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ABSTRACT

Aiming at the problem of road network multi-scale matching, a multi-scale road matching method under the con-
straint of road mesh of small-scale data has been proposed. First, two road meshes with different scale data are con-
structed; Secondly, under the constraint of the small-scale road mesh, the composite mesh composed of several road
meshes in the large-scale road is extracted, and the mesh matching with the small-scale road mesh is completed; Then,
many-to-many matching of road meshes with different scales is realized; finally, the matching relationship between
composite mesh and small-scale road mesh is transformed into the matching between multi-scale road mesh boundary
roads and internal roads, and the matching of the whole road network is completed. The experimental results show that
this method can better realize the matching of multi-scale road network.

Keywords: Multiscale Matching; Road Network Matching; Road Mesh

ARTICLE INFO

Received: 22 July 2022
Accepted: 22 August 2022
Auvailable online: 29 August 2022

COPYRIGHT

Copyright © 2022 by author(s).

Journal of Geography and Cartography is
published by EnPress Publisher LLC. This
work is licensed under the Creative Com-
mons Attribution-NonCommercial 4.0
International License (CC BY-NC 4.0).
https://creativecommons.org/licenses/by-nc/
4.0/

1. Introduction

Scale is an important feature of geographic data!™. Different scales
of data have differences in morphological features, detail information
and abstraction, which makes the multi-scale expression of spatial data
one of the difficulties restricting the application of GIS®“. The purpose
of multi-scale representation of spatial data is to solve the contradic-
tion between discrete data and continuous display. At present, there are
two main mechanisms for the establishment of multi-scale expression
databases: one is the static multi version method, and the other is the
dynamic online method®®®!.

The ideal multi-scale expression method is to directly and auto-
matically synthesize a single large-scale vector data to generate arbi-
trary small-scale vector data. However, due to the international problem
of automatic synthesis, no breakthrough has been made, so the estab-
lishment of multi-scale expression database under existing conditions is
mainly based on the static multi version mechanism!®™. The traditional
multi-scale expression based on the key scale has a large jump between
data, which cannot give users a continuous visual experience. With the
deepening of research, in order to solve this problem, the basic scale
data participate in the intermediate scale. It is considered a more rea-
sonable way for the base scale data to participate in the generation of
new data for the intermediate scale. The means of realization is to in-
terpolate between adjacent scale data to generate the expression of in-
termediate scale. The generated interpolation data should reflect the
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characteristics of the scale data at both ends at the
same time, so it is necessary to establish the rela-
tionship between the scale data at both ends, which
leads to the problem of multi-scale matching. Spa-
tial data matching technology must be used to es-
tablish the connection between the scale data
at both ends. Spatial data matching is the core
technology of spatial data integration and updating,
which refers to identifying the same ground object
in the spatial data set from different sources in the
same region by measuring the similarity of the ge-
ometry, topology and semantics of the target(®.

As one of the most important geographical
elements, road network is the focus of multi-scale
expression research. For a long time, many re-
searchers have studied the road matching algorithm.
Based on the basic idea of probability and statistics,
Walter and Fritsch™® performed geometric match-
ing on road data. Its core is to calculate the match-
ing probability of candidate targets within a certain
range, and take the maximum probability as the
matching result, which belongs to the typical buffer
growing™*: Volz™™ and Goesseln GV™ used it-
erative geometric matching algorithm to match
GDF navigation data with German ATKIS road data,
which belongs to iterative closest point method. The
former is a road network matching method based on
road arcs, and the latter is a road network matching
method based on road nodes. The existing road
network matching basically belongs to these two
kinds of methods, or is based on the combination
and improvement of these two kinds of methods.
Liu, Qian, Wang, et al.' adopted the analytic hier-
archy process to conduct the overall analysis of the
road network, automatically assigned weights to the
similarity evaluation indicators of roads, evaluated
the overall similarity of roads, and completed the
automatic matching of roads. Cheng, Gong and
Shil"™™ proposed a matching algorithm based on the
distance of multi-scale road network, which con-
verted the calculation of geometric similarity be-
tween complex broken lines into the calculation of
the distance from nodes to broken lines, and im-
proved the calculation efficiency by establishing
grid index. Zhao and Sheng™® proposed an auto-
matic matching method of vector road network for
global optimization, which comprehensively uti-

