OMS-30i
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Creating a New Project File

Begin by opening Prolmage and creating a new project. Go to IMS Processing and select
Manage Project to create a new project file.

File View ROl Edit Markers Options Tools MC Transform B Convert QPED 3D Deformations Help

IMS Processing
RS Y]

Create New Project

3D Deformations

# Manage !’rojeft--- Open window for new

project files to be
# Open Project and Data... entered.
# Close Project and Data
# Save Results

# Resect Current Image...
# Resect Test Data...

# Current Image Processing r

This window contains the areas where the project data and images will be stored for this test
condition.

-
Project Features

File Tools
TestFeatures |Refe F|Ies| P Sens Files | T Sens Files | Mesh F|Ies| Resultant Files |
This File IC\U ers\SPALLUC N\DocumentsYl PrOject amera Overlap\l
Enter reference images Enter pressure

Enter TSP

(green) channel. For sensitive images . ’ Enter mesh files if All resultant files
Binary PSP only. (red). Forany Images if using a 3D mesh to (converted to pressure
using TSP map pressure and processed) are

images stored here.
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Begin by entering the test condition data for the experiment. This should be saved and
recorded during the run. For demonstration, if this is not known exactly, just estimate.

- 5
Project Features ﬂ

File Tools

TestFeatures |Refe Files | P Sens Files | T Sens Files | Mesh Files | ResultantFiles |

This File IC \Wsers\SPALLUCONNDocuments\Iintemal Projects\Camera Overlapll

S ITesn Just a way to name your file. Not necessary to enter anything.
MNACA 0012 . .

Mgy I Can input model name but again, not necessary.

TestPointID [1

Mach 0.1 S Can enter the test point but not required.

Alpha

10
Mach number of this data point.

Beta 0

Pressure Unit Pa

Angle of attack of model relative to the

incoming airflow.

Wind Off Pressure 101325

Static Pressure 100075

Dynamic Pressure 1250

Temperature Unit K Tooie
Wind off Temperature 293

Wind on Temperature 298]

- ey L Static pressure in the

wind tunnel while
\ running.

Dynamic pressure in the wind

tunnel while running. 1/2pvA2

Temperature (K) at

wind-off

Temperature (K) at wind-on

Yaw angle of model to
incoming airflow.

Total pressure at off condition. Look up
todays barometric pressure to find.

[T
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Next, the images for the reference channel (green) will be used. Note that this is only used

when processing Binary PSP. If not using Binary PSP, leave this blank. Load files with the
extension _r.

=1
Progect Features -

File Tools

Test Foslues Fote Fian ||I Sens Files | T Sens Files | Mash Fiss | Resultant Files
Files. concesmned with "Referance camara®™ |
- 1 Load background reference image. Can load the same image in both of these

Wing OfiDokimage | | i places because they are the same background at wind-on and wind-off.

Load image file

\

Wind On Dark Image |

Wind Of image

——

[ ——————ee_ Load the wind-off

reference image with
the extension _r

Wind On lmage

Wind Off Markers

amm—r
Wind On Markers | \
| . v
reference image {green
Camara Features channel) which has the
™ axtension _r

Load the wind-off marker files.
Markes creation shown in detailed
processing tutorial.

™
Load the wind-an

\ sy

Camera calibration file,
Not used.

Load the wind-on

Next, load the images for the pressure sensitive channel (red). This is used whether the
paint is Binary or not. Not for TSP, only PSP. There is a separate tab for TSP data if using
TSP. Note that the extension on the pressure sensitive channels is _p. Markers will be
created during the data processing as shown in that tutorial. Those should be loaded later.
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= 5
Project Features ﬂ

File Tools Load image file

TestFeatures | Refe Files P SensFiles | T Sens Files | Mesh Fl\esl Resultant Files | /
A
Files, concemned with "Sensitive camera”

Load background image

mm— i .
/ with _p extension.
et

Load wind-off image
with _p extension

Wind Off Dark Image

Wind On Dark Image

Wind OffImage

Wind OnImage

LA

— Load wind-on image

Wind Off Markers 3 X
with _p extension.

