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Abstract: In spatial information processing, spatial information is usually combined with various spatial
relationships, which are often dynamic. To represent and reason with these complex spatial relationships effectively,
a novel model topology-direction-size calculus (TDSC) is proposed, which is integrated with multi-aspects
qualitative spatial relations. Then, a framework for dealing with dynamic qualitative spatial relations is proposed.
First, a base relation set which integrated with multi-aspects is constructed. Next, the algorithm of constructing
composition table is proposed for reasoning, which allows the reasoning result of original model to still be used in
new model. To handle the dynamic spatial relations, the neighborhood partition graph (NPG) is proposed, and an
algorithm is give to generate the GNP. Using this algorithm, one can get the new model’s GNP easily. Finally, the
framework for handing dynamic spatial relations is proposed, which is based on the new model TDSC and its GNP.
An example is used to show the framework is correct and effective.

Key words:  qualitative spatial reasoning; spatial information in commonsense; neighbor partition graph
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KRG KREEH AT S RNE U Rrecs-size-pirection I HEA I RFIALIFAE S 3 FRBLI (1) 1) FLEH &5, & 4O
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X LA RES Rree={R1,--- R}
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SE 48 A= i 4 S A B, 2 B R B0 Y, AT LUK 4 B4R 58 IOITH Rrecs.size i 195 58 2 1) A2 40 I I,
W 3 78, 4F Rrecs-size MFIABIKIN 23 & o, 17 AH AR IR JUF 0 R I AR 0 I 7% 8 8 VB Sk SE BB M % A
NS B R, 28 ) 5% RABAL K 7 51 DCo-EC.-PO-TPP-NTPP wJ LUl T A 17 B (85 Zh3h 15 15 2. 0 22 47 A AR 1
JE 9% 2 ] LB i A 3l 4 459 304010 G, 25 8] 5C R AR F 41 TPP-EQ-NTPP 1] LUK X% B AW A A JL TR
Sy NGE

ST O oC. aiEE b Bl
EC. | EC- EC. a hr i a Wi
PO. | PO- PO,
TPP TPPI
EQ
NTPP NTPPI
ali b B3

Fig.3 NPG of Reccs.size
Kl 3  Rrccssize MARIEL 53 ]

L D R & HRKRES B I/ Ese &8 AT UURA SRR R TR RES B KT/ ahiE
SEAHE A AR o3 18 A3 T 12 H S70: GreatNPG 45 i
H3%. CreateNPG(B,A,S).
BN AR D _ERE A B R RRES B,
NSIETERLE A,
HIABK R (X, a0) % ES S;
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iy L AT IR 2 8] G

1. M\ B HARIBCR AL FR I B - 0 3R X, NI /N BIAE S8  46 A PARIUR A BB AE a

2. # a AR, TE G EARID ay 977 1745 (%, a0) X 78 a7 1 B 7E xi 5 I x;,

3 e DARIC, A (X,a) X 7E G a J7 18] b 75 i JE A X,

4 X Xj A T AP IR 2, H 3 (Xn,8) X0 B (Xn, 80 —X;.

5, B (Xna) =X, MR R I TT 18] _EEh{E a FonseEe brid a; A B 58 5,

6. FOTHE ay AFL5EEE BARIE x AL 58 58, W AT ay bRic RAAFL IR DB 1.

7 H (Xn,a)oXi, RRBIE ay (135 TSR P 512 AN 8 bRl a 4b 3R 58,

8 FTH a AR5 EE HbRad x; A FE5E A ay dn i R AL LR (R P8R 1.

9 HTA X A58 R IR 1] G

HEE TS LR KRR By B/NaERR&LE AL AKX R (G a)-ox RS SRHAEH L CreateNPG(B,A,S), 1
DAFFE B 5C T A IRARIA 43 18] B AR AR 55002 m DA 3 3 PR 5C AR 1R 20 K1) 4 BT AL G S5 L 3R 6 52 2 Ao 7
A [F]— A4k A 2 B AN AE AT RE IS A ZIELE G HP IR 77 1) 5t 4 M LA 220 1] 3 sgh 22 SR &0 3 Kl 40 Pl 20 78 4 % g 1
K ZR BN AE 2 8] B AR A .

