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Overview

The Professional Analyst, Flight Path Edition saiftevcan provide accurate 3-D
measurements of points and angles using simultaheaoquired images from a pair of
cameras. This document describes the applicattenface, the calibration and
measurement procedure, and the data export cdpebdf the software.
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Application

The application has three main document typesb@dion, Measurement, and Event
Summary. The Calibration document uses image<afilaration fixture taken by a pair
of cameras and computes a calibration for each ian¥he resulting calibration pair is
used by the Measurement document to do preciseumgmasnts on a pair of images from
an event. A sequence of Measurement documense@to construct an Event Summary
document that compares the results from each dfifesurement documents to produce
a summary of the event. Each of these documesstwill be explained in more detail

in the later sections.

User Acquired Images (BMP, JPEG, TIFF)

Checkerboard Image Calibration Fixture

Measurement
Image Pair(s)

(for each lens) Image Pair

y y Y

Lens Distortion
Computation

Y

Lens Distortion Correction

Lens Distortion Correction (optional)

Calibration

Measurement Event Summary

Coordinates, Angles Coordinates, Angles,

Velocities

Export Results (Text, Excel)

In addition to the Calibration and Measurement iesga@n optional Lens Distortion
Correction tool is provided for removing radial $edistortion from images. If distortion
is present in your lenses, then images of a chboked target should be taken using each
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lens and the resulting lens distortion correctiomputed. See the Appendix for more
details on Lens Distortion Correction.

Application Windows

The main application window has three primary sedi the main desktop area where
documents appear, the Graph windows, typically ddakn the right, and the Points List,
typically docked on the bottom.

+ : Professional Analyst, Flight Path Edition S [ 53|
Elle View Took Mwindow Help

DM 2e =2

*[# [tmage 1 [ Image 2 [ Estimate xrz [+ u... [Line Length[Anale to ... [Angle to ... [Angle to 2 | Angle %o LPa|

# | Points

5 o

The Graphs dialog contains a set of 3D graphs a&d af 2D graphs. The 3D graph can
be rotated by clicking and dragging the left molbis&#on. To pan the 3D and 2D graphs,
hold theShift key while clicking and dragging the left mousetbaot To zoom the 3D
and 2D graphs, hold thlt key while clicking and dragging the left mousetbnt If

your mouse is equipped with a wheel button, thealvban also be used to zoom the
graph windows. Additional options are availableha context menu by clicking the
right mouse button over the graphs.
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The Points List provides information about all sébel points for the Calibration and
Measurement Documents and it provides informatlwyuathe Measurement Line Pairs
for the Event Summary Documents.

Document windows typically have controls on théntignd images on the left. The
images can be panned and zoomed using the samels@# the graphsShift + left
mouse button for panning, aAdt + left mouse button for zooming. The mouse wheel
also controls zooming. When using the mouse wizesbom, the image will zoom
in/out on the currently selected point. This aklkalve user to very quickly zoom in and
out on a particular feature. Click where you wolitd to zoom, then use the mouse
wheel. The application will automatically centike tcurrent selected point.

Document windows will have a toolbar across thedbpach window. The document
toolbar typically contains some or all of the feliog controls. Many of the items below
have separate settings for the top and bottom vigligk on the view that you wish to
change the settings for and then click on the ddswolbar button. A green box in the
upper right corner of each view indicates whichwie currently active.

Bl Toggle Side Panel
Switch the side panel between a small toolbar @erand the full size
version.

# Image Settings
Adjust image settings such as brightness, congastma, etc.. This
control has separate settings for the top and imotiews.

B Locate Point Settings
Adjust parameters for the automatic location ohgeofor Calibration
Documents. This feature will be discussed lateéhis document. This
control has separate settings for the top and imotiews.

#* Define World Reference Frame
Define the transformation to the world referenearfe for Calibration
Documents. This feature will be discussed latehis document.

B Define Reference Markers
Define location of reference markers. These markes used to perform
approximate compensation for small camera motions.

= Enable Midpoint Finder
Enable the midpoint finder tool. This tool allowsu to click and drag
two endpoints of a line in the image. The progwithdraw a marker that
indicates the center of the line. The program aldb draw a circle
through the two endpoints and centered on the ceftbe line. To hide
the midpoint finder tool, click anywhere in the igea but do not drag.

E Enable Reticle
Show or hide the reticle (cross-hairs) in the viélis control has
separate settings for the top and bottom views.

B Enable Rulers
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Show or hide rulers along the edges of the viewis Tontrol has separate
settings for the top and bottom views.

"1 Show Point Labels
Show point labels (numbers) next to each poinbh@wiew. This control
has separate settings for the top and bottom views.

% Flip Vertical
Flip the image vertically. This control has sepasettings for the top and
bottom views.

«* Flip Horizontal
Flip the image horizontally. This control has sgpa settings for the top
and bottom views.

11 View Actual Size
Resize the displayed image so that it is showhetttual resolution of
the image. This control has separate settingthétop and bottom view.
Ed Fit in Window
Resize the displayed image so that the completgarnsashown in the
view. This control has separate settings for tipeaind bottom view.

*+ Pan Mode
Set the mouse mode to pan mode so that all ek aind drag mouse
operations will pan the image. This control hgsasate settings for the
top and bottom views.

+ Zoom Mode
Set the mouse mode to zoom mode so that all ekt ahd drag mouse
operations will zoom the image. This control hagasate settings for the
top and bottom views.

Typical Test Scenario

A typical test scenario has multiple steps. Tha& 8tep is camera calibration. During
calibration, you prepare the cameras to be abpetimrm precise measurements by
determining properties of the cameras. This igglly done by capturing images of a
calibration fixture and then analyzing these imaggsroduce a calibration file. The next
step is to run the actual projectile tests to cahdweasurements. During measurement,
images of the projectile are captured by the calédst cameras. These measurement
images, combined with the calibration from the ceasgare then used to produce 3D
measurements of points on the projectile.

The calibration step only needs to be performedkeaggessary. If none of the cameras

have been moved or changed since the last cabhratien the previous calibration
should be satisfactory. The uncertainty in thesneaments can be used to determine if a
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new calibration is required. If the uncertaintgesds a desired limit, then a new
calibration must be performed.

If there are multiple camera stations located akbvegfiring path, then calibration and
measurement must be performed for each statioe. midasurements from each of the
camera stations are then combined to produce art suemary. An event summary is a
collection of measurements from multiple camerX-d&ay stations for a single firing
event. The event summary computes additional imédion by comparing the results
from each of the measurements, such as velocityagdlar velocity.

Calibration

In order to perform accurate measurements usingahmera system, a calibration must
first be performed. This calibration computes 3segy information about the properties
and location of each camera. If any of the camarasnoved or changed after
calibration, then a new calibration must be perfm

Calibration is performed by capturing images ofcsglecalibration fixtures that have

fiducial markers at precisely known locations. 3éémages can then be analyzed and
the properties of the camera systems can be detedmi
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A typical calibration procedure for an event withltiple stations:

1. Alaser should be used to ensure alignmentaf ealibration fixture relative to
the firing path. Place the laser next to the gamdd and shine it down the
expected path of the projectile.

2. Place the calibration fixture in the centerhd field of view of each camera,
roughly aligned to the path of the projectile (witk6-7mm). The entire
calibration fixture (including irises) should bengpletely visible in both camera
views.

3. Adjust the position of the irises on the endghefcalibration fixture using the
fine adjustment screws so that the laser passaegghithe exact center of both
irises when they are closed. If the laser caneatdntered on the irises, then shift
the whole calibration fixture so that the laser barcentered in the irises.

4. Measure the distance from the gun barrel tditkEiris on each calibration
fixture. This will be theZ Coordinate of the First Point for each fixture. This
value is used to help define the world referenamé.

5. Measure the angle of each calibration fixturéheadirection perpendicular to the
path of the projectile. This will be tigase Angle for each fixture. This value is
used to help define the world reference frame.

6. Capture images of each calibration fixture freamech camera.
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The resulting images are then used to cr€atibration Documents for each camera pair.

