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Table 1 Corresponding relation between grid classification and resolution

R “FEITE AR (M?) AR (m?) R EITH AR (M?) AR (m3)
1 2.13003E+13 9.731599E+21 10 91411051.09 8.626954E+13
2 5.80918E+12 1.351944E+21 11 22852770.94 2.156949E+12
3 1.48607E+12 1.756749E+20 12 5713193.247 1.348159E+12
4 3.7369E+11 2.231262E+19 13 1428298.344 1.685240E+11
5 93559277708 2.809001E+18 14 357074.5879 2.106549E+10
6 23398383989 3.523008E+17 15 89268.6471 2.633202E+09
7 5850131527 4.410886E+16 16 22317.16178 3.291682E+08
8 1462566356 5.517993E+15 17 5579.290446 8.229217E+06
9 365643681.3 6.900209E+14
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Table 2 Rules for extending row and column numbers across different types of grids
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Table 4 Modeling efficiency of global and local grid coding

EERG SR GE— 1) = SR A% X HE Z 2 A
R A BR 5N AT R 8 AOM Vi B = 4 = 1]
o] ) S Ail . ASCHE T DQG KK, Y

AERE N SR E HWTPER CK)  BREEMS) SEREMNEmLFER (B JR R I g FERS (FP)

15 8 250.3746 550 0.0129 0.0047
16 9 125.1873 2129 0.0442 0.0100
17 10 62.5936 8250 0.1399 0.0290
18 11 31.2968 32379 0.5873 0.0600
19 12 15.6484 128820 2.0230 0.3913
20 13 7.8242 512158 8.7779 0.9505
21 14 3.9121 2042293 37.8433 2.2469
22 15 1.9561 8159034 156.898 12.0835

R 4, DIHERF AR, B B

4 ZEip Fil DQG #4377 3%, 1 SR =4 77125,

1% DQG-3D #& ™, X5 4% WA EAT S h o T
Xt /N (R F 7E DX 48K, 76 42 ER DQG-3D #51¥]
MEZR VAL -, Xof fay 38 IX SR Y\ AR 1l 4
St ik, SEHLR RS R -5 Ao R g i



IS, JEHEAT T SE98 70 B 5 SRR X
bCo AR, FE— A AT IR AL XA
RUFENREREGIET AR, G &
JEZ AR BR G S SN T7 IR 2R D 30 A5 A0 11 A%
a3 AR X 2 A 20 8 e e RS 1] S A R Y
13 i o T — D M FORs 3§ 2 AT i
IBHE, PLRJR R 4 BRME 0 g A 1) 5 1) 23
B

2 £ x ™

[1] Kevin S, Denis W, A. J K. Geodesic Discrete Global
Grid Systems[J]. Cartography and Geographic Informa
tion Science,2003, 30(2):121-134.

[2] ZHAO Xuesheng, BEN Jin, SUN Wenbin, et al. Over
view of the Research Progress in the Earth Tessellation
Grid[J]. Acta Geodaetica et Cartographica Sineca, 201
6,45(S1): 1-14 GBAZEME, Tk, FhCH, &, shekilsr
T A R SRR D], W24, 2016, 45(S1): 1-14)

[3] Benjamin U, John H, Faramarz S. General Method for
Extending Discrete Global Grid Systems to Three Dime
nsions[J]. ISPRS International Journal of Geo-Informati
0n,2020, 9(4):233

[4] WU Lixin, YU Jieqing. Earth System Spatial Grid and
Its Application Modes[J]. Geography and Geo-Informati
on Science, 2012,28(01): 7-13 (RILHr, AHEMs. sk
FG S ) ) B R R[] O E S 3 A SR, 2
012, 28(01): 7-13)

[5] Hu X, Cheng C, A. J K. The Three-Dimensional Data
Organization Method based on GeoSOT-3D[J]. IEEE,2
014.

