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Maintaining Spatial Informations and Structuring
Appilcation System in 2-Dimensional Space

Mal Rye Lee ' - Su Cheol Hwang '

ABSTRACT

Generally the quantitative and qualitative knowledges are used to describe the spatial information between
objects in 2-dimensional space. In this study, we consider the combin of two knowldeges for complementing each
disadvantages and suggest a method of maintaining a locational relation when a moving object is rotated or
moved to another place between n static-objects. Also, we suggest a algorithm of modifying the relations when
new locational relation is inserted into the network that represent the spatial knowledgs of the static objects.
Then in order to apply our result, we have constructed a system which provide the locational informations
between buildings and a moving car
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(Table 1) Knowledge Representation of Locational Rela-
tion Between Two Objects

E Nz q715) AN RE
A is to the left of B’. M | 47" |right-of | A(DB’
A is to the right of B’ () | 7Y | right-of | A(r)B’
A is in front of B’. () | ™" | front-of | A(B’
A is at the back of B’. () | (71 | back-of | A(b)B’

4 FAEF
I -
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(38 ) F 8x2 X Mex
(Fig. 1) A Position Situation
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(Fig. 2) An Example for Maintaining of Position Knowl-
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A 91 0] FEA MOMoving Object)= 2349 #F
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A22: A EA SO(Standing Object)= 23449 HEF
FoAM F3 0l g EAol.

3 213:MO(x, y) & SOk, y)= ol FEAY ZYJE
A7} 22 B HE (x, y)oll ¥ UL 2w g
7 2l4: 4 4 wr3K(Qualitative Orientation) QualO: 5
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(2" 2)o 49 MO7t @A +YES o) o] %3
22 MO8 SO37+9 AAursEe (2@ 3)d] A A%
A A+ E 5 XRaA YEEYL ¥
2ated 78 4 ok 3 oA MX9 X(MO)= MO
9 X #EE MY YMO)= MO9] Y RXE 9]
Eig=g

XSk vt/

RULELIF X(MO) > X(S0) THEN SX (1) MX
RULEZIEF X(MO) = X(80) THEN SX (v} MX
RULE3IF X(MO) < X({S0) THEN SX (r) MX
/Y FREE 8/

RULE4IF Y(MO) > Y(SO) THEN SY (b) MY
J RULESIF Y(MO) = Y{80) THEN SY (h) MY
RULEGIF Y(MO) < Y(S0) THEN SY (f) MY
A XY2E i de 2§/

RULETIF SX (D MX & SY () MY THEN SO () MO
RULERIF SX (r) MX & SY (r} MY THEN S0 (r) MO

RULETHIF SX () MX & SY (f) MY THEN S0 (f) MO
RULEIZIF SX () MX & SY (b)) MY THEN SO () MO

RULECIE SX (b} MX & SY (v} MY THEN SO (b) MO

(0% 3) HAE MM
(Fig. 3) Production Rule of Qualitative Orientation

X#3% ¥ A3 RULElo] FIREH ¥ SX () MX
7} AA4E2, Y&E ¥ 243 RULE47} FIREHO|
SY (b) MY7 ARt 49 F AR E 28 RULEIL2
7} FIREX ¢} SO (Ib) MOZ “SO7t MOS] 9F 5 "o
ASS de & 5 At

4, SO MO7te] Bt F &g wEe 47 9
s 7 249 A9 zZh=rt 4 st

7 ¢)5: A 2)(Distance) Dist F EA7He A 7
2 BddE 9x Auojr) ol F BN HHET A
& FalE AL g o] &3t 7Y 5 Yt

A 2)6: 2 E(degree) Dege 3 EA7F £AFHQA 4L
AT AYPse AFE 71EL2 8t o] A

e A7 de Z7A Y Aol

d& 5, SOt MOs T EHZ Al Diste
Dist= /(Ix1 —=x2)2 +(lyl —=y21)? 2 & o143}
&+ A% B, A EE SO MOisE 222 3}

E A4 g g Ao} 4 A TE 71A
I MOgs9t Thel Al & F#F, cos)= faclA]
YA = g=cos™ ! (B/)E F& F A}

7 ©]7: 4 v sK(Quantitative Orientation) QuanO+=
ol F BRI B #AIE A F FxE Y
e $1x] FRojd

SO3% MOgs®] AFFFA A& 73817 A7 4
A FHE (3" 9% 2o

AR B o I B R

RULELIE X(MO)  X(SO) & Y(MO) < Y(SO)
THEN DEG = 0

RULEZIF X(MO) = X(S0) & Y(MO) > Y(SO)
THEN DEG = 180 OR THE = -180

RULE3IF X(MO) > X(SO) & Y(MO) = Y(SO)

THEN DEG = ~90
RULE4IF X(MO) < X(SO) & Y(MO) = Y(S0)
THEN.THE = %

/N FATY BRI ALy

RULESIF X(MO) NOP= X(S0) & Y(MO) NOT= Y(S0)
THEN T(X(MO),Y{(S0))