A Calibration Document is created by selectiie > New.

New Document S

Calibratiar |

| teazurement I

Event Summary |

Cancel

Then selecCalibration. An empty calibration document will appear.
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Calibration :: Untitled Calibration

=10

B E P~ BE A n|nE o

Ho image loaded.

Ho image loaded.

—Load Images

Load First Image I

Load Second Image |

r— Lens Distortion and Fisture —

Lens 1 | I - Mare -
Lems2| [ Fore -
Fisture | IW
— Pointz

" Manual @ Automatic

Define First Region |

Define Second Fegion |

Locate Align |

r Calibrate
Calibrate

Save Calibration

|
Wiew Calibration |
I
Set Az Default |

[ Graph Camera Locations
I~ wirld Beference Frame

All controls are located on the top toolbar andlnleft panel of the Calibration
Document window. The toolbar controls were desatibarlier in this document.

The standard procedure for calibrating cameras felbows:

1. Load the first calibration image by clicking thre L oad First Image button and

select the correct image file (BMP, TIFF, or JPEGhis image should be the top

view looking down upon the calibration fixture.

2. Load the second calibration image by clickingluel oad Second | mage button
and select the correct image file. This image khba the side view looking

horizontally at the calibration fixture.

3. If the lenses that are being used require distocorrection, load the appropriate

lens coefficient files using tHeens 1 button or thd_ens 2 button for the first and
second images respectively. The lens coefficiéag *.lens) should be
generated using the Lens Distortion Correction Tascribed in the Appendix.
4. Load the fixture information file for the specitalibration fixture that is being
used. The fixture file*(fixt) should have been supplied with each calibration
fixture. The fixture file contains information alit@he location of the fixture

points and the default units of measure.
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5. Now the fixture points need to be identifiedhe top and bottom images. There
are multiple options for locating the fixture pantlt can be done manually or
automatically.

To locate points automatically:

» SelectAutomatic in the Points section of the right panel.

» Define a region around all the fixture points ie tbp image by clicking
on Define First Region. Then click on six points that outline all poiims
the upper image. If you make a mistake, clickoafine First Region
again and redraw the six point region.

* Define a region around all the fixture points ie thottom image by
clicking onDefine Second Region. Then click on six points that outline
all points in the bottom image.

» Click onLocate to automatically locate fixture points in both iges.

Calibration :: Untitled Calibration (=1 5]
B HEH P E -~ B @ o B P

—Load Inja_ges

Load First Image |

Load Second Image |

— Lens Distortion and Fisture —

Lenz 1 | Im
ﬂl | —Mane -
Fisture | W

— Paintz
™ Manual % Automatic

Define First Fiegion |

Define Second Region |

Locate Align
I |

- Calibrate

Calibrate

‘i Calibration

‘Save Calibration

SetAs Default

[ Graph Camera Locations
[~ werld Beference Frame

» If the automatic location of points fails, there garameters that can be
adjusted to change the behavior of the automatation scheme.

Page 10 of 35



User Manual

Professional Analyst, Flight Path Edition for Visible Cameras

Click on theL ocate Point Settingsicon on the toolbar, or right-
click on the top or bottom image and seleotate Point Settings

from the drop down menu.

Locate Poinkt Setkings

—Automatic Locate Point S ettings

Intengity Threshold IE‘EI—
Mirirnurn Pizel Count IEEI—
I axirnurn Pisel Count |2EIEI—
b airnum E coentricity I'IEI—

v Use Image Seftings

[T Use Edge Detection

¥ Use sverage Background Femaoval
¥ Scale Down Large Size Images

X

o]

Drefault Cancel

There are different settings for the top and botimages, so if
necessary, change both settings separately.

A useful tool for helping to know how to adjust thecate Point
Settings is the Show Locate Point Processing opti@iable in
the context menu of the image window. Right-clickthe image
and selecghow L ocate Point Processing.
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Calibration :: Untitled Calibration 10 x|

BESEHEHAE - BE* 4 C o E| ¢ P

— Load Images

Load First Image |

Load Second Image |

— Lens Distortion and Fisture —

) sl Lens 1 | | - More -
Image Settings ﬂl I --Maone -
Locake Point Sektings Fist IN—

Define YWorld Reference Frame _IIH ik A
Define Reference Matkers

Enable Midpaint Finder  Paints
€ Manual © Automatic

Define First Reagion |
Enable Reticle

Enable Rulets Define Second Begion |

Show Points : :
Locate I Align |

Showe Labels <

Show Filename

—Calibrate
Flip Horizonkal —
Flip Yertical alibrate

Fit i find o
Save Calibration

Pan Mode
Zoom Mode St Az Default
Draw Zoom Map

Yiew Actual Yiew Calibration |

[ Graph Camera Locations

I~ wold Beference Erame

ii. In addition, improving the contrast of the fixe points can also
help in automatically locating them. You can chafite image
settings for the top and bottom images by cliclonghel mage
Settingsicon on the toolbar, or right-click on the imagelaelect
I mage Settings from the drop down menu.

Image Settings

— Bis Image Settings

Rezet
Brightness - | || [~ I o
Contrast .| l L~ I 0 Lead From Fils
G 1.0
S l | L I Save TaoFile
Exp./Log. \] l L” I 0

Reverze J*d
Threshald ' | |/| 0 Digmizs

1 e

To locate points manually:
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* SelectManual in the Points section of the right panel.

* Click on a point in the top image corresponding@ foxture point.

» Click on a point in the bottom image correspondmghe same fixture
point.

» Click on theAdd Point button.

* If you wish to adjust the coordinates of a poietest the point in the
Points list. Click on the correct points in the &nd bottom images.
Then click on theJpdate Point button.

; ; Professional Analyst, Flight Path Edition i =]
File iew Tools ‘indow Help

DEd|s=R&E]2

Calibration = Untitled Calibration =10 x|
B EPE -~ BEH* 4t HE |+ £

| Loadimages

Losd Fistnage
e e
- Lens Distortion and Fisture——
ﬁ] ~None -
Lens2 | [“ohne -
TestFuure it

© Manual = Automatic

Desfine First Riegion

Define Second Region

~ Calibrate:
Calibrate
Wiew Calibration
Save Calibration
Setds Default

I~ Graph Camera Locations
I Wt Fisfeente Frane

B Image 1 Image 2 Calibration xvz Estimate Xvz Error A
1 15.8, 77.0 69.9, 136.6 3.08, 11.45, o0.00
2 54.8, 77.0 39.3, 128.3 3.08, 11.43, .00
3 93.8, 77.0 | 1z8.8, 12%.9 3.08, 11.49, &.00
4 133.5, 77.0 | 187.5, 139.1 3.08, 11.43, s.00
5 173.0, 77.2 | 186.7, 1.0 3.08, 11.49, 1z.00
G S P W S L 308, ii.4E, AEh0
7 252.0, 77.0 | 244.6, 139.4 3.08, 11.49, 18.00
& 291.6, 77.3 | 272.8, 139.5 3.08, 11.49, 21.00
£l 331.1, 77.5 | 300.8, 139.7 3.08, 11.49, 24.00
10 | 370.5, 7s.0 | 3z9.1, 140.2 3.08, 11.49, 27.00
11 | 409.6, 7s.0 | 387.0, 139.9 3.08, 11.43, 30.00
12 | 44s.8, 7s.3 | 38d.z, 14001 3.08, 11.43, 33.00
213 | 487.3, 7B.s | 411.3, 1408 3.08, 11.49, 36.00
Blas 21.6, 9.2 68.5, 167.2 2.30, 8.60, ©0.00 Bal
Feady [

* Toremove a point, select the points to removééRoints list. Then
click on theRemove button.

» After you have set all the fixture points, if yousw for them to be
automatically aligned to a standard grid patteedusy typical calibration
fixtures, then click on thélign button.

6. Once all fixture points have been located, cinkheCalibr ate button.
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Professional Analyst, Flight Pa El

jj) Calibration Completed:
0.0215 in

Mean Errar

Skd, Deviation 00111 in
Mim Error = 00,0035 in
Maz Errar = 00555 in

If the calibration statistics are unsatisfactoryuynust check your sources of error.
Check that all points have been located propetiigeck that there is no unwanted
distortion introduced by the camera lenses, miwogther optics.

