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VGRF based on GRA-BP model for predicting
volleyball dunk landings

LIU Shuting, QIU Mu’en, LI Wei

(School of Physical Training, Beijing Sport University , 100084 Beijing, China)

Abstract ; Objective To establish a coupled mathematical model of grey relation analysis (GRA) and BP
neural networks to predict the vertical ground reaction force (vGRF) of a volleyball player’s dunked ball
to the ground to replace a three-dimensional force measuring table. Methods Twenty volleyball players

from Beijing Sport University were selected to demonstrate the volleyball dunking action with two-step run-
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ning,and their kinematics and dynamics data were simultaneously collected by the motion capture system
and the 3D force measuring table. Opensim was used to calculate the kinematic data of the volleyball
players’ two-step running dunks. GRA was used to screen kinematic indicators with correlations lower than
0.98. Root mean square error, mean absolute percentage error, mean absolute error,and R were used as
the evaluation indexes of the GRA-BP model ,and Kendall’s W coefficient was used to evaluate the consis-
tency between predicted vVGRF and measured vGRF. Results The GRA results showed 13 kinematic data
correlations of anterior-posterior pelvic tilt angle,left-right pelvic tilt angle,and pelvic rotation angle were
all higher than 0. 98. The R, between predicted and measured values in the training set was 0. 271 BW,
the Ry ,pp was 4% ,the Ry, was 0. 17 BW ,and the R was 0. 999. The Ry, between predicted and meas-
ured values in the validation set was 0. 235 BW R, was 3.9% ,R,;,; was 0. 14 BW ,and R was 0. 998.
Between predicted and measured values in the test set,the Ry, was 0. 224 BW Ry, was 3. 6%, Ry
was 0. 14 BW,and R was 0. 998 ; the coefficient of Kendall’s W was 0.945 (P<0. 001). Conclusion The
GRA-BP model established by this study can be significantly improved. GRA-BP model can significantly
improve the accuracy of vGRF of volleyball players’ dunk landing and significantly shorten the measure-
ment time.

Key words ; vertical ground reaction force ; grey relational analysis ;neural network ; volleyball spike ; OpenSim
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Fig. 6 GRA-BP model training results
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force measurements and predicted values
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