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THE DEVELOPEMT OF GOLF SWING MEASURING INSTRUMENT USING
ACCELERATION SENSOR AND GYRO SENSOR AT GRIP END OF GOLF CLUB

Hiroshi NEGORO

ABSTRACT

This paper describes a novel method for analyzing the angular motion and speed of a golf swing
in a global coordinate system measured by a 3D acceleration sensor and a 3D gyro sensor at the
grip end of a golf club. The conventional method for measuring motion in sports is optical direct
linear transformation (DLT). However, this method requires infrared high-speed cameras to be set
in the test field and infrared reflectors to be attached to the moving object. Furthermore, the
system’s wireless transmitter enables noninvasive measurement and its fine-tuning is expensive. In
this paper, we propose an alternative method that is more easily set and fine-tuned, and is also
cheaper than the DLT method. The results of the proposed method are almost equal to those of the
DLT method.

Key words: golf motion measurement, direct linear transformation (DLT) , acceleration sensor,

gyro sensor
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Table 1 Specification of motion sensor

Model number FMS-001
Dimension [mm] 39(W)x44(D)x12(H)
Weight [g] 20
Range of detection [deg/s] +4000
Range of detection [G] X, Z:+70 Y :%35
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Fig. 11 Motion sensor WAA-006

Table 2 Specification of motion sensor

Model number WAA-006
Dimension [mm] 39(W)x44(D)x12(H)
Weight [g] 20
Range of detection [deg/s] XY : 4500, Z:+300
Range of detection [G] 4
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Fig. 12 Ball
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Fig. 13 Golf swing motion from address to finish
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Table 5 Top of swing time

Top of swing time [s]

Subject A Subject B Subject C Subject D Subject E

Shot Sensor | Motion |Difference| Sensor | Motion |Difference| Sensor | Motion |Difference| Sensor | Motion |Difference| Sensor | Motion |Difference

1st | -0.390 | -0.380 | 0.010 -0.363 | -0.360 | 0.003 -0.363 | -0.356 | 0.007 -0.420 | -0.432 | 0.012 -0.489 | -0.488 | 0.001

2nd | -0.414 | -0.444 0.030 -0.357 | -0.360 0.003 -0.360 | -0.360 0.000 -0.429 | -0.428 0.001 -0.486 | -0.488 0.002

3rd | -0.378 | -0.392 | 0.014 -0.369 | -0.372 | 0.003 -0.360 | -0.356 | 0.004 0420 | 0424 | 0.004 | -0501 | -0.508 | 0.007

4th | -0.363 | -0.384 | 0.021 -0.375 | -0.376 | 0.001 -0.363 | -0.356 | 0.007 -0.444 | -0.444 | 0.000 -0.513 | -0.524 | 0.011

5th | -0.399 | -0.404 [ 0.005 -0.372 | -0.368 | 0.004 -0.411 | -0.404 | 0.007 -0.420 | -0.408 | 0.012 -0.489 | -0.484 | 0.005

6th | -0.387 | -0.384 [ 0.003 -0.363 | -0.368 | 0.005 -0.351 | -0.352 | 0.001 -0.435 | -0.428 | 0.007 -0.495 | -0.492 | 0.003

7th | -0.339 | -0.360 0.021 -0.372 | -0.372 0.000 -0.372 | -0.372 0.000 -0.411 | -0.424 0.013 -0.492 | -0.492 0.000

8th | -0.366 | -0.384 0.018 -0.348 | -0.348 0.000 -0.411 | -0.412 0.001 -0.423 | -0.416 0.007 -0.498 | -0.496 0.002

9th | -0.390 | -0.392 [ 0.002 -0.342 | -0.336 | 0.006 -0.348 | -0.344 | 0.004 -0.426 | -0.424 | 0.002 -0.480 | -0.476 | 0.004

10th | -0.360 | -0.364 [ 0.004 -0.366 | -0.368 | 0.002 -0.351 | -0.352 | 0.001 -0.438 | -0.440 | 0.002 -0489 | -0.484 | 0.005

4. 5 ==

Fig.13 KVRHELIET ATV AL R > TIEEE P ROAEEE S OHIENS TV T AL
TOEEERBRE L, EOIANVT AL TOEDEBEORIETH DN ERTRT DI LKL ZofkRE
FATIUE, by TAT AL 2 T ETORBRA 287 M ETOREE], & L TERZNOREIZE T 50
HE L AEEARHT 2 ZERHERD. ZOZLEFMATNIEIT LAY —~DT RS ZREHED L
NTEDHEZEZLND.

