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Chapter 1. Getting Started

Introduction
Highlights

You've heard of 'image' or 'video' analysis. Welcome to the revolutidagrated 'motion’ ana
lysis. ProAndyst is a fullfeatured autdracking software and a fuleatured data analysioft
ware package. On your video, our new feature tracking algorithms are the most ahativage
have tested. Auttrack in XD (along lines) or in 2D (patterns). On yausynchronizedata,
perform FFTs, filtering and more analyses. Then, using the graphing panel, overlaynmage
tion onto sensor data.

Highlights:

A Over 30 different analysis 'toolsline tracking, feature tracking, stick figure drawing, sta
bilization, and more.

A l\_lew chained image filtering and processing tools for greater flexibility in image manipula
tion.

A Easy switching between viewing of raw and processed images.

A New rotating feature and predictive tracking algorithms.

A New data analysis and grapb features including filtering and FFTs, timeline atdpe
view modes.
New Project Managerkeeps track of all your files.
New report generator lets you post test results to a server or print a report.

A Seamlessly works with files from ProCapture, MiBR.0, Professional, 4.0, OS, aDd

or as standlone analysis package.

Typical Applications

ProAnalyst is ideal for the engineer or research scientist who needs to make accurate motiol
analysis calculations,and deliver a final report or presentatigicdl applications include the
following.

A
A
A

Biomechanics and sports performance
Combustion research-@ line tool)

Blood flow analysis (4D line tool)
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Car crash testing and accident reconstruction
Animal locomotion studies

Hearvalve testing

Shock/vibration testing

Ballistics and trajectory tracking

Golf ball club, ball and flight analysis

Airborne flight testing (stabilization)

o o o o Do Do o P>

Drop testing

List of Features

This is just a sample of the list of features available in this scftpackage.

A Image Processing Features:
A Standard image loekp table modifications
A Brightness, Contrast, Gamma. Exponential/Logarithmic, Reverse

A Over 30 image filters that can be chained together to create complex image processing
routines

A Predefined: Sobk Laplacian, Gaussian, High Pass

A Arithmetic: Add, Subtract, Multiply, Square, Right/Left Bit Shift, Logi@alD,
OR, XOR, NOT

Neighborhood: Blur, Median, Maximum, Minimum

Morphology: Erode, Dilate, Open, Close

ST SIS

LUT: Brightness, Contrast, Gamma. Exponalitiogarithmic, Reverse
A Image: Threshold, Histogram Equalize, Despeckle
A Enhanced Collaboration and Visualization Tools:

A New annotations allow you to draw lines, rectangles, text, etc. in each frame or across all
frames. Basic length and angle measuren@mmiotations allow you to dsimple
measurements on any video.

A Timeline view allows you to view videos and data in a filmstrip format, enablingoyou

examine a specific frame, while still being able to see the context frames and -data be
fore and after tb frame of interest.
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A New Reporting Tools:

A Report Generator can export to HTML or print directly to your printer.

A Prints relevant video frames, data graph segments, and user added commants and
notations.

A Video Analysis Cpabilities:

A 1-D Line Tracking:

A

o J» o Do Do

Track transitions along multiple lines in the video.

Can detect transitions based upon intensity or derivative changes..
Fully adjustable threshold levels.

Detect multiple transitions per line per frame.

Configurable line thikness and filtering along line.

Summary view provides a complete picture of the pixel values corresponding to a
line for every frame of the whole event.

Circle fitting option uses a gradient descent algorithm to compute the optntat
and radius autoatically.

A 2-D Feature Tracking:

A

A
A
A

A

Complete editable tracking parameters

Tracking of rotating objects

Trajectory prediction using a Kalman Filter based prediction scheme
Enhanced line drawing for highly informative stick figures

A Realttime display of distansebetween features

A Reattime display of angles between features

Immediate graphing and analysis of tracked data

A Stabilization:

A

A

Track features in the video that should be stationary and remove horizontal, vertical,
or rotational motion in the video

Save sthilized video to multiple formats

A Contour Tracking:

A

Locate and trace the outline of deformable objects over time
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A
A

Multiple contours can be tracked simultaneously

Graph or export calculated quantities from each contour, sudleasperimetenr
center of mass location

A Particle Counting, Sizing, and Flow:

A

A
A

Determine statistics (size, eccentridiégtor, major axis orientation) of particles
detectedn each frame

Display histograms of distribution for each statistic

Perform inteligent correspondence between frames to estimate pdrtjdetories
over time

A Cell Tracking:

A Track the motion of cells and calculate the distance from the cell tip to boundary
walls

A cCalculate quantity of cells moving along two distinct branches

A PIV Todkit:

A Estimate the motion of a dense set of particles to generate vector fields for each set
of frames

A Fully configurable interrogation window size, search region, correlatiethod,
and vector spacing

A Display colorized contour map of the resulting teedields

A Impact Excursion Toolkit:

A
A

A

Analyze the motion of a crash test dummy during impact testing.

Measure the maximum excursion of points on the crash test dummy relativeo inter
national safety regulation limits.

Display trajectory of motion, distees to safety limits, displacement grid, gnaph
measured quantities.

Data Analysis Capabilities:

A Realtime FFT on captured data and analysis results

A Data Filtering

A
A

Scale, Offset, Integral, Difference, Mean, Median

High Pass, Low Pass, Band Pass, Batog S
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A Butterworth, Chebyshev, Elliptic, Inverse Chebyshev
A Enhanced Graph Configuration
A Completely configurable line style, thickness, point style, etc.
A Save multiple graph configurations and easily reload
A File/Project Managesnt:
A Graphical explorer to quickly browse through your entire video collection

A Displays video thumbnails and data graphs, plus vital information for every recor
ded video in a selected directory

A Allows you to easily playback each video or jump to any am
A Can play back multiple files simultaneously

A New Project Files
A Provides an easy way to group multiple video files together
A Helps you manage your multiple camera recordings

A Helps organize your collection of associated files (analysis results, calibiiketson
image processing settings, etc.)

A Additional Video Save Options
A Save frames with processing
A Save encrypted

A Save as partial chunks which are loaded together seamlessly (for videos over 2GB)

Installation

Installing the ProAnalyst Software

Note: ProAndyst is designed to work on Windowperating systemswindows 7 andup.
ProAndyst has been tested on both3i2and 64bit systems.

1. Turn on your computer.

2. Insert the CD that contains the ProAnalyst software into yourRCIM drive. The
ProAnalyst softwee installer should automatically start. If it does not, from the Start Menu,
in the Run...prompt,type F: \ ProAnalySetup.exe  , where"F" is the letter of
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your CD drive.

3. The installer Welcome screen will appear. Verify that thegpam and version numbare
the desired program and version that you wish to install.

4. Click Next.

5. The ProAnalyst License Agreement will pop up. Read the agreement carefully.

6. If you agree to the license terms, click | accept the agreement and click Next.

7. The installer will prompt you to select the destination folder. Note: the default folder is
C:\ Program Files \ Xcitex \ ProAnalyst \.If possible, you are advised to use this
folder for a more uniform install.

8. Click Next.

9. Theinstallerwill promptyou to give a namefor the Start Menu folder. The defaultis
ProAnalyst . Type in the desired Start Menu folder name.

10. Click Next.

11. The installer will provide the option for creating a desktop icon to launch the program.

12. Click Next.

13. ProAnalyst requires the Microsoft .NEHramework 2.0 to be installed on your computer.
The installer will check to ensure this is installed. If the installer cannot find\t&&
Framework 2.0 installer, it will prompt you to download it and install it.

14. The installer will provide a summary tife settings for the ProAnalyst installation.

15. If all settings are correct, click Install.

16. The installer will then begin the installation.

17. The installer will launch any additional installation programs as needed (Hardlock drivers,
etc.).

18. At the installer ha completed, click Finish.

19. Remove the CEROM from your CD drive.

Upgrading from previous versions of ProAnalyst

Note: it is not necessary to uninstall previous versions of ProAnalyst.
1. To upgrade from a previous version, simply run the installer for ¢eversion andol-
low the instructions.

2. The installer will then install the new application and all the appropriately modiifisd
During theinstallationprocesswhich could take many minutes,a statusbox will appear.
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Note: If the installer prompts you that it has detected a READ ONLY file, and asks you if
you wish to overwrite this file, click Yes.

3. After the installer has completed, click Finish.
4. Remove the CEROM from your CD drive.

5. Restart your computer (optional)

Product Updates
Checking for Updates

Minor updates to the product are routinely made available for download from our website. These
updates introduce new features and provide bug fixes. Be sure to stay current with the lates
release in order to takelfadvantage of the many features of this product.

In order to assist in keeping you up to date with new releases, we have provided a tool to chec
for new releases on our website. Select Check for Updates... from the Help menu.

% ProAnalyst® - 3-D Professional Edition

File Edit View Tools Window | Help
Ty DF’H|EE“ Contents. .,

IR IS'::;

Modify System Limits. ..
Chedk for Updates...

About...

The Check for Updatesalog will appear.

Check for Updates =

Current Yersion:  1.1.9.1

Latest Yersion: [click on Check] Check |

Releaze Motes:

Download Link:

Click on the Check button to contact our server and check for the latest version available for
download. No communication is made with our server until the Check button is pressed. In
formation is only downloaded from our server,peysonal information is sent to our server.

If version information is successfully obtained from our server, the dialog will display links to
the release notes and the download page for the latest available version. You may review th
release notes by cking on the Release Notes link.
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Check for Updates =

Current Yersion:  1.1.9.1

Latest Version: 1.1.81

Felease Maotes:  http: A dww. woites. comddownloadsProdnalystB eleazeM ates. pdf
Download Link:  http: /A, weites, com/html/download pro-analyst php

This is the most recent version, you do not need to update at this time. ak. |

To download the latest version, click on the download link and follow the instructions on the
web page that appears.
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Workspace View

Overview

The Workspace View is a docked window, typically on the right side of the application win
dow. It contains a listing of all the open projects, videos, explorers and timelines. There are two
different possible styles for the Workspace View. B® the Tree View and the Graphic View.

The Workspace View is primarily used as a source of information to see what files are currently
open. You can also Minimize, Maximize, Restore, and Close windows theyorkspace

View.

Tree View

The Tree View otthe workspace allows you to view all open files via a standard tree layout.
Click on the + and at the root of each tree to expand and collapse eaetieibl here are three
top-level branches of the tree. These are Projects, Unassociated Videos, @oikrExand
Timelines. Videos that are associated with projects will be listed under the Rregetideos

that are not associated with any open projects are listed under the Video (Unassociated) tree.

When expanded fully, the tree view displays vided data information for the selecteileo
item.
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Warkspace View x

Ea Projects
Py Untitled Project 1
-5y dema_hatwheels
B Untitled Project 2
-8y demo_heartvalve
=By Untitled Project 3
B demo_airbar

...... w Videos (Unassociate [UILIES

EQ Explorers and Timeli~ Maximize
; ‘ideo Explorer 1 Restore

BB video Timeline 2 Close

B Treel m | Graphicl

To Minimize, Maximize, Restore, or Close any window, riglitk using the mouse over any
Project, Video, Explorer, or Timeline entry. Then select the desired action frompthe penu.

Graphic View

The Graphic View of the workspace allows you to view all open files via "pages". Each page can
be expanded by clicking on each button. Similar to the Tree View, there are three main cat
egories, Projects, Unassociated Videos, anpldigrs and Timelines. The Projects button will

show all open projects. For each project that is open, there will be a darker gray button listec
under Projects. Clicking on these project buttons will show the videos that are associated with

that particulaproject.
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Warkspace View x

= Frojects

Videos [Unaszociated)

Explorers and Timelines

Maximize
Restore
Close

B Treel (m | Graphicl

To Minimize, Maximize, Restore, or Close any window, riglitk using the mouse over any
Project, Video, Explorer, or Timeline icon in any page. Then select the desired action from the
popup menu.

Drag and Drop Interaction

Dragging files from Windows Explorer onto the Workspace View or the main applicatien win
dow will automatically open the file if it is a recognized video or project file.

Undocking and Hiding the Workspace View

The Workspace View may wbcked and undocked by dowalkcking on the Workspace View
title bar. Clicking on the x on the title bar will hide the Workspace View. You can show the
Workspace View again by using the main View menu and selecting Workspace View.

Active Timeline

Overview

The Active Timeline displays frames from the currently active video window. If no video win
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dow is active, the timeline will appear blank. The active timeline provides a quicdaapdew
of the "context" of the video (fraes before and after the current frame).

0.0600 0,0700 0.0900 0.1000

o
=
o
£
(=

o

=
=

=
<<

Quick Summary of Navigating a Timeline

For a complete summary of timeline interac:

The timeline may be panned and zoomed using the

controls. Click on the yellow triangles and drag them to the left or the right.

You can also change how the active timeline responds to mouse dragging motions by changin
the mouse mode. You can change the mouse mode byclicking in the active timelineA
popup contextual menu will appear.

Show Timeline 3
v Show Frame Ticks

Play Forward
Flay Reverse
Stop Blayback

Jurnp To Zero

View Al
Expand Selection [EMTER]

Select Visible Chrl4+y
Select Al Chrl4+4
Pan Forward [RIGHT]
Pan Reverse [LEFT]
Zoom In [UF]
Zoom Ouk [DO]

Mouse Zoom

[Move Dawn
Move Up

Show Processed

The three mouse modes are Select, Pan, and Zoom. In Select mode, mouse clicks will sele
frames for other operations, such as expanding. In Pan or Zoom mode, mouse dragging motior
to the left and right will causthe timeline to pan and zoom accordingly.

Various visual aspects of the timeline can also be set using the contextual menu. The timeline
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underneath the frames may be shown or hidden. The frame tick markers mayvheosimic
den. And the individual frames may be shown using the image processing settings, or shown ir
their raw normal format.

The timeline can also be played in forward or reverse. Playback is accomplished by smoothly
panning the video to the left orghight automatically. This can also be achieved by linking the
active timeline and then pressing play in the current active video window.

Linking the Active Timeline

Linking the active timeline refers to synchronizing the timeline with the current fresnyaayed

in the active video window. So as the video is played in the active video window, the timeline
will also be centered on the same frame number. The active timeline in not linked by default
since the process of redrawing the timeline will slow ddke responsiveness of the program on
slower computers.

Undocking and Hiding the Active Timeline
The Active Timeline may be docked and undocked by deciid&ing on the ActiveTimeline

title bar. Clicking on the x on the title bar will hide the Activen&line. You can show th&ct-
ive Timeline again by using the main View menu and selecting Active Timeline.

Toolbars

There are multiple toolbars in this application. Each of these toolbars can be undocked or hid
den. To show a toolbar that has been pnaslip hidden, just display the View menu and select
the appropriate toolbar. If you wish to-deck any visible toolbars to their original position; se

lect ReDock Visible Toolbars from the View menu.

Main Toolbar
The buttons on the Main Toolbar perforhetfollowing functions.

A
snEAsEd BBEBEBS eSS AR

New Project Create a new Project window. See seetioncalled
A Pr o jfor mdresdétails.

New Video Timeline Createa new Video Timeline window. Seethe section
call ed AVi die moreldetaie | i ne s 0

New Video Explorer Createa new Video Explorer window. Seethe section
call ed AV damorelstgld. or e

Open Open an existing project or video.

Save Save the active document.
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Copy Active Window to Clipboard Copy the active window to the clipboard.

Save Active Window to File Save the active window to a bitméile.

Print Active Window Print the active window.

Copy Application Window to Clip Copy the entire application window to the clipboard.

board
Save Application Window to File Save the entire application window to a bitmap file.

Print Application Whdow Print the application window.

Generate HTML Report Generate an HTML report for the activigleo.
Print Report Generate a print report for the active video.
Print Report Preview Preview a print report for the active video.
Generate PowerPoint Report Generate a PowerPoint report for the actiaeo.
About Display information about this application.

Annotation Toolbars

The Annotation Toolbars are only active when the focus is on the video portion of a video win
dow. The focus is set by clicking on thiel@o image in any video window. There are two tool
bars associated with annotations. One toolbar controls the drawing and default annotation se
tings. The second controls the visibility, ordering, and deletion of annotations. The functions on
these twaoolbars are also duplicated on the Annotations Control Panelegser 5Annota

tions

Annotation Toolbar

The buttons on the Annotation Toolbar perform the following functions.

£
alnxvjoBE|ce|vw|ve|s B8l -H-|E

Lock Annotations Lock annotations so that they cannot be modified.

Select Annotations Mouse clicks will selectand drag any existing annotations.
This is the default mode. Select Lock Annotations to prevent
any mouse interactions from modifying existing anriotet.
Select any of the other buttons to create new annotations.

Duplicate Annotation Createa duplicateof the selectedannotation.The duplicate
copy is created slightly offset from the original.

Draw Line Start drawing a line in the video window.
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Draw Arc

Draw Rectangle

Draw Filled Rectangle
Draw Ellipse

Draw Filled Ellipse

Draw Polygon

Draw Filled Polygon

Draw Spline

Draw Filled Spline

Draw Text

Draw Filled Text

Draw Length Dimensio

Draw Angle Dimension

Foreground Color

Start drawing a threpoint arc in the video window.
Start drawing a rectangle in the video window.
Start drawing a filled rectangle in the videmdow.
Start draving an ellipse in the video window.

Start drawing a filled ellipse in the video window.

Start drawing a polygon in the video window. Eaubuse
click will add another point to the polygon. End thaygon

by rightclicking on the last point. Points may be added and
removed from a polygon by using thesert andDeletekey-
board keys when the mouse is over a drag handle.

Start drawing a filled polygon in the video window. Each
mouse click will add anothgoint to the polygon. End the
polygon by rightclicking on the last point. Points may be ad
ded or removed from a polygon by using theert and De-
lete keyboard keys when the mouse is over a drag handle.

Start drawing a spline in the videandow. Each mouselick

will add another point to the spline. End the spline by right
clicking on the last point. Points may be added or removed
from a polygon by using thesert andDeletekeyboardkeys
when the mouse is over a drag handle.

Startdrawinga filled splinein the video window. Each

mouse click will add another point to the spline. End the spline
by rightclicking on the last point. Points may be- agd or
removed from a polygon by using ttesert and De- lete
keyboardkeys when the mouse is over a drag handle.

Start drawing text in the video window at the locatiorthaf
next mouse click.

Startdrawingtext with afilled backgroundat the location of
the next mouse click.

Startdrawinga staticlengthdimensionin the video window.
The length dimension will be shown in the units thetideo
was calibrated in (see the ect i on c @laree d
Cal i b}. H noicalibration has been applied, the length
dimension is shown in pixels.

Startdrawing an angledimensionin the video window. The
angle is defined by the location of the next three mouse clicks
in the video window. The angle mmaement is shown in de
grees and is the angle between the lines connecting the first
and last point to the middle point.

Sets the default foreground color for all nennotations.
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Click on the arrow to displag color selection popup widow.

Background Color Sets the default background color for all reewotations.
Click on the arrow to display a color selection popup-dow.

Text Color Sets the default text color for all new annotations. Glick
the arow to display a color selection popup window.

Default Settings Displays a default settingsdialog where the default colors,
line styles, and font styles may be set for all new annotations.
To modify the settings of an existing annotation, doudilek
on the annotation in the video window.

Visibility Toolbar

The buttons on the Visibility Toolbar perform the following functions.

|
% B TR YW

Show or Hide Annotations Shows or hides all annotations for the active video.

Show or Hide Drag Handles Showsor hidesthe squaredraghandlesusedto modify
annotations.

Show in Current Frame Set the currently selected annotation to display only

the current frame.

Show in Current Frame Forward Set the currently selected annotation to displahén
current frame forward.

Show in All Frames Set the currently selected annotation to display in all
frames.

Bring Forward Move the currently selected annotation forwarthi
display order..

Bring to Front Move the currently selected annotation to the top of the
display order.

Send Backward Move the currently selected annotation backwarithén
display order.

Send to Back Move the currently selected annotation to the badkef
display order.

Delete Annotations in Current Delete all annotations for the current fraomdy. Does

Frame not delete annotations that are set to display in all



Chapter 2. Application Interface 17

frames.

Delete All Annotations Delete all annotations for the active video.

Synchronized Play Controls Toolbar

The Synchronized Play Controls Toolbantrols how multiple videos will be played when
they have been synchronized. The buttons on this toolbar perform the following functions.

| Sync Play Cogd

lo®s =

Sync Play Time Aligned Play synchronizedvideosso that they are alignedto the
same time. This is useful when sjmonizing videos that
were recorded at different frame rates.

Sync Play Frame Aligned Play synchronized videos so that they are aligned to the
same frame number.

Sync Align to Zero Frame Align all synchronized videos according to their zero

frames.

SyncAlign to Frame When Sync  Align all synchronized videos to the current frame when

Pressed the synchronize checkbox was selected. This allows
videos to be synchronized relative to arbitrary frames in
each video. Seethesectio cal | ed APl ay Cc

Play All Toolbar

The Play All Toolbar can be used to automatically playback all currently opened weeos
guentially. The order of playback is controlled by the window order. The last video window
the window list (shown ithe Window main menu) is brought to the front and played. When the
playback is finished, the next video window in the window list is brought to the front and played.
To change the order of playback, click on the video windows in the reverse order thdslyou

the videos to be played and then click on Play All Videos Sequentially Looped.

| EE
| &> &
Play All Videos Sequentially Play all currently opened videos sequentially. Witen
Looped end of the last video is reached, the playdazedinsagain

from the begining of the first video.

Stop Sequential Looped Play Stop looped playback of currently opened videos.
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Program Options

Options for controlling the behavior of the application can be set by selecting Program Options
from the mainEdit menu. The program options are divided into four subcategories: Applica
tion, Open/Save, Video/Data, and Window. Any options that are set are saved in the Registn
and restored whenever the application is run.

Application

The application options covgeneral application behavior options. The following itenaybe
set or unset.

x
Application | Dpen.-"Save] Video.-"Data] window | Analyzis |

Launch

™ Open Video Explorer on application launch

Style
™ Use compact view for Yideo Explorer windows

¥ Use compact view for Project windows

Compatibility
W Use enhanced videa file loader ¥ Use loader for A¥ls
W' Use enhanced videa saver far A41s

Drefault rate to uze for saving processed AWz i} fps

()8 | Cancel |

Open Video Explorer on applica  This option will open a Video Explorevindow automat
tion launch ically every time the application is run. Default is OFF.

Use compact view for Video Ex  Uses the compact view style for all Video Explorer-win
plorer windows dows by default. See theect i on cal-l ed
p | o rfa maeddetails. Default is OFF.

Use compact view for Project win Uses the compact view style for all Project windows by
dows default. Seethsa ect i on c alfdrendre dePr o
tails. Default is ON.

Use enhanced video file loader = Checkthis box to usethe latestversionof the videofile
loader. This will enable you to open some other file
formats other than AVIDefault is ON.

Use loader for AVI Checkthis box to usethe latestversionof the video file
loader for AVI files as well as other file formats.this
option is checked, the program will first attemptofmen
an AVI file using the standard AVI file loader. If this fails,
then the new enhanced loader will be usedttempt to
open the file. The new loader supports large Afilés
(>1GB) and someof the newerAVI codecs.
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Default is ON.

Use enhanced video saver for AVI€heck this box to use the latest version of the video file

Default rate to use for saving pro
cessed AVls

Open/Save

saver for AVI files. Checking this option enables support
for saving large AVI fies (>1GB) and enables the use of
any associated newer AVI codecs that may be installed on
your system. Note: codecs are independent programs.
Certain codecs may be incompatible with ProAnalyst or
exhibit unstable behavior. Uncheck this option to use the
older saver if problems are encountered. Default is ON.

Specify the rate that is embedded into the AVI file when
saving processed videos or when saving image se
quences as AVI files. This rate is not usegdltis applic
ation. It is only provided to allow for saved videos to be
able to be played within standard multimedia players
(such as Windows Media Player) at normal playback
rates. Default is 25 fps.

The open/save options cover all optioakated to opening and saving projects and videos. The
following items may be set or unset.

Program Options

.Application Open/Save |\u"ideo.-"Data| W'indowl Analysisl

— OpensSave
V' Open new project when opening videos

" Open new timeline when opening videos

V' Open saved videos automatically after saving

V' Prampt before ovensriting files

[V Prompt to save modified documents before closing

[+ Prompt before disabling modified analysis toolkits

™ Walidate each file when opening image sequences

[V Support spaces in frame numbers for image sequences

V' Support negative frame numbers for image sequences

™ Automatically load associated files with default naming

o1

Cancel

Open new project wheopening
videos

Open new timeline wheopening
video

Automatically open a new Project window when a video
is opened if it is not alreadgssociated with an open
project. Default is ON.

Automatically open a new Timeline window when a video
is opened. The new Timeline window will contain the
newly opened video. Default is OFF.
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Open saved videos automatically Often when saving a video file, you will want to operate
after saving on the result. This setting will automatically open all
newly saved video files. Default is ON.

Prompt before overwriting files Promptbefore overwriting any existing files. Default is

ON.
Prompt to save modified docu Prompt to save any documents that have been modified
ments before closing before the document is closed. Default is ON.

Prompt before disabling modified Prompt to save analysis toolkits that have been modified
analysis toolkits before the toolkit is disabtl. Default is ON.

Support spaces in franmembers  Supports loading of image sequences that contain spaces
for image sequences in their filenames (e.g. image 1.bmp, image 2.bmp, ...,
image 100.bmp). Default is ON.

Support negative fram@umbers Supports loading of image sequences that cortigin
for image sequences phens to indicate negative frame numsbée.g. image
002.bmp, imag®01.bmp,  image000.bmp, im-
age001.bmp, image002.bmp, ..). If your image
guences are named in this fashion, if this you cliclamn
image file with a hyphen without this optienabledthen
the video will appear backwasdand will only contain
the negative frame numbers. If you click on a pasi
numbered image file without this option enabled, then
only the positive frames will appear in thideo. Default

is ON.
Validate each file when opening  Supports validation of image files when opening imag
imagesequences sequences. Skipping the validation speeds up opering se
quences with a large number of image files. Default is
OFF.

Automatically load associated files When a video file is opened, this setting will automatic

with default naming ally open any associated files that are located irsange
directory as theideo. Only associated files therenamed
using the default naming scheme will be loaded. The
default naming scheme expects filenames composed of
the prefix of the video filename and the extension of the
various toolkits (e.qg. if the video iamedcar.a vi , the
default named feature tracking filghould be named
car.ftk ). Defaultis ON for the Viewer, OFF for other
versions.

Video/Data

The video/data options control the initial appearance of the video and data in the Measurement
windows (the section c¢called AMeasurement W
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Program Dptions

Applicationl OpensSave Yideo/Data |W’ind0w| Analysisl

~Yideo

" Enable rulers on open
™ Display video infarmation by default
™ Display GPS/IRIG infarmation by default

™ Display 16-bit images as 5-5-5 RGE color

Mouse wheel zoom made:

V¥ Enable reticle on open Reticle style : IHeticIe 'l

[ Ovenide GPS/IRIG Timezone setting : |-4 hrs 'l
Default 16-bit Bit Selection when Bt : IBits 512 'l

© Paint under Mouze % Reticle Point € Center of Yiew

Cancel

Enable reticle on open

Reticle style

Enable rulers on open

Display video information by de
fault

Display GPS/IRIG information by
default

OverrideGPS/IRIG Timezone Set
ting

Display 16bit images as5-5
RGB color

Automatically enableshe reticle on all new video win-
dows. Default is OFF.

Select the reticle style. Options areiBlet CrossprBoth.

Reticle draws thin vertical and horizontiaesacross the
entire video image at the location of tloar rently

selected point. Cross draws small 'L' shapéd jects
around the currently selected point. Botlrawsboth a
reticle and cross around the currentlgelected point.
Default is Reticle.

Automatically enablesthe rulers on all new video win-
dows. Default is OFF.

Automatically displays video information drawn over the
video image in all new video windows. Default is OFF.

Automatically displays all GPS/IRIG information over
the video imagen all new video windows. Default is
OFF.

Specify the desired Timezone to be used when display
ing GPS/IRIG time information. This will override any
Timezone value read from the video file. Check the
checkbox and select the desired offset in the drop down
box on the right. Default is OFF.

Images that contain 16its per pixel can be treated as
grayscale or color. Select this option to displaybit6
images as its per channel RGB color imagesthese
are displayed as grayscale, ontpi& can be displyed at

a time. Which &its to display can be selectadingthe
contextmenu (rightclick) in the Measurementin- dow,
under the Video Menus, Bit Selection soienu. Default
is OFF.
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Default 16bit Bit Selection when  This sets the default bits to display when loading -$®i16

B&W image as black and white. Which bits are displayed can be
changed after the video has been opened by using the
contextmenu in the video window as shown below-De
fault is Bits 512.

Flay 3
Wigw 3

Wideo Menus Encryption
Graph Menus 3 Thumbnail — »
Bit Selection Show Bits 1-5

. »
ElsplivtL_avers , Show Eits 2-9
nnotations Show Bits 3-10

Modify Recorded Parameters Show Bits 4-11
Save Recorded Parameters 2

Show Eits 7-14
Show Eits 8-15
Show Eits 9-16

v With Saturation

Mouse whekzoom mode Thereare three different modesfor zoom control when
using the mouse wheel in a video window. Point under
Mouse: This mode will zoom in or out while trying to
maintain the location of the point that is currently located
underneath the mouseipter. Reticle Point: This mode
will center the image on the reticle and zoom in and out
so that the current reticle point remains in the center of the
view. Center of View: This mode will zoom in and out so
that whatever is in the center of the view remsain the
center. Default is Point under Mouse.

Window

The window options control the behavior and appearance of various windows in the-aipplica

Applicationl OpendSave | Video/Data ‘indow |Analysis|

— Windo:

™ Snap to other windows on resize and move

™ Use minimal play contiol: by default

¥ Expand window to show control panels

V¥ Keep zoom window on top of video window

V¥ Keep calculations window on top of video window

¥ FKeep Line Tracking windows on top of video window
¥ Show litlebars above control panels

[V Open 2,3-&is & 3-D Manager source windows minimized

¥ Auto-display notes duing playback by defaul

ok I Cancel




Chapter 2. Application Interface 23

Snap to other windows on resize Automatically snaps to other window edges whemira

and move dow is dragged or resized. This is convenient for lining up
windows in an orderly fashion. If window dragging and
resizing appears jittery, disable this option. Default is
OFF.

Use minimal play entrols by de Uses minimal play controls for all new Measurement
fault windows. Seethe ect i on cal | dodmdieP| ay
details. Default is OFF.

Expand window to show control  Enlarges the Measurement window outward when show

panels ing control panels. If this is not set, the Measurement
window will remain the same size, and the internal video
and data display sections will shrink in size to aceom
modate the display of the control panels. Default is ON.

Keep zoom window on top of videoForces the zoom window to always remain on top of the
window associated video window. Default is OFF.

Keep calculations window on top Forces the calculations window to always remairtam
of video window of the associated video window. Default is OFF.

Keep Line Tracking windows on  Forces the additional Line Tracking windows to always
top of video window remain on top of the associated video window. Default is
ON.

Show titlebars above control panelShow titlebars above each control panel showlireg
name of the panel. Disable this feature if you aralow
resolution monitor where the control panetdslarge to
fit in the display. Default is ON.

Open 2,3Axis & 3-D Manager When a 2Axis or 3Axis graph or 3D Manager file is

source windows minimized opened, the program will attempt to open all necessary
source document windows. If this option is set, the pro
gram will automatically minimize any opened source
document windows. Default is ON.

Auto-display notes during playbackDuring playback, the video will pause and display any

by default video or data note associated with the currently displayed
frame. The note can remain displayed for a fixed amount
of time or wait until the user clicks on the note before
continuing with video playback he display time for each
note can be set from the Notes context menu in any video
measurement window. See tlsection calledi Au-t o
Di splay of Not e for nidre de tailgg P |
Default is ON.

Analysis

The window options control the behavior and appearance of various windows in the-applica
tion.
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Applicationl Dpen.-"SaveI \u"ideo.-"DataI indow Analysis |

nalysi
[V Use 0- 360 degree [ 0 - 2 Pl ) angle measurements
[V Interpaolate data to fillin missing values when graphing
[ Fixed number of decimal digits in annotations: lTj
v Automatically refresh data graph when analysis changes
[V Live data graphing during tracking [may operate slowly)

™ Display angle values in radians

[~ Always uze curent image processing for all analyses

[ Always open calibration videos when opening 3-D Manager

oK I Cancel |

Use 0- 360 degree angle measure Sets the range of the angle annotations and measure

ments ments to be 0 360 degrees. If thisption is not checked,
the angle measurements will be displayed using the de
fault-180 to +180 degree range. Default is ON.

Interpolate data to filn missing This option controls how missing values are handled when

values when graphing graphing analysis data. Check this option oirder to
automatically interplate missing data values #watthe
graph remains smooth. If this option is unchecked,
missing analysis values will be graphed as zero values.
Default is ON.

Fixed number of decimal digits in Measurement annotations and feature lines that display

annotations lengths or angles are typically shown hwitwo or four
decimal digits. Check this option to specify a fixed Arum
ber of decimal digits to use for all measurement annota
tions and feature lines. Default is OFF.

Automatically refresh data graph Enable this option to have the data graph automatically

when analysis changes refresh whenever analysis datsanges. For long videos,
this option is not recommended, since the process-of up
dating the graph may take a significant amount of time
depending on your processor speed. You may wish to
perform multiple analysis changes, and then explicitly
update thegraph by clicking on the Refresh Graph -but
ton(the section call e)dwhénMe a s
you want the graph to update. Default is OFF.

Live data graphing during tracking Enable this option to have the data graph refresh continu
(may operate slowly) ously during tracking. Ithis option is enabled, aftéea
tures are tracked in each frame, the graph is updated. This
will produce a "reatime" graph of the data asigtbeing
generated. For long videos, this option is net
commended, since the process of updating thengrey
take a significant amount of time depending on yprar
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Display angle values in radians

Always use current image pro
cessing for all analyses

Always open calibration videos
when opening - Manager

cessor speed. Default is OFF.

Enablethis option to haveall anglevaluesdisplayedin
units of radians instead of degreBefault is OFF.

