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MODULE OVERVIEW 

The Phantom Cine Analyzer’s module Track & Measure is a Vision Research-
designed GUI crafted for Phantom users aiming to perform both simple 
measurements and object tracking (both manual and automatic) on Phantom 
.CINE files This package is for those looking to extract 2D kinematic data 
including displacement, speed, acceleration, rotation or vibration versus 
time. This module can also generate reports in both raw form (.CSV) and in a 
summary in the form detailing critical metadata and graphical plots (.PDF). 

There are a series of improvements over our older tracking packages (i.e., 
PCC 3.11 and previous versions) including:

•	 This module is Python-based and open source.

•	 Users can upload custom Cine Analyzer Modules into the Cine 
Analyzer Portal.

•	 Sub-pixel tracking routines are available for auto-tracking.

•	 Users can specify a frame range for performing auto-tracking.

•	 Graphical summary reports are generated per session.

•	 There is a vibration function that performs a discrete Fourier 
transform (DFT).

•	 If custom scripting is needed, the Vision Research team can 
develop a module for you.
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USER INTERFACE

1 Choose Cine Button Browses for a local .CINE file to upload into the module.

2 Set Scale Button Enables users to define the image scale (i.e., mm/pix).

3 Track Tool Button Enables manual- or auto-tracking (left-click on window to add point).

4 2 PT Tool Button Enables 2 Point measurements (length, displacement and/or speed).

5 3 PT Tool Button Enables single 3 Point measurements (angle and/or angular speed).

6 2 Line Tool Button Enables single 2 Line measurements (angle and/or angular speed).

7 Area Tool Button Enables area tool to measurement (area, avg RAW pixel value).

8 Export Button Exports a .CVS and/or .PDF report.

9 Info Box Text Box Displays instructions, info based on tool selected, and data outputs.

10 Frame Display Window Displays current frame within uploaded .CINE file.

11 Frame Slider Slider Permits users to dynamically slide through the loaded .CINE frames.

12 Plot Window Window Displays a graphical view of the tracked data.

13 Plot Selector Dropdown Permits user to select the various plots for kinematic analysis.

14 Magnifier Window Permits a digitally zoomed view of current frame at mouse position.

15 INFO Tab Displays an abbreviated list of .CINE metadata.

16 ADJ Tab Permits user to change brightness, contrast and gamma of .CINE.

17 TRACK Tab Permits users to define and view manual- and auto-tracking settings.
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IMAGE SCALE TOOL

It is typically useful to apply an image scale to the measurements for 
conversion into a standard measurement unit such as millimeters or inches.

By clicking the image scale tool button to initiate this “calibration” process, 
the user will be prompted to click twice on the active frame. This will 
create a line on the image to define a known measurement distance. Once 
that line is defined, a dialog will 
appear where the user can type in 
the known measurement distance 
and desired length unit.

All measurements will now be 
transformed into the new units 
using this scaling factor. The active 
scaling factor is shown in the main 
UI next to the scale tool button.

Warning: When defining an image scale within your .CINE file, it is paramount to ensure that the 
scale (from which a known distance is measured) exists within the object- or features- plane 
of trajectory. If the scale is in front or behind the plane of motion, the measurements will be 
inaccurate. Furthermore, if any out-of-plane motion exists during the video, this could also result in 
incorrect measurement data. This scaling method also does not consider barrel distortions, which 
are common when using wide-angle lensing.
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MEASUREMENT TOOLS 

This tool is designed to permit a user to: (a) measure the length of 
an object or objects within individual frame(s), or (b) measure the 
displacement and speed of an object between two different frames. 
In the case of (a), once the tool is enabled, the user can sequentially 
left-click two ends of a particular object to output its length. In 
the case of (b), once the tool is enabled, the user can left-click a 
particular feature and/or object and then navigate forward or 
backward in frame # (i.e., time) to then left-click the same feature 
and/or object. Upon selection, displacement and speed will be 
calculated and displayed within the User Interface (see Item 9 in 
User Interface chart). 

