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Abstract: Qualitative spatial reasoning has received a lot of attention in the areas of Geographic Information
Systems, Artificial Intelligence, Databases and Multimedia. The basic theory and algorithm of spatial reasoning are
developing and innovating continually. Direction relation reasoning is an important branch in the field of spatial
reasoning. Applying the theory of interval algebra and rectangle algebra, a new reasoning method combining
cardinal direction relations with rectangle algebra relations is presented based on the model of MBR (minimum
bounding rectangle). By this means, the good calculating property of rectangle algebra is applied to spatial direction
relation reasoning, and the following methods are realized such as transform method between MBR-based cardinal
direction relations and rectangle algebra relations, composition and inversion operation of cardinal directions,
judging method of convex relations in cardinal direction relations and the consistency check algorithm of direction
relations.
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, {N,S,E,W,NE,SE,SW,NW,B}
1. aRb. ‘R {N,S,E,W,NE,SE,SW,NW,B} ;b ;a
. ( ) aR;:...:Rkb, 2<K<9;R,,...,Rke
{N,S,E,W,NE,SE,SW,NW,B}; I<ij<k % R#R:b a
MBR , o,
, MBR 36 . NW,

NW:N, NW:N:NE, N, N:NE, NE, NW:W, NW:N:W:B, NW:N:NE:W:B:E, N:B, N:NE:B:E, NE:E, W:SW,
NW:W:SW, NW:N:W:B:SW:S, NW:N:NE:W:B:E:SW:S:SE, N:B:W, N:NE:B:E:S:SE, NE:E:SE, W, W:B, W:B:E, B,
B:E, E, W:B:SW:S, W:B:E:SW:S:SE, B:S, B:E:S:SE, E:SE, SW, SW:S, SW:S:SE, S:SE, SE.

21 MBR
1. b ,a , a B b, {eq,s,d,f} x
{eq,sdf}; asWh, {p.m}>{p,m}; awb,
{p.m}x{eg,s,d.f}; aNW b, {pmix {pi,mi}; aN
b, {eg,s,d.f}x{pi,mi}; a NE b, {pi,mi}x {pi,mi};
aEb, {pi,mi} = {eq,s,d.f}; a SE b,
{pi,mi}x{p,m}; asSh, {eq,s,d.f}x {p,m}( )-
1 13 6 . , 6
Tablel 6 group interval relations
16
Symbol expression  Interzone relations after partition Point expression
Parl {p,m} sup(a)<inf (b)
Par2 {o,fi} inf (a)<inf (b),inf (b)<sup(a)<sup(b)
Par3 {di} inf (a)<inf (b),sup(a)>sup(b)
Par4 {eg,s,d,f} Inf (a)=inf (b),sup(a)<sup(b)
Par5 {si,oi} inf (b)<inf (a)<inf (b),sup(a)>sup(b)
Par6 {pi,mi} inf (a)<sup(b)
2.36 MBR 1
( )
3 1 ; ( ) 9,
( )
2