Enable this option to have all Feature Tracking features
and Line Tracking features use the current ImBge
cessingsettings for analysis. Normally, each featarel

line can retain its own set of Image Processing features so
that different settings can be used for differiesat tures.
However, this may be confusing to some usérs.
simplify analysis, check this opti to ensure that tHen-

age Processing settings that are currently shown are the
settings used for tracking all features and lines. Default
OFF.

Enable this option to always open the associated calibra
tion video files when opening al3 Manager fileOnce a
calibration has been performed, the calibration inform
ation is already stored in thelBManager documenit. is

not necessary to open the calibration video figshtime

the 3D Manager document is opened. To conserve
system resources, thalibration videos should ndte
opened by default. Default is OFF.
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Projects

Projects are an easy way to manage multiple measurements (video and datapddditmel
calibration, analysis, and processing files that are associated with each one. Theyialsan
interactive thumbnail view of the video and data files for easy viewing.

Compact and Normal View

Project Windows can be displayed in one of fiwomats, Compact or Normal. The Compact
view shows only the video image and the data graph. The Normal View shows information about
the video and data files and provide play controls for navigation in each video. Playot®n

are also accessible in t@®mpact view by rightlicking on each video.

'r, demofiles.mpj

2EH(I =-m @@

demo_hotwheels.avi

demo_heartvalve.avi

r, demofiles.mpj

PR

demo_hotwheels.avi [F: 0] || demo_heartvalve.avi

To switch between the Compact and Normal views, click on the appropriate buttons on the
toolbar.
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The default viewing mode for all newly opened project windows can be setRrdgeam Op
tions, see the section called AProgram Opt

In addition to the viewing mode, the drawing orientation can be switched between horizontal and

vertical. To switch between the two orientations, click on the@pjfate buttons on the toolbar
or use the context menu by rigtlicking anywhere in the Project window.

Adding and Removing Videos

There are multiple ways to add a video to a project:

A Drag a video file from an Explorer window and drop it on the Prajéadow.

A Drag from a norcontrol area of an open video window and drop it on the Project window.

A Click on the first button in the toolbar and select Add File(s)... or Add Open File(s).

A Rightclick in the Project window to access the context menu, undgd®reelecdd
File(s)... or Add Open File(s).

To remove a video from a project:

A Rightclick in the Project window on the measurement to be removed. Under Pseject,
Remove Selected File.

Adding and Removing Associated Files

Associated files arany files that are associated with the video or the data contained in a project.
These files are generated by one of the many possible analysis or processirig ttusls
application (image processing settings, calibration files, line track resultsilteaitag set tings,

[ running.mpi =lof x|
EE(=cn @@

Rebeccaldsub.avi

=== Load All Associated Files for This Yideo ===
ticr

[\ ClipsiPro Dema FilesirunningiRebeccat4sub. clb

Irmage Processing
Feature Tracking
Graph Configuration

Copy Associated Files from This Video
Faste Assocated Files to This Yideo

Flayback
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A listing of the associated files is shown in the context menu. Rigit in the Project window
on the video of interest to see the list of associated files.

There are two ways to add asmted files to a measurement in a project:

A Rightclick in the Project window on the measurement of interest. Expand the submenu
der the event filename, and select Add Associated File(s)....

. runningmpy———SRT=TFY
EH|d = =m @ e

Project

Add Associated Fileds). ..
Remove Associated Fileds), ..

=== Load All Associated Files for This Yideo ===
Calibration

Irnage Processing

Feature Tracking

Graph Configuration

v v

Copy Associated Files from This Video
Faste Assoriated|Files o This Yidea

Flayback 3

A If a MeasurementWindofth e secti on cal |l ed)isidfleadyopen ferme n
a given measurement, and an associated file is saved using any of the control ghrels in
Measurement Window, then the associated file will automatically be added to any project
that containsitat measurement.

To remove an associated file for a measurement in a project:

A Rightclick in the Project window on the measurement of interest. Expand the submenu
der the event filename, and select Remove Associated File(s).... Select which abflasate
to remove from the window that appears, and click on OK.

Select files to remove 3 |

W [:4Clipshiunning' B ebeccaldsub. ftk
O 0:\ClipshrunningtRebeccaldsub.clb
O D:\ClipshrunningRebeccaldsub. lut
O 0:\ClipshrunningtRebeccaldsub. gfe

()8 I Cancel
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Load All Associated Files

All associated files for a given video can be loaded by using the Load All Associated Files for
This Video option in the context menu.

. runningmpy———SRT=TFY
EH|d = =m @ e

Project

Irnage Processing
Feature Tracking
Graph Configuration

Copy Associated Files from This Video
Faste Assoriated|Files o This Yidea

Flayback

The first file in each category will be automatically loaded. If there are more than one associ
ated file in each category, then only the first file is loaded. Once completed, a summary of the
files that have been loaded will be displayed.

ProAnalyst =
\i‘) Loaded the following files From the project:
Feature Tracking - D:iClipsirunningiRebecca0dsub, ftk
Calibration - D:YClipsirunningiRebeccaddsub. clb
Image LUT - D:YClipsirunningiRebeccaddsub, lut
Graph Config - DY ClipsirunningiRebeccaddsub, gfic

In the lower right corner of each video in the project, there is a shortcut button to load all asso
ciated files.

r, demofiles.mpj
SEH A -om E @

demo_hotwheels.avi [F: 0] |demo_heartvalve.avi
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Copying and Pasting Associated Files

Often times, you will want to replicate the same set of analyses oper@itsation, track

ing, graphing, etc.) on another video. To support easy replication of analysis files, Copy and Past
functions are available in the Project Window. Riglitk on the video from which you wish to

copy all associated files and selecpg@\ssociated Files from This Video in the edext menu.

[ running.mpi ]
BE[ = cm|@E @

This Yideo {runningiRebeccaldsub, avi) 3

=== Load All Associated Files for This Yideo ===
Calibration

Irnage Processing

Feature Tracking

Graph Configuration

v v

Copy Associated Files from This Video
Faste Assoriated|Files o This Yidea

wback

Pla

The list of associated files are now stored in the copy buffer of the program. These files may be
pasted onto any video in any Project Window. The target video need not be in the same Projec
Window as the source. Rigblick on the desired video that you wish to paste the associated files
onto and select Paste Associated Files to This Video in the context menu.

-ioix
EH|d==m @ e

3
====== Open All Videos Synchronized ==

This Yideo {runningiRebeccalzsub.aviy

Copy Associated Files from This Video

Paste Associated Files to This Yideo

Flayback 3 |

The Paste operation will produce a duplicate set of analysis files in the sattergi as the
target video. The associated files will be automatically renamed to match the target video. Foi

instance, if the source video is nameghner.avi and the target video is named
skater.avi , an associated file namednner.clb would be copiedd a new file named
skater.clb

Creating a Video Timeline Window
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A Timeline Window (the s)xanthe anutomatically demechtedithai d
contains all the measurements in a pzbj@o generate a Timeline Window, click on the Create
Timeline button on the toolbar of the Project window.

Open All Videos Synchronized

All videos contained in a project can be opened and synchronized @ghe t i on ayx al |
Co nt )y autbmsatically by using the Open All Videos Synchronized option in the centext
menu. Righiclick on any video in the project and select Open All Videos Synchronized.

[ running.mpy N [m] B
BE(=cm@E @

This Video {running'Rebeccal4sub. avi)

=== Load All Assodiated Files for This Video =
Calibration

Image Processing

Feature Tracking

Graph Configuration

v v

Copy Associated Files from This Video
Paste Associated Files o This Yideo

Flayback

Packing Projects

A packing and unpackingnechanism is provided to simplify distribution and archiving ofana
lysis results. After you have completed your analysis of an event and have compiled all of the
videos and associated files into a project, this project can be automatically packeslingie a

file. Click on the Pack Project button on the toolbar or use the main File menu.

=10l |

" running.mpi____ S [=I B}
SH( = cm|(@E @&

Rebeccal4sub.avi (Gl Pack Project
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The Pack Project dialog will appear with the complete contents of the project listed. Some addi
tional files that are automatidaloaded with each video, but not normally listed as an associ
ated file in the project, are also included. These include external data files, configuration files,
binary files with notes and comments, and annotation files.

Pack Project =

 Files to Include

Add Additional Fies... | Select Al | Deselectl |

Base Path:  D:\Clipz

TuRRing. mpj -
runningsF ebeccaldsub. avi

runningsF ebeccaldsub.clb

running4 R ebeccaldsub. ut

running4F ebeccaldsub. itk

unningt\Aebeccaldsub.gfc

runningsF ebeccaldsub. auld

unning‘\Aebeccaldsub.ofg

runningsF ebeccalfsub. avi LI
—Pack
Currerit File:
Pack Aot

Cloze |

Additional files that wereggenerated by external programs (such as Microsoft Word or Excel

documents) can also be included in your packed file by clicking on the Add Additional Files
button.

If the resulting packed file is too large, you may want to consider not including thefiledda
the packed file and distributing these separately. To not include a file in the packing process,
simply uncheck the box next to the filename.

Once you are satisfied with the list of files to pack, click on the Pack button and select the packec
file name in the dialog that appears.

savens 2| x|
Save jn: I ' Clipz j . I‘j‘ v
File name: I Save |
Save as bype: IF'ac:ked Froject Files [*.ppi) j Cancel |
4

The single packed file now includes all the files that were checked.
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Unpacking Projects

If you have used the packing mechanism to create a packed project file, you cantob@pack
files usingthe Unpack Project command from the File menu.

% ProAnalyst® - 3-D Professional Edition
’ﬁ Edit View Tools Window Help

Mew Project Ctrl-+Md
Open Project...
Pack Project...
Unpack Project...
Open Video'\Data... Ctrl+0
Open From ProCapture 3

Mew Video Explorer
Mew Video Timeline

Mew 3-D Manager Window
Mew 3-D Merge Window

Open Workspace...
Save Workspace. ..
Close Workspace

Save Ctrl+5

The Unpack Project dialog will appear. You must select the packed project file and the destina
tion folder. Click on the Browse button next to each item.

Unpack Project =

—Fil,
File:

Packed Project: Browse... |
Destination Folder: Browse... |

— Unpack.

Unpack Abort Open Project |

Cloze |

After you have selected the packed file andidasion, click on the Unpack button éxtract
the files.



Chapter 3. Application Windows 35

x
Packed Praject: Browse.. |
E:\Clipghpacked. ppj
Destination Folder: Browse.. |
E:\Clipghunpack’

— Unpack.
Extracting: E:\Clips\unpackmnning' R ebeccaldsub. avi
Inpack I Abort | Open Project |

If the files were successfully extracted, and the packed project contained a valid project file, ther
you can click on the Open Project button to open tbgpt that was just unpacked.

Video Timelines

Overview

The Video Timeline View is a specially designed view that allows a user to see an owdxiew
complete event in a filmstrip format. This view enables a user to zoom in on spegifitents

in time while still maintaining a view of the context before and after the moment trest. In
addition, the strip view allows a user to view multiple events that may have bemrded at
different frame rates to be displayed aligned to one another. Asvenéis zoomed and panned,
the other events will also zoom and pan simultaneously, maintaining pig@cment with one
another.

The Video Timeline View can only display videos that are currently open. If a video is added to

a timeline, but is not yet opened in a)Mea:
window, a new video window will be created first, and then the video will be added to the
timeline.

Creating New Video Timelines

New timelines are often crest by clicking on thi i toolbar button of a Proje¢the section

cal l ed )ioPMeagurercetfstche secti on cal |l e)dwindoMahiss ur e
will create a new timeline which contains all the videos in the project or just the one video from
the video window. New empty timelines can also be created by clicking ‘BB i&con in the

main toolbar or by using the main Tools menu, and selecting New Videoiii@nel

Layout

The Timeline View is comprised of a toolbar across the top that controls the timeline settings,
and a main region that contains the strips. Each strip is comprised of three regionbagaitle
information section, and a drawing area.
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There are two possible types of strips that can be drawn: a video strip and a dathestigeo
strip shows individual frames from the video and the data strip plots data or analysis.

The video strip draws as many frames assjile along a horizontal timeline without overlap

ping any of the frames. The exact time corresponding to a drawn frame is the villetinosline
corresponding to the left edge of the frame. (This can be visualized like a flag pole planted in the
timeline at the left edge of the drawn frame, and the frame is the flag extending to the right of the
pole). Additional information is drawn beneath each frame, such dsthenumber, time, and

a bar indicating the exposure duration.

The data strip drawany associated data or analysis corresponding to a given video. The data
strip is always permanently aligned to the corresponding video strip. If the video strip is panned
or zoomed, the data strip will pan and zoom simultaneously, and vice versa.

Definitions

Alignment Mode The alignment mode controls how linked strips are drawn relatomee
another. Linked strips can be aligned so that frames correspone
another in time (Time Alignment) or frame number (Frame Align
ment).

Linking One of the powrful features of the Timeline View is the ability to draw
multiple events recorded at different frame rates in a tmgame
synchronized fashion. When one event is panned or zoomed, all linked
events are simultaneously panned or zoomed by the samentamou
Linking is enabled by clicking on the chain link icon in the title bar of
each strip.

Selection These are the frames highlighted in green. The selection is used
primarily for zooming in on a set of frames of interest. Most often,
user will select aet of frames by clicking and dragging the mouse over
the frames and then Hinter to expand and center these frames.

Frame ticks These marks show the number and location of actual image frames re
lative to the visible timeline. These marks are equalicegd alonghe
timeline.
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Timeline The line drawn across the bottom of each strip that shows dither
corresponding time value or frame value across the strip. The timeline
must be displayed in order to see the fraitisstand some of the com
ment markers.

Comment markers Indicate where user comments have been added to the event. If the mouse
is held in place above one of these green markers, awmatiow will
appear that displays the associated comment.

Data markers Circles at locations in the graph where there are data points. This helps
to visualize exactly where data points were acquired relative to the
shown video.

Settings

The following settings control how the strips are drawn and manipulated. 3éitisgs can be
changed via the toolbar across the top of the window.

Slos| = =228 ke e

The controls in the toolbar are divided into sections. The first toolbar item adds new videos to
the timeline. The next two buttons control the Alignment Mode. The next three battetnel

the Mouse Mode. The next five buttons control what items are displayed in the timelines. The
final button links all videos in the timeline. Additional details regarding the various modes and
displayed items are discussed below.

Alignment Mode

There are two possible alignment modes that control how linked videos are drawn relative to one
another. These modes are: Time Alignment Mode and Frame Alignment Mode.

In time alignment mode, the videos are aligned such that a vertical line on the scrésemvill
sect each linked strip at the exact same time value. For example, if you have one video that wa
recorded at 1000 fps and a second video recorded at 2000 fps, when they are linked, they wi
display such that the frames from the 2000 fps videcitestligned vertically with a frame from
the 1000 fps video should have a frame number that is twice that of the 1000 fps frame numbel

In frame alignment mode, the videos are aligned such that a vertical line on the screen will in
tersect each linkestrip at the exact same frame number. Record rates are not used when video:s
are aligned in this mode. Only the frame number is used for alignment.

Mouse Mode

There are three possible mouse modes that control how clicking and dragging the mouse intel
actswith the drawn strips. These modes are: Selection, Pan, and Zoom.

Selection mode will allow you to highlight specific frames, set the focus point in the graph, and
manipulate range bounds. This is the most general mode, and users will most likely nemain i
this mode. Panning and zooming can be accomplished in this mode either by using the pan anc
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zoom controls in the title bar or by using keyboard or context menu controls.

For finer control of panning and zooming, the pan arahzenouse modes are provid&hen
either of these modes are selected, clicking and dragging the mouse horizontally will increase o
decrease the current pan or zoom setting.

Displayed Items

Many of the displayed items in the strips can be shown or hiddethe buttons in the toolbar.
When objects are shown or hidden, the contents of the strip will resize to fill the available space
The configurable displayed items are: Time Line, Frame Ticks, Comment Maibaias,
Markers, and Data Gridlines.

The timdine draws a line across the bottom of each strip that shows either the corresponding
time value or frame value across the strip. The timeline must be displayed in order to see the
frame ticks and some of the comment markers.

Frame ticks are drawn diregthbove the time line and indicate the presence of a video frame at
that location. Depending on the current zoom level, not all video frames will be dkasingle
displayed frame may overlap many hidden frames. The Frame Ticks provide donkaawing
where and how many hidden frames are present.

Comment markers indicate where user comments have been added to the event. If the mouse
held in place above one of these green markers, a small window will appear that displays the
associated comment.

Data markers will draw circles at locations in the graph where there are data points. This helps
to visualize exactly where data points were acquired. Note however that the display of many dat:
markers will result in slower interactivity due to the additibdrawing requirements.

Data gridlines are the horizontal and vertical lines drawn behind the graph and the vertical scale

values drawn on the left and right of the strip. The vertical lines correspond to the point where
the corresponding video framedsawn.

Title Bar Controls

The title bar contains the source of the displayed strip and a set of controls on the right side
These controls are: Pan, Zoom, Link, Move Down, Move Up, and Close.

l—:'—| anmuniil B Bl R

The pan and zoom controls operate very similar to typicallbers. If you click and drag the
red bar in the pan control, the strip will pan. If you click and drag the right edge of the-red tri
angle in the zoom control, the strip will zoom. If you click outside of the red bar in the pan con
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trol or away from the right edge of the triangle in the zoom control, the pan or zoom setting will
jump a fixed amount. These controls can be used in any mouse mode.

The link button indicates whether or not the strip is linked with ostrgps. Linking either a
video or data strip for a given event will automatically link both. When linking, the strip pan and
zoom settings may change in order to be in alignment with any other linked strips.

Move up and move down allow you to reorder thaweh strips. The order does not have any
other effect upon the strip view other than to change the ordering of the strips.

The close button will close the strip. Closing a data strip for an event will not close the corres

ponding video strip, however,ading a video strip will automatically close any corresponding
data strip.

Adding and Removing Strips

Strips may be added to a Timeline View in multiple ways:

A Click on the Add Video button on the toolbar and select Add Video or Add Open Video(s)
from thepopup menu.

Yideo Timeline 2

2lom| ===
. .

Add Open Videols) »

A Rightclick in the Timeline View to access the context menu. It is nearly identidhkto
toolbar popup menu. Select Add Video or Add Open Video(s).

A Draganddrop from a Measurement winddfthe section calledd Me as ur e me )t Wi
Project window( t he sect i on) Vided Exeglader (hB e ajt e ons @ al | e
Ex p | o,roranysWindows Explorer window onthe Timeline View. If the video isot
yet opened in a Measurement window, a new Measurement window will be created first.

Strips may be removed by clicking on the close button in the upper right corner of each strip or
via the context menu. Strips wills® automatically close if the Measurement window they are
associated with is closed.

Resizing Strips
Each strip may be resized vertically by using the drag bars in between strips. There isa maxim

um and minimum height for each strip. As the strip isegh the contents will be redrawn to fill
the entire height. This allows the strip to show more or less frames at a time.
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Yideo Timeline 2
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Navigating in a Strip

There are multiple ways to navigate around a strip. A strip may be panned adzasimgthe

controls in the title bar of each strip, via context menu, using keyboard shortcuts, or by using the

pan or zoom mouse mode and clicking and dragging in the strip.

e S il EH EEEBR
SECD ooo).

Remove Selected Yideo

Flay Forward
Flay Reverse Add Open Yideois)
Stop Blayback

Set Zero Position
Jurnp To Zera

Wigws All
Expand Selection [EMTER]

Select Visible Chrl4+y
Select Al Chrl4+4

Pan Forward [RIGHT]
Pan Reverse [LEFT]
Zoom In [UF]
Zoom Out [DO]

Mouse Select S
Mouse Pan P
Mouse Zoom Z

Move Down
Move Up

A quick way to zoom in on a set of frames of interest would be to seletbéfsames by
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clicking anddraggingthe mouseover theseframes(in selectionmousemode),andthenclick
Enter. This will center and zoom in on the current selection (shown in green).

Playing Strips

Strips may be phaed in forward or reverse by using the commands in the context menu, as shown
in the previous section. If strips are linked, they will all play simultaneously. If strips are not
linked, only one strip may be played at a time. Whichever strip is seledieddr text drawn in
yellow) when the context menu is opened is the strip that will be played.

Data Strip Interaction

Data strips are automatically and permanently linked to the corresponding video. If the data strig
is panned or zoomed, the correspogdiideo strip will also be similarly panned or zoomed. If
the video or data strip is played, both will play.

When in selection mouse mode, clicking on a data strip will have a different effect than click
ing on a video strip. Clicking on the data striglwbt set the selection, but rather will set a-loc
ation for a focus point and focus frame.

The focus frame will be shown in a blended green color and the focus point by a solid green
vertical line. If enabled, a legend will be drawn that displaysathels and values faachvalue
plotted. As the strip is panned, the focus point remains at the same fixed point on the screen an
will display the values of the points underneath it.

Video Explorers

Overview

The Video Explorer window provides a very eemient mode of reviewing all your work be

fore opening it. The Video Explorer presents a complete Windows Explorer panel along the left
side of the screen and a thumbnail mosaic of the video acquisitions in the main desktop win
dow. The Video Exploreridplays all the recognized video files within the currently selected
folder or in each sufolder.
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i Yideo Explorer
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There are a number of settings that affect how the Video Explorer will appear and search for

video files. These are tsesing the toolbar.

B [ b = e 8 = =m0

Show Data

Don't Show Data

Show Trigger Frame

Show First Frame

Load and display data if it is present.

Don't load and display data. This will make loading faster
since the data will not have to be loaded for each video.

Show the trigger frame by tiult for each videoEach

video can be played so that it displays a different frame,
this setting selects which frame is shown by deforlt
each video found.

Show the first frame by default for each video. Each video
can be played so #h it displays a different frame, this
setting selects which frame is shown by deféadteach
video found.

Show Videos in Current Directory Shows videos in the currently selected directory in the

Show Videos in Subdirectories

Explorer pane. This is useful if multiple videos atered
in each directory.

Showsvideosin subdirectorieof the currently selected
directory in the Explorer page. This is usefukdich
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video is stored in its own directory.

Align Vertical Align videos vertically so that the right pane scroitsi-
zontally to show more videos.

Align Horizontal Align videos horizontally so that the right pane scrolls
vertically to show more videos.

Compact View Show videos in a compact view. Tbempact view dis
plays only the video image and the data graph.

Normal View Show videos in a normal view. The normal vidisplays
the video, data, play controls, and information panel.

Refresh Refresh the directory listing and display of videos found.

The default viewing mode (Compact or Normal) for all newly opened Video Explorer windows
can be set in the Program Options, see the

Information Displayed

Multiple items are displayed for eagideo tile when the Video Explorer is set to display in a
Normal View. In a Compact View, only the video and data thumbnails are visible.

Filename The filename of the video is displayed in the title bar.

Current Frame Number The currentframe numberbeing shownis displayedin
the upper right corner.

Video Thumbnail A thumbnail image of the video is shown on the pefit
el.

Data Thumbnail or Timeline If data is present, a thumbnail drawing of the data

shown beneath the video. If data is not pressimeline
is drawn. The data thumbnail or timeline ntagclicked
on to display a different video frame.

Play Controls Standard play controls are provided for playing
video. These include: rewind, play reverse, sfpy
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forward, jump to end, and a button for setting continuous

playback.

File Size and Modification Time  The file size and modification time are shown on the
right panel.

Video Information Information about the video length, size, and redgord

formation is shown in the right panel.

Data Information If data is present, information about the data record in
formation is shown in the right panel.

Viewing and Playing Video and Data

Each video can be played by using the play controls underneath trgrajattearea or by using
the context (right click) menu.

Flay Forward
Flay Reverse
Stop Blayback

Jurnp To Skark

Jump To End

You can also jump to any frame in the video by clicking in the data graph area.

Opening Video Files

There are multiple ways to open a video file from the Video Explorer window:

A Select the video(s)ou wish to open. They will be highlighted in green. CEakter andthe
video(s) will open.

A Doubleclick within the video image that you wish to open and a video window will open.
Drag and drop the video image that you wiislopen onto the Workspace View (the section

cal |l ed A Wor)losamaRrogecttyh e wdect i on oralimeliea(thegi Pr c
section call edV¥iéwi deo Ti mel in

Measurement Window

The Measurement window displays video and data for a single event (video and data). This
window is the primary window where most analysis and viewing of the video and data-will oc
cur. There are five major components to ¥Measurement window: Main Toolbar, Control
Panels, Video, Data, and Play Controls.
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Main Toolbar

The Main Toolbar is located at the top of the Measurement window. It controls the appearance
of the controls, video, artiata and allows for the creation of other windows.

H(mE mErE e E-sQEnE|+ o

Toggle Play Controls Therearetwo stylesof Play Controlsthat are locatedat
the bottom of the window, normal and compathis
button cycles through these two styles or hides the con
trols altogetler. The default style for the play controls can
be set in the Program Options (see #aetion called
iProgram). Opti onso

Show Video Shows or hides the video portion of the window.
Show Graph Shows or hides the data graph portion of the window.
New Window Creates a new duplicate window for this event. This al

lows you to havetwo windows, one showingonly video
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and another showing only data. Or you can have multiple
windows looking at different frames in the video.

Show Calculations Show a calculations window for displaying analysit
culations. Se¢ he section c&i hddwac
for more details.

Show Histogram Show a histgram window for displaying a grayscdlis-
togram of the currently displayed video frame.

Create Timeline Create a new timeline window with this event. See
section cal |l edforimdfté ddtails. Ti me |

Refresh Gaph Refresh the data graph. The data graph is capable ef plot

ting analysis measurement results. If the analysisod
ified, the graph will occasionally need to be refresteed
reflect the new data.

Enable Reticle Enable the reticle for the video image

Enable Midpoint Finder Enablethe midpoint finder tool. When enabledthe de-
fault reticle behavior is changed to support clicking and
dragging a line in order to select the midpoint of the drawn
line. A circle is also drawn around the line epdintsto
assist in finding the center of circular objects. Uncheck
this button to restore normal reticle behavior. When the
midpoint finder is enabled, after the circle is placed,
holding down theControl key while moving the mouse
around will let you place theeticle at the top, bottom, left,
right, or center of the circle.

Enable Quadrarget Center Finder Enable the quathrget center finder tool. When enabled,
the default reticle behavior is changed to lock onto the
center of a quad target. Uncheck thistton to restore
normal reticle behavior.

Enable Blob Center Finder Enable the blob center finder tool. When enableddthe
fault reticle behavior is changed to lock onto the center of
a blob target. Uncheck this button to restaoamalreticle

behavia.
Show Rulers Show rulers for the video image.
View Actual Size Show the video at actual size.
Fit In Window Show the video and data as large as possible, fittibel

in the current window dimensions.

Pan Mode Change the mouse interaction to pan theewi ordata
when dragging.

Zoom Mode Change the mouse interaction to zoom the video or data.
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Control Panels

Various control panels are available to perform different operations on the viddataifthese
control paels are accessed via the toolbar on the right side of the window.

When each button on the toolbar is pressed, the corresponding control panel is shown or hid
den. If no control panel is being displayed when a button is pressed, the entire window will en
large to show the control panel or the video and data sections will shrink to show the control
panel. The default expansion or shrinking of the Measurement window can be set in-the Pro
gram Options (see he s e ctRromg rcarh ). @ ¢ tgodbar Huiton for the currently
displayed control panel is pressed again, the control panel is hidden.

The standard set of control panels are the following:

&

"

=

E]

=

L

= |

Image Processing Adjust image brightness, contrast, and other LifTisgs.See
the section cal Ifagdordidetals ge Pr oc

Image Filtering Specify imagefilters for modifying the image. Seethe section
cal | ed IAtl enrfoigmegeddetails.

Image Calibration Calibratethe imageto real dimensions.Seethe sectioncalled
i Mu-Pt ane Cafbrimbre detaiis.o n 0

Display Layers Control what is displayedon the video image. Seethe section
called nDi sfggiaaeydetdlet t i ngs o

Notes Edit video, data, or global text notes. Seeghetioncalled
Vi deo andfoDmite detalléot e s 0

Annotations Add graphicalannotationson the video image. Seethe section
call ed i Gr a p h iacdathes Amtniodrat c ahk ¢
Me a s ur efarenore defails. These operations can also be
accessed via the Annotations Toolbar (see sbetion called
A Anthaot i on )Tool bar so

Graph Configuration Configure the appearance and contents of the data graph. See the
section call edand hésseplta y natatatl il |
Fi | t ¢or moregldiails.

Save All Toolkits Saveall toolkits from onedialog. After working throughall the

various toolkits, this option will bring up a window whexaican
automaticallysaveall opentoolkits. See the sectioncalled
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ASaving Afotmoedeatallski t so

Additional control panels may be enabled depending upon the version you have purchased. Othe
specialized control panels are alsoikalde as optional toolkits. Sé&ghapter 8Qptional Toolkits
for more details.

Video

This portion of the window displays images from a video file. In addition, it shows annotations,
results fom analyses, and other graphical overlays.

Raw, Processed, and Thumbnail

There are three tabs in the video portion of the main window:

Raw The image displayed is always the original unaltered image directly from the
video source.

lThumbnaiI lProcessed I Raw

Processed The image is processed using Image Processing (see éhe t i on cal | e
Pr o c e)sandilmagedFiltering (seehe secti on cal)l ed #fl

[ Trumbna | Processed  Raw

Thumbnail Shows a thumbnail summary of the entire video. The size andhtieneal between
each individual thumbnail may be adjusted usingcth@ext(right-click) menu,
under Video Menus, Thumbnail or by hittiry' 'or Z' to adjust size and' and
X' to adpst time interval. The images are eitshownas the raw images or the
processed images. This setting can be changed via the context menu also, or by

hitting P".
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Panning and Zooming

When the video is in Raw or Prase2d mode, you can pan or zoom around the image.

To pan the image:

1. Setthe mouse interaction to pan mode by clicking + button on the toolbar or by
holding downControl andShift keys.

2. Click in the image and drag around to pan.

3. Click on the same buttaio unset the pan mode or release the keyboard keys.

To zoom the image:

1. Setthe mouse interaction to zoom mode by clicking o button on the toolbar or by

holding downShift key.
2. Click in the image and drag up to zoom in and down to zoom out.

3. Click onthe same button to unset the zoom mode or release the keyboard key.

You can also zoom the image by clicking on the image and spinning the scroll wheel on your
mouse (if it is equipped with a scroll wheel).

Whenever the image is zoomed in such that tmeptete image is not fully visible, a zoom box
graphic will be drawn in one of the four corners of the display region. This graphic shows the
size of the actual image by drawing four corners. The size of the visible window is drawn as a
solid rectangle. Tlsi allows you to visualize what portion of the full image you are currently

viewing.
Display Settings

There are many different overlays that may be drawn over the video image. Controlling the loc
ation and display of each of these items is done by ussBigplay Layers control panel.
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Display Layers

— Display Layer
[ Contaur Tracking
[ Multi-Flane Calibration

o m|e@|z|aw

=
=

— Owerlay Yideo

[ Enable [T Mask Browse |
Apha —+— [~ 00 .|

— 1 [~ Dizplay Settings
¥ Enable Reticl

Reticle Position: IW
Reficle RGE: | 646668
[T Show Rulers
V' Show Zoom Box IW
I ShowVidealnfo [ =]

"Show GPSARIG Data

0 Rar B e e

[ Orientation [ Trigger
¥ Position v Time

There are a number of options that can be set in this control panel:

Display Layers The upperportion of the control panellists whateveroverlaysare
currently available for drawing, this magclude calibration res
ults, analysis results, annotations, etc. Check or uncheck the box
next to each item to have it displayed or hidden.

Overlay Video A different video can be displayed over the curreridgded
video. Click Browse to seléthe video to use as the overlay video.
The images from the two videos will be blended together using the
alpha value controlled by the slider. Moving #iieler completely
to the left will show the original video onlyoving the slider
completely to theight will show the overlayideo only. Check
the Mask checkbox if pixels with a value of zeénahe overlay
image should be ignored. Click the butto_yrﬂ

want to set X and Y offsets for more precise placement of the
overlaid image. The videimages are displayed relative to their
zero frame.

Enable Reticle Check or uncheck the box to enable the reticle. When the reticle is
enabled, crosshairs will be drawn over the video image. The
crosshairs will be placed wherever the mouse is clickeleirint
age. The control panel displays the coordinates and the value of the
pixel underneath the crosshairs.

Show Rulers Check or uncheck the box to enable rulers. Rulersisaen
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Show Zoom Box

Show Video Info

Show GPS/IRIG Data

along the border of the video displeggion.

Checkor uncheckthe box to enabledrawing of the zoom box

when panned or zoomed. The zoom box can be drawn in any of the
four corners of the image, or may be hidden altogetlisethe

drop down box to select the location for the moloox.

Checkor uncheckthe box to enabledrawing of video informa

tion. The video information is a set of text that is drawn over the
video image that indicates the current frame, recorded rate, shutter
speed, etc.. It can be drawn in asfythe four corners of the im

age, or may be hidden altogether. Use the drop down box to select
the location for the video information.

The four different componentof the GPS/IRIGinformation can
each be enabled or disabled indepeige Check or uncheck each
box to enable drawing of the GPS/IRIG informatibpresent. The
GPS/IRIG information is always drawn at thettomof the video
image.

The reticle, rulers, video information, and GPS/IRIG information can all be turned @anatut
ically every time a new video window is opened by setting the default options in the Program

Options wi

ndow (see the )ection called APr.

Setting Frame Rate, Shutter Speed, and Zero

Depending upon how adéo was acquired, the record rate, shutter speed, and zero frame may
or may not be automatically determined by the software. If the parameters are not automatically
determined, they may be modified using the Modify Recorded Parameters option in the context
menu (righiclick) of the Measurement Window.

Flay
View

Video Menus
Graph Menus

Display Layers
Notes
Annotations

Modify Recorded Parameters

Save Playback As Bitmap Sequence

This will bring up a dialog window with the record rate, shutter speed, and zero frame informa

tion.
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Modify Recorded Paran x|
Fiecord Rate fps

[&
Shutter Speed |-1 uzec
ID

Zero Frame

Apply I Cancel |

Enter the appropriate values and then click Apply. The shutter speec @artdoed in micro
seconds, or in 1/rate notation or 1x,2x,3x,... hotation. If the latter two formats ar¢hesadje

will be converted to microseconds automatically. The zero frame is the frame numiagreel

to the first frame. So if you enter lihe tenth frame will be considered the zero frame, and hence
the first frame will be numbered ak0.

