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Abstract 

Introduction: Measuring the barbell displacement velocity is an emerging methodology, which is used to 

quantify and define strength training intensities. Linear transducers (LT) have been considered by many 

researchers as the gold standard method. However, various technologies, (e.g., a smartphone app called MyLift) 

have been also confirmed to be reliable. Moreover, the use of accelerometer sensors is increasing in the field of 

training. These accelerometers have been validated to record, analyze, and report acceleration, and are widely 

use in gait analysis. Nevertheless, there is a lack of validation of this system in measuring strength training-

related movement velocity. Therefore, this study attempts to evaluate the validity and reliability of an 

accelerometer system for measuring lifting velocities by comparing it with an already validated high-speed 

camera system.Materials and methods: A total of 6 healthy and recreationally trained sport students (mean age: 

25.67 years, SD: 3.266) performed 15 light squats each. The squats were recorded using both an accelerometer 

and MyLiftvideo-camera recording systems. The data were analyzed using the MATLAB and JASPS software. 

Results: Significant differences between mean values were observed [t = 6.518, p = 0.001, mean difference 

(±SD) between the instruments = 0.364 (0.069)]; [t = 3.373, p = 0.020, mean difference (±SD) between the 

instruments = 0.318 (0.08)].Discussion: The smartphone app was shown to be a more reliable way of measuring 

velocity of a strength lift, specifically of a squat movement, compared with accelerometer sensors. This result is 

attributed to drift errors and lack of standardization procedures for the accelerometers that have been reported in 

the existing literature. 
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Introduction 

Strength is an activity consisting in voluntary, brief and repeated contractions that occur against greater 

resistance to those usually encountered in daily life (Li et al., 2015). It is considered as an essential capacity in 

training. Through its development, muscular power and strength are improved by way of various mechanisms, 

such as the increase in the voluntary activation of the trained musculature, or the changes that occur in the cross-

sectional muscle area and muscle fibers (Karavirta et al., 2011). According to these authors, these processes are 

invariable to the population age group, although the magnitude of the effect may vary.  

The manipulation of resistance training intensity is widely considered as the key factor for prescribing 

training programs (Folland & Williams, 2007; Fry, 2004), due to the fact that the neuromuscular adaptations 

occurring because of resistance training stimulus are highly dependent on the intensity of the stimulus (Cormie, 

McGuigan & Newton, 2010; Fry, 2004; González-Badillo, Rodriguez-Rosell, Sanchez-Medina, Gorostiaga & 

Pareja-Blanco, 2014).Traditionally, the assessment of 1RM (1-Repetition maximum, the maximal load that can 

be lifted just one time) has been the most commonly used method to quantify and define training intensities 

(McMaster, Gill, Cronin & McGuinan, 2014; Soriano, Suchomel & Marín, 2016). Nevertheless, measuring the 

1RM requires performing a maximal effort and a time consumption that might increase the risk of injuries and 

overtraining in all populations, but especially in untrained or weaker populations such as elderly people, 

regarding to Pollock et al. (1991).  

Therefore, some recent methodologies tried to develop less invasive protocols, such as sub-maximal 

repetition test (Julio, Panissa & Franchini, 2012). More recently, measuring the barbell’s displacement velocity 

during the lift has emerged as a reliable and non-invasive method to estimate the 1RM of the participants 

(Bazuelo-Ruiz et al., 2015; Conceição, Fernandes, Lewis, González-Badillo & Jiménez-Reyes, 2016; González-

Badillo & Sánchez-Medina, 2010; Jidovtseff, Harris, Crielaard & Cronin, 2011) and define training intensities, 

due to the fact that the velocity at which the bar is lifted is extremely well correlated (R
2
>0.97) with the load it 

represents (Conceição et al., 2016; González-Badillo & Sánchez-Medina, 2010; Jidovtseff et al., 2011). In this 

line, the mechanical capabilities of dynamic strength of the lower limb neuromuscular system have been 
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described by inverse linear force-velocity (F-V) and second-degree polynomial power-velocity (P-V) 

relationships (Samozino, Rejc, Di Prampero, Belli & Morin, 2012). These relationships describe the changes in 

external force and power output generated by the body limbs, depending on movement velocities. They can be 

summarized in: theoretical maximal force at null velocity (F0), theoretical maximal velocity at which lower 

limbs can extend under a null load repetition (V0), the best relationship between them, in other words, the 

maximum power (Pmax) and the description of the relationship (F-V and F-P slope) (Samozino et al., 2012). As 

the mentioned authors proved, the ballistic performance in sports is influenced by the optimization of Pmax and 

by the balance between force and velocity capacities (F-V profile).  