Table 5 (2B C. EORBRE ORAELIFFITNIWERE o7, ZOZENLT X TOWREICEH
WC Ry THT AL TR EMRRATHIETECWD EE XD, £, ST TEUTWD#ET, B
PFEE—TarFry I Ty — VAT AORZINERICFM L TE L9 A /37 MERIZE D OFRZENA
LB ThirLEZOLND.
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Fig. 14 Attachment points for the acceleration sensor and gyro sensor
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Fig. 16 Result of angle of subject A’s 1st shot
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6. 3 AEDORHA
XU DI, ARG THWDEZITH NI OV TE)RUITRT. ZOEBITHIL 3 DDy
P(t), B(0), B,ITE TV LTV D.

N(t) = [(t) P P(0)]
Xe(®) Ya(t)  Zy(D)

X@ B Z,(0
X, () Y0 Z(t)

3

WUNEEfAt D L&, xBhE DV OAE, yihEDLV OMERDR zfiliEb Y OAE LY

Vo7l dt # FHONTELTO L IR TZ ENRHRD.
0, (t) = wy(t) - dt
0,(t) = wy(t) - dt (4)
0,(t) = w,(t) - dt

MRS AT B WA AT 5 A T —ADOARIT xhE Y OEIEETH Rt), yililiE b v oA

HATH Ryt), zfiliEH W OREEITH RADZHNCTUTFTO XL IR TZENTE S,

T(t) = [Ry(6:(0)R, (6,(6)) R,(6,(1))]
1 0 0 ]

=10 cosB,(t) sind,(t)
0 sinb,(t) cosO,(t)

0 sind,(t) cos@ () 0
sin@, (t) 0 cos0,,(t) 1

cosf,(t) 0 sin@, (t)‘ [cosa (1) sind,(t) 0] (5)

LR o T, AtBHEOEBITHI N(EHADIZLL T D L HIcRKES.

N(t + At) = N(t) - T(t) (6)
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(14)
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y(t) = arctan <Yy ©
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Fig. 17 Result of angle of subject A’s 15t shot
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Table 6 Root mean square error of subject A’s estimated angle

RMSE of subject A's 10 trial

Ball Angle o Angle g Angle y
1st shot 3.68 7.24 3.71
2nd shot 3.76 6.82 3.65
3rd shot 2.98 6.14 3.81
4th shot 3.74 4.09 3.36
5th shot 451 8.45 4,99
6th shot 2.67 4.46 3.27
7th shot 2.65 4.15 3.12
8th shot 2.53 4.49 2.83
9th shot 3.27 4.85 3.94
10th shot 3.52 5.52 3.73

Mean 3.33 5.62 3.64
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Fig. 18 Result of angle of subject B’s 3rd shot

Table 7 Root mean square error of subject B’s estimated angle

RMSE of subject B's 10 trial

Ball Angle o Angle g Angle y
1st shot 3.11 57.92 5.31
2nd shot 3.76 37.99 5.84
3rd shot 5.49 47.62 6.12
4th shot 2.97 54.20 471
5th shot 5.67 47.19 6.45
6th shot 3.93 43.35 5.06
7th shot 5.09 46.05 38.15
8th shot 5.01 48.18 5.89
9th shot 8.14 49.96 9.70
10th shot 5.90 38.60 6.89

Mean 4.91 47.11 9.41
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Fig. 19 Result of angle of subject B’s 3rd shot

Table 8 Root mean square error of subject C’s estimated angle

RMSE of subject C's 10 trial

Ball Angle « Angle g Angle
1st shot 7.90 51.16 7.72
2nd shot 6.52 42.25 7.85
3rd shot 6.49 36.57 7.37
4th shot 5.27 90.99 5.56
5th shot 7.25 73.87 7.79
6th shot 7.24 27.67 8.47
7th shot 3.85 18.37 441
8th shot 6.07 22.43 7.01
9th shot 5.98 15.82 6.51
10th shot 5.46 23.49 6.28

Mean 6.20 40.26 6.90
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Fig. 20 Result of angle of subject B’s 3rd shot

Table 9 Root mean square error of subject D’s estimated angle

RMSE of subject D's 10 trial

Ball Angle o Angle g Angle y
1st shot 2.61 7.33 2.53
2nd shot 5.94 13.50 6.24
3rd shot 3.52 9.88 3.69
4th shot 5.27 11.15 5.67
5th shot 7.16 14.46 7.56
6th shot 5.67 11.55 5.84
7th shot 2.49 4.70 2.72
8th shot 7.35 14.55 7.81
9th shot 5.01 10.50 5.51
10th shot 411 8.13 431

Mean 491 10.57 5.19
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Fig. 21 Result of angle of subject B’s 3rd shot

Table 10 Root mean square error of subject E’s estimated angle
RMSE of subject E's 10 trial