B TDSC 11485 KI 43 B B 4 R, 3 AR R s B IOC R AT 70 3 2 N B2 FIRIRE R 3 Flek
NRFE{<=>H T RFRH L I EMERIRN S a fEAWH R (BN S b FEAW N, N2 EARN RSN S a
TEANW4E /N (B S b TEAW N R) B 2 A AR R I R B AE S 1 2T X ER P A A
Kk 2 {DC,EC.,PO, TPPNTPP}, Ji 15K FR th4h S W R IR % a TEANWT IR b SEI A% Z), 1Mt N &AM R R % a
TELE b #3)

A — 2 v I T 00 R RN B R It ) B T AR 4 e U 1) DG AR I AR e TR R IR N B R R IR KT R a
b 7277 W b RAHAEOCER B A — A7 . oA 8 AN B o2 {78, Padb. db. ARk, &R, Re9. M. TR}
BT 20 RIS 5 ) 5 e 3R 7R 0 % a IETESEAE b N &g %, R < Rn X4 a IETESEH b 1IN e i 78 92 b
R b R R B FEAS R AR W, JR 8 I B 5 R B0 A I F ) 1) SR o A G AT S 8490 40 5 0 4 a AR %
b W IEAL )T X B A R % a 280 % b g% 45 a,b AR, W w3k a FEmAE b 12 J7 (R e % 7 1l (1 9) 4&
AT 5 b B 75 W) 35 R 2 IR4R.

a 4/
A

DC. | EC. | PO. | TPP | NTPP ga%iﬁ%%ﬁf

DC. | EC. | PO. EQ T i

DC. | EC. | PO, | TPPI [NTPPI E a%@uﬁﬁzzﬁ
© v

b %)

a iz By

v
a i

Fig.4 NPG of TDSC
Kl 4 SHRET TDSC 4658 %l 2 &

AT BRI 7 L G5 E AR T AR N R R BB LY TDSC Hf % Jit 9% 3R 2 1) 80 5 3 4 22 1) B B AR
AT DR D)3 B T AR S BRI, 2 S A I — 2828 ) G AN, mT UGS BLAT 1 408 358 3l 2 P AT 46 491
U BRI 40 K 2R EZR A€ (B0 52 a A1 b 940 0 S8 R Al E 2 DCY(E T[] 58 AR AR /N AR I F A 52 8 Jit
TRA LA AA RAE S SRAUN A IO FR AL TR IR 48 k) 23 1] A T2 Ak

USROG G IR R 7 i) 9% 2R 7 T 4 40 R R AN G R AN 52, W7 R AR Z R 4 A R 1 il
THT P SRS B3 i (9 A/ 5 2R 80 2 110 4 0 O 5 1) R AN 5 JU) 3 Al R L A2 2% 2 T LUK TDSC 14T 4
IR A 5 B RN RARIIAIF #3441 ikl 23 1824 A>B I, W AT AT 5(a) k%7, A=B
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Fig.5 NPG of TDSC when size relations are determined
Kl 5 K/ & E I (¥ TDSC 438kl 3 ]

M BRIy B Al DA BT TDSC 48 skl 23 Bl w] UAR 75 B iR 4l o 224 280 5 A0 (1 48380 70 . 24 2
RIS 2 % TA] S 2 I, T vl A 6 08 83 73 PRt 88 v A B A I 3 1 5 1 11

3 ETFIEE TDSC MEIRD 85 BAIE

31 EFHEETDSCHEIRTEEERTSHE

MgE E I AR BRR R A 4 KR . KN RRFTT 0 LRI AT LMRZAE S A TDSC AR RE R, I
FI IS5 245 A1 000 73 I BEAT HE R, R I ATt 45 i 3T~ TDSC LAY HEAT F 7 AU B R HE 42,

EX 4. HT TDSC (W75 a5 BAEHAELL 2 A 3 JTLAH(2Q0,A), HiH:

o DI ME EAIA, L] TDSC ¢ A4 ad i 2 () 45 B8 5o A5 5, ANBE I [0 A0 ) 8 1 522 ;

o QuIERZENME B AA, /L H TDSC 3 R MR M 4R R A& 1 23 i fs ],

o ASRREME BB KARES.

