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Lab 1: Introduction to OMS Lite
Introduction: This example is designed to introduce the most basic concepts of
Pressure-Sensitive Paint (PSP) data reduction. The example files are located in the [Lab
1\Lab_1 data files] directory. First, we will introduce the experimental setup and data
acquisition. Next, the data reduction procedure will be explained and the basic tools

available in OMS Lite will be identified and their function explained.

Experimental Setup: A schematic of the experimental setup for the inclined impinging

jetis shown in Figure 1. The physical parameters of interest are the geometric
impingement distance (H) the impingement angle (o), and jet pressure ratio (®). The
distance along the major axis of the jet from the center of the jet nozzle to the geometric
impingement point (GIP) is the impingement distance (H). The GIP is defined as the
intersection of the jet axis with the impingement surface. The impingement distance (H) is
set at four jet diameters for this experiment. The impingement angle (o) is defined as the
angle between the major axis of the jet and the surface of the impingement plate. The
impingement angle (o) is set to fifteen degrees. Finally, the pressure ratio (®) is defined as
the ratio of the jet plenum pressure to the ambient pressure (P,/P.). The pressure ratio (®)

is 3.03, this results in a sonic

under-expanded jet for the / —_ —
cos (o) =seH

converging nozzle that we impingement angle o cross-stream —» —» —»
) , ) coordinate [ =S X Z
are using. Upon exit from vertical
pressure coordinate
the nozzle, the flow expands ratio z .
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d = ° geometric ressure
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will interact with the
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Figure 1: Geometry and nomenclature for the inclined impinging
create a complex pressure

distribution that will be investigated using the PSP.

Data Acquisition Procedure: A schematic of the PSP experimental setup is shown in
Figure 3. The PSP (UF470) is applied to the surface of the impingement plate using a
Badger Air Brush. The paint is excited using light from several LED arrays (ISSI LM2, 470

nm). The luminescent intensity from the paint on the model surface is optically filtered
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Jet15 BG.tif Jet15_ WindOff.tif Jet15_WindOn.tif using a 610 nm long-pass filter
(Andover 0G610) to eliminate
the excitation light. Images of
the painted impingement
surface are captured using a

thermo-electrically cooled CCD

camera. These images are

0 5000 10000 15000 20000

stored digitally and will be
Figure 2: Raw images for impinging jet processed using OMS-Lite to
determine the pressure distribution. Three images are taken during the data acquisition
procedure (seen if Figure 2). The first image is a background image (Jet15_BG.tif). This is
taken to compensate for any ambient light present. The background image is just that, the
background or backdrop of the camera’s view during data acquisition. The background
image is subtracted from the wind-off and wind-on images. The next image taken is the
wind-off image (Jet15_WindOff.tif). This image is taken with the test object (flat plate) in the
picture but with the jet off. The final image taken is the wind-on image (Jet15_WindOn.tif).
This image is taken of the test object with the jet turned on.

Data Reduction: The data reduction procedure for PSP involves taking the ratio of the
wind-off / wind-on images and converting this image to pressure using a calibration that
relates this ratio to pressure. For practical implementation of PSP, several other image
processing steps are often required. These steps can include compensating for the

background lighting, image alignment,

==computer
filtering, in-situ calibration, temperature LM2-470 CCCD P
LED array amera LM2-470

correction, and resection. We will first

i l l_ LED array
.process the dat.a using a simple r;.mo and “ g ;‘ /jllter /‘}
introduce the Single Channel Basic GUI of 0 @ ‘/l
OMS-Lite and the image display tools.
Reducing the data into an image of
pressure involves taking the ratio of the pain
wind-off / wind-on images and then DT
calibrating the image to relate the ratio to
pressure. impingement

surface

Figure 3: Impinging jet experimental setup
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Creating a new project:
Open up the program OMS Lite

by double-clicking the [2]

icon on the desktop.

The first step is to select
or create a project file. The
project file, stored in the .xml
format, contains the source
image file names and data
processing parameters

selected by the user for the

current data processing

exercise. To create a new

‘m Oms Lite | = B & _|1
j B’ . Project: | Calculate All: ;;i »
Log ]

Loaded library-C:\Program Files {86j\SSIMite st 2dio
Loading plugin:C:Program Files {«86)\55Nite'\p 2dio
Loaded library:C:\Program Files (x86/MSS5 Mite\p 2dio
Loading plugin:C:\Program Files {«86)\55\ite"\pco . 2dio
Loaded library:C:\Program Files (xB6\SS5 Nite\pco 2dio
Loading plugin:C:Program Files {x86)55/\ite"pho 2dio
Loaded library:C:\Program Files (&BEMSS Mite\pho Zdio

Loaded library:C:\Program Files {<86)\551\ite

Loading plugin:C:"Program Files {86\ SSN\ite] pm Choose.

