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Abstract  Representation and reasoning of Vague region relations and direction relations have
important significance in spatial database, network information security, data mining and artificial
intelligence, etc. To deal with the complex representations and the compound reasoning of Vague
region relations and direction relations, Vague region relations and direction relations are
systematically analyzed based on the Vague sets which can deal with a great deal of uncertainty
information. Based on the Vague sets, the intersection matrices and the representation model of the
Vague regions are given. To handle the uncertainty of the direction relations caused by the ambiguity
of Vague regions, Vague direction points and Vague direction space are defined based on the Vague
sets and the intersection matrices of the direction relations are studied. To analyze and reason the
dynamic Vague direction relations, the dynamic adjacency table of the Vague direction space are
given. Furthermore, the methods for the reverse direction relations and the related reasoning of the
Vague region relations and the Vague direction relations are studied also. The theoretical research and
the experimental analysis show that the production in this work can deal with the key problems of the

Vague region relations and the Vague direction relations and it can handle the complex reasoning.

Key words Vague sets; Vague region; Vague region relations; Vague direction relations; reverse

relation; compound reasoning
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Fig. 1 Spatial direction and membership curves of

Vague regions.
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Fig. 2 Complex reverse direction relations of Vague

direction spaces.
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] % 2 M AH ) K VDR (U, , Uy JWFR VDR (U, ,
U,.) 5 VDRWU.,,, UDHERNZEFTHKR. B TFE
] Vague %t G HAT &5 B 19 AN ff 2 M Ll i ok sl 2
P BT SRR A K Y ) G R R A Y B A
FE N 1 5 1005 552 B 07 FH o % D 1] 0GR 1 5 SR AR AR 2
PETTEEE B 19, P 5L R G2 anfef 5 M b 5000
3 AT R BE A PR AN (B 4D &2 7% Vague J5 1] 56
F IR B ) 75 ) 06 R B MR E X

T4 2 241 Vague J7 1) 56 & ¥ 0] 414k 2]
H AR XS5 2 B G0 25 A~ T 1) 28 0] (9 28 4615 L
J5 ) 25 6] 9 B2 1] 75 0] R 4R 5 & 2% Vague J5 11 & &
Z 8] ELA AR B B R 7 ) %S B2 DS R
)7 25 [0 oA RDS, AR5 25 8 45 H 20 3% 10032 15 4
TR R B Vague J7 0] %5 (8] (9 52 [0] J5 1], W03 2
JT7R :

Table2 Reverse Direction Space of Vague Direction Space

% 2 Vague 8 % B § R 8 7 6 = id

DS RDS
EN ws
ENE WN WNW WSW W WN
ESC RD*EWN
S EN N WNN WN ENN
WS EN
N WS WSS S ESS ES
NC RD*Z {WS WSS S ESS ES}
WNW EN ENE E ES ESE
ENC RD* EWS
w EN ENE E ES ESE
WSS EN N WNN WN ENN
SC RD*Z {EN N WNN WN ENN}
wcC RD*E{EN ENE E ES ESE}
ESE WS WNW WSW W WN
ES WN
E WS WNW WSW W WN
ESS EN N WNN WN ENN
ENN WS WSS S ESS ES
WNC RD* EES
EC RD*5 {WN WNW W WS WSW}
WN ES
WsSw EN ENE E ES ESE
WNN WS WSS S ESS ES
C RD*
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X4k EC i s in) J7 ¥ RD B4 Vague X 35 (1)
R B 45 3B b B A TR A% I HL R Ty S ) 0 Ry
(WN WNW W WS WSW . % F Vague Jj [i1] 25 [A]
()R 1) 7 0] 6 R, K B2 24 1) Vague J7 [0 & R R
] 56 22 T A8 M AT 00 R R Q0 2 B R, AR
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STl,.= | @& 1] ;
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N N ¢ O
Y2228 8N o
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Wl Hy ST il XTo, a4 ST1 ., 5 XT12, BA &
KR S WAZ5 T BT HEAT TS RN 43 7
3.3 Vague FEXEZMXIBX RN E S KBRIEE

HTF Vague X C RBLRIF Vague J5 1] K R
B AT HE— P 45t Vague J5 ) 56 & Ml Vague X
BOXERNE A LM, W HRMN R U, h— 5
Vague X3k, Z X5 U, 19 75 10 25 [0 98 810 43 oy 25
AIrmEEEL U, f U, () Vague X3 E R 2 SR
(U Uy) s Vague i K &Rid A DIR (U, , Uy) .
JTiH Vague J5 i) )¢ & Fl Vague K XL RMWE S X
BEHERE HE A DA H AR X 2 U X F S % U,
() Vague J7 11 & &N DIR (U, , U,) . Al {51 U,
AU, Al A 7E R Vague X3¢ R. DIR (U,
U.) PR E HHEFR 4 F . SR (U, - U, ) B A i 5125
R DIRW,, » U FF AL & 19 J7 a1 25 [ 85, v] 8
HArxt % U, 12 X4 U, 175 17 56 &0 8 —Jt
T SRR ICH KRR K ZICTT 0 K&, Vague J5
] & & Al Vague X 8 5C¢ 5 19 52 6 OC 16 Hi: 21 AH 17 1
W43 N — 0B A R BEHE B 0 A O IR HE B AN
ZIUE AR, h T 20 A KB T —
JCM 0 E A R AT H G 0. A EE
Xf—JC M oo A RHRHEEL AT e

