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Abstract: Because the four-intersection and nine-intersection topological relation models fail
to analyze and express the intersection details of spatial objects in depth, their ability to dis-
tinguish the complex cases of the basic topological relations of the area/area objects is insuff-
icient. Therefore, based on the 4-intersection model and the 9-intersection model, quantita-
tive/semi-quantitative elements such as the number of the intersection points, the number
of intersection lines and the contribution value of nodes were introduced to extend the inter-
section non-empty elements in the expression matrix, and extended models of area/area ob-
ject topological relations based on the intersection component details of spatial targets were
constructed. This paper analyzed several complex cases of three basic relations about area/
area objects, such as topological connection, topological intersection and topological cover-

age, meanwhile it explored the extension method of topological relation models based on the
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intersection component details and the calculation process about complex topological relation

analysis. Finally, the validity and advantage of the extended models were verified by an ex-

ample analysis. The results show that the details of the complex cases of the basic topologi-

cal relations between the area/area objects are expressed more accurately and intuitively by

the extended models. Moreover, the ability of the quantitative/semi-quantitative expression

of the topological relation models is also enhanced.

Key words: topology; 4-intersection model; 9-intersection model; spatial relation; intersec-

tion component

25 1) 9% F 42 N TR A 0 R0 4 38 B 52 5 i A
WM RS Rz — s m s A 2 A,
S3 AT RN R B BE Rl AT OE N R AL G 4R Fh 6
RJBHXRMT R 3wy, L+
1) BV A B0 5 45 A N U AT BT 8 57 1) 4 40 O R AR
T TR N X 4325 (8] H AR 2Z 8] 28 [0 2 R A J1 T
H. 41, Egenhofer M fE S LR TPEIATH
PRy 5 R DL — 20 R B Aw )Y 25 ] 5%
Z NS T A EA X R 2 Wb a8 1 2% &
) FR IR AL, BRI PY 2 B A, FE SRk L, i — 2%
JE A A X G2 A0 B 22 18] Y A 38 5% &R L F T A A
TIuse wEAL, DL A H bw | 3O &% 09 0 Fh ¢
2, HIG . 288 ISR IT T R, 17
BT ERRBREIYY . B R T A H b
By FHFME R Z b A 3R o 5 Rt T A | H
bR EB TR A S L . LA B AR R #Fh OC R Rk
MO TR AR R . a0, R DO A B A S R IX
Ui YA E R TS IO E B <Si UIE - A [ A T RO D]
/TR AR N C R - T AR B L B T 0T
IR ST T4 /112 & LR NE K
FEIRMAL M ST 2R B AR 2T B AR o) A
LAZMBE RN CR B T —Fh i R B
20 B bR Z B O R W07 s BRI H
AL B 22 & o w L = e A BB IR T b
KR, W B RZMF R B R Z Y,
DL/ 2o 0 26 F2 R ) HAIF 99 B 2R %o 3 I B3040 1Y)

Ak A A B A BB R Y (EE S A3 Al
R AH S ATE T AR Bl /b Xof 23 [8] 1 bs A< B Jag 38 4115

IR A BT . SCHRL22 Jd 48, [/ — i dh u R E
AR [l — 25 ) X G 28 X e il an . [ bridn 4y
AN A TS A A AR Z (8] B A RUECH
L FCo3 AW AFAE AN T 5 P 345 DU 52 L LSS 4
%k 23 18] H AR 22 18] 2 2 30 $ME I 19 X 70 B8 A Bt

AR,
NI A BT T LA DY SRR A L A2 AR T Sy Rl

MR T 25 6] H AR 2Z 18] 1 52 4R 4019, B X R — 36 $h
TR AR 23 8] A AR 25 19 22 51 R A BT 58 25 18] [

B B AE RSB H AR A B0 A LA S 58 A 45 58 4R

pai N EIN DNk A i Lt N ol = B N D | B o SR

g3 S A — P 56 1 22 4 5040 Al 43 1 4R 8 6 R

PR AR Y A TIHS i b 3 35 R X T/ 1T H s 22 1]
BRI LR,

1 ETRENHEIXRERE

1991 4F, Egenhofer %1% B 1 H £ F G & 5T
NP Sy CINE R 7l U E72E N S U ol s U i
B W (1 N S R D P BT = VAN ) W' B O 1
SEHEIY RN LA LAY (1) 3k =0 ) R

