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Abstract: Objectives: The data scale is one of the key factors to be considered when integrating multi—
source spatial data. Especially, when volunteered vector map data is involved in the multi—source spatial data
integration, due to the lack of data scale information, it may lead to data inconsistency issues. This seriously
affects the quality and applicability of the fused map data. How to automatically calculate the scale of the
volunteer vector data is the key to improving the quality and application value of the fusion of volunteer vec-
tor data. Methods: An automatic scale estimation method for vector maps based on the elimination and
choice translating reality with triangle interaction (Electre—tri) multi-criteria decision model is proposed. This
method mainly consists of three parts. First, by analyzing the scale evaluation parameters of geographic spa-
tial data, we select eight typical spatial scale evaluation parameters, which include the shortest straight line
segment length, the minimum bending area, the minimum size, the median side length, the vertex densi-
ty, the number of spatial targets, the type of map elements, and the data capture source. And we also es-

tablish the mapping relationship between these evaluation parameters and the scale of vector maps. Then,
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we develop an Electre—tri multi—criteria decision—-making model by combing the characteristics of the volun-
teer vector maps. Based on the decision model, we achieve the correlation calculation between the vector
map data to be evaluated and the reference sample map data by dynamically setting three types of thresholds
that are preference threshold, indifference threshold, and rejection threshold. Finally, by leveraging the corre-
lation with the reference sample map data, the scale of the volunteer vector map can be estimated according to
different strategy criteria methods. Results: To verify the effectiveness of the proposed method, we select
ten types of boundary scales of OpenStreetMap data in Beijing city, China as an example. The results indi-
cate that the proposed method has strong practicability in estimating the scale of volunteer vector maps,
with high operability of model parameters. Conclusions: The proposed method provides an operable solu-
tion for automated scale estimation in volunteered vector maps, effectively supporting multi-source spatial
data fusion by reducing scale—induced inconsistencies.

Key words: volunteered geographic information; spatial scale parameters; multi—criteria decision-making

model; scale estimation
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Table 1 Boundary Values on All Evaluation Criteria Extracted from Sample Data

HA R ) 8 83 84 & 86 & 8s
1:400 J5 135.14 1154.13 79.20 42.20 5221.11 617.28 4.00 4.00
1:100 /5 18.52 403.16 16.83 11.15 510.83 21.00 3.00 4.00
1:2577 8.18 68.86 3.65 2.57 41.82 2.64 3.00 3.00
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Table 2 Boundary Evaluation Scores on All Evaluation Criteria

A e ) b, b, by by b be b, by by by
g 0.01 0.17 0.34 0.83 1.64 3.28 8.18 11.63 18.52 135.14
o 0.01 1.39 2.76 6.89 13.78 27.55 68.86 180.29 403.16 1154.13
g 0.01 0.15 0.22 0.44 0.79 1.51 3.65 8.04 16.83 79.20
I 0.01 0.06 0.11 0.27 0.52 1.03 2.57 5.43 11.15 42.20
g5 0.01 0.93 1.77 4.27 8.44 16.79 41.82 198.16 510.83 5221.11
I 0.01 0.06 0.12 0.27 0.54 1.06 2.64 8.76 21.00 617.28
g7 0.50 1.00 1.00 2.00 2.00 2.00 3.00 3.00 3.00 4.00
s 1.00 2.00 2.00 2.00 2.00 3.00 3.00 3.00 4.00 4.00
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Table 3 Evaluation Scores of Beijing OSM Data on Each

Evaluation Criterion

P o LRIy
a0 0.33
&2 41.46
g5 0.31
g 0.21
s 3.00
&6 0.06
g7 1.00
gs 2.00
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Table 4 Scale Range Estimation Results Based on

Different Rejection Thresholds

A3 2 1 {5 34 AU IR U Ty 2k 1Y SROULE I 7 v 1

FHE M LA/ % g5 R i 3545
30 1:1J7~1:5 000 1:25 7 ~1:1001
40 1:17~1:5 000 1:25 H~1:10 0
50 1:1 77 ~1:5 000 1:25 H~1:10 0
60 1:25 7 ~1:1J7 1:10 5 ~1:507
70 1:25 7 ~1:1J7 1:10 5 ~1:507
80 1:25 7 ~1:1J 1:10 5 ~1:50
90 1:257~1:177 1:10 5 ~1:573
100 1:25 ~1:1J 1:10 5 ~1:571
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Table 5 Estimation Results of Different Vector Spatial Datasets
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Table 6 Estimation Results of Beijing OSM Data Subsets Based on Different Evaluation Criteria
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