SRy 5T AR 3 BT AR SO | T) — 4 2 A 1 A
A Ta] —HE PR TS A 2 HE BE 45 LA [R] 1 42 A O B
RS, BV DIR, (U, ,U,,) #1 DIR, (U, ,U,,)
FFHE S B T B BT 1Y Vague X386 R4 (SR}
AR, W AR DIR, (U, ,U,,) #l DIR, (U, ,U,)
FASR}JE F A —#E B AR, AR Vague X B3¢ &R Al
Vague J7 [1] & F (45 0 0 — 08 A SR B B, It
ALLTE 3 Fofr[m] — 4 FR A

1) {E,ESE,ES,ESS.S,WSS ,WS,WSW,W,
WNW, WN, WNN, N, EWW, EN, ENE} =
{SR, };

2) {EC,ESC,SC,SC,WSC,WC,WNC,NC,
ENC}={SR,,SR.,SR;,SR;,SR; } ;

3) {C}=1{SR;, SR, SR, » SR, s SR.; » SR »
SRy, .



2 FAEE: Vague KOG R 505 ) 06 R YRR B2 4

925

EEXE OO0 A CBRHE TR, S LT 4 PR —
PR -

1) {[E,ESE], [ESE,ES], [ ESS, ES],
[ESS,S], [S,WSS ], [WSS.WS ], [WSW,WS ],
(W, WSW ], [WSW,W], [WNW, W],[WN,
WNW], [WNN,WN], [N,WNN ], [N, ENN],
[EN,ENN]., [ENE,EN], [E,ENE]} ={SR, };

2) {{ENE, ENC], [ ESE, ESC], [ ESS,
ESC], [WSS,WSC], [WSW,WSC], [WNW,
WNC], [WNN,WNC], [ENN, ENC] }={SR, .,
SR, ,SR;,SR; };

3) {[ENC,EC], [ESC,EC],[ESC, SC],
[SC,WSC], [WSC, WC], [WNC,WC], [ NC,
WNC], [ENC, NC] } = {SR,,SR,,SR;, SR- ,
SR;};

4) {[SC, C], [C,WC], [NC, C], [C, E]}
={SR;, SRy, SR »SR,; ,SR; s SRy5  SR» , SR, }.
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4.1 FEBREEES T

LA 1 TAEER X 45 AN o X 38 56 2 FN 7 1) 6
AT T KBS, BUS T — S B IT 0
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Ti 1) G R M RN FAE I ARANE T RGEM . AW E
0 L 2 R B 11 ) B i D S L (L £ e
HEIIL 5 A T7 AT HE— 25 10 B A

SCHRL2-7 J0 BIF 5 R AN BE A B X 5C & L fHTE
A0 B X 3l G R 1 Bl A T L Bl A A g AR ) A S
(5] R, 2H 4 HE 2R RE Ty %9 5 SCHR[8-9 1 AT 44 4 b 4k 31
J5 ] 56 F L AB TG TR AR BT 0] 06 JR W 2 A T L 3 Ak
0 0 [ S 1) L, G o FE GE D B S5 s SCR[11-
15 {UAE AL P Vague X3 OC 5, (H JC 2 4b B Vague
DX B G R 00 Bl 2 TN 2l 25 36 R0 B ) e ) L {H
2H 5 HHE BEBE 7 R s AR S BIF 5T R T 25 G Ak 2R
Vague [X I 5¢ £ 15 18] 0C £, ] fiff e X380 5C & F 7
Ti1) 5C 2% 1) 2l 285 00N | 2l 28546 30 11 B v 4 2 [0 @, HAT
i (1 2H 5 HE BRLAE 7. SCRR[2-9, 11-15 P b B A
Wi 25 A G R BLA B — 1 H B0 A B Mk
] FRL 2200 T DX Bl A AR SR R I 00 B AN A E e
Z NI R B R B 1SR B 1F B Vague X

K F KTy ) 25 [0 BA & WP Vague J7 1] 3¢ & 1Y
HEMMTAE SHEREE . AKX I E X & 2410
Vague X I0C 5 F Iy ) ¢ & #EAT 44 4 B FOHEFE
AMLBEAL BEF S 1Y Vague J7 [0) &R » 36 B8 84 i Ak
A Vague J7[n] & 04 T 00 14k 22 v 252, 7F 4b 31
SR S 1) J7 1) ¢ ZR 07 T B R i BE . B R
HIRGF Y e 1.