FEXANRIRHESE T, SR Qo #/2 H] TDSC 5% AR &7 (K1 58 R AR & (H SRR IR RN K 58 R AN IR B A 1T 5%,
51 a4 T T 170 1 B G R T Qo s KOG R N B M B AR T AR Ak, 491 i N 5 3 55 2 TR R R

Bt A Wi R oR B BB 1E AR G, RIE Q380 23 B v 5 1R X % 50 RARAG B B A A 1 3 A
"] LU — il i ACTION(O,act)k %75 ACTION S 1K 1 44,0 7R 2 X & act L&) O AI#RAE.

Y EFET TDSC 28 e B RIAE L f5 5t T DO SEHEAT HERE 17, I THI 45 H 55 T4 SRl 2 1 o L.

EX 5. MRVIE A E B4 RS h R THESE(2Q0, A) B Z IR, 1 Vil A2

(1) QuuA=Q, (4B 73 B SR A5);

(2) 2LQ=V (M LKA TR AT).

GE S5 4t THET TDSC itk 4 BUHE S BEAT HE LA i Stk 2 AT LA H X HE B2 (Z,Qo,A), HHE HHL 43 Sy 13 20
512 R RGEESE A X Qo fEI T AEHRIRASHE S5 2 0 HIF A3 B PIRAS A S N IR G B2k
HEPE, 73 ) B 2 ) 45 FORAV I Th 28 120 h AR ) 20 B 73 2026 00 Xt T UK IT A ) TDSC A S R b 58 % 5)
VESEAHH I~ /K e A3 3] — 5K K T TDSC A RS E ) — 43k, P 243 220 50 A3 20/ Qq Jg Qo 7EHE
mahfEdEd A Ja P A i R A3 2 Qq J5,Qo IR RN T . Q) 5 2#2E T TDSC ik sl % &,
DAL UG 8 FH 45092 TDSC(X,S) T LUR A 25 15 Bl 45 R X REA V.

RTHZ HA TDSC 4 ad F 4 23HE 22 1 4 2 0%

&% QA(ZQ0A).

N A )RR RS
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HIURIRFS 2 :Qo,
IMEEA A,

i HL A Al 25 B ESQ,.

1. A S={EEEA A TR NS G

2. XS R A X 1E Qo AR BN B MHIA Qy;

3. XS A A x 75 A PR B B TR A

4. TEARIR 73 B PR BN BE A Qua AcKTRE I Q)

5. X QUi #% TDSC(X,S), 3 2 V.

T T R SRR S A T R B R 2R JC T (4, B2 AT LA R B AT 1 i SR B 4 215 ) 1, 0 2500 i —
WAMEEA T LRk
3.2 LIEEIE

T TR FH AR SO S IR B X B g H K DG TOB BB R AR B AR E R — SRk B VEAR R A R
WA R B Ca B a8 T8 @403, Bl & & m R B ) 34k g insk, 25 th B AR 10 R s FIHE R 2.

T A XI,GS,NM Ak R R B . HIR AN S LKQ KR R A 2. sk, BT nl ARG 7 5 B
(2), 55 S Tl B A2 D B4 R 1) T AR 4k 18 240 52 A48 F 10 2 ) i ok

W-EC.(XJ,NM);NW-EC,(XJ,GS);NE-EC.(NM,GS).

PR PRIAIRSE 2 A, A AR B T VU R, 3%k B A B IR IEHE B, BT LA %0 5
—ANRA RGN R R R O A SR T R R tht T LU B A 20 5 G ) A IR AR
J0 3 AE 2 B A 56 A HE R AE 4 40 oA A RS G R T T IR skt 2 K A A AT T A R I IR — RS
TH DL B AT DUE 74 23 A0/ T8 B A TR, i b, P A 18 7] 46 1R 25 (Qo):

N-PO(LKQ,XJ).
SChZNE P ENEEER 2 A, R RS I AR A AR AN . T LUK AR R ¥ R U
TR KB E. i bk, o] AAR B 1R 4R 5 (A):
Move(LKQ,E);SizeChange(LKQ,L).
HRAE 3 41, FH 18 4ak Kl 4 1) St 20 1 A% 1 5 (IR S (Qu) HE B R
(1) BIAEXRT A AR IR A 1R S5O (e A0 41 4315 )
N-PO(LKQ,XJ)AMove(LKQ,E)—>NW-PO(LKQ,XJ)vNW-EC(LKQ,XJ).

