General
1. How can we decipher and/or manipulate an .enf file?  What information is included in this file and what can we do if this file is lost or corrupted in some way?  (JW)
See response to number 2 below.  **Note:  there is a new version of Eclipse available on ftp.vicon.com (username = software, password = access123).  This version (build 74) is apparently much more user-friendly.**
2. What is the relationship between the .eni and .enf file used for Eclipse?  (JW)

It is not recommended to try to manipulate an .enf file.  The .enf files are created and changed automatically by Eclipse in order to track changes the user makes to their data.  A different .enf file is created for each level (node) of your data hierarchy specified in your .eni file. When importing your data to a different database (on a different computer, for example) you will need to be sure that your data hierarchy is the same in both places and that you to import the appropriate level of the data (and associated .enf file for that level).  Alternatively, you can copy the entire database (top level of the hierarchy in the project folder) to the destination computer each time you make changes to the database in source computer and then point Eclipse to the top level .enf file.

It can be difficult to open trials within a database on one computer that has a different number of nodes than the number of nodes of the database in which it was captured.  Further, if the .enf file is lost or corrupted eclipse will not be able to open data in “lower” nodes.  It is possible to create the appropriate node on the destination computer or database and “import” or “autoimport” the data from the source computer or database once the data has been transferred to the appropriate folder on the destination computer.  
The .eni file can be manipulated to reflect the number of levels data you would like in your data hierarchy.  However, if you choose to change the number of levels, you should not change the top level ([NODE 1],TYPE = Subject, STEREOTYPE = SUBJECT).
3. Can you describe all the lines of the default .car file?  (many)
This was a lengthy section of the conference.  Ironically, it seems that much of our discussion will be moot as Dudley will be bringing a new software package called Nexus with him for us to install (http://www.vicon.com/products/documents/ViconNexus.pdf).  Apparently, this application is their first life science-specific motion capture software and it is much more intuitive and user-friendly in general.  However, until then we will be using Workstation 5.1 (or 5.2) and the .car file discussion is relevant.
The MX system is intended to be “smart” with respect to previous workstations.  Therefore, simply having “system type: MX” as the first line under the [Configuration] section in the .car file tells the software to automatically detect and set a number of variables including # active analog ports, IP address, # cameras, etc.  With respect to the analog portion of the .car file, we spent a bit of time discussing the appropriate way to manage the difference in digital units between our 12 bit (4096 bits) A/D board and Workstation’s expectation for a digital signal with 216 resolution (65536 bits).  In the end, Dudley felt setting the “GeneralScale=0.0625” (1/16) in the .car file under the active A/D card would be an appropriate modification.  Workstation will divide the incoming digital signal by the general scale to arrive at the number of bits the signal would be for a 16 bit A/D board.
Finally, the first time you make a .car file, Dudley seems to recommend using the video and analog setup menu interface options within Workstation instead of trying to make text files and reading them in with the “set parameters” function.  If you choose to use the workstation interface to make your .car file the first time, it is important that you are working within an active session.  Later you can copy and rename the .car file for that session and move it to a permanent location.
4. Can we get the Workstation software to automatically label the markers?  How should the 4 markers be arranged on the plastic shells to enable auto labeling?  (HC)
Yes.  Dudley disclosed the location of a site where we can download a number of Vicon-related goodies including software updates, training manuals, and videos (ftp.vicon.com   login = software, password = access123).  There is a training video on this site that may be helpful to some of us (ftp.vicon.com   login = training, password = vicon).  Additionally, within one of the many manuals on the site, there is a nice discussion of autolabelling (on pages 29-34 of the “essentials_of_motion_capture_v1_2.pdf” file (attached)).  With respect to the arrangement of the markers on the clusters, Dudley recommended that the marker cluster arrangements be sufficiently “different” from each other so that the workstation software could distinguish between the tracking clusters.  He also mentioned that some groups add random markers to segments simply to help autolabelling (this marker just makes one cluster arrangement different from the other – it is not used in tracking the segments).
Dudley also mentioned that autolabelling works best if you have at least 2 segments in your model.  He also went into some detail about building the .mkr file and linking segments together to the “root” segment but I think it is outlined well in the manual and video.
5. Is there a way to make the markers look bigger when using live monitors?  For example, it can be difficult to see the calibration frame on the computer if you are standing at the camera making adjustments.  (BN)
Apparently, the best way to increase the appearance of the markers is to look at the markers in the “diagnostic mode” for each camera.
6. Is there a way for 5.1 to not search for cameras every time it’s booted up?  (BN)
There is a option in the preferences menu called “start live monitor”.  If this option is unchecked, workstation will not search for the cameras every time it is booted up.

