41 1 Vol.41, No.1
2012 2 Acta Geodaetica et Cartographica Sinica Feb.,2012

CHEN Jun, LIN Yan, LIU Wanzeng, et al. Formal Classification of Spatial Incremental Changes for Updating[ J]. Acta Geodaetica et
Cartographica Sinica,2012,41(1):108-114. ( , s . [J]. s
2012,41(1):108-114.)

1 1,2 1 3
b b b

1. . 10083035 2. s 1008755 3.
s 410083

Formal Classification of Spatial Incremental Changes for Updating
CHEN Jun', LIN Yan*', LIU Wanzeng', ZHOU Xiaoguang®
1. National Geomatics Center of China, Beijing 100830, China; 2. College of Resources Science and Technology. Beijing Normal
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Abstract: The classification and description of spatial incremental changes is one of the fundamental problems in
geo-spatial data modeling and updating. It plays a significant role in the spatio-temporal data organization, incre-
mental change capture, event-based updating and propagation of changes. Existing studies in this field is focused
mainly on the classification of the whole of objects and the incremental changes of spatial objects has not been well
addressed. The study examined the role of the common parts of two spatio-temporal objects and proposed to
consider both the common parts and differences in the distinguishing and formalizing the incremental changes of
spatial objects. A formal description model is proposed based on three elements, i.e., difference, difference by,
and intersection, with the associated regularization operation. A formal classification of the incremental changes is
derived for both area and linear objects. The results of this formal classification have been applied to develop the
operations of incremental capture and to calculate and analyze the incremental changes.

Key words:sptaio-temporal; object increments; classification; incremental changes; updating

:P208 A :1001-1595(2012)01-0108-07
(40701141);
1 )
) .
’ 1 &)
’ 1 1y ’
Ly i1 O, (1) 1 O, (1)
s t 2] , (object increments) ,
)
) , o
. Master- s
Map s N A s

GIS



109

[8-13] . D, D; ;0; »Ds o
Dy

, [8] 4 L . f i
NG N & A
b Y )
X5
N DANCH N
O ()5 & Dg

5 ; [1011] 0.7 S B NN
. x x x
_ [12] (a) ¢ MZIHRER by LIFZIRALE (o) - REEREY A5 TR
, 1
9 Fig.1 Change of objects
;o [13] (1
’ Rz(GuGz):[Gl\Gz Gl/sz (D
~ ’ sz ((;1 (;Z ) o 1 ’ ()1
14 S O, .0,
, ;5 Oy s
, 3 o (D
, . , O O;
o O t, b G, .G,
2 ( 2) 5G1 GZ
N . (3 o s GG
2- 1 N av(}l/Gg 7»(}1 (}Z
( (/) {E‘CGGI EéGz} GlﬂGz D) ‘80
o G, .G, O, t) t
;Gl \Gz G1 G2
’ {e\eGGl ml (eer)} ;Gl/Gz
, , {ele€G,
! (66 G1 )} o
()1 N()j ] Zfl tZ
1Ca).(b) o 2
Fig. 2 Object increments
s ty — 1 s
1(C) . , ()l (1)’ u\”‘“/”‘“m”

D, Dy O, , Ri(G.GH=[G\G, G NG, G/G, ] (2)



110 February 2012 Vol.41 No.1 AGCS http: / xb. sinomaps. com
(2) . ) 1
3 Tab.1 Examples of regularized set operations
2.2 G Gy
1Ce) ( D,.D,.D;) @ %
’ , G G\« Gs
°© @ G % 2 g G« G
’ Gy b G, /Gy k(h /% Gy
N . ’
, (regularized-set) , . (2).
[16-17]
b o
’ R;~ (leGz):[Gl\*Gz G N«G, G]/*sz (3)
’
~ b Y b 3
(regularized-graph) , 31
““ ”» “ ”» “ ”
\‘k Y m * Y /‘k Y (3) .
° ’
b
. ° b ’
1 1 O, . O 6 , 9
) 6 3
2
Tab.2 Incremental difference of area objects
R;
" R7Y
@D D A fk B
q ) +A0
AN
T . 77
O D D | Wk 4
as —AO
il
T
GRS EE N %)) N7 « ¥,
nl S (+AW, —aW)
T AN
@ @ 0 e Jit ”
. 7, +AP
1+ N
a 4
o -0 o a0 s 4 “
as —AP
il




