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Abstract: This paper presents a method to describe and extract the general feature structures based on the fuzzy
theory. This paper first builds some fuzzy measure rules with three levels (the basic property @, the derived
property 7, and the associated property 77). With the aid of measure rules, the feature vectors are established for
fuzzy membership calculation and the feature region extraction. The analysis demonstrates that this method can
obtain the optimal division of the flows on the principle of the minimum square sum. Further, the experiments show
that the extent of typical flow structures extracted by this method are more effective than existing methods. In
addition, the transfer function can be more flexible in design to avoid the cluttering and occlusion problems, which
must be solved when visualizing 3D flows.
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Helefth %8 2 AGAFAE R BAEM G L 5 R IR 7 % 1961

A 255 3 JR T8 K 7R R AR I35 15 B A6 T3 vl R4 J7 32 o ok Bk A5 BT 5T N 52 (K SR

SRR AE AT WA T 92 K BORT LA 4y g 1 8 1 N R A B 1R 5 43 BT O v T s R A 5 R 3R U V2 AR A e T
J5 TR I AN TR 2K K SR s B AT R R AT AT O (9 4 AT 49 B 3 0040 0 18 . Helman 58 A& T R BN
Sy 5 AR SC I SUAR 2 . Scheuermann X 2D ST 4% 137 A s B I L AR B 3 e Pk EAT T WP 2R
Scheuermann 4§ A 5| T A 5 it 73X —MEE 90 T A A XA 2D < it i) #a FhRFAE 45 31 T 30 S B
PR A5 VA R A s 22 M Tricoche MUIRIFSY T 3 1481 $h 40 M1 782 0 52 2% U082 1 41 195 A0 A0 B 25 3 35 1) 3 41
PR 7 1058 Weinkauf 25 \JE T2 B0 S SRR 25 5 bR G0 3D i3 4 40 &5 # aT WAL 7 1847 T
FUAT TS 3D M TR ) T 3 45 TS 4 4 M vk 3 O T I S (10 A % T A v
JFL AR R AE ) B I AN SR DX I P AR 2 A A s S I T X A e 1 5 s B B FH B DDA 0%,
TSR, Y S I FE R R AR,

Y R T PR X B 9 ) 3 S AT ot 9 82 14 5 o R R R AT B I, G 2 A v T R e 4 i I Y,
E 3 T AT 45 A BRI 592 H, T R 3 e e i DX 8K 6 92 2 A e 4 2 $ (swirl parameter) J 1010 2, it
A2 05 218y I T 0 5 PR B, B 15 IR R I 45 W 5 S R EE 4, Globus K5 3 e i 45 H 7 1F
FHTZHE I St 2 B0 W 05 3 A S 17 ) A 45 0 4 T2, [ e 7 A 5 s T A 5 A 0 X 3 ) — o
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SEYRI SR8 M IT (G 3 R A i B i MR AR ) R U5 WX 3 A2 U ST T IS O UK A ¥ (14 R AE 1) B, 9 3 T
TREAIE I 2t i 22 45t 7 RSORI N 5 S S 1) o U R 2 T TR UL IR S R AE BN ER B B FEFR(fuzzy
extraction of feature regions). 8 i& 43 #1K BH,FEFR S 27E dpe /N1 77 FIUE D) R 52 06 i 3 DX 35 1 de AL Ao ) 43, 9
B R BRI 431 . S 50 25 SR W, 5 1 4 (R AE 42 00 e R AE 7 AR L FEFR B3 I 3R e R AE X 38 5H
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RE) DE R R L R 42K,

XF T 3D Wil F a5 Xo, A L A4 s DX AT LAAR A8 xo BRI A9 — AN i TT s I UR 55 B 4T 24 23 0 i R LI N
HHTET Cinv  HH 3 T Coue LA R Bt DRI 3 20 s DX, 4t ) 1 P NG B T Ci AR 3 HH D Coue AN BEAHAZ (8
F 2D 1T AR X %), e i) Ay X 28 DX A [ 2 X,

(a) Outflow sector (top shadowed area) inside Co, and inflow (b) Hyperbolic sector between (c) Elliptic sector between
sector (bottom shadowed area) inside Ci, Cin and Coyt Cin and Coyut
(8) AL X Cour(TH A 19 5% X 450) Fil () Cout F1 Cin WXL LS IX (C) Coug 1 Cin 1) PRI 5 5L B X

NI DE I Cin(JER B R X 450)

