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The purpose of this study was to determine the reliability and validity of the
GymAware optical encoder (Kinetic, Canberra, ACT) to measure displacement data
(distance, peak velocity, mean velocity and time). Three GymAware sensors were
attached to a Calibration Rig (CalRIG), a novel piece of technology engineered
specifically for accurate calibration of dynamometry equipment. The CalRIG was
programmed to perform 4 identical sets of 14 repetitions, each repetition increasing in
displacement by 0.1m and 0.2m/s. Validity of displacement measures by GymAware
were evaluated by typical error estimate (TEE), intra- and inter- reliability was
assessed through typical error measurement (TEM). TEE values were very low at
0.00m for distance and 0.01m/s for mean and peak velocity variables. TEE was higher
at up to 0.16s for time (repetition duration). TEM was 0.00m for distance, 0.01-
0.02m/s for velocity and 0.01-0.02s for repetition duration variables when comparing
both between sensors and between sets. In conclusion, the GymAware optical encoder
accurately measured displacement of the CalRIG shaft, thereby indicating its validity
as a linear position transducer employed to calculate other strength and power related
variables of interest through differentiation of measured displacement data.
GymAware was found to be highly reliable with little variation between sets or
sensors, of great benefit to practitioners or coaches utilizing GymAware in assessment
and monitoring of athletic performance over time. It is recommended that consumers
use velocity as a performance indicator as the measurement of this variable showed
only minor error. A Smith machine is also recommended during resistance exercises

to control the direction of displacement and facilitate measurement.



Reliability and validity of the GymAware optical encoder to measure

displacement data

A high degree of lower body and upper body power is required for the successful
completion of various sporting tasks in many sports (2). Consequently, power is a
strength quality of immense concern to coaches and practitioners. Power may be
assessed to quantify the relative significance of strength and power to various athletic
events and tasks, identify the specific deficiencies in muscular function to improve
individual deficiencies, identify individuals who may be suited to particular athletic
pursuits and monitor the effectiveness of various training and rehabilitation
interventions (1). Prominent interest and a variety of needs for power assessment have
led to the development of various dynamometry systems. One system continually
gaining popularity due to its affordability, portability and practicality is the Linear
Position Transducer (LPT).

The displacement of an object or athlete can be directly measured via an LPT. The
different mechanisms through which LPTs work have been previously reported, such
as Harris et al. (5), and will not be discussed here. What will be noted is how the LPT
can make further calculations of performance parameters that would be of interest to
practitioners or coaches.
From the displacement data, velocity may be calculated (velocity =
displacement/ time) and then acceleration (acceleration = velocity/ time). The
mathematics is called differentiation and the solution is called the derivative.
Once an acceleration curve is established, other variables of interest may be
calculated. By multiplying the acceleration curve by a scalar (such as the
subject’s mass), a force curve is established (force = mass x acceleration).
Further, multiplying the force-time and velocity-time curves allows the

calculation of a power-time curve.’ (5)

Essentially, this is the process by which all brands of LPTs calculate force and power
variables. However, the accuracy of each LPT to do this is variable as not all LPTs are
built identically and differ in composition such as their rotational sensors

(potentiometer or encoder), sampling rates, data filtering techniques, etc.



Accompanying the increase in popularity of the LPT is the increased need to know its
reliability. Several studies have aimed to determine the reliability of various LPTs
such as Hori and Andrews (6), Cronin et al. (3) and Jennings et al. (8). However, these
previous studies each utilized different populations, exercises, equipment and
protocols making it impossible to compare the different brands of LPTs as they have

undergone different testing procedures.

Interestingly, reliability and validation studies to date have not examined the ability of
the LPT to measure displacement data directly. One key problem with previous
validity and reliability studies is their use of human subjects. Human subjects require
protocols and instruction. At the study’s conclusion, how can one be confident that the
protocol and athlete performance did not influence the reliability results of the
equipment? When validating equipment it is important to have an independent
objective measure. Many studies attempt to validate LPTs with force plates, a method
that appears illogical for any variable other than force. LPTs and force plates operate
through different mechanisms and use different mathematics in calculations.
Additionally, force plates can encounter problems due to sensitivity to extraneous
vibrations and require calibration (3) possibly resulting in inaccurate measurements

themselves.