After the parameters have been modified, if you wish for these settings to be loaded every time
the video is loaded, the parameters must be saved.tSayarameters by using the Save Re
corded Parameters option in the context menu or in the main File menu.

Viewing Encrypted Video

To play back a video that has been encrypted, you must enter the correct passphrase that w
used to encrypt the video (addta). Righiclick in the video window and select Video Menus,
Encryption, Decrypt Video.
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The Encrypt/Decrypt dialog will appear. You must enter the correct passphrase twice and ther
press OK.

Encrypt/Decrypt

Pass Phrase I xxxxxxxx —
Werify Pazs Phrazse I xxxxxxx 1 I_Eance| I

MOTE: Pass phrases are CASE-SEMSITIVE and limited to B4 characters.

If the passphrase rrect, the decrypted video will be displayed. If the passphrase is incorrect,
the random noise pattern will continue to be displayed.

Note that the decryption is done-thefly for each frame just before it is rendered, a decrypted
version of the videimage is never stored to the hard drive.

Data

The graph window displays plots of the data acquired with the video and also the results of any
analysis that has been completed. The data can be displayed versus time or the frequency co
tent of the data e¢ebe displayed by using a Fast Fourier Transform.
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When displayed versus time, if you click your mouse in the data graph, the data cursor will be
moved to where the mouse was clicked and the corresponding video frame withlégedisp
This allows you to navigate through your event by clicking on interesting portions of the data

graph.
Raw and FFT (Fast Fourier Transform)

There are two tabs to the graph portion of the main window:

Raw Displays the standard data versus time gi&dil data. Clicking on the graph walute
matically move the video to the corresponding frame.

[FFT | Raw

I
015
Time [seconds]

FFT Displays the Fast Fourier Transform of the data. The frequency range is the full range
possible for the given data. Typical data will most likelyirbéhe left portion of the res
ulting FFT graph. Use the pan and zoom techniques to zoom in on the frequency range o
interest.

| FFT Raw

Frequency [Hz]

Panning and Zooming
When the data is displayed in Raw mode, you can pan or zoom around the graph.

To pan the graph:

1. Setthe mouse interaction to pan modeddgking the + button on the toolbar or by
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holding down theControl andShift keys.
2. Click in the image and drag around to pan.

3. Click the same button to unset the pan mode or retbaseeyboard keys.

To zoom the graph:

1. Setthe mouse interaction to zoom mode by hitting o button on the toolbar or by
holding down theShift key.

2. Click in the image and drag to draw a zoom rectangle around the area of interest.

3. Doubleclick on the gaph if you wish to zoom out fully.

4. Click the same button to unset the zoom mode or release the keyboard key.

Display Settings

Many different settings for how the graph portion of the window appears may be contrelled us
ing the Graph Configuration contrpanel.

sve ||| | ]
— Graph Line:

Add | Remove |

Data-Chan 02 |@[S B8
Data- Chan 1 [E) = 0
Biata - Chan 3 {j LI

r— Graph Configuration " [rata Step——

[

o

— Optio:
[ Display legend [bwo styles)

¥ Show scaled values ve. time

[ -awis labed from charnel -1

v Major grid lines ¥ Minor grid lines
[V Black background

V¥ Pan while playing [~ Fixed bounds
™ Maintain axes when refreshing graph

[ Display cursor backdrop

Fiefrezh Graph |

To display a new line:

1. Click the Add button.
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2. Alist of all currently available items for graphing will be displayed. Select which items
you wish to add to the graph.

Select Items to Add to Graph =

- Data

Chan 0 [4)
: Chan 1 [B]
‘. [JChan 3[)

()8 I Cancel |

3. Click the OK button on the bottom of the sindow.

To remove a line:

1. Select the desired lines from the list of displayed items.

2. Click the Remove button.

To change the color, line style, or point style of a line:

1. Doubleclick on the name or colored circle of the displayed item that you wislodifyn

Graph Line Appearance ﬂ

Channel: Data - Chan 1 [4)

Line Properties Faint Properties

Style I Solid <z l Style I Mone l
Color I | Caolar I |
Thickness I 1 l

Cancel | Apply |

2. Select the desired line style from the "Line Properties" section of the appedialoge
that appears.

3. Click on the color button from the "Line Properties" section and select the desired ine col
or.

4. Select the desired thickness from the & Properties" section.
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5. Select the point style from the "Point" section of the control panel.
6. Click on the color button from the "Point" section and select the desired point color.

7. Hit the OK or Apply button on the bottoof the appearance dialog.

Additional options can be set to change the appearance of the graph, any changes made here m
be followed by clicking the Apply button in order for the changes to take effect. Theiples
options are:

Display legend Thereare two types of legends. Click the check box once
and apply to get the first legend, click again and apply
get the second.

Show scaled values vs. time The data can be shown using scaledvalues(e.g. pres
sure) or using raw unscaled values (e.g. ydtkeck this
box and apply to show scaled values. Uncheck to show
raw unscaled values.

Y -axis label from channel A single label can be added to theaXis of thegraph.
The label can be obtained from one of the displayed
channels. To add a label to theagh, select a desired
channel from the "Displayed" column and check this
checkbox and click Apply.

Major grid lines Check this box to show major gridlines in the graph.
Minor grid lines Check this box to show minor gridlines in the graph.
Black background The graph can be drawn against a black backgraund

against a white background. Check this box to difzev
graph with a black background.

Pan while playing If the data graph is zoomed and the video is playimg,
data that is displayed can pan so tit data displayed
will always be centered upon the video image thatiis
rently displayed. Check this box to automatically gtz
data when the video is playing.

Fixed bounds Set fixed X and Y axes bounds. Normally the gréph
autoscaled so that the and Y axes fit the graphathta.
Using this option, you can specify larger or smdibezd
X and Y axes.

Maintain axes when applying When the Apply buttonis clicked, the graphis recon
figured. Usually this resets the X and Y range of the dis
playedgraph. Check this box to maintain the same set
tings for the X and Y range when the Apply button is
clicked.

Once you are satisfied with the appearance of the graph, the graph configuration can be saved
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to a file by using th&ave button. Graph configurations are saved to files witlG#€ exten
sion. Multiple files can be generated for a single set of data so that you can easily switch betwee
multiple representations. Saved graph configurations can be loaded by usiogdhieutton.

For additional details on graphing .and f il f

Stepping Through Data

Just as you can singiep (advance one frame at a time) through the video, you can also step
onedata point at a time through the data. The data step buttons are located at the bottom of th
Graph Configuration control panel discussed in the previous section.

Graph Configuration [rata Step
Lo ] e || | ]

= Grach Line:

Click the left arrow to move the cursor one data point backwards. Click the right armoawéo
the cursor one data point forward.

Play Controls

Play controls are located at the bottom of the main window. There are two styles fitaythe
controls, normal and compact. You can select between these two sets of controls by clicking thi
Toggle Plg Controls button on the main toolbar.

lo o ] [ori] o] S ———d— Fa
————  Playback Ratio 1:1 =———frames
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The components of the Play tab are described as follows:

Standard Play Controls The standard play control buttons ah®wnin
the upper left. These buttons arewind, play|
reverse, play forward, stop, stéack ward,
step forward, and fast forward.

Slide Bar The slide bar allows the operator to quid
move to a specific part of the playback cy
Just click on the center green triangle of
slider and, holding down the left mouse
ton, drag the dlier to the desired position. T
time and the frame numbers are displayed
ectly above the slide bar. The active are

displayed in red. The inactive area is displg
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in gray.

Slide Bar Range Brackets

The slice bar range brackets are useastab
lish the beginning and end of the playb
range. To approximately select the begini
of the playback range, click on the ldflue
square slider and, holding down the lefbuse
button, drag the slider to the dexi position
Do similarly with the end of playbaalsingthe
right blue square slider.

Set Zero Frame (Zero)

By clicking the Zero button, the current fra
of the video playback is reset to become
Reference Frame 0 and the current datu
reset to bcome the Reference Datum 0.

Set Playback Rate (Slefvast Sliderand
Avg. Playback Rate

The actual playback rate on the comp
screen is determined by many factors, in¢
ing the number of synchronized images,
video RAM and the speed of the coumber
processor. Therefore, the software provid
slider between "slow" and "fast". Set the re
ive speed of playback by clicking on the €
ter post of the slider and, holding down the
mouse button, drag the slider to the des
position. Readhe actual playback rate in t
box below.

Playback Ratio

This feature allows users to speed up dite
play update rate by skipping frames. Uhke
up/down arrows to select the numbafiframes
to skip. The right set of up/dovar rows adjus
the ratb by 1 and the left sef up/down arrow
adjust the ratio by 10. Thde-faultis 1:1 frame|
(all frames are shown).

Current Time

The time of the visible frame is displayed.

Current Frame

The frame number of the visible frame is-di
played.

Continuous

Set the video to playback in continucusde
If this is set, the button will show a circular
row. When the playback reaches the enthe
video, it will loop and start again from tloe
ginning. If playing in reverse, when tiwileo
reaches the bamning, it will loop and contin
ue playing in reverse from the end. If this is
set, the button will show a straight arrow.

Synchronized

If this is set, the button will show two linkd a
chain. This video will be synchronized il
other synchroniegd windows. This mearthat
all synchronized windows will show thadeo
and data corresponding to the same moring
time (or the same frame number, dependin
synchronization mode). If you press plapne
window, all the other windows will also
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play. If you step backward in one window,
the other windows will also step backward,
Seet he section cal l
Contr ol sformore detababaut sy
chronization modes. If this is not set, the-
ton will show two links of a chain with a r
diagonal line.

Jump to Frame (Jump) This control allows you to go to a spec
frame number in the video. Enter a frg
number in the edit box arttien press Jump
go to that frame.

Create Zoom Window (Zoom) This button allows you to create a zoovin-
dow for a specific region of the videGlick on
the Zoom button and then click and dra
rectangle over the area of interest in titeo.
A new zoom window will appear showiniie
area in the rectangle.

Play Control Keyboard Shortcuts

The play controls also have keyboard shortcuts that allow you to control playback of tleatcur
video using the bottom row of keys on your keyboard. The &ReX, C, V, B, N, M all
correspond to the buttons shown above the slider in the Play tab. For in§taoecesponds to
the play forward buttorly corresponds to the stop button, etc. In addition, thed the." keys
can also be used to control tB@entinuous (Loop) button and the Synchronized (Link) button
respectively.
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Image Processing

There are two types of image processing available for modifying the appearance of video im
ages: Image Procesgirand Image Filtering. Image Processing allows for the standard set of
image controls such as brightness, contrast, and gamma correction. Image Filtering allows fol
much more powerful image manipulation in the form of sequential filter operations. Many dif
ferent image filters are provided, such as smoothing, sharpening, threshold, and despeckling fil
ters. If both Image Processing and Image Filtering are used, the Image Processing settings a
applied first, and then the Image Filtering settings.

Image Processing

The Image Processing control panel can be shown by clicking the Image Processing button o
the side toolbar of the Measurement Window.

r—Image Processing Feset

Load | Save—l‘ ’7 Reset &l |
r~ Color Image Seftings———————
Brightness \l_ll_m_ll_l/
Cortrast \l_l—l/
Gamma l— 2
Exp./Log. \l_l—l/

Feverse J-tdl J4J| J4J|

— Corrvert to Bt
R—I16—1es—I

Display B&w' |
Bt/ Image Settings
Brittriess - | [] |
Cortrast < [] |
Gamma | |
Evpi/log. < [] |
Reverse e

The various components of the Image Processing panel are described in the following sections

Contrast, Brightness, Gamma, Nonlinear

The Image Processing panel allows you to set all the parameters about the image, save your s
tings and restore them for later use. Note that there are the same sets of sliders for color ar
monochrome (black and white) imagesr Ehe color settings, the red, green and blue channels
are modified as a group when the slider is the default gray color. By double clicking on the slider
control, the slider bars will separate into red, green, and blue channel sliders that can be
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adjusted independently. For greater flexibility, all images are treated as RGB color. This sim
plifies image processing and also allows you to add a color cast to a grayscale image-by sepa
ating the channels and dragging the indingdred, green, and blue sliders.

The various image settings are:

Brightness Adjusts the brightness of the image. Higher brightness valiles
cause the image pixels to move closer to white (255). Lower bright
ness values will cause the image pixelsve closer to black (0).

Contrast Adjusts the contrast of the image. Higher contrast will try to move
colors toward white or black and reduce the grays. Lower contrast will
move all colors closer to gray.

Gamma Correction Adjusts the gamma of the imagehe gamma of the image affects the
brightness of the displayed result on your monitor. Higlaéreswill
brighten the image more.

Nonlinear Adjusts the nonlinear palette function. By adjusting this valogcan
change the mapping of input to output eslto be eitheexpo nential
(more blacks) or logarithmic (more whites). A more detailed
explanation is provided below.

Detailed Input/Output Mappings

The Image Processing features allow you to improve the image contrast to enhance the trackin
successThe tracking tools typically look for objects that have high contrast (vamitelack or
black-on-white), changing the Looklp Table (LUT) settings adjusts the image paletténto

prove the image contrast.

A description of these image palette optionsvey below. The images on the left aseamples
of the effects of each of the palette options. The plots on the right show the mapypixef
intensity values from the original (horizontal axis) to the processed (vertical) aftaggpplying
the newpalette.

To help in understanding the palette mapping plots, here is an example using the reverse palett
For a given pixel intensity of X in the original image, we move upward at coordinate X until we
intersect with the blue line, then we move honizdly to find the new pixel valuia the processed
image, in this case it would be Y. This is done for every pixel in the imagedyeing the final
processed image as shown in the figures on the left.
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Normal

This is the defagland stand
ard palette with no processi
occurring. In other words, th
processed pixels are identi
to the original pixels.

Processed

285

Original

255

Reverse

This option uses areverse
palette, where 255 ldack and
0 is white. This willinvertthe
image so tht light regionsare
dark and dark regiorarelight.
Contrast is not affected.

Processed

285

Original

285

Brightness

Adjusts the brightness ahe
image. Moving the slideothe
right will increase the
brightness of the imagédy
uniformly increasing thepixel
intensity values. Mving the
slider to the left will decreas
the brightness of the imadyy
uniformly decreasing thpixel
intensity values.

Processed

Processed

255

255

Qriginal

255

Original

255

Contrast

Adjusts the contrast of the i
age. Moving the slider to th
right will increase the contrg
of the image. This has thed
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fect of moving pixel intensit
values towards white (255)
black (0). Moving the slider {
the left will decrease the cq
trast of the image. This has
effect of moving pixel inteng
ity values towards gray (128

255

Processed

=1

Original
255
DU 255
Original
Gamma Correction Adjusts the gamma of the #
age. Gamma correction is & __
ically used to adjust for diffe =

ences in the way monitors d
play brightness and colo
Adjusting this slider is simila]
although not identical, to a
justing the norhear slidern
Moving the slider to the rig
will increase the brightness
the image in a nonlinear fag
ion as shown.

Processed

S
i

/
///
/

i}

Original

Nonlinear

Adjusts the image usingon
linear input/output mapping
This slider is a combinatioof
a logarithmic (movingdiderto
the right) and exponenti
(moving slider to theleft)
palette.

The logarithmic palettein-
creases the contrast in daek
gions and decreases tloen
trast in light regions. Thikag
the effect of bring outmore
detail in the dark regionand
making light regionserylight.

255

Processed

-

=}

255
Qriginal
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255

The exponential palette -
creases the contrast in light
gions and decreases the ¢
trast in dark regions. This h
the effect of making dark
gions darker and bringing g
more déail in lighter regions.

Processed

N

Original

Reversing Channels

You may also convert images between color and monochrome and adjust the individual chan
nels of the image. Note that all the analysis toolkits use only monochrome representations o
images.

To reverse a mathrome image or individual channels of a color image, click on the reverse
buttons at the bottom of the color and black and white sections of the panel.

Reverse J-tdl J4J| J4J|

Reverse Changes the color palette such that whites and blacks are reversed. In addition, for col
images, each individual channel of RGB color is reversed. For celeensals, Red
is reversed to Cyan, Green is reversed to Magenta and Bluevéssed to Yellow.

Converting between Color and Monochrome

To display a color image as monochrome aet®et a monochrome image to its original color (if
recorded in color), the following options are available:

Convert to Bt
FR—I1G—18 —1

Dizplay Béw |

Display B&W  Converts color images to monochrome images using the conversion factors
indicated by the R, G, and B sliders.

R Scale Amount of redchannel to include when converting from colomonc
chrome.
G Scale Amount of green channel to include when converting from colardnc

chrome.
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B Scale Amount of blue channel to include when converting from colonémo
chrome.

Saving Image Processing Settings

Once you find a good set of LUT settings, you can save the Image Processing settings and the
reload them at a later time or apply these saved settings to another video image. Saniptesx

you may optimizeone image for tracking performance and then apply those same image
processing settings to all images in the same experiment or application. The image processin
settings are saved into an LUT (Loblp Table) format for later retrieval.

The save/load butts are found at the top of the Image Processing control panel.

Image Processing
Load | Save |

Save To File Save current settings to file. Image processing files havieUfiefile
extension.
Load From File Allows previously stored image settings to be loaded for this image.

Image Filtering

A sequence of image filters can also be applied to the video images. These filters can be adde
using the Image Filtering control panel.

—Image Filtering
Load | Save

—Image Filter List

Flemovel Clear |

Correolee: Edge Detectar (..
Correolve; Smocthing [545 G... <,

Comman: Despeckle [ §]

Mave Up | Maove Down |

— Filter Information
Filter Class:  Commar

Filter Type: IDespeckIe 'l

Description:
Remove small clusters of pizels below
a minimum size and below [+] or
abaove [-] a threshald.

Mininum # Pixels = 10
Threshald = 128, Connectivity = 8
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The upper portion of the panel lists the current filters that have been addetiethdnthey are
active or not. Check or uncheck the box next to each filter to enable that filter. Thefdhaer

filters can be changed by selecting a filter and then clicking the Move Up and Dtnve
buttons.

Adding and Removing Filters

New filters ca be added by clicking the Add button. New filters are always added to thaé end
the sequence. The order can be changed using the Move Up and Move Down Wemyau
click the Add button, the Add Filter dialog will appear:

Select Filts |

- Arithrnetic

[l Common

[ Convolve

(- Histogram
E-LUT

- Morphology

- Meighborhood

i [ werage
- Calar Median
- Maximum
- Median

- Lens

()8 | Cancel |

Select the Filter Classnd the Filter Type of the filter that you wish to add. A complete listing
and description of the available filters i

Filters can be removed by selecting a filterhie tist and then clicking the Remove button. To
remove all filters, click the Clear button.

Modifying Filter Properties

After a filter has been added, you cannot change the Filter Class, but you can change the Filte
Type. If you must change the Filter €& remove the filter and add a new filter of the correct
class. To change the Filter Type, click on the filter in the list and select a new Filter Type from
the dropdown box in the lower portion of the control panel.

Some filters have editable propertasd others do not. When you doubliek on a filter in the

list that has editable properties or click on the wrench icon in the list, these properties will be
displayed in a separate pap dialog window.
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x
Filter: Despeckle
— Propertie:
Minirum # Pixels 10
Threshold [+.- cutaff] 128
Connectivity [4 or 8] 8
— Previe

[” Enable Preview [~ Auto Update

Cancel | Apply |

Edit the propertieand then click Apply for the changes to take effect.

A preview option is available to help in tuning the filter properties. To enable the preview, check
the Enable Preview checkbox in the lower portion of theygplialog window.

x
Filter: Despeckle
— Propertie:
Minirum # Pixels 5
Threshold [+.- cutaff] 128
Connectivity [4 or 8] 8
— Previe

¥ Enable Preview

QK I Cancel | Apply |

The portion of the deo that is displayed in the preview region can be adjusted by clicking and
dragging within the preview area.

The preview area will display the processed video with all filters applied up to and including the

current filter. The filters in the filter lishfter the current selected filter are not appliedh®
image displayed in the preview area.

If the Auto Update checkbox is selected, then the parameters entered into the upper portion of
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the dialog will be automatically appligd the current filter for the preview image without hav
ing to be applied. If Auto Update is not checked, then in order to see the effect of any paramet

er changes, you must click the Apply button.

Saving and Loading Image Filters

A set of filters can & saved to a file. These files can then be reloaded for another video-or mul
tiple sets of filters can be defined for a single video. To save or load image processing settings

use the Save and Load buttons at the top of the control panel.

Image Filtering
Load | Save |

Image filtars and settings are saved to files with & extension.

List of Available Filters

A Arithmetic

Perform basic arithmetic operations on all pixels in the image.

Addition/Subtraction

Adds or subtracts a specified parameter v
from all pixels in the imag. Use positive va
ues to add and negative values to subtract

Invert (Logical NOT)

Performs a logical NOT (~) operation on all
pixels in the image.

Left Bit Shift

Performs a left bit shift (<<) operation on
pixels in the image. Shifts by a speedinum
ber of bits.

Logical AND

Performs a logical AND (&) operation with
specified parameter value for all pixels in
image.

Logical OR

Performs a logical OR (|) operation with a4
cified parameter value for all pixels in the-i
age.

Logical XOR

Performs a logical XOR (") operation with
specified parameter value for all pixels in
image.

Multiplication

Multiplies all pixel values with a specified
parameter value.

Multiplication (Scaled)

Multiples all pixel values with a specifi
paraméer value with scaling, so that the m
imum value is limited to 255.

Pre-Subtraction

Subtracts all pixels in the image fromspe
cified parameter value. Parametatue should
be positive.
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Right Bit Shift Performs a righbit shift (>>) operation on a
pixels in the image. Shifts by a specified n
ber of bits.

Square Squares each pixel in the image.

A Common

Common image operations such as thresholding and despeckling. Filters with the (slow)

designation often take arlg time to process a single frame.

Alpha Blending

Blends each displayed image with theevi
ously displayed images using the alplaue
specified. The alpha value shouldhetweerl
and 255. A value of 1 will keep the origit
frame, ignoring all nevirames. A valueof 255
will always show the new framégnoring all
previous frames. The type controls hdhe
images are blended. (More informatiamtype
is pending. It is recommended yase the
default value of 3.)

Despeckle (slow)

Removes speckkb in the image beneath a<{
en size and threshold. The image is
thresholded using a fixed grayscale paran
value. Then all speckles beneath a given
are removed. Speckle size is computed as
ing four point connectivity or eight point cg
nectivity. Four point connectivity means t
only points to the left, right, top, and bott
will be considered connected to a given pi
Eight point connectivity also includes the
agonal uppeteft, upperright, lowerleft, and
lower-right pixels

Fill Center of Objects (slow)

Attempts to fill the interior of enclosed ¢
jects. For example, this filter would attemp
fill the interior of objects that appear like
donut (white ring with a black center) w
white, resulting in a solid white rdle. De
pending on the complexity of the image,

filter may not successfully fill.

Flip Both (Rotate 180)

Flip the image horizontally and vertically. T
is equivalent to rotating the imag80degrees

Flip Horizontal

Flip the image horizontally.

Flip Vertical

Flip the image vertically.

Frame Difference

Computes the difference in pixels from
specified frame to the current frame. Only
of these filters may be active at a time. If A
tiple are added, only the first one will be-en
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abled. An option to this filter controls the st
of differencing that is computed. If the style
0, then the absolute difference between frg
is computed. If the style i, then the curre
frame A is subtracted from the preumframe
B, with only positive values displayed. If t
style is 1, then the previous frame B is
tracted from the current frame A, with o
positive values displayed.

Initial Frame Background Removal

Performs approximate background remavy
checkng for differences above a specif
threshold from the specified frame of viddf
a pixel value is above the specified thresho
is displayed normally. If a pixel valuelis- low
the specified threshold, it is displayasblack.

Local Backgroundkemoval

Performs approximate background removal
using local averaging.

Reverse Despeckle (slow)

Removes speckles in the image above a ¢
size and threshold. The image is first thres
ded using a fixed grayscale parameter v
Then all specklesibove a given size are-
moved. Speckle size is computed assu
four point connectivity or eight point ce
nectivity. Four point connectivity means t
only points to the left, right, top, and bott
will be considered connected to a given pi
Eight point connectivity also includes the-
agonal uppeteft, upperright, lowerleft, and
lower-right pixels.

Reverse Threshold (Mask)

Performs a threshold operation on iheage
All image pixels above the threshold wikkset
to black (0). All image pixels below the
threshold will be set to the originiahagevalue

Strobe Effect

Produces images that are a combinatiomlk
previously displayed images by performia
logical OR operation with every neframe.To
reset the combined image, disabtereenablg
the filter by clicking on thecheckbox next tc
this filter in the filter list. Onlyone of these
filters may be active at a time. ful- tiple are
added, only the first one will ken+ abled.

Threshold (Binary)

Performs a threshold operatiam theimage
All image pixels below the threshold wileset
to black (0). All image pixels abovéhe
threshold will be set to white (255).

Threshold (Mask)

Performs a threshold operation on the imag
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All image pixels belw the threshold wilbeset
to black (0). All image pixels abovéhe
threshold will be set to the originiahagevalue

Threshold (Niblack)

Performs a threshold operation on the im
based on the Niblack method. This filter
useful for detecting textral edges.

Threshold (Sauvola)

Performs a threshold operation on tiheage
based on the Sauvola text method. Tiltisr is
useful for detecting text and edges.

Unsharp Mask

Performs a sharpening technique on time
age. A blurred, or "unsharp” positinmageis
used to create a mask of the original image.
unsharped mask is then combinedith the
negative image, creating an image tisdess
blurry than the original.

Zero Border

Sets all pixel values to zero near the left, ri
top, and bottom drders.

Zero Circle

Sets all pixel values to zero inside a circula
region in the image.

Zero Outside Circle

Sets all pixel values to zero outside a circu
region in the image.

Zero Region Sets all pixel values to zero within the reel
gular regiondefined by the left, right, top, a
bottom values.

A Convolve

Convolution of the image with fixed convolution filters. The actual filter coefficients are
provided at the end of the descriptions, each row is separated by a semicolon.

Checker Corner Detamt

Convolves with two filters to locate cornesf
checkerboard patterns, one filter {ocate
black-white,whiteblack checkerboardmdthe
second to locate whiblack,blackwhite
checkerboards.

Edge Detector (3x3 Center High Pass)

Convolves the imagevith a basic higipass
filter to find edges. Equivalent to the Lap
cian (3x3). [-1-1-1;-18-1;-1-1-1]

Edge Detector (3x3 Laplacian High Pass)

Convolves the image with a Laplacian high
pass filter to find edges-L-1-1;-18-1;-1
-1-1]

Edge Detector (5x5 Center High Pass)

Convolves the image with a basic highss
filter to find edges. f1-1-1-1-1;-1-1-1 -1
-1;-1-124-1-1;-1-1-1-1-1;-1-1-1-1-
1]

Edge Detector (5x5 Laplacian High Pass)

Convolves the imagwith a Laplacian high
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pass filter to find edges-1-3-4-3-1;-306
0-3;-462064;-3060-3;-1-3-4-3-1]

Horizontal Edges (3x3 Prewitt) Convolves the image with a horizontal Prey
gradient filter tofind horizontal edges. [1 1 ]
;000;-1-1-1]

Horizontal Edges (3x3 Sobel) Convolves the image with a horizontal Sob
gradient filter to find horizontal edges. [ 1 2
;000;-12-1]

Sharpening (3x3 Center) Convolves the image with a basiaspening
filter to sharpen the image-1-1-1 ;-1 16-1
;-1-1-1]/8

Smoothing (3x3 Gaussian Low Pass) Convolves the image with a Gaussiaw-
pass filter to smooth the image. [121 ;24
121]/16

Smoothing (5x5 Gaussian Low Pass) Conwlves the image with a Gaussiamw-

pass filter to smooth the image. [2 7 12 77
3152317;12521275212 ;7 3152 317
7127211571

Vertical Edges (3x3 Prewitt) Convolves the image with a vertical Pre
gradient filter to find vertial edges. f1 0 1 ;-
101;-101]

Vertical Edges (3x3 Sobel) Convolves the image with a vertical Sobel
gradient filter to find vertical edges-1 0-1 ;
-202;-101]

A Histogram

Many of the following operations require a range to be spedfieal parameter to the filter.

A range is specified by three RGB center values and three RGB ranges. A pixel value is in
side the range if it is within R +dR, G +/ dG, and B +/dB, where dR, dG, dB are the RGB
ranges.

Channel Gains Applies independ# gains to the RGB chan
nels.

Channel Offsets Applies independent offsets to the RGB ¢h
nels.

Color Select (Binary) Selects pixels in the image that are with

specified color range. If a pixel is outside
range, the output pixel is set to tta@©). If &
pixel is within the range, the output pixel is
to white (255).

Color Select (Mask) Selects pixels in the image that are with
specified color range. If a pixel is outside
range, the output pixel is set to black (0).
pixel is within the range, the output pixel is
to the original pixel value.

Equalize Computes the histogram of the image and
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forms a remapping so that the resulting hi
gram attempts to equalize the occurrenc
each pixelalue.

Inverse Select (Binary) Selects pixels in the image that are outsi
specified color range. If a pixel is outsithe
range, the output pixel is set to white (296a
pixel is within the range, the output pixeket
to black (0).

Inverse Skect (Mask) Selects pixels in the image that are outsi
specified color range. If a pixel is outside
range, the output pixel is set to the orig
pixel value. If a pixel is within the range, {
output pixel is set to black (0).

Threshold Pixel Gunt Computes the histogram of the image and
forms an adaptive threshold. The ac
threshold value is determined by counting
number of bright pixels that will be kept or

number of dark pixels that will be removed.
the direction to 1 to pecify the number (
bright pixels to keep. Set the direction to (
specify the number of dark pixels to remowv¢

A LuT
Each of the following operations are equivalent to the controls in the Image Processing pan
el(thesecton call ed filmage Processingo

Brightness Modifies the brightness of the image. A sin

parameter value betweeR55 to +255 is use
to adjust the brightness. Negative values
make the image darker, positive values

make the image brighter.

Contrast Modifies the contrast of the image. A sin
parameter value betweeR55 to +255 is use
to adjust the contrast. Negative values wil
crease the whitblack difference, positive v¢
ues will increase the whitelack difference.

Gamma (x10) Modifies the gamma of the image. A sin
parameter value between 0 to 100 is use
adjust the gamma. Values are 10x the cor
tional values, for instance 20 would be
gamma of 2.0.

Nonlinear Applies a nonlinear (exponential/logarithm
LUT to the image. A single parameter va
between-255 to +255 is used to adjust

nonlinear LUT. Negative values will apply
exponential LUT, positive values will apply
logarithmic LUT.
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Reverse Reverses the image, making white blaok a
black white.

RGB to Gray Converts the image from RGB to grayscale
with weights on each RGB channel.

RGB to HSV Converts the image from RGB to HSV colo
space.

A Morphology

Morphological operations can be used to grow or shrink regions or open aedeagams.
Each operation can be repeated a specified number of times.

Break Connections (Open) Performs the specified number of erosion
erations followed by the specified numbe
dilation operations.

Close Connections (Close) Performs the specifienumber of dilation of
erations followed by the specified numbe
erosion operations.

Make Thicker (Dilate) Performs dilation on the input image. The<
put pixel is set to the maximum of the pi
values in a 3x3 area around each input pix¢

Make Thinner (Erode) Performs erosion on the input image. The-
put pixel is set to the minimum of the pi
values in a 3x3 area around each input pix¢

A Neighborhood

A neighborhood is specified by providing a width and height and anchor coordinages. Th
anchor specifies where the neighborhood is relative to the pixel of interest. For instance, for
a 5x5 neighborhood to be centered on the pixel of interest, specify the anchor to be 3,3.

Average Replaces each pixel in the output image
the average opixels in the neighborhood
each pixel.

Color Median Replaces each pixel in the output image
the median of pixels in the neighborhood
each pixel.

Maximum Replaces each pixel in the output image
the maximum of pixels in the neighborhooc
each pixel.

Median Replaces each pixel in the output image
the median of pixels in the neighborhood
each pixel.

Minimum Replaces each pixel in the output image
the minimum of pixels in the neighborhood
each pixel.
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A Lens

Lens filters perform operations that are related to lens artifacts, such as radial distortion.

Radial Distortion Compensates for radial lens distortion. Use
Lens Distortion Calculation Tool to calcul
suitable parameter6t he secti @
Distortion Qalcul at

Lens Distortion Calculation Tool

The Lens Distortion Calculation Tool can be accessed from the main menu bar under Tools an
then select Lens DistortioCalculation.

Lens Distortion Calculation 10l =|

r— Compute Lens Distortion

Load Checker Image
Define Region |
Compute Distortion |

Save Coefficients

|

— Corect Lens Distortion

Load Image to Correct
Load Coefficients

Correct Image

[l

Ho image loaded.

Save Corected Image

— Coefficients
# Center

' Center
R2 Coefficient
R4 Coefficient

Update Coefficients |

™ Show Conected Image

—
—
—
—

For each lens and camera combination that will be usednagei of a checkerboard pattern
should be acquired if lens distortion correction is required. The resulting coefficients computed
from this tool are only applicable to the cameawrad lens combination used to capture the
checkerboard image. If a different camera or lens is used, another distortion calculation must b
performed.

To compute lens distortion coefficients:



Chapter 4. Analysis 77

1. Capture an image of a checkerboardegratusing the camera and lens that will be used in
testing.

2. Click Load Checker Image and select the checkerboard image file (BMP, TIFF, or JPEG).

3. Click Define Region and click the left mouse button on four points that enclose a ehecker
board region. Maksure that the lines connecting the four points that you have setected
not cross a boundary for a row or column of squares. Select the points so that eaish point

located inside of a checkered square. Do not draw the region outside the entire-checker

board pattern.

4. If you would like to redraw the region, click Define Region again and reselect the four
points.

5. Click Compute Distortion. The distortion coefficients will be computed. If the R2Rahd
coefficients are zero, then lens distortion correctionat required. If you wish to view the
corrected image, you can click the Correct Image button.

