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Background
Resistance training (RT) is widely known to improve athlete performance by 
increasing muscle mass, maximal strength and power output (Suchomel et al., 
2016). Furthermore, it has been showed that, for recreational athletes, RT offers 
promising advantages in many domains of daily life: from improved physical 
performance, walking speed and cognitive abilities, to decreases in first world 
disorders such as obesity, cardiovascular health and low bone mineral density, 
amongst others (Westcott, 2012). However, one key challenge with RT is to 
objectively monitor training intensity and actual training load for maximizing 
training benefits (González-Badillo & Sánchez-Medina, 2010).

A promising objective method to quantify RT intensity is velocity-based training 
(VBT) (Suchomel et al., 2021). There, the RT is configured by utilizing two 
different variables. First the repetition velocity variable, which is related to the 
load magnitude (heavier weight, lower velocity), and second the velocity loss 
variable, which expresses the allowed percent loss of the fastest repetition of 
each exercise set (González-Badillo & Sánchez-Medina, 2010). With VBT, a 
coach can gain an overview of an athletes fitness and fatigue status by 
monitoring changes in velocity. A reduction in velocity could origin from fatigue, 
overtraining, or maladaptation while faster velocities could represent a successful 
adaption to training stimuli (J. Weakley et al., 2021).

That’s where the SNF project “Digital Twin” at the SFISM is focused at. It aims 
to advance strength training guidelines and monitoring of training safety and 
efficiency by means of subject-specific anatomically-based modelling, 
biomechanical analysis of musculoskeletal function and mobile monitoring of 
training volume and muscular fatigue in the athletic and recreational setting.
Especially my PhD project aims to advance the mobile monitoring of training 
volume and muscular fatigue by means of IMU technology as embedded in the 
watchOS and iOS. In a first phase motion-recognition algorithms to track 
trainings volume and muscular fatigue are advanced. Then for the second phase 
these algorithms are validated with help of the optical motion capturing system 
Vicon, isometric strength testing and electromyography. In the third phase a user-
friendly workout analysis app is created to provide this research to the largest 
possible audience.

Focus
New possibilities have emerged for strength coaches and athletes to obtain 
velocity measures with a simple and reasonable approach using video data of 
exercise execution. In particular, it has been shown that it is possible to record a 
video of a lift with an iOS app and to derive velocity measures with satisfying 
validity, reliability and accuracy (Balsalobre-Fernández et al., 2018). These 
advances in computer vision are opening the way for a reliable and low in cost 
method to monitor trainings volume and muscular fatigue via VBT.
Building on these most recent trends, the motivation is  to create a computer 
vision application that allows convenient and low-cost tracking of barbell position, 
velocity and acceleration, scientifically validated against data from marker-based 
optical motion capture as gold standard.  In this work the feasibility of such an 
application is shown. 

Methods
A motion capture algorithm for video-based analysis of barbell kinematics was 
developed using the high-level programming language Python and OpenCV 
libraries. As input into the algorithm, sagittal-plane video data is needed with the 
barbell plate in focus, as well as user- defined barbell plate diameter and manual 
placement of region of interest (ROI) on plate. Barbell displacement is then 
automatically tracked as follows: 1) Selection of ROI 2) computation of centre of 
ROI, 3) derivation of the centre of the barbell for each frame via OpenCV tracker 
and 4) smoothing of trajectory using a moving average filter. 
The Python algorithm was tested in one professional weightlifting athlete (f, 
w=57.5kg, age=34) during the back squat. Video data was captured using a 
Galaxy S7 (Samung, Seoul South Korea). Bar path, velocity profile and mean 
velocity of lift (propulsive phase) were calculated based on the video. 

Outlook
The preliminary results in one subject are promising. As a next step, the 
computational algorithm will be validated for the back squat and other strength 
exercises using Vicon data as gold standard. Further approaches for low-cost 
VBT performance monitoring using smartphones and smartwatches will be 
explored. By using the Python programming language, an extension and open 
source sharing of the resulting algorithm via GitHub, for the benefit of the wider 
professional and recreational sports community, is envisioned. 
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Fig 2: Position data, velocity data and acceleration data of evaluated back squats. The eccentric 
part is highlighted in a light green and the concentric part in a darker green while the blue line 
marks the turning point.

Fig 1: Screenshots during tracking process at three different frames.