=

Loading plugin:C:“Program Files {«26)\55/\ite!
Loaded library:C:\Program Files (<BE)\SS5[\ite
Loading plugin:C:Program Files {x86)55/\ite!
Loaded library:C:\Program Files {<8EJ\SS[\ite
Loading plugin:C:\Program Files {<86)45S[\ite]
Loaded library:C:\Program Files {<86)\55[\ite
Loading plugin:C:“Program Files {«86)4550\ite!
Loaded library:C:\Program Files (<BE)\SS[Nite
Loading plugin:C:Program Files {x86)55/\ite!

" PSP Binary Channe!
 53F

Ok Cancel

Loaded libraryC:"Program Files (8IS 5 \ite

Loading plugin:C:\Program Files §<86)\SSINite iv. Idio
Loaded library-C:\Program Files {86)\S51Mite\iv. 3dio
Loading plugin:C:“Program Files {«86)455Nite\slp. 3dio
Loaded library:C:\Program Files (x86\SS Mite slp . 3dio
Loading plugin:C:Program Files {«86)551Nite'\stl. 3dio
Loaded library:C:\Program Files (xBE\SS5[Mite'st! 3dio
Loading plugin:C:\Program Files {x86)\5S\iteMecplot. 3dio
Loaded library:C:\Program Files &86\SS Mitetecplot. 3dio
Loading plugin:C:'Program Files {86)\5SMNite \wml. 3dio
Loaded library:C:\Program Files (<86)\55[Mite wrml. 3dio
Loading plugin:C:\Program Files {«86)551\ite"xyz 3dio
Loaded library:C:\Program Files (xBEJ\SS[Mite"wyz. 3dio

Figure 4: Select Experiment type

project file, select New from the File menu or select the ——I (New Project) button from the

Bl pew

(L) [0 < Program Files 6&6) » 1551 » lte

Search

~[+2]

File name: demo

Save as type: IAvai\abIe Files (*.ims;*.xml}

= Browse Folders

Figure 5: New project window

toolbar. To load an Existing

Project select Open from the File

menu or select the ( l@) button
from the toolbar. We will create
a new project and process the
previously described inclined
impinging jet data. A window
(Figure 4) will open up asking
the user to choose which

experiment type they will run.

Select the PSP Single Channel. In the new project window (Figure 5), navigate to the [Lab

1\Lab_1 data files] directory, this directory should contain the Jet15_ ***tif images. Type

“Jetxml” in the dialog window, then hit the Save button to create the project file.

Once the

new file has been saved the OMS Lite GUI window (Figure 6) will appear. This window will

allow the user to import the wind-on, wind-off, and background images into OMS Lite.

The layout of the GUI is similar to a flow chart for PSP data reduction. Logical blocks for

selecting, viewing, and performing preliminary processing of wind-off and wind-on images
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B C\Users\Steve PalluconnDesktop\OMS Files\Academic Lab Experiment Files\Lab T lculEuwean))  are located on the

File Calculate Help left side of the GUI.
_—I l,r“j' @ Project: |331clop\OMS Files‘\Academic_Lab Bxperiment FilestLab 1\Lab_1 Data Files'Jetaml >

These are followed
by a block for

alignment of the

Log | Single Channe! Basic l

Camera Calibration: ()| [-4| W,

Wind OF [Jet15_WindOf & = Paint Calibration: . .
| Dark threshold:  |2000] g E $ Insitu Images, computing
Background - [Jet15._boii Q@ el Test conditions: G| the ratio, and

< ar| &% A filtering the ratio
L G Wind OFF | Q| sl <4, algn & fiter ot Q| - ﬂ Al4/m| &
| image. Nextisa
@“’ Wind On E Resection: block f )
& 30 a5 m| ock for converting

Wind On [J=t15_Windon Q) the ratio image to
Dark threshold: | 2000
Background [JrTEBa Q| pa| @ pressure. Finally,

there is a block for

performing a
Figure 6: GUI for the Single Channel tab of OMS Lite .
resection of the two-

dimensional image onto a three dimensional geometry.

