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Stereoscopic PIV

e Theory of stereoscopic PIV
< 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

Displacement
seen from left

True
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True 3D displacement (A X, A Y, 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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Image plane
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Right image
coordinates
(x,y)




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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Overlapping Fields of View

Right camera's Left camera's
) field of view field of view
Stereoscopic |
evaluation is possible 0-10
only within the area E——
covered by both 0.05 T[fs ¢ oo o o e oot oot ottt e eeeeeeenn
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Careful alignment is (I NN
required to maximize O |-
the overlap area.
-0.20 7
Interrogation grid is

chosen to match the r 1 r 1 l
spatial resolution. -0.20 -0.10 0.00 0.10 0.20
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Left / Right 2D Vector Maps

Left & Right camera
images are recorded
simultaneously.

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

The vector maps are e e
re—sampled in pointS CATIIICTTIIIITIICIIIITIIIIIIIIIIIIIITID ;::::_:_:_;_::;j::;_‘;;""'"_:_:"-"’""“":_ff’ g

corresponding to the e —— — == : ; o
interrogation grid. = e

Combining left / right
results, all three
velocity components
are calculated.
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Stereoscopic Reconstruction

Overlap area with
interrogation grid

>—<j Resulting 3D vector map
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Dantec Dynamics Stereoscopic
PIV System Components

Seeding

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

se_0
o 0ge oy 0getg00s e

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

R
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Camera Calibration

%54 DynamicStudio - Demo database - [C:\Imaging Data\Demo database.dynamix]

File Edit View Run Analysis Tools Window Help
F XY 0 B e @E! o

‘Database S, ) "| @ e

FeatureTracking/PIV [ E = O = : = =
FlexPIV i $ §65 [~ NH"?‘QHd t
Calibrationrefinemert L i i . ;
Bl Ccalibration - ¢ Y s Y &
=- B8 CamA Simages | ;.
® Pixel max 1image -éb— ¥, . 8 v &8 r'iHHHl\ﬁf‘!?
=~ ] Subtract Simages [T Y
B B L Siriages PROTTY & } VEGEELatey
= CalibA | 65581 L
& B Refined Calibration | | [} &-&& & &4 ’j ; ) 99 kGl
| —— L. @ Refined Calibr| ¥ REEES > . - . E Hhr LR
- ; A | : .
® Pixel max 1 image : 2 LA A A S R A AR R R
- [ Subtract Simages - MY {r% 1 ‘\_l | h e l
d@l%hmageﬁ £ 565508 9 & WY W WY W w e ”J
= CalibB i
:éig-— Bl Z22: S50 IR - T LR R R R
B et W Remedcally kR I‘\I{;I\\ 7\“:‘ % & 1 AR AR R RS AR
gr::mmzm LR R R R i ] % T H11”“.‘““J
" )_“.:1' TV e L CR AR SR ‘QHHLH E
— ! At | —
iRe:ord Properties v R XI i \AARA LR RS = 'y “%Mk Laias
P [:r-.-.-.‘ri.,,,,‘;‘, R """"J
scwfﬂi"ffﬂi"h T ::J eSS40 8 HFT‘HHHF‘T: -l“i a8
B General ' ol AE AR A e E et ‘ : Sov e i
o Retined atbratin @S 6 606608601 ' S LA A it
Name AAAREEE G ¢ i HHHAHN}
Record name ¥, = L &5 i y .
$H00000080MARS vves Ht I,
Browsing: IPL (5 datasetis)} v 3 X i <) _ 4#’ o — l‘ :H'," ” g I e Hrﬂ' ){I"’
[£] »| #1

) [
Interval: 100 ms | [] Loop << Stop
Display Export..
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Run

Calibration Refinement

DynamicStudio - Demo database - [C:\imaging Data\Demo database.dynamix]
Fie Edit

Analysis  Tools

Database
£ FeatureTracking/PIV

@ FlexPlv
@@ Calibrationrefinemert
=-- [8] Calibration

= [ CamA 5

mages
+ @ Pixel max 1
c Subtract 5
= [ IPL S

- CalibA

B Refined Calibra

Refined C
val
= @ CamB 5
4 [E Pixel max 1ima
= [ Subtract 5
= B IPL Sima
- CalibB
= Refined Calibra
Refined C
53 IMFDLT
= B Jet
=g CamA 10
= (15

B8 3D VectorProcessing 10
[E] vectorstatistic 1
=g CamB 10 s
Adaptive Correlation 1

<

>
Record Properties

- 2 X
l®
@] Z

IMF: DLT
Name

Record name

Dataset Browser

n Refinement

Description (of Ca

Calib

mm coord (X,
port.