After a pair of cameras has been calibrated, yowaw the results of the calibration by
selectingView Calibration.

x
— First Camnera — Second Camera
Location Location
| 73030 992078 | 16.0808 | -835203 | 7867 | 8.2209
Rotation Rotation
| oomz| 00236 | 0.9997 | Omss| 00007 | 0.9929
| 0000 00020 | 0.0012 | 00233 09997 | -0.0021
| 00020 09397 | 0.0238 | 0997 00234 | 01188
Translation Translation
| 84118 | 71274 | 985145 | 180723 | 657525 | 821134
Center of Projection Center of Projection
| 2403 | 21147 | 24391 | 19545
&is Scale Factars &is Scale Factars
| 115380 | 1151.21 | 83262 83055
— Calibration Statistics
Mean Ermor Iﬁ Standard Deviation IW
Mirirnurn Error Iw M axirnurn Emor %
Unitz: Inches

After the cameras have been calibrated, for evemytphat you click on in the top image,
an epipolar line will be drawn in the bottom imagel vice versa. The epipolar line
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indicates which points in the bottom image couldespond with the point that you have
clicked on in the top image.

The current point in the top image is shown witleé plus symbol. The corresponding
epipolar line in the bottom image is shown as dired The current point in the bottom
image is shown with a blue plus symbol. The cqoesling epipolar line in the top
image is shown with a blue line.

The red plus and the blue line and the blue pldstlaa red line may not exactly intersect.
The red and blue lines represent images of twocagsng from each camera. Since
they do not exactly cross, the midpoint of the s#girdistance between the two lines is
shown with a yellow plus symbol in both the top &@attom views. The distance from
the yellow plus to the red and blue lines is theautainty in the position estimate.
Information along the bottom of each view indicétes 3D coordinates of the midpoint
and the uncertainty associated with the 3D cootdga

Calibration :: Untitled Calibration (=] S|
ESEAE - EE+ 4L o[ ME|+ P

—Load Inja_ges

Load First Image |

Load Second Image |

— Lens Distortion and Fiture ——;

ﬂl | - More -
— Paintz

€ Manual © Automatic

Define First Fiegic-n |

Define Second Fegion |

Locate | Align |

—Calibrate
Calibrate

‘Save Calibration

|
“iew Calibration I
|
|

St Az Default

. [ Graph Camera Locations
XYZ = [-13.960, -4.273, -2.448] £0.0472 inches I~ wold Beference Erame

When you are satisfied with the calibration resyitai can save the calibration to a file
using theSave Calibration button. This will save all the calibration infoation to a
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calibration file ¢.calb) that can be used by the Measurement documertrtorm
measurements on other images taken by the sameasame

If you would like the same calibration to be useddll newly created Measurement
documents, then select tBet As Default button after the calibration has been saved to a
file.

World Reference Frame

The coordinate frame of the calibration is the domate frame that is used by the
calibration fixture file that was loaded. All tikeordinates in the fixture file are
referenced from some point of origin on the fixtuta order to compare information
from one pair of cameras to another pair of camerasRay systems, the coordinates
need to be referenced to some mutual world referénacne. All coordinates can then be
transformed from the local calibration fixture nefiece frame to the world reference
frame.

A tool is provided to help define the transformatlmetween the calibration fixture and
world reference frame. You can access this todddgcting théefine World

Refer ence Frame button on the toolbar, or by right-clicking in tireage and selecting
Define World Reference Frame.

There are two methods for entering information able world reference frame. You
can directly type in the rotation and translatioatmx used to transform calibration
coordinates to world coordinates. Or you can $é¥ea points that lie on the world
reference frame Z-axis and supply the Z coordintee first point and the base angle of
the fixture.

For the first method, if the rotation matrix andrslation vector are known, simply enter
them into the appropriate boxes and®i .

For the second method, the standard calibratigoréxthat was designed to be used with
this software should be equipped with two adjugtalides, one on each side of the
fixture. The calibration fixture should have bgmsitioned so that the irises are aligned
with the flight path and are visible in both the tnd bottom camera views. To define
the world reference frame:

1. The system should have been calibrated alreasdyescribed earlier.

2. Click on the center of the left iris in the tapd bottom views of the calibration
document window. Check the uncertainty in the dowtes to make sure that a
suitable point has been chosen.

3. Click onGet Current for theFirst Point in the Define World Reference Frame
dialog. An orange box should appear in the cdidnadocument window to
indicate the first point.
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File View Tools

: ; Professional Analyst, Flight Path Edition

Click on the center of the right iris in the tapd bottom views of the calibration
document window. Check the uncertainty in the dowtes to make sure that a
suitable point has been chosen.

Click onGet Current for theSecond Point in the Define World Reference
Frame dialog. An orange box should appear in #fibration document window
to indicate the second point and a dotted line lshbe drawn between the first
and second points.

Enter in th& Coordinate of the First Point and the units of the Z coordinate.
This should have been measured when the calibrixitumes were being aligned.
Enter in thdBase Angle in degrees. This should have been measured waken t
calibration fixtures were being aligned.

Hit Apply and the equivalent rotation and translation welldeamputed and
applied.

Nivindenwy | Help

Dl

e

] - s
meE3~ BE 4)ta UE &P ez el

B LoadImages

Loadistinhge [Define World Reference Frame 3
Laoad Second Image —wford Reference Fram

© Rotation and Translation [ = AL*Re + T ]
Fiptaton (]
Lens T | [ Hane G59395 [0 5001277
ot T43000e. [0959999 | [R0011190
[BOm2775 [oouis [095es
Fisture | [CaigeFiuers
Tirarisls [T

- Lens Distortion and Fisture—

I 1] Upt=:
 Points—————— 242,645 |BOES.39

© Manual @ Automatic
' Two Points on Z-4is [ hit &pply to compute R Tw |

Diefine First B
ErerE| Fit ot

Define Second Region -25.5668  |24.2831 -16.479 Get Current
= Second Point
Locate Align
_I _I -25.4104 {24146 105.934 Get Curent

r Calbrate———————— Z Cooidinate of First Paint— Units

i Calibrate 4300 Milimeters ¥
L. Base Angle [degrees, C4 positive]
i View Calibration Sl L il
&l
. Save Calbration
Set As Default

I~ Graph Camera Losations
I World Reference Fame

A [ Image 1 Image 2 Calibration XvZ Estimate XvZ Error s
1 305.4, 1458.8 | 415.3, G13.4 | 15.42, 57.56, 0.00 | 15.53, &7.58, -0.01 | 0.11
2 497.1, 1456.6 | 598.6, 520.3 | 15.42, 57.56, 12.70 | 15.51, 57.57, 12.76 | 0.11
3 687.3, 1454.4 | 780.2, 521.2 | 15.42, 57.56, 25.40 | 15.49, 57.57, 25.44 | 0.08
4 &80.4, 1452.2 | 361.3, 522.1 | 15.42, 57.56, 38.10 | 1E.47, E7.56, 38.1% | 0.07 ||
5 L1074, TLEED 11475, EIEET| ATy, TEFIEE, 0B | AELEE,T EVURE, E0LFE [ 0l6E
4 1262, 1aas 1323.6, 523.9 | 15.42, 57.56, 63.50 | 15.43, 57.54, 63.45 | 0.0
7 1453, 1446 1505.6, G24.7 | 15.42, &7.56, 76.20 | 16.40, E7.53, 76.13 | 0.07
H 1644, 1442 1689.¢, £25.6 | 15.42, §7.56, 99.90 | 16.3%, E7.52, BE.39 | 0.06
a 310.5, 1412.2 | 913.3, 677.1 | 12.46, 46.52, 0.00 | 12.58, 46.53, -0.04 | 0.13
10 | s01.4, 1409.9 | £96.7, er7e.0 | 12.46, 46.52, 12.70 | 12.56, 46.52, 12.74 | 0.10
11 | eoo.s, 1407.7 | 778.5, &7e.9 | 12.4€, 46.52, 25.40 | 12.83, 4€.52, 25.42 | 0.07
12 | B81.3, 1405.4 | 960.0, 673.8 | 12.46, 46.52, 38.10 | 12.50, 46.51, 38.14 | 0.0%
13 | 1071, 1402 1141.2, 680.7 | 12.46, 46.52, 50.80 | 12.47, 46.50, 50.79 [ 0.02
14 | 1261, 1401 1322.4, 6B1.6 | 12.46, ¢6.52, G3.50 | 12.d4d, d6.49, 63.45 | 0.08
15 | 1451, 1339 1504.7, 662.5 | 12.46, 46.52, 76.20 | 12.41, 46.43, 76.14 | 0.08
16 | 1641, 1336 1689.0, ©83.5 | 12.46, 46.52, 88.590 | 12.38, 46.48, B58.90 | 0.03
wlt7 | 315.6, 1385.6 | 411.2, s34i9 $.81, 35.48, 0.00 | 3.53, 325.48, -0.07 [ 0.11
Ele | sos.s, 1363.4 | 594,85, a35.2 9.51, 35.48, 12.70 | 9.56, 35.48, 12.73 [ 0.07 =
2lia | gaaa. 13c1.2 | 7769, m3a.7 a.51. 35.4R. 35.4n | 9.sa. 35 48, 2541 | n.om
Feady | um 4