Select Source Images: Next we will select the wind-off and wind-on images. Start the
file select dialog for the wind-off image by selecting the ['# (File) button to the right of the
Wind Off field. The file select dialog should default into the directory containing the project

V@ Wing-off |l=|= e file. Select the image named
|7 @A GO0 ®0 ¥ 0 ORE® S| Jer15 WindOfftif as the

21569
l wind-off image. This image
117307 .
name should now appear in

the Wind Off field. To select

"15176

~13045 ) . "
the wind-on image, use the -

110914

(File) button the right of the
Wind On field. The file select

18782

T 6651

dialog should again default

4520

into the directory with the

2  project file. Select the image

named Jet15_WindOn.tif” as

258

E 3 d

Figure 7: Wind-off uncorrected image

Lab 1: Introduction to OMS Lite Page 4



the wind-on image. This image name should now appear in the Wind On field.

Display and Interrogate an Image Using the Viewer: Select the AN (View) button to
the right of the Wind Off field to display and inspect the wind-off image. A window similar

to Figure 7 should appear named Wind Off indicating that this is the wind-off image. Note

that the toolbar at the top of image window includes tools for saving (Iﬂ), zooming (%),

and probing ( f) the image as well as a set of tools for working with markers (Add, Move,
Delete, Toggle). The subject of markers, which are used for image alignment, will be

covered in a later example.

Select the Probe button to inspect the signal level of the image at a selected location.
Determine the signal level of the image at a given location by moving the mouse to that
location and left clicking the mouse. The location and signal level will appear at the bottom
of the Wind Off window (Figure 7). The signal level, for example, at x = 140, y = 150 is close
to 20,000 counts. A region of interest of the image may be magnified by selecting the “%

(Zoom in/out) tool and left clicking at the center of this region. The region may be de-

magnified by a right click of the mouse. The -] (Modify) button may be used to change the

upper and lower limits of the display as well as select the color map for the current display.

Selecting the &l (Modify) button In Advanced Image Fashion ™
causes the Advanced Image Fashion Paint

(Figure 8) panel to appear. The Paint Paint min: | [E] min:10.4347
max is the signal level associated Pairt maxc: |20 mac:22 2984

with the top of the color map and the 7 Vector

Paint min is the signal level

Vector scale: |1
U skip: 1 2] Vskip: |1 El:

Palette

associated with the bottom of the

color map. By default, these values

are set to the maximum (Paint max)

Palette: | . M rainbow ﬂ

and minimum (Paint min) signal

level of the displayed image.

Occasionally, it is desirable to

enhance features within a specified

range. This is accomplished by

manually entering the desired Paint . . .
Figure 8: Advanced Image Fashion Window
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max and Paint min into the appropriate fields and selecting the Apply button. To restore

the default settings (image min and max), select the ‘Restore’ button.

The Advanced Image Fashion panel may also be used to change the color map that is
used to display the image. There are several color maps available to the user including
several variations of red-green-blue (red_green_blue, rainbow) and gray scale maps
(the_gray). The color map control is a drop-down menu in the Palette on the Advanced
Image Fashion panel. It is occasionally desirable to change the color map to visually
enhance certain features in the image. It is also noted that the displayed image may be
exported at any time by selecting the = (Export) button at the top left of the Wind Off

window. Finally, the image window may be closed upon completion of image inspection by

selecting the X (Close) button at the upper right corner of the image.

Background and Dark Level: Generally, a background image and a dark level are

selected in the Wind Off and Wind On blocks. Even under the best experimental conditions,
some ambient light is present. PSP is based on the measurement of the intensity from the
painted surface. The ambient light is a source of noise in a PSP measurement. The
background image is used to correct the wind-on and wind-off images for the effects of the
ambient light. This is accomplished by taking an image of the painted surface with the
illumination source turned off. This image, known as the background image, is subtracted
from the wind-on and wind-off images. Generally the ambient lighting is constant and a
single background image is sufficient for both the wind-off and wind-on conditions
however, individual background images may be used if necessary. The background image is
selected using the ¥ (File) button to the right of the Background field in the Wind Off and
Wind On blocks. Select the file “Jet15_bg.tif” for both the Wind On and Wind Off blocks.
Again, each image may be inspected using the image viewer by selecting the % (View)

button.

The dark level field has reference to a minimum signal level that yields meaningful data.
Again, PSP measurements are based on the measurement of the luminescent signal intensity
from the painted surface. It is not uncommon for some regions of the surface to produce
substantially smaller signals than the bulk of the painted surface. This may be due to poor
illumination, physical damage to the paint (chipping), or the presence of markers on the
surface that are used for image alignment. If the signal level is too low in a given region, the

signal to noise ratio is not sufficient to yield meaningful data. These regions should be
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excluded from the remainder of the data processing as they will yield inaccurate data. This
is accomplished using the dark level field. Regions of the image that have a signal level
below the dark level are set inactive for the remainder of the data processing. For this

example, the dark level is set to 2000 for both wind-on and wind-off images.

