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Uncertain Data Clustering Algorithm Based on Voronoi Diagram in Obstacle Space
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Abstract In order to solve the problem of the uncertain data clustering in obstacle space, the Voronoi
diagram in computational geometry is introduced to divide the data space, and an uncertain data
clustering algorithm based on Voronoi diagram in obstacle space is proposed. According to the
properties of Voronoi diagram, four clustering rules are proposed. In order to consider the probability
distribution between data, the KL distance is used as the similarity measure between data objects.
Because obstacles can not always remain static in real life, and space obstacles often change
dynamically. Then, according to whether the set of obstacles is changed, an uncertain data clustering
algorithm in static obstacle environment and dynamic obstacle environment is proposed. Theoretical
studies and experiments show that the uncertain refining clustering algorithm in the static obstacles
environment(STAO_ RVUBSCAN), the uncertain clustering algorithm of the dynamic increase of
obstacles (DYNOC _ VUBSCAN), the uncertain clustering algorithm of the dynamic reduction of
obstacles(DYNOR_VUBSCAN) and the uncertain clustering algorithm of the dynamic movement of
obstacles (DYNOM_VUBSCAN) have extremely high efficiency.

Key words static obstacles; dynamic obstacles; Kullback-Leibler divergence; uncertain data; Voronoi
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[ AR BT OF B A K 78 35 8 P9 (6 S W 2 5000 O 1%
S, X ARIRAFAE T 7T LA G v DR O X 3 3

F8y i AT S T e A A B

HY LA b 434 AT B A 1 xS ) o S a
S 2 SRy TR 4317 O K S Ak B 2 ke A £
AN LB BB TEE PR R B 2 %k 2 2 1S Y
BB EAT BRI BT L 2 — 20 4R T R A ) Bl S B
I ) AN 2 A B 25 5 DYNOC_VUBSCAN., 411
Bk 3 PR,

&% 3. DYNOC_VUBSCAN (X,0,e,R.).

BN X e R.ROHHEBERT O

i RREIR W,

D Oy < O+0. 5

@ for i=1 to n do

®  Obtain S,,Sh;

Calculate R(X;);
Judge OCO!) 5 [ » LW 2 x
if Count_Sy=¢ H Count_S,<e
W < STAO_RVUBSCANQO; [+ ¥ H
Bk 2]
else if Count S <<e H Count S, e
Calculate OKL(S%);
if dist(X,,X;)<XR
W—X..X;;
end if
L<-delete(X;,X;);
end if

@ end for

return W,

HEE D 3 Al Voronoi B, 44 & BT 7 (1 i
522 Onlgn). 553k 3 A —A> for IR,
DA 5 B s s Y (R] 52 2% B2 2 O G n AR
F8 2 AN A o R A R S O BB = AT BR A% L T LA
VLR 2R . S 3 R L RO PR 1 &
iR 20 Bk 2 BT IRL A AR R B 4o B A
5= OCnlgn). DL B3 Hr Al 11, B8k 3 BV I (] &2 2%
R Olnlgn).

2.4 HEERBLBELITIARERBERLEE

B 2 ) B B B 49 T AR B0 S PR s 0 B 2SR AL
24 B T ) /0 I AR A ] RE X UK 110 SR 2R 45 2R R
AN

FAM] 3. 0y g W ) A R A I SR
g E SN A RN O B S N R B S 2 NS N
FERBF LG A 2 SRR, Y
I /0 ) R0 ) R 6% 73 A o 2% 1) SR 2 43 SR i A8, )k
ok /> B B A8 e 76 £V oronoi S50 Y e KA 5 B I 1Y

Qe 6 ®

®©®6 066 0
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AN S S0 TR R AT AR AL B RO R R 2T
e AL A B2, H R P8 Voronoi [E 1) 48 2
R TR AN AT AR BT A AR A v R i A
SO B B I S 0 SR A% O X G2 T A I R A