6. If you wish to save the coefficients to a file, click the Save Coefficients button to ereate
lens coefficient filg*.lens ).

Lens Distortion Calculation -- pentex25mm_distortion.bmp g ;]Qlj]

- Compute Lens Distortion—

Load Checker Image
Define Region
Save Coefficients
(- Comrect Lens Distortion R—
Load Image to Correct
Load Coefficients
Correct Image
Save Corected Image

[~ Coefficients

X Center M

Y Center ]W
R2 Coefficient M
R4 Coefficient [3917356

Update Coefficients

[~ Show Comected Image

The four coefficients thare produced from the Lens Distortion Calculation can be manually
input or loaded into the Lens Radial Distortion image processing filter to compensate for lens
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distortion.

If you encounter difficulties locating the checkerboendners or computing the lens distortion,
there are a number of tools available via the context menu.

Lens Distortion Calculation -- pentex25mm_distortion.bmp il =10 5]

- Compute Lens Distortion——

Load Checker Image
Define Region
Save Coefficients
Correct Lens Distortion

Correct Image
_ Save Corrected Image
[~ Coefficients

X Center £56.563

v Use Smoothing to Find Corners

Save Points to Text File
Save Corrected to Text File

v Show Original Points
v Show Corrected Points

Show Grid Lines
Adjust Grid Lines

v Constrain Aspect Ratio

Hide Image
= Y Center 513.681
e
= R2 Coefficient |74.9926
View Actual

R4 Coefficient |9.17356
Update Coefficients

™ Show Comected Image

Fitin Window

Pan Mode
Zoom Mode

Use Smoothing to Find Corners  Applies a smoothindfilter on the imagebeforeattempt
ing to locate checkerboard corners.

Save Points to Text File Save the coordinatesof the original corner pointsto a
text file. This can be used to do your own custom pro
cessing on the corner points to determine the lens distor
tion correction.

Save Corrected to Text File Savethe coordinatesf the correctedcorne pointsto a
text file.
Show Original Points Show the green markers for the origiolaéckerboard

corner points.

Show Corrected Points Show the red markers for the corrected checkerboard
corner points.

Show Grid Lines Show grid lines over the image. Thdmes can be used
to manuallysetthe distortion coefficientsusingtrial and
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Adjust Grid Lines

Constrain Aspect Ratio

Hide Image

Show Processed Image

View Actual
Fit in Window

Pan Mode

Zoom Mode

error. Values can be manually entered into the edit boxes
on the right panel. After clicking the Upddimefficients

and Correct Image buttons, lingat should be straight in
the image can be compared to the grid lines to deieen

the effectiveness of the correction.

The grid lines that are displayed over the image lzan
adjusted to produce and inclined, Aerpendiculasetof
lines. Select this option and then click the Iefouse
button and drag the mouse in the image to adjusgrile
lines.

Theimageis normally shownwith the normalaspecta

tio of the native image. The image can also be displayed
with an unconstrained aspect ratio by checking this item.
This option can be very useful in determining if a row of
points is straight by adjusting the window size to-piuce

a skinny and tall image or a short and wide image.

Check this optiortio hide the original image. Thigption
is useful when you only wish to see the located eord
rected point markers. This option is often usedom
bination with unconstraining the aspect ratio.

This option can be checked to shthwe processeninage
that is analyzed to locate the checkerboard corifeysu
are having difficulty in locating corners, you ca&m
amine the processed image and see what portiotie of
image are creating difficulties for the automatic location
scheme

Show the image at the actual image resolution.
Set the zoom so that the entire image is shown.

Select this mode to pan the image by clicking draty
ging using the left mouse button.

Select this mode to o the image by clickingand
dragging using the left mouse button.

Multi-Plane Calibration

Overview

Calibrating an image serves the following functions:

A converts and scales the recorded video image tewed dimensions (e.g. inches, meters,

etc.)
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A rotates the image to remove any unwanted tilt introduced during the recording framess
the analysis process

A establishes an origin (0,0) and X,Y coordinate plane for motion analysis (directiom of
tion).

Image calibrationequires measurement information about some feature in the imagaigNe
gest that you include a horizontal ruler in the picture or some equivalent frame of refaegnce
has both a weltlefined scale and known rotational orientation. After an imagdiisaiad, you
can change the units of measure at any time in each Calculations Window or Apeatysis

Multiple calibrations can now be defined for a single video. Each calibration can eitlaer be
normal calibration or a perspective calibration. Otreeking and analysis toolkits can be set to
assign specific calibrations to specific features. See the section on each analysis toolkit to finc
more information.

The multiplane calibration is saved by default to a file with the same prefix as the atideo
with a mcl' extension. This file is loaded automatically whenever the video is opernbdrdf
is a previous singlealibration file with aclb ' extension present, theb ' file will be loaded
as the first normal calibration in the mugtiane cabration toolkit.

Multi-Plane Calibration Panel

The Multi-Plane Calibration panel contains a list of the calibrations that have been defined and &
brief description of the currently selected calibration.

Iulti-Plane Calibration

Save

Calibrations

Add: Normal| Multiple| Perspective|
10| Calbrationt | o & &

Set &g Default Remove

Drescription

To add a normal calibration, click Normal. To siltaneously add multiple normal calibrations
that are based on an existing Normal calibration, click Multiple. To add a perspective-calibra
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tion, click Perspective. To remove a calibration, click on the desired calibratioti(s) list and
then click the Remove button below the list of calibrations.

Each calibration must have a uniqgue name. The names are used to identify which calibration i
assigned to each of the analysis toolkit features. If the names are not uniquset tadiffiration

in the list with the desired name will always be used. To change the name,-dizlbtan the

name in the list and set the new name in the dialog that appears.

Each calibration can also be given a different color. This aids in identifyggarious calibra
tion axes that are drawn in the video image. To change the color of a given calibration, click on
the colored circle in the calibration list. A color selection dialog will appear.

One calibration must be set as the Default calibrafibis calibration will have a 'D' following

the calibration number in the list. This default calibration is used by the Annotations toolkit and
some of the analysis toolkits that do not support setting of independent feature properties (e.g
Particle, CellTracking). The default calibration can be changed at any time by clicking on a
calibration in the list and then clicking the Set As Default button.

When a calibration is being edited, the calibration will also be drawn in magenta to highlight the
changedhat are being made. The changes are not actually applied to the selected taalibra
until you click the Apply button at the bottom of the settings dialogs.

Normal Calibration

The normal calibration assumes that the plane of the video image is pegtenttiche cam

era. The normal calibration is capable of representing a constant scale factor across the enti
image and perpedicular coordinate system. Two points in the video image that are separated &
a known distance are used to compute a constahe that is used across the entire image area.
Two additional points are used to specify the origin and orientation of the perpendicular co
ordinate system. The X and Y coordinate axes must be perpendicular (90 degrees) to-each ot
er.

Calibrating the Scale

To set the calibration scale:
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Calibration 1 Settings =

i Lahel
|Calibrationt

— Calibrate Scale
SetPort#l | SetPort2 |

Distance Between Points

1 -

Apply Scale »» || 1 pixels £ pixelz

r— Calibrate Coordinate Spstem

Set Origin| Set Direction | Fip ¥ Asis |

Quick Set

-
[

pixelz [origin]
0o

Apply Origin and Tilk >> | degrees [ti]

]

r— Impart Calibration File [.clb)
Import CLE File

Apply | Cloze I

1. Within the video image, find a known fraroé-reference object. Leftlick on one enaf
the object, using the reticle as a guide.

2. Click Set Point #1.
3. Within the video image, leftlick onthe other end of the known object.
4. Inthe settings dialog, click Set Point #2.

5. Type the distance between the points and choose the unit of measure from ttlevanop
list (e.g. inches, meters, etc.).

6. Click the Apply Scale >> button to set the scale factor.

Calibrating the Coordinate System

The coordinate system is defined to include the origin (0,0 point) and the X,Y axes-The co
ordinate system is used in the motion analysis of video.

To calibrate the origin and axes of the coordinate system:
1. Choose a gint in the image that will serve as the origin of your coordinate system. Left

click on one end of the object, using the reticle as a guide. In the settings dialog, click Set
Origin. The coordinatesystemmarkermovessuchthatits 0,0 positionis on the selected
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point. Note that the moved marker is shown in red and the original marker position is
shown in purple.

2. Determine the appropriate positiveaXis direction, and leftlick anywhere in thénagein
that direction. The cadinate X,Y markers will rotate to align the X direction witienew
reticle position.

3. Inthe settings dialog, click Set X Direction.

4. In the image, the coordinate markers will automatically rotate to align the X axis between
the origin and the current pui

5. A default Y-axis will also be drawn at a right angle to theaXs. To flip the Y axis (e.qg.
reverse the positive Y direction), click the Flip Y Axis button in the Calibrate tab.

6. Click Apply Origin And Tilt >> Apply Origin and Tilt to set the calillit@n. The origin
location and the tilt degrees are shown in the text boxes on the right side of the Calibrate
tab.

You must click Apply at the bottom of the planar calibration dialog to apply the settings to the
selected calibration.

Loading Old-Style Calibration Files

The previous calibration toolkit only allowed for a single Normal calibration. These caidrs
were saved to files with theLB extension. There are multiple methods for loadheseCLB
files into the new MultiPlane Calibration toolk

1 Ifthe CLB file has the default naming (the same prefix as the video file pluSliBeex-
tension), then the program will automatically load this file when the video is opened, and
assign the calibration a default name of "From CLB File".

2 CLB files may still be added to Project files and loaded in the typical fashion-(iight
in the project and select from the pop menu).

3 Inthe settings dialog for a Normal Calibration, buttons near the bottom of the dialog allow
for loading ofCLBfiles.

Adding Multiple Calibrations

Multiple normal calibrations can be added that are derived from an existing rzatibehtion.
Typically this is done when the points used for calibration are at a known distancéhérom
camera and you wish to define additiomalibrations that are at different distances from the
camera. As with all normal calibrations, all planes of motion should be parallel to one another
and perpendicular to the camera. The distance from the camera to the known califatizn
known, andhe distances to each of the new calibration planes must be known.

The normal calibration assumes that the plane of the video image is perpendicular to-the cam
era. The normal calibration is capable of representing a constant scale factor acrossethe enti
image and perpedicular coordinate system. Two points in the video image that are separated by
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a known distance are used to compute a constant scale that is used across the entire image at
Two additional points are used tpexify the origin and orientation of the perpendicular co
ordinate system. The X and Y coordinate axes must be perpendicular (90 degrees) to-each ot
er.

Adding Multiple Calibrations

To add multiple calibrations, click the Multiple button in the Miatane Calibration panel. The
following dialog window will appear:

Thiz option uzes a single normal calibration at a known distance from
the camera to generate additional normal calibrations for different
distances from the camera.

IMPORTANT NOTICE

Mote that only the scale factor is modified for each calibration.
The origin and coordinate axes will be et to the same az the
baze calibration.

After the multiple calibrations are created, you should manually
adjust the origin location for each calibration in order to obtain
proper X, v coordinate walues using each calibration.

Base Calibration

Basze Calibration [Mormal Only) 1 - Calibration1

Base Calibration - Distance From Camera

Additional Calibrations

Up ta & additional calibrations can be added:

[ Additional Calibration - Distance From Camera ’—
[ Additional Calibration - Distance From Camera ’—
[ Additional Calibration - Distance From Camera ’—
[ Additional Calibration - Distance From Camera ’—
[ Additional Calibration - Distance From Camera ’—

Perform the following steps to add multiple calibrations:

1. Select the calibration that will be used to create the additional calibrations fradrmofhe
down list. This calibration must belfy defined before proceeding. If no definealibra
tion has been created yet, click Cancel and define a calibration first. Note that this calibra
tion is only used to create the new calibrations. The resulting calibrations wiklidted
together.So any subsequent changes to the base calibration will not automatically be
propagated to the additional calibrations.

2. Enter the distance from the camera to the calibration plane in the base calibration.

3. Click the checkboxes for up to five (5) additiocalibrations that will be created.

4. Enter the distance from the camera to each of the new calibrations that will be created.
5. Click Apply.

Please note that only the scale factors for the new calibrations have been modified. The origir
and coordinate axeseacopied from the base calibration. In most cases, these will not reflect
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the proper origin for the newly added calibrations. The origin and the coordinates axes for eact
new calibration should be modified to provide consistentc¥rdinates over all the calibra
tions.

Perspective Calibration

The perspective calibration is capable of representing any perspective transformation ef the im
age coordinates. This allows you to define planes of motion that are moving towards the cam
era, away from the camera, tilted upward or downward, or a combination of those.

Four points with known locations are required. These four points must lie in the same plane in
the world. The four points do not need to be spaced equally apart. Theyataamlydocation in

the world, as long as they all lie within a single plane and the X and Y locations of these points
in that plane are known. After you have entered these points, a perspective transtorrisa
computed that can calculate the real waddrdinates of any point in the video image, assuming
the point lies in the plane defined by the four known points.

Specifying Known Points

A typical method for performing perspective calibration would be to place a rectangular object
of known size alonghe path of motion. Let us say that the object is square and has a width and
height of 50 inches. We can then use the four corners of the object as the four known points.

x

i Lahel
|Calibration2

— Perzpective Plane

Image Pointz  Actual v Coordinates

setpontt | o o
SetPointn2| [ o
SetPointn3| i Jos
SetPointtMl |1—|F

Units: |Meters =

Shift Al Faints | Edit Image Poirts |

Swap 12,34 | Swap#13,24 |

-~ Feature-Based Calibration

Fized Length Perspective Calculator

— Estimate Orientation of Mormal

Calculate Approximate Orientation |

Azimuth & Elevation I I

Apply | Cloze |

To calibrate the perspective calibration:
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1. In the videoimage, click on the uppédeft calibration point (for example, the upgdeft
corner of the rectangular calibration object), then click Set Point #1 in the settings dialog.

2. Inthe video image, click on the uppéght calibration point (for example, theperright
corner of the rectangular calibration object), then click Set Point #2 in the settings dialog.

3. Repeat for the loweleft calibration point and click Set Point #3.
4. Repeat for the loweright calibration point and click Set Point #4.

5. If you wishto shift the entire set of four points in the image, click on the new loctmion
point #1 in the image and then click Shift All Points.

6. If you wish to manually edit any of the four points in the image, click Edit Image Points.

7. If you have selected themts in the image in the wrong order, you can click the Sidap
2, 34 or the Swap #-B, 24 buttons to adjust the point selection so that the points are
ordered correctly.

8. Enter the real world X and Y coordinates of the points next to each of tHeoBebut
tons.

9. Select the units of the X and Y coordinates that you have just entered.

10. Click Apply, and the newly defined coordinate axes should be drawn in the iNatgthat
if the origin of your coordinate frame is computed such that it is out§ithe videoimage,
you may need to zoom out beyond the limits of the image to see the origin.

Fixed Length Perspective Calculator

The Fixed Length Perspective Calculator is a tool that calculates thétpesspective calib
ration for a fixedlength noving object. This tool can be useful for golf, baseball, or any applic
ation where a knowdength object is moving in a flat plane.

The Fixed Length Perspective Calculator requires that a perspective calibration be added to
video and that Feature Tikdng is enabled. At least two features must be automatically or
manually tracked and located in at least 3 frames of video. The features can be actual or intel
polated tracked points. The tracked features should mark the two endpoints of an objectof know
length that moves in a single plane of motion.
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x

Thiz tool calculates the minimum least-squares
perspective calibration by using the tracked
endpointz of a fised length object.

r— Configuration

First Feature IFeature‘I 'l
Second Feature IFeature 2 'l

[V Only use actual points, ignore interpolated

Object Length |1 uli] I Inches = l

Calculate | Settings

- Calibration Result

Minimum Object Length

ID
M aximum Object Length ID
ID

Standard Deviation

Trangfer to Perspective Calibration |

()8 I Cancel |

To use the fixed length perspective calculator:
1. Select the feature number for the first and second features that were tracked using Feature
Tracking.

2. Check the Only use actuabipts, ignore interpolated box if you wish to only use actual
tracked points. Uncheck the box if you wish to also use interpolated tracked points.

3. Enter the length of the object and select the proper units.
4. Click Calculate.

5. Upon completion, a results windowill be shown. If the final error measure is I¢isan
0.001, the results are satisfactory.

6. If the final error measure is more than 0.002, click Calculate again.

7. If the results are satisfactory, click Transfer to Perspective Calibration to applyutis res
to the perspective calibration.

Estimate Orientation of Normal

To approximately calculate the orientation of the normal to the plane corresponding-o a per
spective calibration:
1. Click Calculate Approximate Orientation on the Calibration Settingkogi

2. The message "Calculating Solution" appears briefly, and the estimated sign of Azimuth
and Elevation angle results are shown in the fields.



ProAnalyst User Guide

3. Click Apply and then Close.

Saving and Loading Calibration Settings

To save the auent calibration values to disk at any time, click on the Save File button in the
Multi-Plane Calibration panel.

The Select Destination for Calibration File dialog box appears:

Select Destination for Calibration File 2=l
Save ir: IQ Local Disk [<] j L= 5 Ef-
File name: Itest.mcl Save I
Save as ype: IMuIti-PIane Calibration Files [*.mcl) j Cancel |
4

Enter the filename and click the Save button. Calibration files are satretheMCL file ex-
tension.

To load a previously stored calibration onto an image, click the Load File button in the Multi
Plane Calibration tab.

The Select Calibration File dialog window appears:

Select Calibration File 2]
Look jn: | = Local Disk %) -] « @ o B
File: name: | o I
Files of type: IMuIti-PIane Calibration File [*.mcl) j Cancel |
4

Select the calibration file you wish to apply to thrage and click the Open button.

Displaying Calibration Markers

The calibration markers can be toggled on and off the video in the Video window at ary time
for example, during image processing, during analysis or during normal viewing.
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The visibility of the calibration marker is controlled via the rightk contextual menu or the
Display Layers panel. To enable or disable the visibility of the calibration markerscligiht
anywhere within the video, select Display Layeusd then Display Layers: MulRlane Calib
ration, or select Feature Tracking or Line Tracking, and then Show Calibration.

(1-D) Tracking

Overview

The Line Tracking control panel enables you to do automatielomensional (1D) tracking of
featurescontained in your video files. This analysis toolkit allows you to place up lioe®in
arbitrary locations within your video frame and detect features that match a given set of user
supplied criteria.

The toolkit is capable of detecting peaks in isignor derivative of intensity along a line and
detecting points of transition that exceed a configurable threshold value for intensity or-derivat
ive of intensity. You can limit your search to blatkwhite transitions or whit¢o-black trans

itions a search for both. Up to 20 targets that satisfy the specified criteria can bddowath

line in each frame of your video.

The Line Tracking control panel can also use the resulting data to computefia diede. A
fixed center point for the cirelmay be specified, or a leastuares optimization method can be
used to find the best center location.

The resulting line and circle information can be exported to Excel for reporting orexore
haustive analysis. The video scene scale and orientstiobe calibrated to use rearld units
that can be used when exporting.

In this next image, the Line Tracking toolkit is used to find the leading edge of a flame front that
is expanding out from the center. The lines are set to detect changes inyirftensiblack to

white to detect the edge of the flame. A circle fit is also enabled to estimate the radius of the
flame front.
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Many tools for enhanced visualization of line information are provided. The Line Vievdoimn
provides instant feedback for configuring the location, threshold, thickness, and ottargset

that will produce the best results for your tracking needs. The Summary View generates a bitmaj
image of the pixels or their derivative along a given line &snation of time, giving you a
shapshot of your complete video in a single image.

Line Track Panel

The Line Track Panel follows the standard layout of analysis toolkits.
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Line Tracking Options

Load Save ® e
(+ Autamatic
Froperties
Add Remove| | & | 2
oMo a9
*[=o Mo

e [=Eo Mo
o]

2
3
Cir.

ModiyLine | SetLine

Feature Lines Dizplay

Confiqure " Line Legend
g [ Summary Marks

Tracking

Units & Export

Fizelz = | |Texst - Export

Brief summary of the various controls on this panel:

Enabe/Disable

Load

Save

Circle Fit

Manual

The first step in any Line Track analysis is clickitng
Enable button in the upper left of the panel. This initial
izes memory and sets up configuration informatitims
must be done for each video that you wish to analyze.
When you are donwith the analysis, you can click this
button again to disable the Line Track analysis fied

the associated memory.

Saved Line Track analysis files can be loaded usiigy
button. All tracking results except for the summuigw
contents will be eloaded from the saved file. Liffg¢ack
files are saved with thieTK file extension.

Save Line Track analysis configuration and resulta to
file. All tracking results except for the summaview
contents will be saved to the file. Line Track file® a
saved with th&.TK file extension.

Enable circle fitting for this analysis. This will add-an
other row, labelled 'Cir.", in the Properties sectiorhef
panel through which the circle fitting parameters ban
set.

Set point selectioto Manual mode. This mode allows you
to manually select points in the video and sthemas
track points. When in Manual mode, the clogesiht on
the currently selected line is added when thePsgtt(Set
Line) button is clicked.
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Automatic

Add

Remove

Toggle Visibility of All Lines

Toggle Lock on All Lines

Clear All

Modify Line

Set Line

Configure Feature Lines

Set point selection to Automatic mode. This isribe mal
behavior. In this mode, tracking of line transitions is done
automatically when Track Forward or TraBlack ward

are clicked.

Add a new line to the analysis. The line via# added in
the default location (horizontal across the centethef
video). Use the Modify Line and Set Line buttotos
change the location of the line.

Remove a line from the analysis. Select the lineeto
move by clicking on the appropriatew in the proper
ties section. Then click the Remove button.

Showor hide all linesin the analysis.If the majority of
lines are currently visible, all lines will be hidden. If the
majority of lines are hidden, all lines Wbe shown.

Lock or unlock all lines in the analysis. If the majorif
lines are currently unlocked, all lines will be lockédhe
majority of lines are locked, all lines will he locked.

Clears all analysis reks for all lines. A messadsoxwill
appear to confirm that you wish to delete all analysis
results. The line locations and properties will rentai
same.

Modify the location of the line in the video. Clidkis
button and then click and drahe mouse over thadeo
image at the location where the line should be placed. If
you would like to keep one endpoint fixed and modify the
other, you can move your mouse over thedpoint
(marked P1 or P2) and drag just that end point to a new
location. When you are satisfied with the line thaiu
have placed, click the Set Line button. Holding ddia
Control key while dragging the mouse will constraime

line to be drawn horizontally or vertically.

This button is only used to complete a Nfgd.ine oper
ation. Click Modify Line and set the line location as de
sired, then click Set Line to accept the new locatidthe
line. In Manual mode, this button changes toSk#oint
button to manually select a track point for the- rently
sekcted line.

Lines can be configuredto be drawn betweentracked
features. Click on this button to display the Line Config
uration dialog. The feature line configuration is identical

to the feature line configuration in the Featy&D)
Tracking toolkit. Seethe e c t i on ¢ alLliende sfioC
for more information.
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Line Legend

Markers in Summary View

Track Backward

Track OneFrame Backward

Track Current Frame

Track OneFrame Forward

Track Forward

Export

When enabled, displays a legend in the upperctafier
of the vicko image indicating the coordinates of eath
the analysis lines.

When enabled, red markers will be displayed in the-Sum
mary Views to show the location of the tracked poarts
each line. Since the Summary Views are regeneraiehl e
time a video is tracked, you musttrack thevideo in
order for a change to take effect.

Perform the line track analysis from the currémaime
backward in the video. When tracking is in progrgssi,
can click on the center button Adoort tracking.

Perform the line track analysis for the previoideo
frame only.

Performthe line track analysisfor the currentvideo
frame only.

Performthe line track analysisfor the nextvideo frame
only.

Perform the line track analysis from the currésime
forward in the video. When tracking is in progregs.
can click on the center button to Abort tracking.

Exports the results for the line tracking asictle fit. The
export units are specified by the left most ddmwn se
lection. The export format is specified using thaldle
drop-down selection.

The properties listing is composed of seven columns.

Froperties

Add
7

Line Number/Circle Line numberor circle indicatorfor eachline. Doubleclicking on
this column will also bring up the settings dialog for giveen
line or circle.

Line Color Each line is automatically assigned a color when aduadever,

if you wish to change the color for any reason, clicktos t
column and a color selection dialog will appear.

Line View Click on the checkboxnextto the graphicicon to displaythe line
view for the given line.
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Summary View Click on the checkbox next to the graphic icon to displaystim
mary view for the given line.

Visibility Each line can be displayed or hidden individually. This duss
affect whether or not a line is used in tracking (for that, thee
Active check box in the settings dialog). This setting only affects
whetheror not the line is drawn in the image.

Lock/Unlock Lock or unlock this line. If a line is locked, the tracked poartd
settings will not be modifiable.

Settings Click on this icon to show the settings dialog for this particular line
or circle.

Line Properties

The Line Properties dialog allows configuration of how tracked points are determined for each
line. The Line Properties dialog is accessed by decli&ing on the line number or clicking on
the Settings icon in the Properties section of the Oirack control panel.

Line 1 Settings =

— Calibration

Label I Default j

r— Image Setting

d  Apply Current to Feature |

v Use image processing filkers

— Search P,

v Active I~ Apply Settings to Al Lines

Search Type W
Trangition Type W
Threshold E
Max. Targets lﬁ

Thickness |3 'l
Filter Coefficient |1 oo
Apply | Drefault | Cloze |
Calibration Each line can use its own calibration (see s$eetion
cal | ed-Pliatud t C a) lsettings.aThe bswofo
currently defined calibrations is showntime dropdown
box. Select the specific calibration label to be used with
this line, or select Default to use whichever calibratson
set as the default calibration.
Show Settings Each line can maintain its own set of Image Processing

(see thesect i on cal | ed ) Beltinga.g e
TheseLUT settingsare typically the settingsthat were
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Apply Current to Feature

Use image processing filters

Active

Apply Settings to All Lines

Search Type

active when the line was added. Click on this button to
display the image using the image processing (LUF) set
tings associated with this line.

This button allows the imageprocessingLUT) settings

for a given line to be changed to whatever settings are
currently active. In order to change the LUT settings as
sociated with a line, charghe LUT settings so that the
desired appearance is achieved (seestwtion called

il mage P}, and then slickrihis dutton.

While each line can have itsvn set of Image Processing
settings, all lines share the single set of Image Filters (see
the secti on c al)defnddfdihewidaog e
However, each line can be set to use the infiageers or

to not use tm. Check this box to have theagefilters
applied to the video for this particular limdienanalyzing.

This box indicates whether or not this line will be
cluded in the tracking. If the line is not active, no points
will be tracked. This isiseful if you wish to temporarily
disable a line without having to remove it.

If this box is checkedthenany modificationsyou make

to the line properties will be applied to all lines that are
currently present. Any lines thate added later will not
automatically have these settings. Instead, newly added
lines will start off with the default properties.

There are four possible search types:
A Peak Intensity

A Peak Derivative

A Threshold Intensity

A Threshold Derivative

The peak intensity setting returns the point of highest in
tensity along the line. The peak derivative settietyrns

the point of highest derivative along the line. These two
settings always return a single target. The threshold value
is not applicable fothese search types.

The threshold intensity and threshold derivative settings
require a threshold value and can return multipéches

for each frame. For threshold intensity, the seamth
return points where the pixel intensity crosste
thresholdvalue in either the positive or negative direc
tion or both depending on the transition type selected. For
the threshold derivative, the search will retpaints

F
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Transition Type

Threshold

where the magnitude of the derivative (change in pixel
intensty) exceeds the specified threshold. The threshold
will apply to positive or negative derivative values or both
depending on the transition type selected.

There are three possible transition types:
A Black to White

A White to Black

A Both

For thethreshold intensity search type and a blatk
white transition type, the program will searftn points
where the intensity value crosses the threshold value from
a darker pixel to a lighter pixel. Fawrhite- to-black
transitions, the program will sedrdor pointswhere the
intensity value crosses the thresheiduefrom a lighter
pixel to a darker pixel. If a selectiafiboth is made, then
both darketlighter and lighterdarker threshold crossings
will be found.

For the threshold derivative searclpéyand alack to-
white transition type, the program will searfth points
where the derivative (change in intensigjceedsthe
threshold in the positive direction. This is becaalsack
to-white transition would have a positiveerivat ive
value. For a whiteto-black transition type, thpro- gram
will search for points where the magnitude of the
derivative (absolute value) exceeds the thresholthén
negative direction, since white-black transitionsvould
have negative derivative values. If @ection of boths
made, then the program searches for any paihése the
absolute value of the derivative excetthreshold. Not
all points that exceed the threshold exdurned, only the
points at which a transition is madem before the
threshold to beyond the threshold.

The threshold value is used for the threshold intensity and
threshold derivative search types. In gen¢hathreshold
value is always positive and the transititype dictates
which direction of crossing is exangd forin- tensity and
which sign of the derivative is examineskethe previous
section on transition type for more details.

A negative threshold does not make sense for a threshold
intensity search type. However, for the threshold derivat
ive searchytpe, one case in which the threshold value
could be negative would be if your image had regions of
large derivative and you wish to find regions of smail de
rivative. For instance, if the derivative along a line is
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primarily negative and then approaches zero in the re
gion of interest, you could select a bladkwhite trans
ition type and specify a negative threshold value.

The Line View window discussed in this section will
greatly aid in specifying an appropriate threshallie for
each case.

Max. Targets The maximum targets setting specifies hmanymatches
should be detected for each line in each frame. The value
can range from 1 to a maximum of 20. Rbe peak
intensity and peak derivative search types, only a single
point can be returned. Therefore, the maximum targets
setting is only applicable for the threshskhrchypes. In
the threshold cases, multiple points may satisfy the
threshold and transition criteria. The settingnal imum
targets allows you to limhiyour consideration tafixed
number of points.

Thickness Two techniques are provided to handle noisy imdate.
The thickness of each line is configurable, up tma¢
imum width of 20 pixels. The program will averathe
pixel values along a directioperpendicular to thine. In
addition to specifying thickness for each line, yoealso
able to specify the coefficient for a first order filter that is
applied to smooth the pixel data befpre- cessing.

The thickness of each line can be set fraatwieen land
20 pixels. Increasing the thickness of a line candseto
smooth the intensity values used by the progfam
detecting transitions. For a line thickness greater fhan
the intensity value for a given point is computecttas
average of th intensity values at neighboripgintsalong

a line perpendicular to the H#2 line. Thethick- ness of
the line governs how many neighboring pointsse when
computing the average.

The thickness of the line drawn in the video image will
reflect the atual thickness setting. You can use this to
visualize which pixels will be used for the averaging
computation.

Filter Coefficient Two techniques are provided to handle noisy indaja.
The thickness of each line is configurable, as described
above. In adition to specifying thickness for each line,
you are also able to specify the coefficient for a first or
der filter that is applied to smooth the pixel datfore
processing.

The filter coefficient provides another means to smooth
the pixel data prior tsearching. The filter is a firgirder
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filter applied to the intensity values from P1 to R2alue

of 1.0 produces the exact unfiltered intensibl- ues.
Values less than 1.0 will smooth the data and values
greater than 0.will introduce more noise.

Apply Apply the settings to the line or all lines. Changésnot
be applied unless this button is clicked.

Default Load the default settings for the line properties into this
dialog. The settings are not applied until thpp#y but
ton is clicked.

Dismiss Close the dialog. Settings will not be applied unliéxgs

Apply button was clicked.

Circle Properties

The Circle Properties dialog allows configuration of the circle fit. The Circle Properties dialog is
accessed by doubltdicking on the "Cir." label or clicking on the wrench icon in the Propes
section of the Line Track control panel. To enable circle fitting, check the Circle Fit box in the
upper left of the Line Track control panel.

Circle Fit Settings x|

— Calibration

Label I Default j

~ Usze Line

Line 1
- Line 2
" Select >» Line 3

— Center Type
" Fived Set Fired Center |
' BestFit [V Sticky Center

— Propertie:
¥ Active

Selection Scheme ISmaIIest Radius 'l
Thickness I‘I 'l

Apply | Drefault | Cloze I

Calibration The circle fit @an also use its own calibration (see #eetion called
A Mu-Pt ane Ca)kettibgs. Theilist of currently defined €al
ibrations is shown in the drop down box. Select the specificraalib
tion label to be used with the circle fit, or select Default to use
whichever calibration is set as the default calibration.

Use Lines Not all of the lines that have been added may be intended fdyyuse
the circlefitting algorithm. You can selectivelchoose whicHines
will be usedby checkingthe appropriateboxes.If not all the lines
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Fixed Center

Best Fit Center

Active

Selection Scheme

will be used, you must uncheck the 'Use All' box beforehcking
the boxes for the lines that will not be used.

When compung the besfit circle, a fixed center location cdreused
or a variable center can be used. When using a fixed cehéer,
algorithm tries to find the best radius that will fit all the points.

The fixed center will default to the center of the videogmalf a
different center should be used, click your mouse in the video image
at the desired point and then click on the Set Center button. A red '+'
mark will be shown when the fixed center type fit is being used, to
indicate the location of the center.

When using three or more lines, the best location (in a-tepstres
sense) for the center and the corresponding value for the radhes of
circle can be computed for each frame. A gradient descent approach
is used to compute the locatiohthe center and the radius.

When using the bedit center, the quality of the line track results will
greatly affect the circlditting algorithm. For instance, if yoareusing
three lines and at a particular frame only two of the ffoesdsuitable
transition points, then be#t circle for two pointswould place the
center at their midpoint and have a radius of half the tdisce
between them. This will likely be nowhere near teaterfound for
the case when all three lines found suitable ttmms. For these
situations, it may be helpful to check the Sticky Cehtet: When this
is checked, if the number of transition points drispm three or more
down to two or one, then the previously computed ¢emnis used as
if it were a fixed centeuntil three or more transition points are found
again.

The circlefitting algorithm can be activated or disabled using this
checkbox. If the circle fitting is disabled, then new fit values are not
computed during tracking. Any prior circle fit vakier circle fitset
tings will remain. This is equivalent to locking the circle in ttee
Track control panel.