Jy 72 o BT A SO BUR TR Vague X
KF A Vague Jrn] & £ 0y 4k 15 4 31 )7 11 1Y e
£ i1 7 Pentium4, CPU 1.8GHz, N & 8 GB,
Windows XP %35 K, #] | C+ -+ builder 6. 0 54
P T E AT TS558 53 M. S 96 Bods 2 el Fe AT i o &
PRI G F1 Vague J7 [a] 5 A2 LR A (VD5. 0) B
BLA Y. Se g g RAnE 3 s

| —— Number of Vague Points=8Xx O
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2. 8 | —A— Number of Vague Points= 21
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(a) Processing cost comparison of Vague direcion relations

—— Case2
—4— Case4

2.2 —&— Casel
2.0+ —4A— Case3
1.8
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0.8
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0.0
0.3 0.9 1.5 2.1 2.7 3.3 3.9 45 5.1

271 Number of Direction Relations

(b) Performance comparison of dynamic check and reverse reasoning

Fig. 3 Performance comparison and analysis.
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Kl 3Ca) ] A1, Vague J5 1] & R Mt 2 B
e DX 3 B A E 0 FTIX 88 TP BE 2 1SR BY Vague J7 )
SR R BT ERSE o0 AL R EOR T A M ML
LIHARES) LTR, TERZRAAR Vague X5k
AR Vague J5 ) g 9 THEACN A 2250, K 3(b)
— T B A Vague J7 1) 3¢ & WM AR ) ¢ &R
HESR AP BE 43 A, Forbr s B A AR R BT SE 3 1Y Vague
J5 1) G R WS AR AR & R U AE. O 19 4 0 R
12 PO AR X AN [) 52 5019 B0 2 7R R ] 5 3. [/ 3 (b) i
(IR R T LA 4 Rz g6 4% 0l (0 oA

A 1. F— KIS UE 8 & Vague J7 7] & R )
FRAN IR FH 40 42 3 4k B4 36 3 &S Vague J5 17 6 R
FRAN Y LA L

1B 2. FI AR HE R 55 3 & Vague Jr i)
KRIREG Z — KW 3h 2 Vague J7 11 & & (1)
PR LA L.

15 3. HHTIFE S m Oy I 5¢ & AR 5 R
SR 1) 5% ZR L AR T B B 1) T 1) 26 & B AR AN 1 LA
1E B

15 4. FIH ) 5C F 4 BB R TR 1) T 1)
KR M58 28 5 F 5 S In] J [n] G 22 A1 22 9 LA
1% .

i 3Ch) al AL E AT AL B Vague 5 7] 6 R %L
SRR AR SO0 A 58 AL PT HOR R R Ml A v
A Vague J7[n] & & T HE 5 5 5 1m) 56 &R A 4 22
RO R ) Rl A R R B il 2 15 25
4.2 LHIEER

CL NI T 52 U0 A b X A7 7E R — S X 3 (UL
Hl— 35 Ye S X I8 (UL, o X380 v Ak F 3R 70 4k 43 A5
Kot P 5 15 #0 ELAA A Y R 0 AN B E M B SR X3
FG G AT DX 38 H A A S R & . B 5
A AT X3 X g Y DX 358 P9 5 i 155 50, ) — 1> S B i D
TR A0 43 B DX R 1 25 8] X OC R M7 ] e &R R
fEFAFF 76 12 b X 3k B EL A A M i X 52 AR
S REAE B HE AT A 56 0 A A0 BT 4 BT R . BOHE X 4 R
Lo, 54 B AR AT HRAE AL

Xof 5 RE AR R AH G 1 B B R AT gt o A )
A AR F PRGN (1 X 3R, Vague {15 8. — M, 25 7] X
B B REAE SR B 2 S HE B R K, TR
Vague X I8 9C 28 F1J5 7] ¢ 2 44 8 HE A . K 2 e fiF A3
R IX 3 Vague (H15 B F1J7 ] Vague {815 B # il
WL B A0 2 AR LU Vague X8 &80 HE A5
lia) 5 [i1] 4 A 1 o2

ETH 1~3 Whhe. MR A Vague fH

Fig. 4 Approximate Vague region relations and

direction relations.

