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SAFETY AND RISK MANAGEMENT

SAFETY

Some mechanical assemblies contain pinch points - use proper care and tools when assembling to avoid injury.

Incandescent lights can get very hot. Use caution when moving or working around these lights, and beware of
excessive heating of the specimen, cameras, lenses, or other surfaces. Leave lights off when possible.

When mounting cameras, it may be possible to create an unstable or unbalanced situation. Be careful not to
cantilever cameras excessively, especially heavier or high-speed cameras.

Personnel should be in a safe location whenever a dangerous or destructive test is being performed. Various
solutions are available for extending cabling/controls to allow the system to be operated in a safe, remote location
— please contact Correlated Solutions for more details.

Various paints, chemicals, and solvents may be used in preparing specimens for testing. Always observe label
precautions.

If any cables become frayed or damaged, replace immediately to avoid risk of shock.

Do not attempt to repair or disassemble the computer or any electronic parts. Risk of shock or damage may result.

RISK MANAGEMENT

Always fully support cameras when moving, assembling, or adjusting, until all fasteners are completely tight. For
larger high-speed cameras, two people may be required. Cameras can suffer severe damage if dropped.

Always support lenses when installing or removing. In addition, for certain lenses, during focusing operation, the
front must be supported to prevent drops.

While most power and data connections are keyed, it may be possible to incorrectly plug in or force a USB, 1394a,
or 1394b connection. Always check orientation and compatibility before making any connection.

For any test where excessive heat, shock, or flying debris may be present, take steps to protect the cameras and
equipment. Various shielding solutions are available — please contact Correlated Solutions for more details.



INTRODUCTION

Completing a test with Vic-3D is fairly straightforward but a few pointers can help to get the best results in the shortest
period of time. This document explains the basics of a test from start to finish. A typical sequence will be:

e Preparing the specimen

e Setting up, pointing, and focusing the cameras on the specimen
e (Calibrating the camera system

e Running the test and acquiring images

e Image correlation

e Viewing and reducing data

PREPARING THE SPECIMEN

Begin by preparing the region of interest on your specimen with a speckle pattern. For more information on techniques and
guidelines, please see the application note AN1701, Speckle Pattern Fundamentals. In this example, our specimen is
prepared with a laser-printed speckle pattern on adhesive paper.



SETTING UP THE CAMERAS

POINTING THE CAMERAS

To begin, set your prepared specimen in its testing location. Be aware of the orientation and potential camera placement;
for example, for a dog-bone specimen in a test frame, the prepared face of the specimen should face outwards from the
test frame rather than facing the frame’s columns.

Our test specimen for this example is a small demonstration fixture which is designed to load an aluminum panel in
bending. An air bladder behind the panel can be inflated to provide the load.

To assist in setting up the cameras, start Vic-Snap to view a live image set.
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A window is shown for each camera in the system. The red areas in each image indicate overdrive/saturation, where the
pixel is driven to its highest possible brightness value.

The images can be zoomed by placing the mouse over an image and using the scroll wheel. This is useful for checking focus
or examining details but affects only the display and not the saved image.

To adjust the exposure time, use the large slider at the bottom of each window. The default range is 0-50ms — to select a
higher maximum, or a smaller range (to allow finer adjustments), you can right-click on the slider. Select a preset, or
“Custom” to specify.

After starting Vic-Snap, position the camera rig. The distance between the camera system and the specimen will be
determined by your available lenses; when multiple lenses are available, you should use the shortest one that works for
your setup. In some cases, test or room setup may require you to place the cameras farther away and compensate with
longer lenses; here, there are no such restrictions, so we use 8mm lenses. The short lenses are generally easier to work with
and can give somewhat better results.



The distance is set so that the specimen roughly fills the field of view. If the specimen is larger than the field of view, we
lose data at the edges; if the specimen is much smaller, our spatial resolution suffers. Note that the entire area of interest
must be visible in both cameras — generally, the specimen should be made just a bit smaller than the field of view, so that
pixel-perfect alignment isn’t necessary.

Also note that the object must remain in the field of view for the entire test in order to collect data, so if large motions of
the sample are predicted, the field of view should be adjusted accordingly. For instance, if a rubber specimen will be
straining downwards 100%, it should only be filling the top half of the field of view.

Too small — loss of spatial resolution Too large - lost information at edges A good size

Keep in mind that the entire specimen might not always be of interest — for example, if we were very interested in details
near the two holes, we could zoom in on that area for better spatial resolution.



Once a lens and approximate distance is selected, the cameras can be pointed.
The cameras should be positioned somewhat symmetrically about the specimen;
this will keep the magnification level consistent. The exact angle included
between the cameras is not critical but selecting a correct stereo angle will give
best results: the angle should be at least 252 for short lenses (8mm, 12mm), at

least 202 for medium lenses (35mm), and at least 152 for longer lenses (70mm).

The angle should be kept below approximately 60°.

ADJUSTING FOCUS

When the cameras have been positioned, the next step will be to set focus. Use
the focus control on your lenses to achieve a sharp focus on the entire specimen.
Usually, it will be necessary to zoom in on the image to check fine focus; slight

defocus will not be visible with the image zoomed out to fit on screen. While
zoomed in, look closely at both the far and near edge of the specimen to ensure
that the entire surface is in focus, before proceeding.

Tip: to aid in focusing, open the lens’s aperture all the way. This will reduce the

depth of field and make any focus issues very obvious. Then return the aperture
to the appropriate setting for the test. (You will need to temporarily reduce the
exposure time to compensate — see following section.)
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APERTURE AND EXPOSURE TIME

As you make the image sharp through the focus adjustment, it will also be necessary to adjust the brightness of the image.
There are two controls available for this: the aperture/iris setting on the lens, and the exposure time setting of the camera.

e Aperture: opening the aperture allows more light to fall on the sensor. The aperture setting is also called the f-
number; f-numbers are usually indicated on the lens’s aperture ring and typically go from an open setting of F/1.4
or F/2.8 to a closed setting of F/22 or F/32. Using a bigger aperture (lower f-number) will make the image brighter.
However, it will also decrease the depth of field — the range over which the focus is sharp. Even for a flat specimen,
some depth of field is necessary because each camera is oblique to the plane of the specimen; also, poor depth of
field may make it difficult to achieve a wide range of calibration target positions (see following section).

At higher magnifications and with higher resolution cameras, care should be taken when using very small
apertures (high F-numbers). In some cases, this can limit resolution due to diffraction; for example, witha 5
megapixel camera and a 75mm lens, using apertures of F/16 or higher will result in very blurry images. In these
cases, it will be necessary to find the best balance of depth of field (requiring high F-numbers) and resolution
(requiring low F-numbers).

Note that the aperture may not be changed after the system is calibrated.

e  Exposure time: this is the amount of time the camera sensor gathers light before reading out a new image. Longer
exposure times make the image brighter but can also create blur if significant motion happens during the exposure
times. For many tests, blur is not a concern for the specimen itself, but can be an issue when acquiring images of a
hand-held calibration grid. A rule of thumb is to keep the exposure time below 1/f, where f is the focal length of
the lens (in mm). So, for a 50mm lens, this would mean a limit of approximately 20m:s.

In contrast to aperture, exposure time may be adjusted after the system is calibrated if lighting conditions change
or the specimen becomes brighter/darker.

Controls for focus and aperture differ by lens; two common C-mount styles are shown below.

This lens has a focus and aperture ring, each with
locking knob. The aperture ring is normally closest
to the camera. Loosen the locking knob (if
present); make any adjustments; and tighten the
lock before calibrating.




This lens has an aperture ring with a locking knob.
To focus, loosen the collar (for this particular lens,
a 2mm hex driver is used), and rotate the entire
body of the lens. Loosen the lens body
(counterclockwise) to focus closer; tighten
(clockwise) to focus farther. Tighten the collar
when complete.

Caution — the lens body is not captive and will fall
if screwed all the way out.

When exposure and aperture settings are complete, the image should be bright and there should be no overdriven (red)
pixels in the area of interest. In many cases, ambient light will not be enough to achieve this without using unacceptably
large exposure times or aperture settings; for these cases, supplemental light will be required.

Too bright — overdriven Too dim Correct brightness

For many moderately sized specimens, a simple task lamp of 50-100 watts will give excellent light levels while providing
diffuse, even illumination. For very small specimens at high magnification, a fiber optic illuminator can be used. For very
large specimens, a 300-500 watt halogen light or a specialized machine vision lighting solution may be required. If the
specimen is reflective or highly curved, specialized solutions or careful positioning may be required to avoid
reflections/highlights on the surface.

WARNING: |F THE LIGHT IS POSITIONED IN FRONT OF AND BELOW THE CAMERAS, OR IF THE SURFACE BEGINS TO HEAT UP
FROM THE LIGHTING, REFRACTIVE HEAT WAVES CAN APPEAR IN YOUR IMAGE. THESE WAVES MAY NOT BE VISIBLE IN A
ZOOMED OUT IMAGE BUT WHEN ZOOMING IN THEY CAN BE SEEN AS A SWIMMING/SHIMMERING EFFECT WHICH CAN
BOTH DEFOCUS AND DISTORT THE IMAGE.

IF HEAT WAVES ARE PRESENT IN YOUR IMAGE THEY CAN EASILY INTRODUCE FALSE STRAINS OF SEVERAL THOUSAND
MICROSTRAIN SO IT IS CRITICAL THAT THEY BE AVOIDED.

HEAT WAVES CAN BE MINIMIZED BY EITHER REPOSITIONING THE LIGHT SOURCE, OR, IF NECESSARY, A SMALL DESK OR
STAND FAN CAN BE SET UP TO BLOW ACROSS THE SCENE. THIS WILL GENERALLY MIX THE AIR WELL ENOUGH TO
COMPLETELY ELIMINATE THE HEAT WAVES.



TO CONCLUSIVELY CHECK FOR HEAT WAVES, YOU CAN SIMPLY TAKE SEVERAL IMAGES OF THE SAME SCENE (NO
LOAD/MOTION) AND RUN THEM. IF HEAT WAVES ARE PRESENT, YOU WILL SEE LARGE DISPLACEMENT FIELDS THAT
CHANGE RANDOMLY FROM IMAGE TO IMAGE.