Ball Angle « Angle g Angle y
1st shot 3.68 7.24 3.71
2nd shot 3.76 6.82 3.65
3rd shot 2.98 6.14 3.81
4th shot 3.74 4.09 3.36
5th shot 451 8.45 4,99
6th shot 2.67 4.46 3.27
7th shot 2.65 4.15 3.12
8th shot 2.53 4.49 2.83
9th shot 3.27 4.85 3.94
10th shot 3.52 5.52 3.73

Mean 3.33 5.62 3.64
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Table 11 Root mean square error of estimated angle
Mean RMSE of 10 trial [deg]

Subject Angle Angle g Angle y
A 3.33 5.62 3.64
B 491 47.11 9.41
C 6.20 40.26 6.90
D 491 10.57 5.19
E 3.33 5.62 3.64

Mean 4.54 21.84 5.76
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Fig. 22 Result of velocity of subject A’s 1st shot

Table 12 Root mean square error of subject E’s estimated velocity
RMSE of subject A's 10 trial

Ball X-axis [m] Y-axis [m] Z-axis [m]
1st shot 0.17 0.18 0.12
2nd shot 0.19 0.20 0.11
3rd shot 0.22 0.26 0.09
4th shot 0.33 0.30 0.11
5th shot 0.23 0.18 0.10
6th shot 0.33 0.30 0.10
Tth shot 0.31 0.37 0.07
8th shot 0.32 0.29 0.10
9th shot 0.25 0.25 0.09
10th shot 0.25 0.22 0.09

Mean 0.26 0.26 0.10
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Fig. 23 Result of velocity of subject B’s 3rd shot

Table 13 Root mean square error of subject B’s estimated velocity

RMSE of subject B's 10 trial

Ball X-axis [m] Y-axis [m] Z-axis [m]
1st shot 0.29 0.26 0.18
2nd shot 0.24 0.20 0.18
3rd shot 0.23 0.18 0.16
4th shot 0.24 0.23 0.16
5th shot 0.26 0.23 0.20
6th shot 0.26 0.25 0.17
Tth shot 0.24 0.25 0.21
8th shot 0.25 0.18 0.15
9th shot 0.31 0.30 0.27
10th shot 0.22 0.20 0.26

Mean 0.25 0.23 0.19
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Fig. 24 Result of velocity of subject C’s 7th shot

Table 14 Root mean square error of subject E’s estimated velocity

RMSE of subject C's 10 trial

Ball X-axis [m] Y-axis [m] Z-axis [m]
1st shot 0.22 0.33 0.18
2nd shot 0.26 0.22 0.14
3rd shot 0.25 0.24 0.16
4th shot 0.23 0.16 0.10
5th shot 0.23 0.22 0.27
6th shot 0.28 0.23 0.13
7th shot 0.20 0.16 0.08
8th shot 0.22 0.26 0.22
9th shot 0.22 0.22 0.14
10th shot 0.22 0.20 0.16

Mean 0.23 0.22 0.16
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Fig. 25 Result of velocity of subject D’s 4th shot

Table 15 Root mean square error of subject D’s estimated velocity

RMSE of subject D's 10 trial

Ball X-axis [m] Y-axis [m] Z-axis [m]
1st shot 0.13 0.32 0.26
2nd shot 0.12 0.43 0.32
3rd shot 0.13 0.39 0.28
4th shot 0.17 0.37 0.25
5th shot 0.22 0.39 0.31
6th shot 0.18 0.33 0.28
Tth shot 0.13 0.33 0.22
8th shot 0.21 0.46 0.33
9th shot 0.20 0.38 0.25
10th shot 0.18 0.29 0.23

Mean 0.17 0.37 0.27
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Fig. 26 Result of velocity of subject E’s 6th shot

Table 16 Root mean square error of subject E’s estimated velocity
RMSE of subject E's 10 trial

Ball X-axis [m] Y-axis [m] Z-axis [m]
1st shot 0.19 0.26 0.20
2nd shot 0.15 0.26 0.22
3rd shot 0.14 0.25 0.21
4th shot 0.12 0.29 0.28
5th shot 0.12 0.25 0.20
6th shot 0.13 0.20 0.24
Tth shot 0.16 0.20 0.26
8th shot 0.12 0.28 0.30
9th shot 0.14 0.29 0.28
10th shot 0.14 0.25 0.32

Mean 0.14 0.25 0.25
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Fig. 27 Result of displacement of subject A’s 1st shot

Table 17 Root mean square error of subject E’s estimated displacement

el Proposal method Normal method
a
X-axis [m] Y-axis [m] Z-axis [m] X-axis [m] Y-axis [m] Z-axis [m]