The methods of computation are defined below, where user-
defined point 1 and point 2 are located at (x1, y1, t1) and (x2, y2, 
t2) respectively: 

2 POINT TOOL

The Track & Measure module provides the user with four tools for 
simple object measurement and analysis: 2 Point Tool, 3 Point Tool, 
2 Line Tool and Area Tool.
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This tool is designed to permit a user to: (a) measure the angle generated between three selected 
points in an individual frame, and/or (b) measure the angle and angular speed between three 
selected points between two frames (where the first and last point define the net frame delta, and 
where the second point defines the middle point or vertex). 

The methods of computation are defined below, where point 1, point 2 and point 3 are located at 
A(x1, y1, t1), B(x2, y2, t2) and C(x3, y3, t3), respectively:

3 POINT TOOL

Example: The user enabled the 2 Point Tool to measure the change in position and the speed 
of the fan quad marker components during rotation. First, the center of the quad marker was 
clicked, then the user advanced eight frames (using the right arrow key) and clicked the same 
marker position on the fan blade. The resulting measurement data is presented in green at the 
bottom of the active window. 
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This tool is designed to permit users to draw two lines to (a) measure the angle between the two 
lines in an individual frame, and/or (b) measure the angle and angular speed between the two 
lines selected between two frames (where the first and last point define the net frame delta). The 
fundamental equations and logic for determining the angle and angular speed are defined within the 
3 Point Tool above. 

Example: The user enabled the 2 Line Tool to measure the change in angle of a 4D marker. 
A line was drawn on the edge of the square marker. Then the user advanced 33 frames and 
drew a line along the same edge. The resulting measurement data is presented in green at the 
bottom of the active window.

2 LINE TOOL

Example: The user enabled the 3 Point Tool to measure the change in angle and angular speed of 
a rotating fan blade. First, the center of the circle marker was clicked, then the rotational center 
was clicked. The user then advanced 16 frames (using the right arrow key), and clicked the same 
circle marker position on the fan blade (see Click 3 below). The resulting measurement data is 
presented in green at the bottom of the active window.
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This tool is designed to report the (a) physical area and the (b) average pixel value within the user-
selected area. The area is defined by first clicking the Area Tool button, and then by defining two 
points on the active image — one for the upper left point, and the other as the lower right point. The 
output data includes the area in units of square pixels, the calibrated area in square physicals units 
and the average pixel value in “counts.”

Example: The user enabled the Area Tool to measure the average pixel value of the background. 
The resulting measurement data is presented in green at the bottom of the active window.

AREA TOOL



Vision Research, Inc.  |  Phantom Cine Analyzer Track & Measure Manual   10

OBJECT TRACKING

This tool is designed to permit a user to both manually and automatically 
track objects and/or features within an uploaded .CINE file. In both 
cases, the user must first click the TRACK tool button (left side panel) 
and then click “Add Object” (right side panel). The user then left-clicks 
the object and/or feature to be tracked within the active image. The 
object will then appear in the TRACK tab (e.g., the dart tip exemplified 
below). This newly added object can be deleted or renamed by right-
clicking the listed object (i.e., “Object 0” below) within the Objects table. 
Additional objects can be added by clicking “Add Object.”  

The manual tracking tool is designed to permit users to manually add points throughout a series 
of images within an uploaded .CINE file. If the user would like to delete added points (or restart 
the tracking process), right-clicking on the “All Points” table will generate a dropdown to remove 
specific points. 

Example: The user enabled the manual tracking tool to measure the position of a soaring toy 
dart translating across the screen from right to left. The user used the same feature on the 
dart to manually track dart position versus time.

Tip: Hold Ctrl and use the arrow keys to carefully place a point with pixel precision. “Position 
versus time” graphical data dynamically updates throughout the tracking process and is 
exhibited on the bottom panel of the GUI, as shown below.