[6] CAO Xuefeng. Research on Earth Sphere Shell Space
Grid Theory and Algorithms[D]. zhengzhou: Information

Engineering University,2012 (& Ty, HhR [ 2 2% 8] 7
IS 5 LA A[D]. KM MRS B LR, 201
2)

[7] WU Lixin, YU Jieging. Global 3D-Grid Based on Sphe
re Degenerated Octree and Its Distortion Features[J]. G
eography and Geo-Information Science, 2009,25(01):1-4

CRILFT, RAEM. F T BRORIBAL )\ SR I 4Bk =42 P 1%
SASTURSEL]. M3 S b (S B ARLSE. 2009, 25(01): 1-
4)

[8] Wang Jinxin, LU Fengnian, GUO Tongde, et al. Gl

obal 3D-Grids Based on Great Circle Arc QTM Sphere

Octree and Unequal Octree[J]. Geomatics and Infoema

tion Science of Wuhan University,2013,38(03):344-348
(B, 39, R, & BREREQTM \X

RT3 [0]. BUBUR 4R (5 B RHER), 2013, 38(03): 34
4-348)

[9] YU lieqging, WU Lixin, ZI Guojie, et al. SDOG-based

multi-scale 3D modeling and visualizationonglobal lith

osphere[J].Sci China Earth Sci, 2012,42(05):755-763 (4%
e, Rk, HEA, 4 T SDOG MEAEZR
FE = e S AL T[], ERL S b ER A, 2012,
42(05):755-763)

[10] WANG lJinxin, ZHAO Guangcheng, LU Fengnian, et
al. Sphere geodesic octree grid method fortrue three-di
mensional geological model construction[J]. Journal of
Geo-information Science,2019,21(8):1161-1169 (¥ 4:3%,
BOEE, FRFLE, A YR PR A R BR A S 2
N A 7]tk ERH 54k, 2019, 21(08):116
1-1169)

[11] TONG Xiaochong, BEN Jin, QIN Zhiyuan, el at. Th
e Subdivision of Partial Grid Based on Discrete Global
Grid Systems[J]. Acta Geodaetica et Cartographica Si
neca,2009,38(06): 506-513 (#Werh, piifk, Zkix, 4.
BT R R AE S R AR R 2 [3]. 2R, 2
009, 38(06): 506-513)

[12] TONG Xiaochong. The Construct of Digital Space of
Global Mul-resolution Grid System and the Study of I
ndex Mechanism[D]. zhengzhou: Information Engineerin
g University,2006 (FEEHar. 43R 2 70 Hrs Mg R G807
23 )M S 2R 51 ML 72 [D]. KRN MR A5 B TRER
%, 2006)

[13] ZHENG Mingyang, BEN Jin, ZHOU lJianbin, et al.
Fast generation algorithm of multi-aperture hexagonal g
rid systems of regional-scal[J]. Geomatics and Infoemati
on Science of Wuhan University,2020:1-13 (ESBHFH, B%
e, M, & RIS FLR NI TR M R gitRid A
BREREL]. BPUR 244 (5 B RE4AR),2020: 1-13)

[14] WU Qunyong, ZENG Qingquan, ZHANG Aiguo. An

indoor spatial grid data model in the frameod DGGS
[J]. Journal of Navigation and Positioning,2020,8(02):55
-62 (EBREH, WIRAL TREZE. —FhEBRE sk M R %
HESE T 1) 5 P9 25 A RS R AR B 0], ST A 254, 202
0, 8(02): 55-62)

[15] Ali M A, Faramarz S, Perry P. Categorization and C
onversions for Indexing Methods of Discrete Global Gr

id Systems[J]. ISPRS International Journal of Geo-Infor



mation,2015, 4(1):320-336. jacent Searching Algorithm of Degenerate Quadtree Gri

[16] Li Q M,Chen X,Tong X C et al. An Information Fus d on Spherical Facet[J]. Geomatics and Infoemation Sci
ion Model between GeoSOT Grid and Global Hexagon ence of Wuhan University,2009,34(04):479-482 GEX:JE,
al Equal Area Grid[J]. ISPRS International Journal of HEIZE, 225, S BRIAE b DY SURHS N 870 1 AR 18 2R
Geo-Information,2022,11(4):265-280. FOEQ] NBUR S FR (5 BEVFR)., 2009, 34(04): 479

