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The standard motion model of the driver swing for skilled male golfers

AE Michiyoshi, KIHARA Yuji, KOBAYASHI Yasuto,
INOUE Yuhki, KASHIWAGI Yu and FUNATO Kazuo

Abstract: Since golf is one of the popular worldwide sports, a lot of biomechanical and/or motor
learning research on the golf swing have been done. However, information of a good motion pattern of
the driver swing is likely to be sporadic. The present paper intended to create a standard motion model
of the driver swing and to identify critical points in the driver swing, based on coefficient of variation of
segment direction angles. Twenty-five skilled male golfers performed a driver swing for the maximum
distance with full effort in a laboratory setting. Their swing motions were captured by Vicon MX+
system with 12 cameras to obtain three-dimensional coordinate data of body segments and golf club.
The averaged motion model of the driver swing was created as a standard motion model by the method
of Ae et al. (2007), and coefficients of variation of direction angles for body segment and club vectors
were calculated.

The findings obtained were summarized as follows.

1) The created standard motion model was similar to that of sequential pictures illustrated in textbooks
and manuals for the golf swing, which would imply that the standard motion model could be used as
a tool for learning of the driver swing.

2) The upper torso’s rightward rotation started around mid downswing, followed by the forward rota-
tion during the downswing and follow-through phases through ball impact.

3) The magnitude and change in the direction angle for the upper limbs during the swing were larger
than those of the lower limbs and trunk.

4) The coefficients of variation in the lower limbs and upper and lower torsos were smaller than that of
the upper limbs, which indicated the motions for these body segments were critical in teaching and
evaluating the driver swing.

5) The coefficients of variation in the shaft and head of the club increased around ball impact because
both mean and standard deviation in the direction angle for the club were small around ball impact,
which implied to be a critical point.

The coefficients of variation would be one of criteria to identify critical points in the driver swing.
However, as the means of direction angle and coefficients of variation tended to be contrary to each
other, it should be considered that the coefficient of variation could become large in the phase in which
the mean of direction angle was small. In this case, mean and standard deviation of direction angles for
body segments should be referred in identifying critical points.
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17 Right toe
18 Right 5th metatarsal
19 Right 1st metatarsal

1 Right 3rd metacarpal
2 Right styloid process of radius
3 Right styloid process of ulna

33 Left knee medial side
34 Left trochanter major

35 Top of head

4 Right elbow lateral side

5 Right elbow medial side

6 Right shoulder anterior side
7 Right shoulder posterior side
8 Right acromion

9 Left 3rd metacarpal

10 Left styloid process of radius
11 Left styloid process of ulna
12 Left elbow lateral side

13 Left elbow medial side

14 Left shoulder anterior side
15 Left shoulder posterior side

16 Left acromion

20 Right calcaneus

21 Right malleolus lateralis
22 Right malleolus medialis
23 Right knee lateral side
24 Right knee medial side
25 Right trochanter major
26 Left toe