The F-V relationship and its parameters have also been studied in upper body movements (Cronin, 

McNail & Marshall, 2011; Hintzy, Tordi, Predine, Rouillon & Belli, 2003; Nikolaidis, 2012; Sprague, Martin, 

Davidson & Farrar, 2007; Van der Tillar & Ettema, 2005; Vanderthommen et al., 1997) showing similar 

properties and applications to ballistic and dynamic performance. They can be easily calculated from 

anthropometric data, distance, and time parameters for both horizontal and vertical profiles, in movements such 

as running and jumping respectively (Morin & Samozino, 2016). 

Different technologies such as linear transducers (LT), accelerometers, or advanced video camera 

systems have been used to define the barbell velocity during a resistance training lift (Comstock et al., 2011; 

Crewther et al., 2011; Lake, Lauder & Smith, 2012), with LT considered by many researchers as the gold 

standard method (Cormie, Deane & McBride, 2007; González-Badillo & Sánchez-Medina, 2010; Jidovtseff et 

al., 2011). A LT is a device consisting on a sensor, commonly placed in the ground and attached to the lifting 

barbell with a cable, that measures the barbell velocity. It is made by a) recording electrical signals proportional 

to the cable velocity (linear velocity transducers) or b) differentiating cable displacement with respect to time 

(linear position transducers). However, LT has a major drawback, since it is unaffordable to many coaches due 

to very high economic costs. For this reason, recent research has analyzed the validity and reliability of more 

affordable technologies used to record barbell velocity in resistance training, like low cost accelerometers or 

high-speed cameras (Balsalobre-Fernández, Kuzdub, Poveda-Ortiz & Campo-Vecino, 2016; Sañudo, Rueda, 

Pozo-Cruz, De Hoyo & Carrasco, 2016). 

 

Recent studies have demonstrated that smartphones can be used for measuring different kinds of 

physical performance variables, such as vertical jump height or range of motion (Balsalobre-Fernández, Glaiser 

& Lockey, 2015; Patterson, Amick, Thummar & Rogers, 2014) without any further technology, thanks to the 

advanced sensors included in the more recent models. Furthermore, Balsalobre-Fernández, Marchante, Muñoz-

López & Jiménez (2017) proved the validity and reliability of a smartphone app (named MyLift) to measure the 

mean velocity of the bench press exercise. For that, they compared the developed smartphone app with a LT 

showing a very high agreement between both devices. These findings make the process of measuring simple, 

practical and affordable to both coaches and researchers due to the fact that the developed app has a low price 

(available for both android and iPhone smartphones), as well as it is time-economic, and there is no need for data 

analysis software, advanced knowledge or previous experience with the measuring tool. 

On the other hand, accelerometers are also starting to be used in the field of training. The RehaGait 

sensor (Hasomed GmbH, Magdeburg, Germany)is a fast and effective device to record, analyze and report 

acceleration. In that line, several studies validated the sensors for gait analysis (Schwesig et al., 2010, Donath et 

al., 2016). By utilizing the inertia of the mass, the sensors detect movement changes with a three-axis 

accelerometer, a three-axis gyroscope and a three-axis magnetometer. They can be connected via Bluetooth with 

an app on a smartphone.  

The advantages of the RehaGait sensors are the small size, the portability, itswireless functionand its 

relative low cost. Additionally, they show a high frequency response (500Hz) and sensitivity to motion. 

Furthermore, it can be used to monitor motion in a real time application. Nevertheless, some disadvantages need 

to be taken into account. Accuracy is still considered an issue, but due to fast development of this technology, it 

is expected to be increased in the short-term. Eventually, the sensors showed to havea relatively low longevity 

and a high sensitivity to temperature.  

Besides, squat exercise is a commonly used exercise for measuring lower limb strength in both research 

and training fields. Regarding to Bazuelo-Ruiz et al., (2015), is a foundational exercise commonly prescribed by 

strength and conditioning coaches, that requires an elevated inter-muscular activation and coordination 

(Cotterman, Darby & Skelly, 2005; Gandevia, 2001). Regarding to velocity-based training in squat exercises, 

reference velocity values have been already discussed in research, oscillating between a maximum of 3.3 m/s 

(found in a no-load intended maximal velocity repetition; Rahmani et al., 2001) and a minimum of 0.32 m/s 

(Balsalobre-Fernández et al., 2017). 

However, to the best of our knowledge, no previous studies have checked the validity and reliability of 

the accelerometer system by comparing it with an already validated tool for measuring resistance training-related 

movement velocity, such as the above-mentioned smartphone camera, and measuring a squat movement. Thus, 

the aim of the present study is to compare the mean velocity of the concentric phase of a barbell squat measured 

with a RehaGait accelerometer system and the high-speed camera system called MyLift. We hypothesize that 

mean velocities of both devices will be highly correlated. 
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Material & Methods 

Subjects 

A sample of 6 healthy and recreationally trained students participated in the present investigation. They 

were all sport students attending a master’s degree at the University of Konstanz (Germany). Mean and standard 

deviation (±SD) of age, height and body mass of the sample are presented in Table I. 