7. What is the maximum sampling rate before losing resolution, 160Hz?  (DR)
The MX40 camera’s full resolution is over 4 million pixels.  However, once the sampling rate is raised over 166Hz, camera resolution starts to decrease.  The sampling rate can be increased up to 1000Hz.  At 500Hz, these cameras will continue to provide 2MP of resolution.  Dudley mentioned that it is the vertical sampling rate that decreases with high sampling rates.  Thus, you may turn the cameras on their side for greater vertical resolution during high speed capture if you choose.
8. If a camera gets bumped, is it possible to exclude the one that got bumped when reconstructing the data (similar to Pro-Reflex) or is it necessary to recalibrate.  (DR)
Two options were discussed for this scenario.  First, the user can reprocess the camera calibration and uncheck the bumped camera from the processing.  The new calibration will be applied to the remainder of the trials in that session.  Second, within the reconstruction parameters options, you can change the ‘minimum number of cameras to start trajectories’ option from the default zero to ‘3’.  The latter option effectively eliminates the data from the bad camera without fiddling with the session camera calibration.
9. Can you describe the camera parameters (gain, threshold, strobe etc.)?   Are there any recommended range of values that these should be set at to get optimal data e.g. for walking?  (many)
Much of the following is adapted from page 4-8 and 4-9 of the Vicon 5.1 Workstation system reference.

Threshold

The Threshold slider adjusts the threshold for the minimum brightness (intensity) between a value of 0-10 (lower = more sensitive).  The threshold determines the pixels to be considered for centroid fitting onboard the MX cameras or for saving to an .x2d file.  Pixels of an intensity lower than the specified threshold are ignored.  Separate threshold settings can be specified for each camera.

Default: 5

Vicon manual suggested setting: 1-3

Strobe

The Strobe slider adjusts the amount of light emitted by camera strobe units between a value of 0-10.  The higher the setting, the larger the markers appear; however, grayscale blobs may be produced from unwanted light sources, such as stray reflections from other objects or surfaces in the capture volume and opposing strobe units.  Lower settings reduce unwanted light sources but make the markers themselves less visible to the camera. For large capture volumes, higher settings are recommended.  For small capture volumes and close-proximity work, lower settings are recommended.  Separate strobe settings can be specified for each camera.  The strobe setting will probably need to be lower (~4-5) if you are trying to capture high velocity movements (golf club swing or tennis racket, for example) or the markers are likely to leave “trails”.
Default: 5

Vicon manual suggested setting: 8 (10 for a large capture volume)
**Note:  Dudley recommended that the strobe setting be high.  If unwanted peripheral markers (glare from floor, for example) are appearing, he suggested raising the ‘threshold’ setting.**
Gain

The Gain slider adjusts the digital amplification of the pixel value between a factor of 1-4.  If the image of the markers is not bright enough, it may be useful to raise the gain setting for the camera to amplify and raise their intensity.  Separate gain settings can be specified for each camera.

Default: 1

Vicon manual suggested setting: 1 (2 for a large capture volume)

Circularity

The Circularity slider adjusts the circularity threshold used by the centroid-fitting algorithms onboard the MX cameras between a value of 0-100.  This circularity threshold determines how similar the shape of a grayscale blob must be to the internal model of a marker—that is a radially symmetric object that has smooth, sharp edges and whose pixel intensity is brightest at the center and gradually fades towards the edges.  The MX cameras consider grayscale blobs with a circularity equal to or greater than this threshold to be well-formed, circular marker images and so generate centroids for these.  The higher the value, the more stringent the centroid fitter is; the lower the value, the less stringent the centroid fitter is. You may wish to apply higher settings for camera calibration to ensure that Vicon MX selects the best markers and thus provides the best possible calibration. A lower value may be appropriate for data capture.  Separate circularity settings can be specified for each camera.

Default: 50

Vicon manual suggested setting: 55-75
Dudley recommendation:  40

10. Can you describe the reconstruction parameters?  Is there a recommended set of reconstruction parameters for, say, running?
Much of the following is adapted from p.18-20 of the attached file, “essentials_of_motion_capture_v1_2.pdf”

	Parameter/description
	Recommended settings

(from Vicon manual)
	Dudley’s recommended settings

	Volume:  dimensions of the reconstruction volume (in mm).  This should be larger than your capture volume.  If it is set too large, reconstruction will be slower and ghost trajectories may appear; too small and useful trajectories may be lost.
	-3500, -3500, -100 (min vector x, y, z)
3500, 3500, 3000