27 Left 5th metatarsal

28 Left 1st metatarsal

29 Left calcaneus

30 Left malleolus lateralis
31 Left malleolus medialis

32 Left knee lateral side

36 Right ear

37 Left ear

38 Sternum anterior side

39 Sternum posterior side

40 Right rib

41 Left rib

42 Xiphoid process anterior side

43 Xiphoid process posterior side

44 Right anterior superior iliac spine
45 Left anterior superior iliac spine
46 Right posterior superior iliac spine

47 Left posterior superior iliac spine

Figure1 Position of body reflective markers

24 T—Hu0E

Vicon MX+ ®H Y 7 + 7 =7 (VICON NEXUS)
THE72 3 ITHEAS 7 — ¥ % MATLAB (MathWorks #1)
TR L2 ES Y 7 b 27 ICAI L CTF— oL
MEfTR o720 B L2 HAREEM (25 ) BLOT
V7277 (65) ®3WILHEFREL, Butterworth digital
filter % 1\ CHEWTE D% £ 20 Hz T L 720 505t
RIXENE, 757~y FEmHT G &
Hh) NHEH LSRNy 7 A4 V7, K=
AU NERT, 740 —ANV—TrF T~y Fk
WOMES O HLET (742yva) & L7
RIFFETIE, Ae et al. (2007) D HFEIZ X b fEHEH)
TEEFNVEIER T H720, —HD AL ¥ ZEfE% thib
T5ENNY 7 XA VTR, ¥ v AL Y TR,
70— RNV —JFEIHT, A A v 7 EEER %
100% & L & BVERTHIE o P9 (22 58,
13, 29%) TEWET— % 2 BEAL L 726

2028

25 BHERSRAGIVEEREDOEE
AWFFETIE, Hanetal. (2019) OBEX G %2 S5%
LT, FRdo X9 ICEIEX s & OB ER % 52
#L7
1) BEX I3 aA
DAL ¥ ZBts (7 F L R, breakaway) @ 7 57
ANy NEmAMRTT (FTERDT I &l T5I) ~B) &
U 72l R
@y 7 24 ¥ 7o (mid backswing) : 7 7 7
¥ 7 DAL & PATIC % o 7R R
@rvTH TNy 7 A4 ¥ (top of backswing) :
N G AL YT T TNy FORERETIZ
%o 7 RERL
@Wryy v 24 7 (mid downswing : 5777 ~
AA 27T T T HMIA & PATIC T o 7R RL
®FR =N A 2287 b (ballimpact) : K= &Ny F
AEEfl L 72, R— L sBh R0 720 1 3



(N

< Hi (0.005 F5Hi) o
©7 41— 2V —HH i (mid follow-through) : A
YR MEIZZ T T HHMI & ATIS 7 o 72 IR
D748 —=ANV—1 v 7 (top of follow-through) :
T A B—=AN—"T7 F 7D HIANTEE 7 > 7o R
®7 4 =v ¥z (finish) : 74 @ —=ANV—=Tr 57
ANy R OREDE T 7% > 720
2) EfE)Rm
Ny 7 24 ¥ 7R BEX 5 mOA 50
v HiE  BEX S RO 5@
” % BEX G @050
@57 v A4 v 7R BEX S RO 56
” i BEX G 3D 5@
” % BEX S @256
@7+ 1 —AN—JFlf : BEX GG 5@
” i BEX S B0 56
” % BEX S H O 5@

2.6 1ZEBEMEETILOIER

BETIEE TV 2 MR T 2 FREH 25 mB LU
576 15D 3 RICHEREIL Ae et al. (2007) D%
WCTRORITI W EH L,

ES/8

IhHoRITBWT, R IZEIER IO THEEL
ENFZERAL | DBERE, R, (X HER] CHAEAL S 7z 3k
rp (BAREEL) OFEEE, r IR rp W20 B ERAL
OMMEERE, HIZHE, jI3WBRE, n 1 3WBREi -,
8 RTBUSAL S 720 | OMIXERE, R, IZHET
HRAL SN 7B 5 rp OJEEE, RIBIEAL-SEH S h
AL DEERETH B

27 BERHINT MLOARAADOER

Figure 2 I3 BHK&EE, 279 7DY ¥ 7 v BLXUOAY
FDOXRZ MVOEF%, Figure 31311/ (direction
angle) DEFKER LD TH b, GKRBI OB E %
KT 7-OIHBMIAEIHVONE Z L%V, FIf
A 2 DO GRS O E Z RS DT, filx
D YRR D22 BT M E R T 72DIIF#Y) T
B, 22T, ABIETIE, 2B 2 kG
N7 MVOKE (HE) 2RTHEE LT, HhRi
(direction cosine) S HN 2 MAE (Fhfy, Gk~
7 MVEFIEBER 3 DT AE) vz, @
W, ZBENIBT B IR NV & ER IR R OFHX AL
BERAERT HEO 1 2L LTHARESH LS
(FIYC &, p.31, 2015), L2L, ABFZEICBWT
Kz Hvizo, Bk s X5 GBS OES)
BEERRTA2BICHRRZEHVD &, ZOEFHI
(1) 2 5 IR T DT ARIEOFIGEA X 1 @ %\ 13
oL ) BRI WIREEN A U5 BN D
L%, Flfs e 0~ 180 ) v, Z
DX MEPHMTELEEZ /2D TH S,