Wind On Markers

Load wind-off markers
with _p extension

Camera Features e

Paint Feafures .
Load wind-on markers

with _p extension.

N
AN

Load the calibration file
for the paint being used.
These can be
downloaded from the
1SS1 website.
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Data Processing in Proilmage NACA 0012 Model with
Pressure Taps

Begin by opening Prolmage and creating a new project file (IMS Processing > Manage Project).
Characteristics of the model and test should be entered here. Pressure values are in Pascals and
temperature values in Kelvin.

Project Features =
File Tools
T Sens Files | Mesh Files I Resuttart Files ]
Test Features | RefeFies | P Sens Fies |

This File  |C:\Users\Steve'\Documents\Customers'Rafael Deferse Systems -

Test ID [1
Mods! 1D [NACADD12

Test Pairt ID [1
Mach

Alpha

Beta

Pressure Unit
Wind Off Pressure
Static Pressure

Dynamic Pressure

IRLENING

Temperature Linit

]
-]
@

Wind off Temperature

3
r:]
=]

Wind on Temperature

Be sure all of the saved data (images, calibration file, marker files) are in the same directory where the
project file is saved.

r N 7 5
Project Features @ Praject Features @

File Tools File | Tools
T Sens Files Mesh Files ] Resuttant Files ] T Sens Files ] Mesh Files Resuttant Files ]
Test Features Refe Files l P Sens Files ] Test Features ] Refe Files P Sens Files
Files, concemed with "Reference camera” Files, concemed with "Sensitive camera”

Wind Off Dark Image |bac:kgr0und_55r|1ps_D.t'rf| Wind Off Dark Image |bac:kgr0und_55mps_1 i

Wind On Dark Image |bac:kgr0und_55rnps_D.t'rf Wind On Dark Image |bac:kgr0und_55mps_1 i

Wind Off Image |wind-0ﬂ_55mps_|}.t'rf Wind Off Image |wind-oﬁ_55mps_1 i

Viiind On Image |wind-on_65mps_0f Wind On Image |wind-on_65mps_1 ]

Wind Off Markers |wind-oﬂ_55mps_D.mrk Wind Off Markers |Winl:|'C'f'f_EE"'I'IIZ'S_1-l'l'"‘k

Wind On Markers |wind-0n_55mps_|}.mrk Wind On Markers |wind-0n_55mps_1.mrk

Camera Features Camera Features

L N | O
LL RN N

Paint Features
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-
Paint Features - ﬂ
Thiz File Binary FIE_Impers_Color_710nmlR. clb
Gamma
Il 14214.2 378774 745681 Read |
445 641 -845.034 534.255 -
l drite... |
-8.3913 18,5535 141347
-
|| Pressure T emperature Cancel |
Uit IF'a Unit IC
P rorm I‘IDDDUD T normn |2EI
P min |2DDDD T min I‘I
P max I'IEDDDD T max |45
Phal ID T tal I‘I
S

DR Gan B m e
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To open the new project for data processing, from the B-
Convert menu, select Open Project and load the .ims
project file just created.

Opening the project file

in B-Convert will load all
of the raw images in the
project file. Press the
Tab key to scroll through
the images loaded from
the project file.

Markers are used for image alignment or pressure tap correction. Often, PSP images need to be
aligned due to shift between loaded and unloaded conditions. Commonly, models have registration
marks on the surface. Sometimes, pressure taps on the model are numerous enough that they can be
used as registration markers. These pressure taps are also used to input pressure tap data into the PSP

-

e

Mark Options
~ Size ~Cap area— ~ Reagime
33 1  Add \_IEIK
* 55 L P & Move Cancel |
77 848 O Activate/
i 9:9 1212 Dizactivate
11 &+ 1616 " Delete
1515 24524

processing to anchor the PSP data and apply a
bias correction.

Markers can be added from the Markers tab.

