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Oy, ={(x,y,2) minfz l(x,y,,2,) € A}
<x<max{zlx,,y,,2,) €A}},
y>max{y,lx,,y,,2,)} z € max{z,l(x,,v,,2,)}
H Allen X[ ¢ R XA

0, ={startedby, contains,finishedby, equals} X
{before, meets} X {before,meets}m
L R A5y
startedby, contains, finishedby, equals} X
{ y y>eq
{before,meets} X {before} U
startedby, contains, finishedby, equals} X
{ y y»equals}
{before} X {meets}

(1)

{startedby, contains,finishedby, equals} X

A (2)

{meets} X {meets}
53X (D) X0 B#FA I FR R disjoint, 53K (2) %
WL F NI F O meet, RS (1) A2 (2) A
W HRN SR B S Z YA Z R )7 [ F& 1M H
WHIR T 45 BZRIMHFNCER , KM TPk
e CIE VA= S R B
FAFITT 11 5 F A R AR B AR T 7 18]
KARTEG M ITERRALE KRR PR E 254, H
topdir(A,B) /R 2 H8W) 4 5 H R B 6] i #1877 ) 5
Fo (D)X R EFHFIT K FR A disjoint0,,,
&5 N dOy,, W 1a s s 522) X R I5
BV meetO, . JRE N TN LR b R .
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Fig.1 Topological direction relations in 3D space

=S [ N 1 X RE SR

dOy,:I X {before,meets} X {before} J I X {before} X {meets}

(3)

mO,, : I X{meets} X {meets} (4)

dOy eeeni] * {before} X I (5)

MmOy, et [ X {meets} X [ (6)

dOy il X {before,meets} X {after} U I X {before} X {metby}
(7)

mOy ,.:] X{meets} X{metby} (8)
dOy;.,,{before, meets} X {before, meets} X {before} |
{before} X {before, meets} X {meets}
{meets} X {before} X {meets} (9)
m0 ;. :(meets} X {meets} X {meets} (10)
dO ; uveeniibefore, meets} X {before} X I'|
{before} X {meets} X [
mO ;. eeni{meets) X {meets} X [ (12)
dO . wouni{before, meets} X {before, meets} X {after} | J
{before} X {before, meets} X {methy}

(11)

{meets) X {before} X {methy} (13)

mO ;. ..-{meets} X {meets} X {metby} (14)

dO,, {before,meets} X I X {before} | {before} X I X {meets}
(15)

m0, , ‘Ameets} X I X {meets} (16)
dOy,ei{before} X IX T (17)

MmO, e:{meets} X I X T (18)

dO, ,,.:{before, meets} X I x{after} | J{before} X I X {metby}
(19)

mO,. .. :{meets} X I X {metby} (20)

dOy; ,{before, meets} X {after, methy} X {before}
{before} x {after, methy} X {meets}

{meets} X {after} X {meets} (21)

mOy; , {meets} X {metby} X {meets} (22)

dOg; eniibefore, meets} x {after} X I J (23)
{before} X {metby} X I

mOy; ,.....{meets} X{metby} X [ (24)

dOy ,...:{before, meets} X {after, metby} X {after}
{before} X {after, methy} X {metby}
{meets} X {after} X {metby} (25)
mOg; ,....{meets} X {metby} X {metby} (26)
dO, , :I X{after,metby} X {before} U I X {after} X {meets)

S,up

(27)
m0, , :I X{metby} X {meets} (28)
dOyg, il X {after} x 1 (29)
mOy .o X {metby} X 1 (30)
dOy,,.:I X{after,metby} X {after} | I X {after} X {metby}
(31)
m0y,,..:[ X{metby} X {metby} (32)

dOgy . {after,metby} X{after, metby} X {before}
{after} X {after, metby} X {meets}
{metby} X {after} X {meets} (33)
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mQOy, ,.:{metby} X{metby} X {meets} (34)
dOy en:{after} X {after,metby} X I

{metby} x{after} X [ (35)

MOy 1veen:imetby} X {metby} X 7 (36)

dOg ...:{after,metby} X {after, metby} x {after} |

{after} X {after, metby} X {metby}

{metby} X{after} X {metby} (37)

mOy oiimetby} X{metby} X {methy} (38)

dO,,, H{after,metby} X I x{before} {after} X I X {meets}

(39)
mOy, [{metby} X I X {meets} (40)
dOy eafafter) X IX T (41)
mOy . ei{methy} X I X 1 (42)
dOy .. :{after,metby} X I x{after} U({after} X I X {metby}
(43)
mO, ,..;{metby} X I X{metby} (44)

dO ., {after,metby} X {before, meets} X {before}

{after} X {before, meets} X {meets} |

{metby} X {before} X {meets) (45)

m0 . :{metby} X{meets} X {meets} (46)
dO y voe:{after) X {before, meets) X I

{metby} X {before} x [ (47)