Fig.1 Sector classification of a 3D critical point
1 IS AT IR e X 228

HF 3 Bt X 0 28 ) DA 20 Y s Y s R e PSR AT — AN R DX, 2 s T R s, 20
2() AP 2(b) 7 W B T s b AR e B 4 T s, M0 YL BT i T s b PO e U 2% b1 s 350 U by — A
AL TR A SR PR N AL T A N R TR A 3R A PR O T 2, 23 Sl A P 2(c) AT 2(d) s B 2(e)
I 7 R P A DX 7S R X T T e o A R s NG 2l PR R 00 DU A 5 AT b, — A R e 9 A O 28
Jt DXL B

(a) Source (b) Sink (c) Saddle: a inflow sector and  (d) Saddle: two inflow sector and
two degraded outflow sectors a degraded outflow sectors
() Vs (b) LA (C) #HL A — AN NG A (d) 22 R A N UR T AN
PIAN IR 1 VR T AN IR VR T

Fig.2 Classification of critical points
2 ImF R
1.2 #hiMES R
TEAL G A 23 W I3 kb I T R o SR P 5 WU B T 3R VA R T S AT O B 4 TR TS INAR R
He A )04
EX 2(F1% (orbit)). i m &3V b5 x WELZ T e SO B

a;Rol—>R?,
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L, ay(0)=Xo, a, (t) = V(a(t)), Vte LR N T H i3 AR 2 i 3, 08 3R] 43 Bk VE it & (stream  line) FTiZk 2%
(path line). 1 T A3 = B 508 W W 4 4 F RRAE R W Y 161, 25 08 bR —Bohk AKX R 28 AT X 47, 56
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Fig.3 Classification of critical points Fig.4 Topology graph of limitary flow fields
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DR PR RER S 5E T7 1
2.1 RIAFHIE X SAR R
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B IR RE SR QI M T 3 DX N I LA B 0 i T TR Py B pRE
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J

F'={xu U))} xe X,
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R SR R il E X T AU B X IO, 11— AN, al () B xeX X FSRB E.
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BN BCHFAE XH3). ¥ FUE 5 i I AE, M 4l (X) > 0.5 BT xe X 2L B4 A R R AE IR AE (X 3,
iL A Dy, B Dy ={x| zt (U (X)) > 0.5}.

BEAN AT DU LS |\ 0 M

EX O(HFIER). ¥ F' 2 BATHRAE B P i AW, W af (X) = LRI ITAT xe X 4L (8 A R R R AT I,
WA Dy, B Dy ={x| £ (U (X)) =B

EX 10GAFRREH). B FHEH | RIIHEEAE, FR D ={x | x € X,0< g (U(x)) < 0.5} WHFAE F' {1134 FLIX 8,
84 Degis [N K BY ={x | x € X, gz (U (X)) = 0.5} ¥ B E A5 B b 565 1 2RIR0 I 5 HE IR AIE 120 51

EX I(ERXE). SR XK De={X|xeX,Vi,0<i<c,uy<0.5} W% 1 5 X 4,10 /E De. L ,c
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2.2 FHAE X SRR AR A R
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L:{Iff(x)ds, PR (X) LA, BIF A
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JE B BRI, 5 I R A 0 78, o) 3 48 [ 3 A A R8A )

Y2 30

Vx,y e X,ceC',D(x,¢) < D(y,C) = a4 (U (X)) > e (U(Y)) 4

75 Y2 B D(AB)R 7~ A,B PR A 2 ] (1 BR P 2 2. 55 2R R IR, 222 AU P T B 025 % I 5t B b B
/N TR R AL by AR 0 28 DX R it 28 X i

BE AR A S 4 v 5 BE B IR SRS AL, 5 I AL SR 55 T GPU NS ) Ap J73E, 2837 o T 0N

Y3 M.

VX ye X,ceC', 4, (x) < A (y) - (U (X) > 4 (U(Y)) 5)
22,3 REEEMHERI

SR 1k 5 1 50 1 B DA D% AR ST S (0 N R BHe 2 R 5 A3 Bdi, 25 TR IR e 5 S 1R DRI 3 N
TR

I71 #:

VX, y € X,P(x) < P(y) = a2 (U (X)) >z (U (Y)) (6)
o BT A TR AR e 22 R AR e DX R i e T AT T RE, R R g O S
A iR T 11 SR S K
23 HEXYREEMNITE

R ) L 3 A DX I R M R IS BRI E k(U (X)) ASTTREAN A wf (U (X)) BT T
H T AEAUR, B e T IN g

TE X L3(HRMEFA X d5). B R (¥ 38 FH 3 FELRR A R0 004 X 48k, i 45 D, 3L, Re{ @, 11,72, 13,711}

TE X 1A(H 78 DX A3 AR X 4. T Xk X PN SRR B2 {0, 134 4 1R 38 R S A 52 X 5k, i A5 Dy={X|xe XA
1(x)€{0,1}}.De=X—Dyy FR A FRH) XI5,

F B BEMIAf o B EARE 3 0 () fe IR IEREITTST(2) WU RS MU IUVRRAE 7] 52 (0 A 3 5 (3) M IX ek 3 S8
FEHE.