Navigate to Markers>Mark or from . This
will bring up the Mark Options window. Here,
markers can be added, moved,
activated/deactivated or deleted. The Size
option is the size of the marker tool. The Cap
Area is the area of the search window over

which marker will be searched for. Regime is the command to execute. Add will add a marker in the
location. Move will allow the marker to be moved to another location. Activate/Deactivate will turn a
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marker on or off for resection, alignment or pressure tap correction. Delete will permanently remove
a marker. When using the marker tool, right-click the mouse to go back to the Mark Options window.

Hold the selection tool over each resection marker or pressure tap and add a marker to each such
location until complete.

11

Resection
Marker

2
=

Once the markers have been placed over all r

registration marks and pressure taps, revise the e Markers =
markers using the Revise Markers tool. The markers Markers Features e
should be located at the ‘pit’ or lowest intensity ~ Peaks

value of each marker site. When they are placed on & Pits Cancel
the surface manually using th.e ‘add marker to?l’ IT Diametar (2,395

they may be slightly off of the pit. To correct for this,

once all markers are placed, us the ‘Revise all’ tool to |
revise all markers to the true low intensity pit of each tap location. This will assure the markers are at
the central point of each registration mark. Select Pits and a pixel diameter just larger than the marker
diameter. This will search an NxN window around the marker for the lowest pixel value and place the
marker there. The markers can then be copied to the other images (BConvert > Markers
Copy/Markers Past) and then revised on each image to assure they are at the same center point. This
assures that image mapping is done to the correct marker position when mapping wind-on back to
wind-off. The same is true with pressure tap correction in that the marker is at the true center of the
pressure tap where the pressure tap value is being compared versus PSP. The marker files are saved
for the individual images once marked. When the images are converted to pressure, a new marker file
for the pressure image will be automatically created which is then saved with the final data. Pressure
tap data is entered here. This will be shown later.
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1800

oo

200

Adding markers will look like the above image. The markers are automatically enumerated. Save each
image marker file by Markers > Mark > Save Markers As. The marker files will automatically reflect
the name of the image they are associated with having the extension .mrk. The marker files then

need to be loaded into the project file in the IMS
Processing window. Save the project with the
marker files added.

Once the project file is complete (test data, all raw
images, marker files created and added and
calibration file loaded), load it with BConvert >
Open Project.

BConvert contains most of the post processing tools
used to convert the raw data into useable final data.
The BConvert menu will be covered in detail.

BConvert incorporates all of the conversion tools to
take raw data and produce final pressure data. The
Automatic Convert Scenario window
(BConvert>Automatic Convert) is where this is
done. Check each box to activate each tool.

Dark Frame Subtraction removes the dark from

—
Automatic Convert Scenaric

i

===

— Scenario
v Diark Frame Subtraction

™ Flat Field Corection
[ Automatic Marking

[~ Markers Precize Positioning
v Fill Up Markers

[ Filtering

¥ BackGround wark,
™ Distartion Conection
[~ Resect Images

v Alignment of Images
[¥ Field Calculation

[ ForeGround Thinning
[~ Filter Output Fields

[ Comection in situ

Marking
Fogitioning
Fill Up
Filkering
Back Ground

s Fezection
Alighment
Fields. ..

Thinning

PR [l

Final Filkering

Correction

[~ Resect Output Fields

= Hezection L

Cancel |

Iritial M arkers

™ Modify

(background image) from each of the wind-off and wind-on images. This removes any effect or
artifact from ambient lighting that could adversely affect the final PSP results.
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Automatic Marking will automatically add markers. Only use [ jy.ge aiignment -
this tool for very well defined markers.

Markers Mumeration
Murnber of Fixed Markers Transformation Law
o0 1 ~ 2 =3 " Move & Rotate

Markers Precise Positioning will then revise those markers I Makers aro Fred end Conect | @ Link

from the automatic marklng' 9 Tracking Window [Marker's zpatial box size)

. . S X . . Image Alignment Show
Fill Up Markers will fill in the markers with a spatial filter to Polynomial Power - s
o INFO
i ingi o &1 C2 O3
remove them from the final processing images. — Show erors

[ Macro Alignment W Palynomial

A . " . ™ Micro Al I~ GPED
Filtering will apply a Gaussian filter to the raw images before Mo Alanmert

conversion to pressure. A NxN filter will be applied to the BN
entire image. B
2
Background Work will remove the background of the images [ ok | Ccos

below a certain threshold. This effectively removes any non-
painted regions from the final data. This can be done as a

percentage of the maximum intensity value or a threshold below a given value.