A°N B° A°N B
R41(A,B)=r 4 . nos] (D
|0A N B° 9A N JB |
[A°NB° A°NJIB AN B ]

RQI(A9B>: aA ﬂ BO
LA B°

IA N IB JA N B~
A NIB A NB |

(2)
Kb A F B 735l R8 HAis A » B BINHR; A
MoB s EFRA . BRHA; A~ M B 4
MEREHR A L B AN,

D R (2O m] 35 R 25 1) H s 2z 8] Y
SEAE G W7 i 58 B R T Ol S R W E T 28 Al H
v R E7TE Iltt,itﬂlﬂ— ™0 % 1Y HL
HHl ¢ () 1 ¢ (ES)., B 1 FiRNE/mH
PRI M R R TIZI 1<a>~l‘§l 1), A,
B W HPRA IS REZHIMAZL KR, WA,
AKX AKX ) Ja #ET I8, A TR E N
9 ¢ AEZ) . BIER 1) ~F 1) 3 Fh M 22 1%



68 kLK FMRCA KA E R

2021 4 6 A

R U AE | LA T A 32 08 A [A] L {59 1T H A i
i B R e PR I B U R i B/ RV G QL S S
AE SNTTRER TS UR NSRS Y f = DS R <R (T
BB, PSR B AN BE A AKX o LR IR B, 0k
U BB SN (N IDE 7R P S

|
~
(a) (b)

B1 @/&@ B AR ARk

Fig. 1 Topological intersection relations between

area/area objects
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Fig. 2 Examples of topological connection between area/area objects and their ICD41 model representations
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Fig. 3 Examples of topological intersection between area/area objects and their ICD4I model representations
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Fig. 4 Examples of topological coverage between area/area objects and their ICD41 model representations

FEE A S B Mg a S EHINERN
ICDAT 3R 3K, LA AN FEEGR
2.2 ARIRBYRE

DU 5 KL R0 K St 5 355 o {EL the RS R RS M 55 58 T /T
HAsZ BRI R . XTI 7, LS AR g4 A
T HAR“EI AR 3 4 H X 40 Fh 6 &R 1Y IX ) fig
BETHET. T R AN Rk /1 H bR 22
BB R BT 1ICDAT ¥ 'y XL #32 FR

S 1 AR 5 Bt JUSS AR BL AT O R, T A ]
T A2 A W 4 4 1) JLAS B AL YT R (intersection
component details based on 9-intersection model,
ICDYD)
2.2.1 I

K5 A . BB NHIMEEERR, B 5
ST A LB RN JUAEAIR A, AXMER
& 5(b)~ & 5D Fr iy 5 Fdn FMHEZ IR , U 22 |



% 18 A% 2

AW, F A TRERS

ot E /@ B AR A AT RAER 71

JUSSASE R TG 1 KG i X 3 b3k 6 b/ H bx 3 45
MIEME A5 . H ICDAT #58 J0 vk #F — 2 K &

!

(& ¢ ¢ {¢ ¢ } ¢
¢ ¢ ¢ ¢ d60]| ¢

b 1 e

[qbqb}cb é ¢! {(bcb}(b
¢ LNl & dED adl, ¢ b b

A" adis
(d)