Once the camera positions have been set and the focus and aperture adjusted, calibration can begin. After this point,
changing any aspect of the camera system will invalidate the calibration; so, all adjustments should be carefully fixed at this

point.

Tighten the tilt and rotation adjustments on the camera mounts.
e Lock the focus and aperture adjustments on the lenses, if possible.
e Tighten the tripod column.

e Tie the camera cables firmly to the tripod or crossbar; this will prevent external force on the cables from applying

leverage to the cameras.



ANALOG DATA

For systems equipped with data acquisition hardware, several channels of analog data may be acquired along with the
image data. To view the analog data, click the Analog Data button in the toolbar. (If this button is not present, analog
acquisition is not installed. If it is present but grayed out, the acquisition is installed but not active.) A dialog will appear

showing the voltage for each channel present in the device (typically, 4 or 8 channels).
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You can double-click on a channel heading to remove it from the display (double-click again to return it). You can also scale
and rename these channels; right-click and select Edit channels. You can enter a title, range, multiplication factor, and
offset for each channel. Selecting the appropriate range will give higher accuracy. To view scaled data, right-click and select

Show scaled.
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This data is saved in the CSV log file associated with the project. This file will have the same name as the project prefix and
for each image set, contains the image count, the filenames, the exact times, the unscaled analog data, and the scaled

analog data.



CALIBRATION

SELECTING A GRID

To begin, select a grid that approximately fills the field of view.
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If the grid is too large, it will be difficult to keep it fully in the field of view in both cameras while taking images. However,
calibration images will be useful as long as all three of the hollow marker dots are visible. If any of the three marker dots

cannot be seen, then the image cannot be used.

If the grid is too small, it may be difficult for Vic-3D to automatically extract points; additionally, more total images will be
required to cover the field of view, including the corners. However, if no ideally sized grid is available, smaller grids can
work quite well.

Occasionally, lighting configuration can affect grid selection. Some grids may be slightly reflective; under intense or
directional light sources, these reflections can wash out the grid image. For these cases, especially matte grids should be

used, or care taken to avoid reflections.

POSITIONING THE GRID

The calibration procedure calculates variables about the camera geometry and imaging; it is not specific to a plane or
volume in space. Therefore, it’s not necessary to position the calibration grid in the exact same location as the intended
specimen. Still, it will be most convenient to place the grid in roughly the intended plane. This will ensure that the cameras

point at it correctly and that the grid is in good focus.

Optimally, the specimen can be moved and replaced with the grid during the calibration. If this is not practical, it's often
possible to calibrate directly in front of the specimen; this method does require some extra depth of field because the grid

will be in front of the focal plane rather than directly in it.

If the specimen cannot be moved and there is insufficient depth of field to calibrate in front of the specimen, it may be
necessary to move or rotate the stereo rig for calibration. In this case, it is very important not to disturb the camera
position. The best way to achieve this may be to smoothly rotate the entire mount; this involves a minimum of vibration
and shock compared to dragging the tripod away. Then, calibrate to the left or right of the specimen position before

returning the rig to center.
If the tripod must be moved, it may be helpful to mark the original location of each leg; otherwise, finding the original

rotation and position may be difficult.



ACQUIRING GRID IMAGES

Before acquiring calibration images in Vic-Snap, select a name for the images by clicking Edit Project in the menu or toolbar.
A consistent suffix such as “cal” will make future reference easier. In this case, we’ll be keeping both the calibration and
test images together in a folder called “bending-test”.

B Project Options 7 >

Project path: |C:fdatafhending -test |

Image Prefix

Speckle: |1:est |

Calibration: |1:est-ca|| |

Click Ok to accept. Then, for each grid position, capture an image in Vic-Snap by using the space bar, or the remote.

At least four calibration images must be acquired. More calibration images will give a more accurate result; in addition,
acquiring redundant images leaves more room to discard poor images (images that contain highlights, defocus,
obstructions, or other issues that makes them unsuitable for use). For a typical setup, 15-20 images will be a good number.

e To acquire calibration images, capture several images of the grid in various poses. Include significant rotations
about all 3 axes.

e To accurately estimate perspective information, the grid should be tilted off-axis and/or moved closer/farther from
the cameras for some images.

e To estimate aspect ratio accurately, the grid should be also rotated in-plane in some images.

e To estimate distortion accurately, grid points should cover the corners of the image field in some images. If a small
grid is used, this will require specifically moving the grid to each corner and acquiring images. If the grid nearly fills
the field, it will naturally fill in the corners.

e  For each image pair, the grid should be visible in both images. If calibration is performed in roughly the same plane
as the specimen, this will happen naturally.

e Calibration images should be fairly well focused across the width and height of the target.

e  When using a grid which doesn't fill the field of view, take more images of the grid in all regions of the field, as well
as moving it closer and farther from the camera. (For a small grid, tilt alone will not provide the necessary
perspective information).

e Ifagrid dot is partially off the edge of the image, it will be discarded. However, if it is partially blocked by, i.e., a
thumb, Vic-3D may estimate the center incorrectly. This should be visible as a high error for that particular image.

e Some overdrive/saturation is acceptable, as long as black grid dots don’t appear shiny and white.



CALIBRATION IN VIC-3D

To calibrate using the acquired grid images, start Vic-3D. Select Calibration images from the start page, or click Project...
Calibration images. Navigate to the correct folder and select all your calibration images; click Open.
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The selected images will appear under the Calibration Images section in the Images tab. To begin calibration, click the
Calibrate button in the toolbar, or select Calibration... Calibrate stereo system.
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If using a coded target, Vic-3D will detect the target parameters and spacing and begin extraction.

For a non-coded target, select the target you used using the drop-down box at the top left of the dialog. If your grid is not
listed, click the “+” next to the dropdown. Vic-3D will attempt to identify the geometry of the grid, but the spacing must be
entered. Then, click Analyze to extract the target points.

At this point, you will see the images in sequence, with the identified target points highlighted.
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For each image, a number of points extracted is displayed. When the extraction is complete, the calibration will be
computed; a score will be displayed for each image; and a final score displayed in the lower right.

IMAGING SYSTEM AND DISTORTION ORDER

To edit the characteristics of the imaging system model, click Edit by the imaging system drop-down menu. For most
setups, a standard system with first order radial distortion is appropriate. Some short focal length lenses or very large
camera sensors may require an order of 2 or, rarely, 3.
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If you are unsure of the distortion order of your lens, try the calibration at each radial distortion order —1, 2, and 3. If the
calibration score becomes significantly better when you increase the order from 1 to 2, or 2 to 3, then the lens does have
higher-order distortions. You can also add parameters to describe the prismatic and tangential distortions if necessary. You
will only need to do this process once for each new lens you work with.



For lenses with higher distortion orders, more images may be required, and it becomes even more important to take grid
images where points are present in the corners of the field of view. As many as 30 images may be required to accurately
estimate 3" order distortions.

Complex distortion setups involving cameras imaging through refractive interfaces (such as through glass and water) can be
modelled using the Variable Ray Origin (VRO) option. Using VRO 4™ order is recommended unless the setup involves
multiple refractive interfaces.

HIGH-MAGNIFICATION CALIBRATION

For macro lenses and small fields of view, it will become very difficult to get significant off-axis tilt in the target without
severe defocus. Because of this, the “center” values may be poorly estimated. The best remedy is to attempt to get as much
tilt as possible to get a better estimate, but failing this, the High magnification option will force the center values to be the
numerical center of the lens.

INTERPRETING CALIBRATION RESULTS

After the calculation is complete, you will be presented with a report of calibration results and error scores. The errors will
be displayed per image, as well as an overall error score:
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The overall error (Standard deviation of residuals for all views) should be displayed in green. If you have a good set of
calibration images with good tilt and coverage of the image field, and the score is green, then the calibration is good and
you can click Accept to finish.

If the score is displayed in red, you may need to remove some images or recalibrate. Vic-3D will automatically remove very
poor images, but you can remove additional images by right-clicking in the table of scores and selecting Remove row.

If the result is uniformly high and not due to just a few outliers, or if you have several high scores, there may be a problem
with the setup. Check that:

e The grid images are in focus.
e The exposure times are short enough to eliminate motion blur.

e The cameras are secure on the stereo rig.



e The grid is rigid.
e The grid is evenly lit. For a backlit glass grid, this is particularly important.
e If using a glass grid, confirm the correct face is towards the camera.

e The cameras are synchronized.

Correct any potential problems and recalibrate.

Below the calibration scores, the calibration results are listed. Each result is listed with a confidence interval; if the interval
is very high, it may indicate a poor image sequence, even if the error score is low.

For each camera, the following values can be displayed:

e Center (x,y): the position on the sensor where the lens is centered. It should be roughly in the physical center of
the sensor.

The confidence intervals for center (x) and (y) will generally be higher for long-focal-length lenses. At very small
fields of view and high magnification lenses (70mm and up), the interval may be higher in magnitude than the
value itself — if the centers themselves are reasonable then it’s okay to proceed. If a reasonable center estimate
cannot be obtained, you may need to check the High magnification option (see above).

e Focal length (x,y): the focal length of the lens, in pixels. Multiplying this number by the known pixel size of the
camera will give a number roughly equal to the specified focal length of the lens.

e Skew: indicates the out-of-square of the sensor grid.
e Kappa (1, 2, 3): the radial distortion coefficients of the lens.

e p(1,2,..): the prismatic distortion coefficients of the lens (if applicable)

t (1, 2, ...): the tangential distortion coefficients of the lens (if applicable)
For the rig as a whole, the following values are given:

e Angles: the three angles between each camera. In general, two angles will be small and one (the stereo angle) will
be larger.

e Distances: the distance between camera 1 and camera 2, measured from camera 1.

When the error score and confidence intervals are acceptable, click Accept to finish. The calibration data will be displayed
in the Calibration tab at left.

Project n

Images Data Calibration

v Cameral

Type: Pinhole
Center x: 1257.57 pixel
Center y: 1043.63 pixel
Focal length x 10837.7 pixel
Focal length y: 10837.7 pixel
Skew: 0
Kappa 1: -0.107041
g, mag.: 18.8356 pixel/mm
Min. mag.: 17.5135 pixel/mm
Max. mag.: 20.8153 pixel/mm

Camera 2

Transformation

To save the new calibration, click the Save icon in the toolbar, or select File... Save, and select a project file name.



