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Abstract With the ever-increasing of space data, a reasonable data-arrangement is strongly re-

quired for high efficiency in data accessing and visualization. In this paper, basing on the character-

istics of solar-wind data, a SDOG-R grid model is employed, which is radial independent division in

the adaptive SDOG grid. For huge Sun-Earth space, it is divided into multi-resolution grids. The

original data, which is output from a SIP-CESE solar wind model, are re-sampled, and put into

the subdivided grids. The grid model is applied to both regular and irregular sampling data, and

fully maintains the characteristics of original data to the best and encodes grids with an improved

CDZ curve. Specific examples of data organization are given. The experiments prove that the grid

model not only resolves the problem that grids are too dense at two poles and the spherical center,

but also meets the need for higher resolution in radius than in latitude and longitude. Besides, 3D

LOD spatial data model can not only provide multi-resolution data, but also significantly improve

the large-scale mass data retrieval and access efficiency, and can support the organization and man-
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agement of massive spatial data effectively.

Key words Space subdivision, SDOG-R, Encoding, Multi-resolution
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Æ����� "#�Æ$%#������&!
���', �����!��"#(��'�. $&
!��!����'�,)"#�$���$� �
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( [1−2]; "�&�, �)%&#��*.��'!)
�"#��'�$%"#-.� ! [3].

�/%����+#,"'��*��0#�+
#,Æ��&!��1'&''��'+,",/$
-. ��2%+#���&!, ��'3/��+,
,/, ���'�*&4(."�'(�(�, 1'
-#/(��&0"/0�,-#5 [3−8].

$)�������,'���!(6$���
'�)4*7,"#18+),*-�2+�$#.
�+23/*/,33%�'!�+!(�����
9,,1�)����'�+,,��(�(� [3],'
���'�+,�,/��-�$0#., [4,9−17]

23�#!�01',:�����%�',-
.%.-!���/2!�;-4,40�+�+
)��%�$� �'/'�1�' [4,16−18], �3
���3/,*-�, #� �5,�*/&/.

1�455606<

�#,,*-�+2�$���7=3����
�-�, '�1/����!�', "#%08��
,*3/2+!�,2+�$'91,Æ> Yin-Yang

2+ [19]�Stemmer ,*2+ [20]�Ballard 2+��
?1 [21]�Stadler ,*2+ [22] �. 29�*,*-
��$'��=32�*"6�*�, 773��,

4-8!&. '-.Æ� !, !''9�2+!�
�$� , Æ> QuaPA[23]��*542362+ S-

DOG (Sphere Degenerated-Octree Grid)[24−25]�7,
8 SDOG 2+ [26].

7,8 SDOG-R[26] 2+�$�$ SDOG 2+
�=48, :@Æ:;3/<�;�, 342+�@
Æ���95#:'6. =�$AB5���54
236�<4, =-.��>12+>; !, 23
$6@8*B?3/?,-�# 95@Æ���
�3������":, @7-.A- SDOG-R 2
+�$,1���'�+),*-�.

1.1 SDOG-R 789-
SDOG-R 2+�1*-�8: [26] �B.

;. 1 %08�*$"@8<� 29,8@8
<� 1 9, C+ 8 82�*, �9 1(a) :;:

;. 2 2�*A 1 9-�. <D, ��@E,

F6@'G6@�6���%B2�*, %2�*�
'=+2"�+2, �9 1(b) :;; �C, ��"E,

��+2�;�<H>"E�!4, -8E?C>!
4,=F9<=�8E+�>:1+�I>�%B�
2+,=+�8+2"�B+2, =2+=>!),�
9 1(c) :;; ?C, ��8E, ��B+2�8B8
E!4, F>!4D�>@D�<�%B�B+2,

=+�B<+2"�BH+2, �9 1(d) :;.

;. 3 2�*<9-�%<= 48@+2, E
'+2!(�54"4,%=?J2AB'��54
2+ (SG),�8?J2AB'8E542+ (LG),�
B<?J2"�BH?J2AB'2@2+ (NG).

SDOG 2+CA2Æ+1=-2+1+. ">A 1

9-�=+�8 SG, �8 LG, <8 NG.

;. 4 $A 1� SDOG2+=48, 3/A 2

9-�,� SG, LG, NG+12+�'-�,7! SG

BA8: 3�FB-�. 8E542+ LG#">5
4,8E542+ LG�=�2+"��2+E-�
+ 3 F, B 1 82+�+ 6 F; 2@2+ NG B�2
36-�, . 1 82+�+ 8 F.

;. 5 -*8>8: 2∼4,=+!(����
9� SDOG 2+ (G9 2∼4).