When multiple targets are available for a given line, the efittlag
algorithm must decide which among these multiplgdts to usdor

the fit. There are four different possible technigues for the algorithm
to use in selection. These are:

A Smallest Radius

A Largest Radius

A Closest to Previous

A Closest to Predicted

The Smallest Radius option would select the point that isstltséhe

last computed center. The Largest Radius option would select the
point that is farthest from the last computed center. The Closest to
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Previous option would select the point that is closest to the last point
that wasselected for this line. And the Closest to Predicted would use
the selected points from the last frame and the frame before to predict
where the point would be in the current frame and thetests the

point which is closest to this prediction.

Thickness This option allows you to specify how thick the circle is drawn. It is
only used for visual representation of the resulting circle andbas
impact on any part of the algorithm.

Apply Apply the settings to the line or all lines. Changes will noajpeied
unless this button is clicked.

Default Load the default settings for the line properties into this dialog. The
settings are not applied until the Apply button is clicked.

Dismiss Close the dialog. Settings will not be applied unless the Apply button
was clicked.

Line View

The Line View provides valuable information for selecting appropriate line properties-to pro
duce the best tracking results. There are separate Line View windows for each line.

-ioix
Faint 1 Faint 2 Statistic:
% 53 pisels | | X [ 108 pisels | | Slope [ 18481
N —2 pixels N W pixels Angle m degrees
= Length W pixels
¥ Diraw PiselWalues W

Intensity Dizplay Ilntensity & Derivative 'l Derivative
| s— I

Across the top of the window, the line view shoWs toordinates of the end points P1 and P2
and basic statistics for slope, angle, and length of the line. The slope is the change in X dividec
by the change in Y from P1 to P2. The angle is the angle relative to horizontal, with 0 degrees
corresponding t®2 located to the right of P1. The length is the length of the line from P1 to P2
in pixels.

The main portion of the line display window is a graph of the intensity and derivathapbtels

of the image corresponding to the particular line. The Disgpddgction beneathe graph allows

you to select whether to view just the intensity, derivative, or both. The units for intensity are
along the left side of the graph and the units for derivative along the right. The threshold line is
shown as a red dasth line.
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Two checkboxes are provided to display the pixels values and to use a black background. Dis
playing the pixel values will draw the intensity values of the pixels corresponding to the line in
the rectangular bar aboveetimain graph. The intensity values used are values after the aver
aging from the thickness of the line and after filtering. Use the black background option if you
have chosen a light color for your line which is difficult to see with the white background.

To aid in visualization, you can change the vertical scale of the main graph by clicking on
graph and either rolling your mouse wheel or pressirgy Z on your keyboard. You can pan
the graph in the vertical direction by either clicking and dragugiitig your left mouséuttonor
pressingS and X on your keyboard. Doublelicking in the graph window will reset the zoom
and pan to the default values.

Summary View

After (or during) a tracking run, you can bring up a Summary View for each of the lines. T
Summary View contains images that are composed from the intensity and derivative values un
der the line for each frame in the video.

=lolx|
v | (m| e |

One axis represents the pixels from P1 to P2 and the other axis represents frame number (or
measure of time). If gu have selected Markers in Summary View in the Line Track control
panel, then red pixels will be drawn at the locations where points were found that match your
specified transition criteria.

All options for the Summary View are accessed via the toolbeomtiext menu. You can bring
up the context menu by riglticking in the window. The same options are available from both
the toolbar or context menu.

Show Intensity View the intensity summary image. Each line in the imagmes
ents the value of thexels underneath the line in each fraofe
the video.

Show Derivative View the derivativesummaryimage.Eachline in theimagerep-

resents the derivative of the pixels underneath the line in each
frame of the video.

Show Rotated View the imageas pixels versusframe numberor frame number
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versus pixels.

Show Axis Labels Showsor hidesthe axislabelsshownin greenat the left andbot-
tom of the image.

Make Pixels Square The summaryview window can be resizedarbitrarily. This will
sometimes distort the pixels so that they are rectangular, not square.
Pressing this button will use the current width of the-wiimw and
adjust the height of the window such that the pixels are drawn
square. Note that this may result in the windmeing resized off
the bottom of the screen. In this case, either drag thedein to a
smaller width and perform this operation again or rotate the image
and then make the pixels square.

Save Image to File Usethis buttonto savethe currentlydisplayal imagecanto a bit-
map file.

The summary view can be a useful tool for analyzing tracking results. For instance, in-the pre
vious image, the flame front edge is shown by the red markers. We can measure tbetaegle

line formed by the markers totemate the velocity of the edge. We can also note ttreated
markers form nearly a straight line in the center of the image, but deviate from tlatthine
beginning and end. This indicates that the edge is speeding up or slowing down during those
periods.

Tracking

After lines have been placed and properties defined, in order to obtain results, tracking must b
run. All tools described so far are used for setting up the parameters for tracking but do not ac
tually execute any of the line search or lgiffitting algorithms.

When you are satisfied with your line and circle properties, click on the Track Forward or Track
Backward button to begin tracking. Tracking will commence from the currentipldiged frame

until the end or beginning of the vida&hen tracking is running, the track btians will change

to an Abort button. Clicking on Abort will stop the tracking.

PPN

Since tracking begins from the currently displayed frame, in most situations, you will want to
jump to the first frame of the vide@fore beginning tracking. You can do this by clickinglom
doublebac kward arrow button in the Play)Contr

If you begin tracking forward from an intermediate frame of the vidiétragking results prior

to that frame will be preserved. In this manner, you can use one set of tracking parameters fo
the first portion of a video and a different set for the second portion. Similarly with tracking
backward.

If you wish to observe thigacking results framéy-frame, you can use the singdtep tracking
buttons: Track Onérame Backward and Track Ofeame Forward. This will perform the
analysis on one frame only and then stop. In addition, if you simply wish to process the current
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frame, click on the Track Current Frame button in the center. This is useful if you are tuning your
tracking parameters. You can adjust the parameters, analyze the current frame, and see the eff
on the current frame.

Manual Tracking

Manual tracking is performed on a gleame basis; the user cycles through each relevant frame
and manually marks the feature locations by clicking the mouse. Manual tracking mode is se
lected by clicking on the Manual mode in the upper left cornéreolfine Tracking control panel.

Optione———
IV Circle Fit
& Marual
 Automatic

To add a manual point or to modify the location of a point:

1. Select the line in the line properties list that you wish to add a track point to by clicking on
the corresponding row.

2. Click in the image window to place theticle in the desired position.

3. Click the Set Point button in the Line Track control panel.

To remove a point, use the Clear Features context menu¢figkin the window).



104 ProAnalyst User Guide
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Additional Display Options

Additional options ér changing display settings, clearing points, or swapping the orientations
of lines are available via the context menu.
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Show Calibration

Show Line Locations

Show Feature Lines

Clear Points

Swap P1 and P2

Show or hide the current calibrations that have been defined.

Show @ hide the line track lines. This option behaves differently
than the visibility setting in the list of lines. The track points will
still remain visible even if the corresponding lines have been
hidden when using this option.

Showor hide the lines drawn betweentrackedpointsthat were
defined using the Feature Lines, Configure button in the Line
Tracking panel. Seetlree ct i on cal | e dormo@&o n f i
information.

Clear a single point for a single line or clear many points for
multiple lines using the options in this submenu.

The direction in which a line is drawn can be critical, since
edges are detected by moving along the line from P1 to P2. Use
this option to swaphe locations of P1 and P2 for a single line or
all lines.

Saving and Loading

All Line Track settings and results can be saved to a file for later use. This allows you to do
multiple analyses on the same video file, store the configuration and resdltstemoad the
appropriate analysis whenever you need it. Line Track settings saved from one video can also
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be loaded on another video. This allows you to configure the line track lines and dettorgs
video, then loadrad apply these settings to many more videos where the same type lgis
is to be conducted.

To save the analysis settings and results, click the Save button at the top of the Line Track par
el. Line Track settings and results are stored to filéis thieLTK file extension.

Select Destination for Line Track File ﬂﬂ
Save jn: I@ flarme j - I‘j‘ v

combustion, [tk

com . Itk Save I
Save as ype: ILine Track Files [*Itk] j Cancel |

" Save Option

File name:

vV Save track points

If you only want to save the feature settings, uncheck the Save track points checkbox in the Sav
Options. This is useful if you intend to use this file to define line and circle settings for different
videos.

To load a savednalysis file, click the Load button at the top of the Line Track panel.

21
Look in: I I} flame j - I‘j‘ v
(= Flame. Itk

File name: Harne. Itk Open I
Files of type: |Line Tracking Files [*tk) =l Cancel |
Load Dption

’7 ¥ Load track points ™ Append

Uncheck the Load track points checkbox in the Load Options if you do not want to load the track
points stored in the file. This is useful if you only want to use the line and sitlings contained
in a track file that may have been saved from a different video.

If the Append checkbox is selected, the lines and track points from the selected file will be ap
pended to any lines that are currently configured. This is a usefabthé&ir comparing results
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from two different analyses of the same video.

Units and Exporting

After a successful tracking run, you can export the data to a variety of formats to perform any
additional custom analysis or graphifdne units used for exporting and graphing can be selec
ted here.

Unitz & Export————————————
’7|Pixels v”Te:n:t 'l Export |

Units You can select what set of units to use for exporting the tracking resultscédibo
ration has been done on the video, then this selection is ignored and the values are
output in Pixels. If any graph lines are currently being displayed, they will be up
dated to use the newly selected units.

Format You can select what format to export to: Text, Excel Blank, Excel Template, or Dia
dem. Results for each of the linesddor the circle fit will be exported to the result
ing file.

In all formats, the line settings and the line track data will be output for each line and
the circle fit settings and circle fit data will be output.

The line track data is composed of th#édwing information: frame number, time (if

we know the record rate of the video), the X and Y coordinates afatied point,

the distance from the tracked point to P1 along the line, whether the transition was
white-to-black or blackto-white, and tle intensity level of the image #tetracked

point. If multiple targets were allowed for each line, then for every frame, there will
be multiple rows in the output, one for each target. Values of 1 indicate that a tracked
point was not found for that fraen

The circle fit data is composed of the following information: frame number, time, the
X and Y coordinates of the center, and the radius. If a fixed center was selected, then
the X and Y coordinates of the center will always be the same.

When exportingo a text file, information for each line and for the circle fit is ap
pended to the single output text file. WordPad will be launched on the text file that
was just exported.

For Excel Blank, a new workbook will be created that contains multiple shdmets.

first set of sheets will correspond to each of the lines that have been added. The las
sheet will contain the circléitting results. Excel Template produces the same res
ults, however, the data is imported into an existing Excel file that is ssadem

plate. You can put in any formulas and graphs into the template file, and these will
be recomputed and regenerated when the new data is exported into it.

For Diadem, the results are exported @A file that can be loaded by Diadem.

Export When you are satisfied with your tracking results, and have selected your export units
and format, click the Export button to export the results.
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See the section cal |l s dordidtenalaetdls regardind expoatingo r
Graphing

Line tracking results can be immediately displayed in the Measurement Window graph section.
Once line tracking is complete, use the Graph Configuration control panel to add line tracking
results to he graph section.

% flame.avi =[]
= W E DB ME U B~ D NE P
-
H Graph Configuration !
i -~
=1 Graph Configuration Data Step s
% Load Save Al - i
g B
2
= Graph Lines &
E Add Removwe o
5
= w
2D
",
®
‘e
L
3 o
4 Options -]
= [~ Display legend [two styles] P
= [¥ Show scaled values vs. time
[ *-awis label from channel: -1 = |

¥ Major giidlines ¥ Minor grid lines
¥ Black background

v Pan while playing [~ Fixed bounds

™ Maintain axes when refreshing graph

™ Display cursor backdiop
I 1 I 1 I 1 1
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144 o | e | [ [ ] o =
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- 1 | | 1|
e R N By

After clicking the Add button, a listing of available items to graph is presented. For each line and
target, the X and Y coordinates, distance to the origin, and speed can be graptdgtiém, if

any feature lines have been cagpuified to display angle or line dimensions, thesealso be
graphed. Select the items that you wish to graph and click the OK button at the bottom of the
dialog.
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Select Items to Add to Graph #

=10

[ Line 1- Target 1 -
3 Line 1 - Target 1 -
- [JLine 1-Target1-
- [JLine 1-Target1-
- [JLine 1-Target1-
- [JLine 1-Target1-
- [JLine 1-Target1-
- [JLine 1-Target1-
- [JLine 1-Target1-
- [ Line 2 - Target 1 -
- [ Line 2 - Target 1 -
- [ Line 2 - Target 1 -
- [ Line 2 - Target 1 -

.

®
p:
Distance
Speed
 Welocity

' Welocity
Acceleration
¥ Acceleration
' Acceleration
R

e

Distance

Speed LI

Cancel |

For more details on configuringetother options in the Graph Configuration panel, see the sec

tion cal

| ed

Calculations

ADi spl ay

Settingsbo

Immediate simple calculation results such as position and velocity can be displayed for each
line and circle usinghie Calculations Window associated with a Measurement Window.

il
+ = | ] | Units: IPiers vI
|dentifier | Paoszition [+.7] | Digtance from Origin | Displacement | Speed |
Line 1 [Target 1) 81.5034, 58.4717 100.313 3.99804 3.99804
Line 2 [Target 1] 154.25, 78.0147 172.856 299107 299107
Line 3 [Target 1) 91.972,151.252 177.02 299699 299699
Line - Circle Fit 108.707, 102,385 [center] 51.6533 [radius) 0.764367 [center] 3.26881 [radiug]
See the section calfbrendrede@is.l cul ati ons Wi ndo!

Feature (2-D) Tracking

Overview

Tracking is the ability to select a distinct feature and deteznitsnframeby-frame motion char
acteristics (e.g. position, velocity, etc.) over time, with respect to the plane of the image.

There are two general methods of tracking:

A Automatic (Auto) Tracking asks the user to select the feature location in aigitiglérame.
The feature is defined as a rectangular region of pixels in the initial frant@Tracking
then does all the work of stepping through subsequent frames, while automatically finding
and tracking the feature along the way. This method éctife for most applicaions.
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A Manual Tracking requires the user to step through the video one frame at a timeheising
mouse to select the location of the feature in each frame. This method is prefer&ive for
quality images or very irregular feature paths not suitable for Auto Tracking.

A total of 256 features can be defined for tracking. Points can be defined for each of these fea
tures using automatic tracking or manual tracking or both.

_loix|
Feature Tracking kg
o~
- Feature Tracking—— [~ Mode =
Disable C Manual |
& Automatic
Load | Save CEDElete E
&
Features o

s Lomm| 1alo]

=
S

i ¥ :
2 Knee x IE)’
3 Ankle a @,
4 Toe
5 Torso +* »
.
-
%=
; ; =
™ Coordinates relative to Feature 1 —
Define Region I Set Region I E
Feature Lines Show Points =
’( Configure ( ShowAII
Tracking
’V e | | @ | | » ]‘
Units & Export
’( Pixels 'I Text vI Export

1o« [ [ m ]| a]es| € )T Fast
0.00 o1 023 034 IW F'Iayback Ratio 1:1 jllam
]35

0 28 57 85 Avg. Playback Rate I 305 fps

T T, Zerull UJumpI Zooml

Feature Track Panel

The Fature Track Panel follows the standard layout of analysis toolkits.
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Feature Tracking Mode
Disable £ Manual
(+ Autamatic
Load Save  Delete
Features
Add Remove| % & /2
Hip + = 8%

Knee
Ankle &

Toe
Torso +*

[, IR

HHHH
o> mr b o
yyy

[ Coordinates relative ta Feature 1

Define Region | Set Region |

Feature Lines Show Points

Configure Show Al =

Tracking

A w| 2] | w]

Units & Export

Fizelz = | |Texst - Export
Enable/Disable
Load
Save

Manual/Automatic/Delete Mode

Add

Remove

The first step in any Feature Track analysis is clicking the
Enable button in the upper left of the panel. Tinis
tializes memory and setswonfigurationinformation.
This must be done for each video that you wish te ana
lyze. When you are done with the analysis, you ad&k

this button again to disable the Feature Track analysis and
free the associated memory.

Saved Feature Trackalysis files can be loaded using this
button. All tracking results and featucenfigurationwill

be reloaded from the saved file. Feature Trhlels are
saved with thé&TK file extension.

Save Feature Track analysis configuration and retLdts
file. All tracking results and feature configuratiwitl be
saved to the file. Feature Track files are sawét the
FTK file extension.

Select whether the tracking toolkit should operate in
Manual, Automatic, or Dete mode. The mode only-af
fects how new track points are added to or removed from
the analysis. You can switch between Manual, Autemat
ic, and Delete mode at any time.

Add a new feature to the analysis. Use the Define Region
and Set Region buttons tiefine a template for the fea
ture.

Remove a feature from the analysis. Select the fe&iure
remove by clicking on the appropriate row in th@per
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Toggle Visibility of All Features

Toggle Lock on All Features

Clear Selected Feature(s)

Coordinates relative to Feature 1

Define Region/Interpolate

Set Region/Set Point/Delete
Point(s)

Configure Featre Lines

Show Points

Track Forward

ties section. Then click the Remove button.

Show or hide all features in the analysis. If the majority
of features are currently visible, all features will be-hid
den. If the majority of features are hidden, all features will
be shown.

Lock or unlock all featuresin the analysis.If the major

ity of features are currently unlocked, all features will be
locked. If the majority of features are locked, all features
will be unlocked.

Clears all analysis results for the selectatdires A
message box will appear to confirm that you wish to de
lete the track points.

Check this box to compute all coordinates relative to
Feature 1. This option allows you to compute the relative
motion betwen two moving features.

When in automatic mode, click on this button to define a
region for a feature. Click and drag a rectangle in the im
age to be used as a template for a feature. After dragging
a rectangle, it may be repasited by clicking and drag
ging itin the image. Click the Set Region button when you
are satisfied with the region you have defined, or click
Define Region again to redraw another rectangle.

When in manual mode, this button becomes the Interpol
ate buton. Click on this button to perform interpolation
for any frames that do not have track points.

When in automatic mode, click Set Region when you are
satisfied with the feature region you have defined after
pressing @fine Region.

When in manual mode, click Set Point when the reticle is
located over the point in the image where you would like
to add a feature point.

When in delete mode, click Delete Point(s) to delete the
currently highlighted points.

Lines can be configuredto be drawn betweentracked
features. Click this button to display the Line Configura
tion dialog.

The track points from all frames, past frames, the current
frame, or no track points can be shown in the @ide

Perform the automatic feature track analysis from the
current frame backward in the video. When tracking is
progress, click the center button to Abort tracking.
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Track OneFrame Forward Perform the automatieeture track analysis for thext
video frame only.

Track Backward Perform the automatic feature track analysis from the
current frame backward in the video. When trackinig is
progress, click the center button to Abort tracking.

Track OneFrame Backwat Performthe automaticfeaturetrack analysisfor the pre-
vious video frame only.

Export Exports the results for the feature tracking. Export
units are specified by the left most drdpwn selection.
The export format is specified using the middiep-
down selection.

The feature properties listing is composed of six columns.

Feature Number Indicates the feature number. Doulleeking on this column wilklso
bring up the Track Settings dialog for the given feature.

Feature Label Displays the Ibel for the feature. The label is set in the Track Settings
dialog that appears when the Settings column is clicked.

Marker Displays the marker for the feature. The marker can be modfied
doubleclicking on this column to bring up the Marker Editor.

Visibility Each feature can be displayed or hidden individually. Clickhan
column to hide or display track points for this feature.

Lock/Unlock Lock or unlock this feature. If a feature is locked, the tracked paits
settings will not be modifiable.

Settings Click on this icon to show the Track Settings dialog for this particular
feature.

Automatic Tracking
Marker Editor

The appearance of each feature marker can be modified using the Marker Editor dialog. This
dialog appears when you doudkck on the marker in the feature properties listing in the-con
trol panel.
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Marker Editor

Siyle: -
Caler: N_.
Penwidth: [3 =]
Size: !

Sample:

Style

Color

Pen Width
Size

Sample

Track Sett

E|

Four different marker styles are available:
A Cross

A X

A Triangle

A Square

Click on the button next to the color square to bring up the color selatit
log. Select the desired color for the marker.

Sets the thickness of the lines that are used to fornrménkers.
Sets the overall size of the entire marker.

Provides a sample of the resulting marker using the settings trebbkarcon
figured above.

ings

The Track Settings dialog can be displayed by clicking orSthigingsicon R or by double

clicking on the

feature label in the feature properties listing. The Track Settings dialog is where

parameters can be ghat control how automatic tracking is performed.
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Feature 1 Track Settings =

— Feature Label—————— "Virtual Faint—

Set...

=

— Calibration

Label I Default j

r— Image Setting

Show Settings | Apply Current to Feature |

v Use image processing filkers

— Search P,

Search Region Multiplier [%] 160

Matching Threshold [0.0-1.0] I 0.85
Frames to Search After Loss I 0

V' Sub-pirel accuracy [ Enhanced match
[ Use dual matching [~ Use strict matching
™ Avoid matches found by other features

Special Target Types
lrl_ = Ty, e TN

— Feature Rotation

[ Enable Angular Range [deg) I 10
Step Size [deg) I 1

r— Trajectory Prediction
[~ Enable® [~ EnableY I~ EnableR

r— Track Paint:

Import Points | Export Paints |

[~ Apply Settings to All Features

Apply | Drefault | Cloze I

Calibration

Feature Label

Show Settings

Apply Current to Feature

Each feature can use its own calibration (seestfntion
cal | ed-Pliatud t C a) lsettimgs.dtieilist ofo
currently defined calibrations is shown in the ddmwn
box. Select the specific calibration label to be used with
this feature, or select Default to use whichever calibra
tion is set as the default calibration.

Enter a labeldr the feature that is displayed in the-fea
ture properties listing and over the feature regiothe
video image.

Each feature can maintain its own set of Im&ye
cessing (se¢ he secti on ceaslsl)aadg 0f |
tings. These LUT settings are typically the settings that
were active when the feature was added. Click ltiis

ton to display the image using the image processatg
tings associated with this feature.

This button allows the imageprocessingLUT) settings
for a given feature to be changed to whatever settings
currently active. In order to change the LUT settings
sociatedwith a feature,changethe LUT settingsso that
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the deged appearance is achieved (H#ee section called
Al mage P}, and then slickrthis dutton.

Use image processing filters While eachfeaturecan haveits own setof Image Pro
cessing sings, all features share the single set of Image
Filters (se¢ he secti on cal)ldadimed Al n
for the video. However, each feature can be set to use the
image processing filters or to not use them. Checlbtiis
to have the image processing filters applied to the video
for this particular feature when analyzing.

Search Radius Multiplier Configure how large of an areato searchfor template
matches. This is a percentage of the initial reginethat
was defired for this feature. A value of 100 (%} dicates
that the algorithm should search in a regasiarge as the
initial region size. Larger values willesult in larger
search areas, which will take a longer titnesearch. A
typical value for this paraeter is 300Thesearch region
can be shown in the video image through the context menu
(right-click) in the video image.

Matching Threshold (used to be  Configure the sensitivity of the matching algorithm. The

called Threshold Tolerance) tracking algoribm assigns a value between 0 and 1 to all
points within the search region indicating how well they
match the template region. All values below a set
threshold are ignored. A threshold value of 1.0 indicates
that only a perfect match will be accepted. Lowles
value if the tracking algorithm fails to track a feature. A
typical value for this parameter is 0.75. This value is also
used to determine a threshold intensity value when using
the third or fourth Special Target Type option described
below.

Framedo Search After Loss Configureif the tracking algorithm should continueto
try searching for a match beyond a frame where the fea
ture was lost. This parameter sets how many frames the
algorithm should continue beyond the frame where it lost
the featurelf the feature is found again, the tracking will
continue as normal.

Subpixel accuracy Enabling sukpixel accuracy attempts to estimate the best
fit match to the template at a spixel level. Thisoption
is typically always enabled, however, if only paccur
acy is preferred, uncheck this option.

Enhanced match Enabling enhanced matching attempts to imprévwe
matching by enhancing the template image aedrch
region. This option is only available if sydixel accur acy
is also enabled. Enablindnis option will increasehe
processing required for tracking and may result ima
ticeable increase in the time required for trackidging
this option with the third or fourth Special Targgiewill
automaticallyset the thresholdto assumethat the
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Use dual matching algorithm

Use strict matching algorithm

Avoid matches found by other fea
tures

Special Target Types

Enable (Feature Rotation)

Angular Range

backgroundis perfectly white (255) or perfectly black
(0) when calculating the center of the blob.

Enable this to use a twmass dual matching algorithio
avoid false matches. This technique wil imore able to
distinguish features that have both dark and light fea
tures. Enabling this option will result in a marginal in
crease in processing required.

Enablethis to usea stricter matchingalgorithmto avoid
false maches. Note that this may lead to more frequent
loss of targets during tracking. To compensate for this,
you can lower the tolerance or increase the Frames to
Search After Loss.

Enable this to make newly trackedafares avoid any ex
isting points tracked by other features.

Enablethis if your targetis one of the specialtargets
shown. The first and second checkerboard targetbean
used for a quathrget, checkerboard, or betve pattern.
When enabled, these options will use special algorithms
to locate the selected target. Only the size and the initial
location of the feature region is used to initiate tracking.
The special algorithms automatically compensatddier

get rotation, so allatation options are disabled tliese
options are enabled. When using a special taget,
define the region so that it is just large enough to enclose
the target. Do not make the region larger than necessary.
The first special target type with the redels uses éine
fitting algorithm to detect the lines dividing thite and
black regions and then returns the intersectibthese
lines. The second special target type use&eat ized
template composed of pure white and pbieeck values

to initiate tracking. The third and fourtbpecialtarget
types are designed to locate the center of maablatk
blob or a white blob respectively. These lgb special
target types will return the center of the largest continuous
black or white area foundithin the searchregion. The
Matching Threshold value is used athreshold on the
image prior to performing blobetee tion. For example,
when locating white blobs, Match ing Threshold value

of 0.75 would apply a thresholaf 0.75*255=191 to the
seach region before locating blobs.

Enable feature rotation when tracking. Thiyorithm

will try comparing rotated versions of the template with
the search region to find a match. The best match over all
the rotation range Wibe returned as the final match.

The rotation range in degrees to search for matdes.
template will be rotated plus or minus this valued@
grees in intervals of the step size.
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Step Size

Enable X Trajectory Prediction

Enable Y Trajectory Prediction

Enable R Trajectory Prediction

Import Points

Export Points

The step size tase over the rotation range to search for
matches. For example, a rotation range of 10 degrees with
a step size of 1 will examine the rangeXd to 10 degrees

in 1 degree increments.

Enabletrajectory predictionin the horizontal direction.

The trajectory is predicted using an estimated velocity and
acceleration of the previous track points. Bearcharea

is then centered on the predicted locafi@therthan the
last location). Enabling prediction willallow you to
redue the search radius multiplier fastersearching.

Enable trajectory prediction in the vertical directidrhe
trajectory is predicted using an estimated velocity and
acceleration of the previous track points. The searea ar
is then centered on the predicted location (rather than the
last location). Enabling prediction will allow you to-re
duce the search radius multiplier for faster searching.

Enable trajectory prediction for rotation. Thiajéctory is
predicted using an estimated velocity and acceleration
the previous track points. The search arelags centered
on the predicted location (rather than thstlocation).
Enabling prediction will allow you t@educethe search
radius mitiplier for faster searching.

X and Y track point data can now be loaded frotex

file and drawn in the video as if they had been manually
tracked. Click this button to select a text file lamd
tracking point coordinates from. The tefiie must be
formatted such that each line contains one X and one Y
value separated by a comma. The X and Y vashesild

be in units of pixels. The origin of the coordinframe is

the upper left corner of the image, with the Y apas
itive downwardand the X axis positive to the righithis
function can also now recognize the full exportextfile
from the main Feature Tracking panel. If a & port file

is selected, the program will prompt youst lect which
feature to import. Only the datar asinglefeature can be
imported. The data in the expofile should be in
uncalibrated pixel units in order for tira- port to render
the points properly. No reverse transferration is
performed to convert from calibrated unitgckto pixels
whenimporting.

X and Y track point data can be saved to a text file. Click
this button to export the track point coordinates tfis
feature to a text file. The values are output in upfts
pixels. The origin of the coordinate frame is the upeft
corner of the image, with the Y axis positidewn ward
and the X axis positive to the right.
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Apply Settings to All Features Check this box to apply the above settingsto all cur-
rently defined features.

Apply Apply thesettings to the feature. Changes will not be ap
plied unless this button is clicked.

Default Load the default settings for the feature propeitieshis
dialog. The settings are not applied until &gply button
is clicked.

Dismiss Close the dialogSettings will not be applied unleize

Apply button was clicked.

Virtual Points

Features can be defined by using other features. These special features are called Virtual Poir
in the software. You cannot automatically or manually add points to adehttris definedsa

virtual point. They are "virtual" because they do not exist on their own. Their @ogusfined
relative to other features.

To create a virtual point, track your real features as you normally would. Add a new feature and
open thefeature settings dialog.

Feature 1 Track Settings =
~ Feature Label——— [~ Virtual Point
I ’7 Set...
— Calibration
Label IDefauIt j
r— Image Setting
Show Settings | Apply Current to Feature |
v Use image processing filkers
Search P.
|— Caarch Ranion Mulinkar (31 I 1RN |

Click the Set... button in the Virtual Point area in the feature settings dialog.
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Virtual Point Settings x|

Wirtual Paoint Settings

" Fixed Offset [feature=0 for fixed pt)

From Feature ’—

% Oifset o

¥ Oifset O

|

" Circle-Fit Center

First Feature ’—
Second Feature ’—
Third Feature ’—

" Four-Paint Angle Jaint

First Feature ’—
Second Feature ’—
Third Feature ’—
Fourth Feature

" From Line Tracking
Line [O=cir.center]

" From Particle Tracking

" Midpoint
First Feature
Second Feature

" Ratation and Distance Offset

First Feature
Second Feature
Angle Offset

Distance Offset

" Proportional Distance Along Line

First Feature
Second Feature
Scale Factar

" From Contour Tracking

Center of Contaur

" From Data Graphing

Corezp. Trail [rata Line for ¥
Data Line fory
" Pixel Intensity Yalue statnetor
Apply | Convert | Cloze |

Select one of the available styles of virtual points from the Virtual Point Settings dialog.

The following virtualpoint styles are available:

Fixed Offset

Circle-Fit Center

Four-Point Angle Joint

From Line Tracking

Define the virtual point as a fixed X,Y offset from anoth
er feature. The X,Y coordinates must be defined in pixels
using the default image coordinate frame (positivie %

the right and positive Y is down). the FromFeature
value is set to 0, then a constant fixed point cairbe
ated. The X and Y coordinates of the constant fipaidt
should be entered into the X and Y Offset fielllse Use
Current Reticle Point button can also be usedetdect
thecurrent reticle point.

Define the virtual point as the center of a circle defined by
three other features.

Define the virtual point as the point of intersectiontiog

two lines formed by four points. One line idided by the
First and Second features. The second line is defined by
the Third and Fourth features.

Define the virtual point using the trackedordinates
from a specificline from the Line Tracking Toolkit. If a
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From Particle Tracking

Pixel Intengty Value

Midpoint

Rotation and Distance Offset

Proportional Distance Along Line

From Contour Tracking

From Data Graphing

line number of 0 is used, then the center of the circle fit
from the Line Tracking Toolkit is used.

Define the virtual point using the coordinates afoares
pondence trail from the Particle Tracking Toolkit.

Define the virtual point to track the intensity of a single
pixel. Position the reticle and click the Use Current-Ret
icle Point button to select the virtual point. You must
perform tracking to compile the data. Results will appear
as: X- Frame#, Y - R value, Distance G value, Speed

B value.

Define the virtual point as the midpoint of two otlfest
tures.

Define the virtual point as the point locatedat a fixed
angle and distance offset from a line.eThne is spe
cified as the line connecting the First Feature to the
Second Feature. The angle offset must be specified-in de
grees, the distance offset must be specified in pixels. The
angle is calculated in the counidockwise direction
from the Fir$ Feature to the Second Feature to the Virtu
al Point.

Define the virtual point as a point along a line defined by
the First and Second features. The scale factor controls
where along this line the virtual point imped. If the scale
factor is O, the point is placed at the First feature location.
If the scale factor is 1, the point is placed at the Second
feature location. If the scale factor is 2, then the point is
placed twice as far from the First feature as $lseond
feature.

Define the virtual point usingthe trackedcoordinateof
the center from a specific contour from the Contour
Tracking Toolkit.

Define the virtual point using datagraphlinesas X, Y
coordinates (da will be interpreted as pixel coordin
ates).

After you have selected the desired style and specified the parameters, click Apply and then

Close.

To convert the virtual point coordinates to manually tracked feature coordinates in Feature

Tracking, clik Convert.

The data from a virtual point feature can be graphed, exported, and processed exactly the sam:

as a real feature.

Tracking
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After feature regions have been defined and the track settings have been set, tracklmg must
run. All tools described so far are used for setting up the parameters for tracking but do not ac
tually execute any of the feature tracking algorithms.

When you are satisfied with the feature settings, click on the Track Forward or the Traek Back
ward button to begin tracking. Tracking will commence from the currently displayed frame un
til the end or beginning of the video. When tracking is running, the center button will become
enabled. Clicking the center Abort button will stop the tracking.

[l (o] o] [»]

Since tracking begins from the currently displayed frame, in most situations, you will want to
jump to the first frame of the video before beginning tracking. You can do this by clicking the
doublebackward arrow buttonintiel ay Control s (see theg sect

If you begin tracking forward from an intermediate frame of the video, all tracking results prior
to that frame will be preserved. In this manner, you can use one set of tracking parameters fo
the first portion of a video and a different set for the second portion. Similarly with tracking
backward.

If a feature is "lost", meaning the algorithm is unable to locate a suitable match for a feature in &
frame, tracking for that feature will stop. You danto redefine a new template for tfee ture

in the frame that it was lost and track forward from that frame onward. Or ydrycaadifying

the Image Processing (seehe secti on c al |I)erdmadel Filtegng éseetRer o0 Cc e
section cal | eYdsetingsnoangle thé fiedtute enore pragninent soittisaeasier

to track and then try the tracking procedure again.