RUNNING THE TEST

Once calibration is complete, you may run the test. (Note that you may proceed directly from acquiring calibration images
to acquiring test images. However, you may not uncover any problems with the setup until it is too late. For important
tests, you should check the calibration before testing.)

Double-check the position of the specimen and stereo rig; confirm that the lighting is correct and that the entire specimen
is in sharp focus. Remember that the aperture, focus, and position of the cameras must not be changed without
recalibrating.

In Vic-Snap, click Edit Project in the menu or toolbar to give your images a name.

B Project Options 7 >

Project path: |C:fdatafhending -test |

Image Prefix

Speckle: |1:est |

Calibration: |1:est-ca|| |

Cancel

For a shape measurement only, you can simply press the space bar to acquire a single image. Otherwise, for a typical quasi-
static loading test, the Timed Capture option is a convenient way to acquire a sequence. To begin, show the Timed Capture
menu by right-clicking the toolbar and selecting Timed Capture.

Tirned Capture n

Acquisition interval: _ seconds -

Start Stop

[]:stop after: 100 *  |seconds

.............................

Select an interval that is appropriate to the test length and number of images required. In general, it's better to acquire
more images rather than fewer; images can always be discarded or ignored later. Here, we'll plan to acquire around 30
images; the test should take around 30 seconds, so we’ll select an interval of 1 second. We leave the Stop after box
unchecked; we will stop the test manually.

When the test is ready to begin, start the acquisition, then the test (any excess images at the beginning can always be
discarded). The image counter in the toolbar will begin counting up. You can monitor the live images to be sure that the
specimen remains in focus, and that there are no lighting changes due to motion. If necessary, adjust the exposure to keep
the specimen bright but not overdriven.

When the test is complete, click Stop in the timed capture dialog, then Close. Return to Vic-3D to analyze the new images.



Note: even for timed capture tests, you may want to acquire and analyze a single static image of the specimen before
running the test. This will verify that the test is ready to proceed and there are no problems with the lighting, calibration,
focus, or speckle pattern. This is a good safeguard before running any type of expensive or destructive test and only takes a
few moments. Simply acquire the image; analyze according to the instructions in the following section; and confirm that the

error is low and that the shape looks correct.



CORRELATION IN VIC-3D

SPECKLE IMAGES

If you closed Vic-3D before acquiring test images, re-open it; then, select the saved project file with the calibration from the
start page, or use File... Open. Next, add the speckle images. Select the speckle image tool or click Project... Speckle Images.
Select the desired images.

Open Image Files @
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The selected images appear under Speckle Images in the Images tab at the left. The first image in the list has a red arrow
next to it; this indicates that this is the reference image.

Project =

Images Data Calibration

=} Speckle Images
- test-000_0.tif
« test-001_0.4f
test-002_0.tif
test-003_0.4f
test-004_0.tif
test-005 0.tif

This image is the beginning state of the specimen; all displacements and strains will be relative to this reference image. For
most tests, the first image will be the correct reference image; to select a difference reference, right-click on a different
image and choose Set reference image.



DEFINING THE AOI

Before running the correlation, we have to define an area of interest (AOIl). This is the portion of the image that contains
the speckle pattern and which will be analyzed for shape and displacement. To begin, double-click on the reference image
to open the AOI Editor. The reference image will be displayed; here, we select the Polygon tool from the set of AOI tools.

Subset: pg |4 Step: 7 %)
[¥] Apply to al

Then, click a series of points to define the boundaries of the AOI; double-click to finish.

] Aol Editor: bending-000_0.£if B8 HoR ™™

Here, we want to exclude the two holes in the image from analysis. We'll select the Cut circle tool from the AOI tools and
click three points on the edge of each circle. The mouse wheel can be used to zoom in for detail work.



Next, set the Subset and Step for this AOI. The default values work well for most speckle patterns. If the pattern is very
coarse, larger subset values may be needed. To run a very fast analysis of many images, increase the step to 10 or 15.

If multiple speckle areas are present, you may draw as many additional AOI’s as necessary. Then, click the green Start
Analysis button in the toolbar, or select Data... Start Analysis to begin

INITIAL GUESSES

Prior running the analysis, Vic-3D will attempt to automatically determine a start point and initial guess. If the calibration is
good and the speckle pattern is sharp, this generally works well; but in certain cases, it will be necessary to give a manual
start point. To start this procedure, select the Start point tool from the Aoi tools.

Aoi tools =

6 @ 6 6 @ @
Byiag™

Subset: 29 % Step: 7 |3
[¥] Apply to al

|

Click in the AOI to place the start point. Ideally, the start point will be in a position of low motion (i.e., near a fixed grip) but

anywhere on the AOI will generally work.



7] Image Viewer: bending-000_0.tif '

Double-click on the new start point to open the Initial Guess Editor.

r! Initial Guess Editor ) M

bending-001_0.tif -
bending-002_0.tif
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bending-004_0.tif
bending-005_0.tif
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bending-007_0.tif
bending-008_0.tif
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In this case, the initial guess has been automatically found — the areas at the top right match, and the indicator next to each
image is green. At this point we could click Done and continue to the analysis.

If an initial guess is needed, we provide it by pointing to matching spots in the left and right image, as well as the deformed
images, if necessary. More details on this procedure are given in the online help.

When complete, click the green Start Analysis button in the toolbar, or select Data... Start Analysis.



CORRELATION OPTIONS

& Vic-3D Analysis

Files Options

Thresholding

Post-Processing

Reference image: [bending-000_0.4f

Select file

All
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Invert
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hendina M7 0 +f
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Output directory: | C:/data/bending-test =

I Run I Cancel

In the Files tab, you can select files to analyze (note: the reference image is always analyzed.) Right click in the list to select
only certain images.

& Vic-3D Analysis ? x

Files Cptions Thresholding Post-Processing 3
Differential Mode

[ pifferential analysis
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Subset Options
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[ Low-pass filter images.
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[ Exhaustive search.

Processor Optimizations
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Cancel

In the Options tab, you can fine-tune correlation options. One useful setting is incremental correlation. This correlates each
image to the prior image rather than always correlating to the reference image. This can help recover data when very high
strains are present or where the pattern degrades during the test, at the cost of compounding error.



& Vic-3D Analysis ? b4

Files Options Thresholding Post-Processing |44 P;
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Maximum margin [pixel]: 0.02
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[ stereo margin [pixel]l: 0,050

Matchability Threshold
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[ Epipolar Threshold
Maximum margin [pixel]: 0.50 v

| Restore Defaults

Run Cancel

The Thresholding tab allows you to set the limits beyond which data will be discarded (leaving ‘holes’ in the plot). Raising a
threshold will always allow more data.

e Prediction margin: discards points that are inconsistent with neighbors. This is the most useful threshold for
limiting false matches.

e  Projection error: discards matches which seem unrealistic with regards to the calibration.

e Confidence interval: discards matches which have a high uncertainty due to defocus, highlights, pattern
degradation, etc. This option can be very useful for discarding data around cracks that grow during the test.

The Stereo margin option applies only to the left-right match

e  Matchability: discards matches which have poor contrast.



& Vic-3D Analysis ? x
Files Options Thresholding Post-Processing Mk
Coordinate transformation
Auto plane fit
Confidence margins
[ compute confidence margins
Strain computation
Filter size: 15 S

Tensor Type: Engineering 7

Run Cancel

The Post-Processing tab allows you to control how the data is processed immediately after calculating. To calculate strain
during the correlation, rather than after (so you can see it in the preview), check the Strain Computation box.

Frequently none of the options or thresholds will need to be changed. In this case, simply click Run to start the analysis,
click Run.

0.02 1.93

File: 19/23 Points: 20927 Projection Error: 0.019 Time: 1.1 Remaining: 5s

| _
(

Vic-3D calculates the surface geometry (X, Y, and Z coordinates for each analyzed point) as well as the displacement for
each point (U, V, and W, indicating the displacement in the X, Y, and Z axes, respectively). By default, the Z value is listed;
other values can be selected by right-clicking in the plot and selecting Contour variable.

The number of points analyzed, analysis time, error, and iterations are displayed at the bottom edge of the plot. The error is
of special interest because it will indicate any problems with calibration or analysis. If the plot looks correct but the error is
high (high errors will be displayed in red), check the calibration; it may be erroneous or the cameras may have been
disturbed. Note: in certain cases, you can recover the calibration when the cameras have been disturbed. Please see
application note titled “External Orientation Calibration” for details on the procedure.



Alternately, if the error is high and the plot shows obviously erroneous data in one region (spikes/noise), there may be a
problem with the analysis in that region; check the images and AOI boundaries. If necessary, reduce the analysis area, or
use threshold settings to eliminate the bad data.

If no points can be analyzed, an error will be shown. The most common reason for this condition would be that the

software could not determine an automatic initial guess. In this case, check the previous section of this guide, Initial
Guesses.



VIEWING AND REDUCING DATA

VIEWING FULL-FIELD DATA

When the analysis is complete, click Close. The new data will be displayed in the Data tab at left; double click on a file to
view.

ﬁ'
Images Data | Calibration |

= Current data

-~ = itest-000_0.out

-~ test-001_0.out
test-002_0.out
test-003_0.out
test-004_0,out
test-005_0.out
test-006_0.out
test-007_0.out
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You can click and drag to rotate the data set and use the mouse wheel to zoom in and out. Right click to select different
contour variables. You may also right-click and select Show 2D Plot to see a contour overlay:

& Plot: test-028_0.out Jo&d
h W [mm]
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-0.255
-0.378125
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-1.11688
-1.24

AXIS AND CONTOUR LIMITS

Note that both axis and contour limits will auto-scale to the measured minimum and maximum values. For the shape, this
means that very flat shapes will appear very noisy, as the limits will be very close together. The same applies to contours.
For example, if the strain is close to constant, the strain contour plot will have a small range and noise will be exaggerated.



To edit axis and contour limits, use the Plotting tools toolset, at the left.

Auto-5caling Axes Contour Color map L3 Auto-Scaling Axes Contour Color map L
Auto-rescale coordinates e -120 - 120
Auto-rescale contour i -120 - 120
] Grow ranges only 71 0.2 - % 6
Apply
Z-scale 0.30 =

You may either auto-scale the axis and contour limits or clear the Auto-rescale box and manually enter limits.