(max vector x, y, z)
	same

	Predictor Radius:  sets a limit to the space used in predicting where a given marker may appear in the next frame. If set to a large value the search for a marker can go further resulting in fewer breaks in the trajectory – but may also associate an incorrect marker with the trajectory causing a swap. If it is too small it results in more breaks in the trajectories.  Faster moving markers may require a larger predictor radius.
	30mm for

“normal human movement”
	Walk = 20
Run = 20-40

Golf club = 60

	Acceleration:  The max acceleration parameter relates to how fast your subject is accelerating. This parameter is used when starting new trajectories. For most scenarios the maximum acceleration should be left at the default value of 50 mm/s/s. If it is set too low, new trajectories will not start, resulting in missing data; too high, and points may be assigned to the wrong trajectory, especially when many markers are in close proximity.
	50 mm/s/s
	same

	Max Noise Factor:  Dudley maintains that this parameter is not important for MX systems because the cameras record marker images in 10-bit grayscale instead of as black/white.  Therefore, the MX cameras can fit a circle more accurately around the marker image, thus increasing system accuracy.  He recommended lowering the value to ‘2’.
	7
	2

	Intersection Limit:  defines the upper limit on the separation of the rays from two cameras in order for them to contribute to the reconstruction of a marker. It should be set to 12 for calibration residuals around 2.0mm or less, however, it should be set higher for higher calibration residuals and smaller if trajectories start to crossover or fail to start.  This number is also related to the size of your markers (smaller markers, smaller intersection limit).
	12
	6

	Residual factor:  The residual factor should be set such that multiplying by the intersection limit and then dividing by the average camera residual yields a result between 3 and 10.  Higher values will cause fewer ghost trajectories to be generated but may cause markers to be assigned to the wrong trajectories; lower values may give more accurate trajectories but are likely to produce more ghosts.
	2
	0.5


11. On the screen where Vicon searches for the cameras, there is a parameter called "Buffer size" that is set to 64MB.  What does this refer to, and is there any reason to change the default?  (KH)

Buffer size refers to the amount of hard drive space that is earmarked for your collection.  64MB is fine unless you are using >50 cameras, recording trials over 2 minutes, or using hundreds of markers.

12. At times we receive an error message indicating that Vicon has experienced a problem and needs to shut down.  Does the Workstation software generate an error log that we can use to help determine what the problem was? (MP)

The workstation software does generate an error log.  However, it is only useful to Vicon support staff.  It is recommended that we call Vicon support in these situations.

13. We set the camera focus and aperture according to the example in the manual (2 markers set 50 cm apart, diagnostic mode, etc).  Do you have any further recommendations for determining these camera settings?  Considering the variety of camera positions and capture volumes used by the various groups that share this system, is it typical to leave these camera settings alone once they have been set?  (MP, BZ)
One technique is to lay out markers as far as the capture volume in line with the camera of interest.  Next, in the middle of the capture volume, lay out a few more markers 5-10 mm apart.  With the aperture fully open and the forward focus of the camera on “infinity”, set the backfocus of the camera to get the sharpest edges on the markers in that camera’s view.  These camera settings will likely not need to be changed unless you change lenses.

14. A few times while we were piloting, we had two separate problems with missing data.  The first was when a camera that was working fine during calibration just stopped seeing markers during a trial.  (We only figured this out because we went back to the video monitors option to see what each camera recorded--seven cameras was still sufficient to capture the trial.)  The second problem was when all of the markers dropped out for a few frames.  They came back in as the trial went on, and we were able to collect good trials after this.  Was there something in our setup that caused this, or was it just a glitch?  (KH)

This problem may be caused when a camera is getting too much signal (light, reflections, etc).  Dudley recommended downloading the latest firmware for the MX cameras (version 50).  He also mentioned that the green LED light on the front of the camera will go out when a camera is off.  In this case, he recommends rebooting the system.  You do not need to recalibrate – just apply the previous calibration when you restart workstation.
15. When creating my CAR file, I referred to the Katie.car file in the sample data  and noted the following:  (DR)
Channel1=1,1,1,-0.0115625,32786.2,N,Fx1,AMTI Plate 1 Fx

Channel2=1,1,1,-0.011625,32741.4,N,Fy1,AMTI Plate 1 Fy

Channel3=1,1,1,-0.04575,32711.4,N,Fz1,AMTI Plate 1 Fz

Channel4=1,1,1,-5.73262,32844.6,Nmm,Mx1,AMTI Plate 1 Mx

Channel5=1,1,1,-5.72462,32788.3,Nmm,My1,AMTI Plate 1 My

Channel6=1,1,1,-2.9935,32775.7,Nmm,Mz1,AMTI Plate 1 Mz

Channel1=1,1,2,-0.225260,32768,N,Fx2,BERTEC Plate 2  FX

Channel2=1,1,2,-0.456665,32768,N,Fy2,BERTEC Plate 2  FY

Channel3=1,1,2,-1.798779,32768,N,Fz2,BERTEC Plate 2  FZ

Channel4=1,1,2,-932.373040,32768,Nmm,Mx2,BERTEC Plate 2  MX

Channel5=1,1,2,-651.318360,32768,Nmm,My2,BERTEC Plate 2  MY

Channel6=1,1,2,-35.444336,32768,Nmm,Mz2,BERTEC Plate 2  MZ

In comparing the platform offsets in Katies.car file and ours, why are there small discrepancies?  