lized the characteristic information of road arcs and
nodes, established an optimization model, and used
the probability relaxation method to solve the opti-
mal solution to obtain the matching relation-
ship between road arcs. Luan, Yang and Li™% ex-
tracted the local network pattern characteristics of
road nodes through the structural description of
road intersections, and calculated the morphological
similarity between nodes for road matching.

Traditional methods are mostly based on the
evaluation of the overall similarity between roads
with the same scale, but under the condition of mul-
ti-scale, the morphology of roads with the same
name has obvious differences. Under the condition
of missing attribute information, the use of geomet-
ric features to extract the road as a whole is often in
errors, which cannot guarantee that the road data
with different scales can extract the same road as a
whole. Therefore, the similarity evaluation system
established by using multiple indicators may not
achieve satisfactory matching results. To solve this
problem, this paper proposes a multi-scale road au-
tomatic matching algorithm based on the constraint
of small-scale road mesh. First, the matching rela-
tionship between large-scale road mesh and
small-scale road mesh should be established, and
then the matching between roads with the same
name at different scales could be completed by us-
ing the matching relationship of road mesh as a
constraint.

2. Road mesh multi-scale matching
model

The matching research in this paper mainly
focuses on the multi-scale road network data with
simple morphology, and does not consider the
matching between the road network data with com-
plex structures and double track roads.

2.1 Definition of road mesh

The roads in the map are crisscrossed, dividing
the map into several independent area areas, which
constitute the road mesh. Road mesh is not a spe-
cific geographical element, but an object abstract-
ed by people in the process of studying intelligent
selection of road network, multi-scale vector spatial
data matching, automatic road synthesis algorithm,
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etc., in order to facilitate the expression and de-
scription of the spatial structure characteristics of
road network®”,

The hierarchy of the road determines the hier-
archy of the road mesh enclosed by the road. The
high-grade roads form the main division of the spa-
tial area, thereby forming a higher-grade mesh, and
the low-grade roads form the secondary division of
the spatial area, thus forming a low-grade mesh.
The most typical example is the “urban block sys-
tem”. In order to distinguish the hierarchy of road
mesh, the road mesh is divided into basic road mesh
and composite road mesh according to its complex-
ity. The basic road mesh is the smallest unit of the
morphological structure decomposition of the road
network, such as a, B, C, D in Figure 1. Its basic
feature is that there are no other roads within the
mesh to effectively segment it. There are many
roads inside the composite road mesh to divide the
area where the road mesh is located to form other
road meshes. In fact, the composite road mesh is
composed of two or more road meshes. For exam-

1: 50000 Roads 1: 250000 Roads

1: 50000 Road mesh

ple, road meshes a, B and C are further merged
from the smaller meshes in Figure 1. The compo-
site mesh is not simply composed of any adja-
cent basic mesh at will. The boundary roads that
form the composite mesh form the main segmenta-
tion of the space area Compared with the internal
road of the composite mesh, it has a higher level.

AT TTTC T

4 B c
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Figure 1. The classification sample of road meshes.

In order to ensure that the composition of the
road mesh conforms to people’s cognitive habits,
the following principles must be followed in the
composition?!:

(1) The boundary of the road mesh is composed of
vertices and edges. The edges actually correspond
to a part (road segment) of a road (stroke), and the
vertices are the intersections of different roads.