Singlestep tracking is available using the Track &mameForward and Track ORErame
Backward buttons. This will perform the tracking for a single frame only. Note that tnéing
singlestep function uses the features in the current frame as the template for tré&eking.
peatedly using the singiep trackingo track an entire video will produce different results that
tracking using the Track Forward button. This is because the sitepdracking will redefine
the template for every frame.

Manual Tracking

Adding and Removing Points

Manual tracking is pedrmed on a peframe basis; the user cycles through each relevant frame
and manually marks the feature locations by clicking the mouse. Manual tracking mode is se
lected by clicking on the Manual mode in the upper left corner of the Feature Tracking contr
panel.

To add a manual point or to modify the location of a point:

1. Select the feature in the feature properties list that you wish to add a track fyint to

clicking on the corresponding row.

2. Click in the image window to place the reticle in the desbsjposition.
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3. Click the SetPoint buttonin the FeatureTrack control panelor hold down the Control

key and click the right mouse button.

To remove a point, use the Clear Features context menu-¢tigkin the window).

Erase All Predicted

Jump to Nearest Point for Any Feature
Jump to Nearest Point for Current Feature

10l
=mErErE S E~0B B[+ 2
z Feature Tracking *
fi4 <
= Play » - Feature Tracking—— [~ Mode. 2
g * Automatic &
3
2 Video Menus L Load Save ‘@)
let —
= , e e || P02 2
= Lz Featues
5 Display Layers » : g o =
S R » PR Add | Remove| | &| 2| —
=) Annotations v MM T e TEEX 0
S e s 2| e | ®[SaQ |2
Modify Recorded Parameters 5 3 Arkle al|®maq @,
Show Search Regions 4 T ~-
Save Recorded Parameters oe &= a9 ®
v Show Feature Labels " o 3 5 Tose + g aq
Save Playback As Bitmap Sequence (Window) v Show Template Regions o7 Spess i~
Save Playback As Bitmap Sequence (Program) e » f vy
Show Direction Vectors » =
T I” Coordinates relative to Feature 1
SN rens ; i Define Region | SetFlegion | o
Show Feature Lines 2 S0 HOgO; Gkl E
Auto-Advance » - Feature Lines Show Points E
[Cearreares | Georreoirones || ARNEETR
Set Interpolation Parameters... All Features, Current Frame
Accept All Predicted All Features, All Frames

o/ n] n

ext v| Export |

All Features, Current Frame Forward
All Features, Current Frame Backward
Current Feature, Current Frame
Current Feature, All Frames

Zero | 0 JumpI

Zoom I

Re-order Current Feature Up Current Feature, Current Frame Forward
Re-order Current Feature Down Current Feature, Current Frame Backward —
1o« [ w0 pri] om8] S T—
000 o1 023 034 300000 Playback Ratio 1:1 ;j_:j frames:
0 28 57 85 - Ave Playback Rate [ 300 fps

Automatic Advance

When doing manual tracking, using the automatic frame and feature advancing fe@vees
helpful in speeding up the process. These features when enabled will automaticadlyce to
the next unlocked feature after you have set atpoamually. If the current featuisthe last
feature in the list, then the frame will advance to the next frame and the featueseillto the
first unlocked feature.

The Automatic Advance features are enabled via the context menudfighin thewindow).
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Set Interpolation Parameter o
arameters. ..
Accept All Predicted [_J“ | o] m| w] ‘
s e Units & Expoll
Jump to Nearest Point for Any Feature ( Feet Test I Export I ‘
Jump to Nearest Point for Current Feature

Re-order Current Feature Up
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If automatic feature advancing is enabled without automatic frame advancing, thethetasn
feature is reached, the feature will stop advancing. If automatic frame advancing is enablec
without automatic featuredaancing, then the frame will only advance when you set a faint

the last feature in the list.

Delete Mode

In addition to Automatic Mode and Manual Mode, there is a third mode used exclusively for
deleting tracked points. Click on Delete in the Moddisa®f the panel to enableleteMode.

While in Delete Mode, clicking anywhere in the video will highlight the nearest tracked point.
Holding down theControl key and clicking the right mouse button will delete the highlighted
point.
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é Click near a point to delete, or click-and-drag a rectangle around the points to delete. isaueiisckiog e
—_ Hold down CTRL and click the right-mouse-button to delete the highlighted points! - Feature Tracking—— [~ Mode g
§ ‘ e P | Disable € Manial |
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g Load I Save & Delete g
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Feature Lines Show Points =
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Tracking
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[ Pixels 'l Text 'I Expart
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In order to delete multiple points, you can click and drag a rectangle in the image. Any tracked
points inside of the rectangle will be highlighted for deletion. Hold dowrCibrarol key and
click the right mouse button to delete the highlightedhts.
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Only points that are currently being displayed on the screen will be highlighted for deletion. You
can control which points are being deleted by hiding some features, locking some features, o
changing the Show Poinggtting in the main panel.

Additional Display Options

There are a number of display options that are accessed via the context mendlidRightthe
video in order to view the additional display options.



Chapter 4. Analysis 127

Flay 3
View 3
Video Menus 3
Graph Menus

Display Layers 3
MNotes 3
Annotations 3
Feature Tracking 3

Modify Recorded Parameters
Save Recorded Parameters

Save Playback As Bitmap Sequence (Window)
Save Playback As Bitmap Sequence (Program)

v
v

Show Current Feature
Show Calibration

Show Search Regions
Show Feature Labels
Show Template Regions

Show Connection Lines 3
Show Direction Vectors 3
Show Paints 3
Show Feature Lines 3
Auto-Advance 3
Clear Features 3

Set Interpolation Parameters. ..
Accept All Predicted
Erase All Predicted

Jump to Mearest Point for Any Feature
Jump to Mearest Point for Current Feature

Re-order Current Feature Up
Re-order Current Feature Down

Show Current Featar

Show Calibration

Show Search Regions

Show Feature Labels

Show Template Regions

Show Connection Lines

Show Direction Vectors

Show current feature indicator in the videwage.
Show current calibration indicators.

Show the corners of the search regionsdotomatic

tracking for each feature. Note that these search regions
are centered on ¢hcurrent feature location and do not in
corporate trajectory prediction offsets. This requires-tem
plate regions to be shown in order to be visible.

Showfeaturelabelsabovethe templateregions.This re-
quires template regions twe shown in order to be vis
ible.

Showthe rectangularegionsthat are usedto definethe
feature templates to track.

Show lines connecting all track points for each feaiare
all frames or past frames. Additial display options can
also configure the width of the connection lines and how
many frames in the past to draw the connecting line when
displaying past frames. If a length is specified, the line
will be drawn in decreasing size, from the full sizehat t
current point to the smallest size at the end of the length.
This option can be used to produce a comet trail effect,
graphically illustrating the speed and path of a feature.

Show arrows indicating the direction of motioreath
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Show Points

Show Feature Lines

Auto-Advance

Clear Features

Set Interpolation Parameters

Accept All Predcted

Erase All Predicted

feature from the current frame to the next frafités can

be configured to be shown for the current frame, past
frames, or all frames. The scale of the length of theoar

can be set using the Set Vector Scale menu option.

Show all points, current point, past points, or no points.
Additional display options can also configure hovany
frames in the past to display points when showpagt
points. If a length is specified, the points will drawn in
decreasingsize from full size at the current point to the
smallest size at the end of the length. This tmysed to
produce a comet trail effect, similar to theatail able
using Connection Lines.

Show configuredlines betweenfeatures.This option
brings up the Configure Lines dialog, as described in the
next section.

Set the automatic advance settings for tracking. dpis
tion was explained in the previous section.

Clear feature points for tracking. This optiovas ex
plained in the previous section.

Setthe numberof featurepointsto be usedto calculate
interpolated points. Independent values can be set for the
number of points before and after the missing values.

Show the configuration dialog with interpolatipara
meters.

Clear all interpolated track points.

Jump to Nearest Point for Any FeaJump to the frame corresponding to the nearasked

ture

point from any feature from the current reticle position.

Jump to Nearest Point for Current Jump to the frame corresponding to the nearest tracked

Feature
Re-order Current Feature Up

Re-order Current Feature Down

Configure Lines

point from the current selected feature from the current
reticle position.

Re-orders the current featuse that the current feature
exchanged with the previous feature in the list.

Re-orders the current feature so that the current feature is
exchanged with the next feature in the list.

Once featurebave been tracked, lines can be configured to be drawn between features. Thes
lines are configured by clicking the Configure button in the Feature Lines section of the Feature
Tracking control panel. This will display the Line Configuration dialog.
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=
Lire Mumber - Add Line | Remove Line |

Line Properties

Dizplay Linez | Current Frame = Style  [Salid =

I Highlight Line in Cumrent Frame Color M| Size (2 =
Define Line Measurements

Fassible Sequence of ¥ Show Angle Measurements
Faints Faints in Line

+ Zpoint © 4-point

Feature 1 Feature 2

Feature 2 Feature 1 ™ Show Length Measurements
Feature 3 Feature & r

Feature 4 r

Feature § ﬂ

Horizonktake ﬂ [ Show Radius of Curvature
Horizantal Use: & ~

Wertical+ Fort

Wertical- an

Drigin ﬂ Farnily ’h
#+ Direction ﬂ

¥ Direction . -
“+ Direction Color ! Size |16

- Direction M Bold [ ltalic [ Underline
Load Config | Save Config | Apply | Cloze |

To add a new line:

1. Click the Add Line button.

2. Select whether you want the line to be drawn in the currently displayed frame only, past
frames, all frames, or in none of the frames. Also, select whether you would like to high
light the line in the current frame. This is useful for distinguishing the line in the current
frame from the other lines in past or all frames.

3. Setthe line style, color, and thickness.

4. Select which points should be connected by the line. All possible feaark points are
listed in the left column. Select which points to add and hit the right arrow button. The left
arrow button can be used to remove selected points from the right column. The up and dowr
arrows allow you to reorder the sequence of pointeériine.

5. Lines can also be configured to display active measurements of the angle blteeen
segments or the lengths of line segments. Select whether you wish to have deng¢hor
dimensions drawn with the lines.

A Angle measurements can be computsidgi3points or 4points. If 3point isselec ted,
the angle between three points is computed using the second point as the vertex. If 4
point is selected, the intersection of the lines formed by the first two artdidgsbints
is computed and used e vertex. Angle measurements are always shown in degrees.

A Length measurements can be shown in units of pixels or in the currently selitted
rated units. The distance between each point in the sequence list will be dispaled
to the line conneetg the points. If Calculate Distance to Line is selected, the perpen
dicular distance to a line can also be computed when at least 3 points are sipghified
sequence list. For every three points, the perpendicular distance from tipeifitso
theline formed by the next two points is computed and shown. The leng#sure
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ment can be shown directly on the line connecting the points or it can be offset to one
side by checking Offset Measurement.

A Radius of curvature sasurements can be shown based upon the sequence of points in
the line. The radius of curvature is calculated as the radius of a circle that is fit to the
points in the line. The radius of curvature can be shown in units of pixels or in the cur
rently sekcted calibrated units.

6. If you have checked an angle or length measurement, you can change the forgizeplor,
and appearance of the measurement label.

7. Click the Apply button to apply the changes.

To modify the properties of a line, select the line benthat you wish to modify in the top drop
down box. Make the changes. Then click Apply.

To remove a line, select the line number to remove in the top drop down box. Click the\re
Line button.

Line configurations are automatically saved with thet of the Feature Track settings when the
Feature Tracking panel is saved. They will be automatically restored when the saved file is re
loaded.

Line configurations can also be saved to special Line Configuration file ( ). Click the
Save Config butin to save the current line configuration to a file. Click Load Config to load a
configuration from a previously saved file.

Frame Offset

For every Feature item added to the sequence of points, a Frame Offset can be shEci#iad.
Offset allows you tause the coordinates of the Feature in a previous or subsequent frame in the
video (backward or forward in time). You can set a Frame Offset valuevéoyfeature in the

list by rightclicking on a Feature item in the listing of Sequence of Points in Line
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x
Line Mumber I‘] - Add Line | Remove Linel

r— Line Propertie:
Dizplay Lines ICunent Frame j Style ISDHd j
™ Highlight Line in Current Frame Colar -l Size |2 'l
- Define Line ~ Meast it
Fassible Sequence of V' Show Angle Measurements
Faints Faints in Line & 3paint © dpoint
Feature 1 Feature 1
Featuie 2 Featuret ™ Show Length I\ﬂeasuremen.ts
Feature 3 AiEE  SetFrame Offset Lalculate Distance to Line
Harizontal+ [ffset Measurement
Horizontal- E X
Wertical+ :I I Show Radius of Curvature
Eﬁg:ﬁal' Use: ¥ Pigelz & Calibrated Units
#+ Direction Font—
£ Direction [¢] Farily [&ria 4|
'+ Direction il ¥
- Direction Color | sice 16~
¥ Bald I~ ltalic [~ Underline
Load Config | Save Config | Apply | Cloze |

The Frame Offset value can be set fr&@0 frames (backward) to 499 frames (forward).

Set Frame Offset x|

Set offset in frames from the curment frame.

-500 433

— [
()8 I Cancel |

Once a Frame Offset is set, the Feature listing will indicate the offset by displaying "(O: #)"
after the Feature number, where "#the Frame Offset value.
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x
Line Mumber I‘] - Add Line | Remove Line |
r— Line Propertie:
Dizplay Lines ICunent Frame j Style ISDHd j
™ Highlight Line in Current Frame Colar -l Size |2 'l
- Define Line ~ Meast it
Fassible Sequence of V' Show Angle Measurements
Faints Faints in Line & 3paint © dpoint
Feature | ™ Show Length Measurements
Feature 2 X X
Feature 3 Horizontal+ = Calculate Distanice to Line
Horizontal+ [~ Offset Measurement
Horizontal- il X
Wertical+ :I I Show Radius of Curvature
Eﬁg:ﬁal' Use: ¥ Pigelz & Calibrated Units
#+ Direction Font—
£ Direction [¢] Farily [&ria 4|
'+ Direction il ¥
- Direction Color | sice 16~
¥ Bald I~ ltalic [~ Underline
Load Config | Save Config | Apply | Cloze I

The above example shows how you might calculate the angle relative to horizontal of the direc
tion of motion of Feature 1.

Saving and Loading

All Feature Track settings and results can be savedite foff later use. This allows you tip
multiple analyses on the same video file, store the configuration and results, and later load th
appropriate analysis whenever you need it. Feature Track settings saved from oganatsn

be loaded on anotheideo. This allows you to configure features and settingsrfevideo, then

load and apply these settings to many more videos where the same type of analysis is to b
conducted.

To save the analysis settings and results, click the Save button at thfethepFeature Track
control panel. Feature Track settings and results are stored to files withiKHite extension.

5elect Destination For Track File ﬂll
Save jn: I@ Tunning j - I‘j‘ v

Rebeccaldsub, ek

gl k) Save I
Save as lupe: IFeature Tracking Files [*.ftk] j Cancel |

Save Option
’7 V' Save track points

File name:
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If you only want to save the feature settings, uncheck the Save track points checkbox in the Sav
Options.This is useful if you intend to use this file to define feature settings for different videos.

To load a saved analysis file, click the Load button at the top of the Feature Track control pan
el.

21
Look in: I@ Tunning j - I‘j‘ v

Rebeccal4sub.ftk

File name:

\ebeccaldsub. ftk) Open I
Files of type: | Track. Files [*ik] =l Cancel |

" Load Dption

V' Load track points ™ Append

Uncheck the Load track points checkbox in the Load @ptibyou do not want to load the track
points stored in the file. This is useful if you only want to use the feature setting®iced in
a track file that may have been saved from a different video.

If the Append checkbox is selected, the featuresteack points from the selected file will be
appended to any features that are currently configured. This is a useful method for comparing
results from two different analyses of the same video.

Units and Exporting

After a successful track is completeduyan export the data to a variety of formats to perform
any additional custom analysis or graphing.

Unitz & Export————————————
’7|Pixels v”Te:n:t 'l Export |

Units You can select what set of units to use for exporting the tracking resultscédlibo
ration has been done on the video, then this sefets ignored and the values are
output in Pixels. If any graph lines are currently being displayed, they will be up
dated to use the newly selected units.

Format You can select what format to export to: Text, Excel Blank, Excel Template, or Dia
dem. Results for feature will be exported to the resulting file.

The feature track data is composed of the following information: frame number,
time (if we know the record rate of the video), and the X and Y coordinates of each
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of the tracked feature points.

Exporting to Excel Blank and Excel Template export the same data. Hoviiver,

cel Template exports the data into an existing Excel file that is used as a template.
You can put in any formulas and graphs into the templegtedind these will be fe
computed and regenerated when the new data is exported into it.

Export  When you are satisfied with your tracking results, and have selected your export
units and format, click on the Export button to export the results.

See the section cal |l e dordidionalaetdls regardinD expoatingo r .
Graphing
Feature Track results can be immediately displayed in the Measurement Window graph section

Once tracking is complete, @ishe Graph Configuration control panel to add feature tracking
results to the graph section.

%t RebeccaO4sub.avi =10l x|

= EpE PMER@UE -0 E |+ P

Graph Configuration Data Step

{ Load | Save { el |_p|—‘
rGraphLines———————————

Add Remove

1 |20 - Feature 1 [Hip].
2 |20 - Feature 2 [Kne.

| »

|Thumbnzil |Pmcsssad| Raw

z e B

RS
EJEIES

3 |20 - Feature 3 [Ank... (@ 20
“a,
®
I ‘-
é Ind 33 =
nde:: "
=1 Time: 01320 s =
= [¥ Display legend [bwa styles]
L I 20 - Festure 1 [Hip) -3¢ m
[V Show scaled values vs. time —
280.0000 pixels
[ 2D - Feature 2 (Knee) - ¥ [ -awis labe! from channel: -1 = |
222.0000 pixels v Major gid lines v Minor grid lines
I 2D - Feature 3 (Ankle] - % [¥ Black background

207.0000 pixet: [¥ Pan while playing [~ Fixed bounds

™ Maintain ases when refreshing graph

™ Display cursor backdrop
Refresh Graph

|
015
Time [seconds)

’E“'|>|I|<I|I>|»I| |-u|at| S‘UW__J: Fast
-0.00 011 0.23 0.34 m Playback Fiatio 1:1  <{-{frames
85

o & W [ Ao PlabackRate [300 fes

After clicking the Add button, a listing of available items to graph is presented. For each fea
ture, the X and Y coordinates, distance to the origin, anedspan be graphed. In addition, if

any feature lines have been configured to display angle or line dimensions, these can also b
graphed. Select the items that you wish to graph and click the OK button at the bottom of the
dialog.
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Select Items to Add to Graph #

=20 -
- [ Feature 1 Hip] - %

- [] Feature 1 [Hip] - ¥

- [] Feature 1 [Hip] - Distance

- [J Feature 1 [Hip) - Speed

-] Feature 1 [Hip) - ¥ Yelocity

- [] Feature 1 [Hip) - ¥ Welocity

- [] Feature 1 [Hip] - Acceleration

- [] Feature 1 [Hip] - ¥ Acceleration

- [] Feature 1 [Hip) - ¥ Acceleration

MM [Feature 2 [Knes] -3
- [] Feature 2 (Knes] -
- [] Feature 2 [Knes] - Distance

- [] Feature 2 [Knes] - Speed LI

()8 I Cancel |

For more details on configuring the other options in the Graph Configuration panel, see the sec
tion called ADiIisplay Settingsbo

Calculations

Immediate simple calculation results such astimmsand velocity can be displayed for each
feature using the Calculations Window associated with a Measurement Window.

=2 RebeccaO4sub.avi - Calculations 10l =|
+ = | ] | Units: IPiers vI

|dentifier | Position [<.7] | Digtance from Origin | Displacement | Speed |
2D - Feature 1 [Hip) 227,13 227372 5.09902 127475

2D - Feature 2 [Knee) -278,-120 302.734 360555 901.388

2D - Feature 3 [4nkle) -279,-244 370644 2.23607 553.017

2D - Feature 4 (Tos] -332,-250 415601 316228 790.564

2D - Feature 5 (Torso) -229. 85 244 266 E.08276 1520649

See the section cal forendrede@bk.l cul ati ons Wi ndo:

Zoom Window

Overview

For every Meas@ment Window, a Zoom Window can be created. The Zoom Window allows
you to enlarge a rectangular region of the video window. As the video is played or manipulated,
the Zoom Window will also play and reflect the same changes as seen in the Measuremen
Window. The rectangular zoom region can also be saved from each frame in the video to creat
a new video file that only contains the zoomed region.

To create a zoom window:

1. Hit the Zoom button in the Play Controls bar on the bottom of the Measurement Window.
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sk Rate | 200 fps

]

Click and drag a rectangle in the video image. The Zoom Window will appeatience
mouse button is released.

=101 x]
=mE mEmME e EE ME|+ P

| Thumbinail | Processed [ Raw

l«l‘l’l-l‘lllb"nl HI“I Slow }——— Fast =
200 a7 a7 12 oo PebwkReie 1:1  fames
51 44 a0 300

IU— Avg. Playback Rate | 200  fps
e R T R

3. After the rectangle is placed, clicking and dragging in the window will move the rectangle.

4,

If you need to resizthe rectangle, click on the Zoom button again and redravetite
angle in the video image.

Once you have created the Zoom Window, you can also modify the zoom region and you can
save the zoom region to create a new video file using the controlsdZodne Window.

Modify Zoom Rectangle Modify the dimensions and location of the zoom rectangle.

Save Zoom Region Save the subegion of the video to a new video file.

The zoom window can also be set to always remain on top of the corresponding videw.wind
This option is set in the Window tab of th
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Opti)on

s 0

Modifying Zoom Region

Once it has been created, there are multiple ways to change ttienanasize of the zoom e

gion.

A

The zoom region can be moved by simply clicking on a different location in the video im

age of the Measurement Window.

To resize the zoom region, a new zoom region can be created using the Zoom button.

The Modify Zoom Rectangle button on the toolbar (or in the context menu) of the Zoom

Window can be used which will bring up the Edit Rectangle dialog window.

Edit Rectangle

r— Location/Dimension

132

wiidth [143

Height [147

r— Coordinate:

Right

Battam

I 273

337

.

Cancel |

Apply |

In this window, the exact coordinates and size of the rectangle can be specifiednClick
OK or Apply to savehe changes.

Sub-region Saving

The zoom region of each frame in the video can be saved to a separate video file. This is useft

if only a portion of the video image is of interest. Saving aregfion will result in a reduced file
size and also allows ydo remove possibly distracting background portions of the video.

To save a subegion, create the Zoom Window. In the Zoom Window, use the Save Zoom Re

gion button on the toolbar or select Save Zoom Region in the centxt (rightclick) of the
window. The Save Video Zoom StRegion dialog will appear. This dialog is the same as the
standard Save dialog, except that it is calculating sizes based upon the zo@mgicuiselec

ted.
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x
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Save I
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j Cancel |

—Save Range
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™ Span multiple files
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— Save Dption
™ Save encrypted
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& Mo Ratation 7 Save Rotated +30 7 Save Rotated 90
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cal |l ed AfBraneré dewils dhithe Save dialiod aadssave op

Calculations Window

Overview

The Calculations Window displays a quick set of common calculations for analysis track points
from various analysis toolkits.

The commorcalculations include position, distance from origin, displacement, and speed.

Position

Distance from Origin

Displacement

Speed

Position is given as the X and Y coordinates of the point-relat
ive to the calibrated origin. If no origin has been calibrated, then
the default origin of the uppéeft corner is used.

The distancefrom the origin is the distanceto the calibrated
origin. If no origin has been calibrated, then the default origin
of the uppeileft corner is used.

The displacements the distancethe point hasmovedfrom the
previous frame.

The speed is the displacement divided by the time. tenord
rateis availablefor the video, a defaultrecordrate of 1 fps is



Chapter 4. Analysis 139

used and the speed will be equal to the displacement.

The values shown in the Calculations Window correspond with the frame that is currently dis
played in the Measurement Window (seeshe ct i on cal | ed f MAasaleur e
Measurement window is played, the valuethim Calculations Window will update to reflect the
currently displayed frame.

-ioix
+ = | ] | Units: IPiers vI
Identifier | Paosition 4.7 | Distance from Origin | Displacement | Speed |
Line 1 [Target 1) 87.0755, BE.7736 109.731 2.99853 299853
Line 2 [Target 1) 145.5, 82.7941 167.407 1.93404 1.99404
Line 3 [Target 1) 94.9159, 142757 171431 3.99598 3.99598
Line - Circle Fit 105,564, 102,953 [eenter] 42,0791 [radiuz] 110279 [center] 20871 Iradius)
Feature 1 29,97 101.242 9.84886 9.84886
Feature 2 104,122 160.312 120418 120416

All values are shown in the units specified at the top of the window.

Multiple Calculations windows can be created for a single video and each window can be con
figured to dsplay different set of analysis track points. Each Calculations window can also be
configured to show the results in different units.

Creating a Calculations Window

You need to have completed an analysis before any calculations can be displayed. Gage you
completed your analysis, a Calculations Window can be created by clicking the Show
Calculations button on the Measurement Window (seestkec t i on cal | ed- fi Me
d o Wwtoolbar. Clcking this button will show or hide the Calculations window(s).

% lame.avi

= mE DB E S BB ME

= Show Calculations

Initially an empty Calculations Window will appear.

il
+ - | (v | Units: IPiers vI

|dentifier | Paszitian [.7] | Distance fram Origin | Displacement | Speed |
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Displaying Calculations
All Calculations window settings are controlled via the toolbar.

s —||E||Un'ﬂs:lm

Add Measuremen Add a new measurement to this Calculations Window.

Remove Measurement  Removethe selectedmeasurementrom this CalculationsWin-
dow.

New Window Create a new Calculations Window for this video.

Units Set the desired units for the displayed calculatinribis window.

The video needs to be calibrated first in order to use anyathits
er than Pixels.

To add a measurement to the Calculations Window, click the Add Calculation button on the
toolbar.

Select calculations to display =

=10

Line 1 - Target 1
Line 2 - Target 1
Line 3 - Target 1
-] Circle Fit

D

[ Feature 2

()8 I Cancel |

A listing of all available analysis targets andtéeas are listed in the window that appears. If this
window is empty, then no analysis has been completed. Select which items you wisplaydis
in this Calculations window and click OK.

o]
+ - | (ra] | Urits: Ilnches vI
|dentifier | Paszition [+.Y] | Distance from Origin | Displacernent | Speed |
Line 1 [Target 1] 10,9371, 7.2914 131448 0428636 0428696

Line 2 [Target 1) 23.1788.10.5387 25,4621 0427629 0.427629

Line 3 [Target 1] 127282, 22,8389 261462 n'a n'a

Featurz 1 3.43125,15.1547 16,5383 153544 1.63844
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Values of "n/a" indicate that thers mo value for the currently displayed video frame. Deis
curs when tracking has not yet been done for this frame of the video, or the target was lost in th
current frame (for position and distance) or previous frame (for displacement or speed).

To renove a measurement from the Calculations Window, select the item to be removed by
clicking on the appropriate row in the window. Then click the Remove Calculation louttioe
toolbar. The Add Calculation popup dialog can also be used to remove calculbyiam
checking the calculations to be removed.

Creating Multiple Calculations Windows

A new Calculations Window can be created by clicking the New Window button on the Calcu
lations Window toolbar.

== flame.avi - Calculations
+ = | %“ Units: Ilnches vI

Identifier_[Mew Window | | Pasition (4]
Line 1 [Target 1] 10.9371, 7.2914
Line 2 Target 1] 23,1788, 10.5387

Another Calculations Window will be created. Thevn@alculations Window will also be tied
to the same Measurement Window. As the Measurement Window is played, both Calculations
Windows will update appropriately.

Data Filtering

Overview

In addition to displaying data and analysis results, the data angsisnedn also be filtered to
perform operations such as noise removal. These filtering options are available via an-addition
al popup dialog from the Graph Configuration panel. In the center of the Graph Configuration
panel is the listing of Graph Line¥he columns of the Graph Lines listing display the item
number, item description, line color, visibility, and filter settings. The filtering options for a given
line can be accessed by clicking on the filter settings icon in the last column.
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(o[ x|
=mEmEnE uBEE | e

Graph Configuration

- Graph Configuration— - Data Step——

[Tt | T

' i

E

~GraphLines————————————

Add | Remove

Graph Line Filtering x|

Channek: Data - Chan 0 (Car)

| Thumbrai [ Processed | Raw

[V Enable Fitering B 5;”""* i

~ Filter List

CIEE

Add | Remove Clear
: Tow Pass-Butemworh [n=5, fo=1000] |
3
Z |1o0 Opto————————
E I Display legend (two styles)
i I Show scaled values vs. time
I Y-asis abel from channek: -1 Load | Save | Up | Down
¥ Major gidlines ¥ Minor giid ines e ————
[ Black background il
T LowPass ¥
¥ Pan whie playing [ Fised bounds 7o ot
I Maintain axes when refresting graph £l Butawoth 7]
I Display cursor backdiop Order 5
1 1 ] [} I I 1 1 1 1 1
0051 0052 0053 005 0055 005 0057 0059 006 0061 Reftesh Graph Cutoff Freq 1000 He
i EsConcs] Low Cotoff Frequency He
= High Cutoff Frequency H
14| | > || ] o] saf[ps]| Sew J—_I Eat z
o 005 00 014 oo "beekRele 131 femes T T
fo 24 48 72 [ AvaPlabackRate [ 200 fes
w’ . Zero 0 Jump Zoom Cancel Apply

If the filter settings icon is shown in gray, then filtering is disabled for that item. If the filter set
tings icon is shown in color, then filtering is enabled for that item. Filtering can be enabled for
all graphed items. For each itemmultiple filters may be chained together to perform more
complex filtering operations.

Note that the same data can be graphed using multiple lines, each with or without filtering en
abled. For instance, to have a raw and filtered version of the fiestctlannel, simply add the
same data line multiple times, click on the filter settings icon for one of the lines and set the fil
ter settings. Seetreect i on cal | e dforfimdre ;mfpormatign ors addirtg ignaph s 0
items.

Adding and Removing Filters

To add a filter, click the filter settings icon in the Graph Lines listing in the Graph Configura
tion panel, and perform the following steps:

1. Select the channel to filter in the Graph Lines listing and check the Enlibleng check
box.
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x
Channel: Data - Chan 1 [Car)
[rata Sample A ate:
12500 Hz
— Filter List
Add | Hemovel Clear
Load | Save | Up | Down |
= Propertie
Type ISeIect Type 'l
Style ISeIect Style 'l
[rder I
Cutaff Freg, I Hz
Lavs Cutoff Frequency I Hz
High Cutaff Frequency I Hz
pdate Properties i List |
()8 I Cancel | Apply |

2. Click on Add New in the Filter List section.

Graph Line Filtering =

Channel: Data - Chan 1 [Car)

[rata Sample A ate:

[V Enable Filtering 12500 He

— Filter List

| Remove Clear

Empty Filter [edit parameters below]

Load | Save | Up | Downl

r— Fropertie:

Type IM
Style lm
[rder l—
Cutaff Freg, l—

I—

Lavs Cutoff Frequency

High Cutaff Frequency I

pdate Properties i List

Hz
Hz
Hz

QK | Cancel | Apply |

3. Select the newly added filter by clicking on it in the list. For a complete listing of available
filters, seethe sectioncalled fi L ioBAvailable F i | t Setthe fype of thefilter in the
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Properties section.

Graph Line Filtering =

Channel: Data - Channel 1 [wall]

- [rata Sample A ate:
[V Enable Filtering 12500 He
— Filter List
Add | Hemovel Clear

Empty Filter [edit parameters below]

Load | Save | Up | Downl

— Propertie:
T [soeatTres]
Slyls Lt as -
Ord High Pass
et Band Pass
Cutoff Freq. Band Stop
Scale
Low Cutaff Freq. Offzet
Diff
High Cutolf Freq, Etmation
Mean
Update Froperti Median
| Derivative | |
Integral
Cancel|Zem0 Mean J
——{Angle Urwrap
didantive |

4. Select the style of the filter if necessary.

Graph Line Filtering =

Channel: Data - Channel 1 [wall]

- [rata Sample A ate:
[V Enable Filtering 12500 He
— Filter List
Add | Hemovel Clear

Empty Filter [edit parameters below]

Load | Save | Up | Downl

— Propertie:
Type Low Pazz
Style ISeIect Style 'l
sl eIetSt I
Chebyshey |
Cutoff Freq. Eliptic
Lo Cutaff Freq. Irverse Chebys

High Cutaff Freq. I Hz

pdate Properties i List |

QK I Cancel | Apply |
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5. Set the other properties that are necessary for the filtesglpeted. The editable proper
ties will be shown in white.

Graph Line Filtering =

Channel: Data - Channel 1 [wall]

[rata Sample A ate:

[V Enable Filtering 12500 He

— Filter List
Add |F|em0ve| Clear

Low Pazs-Butterwarth [n=5, fe=1000] :

Load | Save | Up | Down |
— Propertie:
Type lm
Style IW
Order |5—
Cutoff Freq. IW Hz
Low Cutaff Freq. l— Hz
High Cutoff Freg. [

| Update Properties in List 3|

QK | Cancel | Apply |

6. Click Update Properties in List to update the properties in the list.

7. Click Apply to apply the settings to the graph.

The process can be repeated in order to add more than one filter. The fikkeowill be ap
plied to the results from the first filter.
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Graph Line Filtering =

Channel: Data - Channel 1 [wall]

[rata Sample A ate:
12500 Hz

Remove | Clear |

Low Pazz-Butterworth [n=5, fo=1000]

[V Enable Filtering

— Filter List

Empty Filter [edit parameters below)]

Load | Save | Up | Down |
— Propertie:
Type IM
Style lm
Order l—
Cutoff Freq. l— Hz
Low Cutaff Freq. l— Hz
High Cutoff Freg. [

pdate Properties i List |

QK | Cancel | Apply |

To rearrange the order of filtering, select a filter from the list in the Filter List section and use the
Move Up and Move Down buttons.

To remove a filter from the list, select the filter and click the Remove button.

