006) because they reflect well the geometric, semantic and
topological characteristics of road segments. The parameters
reflecting importance of road segments have a priority order for
road selection. The following parameters are used, i.e. road
class (C), degree of stroke (Ds), length of stroke (Ls), length of
segment (L), with the importance in descending order. For
example, if there is only one road segment of the lowest class
on the mesh boundary, then it will be definitely eliminated.
During the elimination process, a number of rules should be
created based on the aforementioned parameters. Some of these
rules used in this study are formulated as follows:

Rule 1: The road segments of the lowest class should be
eliminated;

Rule 2: If there are some road segments with Ds equal to 1,
then eliminate the shortest one of them;

Rule 3: If there is no road segments with Ds equal to 1, then
search for road segments which have lengths below the
threshold Ls and eliminate the shortest one of them;

Rule 4: A road segment connecting important features such
as a dock will be preserved;

Rule 5: If the length of a stroke reaches a certain length, then
the road segments on it will be preserved.

5. ACASE STUDY

Based on the above methods of matching and selective
omission, a software module was developed and integrated into
the special toolkit for map updating by data generalization. It
has been used to update 1:50,000 map roads by generalizing up-
to-date 1:10,000 road data by the national bureau of surveying
and mapping in China. A case is introduced in this section. The
old road data at 1:50,000 and the new road data at 1:10,000 are
shown in Figure 6a and 6b, and they cover the same area of
about 400 km2. The updates retrieved are shown in Figure 6c¢,
6d and 6e respectively and the corresponding statistics are listed
in Table 1. The results of data at 1: 50,000 updated are also
represented in Figure 6. The results updated satisfy map
specification and shows a higher efficiency and quality.

(a) the new road data at 1:10,000
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Figure 6. Road data, updates and road data updated
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Percentage
Types of Per'centage (item/road
updates Length (item / length
updates) before
updating)
New or 1253 56.34% 11.97%
changed
Disappearance 9.3 4.19% 0.89%
Generalization | g, ¢ 39 4704 8.39%
disappearance
Total 222.5 100% 21.25%
Total length of
roads before 1047.2
updating
Total length of
roads after 1075.4
updating

Table 1 Statistics for updates and road data (Length unit: Km)
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