1: 250000 Road mesh

{a) Mesh 1:1 Matching relationship

1: 50000 Roads = 1: 250000 Roads

1: 50000 Road mesh

1: 250000 Road mesh

{(b) Tree eve n:1 Matching relationship

1: 50000 Roads =——1: 250000 Roads

1: 50000 Road mesh

1: 250000 Road mesh

(C) Mesh m:n matching relationship

Figure 2. Matching relationships of road networks meshes of different scales in the same area.
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(2) The grade of the compound road
mesh boundary road cannot be lower than that of its
internal mesh boundary road.

The grade of road mesh boundary road is de-
termined by the attribute grade, structural im-
portance and length of the road itself. For specific
judgment methods refer Xu, Liu, Zhang, et al.[??.

2.2 Corresponding relationship of multi-scale
road mesh

There are roads with the same name in the
small-scale road network data and large-scale road
network data of the same region. These roads have
a high level in the large-scale road network data,
and they constitute the “skeleton” network of the
large-scale road network. The small-scale road
network divides the spatial area into several larger
mesh areas. The large-scale roads often further sub-
divide the areas corresponding to these large-scale
road meshes, resulting in smaller meshes. Obvious-
ly, these smaller meshes are included in the large
meshes of the small-scale road network, that is, the
small meshes of the large-scale are constrained by
the small-scale large meshes, which is the ideologi-
cal basis of the matching method in this paper. Fig-
ure 2 shows the road data of 1:50,000 and
1:250,000 in a certain area, reflecting the possible
correspondence between the road meshes of large
and small scale data.

For the road network data in the same area, the
large-scale road further divides the internal space of
the small-scale road mesh into several smaller
meshes, so that the matching relationship between
the large-scale and small-scale road meshes with the
same name is N:1 (N > 1). It is obvious that N:1
matching is the main in the multi-scale mesh
matching relationship. In addition, there are also a
small number of M:-N (M > 1, N > 1) and 1:1
matching relationships.

2.3 Basic ideas

Due to the high density of roads in large-scale
data and the location error, the roads in small-scale
data are easy to be mismatched with the roads near
the entity roads with the same name. Using road
mesh for matching can highlight the importance of
road structure and weaken the impact of location

error on matching. And the larger the road mesh is,
the more tolerant it is to fault errors Its basic idea is
to build a road mesh by establishing the topological
relationship between roads. The road mesh divides
the whole road network into different road subsets.
First, the road mesh matching is used to realize the
matching of the mesh boundary roads, and then the
matching of the roads inside the mesh is imple-
mented. This not only reduces the scope of the
matching search, but also increases the correlation
of the matching roads, which is convenient for the
fast and accurate search of the matching road ob-
jects.

Large Small
scale road scale road
Basic mesH . Y

Matching constraints
*,—- [Basic mesk
IComposite,

mesh

Boundary{matching| Boundary

road road
Large Y Y Small
scale road . scale road
matching
Internal {e——m |Internal

roads roads

Figure 3. Matching of multi-scale road networks.

The N:1 and M:N matching relationship be-
tween large-scale road mesh and small-scale road
mesh reflects the N:1 and M:N matching relation-
ship between mesh boundary sections. In the
matching relationship of road elements, the N:1 and
M:N matching relationship is much more complex
than the 1:1 relationship. The ideal method is to
transform the N:1 and M:N matching relation-
ship between roads into 1:1 matching relationship,
S0 as to improve the matching efficiency and accu-
racy. In fact, the roads in the small-scale data and
the entity roads with the same name in the
large-scale data are often skeleton roads in the
large-scale road network. The “1:1” matching rela-
tionship road mesh or composite mesh is formed by
extracting and combining with the small-scale mesh
from the large-scale road mesh, and the “1:1”
matching of the corresponding boundary roads be-
tween the matching meshes is realized according to
the “1:1” matching relationship between the meshes.
Then, according to the consistency principle, the
internal roads of the mesh are merged, and then the
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internal roads of the mesh are matched.

