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A Study on Development of Micro 3D-PTV using Single

Camera

by
Yong Bum Cho

Department of Mechanical Engineering

Graduate School Korea Maritime University

Abstract

In this paper, a micro-stereoscopic PTV system is developed using
single camera system. Two viewing holes are installed just behind the
object lens of the microscopic system to construct a stereoscopic viewing.
The system consists of one high-definition camera (1028 x 1024 pixel,
500fps), a plate of two-viewing holes and the host computer. Since two
image pair for one tracer particle exists on the same image, it iS not so

easy to find the same particle pairs among many particles in the images.

Two calculation methods have been introduced to calculate
three-dimensional positions of the particles. One is to introduce a hybrid

genetic algorithm (GA) to calculate three-dimensional vector fields. The



other one is to utilize the distances between the two image centers of the
particles made by the two viewing holes. As for the first calculation, the
hybrid genetic algorithm (GA) has been used to find the same particles’
image pairs seen on the experimental images. An epipolar line was used
to reduce the number of candidates for one particle. In the genetic
algorithm, crossover operation, mutation operation and reproduction
operation are introduced. Percentile values of these three values are

changed to find the most optimal pairring conditions.

In order to make a performance test for the constructed algorithm, the
camera parameters obtained in the process of camera calibrations have
been used for generating a set of wvirtual image. Using the constructed
virtual images the optimal calculation conditions have been found. That
1s, it has been empirically verified that optimal percentile values for the
GA algorithm are crossover 100%, mutation 20%, Reproduction 509,
respectively. Further, the optimal diameter of the two holes were 3.5mm
and the distance between the two holes were bmm. The measurement
errors for X, Y and Z coordinates could be estimated using the results of
camera calibration as 0.083um, 0.045pum and 0.083um, respectively. And
the deviations of the measurement error could be estimated as 0.725pm,

0.452pm, 4.108um.

As for the second -calculation method for the -calculation of
three-dimensional vector fields, the distance between the photographic
centers of the two images that have been constructed by the two holes.

A relation between Z-positions and the distances are calculated before the

_IV_



main experiment so that the Z positions of any unknown particles can be
predicted. The center points of the distance have been regarded as the

photographical coordinates on X and Y axises.

The constructed micro-stereoscopic PTV(a 3D-PTV) has been used to
measure the velocity fields of a micro—back-step channel flow. The
height of the back-step is 36 um and the height of the channel is 60 um
with a width of 3mm. The Reynolds number is 0.017. The data obtained
by the constructed system have been compared with those of CEFD. It has
experimentally verified that the velocity profiles shows a good agreement
quantitatively and qualitatively. The constructed micro measurement
system is planed to be used for the measurements of the wall boundary

layers in turbulent flows.



Nomenclature

3DF : Fitness for 3-D position of particle

A, : Coefficient of area moment

5 B ! Inverse matrix of 7/

C . Fitness for continuous fluid of vector

G Cp Cy - Plane distance from lens center

D Dy, D, . Error of calculated 3-D position of particles
2 . Divergence of velocity

ars . Distance of projection

Dy - Thresholding value of 2,

, . Diameter of particle

. Equation of observation for x-direction

G : Equation of observation for y-direction

7/ . Intensity of particle

A : Maximum intensity of particle

A, A . Lens coefficient

My My My My : Rotation matrix

n, . Movement value of principle pointMovement value of

principle point

Fey, : Reynolds number of a half of depth
RES : Reynolds shear stress
op : Recovery ratio
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. Original point of photographic coordinate system
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. Particle on images
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: Standard deviation of 3-D position

: Turbulence kinetic energy(ég2 | O?)

: Turbulence intensity(V ,? / )

. Turbulence intensity(V .2 J 9,

: Turbulence intensity(V ,?2 / 179

. Generated vector by random

: Recovered vector less than 0.lmm in error

. Lens distortion value

. Center point of particle

. Deviation of the principal point from the center of image
. Value of the photographic position of particle

. Photographic coordinate system

: Absolute coordinate system

. Center of projection

. Value of the 3-D position of particle

. Rotated absolute coordinate system
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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
o, : Radius of cylindrical light

. Time averaged value
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Figure 2.2 Camera calibrator for 3D-PTV measurement
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(a) by camera 1

(b) by camera 2 (c) by camera 3

Figure 2.3 Captured calibrator image by three cameras
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Figure 2.4 Rotation by X, Y and Z axis.
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Figure 2.5 Relations between absolute and camera’s coordinate system.
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Figure 2.6 Definition of 3-D particle position.
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Figure 2.7 Comparison of the conventional 3D-PTV vs. 4D-PTV.
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Figure 3.3 Defocusing Raw Image.
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(a) raw image (b) mask image (c) transformed image

(d) binary image

Figure 3.4 Gaussian mask method.
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Figure 3.5 Centroid Image using Gaussian mask
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Figure 3.6 Selecting 2D Candidate in GA.
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Figure 3.7 Selecting 3D Candidate in GA.
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Figure 3.8 Selecting Candidate in GA.
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Figure 3.9 Flowchart of GA in Micro PTV.
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Figure 3.10 Schematic image of GA.
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Table 3.1 Plane calibrator’s information for Single Camera Micro 3D-PTV.