To animate through the images, use the Animation toolbar:

Animation tools [

) () (] (S 200 &

Or, videos can be exported by right-clicking in the plot and selecting Export video. To save plots as images, right-click on the
plot and select Save; or, you can right-click on any plot in Vic-3D and select Copy to copy the plot to the clipboard.

CALCULATING STRAIN

To calculate strain, for example, select Data... Postprocessing tools... Calculate strain.

-
& Strain computation

Data files
All [ None ] [ Invert ]
bending-012_0.out -

bending-013_0.out A
bending-014_0.out L4
bending-015_0.out

1

Strain computation

Filter size: 15 =
Options

Compute principal strains

Overwrite existing strains

Additional variables
[ Tresca strain

[ von Mises strain

0.000335 exx [1] - Lagrange 0.00142

(s ) (]

[7] Raw gradients

Several options are available but the most commonly used will be the Filter Size. It may be necessary to make this value
larger to resolve strain when strains are very small. To achieve better spatial resolution and see strain concentrations
clearly, use smaller values.



You can calculate strain for all files by clicking Start. Alternately, you can adjust settings and see the effect on a single file by
clicking Preview.

After strain calculation is complete, there will be new strain variables in the data set; right-click on the contour plot to view
them. By default, you will see strain in the x- and y-axes (exx, eyy) and shear strain (exy), as well as first and second principal
strain (e1, e2) and principal strain angle (gamma).

REDUCING DATA
Vic-3D provides a number of facilities to reduce data from the initial point cloud.

To export aggregate statistics only, you can select Data... Export... Aggregate statistics. Select the files and variables for
export; the result will be a CSV file.

To extract data over time, open a 2D contour plot. Select the Inspect Point tool (second from the left), or the Inspect
Rectangle or Inspect Disc tool, from the Inspector toolbar:

Inspector tools

21 .(’J. e U (:j D ﬂ'ﬂ b t__f,

Next, select a point by clicking at the desired location.
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Next, click the Plot extractions button (farthest right) in the Inspector toolbar. A time series plot appears:
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The default sets are the average for the whole field, as well as any inspectors you have placed (here, PO, the inspection
point). You can zoom in and move around the plot with the mouse. You can also change the settings and appearance with
the right-click menu.



To change the variables and series plotted, use the toolbar at the top left.
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You can add and remove a series by clicking Add or Delete. To edit a series, click on it and select different variables:
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Click the ¢ button next to each line to commit the change.

To save this extraction from one or many of the data files, click Export, or save an image of the plot by right-clicking in the
plot and selecting Save plot.



You may also extract a slice of data with the Extract Line tool on the toolbar. Click the tool and then click two endpoints to
define a line:

e
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Then, click the Plot extractions button on the Inspector toolbar. Now, you can pull down in the extraction tools to select
line slices:
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This will display the data along the line for each image.
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By default, several data files are shown, and the currently selected file is plotted as red. You can right-click and access the
Settings dialog to change to plot only the selected file, or only certain files.

As before, this data can be exported or the plot saved.

The final type of extraction is the extensometer. To use this, click the Inspect extensometer button (third from last) on the
toolbar:

Inspector tools
i¥]

Click two points to define the extensometer.
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Then, click the Plot extractions button. A third option is now available on the pulldown — extensometers.
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Allowable data sources for the extensometer are AL/LO (engineering strain), AL (difference in length), L1 (deformed length),
and L1 (initial length). Note that this tool gives simple end to end distances, which may not always be the same thing as
strain —the tool ignores bending, etc.

ANALOG DATA

To bring in voltage and time data, you can select Project... Analog Data from the menu bar. Select the CSV log file for the
project; it will appear under Analog data in the project tab. You can double-click on the file to view it as a spreadsheet.

After this file is added, you can select Analog as a data source in extraction plots. All the available analog data can be used
for plotting as well as exporting.



SUPPORT

If you have any questions about this document or any other questions, comments, or concerns about our software, please
feel free to contact us at support@correlatedsolutions.com, or visit our web site at www.correlatedsolutions.com.

APPENDICES

e  Stereo camera mounting instructions

e AN-722: External Orientation Calibration
e AN-708: Vibration Module Overview

e AN-1701: Speckle Pattern Fundamentals
e Vic-Snap High Speed Guide

e  Strain calculation in Vic-3D

e  4-in-1 Grid Specifications

e 1" Grid Specifications

e Recommended Maintenance Schedule
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STEREO CAMERA MOUNTING

INSTRUCTIONS

Items List:

A. Tripod x1
B. Tripod 3-axis adjustable head x1
C. Tripod quick-release adapter x1
D. Slide block x1
E. 23” Aluminum profiles X2
F. Adjustable extrusion mounting hinge x1
G. Camera FLEX mounts X2
H. Extrusion profile end caps x4

Tools required:

1. 3/16” Ball-point hex driver x1

J. 5mm Ball-point hex driver x1



Figure 1. Items List

Set up tripod

a.

b.

C.

Pull the three legs outward to the desired location
Unlatch each leg and raise to the approximate desired height

Lock them back so the tripod is stable.



Figure 2. Tripod

There is an option whether to incorporate the tripod 3-axis adjustable head in the setup. The tripod head allows for
additional degrees of freedom and more adjustability. However, the more degrees of freedom that are present in the
system, the less rigid the system is. For a more rigid system, it is suggested to forgo the use of the tripod head, unless the
additional adjustability is critical. Note that there is adjustability provided by the tripod, slide block and hinge as well. For
use of the tripod head, proceed to Step 2. To forgo use of tripod head, please skip to Step 4, Part b.



Screw the tripod 3-axis head onto the tripod. Make sure the handles are attached.

Figure 3. Trip with 3-axis head/bracket assembly

Snap the quick-release bracket to the tripod 3-axis adjustable head.

Figure 4: Quick-release bracket



4.

a. To fasten the slide block to the tripod 3-axis adjustable head, verify that there is a helical insert present in
the slide block. This will allow the slide block to screw directly onto the tripod head.

Figure 5. Slide block with helical insert

Screw the slide block onto the tripod 3-axis adjustable head. Omit Step 4 Part b and proceed directly to Step5.

Figure 6. Slide block mounted to tripod 3-axis adjustable head

b. To fasten the slide block directly to the tripod, remove the helical insert and mount the slide block to the
tripod by screwing the block onto the threaded post on the top of the tripod.



Figure 8. Slide block mounted to tripod

Carefully slide one of the 23” aluminum extrusion pieces into the slide block about halfway (the handle/T-nut
may need to be loosened in order to be to do this), and then hand tighten the handle on the side of the block
to fasten the extrusion in place.



Figure 9. Aluminum extrusion on slide block

6. Attaching the hinge

a. Loosen the T-nuts on the mounting hinge so that they will slide into the slots of the extrusion. Orient it so
that the silver inserts on the hinge go through the slot of the extrusion.

b. Carefully slide the T-nut into the slot at the end of the extrusion piece already attached to the tripod via
the sliding block, as seen in Figure 10.

NOTE: THE HINGE CAN BE PLACED ON ANY OF THE 4 SIDES OF THE EXTRUSION, BUT THE TOP SIDE IS MOST COMMONLY
USED FOR HORIZONTAL MOUNTING, AS SHOWN IN FIGURE 10.



Figure 10. Hinge mounted to extrusion

Tighten the T-nut with the provided 5mm hex driver so that the hinge is close to the end of the extrusion.

Slide the other 23” extrusion piece through the hinge’s other T-nut about halfway so that it is
perpendicular to the already mounted extrusion bar, as seen in Figure 11.

Use the 5mm hex driver to tighten the hinge to the extrusion via the remaining T-nut.

Manually tighten the handle on the hinge.



Figure 11. Hinge attaches aluminum extrusions

Attaching the camera/swivel mounting assembly

a. Each swivel mount has two T-nut fasteners.

b. Loosen the T-nuts so that they will slide into the slot of the extrusion.

c. Slide the swivel camera mounts to the desired position on the extrusion bar.
d. Tighten the T-nut fasteners with the 3/16” hex driver provided.

e. Toangle the cameras, use the 3/16” driver to loosen the clamping screw and rotate the camera. Tighten
the screw to fasten the camera to the desired angular position. Note that the cameras might need to be
temporarily rotated out of the way in order to access the screws that tighten the T-nuts.



Clamping screw for
angular rotation

Figure 12. Mounting the camera/swivel assembly



8. Attach the 4 end caps to the aluminum extrusion ends.

Figure 13. Attach all four end caps

9. Adjust all degrees of freedom to the desired locations and tighten.

Other mounting configurations are shown in Figures 14 and 15. Figure 14 displays the final configuration when the tripod
head is omitted. Figure 15 shows a configuration in which the cameras are mounted vertically (by mounting the hinge on a
different surface of the aluminum extrusion). Shape and curvature of the test subject will dictate whether cameras should
be mounted vertically or horizontally. Both cameras must see a given feature in order for VIC-3D to obtain a shape for that
feature. Therefore, if a specimen is curved around the vertical axis, a vertical camera mounting is ideal. This will allow for
more data extraction from the specimen.



Figure 14. Complete system with omitting tripod head

Figure 15. Complete system with vertical camera mounting



CSI APPLICATION NOTE AN-722

EXTERNAL ORIENTATION CALIBRATION IN VIC-3D

INTRODUCTION
Calibration in Vic-3D serves to establish two distinct sets of parameters.

e Intrinsic parameters: These parameters are specific to each camera. We calculate focal length, aspect ratio, and
sensor center (the point on the sensor that corresponds to the center of the lens). These parameters will change if
you move the lens or change the aperture or focus.

e  Extrinsic parameters: The parameters define the relationship between the two cameras in the stereo system. We
calculate X, Y, and Z displacements between the cameras, and 3 angles between the cameras (alpha, beta,
gamma). These parameters will change if the cameras are moved or tilted.

Typically, we calibrate extrinsic and intrinsic parameters at the same time, with a stereo calibration. However, in some
cases, it’s advantageous to calibrate the extrinsic parameters separately, or to refine them using a speckle image.