MmOy e {metby} X {meets} X 1 (48)

dO y s:lafter, metby} X {before, meets} X {after} |
{after} X {before, meets} X {metby} |

{metby} X {before} X {metby} (49)

mO y ...:imetby} X {meets} X {methy} (50)
do.,,...:I % Ix{before} (51)

m0,,. .../ X1 x{meets} (52)

0 oot XIX T (53)

dO.,. . X Ix{after} (54)
mO. .. il X I X{metby} (55)

FHFE 2 ik === [ b iR 4 M T T S 3R

AN 77 47 7 7 W7 %

27570 D777 D50
A A9 U Al A7 7
(a) dONw,up (b) dONw,between (©) dONW, down

4 V4
aoAn de9n a2z
A a0 B Aa A
@mO @ mO, 4 veen O mO, 4oom

B2 =R E X R ERR
Fig.2 Icons to describe topological direction relations

in 3D space

3 HINFEXREMEHE

=YEES E AR T R R AME R R AR I 4 5 B
N7 10 X R M B 5 CHIARIN M C &R i
FASCHmA T MR HAXMIEA
topdir(4, B) A topdir(B, C) — topdir(4,C) . HRIEIFHFIE
FIATE, NI 0] 5 2R E VEHE R Ry 4 28

ddir(A,B) A ddir(B,C) — topdir(A,C)  (56)
ddir(A, B) A mdir(B,C) — topdir(4,C)  (57)
mdir(A,B) A\ ddir(B,C) — topdir(4,C)  (58)
mdir(A, B) A mdir(B, C) — topdir(4,C)  (59)

T LA ddir(A,B) A\ ddix(B, C)— topdir(4, C) 4 {4l
WFFEARHNTT 1) O R A S PEHERE

4> IA={before, meets, overlaps, finishedby, con-
tains, startedby, equals, starts, during, finishes, over-
lappedby, metby, after}, /={startedby, finishedby,

contains, equals} o

1) dO,,, NdOy,,, = (Ix {before,meets} X {before} VI X {before} X {meets}) A

({before, meets} X {after, metby} X {before} | {before} X {after, methy} X {meets} | {meets} x {after} X {meets})

— {before,meets,contains,finishedby,overlaps} X JA X{before}

—do,, Vdo,,,Vdo,,.. Vdo,, Vdo,, VdOg,

E,up

2) d0,,, NdOgi,.....= (1% {before,meets} X {before} V/ I X {before} X {meets}) /\

({before, meets} X {after} X I {before} X {methy} X I)

— {before,meets,contains,finishedby,overlaps} xIA X{before,meets}

—d0,,, VdO,, Vdo,,. Vdo, Vdo,, VdOg, VmO,, VmO, VmO,, VmO; VmO,, VmOg,
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3) dOy,, NdOg,,,, = (X {before, meets} X {before} V/ I X {before} X {meets}) A ({before, meets} X
{after, metby} X {after} | J{before} X {after, metby} X {after, metby} | {meets} X {after} X {after})
— {before, meets, contains,finishedby, overlaps} X IA X [A
—do,,Vdo, Vdo,Vdo,,.Vdo,,... VdO VdOg VmO, VmOy VmO,_, VO

VmO,, VmOg,VmOy,

P, i e{up,between,down] .

4) Oy, e NdOg, ,, = I X {before} X I\ ({before, meets} X {after, metby} X {before}
{before} x {after, metby} X {meets}  {meets} X {after} X {meets})

V mO

same, belween same,down

— {before,meets,contains,finishedby,overlaps} x [A X {before,meets, contains,ﬁnishedby,overlaps}
—d0,,VdO,Vdo,,Vdo,,, VdO,VdOy, VmO, VmOy, VmO,, VO, .VmO,VmO,VmOg,
#HH, i e{up,between) o

5) dOy een NdOgy ... = I X {before} X I A\ ({before, meets} X {after} X I  J{before} X {metby} X I)

— {before, meets, contains, finishedby, overlaps} X IA X1

0y, V A0y, N O, VA0, VO, NV Oy, Oy, V

6) dOy .. NdOy ., = I X {before} X I )\ ({before, meets} X {after, metby} X {after} U
{before} x {after, methy} X {after, metby} | {meets} X {after} X {after})
— {before,meets,contains,finishedby,overlaps} X JA X{after,metby,overlappedby, startedby, contains}
—d0,VdO,\Vdo, Vdo.,,.,.. VdO, VdO,VmO, VmO VO, .. VmO,. .. VmO,VmO,VmOg,
2, i e{between,down) .

