
 

 

Abstract: The aim of this paper is to determine the 
most suitable methodology for evaluating vertical 
jump performance using only an inertial 
measurement unit (IMU). This is done by comparing 
the measurement results gained from an IMU with 
the results from a force plate and an optical motion 
capture system. For the comparison, we consider 
different calculation methods, sensor positioning, 
sampling frequency as well as signal processing 
algorithms. For these purposes, custom designed 6 
DOF IMU wireless sensor device was developed and 
implemented. It includes an accelerometer with a 
dynamic range of 16 g0 and a gyroscope with a 
dynamic range of the of 2000 deg/s. It allows 
sampling frequencies of up to 500 Hz. The device 
continuously sends sensor data and signals via a 
Wi-Fi interface. Data obtained from the force plate, 
optical motion capture system, and IMU is 
synchronized by a custom-made LabVIEW 
application. This provides a basis for improvement 
of the VJ calculation model and enables more 
reliable use of IMU sensors for testing and 
evaluation of vertical jump performance. 

 
Index Terms: IMU, wearable sensor device, 

vertical jump, optical motion capture system, force 
plate 

1. INTRODUCTION 

High level of muscle power of the legs plays an 
important role in the context of performance in 
multiple sports such as running, team, and combat 
sports [1]. Therefore, testing and evaluation of 
lower-limb power is included in most of the applied 
sets of tests in the system of sport testing. The 
vertical countermovement jump (CMJ), squat 
jump (SJ) and drop jump (DJ) are among the most 
widely performed movements to assess lower-
limb power [2]. Although an estimate of the power 
generated during an activity can produce insight 
beyond that given by the performance itself [3],  
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vertical jump is predominantly described in terms 
of jump height. This has become one of the 
indirect techniques most frequently used by 
researchers and coaches to estimate lower limbs 
muscle power [4]. 

The available equipment used for the 
measurement of vertical jump performance 
includes optical motion capture systems and force 
plates, that are considered a gold standard in 
relation to validity of the measurement but are 
mostly confined to laboratory settings [5], [6]. In 
addition, portable optoelectronic systems and 
contact mats are often used in sport praxis [7]. 
However, recent technological advances in 
microelectromechanical systems (MEMS) have 
enabled the use of IMU (inertial measurement 
unit) as a means for sports motion analysis [5], 
including vertical jump testing. 
As IMU utilizes the same fundamental principle as 
the force plate for jump height measurement [8], 
several ways of estimating vertical displacement 
of center of the mass (CoM) used on a force 
platform (FP) can, by analogy, be applied when 
using an IMU. Among other methods used for 
vertical jump height calculation, the two most 
widely applied are based on flight time (FT) and 
takeoff velocity (ToV) [7], [9], given by the 
following equations, respectively: 

 

 

where in equations (1) and (2) ℎ denotes the 

height of the jump in meters, � is the overall flight 
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time in seconds, ��� is the takeoff velocity in m∙s-1 

and �� is the acceleration due to gravity in m∙s-2. In 
this context, flight time is defined as the time 
period between the instant of takeoff and the 
instant of landing while takeoff and landing are 
identified as points in time when the acceleration 
becomes less than g and again equal to g, 
respectively. Takeoff velocity is determined by the 
integration of the filtered acceleration signal 
measured before the instant of takeoff. 

2. PROBLEM STATEMENT 

Although numerous studies have validated 
different IMUs [5]–[7], [10], [11], several important 
questions remain. The first one is related to the 
appropriate placement of the IMU on the body of 
the participant performing a vertical jump. 
Dominantly used positions include the following: 
central positioning on the participants back at the 
level of the inferior angle of the scapula [12], 
projection of the CoM on lower back (L4-L5 region) 
[5], [7], [10], [13], positioning on the hip [11], and 
positioning of the IMU on the ankles of the 
participant [14]. The second question is related to 
the aforementioned jump height calculation 
method that provides the most reliable and valid 
results in relation to the appropriate positioning of 
the sensor. The third question concerns the 
characteristics of the sensor system that can 
influence the obtained results. These are mainly 
the effects of sampling frequency and applied filter 
parameters [15] as well as the use of data 
obtained solely from the accelerometer for FT 
calculations versus data obtained using sensor 
fusion that. Given a proper calculation algorithm, 
the later can provide constant information about 
sensor orientation relative to the global coordinate 
system. This enables the use of ToV and 
numerical double integration (NDI) methods for 
jump height calculations [7], [16]. In these cases, 
the effect of the integration of the angular velocity 
and double-integration of the acceleration 
introduces drifts in the results. In both cases, a 
higher sampling frequency is beneficial in order to 
obtain a more precise measure of jump duration 
and minimize the impact of integration errors on 
the jump height result. When coupled with 
relatively short duration of the jump this can 
potentially allow a more accurate jump height 
estimate. 

3. PROPOSED SOLUTION 

On the basis of the above mentioned, further 
research should aim to determine the most 
suitable methodology for measurement of vertical 
jump performance using an IMU. As already said, 
this should be done in relation to the jump height 
calculation method, sampling frequency, signal 
processing algorithms, and the measurement 

procedure. For these purposes, a custom-made 
wireless sensor device equipped with a combined 
3D accelerometer and 3D gyroscope IMU sensor, 
LSM6DS33, STMicroelectronics, Geneve, 
Switzerland [17] was developed. The sampling 
frequency of the IMU is up to 500 Hz, the dynamic 

range of the accelerometer is 16 g0 and the 

dynamic range of the gyroscope is 2000 deg/s.  
The sensor device continuously sends IMU sensor 
data via a Wi-Fi interface while a custom-made 
LabVIEW application is used for real-time 
synchronization of the data obtained from the 
force plate, optical motion capture system, and 
IMU. The comparison of the results obtained using 
an IMU and simultaneously sampled results 
obtained from a force plate and an optical motion 
capture system can lead to extra-parametrization 
[18] of the VJ calculation model and should be 
used in order to draw definite conclusions in 
relation to applicability of IMU for testing and 
evaluation of vertical jump performance. 
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