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Development of Genetic Algorithm based 3D-PTV and its
Application to the Measurement of the Wake of a Circular Cylinder
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Abstract

A GA(Genetic Algorithm) based 3D-PTV technique has been developed. The measurement system
consists of three CCD cameras, Ar-ion laser, an image grabber and a host computer. The
fundamental of the developed technique was based on that one-to—one correspondence is found
between two tracer particles selected at two different image frames taking advantage of
combinatorial optimization of the genetic algorithm. The fitness function controlling reproductive
success in the genetic algorithm was expressed by a kind of continuum theory on the sparsely
distributed particles in space. In order to verify the capability of the constructed measurement
system, a performance test was made using the LES data set of an impinging jet. The developed
3D-PTV system was applied to the measurement of flow characteristics of the wake of a circular
cylinder.
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Fig. 1 Absolute and photographic coordinates.



Fig. 2 Projected relations between the absolute and
the photographic coordinates.
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Fig. 3 Definition of 3D positions of particles.

Fog o 2 F Aodu.

dx= %(klrz—i—kzr‘i), Ay = %(klrz-i‘kzr‘i)

2

r=vVaxity )

43 Y A JEdFATA diFd F3
Gauss-Newton'31"-& Abggoax slujate] ¥R
24F e

22 3xH Hx|ZE™e #

zt Fhdfigle] didtd FAe47 2REYE 4 D
o] #AEAAA] Z+ FiviEle] AR x, vE Ul
A3t Xa, Ya, Za € X, Ys 2 ZsE 7% H, °l
E A9 F 2379 ouE JeiE 4 3F
Zo] A =Hd 33 YAES Tl FIAA
Hrh

=

Xp 1 X4 Xy
Yp - 7 YA + YB (3)
Zp Za Zg

zb Fhafetel g BT X, Yo, Zo)FH A
e FAE AvE stue) 3de $RNE T
g 4 e, st datd g F of o)
Fidgz Ry T FAE] M2 ZHE olF

[SRgu A=Y

Z1E& o8t FaiA Aot

i

i

3. 3% GA-PTV A &Y

PTVE 9% GA9 94AE Ast= e &



rCamera 1— —Camera 2

Start Point | { End ’Point Bart‘Point | [ End Point |
1 Y v

Fig. 4 Definition of operators in GA.
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Fig. 5 Recovery ratio vs generated particle number.
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Fig. 6 Experimental system.
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Fig. 7 Calibrator.

Fig. 8 Raw image viewed by camera 3.
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Fig. 9 Instantaneous 3D vectors obtained by

3D-GA-PTV.
v

Fig. 12 B-mode vortices structure (Brede, 1996).
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Fig. 13 Turbulent intensity distribution.
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Fig. 14 Reynolds shear stress distribution.
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