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Topological Relationships in Spatial Query Languages

ZHONG Zh+ nong, JING Ning, LI Jun
( College of Electronic Science and Engineering, National Univ. of Defense Technology, Changsha410073, China)

Abstract: Topological relationships are important spatial relationships, and used in numemwus practical applications that involve spa-
tial query and spatial analysis. So it is essential to use formal methods to identify and define a complete and mutually exclusive topologi-
cal relationship set that can be embedded in spatial query languages. Now, the topological relationships that have been defined cannot
represent the topological relationships between the two complex spatial features arbitrarily composed of points, lines and or polygons, thus
the researches on topological relationships are not complete. We introduce the formal definition of mixed geometry, and define a topologi-
cal relationship set: { digoint, touches, within, aosses, overlaps, contains, equal}. The set, extending the definitions of topological
relationships in“ OpenGIS Simple Features Specification for SQL , is complete and exclusive, and can be taken as a unified framework
to define topological relationships in spatial query languages.
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(1) ;
Y 0 €Mived Geomery, YV P;, P;€0,iZj,1(P;) NI(P)= f

(2) ;
Y 0 € Mixed Geometry , Y P;, P, €0, i %, [(P.)) NB(P;)= f

(3) 3
V O € Mixed Geomeiry, N Pi, P, €0, i 7% ,Bi= B(P:), Bi= B(P))
(B: NB)) C{ Py, -y Pil Pi € poin, 1 <i <k}
(4 ,
1() B() . :
:0Cc{P,L,A}, O PL A ,P L A 0 ,
A s
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OpenGIS SQL , 7
{disjoint, touches, within, crosses, overlaps, contains, equal}
digoint: a by,aC{P,L,A},bC{P,L,A}
a. digoint(b) <aNb= f
touches : a b,aC{P,L,A},bC{P,L,A)}
a. touches(b) <t 1(a) NI(b)= f) A(aNbZFf)
within: a b,aC{P,L,A},bC{P,L,A}
a. within( b) <(aNb=a) N(I(a) NI(b) Zf) A(a#b)
wrosses: a b,aC{P,L},bC{P,L,A}
a. crosses(b) <(ab Za) A(aNbZb) AN(I(a) NI(b) ZF)
A(Y aabs) (I(as) NI(bs) ZF7
(dim(Z( aa) N1(bp))< max(dim(1(ad)),dim(/(bs)))
A(aaNbs Zag) AN(aaNbs Zbs) a€{p,1},BEp,L,a}
overlaps : a b,aC{P,L,A},bC{P,L, A}
a. overlaps(b) <(aNb Za) N(aNbZb) A(I(a) NI(b) Zf) AN((dim( @) = 2)
V(3 aabp) ((dim(I(aq))= dim(1( bs)) = dim(I( aa) N(bs)))
V(aaNbe= aq) V(aaNbe= bp)) a,BE{p, 1, a)
contains : a. contans ( b) <b. within ( a)
equal: a. equal( b) <a= b
, Gp @l Qa a dim( ) 7
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(1) : a, b C riora, a,b
r,, a,b ra,
ri.r2€C, ri#Zr, (arib)= T=>(ar,b)= F
[ 10] 7
C 6 :
Part 1:

(a overlaps b) =( —( a touches b) ) N( —(a within b)) N\ ( —( a crosses b))
AN( —(adigoint b)) N( —(a contains b)) N ( —( a equal b))

6
(a)
a. overlaps( b) =(aNb Za) N(aNbZb) A(I(a) NI(b) Zf)
=( —( atouches b)) N\ ( —( awithin b) ) N( —( a disjoint b))
A( —(a wntains b)) N( —(a equal b))
(b) dim(a)= 2, crosses ,aC{P,L}, dim(a) <Il, (aovelgsb)=—(a coses
b);
(¢ dim( I( @a))= dim(I( bs) )= dim([(aa) NI(bs)), crosses LOSdim( 1 (aa) NI
(b8)) < max(dim( /( aa)), dim( I( bs))), —(a crosses b);
(d) (aa A bs= aq) V( ao Vb= bs) , crosses (aa NbpZas) N(aa Nbs Z
bs), —( a crosses b) ;
Part 1 6 Cc
c 1 (a) (b) . (a) (b)
a b touches
(2) : a,b r, c
:(arb)=T=r€C
: I(a) NI(b)= f, rE€{digoin,
touches} ; I(a)NI(b) Zf, r€{within, crosses, overlaps, contains , equal }
Part 1:1(a) NI(b)= f=r € {digoin , touches)
I(a)NI(b)= f :@© aNb= f, (a digoint b); @ alNbZf,
(‘@ touches b) Part 1

Part 2:1(a) NI(b) Z f =r € {within, cosses, overlaps, contains , equal )
I(a)NI(b) ZD :

(a) a= b, (@ equal b)
(b) a#b, aNb= a, (awithinb); aNb = b, (a contans b)
(o) (aNbZa) AN(aNbZD); :@© dim(a)=2 , (a wealaps b); @ a, b
(aa A bs= aa) V(aaNbo= bs), (aoverlaps b); @ (aa A be= aa) V(aal)
bo= bs), aa, b, (aa A\ bs Zaa) A (aa () bs Z bs), I(a) NI(b) Z,
I(ad) NI(bs) ZF, ((1) dim(7( @a)) = dim(1(be))= dim(I(aa) NI
(bs)) , (a welas b); ( ii) I(ad) NI(bs) Z T, dim(7(as) NI(bs))<
max(dim( /( aq)),dim( I(bs))), (acrossesb)
(a) (b) (¢ Part 2 Part 1 Part 2, Cc
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