3. Implementation method of mul-
ti-scale road matching

3.1 Extract composite mesh according to
matching relationship

3.1.1 Extract the composite mesh of N:1 and
1:1 matching relationship

The key of using road mesh to realize mul-
ti-scale road matching is to extract the road mesh
(or composite road mesh) that constitutes the
matching relationship from the large and
small-scale road network data respectively. The ex-
traction steps of road mesh with N:1 (N > 1) and 1:1
matching relationship between large-scale road
network and small-scale road network are as fol-
lows:

(1) Calculate the overlap rate of
large-scale basic road mesh and small-scale mesh.
The overlap rate of large-scale basic mesh and
small-scale mesh largely determines which mesh is
constrained by small-scale data when extracting
composite mesh, which affects the accuracy of
composite mesh extraction. The calculation formula
of overlap rate is

- Areanvt‘rh.p

R > 100 %

Area]argc (1)
Where, Areagyer,p IS the area of the intersec-

tion of large-scale basic road mesh and small-scale
mesh; Areap, refers to the mesh area of

large-scale road. Set the threshold R,. When R > Ry,
the small-scale road mesh is a constraint mesh.

(2) Search all meshes constrained by the same
small-scale mesh in the large-scale basic road net-
work and put them into the same candidate set.

(3) Combine the meshes in the same candidate
set and extract the initial composite mesh, as shown
in Figure 4(c).

There is a position deviation between the roads
with the same name in different scale data, which
leads to the deviation in the extraction of composite
road mesh, which shows that the large-scale road
mesh is not in the corresponding small-scale mesh
area (with a low overlap rate), or even in the adja-
cent mesh area. In order to extract the composite

mesh more accurately, it is necessary to evaluate
and correct the extracted initial composite mesh,
identify the missing mesh and merge it with the ini-
tial composite mesh, and remove the erroneously
added mesh from the initial composite mesh to get
the correct extraction result.

B
A

(a)Large scale mesh C i = 1 B

(c) Prellmmar}-‘ extraction YData superposition
of composite network effect

D

(b) Small scale mesh
Figure 4. Extraction of composite meshes in the first step.

Take Figure 4 as an example to illustrate
the basic process of initial composite mesh correc-
tion. In Figure 4, C is the composite mesh prelimi-
narily extracted under the constraint of mesh D.
mesh a was not selected during preliminary extrac-
tion because the overlap rate was lower than the
threshold. B is the large-scale mesh of C correctly
extracted, adjacent to a and with the smallest area.
Analyze a to determine whether to merge with the
initial composite mesh C to generate a new compo-
site mesh. The determination process is as follows:

(1) Search the mesh adjacent to a in the initial
composite mesh C, and select mesh B with the
highest overlap rate and the smallest area as a can-
didate. If there is a conflict between the maximum
overlap rate and the minimum area, it is required to
give priority to the overlap rate index.

(2) Merge a with candidate B, and calculate the
overall overlap rate after merging according to for-
mula (2)

Areage, 4 T Area
verlap_A Aoverlap B 1
X100 %

Rap= Area, + Areay @)

Where Rag is the overlap rate of AB as a whole,
Areagerap A and Aredoyerap g 1S the overlapping area
of A, B and small-scale mesh respectively, and Are-
anand Areag are the area of mesh A and B respec-
tively.

(3) Compare Rag With Rq. If Rag > Ry, mesh C
is a candidate for merging with mesh A. Make the
same determination for the next composite mesh
adjacent to a until all composite meshes adjacent to
a are determined, and select the composite mesh
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with the highest overlap rate from all candidates of
mesh A to merge with mesh A. If a composite mesh
that can be merged cannot be found according to the
above method, mesh a remains independent.

In addition to re adding the missing road mesh
above, it is also necessary to remove the mesh add-
ed incorrectly, as shown in Figure 5.

| Mesh
correction | /
—_— /

[7 Mesh error e
“ | extraction /
E —_— /

G /
- ! . O i
(a) (b) (©)

Figure 5. Wrong extraction of meshes and correction.