All participants hadprevious basic experience in strength training, and more concretely in squat exercise 

(self-reported) and were able to perform a squat with correct technique and postural control. Being injured or 

having a clinic history of injury more recent than 2 months were exclusion criteria for the present study. 

Participants were verbally informed of the purpose of the study, testing procedures and potential risks 

before starting the measurements, during university courses. At that time, verbal voluntary and informed consent 

was obtained from all participants. The study protocol complied with the Declaration of Helsinki for Human 

Experimentation and the ethical criteria of the ethics committee of the University of Konstanz have been taken 

into account. A total of 7 participants gave their consent to participate, but the final sample was only of 6 

participants and one drop-out registered due to technical problems with the RehaGait accelerometer sensors that 

needed to be repaired. 

 
TableI. Subjects basic data 

  Age Height Body Mass ROM 

Sample 6 6 6 6 

Mean 25.667 1.734 68.500 0.429 

Std. Deviation 3.266 0.090 10.616 0.045 

Minimum 22.000 1.635 57.000 0.350 
Maximum 30.000 1.880 82.000 0.470 

Note. Mean, standard deviation, minimum and maximum values. 

 
Study design 

A repeated-measure design was used to compare the velocity measurement of the concentric phase of a 

squat movement, during 15 repetitions, with an accelerometer and a smartphone camera app. In order to do 

thatsubjects, conforming one single group (N=6), were tested one single time. The measurements took place at 

the same time for all the participants (10 am) and in the same place (student’s lab of the University of Konstanz) 

to avoid any time- or date-related differences between subjects or tests. Sessions were performed under the 

supervision of the investigators, with the same environmental conditions. 

Before starting the testing procedures basic data and range of motion of the movement were recorded 

for each subject. After, a basic strength-training warm-up was performed to prevent any risk of injury and ensure 

the best muscular and mental conditions. Later, and before starting the testing itself, participants were reminded 

about the squatting technique, being given feedback by the researchers. Also, they had the opportunity to try the 

squat in real conditions regarding to location and time set. Finally, participants were asked to perform 15 

repetitions of a squat movement, with a controlled speed, following a time set of 2 seconds for each one of the 

concentric/eccentric phases. They fasted a very light barbell (<1kg) with extended arms in front of them. The 

repetitions were recorded with two accelerometers located, one on top of the barbell, and the other attached to 

the low back with a bell, and with a smartphone camera placed in front of them. 15 repetitions were recorded 

with both accelerometer sensors, whereas 2 selected repetitions were able to be measured with the smartphone. 

 

Measurements 

Range of motion measurement  

The range of motion (ROM) of the squat exercise needed to be entered in the app to calculate the mean 

velocity of the barbell. To measure the athlete’s ROM they performed the squat movement in the testing 

conditions. A chair was used to limit the starting point at the knee flexion (90 degrees). Then, subjects were 

asked to stand up moving forward to the ending position, consisting in triple lower limb extension. During the 

whole movement they held a light barbell with both arms extended. Starting and ending points were measured in 

a panel in front of the athletes and written down to use them later on.  

 

Squat movement  

The testing procedure itself consisted in 15 squat movements, performed with a traditional squatting 

technique. Participants were allowed to choose the separation between their legs and a certainorientation of their 

feet that was comfortable for them. After, they were asked to perform the repetitions with a time set of 2 

seconds. Each 2 seconds they stood up or went down, with a little pause in both starting and ending of the 

movement. The movement was performed in a slow and controlled way to ensure a correcttechnique and 

appropriate velocity.  

 

High-speed smartphone camera (MyLift)  

15 measurements, for each subject, were measured using the smartphone app called MyLift. This app, 

available for both iPhone and android system, was the first app designed for measuring strength exercises’ 1RM 
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only by recording the movement. MyLift has been validated by comparing it with a linear transducer by 

Balsalobre-Fernández et al. (2017). For that, MyLift uses validated algorithms and basic anthropometric data 

from the subjects. By using this app, researchers and traininers are able not only to measure the 1RM of various 

strength training movement, but also to define the fatigue state of the athlete at a certain point of the 

season/training session and to assess adaptations regarding to performance, all by using the force-velocity 

relationship of the measured loads. 

The videos were recorded using an iPhone 6 with an iOS 9.3.2. version. The high-speed camera 

included in the smartphone had a sample frequency of 240 frames per second and a resolution of 720 pixels. 

Furthermore, AVFoundation and AVKit frameworks (Apple Inc, USA) were used for capturing, importing and 

manipulating high-speed videos. The AVFoundation capture subsystem provides high-level architecture for 

video, photo and audio capture in iOS and macOS, whereas the AVKit subsystem creates view-level services for 

the user media playback. 

To measure mean velocity of the concentric phase of a certain strength training-related movement, the 

app makes the calculation of the time (in ms) between two frames selected by the user. Having the ROM 

previously filled in the app, the velocity is calculated using the basic Newtonian equation for the velocity, related 

to distance and time (V=d/t), where v is the mean velocity of the barbell (in m*s
-1

), d the vertical distance that 

the barbell go through (in m) and t the time of the concentric phase of the lift. 

