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A Study on the Constructions of the Standard Images
for Stereoscopic PIV-PTV and Their Performance Tests

for Turbulent Flows

by
Jae Min, Lee

Department of Mechanical Engineering

Graduate School Korea Maritime University

Abstract

A set of standard images is constructed for the performance test on the
Stereoscopic PIV and Stereoscopic PTV. The worldwide standard data

that are provided by the website (http://www.vsj.or.jp/piv) on an

impinged jet are used for the generation of the standard images. Two
measurement algorithms, one for Stereoscopic PIV and the other for
Stereoscopic PTV, are used for the performance test. The arrangement
of the two cameras is based on angular position. Experimental camera
parameters are used for the Stereoscopic PIV and Stereoscopic PTV
measurements. The performance test has been carried out using the
constructed standard images, and it is shown that the Stereoscopic PTV
has better measurability on the turbulences than the Stereoscopic PIV
and both show same performances on the time averaged physical

properties of the flows.
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Fitness for 3-D position of particle

Coefficient of area moment

Inverse matrix of

Fitness for continuous fluid of vector

Distance from view point to imaging sensor of camera
Error of calculated 3-D position of particles
Divergence of velocity

Distance of projection

Thresholding value of 2,

Diameter of particle to make a virtual image.

Equation of observation for x—direction

Equation of observation for y-direction

Intensity of particle to make a virtual image
Maximum intensity of particle to make a virtual image.
Lens coefficient

Rotation matrix
Movement value of principle pointMovement value of
principle point

Original point of photographic coordinate system
Original point of absolute coordinate system

Particle on images

Particle in space

,Vi,



rUV Reynolds shear stress(— W / U}?)

RVW Reynolds shear stress(— W/UI)Q)

rWU Reynolds shear stress(— M/Ug)

S Standard deviation

TKE Turbulence Kkinetic energy(é/ /O

70 Turbulence intensity(V ,2 | o)

77V Turbulence intensity(\/? / o)

7w Turbulence intensity(V 42 / o)

ANX, AV Lens distortion value

P } Center point of particle

Xy K Deviation of the principal point from the center of image
X, ¥ Value of the photographic position of particle
5 o2 Absolute coordinate system

X VZ Photographic coordinate system

Xy Yoo 2o Center of projection

Xp Vp 24 Value of the 3-D position of particle

X Vowr Zom Rotated absolute coordinate system

X Mean
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Greek characters

a, o Tilted angle for X axis
B, w Tilted angle for Y axis
¥, K Tilted angle for Z axis

Time averaged value
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Fig. 2.1 Two basic configurations for SPIV/PTV systems.
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Fig. 2.2 Scheimpflug’'s lens array.
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z image plane

Fig. 2.3 Image plane rotation process.
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Fig. 2.5 Definition of 3-D particle position.
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Stereoscopic PIV
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Table 2.1 Definition of chromosome with respect to camera.

Camera 1 Camera 2 Fitness Function

Start Point | End Point | Start Point | End Point | 3D Error | Continuity

D=\ (Xy— X))+ (FVye V)2 (Zs— 2,)° (2.14)

3DE=[ D+ D] (2.15)

w, p, ¢ 3% SmaEe] Qe o
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4ot FRES AT 0% 2oldE Q4o o A Fr
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Stereoscopic PTV

Two Images of Camera 1 Two Images of Camera 2

20 velocity vectors
obtained by each camera
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Fig. 2.7 Schema of SPTV.
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Ray from Camera 1
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Fig. 2.8 Definition of 3-D particle position.
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Fig. 2.9 Concept of SPTV using GA Algorithm.
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39t

Standard Data
Large Eddy Simulation (LES) Data

!

Generate randomly dispersed 3D velocity vectors
in a 2D visualization plane by interpolating the arid
vectors into the random places

!

Convert the spatially dispersed 3D-vectors’ start
and end points into 2D—-cameras’ coordinates by
using each camera’s parameters

¢

Generate Standard Artificial Images using the
converted 20—coordinates for the two camera
images

'

Stereoscopic PIV/PTV Calculations

!

Convert the Stereoscopic PTV results onto the
arids

!

Compare the SPIV/SPTV results with LES data

Fig. 3.1 Procedure of the evaluation process using Stereoscopic Standard

Images.
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Fig. 3.2 Standard data of an impinged jet (VSJ: Visualization Society of

Japan).

Fig. 3.3 Jet-flow 3-D velocity vector distribution(Okamoto.1995).
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Fig. 3.4 Randomly selected 3D velocity vector distribution in the interested

plane.

Construction of
artificial calibration

images
from actual *
Experimental data Obtain

OR
Numerical data

Camera parameters

v

Construction of
Artificial Images

Y

Calculation of
Stereoscopic PIV/IPTV

Data Comparison
& Evaluate

Fig. 3.5 Procedure of the construction process of Stereoscopic Standard

Images.
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Fig. 3.6 Stereoscopic arrangements of camera and virtual data sets.

(LES on the website of 'www.vsj.or.jp/piv’)
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Camera # 2

Fig. 3.7 Generated Stereoscopic images.5000.

(Camera viewing angle = 20°)
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Absolute coordinate

/Gfamera 1 Carvera 2

Fig. 3.8 Relation calibrator and camera.

Fig. 3.9 Image for camera calibration.
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Fig. 3.10 Calibrator.
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Table 3.1 Plane calibrator’s information for SPIV/SPTV.

