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Table 1 The spatial resolutions in well-known spatial scale sets for remote sensing data

/m
TRTTHY  WorldwWind  FEMHE Google Map KA OGC GlobalCRS84Pixel OGC GoogleMapsCompatible
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2500 978.416 1024 568 1222.99 4000 1222.992
1000 489.208 512 549 611.5 2000 611.496
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250 122.302 128 139 152.87 500 152.874
100 61.151 64 69 76.44 166 76.437
50 30.576 32 35 38.22 100 38219
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Table 2 The spatial resolution required by the national primary

scale in two visual precision levels

L=0.1 mmiif LR L=0.6 mmi b i) R

FEA AR IR /m R /m
1 : 1000000 100 600
1 : 500000 50 300
1 : 250000 25 150
1 : 100000 10 60
1 : 50000 5 30
1 : 25000 2.5 15
1 : 10000 1 6
1 : 5000 05 3
1 : 2000 0.2 12
1 : 1000 0.1 0.6
1 : 500 0.05 0.3
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Table 3 The optimal matched resolutions in well-known spatial scale sets for the national primary scale requirements in high visual preci-

sion level

/m

BALGIRKGEZOR B2 THH WorldWind  FEHE Google Map KHBE  GlobalCRS84Pixel

GoogleMapsCompatible

100
50
25
10

5

2.5

1

0.5

0.2

0.1

0.05

100
50
25
10
5
2.5
1
0.5
0.1
0.1
0.05

61.151
30.576
15.288
7.644
3.822
1.911
0.955
0.478
0.12
0.06
0.03

64
32
16

8
4
2
1
0.5
0.125

0.063
0.032

69
35
17
8
4
2.15
0.54
0.27
0.14
0.07
0.035

76.44
38.22
19.11
9.55
4.78
2.39
0.6
0.299
0.149
0.075
0.038

100
33
16
10

3
1
1
0.33
0.16
0.1
0.033

76.437
38.219
19.109
9.555
4.771
2.389
0.597
0.299
0.149
0.075
0.037
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Table 4 The optimal matched resolutions in well-known spatial scale sets for the national primary scale requirements in low visual preci-

sion level
/m
BEAWHAEEZR  F2THE WorldWind  HEHIE  Google Map  KHiEl  Global CRS84Pixel GoogleMapsCompatible

600 500 489.208 512 568 305.75 500 305.748
300 250 244.604 256 278 152.87 166 152.874
150 100 122.302 128 139 76.44 100 76.437

60 50 30.576 32 35 38.22 33 38.219

30 25 15.288 16 17 19.11 16 19.109

15 10 7.644 8 8 9.55 10 9.555

6 5 3.822 4 4 4.78 3 4.777

3 2.5 1.911 2 2.15 2.39 3 2.389

1.2 1 0.955 1 1.07 1.19 1 1.194
0.6 0.5 0.478 0.5 0.54 0.6 0.33 0.597
0.3 0.25 0.239 0.25 0.27 0.299 0.16 0.299

x5 BURBETHEEARLFIRERSEBREZTARESREIRLERRZE S BREHBETRE

Table 5 The redundancy rate of each optimal matched resolutions in well-known spatial scale sets for the national primary scale require-

ments in high visual precision level

/m

EARHIR  HETHH  WorldWind  BHEEHIE  Google Map KMl Global CRS84Pixel GoogleMapsCompatible
1 : 1000000 1.00 2.67 2.44 2.10 1.71 1.00 1.71

1 : 500000 1.00 2.67 2.44 2.04 1.71 2.30 1.71

1 : 250000 1.00 2.67 2.44 2.16 1.71 2.44 1.71

1 : 100000 1.00 1.71 1.56 1.56 1.10 1.00 1.10

1 : 50000 1.00 1.71 1.56 1.56 1.09 2.78 1.10

1 : 25000 1.00 1.71 1.56 1.35 1.09 6.25 1.10

1 : 10000 1.00 1.10 1.00 3.43 2.78 1.00 2.81

1: 5000 1.00 1.09 1.00 343 2.80 2.30 2.80

1:2000 4.00 2.78 2.56 2.04 1.80 1.56 1.80

1: 1000 1.00 2.78 2.52 2.04 1.78 1.00 1.78

1:500 1.00 2.78 2.44 2.04 1.73 2.30 1.83

IE: RN R R TUR BRI
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Table 6 The redundancy rate of each optimal matched resolutions in well-known spatial scale sets for the national primary scale require-