/7 REAN Y

RULEGIF "T(X(MO),Y(SO) = EXIST
THEN FN THE

RULEZIF SO (Ib) MO & THE = EXIST
THEN DEG = THE - 180

RULEJIF SO (rf) MO & THE = EXIST
THEN DEG = THE

(07 6) 2t MM 75
(Fig. 4) Production Rule of Degree

(28 2)ol A4 MOgs, SO 5 = F3 9
T+3 57} FIRES o] T(X(MO), Y(SO)) & T(5, 0)o} A
AEY, Ao 59 H 9 6& 283l RUEL6-RULE]
o ol ALds] d ¢ ded, 4 e Lolg 12 B
A YA 29 THE=COS '(0.858) =408 #+& <=
Atk zEa Z= A4 739 RULETS] ©HEE o]
“SO5= MO0l —140° 8] AS"E & 5 Aot

A ©]8: W 3(Orientation) Orien& F 7}A] 848
8@ Orein={QualO, QuanO}o|t}. 7|4, QualO
£ A4 B3, QuanO= 3 3 wikolo
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(28 2)ol A MO SO B3 Qrien={SO3
(Ib) MOgs, —140°}ojt}. wixl oz T EA7F 93
SAA A S 3930 B8 2t

A 0]9: 9} 2] @A R 2l (Knowldege of Position Relation)
KPosiRe 7 7FA1 2 F4 ¥ KPosiR = {Orein, Dist}
ojt}. ®7) A, Oriene 18}, Diste ¥ &7 A&l o|th

MOgs2} SO39) 7% Dist= 2= A4 +3 <] RUEL6
A 34 THES &8 A& ALste &8 O
3&s22M AZE Dist=5388 Tt 2=
2 27148 ol FEA MOk L EA SO5,7
o] 4 FAIA| 4L PosiR = {{SOy (Ib) MOgs, ~140%,
5.83}0lth &, “SO5e MO AZFH 14074 Fo 2
HAMAY 5380 A&"S & F Arh W, o] FEA
MOs} N7H 9] Q&R E7H AXFAE EA A
A3A 1:N9 X AAA A& &K/ + Ak

271489 g AAANL F& F, B9
olFEAE EHAY ¢L BT Yo I ojFEUA
WS A @y 1N W A 1ot WakA f.

55
B

"The pest-office is to the front of the car *
A[}B

(32! 5) A7] B4 Xi&
(Fig. 5) Self-Oriented Map

dE 8o, (¥ DAN AT 0°AFoR 5
HAA L o, AZA%e A3 A oA H‘
O AFA"NA (2" 5) AF “¢A= O AFA =
A A Aok ol @ 41| g B Ag2 (2
¥ 6 2 F3 g e F4 Bl ol Wger
A@st=rpol w2 93] AA 7 (2 E 6)9] deld
g "L EERT B ‘@R 2ol AYE £ A
ok olEX o2 ¥ YA E A LA FAY BF A
A EAE) 3 AR E AS FAY AT

AR

24 BA¥E: 2EFoZ 900 A
24 :Péx g%z 9 A

(D8 6) M22 Wik My
(Fig. 6) Deriving of New Direction

RULELIF MO = T-LEFT
THEN XX(MS) = YMS) &
YY(MS) = n - X(MS)
RULEZIF MO = T-RIGHT
THEN XX(MS) = m - X(MS) &
YY(MS) = X(MS)
RULEZIF MO = T-BACK
THEN XX(MS) = m ~ X(MS) &
YY(MS) =n - X(MS) |

(8 7) ZEs ™M MonE
(Fig. 7) Production Rule of Converting Coodination Orien-
tation

Z7] elelA ol EA} ol F s ARE T3
= 4 g8 N2& ANAG 39T A4+4
of ojs] M= WFE 7F F Utk 233 )FE
A7t B A 5E (29 6)9) W AY A
(29 7o) HEYA qEFAL AT F, A0S
A& AEst] TP EAERS Y2 WS
73 ¥ 5 Aok FXAFFH M MSE ol FEA
olAY A EBAYL dn sy, XX/YYE HEd &
Rgtolth

A, AE7A AF KPosiR & 732 4
o] w2 HalE Wi AjuIy olFEMNYG
AdE FHEAEHA] AN BAANHE AL KA
T gt

- 32 T0| HIO|E& 0|88t Al XA FA|
B Ao 2739 Hol Ay AL o] &3t 9
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A%, ool tig 1A A4 AAE KA AF
AdRPEL FFE AFE 71& Tt Allen[8]o] AA|
g FaAFR T2 FABAT JEEE Wil
A #E P Qe d(nterval)o] ohy} )X FA g}
€ 43 A4 T2 A0 gGEve Fol o=t

(W EY= 35 13 A4

A AA T 9% FA Ao| Ho|EE o &7 T
constraints{ )& (29 8)5} Zt}. constraint(R1, R2)
E Yo ¥ X BA=Z RE NEE #A F, Ao
#AE Fople 715 & Ferh

constraints(R1,R2)
/* R1,R2 is sets of position relations */
{

C<--1{}%

for each rl in Rl

for each r2 in R2
C <~- C U transitivity(rl,r2);
return C;

