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Abstract

This paper proposes a deep learning- and rule-based similarity analysis method that takes two single-view golf swing videos
captured from the front and analyzes pose similarity at the swing-segment level. Existing models for estimating human and golf
club keypoints and swing events may produce missing or erroneous predictions depending on the shooting environment and
variations in golfer's postures. To address these limitations, the proposed method corrects missing values and outliers in the human
and golf club keypoints estimated by pretrained models and refines the timing of swing events by applying kinematic rules. In
addition, the frame sequences of the two swing videos are aligned using Dynamic Time Warping (DTW), after which the human
pose distance for each swing segment and the cocking angle difference for each swing event are calculated. The two metrics are
normalized and combined using a weighted sum to obtain the final swing similarity score. Experimental results using driver swing
videos of professional golfers showed that the proposed correction methods improved the accuracy of keypoints and swing event
predictions. Furthermore, similarity analysis incorporating the cocking angle was found to distinguish differences in golfer’s swing
poses more effectively than methods based solely on human keypoints.
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Table 1. Section ranges for club head outlier detection

Section Start Frame End Frame
Section 1 Frame 0 Address index
Section 2 Address index + 1 Mid-backswing index
Section 3 Mid-backswing index + 1 Top index
Section 4 Top index + 1 Impact index
Section 5 Impact index + 1 Mid-follow-through index
Section 6 Mid-follow-through index + 1 Finish index
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T 7|9 29 olWlE HA wAl oAM= [1%] 6]94 T Fig. 6. Swing events refinement procedure of the proposed system
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Table 2. Index refinement rules for swing events

Order Swing event Refinement rules
The frame immediately preceding the point where the inter-frame displacement of the club head,
1 Address ) . . .
calculated using Euclidean distance, exceeds 3 pixels
2 Toe-up The frame in which the difference between the club head’s Y-coordinate

and the average Y-coordinate of both wrist points is minimized during the backswing

3 Mid-backswing

The frame where the difference between the Y-coordinates of the left elbow and the left wrist is minimized

Top

The frame where the Y-coordinates of the grip, club head, and both wrists

reach their peaks and simultaneously begin to descend

5 Mid-downswing

The frame during the club's descent phase where the difference between

the Y-coordinates of the left elbow and the left wrist is minimized

6 Impact

The frame exhibiting the maximum Y-coordinate of the club head
within the interval where it is positioned below both knees

7 | Mid-follow-through

The frame where the Y-coordinate difference between the club head and the grip is minimized, while the center points
of both shoulders, elbows, wrists, and the club head are sequentially oriented toward the right side of the screen

8 Finish

The frame where the club head descends after reaching its peak, minimizing the difference
between its Y-coordinate and the Y-coordinate of the center point between both shoulders
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(Dong-Kyu Seol et al.: Inter-Golfer Swing Pose Similarity Analysis from Single-View Videos)
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Table 3. Comparison of frame counts for the third swing segment by video

Data name Nu.mber of frames Stitched frame images of Segment 3
in Segment 3
Byeonghun An-1 28 N T I T ST ST ST CIC I I
Byeonghun An-2 6 Zmmmm
Charles Howell 111-1 47
Charles Howell 11I-2 7
Tiger Woods-1 14 ——
Tiger Woods-2 P2 I ———)
Julieta Granada-1 9
Julieta Granada-2 10 e
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Table 4. Comparison of missing human body keypoints inter-
polation results

Before missing
Index human body
keypoints interpolation

e
R

O 7 Qlste] Fide] HA AlAL F 33HA, 46WA, 509
A ZH oA A EAF S THl i Pehe 9% B
7t ASEHA O, AR A LFO A Ak 7Nk MY Bk
A& M g SAFEC] AAl AA Bl 5=
IAE BAHNSS

[ 5] AlRF A2" ] Q1A 5K AS5A] Bt tig
3% 7t Aoltt. o|w) HFHE Z 0
FH 16H7HA1 ¢ Q1A S0 7P wWol 258 2~
IHUEE Ao 2 A (Ground Truth) HEE %5 A%
stk ol A <B7F A2 YOLOI 1x-pose”l 5
A Az A A% 7 FEHE A2 %7 (Mean)
nsta, ‘B 0= AS Ala"e] RS S et
A #Fx 7 FFYUE A Hd(Mean)s UERATH

574 A3, 540l 7MY BWol A5% 29 AIHES
Segment 7(Mid-follow-through#8| Finish7}4] 9] 7)<l
G4}l 671, Segment 3(Mid-backswing & Top7}A| 9] +
ZHR1 G2l 270 = SRIE AT Hgh Bk Aol A e
PAZLS 2FH3A Kato] 259 59 a7} 23
of, A 1693.57 FAA FHth 268847 ZA ] A=
BT v, B7E & Ao M e AE A|A" o] B7E 37