To record the videos, a researcher held the iPhone in his hand in portrait position and recorded the 15 

lifts in front of the athlete (facing the chest of the participant) at 1.5 m from the bench and same height of the 

participant’s chest, to make sure that the full ROM was recorded from the smaller possible distance 

The researcher selected by hand the beginning at the end of the concentric phase of two of the 15 movements, 

previously and randomly selected, being the same for all the subjects. The selection procedure was shown to be 

reliable and possible to do, also for researchers without experience in managing the app, as Balsalobre-

Fernández et al. (2017) proved in their paper. 

 

RehaGait accelerometer 

The RehaGait sensor is an electronic device that measures and reports a body’s specific force, angular 

rate, and the magnetic field surrounding the body. It is a micro-electro-mechanicalsystem (MEMS). This kind of 

inertial measurement unit (IMU) is often used in the field of sports biomechanics. 

The microstructure of the sensor consists in the following: firstly, the accelerometer sensor measures 

linear acceleration. When the mass, which is attached to springs, is accelerated in a specific direction, the change 

in capacitor can be measured. This signal is processed and corresponds to a particular acceleration 

value.Secondly, three-axis gyroscopes which uses the Coriolis effectare working in a similar way than the 

described above with the accelerometer. When a mass is accelerated in a specific direction with a certain 

velocity and an angular rate is applied to the mass, a force will occur, and this change in capacitance can be 

measured, processed and corresponds to a particular value.Thirdly, with the three-axis magnetometer, the MEMS 

sensor is complete. The magnetometer uses the hall effect. When current flow is set on a conductive plate the 

electrons can flow directly from one side to the other side. But when a magnetic field is put on the conductive 

plate the electrons flow to one side of the plate. With a meter the change can be measured, processed and 

corresponds to a particular value.Nevertheless, for a further detailed explanation, the website from Nedelkovski, 

D. (2016) is available with extra audio-visual contents. 

 

Data analysis. Software 

For analyzing the data obtained from the accelerometer, MATLAB, R2019a (9.6.0)© 1984-2018 The 

MathWorks, Inc. [Computer software] was used. A MATLAB script was designed by the researchers, with the main 

goal of plotting the movement and approximating the velocity of the squat movement (corresponding to the area 

bellow the resulting plots) for the two sensors used.  

MATLAB Script 

ds=Sharan20190605105433StandardDataCollectionRawData; 

ds1=ds(:,5)-91.1;%green subtracted gravity 

ds1=ds1/10; 

ds2=ds(:,14)-98.1;                                            %blue subtracted gravity 

ds2=ds2/10; 

f = [0 0.05 0.05 1];                         

m = [1 1 0 0];                               

lowpassfilter = fir2(100,f,m); 

ds3=filter(lowpassfilter,1,ds1); 

ds4=filter(lowpassfilter,1,ds2); 

figure(1); 

plot(ds3,'green'); 

figure(2); 

plot(ds4,'blue'); 
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Xvalues = x1tox2vieten; 

VelocityCon = [0:1:14;0:1:14];                       % Velocity from rep 1 to rep 15 (Placeholder) 

i = 1;   % variable for while loop 

                                                                         % while loop for all 15 reps saved in "VelocityCon" 

In Figure I the plot obtained for the first accelerometersensor (green sensor) is shown. There are 30 peaks for 

every repetition.  

 
Fig.I. Acceleration plot for the 15 squats for the green accelerometer sensor. 

 

Next step for researchers was to identify the concentric phase of the movement. In Figure II it is shown how one 

repetition of the squat movement looked like. The first negative peak is the eccentric phase of the squat whereas 

the positive peak corresponds to the concentric phase, which was the phase of interest.  

 
Fig.II. Acceleration plot for 1 squat repetition of the green accelerometer sensor. 

 

It is a fact of interest that the graph for the second sensor (blue sensor, Figure III) looks different to the green 

sensor (Figure II) and will be discussed later. 
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Fig.III. Acceleration plot for 1 squat repetition of the blue accelerometer sensor. 

 

Finally, the latest step for researchers during the data analysis was to identify the start and end of the concentric 

phase. This work was done manually. 

Statistical analysis 

First, mean and standard deviation of the velocity of the squat concentric phase were calculated for the 

smartphone app and two accelerometer sensors (N=6). Second, to test if there was a difference between the mean 

values obtained for each measuring instrument, paired samples t-test were applied. That means that t-values were 

used to check if there was a big difference between the compared means, whereas the p value was useful in 

ruling out that the results have been fortunate. For that statistical test, a null hypothesis was chosen, meaning that 

we expected no significant difference between the compared measurements. Furthermore, descriptive plots (with 

a 95% confidence interval) were given for a better understanding of the results, as well as individual plots. The 

level of significance was set at 0.05. All calculations were performed using JASP (Version 0.10) [Computer 

software]. 