Calibrator x,y grid |z Interval
X y z

No. Interval | / Count

1 -30mm~ 30mm|-30mm~ 30mm|-21mm~ 21mm 3mm 3mm / 15

2 -24mm”~ 24mm|-28mm~ 28mm|-21mm~ 21mm 4mm 3mm / 15

3 -50mm”~ 50mm|-40mm~ 40mm|-21mm~ 21mm 5mm 3mm / 15
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Controller
X Y Z
ooag 30
Position
Measurement
Y
X
7k
Water i

Cameral

Camera2

Front Side

Fig. 3.11 Schema of mirror reflection system for calibration under the
water.
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(a) Camera 1’s image at z=Omm (b) Camera 2’'s image at z=0Omm

Fig. 3.12 Plane calibrator 1 (air / camera angel 30).

(a) Camera 1’s image at z=Omm (b) Camera 2’'s image at z=0Omm

Fig. 3.13 Plane calibrator 1 (water / camera angel 30).
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(a) Camera 1’s image at z=Omm (b) Camera 2's image at z=Omm

Fig. 3.14 Plane calibrator 1 (air-mirror / camera angel 30).

(a) Camera 1’s image at z=Omm (b) Camera 2's image at z=Omm

Fig. 3.15 Plane calibrator 1 (water-mirror / camera angel 30).
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Table 3.2 Error analysis of each calibrator for SPIV/SPTV.

Air 3mm 30 deg Air 3mm 40 deg
X y z X y z
Ave. Error 0.0745 0.0561 0.1010 0.0795 0.0593 0.1199
St deviation 0.0904 0.0670 0.1194 0.0917 0.0723 0.1446
Water 3mm 30 deg Water 3mm 40 deg
X y z X y z
Ave. Error 0.0638 0.0567 0.1744 0.0692 0.0582 0.1667
St deviation 0.0790 0.0689 0.2049 0.0832 0.0718 0.1992
Air/Mirror 3mm 30 deg Water/Mirror 3mm 30deg
X y z X y z
Ave. Error 0.0705 0.0837 0.2290 0.1578 0.0946 0.7282
St deviation 0.0902 0.1032 0.3066 0.2122 0.1221 0.8450
Air 4mm 30 deg Air 4mm 40 deg
X y z X y Z
Ave. Error 0.0384 0.0300 0.0458 0.0372 0.0293 0.0442
St deviation 0.0483 0.0382 0.0586 0.0469 0.0373 0.0545
Water 4mm 30 deg Water 4mm 40 deg
X y z X y z
Ave. Error 0.0541 0.0371 0.1486 0.0569 0.0332 0.1448
St deviation 0.0673 0.0488 0.1818 0.0705 0.0435 0.1743
Air/Mirror 4mm 30 deg Water/Mirror 4mm 30deg
X v z X y z
Ave. Error 0.0695 0.0689 0.2121 0.0814 0.0904 0.3727
St deviation 0.0892 0.0916 0.2761 0.1065 0.1121 0.5116
Air 5mm 30 deg Air 5mm 40 deg
X y z X y z
Ave. Error 0.0600 0.0685 0.0693 0.0543 0.0690 0.0577
St deviation 0.0679 0.0770 0.0871 0.0626 0.0776 0.0718
Water 5mm 30 deg Water bmm 40 deg
X y z X y Z
Ave. Error 0.0920 0.0765 0.3287 0.0929 0.0783 0.3071
St deviation 0.1108 0.0915 0.4061 0.1130 0.0936 0.3788
Air/Mirror 5mm 30 deg Water/Mirror 5mm 30deg
X y z X y Z
Ave. Error 0.0767 0.0696 0.2976 0.0679 0.0564 0.3640
St deviation 0.0942 0.0855 0.3870 0.0865 0.0698 0.4617
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Table 3.3 Result of camera parameter using each method.

Centroid using Virtual Point | Centroid using Moment Method
Parameter | Virtual Caml | Virtual Cam2 | Virtual Caml | Virtual Cam2
dis (mm) 599.99957 600.00036 599.90973 600.05945
cx (pixel) 4199.99658 4200.00244 4199.53955 4200.44629
cy(pixel) 4199.99658 4200.00292 4199.48975 4200.46387
o (°) 1.97727E-8 -4.94805E-8 -9.50706E-6 4.9283E-7
U (°) 0.26180 -0.26180 0.26179 -0.26180
K (%) -1.52469E-8 -2.80223E-8 6.70973E-6 2.07719E-6
my -4.67221E-7 -2.52919E-6 -4.75010E-4 -1.04989E-4
my -10.00000 10.00000 -9.99936 9.99982
kq 7.715179E-11 =0.00000 2.80433E-7 -3.96361E-8
k, -4.30000E-16 0.00000 =-9.47270E-13 1.79650E-13

Table 3.4 Uncertainty analysis

camera parameter.

of camera parameter for each virtual

Ave. Error 0.0000

Standard Deviation 0.0000

Virtual Point Ave. Erro.r ' 0.0000
Standard Deviation 0.0000

Ave. Error 0.0001

Standard Deviation 0.0001

Ave. Error 0.0008

Standard Deviation 0.0010

Moment Ave. Error 0.0009
Method Standard Deviation 0.0010
Ave. Error 0.0036

Standard Deviation 0.0042
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Fig. 3.16 Obtained vectors by SPIV.
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Fig. 3.20 Turbulent kinetic energy distribution obtained by SPIV.
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Fig. 3.21 Turbulent kinetic energy distribution obtained by SPTV.
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Fig. 3.22 Turbulent kinetic energy distribution obtained by LES.
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Fig. 3.23 Profiles of turbulent kinetic energy.

,53,



2

w

o

RUV

0
-0.000001
-0.000002
-0.000003
-0.000004
-0.000005
-0.000006
-0.000007
-0.000008
-0.000009

——SPTV —=—SPIV —&—LES

-40-34-28-22-16-10 -4 4 10 16 22 28 34 40
x(mm)

Fig. 3.24 Profiles of Reynolds stress (uv component).
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Fig. 3.25 Profiles of Reynolds stress (wu component).
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