;. 6 $D��� SDOG 2+=48, $@
ÆB?;�,C��,-��9� SDOG-R2+, ;
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�9�&":3D. 9 5 :;'$ 3 9-��
SDOG 2+=48, �E�8 SDOG +2$@Æ 3

9;��?., �8 SDOG +2B)+ 8 8@+2,

SDOG-R 2+=+.

4>@ÆH�?G��-�*F�- SDOG 2
+-�>�, 33H 2+�� 3&I.

9 2(a) H ��2�*@Æ-�?.. %
9 2(a) *FI , A 1 9-�?@Æ 1 �' 2, %

=���''A 0 �"A 1 �, 9 2(b) H ���
DA 1 ��,���+2-�?.. 9 2(a) +28
��*'�,���+28�, 8+2 1 8BE 1,

B+2'<H 28BE 2, A 19-��J' 48+
2.

�9 3 :;, A 2 9-�?@Æ 1 �' 4. *F
I ,A 29-�7,�A 19-��?.CK@$
2�*=D�6, 3�D�6B�A 1 9A 2 �B

A 1 SDOG 
�K 1 F	�
Fig. 1 The first subdivision for SDOG

A 2 K 1 F	� SDOG 
���
Fig. 2 Grids’ number diagram for the first SDOG subdivision
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A 3 K 2 F	� SDOG 
���
Fig. 3 Grids’ number diagram for the second SDOG subdivision

A 4 K 3 F	� SDOG 
���
Fig. 4 Grids’ number diagram for the third SDOG subdivision

?-��?.. L96B, A 3 9-�?.�9 4 :
;.

%9 4 *FI , F6@'�6�CC'J, 6
@2�DK, +25�;@�:%�, %6@ 1/2 1
�6@ 1/4 1Æ�-, 5�+2;@M�:%�, G
�Æ-;@D'�D 1/2 ��6. :F+2;@$
6@ 1/2 1LLH�?�, 79� 1/4 1. ;F&-
��9' n ?, @Æ-�C������� 2n.

%9 4 )*F+1, �GIMM� 1 8+2J
N"E�, 7F+27+ 2 'N,71'�DFH8,

A n 9-�, �D6�K�+ 2n−1 ���, ?��
���+28� N  3�B:

n = 1 ?, N =2=1× 2 = 20 × 21; (1)

n = 2 ?, N = 2 + 2× 4 =

20 × 21 + 21 × 22; (2)

n = 3 ?, N = 2 + 2× 4 + 4× 8 =

20 × 21 + 21 × 22 + 21 × 22+

22 × 23; (3)

n = 4 ?, N = 2 + 2× 4 + 4× 8 + 8× 16 =

20 × 21 + 21 × 22 + 22 × 23+

23 × 24; (4)

n = i ?, N = 20 × 21 + 21 × 22+

22 × 23 + · · ·+ 2i−1 × 2i =

21 + 23 + 25 · · ·+ 22i−1 =
2

3
(4i − 1). (5)

A i 9-�C, �D6�+2E�'
2i−1 × 2

3
(4i − 1). (6)

�."> n 9-�, B!ÆO 1 �*-�2+�'

Nnum =

n∑
i=1

2i−1 × 2

3
(4i − 1) =

1

3

n∑
i=1

2i × (4i − 1) =
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1

3

n∑
i=1

(23i − 2i) =
1

3

( n∑
i=1

23i −
n∑

i=1

2i
)
=

1

3

[8
7
(23n − 1)− 2(2n − 1)

]
=

1

21
(23n+3 − 7× 2n+1 + 6). (7)

=+8:'GOI� 1, 23D��M87'�8 1,

"> n 9-�, �+ 2n �, B' 2n 8 1. @7, 2�
*:'+28�'

N =N + 2n =

1

21
(23n+3 − 7× 2n+1 + 6) + 2n. (8)

�3J4236-�C��+28� N = 23n (n >

0), *F+12+��F 23 %@%".

; 1H �" 59-��+2��� .%; 1

*FI J4�*236+2+ SDOG +2�JN
?.. &-��9�3 3 �?P, �'K@JPH
D$ 61%. ÆNAQI�����'(L��"2
+*/��, ='(<Q�>M2+>;�K4, Æ
C2+�OL3EP4. �3, &@Æ����3
�Æ���?, SDOG 2+ ! 95":, '�?
��@=M@Æ�'�J08,-.>8)@8��
�!�F� !, *F$ SDOG 2+�=48B?
$@Æ?,;�, ÆC@Æ�-�9��3���
-�9�, F95@Æ����3�����":.

@7, � @Æ;���*542362+ (Sphere

Degenerated Octree Grid-Radius),$ SDOG-R2+.