Examples of cases where separate calibration is required:

e Cameras cannot be synchronized

e Large measurement fields for which a large enough grid is not practical
For these cases, use Procedure 1.
Examples of cases where stereo calibration may be refined by external calibration:

e The cameras have been moved or bumped since calibration. In general, any time you run a correlation and see a

higher than expected projection error, you can try running the external orientation calibration to improve your
results.

e Test setups that include nonstandard distortions, such as from a glass pane

For these cases, use Procedure 2.



PROCEDURE 1: CALIBRATING SEPARATELY

Select Calibration... Calibrate Camera 1 from the menu bar. Proceed as with stereo calibration; repeat for Camera 2. At this
point, you may check the Calibration tab at the left side of the main window and confirm that both cameras are calibrated
but the Transformation section shows “Not calibrated”.

Project =
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=+ Camera 1
Center x: 304.662 pixel
Center y: 243.677 pixel
Focal length x: 2182.61 pixel
Focal length v: 2182, 41 pixel
Skews 0,113727
Kappa 1: -0, 129645
Kappa 2: 0
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[=+- Camera 2
Center x: 336,705 pixel
Center yi 246,037 pixel
Focal length x: 2179, 74 pixel
Focal length y: 2180, 36 pixel
Skew: -0.326879
Kappa 1: -0,122467
Kappa 2: 0
Kappa 3: 0

=+ Transformation
Mot calibrated

Next, you will need a single image of a speckled target to complete the orientation calibration. Any shape may be used for
this, but the target must contain a known distance marked off with two recognizable end points. This will be necessary to
establish scale later in the process. Typically this can be accomplished by simply making two small black “X” marks on the
specimen and carefully measuring the distance between them. These points should be relatively far apart for best accuracy.

NOTE: EXTERNAL ORIENTATION ELIMINATES THE NEED FOR THE GRID CALIBRATION IMAGES TO BE SYNCHRONIZED, SINCE
THEY WILL BE CONSIDERED SEPARATELY. HOWEVER, FOR THE SPECKLE IMAGE, YOUR CAMERAS MUST EITHER BE
SYNCHRONIZED, OR THE TARGET MUST BE IMMOBILE.



Load this image pair as the Reference image, as normal. Define an area of interest that contains the two measurement
marks and encompasses as much of the shape as possible. Using a patch that is too narrow or small may result in erroneous
results. Our two “X” marks are visible about halfway down the image.

Aol Editor: membrane-00_0.tif ME)

Define an initial guess if needed, ang click Start analysis. Since no Transformation calibration is present, you will be
prompted to run a disparity analysis for calibration. Click Yes; this sets all the appropriate options for this type of
calibration. Click Run to continue, then Close when correlation is complete. Projection error will be reported as 0, and no
3D plot will be shown; this is because Vic-3D has no geometry information with which to triangulate a shape. However,
we’ve just calculated the raw disparities, which can now be used to determine the camera orientation.



Click Calibration... Calibrate camera orientation on the menu bar.

& External Orientation Calibration ? >

Disparity data

|bending-000_0.out ¥ |

Scale

() Fixed baseline
(@ Point distance

Markers
Markers
Image =
Marker 1 X
Marker 2 o
Distance

o

Calculate Cancel

You will see your reference image; where data is present, the image is overlaid with blue. Click on one of your
measurement marks, and then the other. You will be asked to enter the distance between these points to establish scale:

-

& Enter distance [l]ﬁ
Enter the distance between the two points in mm:

100.00 [

Enter the previously measured distance. If an incorrect distance is entered, the calibration will succeed, and measurements
will be successful; however, the scale of all your future results will be off by a constant factor.

Click Calculate, and a score will be displayed.

-
#r Calibration result -

i The calibration succeeded. Standard deviation of the residual projection errors was
\‘) 0.00833323 pixel. Do you want to accept the calibration result?

l Accept H Discard

If the score is acceptably low (i.e., less than 0.05 pixels), click Accept to finish. If the score is high, there is a problem with

the source data; check your area of interest and initial guess and check the sigma variable in the output data to eliminate
any problem areas.



The calibration is now complete. If desired, you may note the figures in the Transformation section of the Calibration tab
and confirm that they are as expected. Alpha, Beta, and Gamma are the three angles between the cameras; Tx, Ty, and Tz
are the displacements; and baseline is the total distance between the two sensors.

Project |

Images Data Calibration |

= Camera 1
- Center x: 304,662 pixel
- Center yi 243,677 pixel
- Focal length x: 2182.61 pixel
- Focal length yi 2182, 41 pixel
- Skew: 0,113727
- Kappa 1: -0.129645
- Kappa 2: 0
- Kappa 3: 0
[=+- Camera 2
- Center x: 336,705 pixel
- Center y: 246,037 pixel
- Focal length x: 2179, 74 pixel
- Focal length y: 2180, 36 pixel
- Skew: -0,326879
- Kappa 1: -0,122467
- Kappa 2: 0
- Kappa 3: 0
=+ Transformation
- Alpha: 0.60493 deg
- Betar 26,6196 deg
- Gamma: 4, 70001 deg
- T -348.095 mm
- Tyt -18,3923 mm
- Tzr 79,8682 mm
- Baseling: 357,613 mm

At this point you may also re-run the correlation; this time, a shape will be calculated, you can confirm that the profile
returned is as expected with regards to shape and scale.



PROCEDURE 2: CALIBRATING TOGETHER

To calibrate as a system and then refine the calibration with External Orientation Calibration, begin by calibrating as normal
(Data... Calibrate... Calibrate Stereo System).

Load a reference image and select an AOI that covers as much of your specimen as possible. If desired, check the initial
guess.

Click the v

Confirm that your shape looks good with no erroneous data.

icon on the toolbar to run the analysis. Click Run to run the calibration, and Close when it has completed.

Click Calibration... Calibrate camera orientation on the menu bar.

& External Orientation Calibration ? x
Disparity data

bending-000_0.out i

Scale

(®) Fixed baseline
() Point distance

Markers

Markers

Image

Marker 1

Marker 2

Distance

D [mm]: nfa

Calculate Cancel

You will see your reference image; where data is present, the image is overlaid with blue. Leave the Scale selection set to
Fixed baseline; click Calculate. An error score will be displayed:

& Calibration result o

i The calibration succeeded. Standard deviation of the residual projection errars was
\‘) 0.00833823 pixel. Do you want to accept the calibration result?

Accept H Discard

The score should be very low; if not, check the source data and make any necessary changes, then repeat. The calibration is
now complete.



NOTE: THE FIXED BASELINE METHOD WORKS BY ASSUMING THAT THE DISTANCE BETWEEN CAMERA SENSORS HAS NOT
CHANGED. THIS IS A GOOD APPROXIMATION WHEN THE CAMERAS ARE IN A TYPICAL MOUNTING CONFIGURATION WHERE
THEY MAY BE ABLE TO ROTATE BUT NOT TRANSLATE. IF THE CAMERAS HAVE MOVED IN A DIFFERENT WAY WHERE THE
BASELINE CHANGES SIGNIFICANTLY, THIS PROCEDURE CAN CAUSE SCALE ERRORS IN YOUR RESULTS. YOU MAY ALSO

CORRECT A CALIBRATION USING THE POINT DISTANCE OPTION, IF A KNOWN DISTANCE IS PRESENT ON YOUR SPECIMEN AS
IN PROCEDURE 1.

SUPPORT

If you have any questions about this Application Note or any other questions, comments, or concerns about our software,
please feel free to contact us at support@correlatedsolutions.com, or visit our web site at www.correlatedsolutions.com.



mailto:support@correlatedsolutions.com
http://www.correlatedsolutions.com/
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VIBRATION MEASUREMENTS WITH THE VIBRATION SYNCHRONIZATION MODULE

|INTRODUCTION

The vibration module allows complete analysis of cyclical events using low-speed cameras. This is accomplished by locking

on to a drive or response signal, and taking images at user-defined phase intervals.

Since the camera’s frame rate may not be fast enough to image several times during a single cycle, we may skip several

cycles before advancing to the next phase, but the signal is accurately tracked by the phase locking logic. For purely cyclical

motion, this results in a replication of a single wave cycle.

Because the timing device used by the vibration module is very accurate, the practical limitation on the oscillation

frequency is generally dependent on the camera sensitivity and the scene lighting, which both affect the system’s ability to

“freeze” the motion. The table below provides frequency range guidelines for several lighting options:

Max Frequency

100Hz

500Hz

10kHz

50kHz

Recommended Frequency Range

0—-50Hz

50 — 200Hz

100 — 4000 Hz

2-10kHz

Minimum Exposure Time

10ms

30ps

lus

40ns

LIGHT SOURCE

Room light

Halogen light

Stroboscope

Ultra bright stroboscope




Applications for the module include:
e Tire and wheel testing
e  Piston engines
e  Speakers
e  Flow-induced vibration
e Shake table tests

e  Fatigue testing

NECESSARY EQUIPMENT/SOFTWARE

Making measurements with the vibration module requires only the module, a standard Vic-3D system, and a facility for
triggering the system’s cameras. For most cameras this means either a simple trigger cable, or a trigger circuit such as that
supplied in the ATB-5 trigger box. For events above the 500Hz range, a strobe will also be required.

The vibration module itself consists of a software module for Vic-Snap, as well as additional data acquisition hardware. This
specialized hardware is used to provide highly accurate, low-latency analog triggering. Either a PCl card or an externally
powered USB device can be used.

A cyclical signal corresponding to the system’s drive or response is also necessary. Examples of such a signal include
e Sinusoidal drive signal to shake table
e Load signal from test frame in fatigue test
e Voltage to an audio speaker
e  Once-per-revolution TTL pulse on tire test stand

The signal can be sinusoidal or otherwise as long as it’s in phase with the specimen motion.

CONNECTING THE SYSTEM
At least two connections must be made in order to begin a measurement.

1) The drive signal should be connected to the “Al 0” input on the DAQ device. If present, the “FS/GS” (Floating
Source/Ground Source) switch for this input should always be set to “FS”.

2) The trigger output signal should be connected to the cameras or trigger box. This signal will usually be provided at
either “CTR 0 Out” or “User 1”.

3) Connect the trigger cables to the cameras, if you have not done so already.

See the appendix for a detailed view of these connections.