 

Results 
The paired samples t-test revealed a significant disagreement between the measured velocity values with 

different devices. 

First, the t-test made to compare the results of the first accelerometer sensor (located in the barbell, blue sensor) 

and the smartphone app showed a big difference between the mean values (t = 6.518, p = 0.001, mean difference 

(±SD) between the instruments = 0.364 (0.069)). See Figure IV. 

 
Fig.IV. Mean values (SD) of the blue accelerometer sensor and the smartphone app velocities (ms

-1
). 

 

Second, the t-test made to compare the results of the second accelerometer sensor (located attached to the low-

back of the subject, green sensor) and the smartphone app showed also a big difference between the mean values 

(t = 3.373, p = 0.020, mean difference (±SD) between the instruments = 0.318 (0.08)). See Figure V. 
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Fig.V. Mean values (SD) of the green accelerometer sensor and the smartphone app velocities (ms

-1
). 

Finally, and contrarily, the t-test made to compare the results of both accelerometer sensors revealed no 

difference between the mean values obtained using both testing sensors (t = 0385, p = 0.716, mean difference 

(±SD) between the instruments = 0.046(0.052)). See Figure VI.  

 
Fig.VI. Mean values (SD) of the blue and green accelerometer sensors’ velocities (ms

-1
). 

 

Discussion 

The results show that the measured velocities of the concentric phase of a squat movement were 

significantly different depending on if they were recorded with the smartphone app or with the accelerometer(t = 

6.518, p= 0.001, comparison with blue sensor; t= 3.373, p = 0.020, comparison with green sensor). As it can be 

seen, the p value obtained in the t-test analysis encourage us to trust the results and to assume that they are not 

related to luck. Moreover, the result of the same statistical analysis done for the two accelerometer sensors shows 

that there are small differences between them (t = 0385, p = 0.716), which was the most likely expected result. 

Nevertheless, the evident difference between those devices make it inevitable to wonder which is the most 

accurate tool. Due to that, in this section we try to clarify the question, using the existing literature evidence and 

our own results.  

On the one hand, MEMS sensors are often used in sports biomechanics (Marin, Fradet., Lepetit, Hansen 

& Mansour, 2016). Even if the considered gold standard for human motion analysis are the optoelectronic 

systems, such like 2D motion capturing (Camomilla, Bergamini, Fantozzi & Vannozzi, 2018), due to recent 

developments in the IMU, the accelerometer devices are showing accuracy in monitoring gait and sports 

performance (Marin et al., 2016). By using digital filters and standardized protocols the accuracy can be even 

higher (Camomilla et al., 2018). 

The drawback with processing and interpreting the data from a MEMS sensor is that this kind of 

measurement method is relatively new in the field of biomechanics. In the review from Camomilla et al. (2018) 

it is shown how many studies were published in 2018, in different fields.On top of that, and to the best of our 

knowledge, only Sato, Smith & Sands (2009) validated before a 3-axis accelerometer system with a high-speed 

camera, for a lifting movement. For that experiment, the accelerometer was directly attached to the barbell and 

the subjects performed a snatch pull, which is a movement part of one of the Olympic lifts. Apart from that, it 

was only possible to find a few studies examining weightlifting movements (Flores, Sedano, de Benito, & 

Redondo, 2016).  
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In addition, Camomilla et al. (2018) explain in their review that the technology usage for the RehaGait 

accelerometer is hindered by the skills required for data collection, extraction and interpretation, and that there is 

a current lack of standardization procedures, which make it difficult to coaches, athletes and researchers to use 

and understand this technology. Furthermore, the mentioned authors confirm that, besides using linear 

acceleration and having no specific software to measure resistance training-related lifts, there are existing drift 

errors that hinder the accuracy of velocity and position estimations.  

In this vein, the data recorded on the present study confirms what has been said by Camomilla et al 

(2018) before. Even if the t-test make evident that both blue and green accelerometer sensors have similar mean 

values, standard deviation (±SD) gives us a more detailed point of view. It can be seen that ±SD is significantly 

higher in for the green sensor (0.351), located at the low back of the subjects, compared with the blue sensor 

(0.222), and even larger compared with the smartphone app ±SD (0.153). Also, and supporting the foregoing, the 

range of values is higher for the green accelerometer sensor (0.566-1.515) than for the blue one (0.631-0.165), 

and even higher when it is compared with the smartphone app (0.335-0.770). These descriptive statistics show 

that the accelerometer sensors have more errors than the smartphone app, and concretely the green sensor 

presents the higher amount of them. That can be related, not only to drift errors, but also to the lower stability 

that the sensor located in the back presented, due to the fact that it was attached to a bell. It suffered more 

movements along the 3-axis than the blue sensor attached to the barbell with tape. We plotted the velocity for the 

15 repetitions of all the subjects comparing both accelerometer sensors and we observed that, even if for some of 

the subjects the values agreed (see Figure VII), for some others, values differed (see Figure VIII). Supporting us 

with previous research we can assert that these differences are due to drift errors given by the accelerometer 

system. 