G8:>, D�8 SDOG-R 2+7�$�,-
��9� SDOG 2+=48=+�, 7!@Æ;�
�9�#E',:":3/5,R0. "'�&@
Æ;�9�' 0 ?, $� SDOG 2+. SDOG 2+

A 5 K 1 M SDOG 
��� 3 FQ�SR
Fig. 5 The third subdivision in radius for the first SDOG

H 1 IJKLJMNOPQRH
Table 1 Comparison table for grids’ number after subdivision of eighth sphere

	� NK�
NOL SDOG 
���

MF 
�T� 
�� SPQ�/(%)

1 23 = 8 1 + 2 + 1 = 4 50.00

2 26 = 64 [(1 + 2) × 2 + 2× 8] + 4 = 26 59.38

3 29 = 512 [1× 6 + (2 + 4 + 4)× 8]× 2 + 26 = 198 61.33

4 212 = 4096 [1× 6 + (2 + 4× 2 + 8× 4)× 8]× 4 + 198 = 1566 61.77

5 215 = 32 768 [1× 6 + (2 + 4× 2 + 8× 4 + 16× 8) × 8]× 8 + 1566 = 12 494 61.87
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S#�-NO�+2�-.T>2+>;� !,

3 SDOG-RS#�-.@Æ"��>8)@���
!(8� !.

1.2 SDOG-R 78UV
*/�%D8-�C�@+2URM��EN,

ÆC+2!�WE�O8�'"*/C+���,
�NPN�. '�3/�(��'PS, 2+*/,
XT5Q2+�*/T* ??, ??�*/:�
,�2+T* 5Q�GB. B�FA 1 �-�
SDOG-R '�, U>7*/FB [2,24,27].

(1) - 0∼7�23Y��2�*3/*/, F@
D2�*:$�VW. BAR?"&Æ%I6�L
9*V' 0, 1, 2, 3, %S6�L9*V' 4, 5, 6, 7,

�9 6 :;.

(2) RA9 1, 2�*�<9-�$:@Æ 1 �
' 2, %=�U' 0, ��U' 1; D�7�+ 4 8+
2, 0 � 4 8+2G#' 1 8, - 0 ;;, $ SG +
2; 1 �8��>8+2G'�8, - 4 ;;, $ LG

+2; B�>8+2$<B+2, HB+2, �'*
/' 6, 7, $ NG +2.

(3) �32�*A 2 9-�, M8+VZ*/+

A 1 9-�?J�*/&I5(, ��'6, 9+2
*/$(#�=48�'+8 0, 2, 3, 4, 6, 7;@6�
*��'2,9*/�'$(#�*/=48+8 0,

1, 2, 3, 4, 5, 6, 7, L96B; -��9D%+ 1, */
5,%+�C.

(4) �BEC�*/EN��@Æ;�C��
V, -<3Y/;;. $@Æ8, D8 SDOG 2
+7#">@Æ 3 9-�, $��'2, BT&�
8 SDOG-R 2+;�C, $7-Q*/C+8@Æ
;�ENC, @Æ;�ENC@D SDOG-R 2+�
1*CC.29 7*FI , $A�9 SDOG+2�
=48, B?3/@Æ 1 9;�, �BEC��*/

A 6 N�
�

Fig. 6 Coding for eighth sphere

A 7 K 1 M SDOG �� 1 FQ��

Fig. 7 Encoding diagram for the first subdivision in radius for the first SDOG
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EN�@Æ;�C��V, -<3Y/;;. @Æ 3

9;�C�?.�9 8 :;. G8:>, #M�E
N�8 SDOG-R+2,*/ÆO>A�,$�BE#
� SDOG 2+*/"�BEC�@Æ�V. */*
F;;'

Morton = q1q2 · · · qnqn+1—p. (9)

R!, q1 '2�*VWENC, qi (i > 1)'D��2

�*-�D8+2�,�*/, WV “—” '�XW,

p 'F SDOG 2+'=4$@Æ8;� 3 9C�@
ÆENC.

@ÆENC p +G SDOG */-�BE��,

p -<3Y/;;, 1 CS;;� 1 9, 2 CS;;
� 29,D">�9;�, */%+�C, -��9�
X9, =+�@+2XO. L76B, A 2 � SDOG-

R 2+*/�9 9 :;.

A 8 K 1 M SDOG �� 3 FQ��

Fig. 8 Encoding diagram for the third subdivision in radius for the first SDOG

A 9 K 2 M SDOG �� 1 FQ��

Fig. 9 Encoding diagram for the first subdivision in radius for the second SDOG
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4>+2*/,ÆC+2!��'+*/5W�
,, '�'XP�+,D�',-+�-�$0#.
>.

