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Predicting rugby kick passes
using posture estimation and object recognition
Hiromu Kitagawa
Abstract
In Rugby, the kicking pass is crucial for scoring tries, emphasizing the importance
of kicking practice. However, teaching accurate kicking techniques poses a
challenge for coaches due to the varying forms of kicks among individuals. The
limited number of kicking coaches in Japan exacerbates this issue, particularly in
public high schools where space constraints lead to kicking practice into nets. To
address this, a neural network model has been developed to predict kick success
based on kicking posture data. Existing models are effective for fixed rugby ball
conversion kicks but fall short for kick passes with a moving ball, as the
appropriate form depends on the ball's position.

In this study, we devised a kick-pass landing prediction method that considers
not only posture data but also ball position data to predict the success or failure
of a kick-pass. Specifically, we extracted the posture data of a kick pass from a
video of a kick pass using OpenPose for posture estimation and YOLO for object
recognition, and generated a prediction model of the kick pass using LSTM. In
this study, the prediction model was generated based on the video of the kick pass
taken in cooperation with the Ritsumeikan University Athletic Association Rugby
Club. The following two issues needed to be addressed in order to realize this
method.

Noise removal of recognition data
When estimating player posture and ball position data from a kick-passing
video, data (noise) that has nothing to do with the person or the ball may be
mixed in, which must be removed.

Identification of joints that affect the landing point of the kick
It is thought that some of the joint data inferred from the video may not be
directly related to the success or failure of the kick pass. It is also possible that
some joints that are considered necessary in the domain knowledge of Rugby
may not actually be important for the success or failure of the kick pass. In

order to provide accurate instruction to players, it is necessary to identify the
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necessary and sufficient joints and to verify the validity of previous domain
knowledge from the data.

For the first issue, when the keypoints are estimated with OpenPose, the
confidence value in the data is considered to be low in the case of noise. In
addition, many noises cannot be obtained for some joints. Therefore, we averaged
the confidence values and removed those with low averages, and for objects
recognized in YOLO other than balls, we checked whether the object IDs on the
left side of the values could be identified.

In the second task, we generated a prediction model of a kick pass using LSTM
from two types of posture data targeting different joints, and compared the
accuracy of the prediction models to identify the joints that are critical for a
successful kick pass. Specifically, we built a predictive model of kick-passing using
two cases: one in which the model was trained using discarded joints based on
rugby domain knowledge, and the other in which the model was trained using all
joint data. The models were then compared and evaluated to verify the validity of
the model built based on domain knowledge. The contributions of this study are
as follows
Noise removal of recognition data

To remove noise from the joint data estimated using OpenPose, we averaged
the OpenPose confidence values and removed those with low average values.
This allowed us to remove noise with low confidence values that had nothing
to do with the data.
Identification of joints that affect the landing point of the kick

We constructed a kick path prediction model using posture data for selected
joints based on domain knowledge and posture data for all joints, and
compared the accuracies. The experimental results could not validate the
usefulness of the ball position and rugby domain knowledge: knee of the
kicking foot, ankle of the kicking foot, ankle of the shaft foot, knee of the shaft
foot, shoulder of the shaft foot, right eye, and left eye. However, the method
that utilizes both the ball position and domain knowledge achieved an
accuracy of 80% depending on the number of epochs, higher than the average

accuracy in using all the joint points without the ball position.
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Z ENTER. AHFFETIT 9 OpenPose |2 T5/4X|3T£i it & =8
5D people I121%, TNZAIUEHENE (confidencescore) % FHML L, b FHIE
D people DA EFHET LW FIETHDH. [EHEE (confidence score) &1
B ESCa L Ea— 2 Vg T SHDEERETHY, ETABMToRT
PR O EFEMECERMEZ R IETH 5H. [EHEME (condifence score) 23\
Ba, MRDEMTOLEZEZLND.
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BE, /A AR EMmHORTEEMENIEF 1@V, £ D7, ¥~ A7 |Z True
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KIFGETI, o 7 RAOTRET VAL T H-0I12, ®BEvE (T1—7
T—=27) BV THWLRA AARFER =2 —F vy NU—7,
LSTM =\ 7=[4]. Z® LSTM &3, [LongShort-Term memory| %W L7=5
WThDH. LSIN &1L, T4 —F 7 == NI OFEMEL TWEFIET
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RNN 232 TWAREKIAMEEZBEL TS, ZOMEZHR LIEON
LSTM THh Y, I KOFHATH 5. AWFETIE, Fv 7 SATFRET LV THWE
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4.1 FA AL D58
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REWEZ 72N OREITT 5

4.1.1 IEEAR

AETIX, AMFRTHNET T E—DF v 7 SR EBIT D KA A &k
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SO LWVWIHRY g THL—LTEY, NIT a3a2=r—r 3> X (B NIT
A 2= —va v AU A =TT — 0 ARENA L) IZTEE LTV
BETHD. BRITRA T — 2 2R LT%, BIEXRAYOX v 7 HH 7 0
a—F (FyF o ra—F) L LTREEZRID kA T — A28 LIEHELZ LT
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