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Using the Artificial Neural Network to Predict the Lower Limbs’ Joint Torques
during Vertical Jump through the Parameters of Ground Reaction Force

Abstract

The test of ground reaction force (GRF) of vertical jump is an easy method.
Among the sport science studies, it is often used to assess the athlete’s muscular
ability of lower limbs and abrupt forces. However, GRF can only show the power
level of lower limbs during vertical jump. To deeply understand the force usage and
control situation of lower limbs’ different joint muscles, a further study of its joint
muscle torque is required. Nevertheless, to understand the variation of joint torque,
we have to measure the kinematics parameter of bodies, the GRF parameter of
kinetics, and body inertia parameter, through the calculation of inverse dynamics.
Artificial Neural Network (ANN) possesses strong experience modeling capability. It
needs no fixed and existed mathematic model to solve problems. With good learning,
assessing, and error-adapting capability, it can solve many high nonlinear problems

that can not be solved by traditional mathematics and statistics.

The purpose of this study is to establish an ANN to predict lower limb’s joint
torques of two vertical jumps, Counter-Movement Jump (CMJ) and Squat Jump (SJ).
By ways of imputing of GRF related parameters, which are relatively easy to measure
and acquire, and then through ANN calculation, we can finally assess the three joint
torques of lower limb, which previously were obtained by the calculation of inverse
kinematics. This research used the experiment data of 10 male players. The input
parameters of this model were time%, GRF, vertical displacement, speed, and power;
the output parameters of this model were all joint torque of lower limbs. Finally
“5-10-3 model” was found to be an optimum model (input layer had 5 artificial
neurons; there’s 1 hidden layer, and it had 10 artificial neurons; output layer had 3
artificial neurons). In this study, every mean root-of-mean-square was under 0.05, and
every correlation coefficient was above 0.95. Moreover, this model worked well when
it predicted the extreme value of joint torque and the impulse of angle. Therefore, this
result showed that the method should be feasible to predict the joint torque of lower
limbs through the relevant parameters of GRF by this ANN model.

Keyword: Vertical Jump, Joint Torque, Artificial Neural Network
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