4 JEl Vague XK R 5 Vague J5 1] K 5

fE B A1 U, M U 3L Vague X S5 1 F 5L
TSGR U, BRI 531 Vague J7 ] 25 [ B RS, 5L
T4 2 WY Vague XIOC R A, A i — 25
4 U, A1 U, 18] B ST LB Vague X806 & 22 4k
BEAL ARG Vague ZEITRHFI N[ O N
OGO NO"@ G NO @ @], #F A 3wt
Vague J5 [n] ¢ F A 5T s R FINACR A ECE B {8 3
b — 25 AT A5 &R A R AE A5 5 1) Vague (UMK 5
Fr

Direction Vague Value

110.477,0. 568]Ng ‘[0.524,0.611](g 2[o. 938,1.000]5g

2[0.046,0.119]¢,  °[0.815,0.923]gs,  *[0.087,0.146],

'[0.118,0.203]¢,  *[0.859,0.967]5,  °[0.721,0.844]c,

sLo. 256.0‘343]% 6[0.225,0. 314](<g 5L0. 756.,0.849],\:g

7[1.000,1. 0001, $[1.000,1. 0001, ?[0.634,0.756]c,

9[0.711,0. 824y,  °[0.168,0.255]g,  °[0.159,0. 238w,

©[1.000,1.000]5,  '1[0.209,0.314]5, '[0.785,0. 866wy,

12[0.086,0.133]c,  '2[0.899,0.997]y, '2[0.111,0.187] kv,

1200.099,0.175],  9[0.235,0.326]c,  '3[0.217,0.290]5,

1500 658,0. 720 s,  '*[0.764,0.833]g, [1.000,1.000]c,

2[1.000,1.000]gn, '[1.000,1.000]g,  [1.000,1.000]c,

18[0.183,0. 274Jgs,  '8[0.896,0.995]x,  19[0.231,0.347]c,

19[0. 285,0. 366]5g 1970.801,0. 896];;5g 1900.753,0. 8381,

20[0.332,0.416]¢,  2°[0.686,0.759]5,  2'[0.269,0.370],

#100.755,0.847]c,  #[0.987,1.000]c,  #2[0.009,0.076],

23 [O. 318,0. 399]"3\";3 2 [O 692,0. 785]1—;!1 21[0. 201,0. Slszj\jg

2100.798,0. 9047k, 2°[1.000,1. 000wy, *°[0.438,0.545]c,

Fig. 5 Direction vague value of characteristic points.
5 RHESMITIE Vague fH
FE T 5 AT 8 Ay 40 B0 DL A T e A R
YRR T 1) OC & B AR M I Bl Vague KB C R
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BEAIF Vague J5n) ¢ R BRI K] 4 s, BDY5 44 <0
BIAb T 2 P )7 g7 %5 W) EN,. E, . ES, 1 C,
o RIS 25 AN TJr k) EL,ESEL.ES,ENN,
EN,ENE.ENC,EC,ESC 9 A~ 77 [n 5t ¥ 7] R 4 2
LS5 T3 G AT Y 3 o3 4% 0 BRI X Bl 2 22
1A PN BRSO DX e, (5 X 258 9 A% A2 0 DX A Y8
S 0T M S )

5 HFRiE

USRI X8R P ) ASORY s B AT R 1 R SRR AR R
A, BB X B0 O 2R 1 ROR 3 ol AR 15 T O A2 4% M
o7 L o AR DX I P 32 25 R P R T B LA H S 2 IR
G0 7 )23 6] 1 1) 53 B A AH 25 R B AR 2 v B AR
XF N 2 BN B 10 23 18] J7 1) OC &t BAT R AY 35 W)
P R F Vague X Vague X I3 & L Vague
T3 ) 56 & M A e S BN A AT T IR 0 bt
. 4T Vague KR OC R A B Jy 1 4b 2 i
Z: BEOOE 0 & WA PR BT 5 B0 B AR X 405 ) G R AN
W E M, BT Vague £ X Vague J5 1] 5 Fl Vague J7
] 25 [E] AT T R om Mg, 45 T Vague J7 17 ¢ &
(A2 B AH M R T 1 W98 T Vague J5 [ C R 1 3h
AT BB LR A 0T T2 24 Vague
DXIROC R B 1) 6 RIS s 51 AT R — 4k B AR 19 A%
&LAEMT Vague KB R M Vague J5 1] 8 R 1K
AR L. AR R E SE N EZEN
P FE A N T 3RATT T & 0B A5 B AR AL 2R A
SIHTERAE DISA. O rp, B ORRE BE L B 58 T (R B R 4
Qb B A F AN R BN OC &R I BE

TP TAE FE AT AE LT W -

D) K as (Al B 56 & Al Vague J7 7] 56 R F7 4
BCAIE ST, DA A B AR 2% 1 2 (8] ¢ 28 20 45 A i) 0] 2 5

2) W 52 2% B 25 1D G Canafy £ () ThT 3k A2 2
[ 18] X 467 46) B Vague J7 0] 56 R A T4 A BF5E.
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