WE S s, B 5 v e 2 38R 1 [ i 2 3l 38
WD R IR AR B AR S R (O, O, O ) I B
RN AT HAESG R S = (X X X0, X5, X5,
Xou Xo b RS S, = (X, X0 X1, X10 ). O, Al
O; R Is /b W) R . s 9 B 5 45 A v R Oy, 8
BTG 23 5 kAN B BOHE A5 TR B AR S n] R AR
BT EESNATE RIS L AT HES T
(AN 2 R s 0. S RN AT AN
ST={X:  Xes X10- X015, X0 X500 X X0 X015 X010 ) s
RA AR S = (X, ). BRI . 158 X,
Xy X AT B D A 2 HC Al 752 v i) AN 0 2 $iE R 43 3
Xy e r g v TRt 25 (] i A5 4 %) 9 2 A £ 5 )
R T R .

Obstacle

Radius Re of Covering Circle f

— Virual Distance ——— Obstacle Distance

Fig. 5 An example of dynamic reduction in obstacles

5 B e o A8 0 R 1)

R A1 5 2 1 5 0 P LA S k2 Y R A T
REXT RIS 52 ), o w] B XT SR 2R 45 R S, X I 5
BT, By B AR i e B i B AR 4R
B O » FNWTIE A B B 159 0 57 . SR 5 AR R0 3
3 AT U/ 1 A 0 SR 2SR R S ) L B S 1 B B A
BN AW BT B A E B SR 2R A

ST UL EE, BAR 25 3h 3 B A s /0 1% Bl
B A E B IR 255 DYNOR_VUBSCAN. i
B 4 R,

#i% 4. DYNOR VUBSCAN (X,0,e,R.).

A :X,0,e, R WG O 5

By i R LE IR WL

D Ouw<0—0;
@ for i=1 to n do
Obtain S, .S,,S7.S);
Calculate R(X;);
Judge_OCO7) 5 [ B 3 x
S'<S,—S};
g<Count_S" O ;
if "=k ¢=0
W < STAO_RVUBSCANQO; [+ ¥ H
Bk 2«
else if S~ ¥
for i=1 to ¢q do
Calculate KL(S);
if D(X, || X)H<R
W—X,.X;;
end if
end for
end if
end for

@ return W.

T EHE L 4 fERIE Voronoi I, A4 2 BIr T /Y I
[ 52 2% o0 O lg n). AL PAT B AN E B for TEER,
i 5 AN 2 B P A A I R) A2 AR O O (gn) . m
A2 0 R AN e B ) SR O BB AT BRI,
it R A I I N AR N R Y
Rt A R B US540
&AL R @ BT 1 A AR U B 20 B 2 )
BREC LI E R Olgn). | LA E4rHr ],
B4 BRI O(nlgn).

FY T 0 AR AT B AR S R T AR S SO
AR B o R T A T R 02 B R S AT RS
ALY AN B e R R 2R B I T R R ORI T
TR (A5 Jm 790 A4 E AT A B0 B i L R 4y 3R
FKEARL.

2.5 ERVHEBRHBEATHABELERE

AT B9 1 S B B B A RS S A B R I A
Bl B 28 Hoh B fig W 4 3 2588 2h 98 1Y J2 B i ) 1)
B AL R A U FO A 0 0 8 R A U

AN 4. B A ) A 3R] L S i R 6
AW Y S ARG N 2 WAy B s A
HNZHARICH O - FEIF W H B Z 5 HRIE R O ena.
R RS P s SH e 30E Q. 7EM & P
F A0 Y T B 59 O, 30 AWl [RS8 50 7
1539 sh 25w i, th A ol AR & B 3h 3 al AR &

©®Oe 66

®6 666666 6
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A AN Tt R B SR 2SS L. A Q LA S T
B AT O cna B B 55 00+ DRI I 75 8 53 B B 45 400 3 25
B, Ay AR S F Bl BN TR S B R T o A
o L R L

UnTEL 6 FT 7 o HE 27 Sk 2 1Y BG4 23 A5 5%
S5 AL A A D AR B B4 4 3 25 A Bl A4 i
Ja L B Bl B B AG R] RE X SR IS AE R A R ]
REXT SR ICE R BEA R . ol LUy 4 4 B0 4>
Fritie .

D B39 O, h B 5 B A &858 3h 2 41 16 N
L 6 AR O, ol O, K.