Each filter can be individually enabled and disabled by clicking on the checkbox next to each
filter name in the Filter List. Using this feature, you can add multiple filters with different set
tings and easily see the effect of each filter by enabling/disabling one at a time.

To remove all filters and to completely remove filtering from a channel, select the correct chan
nel at the top of the control panel and uncheck the Enable Filtering aheckb

Loading and Saving Filter Lists

Common combinations of filters can be saved to file and loaded for multiple data channels. Fil
ter lists are saved to files with tke-L file extension. These files are not directly associated with
any particular videmr data file, but may be loaded and applied to any data channel or analysis
result from any video.

To load a saved filter list, click the Load button underneath the Filter List section in the filter
settings dialog.
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[rata Sample A ate:

[V Enable Filtering 12500 He

— Filter List
Add |F|em0ve| Clear

Loadl Save | Up | Downl

-
P |

The standal file selection dialog will appear. Select the filter list file desired.

Look jn: |@ Clips j L= 5 Ef-

welocity filker . gfl

File name: | Open I

Files of type: | Graph Filter List [~of]) =l Cancel |
A

Once the filter list is loaded, it will appear in the Filter List section in the center of the Filtering
panel. The parameters for each of the filters in the list can be spadsiieg the procedure de
scribed in the previous section. Once you are satisfied will all the filter settings, click the Apply
button at the bottom of the panel to apply the newly loaded filter list.
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Graph Line Filtering =

Channel: Data - Chan 1 [Car)

[rata Sample A ate:

[V Enable Filtering 12500 He
— Filter List
Add | Hemovel Clear |
[ Difference
Scale [factor=100]
Low Pazz-Butterworth [n=5, fe=100]
Load | Save | Up | Down |
— Propertie:
Type IDifference 'l
Style ISeIect Style 'l
Order I
Cutoff Freq. I Hz
Low Cutoff Frequency I Hz
High Cutaff Frequency I Hz
Update Properties in List |
QK | Cancel | Apply |

To save the current fét list to a file, click the Save button under the Filter List section in the
Filtering panel. The standard save dialog will appear.

Save ir: |@ Clips j L= 5 Ef-

welocity filker . gfl

File name: || Save I

Save as type: IGraph Filter List [*.gfl] j Cancel |
4

Enter the desired filename and click Save.

Changing Appearance

To change the appearance of any graphed item, delibkeon the description or the line color
icon in the Graph Lines listing of the Graph Configuration dialog. The following Graph Line
Appearance dialog will appear.
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Graph Line Appearance ﬂ

Channel: Data - Chan 1 [Car)

Line Propertie: Faint Propertie:

Style I Solid <z l Style I Mone  * l
Caolar 1 | Caolar 1 |
Thickness I 2 > l

QK I Cancel | Apply |

Modify the desired settings and click OK or Apply to apply thergjes to the displayed graph.
Alsoseed he secti on c al foradditigh&l detaislorasgtting grdph dppegrance
settings.

Using the FFT

For filters that depend on frequency cutoffs (low pass, high pass, basdand band stoythe

FFT can be a valuable tool in determining cutoff frequencies. The FFT of the data can be showr
by clicking on the FFT tab in the data section of the Measurement Windovhéssee tion

call ed ADi 3$play Settingsbo

In the example below, we see that the data has frequency content beyond 6000 Hz. If we are ir
terested in only the low frequency signal, we can use a low pass filter. Here we show the FFT o
the original datand the resulting data after including a low pass filter with cutoff of 1000 Hz.
The FFT clearly shows that the frequency content of the original signal and the filteradlsig
closely match for values below the cutoff frequency.

il
= e PEmB S EE B o
: Graph Configuration b
o 23
T (- Graph Configuration— ~DataStep—— _°
2 u
% Load | Save <l > 5
£ e
T Filteri X
1 4dd | Remove o [Graph Line Filte x|
g 1 |Data - Chan 0 (Car) ~——| Channet Data - Chan 0 (Car)
LE 2 |Data- Chan 1 (wal] |® |5 B 1D
| 2(Daa:Chanllca) (@l M | 20 Data Sample Rate:
., [V Enable Fiteing e
® [FierLigt——————
Add | Remove Clear
= ||| A Rae]| e
= 2 Low Pass-Butterworth [n=5, fe=1000] |
i
= ~Options————————————————— W
E I~ Display legend (two styles) E
2l ¥ Show scaled values vs. time. =
I~ Y-asislabel from channel: -1 [~ Load | Save [ Up | Down
¥ Major gridlines ¥ Minor grid fines =
¥ Black background el
- Type LowPass ¥
¥ Pan whil playing [ Fired bounds
™ Maintsin ases when refieshing graph Sk Butemorh =]
- = - I™ Display cursor backdrop [Configure | Order 5
1 I 1
2000 400 5000 e Cutoff Freq 1000 He
Frpaensi ) Low Cutoff Frequency Hz
High Cutoff Frequency H:
Too| [ || [pri] o gs|  Slw f—— :
00 0% 005 014 (oo PlsbeckRati 1:1 - fames R
ﬂ 2 48 2[5 AvePlabackRae [200 s

The resulting data gph shows the result of removing the high frequency signals.
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=1olx|

: Graph Configuration %
& =
= - Graph Configuiation— -DataStep——
% ‘ Load | Save <l | @
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o | 2o | Femoe| | cex |
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[ Black background il
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I Maintain axes when refresting graph £l Buterwoth |
I™ Display cursor backdrop Order 5
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0051 0052 005 0054 0055 00% 0057 0053 005 0081 Refresh Graph Cutoft Freg, 000 He
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e =i High Cutoff Frequency H
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i
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Cancel Apply

Similarly, we could use the band pass filter to isolate signals between

1000 Hz and 2000 Hz.

The FFT shows the results of the filter eliminating low and high fregusignals.

=10/
+|o
T %
z Graph Configuration L
& oS
- Graph Configuration— - Data Step =2
3 v
% ‘ Load Save <l > ;
3 ——]
a ~Graphlines———————————————— g
I 4dd | Remove =
5 17
= 1D
2D
a,
®
£
pl
: =
- Options L}
& I~ Display legend (two styles) "
= IV Show scaled values vs. fime e
I~ Y-asis label from channel: -1 =
IV Major gidlines ¥ Minor gid fines
IV Black background
IV Pan whie playing I Fired bounds
I™ Maintain axes when refreshing araph
I Display cursor backdiop
|
4000 6000
Fommes 10 Refresh Graph

1o [ || [ori] | gs|  Sw —)__‘ et
o0 00 006 014 3.000000 Playback Ratio 1:1 | frames
o 24 48 72 Ava. Playback Rate | 200  fps

; o

Graph Line Filtering x|

Channel: Data - Chan 0 (Car)

W EnableFiteing 0% Jonele ate

Filter List

Add | Remove. Clear

Band Pass Butteworth [n=5, =100 |

Load Save Up Down

op:
Type [BandPass =]
Stle Bulterworth

Order -
Cutoff Freq. [ &

Low Cutoff Frequency  [1000 Hz

High Cutoff Frequency [2000 Hz
Update Properties in List

OK Cancel

Switching back to the Raw tab, we can see the original data and the band pass filtered data

which has removed the low frequency and the high frequency signal.
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% demo_hotwheels.avi =lolx|
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Saving and Loading

All appearance and filter settingan be saved to a file and reloaded. Multiplefigurationfiles
can be stored on your hard drive for different filtering scenarios. The settings are saved to grapl
configuration files that have theFCfile extension.

Graph Configuration [rata Step
’7 Load | Save | ’7 4|| |y|
1

— Graph Line

The graph configuration settingan be saved by clicking the Save button at the bottom of the
control panel.

To load the graph configuration settings, click the Load button.

Saved graph configurations can be applied to different recordings as long as they sawgethe
number of dataltannels or analysis results. For instance, if your graph configuration is set to
filter the second data channel and this configuration is loaded for an event that has only one dat
channel, the configuration for the second channel will be ignored.

Exporting Displayed Data
If you have filtered your data and you wish to export the filtered results to an external-applica

tion, right click in the graph and select Export Displayed Data from the context menu. This will
export the actual data that is used to gateethe graph.
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Flay
View

Video Menus

Graph Menus

Refresh Graph

Display Layers
MNotes
Annotations

Adjust Video-Data Alignment
Align First Video Frame to First Data Point
Align Current Data Point to Zero Video Frame

Modify Recorded Parameters
Save Recorded Parameters

<

Subtract Mean Before Computing FFT
Convert Raw FFT to Mean-Square Power

Save Playback As Bitmap Sequence (Window)
Save Playback As Bitmap Sequence (Program)

In addition to exporting the data, the measurement graph can also save the "playback” of th
entire graph to a bitmap sequence. The Window operation directly copies the graph window to &

Show Legend 3
Export Displayed Data To Text

To Excel
To Excel Template
To C3D

Save As Bitmap Sequence
Display In 2-Axis Graph

Audio Playback Dialog

bitmap file. If anyother windows are located on top of the graph window area, these portions of

the graph will be obscured. Make sure that there are no other windows obscuring the grapt

window when you perform the save operation. To save the graph as a video, selecagave Pl

back As Bitmap Sequence (Window) from the context menu. You can save the entire-ProAna
lyst workspace and all the displayed windows by using the Save Playback As Bitmap Sequenct

(Program) selection on the context menu.

List of Available Filters

A comgete listing of the available filters for data:

Low Pass

High Pass

Band Pass

Band Stop

Filters out high frequency signals above a certain cutoff
frequency, allows low frequency signals to pass through
unmodified. There are four different styleButterworth,
Chebyshev, Elliptic, anchiverse Chebyshev.

Filters out low frequency signals below a certairtoff
frequency, allows high frequency signals to pass through
unmodified. There are four different styleButterworth,
Chebyshev, Elliptic, and Inverse Chebyshev.

Filters out low and high frequency signals belowoa
cutoff frequency and above a high cutoff frequenaly,
lows frequencies between the low and high cutaftiesto
pass through unmodified. There are four different styles:
Butterworth, Chebyshev, Ellijg, andinverseChebyshev.

Filters out frequencies between a low and high cutoff fre
quency, allows low frequency signals below the moff
and above the high cutoff to pass through unmodified.
There are four different styles: Butterworth, Chebyshev,
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Scale

Offset

Difference

Summation

Mean

Median

Derivative

Integral

Zero Mean

Angle Unwrap

Elliptic, and Inverse Chebyshev.
Multiplies the data points by a user specified scale factor.

Offsets the data points by a user specified offset value.
Offset can be positive or negative.

Compute the finite difference of the signal. Subtrattis
previous data point from the current data point. Useitthis
conjunction with a scale operation to obtain the equivalent
of discrete differentiation. Often it is necessary to fitter
result of discret differentiation with a low pass filter to
obtain smooth velocity/acceleration results.

Computes the sum of the signal over time. Staftiomm the
first data point, this filter sets the current data point to the
sum of all previous data points.

Computes the mean of the data points over a mawing
dow. The moving window is defined as the currpaint
plus or minus a user specified halidth. For examplefor

a halfwidth of 100, the filter will compute the median of
the previous 100 da points, the current data poiahd the
next 100 data points.

Computes the median of the data points ovenaving
window. The moving window is defined as the current point
plus or minus a user specified halfdth. Forex- ample, for

a halfwidth of 100, the filter will comput¢he median of
the previous 100 data points, the curmstbpoint, and the
next 100 data points.

Computes the derivative of the signal. Subtractsptieer
ous data point from the current data point and disty the
sample time. This operation is commonly kncagdiscrete
differentiation. Often it is necessary to filtdre result of
discrete differentiation with a low pass filter to obtain
smooth derivative (velocity/acceleration) results.

Computs the integral of the signal over time. Starting from
the first data point, this filter sets the current data point to
the sum of all previous data points multipliegthe time

for each sample.

Computes the mean of the entire data set andstiietracts
the mean from the data, resulting in a datavett zero
mean.

This filter handles "unwrapping" of anghlaeasurements.
When a change in the data value exceeds the3tepSize
value specified, the filter will shift the data B0 degrees
to attempt to produce a smooth graph.
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Adaptive Unwrap

Zero Initial

Outlier Removal

Smoothing (MeafMedian)

Threshold (Binary)

Threshold (Mask)

Integral w/ Zero Reset

Subtract Unfiltered

Maximum

Minimum

This filter is similar to the Angle Unwrapfilter, however,

the correction amount is not fixed to 360. This filter will
attempt to predict how much of an offset required to
produce a continuous graph when large jumps are en
countered.

This filter applies an offset so that the first data poimt
comes zero. This is useful if you wish to compare the trend
of multiple data sets that have differemitial val- ues.

This filter attempts to remove outlier values frondata
sequence. A simple algorithm is used to determine outliers
to be ignored. If the difference between the curdath
value and the previous data value is greatem thamin-
imum step size parameter value, the current data vslue
considered an outlier and is ignored. Ignored valueseare
placed with linearly interpolated values.

This filter combines the Mean and Median filters irtoe.
The combination of computing a mean followed by a me
dian is a common way of smoothing data. This filter-con
veniently combines the Mean and Median filters into a
single filter so that you only need to set the Jwétith once.

This filt er performsa thresholdoperationon the data.All

data values that are below the minimum bounabowethe
maximum bound are set to 1.0. All data values between the
minimum bound and the maximum bouaréset to 0.0.

This filter performsa thresholdoperationon the data.All

data values that are below the minimum bounabovethe
maximum bound are left the same. All datduesbetween
the minimum bound and the maximum bowameéset to 0.0.

This filter computesthe integral of portions of the data
signal between zero values. If all data values arezeoo,
this filter is identical to the Integral data filter. However,
when a data value of 0.0 is encountered, this filter will re
set the integral computation to00and the integration be
gins again.

This filter subtracts the original unfiiltered data frahe
current filtered data.

This filter generates a new set of data where all vadoes
set to the maximum value of the input data.

This filter generates a new set of data where all vadoes
set to the minimum value of the input data.
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Absolute Value This filter generates a new set of data where all vadoes
set to the absolute value of the inplata.

Inverse (1/x) This filter generates a new set of data where all vadoes
set to the inverse value of the input data (1/x). Tikter
was previously the Invert filter, which generated tteg
ative of the input values. To obtain the negativaigsin-
stead, use the Scale filter with a scale facted of

Combine With Another This filter combinesthe currentdata(including anyfilters
applied above this filter) with the data from a previous
graph line (including any data filters). Different oaons
can be selected to specify how to combine the cudatat
with the previous graph line. The available operatiames
Add, Subtract, Multiply, Divide, and Magnitude. Fadd,
Subtract, Multiply, and Divide, the operations areB, A-

B, A*B, A/B, where A is the current data and Bhedata
from the previous graph line. The Magnitudgera tion
results in output of the form sqgrt(A*A+B*B).

CFC Filter This filter implements a Channel Frequency CI&BC)
filter that is commonly used in automotisggplications.The
filter implements a lowpass 4channel Butterworth filter,
as described in SAE J211. This filter can be usathooth
signals that contain high frequency noise.

2-Axis Graphing

Overview

In addition to the standard data vs. time graphingjlable in the Measurement Window, you
can also create multiple&xis Graph windows. These windows allow you to graph data from
different video sources simultaneously. Th&xds Graph window also allows for logarithmic
axes for X or Y or both.
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Creating a New 2-Axis Graph

To create a new-2xis Graph window, select New&xis Graph from the Tools menu.

% ProAnalyst® - 3-D Professional Edition
File Edit View | Tools Window Help

New Video Explorer
New Video Timeline

New 3-D Manager Window
New 3-D Merge Window

] New 2-Axis Graph

New 3-Axis Graph

Sync Play Controls »

Lens Distortion Calculation
SAE J211-2 Calculation

This will create an empty-2xis Graph window.
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2-Axis Graph Lines

Multiple lines can be grapu within the same window. To add additional lines teAxia
Graph window, click Add in the-2xis Graph Lines panel.
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— 2-buiz Graph Line:
Load | Save | ’7 Configure |
— Graph Line:

Remove |

1 | <no data set:

— Data
Source Video Select |
Source ltem Select |
— Data
Source Video Select |
Source ltem Select |

Update Line | Fiefrezh Data |

The source video and source items must be set for the X and Y Data. The source video must k
open, and th corresponding source item must be enabled in order for the data to be available for
graphing. Click Select next to the source video line to select a source from among taetbyur
opened videos.

Select Source Yideo |

D:4Clips\Pro Demo Files

()8 I Cancel |

After the source video has been selected, the sateroemust be selected. Click Select next to
the source item line to select a data item from the source video. In order for itesrgraphed,
they must be enabled in the source video window. For instance, in order to2¢gpdielature
tracking data, th€&eature Tracking toolkit must be enabled for the selected video.



Chapter 4. Analysis 159

Selectltem k|

- Time

- Data

=20

- [] Feature 1 () - %

S Feature 1 (] -

- [] Feature 1 () - Dist

- [] Feature 1 () - Speed

- [ Feature 1 () - = Welacity
- [ Feature 1 () - Welacity
- [] Feature 2() - ¥

- [] Feature 2() -

- [] Feature 2 () - Dist

- [] Feature 2 () - Speed

- [ Feature 2 [) - = Velacity LI

()8 I Cancel |

| v

After you have set the source video and items for both the X and Y data, click Update Line and
then Refresh Data.

The graph line information in the Graph Linéstihg should update to reflect the new source
information.

The line and point style for the graph line can be modified by detlizlking on the name or
colored circle in the Graph Lines listing. The line appearance dialog is identical to the standard
graph line appearance dialog. e e secti on cal | e dormotehrdormai ng
tion.

Filtering can also be applied to both the X and Y data independently. Click icons in the two fil
ter columns of the Graph Lisdisting to display the filter configuration dialog. The filter eon
figuration dialog is identical to the standard graph filter configuration dialog. Sesettien
cal | ed A D ddrmoreRnformateom. i n g o

1]
- 2-Axis Graph Lines ’E
2-fixis Graph Lines *
Load | save | Configure | i
s zl
~Graph Lines———————
Channel: 20 - Feature 1(]-x
4dd | Remove| copy |
1 1 = dema_hotw.,. |8 [= J1 R0 ™ Enable Filtering Data E’Sﬂiﬂate
695 Fikter Settings|| - _pier st
Add |Hemove| Clzar
5=
a5 R —
Source Yiden Solect |
demo_haotwhesls.avi
load || Seve || Up || Down |
Source Item Select I
[2D - Feature 10)- - Propeti
7.5 v Data Tupe Select Type ¥
Source Video Select I Siyle Gelect Stule =
demo_hotwhesls svi Drder I
Source Item Select I Cutoff Freg l— He
665~ I I I I ] 1 D -z U - Loy Cutaff Frequercy Hz
20 100 120 140 1E0 180 5
by Update Line I Refresh Data | High Cutoff Frequency Hz
WY I e I Update Froperties in List
|
Sty 10 11 | Show Poinks  Slow ———}— Fast
T == Ok Cancel Appl
2 N I T y o . g zow | g [5row e =] PlpRaio 121 == ] | _eeow |
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2-Axis Graph Connection Lines

An arbitrary number of custom lines may be drawn between graph points. Click the Configure
button in the Lines section of theAXis Graph Lines Panel.

Line Co x|
Line Mumber I‘I 'l Add Line
¥ Shaw Line Remove Line
r— Line Propertie:
Style ISolid 'l
Color -l Size |2 'l
— Define Line
Possible Sequence of
Faints Faints in Line
Origin
#+ Direction
*- Direction il
'+ Direction :I
- Direction
2|
3

~ Meast

" Show Angle Measurements
™ Show Length Measurements

Load | Save | Apply | Cloze |

Click the Add Linesbutton to add a new line. Click the Remove Line button to remove the cur
rently selected line in the Line Number drdpwn box.

Each line may have its own set of properties. Set the style, color, and size of the line in the Line
Properties section of éhdialog.

A line will be drawn between the sequence of points shown in the right list box. Select items
from the list of possible points in the left list box and click on the right arrow button to add them
to the sequence. To remove items from the segqyessdect the items in the right lisbx and

click on the left arrow button. To rearrange items in the sequence, select the itam&&nd

click on the up or down arrow buttons.

Simple angle and length measurements can also be displayed next toutteelife@s. The length
measurements will be shown at the midpoint of each line segment. The length will be displayed
in the calibrated units. The angle measurements will be shown at the joint (middle point) of
every three point segment. Angle measuremar@salways shown in degrees.

When you are done configuring all lines, click the Apply button and then the Close button.
Line configuration files{.Icf ) can also be loaded or saved from this dialog using the Load

and Save buttons. These files are intangeable with the files generated by Feature Tracking
or Line Tracking.

2-Axis Graph Sources and Options
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In order for the data to be graphed, the source video and source item must be apeentlye
2-Axis Graph Sources/Optis control panel lists the source videos and items inghemportion
of the panel. A green check next to an item indicates that the correspaodingvideo is
currently open. A red X indicates the corresponding source video is not currently open.

No checking is done for whether the source item is available in the corresponding source video
For instance, the green check indicates that the video is open, but no checking is done to see
the 2D Feature Tracking toolkit is currently enabled. An err@seage is displayed when the
graph is refreshed if a source video or item is unavailable.

— Source

1-%: demao_hotwheelz.avi: Data - [
1-%: demao_hotwheelz.avi: Data - [

K i

Open Yideo | Load Default Source |

Open and Load All Default Sources |

Change Source References |

— Optio:
[ Display legend [bwo styles)
¥ Show scaled values in selected units
v Maijor grid lines v Minar grid lines
V¥ Black background |~ Show cursor
Azes ¢ Fit C Equal ¢ Fived
™ Maintain axes when refreshing graph
[ Log.  Asis [ Log. ¥ Asis

Fedraw Graph | Fiefrezh Data |

If a video is currently not open, you may select the line in the Sources listing and click the Open
Video button to open the video file. If the video is open,thatspecific analysis toolkit is not
loaded, you can click the Load Default Source button to load the default toolkit file for the
selected video if the file exists. To open all videos and default sources, click Open and Load All
Default Sources. Note thidityou saved your analysis files to ndefault names, the autmatic
loading may fail. For instance, if your video is named test.avi, the default Feature ifigack
filename would be test.ftk. If the test.ftk file does not exist, then loading the defaute will

not work. To change to a different source video, click Change Source Referencesll Yoau

asked to select the source video to change, and then to select the new source video to use. Cli
OK to confirm.

Additional options that affect thgppearance of the graph can be set in the lower portion of this
control panel. Change each option and then click the Refresh Graph button to apply the change
without reloading the data. Click Refresh Data to apply the changes and also reload all grapt
data

Display legend There are two types of legends. Click on the checkbox
once and refresh to get the first legend, click again and
refresh to get the second.
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Show scaled values in selected
units

Major grid lines
Minor grid lines

Black background

Show cursor

Axes

Maintain axes when refreshing
graph

Log. X Axis

Log. Y Axis

The data can be shown using Isdavalues in selected
units (e.g. inches, pressure) or using unscaled units (e.g.
pixels, volts). Check this box and refresh to show scaled
values. Uncheck to show unscaled values.

Check this box to show major gridlines in the graph.
Check this box to show minor gridlines in the graph.

The graph can be drawn against a black backgraund
against a white background. Check this box to difzev
graph with a black background.

Check this box tomable a green cursor. The grezms
or can be moved anywhere in the graph by clickinthe
desired point. The coordinates of the cursorlmshown
by displaying the legend.

There are three options for setting the axis ranges. Fit
automatically sets the axis ranges to fit the entiamgeof
displayed data for each axis independently. Edqiel
termines the largest range of data over all the andthen

sets each axis range to be equal in length to the largest
range. Fixed allows you to specifixed values for each
axis range. Shown below is the dialog thatpears when
setting fixed bounds. Use the checkbot@snable fixed
bounds for a given axis. Click the Getir- rent button to
populate the edit boxes with the currartis bounds.

~ Fixed Bound

¥ Fixed i#-Axiz Bounds Get Current |

Hedwiz Minimum Yalue |5

ot M animnurn Walue |5

[V Fined iz Bounds Get Current |
Az Minimurn Y alue |3
Az Maximum Value |1 0

Cancel |

When the graph is refreshed, the X and Y range of the
displayed graph is typically reset. Check this box to
maintain the same settings for the X and Y range when the
graph is refreshed.

Check this box to giph the X axis using a logarithmic
scale.

Check this box to graph the Y axis using a logarithmic
scale.
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2-Axis Graph Data Exporting

The data used to generate the graph may be exported to a Text file or to HigkeheCData
button on the left toolbar to display theAXis Graph Data panel.

— Export

| Export Dizplayed Data to Text I

Export Dizplayed Data to Excel |

Export Displayed to Excel Template |

— Save Playback az Video

Save as Bitmap Sequence |

The data is exported in a undecorated format to either a text file or an Excel spreadsheet. Th
first and second columns are the X and Y data for the first graph linghifdeand fourth are
the X and Y data for the second graph line, and so on.

In addition to exporting the data, theAXis graph can also save the "playback” of the entire
graph to a bitmap sequence. The Window operation directly copies the graph winaldit to

map file. If any other windows are located on top of the graph window area, these portions of the
graph will be obscured. Make sure that there are no other windows obscuring the graph window
when you perform the save operation. To save the graphvaeo, select Save Playack As
Bitmap Sequence (Window) from the context menu. You can save the entire Plg#na
workspace and all the displayed windows by using the Save Playback As Bitmap Sequence
(Program) selection on the context menu.

2-Axis Graph Play Controls

The 2Axis Graph includes special play controls for moving through the graphed data. The play
bar shows the index of the current frame and the total number of data points that are graphec
The current point on each graphed line is higithg with a yellow indicator. As the graph is
"played", the index of the current point is changed and the graph is updated.

o kfo 1 | ShowPoints  Slow ———Y— Fast
ol [ || oo g e et 1 =i

Additional options can affect the playback and appearance of the graph:

Zero Click this button to adjust the zero index of tmagh. This idelpfulfor
adjusting the synchronized playback of multiple videos or graphs.

Continuous (C) Check this box to enable continuous playback. When the ettitkof
graph line is reached, playback will begin again at the beginifing.
playing backvards, playback will begin again at the end.

Synchronize (S) Check this box to enable synchronized playback with other synchron
ized windows. Note that if the program is doing Tib®sed synchren
ized playback, the frame rate of the video of the firdewisource will
be usedasthe framerate for the graph.Seethe sectioncalled
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ASynchroni zed Pl farymor€iaformatiom bbout To o |
synchronized playback options.

Show Points The grajh can be configured to show all points, the current pmiiyt,
or past points.

Saving and Loading

All 2-Axis Graph line data, appearance, and filter settings can be saved to a file and reloadec
The settings are saved to a#\&is Graph configuration fé with theXYG file extension. Click
the Save button in the&xis Graph Lines control panel to save the settings to a file.

Save ir: I () demofilez j = 5 Ef-
File name: | Save I
Save as type: |2-Axis Graph Files [*.xpg) j Cancel |/
4
To load the graph configuration settings, click the Load button in-4hei® Graph Lines con
trol panel.

i I () demofiles j = £ E-

File name: Itest.xyg DOpen I
Files of type: | 2+uis Graph Files [“xyg) =l Cancel |

4

Since the 2Axis Graph depends on data from other video sources, it is convenient tefadsl 2
Graph files to projects containing the necessary video sour@eds Zraph filescan be added
to projects in the same manner that videos are added to projects. You can Add Yideo
button on the toolbar or the context menu or you can drag and drop from ag-AgisrGraph
window onto a project window.
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-ioix
EHl = @@

demo_hotwheels.avi

[2-A%IS GRAPH]

3-Axis Graphing
Overview

In addition to the standard data vs. time graphing available in tlesuement Window, you
can also create multiple®xis Graph windows. These windows allow you to graph data from
different video sources simultaneously. Thé&x3s Graph window also allows for logarithmic
axes for X and/or Y and/or Z.

=10l x|
= mEpEmEuE-~8nE+ P

§ test3d.3dg i =1of |
3-Axis Graph Sources/Options ’E
I, 3

[~ Sources

71-%: Rebeccaldsub.avi 2D -
£1-Y: RebeccalBsub.avi: 20 -
#1-2: Rebeccalidsub.avi: 20 -
¢ 2-%.: Riebeccaldsub.avi: 2D -
7 2-Y: RebeccalSsub.avi: 2D -
¢ 2-2: Riebeccaldsub.avi: 20 -
+# 3-X: Rebeccaldsub.avi: 2D -
¢ 3-Y: RiebeccalSsub.avi: 2D -
+#3-2: Rebeccalidsub.avi: 2D -
74

-X: Rebeccaldsub.avi: 20 - f o

i il ;l_‘
Open Video | Load Default Source
Open and Load All Default Sources

~Options
I Display legend (two styles)
I~ Fast draw when dragging
¥ Maior gid lines ¥ Minor grid lines
[V Black background
IV Fixedbounds [~ Show cursors
Show ¥V Xv W %2 ¥ YZplane
Logarithmic [~ X [T ™ Z axis

Redraw Graph Refresh Data

e 4| ShowPints _ Slow }— Fast
o e
0 e 7 85 Zeo | [@s| [Showal ] PyRatio 1:1 =

=2}

[ Thumbnail | Processed | Raw

D A ]
144) | > [ m [ [ ] o T

=mE DEPE U E-EnE

[

| Thumbnail [Processed | Raw

m
s ety [ =
14|« | > [ [ [] oo i st R
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Creating a New 3-Axis Graph

To create a new-8xis Graph window, select NewA&xis Graph from the Tools menu.

% ProAnalyst® - 3-D Professional Edition

File Edit View | Tools Window Help
B WA @ eer

| [ New Video Explorer
New Video Timeline

SO
New 3-D Merge Window
New 2-Axis Graph

New 3-Axis Graph |

Sync Play Controls »

Lens Distortion Calculation

New 3-D Manager Window
SAE J211-2 Calculation

This will create an empty-8xis Graph window.

& Untitled 3-Axis Graph 1 10l =|
3-Axis Graph Lines b,
F-dis Graph Lines e
Load | Save | Configure |
Graph Lines
Add | Femove | Copy |
# Source Video

seest |
seest |
seest |
seest |
seest |
seest |

# Source ltem

' Source Video

" Source ltem

Z Source Video

Z Source ltem

Update Line | Fiefrezh Data |
T )
e I: {0 = | Show Paints Slow -+— Fast
D] [ [ o] ] im [ N1 — j [Shondl > PlayRato 11 4=

3-Axis Graph Lines

Multiple lines can be graphed within the same window. To addiadditlines to a 3Axis
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Graph window, click Add in the-Bxis Graph Lines panel.

— J-bwiz Graph Line:
Load | Save | ’7 Configure |
— Graph Line:

Add | Hemovel Copy |

# Source Video

IHebeccaD4sub.avi Select |

# Source ltem

|2D - Feature 1 [Hip] - % Select |

' Source Video

IHebeccaD4sub.avi Select |

" Source ltem

|2D - Feature 1 [Hip] - Select |

Z Source Video

IHebeccaDEsub.avi Select |

Z Source ltem
|2D - Feature 1 [Hip] - % Select |

Update Line | Fiefrezh Data |

The source video and source items must be set for the X, Y, and Z Data. The source video mu:
be open, and the corresponding source item muestdgled in order for the data to be avalile

for graphing. Click Select next to the source video line to select a source from among the
currently opened videos.

Select Source Yideo |

()8 I Cancel |

After the source video has been selected, the source item must be selected. CligkeSetect
the source item line to select a data item from the source video. In order for itesrgraphed,
they must be enabled in the source video window. For instance, in order to2¢gpdielature
tracking data, the Feature Tracking toolkit must beébkstbfor the selected video.
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Selectltem ____________ k|

- Time -
=20

S Feature 1 [Hip] - 43
- [] Feature 1 Hip] - ¥
- [] Feature 1 [Hip] - Dist

- [] Feature 1 [Hip) - Speed
-] Feature 1 [Hip) - ¥ Yelocity
- [] Feature 1 [Hip) - ¥ Welocity
- [] Feature 2 (Knes) -

- [] Feature 2 (Knes] -

- [] Feature 2 (Knes] - Dist

- [] Feature 2 [Knes] - Speed

- [ Feature 2 [Knes] - ¥ Yelacity

- [ Feature 2 [Knes] - ¥ Yelacity LI
()8 I Cancel |

After you have set the source video and items for the X, Y, and Z data, click Update Line and
then Refresh Data.

The graph line information in the Graph Lines listing should update to reflectetiesource
information.

The line and point style for the graph line can be modified by detlizlking on the name or
colored circle in the Graph Lines listing. The line appearance dialog is identical to the standard
graph line appearance dialog. 3eb e secti on cal | e dormoBehrdormai ng
tion. Note that you are able to adjust the point size for tAgi8 graph lines.

Graph Line Appearance ﬂ

Channel: 3-Axiz Graph Line 1

Line Propertie: Faint Propertie:

Style I Solid <z l Style I Mone  * l
Caolar I | Caolar I |
Thickness I 1 > l Size I 1 > l

Cancel | Apply |

Filtering can also be applied to both the X, Y, and Z data independently. Clickiitthe three
filter columns of the Graph Lines listing to display the filter configuration dialog. Theefil
configuration dialog is identical to the standard graph filter configuration dialog. Seedtien
cal | tda iDiformere infamngaton.
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i %!
3-Axis Graph I ines ,E
a3

34z Graph Lines
’V Load | Sava | ’7 Corfigus | A
]

- Graph Lines
2 Chanrnel: 20 - Feature 5 [Tarso) - #
Add | Hemovel Capy I
- E= i
1 [X=PRebecc.. | @ g“ ot I~ Enable Fitering Data Sample Fiate:
2 [X=Rebecc.. |8 |5y g 250 Hz
3 [ - Rebece. | @ [ e semas] | g
4 |7 =Riebecc |5 Aidd | Hemovel Clear.
5 | = Rebece = B

# Source Video

Rebeccaldsub. avi Select I

# Source [kem

20 - Featue 6 (Tosa) % Select | Lnad| savg| Up | Duwnl

'Y Source Yideo

RebeccalSsub.avi Select I - Prapeti
Select Type >

¥ Sowrce Item Tipe

20 - Feature 5 ([Torsa) -4 Select I Stle Select Style ~
Z Source Yideo Order
Rebeccaldsub avi Select I

Z Souice kem Cutoff Freg Hz
20 - Feature 5 (Torsa) - Y ml Law Cotoff Frequency Hz
Updateline |  Reiesh Data_ | High Cutoff Frequercy e

a4 [ ZAr J Update Pioperies irList

JH*, o | ShowPoints  Slow ———3— Fast =

] | | m|i]iw o] i 200 | o] [Sronet =] Puyriao 11 =i=]

Cancel | Apply I

3-Axis Graph Connection Lines

An arbitrary number of custom lines may be drawn between graph points. Click the Configure
button in the Lines section of theAXis Graph Lines Panel.