KAFAARES (Qy)

NE-PO.(LKQ,XJ)vNE-EC(LKQ,XJ).

AT 3 AT v n] DU 380,94 25510 T AR 5 AN 2 KT B8R 11 T R, ER1 ke, 2 e RE 8 4T 48 1) o o6 3R (0 A O
K [E SizeChange(LKQ, L) 5% M, Kt X 75 225 & 5(c) E BLai il BL T 25 75 2225 L8 H i LR T A v] e 2 Lk v
TA/NATE DU T A 4 RS R A .

UM AT A0, 298 28 IR AR B Bl G 2 ) 45 SR A ¥4 2 SR e A0 T 98 1) AR b, 3L 5 o BB A Bl A D) L T
TR 25 LU 5w (1 2 /)8,

A FPRES Qu 5 RME B, T LU B A R HE B B m & 1 45 SO (V).

(2) 4G U I 45 LR AR HE T (2 A BE)

W-EC.(XJ,NM);NW-EC.(XJ,GS);NE-EC.(NM,GS);NE-PO(LKQ,XJ)vNE-EC(LKQ,XJ).

XA S LKQ 5 NM i A 572 TDS, AT k15 45 LR E LA (V)

Rrcc={DC,EC,PO, TPP,TPPI,EQ,NTPPI};R5i={NE,N,NW W};R¢.={<,=,>}.

T 43 Rrecsize={DC<,EC.,PO.,DC-,EC.,PO-,DC;,EC,,PO,, TPP, TPPI,NTPPI}, M1 73 3] TDSC < & 3t 48
ASJITE R R AR 4 v ARIRI 5 B AR 4B, BLAAL T AL I A6 20k, O B A 38000 R I — 2, 7483 ki) 4 1] v
IRF G Fmix e R A LKQ 5 GS (7752 4.
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g5 BTN A S URAE N SN VEHE . PEAEEE . JLHE. ARALHS IEA S BEE AN N SN .

LA R, AT DLSE B AR VE S IR S A S A, 4 A VR SR HEL s M X A R AR R
SE I 20 AR St 2D, By DUHE P o 25 7 2E — SR04 {5 5. 2 4 B B 20 ARG AR O A8 ) RS R S AU AR AR
SRR T4 i 91 B PR A R4

4 HRERRIERE

ARSI NATT 2L 2 1A SR A FNZR s, R TR 5 22 Je k(K 3R D5 R T S5 it S T AR /N G &R
(K5 (A5 AR BERE R TDSC, R4 Hh T 58 & TR ARG [l N4 T BB 1) 2 45 3R A SR R 25
15 A5 AT S v DA 7 ) S 28 4 B RN T o ST L A A TR T i T T A B 5 2 T 0% R AT I
X173 B AP A TDSC e L ARM 4r P4t T 3 255 Ph 2 105 R R s ANHEBEAE S, O T S LI T HE 2K
O TE B A RE.

Mt Ji (¥ 5249 mp el A 2, A 26T TDSC (12 R BINE 2 mT LUAT R4l A 0 4 225 18] 5% 2R (ELHE P S 49 21 )
J7 2R AR R SR HUOOR PR X2 R BT R . TDSC 1R 5 3R S AE JsUA 207 11 % () 0% A R A 3R (K S Al _E o i
G50 BAR 7 ) XA A MR ST B o R 3 5 22 T T % AR PR 5 A A5 R AR BEASER_E R AT R0 P AR I 3
ST AL (R R B AR O AR (1 5 TR A AR TUAR I T R AR, T A 75 7 BE L5 00 1 i #fE BEAS 21 1) 5%
AREHARBOR T — B H EOTT TR L N AR PIIURIE T RAR.
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