Distortion Correction compensates for objective lens distortions on the images.

Resect Images is used to resection 2D data to 3D meshes.
This will be covered in more detail in the ProGraph and

ProField instruction manuals. ‘ [ 7 Bush Dismeter(3959)

Fill Up Markers )

Cancel

= ]

Alignment of Images allows the user to select a polynomial
alignment of images using resection markers or a cross-correlation algorithm to align. For the
polynomial alignment there are several options. Number of Fixed Markers creates a basis for
translation of the markers. If none are fixed, all can shift for

BackGround Select/Compensate [
translation.
h;udgaicuﬁimr:;decl ™ BackGemund Compensale —I<!
Transformation Law has two options, Move and Rotate | .,....cu. - —
(rotating images) and Link (shift images 2D). Tracking Window | .= . """
is the NxN pixel window around each marker to search for on the : S P
% Lising Fiatalive Vaks | oz v Vs (000 1.0

deformed (on-condition) image. This should be larger than the I g P depmanitin
maximum marker displacement so the algorithm can find the || ==

appropriate marker to map to. Polynomial Power refers to the
order of the polynomial used in the alignment. For simple shifts : i
in one dimension, use 0. For 2D shifts, use 1 and for twisting and ' Sidu indans sk

bending type deflections, use 2 or 3. For QPED, the Cell size in B
which to compute the cross-correlation algorithm, the step size

for the step from the original box size to do the cross-correlation and the number of iterations are all
selectable. Recommended sizes are listed.
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et Gt lme3al| Field Calculation gives the option to select
which final images to compute. Select all 10 ‘11
" wetton which el mages to comp « --
ol esired final processed cases.
G |
[ Pjrstat o
:f:p Foreground Thinning will trim the perimeter : 3
2
of the image (if background is removed, it will e

only trim the perimeter of the painted surface where intensity values
are nonzero). Select the size of the thinning filter in pixels. This is
used if there is an edge effect on the painted surface from a
smoothing filter. This is typically done post conversion after the

7 8 9
automatic conversion is computed.
Filter Output Fields will apply a NxN smoothing (Gaussian) filter to
the final fields computed. 2 2
o

Correction in-Situ will apply and in-situ pressure tap correction to the
data. Typically this is done after the automatic conversion once all
images have been cleaned up and filtered manually.

Resect Output Fields is used to resection final, converted 2D data to Converted Pressure Image (No Filtering)
3D me shes. This will be covered in more detail in the ProGraph and
ProField instruction manuals.

10 1 12
Without filtering applied, the converted pressure image does not look

like much. This data was taken at 60 m/s (dynamic pressure = 2,160

Pa) and thus will have a lower signal to noise ratio than higher speed R

(larger dynamic pressures). Therefore, some spatial filtering should be %33

applied.

Applying a 5x5 pixel medial filter (2 iterations) cleans up pixel to pixel
variations from camera shot noise so the pressure distribution can be
more clearly shown. To apply this and all filtering after automatic 7 8 9
conversion, the filtering options are available in the Edit tab.\

The median filter may not smooth the data enough so a 15x15
Gaussian filter was chosen to better show the pressure gradient over
the wing.

Each time a smoothing filter is applied, the pixel to pixel variation is |
being reduced to produce a smoother image. Each time one is

applied, the minimum and maximum (look-up table) values
change. To adjust the look-up table (LUT) to reflect this change, the
image fashion menu will allow adjustment of the LUT.

5x5 Median Filter
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Fa Pressure (NACA0012_65_Pre§sure'£ﬁp} - Prolmage
File View ROI Edit Markers | Options | Tools MC  Transform

D E & c 5% =F Fashion...

Decorations...

Fonts...

Fashion LJ&
Flowfield Limits

Ilin = B7440.266

— _Gred |
_Backgound_| MinPairt  [57440. 26562

Max = 10537398

Max Paint 105973 9765¢
Restare Limits

Press Restore Limits to automatically scale the LUT to the minimum and maximum on the image scale.

