Lab 2: Cadaveric Gait Simulation

Experimental Background

The Robotic Gait Simulator (RGS) is designed to simulate the interaction between a foot and the ground. The hardware consists of a hexapod robot, a loading frame, a force plate, a pressure mat, nine linear motors with load cells in series, and an eight-camera motion capture system (Figure 1). The robot moves the “ground”, i.e., the force plate and pressure mat in series, relative to a cadaveric foot with a fixed tibia, while the linear motors apply “muscle” forces to the extrinsic tendons at appropriate times. The loading frame supports both the robot and the cadaveric foot. The software of the RGS consists of proprietary code for the robot and custom LabView code that samples the force plate and nine load cells, as well as controls both the position of the force plate (via interfacing with the robot software) and the force applied by the linear motors. 
[image: ]


Figure 1: Exploded view of the RGS with (A) surrounding frame; (B) motor attached to R2000 base; (C) mobile force plate; (D) cadaveric foot; (E) mobile top plate (pressure mat not shown); (F) tibia mounting device; (G) tendon actuation system; and (H) six camera motion analysis system with only one camera shown. The coordinate systems shown are the ground (GND), plate (PLA), robot base (ROB), tibia (TIB), and motion analysis system (CMD).


A cadaver foot is prepped (including retro-reflective markers) and mounted to the loading frame (Figure 2). The target kinematics of the trial are determined from the gait lab. For example, if a normal simulation is being conducted, the average tibial kinematics (tibia relative to the ground) of 10 normal subjects are used. The motion data are inverted and the ground (i.e., the force plate) is moved relative to the fixed tibia. Normal muscle forces are taken from the literature. The simulation is adjusted until the vertical ground reaction force is correct. Briefly, the control algorithm is as follows: 1) The angular kinematics as determined from the gait lab are held constant, as are the anterior/posterior and medial/lateral translations. 2) The vertical displacement is adjusted iteratively over 4 trials if the first 50% of the vertical ground reaction force is not correct. 3) The Achilles tendon force is adjusted in real time during the 4th trial if the second 50% of the vertical ground reaction force is not correct. (Note the robot position cannot be adjusted in real time as there is a 40ms delay built into the proprietary software, hence this must be adjusted iteratively. However, the linear motors can be adjusted in real time, hence they are only adjusted in the 4th trial. Also note that the tibialis anterior is adjusted early in stance, but that is a minor point and is not covered here.) During the 4th trial, the plantar pressure is measured as are the kinematics of the bones of the foot. As such the inputs to the RGS are tibia kinematics, muscle forces, and the vertical ground reaction force. The outputs include the plantar pressure, center of pressure (CoP) – from both the force plate and the pressure mat, and the foot bone kinematics. Note that the details of the RGS are described in greater depth in the two articles that were posted for session 3B (aubin_2012_ieee_trans_rob.pdf and whittaker_2011_G&P.pdf)Figure 2: Foot prepped for the RGS.


[bookmark: _GoBack]Another piece of relevant information for this laboratory is the method in which the CoP is calculated. As reviewed in the lab overview in class, forces plates typically have four loads cells (one in each corner), with each load having an x, y and z output. Due to symmetry, these 12 forces can be summed into 8 (two x, two y and 4 z). These 8 forces are then used, along with the force plate geometry, to calculate three moment and three forces. One method of CoP calculation, used by Kistler, begins with the 8 forces measured by the 4 load cells, while the other, used by AMTI, begins with the 3 moments and 3 forces. All these points are covered in greater detail in the handouts kistler_force_plate_calculation_p1.pdf, AMTI_calculations.pdf, and gait_analysis_theory_force_plate.pdf.

Overview of Data Analysis

Much like as was discussed during the laboratory tour, a normal gait simulation has been conducted on the RGS and the ground reaction force has been measured. Your assignment will be to calculate the CoP from the force plate output data using Excel. You will then compare and contrast the CoP from the force plate with the CoP from the pressure plate.

Part I: Calculate CoP from the force plate

For this part of the lab, you will use the files 0108L_simulation_10_raw.txt and 0108L_simulation_10_filtered.txt, which are actual data files from a normal simulation with the RGS. Data were sampled from the force plate at 1000 Hz. The raw data were collected from the RGS, while the filtered data were post processed with a fourth order zero-phase shift butterworth low-pass data noise filter with a 10Hz cut-off frequency. Note that these data were collected at 6x too slow (i.e., 6 times longer than a human would have walked.)

The header syntax was discussed in detail in the lab overview in class. The relevant data for the lab includes the eight ground reaction force channels, including: GRF_Z1, GRF_Z2, GRF_Z3, GRF_Z4, GRF_X12, GRF_X34, GRF_Y14 and GRF_Y23. 

Using the methods outlined in kistler_force_plate_calculation_p1.pdf calculate the CoP for the raw and filtered data. The force plate dimensions are: a = 120mm, b = 200mm, az0 = -48mm, and the force plate coordinate has four quadrants in the x-y plane (Figure 3).
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Figure 3: (Left) Relevant dimensions of the force plate. (Right) Four quadrants in the x-y plane.

Deliverables:
Please generate a Word document or pdf with the answers (both plots and text) to the questions below. Please submit the document electronically along with the Excel spreadsheet file showing your analysis.
1) Plot the CoP of the raw and filtered data using a grid defined by the x- and y-direction of the force plate. Also submit electronically the Excel file you used to calculate the CoP.
2) Discuss the differences between the filtered and raw CoP.

Part II: Plot CoP from the force plate and the pressure plate 

For this part of the lab, you will use the file CoP_pressure_mat_0108L_10.txt. These data were calculated from the pressure that was mounted in series for with the force plate. Data were sampled at 36 Hz from the same trial used in Part I. Note that the pressure plate has a different coordinate system than the force plate (Figure 4).

[image: ]
Figure 4: The pressure plate coordinate system.

Plot the CoP data from the force plate and pressure plate in the pressure plate coordinate system. You will need to adjust both the sign and the origin of the force plate data. (Hint: Consider the quadrant the data are in and line up the most posterior point of the two data sets.) 

Deliverables:
Please generate a Word document or pdf with the answers (both plots and text) to the questions below (can be in the same file used to answer Part I above). Please submit the document electronically along with the Excel spreadsheet file showing your analysis.
1) Plot the CoP of the filtered force plate data and the pressure mat data using a grid defined by the x- and y-direction of the pressure plate. Also submit electronically the Excel file you used to modify the force plate CoP.
2) Discuss the differences between the filtered force plate and pressure plate CoP. Do the data line up exactly? If not, why not? What adjustments might be necessary?

Discussion

Answer the following questions about the lab:

1) As the foot progresses through stance, towards the end the CoP shifts medially. What does this signify? In other words, what is happening to the foot then?
2) Briefly, in your own words and without equations, describe the difference between the AMTI and Kistler methods of calculating CoP. Contrast both of them with how the CoP is calculated with the pressure mat. (Hint: What data are not included with the pressure mat.)
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