%8B, AWFZE T Figure 3 Off a, B, v & TN Zh

Segment 1: right hand
Segment 2: right forearm
Segment 3: right upper arm
Segment 4: left hand
Segment 5: left forearm
Segment 6: left upper arm

Segment 7: right foot
Segment 8: right shank
Segment 9: right thigh
Segment 10: left foot
Segment 11: left shank
Segment 12: left thigh

Segment 13: head
Segment 14: upper torso
Segment 15: lower torso
Segment 16: club shaft
Segment 17: club head

Figure 2 Definition of body segment and golf club vectors
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Figure 3 Definition of direction angles X, Y and Z
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FyT (3

Front view Lﬁ
Address Mid backswing (39 %) (42 %) (54 %) Top of backswing
(0 %) (31 %) %\ (58 %)
(65 %) Mid downswing Ball impact Mid Top of Finish
(68 %) (70 %) follow-through  follow-through (100 %)

(73 %) (78 %)

Figure 4 Front view of stick pictures of the standard motion model of the driver swing for skilled male golfers. The black color
indicates the right side of the body and club, and the red one indicates the left side.

Yy b7

Address Mid backswing (39 %) (42 %) (54 %) Top of backswing
(0 %) (31 %) (58 %)
(65 %) Mid downswing Ball impact Mid Top of Finish
(68 %) (70 %) follow-through follow-through (100 %)
(73 %) (78 %)

Figure 5 Back view of stick pictures of the standard motion model of the driver swing for skilled male golfers. The black color
indicates the right side of the body and club, and the red one indicates the left side.
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Figure 6 Change in X direction angles of body segment and
club vectors during the driver swing. The vertical thin lines
represent instants of top of backswing and ball impact from
the left, respectively.
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Figure 7 Change in Y direction angles of body segment and
club vectors during the driver swing. The vertical thin lines
represent instants of top of backswing and ball impact from
the left, respectively.
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Figure 8 Change in Z direction angles of body segment and
club vectors during the driver swing. The vertical thin lines
represent instants of top of backswing and ball impact from
the left, respectively.
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Figure 9 Change in X coefficients of variation of body

segment and club vectors during the driver swing. The

vertical thin lines represent instants of top of backswing and

ball impact from the left, respectively.
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Figure 10 Change in Y coefficients of variation of body
segment and club vectors during the driver swing. The
vertical thin lines represent instants of top of backswing and
ball impact from the left, respectively.
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Figure 11 Change in Z coefficients of variation of body
segment and club vectors during the driver swing. The
vertical thin lines represent instants of top of backswing and

ball impact from the left, respectively.
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Figure 13 Changes in means (thick solid line) and *1 standard

deviations (thin solid lines) of X direction angles and coefficients

of variation (broken line) for the right upper arm, left hand and

left upper arm. The vertical thin lines represent instants of top of

backswing and ball impact from the left, respectively.
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coefficients of variation (broken line) for the right shank, right
thigh and left thigh. The vertical thin lines represent instants
of top of backswing and ball impact from the left, respectively.

Y: R.hand

0 0 40 6o 80 100
Time (%)
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deviations (thin solid lines) of Y direction angles and

coefficients of variation (broken line) for the right hand, right

forearm and left hand. The vertical thin lines represent instants

of top of backswing and ball impact from the left, respectively.
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