 
Fig.VII. Velocity (m/s) of the 15 squats for a subject with small differences between sensors. 

 
Fig,VIII. Velocity (m/s) of the 15 squats for a subject with big differences between sensors. 
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In order to reduce these errors and make measurements more reliable, Camomilla et al. (2018) presented in their 

review guidelines for the quality assessment, calibration, fixing and data processing of the accelerometer sensors. 

First, the re-calibration is important to improve poor accuracy. For our project we re-calibrated gravity. Second, 

they warn users to avoid ferromagnetic disturbances when possible and re-calibrate accelerometers, gyroscopes 

and magnetic sensors before using them. Also, to avoid disturbances, they recommend limiting the movement 

between the body and the device, avoiding tape and areas with “wobbling” soft tissues (fat or muscles), and 

areas close to joints. Third, for data processing, they recommend applying a low-pass filter with various cut-off 

frequencies, as well as refer to appropriate validation based on reference data or literature that is sport and task-

specific, and interpret data within the limits set by the quality assess. We used a low-pass filter in our MATLAB 

script. Finally, it would be preferable to have task specific reference data. For that, we used the values given by 

Balsalobre-Fernández (2017) and Rahmani et al. (2001). 

On the other hand, the smartphone high-speed camera app called MyLift has been validated with a LT as 

Balsalobre-Fernández et al. (2017) showed. In their research paper they compared the velocities of a lifting 

movement measured with both devices, and showed a significant and very high relationship between the values 

of the mean (r = 0.94, CI = 0.92-0.96, SEE = 0.028ms
-1

, slope of the regression line = 0.97, P< 0.001). 

Furthermore, the smartphone app showed to be consistent for two independent researchers who measured the 

liftings, with no previous experience in the recording technique (P = 0.549; mean (±SD) difference between 

observers = 0.0007 ± 0.002 ms
-1

) proving that the app is an easy tool that can be used for coaching and 

researching purposes, in a reliable way. Its strengths are also highlighted by the fact that the tool has a time 

saving component since only two minutes are needed to record one set of liftings, by the low economic costs and 

by the comfortable transportation (all data is recorded and can be stored in the daily smartphone of the 

experimenter). So far, and with more research needed to strengthen the present results, no further evidence exists 

showing the opposite. Besides, there are other research papers proving the validity and reliability of similar 

smartphone applications such as MyJump or MySprint, when comparing them with the gold standard methods of 

their fields. That evidence encourages us to rely on the results showed by Balsalobre-Fernández et al., (2017) 

and to assess that we trust the results recorded by the smartphone high-speed camera in the present research. 

 

Conclusions 

In conclusion, considering previous research and the given evidence, usingMyLift has been shown to be 

a more reliable way of measuring the concentric phase velocity of a squat movement, compared with the 

RehaGait accelerometer sensors, due to drift errors, and lack of standardization procedures. 

 

Limitations 

The limitations of the study are that drift errors hindered the accuracy of the velocity and position 

estimationsof the accelerometer sensors. Also, due to the fact that we had no specific software to analyze only 

the concentric phase of the squat movement, we spent a large amount of time in the developing of a new data 

analysis procedure that could have been invested in analyzing the results a draw a deeper discussion. Finally, the 

sample size is small (N = 6; 15 repetitions each) and the results of the present study should we taken cautiously. 

 

Further research 

Further studies are needed to reinforce the insights given in the present report. Firstly, more validation 

for the high-speed camera technology is necessary in order to have stronger evidence about its validity and 

reliability. For that, it would be convenient to carry out validation studies with different measurement methods. 

Also, MEMS sensors have the potential to be as reliable as other technologies, such as high-speed cameras, for 

measuring lifts velocities. For further studies and further development, we recommend a better and closer 

collaboration between sports biomechanics, technicians and engineers to work together on methods and 

software, in order to improve error compensation, with the targetof providing coaches with informative and easy 

interpretable data. 

 

Practical applications 
The results of the present study have a clearly defined practical implementation. In order to provide 

coaches and researchers to find the most accurate and reliable method to measure their subjects, the information 

gathered by the present work can have a special interest. First of all, the drawbacks of the accelerometer 

RehaGait sensors are highlighted. Further, advice for better use of the technology and future research have been 

proposed, with the aim of having a more accurate technology, with easier data management, that will allow 

researchers to understand and use better their results.  

On the other hand, the reliability of the smartphone app MyLift has been also highlighted. As 

Balsalobre-Fernández et al., (2017) already stated, it was proved to be a method that can allow coaches to 

measure strength training movement velocities in a simple, fast and reliable way, with a low economic cost. We 

hope, therefore, that the information gathered by this work can help coaches and researchers to decide what 

technology can they use for measuring lifts’ velocities, and to know key points that needs to be considered for its 

usage. 



