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Method of Analyzing Important Variables using Machine
Learning-based Golf Putting Direction Prediction Model
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Objective: This study proposes a methodology to analyze important variables that have a significant
impact on the putting direction prediction using a machine learning-based putting direction prediction

model trained with IMU sensor data.

Accepted: 29 March 2022

Method: Putting data were collected using an IMU sensor measuring 12 variables from 6 adult males in their
20s at K University who had no golf experience. The data was preprocessed so that it could be applied to
machine learning, and a model was built using five machine learning algorithms. Finally, by comparing the
performance of the built models, the model with the highest performance was selected as the proposed
model, and then 12 variables of the IMU sensor were applied one by one to analyze important variables

affecting the learning performance.

Results: As a result of comparing the performance of five machine learning algorithms (K-NN, Naive
Bayes, Decision Tree, Random Forest, and Light GBM), the prediction accuracy of the Light GBM-based
prediction model was higher than that of other algorithms. Using the Light GBM algorithm, which had
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excellent performance, an experiment was performed to rank the importance of variables that affect the
direction prediction of the model.

Conclusion: Among the five machine learning algorithms, the algorithm that best predicts the putting
direction was the Light GBM algorithm. When the model predicted the putting direction, the variable that
had the greatest influence was the left-right inclination (Roll).
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Sensor Module installed on Golf Putter
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Figure 2. Putting data collection environment.
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12 variables 12 variables
Preprocessing 100 Delete Sequence
585 sequence Final Sequence Data
85 Delete Sequence
Figure 3. Data preprocessing process
Table 3. Specification of the putting dataset
Right putting Left putting Total
Train 556 556 1,112
Test 185 185 370
Total 741 741 1,482
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Figure 4. Methodology for building machine learning-based models

and analyzing important variables
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Figure 6. Comparison of training and testing accuracy of the all model

Table 5. Comparison of training accuracy and test accuracy by pre-
diction model

Algorithm Train_Accuracy Test_Accuracy
K-NN 76.44% 49.46%
Naive Bayes 69.06% 57.84%
Decision Tree 100% 74.05%
Random Forest 100% 85.14%
Light GBM 98.29% 90.27%
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2. Mot RRto| Z8 Hel 24 Zut

ZE Mot RHZ MAESH Light GBM 2| 3t& TZNAS =HE
5to] e WES oFshen A0 7HE B2 s ONE Fa ¥
29| EMS MAISICEL & 12719 ©QlS Lot mEl Sof g
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Figure 7. Comparison of accuracy of models by all variables

Table 6. Comparison of training and testing accuracy of Light GBM
models by all variables

Accuracy
Variable Train_Accuracy  Test_Accuracy  difference
width

X_acceleration 59.98% 51.89% 8.09%
Y_acceleration 65.56% 58.65% 6.91%
Z_acceleration 83% 65.95% 17.05%
X_angular velocity 90.38% 84.32% 6.06%
Y_angular velocity 92.36% 90.27% 2.09%
Z_angular velocity 91.73% 84.59% 7.14%
X_geomagnetism 94.6% 91.89% 2.71%
Y_geomagnetism 93.71% 86.76% 6.95%
Z_geomagnetism 85.88% 74.59% 11.29%
Roll 96.31% 98.65% -2.34%
Pitch 95.5% 81.62% 13.88%
Yaw 97.03% 91.62% 541%
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Table 7. Ranking of important variables in predicting putting direction
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