Calibrator XY grid | Z Interval
X Y Z
No. Interval / Count
1 -200um™ 200um | -300um™ 300um Oum”™ 40um 10um lum / 40
2 -200um™ 200um | -300um™ 300um Oum”™ 40um 50um 2um / 40
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X mm

Figure 3.12 Image for camera calibration.
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Figure 3.13 Calibration data at 4mm hole spacing
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Figure 3.14 Calibration data at 4.5mm hole spacing
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Figure 3.16 Virtual Image with Real camera information
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(a) Reference vector (1400) (b) Reference vector (1000)

(c) Reference vector (600) (d) Reference vector (200)

Figure 3.17 Virtual Image
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Figure 4.1 Schematic illustration of experiment setup
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Figure 4.2 Raw Image of experiment
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Figure 4.3 Schematic illustration of Micro channel
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(a) Left hole view

(b) Right hole view

Figure 4.5 Image of Calibrator
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Figure 4.6 Processing of Centroid Tracking at Calibration
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(a) Center setup (b) Centroid matching

Figure 4.7 Processing of Centroid Matching at Calibration
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Table 4.1 Calibration error analysis

No.

T I S R

S © o NN o G

3074
3075
3076
3077
3078
3079
3080
3081
3082
3083
3084

Calcu X

90.099
79.763
90.142
79.992
70.110
90.273
60.313
70.272
50.279
70.232
60.504
40.269
50.168

-87.796
-78.059

68.431
-58.637
-97.731
-87.863
-78.126
-68.331
-87.890
-97.821
-29.390

Basis X

90.000
80.000
90.000
80.000
70.000
90.000
60.000
70.000
50.000
70.000
60.000
40.000
50.000

-90.000
-80.000
70.000
-60.000
-100.000
-90.000
-80.000
-70.000
-90.000
-100.000
-30.000

Calcu Y

-20.255
-20.290
-30.550
-30.530
-20.336
-41.092
-20.184
-30.490
-20.070
-40.929
-30.652
-20.041
=30.633

-20.042
-29.952
-49.692
-49.889
-20.000
-30.038
-39.904
-49.778
-39.862
-30.137
-59.750

Average

Deviation :

Basis Y Calcu Z

-20.000 -6.245
-20.000 -6.314
-30.000 -7.619
-30.000 -7.333
-20.000 -7.665
-40.000 =7.847
-20.000 -6.521
-30.000 -6.527
-20.000 -5.715
-40.000 -8.041
-30.000 -5.984
-20.000 —6.636
-30.000 -7.046

~20.000 46.656
=30.000 46.074
-50.000 44.494
-50.000 46.437
-20.000 47.634
-30.000 47.169
-40.000 46.526
-50.000 47.170
-40.000 47.700
-30.000 46.351
-60.000 46.418

0.083

0.725

Unit [um]

-0.045

0.452

Basis Z

2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000

40.000
40.000
40.000
40.000
40.000
40.000
40.000
40.000
40.000
40.000
40.000

0.083

4.108

diff x

0.099
-0.237
0.142
-0.008
0.110
0.273
0.313
0.272
0.279
0.232
0.504
0.269
0.168

2.204
1.941
-1.569
1.363
2.269
2.137
1.874
1.669
2.110
2.179
0.610

diff y

-0.255
-0.290
-0.550
-0.530
-0.336
-1.092
-0.184
-0.490
-0.070
-0.929
-0.652
-0.041
-0.633

-0.042
0.048
0.308
0.111
0.000

-0.038
0.096
0.222
0.138

-0.137
0.250

diff z

-8.245
-8.314
-9.619
-9.333
-9.665
-9.847
-8.521
-8.527
-7.715
-10.041
-7.984
-8.636
-9.046

6.656
6.074
4.494
6.437
7.634
7.169
6.526
7.170
7.700
6.351
6.413
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Figure 4.8 Experiment position & basic axis.
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Figure 4.9 Raw Vector using GA
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Figure 4.10 Grid Vector using GA
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Figure 4.11 Raw Vector using depth parameter
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Figure 4.12 Grid Vector using depth parameter
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Figure 4.13 X-Z plane Grid Vector using depth

parameter
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Figure 4.14 CFD 3D vector result

_81_



Figure 4.15 CFD Slice result at y= center position
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