1 s 111
2
Rs«
T
QD D A D iu- y « , g “
al X (AP, —AP)
T
@ 1D D 1 | i
H R
@D D D
9 ”’ 2 1
o 9 O] b
2 6 ) ,
’ (—| @ 3 2
1 @ 1 @)o ()2 2 3 ’ ) (3) )
s s 3
D D D O, O 6 0,
4 1 . . 6 , (1D Y
o SRF
3
Tab.3 Incremental difference of linear objects
R3x
T "
(RN N t rem—
7 +A0
LL
T
o
g D D ol — T
as —AO
Iy
r A
(CROENGIE NG H — a
I _ 7, (+AW, —aAW)
I g v
@D 2 d a9 Hk —
; b4 +AP B
T
A a
T a0 D [ 7] T - "
as —AP B
ol —
T a L
G a0 DD o — as B
£ —_— (+AP,—AP)
”
A
(D a0 D np o

@ g D




112 February 2012 Vol.41 No.1 AGCS http: / xb. sinomaps. com

, 529 :
3 : 89% ;
G\« G:.G NG, .G /4G, 3 , . ,
) G UG, o
, q
; e
, GIS (b) HURT IS B9 K B
4 /\_’_\
4.1 ____I:'E__
(o) £ B AR 2 (d) A kR
) P, +AP
"
6 y - re--
@ b
. ) . ORE ONE
16 , ~—— FAO ---- +AP HHF AP
3 -+ WEEERSr ¢—— RIS
® ’ :
; ; 1 © Fig.3 Incremental information collection
; , ;©
) s 4.2
2004  1:5 .« ) , .
s 3(a), ,
, R , s
; 3(e) (D) s 3(b), . . 3
. 3(c) , ,
4 , ; s
, +AP —AP, , 2. 3
3(Ce) ) + AP , .
P, P, 1:5
P, .P, —aP . +aP :
N s ° 1253 1421 ,
2 4 o 1 394 K.406 K, 4(a),
5 + AP, , 4(b), Window , ArcMap VBA
; ) o 3 , , 56 s, 4(c)
, 57, , .

, , 4861



. e 113
o ’ 4(C)
(2) s
7.3%,
4.9%, , ,

(a) BEHTHT AR RS B (b) S e IHibR Jar B

T

[ ) N N 3 ,
@ 5 = e
% g‘? E’ ~ ~
i 6
(c) JE Bl H bRk i 22 (d) R B bRl A
o b
£ +Aa0 2 -A0 AP -AP
Y b
AW ] -AW B LAk 16
b
4 2.23 km?, 23
Fig. 4 Change representation in increments publishing 1.62 km?; , 16 0. 92 km?
5 14 ’
’ 0.59 km®; 2 .
3 0.38 km?.0. 27 km?; 1
(D s y 0. 22 km?*,
’ 4(d)9 0.16 kmzo
b
4
Tab.4 Change type of object increments in updating
+A0 —AO +AP —AP (+AP,—AP) (+aW, —AW)
/ 36 16 23 14 2 1
/km? 2.23 0.92 1.62 0.59 (0. 38,0.27) (0.22.0.16)
b
b N
b o
b o
’ ’ N
’ Y b
Y ’ N
b N
b
b
b ~ 6 b
’ b
3 [1] LANGRAN G. Time in Geographic Information Systems
° [M]. London: Taylor & Francis, 1992.
’ ’ [2] CHEN Jun, WANG Donghua, SHANG Yaoling, et al.