Process Source Images: The source images, background image, and dark level are
processed to produce a corrected wind-off and wind-on image. First, the background image
is subtracted from the source (wind-off or wind-on) image. Next, the resulting image is
scanned and any pixel with a signal below the dark level is deactivated for the remainder of

the data processing. The wind-off image is processed by selecting the Wind Off Process
( ) Wind Off ) button and the wind-on image is processed by selecting the Wind On Process

( ) Wind On ) button. Again, the processed images may be viewed and interrogated by
selecting the AN (View) button to the right of the Wind On Process and Wind Off Process
fields. Display the processed Wind-Off image (Figure 9) and note that the signals from the

unpainted portion of the impingement plate and the nozzle have been eliminated.

rﬁ Wind-Off corrected [ i'ﬂl-g—hj‘
EATENN N IIEIE X X ER JEGT T T6
; l2135"

1 17009

~14835
" 12661
" 10486
T8312

6138

3964

~ |l 1790

Figure 9: Wind-off corrected image
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Align, Ratio, and Filter: The nextstep " . Pament are LA | ]

in the data reduction process is computing P— :
[ i Markers | v QPED

the ratio of the wind-off over the wind-on

Box Size: |24 &) || Cel |16 |
Fi first: (0 3: Step | g il
Order: 3 terations | 1 il

[ Global 1st order

image. This ratio will then be converted to

pressure using the calibration of the PSP.
Under ideal conditions, one could simply

divide the wind-off image by the wind-on

image on a pixel by pixel basis. V' Smoothing fier

Unfortunately, there are several sources of Bpe-|Aast [z L

noise that must be considered before c 3 H o3 3
proceeding. These sources include shot [v Threshold

noise from the camera and misalignment of Min: |-1e=06 Maxe: W
the images. The tools for minimizing this [ Thinning

noise include image alignment and image Border: [2 3]

filtering.

QK Cancel

Figure 10: Alignment and Filtering window

The noise level on the ratio image can

be improved by applying a low-pass filter
to the image after taking the ratio. In OMS
Lite, this is accomplished by using the Filter option in the Alignment Options panel (Figure
10). The low-pass filter options include, Flat, Gauss, and Median filters. The size of the filter
is set using the Dx: and Dy: boxes. Finally, minimum and maximum limits may be set that
will exclude data that is out of the prescribed range. For this example, we will apply a (Dx:)
3 pixel by (Dy:) 3 pixel Flat filter to the image. It is important to remember that the spatial
resolution of the final image will be reduced by the application of a low-pass filter. The size
of the filter should be selected to smooth the data without compromising the spatial
resolution unnecessarily. Finally, minimum and maximum limits (Threshold) may be set
that will exclude data that is out of the prescribed range. Thinning will be discussed in a

later lab. The values shown were used for this example.

[t is not uncommon for some slight movement of the model or camera to occur between
the acquisition of the wind-off and wind-on images. Every effort should be made to
minimize this type of movement as it can be a major source of error in PSP measurements.
Unfortunately, issues such as aerodynamic loading of a model or vibration of the mounting

hardware are unavoidable. Movement of the model or camera usually results in a slight
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misalignment of the wind-off and wind-on images. Computing a ratio of the wind-off over
wind-on image when these images are misaligned will yield a ratio image that is noisy. This
noise will be especially noticeable near any model edges or in other regions with strong
gradients. Significant misalignment can result in data that is to noisy to be of any

quantitative value. This noise can be minimized using image alignment tools.

OMS Lite includes two image alignment procedures, Markers and QPED. Both
procedures attempt to determine the shift between the wind-off and wind-on image. The
wind-on image is then shifted or mapped onto the wind-off image before the image ratio is
computed. For this example the QPED algorithm is used. This procedure uses a cross-
correlation procedure to detect and correct for slight movement between the wind-off and
wind-on images. The QPED alignment procedure is activated by checking the QPED box in
the Alignment Options Panel.

The default values shown for Cell, Step and Iterations were used in this example. Users
can vary these settings to see the effect on the alignment procedure. With the filter and
alignment options selected, the Alignment Options Panel is closed and the ratio image is

. . o lo/l
computed by selecting the Ratio Process (*

) button. The ratio image may be viewed
by selecting the Q (View) button to the right of the Ratio button, this image is displayed in
Figure 11. Note the complex structure of the shocks and expansions on the impingement
surface and the high spatial resolution that the PSP technique offers. If the vector field is
displayed, press the [Jon the top toolbar to deactivate it. The vector field appears as a dot
g Matrix over top of the image.