According to cognitive judgment, the basic
mesh G in the large-scale road mesh corresponds to
the small-scale road mesh E and becomes a candi-
date for the composite mesh generated under the
constraint of mesh E. However, according to the
overlap rate, mesh G corresponds to the adjacent
mesh F of mesh E and becomes a candidate for the
composite mesh constrained by mesh F. This error
needs to be corrected. According to the definition of
road mesh, the grade of the boundary road of the
road mesh should be higher than that of the internal
road, and the mismatched small mesh should be
eliminated accordingly. Compared the grade of
the boundary road of the initial composite mesh
with that of the internal mesh, as shown in Figure
5(a), determining the attribute grade of the bounda-
ry roads I; and I, of the basic mesh G. |; is a high-
way and I, is a substandard highway. Obviously, the
grade of I; is higher than 1,, indicating that the ini-
tial composite mesh F obtained above is problem-
atic. Mesh G should be removed from composite
mesh F and incorporated into mesh E to complete
the correction of composite mesh.

After the above steps, the matching relation-
ship of road meshes with different scales is com-
pleted. Finally, it is necessary to judge their similar-
ity in size to avoid false matching. The size
similarity is calculated as
y = A1 mies 000

Area . 3)

Where, Y is the similarity index, and the
threshold value of Y is set as g <Y <1;
Area complex 1S the initial composite mesh area and

Area . is the matching small-scale mesh area.
When Y is greater than or, it is finally confirmed
that the two match.

Through the constraint of small-scale road
mesh, the corresponding composite mesh of
large-scale mesh is extracted, and the matching of
roads is realized through the matching relation-
ship between meshes. This method avoids the in-
terference of irrelevant road data in large-scale road
data to the matching process, simplifies the match-
ing process, and improves the efficiency and accu-
racy of matching. The process of extracting compo-
site mesh is shown in Figure 7.

Q

—
Figure 6. Fake matching relationship of meshes.

Large scale mesh
Y

Small A
First
scale mesh R>Ro No

Yes

Merge with adjacent
meshes in the candidate
set

second time

Add composite mesh |
candidates

- Error mesh correction

Y

Generate composite
mesh

Figure 7. Extraction of composite meshes.

3.1.2 Extract the composite mesh of M:N
matching relationship

In the multi-scale mesh matching relationship,
after processing the 1:1 and N:1 matching relation-
ships, there may be unmatched meshes left,
which belong to the M:N matching relationship.
The mesh with M:N matching relationship presents
the characteristics of “community” in space, that is,
several unmatched meshes tend to gather together,
and the mesh M:N matching relationship is recog-
nized by merging adjacent meshes in the communi-
ty area.

The mesh aggregation areas with community
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characteristics are treated area by area, and the
treatment process is as follows:

(1) Merge a mesh aggregation area as a whole
into a composite mesh, then match the combined
composite mesh with the size scale, and then de-
termine whether the pair of composite meshes
match according to the matching conditions in the
previous section. If they match, proceed to the pro-
cessing of the next mesh aggregation area until the
matching of all unmatched meshes is completed,
and the matching process stops; if not, go to step
(2).

(2) Arbitrarily select two adjacent meshes in
the small scale to merge into a composite mesh,
merge the mesh intersecting with it in the large
scale and the overlap rate reaches the threshold Ry
into a composite mesh, and determine whether the
two match. If they match, use the same method to
match the remaining meshes; if the composite mesh
obtained by merging any two remaining meshes
cannot be matched, go to step (3).

(3) Randomly select three adjacent meshes in
the small scale to merge into a composite mesh,
merge the meshes intersecting with it in the large
scale and the overlap rate reaches the threshold Ry
into a composite mesh, and determine whether the
two match. If they match, use the same method to
match the remaining meshes; if the composite mesh
obtained by merging any of the remaining three
meshes cannot be matched, increase the adjacent
meshes one by one and repeat step (3) until the
matching is finally completed. Then proceed to the
next mesh aggregation area until all mesh matching
decisions are completed.