MANUAL TRACKING
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The auto-tracking feature permits the user to define an object or feature within a .CINE file they 
wish to automatically track. Users can select an unlimited number of objects to be tracked by 
clicking “Add Object” (right side panel). When the auto-tracking feature is enabled by clicking the 
“Auto” button in the TRACK tab, Cine Analyzer will track the selected, or active, object(s) within 
the subsequent frame(s) and place a point where the most likely position is located (based on 
normalized cross-correlation functions, as defined later in this manual).

The user can define the auto-tracking settings by right-clicking the specific object within the 
“Objects” table. Using the “AutoTrack Configuration” dialog, the user can tune the algorithm 
by configuring various input parameters. An example pop-up menu is shown below, and the 
defined terms thereafter.

AUTO-TRACKING

AUTO-TRACK CONFIGURATION SETTINGS
Basic Tab:

Process Frames: The specific frame range to automatically search for the defined 
object(s). If this is unchecked, the user can search/process one frame at a time by 
selecting “Process.” 

Enable Search Area: The search area rectangle, defined by X: and Y: centered around 
the match coordinate, which describes the area (in pixels) over which the algorithm will 
attempt to match to object image in the subsequent frame(s). If the object moves well 
outside the search area in the subsequent frame (i.e., via undersampling), the object 
will not be found, and a low confidence score will be returned. 
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Show Template: The number of pixels of the template-area rectangle, 
defined by X: and Y: centered around the match coordinate, which will 
be used in template matching in subsequent frame(s). The template 
is always enabled. The user can toggle the checkbox to enable the 
overlay on the active frame. 

Update Template: When selected, this will update the template if 
the “template update score” (in the Advanced portion of the AutoTrack Configuration dialog) is 
below the user-defined value during the tracking process. Otherwise, the template image will 
be defined by the first frame the user selected when clicking “Add Object.” Toggling update 
template to “ON” is highly recommended for subjects that are rotating or evolving in size/
shape. For translating subjects or markers that do not change in size/shape during time, 
selecting “OFF” is generally the best option. 

Apply to All Selected Objects: Clicking this button will apply all AutoTrack parameters in the 
Basic AutoTrack Configuration to all selected objects.  

Process Button: Click this to process auto-track within the next frame. If the Process Frames 
range is enabled, the auto-tracking process will occur in every frame in the set range. 

Note: Auto-tracking will halt if the template matching falls below the user-defined value. Users can 
find “template update score” in the Advanced portion of the AutoTrack Configuration dialog.

Process All Button: Click this to process all highlighted objects in the next frame. If the 
Process Frames range is enabled, this will process every frame in the range.

Note: If the template cannot be found, the process loop will abort, and the user will be alerted.

Advanced Tab:

Acceptable Score: When automatic tracking is turned on, it utilizes normalized cross-correlation 
to perform template matching within the search area with the template image. If the algorithm 
finds a perfect match of the template image within the search area, a score of 1 is returned.

Template Update Score: This is the threshold value for when a new template is to be defined 
during the auto-tracking processing step. This can be tuned to avoid drifting or failure to track. 

Sub-Pixel Interpolation: The degree to which the template and 
search area are interpolated before tracking. By default, the 
tracking is performed on a single-pixel basis (i.e., 1 pixel), but can be 
upgraded to 1/x where [x can be integer values between 2 - 10]. A 
value of 10 pix would be subpixel interpolation 1/10th pixel. 

Note: the higher the value herein, the longer the processing will take.

Type: If subpixel interpolation is selected, the user can define the 
interpolation type: Linear, Quadratic, Cubic, Quartic and Quintic. The default and most-used 
fit is Cubic. For more detailed information, check out scipy.ndimag.zoom within SciPy’s 
Multidimensional Image Processing.
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THE TRACKING ALGORITHM

The tracking algorithm leverages normalized cross-correlation 
algorithms and thus a “confidence value” (or score) is produced and 
recorded upon every match. The higher the confidence value, the more 
similar the template image is to the object discovered within the search 
area(s). Since it is highly inefficient to search the entire image to pinpoint 
the location, users can define a search area size (in units of pixel × pixel). 
Thus, the algorithm will only search within that specific search area and 
return the best match therein.  