7) Oy, N dOg;,, = (I % {before, meets} X {after} V I X {before} X {metby}) A ({before, meets)
X{after,metby} X {before} | J{before} X {after, metby} X {meets} | J{meets} X {after} X {meets})
— {before,meets,contains,finishedby,overlaps} X JAXIA
—do,,Vdo, ,Vdo, Vdo,,.,\Vdo,,.... VdO. VdOg,

VmO,,VmO,,VmO,,, . VO, e VMmO, .V mO, VmO, VmOg,

A H, i e{up,between,down) .

8) dOy,,,, NdOg,...... = (I X {before,meets} X {after} \/ I X {before} X {metby}) \
({before, meets} X {after} X I {before} X {methy} X I)
— {before,meets,contains,finishedby,overlaps} X IA X {after, meets}
—d0y .. VdO o, VdO 00 VO, VO,V dOg
VmOy,,,, VmO .. VmO,_. .. VmO,, VmOg,, VmOg,. .

9) dOy,,., N0y, = (I X {before,meets} X {after} V/ I x {before} X {metby}) A
({before, meets} X {after, metby} X [after} [ {before} X {after, metby} X {after, metby} | {meets) X {after} X {after})

— {before,meets,contains,finishedby,overlaps} X A X{after}

- dON.down \/ dO\JE.dmvn v dOsame,dm«n \/ dOE,rlnwn \/ dOS,dnwn \/ dOSE,dnwn

1) ~ 9) AYHERISE RT3 38R d0,, N0, ; — topdir(A,C) 15 H B J5 18] K & dir(4,0)

EVEHERE 4O, A0, —topdir(A.C) EERIL 150, N0, — dir(A,C) FHE TSR dir(4,C) A
4. e % i=i, 5 j,=j, B, 45 CIRIRTNE R dis-

MU 4 145 WA TE MY i, e (N NELELSELS,  oing, i HL, L% dir(4,B) 5 dir(B,C) 76 1 X Y, Zl
SW, W, NW, same}, ji, j.e{up, between, down},
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B3 do,; NdOg,; — topdir(4,C)
Fig.3 dO,; AdO,,; — topdir(A,C)

BB TR LA ZAL, 45 CIRINE R
N disjoint, 41 O, Fl Oy, J& T H Yl 2 1
{(x,y,z)ly >max{y, },(x,,7,,2,) eA} Ml Y#aEm
{(y.2)ly > max{y,}u (02, €B) . 45 CHIHi 4
% Ay disjoint, 4 i,,i,e(N,E,S, W) I, HE i i, 5t
£ do,,Ado. .. =do,,. NdO, H top(4,C)=

disjoint V meet , HAWIEF AL, top(A,C) = disjoint o

up 9

4 4iE

HEAS R Y 114 25 (1] 5 2 4 e 3k RE A8 42 v =5

& 4 do, A do, , — topdir(4,C)
Fig4 dO,; AdO, ; — topdir(4,C)
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Description and reasoning of integrated topological
and directional relation of bodies in 3D space

Liu Xin',Li Chengming’,Liu Wenbao'

(1. College of Geodesy and Geomatics, Shandong University of Science and Technology, Qingdao, Shandong 266510, China;
2. Chinese Academy of Surveying and Mapping, Beijing 100830, China)

[Abstract] To improve the uniqueness location information described by spatial relationship and accuracy
of spatial relationship reasoning result, the description model of the integrated topological and directional rela-
tions in three-dimensionall (3D ) space was developed. The topological directional regions were described by Al-
len interval pair (R,R,,R;) , where R;, R, and R; are Allen interval relations between object and reference in X, ¥
and Z axis projection respectively. According to definition of integrated topological and direction relation, the
qualitative reasoning of integrated topological and directional relations were studied. Empirical examples were
provided to show the qualitative reasoning process and results of topological direction relationships for some clas-
sical cases. Combined tables of the integrated topological and directional relations were obtained when the topo-
logical relations were disjoint in 3D space.

[Key words] spatial relation; topological relation; direction relation; integrated topological and direction
relation; three-dimensional space
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