2) Bl O, FER 0 xR X, B 1 1 B 5 5 A
RS B B 2 R AR AR L A1 6 BB O, R 3h E) O,
15 L.

3) BRSO, FER O X R X i 1 1Y B 5 15 Ak
HRES S B 55 B N AR L AN 6 BRSO B8 3hE] O,
155 L

) BERFY) O fEE SRS 3, s 6 FEf O
B # O, i,

—— Radius Rc of Covering Circle D
. Covering Circle

Obstacle
----» Obstacle Movement

Fig. 6 An example of dynamic movement of obstacles

K6 A8 3SR 3 R

H T o (5 0[BT G TR I AN T
B gy o A2 AR K. R 00 1 TR A RSSO, 728 35
WNE S Sh R e M EEAREE N O =0 — Ohpe T
Orena 31600 2 WP EYRRRT O, oh B 35 157 A B8 2 21 3 55 B
Hb R B O a7 7E X519 AN ) 72 BR300 58
W5 3% 2l J B 07 A 5 MR R 0 X R B SRR AR
I Ouew =O— Onee s W B8 3 BRSSO, W 2 35 18 5F
o 2l 3 B 5 [0 P 5 R W R A5 O JIT 7E DX AN B 7€
Wl o A S AR Y L RS O, B8 301 i B 10 B 23 B2 T
B X R IR L LR T L Oww = O Oiiee T Orana's
O 4 RS O; 128 35 A S8 8l . R WA O,
FNBRAG O ena FITAE DX I AN B8 72 2O 0 A1 2 i B 9

W05 2h A Bl 22 S5 67 AN S W A% 0 X G2 I R s 2
I Oww =0— 0,

HEhRIC s B S i FER Y LE RS 3 Z T AL S
A Bh Z Ja (AL IF FIWr A7 5 LA B BB i 100 2 1
135 O HPEFLI 4,58 33294 F§ DYNOR_VUBSCAN
B¥EF DYNOC_VUBSCAN 83, g & 52 906 3 2
W i 0 B sl Isf 1 S o BB A T SR 2K

BT UL 507 . 45 R Sh A R B I O
(9 AN 52 BB B 2% DYNOM _ VUBSCAN % s, 41
Bk 5 R,

&% 5. DYNOM VUBSCAN (X.0.0,).

B AH R BUESE X RERHE OB 3R O,

Bt RREE R W,

@ Judge_ OCO;1e 5 O;na) 3

@ if Oipeg sOiena in Circle_ RO

@ Oww<O= 04 70,0003

@ W, <DYNOR_VUBSCAN O ;

[ P HIRE 4+ |
® W, <DYNOC _VUBSCAN O ;
[ = PR 3+ |
© W<W, UW,;
@ end if
® if O;enq in Circle_ RO H. O; not in
Circle RO

@ Oww<O=Oibeg T O3

@® W <-DYNOC_VUBSCAN O ;

[ XFBERFY O W ISR 3 %

@ end if

@ if Ospe in Circle_ RO H O;q not in

Circle RO
B O <O O3
@ W <-DYNOR_VUBSCAN O);
[ XFBERF O VI FHEETE 4 % |

@ end if

if Oipeg »O;end not in Circle_ R(O)

@ Ouw<O=Oipegs

@® W <STAO_RVUBSCANOQO);

[ % WJHE R 2« [

@ end if

return W.

