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LSTM-based Service Prediction Model for Soft Tennis
Hayato UENO

Abstract

A few years ago, there was not a single professional soft tennis player in the
Japan, but now the number is increasing. Sponsors are increasingly
participating in tournaments and individuals with prize money, and the
strengthening of soft tennis is accelerating. In particular, the training programs
of professional players and top Japan athletes incorporate enhanced services.
Service is emphasized because it is the only time in the game that the ball can be
stopped and it is possible to attack first. However, even if you find a good form in
practice, you may not be in good shape the next day, and many professional
players are tasked with service. For this reason, professional players repeatedly
practice their services on their own tennis courts to receive feedback from in,
faults, nets, etc. To solidify their form of service. However, many players do not
have their own tennis courts, so they cannot devote much time to services during
their limited practice time. In addition, since the shape of the form changes
depending on the place and course of the service, it is not possible to impose
many service exercises for each one. Furthermore, since the form differs from
person to person, it is not possible to teach multiple people uniformly at the
same time. Therefore, the purpose of this study is to generate a service
prediction model using LSTM from the videos of individual players' services, and
to predict whether or not the service has been entered even in a limited number
of practice areas. Specifically, posture data is acquired from the video of the
service using OpenPose, and learning is performed using the posture data and
the position of the service, the target course data as input data, and the in, fault,
and net of the service result as teacher signals. In order to realize this method,
there are two issues to be addressed.
Expansion of service attitude data

In order to predict the results of services such as in, fault, and netlet in the
position of the service and the target course, a large amount of posture data is

required.
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Validation of predictive models

Since there are three types of service results: in, fault, and net, the prediction
model must be able to improve the accuracy of 0.33 when predicting randomly.
For the former task, the basic service in soft tennis was set to two positions, the
deuce side and the advantage side, and posture data were collected from 183
videos until 20 shots were entered on each course of cross and center. The
posture data obtained by OpenPose from the video was expanded by moving the
posture data horizontally and vertically only by the randomly obtained value. In
response to the latter problem, we evaluated the accuracy of the obtained
prediction model based on 183 attitude data of services not used for learning.
Furthermore, in order to verify the effect of data expansion, we evaluated the
prediction model while gradually increasing the size of the data expansion. The
contributions of this study are as follows.
Expansion of service attitude data

By using the posture data captured from the video as seed data and moving it
randomly in the horizontal and vertical directions, service data for 2000
sessions was generated and the training data was expanded.
Validation of predictive models

In the case of only the training data before the data expansion, the accuracy
was 0.29, but the accuracy improved as the number of data increased, and the
accuracy was 0.42 for 2000 data. Since the accuracy was improved compared to
the random prediction of 0.33, the validity of the model constructed using the

expanded data was confirmed.
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18 : Y—EXDFHETIL

A1 BET—RADRY FILER

import glob

import json,os

import numpy as np

import random
dirs=glob.glob (' [39|40]*/")
print (dirs)

print (len(dirs))
jsonfiles=[]

#label = »
label=(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, 0, O, O, O, O, O, O

o, o, o0, o, o, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0O, O, 1,
1, 1, 1,1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1,
i, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2,
2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2,
2, 2, 2, 2, 2, 2, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3,
3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3,

print (label)

#in=0 out=1 net=2

result=[(1, 2, 2, 0, O, O, O, 2, 2, 2, 2, 2, 2, 2, 2, 0, 1, 2, 2, 1,
i, 2, 2, 1, 2, 0, 0, 0, O, O, 2, 2, 2, O, 2, 0O, 2, O, O, O, O, O, O, O,
o, o, o0, 2, 0, 0, 0, 2, 0, 2, 2, 1, 1, 0, 2, 2, 0, 1, O, 1, O, 1, 2, 1,
o, 2, 2, 1, 1, 2, 0, 0, 2, 2, 2, 0, O, 1, 1, 2, 2, 2, 0, 0, 2, 1, 1, 2,
i, 1, o, 0, 2, 2, 0, O, 2, 2, 2, 2, 1, 2, 0O, O, 2, 1, O, 1, 0, 0O, O, O,
i, 1, 0, 2, 2, 0, 1, O, 1, 2, 0, O, 1, O, 1, O, 2, 1, 1, 1, 2, 2, 2, O,
o, 0, 2, 0, 2, 0, 0, 1, 2, 2, 1, 1, 0, 1, 0, O, O, 1, 2, O, O, 2, 2, 2,

print ("Result:{}".format (len (result)))

m=100
Masks=1[]
datas=[]

0

for idx,d in enumerate (sorted(dirs, key=lambda x : x.split('/')[-1])):

fs=sorted(glob.glob (os.path.join(d, ' *keypoints.json')))
data=1[]
mask=[]
for c,f in enumerate(fs):
if ¢>=100:break
with open(f) as f:
d=json.load(f) ['people'] [0] ['pose keypoints 2d']
d=[da for idx,da in enumerate(d,1l) if idx%3!=0]
d.append (label [idx])
assert (len(d)==51)
d=np.array(d,dtype=np.float6d)
data.append (d)
mask.append (True)

for in range(100-len(fs)):
mask.append (False)
d=[0]1*50
d.append (label [idx])
data.append (d)
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Masks.append (mask)
datas.append(data)
datas
a=np.array (datas)
print (a.shape)
print (len (Masks))
print(a[170][0][50])

print ("Result:{}".format (len (result)))