Once the world reference frame has been defined;dbrdinates of all points can be
displayed in either the local calibration referefreene or the world reference frame.
You can select which frame to display in by chegkimeWorld Refer ence Frame
checkbox in the side control panel. When displgyioordinates in the world reference

frame,

the graphs will label the axes as Xw, Ywd @w.
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The world reference frame must be defined for eadibration if you want to compare
the measurements from one camera pair to anothesreaor X-Ray pair. For example,
the Event Summary document, that is described, latenpares the results from multiple
measurement documents to compute velocity and angelocity. In order to compare
these results, all the coordinates must be tram&fdrinto the same reference frame (the
world reference frame).

Reference Markers

In order to approximately compensate for small ganneotions between calibration and
measurement, reference markers can be placed fielth@f view of both cameras.

There should be reference marks located in all éouners of each camera image. The
compensation algorithm will compute the necessanysformation to ensure that the
reference marks in the measurement images exaathap the reference marks in the
calibration images.

You must identify and store the location of eaclthef reference marks for each
calibration. Click on th®efine Reference Marker s button on the toolbar. Click on
each of the reference markers in the first andrsdamnage and click on the appropriate
Get Current button for each mark.

Page 18 of 35



User Manual
Professional Analyst, Flight Path Edition for Visible Cameras

48 Professional Analyst, Flight Path X-Ray Edition e o =]
File Wiew Window Help

D@d|s 2R&2

i
mgB Ao~ 8@+ nE+ e e

- Load Images

Ma

e
UpperLeft [E.09  [155.98 Upper Right [9394.00 [131.31

Load Second |
_ LosdSecond nage | GelCent | St Cunent_|
|- Fisture Information

setTwidref.calb LowerLeft [13072 [193534 | Lower Right [3406.30 [1531.38
Change Fisture GetCurent | GetCunent |

- Points
€ Manual & Automatic - Second Image

Upper Left [2284  |83.90 Upper Right {3401 54 [100.16
KYZ = [4.524,17.055, 69.087] + 3525 centimeters D e

. - Get Cunent | Gt Current |
Defire Second Region

Locate Align
~Calibrate
Calrate
iew Calibration
Save Calibration Cancel
Set s Default 2

I Giraph Camera Losations
XY¥Z =[4.524, 17.055, 69.087] * 4.3525 centimeters ™ Wworld Reference Frame

Lower Left [118.60 [1837.83 Lower Right |[3361.78 [1326.76

Get Cunert | Get Curent |

A [ Image 1 Image 2 Calibration X2 Estimate XvZ Error s
1 3311.2, 442.0 | 3426.3, 684.4 | 3.01, 11.16, 0.00 | 3.00, 11.18, 0.03 | 0.04
2 3999.3, 441.0 | 4047.5, 667.3 | 3.01, 11.16, 7.62 | 3.00, 11.17, 7.6z | 0.01
3 4689.6, 440.0 | 4671.3, 690.1 | 3.01, 11.1, 15.24 | 3.01, 11.15, 15.23 | 0.01
4 5373.1, 433.0 | 5287.%, 633.0 | 3.01, 11.16, 22.86 | 3.01, 11.13, 22.8% | 0.03
5 €070.8, 428.0 | £923.7, 695.% | 2.01, 11.16, 30.48 | 2.02, 11.12, 30.4% | 0.04
& 6762.1, 437.1 | 6548.3, 698.7 | 3.01, 11.1, 38.10 | 3.02, 11.10, 38.11 | 0.06
7 3345.3, 524.3 | 3416.6, 937.6 | 2.18, 4.08, 0.00 | 2.18, .12, 0.0 | 0.04 L
H 4019.2, £24.0 | 4042.4, 9397 | 2.18, g.09, 7.6z | 2.1g, €.12, 7.62 | 0.02
a 4632.8, 523.6 | 4663.9, ©941.8 | 2.18, 8,09, 15.24 | 2.18, 5.11, 15.24 | 0.02
10 | 5366.2, 523.3 | £299.5, 944.0 | 2.18, 8.08, 22.86 | 2.18, G.10, 22.86 | 0.01
11 | sod0.z, s522.9 | Esze.®, s¢e.1 | z.13, 9.08, 30.4¢ | 2.17, €.08, 320.48 | 0.01
12 | &714.1, 522.6 | 6557.1, 948.z | 2.18, 8.08, 38.10 | 2.17, .09, 38.10 [ 0.01
13 | 3378.2, s04.0 | 3407, 1193 1.36, 5.03, 0.00 | 1.36, £.08, 0.03 [ 0.08
14 | 4037.7, so0z.2 | 4027, 1185 1.36, 5.03, 7.&2 | 1.38 5.06, .64 [ 0.04
15 | 4695.8, 602.4 | 4669, 1138 1.36, 5.03, 15.24 | 1.37, 5.05, 15.25 [ o0.03
16 | 5384.1, @0l | 5301, 1201 1.36, 5.03, 22.86 | 1.37, 5.04, 22.87 | o0.02
w|t7 | s012.4, en0.8 | 5934, 1203 1.36, 5.03, 30.48 | 1.37, 5.02, 30.43 [ 0.0z
E|1e | s67o.7, 4u0.0 | 6565, 1208 1.36, 5.03, 38.10 | 1.37, 5.01, 38.10 [ 0.0% =
2lia | sana.z. 6775 | 3397, qas7 n.sa. 1.9a. noon | onosz. q.es nn | nons
Ready [ om .

After all eight reference markers have been locdigd\ pply. The location of these
markers will be saved with the calibration inforioatwhen the calibration is saved.
These values will be using during measurementytootcompensate for any movement
of the cameras between shots.

Measurement

After a calibration has been completed and a &@stleen conducted. The resulting
images from the test can be used to perform measumts.

A Measurement Document is created by seledfibg—> New. Then select
M easur ement.
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i x|
S AE | BE e ME[ L 4y AN
—Load Images
s Fomee 4
Load Second Image |j

v Sunc Loading

r— Calibration S ource

I - Mone -

Ho image loaded.

Change Calibration |

Wiew Calibration |

— Pointz

£dd Paint |

Update Paint |

Remowve Point | Clear .t'-\lll

— Measurements

Save Measurements |

¥ Increment Filename

Ho image loaded. Units IUndefined 'I
Format |Excel Blank *

Export Results |

[~ Graph Camera Locations
I~ wirld Beference Frame
™ Measurement Line Pairz

All the controls are located on the toolbar or lo@ panel on the right. The toolbar
controls were described earlier in this document.