& 5
Fig. §

PEETF ICDOT #E MY TE 40 43 Ay . R 3k bk /1
s Z [E 4R $M A 68 . il Wi B br 2 8 28
8 B4y B 40 43 T AL AZEE S (b AT 5(o . A L B
301 A AR RS — S EL R R — AN B A 2, o sg 4
BLAT R — AN a5 Bz S AR Y A O ICDAT &Gk
IA N IB = 7 ¢:0) AHIX I RIE I /Y S5 55K
S AN AT 53 A AN A TR L 7T I A1 35 ) 58 46 i
Ayt HRIFREER . R 5, A B RTE B
HMBE — R, HA 4 MWL 0A N B =
<60 » B WHATE A WA — 4L (HE%
ATRHAKA NIB=7¢0n . EE SO,
AT 0A N B~ = ¢ » B WA TEA B95h
W R ELEMNL. A 6 M. AN IB =
9 ¢ o TEFE 5D FE 5Ce) i, 11 FLIA] Y 32 2 A
SrARTRL A — A5 B BAR A — A1 AL R R
EAEE S(ORE 5 H B 37 SRR, BR,
R 5Ce) B BEHRRR, A HALA — A1 8L B
AT VYREE S5 AT IB =7 ¢ -
JA N B- = ¢ i 5CdD FR IS H &
i, 5 i AT AR AN S R s AT N IB =
T ¢0nsdA N B =7 ¢ » FEEI SO, MHEE
e — SRS, WA 9 a5 50 A, T LA
JA N IB== ¢:3) . B FIA #4735 5 f itk B
B DA A R GR L AN S i B A AR R
SR AT IB =7 ¢ »JANB™ =7 ¢t s

A

0" bl 19"
(a) (b)

mEo —Id)f(ll?m
(e) ()

S5 HE 5o 5(d)FE 5Ce) 3R FMIEFIE

X JF ok .

_ch(l) |:d) d) 7 (;b (;b _Id)(l)
00 Pl ¢ bl & bl oL,

10 bl 10"
(¢)

A ?B

¢ ¢! [¢ ¢ } ¢ ¢
adG) b, b b ¢ PG

_ld)(l)

¢ 90" bl

_|d)(l)
—Id):i};?m

/@ B AREI AR £ 269 ICD4] = ICDIT A & £ i B 3 2t bk

ICD41 and ICDY91 model representations of topological connection between area/area objects and their comparison
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Fig. 6 1CD41 and ICD91 model representations of topological
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Fig. 7 Application example 1 of topological relation extended models

3.2 A% 2

TEAS R S5 b W H A C . D BUA Bl 8(a)
JIT 7 21 B b ) e B DX, LA R T R B R 3R R
mE 8 rn. il Bir C.D B3 A S8

(a) HJERIX

o L5

WA 418, EE R KM C, D F77E 5 T
AT, e R Hbr D SRR R T 5% X I
fib J B X T H AR ) — B0bE L FL s R i AT
Wr C AT H xR,

— & RX WA C

—J& R IX 1 H s D
Ripa(C,D)= |:_|¢ ity 1m:|
¢ 6

—|d)m —Id)EO.lO) —I¢ k
Ry (C,D)=| ¢ 7‘1’52?&1 ¢
¢ ¢ ¢

(b) 1 F b5 €,D % 1CDAL,ICDOI % ik

B8 itk A¥ KA M LA 2

Fig. 8 Application example 2 of topological relation extended models

4 Z5ig

PUAE  JLAS A B X 23 (6] B bR 2Z 6] 19 &2 2% 46 +h
KR AR A KRS 2 W0 X 468 01 J@ T 4 B B
B, TR RN Z R R EATZ BRI E
e, T EOGX W A AR Y TG A B 4 0K 4% R A B 90
FOCFR . i, AR5 7E DU A2 | U 2S5 AU 1 A il
e iE g e = A A T/ H w2 R A8 R AT
ST T R T AR BT A A B F O R YT R AR
it ICDAT A1 ICDOT B2 A4, 344 Hoiz ]+ 1 /i
H¥r & 22 9 Fb 3¢ 5 09 20 o F0K Gk b, 45 3 R

45k

D AHXF T 9 42, Ju A8 8 BT, ICD4T #i
ICDOT ARV B0 by F . B REAA 21X 43 T /10 H A
] FEASHH FD OC R 1Y 4 Pl B 2= 15 8 R B0 04 47

BN A T 338 BT 0l 233k 58 4 oy 2
JE B AR .