3.2 Road classification processing using road
mesh matching

After mesh matching is completed, classifica-
tion matching is carried out according to the topo-
logical relationship between roads and meshes. The
roads to be matched are divided into mesh boundary
roads and mesh internal roads according to catego-
ries. After topological processing, the original road
data will be segmented at the intersection of roads
to form nodes and arcs. Since the matching rela-
tionship between road meshes is not only 1:1, but
also N:1 and M:N, it is necessary to merge
the boundary road arc and internal road arc in the
composite mesh, and merge the arc into stroke ac-
cording to the goodcontinuity principle in Gestalt
visual perception®?4. In order to improve the effi-
ciency of road matching, it is necessary to establish
the topological mapping relationship between
composite mesh and mesh road. As shown in Fig-
ure 8, after mesh matching and recognition, a cer-
tain scale of road network is extracted to obtain
several composite meshes. The topological mapping
relationship between the composite mesh and
its boundary roads and interiors is shown in Table
1.

Figure 8. The road network and composite meshes by matching.

Table 1. Mapping relationship between composite meshes and road

Composite mesh

Boundary road of composite mesh

Internal road of composite mesh

A 1,2,3,456,7,8,9,10
B 7,8, 26, 28, 30, 31
C 5, 6,22, 23, 24, 25, 26

11, 12, 13, 14, 15, 16, 17, 18, 19
29, 32,33
20, 21, 27

According to the mesh matching results and
the topological mapping relationship between roads
and meshes, the mesh of the matching road can be
quickly determined, so as to greatly reduce the
scope of matching search and improve the efficien-
cy and accuracy of road matching.

3.3 Realization of road matching

Establishing a matching relationship is the
process of mapping matching data to reference data.
This paper uses mesh matching constraints to real-
ize road matching. The process is as follows: first,
mesh matching recognition is carried out on
large-scale and small-scale road meshes to obtain
the matching road mesh (composite road mesh),
then the boundary roads of the identified matching
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mesh are matched, and finally the internal roads of
the mesh are matched. First, matching the
mesh boundary roads, for the two road meshes that
have been matched, it is easy to determine the
matching of the mesh boundary roads. Taking a
small scale that has matched an edge (road segment)
of the road mesh, its matching object must be an
edge (road segment) of the corresponding large-
scale matching road mesh, avoiding a large-scale
search. Once the matching object of one edge is
determined, the matching objects of other edges
can be derived according to the connection order of
mesh edges.

Due to the mesh matching constraints, the
matching judgment of mesh boundary roads can be
achieved without complex similarity calculation.
This paper uses the Hausdorff distance!® to match
the boundary roads of the matched road mesh, and
selects the road with the smallest distance as the
matching object.

Hausdorff distance was originally used to
measure the distance between point sets. If there are

two point A={ay,a,,a,} Sets B=

{by, by, -+, b,} and, the Hausdorff distance between

point sets a and B is defined as

dy(A.B)=max(d, (A.B).d,(B.A)) (4)
Where:

d, (A.B)=max min”a —b H

aEA bEB (5)

d,(B,A)=max min|b—a|
beB a€ A

(6)
d, (A, B) represents the maximum VALUE of the
minimum distance from each point IN point set a to
point set B.

Line elements can be regarded as a set of or-
dered points, so the Hausdorff distance CAN be
used to measure the distance between line elements.
It reflects the overall distance between line ele-
ments, which is more reasonable than simply using
European distance, and is often used for matching
judgment between line elements.

There are two types of internal roads that
have been matched with mesh, one is the road that
can form mesh segmentation, and the other is the
road that does not form mesh segmentation. The
first type of internal road has no matching object

and will not be processed. The second type of road
is mainly some suspended roads. For this type of
road matching, the corresponding matching mesh
can be searched for possible matching roads.

4. Test and analysis

4.1 Test data

In this paper, 1:250,000 and 1:50,000 partial
road data of Ningbo are selected for matching test.
First, the road network data of two different scales
are projected, and the coordinates are uniformly
transformed, and then superimposed and displayed,
as shown in Figure 9. Among them, the 1:250,000
road network has a data volume of 80 Kb and 382
objects; 1:50,000 road network, 594 KB data vol-
ume, 1,588 objects.