A2 TR T—52DORE

NUM TEST = 20

test idxl
test idx2
list O
print ('
list 1

[]

[]

[1i for i, x in enumerate (result) if x == 0]
result=0: {}'.format (len(list 0)))

[1i for i, x in enumerate (result) if x == 1]

==
o]
h

print ('# of result=1l: {}'.format(len(list 1)))
list 2 = [i for i, x in enumerate(result) 1if x == 2]
print ('# of result=2: {}'.format(len(list 2)))

pre test idx = sorted(random.sample (range (len(dirs)), k=NUM TEST))
for x in pre test idx:
if x < 89:
test idxl.append (x)

else:
test idx2.append (x)
print (test idxl)
print (test idx2)
print ("Result:{}".format (len (result)))

A.3 TR FT—5 DORINE

test idx = pre test idx

print ("Result:{}".format (len(result)))

test result master = []

test data master = []

for idx in test idx:
print ("Idx:{},Result:{}".format (idx, result[idx]))
test result master.append(result[idx])
test data master.append(al[idx][0])

test_mask = []
for idx in reversed(test idx):
test mask.append (Masks.pop (idx) )

train mask = Masks
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test mask = np.array(list(reversed(test_mask)))

test result = []
for idx in reversed(test idx):
test result.append(result.pop (idx))

train result = result
test result = np.array(list(reversed(test_result)))
#new test goal = np.expand dims(new test goal, axis=1)

train data = np.delete(a, pre test idx, axis=0)
test data = a[test idx]

print ('len train mask:{}'.format (len(train mask)))
print ('len test mask:{}'.format (len(test mask)))

print ('len train result:{}'.format(len(train result)))
print ('len test result:{}'.format (len(test result)))
print ('len train data:{}'.format (train data.shape[0]))
print('len_test_data:{}'.format(len(test_data)))
print (test result)

A.4 JiET—3 DHRFE

def expand data (num) :
c = np.zeros((num,100,51))
ext result = []
ext maskdata = []
for n in range (num) :
#i = random.randint (0,train data.shape[0]-1)
i = n%train data.shape[0]
#print (i)
#print (i)
#i=random.randint (11,a.shape[0]-1)
ext result.append(train result[i])
ext maskdata.append(train mask[i])
x = random.randint (1,100)
y = random.randint (1,100)
for j in range(train data.shape[l]):

for k in range(train data.shape[2] - 1):
if k % 2 == 0:
c[n, j, k]l = x + train datafli, J, k]
else:

cln, 3, kI y + train datafli, J, k]
c[n, j, 50] = train data[i,Jj,50]
return c, np.array(ext result), np.array(ext maskdata)

i=4000
expanded data, expanded result, expanded mask = expand data (i)

train json = (expanded data, expanded mask)
test json = (test data, test mask)

train goal = expanded result

test goal = test result

print (expanded data.shape)

print (expanded result.shape)

print (expanded mask.shape)
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A5 Y—ERDFRETILOFE LA

from tensorflow import keras
import matplotlib.pyplot as plt
import tensorflow as tf

EPOCHS = 40
MAX SEQ LENGTH = 100
NUM_FEATURES = 51

def get sequence model () :
#class_vocab = label processor.get vocabulary ()

frame features input = keras.Input ((MAX SEQ LENGTH, NUM FEATURES))
mask input = keras.Input ((MAX SEQ LENGTH,), dtype="bool")

x = keras.layers.GRU(1l6, return sequences=True) (
frame features input, mask=mask input

= keras.layers.GRU (8) (x)

= keras.layers.Dropout (0.4) (x)

= keras.layers.Dense (8, activation="relu") (x)

output = keras.layers.Dense (3, activation="softmax") (x)

HKoX X

rnn_model = keras.Model ([frame features input, mask input], output)

rnn_model.compile (
loss="sparse categorical crossentropy", optimizer="adam",
metrics=["accuracy"]

)

return rnn model

# Utility for running experiments.
def run experiment () :
filepath = "/home/ueno2/notebook/classifier"
checkpoint = keras.callbacks.ModelCheckpoint (
filepath, save weights only=True, save best only=True, verbose=l

seq model = get sequence model ()
history = seqg model.fit (
[train json[0], train json[1]],
train goal,
batch size=128,
validation split=0.3,
epochs=EPOCHS,
callbacks=[checkpoint],

seq_model.load weights(filepath)

. accuracy = seq_model.evaluate ([test json[0], test json[l]],
test goal)

print (f"Test accuracy: {round(accuracy * 100, 2)}1%")

predictions = seq model.predict ([test json[0], test json[l]])
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history,

print (predictions)

print (test goal)
print (test idx)

return history,

seq model

sequence model = run_experiment()

# Plot training & validation accuracy values

plt
plt

title('Model accuracy')
ylabel ("Accuracy')

xlabel ('Epoch')
legend(['Train',
show ()

'Test'],

.plot (history.history['accuracy'])

.plot (history.history['val accuracy'])
plt.
plt.
plt.
plt.
plt.

loc="upper left')

# Plot training & validation loss values

plt
plt

plt.
plt.
.xlabel ('Epoch')
plt.
plt.

plt

title ('Model loss')

ylabel ('Loss')

legend(['Train',
show ()

'Test'],

.plot (history.history['loss'])
.plot (history.history['val loss'])

loc="upper left')
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