) BETH 2 TR A0 2 W E A R
FAr BT 75 2K, vT 3 o B0UE B R /N R e $h 56 R Y
AN

3) XN EM PR T O S, B A
PRl LA IR A WG T 30 5 SO Fh 56 &
IS0 5 X 43 T AR [ 300 55 28 4R B4 AS [ 1 TB
(KRS SENE IO i sl ey KA € LS U

WA . O ERIT T R AR I H



74

kI RFERCAERHAF R

2021 4 6 A

PRI A AR IR AR AR ¢ LI S 52 B B E L I
AR A o B SE R . A Ik, e SEF 5
B RAIRITER /2 H bp Z 18] 09 S 2 dh 4h 5 & i
AP FIRE/ L AR Z MY R 8 R L i ey e
TIIIRATAE B L . @ 37 AR TS ] i H Y 17 H Am
Xt G D XY ) BEOR B AT L SR ST SOk HE—
AP R AR A R Y L

(1]

(2]

(3]

(4]

(5]

(6]

L7]

(8]

(3% k)
B RE JE GEOG. —HESh F O R A LA R LRI F 5 gt
JELT). M B B 5. 2014.21(3) 1 9-17.
HE Hong-yuan. ZHOU Xiao-guang. Basic problems
and research progress of three-dimensional topological
relations[ ] ]. Geomatics World,2014,21(3):9-17.
Egenhofer M ], Franzosa R D. Point-set topological
spatial relations [ ]J]. International Journal of Geo-
graphical Information Systems»1991,5(2) :161-174.
Egenhofer M J, Herring J. Categorizing binary topol-
ogical relationships between regions,lines and points
in geographic databases[]]. Statistics & Information
Forum,1990,32:1-28.
Chen J.Li C M, Li Z L,et al. A Voronoi-based 9-
intersection model for spatial relations[]]. Interna-
tional Journal of Geographical Information Science,
2001,15(3):201-220.
VA o i S M, A I 30 TAT ) 5 3R] TRDER XoF % ) 69 9 4b
RKAMRBIALT ] Mx2£47, 2016, 45(6) :722-730.
SHEN Jing-wei, ZHOU Yan-gang, ZHU Xiao-bo.
Topological relations representation model between
regions with holes [ J ]. Acta Geodaetica et Carto-
graphica Sinica,2016,45(6) :722-730.
Wi de, 55535 RAG A & IR X R KRR
KRR )], 454 4. 2015, 44(4) :438-444.
CHEN Zhan-long, FENG Qi-qi. WU Xin-cai. Repre-
sentation model of topological relations between
complex planar objects[J]. Acta Geodaetica et Carto-
graphica Sinica,2015,44(4) ;438-444.
Liu K F,Shi W Z,Zhang H. A fuzzy topology-based
maximum likelihood classification[ ] ]. ISPRS Journal
of Photogrammetry and Remote Sensing. 2011, 66
(1):103-114.
Whe i e, P SC. 5 AR T 9 MR AR D OC FR RS 4 AR RLLT .
W 2241 ,2019.,48(5) :630-642.
CHEN Zhan-long. YE Wen. The precise model of

[9]

[10]

[11]

[12]

[13]

[14]

[15]

complex planar objects’ topological relations[ ] ]. Ac-
ta Geodactica et Cartographica Sinica,2019.48(5):
630-642.
JRIGE S R BRZE. S AT R A /T O R Al
Gy R M54 . 2015 .44 (4) 1 445-452,
ZHOU Xiao-guang, CHEN Fei, CHEN Jun. A node-
degree based line/polygon topological relationship re-
finement model and its application[ J]. Acta Geodaet-
ica et Cartographica Sinica,2015,44(4) :445-452.
B, R, B T O IN R
T 25 8] ¢ F A R A R[] ], DR 22 24 4l (R B
R R . 2016,41(1) :123-130.
CAO Ya-ni, WU Fang-hua, WANG Li-jun, et al.
The integrated representation model of line-region
spatial relations based on meta-relations[ J . Geo-
matics and Information Science of Wuhan Universi-
ty,2016,41(1):123-130.
ARFE L X1 RN — R 2R 5 2 1 R [ 4
KAMRTT LT ] M2 B, 2013.38(2) : 128-131.
LIN Yan,LIU Wan-zeng, HAN Gang. A method for
describing topological relations between single line
feature and multi-polygon features[ ] ]. Science of
Surveying and Mapping,2013,38(2):128-131.
FB K B O M A D G B AY B A A
FELIT. BBUR 7 2 4l ff BB D - 2015, 40(5)
638-643.
WANG Ke,ZHANG Zhou-wei. Quantitative repre-
sentation of topology relations based on integrative
data model of vector and raster[ ] ]. Geomatics and
Information Science of Wuhan University. 2015, 40
(5):638-643.
FEIBER B A, AW E 2T R O &R Y 408 5 A
ETT. W22 4R . 2007, 36 (3) : 340-343.
DU Xiao-chu, HUANG Mao-jun. Description and
discrimination of topological relations between un-
certain linear and arca objects[ J]. Acta Geodactica
et Cartographica Sinica»2007.36(3) :340-343.
Ak g T Wk A AL AR TORLAE B 2 0 E A )
AN E R AT E L E PP AL ] :DUR 2 5
e 15 B AR ,2017,42(6) :756-761,781.
NIU Ji-giang, XU Feng, YAO Gao-weiset al. Quan-
titative evaluation model of the uncertainty of multi-
scale space topological relations based on rough-set
[J]. Geomatics and Information Science of Wuhan
University,2017,42(6) :756-761,781.
ES S-S F S b NE =S EIDO X TR S Y T/