ments in low visual precision level

/m
FEARILHIR FJETHY WorldWind ~ FAEEHE Google Map  KHLA Global CRS84Pixel GoogleMapsCompatible
1 : 1000000 1.44 1.50 1.37 1.12 3.85 1.44 3.85
1 : 500000 1.44 1.50 1.37 1.16 3.85 3.27 3.85
1 : 250000 2.25 1.50 1.37 1.16 3.85 2.25 3.85
1 : 100000 1.44 3.85 3.52 2.94 2.46 3.31 2.46
1 : 50000 1.44 3.85 3.52 3.11 2.46 3.52 2.46
1 : 25000 2.25 3.85 3.52 3.52 247 2.25 2.46
1 : 10000 1.44 2.46 2.25 2.25 1.58 4.00 1.58
1 : 5000 1.44 2.46 2.25 1.95 1.58 1.00 1.58
1 : 2000 1.44 1.58 1.44 1.26 1.02 1.44 1.02
1 : 1000 1.44 1.58 1.44 1.23 1.01 3.31 1.01
1:500 1.44 1.58 1.44 1.23 1.01 3.52 1.01
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Relationship between popular spatial scale sets of remote sensing image
and the national primary scale

HUANG Xiangzhi, WANG Dong, ZHAO Yameng, ZANG Wenqian

National Engineering Laboratory for Remote Sensing Satellite Applications, Institute of Remote Sensing and Digital Earth, Chinese
Academy of Science, Beijing 100101, China

Abstract: The progress of Internet and remote sensing technologies has increased the amount of available remote sensing satellite resources.
Thus, extraction ability of remote sensing information becomes increasingly strong, and social application need for such data becomes in-
creasingly diverse. Comprehensive application of multi-source remote sensing data has become an inevitable trend. Given that remote sens-
ing data are spatiotemporal data, their comprehensive application needs to be carried out in a certain spatial scale. A unified spatial scale set
for remote sensing data is a basic requirement for the integration and comprehensive application of multi-source data. Many popular spatial
scale sets are available, and each of them exhibits its own advantages and disadvantages. However, none of them is currently applied as a
standard. The lack of a standard spatial scale set restricts the comprehensive application of multi-source remote sensing data. Thus, popular
spatial scale sets should be evaluated to establish or optimize a reasonable spatial scale set as a standard.

Information density depends on the amount of information in a unit area. Thus, the spatial resolution of remote sensing images is an ef-
fective way of expressing the information density of remote sensing data. Map scale refers to the ratio of the distance on the map to that on
the field, which imposes strong information requirements. A large map scale requires high information density, which indicates high spatial
resolution. High image spatial resolution is necessary to obtain considerable surface details from a large map scale. If the image spatial resol-
ution is insufficiently high, then the map will present inferior quality or will even be unavailable for use. However, high image space resolu-
tion is not always ideal for a specific scale. Excessively high resolution data indicate redundant data, which require high computational cost
and storage and network resource. All these factors may affect the data display.

The national primary scale is a widely used mapping scale grading system and is a perfect reference system to evaluate an optimal spa-
tial scale set for remote sensing data application. Apart from map scale, visual precision is also an important index that affects the spatial res-
olution requirements. Visual precision requirements to remote sensing image application involve two levels. One is high visual precision re-
quirement, which is suitable for application types of quantitative calculation, scientific analysis, and human—computer interaction. The other
is low visual precision requirement, which is suitable for remote sensing data exhibition in long distance, such as image displays in a large
screen and a wall map.

In this study, the spatial resolutions required by the national primary scale in two visual precision levels were analyzed. Then, the op-
timal spatial resolution scale of current popular spatial scale sets was built by matching the requirements. The popular spatial scale sets in-
cluded OGC popular scale sets “Global CRS84Pixel” and “GoogleMapsCompatible”, the grid system of NASA WorldWind, Google Map,
Baidu Map, Map World, and the “five-layer fifteen-level” remote sensing data organization model. Thereafter, the data redundancy rates of
these popular spatial scale sets were calculated and compared from the optimal resolutions to the required spatial resolutions of the national
primary scale in two visual precision levels.

Results show that, compared with other popular spatial scale sets, the “five-layer fifteen-level” remote sensing data organization model
best matches the requirements of the national primary scale. In particular, the model presents the lowest average redundancy rates in the two
visual precision levels among others. Therefore, the “five-layer fifteen-level” remote sensing data organization model is a suitable standard
spatial scale set for the multi-scale comprehensive application of multi-source remote sensing data.

Key words: spatial scale set, spatial resolution of remote sensing image, the national primary scale, comprehensive application of multi-
sources remote sensing data, five-layer fifteen-levels
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