¥):(167,89; 108,39)

~
Calibration Refinement, improves the accuracy of an existing stereo calibration by using particle images acquired simultaniously from both cameras. o
Settings help pane
Interrogation Area Size: | 256x256 v Frame: |1 |w|
Refinement area Common Calibration area b

Display




Calibration Refinement

Description (of Calibration Refinement): B

@ Calibration Refinement, improves the accuracy of an existing stereo calibration by using particles images acquired simultaniously from both cameras. -
o P bslo pave ]
Interrogation Area Size: Frame: E] Show Dewarped Image
Refinement area [Mmud adjust v] Show Average Correlation Map

4 i n J »

mm coord (X.Y):(-24,52; 27,22)
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Calculating 2D Vector Maps

DynamicStudio - Demo database - [ ata\Demo database.dynamix]

File Edit View Run Analysis Tools

XY &0 B e

B3 Matlab-Link
Stereoscopic PIV and calibration refinement
Interferometric Particle Imaging
PUF calibration

PIV/PUF measurement
Visualisation

B

L--.

e

[

PRE

B

FeatureTracking/PIV
FlexPIV

Calibration refinemert
B calibration
Cam A
CamB 5

1]

® Demodatabase
£?
+
+
-
e
3
5
5

0@

=2

Cam A 10images
Adaptive Correlation 10
= [ 3D VectorProcessir
[E] VectorStatist

Cam B
Adaptive Correlation

#-- (@@ Shadow Sizing

.- (@8 CUF
< >
Record Properties - 1
=-|A
oz 24
data\CorrAdaptive=
no
(] General
Adaptive Correlation
Calmanina NatalNama Aav
Name
Record name

Browsing: Adaptive Correlation (10 datas... + 3 X

= r) #1

Vector map: Adaptive Correlation.#1, 62x62 vectors (3844),
ndex: 1: Acqindex: 1; Time stamp: 0,000 s
Interval: [100ms | [Jloop | < 4 it




Stereoscopic

V54 DynamicStudio - Demo database - [C:\imaging Data\Demo database.dynamix]

Evaluation & Statistics

File Edit Vew Run Analysis Tools Window Help
XY OB e § @) o
‘Databa;e - 3 X
(D Demodatabase ~
- (@@ Matlab-Link
Stereoscopic PIV and calibration refinement
Inter ic Particle
PUF calibration
PIV/PUF measurement
Visualisation
FeatureTracking/PIV
FlexPIV
Calibrationrefinement
: Calibration
@~ [ CamA Simages
w-- [ CamB 5images
- f’ Jet
= [ CamA 10images
P e Adaptive Correlation 10
[~ 3D Vector Processit

3D Vector Processing.#1

TREOEeey
rPEPPRRER

[3 n Cam B 10images
! Adaptive Correlation 10
@~ [@ Shadow Sizing
- (@8 _CUF [
L<_.H ] | [l]

- p x|

file] acta'aSlatist|csvec=0.vectoE]
no

‘ Record Properties

| 8

()
Vector Statistics
Fodmaning Natsi Nama 53[1]

Record name

Browsing: Vector Statistics no sub-indexes) » o X |
1l ix]) =1
Oloop | =< || 2> | Stop

Display Export..

0.000 0.172 0.345 0.517 0.630 0.882 1.034 1.207 1.379 1.552 1.724 1.857 2.089 2.241 2414

Vector map: 3D Vector Processing.#1, 75x92 vectors ﬁEQOOJInd_e;:: 1; Acqindex: 1; Time st...

B3 Vector Statistics.#1 X

Num. vectors (N): 10 (of max. 10) T [~
Mean vector (U,V,W)-0.055, -0.185, 0‘7 T
Std. deviation: 0.212, 0.274, 0.38{
Corr. coefficient:  -0.297 .

[} ]

0.000 0.172 0.345 0.517 0.850 0.882 1.034 1.207 1.379 1.552 1.724 1.897 2.089 2.241 2414
[
Statistics vactor map: Vector Statistics.#1, 75x92 vectors (6900)

Size: 3060x1852 (-1692,-811)
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