Sk S EEE AL I 2 5k 3 A 4
HSEH i T UL SRR S AT R Y L O B R A R
B2k O lgn) , JET A B 2 5 /YA (A
HRE R Olnlgn).
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2.6 BERTEHTHAREHBERER R
3 A 3 B R SR 1 B S 3 ) AR A e X
IS O N B R AT RS B EOEUT /R A
SE I R 58 50 R BOER 7 o 3 B 3T 19 AN 1 E B
P FHARE 3 %% 132 pR A 7R . SR A 28 B A O e
HH A 8 B eR R 2O AN T E A S B UL
P A B of W A0 B ok BOAE A OF HonT DA T
BT R A 5 BE ek VB T M 3R 5T A R RO BE 4T A AR
P ST BN L fel A S T o T B T LA
B SR 1 0 43 T b PR R SO X T R A 10
FR ) D, T AR B0 [ 4R 5 2 5 A8 Ak S B e 1 ) 2
RS I ISR B AR R AR S
R Al I TE B 1 %) 5 A5 R A P PR R T N B A e A
YIARBE T B A 0 Bl B A i RO
VUBSCAN 53 , {45 fe ¢ 1) B8 1k W LA 5 4550 b i e
S 0 25 H) R BE T N A R 2 L Bl A R A Y 1
s R S AF BT B AN i o 3R 2 ) AL
ST W AR S e SR A W R RS A
SRR U B iR A Y s o S R R ER R R AN B
Kn RS )8, w] PR G 2 S8 UR S AR S
S AR Ak T AR A B A 5 7 A K TR 2 R S ) 3 2
BT W4 4y 2 ARl 3 R B A S AR S Y 2R
J2 B Sl A 3G Pt D0 P 5 3 SE LR R, R 2
W ik 3 A5 U0 I DU P B0 4 SE R 2. R R
SN AR ShEE, WA B 5 e R 26, BT L B4y
BT s 3 — 20 35 1 i 25 ) 1 1 A SR 2R 5L RO
VUBSCAN, W%k 6 fis.
&3 6. RO VUBSCAN(X,0,¢,R.).
WA AHE B X AR O.e. R,
i L s BRSBTS B SRR L R WL
D Create_ Vor(X);
@ Add_ OO ;
® for i=1 to n do
Calculate_den(X,;); | % i3 (X)) * /
Judge OC(O);
if O=0,.,
W<STAO_RVUBSCANOQO ;
else if OO0,y
if Count_O<<Count_O,,
W<DYNOC_VUBSCAN Q) ;
else if Count_O>Count_0O,.,,
W<-DYNOR_VUBSCAN O ;
else W<~DYNOR _VUBSCAN O);
end if

SNEESHSNSNENCESNCNONS)

®  endif

@ end for

@ return W.

TR e e % SR A W E K M R
JE AR KL BB p 3 3 =X (2), in 2R g X
Sl R B TR o DU A I A 3 o o 3 s L A
U B B X (3D 78 T 53 R A B B, DU
P ) FEAT AR B

Fk 6 7E Q@ Voronoi B T 75 (1 i 6] &2 2%
N OCulg ). AL AT for 5 RIS L ik 3 AN B 5 %X
i T A ) 2 2 B R OGo) . n ARSR I 2 AN 1
JE HE 1) S O B A BRI BT DL 2
2R Y. IR R AL TR O© P 5 2% A g
R N A O N R M T
OCnlgn). 48P0 e 20 BR® BT a5 (19 25 AF i 98
O3VER A BE R 5, DL Rk I R & 2% AR
H OCnlgn). fRL L3 Hrnl 45 3835 6 BRI ]
Z=EEH Olnlgn).

3 KBEBESH

AR 2 A A ST g6 6 T 4R 0 SR i AT 1 g
M5 . MR A BB 9T R & B AE AR L1
JER T, KZE P ILM M E R L RAH
FE B 18] A 00 A5 . T XX e [ R T STAO_
RVUBSCAN, DYNOC _ VUBSCAN, DYNOR _
VUBSCAN,DYNOM_VUBSCAN %% . iy T3
A AIF 5 A TC T T A R Ak B B 2 A (]
R AN S 5000 1) 3R 2K ) B, DR b xof SC ik [ 16 ] v 42
() OBS_UK_means 5 3% H 2) 2% 15 Jin B A5 A1 30 25 0
B 7 1 43 ) 5 i B 85 DYNOC_VUBSCAN,
DYNOR_VUBSCAN, DYNOM _VUBSCAN i 17
SLH L ER 5 A

YR A 1E O, 75 B X OBS_UK_means B 7%
5 4 A b B

D BFERREE O= 0, B, W] 5 Br 48 1) #0245 B i)
IR T B R AR 1], o] A1 H OBS_UK _means
Bk 5 STAO RVUBSCAN 23 fif 52 5 X He.