(1) #isE IR

m%¢MMEﬂmﬁmﬁDfQﬁﬂﬁmmFﬂwim#&ﬁTvmeX—@%+iD“)M%EWEﬂﬁ%

i=1
X35k, B 1=0,1<i<c.

(2) 5B &5 H R AE )

PR AR AR B I ¢ AN S AL RIS TR R X, AT A Xy

O XFr1 BOWEEAT A8 1 BN RA TR R T xe s 5 I R 0 2 S AT 4 A7, Rt mT Ay
R ¢ HERRAE 1)
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Vi (X)) = (G T, v i)
0, iff L(Xk,Cj):oo (7)
fasise) = 1 else

K (N Vra(x)=(0,0,...,n=1,0,...,1r,=1,...,0).
@ XFr2 BT /AT, 1.2 B ) AR TR RT3 N AL X 45 I T e BB PR 1 33E AT 23 B, DR AT SR FH A
B ARBRAE g HARRAE [ 12, R
V r2(Xi) = (X Yo Z) (8)
@ XF 13 BUMFNIZL B HEAT 538 P9 2 (R A S04 Sl 2 X a3 P8 e 5 25 I 57 R (9 A (ELRRU P AT
G3 W, BRI T 43 R ST B i A0 19 A (RS A Sk SRR AIE 1 o5, BT
{zr.s(xk) iﬂq(xk) )
71 (%) =p(X)
DAL, At A 2 (7) ~ A 2(9) PT e 4 8 37, Xy (1) c+5 47 AR B2 vl £ (U 5K (10) BT 7 ), ] AR Al Js s ot 3 s v
SRR 17) 22 25040
V() =(V (%), V 120,V ra(Xi),V 71(X) (10)
BH T8 AR IR DX 3 0 2 T R, ERT MM 4 s 5 A PRV ARR AU o A R AR SRR AE 1) e 36 T 75 5K 3, B T AN AE
LE I F A DR DAY 55 DX 380 P B AR TR S AL DA SERRHEARFAE 17 5 40 F 45 3d Dy = X —(Da, +Z;Drli), A

V'(DB) :% Z (Vr,l(xk)er.z(Xk)vvr.s(xk)rvn,l(xk)) (11)

X <Dg

Hrpn 2 Dy WIAREARAN L

(3) MM X I S P 1 o B

T 0 T TN JRUAG R AE I FE B AT AR A AR R BR TV e () DU BE 1) 22 LAV 30 (%i), V s () BV 70 () R 5
B A i 1R A K BRT U i 2 0 ) L0647 [0, L] DX ) A HE AL A B LAV 30 (i) TR i 4 481011 LA 958 B, A 4 e Ak 381
WA K127, I V) A H G55 VI (X).
, Yy —Min

Y6 ™ Max — Min

X SR AR B AT BRAE A A RS SR FE T SR A R P A S T vk, E LS L={i|1<si<<c,dy =0}l

(12)

5 1/2
I o={il1<i<c-1, Juf, d, =||V(xk)—V(ci)||=[z(v;(xk)—v;(ci»2] FRHHIRE X FHAEREA c IO
=0

c+l
/[Zdik/djkj, iffl, =@
j=1

1-L(X,C) /Lgn(X,), iff I, #Dandiel andi<c
Hic = . o= (13)
0, iffl, #Jandiel andi<c

ZE A ARG R 2 sCH SR

1—iyik, iffl, #zandi=c+1
i=1
b L ()i G R X019 58 T AN F o 1A e TR) PR 2 0, Len (x0) 1 3 ¢ PO FE L DX XA PRI B

2.4 FEXIGEMREE X
TELE H 3B B 775 AR A G B U AR R IR Sy S0 p A5 58 SCIR) L, [P Sk T e T
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A N

