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A comprehensive protocol to test
instrumented treadmills

Instrumented treadmills are becoming more common in gait analysis. Due to their
large and compliant structure, errors in force measurements are expected to be higher
compared with conventional force plates. There is, however, no consistency in the
literature on testing the performance of these treadmills. Therefore, we propose a
standard protocol to assess and report error sources in instrumented treadmills. The
first part of this protocol consists of assessment of the accuracy of forces and center
of pressure (COP), including non-linearity, hysteresis and crosstalk. The second part
consists of (novel) instrumented resonance testing and belt speed variability tests. The
third part focuses on measurement variability over time, including drift, warmingof
the system and noise. The performance of two in-house instrumented treadmills with
different dynamics was measured. Differences were found between the treadmills in
COP accuracy (4.0 mm versus 6.5 mm), lowest eigen frequency (35 Hz versus 23 Hz)
and noise level at 5 km/h (10 N versus 29 N). The loaded treadmills both showed
a 3.3% belt speed variability at 5 km/h. Thus, the protocol was able to characterize
strong and weak characteristics of the treadmills and allowed for a proper judgement
on the validity of the instruments and their application in the domain of gait ana
lysis. We propose to use this protocol when testing and reporting the performance of
instrumented treadmills.

LH Sloot, H Houdijk & J Harlaar (2015). A comprehensive protocol to test
instrumented treadmills. Med Eng Phys, 37(6), 610-616.
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Instrumented treadmills are increasingly used in gait analysis, because they facilitate
the measurement of force data and consequently gait dynamics over long time series
through their incorporated force sensors 1-4. The downside is that they are more prone
to errors in the recorded force data than conventional force plates, due to their larger
and more compliant structure 5,6. Errors in ground reaction forces (GRF) and the
center of pressure (COP) calculated from these forces are repeatedly identified as one
of the main contributors to errors in net joint moments 7-9. Therefore, it is imperative
to evaluate the accuracy of force data of instrumented treadmills.
Several causes of inaccurate force measurements have been suggested for
ground-mounted force plates, including imperfect mounting of the force sensors 10,
signal interference and electrical inductance 7, and imprecise calibration matrices that
introduce errors transforming sensor signals to forces 6,11. Instrumented treadmills
are faced with additional error sources, such as higher non-linearity between exerted
and measured forces due to bending of the compliant treadmill structure. In addition,
they typically have lower eigen frequencies, which are frequencies at which the system
resonates, amplifying specific frequency bands from the input signal and causing a
time lag between the in- and output signal 6,12,13. Due to the narrow gap between the
plates, dual-belt treadmills with lengthwise force plates can be prone to crosstalk 14.
Horizontal forces can also be affected by friction if the belt is directly mounted over
the sensors 5. Finally, belt speed changes following initial foot contact and push off
have been demonstrated to affect gait measurements 15. Only a selection of these errors are usually reported for instrumented treadmills, with inconsistency in the chosen
method and outcome variables, or without a clear description 5,6,12-14,16-21.
This study proposes a standard protocol to measure potential error sources in
force measurement for instrumented treadmills, thereby also providing a guideline
for technical quality assurance and systematic reporting of treadmill characteristics.
The first part of the protocol tests measurement accuracy and force sensor properties. The second part focuses on testing of the system’s resonance and belt speed
variability. The third part examines measurement variability over time. The proposed
tests were performed on two instrumented treadmills with different mechanical designs to demonstrate the feasibility of the protocol to identify and compare treadmill
properties.
Methods
The protocol incorporates a number of tests from the literature (see Table 4-3) and
additional instrumented testing of the eigen frequencies, non-linearity and hysteresis. First, force and COP accuracy, non-linearity, hysteresis and crosstalk are measured on an idle belt. Second, the lowest eigen frequency and belt speed variability
are determined.Third, the measurement variability over time is tested, including drift,
warming of the system and noise. This protocol was applied to two dual-belt instru-
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Fig. 4-1: the Y-Mill and R-Mill and their specifications. The configuration of the 14 force sensors of the Y-Mill and the 12 sensors of the R-Mill are schematically drawn.

