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3.1.!Force sensor design 
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3.3.!Data acquistion system (DAQ) design 
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CHAPTER 4. SYSTEM TESTING

Figure 4.2: Testing wall with a 5 kg weight hanged on each hold.

An additional test is performed hanging three 5 kg weights on the holds, leaving therefore
one of them unloaded at each time, in order to simulate a tripedal stance. In these four
cases, theCOM position has to result the mean of the coordinates of the three loaded
holds.

4.6 Rendering Software Performances

The software has to ensure the rendering of the exercise in a realistic way. Therefore, it
must be fast enough as the frames have to be uploaded with the same rate of acquisition,
which is 10 Hz. The processing operations have to be lean and simple, leading to a small
computational time and avoiding bu! ering.
The performances were evaluated when progressing with the coding of the software. Mock
data were produced and given as input to the code, as the results of the rendering are not
a! ected by the veracity of what is actually rendered.
A 10 s long exercise on a wall consisting of 20 instrumented holds was simulated and its
rendering was tested for velocity of the response and ease of understanding. The former
feature is evaluated calculating within the script the computational time needed to render
every single frame and considering the mean and standard deviations of measurements
as signiÞcant parameters. As the latter is a qualitative feature, a full evaluation will be
obtained only when the tool will be tested by external users.
In addition, after the optimisation of the complete DAQ system, rendering software per-
formances have been validated with real data.
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CHAPTER 5. RESULTS

Figure 5.6: Scatter plot of the 100 readings.

The results show a minimum dependence from the point of application of the load. The
maximum di! erence between the average of the read values and the ideal one (-1,46 N)
is observed with the 5 kg weight placed directly on the edge of the sensor. However,
considered the accuracy of the setup (± 1 N) and the RMS noise on the channels, this
discrepancy is fairly acceptable.
The second part of the test accounts for the fact that the holds hang for some centimetres
from the plane of the wall, therefore the load is not concentrated in a single point, but
distributed. In this case the ideal output is 98 N.

Hanging distances (cm) 0-2,5 0-5 2,5-5
Mean (N) 96,81 97,33 98,06

Standard Deviation (N) 0,9816 1,1552 0,9081

Table 5.5: Mean and standard deviation of the 100 measurements.
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CHAPTER 5. RESULTS

Figure 5.6: Scatter plot of the 100 readings.

The results show a minimum dependence from the point of application of the load. The
maximum di! erence between the average of the read values and the ideal one (-1,46 N)
is observed with the 5 kg weight placed directly on the edge of the sensor. However,
considered the accuracy of the setup (± 1 N) and the RMS noise on the channels, this
discrepancy is fairly acceptable.
The second part of the test accounts for the fact that the holds hang for some centimetres
from the plane of the wall, therefore the load is not concentrated in a single point, but
distributed. In this case the ideal output is 98 N.

Hanging distances (cm) 0-2,5 0-5 2,5-5
Mean (N) 96,81 97,33 98,06

Standard Deviation (N) 0,9816 1,1552 0,9081

Table 5.5: Mean and standard deviation of the 100 measurements.
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Figure 5.7: Scatter plot of the 100 readings.

In this case the highest discrepancy (-1,19 N) is registered when the loads are hanged at
the closest distances from the sensor. Also in this case it is comparable with theRMS noise
on the sensor channels and the ideal value falls within the± 2! in all the three situations.
For these reasons, the system is considered reliable from this point of view as di! erent
points of application of the loads lead to comparable results with an error of the same
order of magnitude of the uncertainty of the system.

5.1.3 Precision of the COM Position

The COM position has been evaluated in a quasi-static situation solving the torque equi-
librium over subsequent time steps and averaging the results. Values of ideal and retrieved
"RG = ( xG; yG; zG) are reported below, together with the estimation error.
The di! erent conÞgurations have been named in this way: ÒFullÓ identiÞes when a weight
is applied on all the four holds, numbers from 1 to 4 indicate which hold is left free at any
time.

ConÞguration Ideal Position (cm) Retrieved Position (cm) Error (cm)
Full (55; 93,5; 0) (65,56; 93,73; 0) (10,56; 0,23; 0)

1 (44,67; 117,67; 0) (56,70; 118,47; 0) (12,03; 0,80; 0)
2 (62; 101,67; 0) (60,75; 107,85; 0) (-1,25; 6,18; 0)
3 (44,33; 76; 0) (46,37; 80,36; 0) (2,04; 4,36; 0)
4 (69; 77,67; 0) (68,33; 85,74; 0) (-0,67; 8,07; 0)

Table 5.6: Estimation error obtained in the di ! erent tests.
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CHAPTER 5. RESULTS

COM has remained below 1 m in both directions, with a total planar displacement of
small entity (1,5 m).

Figure 5.8: COM displacement along x and y direction.

In order to maintain the equilibrium, forces are kept very close to the minimum possible,
which is body weight. As the subject doesnÕt perform any dynamic move, the impulses
and the contact times are not of great interest in this case.
The distribution of weight among the limbs shows a net predominance of the feet, as the
HFR is much smaller than 1 for both the computed components. In particular, the most
meaningful for the analysis is the y component, which shows that the feet are applying an
average force three times greater than the hands, supporting 75% of body weight.
The EF remains in general constant around the unity, except for two opposite spikes which
are due to the adjustments in weight distribution performed when only one foot is in con-
tact with the wall.
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