'ﬁ—[ﬂref ¢

VEB B v m ene @ s SaECE
SRR A & O @0 v m @@@DIE; Finally, the impact of the

.., | alignment and filter process may

... | bedemonstrated by computing

., | theratioimage without using the

- I filter and alignment tools. This is

done by deactivating the filter and
alignment option in the Alignment

Options Panel. Note the fuzzy

10

. | appearance of the image; this is

0 | indicative of high frequency noise.

Figure 11: Ratio Image
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o T —— % |wea In this case the noise is
the result of camera

Test ID: |Inc:|ine Jet
Model ID:  [WPAFB Jat shot noise rather than
Test Poirt ID: |[HD =4 image alignment. Noise
STEE I from image
Alpha: | 15.00000 .1

misalignment would
Beta: |D

appear as stron
P Unit: |psi pp 8

Wind-off P [12.800000 gradients near the edge

Static P [14.800000 of the painted region.

Dynamic P:  |44.800000

Convert to
T Unit: [K
Windoff T [257 Pressure: The final
a¥in : /
Windon T:  [257 step in the process is to

Cancel convert the ratio image

“ to pressure; this may be

Figure 12: Test Conditions window . .
accomplished using

either an in-situ or a-priori calibration. The a-priori process will be demonstrated here.
The first step is to load the paint calibration. This may be done by loading a paint
calibration file or entering the paint calibration parameters.

The tools for doing either are in the Paint Calibration and Paint Calibration:
Test Conditions block (Figure 13) on the right side of the [E]
Single Channel GUI (Figure 6). The paint calibration

parameters are a 3 by 3 matrix of coefficients that relate the Test conditions:

intensity ratio of the paint to temperature and pressure of Figure 13: Paint Calibration

the paint. A more detailed description of the paint and Test Conditions block

calibration parameters is given in the document OMS Calibration. Select the Load Paint
Calibration File () button in the Paint Calibration block. Select the calibration for UniFIB
(UniFIB.clb should be in the directory with the images). Again, the process of creating a

calibration file is discussed in the OMS Calibration document.

Data processing using PSP is based on the ratio of images. One image is at a known
condition (reference or wind-off) and a second image is at an unknown condition (test or
wind-on). To convert the ratio to pressure, it is necessary to enter the conditions that
existed when the reference image was acquired. The panel for editing this information is

displayed by selecting the Test Conditions button from the Paint Calibration and Test
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Conditions block (Figure 13) e e = X )
PEAAAN G 0 e@ e ORE® A

IZD.DD

1880

and the Test Conditions Panel
(Figure 12) is displayed. The
Wind-off pressure (14.8 psia

“18.20

for this experiment) and
Wind-off temperature (297 K

for this experiment) are
entered in the appropriate b
fields. Itis also necessary to =
enter the units that will be o

used for pressure (psi, Pa) 1460

14.00

and temperature (K, C).

Finally, for a single component Figure 14: Pressure Field for inclined impinging jet

PSP, it is necessary to enter the temperature of the model at the wind-on condition (297 K
for this experiment). There is also space to add information such as the static and dynamic
pressure; this information can be used to compute pressure coefficients. Information that is
used to identify a specific test and test configuration may also be stored in the project file to
facilitate analysis at a later date. Use all test conditions shown in Figure 12 for this

experiment. With the calibration file loaded and the test conditions entered the conversion

to pressure may be completed by selecting the Calculate Pressure field ("'ﬁﬁ - ) button. The
pressure field may be viewed by selecting the & (View) button to the right of the Calculate
Pressure field button and the image may be interrogated, scaled, or the color map changed
using the OMS Viewer. The final pressure field includes strong pressure gradients and
alternating regions of high pressure and low pressure. Note that there are several regions
where the surface pressure is below the ambient pressure, these are the result of the

expansion fans in the super-sonic flow.

Exporting the Pressure Field: The pressure field may be exported into any of the
following file formats: The native format for OMS is *.ims. Common programs used to
display data such as TecPlot are also supported (TecPlot ASCII format, *.dat). Other formats
include PCO (*.b16), TIFF (*.tif), and PI (*.spe) files. The PCO and TIF file formats do not
support floating point numbers. Regardless of the format that is used to export the data, the

file format for each of the supported files is available.
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