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Scrum Superiority Determination Model Using Posture Estimation

Daiki Komatsu
Abstract

In recent years, the Rugby World Cup has been held in Japan. The scrum is a
very important play in rugby because the control of the ball changes and affects
the flow of the match depending on the scrum. Thus, strengthening the scrum is
necessary, but simply recruiting bigger players and increasing strength training
are not enough. The scrum may appear to be a pure contest of strength, but it is
a very delicate game that requires skill, as the slightest difference in the direction
or angle of the body can cause a player to move forward or backward.
Furthermore, the scrum is a difficult game to teach professionally, as the way of
pushing changes according to the individual players and the team's policy. In
recent years, there are scrum coaches who specialize in teaching the scrum.
However, most public high schools in Japan do not have coaches with the same
level of expertise as strong university schools or professional teams, and it is
difficult for coaches without such expertise to judge whether the basic posture is
the correct one.

Therefore, in this study, we generate a dominance decision model for scrum
using posture data extracted from basic scrum images, and identify joints that
increase the probability of Scrum advancement. Specifically, the posture data is
extracted by OpenPose, and the dominance decision model is learned by the
multilayer perceptron (MLP). In this study, images of scrums were taken with the
cooperation of the Ritsumeikan University Athletic Association Rugby Club. The
following two issues need to be addressed in order to realize this method.
Construction of a judgment model

In order to identify joints that increase the probability of advancing, a scrum
dominance decision model that predicts the probability of advancing or retreating
is necessary. Once a decision model is obtained, it can be used to predict the
forward probability of various scrums.

Search for Useful Joints in Scrum

Using the dominance decision model, it is necessary to identify important joint
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combinations that improve the probability of moving forward in the direction of
progress, and to search for which of these joints can be moved to improve the
probability of moving forward. In addition, the distance and angle between each
joint should be considered in the search, since joints indicate unrealistic positions.

For the first task, in this study, we used MLP (multilayer perceptron), a machine
learning technique. First, joint data of players were obtained from scrum images
using OpenPose. Next, we expanded the training data by moving the joint data
horizontally up, down, left, and right. The expanded data is used to train MLP.

For the second task, we constructed a dominance judgment model by narrowing
down the joints in the posture data, and identified the joints that contribute to the
judgment accuracy. Next, the identified joints were horizontally shifted up, down,
left, and right to search for joint positions that increase the superiority of the
scrum. To demonstrate the usefulness of the proposed method, we implemented
a system incorporating the proposed method and verified its operation. The
contributions of this study are as follows:
Construction of a prediction model

We expanded the number of images from 100 scrum images to 4000 images.
100 scrum images achieved an accuracy of 50%, and in the dominance decision
model trained on the expanded data, the accuracy was below 40% because noise
is considered to have also increased as the data was expanded. The model for
judging superiority trained on the expanded data is below 40%.
Verification of useful joints for predicting dominance of scrum

After narrowing down the number of joints, the hip, back, knee, and ankle joints
were identified as particularly important joints for scrambling forward and
backward, and the accuracy of the prediction model using these joints was 60%.
Furthermore, according to the correct scrum form obtained from the expert
questionnaire, the posture data of the backward scrum was corrected so that the
horizontal positions of the hip and knee joints were equal, and as a result, 80% of
the scrums were judged to be forward scrums. As a result, 80% of the scrums were
judged to be forward scrums. This verified the validity of the known form using

the judgment model learned from the data.
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D, EOLDITHEEL, EFOLDRBEENHIEONEIRRD.

3.1 ETIEEOHE

AREITIEL, A7 T LOBAAET T T L ORELEOTAIUZOWTHIT 5. £77,
THET NVERES DITHTc > TRINZKLEREENTFHITERNT 572007
— X DIETHD. SlElE1vi DAY T LEHRE L, OpenPose % W CHET
—H T2 T —HENEL, T—F Y FEER L. RICT—FD
AJ1THSH. MLP IZIIAE, TifE (FEnkg), HAaErbs. AE<Tixr
— X%y hOANT), FiE BEE) CEEAZFEHTLHILETIOETO IV
— 7T EROETENTZENTE S, ATETIEAI L7z 25 [HOBHi O X
JEREL Y IR & 2 O OEFEE 2, TEE (B8 Tk — M 512 12,
TEMEACBIEIT ERUERIEEI 2 FVy, P E 2 eEnTEL Rry Ty
MERIT o2 ERELE. HAHBTIE, — FEE 2 1R E L, IHME BTy 7
b~ 7 2%, Fev 77y hEgRiZo2 ERELE. £ LT, FHBREORK
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3.2 RET—2DIE
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L—AZ L2123 Djson 7 —FBNEKRSND. L7eRn->T, 120 json 7 —
2131 KOEER B Lz json 77— % Lo Z &2/ b, MLP THEMT 50
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EAZ T o TN D FR EMAT 21T 5 2 &N TE H[3]. oMz, LP Y
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TRy OEWVIZENE I 0DOETHDH. Bl X—k 7 ko ANIEHEO AT
IR LT, WA =87 haoroZ ETHY, MLP IZH - 7-H /|
JEBIEE LRV, FDiz, Hiii—k 7 oo 21 0208 LMLE
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TIRET DL T, A7 T LD MU EERERT 57 & IT Bl 2 B
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JRIATZ TR OWONEIRTH S, £ 2T, BIROIREHFIESCHEOERT-H0
HERE BB, A7 T LD RAAL VHBRIZE SN ZET VAR LT,

4.1 FAAL2HE

RAA R &L, FrEDOFM G EOE IOV TORBMA DO Z & Th
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NelioTe, Tor— ek bl 777138, 70— FoffEx £ &
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oo LIeo>T, REOMEEBOBEENIIA Y 7 MZBIT D AL CHERO R
HirZL 525, ko7, KB, 5%, B, REOBEEHNAZ T LMIBTLH R
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RO E RO X JEREEE L L 725 X5 0 BBPRET DR 2 b H L
B WS RT T ADOYGERITZ AR H D L biroTz.
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HZETT—HEPERL, F LieT — X TTHREE ZREE LTS, A7 7 LD
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RAA CHGEROBE T — 2 O 2 FEICHREL, THIET VORELZ L. &
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RAA VHGEROEET — 2 2 EHR L, BRI HAIOT —F LI E{To72. BHE
T HRIOT — X XRS5 EfWr L7z & SITHEEIL 20%72-7-2%, BRE LT
— X XRTET D E W L7z & IR T 8o0% AR L, Z DGR LEEFOWR
BERCTHINELIRO X JEEOENELL 2D LI RAT T AOEBOZY %
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ATV, T — FOFRERNS ZOUEERIZIA 7 7 LORBIZBWTAMNTH
% ERGES LTz,
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