% 18 A% 2

AW, E ATFRERSMHONT/ TR I LAY RAER 75

[16]

[17]

(18]

ZER LT ] PR 2 7 i fF BB 22 /O L 2014, 39
(11):1 269-1 276.

WU Hua-yi, LIU Bo, LI Da-jun, et al. Topological
relations of objects:a review[ ] ]. Geomatics and In-
formation Science of Wuhan University, 2014, 39
(11):1 269-1 276.

TG G L Sk — Bl UK 40 ) 2Ry = N AR b
BERILT ] W22 i@ Hz . 2019(10) :155-159.

HUANG Hong, ZHAO Zhi-peng, ZHANG Lei. A
kind of fine-hierarchy-considered indoor topology
models[ ] ]. Bulletin of Surveying and Mapping.2019
(10) :155-159.

WA AR AR AL S O KB RN R R )
RS LI, M2 F4], 2017,46(8): 1 047-1 057.
WANG Zhan-gang, DU Qun-le, WANG Xiang-
hong. Dividing and topological relations between
complex regions[J]. Acta Geodaetica et Cartograph-
ica Sinica,2017.46(8):1 047-1 057.

AL ME L R L, X SRR AL T/ T H AR 2] OC &R
B ) RN e R BT ). KB TR %4k (A 2R
B R 2 2018.15(2) : 1-7.

ZHAO Bin-bin, ZHOU Kai, LIU Quan-fei, et al.
Decision rules and its implementation for topologi-
cal relations between area objects [ J]. Journal of
Changsha University of Science & Technology
(Natural Science) .2018,15(2) :1-7.

[19]

[20]

[21]

[22]

B8R, 804, 55, JE T 90 Fh 0 BT p9 3 45 B
ST 22 A8 il T 2% O R R O3 A DL 22 M R 4B
(1] A T8 ,2018,43(4) : 1-6.

CUI Yang. ZENG Jun-wei, QIAN Yong-sheng, et
al. Analysis of complex network characteristics of
bus stations in valley city based on topological prop-
erty: taking Lanzhou as an example[ J]. Highway
Engineering,2018,43(4) : 1-6.

DL S0 2, 55 R T RE XA KW ESR s
e iAell ). sl B2 5 TR L 2018, 34 (4) . 83-
89.103.

RUAN Bo,GUO Ping,LEI Yan,et al. Optimization
of the military transportation path based on grey
association algorithm[J 7. Journal of Transport Sci-
ence and Engineering,2018,34(4):83-89,103.

ST T P B S AL Y R R Y A R A
PriE i 2y 28 2 e LRI [T 1. 23 % 5 938, 2018, 188
(5):28-30,34.

ZHAQO Shi-shi, LU Yi, HAO Li-ye. Intercity road
bus route planning in urban agglomeration based on
node importance[ J]. Highways Automotive Appli-
cations,2018,188(5) :28-30, 34.

Deng M.,Chen T,Chen X Y.et al. Multi-level topol-
ogical relations between spatial regions based upon
topological invariants[ J ]. Geoinformatica, 2007, 11

(2):239-267.