If the fill up markers tool does not remove all makers effectively or if a region of interest such as a
screw or seam (for models assembled from several pieces) needs to be filtered out (removed), the
region of interest (ROI) tool can do just that.

IIEIIEI-

Box
Polygon

Close ROI Tool

The ROI tool is on the main window (pictured above) and allows selection of a specific region of
interest to filter or remove. An ROI can be filtered, biased, removed or flooded with a given value. A
box or a polygon can be selected.

P

E = Eight Connected Float Fill Up

-

)
7 MW [7] " ME[1] Fom—
" wWest [B] {* East[2]

Preferrable Dirsction
™ swW i) (™ SE[3] FSCALE!=1

Direction 0=4, 1=5
" South [4] and 5o an
5 6 ¥ Set ON tafill BackGround Regions

1 Set Preferrable SCALE [Standard iz 1.0)
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Select the ROI to remove or filter and then smoothing can be applied from the Edit tab. Edit>Fill Up
will load the Eight Connect Float Fill Up window which will bias the data by the closest neighbor in a
chosen direction to remove the undesirable features. The final smoothed data will look like the image
below. This data has had the aforementioned smoothing filters and corrections applied.

( Project Features &r
File Tools
Test Features ] Refe Files | P Sens Files |
T Sens Files ] Mesh Files Resuttant Files
Resultant Image’s Files
Irefe / |_Psens || IZI
Pressure [NACADD12_85_Pressure 1f D
P/ Pstat | D
Cp [NACADD12_65_Cp tf D
Irefe / 1_Tsens | D
Temperature | IZI
Resultant Marker’s Files
Iefe: / _Psens | []
Pressure [NACADD12_65_Pressure mrk D
P/ Pstat | D
Cp [NACAD012_85_Cp.mrk D
Irefe / 1_Tsens | D
Temperature | III

99000
| 984000
NACAGRLY 85 presre - | 97800
:’:1 W &
=t 57200
wd
el
::j [ | 96600
o
el
| ST e
il acdill s | 96000
ol 95400¢
| 94800«
§4200-
93600

The next step is to create a pressure tap correction file
to correct the final filtered and corrected data using
pressure taps. When the final corrections have been
made, save the project and all results (IMS
Processing>Save Results). This will save all resultant
files and marker files for those resultant files in the
project file automatically.

Find the maker file associated with the final pressure
image in the directory where the project file and all
raw and processed data is stored.

B NACAD012_65_Cp tif
| MACADDL2 65_Pressure.mrk
B NACADD12 65 Pressure.tif

|| Pressure Tap Correction_65mps.tet

B i T e

Open this file to add the pressure tap data from the data acquisition system (pressure scanner or
whichever experimental measurement is being used for comparison).
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The marker files are all text files and can be opened in any text editor. The marker file contains the x-
and y-coordinate of each marker, whether it is active (1=active, 0=inactive) and what number marker

| wind-an 000147 Tbps T6AVG 600ms exp000L r - Notepad = | G S|
File Edit Format View Help
<7xml version="1.0"7>
<‘,57_05/23/t2 13:03:26-—>
<Objectmarkers>
]<Nude5Number>8</Nude5Number> These are the x-y
<Function id="x"> coordinates of the
361.693 440 364.205  443.842  365.51 444,947  366.113  444.794 markers
</Function>
<Function id="y">
582.987 584  302.217  302.399  46.096  47.1081  21.1153  21.4104
Eunction . .
<Function id="f" name="Pressure"s Add this line in and insert
213499 95905.7 111364 118754 119760 125738 135739 140257 | pressures in same order as the
</Function> N taps are
<Function 1d="active >
1 1 1 1 1 1 1 1
</Function> =
<Fu"§tmn2m= ;d > r 5 6 7 8 These are the pressure tap values you input - be sure
</Function> they match up with the correct tap
</Objectmarkers>
it is listed as.
To add the pressure tap data (in Pa or psi), another line needs to be added to this text file. After the

</Function> statement for the y-coordinates, add the following:

<Function id="f" name="Pressure”’>
Pressure tap values (in Pa) separated by a tab

</Function>

The marker file may contain a mix of pressure taps and registration markers only for resection as is the
case in this example. There are only 3 pressure taps and the rest are registration markers. The
pressure taps are numbers 1, 2 and 3. Make all non-pressure taps inactive so they are not used in the
correction. In the line where pressure tap values are entered, the non-pressure taps still need to have
a value so simply make them all zero. Rather than adding in zeros for each registration marker, they
could also be deleted and not included in the marker file whatsoever.

