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Abstract:  False matching in particle tracking velocimetry (PTV) and low-pass feature of particle correlation velocimetry
(PCV) can make the processing emor improve. However, the two problems can be reduced by application of cell segmentation theory
(CST) presented in this paper. Furthemore, the CST pro cessing model is described as: Firstly, the interw gation fields are divided irr
to different local spaces named as cells, and these cells continue to segment into suly cells according to correlation degree and close
degree. Secondly, these sub cells compete against each other and the final victorious one attends competition in other fields. Thirdly,
the velocity vector field is gotten according to the positional alieration of the victorious cell. At last, the standard patticle images
were tesded and the erwors were analyzed. The experimental results demonstrate the effectiveness and practicability of the proposed

method.
Key words:  particle image velocimetry; particle tracking velocimetry ; particle correlation velocimetry; cell; cell segmentation

1
, ; , PCV
( Particle Image ,
Velocmetry, PIV) . )
, . , PIV ,
, 1 , [7] ,
(21, \ ( Particle (8] PCV \ PTV

Tracking Velocimetry, PTV) [34 (Particle  SuperPIV 9l

Correlation Velocimetry, PCV) 161 PTV )

b 2

: 20070k 17; : 2007 03- 19
(:No. 50379002)

PIV
PCV



768

2008

Segmentation Particle Image Velocimetry, CSPIV) :

( )
2
Lo x(t) y(t)
, At x(t+ At)
+ At), Xy Uy Uy
dx(t) x(t+ N)— x(t)
U= qe T At
_dv(t) v+ A= y(1)
Y dt At
, PIV PTV( 1

PCV( 2 ).

Imageatt -
rd rd v

Image at r+Ar

A1 RFEEREAR

Image at ++Ar
_°__.J._1
Y

W o

Image at ¢

|

t

A=

[13]

PCV >

b

(Cell

y(t

(1

(Cross-Correlation Particle Image Velocimetry, CCPIV) .

2

1

3
3.1
ormthelSpaoe
:OmalwrS)ate_ max( (t)? 0/(t+ At))> Q(t)
G(t+ At)
14 (2). ’
ComrVal :
r(K,1l) =
M N
Y 2L - £l Leti+ kij+ U= g
i=0 =0 (2)
Ji NLrciii- £ iZEgm j)- gl
i=0 j=0 i=0 j=0
m T T'le
Ty T T2
ComrVal ( MotherSpace (At) )= | r3y 13 - 13, (3)
rm T - T
(2 f & S &m
M %
N. (3) | ¢
min( G(¢), G(t+ At)).
3.2
(1)
Tﬂzreshnld? MOlhBﬂ%)d(E
’ (3) rj Tthrexhold ’
MotherCell,, i= 1,2, .. N, N



4 769
2 . : : -
SubCell. . M Al Af S AL j€
n , (4)
A ccumContriRatio( X ) = ZConm'Ratio(xi) (4)
i=1 Coar (*) ,
, N ,xiEX, =12, --wn
. ContriRatio(* ) .
) ) X/L: [G)or(max{AccumContriRatio(Aji)|A]~iSAi})|
2. . .
ContriRatio(x ) = zfx g; (5) i€(1,2,3 - N/ ) , (12)
[t g (12) X/ cAl, X; Gen-
(3) Cell(X] ) MotherCell,
) , (6).
: Gx= CentrCoor (max(AverContriRatio( X;) ) ),
S [ €1,2,3 -, N 13
Y ContriRatio(x(i)) ' P : (13)
AverContriRatio(X ) = = - (6) entrCoor () - G
C
. }’
. n , xt-EX, =12, --wn de= C, - Cy‘
3.3 4
Celli; i= 1:» 2’ 35 ) CSPIV N
M., M, . ) Navier Stokes
MotherCell < Cell, NavierStokes
Corr Val(MOtheerll) >Tﬂzrexhdd7 i E { 1: 27 37 ] N} ’ s
(7) :
, , , 1000.
, . (5) ) *T1%.
, (14
, : (Percent Root mearr square Difference, PRD)
MotherCelli= { SubCell,;, SubCells;}, i €{1,2,3 --» N} (8) Pe
, SubCell 1;, SubCell ; i PRD (15).
. - X,
. : I(X)= Isexp| - 23 (14)
SubCell ;= {x', x5, x5 oul)= A i€{1,23, .., N]
N
L (9 PRD = | D doyl i) = duea )7 dyf i) % 100% (15)
SudelZiz {J/l’ yl27 yt3’ oty yfn}= Bla 16{1’2737 oty N} =1
Pe= PRD (16)
| (10 e= "y
CorVal{ Mother Gell,) = > = 123 = ‘ . ©
C iRati ( i) (11) adorg(L) ,drec(L)
oniriRatio ( y; ) N
<Lj=L23 ...m >
| CorrVal( Mother Cell; ) 3 ’ 3 7000
%,j= 1,2, -, n SubCell; J ; 0.1
yji,jz L2 ...m SubCell,; J ,
, , 3(b) 70% .