TEST SETUP

Setting up for a vibration test begins with pointing and focusing the cameras, as with a quasi-static test. There is only one
major additional concern — lighting. It will be necessary to calculate, or establish empirically, the exposure time required to
freeze your motion.

In general, since Vic-3D is typically accurate to ~0.02 pixel, we would like to see motion of 0.02 pixel or less contained
within the exposure time. For example, suppose we have a tire that is rotating at 120rpm, or 2Hz. The diameter of the tire is
635mm, and we want to image the whole tire using a 1m x 1m field of view, using 1024x1024 cameras.

Since we are imaging 1000mm with 1024 pixels, we have a magnification of about 1 mm/pixel. This means that we need to
keep our motion below

0.02 pixel * 1 mm/pixel =.02mm.
Our tire has a circumference of
635mm * m=1995mm
So our maximum velocity, at the rim, is
1995mm * 2Hz = 3990mm/s
This means our maximum exposure time is
0.02mm / 3990mm/s = .000005s = 5us

We could accomplish this with a strobe light with a duration of <5us. In practice, using a steady light and a camera with an
exposure time of 20us would give us very useful results; motions of .1 pixel or even .5 pixel can be accommodated at some
loss of accuracy, given a properly coarse speckle pattern. Still, we would require a very strong light source in order to give a
bright image with only 20us of integration.

These calculations will be different for each test. Also, for a test where the motion is mainly out-of-plane, more motion can
be tolerated because the pixel motions are relatively much smaller, compared to a test where the specimen is moving
directly across the field of view.

You can check the blur visually to some extent by examining the live image, but even a barely visible blur can greatly reduce
Vic-3D accuracy. The actual effect can be quantified in the Error score listed during correlation.

A final note - some cameras can streak at these very short exposure times, and some cameras will streak if light is present
during their readout. For more information about the limits and capabilities of your specific setup, please contact Technical
Support.



SOFTWARE CONTROLS

To being a measurement, start Vic-Snap and click the Fulcrum Dialog toolbar button, or select File... Fulcrum Dialog. The
Fulcrum control will appear in the workspace, and the cameras will be switched to hardware trigger mode.

Fulcrum
Signal
(1.0 s)
@ Phase: oo
Max value
Min value

|F‘.En:|:|rd 5EE|LJEI‘|IZE| Step: 45°

Cyde recording
Every 1 = ||:y|:|es - |
@ Single image Seguence
Last save:
MNext save:

Start Stop
Configuration
Voltage: 0.00v 3 Auto
Deadband: 0,350 | Auto

Mir
Trigger

Max

The (1.0 s) indicates that the signal is initially being sampled for 1.0 seconds to determine the levels. This time will be
determined by the minimum frequency setting in the Advanced Options; for the best response, select a minimum
frequency that is just lower than the lowest frequency you expect to measure. After the limits are found, the trigger voltage
will be set to the mean voltage; the frequency should appear and the waveform will be displayed in the dialog.



Signal

1000.0Hz

@ Phase: ne =
Max value

Min value

Record Sequence | Step: 45 (5

Cyde recording

4.914K

Every 1 = |cydes =

@ Single image Sequence
Last save:
Mext save:

Start | Stop

Configuration

[
I
&

g

Voltage: 0,00y

Deadband: |0.350v | || Auto

Min

Trigger

Max

If the signal cannot be locked, the frequency box will display “---”, and a piece of the waveform will be displayed to assist in
diagnosis.



Signal

Y

@ Phase: oo =
Max value

Min value

Record Sequencel Step:  45° (5

Cyde recording

43.063K

Every 1 = |cydes =

@ Single image Seguence
Last save:
Mext save:

Start Stop

Configuration

Violtage: o.0ov = Auto

Deadband: 0,350V 5| |+ Auto

.....

Once running, the cameras will be triggered at the specified phase (09, to start). To change the phase that you are viewing,
you can select a different value in the Phase control. The step for this control is determined by the Step control.

A sample waveform is displayed at bottom. The red vertical line in the waveform indicates the current trigger phase. The
white horizontal line is the trigger voltage, and the white range is the current deadband.

Above the waveform display are indicators for the signal minimum (Min), maximum (Max), and the voltage at the trigger
phase (Trigger). These values are scaled according to the scale and offset for channel 0, which can be edited from the
Analog Data dialog.

To the top right, a counter displays the number of cycles that have passed since the control was opened. This count is an
estimate based on the measured frequency; it should be quite accurate but is not an exact count of zero crossings. To reset
this count, right-click on the value.

By default, the voltage and deadband are continuously and automatically adjusted. If you want to select a specific trigger
voltage and deadband, you can clear the “Auto” checkbox and select the desired parameters.



RECORDING IMAGES

There are several options for recording images in the vibration module. Since the cameras are hardware triggered, always
at the selected phase, you can simply use the space bar to capture individual images, as well as the timed and streaming
capture modes.

To record a 3602 sequence of your test, you can click Record sequence. The number of images taken will depend on the
selected Step. For example, if the step is 102, 36 images will be stored. The phase of the sequence always begins at zero;
once complete, the phase will be reset to the value in the Phase control.

To record at specified cycles, select the interval (in cycles, kilocycles, or megacycles). You can choose to record a single
image at your specified phase (Single image) or a 360 sequence as described above (Sequence). Then, click Start. An image
will be taken immediately, and at even multiples of the selected interval. Since the Fulcrum module does not trap every
single cycle, the actual cycle count at recording will be slightly higher than the target value. When testing is complete, you
can click Stop to finish recording.

DATA RECORDING

When images are taken either manually or automatically, some relevant data is logged to the project’s CSV file. The fields
will be:

e Frequency: the frequency, in Hz, of the input signal
e  Count: the total cycle count.
e Phase: the phase that each image was recorded at.

e  Peak: the maximum voltage recorded during the cycle immediately prior to the trigger. Both scaled and raw values
are recorded.

e Valley: the minimum voltage during the cycle.

e Trigger: the voltage at the trigger point.

This information can be imported into Vic-3D (Project... Analog Data) and then various plots, such as phase vs.
displacement, can be produced.

0.24 a o

0.02 3 o

Fhase

Phase vs. displacement plot for a speaker cone



USAGE SCENARIOS

CYCLICAL TESTING

In this type of test, the Record Sequence button can be used to acquire a full sequence. Be sure that the specimenisin a
stable-repeating mode before you start acquiring; acquire your sequence using whichever step you desire. You may wish to
acquire multiple sequences for a given test; this will help determine whether a very weak response is actually a response, or
only noise.

You can repeat the test at different frequencies; be sure to let the system stabilize, if necessary, after a frequency change.
You can also record a slow sweep, by clicking the Auto phase button and putting the system in Streaming capture mode.
The sweep should be kept slow because the delay for each pulse is determined from the previous cycle’s frequency.

For cyclical testing, a decision needs to be made about the reference image. You can take a reference image of the system
in a static/resting state in order to see strains and displacements relative to that state, or, you can select one of the moving
phase images (such as the 02 image) as the reference to see results relative to this phase of the motion.

FATIGUE TESTING

For this scenario, the phase stepping will generally not be used. Simply select the phase at which to take images — this
phase is indicated by the red line on the scope display, so you can easily choose the minimum or maximum load, or a zero
state, if you have a load or displacement signal. For example, here, the phase is set to record approximately at the
maximum load:



Signal

1000.0Hz

Phase: Qe =
@ Max value

Min value

|F'.En:c:rd Sequence| Step: 45 5

Cyde recording

48.706K

Every 1 = |cydes -

@ Single image Sequence
Last save:

Mext save:
| Start Stop

Configuration

Voltage: o.0oy = Auto

Deadband: |0.350v | [¥] Auto

Then, use the Cycle recording interval in the Fulcrum dialog to record at set intervals. You can also use Timed Capture for
this.

For this kind of test the reference image will typically be taken with the specimen unloaded or slightly preloaded, in order
to give strains relative to a relaxed state. Your test requirements may vary from this, though.



SETTING ADVANCED OPTIONS

Some adjustments will be found in the Advanced Options dialog (under File... Advanced Options), in the Fulcrum tab.

Default output state

High @ Low

Qutput pulse

L113

Low time: 1us
High time: 20us =
Freguency Limits

Minimum:  1.00Hz =

Maximum:  5000Hz =

Maximum trigger rate: 20 fps 5

| Always show waveform

Default output state: this controls the level of the output trigger signal in between triggers; high is TTL high, low is
TTL low.

Low time: when a trigger event occurs, this is the amount of time the output signal goes low before the pulse will
be sent. If the default state is low, this will simply induce an additional delay.

High time: when a trigger event occurs, the amount of time the output signal will stay high, after going low.

Normally, the output state will be set low; the low time set to 0; and the high time set long enough to cause the
cameras to trigger (20us generally works).

For strobe applications, we can set the default state to high, and set a non-zero low time. If we set the camera to
trigger on the falling edge of the output signal, and the strobe to trigger on the rising edge, we can introduce a
delay so that the camera starts exposing before the strobe fires. This delay will be equal to the low time.

Minimum frequency: set this to the lowest frequency you expect to measure. Setting this very low will increase the
timeout values for the frequency and peak measuring functions, which can reduce responsiveness. For example, if
this is set to 0.2Hz, the frequency function will wait a full 5 seconds before timing out and trying again.

Maximum frequency: setting this frequency can guard against accidental triggering due to noise and lost signal. If
the software measures a frequency higher than this, it will consider the signal lost. This also prevents accidentally
counting erroneous cycles which can cause a false high cycle count.

Maximum trigger rate: set this to something slightly less than the maximum frame rate of your cameras. This is
important in order to avoid missed triggers.

Always show waveform: if this is checked, the waveform display is updated every cycle. In this mode, the cameras
will be triggered at most 1 cycle in every 4. With this option cleared, the waveform will only be updated when the
signal is first locked; in this mode, the cameras can be triggered at most 1 cycle in every 2 (at lower frequencies).



THEORY OF OPERATION

The vibration system operates by setting an analog trigger and window in the hardware DAQ device. This provides the basis
of the trigger detection. To provide the phase delay, the measured period is multiplied by the selected phase to establish
the delay. For example, if the frequency is measured at 1000Hz, and the requested phase is 1809, the trigger delay will be
set at

1/1000Hz)*(1802/3602) = 0.001s * .5 = 500ps.
(1/1000Hz)*(1802/3602) = 0.001s * 00

This is important because it means that the phase delay has a slight lag. If the frequency of a cycle varies greatly from that
of the previous cycle, the calculated delay in ps will no longer correspond to the requested phase in degrees. Very noisy
signals will be subject to the same problem as the trigger will be found at slightly different points in each cycle.