¥
LA A

— el

(2)1:50000 Road data (b)1:250000 Road

Figure 9. The multi-scale road networks data.

4.2 Matching test results

The meshes of 1:50,000 and 1:250,000 road
network data are matched and identified, so as to
extract the road meshes that constitute the matching
relationship in the two data sets. According to for-
mula (1), the matching relationship between mul-
ti-scale meshes is preliminarily established, and the
meshes with matching relationship between the
large-scale mesh and the same small-scale mesh are
combined to generate a preliminary composite mesh.
After many tests, due to the small position error of
the test data, it is more appropriate to set the over-
lap rate Ry = 0.9 after the test. The generated results
are shown in the preliminary composite mesh in
Figure 10, and the red area is the mesh to be further
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processed.

The number of meshes in the 1:50,000 target
data is 1,473. First, rough extraction of composite
meshes is carried out, most of the large-scale mesh-
es are processed, and the preliminary composite
meshes are obtained. The remained 79 meshes do

{a) Mesh matching

(b} Local magmification

not meet the threshold conditions in the process of
preliminary extraction of composite meshes, and
further judgment and processing are required, as
shown in Figure 10(c). The determination results of
this part of mesh are shown in Table 2.

(¢ }Overall diagram () Local magnification

Figure 10. Preliminary extraction of composite meshes.

Table 2. Solving the problem of mesh’s merging

Mesh ID to be Matching probability with inter- Candidate Combined overall Whether to merge
processed secting small-scale mesh/(%0) mesh ID matching probabil- with adjacent com-
ity/(%0) posite mesh

54 57.72,42.28 90, 80 98.74, 96.99 yes

434 65.43, 34.57 386, 392 69.56, 59.07 no

713 72.99, 27.01 724, 658 86, 67.29 no

1,250 71.12, 28.88 1,242, 1,264 76.31, 37.33 no

1,443 80.44, 19.56 1,434, 1,455 92.57, 35.48 yes

After further extraction, 75 of the 79 mesh
to be processed were judged to meet the merging
conditions, and were merged with the adjacent op-
timal composite mesh. Then, according to the simi-
larity index y, the threshold was set to 0.9 <Y < 1.1,
and 7 meshes were removed from the matching re-
lationship, and finally 11 unmatched meshes were
obtained, as shown in Figure 11(a). On this basis,
M:N matching is performed in the remained un-
matched mesh.

o] - |4
1@% i et
v X | 17 <

(a)Unmatched mesh (b) 1:250000 Scale

Figure 11. An example of many-to-many matching of meshes
under different scales.

In the extracted composite mesh, the un-
matched mesh at | forms an aggregation area cor-
responds to the unmatched mesh X and Y at I’ in the
small-scale mesh. According to the matching idea in

section 3.1.2, the composite mesh composed of
unmatched mesh X and Y at I’ in the small-scale
ruler forms a 1:1 match with the composite mesh
composed of all meshes at | in the large-scale ruler,
which is essentially a 9:2 matching relation-
ship between unmatched meshes. So far, the match-
ing between all meshes in road mesh data of differ-
ent scales has been completed.

(a)Method in this paper

(b) Multiscale distance matching

Figure 12. Results of multi-scale match of road in two different
methods.

The large-scale composite road mesh extract-
ed by mesh matching recognition constitutes the
skeleton mesh of the large-scale road network.
The boundary roads and internal roads of the ex-
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tracted matching mesh are merged according to the
stroke consistency principle, and the topological
mapping relationship between the road mesh and
the road is established. After processing, the N:1 or
M:N matching relationship between the original
matching mesh boundary roads becomes a “1:1”
matching relationship, which reduces the number of

objects to be matched, greatly simplifies the diffi-
culty of matching, and improves the accuracy of
matching. Using Chen Yumin’s distance matching
algorithm of multi-scale road network™ for the
same data, the matching results of the test data are
shown in Figure 12, and the test statistical results
are shown in Table 3.