SubCell 1

, CCPIV 16 ,



770 2008

) ,
CSPIV 16. , s s
, 1 ,
16, 4(b) 4(c) , , CSPIV
s CCPIV CCPIV )
, CCPIV , s
CSPIV . . CSPIV CCPIV
>
,
>
)
)
4 c) 4(b) ,
’ (a) (M %I HE 1% (b) t+AI S 1R
; ’ ! M3 AT & AR T B
1
r R Vectors Num False V ector Num Pe
Num At
CC CS CcC S CC CS CcC CS CC S
700 0.1 16 16 16 16 256 256 91 80 0.225346 | 0. 102103
1000 0.1 15 15 15 15 256 256 57 49 0.121274 | 0. 01274
7000 0.1 8 8 8 8 256 256 2 12 0. 051028 | 0. 032405
7000 0.3 10 10 10 10 256 256 33 14 0. 147925 | 0. 039196
R == 0 = -
,50%',t'_tt;,t.iiif‘ \‘ .soH"- . :
,1oo-i.lli/'_i\i_i'\‘,,f:;ii 100 -l i:,g;_‘f.:_::
R e P IR RS SRR TS
’200%3,:'_‘;‘_"_‘,:‘\:"\:5‘:\:‘ 200 SEEEE
e I— 100 1;0 200 250 X0 50 100 150 200 250 0 80 100 10 200 250
(a) UKL 1 KAt 5 (b) ATV —4k By J5 ZE A K MK A B 4 IR (c) 40 o 53 288 (RORL 1 Bl 89 b Bl &5 1

B4 hrREFLABER

[1] Adiran R J. Particle imaging techniques for experimental fluid
R mechanics| J]. Annual Review of Fluid Mechanics, 1991, 23
(2):261- 304.

[2] Yasunori W, Yoshiyasu H, Takaaki S, et al. Application of
three dimensional hybrid serec scopic particle image ve
locimetry to breaking waves| J| . M eas. Sci. Technol, 2006, 17

(6) : 1456- 1469.
[ 3] Kazuo O, Hang Y L. Patticle tracking velocimetry with new ak

s gorithms[ J]. M eas. Sci. Technol, 2000, 11(6) : 603— 616.

p . [4] Kazuo O, Achyut S. Patticle tracking velocimetry using, cellular



771

d)

=

—

neural network| A] . In Proc. IEEE IJCNN * 06] C]. Vancouver:
IEEE, 2006. 16— 21.

Hart D P. PIV ewor comection| J]|. Experiments in Fluids,
2000,29( 1): 13- 22.

Wereley ST, Gui L. A cowelation based central difference inr
age correction( CDIC) method and application in a four w1l mill
flow PIV measurement[ J]. Experiments n Fluids, 2003, 34
(1) :42- 51.

Gui L, Wereley S T. A correlation based continuous window
shift technique to reduce the peak locking effect in digital PIV
image evaluation| J|. Experiments in Fluids, 2002, 32( 4) : 506
- 517.

Florio D Di, Felice F Di, Romano G P. Windowing, re shaping

and re orientation interrogation windows in patticle image ve
locimetry for the invesigation of shear flows[ J]. Meas. Sci.
Technol, 2002, 13(7) : 953 - 962.

Stitou A, Riethmuller M L. Extension of PIV to supper resolr
tion using PTV [ J] . Meas. Sci. Technol, 2001, 12( 9) : 1398-
1403.

s ) .DPIV
[J]. ,2001, (5) : 30- 33.

R , 1953
.19 R

—_—

Gao Dianrong, Wang Y iqun, Shen Gongxin. DPIV technique
and its application in flow field measurement[J] . Hydraulics
Pnenmatics & Seals, 2001, (5) : 30— 33. (in Chinese)

s , .PIV [J].

,2004, 31(8) : 37— 40.
Gao Chao, Cao Ying, Guo Y ongcai. Patticle image velocime
try techniques used in blood flow field analysis| J] . Opto elec
tronic Engineering, 2004, 31(8) : 37— 40. (in Chinese)

, s . PIV

[J]. ,2001, 16(4): 399— 404.
Wang Canxing, Lin Jianzhong, Yamamotol'ujio. An algorithm
for two dimensional PIV images| J]. Journal of Hydrodynanr
ics, 2001, 16(4) : 399- 404. (in Chinese)
Pereira F, Siier H, Graff E C, et al. Two frame 3D particle
tracking| J] . Meas. Sci. Technol. , 2006, 17( 7): 1680- 1692.
[J1. , 2004, 9(8) : 963 - 967.
Zhu Yongsong, Guo Chengming. Research of correlation track
ing algorithm based on correlation coefficient| J|. Joumal of

Image and Graphics, 2004, 9( 8) : 963— 967. (in Chinese)

, 180 3
, 2003 ,

, 2005 R

E-mail: abertddd@ hotmail. com

(..