Because of this effect, it’s important to work with motion — and signals - that are very close to steady-state cyclical. For
assistance optimizing your test, please contact Technical Support.

SUPPORT

If you have any questions about this Application Note or any other questions, comments, or concerns about your CSI
system, please feel free to contact us at support@correlatedSolutions.com or visit our web site at

www.correlatedsolutions.com.
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Appendix 1 — Hookup diagram (USB device)
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connect input signal.
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camera trigger input.




Appendix 2 — Hookup diagram (PCI device)
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Appendix 3 — Hookup (trigger to cameras)

ATB-5

Trigger box

With ATB-5

Direct connection



CSI APPLICATION NOTE AN-1701

SPECKLE PATTERN FUNDAMENTALS

INTRODUCTION

In digital image correlation, using an optimal speckle pattern is one of the most important factors in reducing measurement
noise and improving overall results. Understanding the requirements of an ideal speckle pattern and how to apply one to a
specimen facilitates the use of DIC. Here we discuss why a good pattern is needed, pattern requirements, common
application methods, and guidance on some difficult or specific cases.

PATTERN REQUIREMENTS

In DIC, a mesh of small subsets of the image are tracked as the specimen moves and deforms. To perform this tracking, the
subsets are shifted until the pattern in the deformed image matches the reference image as closely as possible; this match
is calculated by the total difference in grey levels at each point.

To achieve effective correlation, our pattern must be
e High contrast: Either dark black dots on a bright white background or bright white dots on a dark black background.

e 50% coverage: We want about equal amounts of white and black on the surface. For example, if the speckles are 5
pixels in size, they should be approximately 5 pixels apart from one another.

e Consistent speckle sizes: speckles should be ideally 3-5 pixels in size in order to optimize spatial resolution, but the
most important thing is that the speckles are consistent in size and not too small (less than 3 pixels in size is too small
and can cause aliased results).



e Isotropic: The speckle pattern should not exhibit a bias in any particular orientation.

e Random: It is actually hard to achieve a pattern regular enough to cause false matching, but if you are to print
repeating patterns it can occur. Even using templates/stencils with repeating dots is typically irregular enough due to
the paint seeping through the stencil being irregular.

Below are examples of patterns that lack these characteristics to some degree.

Repetitive Low contrast Anisotropic

SPECKLE SIZE

Speckles should neither be too small nor too large. In practice, there is a wide range of how large a speckle pattern may be,
and still achieve excellent results. However, having an optimal pattern will give the best flexibility.

If the pattern has speckles that are too large, or if it is too sparse, we may find that certain subsets may be entirely on a
region of black or region of white. This prevents good correlation, because everywhere in that region is an exact match. We
can compensate for this by increasing the subset size, but this is done at the cost of spatial resolution.

N 0 Y 'ﬁfi N i 1 ‘;'-.-{‘

Subset too small for pattern — errors may result in Larger subset will work, but reduces ability to

black areas measure fine gradients



Conversely, if the pattern is too small, the resolution of the camera may not be enough to accurately represent the
specimen; in information terms, we call this aliasing. Instead of appearing to move smoothly as the specimen moves, the
pattern will show jitter as it interacts with the sensor pixels; resulting images often showing a pronounced moiré pattern in
the results.

sigma [pixel]
0.0134
ID.UIGB
1 0.0152

ID.0135

0.012

0.0104

0.0088

0.0072

0.0058

To avoid the risk of aliasing while still maximizing spatial resolution, we try to apply speckles that are 3-5 pixels in size.
However, in doing so, we often end up with some of the speckles falling in the 1-2 pixel range (especially when using
application methods that are harder to control). For this reason, we suggest aiming slightly larger when in doubt. Speckles
should be visible as distinct features, as opposed to random black and white noise.

For better results, use patterns similar to the following examples.
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BLACK VS. WHITE

While we refer to these patterns as speckle patterns, the software only sees a contrasting field; the speckles themselves are
not the analysis unit. So, white speckles on black can work as well as black speckles on white, or a high-quality pattern may
consist of neither.



COMMON TECHNIQUES

VIC SPECKLE PATTERN APPLICATION KIT

The VIC Speckle Pattern Application Kit contains an array of stamp rollers/rockers and stencil tools designed to consistently
produce optimal speckle patterns. The stamp rollers apply ink to the specimen by rolling dots onto the surface. The stamp
rockers are pressed onto the specimen, or specimen can be rolled over the unmounted stamp. The stamps have a range of
dot sizes so the correct speckle can be created depending on camera resolution and FOV. It is often necessary to apply a

base coat (often white paint) to the surface prior to stamping.

For stencil use, first apply a base coat of paint to the specimen. Once the base is dry, the stencils are pressed to the

specimen using a mount frame. Apply paint with several quick passes to sufficiently apply the pattern. Be careful not to
apply the paint too thick because it can seep through and the dots will merge together. Like the stamps, a range of stencil

sizes allows for the correct speckle size.
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|SPRAY PAINT

The most common technique for applying a speckle pattern is with ordinary paint. Paint can be used with any intermediate-
sized specimen that will not be chemically affected by the paint, nor stiffened by it. This is usually the best choice for metal,

ceramic, and composite specimens from ~1” (25mm) to ~48” (1.25m).

For best results using spray paint, use matte paints; satin of gloss paint can cause specular reflections, especially under

intense lighting.

Typically, the surface of the specimen is coated white, in several very light coats. Heavy coats may lead to drips forming
which change the shape of the surface. Once the base is somewhat dry, the speckles may be applied. If the base coat is still

wet, the paints will blend and blur.



To apply small speckles, create a fine mist further away from the specimen. Quickly move the spray stream across the
specimen. If large paint drops are landing on the specimen, consider holding the specimen above the spray stream, as to
allow the larger drops to fall below. The specimen below is a 1” IC that was coated in this manner.

For larger fields, larger speckles must be produced. This can be accomplished by either modifying the spray nozzle or
throttling the spray. One effective technique is to place the surface horizontal and spray down onto in. If the spray nozzle is
barely pushed down, large blobs will come out and fall onto the surface.

The 48” panel below was painted this way.

NOTE: SPRAY PAINT TECHNIQUES ARE PRONE TO VERY FINE MIST ON THE SURFACE, WHICH CAN SOMETIMES CAUSE
ALIASING.



SHARPIE/MARKER PATTERNS

Applying speckles with a sharpie marker can often be a good technique for creating the speckle pattern. This technique
affects the surface minimally and allows for measurement of very high strain. It also allows for very controlled speckle size
and the ability to be applied to specimen with complex geometry and textures.

Simply dot the surface of the specimen with the marker to create dots of the desired size (several sizes are available: ultra-
fine, extra-fine, fine point, marker, and bold). A white base coat with black markers provide excellent contrast.

PRINTED PATTERNS

For medium through large surfaces, printing speckle patterns can be effective. This technique has been used with
specimens from 1”7 (25mm) through 12 (4m).

Patterns can be generated using a speckle pattern generator (available for download here:
http://www.correlatedsolutions.com/installs/speckle-setup.msi). The pattern can be adjusted in density, dot size, variation,
and field size. Print such a pattern onto vinyl appliqué or adhesive labels, making sure it adheres to the specimen well

enough to deform with the surface. Be careful of any slipping or folding that could cause measurements to not accurately
represent the behavior of the actual surface.

APPLICATION SPECIFIC TECHNIQUES

SMALL SCALE/MICROSCOPIC
In small scale applications, it becomes difficult for common methods to produce small enough patterns.

For fields down to 3mm, toner powder, carbon black, or graphite powder can be use as the speckle. The particles tend to
clump together, so working with a thin amount at a time and repeatedly applying will help reduce this possibility.

There are many ways to apply the particles, but they must involve blowing small amounts of them onto the surface. Some
methods that yield consistent patterns of good quality include a small lens blower or atomizer. Using paint or ink with an
airbrush also provides a good pattern down to around a 3mm field of view.

For patterns smaller than that, there are some other techniques such as using TEM grids as templates/stencils,
photolithography, and vapor deposition.

The pattern below was made with toner in a 2mm groove in a steel rod.



http://www.correlatedsolutions.com/installs/speckle-setup.msi

LARGE SCALE

Very large-scale applications can include bridges, trucks, or planes that are 10’s or 100’s of meters in size. Using a very large
stencil, like one made from a vinyl sheet using water or laser cutting, can work well. The dots will be so large that you can
simply roll paint over the stencil (using rollers that are used to paint walls).

HIGH TEMPERATURE

Standard paints and inks may crack or otherwise change when used for high temperature tests, making them not suitable.
Any change in the pattern that occurs after the reference image has been taken will misrepresent actual strains. There are
spray paints available at most local hardware stores that are designed for conditions up to 1200 degrees F. Enamel paints
are available for use up to 2000 degrees F. Some inks are also designed for use in high temperature applications. The
Industrial Sharpie Pro is rated for 500 degrees F.

Toner is generally not acceptable for high heat use due to it melting, but carbon black and graphite particles are as they can
withstand high temperature.

The presence of heatwaves may complicate the use of DIC. It is important to take action to minimize this in the test setup
but using larger dots can help improve results when this occurs.

THIN/MEMBRANOUS SPECIMEN

For very thin or membranous specimen, common methods for applying a speckle pattern may significantly change the
properties of the specimen. For example, applying a base coat of paint may stiffen the material. It is recommended that ink
is use and that if necessary, not base coat is applied.

HIGH STRAIN

The difficulty with high strain tests is often the original speckle pattern gets destroyed during the test. Spray paint, once
dry, will become brittle and be destroyed in high strain. For high strain applications (more than 15-20%), primer spray paint
might be desirable for the base coat. For example, Rust-oleum Clean Metal Primer holds 40% strain before it cures.
However, after about an hour, the primer will cure and become brittle.