2) 4 070, » I3 H Count_O<Count_0O,..
B, 27 R A0 3 A5 3G s WU AE SR A B SRS R iR
TIHT 38 b A A P BT A A 1) T R R i
SUIEAT R 28 3 R B A Bl A& 1 o e R OBS _
UK _means A E S5 B DYNOC_ VUBSCA i
T3 ¥ A S 3 %k L
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3) iS4 OO0, » 7 H Count_O>>Count_O,.,
I 7R BB B AWl D s WX R A3 2R R O, S 8 25 [1]
T T AT S B R O R 3R 2SR X R R A 5 2 D
i 98 1 OBS _ UK _means B 8 2 5 42
DYNOR_ VUBSCA 75 2 i 52 56 % .

4) BERE O7#0,., . 3 H Count_O= Count_O,.,
i, R A Sh A Bl X B AFEE N O, B BT A
AN S B T RS M X R R A 2l 25 8 2l I 9
J OBS_ UK means 8 % 54 1 DYNOM _
VUBSCA 77 52 46 0 LE.

LU IR BE : Windows7 ) 64 {73 /E R 48, R H
Java g f2. 5256 b 5L 0 6E {4 IC . 8 GB N AF,
500 GB i 4% . Ab 2% . Intel® Core™ i3 AbH 2% ( T4
A 2.30 GH2).

S AR Y UCT 52 56 28 0 457, 71 40
O 1 iR

Table 1 UCI Laboratory Datasets
®1 UCILBEHIEE

Dataset Sample Size Dimensionality Category
Iris 150 4 3
Wine 178 13 3
Haberman 306 3 2
Heart 270 13 2

UCT 52 56 25 504 55 Hh 1 8080 25 7 19 2 10 5 10
B R T 925 AE 5L 3 AR rb X S 0 B A AT
T YR A RS RO i R B 5 A
1) 3 U B B0 42 00 8 1 5 2) 3t D B0 4R 10 B 4%
B RS B A 5 3) B — SR ) B — 4R 8 1
{8 Rl B A B — AR A, BE R AE L0, 1T 22 09,
RAFBIE R R X, = {(x1sp) s (2pa po) s e
(zqsp) b HHWEA 2, Fom X, IR, d Ry 4E
B X, R — AR RO A5 O 15 51 A 4% B0dE A
R JEVEAE :5) 4 H A 2 B 4.

LR FEFAE 6 A7 R R AR J B
FEEL 0 BE RS ) i L B AR 4 A L CPU i 17 i ] .
TR AL 6 J7 A b 5 5 g R AR,

W R A RE TR I A AP 1 AT
i AR G PRI PE A, B AT R X R 2 A5 R AT F
Yo A5 IR 4 TR i 5256 SR FH I I S bR
(silhouette) Y Jhy 38 25 Py i A A6 E I, 52 86 R I F-
measure % VE A AT I A A

A3 X AN B AT 50 Yok B L Gt
BEUR S UG B S5 SR SR 5 0 RN LR 50 Iz Y

(R SF- YR, 0 HE SRR ) SE SR A5 SR 3k 2 iR, 45 2R
ARSATF UL E 4 HEE S RO_VUBSCAN 583 1
F-measure 8 /R F¥E M S 5 F- 9 EHEH F OBS_
UK _means & : fil FOPTICS & 3= () ¥F I 4% 5. i
S Al E L, RO_VUBSCAN 55k R 3 H T 4 1y
Table 2 Comparison of Effectiveness of Algorithms

x2 EERITFNEHIEI L

Dataset Algorithm F-measure Silhouette
RO_VUBSCAN 0.8901 0.7993
Iris FOPTICS 0.8780 0.8032
OBS_UK_means 0.8530 0.7751
RO_VUBSCAN 0.7938 0.8189
Wine FOPTICS 0.6980 0.7126
OBS_UK_means 0.7390 0.7845
RO_VUBSCAN 0.7230 0.6926
Haberman FOPTICS 0.6548 0.6145
OBS_UK_means 0.6790 0.6440
RO_VUBSCAN 0.7482 0.7860
Heart FOPTICS 0.6903 0.7585
OBS_UK_means 0.7128 0.7067