PABLO GARCIA MATEO 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
1352

Conflicts of interest 
The author declare that there was no conflict of interest, and that the research was not supported by funding. 

 

Acknowledgements 

The author want to thank the participants for their involvement in the present study. 

 

References 

Balsalobre-Fernández, C., Glaister, M. and Lockey, R. A. (2015). The validity and reliability of an iPhone app 

for measuring vertical jump performance. Journal of Sports Sciences, 33(15), 1574-1579.  

Balsalobre-Fernández, C., Marchante, Muñoz-López, M.and Jiménez-Saiz, S. (2017). Validity and reliability of 

a novel iPhone app for the measurement of barbell velocity and 1-RM on the bench-press exercise. Journal 

of Sports Sciences, 36(1), 1-7.  

Balsalobre-Fernández, C., Kuzdub, M., Poveda-Ortiz, P. and Campo-Vecino, J. D. (2016). Validity and 

reliability of the push wearable device to measure movement velocity during the back squat exercise. 

Journal of Strength & Conditioning Research, 30(7), 1968-1974. 

Bazuelo-Ruiz Padial, P., García-Ramos, A., Morales-Artacho, A. J., Miranda, M. T. and Feriche, B. (2015). 

Predicting maximal dynamic strength from the load-velocity relationship in squat exercise. Journal of 

Strength & Conditioning Research, 29(7), 1999-2005. 

Camomilla, V., Bergamini, E., Fantozzi, S. and Vanozzi, G. (2018). Trends supporting the in-field use of 

wearable inertial sensors for sport performance evaluation: A systematic review. Sensors, 18(3), 873. 

Comstock, B. A., Solomon-Hill, G., Flanagan, S. D., Earp, J. E., Luk, H. Y., Dobbins, K. A., …,Kramer, W. J. 

(2011). Validity of the Myotest® in measuring force and power production in the squat and bench press. 

Journal of Strength & Conditioning Research, 25(8), 2293-2297. 

Conceição, F., Fernandes, J., Lewis, M., González-Badillo, J. J. and Jiménez-Reyes, P. (2016). Movement 

velocity as a measure of exercise intensity in three lower limb exercises. Journal of Sports Sciences, 

34(12), 1099-1106. 

Cormie, P., McGuigan, M. R. and Newton, R. U. (2010). Adaptations in athletic performance after ballistic 

power versus strength training. Medicine & Science in Sports & Exercise, 42(8), 1582-1598. 

Cotterman, M. L., Darby, L. A. and Skelly, W. A. (2005). Comparison of muscle force production using the 

smith machine and free weights for bench press and squats exercises. Journal of Strength and 

Conditioning Research 19(1), 169-176. 

Crewther, B. T., Kilduff, L. P., Cunningham, D. J., Cook, C., Owen, N. and Yang, G. Z. (2011). Validating two 

systems for estimating force and power. International Journal of Sports Medicine, 32(4), 254-258. 

Cronin, J. B., McNair, P. J. and Marshall, R. N. (2003). Force-velocity analysis of strength-training techniques 

and load: implications for training strategy and research. Journal of Strength and Conditioning Research, 

17(1), 148-155. 

Flores, F. J., Sedano, S., de Benito, A. M. and Redondo, J. C. (2016). Validity and reliability of a 3-axis 

accelerometer for measuring weightlifting movements. International Journal of Sports Science & 

Coaching, 11(6), 872-879. 

Folland, J. P. and Williams, A. G. (2007). The adaptations to strength training. Sports Medicine, 37(2), 145-168. 

Fry, A. C. (2004). The role of resistance exercise intensity on muscle fibre adaptations. Sports Medicine, 34(10), 

633-679. 

Gandevia, S. C. (2001). Spinal and supraspinal factors in human muscle fatigue. Physiological Reviews, 81(4), 

1725-1789. 

Gonzalez-Badillo, J. J. and Sánchez-Medina, L. (2010). Movement velocity as a measure of loading intensity in 

resistance training. International Journal of Sports Medicine, 31(5), 347-352. 

Gonzalez-Badillo, J. J., Rodriguez-Rosell, D., Sanchez-Medina, L., Gorostiaga, E. M. and Pareja-Blanco, F. 

(2014). Maximal intended velocity training induces greater gains in bench press performance than 

deliberately slower half-velocity training. European Journal of Sport Science, 14(8), 772-781. 

Hintzy, F., Tordi, N., Predine, E., Rouillon, J. D. and Belli, A. (2003). Force-velocity characteristics of upper 

limb extension during maximal wheelchair sprinting performed by healthy able-bodied females. Journal of 

Sports Science, 21(11), 921-926. 

Jidovtseff, B., Harris, N. K., Crielaard, J. M. and Cronin, J. B. (2011). Using the load-velocity relationship for 

1RM prediction. Journal of Strength and Conditioning Research, 25(1), 267-270. 