Potential Reasons for Low Score or Failure to Match:

•	 Noisy image: Make sure your scene is well-lit and properly exposed.

•	 Search area too small: Make sure search area is large enough to 
track the motion.

•	 Template image not unique: Ensure template/object is unique 
from background.

•	 Template image has low contrast: Ensure template/object has 
good contrast.

•	 Rotating object: Ensure update-template is checked for when 
object is rotating.

•	 Frame rate too low: Ensure search area is wide enough to find 
object between frames.

•	 Object/feature deformation: Ensure update-template is checked 
when object is deforming.

•	 Object/feature hidden: Manual point adding may be necessary if 
object is hidden.

See the Tracking Algorithm References below for more info regarding 
the algorithms used. 
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PLOTTING

Plotting Modification:

If more control over the plotting / viewing is needed, users can click the “plot popout button” below 
the bottom of the graph.       The various functions within this menu are detailed in the table below.

1 Reset Original View Button This will return the plot to the default view.

2 Back to Previous View Button This will return the graph to previous view.

3 Forward to Next View Button This will forward the graph to next view.

4 Grab and Drag Tool Button This will enable hand tool, so users can drag window view.

5 Window Zoom Tool Button This enables users to draw a window on the graph to              
view specific areas.

6 Borders and Spacing Button Enables users to change the figure dimension in window.

7 Figure Axis & Coloring Button Permits ability to change axis dimensions and line colors.

8 Save Figure Button This will save the figure as an image to specified location.

9 Mouse Position Coordinates This will show the active position of the mouse on the graph.

10 Export Window This will export the current data into a .CSV file.

PLOTTING

When manual or auto-tracking tools are used, a plot will be auto-generated 
in the bottom pane of the Cine Analyzer GUI, as shown below. Below the plot, 
there is a button to present the user with a list of possible plotting choices: 
[Displacement magnitude, X- and Y- Displacement, Speed magnitude, X- and 
Y- Speed, Acceleration magnitude, X- and Y- Acceleration, and/or X- and Y- 
Vibrational Frequency plots].  
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Below is a snapshot of a user modifying the color of the plotted lines using the “Figure Axis & 
Coloring” button within the “plot popout button.” 

The reporting feature is a powerful tool for visualizing, archiving 
and analyzing measured kinematic data. By automatically 
compiling all measured kinematics into a structured report, this 
feature generates both spreadsheet (.CSV) and PDF formats, 
facilitating easy data summaries and sharing. The reports 
include comprehensive tracking details, such as position, velocity 
and acceleration over time, alongside visually informative graphs 
that illustrate trends and variations in the data.

There are two types of generated reports depending on user activities: (a) when simple measurement 
tools are used (e.g., 3 Point Tool), and (b) when manual- or auto-tracking is used and enabled. 

Upon export of a report, a .CSV file will be saved at the location of the imported .CINE file. The user 
can define a specific save location by right-clicking the EXPORT button and selecting “Autogenerating 
Report Name.” The .CSV file will contain a record of all measurements performed, together with the 
type of tool(s) used. 

Below is an example of a report when simple measurement tools were used:

 

REPORTING

REPORT GENERATION 

SIMPLE MEASUREMENT REPORTING
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TRACK REPORTING:
CSV Report:

Upon generation and export of a simple measurement report, the user will create a .CSV file 
and .PDF report at the location of the .CINE file being processed. The .CSV file will contain a 
record of all tracking performed by the user. This includes the location of every data point 
together with the corresponding frame number (with time stamp and time from zero). 