After missing
human body
keypoints interpolation

o

\

o
o

X



rsL‘ o mlo

AETF O 10k B AF G4 N 2 2 29 A Ak A 1009
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Table 5. Comparison of mean euclidean distance against GT before and after human keypoint interpolation

Data name Swing segment with the most Number of frames Distance before Distance after

missing frames with missing keypoints interpolation interpolation
Byeonghun An-1 Segment 7 32 2097.94 px 9.29 px
Byeonghun An-2 Segment 7 21 2348.72 px 8.49 px
Charles Howell [11-1 Segment 3 47 1952.09 px 1.98 px
Charles Howell I1I-2 Segment 7 8 2884.34 px 6.18 px
Tiger Woods-1 Segment 7 31 1693.57 px 7.89 px
Tiger Woods-2 Segment 3 24 2194.46 px 2.83 px
Julieta Granada-1 Segment 7 14 2688.47 px 7.41 px
Julieta Granada-2 Segment 7 15 2025.78 px 5.03 px

sate] FA 1.98 ZAeA Hul 9.29 HA < 3 Al Tl ®, 22 39 3= 543 434 87 A5E )
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¥ 6. =Z 2 o= SAH #EX B2t ¥ 21 v

Table 6. Comparison of missing golf club head keypoints interpolation results

Before missing golf club head

After missing golf club head

Index keypoints interpolation keypoints interpolation
¥ . ¥
69
70

71
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Table 7. The number of missing club head frames before interpolation

Data name Total Number | Number of missi_ng club r_iead
of frames frames before interpolation
Byeonghun An-1 164 10
Byeonghun An-2 64 2
Charles Howell [1I-1 355 16
Charles Howell 11-2 59 4
Tiger Woods-1 105 28
Tiger Woods-2 140 7
Julieta Granada-1 56 4
Julieta Granada-2 68 17
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Table 8. Comparison of swing events estimation and refinement results

Swing events Swing events

i t
Swing events Estimation results Refinement results

Address

Index

Toe-up

Index

Mid-backswing

Index

Top

Index

Mid-downswing

Index

Impact

Index

Mid-follow-through

[ Index

Finish

[ Index 51 55
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Table 9. Comparison of swing similarity for different weight combinations

(a) Similar swing pose comparison - Case 1

Charles Howell [lI-1

Data name ‘

Frame image

\ Charles Howell 111-2

« Jé] Swing pose similarity
0.2 0.8 0.9345
0.3 0.7 0.9191
Weights 0.4 0.6 0.9043
0.5 0.5 0.8899
0.6 0.4 0.8761
0.7 0.3 0.8626
0.8 0.2 0.8496
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(b) Similar swing pose comparison - Case 2

Julieta Granada-1

=

Data name Charles Howell 111-2
W) B L n -

Frame image

« 06 Swing pose similarity
0.2 0.8 0.9114
0.3 0.7 0.8977
Weights 0.4 0.6 0.8844
0.5 0.5 0.8716
0.6 0.4 0.8591
0.7 0.3 0.8470
0.8 0.2 0.8352

(c) Dissimilar swing pose comparison - Case 3

Data name Byeonghun An-2 Tiger Woods-1

Frame image

« Jél Swing pose similarity
0.2 0.8 0.9055
0.3 0.7 0.9101
Weights 0.4 0.6 0.9148
0.5 0.5 0.9197
0.6 0.4 0.9248
0.7 0.3 0.9300
0.8 0.2 0.9354
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(d) Dissimilar swing pose comparison - Case 3

Data name

Tiger Woods-2

Frame image

Byeonghun An-2

« 06 Swing similarity
0.2 0.8 0.9255
0.3 0.7 0.9285
Weights 0.4 0.6 0.9316
0.5 0.5 0.9348
0.6 0.4 0.9382
0.7 0.3 0.9417
0.8 0.2 0.9453
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Table 10. Ablation study of the proposed swing similarity method
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Method V;i'rt:illr;ric:';”?r B(;ti\:vn?; r:itiaolifer Separation Gap 1
w/o Human Keypoint Distance 0.9519 0.9214 0.0305
w/o Cocking Angle Difference 0.8756 0.8671 0.0085
w/o Rule-based Swing Event Refinement 0.9128 0.9117 0.0011
w/o Dynamic Time Warping 0.9324 0.9070 0.0254
Proposed System (Full) 0.9345 0.9087 0.0258
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