HAET) S A AR AR RS L 5 R IR 77 & 1967

B 1 FRAEX ORI $E U FEFR.
HiA:X,V,C,du[P].
i :De1,Dey,...,.Dee.
1« ,Dgi<D.
for (C W IEEAMATT Xy)
{Dric—X, 6ik=1}
for (X AW EEAMETT x)
Lorid X BRI TG x TR Z AT R 73 31 L(Ci %) 0<Si<c.
MR R ER 45 R L(Ci X EET. V 1 (Xe).
TR Xy 5 25 F s Cy I BRREIE B di={di dise<dl,0[di = dy 3, 7L V a(Xy).
THE X AR IR Ap 1B L V g (Xe).
[ FE xi AP P AR 2257 V70 (%) T}
10. for (X W IWEEAMATT x,)
11. {for (i=1;i<<c+1;i++)

© o N>R 0DdbR

12. {die—lIV(xi)-V(el-

13. if (di=0){l—Ixuit}

14. if (1,=92)

15. {for (i=1;i<<c+1;i++)
c+l

16. {ﬂik:%[zdik/djkj}}
j=1

17. else

18. {for (i=1;i<c+1;i++)

19. {if (ielyand i<c)

20. Latine=1-L (X, Ci)/ Lien(Xi) }

21. elseif (iel andi<c)

22. {ra=0}

23. else

24. { 14y (_1_Z/lik 133

i=1
25. for (i=1;i<c;i++)
26. {if 1u>0.5H{Dri<—x3}1}

BEVEH S 4 4T~ © 755 TH IR PR 40 TF, 5 A 45 300 5 LA Oy T4 0 5, DL 7 0 4 B i
3 HHE XM IR

AN ST M P AT 52 BT, B A3 F 2 X

RE X A5(HEHA IR E (fuzzy description graph)). 7t BAI< I8k X R FEFR S5 4 1 4 45 AE I 45
De={Dr1,Drar....Dech A (< 11321 ¥ Hg e 2 P00 X (0 BEIHA 38 14, 1 % FDG.

(EL MMM TG AT 5 I B 5 T2 A AT AE 0 T3 X Xaue o X LA XX XX,
XinXi= @, 1< i < m, I 90 I8 F R 45 B (LK)t T X 16 588 56 3R 2465 g ) 4
0,13 A g MO, 13— (AL 1[0, L1 i), U 5 RE A 0 B e 5

7E X 16(HEHA K1 5 (fuzzy partition))(™™), REACHE X 400 ¢ AKERI T4 Xy, R v, Ko BEAS (LK )R
T R, WIS Ke RN g KI5 g WAL 3 A
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E, :{@:yik e[O,l];@:Zc:yik :1,Vk;®:0<zn:,uik < n,Vi},

WRZRI 53 Fr A X — AN 1 45
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Fig.5 Extracting flow features of Lorenz attractor dataset by different fuzzy tone operator
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(a) Visualization without (b) Extracting typhoon region by (c) Extracting typhoon region by
feature extraction velocity filtering our method
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Fig.6 Comparison of traditional method and our method for visualizing Haitang typhoon data
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Fig.7 Extracting cyclones, anticyclones and saddles feature regions for one middle layer typhoon data
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Fig.8 Comparison results for extracting the feature regions of vortex
in a spacecraft data by different methods
8 RAANIRI TG V20 QAT #5 8l P9 iba e ik DX B B B RCR ]

5 LRiE

A& GE A 0 23 BT 7510 00 3 ] 3T £ 3 30 1 5 0 e DA B S U8 T R AL 5 A R DX A SR T R
BRSO P RFAL XK AT T 8, NIEA TR TR PEAORIR R PEIX 3 AN kg 1 AH AR U A,
BEVE T PlE S5 /N1 5 AR I 00358 37 14 o DASORA el G B30k BE98 0 BT AN S 6 24 3R W A ST U ik AT LI
TS v 1) I RS AE 45 4 DX RE 6 £ PR 0BT 008 O REAT AR R AR 3D Uty ml ML T I () 3 45 v 38, 4
JRENS ST L 3 o3 A U 9 1) A

HRIF,AS ST T VAT 8 Jm BT 45 K A 0 A% 0l AT T — 25 g 6 A 5 K e I 9 el B0 AR SO ik b AT ik
RSB Ky 52 2% AL A REAE, Ui YL HEAT 3R UE . A6 FEFR S0A TS 52 2% 2 5 11 570 A B8 M G 2l ot A 4K
BRI i 3 5 36 (9 R U 2 s 7 A B ARG T e AR DX SR8 1, B 7 223k — 2B I

References:

[1] Helman JL, Hesselink L. Visualizing vector field topology in fluid flows. IEEE Computer Graphics and Applications, 1991,11(3):
36-46. [doi: 10.1109/38.79452]

[2] Scheuermann G, Hagen H, Kriiger H, Menzel M, Rockwood A. Visualization of higher order singularities in vector fields. In: Proc.
of the IEEE Visualization 1997. Los Alamitos: IEEE Computer Society Press, 1997. 67-74. [doi: 10.1109/VISUAL.1997.663858]