mented treadmills (Forcelink B.V., the Netherlands): the Y-Mill was designed to be
less compliant with more motor power and the R-Mill was able to translate and pitch
(Fig. 4-1). The measurements were approved by the local ethics committee of the
institution (FBW, VU University Amsterdam) and written consent was provided by
the walking participant.
1. Accuracy
The accuracy of force and COP measurements was determined by comparing the
treadmill output to reference data measured with a calibration stick. This instrumen
ted stick (1m, 1kg) was equipped with three technical markers for motion tracking
(Optotrak, NDI) as well as a 1DOF axial load cell and was used to manually apply
varying forces in different directions on an idle belt 6. Both tips of the stick were identified as virtual markers by establishing their relative position to the three technical
markers using a pointing device 22. These virtual markers were used to track the point
of application (lower point of the stick) and the orientation of the stick (upper versus
lower point) 22. The orientation and point of application were used to represent the
measured 1D force into 3D forces in the treadmill coordinate system 6. A calibration matrix was constructed by minimizing the mean least-squares error between the
instrumented stick and treadmill data following the PILS procedure 6, using a calibration dataset of twenty 5s trials per belt (see Electronic Appendix). Using this matrix,
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the electrical treadmill sensor output in Volts (STM(V)) were transformed to forces and
moments in Newtons and Newtonmeters (STM(N)) by:

STM ( N ) = ( STM (V ) − offset(V ) ) * C
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with offset(V) the average sensor output of the unloaded and steady treadmill (in Volts)
and C the calibration matrix relating the sensor outputs to forces and moments. The
COP was calculated as follows:

FmlCOPv − M ap
Fv
				
COPml =

COPap =

Fap COPv + M ml
Fv

4.2

with F force, M moment, ml medio-lateral and ap anterior-posterior direction and
COPv the vertical distance between the belt surface and the sensors. The measurements of the treadmill, load cell and motion data were synchronized, collected at or
down-sampled to 100 Hz and low pass filtered with a 2nd-order Butterworth filter at
20 Hz to reduce noise effects. The accuracy of force and COP measurements was
calculated as the root-mean-square error (RMSE) between the treadmill and reference
data per force and COP direction. For this purpose, we gathered a validation data set
consisting of thirteen trials of 5s per belt.
Non-linearity, hysteresis and crosstalk
The non-linearity and hysteresis were both evaluated using the instrumented stick.
Instead of using weights imposing only vertical forces 13,16,17,20,21, linearity and hys
teresis could also be determined in the horizontal planes and over the entire range of
forces using the stick. The largest range of forces that appeared manually possible by
the operator, both loading and unloading, was applied in each direction at the middle
of each belt. Data were low-pass filtered at 20 Hz. A linear least-squares regression
line was fitted through the loading data of the treadmill versus the loading data of
the stick. Per force direction, non-linearity was defined as the maximum deviation
(quantified by 3 standard deviations to ignore outliers) of the treadmill data from this
regression line.
Hysteresis was calculated as the maximum difference between the third order regression lines relating the treadmill’s loading data to the reference loading data and relating the treadmill’s unloading data to the reference unloading data. Non-linearity and
hysteresis were also given as percentage of the full scale output (FSO, Fig. 4-1)5,17,18,23.
Crosstalk was evaluated during a 10 s trial using a load of 25 kg (Y-mill) and 30 kg
(R-Mill), placed on the middle of each belt separately. Crosstalk between belts was
defined as the ratio (in %) between the forces of the unloaded belt versus Fv of the
loaded belt; and crosstalk within belts as the ratio between the measured Fml or Fap
and the exerted Fv 17, 18, 23.
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FRF =
		

U* ( f )V ( f )
U* ( f )U ( f )