[17] CHEN Yihang, Wang Jinxin, CAO Zening, el at. Th -482)

e uniform encoding and generation method of structure [20] CHENG Chenggi, REN Fuhu, PU Guoliang, el at. |
elements of Discrete Global Grid Systems[J]. Journal ntroduction to partition organization of spatial informati
of Geo-information Science,2021,23(08):1382-1390 (B2 on[M]. beijing: Science Press, 2012 (F&7Kiff, fERFE,
W, E&&, FET, % SHREIEN RS ER— BEERE, & FNEEHSHASRM]. dbat: B
PRAgnTE 54 5[], HhERS BRME R, 2021, 23(0 R tt, 2012)

8): 1382-1390) [21] DING lJiacheng, ZHAO Xuesheng. An Improved Effi

[18] CUI Majun, ZHAO Xuesheng. Tessellation and Distor cient Conversion Algorithm between DQG Grid Code a
tion Analysis Based on Spherical DQGIJ]. Geography a nd Geographic Coordinate[J]. Geography and Geo-Infor
nd Geo-Information Science,2007(06):23-25 CH: &7, #X mation Science,2021,37(01):1-4 CT ik, X2, —Ff
S BRTHR A DU UM X R0 73 R AT 23 (3] M HE U DQG 6 W G i 5 20 26 i v s e SV ). 3RS
Eihz(5 SR, 2007(06): 23-25) (5 BRLEE, 2021, 37(01): 1-4)

[19] ZHAO Xuesheng, CUI Majun, LI Ang, et al. An ad

Aglobal and local coding mapping method based on DQG-3D grid

LUO Dongxu ZHAO Xuesheng  ZHANG Yaoyuan LIU Shixiong LU Mengdie
College of Geoscience and Surveying Engineering, China University of Mining and Technology, Beijing 100083, China
Abstract: Objectives: With the increase of exploration and production activities of earth science, the demand for
space data management is also developing from the surface to the three-dimensional dimension of underground, air
and space. The global discrete grid is a new generation of integrated space data model integrating space and earth
Space geographic entities on earth distribution scale differences, both global macro scope and local micro scope,
the research range scale size, mesh, accuracy requirements, and data processing capacity, the influence of such
factors as local micro range using local grid computing is more advantage, but not lost the unity of global grid.
Therefore, a global and local unified three-dimensional grid framework is designed and the mapping method
between local grid and global grid code is implemented to provide a basis for global and local three-dimensional
spatial information management. Methods: Firstly, based on the spherical DQG grid partitioning method, the
three-dimensional extension is carried out. The sphere is still divided by degraded quadtree, and the binary tree is
divided radially to form DQG-3D grid, The DQG-3D grid cells are encoded using Z-curve coding, which consists
of octet coding and 3D Morton code. Then, in the framework of global DQG-3D grid, the identification level of
the global grid is determined by comparing the area of the outer square of the study area with the area of the
spherical DQG grid. At the level of identification, the local basic grid is determined, and the local basic grid is
divided and coded by octree. Finally, the mapping between local grid and global grid code is realized. For
non-degenerate regions, grid code bit operation is used for direct mapping. For degenerate regions, local row
number, column number and layer number are used to calculate global row number, column number and layer
number. Results: Experimental results show that in a grid and non-degenerate region, the efficiency of the
proposed algorithm is 30 times and 11 times higher than that of the traditional method based on longitude, latitude

and altitude. The modeling efficiency of local grid is 13 times that of global grid. Conclusions: The proposed



method can meet the requirements of efficient expression and application of global unified model and local refined
model. Further research will be based on binary coding operations and spatial analysis of local and global grid
coding.
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