A pair of images from an actual test should be éobidito the Measurement document.
An image from the top camera should be loaded usiajoad First Image button. An
image from the side camera should be loaded ubmigdad Second I mage button.

To perform measurements, a calibration must haeady been performed for the
cameras being used. If a default calibration reshlset, the default calibration is
automatically loaded. If a default has not bednteen a calibration must be loaded by
using theChange Calibration button.

When a calibration is loaded, any lens distortidrimation is also automatically loaded
and applied. See the Appendix for more informatiariens distortion correction.

The units of measure and the world reference fraiamesformation are also loaded from
the calibration file. The units of measure that displayed can be changed by changing
the units in the panel on the right. The worleerefce frame transformation can be
viewed or modified using the toolbar button or thgt-click context menu.
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| ' Measurement : UntitledMeasurement =101 x]
B P~ BEH 0 ME L 4w AN

rLoadlmages ——————

Load First Image j
Load Second Image |j

¥ Sync Loading
— Calibration Source-

| nemmirorvisdos calh

Change Calbration |

Wigw Callbration |

~ Paiirit

: T Add Paint |
XVZ = [-22.499, 235819, 71.958] = 0.0205

Update Faint |

Remaove Point__l Cleat All'l

- Meazurements
Save Mesuements |

¥ Increment Filzname

Units |L|ndefinec| TI
Format |Excel Blank =

Evport Fiesuls |

™ Graph Camera Locations
™ wherld Betererce Frams
719551 + 0.0208 centimeters ™ Measurement Line Paiis

If you would like to review the calibration inforriian, select th&/iew Calibration
button.

After loading the calibration, you must locate teéerence markers. Click on tBefine

Reference M ar ker s button on the toolbar. Locate each of the refezanarkers and
click on theGet Current button for each marker.
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48 Professional Analyst, Flight Path X-Ray Edition
File Yiew Window Help

e Cameras

D@d|s 2R&2

=10) x|

Load st Inage ||
Losd Second image |

I¥ Syne Loading

Define Refarance Markers -
.

i~ First Imag

Upper Left [63.04  [160.28

 Calbration Soirce:

st widrel2.calb
Change Calibration

Yievs Calibration

Get Current_|

Upper Right [3334.95 [134.50

Get Curert |

Calibrated: £8.09, 155.98

Calibrated: 9394.00,131.31

Lower Left |130.40 |1925.50

Gel Curent |

Lover Right [3407.20 [1331.60

Get Curent |

- Points

Update Pairt
Fremove Point| Clear Al

Add Poirt

Caliriated: 13072, 193534

Calitrated: 3406 80, 133138

~Secand Image

Upper Left [2290 [90.10

Get Curent |

Upper Right [3404.50 [33.64

Gel Curent |

‘Calibrated: 24.84, 89.90

Calibrated: 94071.54, 100.18

Lower Left [118.40 |1895.20

Get Curent |

Lower Right |3380.00 |1320.50

Get Curent_ |

Calibrated: 118,60, 1897.83

Calirated: 9381.78, 1926 78

L Indefine
Fommat | Excel Blark ¥
Export Results

I Graph Camera Locations
I Warld Beference Frame
I~ Measwement Lins Palis

# | Tmage 1 [ Tmage z [ Estimate vz [+ u... e Length [ angle to ... | Angle to ... | Angle to 2 | angle to LP1 |

[

Ready

After all reference markers have been locatedk ditApply. This will transform each
of the images so that the reference markers ateisame location as the calibration
images.

Measurements can either be the 3D location ofglesimoint, or the 3D locations of the
end points of &ine Pair. A line pair is a grouping of two sequential mgasnent points
(points 1 and 2, 3and 4,5 and 6, ...).

Each Measurement document can display informasosirggle point measurements or as
line pairs. To change the display, clickmeasurement Line Pairs checkbox in the

right hand panel. When the Measurement documeseit i®d show information as line
pairs, additional orientation and length informatis computed for each line pair and
displayed in the Points listing. In addition, first point in a line pair is shown in green
and the second point in a line pair is shown inemé@ The connecting line is shown in
cyan.

Typical steps to perform a measurement:
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; ; Professional Analyst, Flight Path Edition
File iew Tools ‘indow Help

Click on a feature point in the top image. Zadamsing the mouse wheel to
accurately select a feature point. The mouse whitdletoom in/out on the
currently selected point. It is always a good itteaoom in on a feature point to
ensure that you have selected the proper point.

Click on the corresponding feature point inletom image. Zoom in using the
mouse wheel to accurately select a feature paietify that the uncertainty in
the resulting image coordinates is acceptable. uReertainty is shown on the
bottom of each view. The red, blue, and yellonngoand lines should be near
one another in both images.

If you are satisfied with the feature points andertainty, click orAdd Point.

If you would like to update the coordinates qfaint, select the point in the
Points list. Click on the correct feature pointhie top and bottom image, then
click Update Paint.

To remove a point, select the point in the Roiist and then click oRemove
Point.

DEd|s=R&E]2

i e Add Point
R¥Zwe = [1.666, 1174, 5162 S
g — Upeate Point
Remove Point| Clearll

X¥Zw = [-1.668, -1.174, 516.381] + 01225 centimeters I Mes

Graphs

ol x| Eeaiat

B | LoadImagss

Losd First Image j
Load Second Image j

W Syne Loading

- Calibration Source:

newninarvisdoe. cal
Change Calibration
Views Calibration

W Increm

Undefined ¥
Format |Excel Blank ¥

Export Results
s

I~ Giaph Car
= Wl

# Image 1 TImage 2 Estimate X¥Z + U... [Line Length | Angle to ... [Angle to ... | Angle to 2 Angle to LP1
L 1280.2, 883.7 1447, 1006 3.0, =0.3, G578.4 0.0z
2 343.7, 870.0 4138.3, 1007.3 1.5, -0.8, 508.4 0.11 70.008330 l.22332° 0.43770" -1.293923° 0.00000"
3 917.1, s22.8 | 1001.4, 476.8 | -l.o, 35.3, saz.e 011
#* 461.4, B86Z.0 E37.7, S924.¢ 1.1, 4.8, G51&.5 0.16 43.720347 -3.83823° 44.32804° -44,33533° 44. 05653
i 941.8, 1220.32 1002z, 1208 32.7, -14.4, 548.1 0.o0g
6 | are.7, 936.2 | S51.5, 1038.1 | 6.1, -2.9, 517.3 0.12 42.253372 40.94314¢ | -20.47869% | -43.36557° 42.42241°
7 937.6, 434.0 1002, 1285 -24.8, -13.3, G5438.6 0.0%
g 462.4, E22.6 £22.4, 105&.1 -l.&, =-4.1, £1&.2 0.12 42.729142 -FL.72424° -26.12873" -41.04757° 42.30831°
5
2
Ready [ hom .

The resulting points are displayed in the graptméoright. A wireframe can also be
displayed over the 3D graph. Click the right mols#on on the 3D graph and select
Show Wireframe.
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Flight Path Edition

*, Measurement :: nodistsvi-DA-2-1.meas =0 x|

Bepe~BE[ut ~|unE+ 2

Load Images

Lozd First Image
Load Second Image

 Reference Marker
~First Imag

UpperLett [305.95 |1516.81 | UpperRight [173357 {1434.39 \ ) 1
Get Current Get Current v Shaw ¥ Plane

Calibrated: 165.15, 1610.79 Calibrated: 1859.26, 1625.85 X v Show 52 Plane
8 . Show Y2 Plans

AYZ = [62.025, -12.005, 89, L e sl
: . Lower Left |356.27  |418.07 Lower Right |1696.20/ |455.44 v Show Gridines
| _ GetCurent | _Gel Curent | — Fast Draw
v Hardware Acceleration

Calibrated: 255,60, 330.79 Calibrated: 182915, 34585

v Invert X
~5econd Image: Invert ¥

UpperLeft [370.51  [45214 Upper Right [1735.85 [452.14 v InvertZ
Get Cunent Get Cunent ol v Shor