Below is an example of a typical report after an auto-track series: 
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The report structure for the .PDF consists of: (a) a report summary, (B) a description and image 
of each object tracked, and (c) a graphical summary of the object in terms of position, speed and 
acceleration versus time. 

The following is a complete list of all the module configuration options. Add/edit/remove from 
config.json as needed.

PDF REPORT

CONFIGURATION

Example output:

Name Description
run_main Name of the top-level Python file for the portal to launch.

main_alias (Optional) alias for run_main file, shown in for the portal listbox. Default is filename.

length_units Unit label for scale units (e.g., mm, in, etc,).

known_length Length between the two clicked points.

image_scale Calculated scaling factor to convert from pixels to “length_units.”

time_scale Calculated scaling factor based on the timebase selection: 1, 1000, 100000.

time_units Unit label for time units (e.g., s, ms, etc.).

autogen_report_name Boolean to control if report name is automatically created if true. If false, user must 
select the report path using a file picker during export.

delimiter Delimiter character to use for .CSV reports. Default: comma (,)

plot_n_difference Integer defining the frame gap for speed, acceleration calculations for plotting. 
Default: n=4.
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OPERATIONAL KEYBOARD SHORTCUTS

Details on the cross-correlation are presented in [1, 2]. This implementation uses FFT convolutions 
of the image and the template. Reference [3] presents similar derivations, but the approximation 
presented in this reference is not used in our implementation.

TEMPLATE MATCHING ALGORITHM REFERENCES

Shortcut Description
Ctrl + Arrow Move the mouse position 1 px in arrow direction.

Ctrl + Enter Simulate mouse click for adding points.

Ctrl + P Shortcut for auto-track “Process” button.

Ctrl + A Shortcut for auto-track “Process All” button.

Ctrl + 1 Shortcut for Track Tool.

Ctrl + 2 Shortcut for 2 Point Tool.

Ctrl + 3 Shortcut for 3 Point Tool.

Ctrl + 4 Shortcut for 2 Line Tool.

Ctrl + 5 Shortcut for Area Tool.

Ctrl + o Shortcut for load new .CINE file.

   References

    ----------

[1] J. P. Lewis, “Fast Normalized Cross-Correlation”, Industrial Light and Magic.

[2] J. P. Lewis, “Fast Template Matching”, Vision Interface, p. 120-123, 1995.

[3] Briechle and Hanebeck, “Template Matching using Fast Normalized Cross Correlation”, Proceedings of the SPIE 

(2001): DOI: 10.1117/12.421129

The following is a complete list of all the module keyboard shortcuts. 
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TRAINING AND SUPPORT  

Training Tutorials

To accompany this analytical software package, Vision Research has 
produced a series of YouTube tutorial videos with application-relevant 
examples and walkthroughs on how to use all the tools and features in 
Track & Measure:

For immediate support, comment or ideation, please reach out to our support team at phantom-
support@ametek.com.  

Vision Research offers a series of hands-on technical courses 
designed to prepare attendees for advanced high-speed imaging 
applications. Courses are led by Vision Research engineers and 
invited industry leaders. The content focuses on key technical 
concepts, notable examples from the field and training with cutting-
edge equipment. Depending on the application, courses will be 
taught by a variety of professional users, developers, partners and 
high-speed imaging experts. Each instructor will work to deliver 
the information necessary for a participant to recreate successful 
experiments in the future. Visit the Phantom Academy page to 
review the latest course topics for webinars and hands-on courses, 
and follow instructions for more information.

SUPPORT

PHANTOM ACADEMY: HANDS-ON TRAINING

Topics
Introduction to Cine Analyzer

Image Calibration

Simple Measurements

Manual Tracking

Automatic Tracking

Rotational Analysis

Vibration Measurements

Sub-Pixel Automatic Tracking

mailto:phantom-support%40ametek.com.?subject=
mailto:phantom-support%40ametek.com.?subject=
https://www.phantomhighspeed.com/about/phantom-academy-courses/onsite
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