Julio, U. F., Panissa, V. L. G. and Franchini, E. (2012). Prediction of one repetition maximum from the 

maximum number of repetitions with submaximal loads in recreationally strength-trained men. Science & 

Sports, 27(6), e69-e76. 

Karavirta, L., Häkkinen, A., Sillanpää, E., García-López, D., Kauhanen, A., Haapasaari, A., …, Häkkinen, K. 

(2011). Effects of combined endurance and strength training on muscle strength, power and hypertrophy in 

40-67-year-old men. Scandinavian Journal of Medicine and Science in Sports, 21(3), 402–411. 



PABLO GARCIA MATEO 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
1353

Lake, J. P., Lauder, M. A. and Smith, N. A. (2012). Barbell kinematics should not be used to estimate power 

output applied to the Barbell-and-body system center of mass during lower-body resistance exercise. 

Journal of Strength& Conditioning Research, 26(5), 1302-1307. 

McMaster, D., Gill, N., Cronin, J. and McGuigan, M. (2014). A brief review of strength and ballistic assessment 

methodologies in sport. Sports Medicine, 44(5), 603-623. 

Morin, J. B. and Samozino, P. (2016). Interpreting power-force-velocity profiles for individualized and specific 

training. International Journal of Sports Physiology and Performance, 11(2), 267-272. 

Nikolaidis, P. T. (2012). Age- and sex-related differences in force-velocity characteristics of upper and lower 

limbs of competitive adolescent swimmers. Journal of Human Kinetics, 32, 87-95. 

Li, Y., Hanssen, H., Cordes, M., Rossmeissl, A., Endes, S. and Schmidt-Trucksäss, A. (2015). Aerobic, 

resistance and combined exercise training on arterial stiffness in normotensive and hypertensive adults: A 

review. European Journal of Sport Science, 15(5), 443–457. 

Marin, F., Fradet, L., Lepetit, K., Hansen, C. and Mansour, K. B. (2016, Mai). Inertial measurement unit in 

biomechanics and sport biomechanics: past, present, future. In ISBS-Conference Proceeding Archive (Vol. 

22, No. 1). 

Nedelkovski, D. (2016m January 2). MEMS Accelerometer Gyroscope Magnetometer & Arduino. Retrieved 

from https://howtomechatronics.com/how-it-works/electrical-engineering/mems-accelerometer-gyroscope-

magnetometer-arduino/  

Patterson, J. A., Amick, R. Z., Thummar, T. and Rogers, M. E. (2014). Validation of measures from the 

smartphone sway balance application: A pilot study. International Journal of Sports Physical Therapy, 

9(2), 135-139. 

Pollow, M. L., Carroll, J. F., Graves, J. E., Leggett, S. H., Braith, R. W., Limacher, M. andHagberg, J. M. 

(1991). Injuries and adherence to walk/jog and resistance training programs in the elderly. Medicine & 

Science in Sports & Exercise, 23(10), 1194-1200. 

Rahmani, A., Viale, F., Dalleau, G. and Lacour, J. (2001). Force/velocity and power/velocity relationships in 

squat exercise. European Journal of Applied Physiology, 84(3), 227-232. 

Samozino, P., Rejc, E., Di Prampero, P. E., Belli, A. andMorin, J. B. (2012). Optimal Force-Velocity Profile in 

Ballistic Movements—Altius: Citius or Fortius? Medicine & Science in Sports & Exercise, 44(2), 313-322. 

Sañudo, B., Rueda, D., Pozo-Cruz, B. D., De Hoyo, M. and Carrasco, L. (2016). Validation of a video analysis 

software package for quantifying movement velocity in resistance exercises. Journal of Strength & 

Conditioning Research, 30(10), 2934-2941. 

Sato, K., Smith, S. L. and Sands, W. A. (2009). Validation of an accelerometer for measuring sport performance. 

The Journal of Strength & Conditioning Research, 23(1), 341-347. 

Soriano, M. A., Suchomel, T. J. and Marín, P. J. (2016). The optimal load for maximal power production during 

upper-body resistance exercises: A meta-analysis. Sports Medicine, 45(8), 1191-1205. 

Sprague, R. Ct., Martin, J. C., Davidson, C. J. and Farrar, R. P. (2007). Force-velocity and power-velocity 

relationships during maximal short-term rowing ergometry. Medicine & Science in Sports & Exercise, 

39(2), 358-364. 

Vanderthommen, M., Francaux, M., Johnson, D., Dewan, M., Lewyckvj, Y. and Sturbois, X. (1997). 

Measurement of the power output during the acceleration phase of all-out arm cranking exercise. 

International Journal of Sports & Medicine, 18(8), 600-606. 

Van der Tillar, R. and Ettema, G. (2004). A force-velocity relationship and coordination patterns in overarm 

throwing. Journal of Sports Science & Medicine, 3(4), 211-219. 

 