Calibrated: 26582, 344,58 Calibrated: 1863.71, 352.09

LowerLeft [333.41 |1602.28 Lower Right |1750.69 {1580.02

Get Curent Get Curent

Calibrated: 22080, 1694.91 Calibrated: 189271, 1672.41

XYZ =[-62.025, -12.085, 69.790

Cancel | Apply |

* TImage 1 TImage 2 Estimate X¥2 + U... [Line Length | Angle to ... [Angle to ... | Angle to 2 Angle to LP1
L 13269.6, B43.5 1420.5, 983.% |-33.71, 27.35, &7.73 =-0.65
2 300.1, 852.5 342.9, 990.5 -33.15, 26.65, -4.01 0.z0 71.,740551 ~0.44733° 0.56104" -0.71756° 0.00000"
i 942.6, 774.1 1007.8, 497.4 |-36.42, £539.87, 40.49% 0.03
#* 423.3, B23.2 482.0, 910.35 -34.40, 32,04, E.26 0.07 44,935837 -3.28212° 2&.30054° -38.37428° 37.78403°
i 963.3, 1276.2 1014, 1160 -4.83, 15.37, 39.77 -1.18
6 | 44d4.0, s0s.5 | 463.3, 1019.7 [-23.53, 24.69, 4.78 | 0.53 43.832621 35.20645¢ | -14.91934% | -37.02437° 37.64263"
7 9E7.3, 464.1 1004, 1266 -55.63, 8.51, 40.24 =0.37
g 428.9, @08.1 467.3, 1020.7 |-36.17, 24.&3, 4.50 0.2z 45, 725306 -#3.38320° -24.28128" -3E.EBETE" 28.842581°
£
Ready [ um | i

When you have selected all the points of intesesi,can save your measurement results
to a file. This will save the calibration informat and measurement information to a
measurement file*(meas).

Note that the measurement file contains a cophe@talibration information. Once itis
saved to the measurement file, the measurementabese the original calibration file.
If you make any changes to the original calibrafitgy you must reload the calibration
into the measurement document using@hange Calibration button in order to apply
the changes.

You can also export the measurement results toxadbeument or to an Excel
spreadsheet. First select the units and the efqronait and then hit thExport Results
button. Here is a sample of the export resul&xcel format. The sections are color
coded to correspond to the first and second pairitse line pairs and the line
information for each pair.
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i
]@ Eile Edit Wew Insert Format Tools Data: Window Help _-Jilﬁl‘
[DzRasRy|smad|- o |@ = r sl il o -0 | E[-b-A- 7
Al j =| Profassional Analyst, Flight Path Edition Data Sheet

B[ © [ b5 [ E [ = [ & [ H [ T ]

Profeissional Analyst, Flight Path Edition Data Sheet

Test Data

}U‘thAJ|Ma |
y

=

File Mame |
Date: 70972004
Time: 12:13:36 P
Units Centimaters

Blelol|

==

Measurement Data
3

mage sl\malen ﬂcenamy Image 1 Image 2 Estimated Position + Uncert
16U W U N X ¥ z U N U N X ¥ z

18] 1380.222| 803609335 1446.789| 100B.001| -22.4654| 2365295 71.92375| 0.020741 3436806 B70.0242| 419.2816| 1007,325| -24.0495 23.39664| 1.934266 0.11114
18 917 0603 F22 795152 1001 353| 476 7947| -26 5258| 95541 413579 011107 451 4450 BF20133 537 7304 924 6055 24 4715 290739 1006162 016022
20| 941.765| 1300.30743| 1001852 1205.224| 7.209257| 9.838942| 4151955 0.084241 | 4787023| 935.1753) 551.476| 1038.085| -19.4783| 21.34519) 10.84863 0.1249:
71| 47 60BA| 4R3I 99R129| 100162 1295314 -60.304| 4 27732| 47101163 0097314 452 4351 B735B49| 5333949| 1056.074| 27 165 20 11313| 9864659 017367

b { :
4[4[ > [M ] Sheet1 {Sheste [ Sheets / L«] L”J
Ready [ e

If the same calculations are always done in Exhelgexport feature can also be told to
use an existing Excel file as a template for theoetxresults. This template can contain
formulas, graphs, or any other Excel elementsec®Ekcel Template as the=or mat

type before exporting. Then select the Exceltblese as a template.

Analyzing Sequences of Images

Additional controls have been added to the Measan¢mvindow to simplify the process
of analyzing a sequence of images:

Play controls have been appended to the toolb&te@Measurements window.

4w AN

These play controls will play either images or nueesients. The last button on
the toolbar controls whether images or measurenagatplayed. When playing
images, the program will try to find the next sianlyy named image in the same
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directory as the upper and lower images respegtiviéla similarly named image
file is found, that image file is loaded. Whenyph measurement files, the
program will look for a similarly named measuremgetin the same directory as
the current measurement file. If a similarly namsehsurement file is found, that
measurement file (and corresponding images andurezasnt points) is loaded.
Similarly named files are files that have the samefix and extension, but with a
different set of digits at the end. For exampteageOL1l.tif, image02.tif, and
image03.tif are similarly named image files.

Spin controls have been added to the right ofdhd image buttons.

Load Images

| Load First Image Iill

Load Second Image |j

¥ Spne Loading

These controls help you to browse through a sequehitnage files. Press the
up button to find the next similarly named filereBs the down button to find the
previous similarly named file. If th®ync L oading checkbox is checked, then
when you press the up or down for the first or sddmage, the other image will
also locate the next or previous image file. WBgnc L oading is checked, the
spin controls behave the same as the play cortdrolke toolbar.

An Increment Filename checkbox has been added below$hee

M easur ements button.
b eazurements
Save Measurements |
¥ Increment Filename

When this is checked, when tBave M easur ements button is pressed, the
program will automatically increment the currentdment filename and use that
as the default save filename. For example: ictiveent measurement has been
saved to a filédrameOl.meas, whenSave M easur ementsis pressed, the default
save filename in the save dialog will appeatrasie02.meas.

To take advantage of these new controls:

PwpNPR

Create a new measurement document.

Load the first pair of images that you wish teasure.

Measure the desired points.

Perform any world reference frame or referenaeker corrections.
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5. Save the measurement to a file that ends im#ay for instance: frame00.meas.
Ensure there are enough digits to cover the tasalber of frames you will be
analyzing. For instance, if you are analyzingr@@ges, use at least 2 digits.

6. Make sure&ync Loading is checked and click on the up button next todlael
image buttons. This should load the next similadyned image in each
directory. You can right-click in each image aetestShow Filenameto see
which specific file has been loaded.

7. Locate the desired points and clicki4pmdate Point for each point, or click on
Clear All and uséAdd Point for each point.

8. There is no need to perform the world referdrexme or reference marker
corrections again, unless the settings have chasiged the last set of images.

9. Make suréncrement Filename is checked and click osave M easur ement.
This should open a save dialog with the next defdahame in the sequence
(e.g.frame0l1l.meas). Click onOK to accept this filename

10. Repeat steps 6-9 for every set of images ysh ta analyze.

After you have analyzed a sequence of images aduped a sequence of similarly
named measurement files, you can play these measatdiles by clicking on thBlay

I mages or Measurements button on the toolbar (the last button). Whes thitton is
depressed, the play controls will play measurerfistinstead of image files. Press any
of the play controls to review the sequence of mesament files that you have just
produced.

Event Summary

After you have created a set of Measurement doctgrienone event, you can combine
these all in one Event Summary Document. An E@emhmary document loads a set of
Measurement documents and displays a summary thfeatheasurements contained in
each of the Measurement documents.