[3] Scheuermann G, Tricoche X, Hagen H. C'-Interpolation for vector field topology visualization. In: Proc. of the IEEE Visualization
1999. Los Alamitos: IEEE Computer Society Press, 1999. 271-278. [doi: 10.1109/VISUAL.1999.809897]

[4] Scheuermann G, Hamann B, Joy KI, Kollmann W. Visualizing local vector field topology. Journal of Electronic Imaging, 2000,
9(4):356-367. [doi: 10.1117/1.1289350]

[5] Tricoche X, Scheuermann G, Magen H. Continuous topology simplification of planar vector fields. In: Proc. of the IEEE
Visualization 2001. Los Alamitos: IEEE Computer Society Press, 2001. 159—-166. [doi: 10.1109/VISUAL.2001.964507]

[6] Tricoche X, Wischgoll T, Scheuermann G, Hagen H. Topology tracking for the visualization of time-dependent two-dimensional
flows. Computers & Graphics, 2002,26(2):249-257. [doi: 10.1016/S0097-8493(02)00056-0]

[7] Weinkauf T, Theisel H, Hegel HC, Seidel HP. Topological construction and visualization of higher order 3D vector fields.
Computer Graphics Forum, 2004,23(3):469-478. [doi: 10.1111/j.1467-8659.2004.00778.x]

[8] Weinkauf T, Theisel H, Shi K,Hege HC, Seidel HP. Extracting higher order critical points and topological simplification of 3D
vector fields. In: Proc. of the IEEE Visualization 2005. Los Alamitos: IEEE Computer Society Press, 2005. 559-566. [doi:
10.1109/VISUAL.2005.1532842]

[9]1 Kaufman A, Mueller K. The Visualization Handbook. Oxford: Elsevier Inc., Academic Press, 2005. 295-309.

© PEBEBSAITT  hip:/ www. jos. org. cn



1972 Journal of Software #k4+373R Vol.22, No.8, August 2011

[10] Berdahl CH, Thompson DS. Education of swirling structure using the velocity gradient tensor. AIAA Journal, 1993,31(1): 97-103.
[doi: http://dx.doi.org/10.2514/3.11324]

[11] Jeong J, Hussain F. On the identification of a vortex. Journal of Fluid Mechanics, 1995,285:69-94. [doi: 10.1017/
$0022112095000462]

[12] Sadarjoen IA, Post FH, Ma B, Banks DC, Pagendarm HG. Selective visualization of vortices in hydrodynamic flows. In: Ebert DS,
Rushmeier H, Hagen H, eds. Proc. of the IEEE Visualization 1998. Alamitos: IEEE Computer Society Press, 1998. 419-422. [doi:
10.1109/VISUAL.1998.745333]

[13] Globus A, Levit C, Lasinsiki T. A tool for visualizing the topology of three-dimensional vector fields. In: Nielson GM, Rosenblum
LJ, eds. Proc. of the IEEE Visualization 1991. Alamitos: IEEE Computer Society Press, 1991. 33-39.

[14] Tricoche X. Vector and tensor field topology simplification tracking and visualization [Ph.D. Thesis]. Rheinland-Pfalz: University
of Kaiserslautern, 2002.

[15] Gao HB. Fuzzy Cluster Analysis and its Application. Xi’an: Xidian University Press, 2004. 37-48 (in Chinese).

[16] Morris WL, Stephen S, Robert LD, Wrote; Gan SB, Trans. Differential Equations, Dynamical Systems, and an Introduction to
Chaos. 2nd ed., Beijing: Posts & Telecom Press, 2008. 244-262 (in Chinese).

Mt A 325 3% SOk
[15] et iple SR 2R 248 2 A B L I 7 2 G 22 P R4 K 2% HE R4, 2004.37-48.
[16] Morris WL, Stephen S, Robert LD, ; H /3¢, V8.5 7 B Bl DRGSR S0 58 2 JR, AL 50 A IRONE H H A+, 2008.244-262.

A A977—), 55 WAL 2N A,
TR SR A B2 v SO LA

O 21983 —), &, 2k, 3 SEHFHT U
N RRE TV HT AL HE S ISR

ERERA941—), 5 HR, I, E
LRSS A R AU I SE 5 T LA BOR, ik
NFRGE,S0C Bl Tk,

B|EH(1971—), 5, 18+, BIWF AT 5, 3
UL B ST AL A,

© PEBEBSAITT  hip:/ www. jos. org. cn