Table 3. Results of the two different methods

Method Number of roads Number of Number of Number of Unmatched Match Matching accu-
Reference  Target data matches correct wrong number rate/(%)  racy/(%)
data matches matches

Method in 382 1,588 367 364 3 15 96.07 99.18

this paper

Multiscale 382 1,588 343 328 15 39 89.79 95.63

distance

matching

algorithm

4.3 Comparative analysis

According to the test results, when there are
short lines in the data, the multi-scale distance
matching algorithm will form a wrong match with
the roads near the short lines in the matching pro-
cess. The reason for this phenomenon is the defect
of the algorithm itself. When the line elements are
short, the number of points as a point set is very
small, causing most or even all points to fall into
the buffer of the adjacent long line elements, re-
sulting in a wrong match. In this method, because
the shorter line elements are also the boundary ele-
ments of the mesh, it is only necessary to consider
the boundary elements of the mesh corresponding
to the mesh when matching, which can effectively
avoid the wrong matching of these shorter path
route elements, as shown in Figure 13.

For the case of large difference of route ele-
ments with the same name, the multi-scale distance
matching algorithm also has shortcomings, and the
matching cannot be completed. While the method in
this paper does not rely on morphological similarity
very much, so it has certain advantages in matching.
As shown in Figure 14, the roads with the same
name with certain morphological differences can-
not be matched by using the multi-scale distance
matching method, while the method in this paper
can easily match the two by using the correspond-
ing relationship of the mesh where the elements
with the same name are located.

\\\,ff —/_

(a) Failure cases of multi-scale distance matching method

N

hY

(b)Successful cases of method matching in this paper

Figure 13. The contrast experiment of the two matching meth-
ods.

(a) Multiscale distance matching (b) Method in this paper

Figure 14. The contrast experiment of the two matching meth-
ods.

Through the comparison results of experiments,
it can be concluded that the algorithm proposed in
this paper has certain advantages over the mul-
ti-scale distance matching algorithm in terms of
matching rate and accuracy, mainly due to the fol-
lowing two points. Firstly, this method uses mesh to
constrain the road, and through the matching of
mesh, the fuzzy correspondence of the road is
transformed into the clear correspondence of the
road of the matching mesh, which reduces the
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search scope of the matching road. At the same time,
it reduces the dependence of the road itself on loca-
tion and shape similarity, which has better practical
significance in multi-scale matching. Secondly, the
idea of classification matching divides roads into
mesh boundary roads and internal roads, so that the
matching is limited to the roads of the same cate-
gory, which reduces the interference and improves
the accuracy of matching.

5. Conclusion

The matching of road networks is often han-
dled by geometric matching. In the matching of
multi-scale road networks, if geometric features are
directly used for matching without extraction, the
match is often very poor. The reason is that there
are differences in the geometric shape, topological
relationship and attribute information of roads at
different scales, which cannot ensure that the data
has a stable matching basis. At the same time, many
other road data in large-scale data will greatly in-
terfere with the matching process, resulting in in-
creased uncertainty of matching. This method ex-
tracts the main road matching candidate set through
mesh matching, eliminates irrelevant road elements
from the matching process, and reduces the de-
pendence on road geometry during matching.
Compared with traditional matching methods, it
improves the matching accuracy.

The extraction of mesh matching relationship
is a key of this algorithm. If the position deviation
is large, it will have a negative impact on the
matching results. In view of this situation, it can be
considered to firstly select a small number of
high-level skeleton roads in the small-scale data to
form a larger road mesh. The large mesh has a
stronger ability to resist the position error. First,
Matching relationships are firstly extracted for these
large meshes. After the matching is completed, use
the matching results to correct the position, which
can greatly reduce the position error of the data and
improve the accuracy of the subsequent extraction
of smaller road mesh matching relationship.
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