N N o Master Design and Technical Development for National



114

February 2012 Vol.41 No.1 AGCS

http: / xb. sinomaps. com

(3]

[4]

[5]

[6]

(7]

[8]

(9]

[10]

[11]

1: 50 000 Topographic Database Updating Engineering in
China[J]. Acta Geodaetica et Cartographica Sinica, 2010,
39(1).7-10. ( s s s 1: 50000
[l
2010,39(1):7-10.)
MURRAY K. SHIELL D. A Framework for Geographic
Information in Great Britain[J]. Cartographic Journal,
2004,41(2) :123-129.
CHEN Jun, ZHAO Renliang, WANG Donghua. Dynamic
Updating System for National Fundamental GISs: Concepts
and Research Agendal]J]. Geomatics World, 2007,5(5):
4-9. ( s ,
LIl , 2007,5(5) :4-9.)
COOPER A, PELED A. The International Cartographic
Association” s Working Group on Incremental Updating
and Versioning[ C] // ICA/ISPRS Workshop on Incremental
Updating and Spatial Databases. Amsterdam: [ s. n. ],
2000 1-9.
CHEN Jun, LI Zhilin, JIANG Jie. et al. Key Issues of
Continuous Updating of Geo-spatial Databases[ J]. Geo-
matics World, 2004, 2(5). 1-5. ( s s s
0l ,

2004,2(5):1-5.)
CHEN Jun, ZHOU Xiaoguang. Incremental Updating of
Spatial Database Based on Topological Linkage, Taking
Cadastral Database’s Updating as an Example [J]. Acta
Geodaetica et Cartographica Sinica, 2008,37(3): 322-337.
( s . —

Ll . 2008, 37 (3):
322-337.)
CLARAMUNT C, THERIAULT M. Managing Time in
GIS: an Event-oriented Approach[ C] // Recent Advances
on Temporal Databases. Zurich: Springer-Verlag, 1995:
23-42.
PAN Li, WANG Hua. Automatic Recognition of Change
Types of Residential Area Using Topology Relations Model[ J].
Geomatics and Information Scicence of Wuhan University,
2009,34(3):301-303. ( s

L1l
, 2009,34(3):301-303.)

CHRISTOPHE C, BIN J. An Integrated Representation
of Spatial and Temporal Relationships between Evolving
Regions [ ] ]. 2001,
3(4).:411-428.
SHU Hong, CHEN Jun, DU Daosheng, et al. Definition

Journal of Geographical Systems,

of Spatio-temporal Topological Relationships and Descrip-

[12]

[13]

[14]

[16]

[17]

tion of Temporal Topological Relationships [ J]. Acta
Geodaetica et Cartographica Sinica, 1997, 26 (4): 299-
306. ( . , ,
[1]. , 1997, 26(4) . 299-306.)

HORNSBY K, EGENHOFER M J. Identity-based Change: a
Foundation for Spatio-temporal Knowledge Representation
L1l
Science, 2000, 14(3): 207-224.

ZHANG Feng, LIU Nan, LIU Renyi.et al. Research of

International Journal of Geographical Information

Cadastral Data Modeling and Database Updating Based on

Spatio-temporal Process[J]. Acta Geodaetica et Carto-

graphica Sincia, 2010,39(3):303-309. ( B .
[l . 2010, 39(3): 303 -309.)
ZHU Huaji, CHEN Jun, JIANG Jie. Research on Modeling

and Classifying of Topographical Data Change for
Incremental Information Distribution[C]// Proceedings of
MIPPRO5: Geospatial Information,

Applications. Wuhan:[s. n. ], 2005.

Data Mining, and

ZHU Huaji. Research on the Classification and Represen-
tation of Incremental Information of Topographic Data
[D]. Beijing: Institute of Remote Sensing Application,
Chinese Academy of Sciences, 2005. (
[DJ.

, 2005.)
SUN Jiaguang, HU Shimin. A Fundation Coursebook of
Computer Graphics [ M]. Beijing: Tsinghua University
Press, 2005. ( s
[M]. ,2005.)
REQUICHA A A G, VOELCKER H B. Constructive
Solid Geometry [ C] // Technical Memorandum, Production
Automation Project. Rochester: University of Rochester,

1977.

( : )
: 2010-12-30
: 2011-06-20
(1956—), s ,
First author: CHEN Jun (1956—), male, professor, PhD

supervisor, majors in geo-spatial data modeling, updating

and services.

E-mail. jchen@gps. ceic. gov.cn