4.3
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2. Dynamics
Impact response
In order to assess the lowest eigen frequency, we used an instrumented hammer
equipped with a force sensor. The treadmill sensors were excited by tapping the hammer vertically on the middle of the belt (vertical sensors), horizontally at the back
of the belt (fore-aft sensors) and medially against a 15 kg weight on the belt (mediolateral sensors) because of restrictions in the framework. Data were synchronized and
sampled at 1000 Hz. The 1s after impact was selected for analysis. Sensor data were
filtered using an exponential window, to ensure that the signal decayed after 1s. Hammer data were filtered using a window with unity amplitude for the impulse duration
and set to zero thereafter 24. The frequency response function (FRF), which describes
the input-output relationship, was calculated using the cross spectral density of the input and output (numerator) and the auto spectral density of the input (denominator):

with U and V the hammer and sensor data respectively in the frequency domain,
and U* the complex conjugate of U, assuming random noise and distortions in the
output but not in the input 24. The FRF was used to normalize and average the impulse response over six taps. In addition, the FRF provided information on the phase
shift between sensor and hammer data. The lowest eigen frequency was defined as
the lowest frequency with a peak in the FRF combined with a 180º phase shift over
all sensors in one axis. Because this test has not been performed on conventional
force plates in literature, the impact response was similarly measured on a 0.4x0.6
m ground-mounted force plate (type 9281B11, Kistler Instruments AG, Winterthur,
Switzerland) for comparison.

Table 4-1. Mean and standard deviation of force and COP accuracy
Y-Mill

Left belt
Right belt

Mean

ap:
ml:
vert:
ap:
ml:
vert:

R-Mill

Force error
(N)

COP error
(mm)

Force error
(N)

COP error
(mm)

1.1 (0.4-3.2)
1.0 (0.5-2.3)
1.6 (0.9-2.1)
2.0 (1.0-3.3)
1.5 (0.5-2.9)
2.2 (0.6-3.5)

4.3 (2.4-8.5)
2.7 (1.1-4.4)

1.5 (1.2-1.7)
2.4 (1.6-3.6)
8.7 (7.4-9.8)
2.0 (0.8-3.1)
2.1 (1.0-3.5)
6.6 (5.3-8.3)

10.9 (3.1-20.0)
4.2 (2.6-6.9)