The difference here is that the baseline analog data has been subtracted to set the offset to zero.
16. Can you describe the information displayed on the screen following the camera calibration (camera residuals, static reproducibility, etc)?  What levels of these parameters are recommended? (many)
Much of the information for this question is adapted from pages 23-25 of a file from ftp.vicon.com called “preparation_v1_2.pdf” (attached).
Camera Residuals
A residual is a measure of the accuracy of a single camera.  Specifically, it is the root mean square of the distance between two rays; the first being that from the centre of the strobe ring to the centroid of the marker and the second being the reflected ray from the marker to the camera lens.  They are larger the greater the distance of the camera from the capture volume and are measured in millimetres.  Residuals should be less than 0.1% of the distance from the camera to the centre of the capture volume.  For example in a capture space of dimensions 10x10x3 meters, using MCams with 12.5mm lenses you would expect residuals in the range 1 to 4mm.
Consistency between residual values is important.  Cameras with the same lenses, the same distance from the capture volume would be expected to have similar residuals.  If one camera has a value that is significantly different from all the others then there may be a problem with that camera.  Other factors include noise – extraneous reflections or flickering light from elsewhere in the capture space.  This may be on the person performing the calibration and wand waving, lights or reflective material elsewhere.  Residual values much higher than those given here may indicate a problem. Residuals in the thousands suggest that you have not covered a sufficient amount of the capture volume or do not have sufficient wand visibility. Mathematically it means that the calibration algorithm failed to converge to a meaningful result.

Also noteworthy is that a strobe in view of the camera will not affect the calibration as long as it does not appear to be flickering.  If there is too much light or not enough, the strobe will appear to flicker in the camera view.  The dynamic portion of the calibration recognizes movement.  Flickering will be detected as movement and result in a failed calibration. 

Mean Residual (std dev.) 

The mean residual is the mathematical mean of the individual residuals.  The standard deviation is shown in parentheses. 

Residual Range (high – low) 

The range is the difference between the highest and lowest residual values.  The high and low values are displayed in parentheses. 

Wand Visibility 

The wand is considered to be visible to a camera if both wand markers are in that camera’s field of view.  The wand visibility is a measure of this for all cameras throughout the dynamic calibration.  That is, a value of 100% means that both markers are visible in all cameras in every frame. 

Static Reproducibility 

Static reproducibility is the root mean square error of the L Frame co-ordinates as calculated compared to the .cro file scaled to the size of the L-Frame.  This is most useful in clinical or engineering laboratories where you wish to measure of the goodness of location of additional equipment such as force plates in the workspace.  It is of less importance without a lab reference to compare to.  Indeed if the L-Frame is bent or distorted you can get low residuals but a high static reproducibility.  For a Clinical L-Frame used with force plates the static reproducibility should be less than 1% and never >2%.
17. Is there a recommended technique for performing the dynamic calibration?  Does it matter what speed we move the wand through the volume?  Should the marker size on the wand be the same as the markers used during the data collection?  (JW)
There is no particular wand waving technique you should follow.  You should, however, allow the cameras to view the wand in multiple orientations, e.g., horizontal and vertical, but do not point the wand directly at any camera. Fill the capture volume completely using a medium pace of movement.  Dudley explained that you can move the wand faster as your sampling rate is increased.  Additionally, he explained that the workstation software uses the first 1000 frames of the dynamic trial, every second frame for the next 2000 samples, and every 3rd frame for the next 3000 samples.  Therefore, he recommended first waving the wand through the entire collection volume and then more thoroughly through parts of the volume of particular interest.
The size of the markers for the calibration should be close to the size of the markers used for the data collection.  It seems that the new calibration equipment has a number of different sized markers to accommodate different collection marker diameters.  Dudley did not think that using 14 mm markers to calibrate and 6 mm markers for collections should be a concern.

Questions 18-25 were with respect to using the realtime options in Vicon/Polygon.  Unfortunately, the conference ran long and we did not get to these.  Dudley promised to address these questions at his visit.

