Pendulum Lab
Inverse Dynamics Analysis of a Pendulum Generated using Forward Dynamics
Purpose:

· Analyze a simple 2D movement in HUMAN for which the exact kinematics and kinetics are known.
· Learn the procedures required when starting with a raw video file.

· Introduction to smoothing raw coordinate data.
Resources:

· Computer equipped with HUMAN software

· Pendulum.avi video file

· Pendulum.xls file (may contain the correct kinematic and kinetic data for comparison).

· Model.HG0 file (You may already have this somewhere on your H: Drive)
Steps in the Analysis:

1. Set-up Correct Folders and Files

a. Create a folder called “Pendulum” in your H: drive.

b. Download the 3 files listed above from my webpage into that folder.

2. Open Human
3. Load a Trial Set Up Template File

a. File > Load Trial Set Up Template File.

b. Load MODEL.HG0 (from H:\Pendulum)
4. Load the .avi file (from H:\Pendulum)
a. File > Load Trial…and select Pendulum.avi

5. Tell HUMAN which theoretical model will be used for the analysis.

a. Edit >Trial Set Up
b. Under “List of Trial Set Up Titles”, select 3 Pt. Upper Limb and hit “load”

c. Select “OK” to the warning.

6. Modify the Trial Set Up Title to suit your specific model.

a. Type “Pendulum” in the “New Trial Set Up Title” box and hit “Add”

b. It is easier to start from a pre-existing “Trial Set Up Title” that has more segments and systematically delete segments and make other changes.

c. We will edit the information in each Trial Set Up window in sequential order starting with the lower right window.

7. Subject – Trial Data
a. Enter the total weight of the object in N (should be a negative number).

b. Height should be measured in meters but this box might not be editable!
c. In the box below “Set Time Interval to:” type in the correct time interval of .01834 and then hit the “Set Time Interval to:” button.
8. Segment Data – Abs. Angle Table

a. Delete Segment 2.

b. Change the name of Segment 1 to “Pendulum”.

c. Make the proximal end the Shoulder, and the distal end the Wrist.

d. Set: Wi = 1, Rpi = 0.5, and Kg = .3162.  You need to figure this out on your own for future projects. How were these values determined based on the given parameters?
9. Relative Angle Table

a. As there is only one segment for our Pendulum model we have no relative angles, and therefore do not need to modify this information.

10. Collection Model

a. Change the names of the coordinate sets to: 1. End; 2. CM; and 3. Pivot

11. Display Model

a. Select “New” to create a new trial display model and change the “Current Model Name” to “Pendulum”.

b. In the “Connect Coordinate Pairs” grid, change the numbers so that the first box has a “1”, and the adjacent box displays a “3”.  The information of the CM point is not needed, so our model will simply connect the End point to the Pivot.
c. Now select the pre-existing Trial Display Model and delete it.

12. System Models

a. Select “Build New System Model” and call it “Pendulum”.

b. Under “Segment Table”, select “Pendulum” and then hit “Add to System Segments”.

13. Replace the old Pendulum template.

a. In the Trial Set-up Window, hit “Replace” to update the changes made to the Pendulum model.

14. Save your work thus far.

a. File > Save Trial As ….save it as Pendulum.ht1
15. Setting the start and end frames of the portion of the avi file to be analyzed.

a. On the “Video-Model Control” window, set the starting frame to the frame number which is 5 frames before the first movement. Set the end frame to the frame number which is 5 frames following the last movement.  Make sure to delete these frames post-analysis when comparing with true values.  This additional frames help with the filtering
b. Utilities > Set a New Trial Sub-Sequence

c. Select “OK” to the warning.

16. Setting Aspect Ratio and the Scale
a. Options > Digitize > Aspect

i. Use the current picture and follow the directions using the grey box in the video and then select “Apply New Ratio”

b. Options > Digitize > Scale

c. Use the current picture and follow the directions.  The Real Length of the grey box is 0.5 meters.  Select “Apply New Scale”
17. Digitize – Automatically
a. Manually digitize the first 10 frames of data.  The “End” is the distal end of the rod.
b. In the “Digitize” window select “Auto-Tracking”

c. In the “Auto-Tracking” window select all points (the names of all the points should have a blue background).

d. Make sure that every point will be visible in the video window during the entire motion of the object.  This may require setting the Zoom to x1 and adjusting the position of video in the window.

e. Hit the “Auto-Track (Process)” button.
f. It is very important that NO windows block the video window.  If you can’t see every point during every frame of the video, then neither can HUMAN. Exit from the “Auto-Tracking” and “Digitize” windows.
g. Check the “Model” window to make sure all points were digitized correctly.

h. You now have all of the raw coordinate displacement data

18. Save your work thus far.

a. File > Save Trial As ….save it as Pendulum.ht1
19. Save your work again under a new name in preparation for filtering.

a. File > Save Trial As ….save it as Pendulum.ht2
20. Correctly filter the raw data using a Butterworth Filter.
21. After filtering save again as Pundulum.ht2
a. This is because you cannot undo filtering.  Therefore if you want to filter differently (because you messed up) you don’t have to start from scratch.  Simply Load the .ht1 file and your back to the unfiltered data.
22. Calculate Angles, Velocities, acceleration, forces, torques etc.
23. Export Graph Data to Compare in Excel
a. File > Export Graph Data to File (save as .prn)
b. When importing a .prn file into Excel: select Delimited, then select Tab and Space, then choose not to import column 1 as it is blank.

c. You will have to add in your own column titles.

Lab Report to be passed in: 
1) Relative to the center of mass, what is the radius of gyration of the pendulum?

2) Relative to the pivot, what is the radius of gyration of the pendulum?

3) What was the frequency of the pendulum?

4) What was the cut-off frequency for your filter and why?

5) Angular displacement graph in degrees.  The starting position of the pendulum should be 0(.
6) Angular velocity graph in radians/s

7) All on one graph: Vx, Vy, and Vtangential in m/s of the point on the end of the pendulum.  Vtangential can be calculated in HUMAN by using Edit->Calculated or Graph Data.  Once in that window, you can Copy the angular velocity data, rename it, change the units, and use the Multiply feature. Or maybe you could use the Resultant Speed feature in the Velocity calculation?
8) Tangential acceleration graph in m/s2 of the point on the end of the pendulum. See hints from previous question.
9) All on one graph: Fx, Fy, and Fradial acting at the pivot of the pendulum.  These should be calculated entirely in HUMAN prior to exporting to Excel (help with midterm).  Please read Help-> Reference Manual->Calculate->Segment Moment/Forces.
10) All on one graph: The torque produced by gravity about the pivot, and the couple (C1 or Pivot Joint Moment) acting at the pivot.
Note: Please place two graphs on each 8 ½ by 11 sheet of paper.  Each graph should have time on the X axis.
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