1.6

5.6 (1.8-10.5)
3.5 (1.1-10.8)
4.0

3.9

6.2 (3.4-11.4)
4.7 (2.2-6.2)
6.5

with ap the anterior-posterior direction, ml the medio-lateral direction and vert the vertical direction.
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Belt speed variation
The accuracy of the mean unloaded belt speed was taken as the average read out of
a calibrated tachometer at 1, 2.5, and 5 km/h and compared to the speed setting 13,20.
The relative belt speed variation was measured at 1, 2.5 and 5 km/h, both during
20s unloaded and 1-min loaded trials, i.e. with a walking subject (70kg, 1.68m). Data
were collected at 100 Hz and filtered with a 0.15s span moving average filter. The
maximum belt speed deviation was defined as 3 standard deviations of the difference
between reference and treadmill-recorded speed.
3. Measurement variability
Warming and drift
In order to determine the time that the force sensors needed to warm up, an unloaded
2h trial was recorded. To exclude warming effects, drift was measured after this 2h
warming period for 30-minutes. Warming and drift were measured at 100 Hz and
low-pass filtered at 0.1 Hz with a Butterworth filter. Drift was quantified as the slope
found by linear regression between force and elapsed time 5. The sensors were consi
dered warmed up when the derivative of all the forces had become equal to the drift.
Background noise
The electrical and mechanical noise were measured during 5s trials captured at 500
Hz, with the motor turned off and turned on, and running at 1, 2.5, and 5 km/h 12.
The electrical noise was defined as the difference in noise between the stationary trials
with the motor turned off and turned on. The mechanical noise was quantified as the
difference between a stationary belt with the motor turned on and a moving belt 17.
Noise was defined as 3 standard deviations of the difference between force signals.
The signal to noise ratio (SNR) was determined by taking the fast Fourier transform
of an unloaded and loaded (walking) trial at 5 km/h and by diving the RMS values
of the data between 0 and 20 Hz of both trials. Since force data are usually filtered
before calculation of joint moments, the level of noise was also determined after
filtering with a 2nd order Butterworth low pass filter at 20 Hz 6.
Results
1. Accuracy
A typical instrumented stick trial consisted of exerted forces up to 400 N vertically
and 25 N in the horizontal directions. The accuracy tests revealed average force errors
of 1.6 (range of 0.4-3.5) N and 3.9 (0.8-9.8) N for the Y-Mill and R-Mill respectively,
with COP errors of 4.0 (1.1-10.8) mm and 6.5 (2.2-20.0) mm (Table 4-1). The nonlinearity was below 0.30% and 0.78% FSO for all forces and hysteresis below 0.54%
and 0.64%. Inter and intra belt crosstalk were both below 0.60% and 1.50% (Table
4-2).
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Fig. 4-2. Example data. Frequency response function FRF (a) and corresponding phase (c) of
3 vertical force sensors (different colors), with a Kistler’s floor-mounted force plate FRF for
comparison (b). Mean (bold line) and standard deviation (area) of time normalized belt speed
variance for 5 km/h gait (d), with mean vertical force for comparison (black line). Warming
(first 20 min) and drift (rest of the signal), with raw (blue) and filtered signal (red) used for
analysis (e). Noise at different unloaded belt speeds (f), effect of noise and filtering (Butterworth low-pass filter at 20 Hz) on gait ground reaction forces (g).
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2. Dynamic tests
The measured FRFs and phase shifts of the R-Mill’s vertical force sensors are shown
in Fig. 4-2a and c, indicating eigen frequencies of around 30 Hz for these sensors.
The overall lowest eigen frequency was 35 Hz for the Y-Mill and 23 Hz for the R-Mill
(Table 4-2). The lowest eigen frequencies of the treadmills were substantially lower
than those of the conventional force plate, which were around 800 Hz (Fig. 4-2b).
The mean belt speed measured by the treadmill was 2.5-5.0% higher than the
reference speed on the Y-Mill, and 1.0-3.0% lower on the R-Mill. The unloaded belt
speed variation increased with increasing speed and was between 0.2 and 2.1% for
the Y-Mill and 0.4 between 1.8% for the R-Mill (Table 4-2). The loaded belt speed
variability was between 1.5 and 7.5% for the Y-Mill and between 2.1 and 3.4% for the
R-Mill, and was related to foot impact and push-off (Fig. 4-2d).
3. Measurement variability
Both treadmills needed 20-25 min to warm up, while the largest effect took place
within the first 10 min (Fig. 4-2e). Drift was less than 0.1 N/min for both treadmills
and was linearly related to elapsed time (R2: 0.48-0.96, p<0.001). The electrical noise
was small with values below 1 N for all forces (Table 4-2). The mechanical noise
increased with speed (Fig. 4-2f), with a maximum of 26.7 N (17-451 SNR) and 53.8
N (6-152 SNR) for the Y-Mill and R-Mill, respectively. The noise was not uniformly
distributed in the frequency domain and had peaks below 20 Hz. After filtering of the
data (Fig. 4-2g), the noise was reduced to 9.6 and 29.1 N (Table 4-2).
Discussion
In this study we presented a comprehensive protocol to test the performance of
instrumented treadmills, focusing on different sources of errors. It contains measurements of force accuracy, non-linearity, hysteresis and crosstalk, because these
errors can systematically affect kinetic gait measures. Belt speed variations occurring
at specific moments in the gait cycle were quantified, as these cause systematic interactions between subject and treadmill 25. In addition, resonance frequencies were
tested, as these will systematically affect gait data if they are within the frequency
range of gait data. Drift and warming can cause an increasing discrepancy between
the measured and exerted force. Lastly, noise is measured to get insight on how many
steps might be needed to average the measured magnitude of noise away to limit the
its impact on gait outcomes. Although the current protocol provides tools to measure
these error sources in a technical sense, future research should relate these errors
to their specific contribution in common gait outcome measures, demonstrating the
clinical implication of different errors.
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Table 4-2. Performance of two instrumented treadmills
Y-Mill
Error source