The method through which LPTs calculate force and power (through derivatives of
displacement data) is believed to be legitimate if the measurement of the parameters is
reliable (7). Therefore, validation studies should assess the accuracy of the LPT to
measure displacement data. This can be achieved through the use of a purpose built
calibration machine, not a human subject that is inherently variable. A calibration
machine would also allow validation and reliability studies to be easily repeated with

different brands, aiding comparisons.

Currently, it is not clear which brands or products are most reliable and practitioners
face problems when developing protocols, resulting in little consistency across
laboratories. This current research hopes to be a pilot study leading to a standard
testing procedure being implemented for LPT systems. The aim of this study is to

determine the reliability and validity of the GymAware optical encoder (Kinetic,



Canberra, ACT) to measure displacement data by assessment with a Calibration Rig

(Australian Institute of Sport, Canberra, ACT).

Methods

Instrument
Three GymAware sensors were positioned parallel to one another under Calibration
Rig (CalRIG) shaft and anchored to floor by steel plate (see Figure 1.0). Sensor
tethers were attached to shaft of CalRIG and sighted in to ensure tethers were

perpendicular to floor.

CalRIG

The CalRIG is a piece of equipment engineered specifically for calibration. The
CalRIG can accurately move programmed distances and velocities due to
sophisticated engineering based on a servomotor mechanism. The servomechanism
has many industrial applications in which high precision; velocity and dynamic
control are required such as high-speed machinery. An incremental rotary encoder
receives feedback on shaft position and any deviation from programmed position or

velocity is immediately corrected resulting in accurate shaft positions.

Experimental approach to problem
Data was collected in one session. Sensors were tested simultaneously in order to
compare intra- and inter- reliability (see Figure 1.0). The CalRIG was programmed to
perform 4 identical sets of 14 repetitions. Time remained constant at 1.0s over all
repetitions while distance increased at 0.10m increments from 0.30m to 1.60m from
repetition 1 to repetition 14 (see Table 1.0). Peak velocity ranged from 0.60m/s to
3.2m/s increasing in 0.20m/s increments. Mean velocity ranged from 0.30m/s to

1.6m/s increasing in 0.1m/s increments.

Statistical analysis
Intra- and inter-reliability was assessed by unbiased typical error of measurement
calculation. Displacement variables assessed were Time (s, rep. duration), Distance
(m), Peak Velocity (m/s) and Mean Velocity (m/s). Validity was assessed by typical

error estimate calculation.



Table 1.0. Displacement of CalRIG throughout sets.

Rep | Time (s) Distance (m) | Peak Velocity Mean Velocity
[Rep. (m/s) (m/s)
Duration]

1 1.00 0.30 0.60 0.30

2 1.00 0.40 0.80 0.40

3 1.00 0.50 1.00 0.50

4 1.00 0.60 1.20 0.60

5 1.00 0.70 1.40 0.70

6 1.00 0.80 1.60 0.80

7 1.00 0.90 1.80 0.90

8 1.00 1.00 2.00 1.00

9 1.00 1.10 2.20 1.10

10 1.00 1.20 2.40 1.20

11 1.00 1.30 2.60 1.30

12 1.00 1.40 2.80 1.40

13 1.00 1.50 3.00 1.50

14 1.00 1.60 3.20 1.60
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Figure 1.0. Setup of GymAware sensors under CalRIG shaft.

Results
For raw data please see Appendix A.

Validity
Typical error of estimate (TEE) for all sensors and variables are shown in Table 2.0.
TEE for distance was 0.00m for all sensors. TEE was 0.01m/s and 0.02m/s for peak
and mean velocities, respectively. Rep. duration showed the greatest TEE with 0.15s

for sensors 2 and 3 with 0.16s for sensor 1.

Table 2.0. TEE for sensors 1, 2 and 3 across distance, velocity, and rep. duration

variables.
Typical error Sensor 1 Sensor 2 Sensor 3
estimate
Distance (m)
Raw Data 0.00 0.00 0.00
Lower CL 0.00 0.00 0.00
Upper CL 0.01 0.00 0.00




Peak Velocity (m/s)
Raw Data 0.01 0.01 0.01
Lower CL 0.01 0.01 0.01
Upper CL 0.01 0.01 0.01
Mean Velocity (m/s
Raw Data 0.02 0.02 0.02
Lower CL 0.01 0.01 0.01
Upper CL 0.02 0.02 0.02
Rep. Duration (s)
Raw Data 0.16 0.15 0.15
Lower CL 0.14 0.13 0.13
Upper CL 0.19 0.18 0.18

Intra-reliability
Unbiased typical errors of measurement (TEM) calculations are illustrated in Table
3.0. TEM for distance readings were 0.00m between all sets for all sensors. TEM of
peak and mean velocity readings were 0.01m/s. TEM of rep. durations ranged from

0.01s to 0.02s between sets within each sensor.