Kl 7 Fr OBS_ UK means, RO _VUBSCAN,
FOPTICS ixX 3 A%y CPU 447 B[R] il & 4k i d
FR 184 i 1% i, Heh RO_VUBSCAN %4 19 CPU
PATIF ] b T B 2. N SE B 45 /A L ]
KL JH B AR A M 2 1 07 4 T At Y B 2 5 B B
R T R R A Y A TE . BE A 4R R 85, OBS _
UK _means 595 2% JE B G 09 7776 . [Nt CPU i
FTEFIR T FOPTICS 533k,

100
--0--- RO_VUBSCAN

w 0F T FOPTICS
g —o— OBS_UK_means
S 80F
£
E_<
© 70 t
3
8 60
[5a]
2 50t
O

40

30 L

0 5 10 15 20 25

Fig. 7 The effect of dimension d for CPU execution time
Bl 7 4efE d &) CPU ST I 1] Y 52 il
W 8 s, W& 4k BE d iAW, S50k A
R 28 A e 52 T R i 4 i i S L A R 4
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JERT 10 Z 5 M 48, 305 i A v A2t th 46 %
B . fH STAO_RVUBSCAN %4 3 il A5 M AR 9K 43¢
2. B F DYNOR _VUBSCAN % 3 Ffl DYNOR _
VUBSCAN 53 4b B 1) /2 3l 245 B g (9 1% 0, I3 e A
R E S B A5 23 1) F STAO_RVUBSCAN &3k
(A 5P W AIK — 2.

0.95 |

—=— DYNOM_VUBSCAN

—e— STAO_RVUBSCAN

0.85  —>— OBS_UK_means

—o— DYNOR_VUBSCAN

—— DYNOC_VUBSCAN

—o— F(I)PTICS ) . . .
0 5 10 15 20 25
d

Effectiveness

0.80

Fig. 8 The effect of dimension d on algorithm

effectiveness

A8 YRR o XS A AU Y R R

B9 % T 3 A5k CPU $hAT B ] il 5 A
iy 5 B R AR A A B X L 4 . Bl R R B
FEA B AN W 1% oK, FOPTICS 533 70 8048 & 1 K
10 O S O 7 i 1 = 9 O 2 O (E 7 2 N ]
i 21, A2 FOPTICS 559k WA BEfig i 29 3, FOPTICS
By CPU $A7 ) e RO_VUBSCAN 8 5 il $h
A7 B[] 20 6 ) AN B o B0 FEAS B 18 50 RO
VUBSCAN 1§ CPU $u47 i i) — /b F OBS_UK _
means 323, KT 228615 40 RO_VUBSCAN 5
AR

1200} —— OBS_UK_means
—e— RO_VUBSCAN
1000} —o— FOPTICS
g
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[
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Fig. 9 The effect of sample number on CPU

execution time

B9 HEARET CPU AT I 8] 19 32 i
10 251 7 BcdE & M 5000 #8121 30 000 (1

AR, 3 AN YR XN CPU AT B[R] (Y A8 £k
L. o S AR Y, RO_VUBSCAN H ik i1y CPU 4
AR A F OBS_ UK _means, FOPTICS & /b,
A5 1575 RO_VUBSCAN 5k 3 A %L

80 g-- OBS_UK _means
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Fig. 10 The effect of data size on CPU execution time

P10 Bt xd CPU $hAT I [ 1495 i
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30000 M), bl %5 5040 & 38, 3 S RBIL A
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Fha L oF k¥ — B &. Mtk T RO_VUBSCAN
FYE M TR, REM DSBS AEE —E
i 2%, 78 B0 PE & 38 m F) 20 000 3 (8] A %Mt
FOPTICS &A% . bifi 5 %5 4 & ) 4k 22 3 n k A
#ork e FOPTICS &, A b T OBS_UK_means 5
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Fig. 11 The effect of data size on the effectiveness

of algorithm
P11 o A v A O Y B

3G T MY AW A DYNOR _
VUBSCAN 832 5% B i iy CPU #4751 fa] B9 Eb
BN, 45 8 s, DYNOR VUBSCAN & #: 1%
CPU AT I [B]4 /NF X3 Lo B, 24 B i 4 s 2 0 2>
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Table 3 The Effect of the Dynamic Reduction of Obstacles
on the Execution Time of CPU
x3 EHYIHFEDI CPU BT E 8 M