2�SY[\TU

F��%V@;@�''�, T>�)Æ
- SDOG-R �$����'3/+,",/. =
�'�2��/�:UYJ-J (SIP-CESE) +)
��%�$ [16−18] � �.

4>�=��%�'�+,,4>*&4#;*
FU]&!3;�-=��%�$�Z95YW,  
'&!���$0#., [12].

2.1 ^_�/
:�-��'$MWEB.N, +8WE`�

''6@� "@"8@, 71'!FB.N�"
4. $F��'!>��*.N��!, 8@[V
' −90◦ ∼ 90◦ .N 55 9, "@[V' 0◦∼360◦

.N 80 9, @Æ.N[VZ 1AU (3�<EZ(,

1AU=149 597870.691km) .N 154 9. .N�X�
9 10 :; [28].

%9 10 *FI , "@�X[!$ 4.5◦, \Æ
[VM]O, *FX'$"@8���X.N�. 8
@8�X�^EP�, $V88�X�, �88�X
O, WX8�X?O. %9 10(c) :;�6@�X�
Y*FI , (��X[, B6@�XX[, .ZE
8LW%", %"\�Z' 2.86%, #.$@Æ�.
N9�[93"Æ"8Æ8�9�.

E'8>�-*FI ,��%�'$"Æ"8
Æ�.N9�CL, $"8Æ���=-(8, 3@
Æ.N9�F]N�,$6@���+"8����
�!(8. Y$"8@+8&Æ.-5(�-�9
�, P\XGA�@Æ�'"a, b+�D��'X
c. &@Æ-��9J��89?, *F-.7 !.

232�*�')@LY� 25 × 25 × 28, $@
Æ.N;@���� 23 [, :F*.- SDOG-R 2
+�=�'3/-�, $$ SDOG 2+�=48B
?$@Æ;� 3 9$*95���#:.

2.2 def0g
$3>]XWE�B,F��%V@;@�''

�, V@;@?C' m−3, 23;@h�'�95\

��, #.D8�h 1�Z�\']�, Y-�1
^[�^)\>, �I;H�'"a, B"#N9�
^[\>�'"8.E'�hD7Z��-Y/�^
[�]�9 11 :;.

9 11 :;���%;@^[�A];, ^[�
]J' 17 8�9, ^[�9�,!(�;@�h[
V. E'9 11 :;�^[�]���%;@�'3
/*&41/,?.�9 12"9 13:;. 9 12H 
��GZ�', GZ��%�'Z' 2.34GB, "�
'1/�� E?_�;@�'' 67.496MByte).

9 13 H ��-�C��', -��9 LOD ' 3,

4, 5 ?, �'��'' 0.989MByte, 4.062MByte,

A 10 �__�� (a) �̂� (b) �_� (c) ��`�`
Fig. 10 Longitude (a), latitude (b) and radius (c)

interval distribution of sampling data
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A 11 
�`]�i (a[ m−3)

Fig. 11 Comparison drawing for density and color (Unit m−3)

A 12 a\	��`�
��	
Fig. 12 Original solar wind density data

11.855MByte. *FI , GZ�'$!>^@;[,

�V]^, -�C��'JNEP,  J0;H��
%�0*"a, �'���_ LOD h�%+3%
�. *&4%@2, =-H�,?, GZ�'#+j
Z 40 s F8, 3-�C LOD=4 �'D"# 3 s $*
aY, #.a�"@Ob/^@^c.

�."##�=3E8"aÆ=3E8_b�
:'�', $ckb:'.cd ���,�'. $
%�d��*7B,.-Æ1&RXP�'b?b'
.`dea, 4>�D8+23/*/, %+2�O
8�'�WE�?��%���+,, *F2%DC
:"#�%�. $e��XP!, =3�'l/f),

3=3=�'+,&I, B%�'�_�F+24,

*F��:3�2%DC, Df)7:$�_, 7F
�_*F!3/f).

4>-�"*/%���'3/'(+,: A
�, *F�$9����9�', ���'XP(�;

A<,*F%��CC+O8�'NPbe; A+,*
F'(�fOcf�'�, ���'�*-8.

3�gd

.-7,8 SDOG-R2+�$�3���3/
,*-�, #� �5,�*/&/. "144m,

SDOG-R 2+�$!h c]d�-.3>LL2
+>; !,)*F95@Æ���+�����(
8"!(8>1":. (? c�$91����
9��', '(��XP(�, 7-3!FB.N�
'�-�. G�, -..-�&I$6@Æ'��X
�, �. c,1@Æ^��X�:;-�, %\e
+`G��%�'�a/"a.

=�$!iW3��%�'�-�,/(8�6
Y.N����'7*7-.$-��+2!aC!
(��', $*,191��a/�'�+,,/.
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