For strains higher than 40%, it is sometimes best to use no base coat and ink based speckles (stamps or permanent marker),
so that the pattern does not crack and deteriorate. Most of the time strains this high are polymers, which tend to be light in
color and non-reflective so luckily a base coat may not be required. If the specimen material is clear, you may backlight it
(more on this under Backlighting).

The pattern below was placed on a %4” (12mm) wide dog-bone of HDPE. The specimen is displayed before and after
deformation; the correlation was successful at strains up to 400%.




BACKLIGHTING

For transparent materials, it is possible to avoid applying a base coat and instead backlight the specimen. Apply speckles to
the surface of the material as usual, then backlight the specimen using diffuse light.

When using this technique, it is important to be careful of any feature that is not on the surface of the specimen that may
show up in the image. These will interfere with the ability to accurately measure surface behavior.

BIOLOGICAL MATERIALS

In applications involving wet tissues or other biological-like material, standard speckling techniques may not stick to the
surface well. Staining the material with an ink such as India ink can be an effective method.

Another method that has been used with success is using microbeads that bind to the specimen and provide contrast to
create a speckle pattern.

UNDERWATER

With any specimen that is submerged in water or other fluid, the main challenge in speckling is making sure the pattern will
not degrade over time. Be sure the technique used is sufficiently waterproof when doing these tests.

INHERENT PATTERNS

Some materials such as wood or concrete display an inherent pattern. These patterns may be used for correlation if they
have sufficient contrast, although they will often provide noisy results and an applied pattern is still usually optimal.

PROJECTION OF A PATTERN

For shape measurements, a speckle pattern may be projected onto the surface using a computer and projector. For this
method, room light should be controlled to give high contrast.

Note that because a projected pattern does not stay with a moving surface, this technique is only useful for shape
measurement. Displacements will not be accurately calculated.

TEXTURES

Some specimens exhibit an apparent speckle pattern due to an inherent texture; examples include sand, rough metal, and
concrete. Extreme caution must be used when using these textures as a pattern; because the shading comes only from light
and shadow, it may often be inconsistent between the left and right camera, or may change in unexpected ways when the
specimen moves or deforms. Because of these issues, this technique should only be used when alternatives are not
available.



GRIDS

While grid patterns are neither necessary nor optimal for DIC, they may be used, with caution. Initial guesses must be
selected carefully; with a nearly-perfect grid, it’s possible for DIC to find a good match that is actually off by 1 or more grid
spacings. In addition, the subset size must be large enough that at least one grid intersection is always contained.

Subset too small — multiple matches along line Larger subset — constrained in both axes

DEALING WITH SPECULAR REFLECTION

In some of these methods, the patterning technique does not provide a matte finish for the surface. Under some
circumstances, this can cause specular reflections to produce oversaturated areas or glare. When present, this can produce
erroneous results or cause correlation to fail.

If this becomes an issue, consider changing how the specimen is being illuminated. If using heavy lighting, consider moving
the light source such that the reflections do not fall upon the camera. Using diffuse light may also be sufficient for
preventing reflection. For quasi-static tests, it may be possible to use only ambient light and higher exposer times to still
achieve high contrast images.

Another common solution is to use polarizing filters on light sources and camera lenses to prevent reflections and glare
from appearing in images.

CONCLUSIONS

This information should serve as a guideline, but very good results have been achieved in specimens and patterns that fall
far out of these guidelines. For help with challenging specimens and techniques, or for information about analyzing difficult
or poorly prepared images, please feel free to contact support@correlatedsolutions.com, or your local representative. We’'ll

be happy to help you look at options for preparation and analysis that will result in the best achievable results.
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VIC-SNAP HIGH SPEED GUIDE

INTRODUCTION

This guide lays out the steps for capturing and saving images using Vic-Snap with high speed camera systems.
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CAMERA SUMMARY

The high speed camera system has a memory buffer that is constantly refreshing with images once you press ‘record’ this is
important because you need to allow the buffer to fill once if you are going to use end triggering. Given this, the method of

saving images can be undertaken several ways. Depending on the application and your triggering method you can change
the way you capture the images, this is explained further below in triggering methods.



SYSTEM MODE

System Mode

Preview |

Record |

Playback/Save

Preview — While in preview you will see a live feed of the camera allowing you to adjust the focus and lighting to get best
test results. You cannot trigger the camera to record images while in preview mode.

Record — You must be in record mode in order to trigger the recording of images. This starts the buffering of the cameras.

Playback/Save — While in playback you will have the ability to play through any images captured during recording. Under
playback there is a green bar which represents all images saved, you can click through this to see specific frames. In order to
specify which images you would like to write to disk you can play through the green bar using the double arrows forwards
or backwards, or go frame by frame using the single arrow and vertical line. To the right of these options is a framerate you
can adjust to change the speed of the play through. In order to adjust the images you are choosing to write to the disk there
are buttons below these play options, once you crop images out, the saved images will be a bright green while the images
you are not saving will be a darker green. You can also manually choose frames to cut your images at. Once you select the
images you would like to save, click write to disk save your selected images to your computer.
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TRIGGERING METHODS
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Start Trigger — Once you activate the trigger using this setting, the camera will save all of the images from the triggering
until the memory buffer is full. Using this trigger you will want to activate at the beginning of your test before anything you
want to capture has occurred.

Center Trigger — Once you activate the trigger using this setting, the camera will save images from before and after
activation of the trigger where your activation point is directly in the middle of your images captured.

End Trigger — Once you activate the trigger using this setting, the camera will save all of the images in the memory buffer
from before activating the trigger. Depending on the memory capacity of your camera this can give you several seconds of
images before triggering.

Manual - Once you activate the trigger using this setting, the camera will take images before and after the trigger similar to
a center trigger, however instead of the ratio of before and after being 50/50, this ratio can be changed.

Random — Once you activate the trigger using this setting, the camera will take one image or however many images you
specify in the text box. This is the trigger mode you will often use for calibration.



STRAIN CALCULATION IN VIC-3D

The strain calculation in Vic-3D is similar to the algorithm generally used by FEA software. The input for the strain
calculation is the grid of data points from the correlation — a cloud of X, Y, Z points and U, V, W displacement vectors.
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The separation between these points (in pixels) is dictated by the step size. The separation between the points in physical
space will vary depending on magnification and the shape of the specimen.
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With this grid as the input, we consider each point separately, and create a local mesh of triangles; here, we consider the
highlighted point from above:

Next, we consider each triangle separately:
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Reference triangle Deformed triangle



Rigid body motion is easy to remove at this point:

The remaining deformation of the triangle gives us exactly enough data to compute a single, constant strain tensor for this
triangle. We repeat this for each triangle:
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Since we want a strain for each existing data point, we interpolate from the surrounding strains:

We repeat this process for each point until we have a strain tensor at each initial data point.

o o o o o
o o o o o
o o o o o



Because the local triangles are small, the directly calculated strain tensors can be noisy, so at this point we smooth over a
group of points. The size of this smoothing group is dictated by the user (“Filter size”) and is a Gaussian (center-weighted)
filter.

Some things to be aware of:

e Since the data points are already separated by step size pixels, and we smooth over filter size data points, the total
smoothing diameter is step size X filter size pixels.

e  Because each triangle is considered to be locally planar, it is important that we sample the surface densely enough
that each triangle covers an approximately planar surface. For a flat surface, any step size will work well, but for a
curved surface such as a cylinder, it is important to use a small step size.

e Strains calculated in this way are always surface strains. For a surface that is not planar, the strain axes will follow
the surface as it curves, since there is never a Z (through-thickness) strain component.
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e  Various strain tensor options are available in the software. At small strain magnitudes, they will produce similar
results, but at finite strains, they can diverge. When comparing your results to measured or predicted strains, be
sure to select the proper tensor type.



4-IN-1 CALIBRATION TARGET
P/N AIG 045466
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Grid Size (mm) Pitch (mm) Vic-3D settings for all grids:

A 14.929 1.780 Number of dots in X 9

B 10.720 1.340 Number of dots in Y 9

C 7.120 0.890 Offset in X 3

D 3.600 0.450 Offsetin Y 3
Length in X 3

Tolerances +/- 0.002 mm Length in Y 4

APPLICATION

The 4-in-1 calibration target is designed to be backlit by cold light illumination (e.g. fiber optic light source.)
Backlighting should be diffused (or at least positioned as far from the target as possible) while providing adequate
illumination for image capturing. The dark, coated surface of the target must face the cameras.

CLEANING

The 4-in-1 calibration target is made of sodalime glass with an extremely fragile etched coating. It may be gently
cleaned with lens-cleaning paper. If necessary, it may also be cleaned with a general-purpose glass cleaner and
soft, lint-free cloth.



1" CALIBRATION TARGET
P/N AIG 052985
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Grid Specifications

Size (mm) 25.00
Pitch (mm) 3.00
Number of dots in X 9
Number of dots in Y 9
Offset in X 3
Offsetin Y 3
Length in X 3
Length in Y 4

Tolerances +/- 0.002 mm

APPLICATION

The 1-inch calibration target is designed to be backlit by cold light illumination (e.g. fiber optic light source.)
Backlighting should be diffused (or at least positioned as far from the target as possible) while providing adequate
illumination for image capturing. The dark, coated surface of the target must face the cameras.

CLEANING

The 1-inch calibration target is made of sodalime glass with an extremely fragile etched coating. It may be gently
cleaned with lens-cleaning paper. If necessary, it may also be cleaned with a general-purpose glass cleaner and
soft, lint-free cloth.



RECOMMENDED MAINTENANCE SCHEDULE

BEFORE EVERY USE

e Confirm that cables are tight and secure.
e Visually check lenses for dust.

AFTER EVERY USE

e Place lens caps on cameras.
e Back up any critical tests to safe media.

EVERY 1 MONTH

e Perform a full dust check per the instruction by viewing a blank white wall.

e Dust front and back of lens and sensor glass with clean compressed air.

e Check calibration grids for any heavy damage or smudges; clean with soap and water as necessary.
e Back up any important tests from hard drive to safe or offsite media.

EVERY 6 MONTHS

e Inspect all cables for crimps/damage.
e Disconnect both ends of camera cables and check for damaged connectors.
e Open PC and carefully dust motherboard and fans.

EVERY 12 MONTHS

e Consider renewing support contract — this will extend hardware warranty for as long as the contract is
continuous.
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