An Event Summary Document is created by seledtilgg> New. Then seledEvent
Summary.
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+* Event summary :: Untitled Summary ;lglﬂ

| Display |First Point j Uitz IU”dEfiﬂEd 'I Farmiat IEHDEIBIank vI Export |
Center of Gravity, Diztance From Penetrator Tip IEI ILInu:Iefined j |pdate |

Load All In Directory | Set Frame Fate | I fpz

Time [zec]  File Hame

Meas 1 | | Load Edit Feload | Remove
Meas 2 I I Load Edit Reload | Remove
Meaz 3 I | Load E dit Reload Remaove
Meas 4 I I Load Edit Reload | Remove
Meaz & | | Load Edit Reload Remaove
Meaz B | | Load E dit Reload Remaove
Meas 7 I | Load Edit Reload | Remove
Measz 8 | | Load Edit Reload Remaove
Meaz 3 | | Load E dit Reload Remaove
Meas 10 I I Laad E dit Reload | Remove

Prewviouz | IMeas'l-'IEl vI M et |

Load each measurement document by clicking ondhespondind.oad button. For
each measurement document, you must specify thieeagwociated with that
measurement. This allows the application to competocity information between
measurements.

If you wish to load all similarly named measuremi@es in a given directory, click on
theLoad All in Directory button, and select one of the measurement fidenames of
the measurement files must have the same prefixeaddn a number in order to be
recognized. For examplfameOl.meas, frame02.meas, frame03.meas, ...

If all measurements were taken at equally spaoce€l itntervals, you can specify the
frame rate in the edit box next to tBet Frame Rate button. Then hit th&et Frame
Rate button and the time values will be automaticailled in for all measurement files.

Up to 50 measurement documents can be combineadméwent summary. After you
have loaded all the measurement documents, yosasanthe event summary
information by clicking on th&ave button. All the time and measurement document
information will be saved to an event summary flesum).
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If you wish to make changes to a measurement daatiiyeu can hit th&dit button
next to the measurement document file name. Aftarhave finished making changes
and have saved the measurement document, you imtist Reload button so that the
new changes are loaded by the event summary.

The Points listing will display information abouwdah line pair contained in each
measurement document. Which quantity is displagedntrolled by th®isplay drop
down control in the Event Summary document window.

: : Professional Analyst, Flight Path Edition o =] S|
File Wiew Tools Window Help

DEd fEB|2(2

¢/ Event Summary : Untitled Summary

Save | Display [Fist Point = wnits {Centimeters ¥ Fomat |ExcelBlank =]
Center of Gravity, Distance From Penetrator Tip [0 Undefined = Update

LosdAllnDiectoy | [[ SefFrameriale | [100 fps

Timefses)  Fils Name
Meas1 [0 [0S amples\FPE Ssample 1.meas Load Fieload | Remove

Meas2 [0m [D:AS amplestFPE Ssample 2 meas Load Reload | Remove

Meas3 [0.02 [D:AS amplestFPE Ssample 3 meas Load RAeload | Remove

Meas 4 [0.03 [088 amples\FPE  sample 4 meas Load Reload | Pemave

Meas5 [0.04 [88 amples\FPE s sample B meas Load Reload | Pemave
Meas6 [005  [ONSamples\FPE Ssample Bmeas Load Edt | Fecload | Pemove
Meas 7 | | Laad Edt | Reload | Remove
Meas& |

Load Edit Reload | Remove

I
Meas 9 | [ Load Edit Reload | Remove:
Meas 10| |

Load Edit Reload Remove

Previous | [Meas 100 = Next

%] Line |meas 1 Meas 2 Meas 3 Meas 4 Meas S Meas & Displayed units
1 -8, 1z, 294 -3, 1z, G548 -8, 1z, B0z -8, 1z, 10% | -8, 12, 1310 | -3, 12, 1818 | First POINC |centimerers
z -8, 14, 281 -8, 14, &3% -8, 14, 783 -8, 14, 1043 | -8, 14, 1297 | -8, 14, 1805 | First Point |centimerers
3 -10, 12, 281 | -10, 12, 3% | -10, 12, 788 | -10, 12, 1043 | -10, 12, 1297 | -10, 12, 1805 | First Point |centimerers
4 ] 11, 281 -3, 11, &3% -3, 11, 783 -g, 11, 1043 | -3, 11, 1287 | -8, 11, 1805 | First Point [centimerers
5 -7, 18, 268 -7, 18, 520 -7, 18, 774 -7, 18, 1028 | -7, 1s, 1282 | -7, 16, 1790 | First Point |centimerers
2 e -14, 12, z&6 | -14, 12, &20 | -14, 13, 774 | -14, 12, 1028 | -14, 12, 1282 | -14, 12, 1790 | First Point |centimerers
sl 7 -3, 8, 265 -3, 8, 520 -3, 8, 774 -3, 8, 1028 [ -3, 8, 1282 | -3, 8, 1790 | First Point |centimerers
Ready [ e | 4

The Event Summary results can also be exported’exadocument or to an Excel
Spreadsheet.

Select the units and the export format and thethbiExport button. This will export all

available information about the measurement lirespal he current display setting is not
used during export. All possible display values @xported simultaneously.
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]@ Eile Edit Wew Insert Format Tools Data: Window Help _-Jilj_i

DR SRY|[sBBRI - [@= 83 08 0 -0, a-B-Ar 7
Al =] =| Professional Analyst, Flight Path Edition Data Sheet

B (eI B I ER I E G [ EE | | J | k /L | M | N | O [ B | O T

5 |File Mame! D “WSamplestsample.esum

| 7 |Date 5/20/2004
| & |Time: 32403 PM
| 9 [Units Inches

Meas 1 Time: | 0 File Name:D:ASamplesisample 1.meas
Meas2  |Time: 0.01File MName:DASamplesisample 2 meas
Meas3  Time: | 0.02 File Name:DASamplesisample 3.meas
Meas 4 | Time: | 0.03 File Name:D:\Samplestsample 4 meas
Meas & |Time: 0.04 File Name:D:\Samplesisample 5. meas
5 |Meas B Tima: | 0.05 File Narne:D:ASamplesisarnple B.meas

121 Length

2 |Line Meas 1 Meas2  Meas3 Meas4 MeasS MeasB |
11623129 1162313 1152313) 1162313 1162313 11623913
5002454 5002434 5002454 5002434 5002484 5002434

1

2

3 50037875 5003788 6003783 5003783 5003788 4003783
4/ 49964411 4996441 4996441 4996441 4996441 4996441
5 31109982 3110998 3.110998 3.110998 3.110998 3.110998
6 24200407 2422241 2422241 2422241 2422241 2422241
7| 32665137 3260514 3260514 3260514 3268514 3266514

Pasition
| 32 |Line Meas 13X |Meas 1 ¥ Meas 17 Meag2 X Meas2 ¥ Meas2 7 Meas3 X Meas3 ¥ Meas3 7 Meas 4 X Meas4 ¥ Meas 47 Meas5X Meas5 Y Meas57 MeasB
1) 37357562 4894277 104.3671 -373576 4.894277 2043671 -373576 4.894277 3043671 -373576 4894277 4043671 373576 4894277 &D4.3671 -3.735
2| -25826431| B421658| 105.856| -2.58254| B.421658| 205.858| -258764| 6421658 305856 -250264| 6421658 405.856| -258264| 6421858| 505856 -2.582
3 -53910453 4987868 105.9017 539105 4987869 205.9017 -539105 4957868 305.9017 -539105 4957863 4059017 -539105 4.987868 5059017 -5.391
4| -3B971304 3319583 105.8341 -369713) 3319553 2058341 -369713) 3319553 3058341 -369713 3319553 4058341 -369713 3319553 5058341 -3637
a
3
7

-5 4156495 5021664 104 9117 -5 41665 S021664 204 9117 -5 41665 6021664 304 9117 -5 41565 6021664 404 9117 -5 41565 5021664 504 9117 -5 415
-3B650189 3327607 104.8634 -368502 3327607 204.8634 -368502 3327607 304.8634 -3B8502 3327607 4048634 -3B8502 3327607 504.8634 -3685
-2 BO23769 ) 6409805 104 8602 -2 60233 6409805 204 8602 -2 60233 6409805 304 8602 -2 60238 6409805 404 8602 -2 60238 6409805 504 8602 -2 B0Z

1 | Displacernent
Line Meas 1 Meas2 [Meas3  [Measd [MeasS  [Meash
1) 1045486 204 4599 304.4294  404.414 5044047 7043247
2 106.08208 2059724 3059344 4059151 5059034 70589
3 10B.15611) 206.0327 305.9539 4059682 5059551 705.9329
4

416 10595072 | 205.8941 3058745 4058646 5058585 7058516

47 | 5 10517136 2050448 3050011 4049791 5049657 704.9504

4[4 ¥ [m]\Sheet1 (Shestz [ Sheets [/ L4l

Ready |

If the same calculations are always done in Exhelgexport feature can also be told to
use an existing Excel file as a template for theoetxresults. This template can contain
formulas, graphs, or any other Excel elementsec®Ekcel Template as the=or mat

type before exporting. Then select the Exceltblese as a template.