To make the correction with the pressure tap data, go to Tools>Pressure Ports which will bring up the
Correction in Situ window. There are a few options

-

Correction in situ (Field by Gages)

]

Fieqgime
[ Comrect Field

C I
3 Gage Diameter [pix] ﬁ

Order of Approsimation

" [0's arder Poon=Ppsp+D

{* 13t arder Poon=al+al*Ppsp
" 2nd order Peor=al+al*Ppsp+a2*PpepPpsp

how well the correction has done. If unch

order of polynomial for in situ correction.

to choose from to do the correction. Checking the
box for Correct Field will apply the correction to the
data. Before doing this, leave it unchecked to see

ecked, the

correction can be previewed before applying. Gage
Diameter is the NxN area around the pressure tap on
which to compute the comparison between taps and
PSP. Order of Approximation allows selection of the
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Clicking OK will bring up a window to select the pressure tap correct file (the marker file edited
previously). Select the pressure tap correction marker file. This will bring up a popup window stating
the conversion and then the corrected values, shown below.

N X ¥ Ptaps Ppep Delta Ppep,corr Delta, corr
1 299.17 414.92 96683.5 96909.719 -226.21875 96655.273 -28.226563
2 345.66 438.71 97456.2937 97728.297 272 97473.852 17.554688
3 385.07 459.28 97886.398 98151.523 -285.125 97897.078 10.679688

Initial Dispersion=255.245, Final Dispersion=20.1574
Approximation Ppsp,corr = Ppsp + AO(+-DO0)
Where A0O=-254.447922, D0=312.610138

Maximum Deflection=-28.2266, at N=1 with Ppsp,corr=36655.3, at ¥=299.172 &£ ¥=414.3915

This will show the pressure taps locations, their values, the associated PSP value at that location (over
the chosen gage diameter), the initial dispersion (Delta), the corrected PSP value and the final
dispersion (Delta,corr) for each tap location. The average initial dispersion and average final
dispersion will also be shown. The average final dispersion is used to compute the accuracy over the
dynamic range.

10 11 NACAQ012 65 Pressure (]
' ; Pressure (X)
85000
SB00(
95400
94800
t 94200
‘ 53801
300 360 420 480 540
NACAQ0012_65_Pressure @
) Fressure {X)
= Pressure data can be extracted along a line using the graphing tool (

SZ E) on the main toolbar in Prolmage. This can be saved as a text file

for comparison and plotting against pressure tap values.

Save Chart As...
Exit Chart

00 B0 420 480 40
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Pressure Taps vs PSP
99000
98000
97000
. S~
2 96000
a / ——PsP
95000 / =—P Taps
94000 /
93000
0 0.2 0.4 0.6 0.8 1
Chord (X/C)
1.2 10 60
1.2 15 135
1.2 20 240
1.2 25 375
1.2 30 540
1.2 35 735
1.2 40 960
1.2 45 1215
1.2 50 1500
1.2 55 1815
1.2 60 2160
1.2 65 2535
1.2 70 2940
1 2
P+ > pve =P,

Standard Deviation between Taps and PSP: 20.16 Pa
Dynamic Range: 2160 Pa
Accuracy with taps over dynamic range: 0.9333%
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Even at lower velocities, small flow characteristics can be seen in the final data and in this case, the tip
vortex is evident.

Tip vortex

At low speeds or high speeds, pressure sensitive paint provides very high spatial resolution
measurements with excellent comparison to convention pressure measurements like pressure
measurements, showing its viability as an experimental technique.