Table 3.0. TEM calculations from comparisons between sets, within sensors.

Unbiased typical Sensor 1 Sensor 2 Sensor 3
error of Mean All Sets Mean All Sets Mean All Sets
measurement
Distance (m)
Raw Data 0.00 0.00 0.00
Lower CL 0.00 0.00 0.00
Upper CL 0.01 0.00 0.00
Peak Velocity (m/s)
Raw Data 0.01 0.01 0.01
Lower CL 0.00 0.01 0.01
Upper CL 0.01 0.01 0.01
Mean Velocity (m/s)
Raw Data 0.01 0.01 0.02
Lower CL 0.01 0.01 0.01
Upper CL 0.02 0.01 0.02
Rep. Duration (s)
Raw Data 0.02 0.01 0.02
Lower CL 0.01 0.01 0.01
Upper CL 0.02 0.01 0.02

Inter-reliability
Presented in Table 4.0 are TEM calculations for all variables between sensors, within
sets. TEM of distance readings was 0.00m between sensors. TEM for peak and mean

velocity readings was predominantly 0.01m/s. TEM of rep. duration was up to 0.02s.

Table 4.0. TEM calculations from comparisons between sensors, within sets.

Unbiased Set 1 Set 2 Set 3 Set 4
typical error
measurement
Distance (m)
Raw Data 0.00 0.00 0.00 0.00
Lower CL 0.00 0.00 0.00 0.00
Upper CL 0.00 0.00 0.00 0.00
Peak Velocity (m/s)
Raw Data 0.01 0.01 0.01 0.01
Lower CL 0.01 0.01 0.01 0.01
Upper CL 0.01 0.01 0.01 0.01
Mean Velocity (m/s)
Raw Data 0.01 0.02 0.01 0.01
Lower CL 0.01 0.01 0.01 0.01
Upper CL 0.02 0.02 0.02 0.02
Rep. Duration (s)
Raw Data 0.01 0.02 0.02 0.02
Lower CL 0.01 0.01 0.01 0.01
Upper CL 0.02 0.02 0.02 0.02




Discussion

Validity
TEE for distance, peak velocity and mean velocity variables were very low for all
sensors, indicating that all sensors accurately measured the distances and velocities
the CalRIG shaft performed. All sensors accurately reported the distance the shaft
moved between 0.3m and 1.6m and at velocities ranging from 0.3m/s to 3.2m/s.
These results suggest GymAware is appropriate to use during resistance exercises in

which displacement can reach 1.6m and velocity can reach 3.2m/s.

While this study is the first to assess the accuracy of an LPT to measure displacement
data directly, other studies have assessed the ability of GymAware to calculate force
and power. Drinkwater et al. (4) assessed the validity of the GymAware optical
encoder to measure power during a free weight bench press, a Smith machine back
squat, and a Smith machine 40kg bench press throw with simultaneous use of
cinematography (analysed for time and position data). Validity of power measures
between video (criterion) and optical encoder scores were evaluated by standard error
of the estimate (SEE) and coefficient of variation (CV) (4). The SEE for power
ranged from 3.6 to 14.4 W (CV = 1.0 — 3.0%) It was concluded that GymAware was a

valid means of measuring kinetic data during free weight resistance training exercises.

As previously mentioned, differentiation of displacement data is considered a valid
means of calculating power and force if the initial parameters are accurately
measured. Therefore, while this study is not looking at force and power variables,
GymAware may be considered an accurate device for these measurements due to very
low errors when measuring displacement. It should be noted however that force and
power measurements are likely to have larger associated errors due to the
magnification of errors when calculating derivatives. During the calculation of
velocity (single derivative) and the calculation of force (double derivative) any error
from the initial measurement is magnified (5). While this paper is not examining the
TEE for force and power, the hindrance to decision-making by the practitioner is

dependent on what is considered the smallest worthwhile change (SWC).