Page 30 of 35



User Manual
Professional Analyst, Flight Path Edition for Visible Cameras

il
]@ Eile Edit Wew Insert Format Tools Data: Window Help _-Jilﬁi
DR SRY|[sBBRI - [@= 83 08 0 -0, a-e-A ¢

Al =] =| Professional Analyst, Flight Path Edition Data Sheet
[T e R e

File Mame: DASamplesisample. esum

Date: 611/2004
Time: 4:56:00 PM|
Units Inches
3 |Meas 1 Time: | 0/File Name:D:\Samplesisample 1.meas
Meas2  |Time: 0.01File MName:DASamplesisample 2 meas .
Meas3  Time: | 0.02 File Name:DASamplesisample 3.meas Line1
Meas 4 | Time: | 0.03 File Name:D:\Samplestsample 4 meas |
Meass  Time: 0.04 File Mame:D:\Samples\sample 5. meas 800
5 |Meas B Tima: | 0.05 File Narne:D:ASamplesisarnple B.meas | 700 = -
500 - -
b Ew P
Length § i // —&— I Position
2 |Line Meas 1 Meas2  Meas3 Meas4 MeasS MeasB | % 200 _/_/ —=—Displacemert
1 115623129 1162313 1162313 1162313 1152313 1152313 g =
2 5002434 5002434 5002434 5002454 5002434 5002434 200 o
3| 50037875| 6003788 5.003788| 5003788 5.003788| 5.003788| 100 5
4 49964411 4996441 4996441 4996441 4996441 4996441 0
5 31109982 3110998 3110993 3.110995 3110995 3.110923 4 2 . 4 3 8 z
Bi 24000407 2407241 2.420241| 2470041 | 2420241 2407241 Measurement
7| 32668137 3266014 3266514 3266514 3266314 3266314
Pasition
| 32 |Line Meas 13X |Meas 1 ¥ Meas 17 Meag2 X Meas2 ¥ Meas2 7 Meas3 X Meas3 ¥ Meas3 7 Meas 4 X Meas4 ¥ Meas 47 Meas5X Meas5 Y Meas57 MeasB

1] 37367562 4894277 10436571 373676 4894277 2043671 373570 4894277 3043671 373576 4894277 A043671) 373676 40894277 S04.3671 37357
2| -25876431| 6.421658| 105.856) 258064 | B.421658| 205.858| -258764| E.421658 305858| -258264| B.421658| 405856 -258064| B421658| 505.856| 25805
3 53910453 4987068 1059017 539105 4967868 2059017 £.39105 4997868 3069017 539105 4987860 4059017 539105 4.967860 5059017 63910
4 -36971304 3.319553) 1058341 -369713 3319553 2058341 -3.69713 3319553 3058341 -369713) 3319553 4058341 -369713 3.319553 5058341 36971
5 54156495 5021664| 104.9117 541565 5021664 2049117 541565 5021664 3049117 541565 5021664 4049117 541585 5021664 5049117 54156
6 -3.6850189 3.327607| 104.8634) 368502 3327607 2048634 -3.68502 3327607 304.8634 -3.63502 3327607 4048634 -368502 3.327607 504.8634) -3.6850
7 26023769 6.409805| 104.8602 260738 6.409605 2048602 260238 6409805 3048602 -2 60238 6409805 4048602 -260733 6.409805 5048602 -2 6023

1 | Displacernent

Line Meas 1 Meas2 [Meas3  [Measd [MeasS  [Meash
1) 1045486 204 4599 304.4294  404.414 5044047 7043247
2 106.08208 2059724 3059344 4059151 5059034 70589
3 10B.15611) 206.0327 305.9539 4059682 5059551 705.9329
4 10595072 2058941 3056745 4056646 5058585 7058516
5| 10517136 205.0443 305.0011) 4049731 504 9657 704.9504

EJLI)J ", Sheet1 { Shestz [ Sheets / [«
Ready 1 I I |

All the information is exported into the templatie in Excel, with any calculations or
graphs being automatically populated.
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Appendix

Lens Distortion Correction

A tool is provided to help compensate for radiaklelistortion. Seledtools > Lens
Distortion Correction from the main menu..

For each lens that will be used, an image of al@r®oard pattern should be acquired.
This image can be loaded into the Lens Distortionr€xtion window to compute
whether or not distortion correction is necessdarye lens distortion correction tool will
compute coefficients to compensate for radial digto (barrel or pincushion).

Lens Distortion Correction = |EI|5|

— Compute Lens Distortion

Load Checker Image I

Define Region

Compute Distartion

Save Coefficients

— Correct Lens Distortion

Load Image to Comect |

Load Coefficients

Carrect Image

Ho image loaded. Save Corrected Image

r Coefficients

¥ Center I—
' Center I—
R2Cosflicient [

I—

R4 Coefficient

Update Coefficients

[ Show Comected Image

To compute lens distortion coefficients:

1. Capture an image of a checkerboard pattern wsengamera and lens that will be
used in testing.
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2. Click onLoad Checker Image and select the checkerboard image file (BMP,
TIFF, or JPEG).

7 Lens Distortion Correction " = IEIIﬂ

r— Compute Lans Distartion

Load Checker Image

Define Region

Compute Distortion |

Save Coefficients

i Comect Lens Distortion

Load Image to Comrect |

Load Coefficients |

Correct Image |

Save Corected Image |

 Coefficients

# Center I

' Center I
R2 Coefficient |
R4 Cosfficient I

Update Caefficients |

I Show Corected Image

Click onDefine Region and click the left mouse button and drag a redéang

around the inside of the checker pattern. Make that the rectangle is inside the

last set of checkerboard squares. Do not drawettien outside the entire

checkerboard pattern, it must be inside the chédeed pattern.

4. If you would like to redraw the region, click Brefine Region again and redraw
the rectangle.

5. Click onCompute Distortion. The distortion coefficients will be computed. |
you wish to view the corrected image, you cantetGorrect | mage button.

6. Click onSave Coefficients to save the distortion coefficients to a lens fioeints

file (*.lens) that can be used by Calibration Documents.

w
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5 Lens Distortion Correction

e

=10l ]

r— Compute Lans Distartion

Load Checker Image

Define Fegion

Compute Distortion |
Save Coefficients |

i Comect Lens Distortion

Load Image to Comrect |

Load Edefficiants |

Correct Image I

Save Corected Image

 Coefficients

# Center W

‘' Center IW
A2 Coefficient [76.5614
R Cosficient [0.023378°

Update Cosfficients |

W Show Corected Image

TheCorrect Lens Distortion options are provided only for verification of revad of

distortion and as a tool for recovering undistoiteedges. These options can be used to

correct other images and save the corrected verdidiesired. This is not necessary
since the application will automatically correctages on-the-fly if lens distortion

coefficients are set.

Do not use corrected images for measurement if the listsrton coefficients are also
specified. This will result in the correction bgiapplied twice and the resulting

measurements will be distorted.

If you wish to correct an image:

1. Load the image to correct by clicking lboad Image to Correct.
2. Load lens distortion coefficients to use in ection. These should have been

saved using th€ompute L ens Distortion buttons to create a lens coefficient file

(*.lens).
3. Click onCorrect Image.

4. You can switch between viewing the original andrected image by clicking on
the Show Corrected I mage checkbox at the bottom of the control panel.
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5. If you wish to save the corrected image, clinokSave Corrected Image. It is
recommended that you save to a different filenaonéhat you do not overwrite
the original image.
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