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[Abstract]

In this paper, we propose a method to measure the similarity between golf swings in videos. As it
is known that deep learning-based artificial intelligence technology is effective in the field of computer
vision, attempts to utilize artificial intelligence in video-based sports data analysis are increasing. In this
study, the joint coordinates of a person in a golf swing video were obtained using a deep
learning-based pose estimation model, and based on this, the similarity of each swing segment was
measured. For the evaluation of the proposed method, driver swing videos from the GolfDB dataset
were used. As a result of measuring swing similarity by pairing swing videos of a total of 36 players,
26 players evaluated that their other swing sequence was the most similar, and the average ranking of
similarity was confirmed to be about 5th. This ensured that the similarity could be measured in detail

even when the motion was performed similarly.
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I. Introduction
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Left shoulder = (54.8, 74.9)
Left hip = (93.0. 86.6)

Right ankle = (67.9. 132.0)

Fig. 1. Example Image of Pose Estimation Result
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II. Related Works
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Fig. 2. Comparison of Euclidean Matching and DTW
Matching

3. Dynamic time warping

DIWe  Zolgh  &=7k oe £ AAd
X= (-Tp Loy ... axN)‘ Y= (yla Yoy ... ayM)a
N, MEN Afo]o] FALE 7|9t 2|Ao] B 57| sl



42  Journal of The Korea Society of Computer and Information

Pose
Estimation

‘ i 4
Y ={ruy2 - Yu}

T

Fig. 3. Proposed
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III. The Proposed Method
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Method for the Measuring Similarity between Two Golf Swing Motions
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Table 1. Human Joints Used in the Proposed Method

Index Joint
0 Nose
1 Neck
2 Right shoulder
3 Right elbow
4 Right wrist
5 Left shoulder
6 Left elbow
7 Left wrist
8 Middle hip
9 Right hip
10 Right knee
11 Right ankle
12 Left hip
13 Left knee
14 Left ankle
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Down-the-line

Face-on

Fig. 4. Example Images of Three Views of the
GolfDB Dataset
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Table 2. Swing Events Defined by GolfDB Dataset

Event Description
Address The moment just before the takeaway begins
Toe-up Shaft pfarallel with the ground during the
backswing
Mid- Arm parallel with the ground during the
backswing | backswing
To The moment the golf club changes directions at
P the transition form backswing to downswing
Mid- Arm parallel with the ground during the
downswing | downswing
Impact The moment the clubhead touches the golf ball
Mid-follow | Shaft parallel with the ground during the
-through follow-through
Finish The moment just before the golfer’s final pose
is relaxed
IV. Experiments
1. Dataset
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Table 3. Career Stats of the Selected Players on the PGA/LPGA

AAEYERS |.n The number The number Players in Down-the-line The number The number
Face-on view . . . . . .
videos of Victories of Top 10s view videos of Victories of Top 10s
Al MIYAZATO 9 60 Al MIYAZATO 9 60
ALISON LEE - 16 ANNA NORDQVIST 9 77
ANNA NORDQVIST 9 77 AYAKO UEHARA - 8
BERNHARD LANGER 44 210 BEATRIZ RECARI 3 26
BROOKE HENDERSON 12 70 BILLY HORSCHEL 7 55
CHARLES HOWELL 3 98 BRITTANY LINCICOME 8 65
CHARLEY HULL 2 28 BROOKE HENDERSON 12 70
COLIN MONTGOMERIE 7 63 BUD CAULEY - 23
CRISTIE KERR 20 182 CHARLES HOWELL 3 98
GARY WOODLAND 4 53 CHARLEY HULL 2 28
GRAEME MCDOWELL 4 38 CINDY LACROSSE - -
GREG NORMAN 20 128 CRISTIE KERR 20 182
HARRIS ENGLISH 4 39 DUSTIN JOHNSON 24 115
HYO JOO KIM 5 44 GARY WOODLAND 4 53
INBEE PARK 21 118 GERINA PILLER - 40
IN-GEE CHUN 4 40 HEE YOUNG PARK 3 40
JASON DAY 12 84 IAN POULTER 3 52
JASON DUFNER 5 47 IK KIM 7 79
JENNY SHIN 1 37 INBEE PARK 21 118
JERRY KELLY 11 62 JOHN DALY 5 35
JUSTIN THOMAS 15 71 LEE WESTWOOD 2 48
LEXI THOMPSON 11 84 LEXI THOMPSON 11 84
LYDIA KO 19 101 LYDIA KO 19 101
MATT KUCHAR 9 111 MARK WILSON - 3
MICHELLE WIE 5 49 MICHELLE WIE 5 49
MINJEE LEE 8 65 MIKE WEIR 1 14
PAULA CREAMER 10 104 MORGAN PRESSEL 2 66
RETIEF GOOSEN 2 32 PADRAIG HARRINGTON 4 13
RYAN PALMER 4 68 PAULA CREAMER 10 104
SANDRA GAL 1 28 RETIEF GOOSEN 2 32
SEAN OHAIR 4 45 RICKIE FOWLER 5 76
SEI YOUNG KIM 12 63 RORY MCILROY 23 106
SO YEON RYU 6 96 RORY SABBATINI 6 80
STACY LEWIS 13 115 SANDRA GAL 1 28
TOM LEHMAN 12 88 STACY LEWIS 13 115
YANI TSENG 15 67 TIM CLARK 2 54

2. Swing segment configuration
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Table 4. Swing Segment Configuration

The number

Swing segment configuration
of segments 2 e s

1. Address — Toe-up — Mid-backswing
1 — Top — Mid-downswing — Impact
— Mid-follow-through — Finish

1. Address — Toe-up — Mid-backswing
— Top

2 2. Top — Mid-downswing — Impact —
Mid-follow-through — Finish
1. Address — Toe-up — Mid-backswing
3 — Top
2. Top — Mid-downswing — Impact
3. Impact — Mid-follow-through — Finish
3. Results
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Table 5. Average ranking for pairs of the same player
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Fig. 5. Pose Comparison between Down—the-line and Face—on
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Fig. 6. The Number of Golfers Whose Swing Similarity
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V. Conclusions
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