1st shot 0.09 0.13 0.08 0.06 0.18 0.03
2nd shot 0.09 0.09 0.07 0.06 0.27 0.04
3rd shot 0.03 0.10 0.05 0.08 0.05 0.03
4th shot 0.18 0.06 0.13 0.14 0.10 0.05
5th shot 0.05 0.04 0.04 0.11 0.10 0.03
6th shot 0.21 0.13 0.13 0.15 0.06 0.05
7th shot 0.22 0.08 0.17 0.16 0.14 0.05
8th shot 0.15 0.06 0.11 0.12 0.13 0.03
9th shot 0.07 0.10 0.05 0.04 0.15 0.04
10th shot 0.08 0.05 0.07 0.09 0.11 0.03

Mean 0.12 0.08 0.09 0.10 0.13 0.04
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Fig. 28 Result of displacement of subject A’s 1st shot

Table 18 Root mean square error of subject E’s estimated displacement

- Proposal method Normal method
a
X-axis [m] Y-axis [m] Z-axis [m] X-axis [m] Y-axis [m] Z-axis [m]

1st shot 0.21 0.19 0.23 0.16 0.15 0.11
2nd shot 0.10 0.09 0.12 0.09 0.08 0.10
3rd shot 0.12 0.11 0.13 0.11 0.12 0.11
4th shot 0.13 0.12 0.16 0.12 0.11 0.11
5th shot 0.23 0.16 0.19 0.12 0.13 0.14
6th shot 0.17 0.13 0.17 0.13 0.13 0.11
7th shot 0.22 0.13 0.19 0.11 0.13 0.16
8th shot 0.13 0.10 0.12 0.11 0.09 0.12
9th shot 0.22 0.16 0.22 0.16 0.13 0.16
10th shot 0.13 0.10 0.16 0.08 0.05 0.18

Mean 0.17 0.13 0.17 0.12 0.11 0.13
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Fig. 29 Result of displacement of subject A’s 1st shot

Table 19 Root mean square error of subject E’s estimated displacement

- Proposal method Normal method
a
X-axis [m] Y-axis [m] Z-axis [m] X-axis [m] Y-axis [m] Z-axis [m]

1st shot 0.09 0.08 0.17 0.04 0.22 0.17
2nd shot 0.14 0.14 0.18 0.06 0.11 0.12
3rd shot 0.17 0.17 0.22 0.05 0.10 0.04
4th shot 0.15 0.11 0.15 0.06 0.06 0.10
5th shot 0.05 0.07 0.09 0.09 0.14 0.23
6th shot 0.06 0.06 0.09 0.09 0.10 0.09
7th shot 0.12 0.08 0.12 0.04 0.09 0.07
8th shot 0.07 0.11 0.07 0.09 0.23 0.18
9th shot 0.08 0.18 0.15 0.05 0.13 0.07
10th shot 0.05 0.06 0.12 0.06 0.18 0.13

Mean 0.10 0.11 0.14 0.06 0.14 0.12
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Fig. 30 Result of displacement of subject A’s 1st shot

Table 20 Root mean square error of subject E’s estimated displacement

- Proposal method Normal method
al
X-axis [m] Y-axis [m] Z-axis [m] X-axis [m] Y-axis [m] Z-axis [m]

1st shot 0.12 0.08 0.17 0.04 0.27 0.07
2nd shot 0.11 0.09 0.17 0.04 0.33 0.04
3rd shot 0.03 0.07 0.08 0.07 0.32 0.06
4th shot 0.04 0.07 0.05 0.08 0.25 0.10
5th shot 0.06 0.08 0.04 0.08 0.19 0.05
6th shot 0.03 0.05 0.09 0.05 0.20 0.14
7th shot 0.06 0.08 0.11 0.04 0.26 0.04
8th shot 0.05 0.08 0.06 0.06 0.29 0.08
9th shot 0.05 0.08 0.04 0.09 0.26 0.13
10th shot 0.07 0.11 0.02 0.10 0.24 0.05

Mean 0.06 0.08 0.08 0.06 0.26 0.08
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Fig. 31 Result of displacement of subject A’s 1st shot

Table 21 Root mean square error of subject E’s estimated displacement

- Proposal method Normal method
a
X-axis [m] Y-axis [m] Z-axis [m] X-axis [m] Y-axis [m] Z-axis [m]

1st shot 0.16 0.06 0.06 0.27 0.31 0.29
2nd shot 0.10 0.07 0.05 0.13 0.08 0.14
3rd shot 0.06 0.12 0.06 0.13 0.07 0.11
4th shot 0.06 0.26 0.06 0.10 0.09 0.08
5th shot 0.09 0.05 0.06 0.15 0.15 0.18
6th shot 0.11 0.14 0.05 0.22 0.18 0.22
7th shot 0.13 0.11 0.07 0.26 0.21 0.23
8th shot 0.10 0.07 0.07 0.06 0.07 0.07
9th shot 0.10 0.06 0.05 0.08 0.07 0.06
10th shot 0.08 0.13 0.07 0.14 0.10 0.13

Mean 0.10 0.11 0.06 0.16 0.13 0.15
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