condition

Left belt

R-Mill

Right Belt

Left belt

Right Belt

Non-linearity
(N/%FSO)

ap:
ml:
vert:

1.11 (0.11) 1.96 (0.20) 3.14 (0.63)
1.81 (0.18) 1.51 (0.15) 3.91 (0.78)
5.95 (0.30) 5.76 (0.29) 2.45 (0.25)

2.28 (0.46)
2.39 (0.48)
3.91 (0.39)

Hysteresis
(N/%FSO)

ap:
ml:
vert:

0.48 (0.05) 0.86 (0.09) 3.19 (0.64)
0.26 (0.03) 1.04 (0.10) 1.30 (0.26)
10.77 (0.54) 9.22 (0.46) 1.20 (0.12)

0.88 (0.18)
0.89 (0.18)
1.82 (0.18)

Eigen frequency (Hz)

Between
belts

ap:
ml:
vert:
Within belt ap:
ml:

0.33
0.22
0.53
0.24
0.24

0.21
0.25
0.45
0.59
0.50

0.07
1.02
0.10
0.18
1.50

0.04
0.18
0.06
0.48
0.36

ap:
ml:
vert:

35
37
45

76
37
60

29
24
32

29
23
35

3.4
7.6
2.2
21.0
34.3
20.7

2.7
5.5
2.1
14.4
28.7
20.9

4.3
5.6
7.4
8.2
14.6
31.6

4.9
6.3
14.4
9.8
19.8
45.1

Speed variation (mm/s) Unloaded 0.28 m/s:
0.69 m/s:
1.39 m/s:
Loaded
0.28 m/s:
0.69 m/s:
1.39 m/s:
Warming (min)
Drift (N/min)

Noise (N)
(filtered)

25

Treadmill performance

Crosstalk (%)

4

24

ap:
ml:
vert:

0.023
0.080
-0.014

0.008
-0.101
-0.027

0.015
0.013
-0.005

-0.008
-0.020
0.002

Motor off ap:
ml:
vert:
Motor on ap:
0 m/s
ml:
vert:
Motor on ap:
0.28 m/s ml:
vert:
Motor on ap:
0.69 m/s ml:
vert:
Motor on ap:
1.39 m/s ml:
vert:

0.9
2.6
1.6
0.9
2.6
1.7
1.6
2.9
1.8
3.0
3.1
2.4
9.6
4.2
7.6

0.8
0.9
0.6
0.9
0.9
1.3
1.3
1.5
1.0
2.1
2.6
3.7
5.5
4.3
6.7

0.5
0.8
0.8
0.6
1.1
1.2
1.4
1.7
2.1
3.3
5.1
4.4
13.9
29.1
14.4

0.6
0.8
0.8
0.8
1.1
1.3
1.5
1.8
2.0
3.3
3.9
3.7
13.9
23.0
12.6

with ap, ml, vert as the anterior-posterior, the medio-lateral and the vertical directions respectively. The presented noise was low-pass filtered at 20 Hz and maximum noise and speed variation were both defined as 3 standard deviations.
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1. Accuracy
Two instrumented treadmills with different mechanical designs were measured according to the proposed protocol. Their average COP accuracy was 4.0 and 6.5 mm,
which is comparable with most treadmills and some ground-mounted force plates26,27,
although higher accuracy has also been reported for treadmills (Table 4-3) 12,14,19 and
typically for ground-mounted force plates 6,28,28-31. These COP errors can still be expected to have an effect on the calculated kinetics, since a shift in fore-aft direction
of 0.5-1 cm have been shown to result in a 7-14% error in joint moments 32. The
accuracy might potentially improve and become more representative from the application of higher loads, or by dynamic calibration on a moving belt instead on an idle
belt 6. The values of non-linearity, hysteresis and crosstalk were relatively small, in line
with previous studies (Table 4-3), warranting that a linear calibration matrix can be
used to relate exerted and measured force.
2. Dynamics
Different approaches and definitions have been used in literature to measure the
eigen frequency of force plates. Several studies measured the frequency response
during swing phase of walking 23, while others measured it with a subject standing
on the belt 21. The eigen frequency has been defined as the highest peak in the frequency spectrum, the first vibration mode or as the duration of 10 cycles in the time
domain 12,13. The latter approach resulted in eigen frequencies that were 60 Hz higher
than those based on the FRF analysis. It is important to have a precise and standard
measurement method, since different measurement methods and outcome definitions can result in large differences in eigen frequency. Here, we propose the use of
an instrumented hammer and FRFs, because the input of multiple strikes and phase
shift information can be combined to improve the ability of identifying the lowest
eigen frequency.
The lowest eigen frequencies were above 35 and 23 Hz for the Y-Mill and RMill respectively. Thus, the test was able to identify the more stiff structure of the
Y-Mill. The measured eigen frequencies were comparable to some treadmills 5,17,19,23,
but lower than others 12,13,16,18,20,21, although this comparison is hampered by difference in methods and definitions. The dynamics of both treadmills are not necessarily expected to affect gait measurements, because the lowest eigen frequencies were
above the frequency range of normal gait 33. Belt speed changes were related to the
gait cycle and even though they were comparable to 6,13,21 or smaller than other treadmills5,12,16,17,20, speed variances of this magnitude have been shown to affect joint kinematics 15. Belt speed variations can be caused by inadequate motor power, insufficient
belt speed update frequency, an inadequate control algorithm, or slip of the belt over
the drive rollers 20,34. While the first three causes are fixed properties in commercial
treadmills, the treadmill belts are expected to stretch with use and should therefore be
regularly checked and tuned.

Reporting and quality checks
Consensus about testing of instrumented treadmills would facilitate comparison with
literature, however, reporting the outcome of all tests would be excessive in common
research reports. Therefore, we propose a minimum set of parameters which are expected to affect gait the most. This includes (1) the restrictions in walking surface (belt
size) and belt speed control (motor power and belt speed update frequency); (2) static
performance, consisting of force and COP accuracy; and (3) dynamics, including the
overall lowest eigen frequency and loaded belt speed variability at 5 km/h. The protocol also provides a good starting point for internal technical quality assurance, which
is necessary for reliable comparisons between and within patients. It is proposed to
regularly check the force and COP accuracy to determine the need for calibration and
impact testing to determine the solidness of the construction. The required test interval depends on the stability of the laboratory environment and usage 14, however, we
do advise to check the system at least annually, and directly after installation or major
maintenance of the system.
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3. Measurement variability
The low levels of drift of the treadmills were comparable to the literature (Table 4-3).
Therefore, a single offset measurement prior to each gait trial should be sufficient to
correct for drift. For long and precise gait measurements, linear drift could be taken
into account by estimating the offset from the relation to elapsed time 5, or by using
the swing phase in case of a split-belt treadmill with negligible crosstalk 5,20. The level
of noise was in line with that found in other treadmills 6,13,16,18,20,23, although less noisy
signals have also been reported 5,12,17,19,21 (Table 4-3). Some studies also measured the
instrumented noise, i.e. with the treadmill belts removed, to determine the noise that
is caused by friction between the moving belt and the treadmill frame, belt compliance
or speed fluctuations 5,20. This measurement was not included in the protocol, as it is
not feasible in most laboratories.