}

(22! 8) &4 constraints( )
(Fig. 8) Fuction constraints ( )

o714 113 e Yo A FAE Jerdt. o
= ¥ 28 43707 A3l Mol §<F transitivity
()9 98] B} RIF} R2& 94 BAZE e A
Folnd, A d4x N(@A®), UERED, c(F-#
A 22 THE (150l AHEET

Qloje] $1x #AAE 2 Je HEYAL N2
Atdo] F7HH ™ o]A o] WIELA HA ] vAe &
FE ANl drt 2H IR HAM 3] FA
g A4e $AT 4 Aot oy @ NsE FHE
& $H47 add_effect ()&= (2§ 9)¢} 7ot

T 24 (i, S P o= o} agendadte ol ¥
FA oAl YESLA AN A ARXE FF

add_effect(i,j)
/* i} is objects */
{
/* agenda is a queue */
add <ij> to agenda;
while agenda * empty
{
get next <ij> from agenda;
propagate(i,j);
}

(22! 9) & add_effect( )
(Fig. 9) Function add_effect( )

propagate ()& o143 Faldct. o (i j)7t Avhe
AL F EAY BAZ I MEATA HF &7t
ARG Lolr ] A3 A zAHEF Bart 3
=& vt

propagate(i,j)
{
for each node k such that comparable(i k)
{
RG,k) <-- NGk) N
constraints(R(,j),N(,k));

if R1k) € NGk
add <ik> to agenda;
}

for each node k such that comparable(k,j)
{
R(k,j) <-- Nkj N
constraints(N(k,i),R(1,j));
if R(k,j)) € N(k,Jj)
add <k,j> to agenda;

(&l 10) &< propagate( )
(Fig. 10) Function propagate ( )
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(=¥ 1002} §H<= propagate( )= F B (4, > &
A7 MENZ AA ol ds] mA= A 4FFL
2 padch o7 §4 comparable()o] AHE-HE
o, itt jo A7 =71 =X E AP true £
E falseqt gEste g4, %€ =7t v
trued 2l€ %t} NG, e MEJZY otAlare) olF
oln, R, e M2o) F71EE AR #AE o0 Frt

AR FA i 1) jo}l 2L FA i (12) j7F B L
9, propagate ()7} A3t &, WA i} AAd =
=59 kg Fol Wt} 12 g ARo] FrtHE A
A RG, Do 7129 j, kF ANBAQA NG, k)7l
Aol AAE 73 F F, 2 AH i, kT AT 9
2 @A NG, kel 3% 94 ZAE Zopf A2
£ 9x #AE Yuiste RG b} Foh 28y
RG, K)7F 71&9) NG, ol &3 Q=AE 2AMEHA
BE Ageld s AF4E A& 2AVE7] 918 agenda
o F7 Azl wef, RG, K)=NG, k)3 71E #A
o} B3tz o o4 FAY eyl QOB agenda
of 37+ A8 Hart Qg Zoith ofg WA j9t
A7d k& Fol FYF WPz NZ2 AAE F
opdch ez a HXFAE vehlle WEHA
o] oj® W3yt rtejAH WY NENIE FAE
¥ ok

d|

(2) Alsgo

2 HoM e A AAT g A dPgE B
olmzt gt A h&3t FE F A TA A4 o]
A} 3 A}

“The bank is front of the post office.”
“The post office is at the back of me.”

8 o) thé) ‘bank’ & A, ‘post office’ B, ‘me’E
Cal 3-8, 9% 24 T JEHI FHL o}
2 o} e}

ADB
B () C
A-(--) B ~(b)-)C

oJ7]oll constraints( )9} transitivity()S A &340

2 A3 A Ct 228 5, A & C ‘¥ojuvt
Hel Qe Ao = dr)

transitivity(f, b)=(f b)
old] Wi & YE YA+ olgf o} 7t

A-(D-) B-(0)-)C
L b2

o] “A is at the back of C."7} 4# A, -4
7129 FAA () 2L FAQA (D) 2ATS
T3t B7sd #AS WA AAR F, 2 A4
A (b) B7F YIESI A FA 7l A8 A4He.

add_effect()
{
F7HE M2E @4 AWC
/* propagate() £& »/
HEHA A A2 N4
B--(b)>C<-—-(b)-A
/* constraints() 3% */
/* transitivity() 3% +/
HdojdlolE &8
transitivity(b,f) = ( f b )
+HW AB A
A-—-(fb)-->B
71&9 #AA O 2IF 7+
A--(f)>>B
A737F N(ABS RFE&F#AA =Ak

o 22 A 227 Qe A T4
)

(32 11) add_effect( ) T8 25
(Fig. 11) Pracess to Run a add_effect( )

(=29 103} 2 A3 & AN ZAFLE O35
Ze vEYart 448t & “A 6) C'd FHE
fech

A-({@--)B--(b)-) C

L—m—7



B a7 434 ALAND F JE dEHA 8
Botg 2E32} ¥ Al2=(Car Navigation System:
CNS)E £ & Utk GPS 354719 Aol rn X,
A5 FYPE FAAEE 71EHOE Agde
CNSE 9¥, #9, nFFAdAE ol 49 7%
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