Line Configuration =

Line Number - Add Line

¥ Shaw Line Remove Line

r— Line Propertie:

Style ISolid 'l
Color -l Size |2 'l

— Define Line
Possible Sequence of
Faints Faints in Line
Item 1 - Item 1
Item 2 Item 2
Itemn 3 il Itemn 3
Iterm 4 :I Item 1
Item 5 Item 10

Item B Itern 11

Item 7 ll Item 1
Item & iI
Iterm 9

tem10 =l

~ Meast it

" Show Angle Measurements
™ Show Length Measurements

Fant

Family IAriaI 'l
Color NN Siee[15 -]

Load | Save | Apply | Cloze |
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Click the Add Lines button to add a new line. Click the Remove Line button to remove the cur
rently selected line in the Line Number drdpwn box.

Each line may have its own set of properties. Set the style, color, and siedinétim the Line
Properties section of the dialog.

A line will be drawn between the sequence of points shown in the right list box. Select items
from the list of possible points in the left list box and click on the right arrow button to add them
to thesequence. To remove items from the sequence, select the items in the rigbk distl

click on the left arrow button. To rearrange items in the sequence, select the itam&énd

click on the up or down arrow buttons.

Simple angle and length measments can also be displayed next to the feature lines. The length
measurements will be shown at the midpoint of each line segment. The length will be displayec
in the calibrated units. The angle measurements will be shown at the joint (middle point) of
every three point segment. Angle measurements are always shown in degrees.

When you are done configuring all lines, click the Apply button and then the Close button.

Line configuration files*Icf ) can also be loaded or saved from this dialog using thd Loa
and Save buttons. These files are interchangeable with the files generated by Feature Trackin
or Line Tracking.

3-Axis Graph Sources and Options

In order for the data to be graphed, the source video and source item must be apeeriklye
3-Axis Grgph Sources/Options control panel lists the source videos and itemsippiportion
of the panel. A green check next to an item indicates that the correspaodirgvideo is
currently open. A red X indicates the corresponding source video is mehttyopen.

No checking is done for whether the source item is available in the corresponding source video
For instance, the green check indicates that the video is open, but no checking is done to see
the 2D Feature Tracking toolkit is currently dslad. An error message is displayed when the
graph is refreshed if a source video or item is unavailable.
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— Source
1-%: Rebeccaldsub.avi: 20 - Fea
1-%: Rebeccaldsub.avi: 20 - Fea
1-Z: Rebeccalsub.avi: 20 - Fea

4 ™

Open Yideo | Load Default Source |

Open and Load All Default Sources |

Change Source References |

— Optio:
[ Display legend [bwo styles)
™ Fast draw when dragging
v Maijor grid lines v Minar grid lines
V¥ Black background [~ Show cursors
Aues " Fit ' Equal " Fized
Shaw vV %y V¥ %2 W YZ plane
Logarithmic: [~ = [ v [ Z asis

Fedraw Graph | Fiefrezh Data |

If a video is currently not open, you may select the line in the Sources listing and click the Open
Video button to opetthe video file. If the video is open, but the specific analysis toolkit is not
loaded, you can click the Load Default Source button to load the default toolkit file for the
selected video if the file exists. To open all videos and default sources, chcka®g Load All
Default Sources. Note that if you saved your analysis files tedefault names, the autmatic
loading may fail. For instance, if your video is hamed test.avi, the default Feature ifigack
filename would be test.ftk. If the test.fthefidoes not exist, then loading the default source will
not work. To change to a different source video, click Change Source Referencesill Yoau

asked to select the source video to change, and then to select the new source video to use. Cli
OK to corfirm.

Additional options that affect the appearance of the graph can be set in the lower portion of this
control panel. Change each option and then click the Refresh Graph button to apply the change

Display legend There are two types of legends. Cli¢cletcheckbox once
and refresh to get the first legend, click again rficeshto
get the second.

Fast draw when dragging If you areon a slowercomputer,you may wantto enable
fast drawing when dragging. The graph will thery draw
the outline of the &g planes and graph points when
rotating, panning, or zooming the graph.

Major grid lines Check this box to show major gridlines in the graph.
Minor grid lines Check this box to show minor gridlines in the graph.
Black background The graph can be drawn aganst a black backgroundor

againsta white background.Checkthis box to draw the
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graph with a black background.

Show cursors Check this box to display green cursor lines and cursor
ordinates next to each of the currentgraoints.

Axes There are three options for setting the axis ran§és.
automatically sets the axis ranges to fit the entire range of
displayed data for each axis independently. Equal determ
ines the largest range of data over all the axes and then sets
each axis range to be equal in length to the largest range.
Fixed allows you to specify fixed values feachaxis range.
Shown below is the dialog that appeatsensetting fixed
bounds. Use the checkboxes to endhed bounds for a
given axis. Clicklhe Get Current button to populate the edit
boxes with the current axis bounds.

Additional Graph Options =

~ Fixed Bounds
¥ Fixed #-Auis Bounds Get Current

Hedwis Minimum Yalue |-500

Hedis Maximum Yalue |0

[¥ Fined -4z Bounds Get Current
“r-&is Minimum Yalue |0
&z Mawimum Yalue |500

[¥ Fired 243z Bounds Get Current
Z-Ais Minimum Yalue |-300
Z-dis Maximum Yalue | 200

T T

Cancel |

Show XY, XZ, YZ Plane Check these boxes to display the XY, XZ, or YZ planes.

Log. X, Y, and Z Axes Checktheseboxesto graphthe X, Y, or Z axesusinga
logarithmic scale.

3-Axis Graph Data Exporting

The data used to generate the graph may be exported to a Text file or to Excel. Click the Data
button on the left toolbar to display theA%is Graph Data panel.

Export

| Export Dizplayed Data to Text |

Export Dizplayed Data to Excel |

Export Displayed to Excel Template |

Export Digplayed to C30 |

Save Playback as Video

Save az Bitmap Sequence |
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The data is exported in a undecordigunat to either a text file, an Excel spreadsheet, an Excel
spreadsheet using a template, or a C3D file. The first, second, and third columns are the X, Y
and Z data for the first graph line. The fourth, fifth, and sixth columns are the X, Y, and Z data
for the second graph line, and so on.

In addition to exporting the data, theA3is graph can also save the "playback" of the entire
graph to a bitmap sequence. The Window operation directly copies the graph window-to a bit
map file. If any other windoware located on top of the graph window area, these portions of the
graph will be obscured. Make sure that there are no other windows obscuring the graph window
when you perform the save operation. To save the graph as a video, select SalvacRl&s
Bitmap Sequence (Window) from the context menu. You can save the entire Piggtna
workspace and all the displayed windows by using the Save Playback As Bitmap Sequence
(Program) selection on the context menu.

3-Axis Graph Play Controls

The 3Axis Graph irtludes special play controls for moving through the graphed data. The play
bar shows the index of the current frame and the total number of data points that are graphec
The current point on each graphed line is highlighted with a yellow indicator. Agdbé is
"played”, the index of the current point is changed and the graph is updated.

ko 31| Show Paint Slow ————}— Fast
[« [ [ o] [ e et <

Additional options can affect the playback and appearance of the graph:

Zero Click this button to adjust the zero index of the graph. THigligfulfor
adjusting he synchronized playback of multiple videos or graphs.

Continuous (C) Check this box to enable continuous playback. When the ettitkof
graph line is reached, playback will begin again at the beginifing.
playing backwards, playback will begin againta end.

Synchronize (S) Check this box to enable synchronized playback with other synchron
ized windows. Note that if the program is doing Tib®sed synchren
ized playback, the frame rate of the video of the first video source will
be used as the frammate for the graph. See the sectioalled
ASynchronized Pl afgr m@® informatidnaboutT o o |
synchronized playback options.

Show Points The graph can be configured to show all p&ithe current poinanly,
or past points.

Saving and Loading

All 3-Axis Graph line data, appearance, and filter settings can be saved to a file and reloadec
The settings are saved to a#8is Graph configuration file with thBDG file extension. Click
the Save button in the&xis Graph Lines control panel to save the settings to a file.
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Save 3-Axis Graph File

el b3
Save jm Il’f} Tunning j - =5 B
File: name: | Save I
Save as type: | 3+4is Graph Files (*.3dg) =l Earedl |
A

To load the graph configuration settings, click the Load button in-hei$8 Graph Lines con
trol panel.

Load 3-Axis Graph File

ed e
Lok jr: Il’f} Tunning j - =5 B
File name:  [testad 3dg Een I
Files of type: | 3+4is Graph Files (*.3dg) =l Earedl |
A

Since the 3Axis Graph depnds on data from other video sources, it is convenient to-Adds3
Graph files to projects containing the necessary video sour#eds Zraph filescan be added
to projects in the same manner that videos are added to projects. You can use theefdd Vid
button on the toolbar or the context menu or you can drag and drop from aB-AgisrGraph

window onto a project window.

‘ry Untitled Project 1

I=IE
EE(l=m @ @

Rebeccaldsub.avi

test3d.3dg

[3-A%IS GRAPH]
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3-D Manager

Overview

The 3D Manager is the main interface used by tHe Bdition. You must have th&D Edition
licensed in order to open alBManager window.

The 3D Manager allows you to perform precise camera calibration for a pair of cameras. Us
ing this calibration, resulting measurement images captured by both cameras may be used t
calculate pecise 3D coordinates of points in the field of view.

The 3D Manager interfaces seamlessly with all the other analysis and graphing toolsDThe 2
image processing, filtering, and tracking toolkits are used to track points of interest in each of the
measurement videos. Thel3 Manager then uses these tracked points, along withEhes3nera
calibration, to compute-B coordinates for each point. Thes®3oordinates may be exported

or graphed using the &xis graph window.

Manager Window

A new 3D Manger window can be created by selecting Nel®» Blanager from the File menu
or the Tools menu.

% ProAnalyst® - 3-D Professional Edition

| Edit View Tools Window Help

New Project Ctrl+N
Open Project...
Pacl ct

&G eS|

Unpack Project...
Open Video\Data... Ctrl+0
Open From ProCapture »

New Video Explorer
New Video Timeline

New 3-D Manager Window

New 3-D Merge Window

Open Workspace...

The 3D Manager window is comprised of a toolbar across the top, a control panel on the right,
and video area on the left.
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Untitled 3-D Manager 1 10l =|

Bl~%QE:* alnaE|+ o

No source available.

| Blended | Measurement | Calibration

@
3D Manager————————————— jt
’TI Save | B
£

r— Import and Export Setup
— Calibration OMLY

A Impart Calibration |
No source available. s

Export Calibration |

—world Reference OMLY
Import *World R eference |

| Browse... I |

[Brawse.. ] E=port World Reference |

No source available.

— Units & Export Results———————————

|<calibrat'”Text 'l Export |

™ Add Ratation Calculations (Items 1-3)
™ Add Ratation Calculations (tems 4-5)

No source available.

| Browse... I |

Browse... I

e <[> ][] ey

0.00

=

1.00 0.000000

Manager Toolbars

The main toolbar buttons are located at the top of tbeMkanager window. The controls affect
both top and bottom calibration or measurement video displays.

H-~%QB[* %18+ £

Enable Reticle

Enable Midpoint Finder

Enable Quadrarget Center Finder

Enable the reticle for the video image.

Enabk the midpoint finder tool. When enabledthe de-
fault reticle behavior is changed to support clicking and
dragging a line in order to select the midpoint of the drawn
line. A circle is also drawn around the line epadints to
assist in finding the cemtef circular objects. Uncheck
this button to restore normal reticle behavior.

Enable the quathrget center finder tool. When enabled,
the default reticle behavior is changed to lock onto the
center of a quad targetincheck this button to restore
normal reticle behavior.
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Enable Blob Center Finder Enable the blob center finder tool. When enableddtae
fault reticle behavior is changed to lock onto the center of
a blob target. Uncheck thimitton to restoraormalreticle

behavior.
Show Rulers Show rulers for the video image.
Show Point Markers Show reference point markers in the calibration views.
Show Point Labels Show reference point numbers next to the referpoct

markers in the cddration views. Show PoinMarkers
must be set for labels to be visible.

View Actual Size Show the video at actual size.

Fit in Window Show the video and data as large as possible, fittibd
in the current window dimensions.

Pan Mode Change the mousiateraction to pan the video aata
when dragging.

Zoom Mode Change the mouse interaction to zoom the video or data.

Control panels are located on the right side of ti® ldanager window. These panels contain
controls to perform various functions. Wheach button on the toolbar is pressed, the corres
ponding control panel is shown or hidden. The side toolbar buttons roughly correspond to the
tabs in the video area.

L

x

Manager Show/hide the ®© Manager panel. This panel is alsbere
the Load/Save anBixport controls are located.

Calibration Show/hide the ® Calibration panel. Use the controls this
panel to perform camera calibration.

Measurement Show/hide the @ Measurement panel. Use the contiamis
this panel to compute measurements.

World Reerence Frame Show/hidethe 3-D World Referencepanel.Use the controls

on this panel to transform the reference frame for all meas
ured points. The controls on this panel can also be used to view
a blended combination of the calibration and measuent
images.

Manager Source Videos
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The 3D Manager requires two calibration images and two measurement videos. The two calib
ration images are used to compute calibrations for each of the cameras. The two measureme
videos are malyzed independently, using the numerot3 analysis tools. The analysis results

are then combined with the camera calibration to produ@e8ordinates for each point.

To select calibration and measurement videos, click on the Browse button benbatideac
area. You can also draapddrop videos into each of the video areas to set the calibration and
measurement videos.

R=E
B~s0E* 4 anE|+ e

~ 3D Manager

Load I Save I

i~ Import and Export Setup
~ Calibration ONLY

Import Calibration |

Export Calibration |

~World Reference ONLY
Import World Reference |

|E:\Clips'R obosapien3\Calibratior Browse...l |E:\Clips'R obosapien3\Calibratior Browse...l Etohicies

| Blended |Measurement | Calibratio

~ Units & Export Results—————————————

<calibrat ¥ | | Text Export

I~ Add Rotation Calculations (Items 1-3)
[~ Add Rotation Calculations (Items 4-6)

|E:\Clips\Robosapien3\Cam1\Cal Browseu.l |E:\Clips\R obosapien3\Cam2\Cal Browse,..l

(1] | > | m|]|]|rri] H_'-'-‘-‘-‘-"# n_i—‘

das | 425 ' 75 T:[0000000

Each calibration and measurement video is opened in a standafdeasurementWindow.
These windows are normally minimized whigvey are opened, so that they do not clutter
workspace. Doublelicking on any one of the four views will raise the correspondiig
Measurement Window for that video. If you do not wish to have tBeMeasuremenWin-
dows automatically minimizedoy can unset this option in the Program Options dialogtiisee
section called. AProgram Optionso

The next step is to perform calibration on the calibration images and then measurements on th
measurement images. If necegsdhe coordinate frame may be transformed using a World
Reference Frame. Each step in the process: Calibration, Measurement, and World Referenc
Frame definition is explained in the following sections.
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3-D Calibration

Camerecalibration is required in order to compute precid2 Goordinates of points from a pair
of cameras. The camera calibration procedure attempts to determine the location, twienta
and internal parameters of each camera.

Calibration requires a calibiian fixture. This fixture can be a standard fixture supplied with the
software or it can be a custom made collection of reference points at known loddtisfisture

is placed in the field of view of both cameras. All reference points on the fixuse be visible

by both cameras.

Prior to capturing the videos of the actual event for measurement, a set of calibration image:
must be acquired. The fixture should be placed in the field of view of both cameras and a set o
calibration images/videos captd. The cameras should not be moved between capturing the
calibration images and the actual event. If the cameras are disturbed in any way, a new calibre
tion must be computed. If the cameras are not moved between events, the same calibration me
be usedor each event. A new calibration is not required unless the cameras have been adjuste
or have moved since the last calibration.

Calibration Panel

The Calibration Panel contains all controls necessary for computing calibrated camera-paramet
ers for a pat of cameras.

 Fisture
Standard Fisture I Load From File - 'l

Load Fixture from File |

Fixture Unitz:  <nones Change |

 Point:
7 Manual & Automatic O Delste

Drefine First Region

Define Second Region

Locate Align

Dizplay and Edit Points

Import Point Coordinates

Graph FPoints

r— Calibrate
Calibrate | Wigw |

When the Calibration Panel is shown, the Calibration tab containing the two calibration images
is automatically shown.

Calibration Fixture

There are two options for specifying the location of points on the fixture being used. If-the fix
ture is a standard fixture, the fixture should be listed in the Standard Fixturdaropbox.If it

is not a standard fixture, or it is not listed in the ddmwvn box, the fixture point coordinates
must be loaded from a fixture file.
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Standard Fixture

Load Fixture from File

Fixture Units

When the program is installed, a set of standard fixfiles

is also installed in the Program Files directory for this ap
plication. Standard fixtures are all fixture files that are loc
ated in this Fixtures directory. Whennew 3D Manager
window is created, the Fixtures directory is scanned for fix
ture files, and all models and serial numbers are listed here.
Select the appropriate model and serial number for your fix
ture and the corresponding fixture file will be lead

If you are not using a standardfixture, you must createa
custom fixture file. The fixture file is a standard text file with
special formatting. Comment lines begin with a-pent (%)
symbol.

The first line of the file shoulihdicate the units used for all
coordinates in the file. Note that this first line should be a
commented line. This is the only commented line that is
processed. Acceptable units are the same units listed in the
Units dropdown box in the Manager Panel.

The next norcommented line indicates how many refer
ence points are located on the fixture.

The remaining lines in the file are comisa@parated X, Y,
and Z coordinates of each of the reference points.

An example of a fixture file is shown below. Thetire co
ordinates are given in units of inches and there are 50 points
on this fixture.

P visibleFixture 5001 fixt - Motepad

File Edit Format Wiew Help
B units: inches

% Calibration File for wisible calibration Fixture
% mModel wCS, serial mMumber 5001

%

3 AUTOMATICALLY GEMERATED FILE - DO NOT MODIFY
% number of points

50

% cartesian points

6, 76l48, 1.81175, O

6, 76l48, 1.81175, -3.5

6,76l48, 1.81175, -7

6.76l48, 1.81175, -10.5

6,76l48, 1.81175, -14

5.31259, 1.42352, 0O

5.31259, 1.42352, -3.5

After a fixture file is loaded, the units of the coordinates
contained in the fixture file is displayed here. The umésy

be changed by using thén@nge button. This buttaranalso

be used to set the units for manually entefiedire XYZ
coordinates.

After a fixture file has been loaded, a dialog window will appear showing the fixture points that
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were just loaded. The iage points are shown ak,-1 since they have not been located in the
calibration images yet. Once the fixture point coordinates have been loaded, the next step is t
locate the points in each of the calibration images.

|
# Fixture XvZ Image > rs
1 4.59, 1.z23, 0.00 -1.0, -1.0
z 4.59, 1.23, -3.00 -1.0, -1.0
E 4.59, 1.23, -6.00 -1.0, -1.0
4 4.59, 1.23, -3.00 -1.0, -1.0
c 4.59, 1.23, -1z.00 -1.0, -1.0
[ 4.59, 1.23, -15.00 -1.0, -1.0
7 3.38, 0.91, 0.00 -1.0, -1.0
g 3.38, 0.91, -3.00 -1.0, -1.0
] 3.38, 0.91, -&.00 -1.0, -1.0
10 3.38, 0.91, -3.00 -1.0, -1.0
11 3.38, 0.91, -1z.00 -1.0, -1.0
1z 3.38, 0.1, -15.00 -1.0, -1.0
13 z.17, 0.58, 0.00 -1.0, -1.0
14 z.17, 0.5%, -3.00 -1.0, -1.0
15 z.17, 0.58, -&.00 -1.0, -1.0
16 z.17, 0.58, -3.00 -1.0, -1.0
17 z.17, 0.58, -1z.00 -1.0, -1.0
18 z.17, 0.5%, -15.00 -1.0, -1.0
19 0.97, 0.26, 0.00 -1.0, -1.0
z0 0.97, 0.26, -3.00 -1.0, -1.0
21 0.97, 0.26, -6.00 -1.0, -1.0
2z 0.97, 0.26, -3.00 -1.0, -1.0
23 0.97, 0.26, -1z.00 -1.0, -1.0
24 0.97, 0.26, -15.00 -1.0, -1.0
25 -0.26, -0.97, 0.00 -1.0, -1.0
26 -0.26, -0.97, -3.00 -1.0, -1.0
27 -0.26, -0.97, -&.00 -1.0, -1.0
28 -0.26, -0.97, -9.00 -1.0, -1.0
29 -0.26, -0.97, -1z.00 -1.0, -1.0
20 -0.26, -0.97, -15.00 -1.0, -1.0
31 -0.58, -2.17, 0.00 -1.0, -1.0
3z -0.5%, -z.17, -3.00 -1.0, -1.0
33 -0.5%, -2.17, -&.00 -1.0, -1.0
34 -0.5%, -2.17, -9.00 -1.0, -1.0
ag -0.5%, -z.17, -1z.00 -1.0, -1.0
kXS -0.5%, -z.17, -15.00 -1.0, -1.0 ||
37 -0.91, -3.38, 0.00 -1.0, -1.0
EX:3 -0.91, -3.38, -3.00 -1.0, -1.0
EE) -0.91, -3.38, -&.00 -1.0, -1.0
40 -0.91, -3.38, -9.00 -1.0, -1.0
41 -0.91, -3.38, -1z.00 -1.0, -1.0
42 -0.91, -3.38, -15.00 -1.0, -1.0 ‘:J

Camera 2 | Calibration I

Fixture points coordinates maysal be manually entered. To do so, switch to Manual mode
(described in the next section) and add points for each fixture point. In the Data Points dialog,
the fixture coordinates will now bé&,-1,-1. Doubleclick on each line and enter the fixture XYZ
coordinates in the Edit Point dialog that appears.

Locating Points

There are two methods for locating fixture points in each of the calibration images: Manual and
Automatic. The automatic method can be used for standard fixtures. The manual method mus
be ugd for custom fixtures.

Automatic Mode

The automatic method relies upon the user to define regions that enclose the fixture points. Thes
regions are defined by six points of a polygon. The order of the points is important. The first
point should be closeto the first point as defined in the fixture file. The second point should be
located close to the joint of the fixture. The rest of the points should continue to en
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close the remaining fixture points. The region should/faticlose all fixture points and notin
clude regions outside of the fixture. This helps eliminate distracting backgrounds. If a mistake is
made in placing the six points, click on the Define button and begin again.

o
B-~eg @+ 4 |+ e
.
E - Fisture ,E
2 Standard Fixture ] Load From File - 'I x
ﬁ Load Fisture from File I A
i Fixture Units: <none> Change I
€
E ~ Paint
2 ' Manual & Automatic ¢ Delete
é Define First Region I
g Define Second Region I
E Locate Align I
Display and Edit Points I
Import Point Coordinates I
Graph Points |
- Calibrate
Calibrate View |
y . S (o
RIS IRV o0 4z oy TR0 EI
Define First Region Click on this button to begin the processof clicking on six
points in the top image to enclose all fixture points.
Define Second Region Click on this button to begin the processof clicking on six

points in the bottom image to enclose all fixture points.

Locate After bath first and second regions have been defined, olick
this point to attempt to automatically locate and sort the fixture
points. The locate process utilizes a number of paramigters
control how points are identified. These parameters bey
changed by ight-clicking on the image and selecting Locate
Point Settings for either the top or bottom image.

Changes in lighting, resolution, field of view, and other factors
alter the appearance of the fixture. A number of parameters may
be adjusted in order to cqransate for these changes.
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Locate Point Settings ﬂ

—Automatic Locate Point Settings

Detect: ¢ Black Paints & ‘wWhite Paints

Intensity Threshold 158
Minirum Pixzel Count 150
I aximum Pixel Count 1000
M aximum Eccentricity 10

™ Use Edge Detection
v Use Average Background Femaval
[V Scale Down Large Size Images

()8 | Cancel |

The settings in this dialog control how the image is processed
and how the points are identified from the processed image.

Detect: Black or White

This refers to the color of the points in the procdsseage, not
the actual fixture. Depending on whether you aségedge
detection or average background removal, this maythee
opposite of the color of the actual fixture points.

Intensity Threshold

Specify the threshold on the intensity of the procgssege.
All pixel values below this threshold will be set to black, all
pixel values above this threshold will remain unchanged.

Minimum Pixel Count

Specify the minimum allowable size of a fixture point in AUM
ber of pixels.

Maximum Pixel Count

Specify he maximum allowable size of a fixture point in num
ber of pixels.

Maximum Eccentricity

Specify the maximum allowable eccentricity of each fixture
point. Most fixture points are round (eccentricity of 1.0). -Spe
cifying this maximum prevents the algoritfrom locating long
lines of white pixels.

Use Edge Detection

Use an edge detection algorithm to process the image before
locating points. Note that if this option is set, each fixture point
should appear as a ring (only the outer edge of each fixtune poi
will be identified). In this case, you can either locate the
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[E-sn@+ 2 nE[+

suremert | Callration

| e e W’Lm :’

white boundary around each fixture point, or locate the black
area inside of each fixture point.

Use Average Background Removal

If this option is checked, the aage pixel value in a region
around a pixel is computed and then subtracted from the cur
rent pixel. This has the effect of removing the local bgound

and highlighting local changes in intensity. This is very useful
for removing partial bright spotacross the face of the fixture.
Note that if this option is set, the Intensity Threshold is typically
much lower than if this option is not set.

Scale Down Large Size Images

For very high resolution images, the locate point procesdbe

very time consunmg. In order to speed up the proceaksthe
image size is very large, the image is scaled down before
processing if this option is checked.

To aid in tuning the locate parameters, the processage that

is used to identify the fixture points can be thgied. Right
click on the image and select Show Locate PBnat cessing.
This image should contain all processed pixbkt meet the
Intensity Threshold requirement. If a fixture point is shown in
white that is not identified by a green mark, thenktieimum
Pixel Count, Maximum Pixel Count, dfaximum Eccentricity
parameters must be adjusted to allow for fixisture point to
be identified. If no white pixels are showunere a fixture point
should be, then the Intensity Threshold nhedecreased.

o untitledsoMamagers =l0lx]

3-D Calibration

Manager

H-QIH&

" Marual & Automatie  Delste
Define First Region

Define Second Region
Locate Point Settings (TOP) Align

Locate Point Settings (BOTTOM)
I Display and Edit Points

Import Paint Coordinates

| Blended [mea:

Sart and Clean Peints (TOP)
Sert and Clean Points (BOTTOM)

100 T:[mooooo0
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Align

Manual Mode

In addition to the Locate Point Settings, if all the fixture points
still cannot be located, the entire set of Image Procegieg
section call ed pdnd magg €iltefthg the e s s
section cal |l eytools maydegusedinithe® e r i
window to modify the image so that it is easier to process.
Change the settings in each of th® 2vindows, then click on

both imag windows in the ® Manager window and the pro
cessed image should appear.

After all points have been located, we can exploit the tfaait

the points should lie on straight lines to correct small errors in
the automatic location of the fixture pbé. Click on thisbut

ton to take each set of points and align them so that they form
straight lines. A good procedure is to Calibrate immediately
after locating the points, make note of the calibration results,
then Align and Calibrate again. If the imhtion results dmot
improve after alignment, click on Locate again to rebeankto

the unaligned point locations and click on Calibrate again.

Manual mode requires the user to click on each fixture point in the upper and lower calibratio
images and then click on the Add Point button. When Manual mode is enabled, the list of Data
Points is automatically displayed. If a mistake is made, click on the point of interest in the list of
Data Points, then click on two new locations in the upperlower calibration images and then
click on the Update Point button. Similarly, if you wish to remove a point, clickemoint of
interest in the Data Points window and then click on the Remove Point button.

 Fisture
Standard Fisture I Load From File - 'l

Load Fixture from File |

Fisture Units: <nones Change |

 Point:
& Manual © Automatic © Delete

Add Point

Update Paint

Dizplay and Edit Paints

Import Point Coordinates

J
I
Femove Align |
I
I
I

Graph Points

— Calibrate

Calibrate Wigw |

Add Point Add a point to the Data Pdsdialog window using the current retidbe-
ations of the top and bottom images.
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Update Point Update the selected point in the Data Points dialog window wittutheent
reticle locations of the top and bottom images.

Rermove Remove the selected point in the Data Points dialog window.

Align After all points have been located, we can exploit the fact that the points
should lie on straight lines to correct small errors in the automatic location
of the fixture points. Click othis button to take each set of points and align
them so that they form straight lines.

Doubleclicking on a point in the Data Points dialog will also bring up an Edit Ritaitdg.You
may directly type in the image coordinates, get the current retidedinates, or update the
fixture point coordinates in this dialog.

E|

Faint 1

Image |2SD.34 |?35.098 Get Reticle |

Fiurei2  [232571 755973 [0

<4 Previousl Apply | Femove | Mext »> |

Fixture points can also be manually located by using a keyboard and mouse shortcut. Place th
reticle in one image at the location of a fixture point by using the Left Mouse Buttan théh

reticle is properly placed, hold down the Control key and click the Right Mouse buttgn to
date the currently selected fixture point for that image. The currently selected fixture point is
shown in yellow in the Data Points dialog window. Aftsing the Control + Right Moudaut

ton shortcut, the currently selected point will automatically increment. Using this technique, you
can rapidly select all the fixture points in one image, then repeat the procedure for the seconc
image.

Displaying and Importing Points

After all points have been located, the fixture points and the corresponding image locations for
each of the fixture points can be displayed in the Calibration Points dialog.

Display and Edit Points Showthe Calibration Pointsdialog window. Right-click
in this window to save the point coordinates to a text file.
The coordinates are saved exactly as displayed. To in
clude more significant digits for each column, increase the
column width by dragging the dividing lines between the
columns.

Import Point Coordinates Import image coordinatedor fixture pointsfrom a text
file. This is a third technique for locating fixtupeints in
the pair of calibration images. If some extemia gram
is used to locate the points, the coordinatesaichof the
images can be loaded using this button.

There are three acceptable formats for the text file:
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1. The first type of format contains coordinafesboth
the upper and lower calibration image&hkefirst line
of the text filecontains the numbeaf points in the
top image; the next lines contain comseparated X
and Y coordinates of eadithe top points; then the
next line contains thewum ber of points in the
bottom image, and the next lines after that contain
commasepaated X and Yco- ordinates of each of
the bottom points.

2. The second type contains coordinates for amigof
the calibration images (upper or lower). Tinst line
contains the number of points, and eagh sequent
line contains the X and Y values. Teeft ware will
prompt whether to load these coordinates into the
upper view or the lower view.

3. The third type of text file is exported from tidés-
play and Edit Points window. Using this method, you
can save the calibration point coordinafesm a
different 3D Manager window and impottiepoints
into your current @ Manager windowTo save the
calibration point coordinates fromdiffer- ent 3D
Manager window, show the DisplandEdit Points
window from that 3D Manager calibration panel;
click on the desired camera tadgjustthe column
widths to show the desired numbef significant
digits; then righiclick in the window and select
"Save to Text File" to save the table of coordinates.
In your current 3D Manager window, after clicking
the Inport Point Coordinatebutton, select the text
file you just saved. The softwavéll detect that this
file was generated from a differenfCBManager and
prompt whether to load the point coordinates into the
upper or lower view.

Graph Points Generate a-3\xis graph containing the fixture points,
calibrated fixture point estimated locations, and estim
ated camera positions (See thee ct i on -Agial | e
Graphingo
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il
F-Axis Graph Lines ’E
=

i Graph Lines
Save Cortigue | | P

Graph ltems

Add | Remove Copy

1 [% = dancere..| @
2 |% = dancene.
3 |X = dancere. | @

 Source Video

Select
Update Ling Refresh Data

% Source Item

*f Source Viden

*r Source lterm

2Z Source Video

Z Source ltem

B . LE 11| ShowFoirts _ Slow ———}— Fast
e [ [ arfom [ PSEEESEIEE R et = rsen 11 B

The normal configuration options for theAXis graphcan
be used to configure the graph display as desiredth®&ee
secti on-Ag a k| &dferinéréinafgrmation.

Manually Removing Single Points

Manual mode an also be used to correct extraneous points that were located usigidhe
matic procedure. If there were a few misidentified points from the automatic procedure, you can
display point numbers for each located point by clicking on the Show Point latieda on the
toolbar.

E=%Q(@: |[«|nE |+ #

Manager

Click on the Display and Edit Points button in th® Lalibration panel.
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 Fisture
Standard Fisture I Load From File - 'l

Load Fixture from File |

Fisture Units: <nones Change |

 Point:
& Manual © Automatic © Delete

Add Faint |

Update Paint |

Femove Align |

Dizplay and Edit Paints |

Import Point Coordinates |

Graph Points |

r— Calibrate
Calibrate | Wigw |

If you wish to remove the point from the top view, select the Camera 1 tab on the bottom of the
Data Points dialog. Ifgqu wish to remove the point from the bottom view, select the Camera 2
tab on the bottom of the Data Points dialog.

Doubleclick on the point number that you wish to remove and the Edit Point dialog will ap
pear.

E|

Faint 1

Image |2SD.34 |?35.098 Get Reticle |

Fiurei2  [232571 755973 [0

<4 Previousl Apply | Femove | Mext »> |

Click on the Remove button to removetselected point from the selected camera view.

After all extraneous points have been removed from both views, the remaining points-may re
quire renumbering in order for them to be sequentially sorted. Rifitk in the 3D Manager
window and select $band Clean Points for the top and/or bottom views.



















































































































































































































































































































































































































































