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Stereoscopic PIV

e Theory of stereoscopic PIV
e Dantec Dynamics’ stereoscopic PIV software

= Application example:

Stereoscopic PIV in an automotive wind tunnel
(used as example throughout the slide show)
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Fundamentals of Stereo Vision
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True 3D displacement (A X, AY, A Z) is estimated from a pair of
2D displacements (A X, A y) as seen from left and right camera
respectively
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Stereo Recording Geometry

Focusing an off-axis
camera requires tilting of
the camera sensor
(Scheimpflug condition)

Stereoscopic evaluation
requires a numerical
model, describing how
objects in space are
mapped onto the sensor
of each camera

Object plane Object
(Lightsheet coordinates
plane) (X,Y,2)
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Parameters for the
numerical model are

Left image
coordinates

x.y)

determined through
camera calibration
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Camera Calibration

Images of a calibration target are recorded.
The target contains calibration markers in known positions.

Comparing known marker positions with corresponding
marker positions on each camera image, model parameters
are adjusted to give the best possible fit.
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Left camera's
field of view

Overlap area

Right camera's
field of view
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Overlapping Fields of View

trapezoidal region of
Careful alignment is

only within the area
the light sheet.

covered by both

evaluation is possible
cameras.

Due to perspective
distortion each
camera covers a

Stereoscopic

-0.20

required to maximize

the overlap area.
chosen to match the

Interrogation grid is
spatial resolution.



Left / Right 2D Vector Maps

Left & Right camera
iImages are recorded
simultaneously.

Conventional PIV
processing produces
2D vector maps
representing the flow
field as seen from left
and right.

The vector maps are
re-sampled in points
corresponding to the
interrogation grid.

Combining left / right
results, all three
velocity components
are calculated.
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Resulting 3D vector map

Stereoscopic Reconstruction

Overlap area with
interrogation grid
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Dantec Dynamics Stereoscopic
PIV System Components

Seeding

PlIV-Laser
(Double-cavity Nd:YAG)
Light guiding arm &
Lightsheet optics

2 cameras on Scheimpflug mounts
Calibration target
DynamicStudio PIV software

DynamicStudio stereoscopic
PIV Add-on
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Recipe for a Stereoscopic
PIV Experiment

Carefully align the light sheet with the calibration target

Record calibration images in the desired measuring position
using both cameras (Target defines the co-ordinate system!)

Perform camera calibration based on the calibration images
Record particle images with the laser turned on

Perform a Calibration Refinement to correct for the residual
misalignment between calibration target and laser light sheet

Record particle images from your flow using both cameras
Calculate 2D-PIV vector maps

Calculate 3D vectors based on the two 2D PIV vector maps and the
(refined) camera calibration
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Camera Calibration
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Calibration Refinement

File Edit View Run Analysis Tools Window Help

B3 4 0B | g ha

Database - I3 X s .
FeatureTracking/FIv ~ LI efinemen
~

FlexPIV
Calibration refinement

Description (of Calibration Refinement}:

Calibration
B Cam A Simag b Calibration Refinement, improves the accuracy of an existing stereo calibration by using particle images acquired simultaniously from both cameras. e
[E] Pixel max 1image Settings help pane

Interrogation Area Sizer | 255x256 » Frame: |1 |»

Refinement area Commaon Calibration area A

Display.

Refined Calibra
Refined C
IMF: DLT

= gfl Jet

,,“ Cam A 10images
= Adaptive Correlation 1
E8 3D vector Processing 10w

[E] VectorStatistic 1 ve

= ,,“ Cam B 10images

Adaptive Carrelation 10 v

:
Record Properties * 0 X

IMF: DLT
Name
Record name
Dataset Browser * o X
Interval: (1 ms Loop << > | Stop

mm coord (X,Y):(167,89; 109,89)

Drisplay Export..

z.. [ NTEC
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Calibration Refinement

4 I

mm coord (X Y):(-24,52; 27 22)

=
Description (of Calibration Refinement): E|
Calibration Refinement. improves the accuracy of an existing stereo calibration by using particles images acquired simuttaniousty from both cameras. e
o Display (bl pane |
Interrogation Area Size: | 1284128 - Frame: Show Dewarped Image
Refinement area lMa’md adjust - l Show Average Correlation Map

~— DANTEC
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Calculating 2D Vector Maps

File
=

Datab

3 Demodatabase
I

Edit Run  Analysis  Tools

X ]l A4

ase > o X

Matlab-Link
Stereoscopic PIV and calibration refinement
Interferometric Particle Imaging

PLIF calibration

PIV/PLIF measurement

Visualisation

FeatureTracking/PIV

FlexPIV

Calibration refinement

Calibration
B cama

Cam B

il %% Ig% Iﬁ% Iﬁ% Iﬁ% %% %% Iﬁi Iﬁ%

Adaptive Correlation 10
E8 3D vector Processir
[E] vectorStatist

4 [@@ Shadow Sizing
@ CLIF v
< >
Record Properties -~ o X
25)9)
data'CorrAdapt
na
B General
Adaptive Carrelation
Codmanina NataiNamea dal
Name

Record name

Browsing: Adaptive Correlation {10 datas.., = R X

[}

Interv:

al: 100 ms | [[]Loop ==

- O X | adaptive Correlation.#1

Vector map: Adaptive Correlation.#1, 62x62 vectors (38
ndex: 1; Acgindex: 1; Time stamp: 0,000 s

Vector map: Adaptive Correlation.#1, 62=62 vectors (3
ndex: 1; Acqlndex: 1; Time stamp: 0,000 s

3.412

4.545 5




Stereoscopic Evaluation & Statistics

Demo database - [C

File Edit \View Run Analysis Tools Window Help

E XYo@ el @Ry (o

Database 1 X
|G Demo database e - “ 3D Vector Processing.#1 -~ [ X | M vector Statistics.#1

Matlab-Link | Num. vectors (N): 10 (of max. 10}

Stereoscopic PIV and calibration refinement Mean vector (U W)-0.058, -0.188, 0.7

Interferometric Particle Imaging Std. deviation: 0212, 0.274, 0.38
Corr. coefficient: -0.287

PLIF calibration

FIV/PUF measurement

Visualisation

FeatureTracking/FIV

FlexPTv

Calibration refinement

Calibration

B Cam A Simages

M- B CamB Simages

A NN

g

IR Ry

| Record Properties -~ o X |

LA SESE S N
=20\

File name (f data\Statisticsvecs0.vacto[4 |
Remote dat no
E General (]
MName WVector Statistics
Dath i { i MataiMam A=M
MName
Record name
Browsing: Yector Statistics no sub-indexes} » 3 X | i] [ﬂ] m < [ﬂ]
(EA] [ "L] #1 0.000 0.172 0345 0517 0.690 0.862 1.034 1.207 1.375 1.552 1.724 1.857 2069 2241 2414 0.000 0.172 0.245 0517 0.690 0.862 1.034 1.207 1.379 1.562 1.724 1.857 2069 2.241 2.
e r——————e
Interval: |:| Loop << >> | Stop Wector map: 3D Vector Processing.#1, 75=92 vectors (6900)Index: 1; Acqlndex: 1; Time st... Statistics vector map: Vector Statistics.#1, 75x92 vectors (6900)

Size: 3060x1852 (-1692,-811)

Display Export..

Calibration refinement \ Jet \...\ Vector Stafistics |
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