In order to observe meaningful changes in performance, the SWC must be larger than

the TEM (5). Due to the very small TEMs (which will be discussed shortly) a coach
9



may feel confident that GymAware will allow changes in athletic performance to be
observed. While magnification of errors may make it more difficult to indentify SWC,
if the same device is used for monitoring the same athletes over time, this limitation

becomes less of an issue (5).

TEE for rep. durations were larger at 0.15s and 0.16s. The cause of this error however
is not likely due to product fault but rather its mechanism for identifying the
concentric phase of a resistance exercise. All rep. durations reported were lower than
1.0s (see Appendix A). GymAware contains algorithms that allow identification of the
concentric phase of a movement based on changes in velocity and displacement. Rep.
duration (concentric phase of movement) is identified once the CalRIG shaft exceeds
a certain velocity threshold, with the initial movement of the shaft excluded in the rep.
duration due to low velocity. Consequently the rep. durations reported were

consistently lower than 1.0s.

Figure 2.0 illustrates a GymAware velocity report with the concentric phase (grey
shaded area) identified through changes in velocity and displacement. Unlike other
LPT systems in which the practitioner must manually select the concentric phase, the
sophistication of GymAware automatically identifies it allowing for immediate

calculations of means and peaks.
As can be seen in Figure 2.1, if the concentric phase was not identified through

velocity, the phase would include preliminary movements and preparation. As a

result, calculations of means (average of shaded area) would be skewed and of no use.
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Figure 2.0. GymAware velocity report with concentric phase identified through
algorithms.
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Figure 2.1. GymAware velocity report with concentric phase selected without velocity
thresholds.
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Intra-reliability
TEM of 0.00m indicates that there was no discrepancy in the distance readings
between the four sets using any sensor; set 1 was identical to set 2, 3 and 4 for all
sensors. This indicates that the GymAware sensor consistently measured the
displacement of the shaft without variation between sets revealing high intra-
reliability and repeatability. TEM for peak and mean velocity readings were 0.01m/s
while TEM during rep. duration was 0.02s; further illustrating a great consistency

with little variability between sets.

Hori and Andrews (6) assessed the reliability of peak velocity; force and power
obtained from the GymAware optical encoder during the countermovement jump
(CMJ) under three different external load conditions. In accordance with the current
study, Hori and Andrews reported high reliability for peak velocity (CV =1.1-4.6%).
Acceptable reliability for peak force (CV=4.1- 7.9%) and peak power (CV=3.9 —
13.3%) was also reported.

‘High test-retest reliability of a test or performance measure implies better precision
for single measurements and is considered critical in the ability of tests to determine
changes in athletic performance over time’ (5). From a practitioner’s viewpoint, one
may feel confident that the GymAware sensor will allow them to observe and monitor

changes in athlete performance due to the low variability between subsequent sets.

Inter-reliability
TEM is also 0.00m for distance when comparing between sensors. Distance readings
during set 1 were identical for all sensors, as were sets 2, 3 and 4. Peak and mean
velocities had a typical error of 0.01m/s whereas rep. duration had a typical error of
0.02s. These errors indicate very little variation between readings from different
sensors. Thus, when purchasing GymAware, one may feel confident that their sensor

is equal to any other GymAware.

The high validity and reliability reported during this study may be due to the
controlled environment in which it was performed. While the GymAware sensor unit
incorporates a sensor at the base of the tether that enables measurement of any angle

the tether leaves the spool, allowing vertical-only displacement to be accurately

12



measured by correcting for any horizontal movement using basic trigonometry (5),
the CalRIG shaft moved in a vertical plane only. Avoiding the need for much
correction. Rigorous protocols must be established to maintain reliability when

conducting strength and power assessments over time.

Conclusion

In summary, the GymAware optical encoder demonstrated a great ability to accurately
measure displacement data of distance and velocity. Time based variables were less
accurately measured however this is not foreseen to be a significant problem to the
coach but rather a later convenience as previously explained. As the methods an LPT
employs to calculate force and power variables (through derivatives) are
mathematically accepted, it is expected that force and power calculations during

resistance exercises would be acceptable and of use to a coach or practitioner.
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