Algorithm Number of Obstacles CPU Time/s
DYNOR_VUBSCAN 100 10.7
OBS_UK_means 100 15.6
DYNOR_VUBSCAN 90 12.4
OBS_UK_means 90 19.8

x4 o T RS B &8 e DYNOC _
VUBSCAN H35 5 %) e ) CPU ST I ] 19 LE
BN O TR B IS ) BR84S 8 . DYNOC _
VUBSCAN 53519 CPU $AT I ] 22 46 A8 K i x
FESE L CPU $hAT i ] A2 A I . &5 SR 3R . pr
PESE AL T X Ak
Table 4 The Effect of the Dynamic Increase of Obstacles

on the Execution Time of CPU
x4 EBWIHSEMIT CPU BT E K F2 M

Wy 3 A S BEALAY . 4523 578 RO_VUBSCAN #i
() CPU /AT I i) 22 A A Ok, I B PR AT I 8] 2/
Xf LAk

Table 6 The Effect of the Different Number of Obstacles
on the Execution Time of CPU

®6 TRBEMWEFYIT CPU HIT I 8 B9 52

Algorithm Number of Obstacles CPU Time/s
100 13.2
200 18.7
STAO_RVUBSCAN
300 26.5
400 29.7
100 18. 6
200 33.5
OBS_UK_means
300 48.2
400 63.7

Table 7 The Effect of Different Location Distribution of

Obstacles on the Execution Time of CPU

Algorithm Number of Obstacles CPU Time/s KT BEBYAEBAMESFHX CPU HL1T R 8 A N
DYNOC_VUBSCAN 100 1.1 Algorithm Obstacle Number of CPU Time/s
Obstacles

OBS UK _ means 100 15.9
RO_VUBSCAN 0 100 15.2

DYNOC_VUBSCAN 110 12.8
OBS_UK_means 0 100 19.8

OBS_UK_means 110 21.0
RO_VUBSCAN Onew 100 16. 3
OBS_UK_means Onew 100 21.4

OGN THERYIER D DYNOM _
VUBSCAN #.k 5%F b 57k 19 CPU $047 i 0] (1 L
I M. 45 R B ok DYNOM _ VUBSCAN % 3 iy
CPU P A7 i ] 32 /I F 5 He Bk i CPU A 7 (1),

Table 5 The Effect of the Dynamic Movement of Obstacles

on the Execution Time of CPU
£S5 EBYWIHSHBIIXT CPU HIT 18 B

Number of CPU

Algorithm Obstacle Obstacles Timefs
DYNOM_VUBSCAN O 100 12.9
OBS_UK_means (0] 100 19.2
DYNOM_VUBSCAN Ohnew 100 14.9
OBS_UK_means Ohpew 100 24.7

#* 6 Won T R O E B s STAO _
RVUBSCAN %3k 5 X)L 53 9 CPU #4047 B[] A9
b3 15 B0, 7E BE A P 5 i AN B B B, STAO
RVUBSCAN 3% (15 CPU $ AT i ] 1 Jm i) e 4 ¢
S 1% A FE B 1 CPU ST IR AR fb 45K

R THM T R 51 AR BF RO_VUBSCAN
B SX AR CPU 1T B 8] L 42 1% B0 B 15

SR U e 87 V] I 51 I o T =R B X /2N
BE N B A o A 2R 2B H 3k STAO_RVUBSCAN
55 & B Y H B T K DYNOC _ VUBSCAN,
DYNOR_VUBSCAN, DYNOM _VUBSCAN A ffi
TE R B B RUR.

4 HFRIE

1 45 1 R 2R 5005 K 2 2 A BRI 25 8] 147, e
% e R A TE . BT B AR G P R U
[B) 7] BB AFAE B A, PR AR SCAR PR B ) 46 & 2 6 &
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