Conclusion
We presented a comprehensive protocol that contains testing of different potential
sources of systematic error for instrumented treadmills. The feasibility was demonstrated on two treadmills. The protocol was able to characterize weak aspects that
could be further improved, such as the COP accuracy, and distinguish between the
dynamics of the two treadmills. It also provided a guideline for systematically reporting treadmill characteristics and for technical quality assurance. Future research
should focus on the clinical implication of the different errors.
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Draper Belli
2000
2001
[23]
[5]

6.0 a
0.2 %
87
1.6 %
0.04
80.0 a
-

Error source
Accuracy force (N)
Accuracy COP (mm)
Non-linearity (N)
Hysteresis (N)
Crosstalk (N)
between belt
within belt
Natural freq (Hz)
Speed dev (m/s)
~ 2.5 km/h
~ 5.0 km/h
~ 10 km/h
Warming (min)
Drift (N/min)
Noise (N)
- 0 km/h
~ 2.5 km/h
~ 5.0 km/h
2
2
16
7.0 a
-

Split
6.6 std
1.4 %
0.9 %
58
0.03 std
0.14
0.7 std
2.3 std
5.5 std

Split
2.0
0.5
1.5x2
20 a
5%
2.5 %
120
5.0 %a
<
<
-

Entred,
Bonte
Split
1.5
0.5
-

0.4 a
5.4 a
-

2.8 %
2.1 %
2.9 %
30
7.0 %a
-

Mercury,
HP Cos1
Single
1.5
0.5
2.2
2.5 %
10.8 a
2.5 %a
1.2 %
219
12.5 %
7.0 %
1.0 l
1.0 std
7.4 std
10.0 std

Custom
AMTI
Tri
2.8
0.66
1.8 %
4.6 rms
1 %a
<
106
0.02 a
2.4 rms
3.4 rms

ADAL,
Med Dev2
Split
1.3
0.6
1.5x2
-

Verkerke Dierick Paolini Tesio
2003
2004
2007
2008
[21]
[17]
[20]
[12]

5.4 %
4.0 rms
41
1.8 %
42.0 a

Split
1.9
1.1
2.5x2

Custom

1.2 m
-

TM06,
Bertec
Split
1.75
1.1
5.0 %
40.0 a
3.0 %
8
4.0 %
250
6.0 %
30.0 a

Single
1.2
0.5
1.5
-

Custom

4.1 rms
1.7 rms
20
1.7 std

Custom
(SENLY)
Split
2.5
0.75
0.75x2
1.6
4.0
0.3 %
10.8 a
0.5 %
0.6 %
35
5.0 %
1.5 %
25
0.1
2.6 a
3.7 a
9.6 a

Y-Mill,
ForceLink
Split
1.5
0.5
6.6x2
50

Collins Goldberg Bageistero Luciani Present
2009
2009
2011
2012
study
[6]
[14]
[16]
[19]

3.9
6.5
0.8 %
3.20 a
1.1 %
1.5 %
23
2.9 %
3.2 %
24
0.02
1.3 a
5.1 a
29.1 a

R-Mill
ForceLink
Split
2.0
0.5
4.5x2
60

Present
study

Indicated is the meaning of the reported value, std being the standard deviation of the error; a the amplitude (either 3 std or maximum); m the mean value;
rms the root-mean-square error; < as ‘negligible’; custom made a self-made treadmill, adjusted or special version of a commercial treadmill., with 1 HP
Cosmos and 2 ADAL-3D-F Medical Development. The values for the ‘worst’ axis are given if possible. It should be noted that comparison is hampered by the
different methods and outcome measures used between different studies.

Single
1.5
0.35
1.5
-

Custom Custom Custom

Belt
Belth length (m)
Belt width (m)
Motor power (kW)
Speed update (Hz)

Manufacturer

Belt description

Kram
1998
[13]
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