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B A A% BT HATME Y (Code, Level) —
TLHIE, Hoh Code RS BLTCI IS, Level 2N
BATT T AL ) AR R 43 S5 4% . JE I Bk 3 T LR RS
T OIOCIR LA — FR N S B JE R A% T LT
Gy, FEMTA D RIEIE R A, T AR AT i)
(N

B3 Ay A Ak

A WIRERAITHES Cells, RRIMZS v,

Sy Hy T2 R AR ) SR Y G R 9 T AR
- CodeRanges;

1 function GENERATECODERANGE (Cells,
Iv,.)

2 CodeRanges«—(J;

D> Xof B> L TC AR J G A R 72 ]
4 for cell in cells do

5 lower_bound<—cell. code<< (lv, —cell.
level )*3;

6 mask<—1<<(lv, —cell.level)¥3-1;

7 code_range«—RANGE  (lower_bound,

lower_boundlmask ) ;

8 CodeRanges.add (code_range) ;

9 return CodeRanges;
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Fig. 12 Generation of code query range
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(18 B BT B E A & HAR4E & 0 Landsat £
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R (USGS) JLRAEHIM—H TR, H19724E5
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HERGEAR R, RO TR AR KRy 1 S s S L
M5 . Landsat TUR 80 BAT N F 5 i o8
HEA B 5¢ B 1) b P2 (8] 75 5 55 1) 18] 90 1L

ARG BRI T USGS H4IE1Y Landsat
PEICEIERS (U.S. Geological Survey, 2024),
PRI B S W3 1, P Landsat-MSS-C2-L1 446
LT 1972 F—1999 4F Landsat R 51 T2 LA
ZHIE AR MSS  (Multi-Spectral Scanner) {4 ;
Landsat=TM-C2-L1 ¥l 241 5% T 1982 4F—2012 4F
Landsat 741 LA WCAE ()& B K4 TM  (Thematic
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1999 4-—2023 4F Landsat £ 4] TLRL AR A1 5 3280
MM ETM+ (Enhanced Thematic Mapper Plus) %{# ;
Landsat-OT-C2-L1 #4075 T 2013 4F—2023 4
Landsat TR ISR A R L2 4% OLL (Operational Land
Imager) 5 LT A E 28 TIRS  (Thermal Infrared
Sensor) %4k

#1 LandsatFHFEEER
Table 1 Landsat dataset details

Btk £ 5 AR ARHE
Landsat-MSS-C2-L1 1972—1999 1842292
Landsat-TM-C2-L1 1982—2012 2923623
Landsat-ETM-C2-L1 1999—2023 3355632
Landsat-OT-C2-L1 2013—2023 3271868
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Table 2 The query temporal ranges
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Table 3 Experimental software and hardware configuration
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Table 4 Spatiotemporal query performance

of different indexes
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T+R, 397 453 1230 106 -73.05
T+R, 751 905 3175 469  -37.55
T+R, 3957 2830 6291 812 -79.50
T+R, 135210 32374 65571 9317 -93.11
TR, 130 449 286 65 ~50.00
TR, 259 312 523 245 -5.41
TR, 1550 1325 4664 407 7374
TR, 51449 18182 22878 6820  -86.74
TR, 50 54 105 57 +14.00
TR, 109 119 182 95 -12.84
TR, 471 1060 932 384  -1847
TR, 15669 21696 322972 3552 -77.33
+R, 405 516 2089 114 -71.85
T +R, 804 982 5998 189  -76.49
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Fig. 13 Query cost for each spatial-temporal range
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Table 5 Result items of different spatial-temporal query

0 ] 44 B AR SUSE NN AR
T+R, 11496 11496
T+R, 21818 21818
T+R, 82509 82509
T+R, 699742 699742
TR, 3737 3737
TR, 7419 7419
TR, 40173 40173
TR, 281501 281501
TR, 1111 1111
TR, 2240 2240
TR, 12241 12241
TR, 85296 85296
T+R, 12789 12789
T +R, 24862 24862
T +R, 89824 89824
T+R 767331 767331

Ro MEAFHEEXFHAFM
Table 6 Effect of grid merging algorithm

25 1 ] BTG R EL B IFHIE 8 ms
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Table 7 Effect of dimension substitution
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Abstract: With the rapid development of large-scale remote sensing data acquisition technologies, an enormous volume of Earth
observation data are generated every day. Online remote sensing analysis platforms, such as Google Earth Engine and Sentinel Hub, have
significantly lowered the barrier to conducting large-scale environmental and geospatial studies. Consequently, remote sensing data have
been widely applied in agricultural and grain yield monitoring, land-use planning, environmental change detection, forest coverage
assessment, and oceanographic research. These applications have provided essential technical support for sustainable development, climate
monitoring, and natural resource management. However, as the scale, resolution, and update frequency of remote sensing metadata continue
to grow, conventional database systems are increasingly unable to meet the timeliness and responsiveness required for interactive online
analysis. A typical spatiotemporal range query over million-level or even billion-level metadata records may take tens of seconds to execute,
which severely limits user experience, disrupts data analysis workflows, and limits real-time visualization capabilities. Large-scale and
complex range queries have thus become a critical performance bottleneck in current remote sensing analysis systems.

To address these challenges, we propose an efficient spatiotemporal query optimization method based on the fusion of two-dimensional
(2D) and three-dimensional (3D) grid indexing. The proposed method first performs spatial range matching by employing an adaptive 2D
grid partitioning strategy that divides the spatial domain into high-precision grid cells. According to the temporal constraints in the query,
selected 2D cells are dynamically converted into 3D grid units, forming a hybrid 2D-3D hierarchical index. This design allows the query to
focus on a significantly smaller subset of the data space, thereby reducing computational complexity while maintaining accuracy. Once the
hierarchical grid structure has been constructed, an efficient encoding scheme is required to enable fast indexing and range searches across
the entire spatiotemporal domain. All grid units are therefore encoded using Z-order space-filling curves, which map multidimensional
coordinates into one-dimensional integer values. As a result, spatiotemporal queries can be efficiently transformed into range queries over
these encoded keys, which are naturally supported by most NoSQL and spatial databases. Furthermore, a query partitioning and scheduling
mechanism is developed based on the spatiotemporal locality of grid cells. This mechanism supports parallel and distributed query
execution, enabling the method to scale efficiently with increasing data volumes and computing capacity.

We implemented the proposed method on both MongoDB and PostGIS platforms to evaluate its generality and performance.
Experimental results demonstrate that the optimized index structure and query partitioning mechanism significantly reduce query time—by
up to 93.11% on MongoDB and 88.02% on PostGIS—compared with their native indexing approaches. The proposed method effectively
improves system responsiveness, enabling near-real-time spatiotemporal query processing even on million-scale datasets.

In summary, this work provides a practical and high-performance solution for accelerating spatiotemporal queries in large-scale remote
sensing analysis systems. The method is lightweight, easy to integrate into existing database frameworks, and adaptable to distributed and
cloud-based environments. It provides not only technical insights into optimizing spatiotemporal database performance but also a reference
framework for future applications involving intelligent remote sensing data management, multi-source data fusion, and dynamic environmental
monitoring.

Key words: remote sensing big data, remote sensing imagery, spatiotemporal query, spatiotemporal grid partitioning, indexing optimization,
spatiotemporal locality, remote sensing cloud computing platform, spatiotemporal database
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