Table2 36 cardinal direction relations of MBR-based

2 36 MBR
v & {p.m} {o,fi} {di} {eg,s,d,f} {si,oi} {pi,mi}
{p,m} SW SW:S SW:S:SE S S:SE SE
{o,fi} W:SW W:B:SW:S W:B:E:SW:S:SE B:S B:E:S:SE E:SE
{di} NW:W:SW  NW:N:W:B:SW:S all N:B:W N:NE:B:E:S:SE  NE:E:SE
{eq,s,d,f} W W:B W:B:E B B:E E
{si,oi} NwW:w NW:N:W:B NW:N:NE:W:B:E N:B N:NE:B:E NE:E
{pi,mi} NW NW:N NW:N:NE N N:NE NE
3 MBR
4. RST,Ue2A™ ) , RS TU (RxS)e(TxU)=
(RTx(SU).
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5. RSe2AM (-1) , RS (Rx9'=RIxg 12,
3 6
Table3 The composition table of 6 basic interval relations
3 6
Ri°R, {p,m} {o,fi} {di} {eq,s,d,f} {si,oi} {pi,mi}
{p,m} {p} {p} {p} {p,mo,d,s} {p.m,o,d,s} all
{o,fi} {p,m} {p,m,o,fi} {p,m,o, fi,di} {o,fi,eq,s,d,f} {o,fi,di,eq,s,d,f,si,oi}  {di,si,oi,pi,mi}
{di} {p,m,o, fi,di} {o,fi,di} {di} {0, fi,di,eq,s,d, f,si,oi} {di,oi,si} {di,si,oi, pi,mi}
{eg,s.d, f} {p.m} {p.mo, fi,eq,s,d,f} all {eq,s,d,f} {eq,s,d, f,0i,si,pi,mi} {pi,mi}
{si,0i} {p.mo,fi,di} {o,fi,di,eq,sd,f,si,oi}  {di,oi,si,pi,mi} {eq,s,d,f,0i,si} {oi,si,pi,mi} {pi,mi}
{pi,mi} all {d, f,oi,pi,mi} {pi} {d, f,oi,pi,mi} {pi} {pi}
MBR
Ri,R, MBR LR R ,R.,R; Ri°R,.
(@))] 2, MBR R,R, S.S.
®) , 5 , S=AxB,A,Be2A™
R = S '=(AxB)'=A"'xB™".
, 4 3 S=AxB,ABc24™ S=CxD,
C,.De2™  R;°R,=S°$=(AxB)°(CxD)=(A-C)x(B°D). E=AcC,F=B-D,E Fe2"™
3) 2 EF 1 6 ., E=EnPar;,Fi=FnParj(
i,j<6). , E'={E....E},F'={F,....F} Ei,F , E'F’
(A (B
@ (A @B (Ayx(B™Y ExF. (A" Yx(B')Y ExF/, 2
3 Ry(k<36), Ry MBR
4 MBR
MBR ,
6 (<) ; ,
)
7. m,
1 3 6 . s
6 . pm={p,m},ofi={o,fi},di={di } ,coo={eq,s,d, f},soi={si,o0i } ,pmi={pi,mi}, 6
pm,{pm,ofi}, {pm,ofi,di} {pm,ofi,coo}, {pm,ofi,di,coo,soi }, {all},soi, {soi,pmi},pmi,di, {di,soi }, {di,soi,pmi},
ofi, {ofi,di}, {ofi,coo}, {ofi,di,coo,s0i }, {ofi,di,coo,soi,pmi },coo, {c00,s0i } , { C00,S0i ,pmi } .
s 6 “17 pm;<“2” ofi;*3” di;<4”
C00;“5” S0i;“6” pmi. :di,coo( 3,4)
(1) 3 3 4 , 3, 4,
3 4 3(2) 3 4 4 s 3,
4, 3 4 ;(3) 3 4 ,
3
, 1 ,
X 6 ; y 6 3 4
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n

Fig.1 The lattice of convex relation of cardinal direction = Fig.2 The diamond representation of the relation

1 2
Ryir={d;,ds,...,dn} (0<n<36) MBR ) Riec=
{d;,d),...,d; }(0<n<36) Reec 1 ’ . di,.di, Rrec
d/ X y .
2. Reec Reec x oy
s RedoRedy Re XY » Ra={dj,wd), w.udy ) Rey={djy wdy w..udy ).
31 ( ) 1 ,
, o (LD~3.2) {(1,1),(1,2),(2,1),(2,2),(3,1),(3,2)}.
4. . Rrec,
Rrec 1 . Rrec
8 X y ( )
, 6,
X y X y
) , . a
9. le Rrec EiEly I ,ExEy
Rrec . EFEx  EFEy, Rrec ,
Ruir
Rrec Rair i 2 , MBR
6 , Rrec , Rrec
Rrec , Rrec
. 5 6 Rrec . 2, MBR
Rrec ) Rair . O
5 MBR
, . [3] ,
o) . [9] [4]
, o) . MBR
5( ). (n,R) , n>1 n
R 2N . ie(n),Ri={(eq.eq)} ije(,Ri Ry
Lje(,R; 2/ , (R ; i,je(n),Rz9 i.j,ke(n),Rj°Riz2Rk
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MBR

(n,R)
10.
11. (nR ,
binary constraint network)
6. CDBCN
ie(n),Dii={B},
12. CDBCN(n,D)

(n,D),
CDBCN(n,D)
MBR
MBR

PATH-CONSISTENCY (n,D)
Begin
For CDBCN(n,D)
Begin

If
End
While
Begin
Cij=Pop(stack);
T=CijnCikeCyg;
If T#J then
If T#C;; then
Begin
Ci=T
Push(Cj)
End

stack do

/l
!

Else
End
“consistency”
End

s stack S

G i G k°ij

then 113 ”’

(n.R) ;
; (nR)
MBR

0

(n,D) , n>1

i,je(n),D; Dy

Dj; ,  CDBCN(n,D)

CDBCN(n,D).  .,n

do // ;

else Push(stack);

// ;

“not consistency”

981

0

CDBCN(cardinal direction

n MBR,D

, CDBCN(n,D)

11 9 R
O
MBR;D MBR
R 2
While
G k°ij 5
T;tCij, T
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, o). n n(n-1)(n-2)/6
, n(n-1)(n-2)/6 ond), o(n’).
s JAVA PATH-CONSISTENCY, JDK4.0
Composing ; Conversion
; Convex R Pathcheck S
6
MBR 5
(D , b 2(2)
, (5]
s 2(3) GIS(geography information system)
b 9 ?
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