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Abstract : Qudlitative representation and reasoning of podtiona reationships are recognized asone of the promisng the-
oretica themesin three-dimensond (3D) GISs which are related to urban information management , planning and serv-
ices as wdl as mining engineering fiedds. The focus of the studies ded s with the methodologies on the descriptions of
spatiad objects and the determinationsof ther geo-referenced reationships. In thispaper, a geometricad projection based
system was applied to divide a 3D gpaceinto sub-divisons. Anaytica geometry was used as mathematica tool to qudi-
tativey represent both distance and direction rdationships,which were then integrated to develop a conceptua frame-
work to depict postiond relationships. A generalized equation for quditative reasoning of postiona relations was de-
rived as the result from the integrated reasoning. Empiricad examples were provided to show the quditative reasoning
process and results of postiona relationshipsfor some classca cases.
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(0°,45°, ) 0 +0;=0;

, Qi1
k=75 . k=10

(o] €=0.1, ii {0,1,2, y(i#j),
[10] 0;+0;=0;; € =0.01, li-j] =22,
0 +0;=0;
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A

I A C TUx _ : Xmax = MaXx{ Xa| (Xa,ya,za) A},
(1 Tlx i Xmin =Min{ Xa| (Xa,ya,za) A}
2 Ty Ymax = MaX{ ya| (Xa,ya,za) A},

(12.13) Tly . Ymin =MIiN{ ya| (Xa,ya,za) A}

(14] als 3 Tz Zmax =Max{ za| (Xa,ya,za) A},
Tz, iZmin =Min{ za| (Xa,ya,za) A}

v Mgy Ty,
(up) (between) (down) ,

up={(x,y,2)| 2> zma}
2 between={ (X,y,2) | Znin £ Z< Zmax}
2.1 down={(x,y,2)| < Zma}
B A Tlx, TUx,,, 70 Tly

) min 7~ Ymax min
d(A,B) : 9 ,
(o,a],(a,2], (2,&], (s, a],(a,a6], |, N:<gX,y,3|XminSXSXmax,y>yma>}
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! (o)t ()" " SE=\X,¥,Z | X> Xmax,y < Ymin
() “ (o) 5 S= L X,¥,2 | Xmin € X< Xmex , Y < Yrin
SW= [ X,¥,Z | X< Xnin, ¥ < Ynin

, (ai+1- &) W= X,y,2 | X< Xnin, Ymin S Y < Yimax

(%)

K, 5 3 NW= X,Y, |X<Xmin,y>ymax
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; 27 0., ,i {N,NE, E,SE,
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min ! min !
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3 1 x=rsnP cosB, 0<r<+ o
, y=ranP snb, 0<B <n (2)
das dir (A, B) z=rcosP, 0<0 <ot
, r = constant B =con-
stant A
0 = constant z (el
3

o (E[o8] o[22 2 [ 3.

o ) (o) 28]

Owi(k {N,NE,E,

SE, S, SW, W, NW, same} , | { up, between,
down}) B A 0iOx.1,
G Ox.i
1 3 GO« ={(xs,Yys,2Z8) Oci| @ <1y € @i+1}
Fig.1 3D space divided by qualitative distances and di- . s 3 3N s s
rection relations k{Z’[O’Z 0, 2’2T ’2’[1-[’2 T Z]ﬂ}
oy m |1
{ogzlz) o
3 G Ox.1
A B ) B C GOk1 =\ (xs,ys,2z8) Okj|a<
A C
Jxa - x8)2+ (ya- yo) 2+ (za- z8)° San
das dir (A,B) dscdir(B,C) —dacdir(A,Q k {N,NE,E,SE,S,SW,W,NW,same ,
(D | {up,between, down} (4)
A,B,C A (Xa,
, Ya,za) ,B(xs,ye,2z8) ,C(Xc,Yyc,zc) , d(A,B)
(a,a+1],d(B,0 (a,a-+1] B
A d(A,B) <a:1 ,B
XB - xA:d(A,B)sinBA cosB a d(A,B) <a+1
(XB,yB,ZB)l yB-yA:d(A,B)sinBAsineA BA [OTT] (5)
zs - za = d(A,B) cosPa 0 [0,a1)
5, B A Qi , B
B A d(A,B) (a,a+1]
XB - XA:d(A,B)SinBA cosOa d(A,B) (a,a-+1]
(XB,yB,ZB)I ys-yA:d(A,B)sinBAsineA BA [07T] (6)
zs - za = d(A,B) cosBa 8. [0,a1)
C B a Cc
B d(B,0 (a,a+1] ,C
xc- xe = d(B,0 dnPBs c0sBs d(B,0) (& ,a+1]
(xc,yc,zo)|{ yc- ye =d(B,C) snPe snbs s [0]T] (7)
Zc- ze = d(B,C) cosPs 0s [0,a1)
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e (7 , dA,B) (a,a+], d(B,O (a,y+1] ,C
Xc- Xa = d(A,B)sSnBacosBa+ d(B,C) snBs cosbs
(Xc,yc,zc)|) Ye- ya=d(A,B)sinBasnB.+d(B,0snPBs snbe BaBes [07T] (8)
zc- za = d(A,B)cosPa + d(B, C) cosPs 0. 0es [0,a1)
Xac = Xc - Xa,Yac =Yc- Ya,Zac =Zc- Za, (8)
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1 gOnew QOsew
Tab.1 Reasoningresultsof gOwnew  QiOsew
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dacdir (A, Q) =y o/ &/ /G-20nw.w0  G-1/ G/ G+1{ Onw,uo ,On,wp , Onesp} 1<
GONE, w i-j=2
4 Onw, j-i=22
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gOne1  QOnw,1,GOser QOne, , 2 MATLAB 0 OnE,wp
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(9) QiONE,up QjOSE,down y 2

2 0Onew GiOse dwn
Tab.2 Reasoningresultsof gOne.w G Ose, down

Qo Osk, down 01 OsE, down @ OsE, down 8Osk, down o OsE, down
Q/ o oo/ o/ o
o ONE, up 0 OsE, down o3 OsE, down o OsE, down
N EUSED N EUSED
o/ q/ @ o/ qu/ Q! qu/ o/
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inSW,dr.mn ,qosE,up quSW,dwvn,
3 q]_ONE,up quSE,down(l 1' Jl Sl)
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