US 20140106892A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2014/0106892 A1

LIN et al. (43) Pub. Date: Apr. 17,2014
(54) METHOD FOR SWING RESULT DEDUCTION (22) Filed: Dec. 21,2012
AND POSTURE CORRECTION AND THE
APPARATUS OF THE SAME (30) Foreign Application Priority Data
(71)  Applicants: INDUSTRIAL TECHNOLOGY Oct. 12,2012 (TW) e 101137614
RESEARCH INSTITUTE, (US);
NATIONAL CHIAO TUNG Publication Classification
UNIVERSITY, Hsinchu (TW)
(1) Imnt.ClL
(72) Inventors: CHUNG WEI LIN, CHANGHUA A63B 69/36 (2006.01)
COUNTY (TW); LUN CHIA KUO, (52) US.CL
%ﬁgﬁ%ﬁgg&% CTP\I;H %EI &1 G A63B 69/36 (2013.01)
JU:NG VEH. LSINCHU C(O ); v USPC ............ 473/222; 473/409; 473/221; 473/223
(TW); TSUB’TG LONG CHEN,
TAINAN CITY (TW), YI CHEN (57) ABSTRACT
HUANG, KAOHSIUNG CITY (TW) An exemplary embodiment provides a method for swing
(73) Assignees: NATIONAL CHIAO TUNG result deduction and posture correction. The method includes
' UNIVERSITY HSINCHU (TW); performing a coordinate transformation between a sensor
INDUSTRIAL’TECHNOLOGY’ frame and an earth frame, deducting the swing result accord-
RESEARCH INSTITUTE. HSINCHU ing to at least one piece of sensor information and a swing
(TW) ' result deduction analysis, and providing a posture correction
advice according to at least one piece of sensor information
21) Appl. No.: 13/725,778 and a posture correction analysis.
pp p Y

X-axis Y -axis

(Upward along the club)  (Pointing to the target

line)
Z-axis Sensor frame at take-away
Coordinate
transformation matrix T
X-axis
(Pointing to the north)
Z-axis Y-axis
(Pointing to the ground) (Pointing to the cast)

Earth frame



US 2014/0106892 A1

Apr. 17,2014 Sheet 1 of 15

Patent Application Publication

[ "DId

s[npowr
a[npow
SSOTOIM Uo1}O21I0D
: 2IMSOJ
61 31
o[npowt onpow
uononpap UonewIOJSuLI
Jnsax Sumg JJBUIPIOO))
KI0WSN 91 14!
10882001J
( {
) )
4! 01

001



US 2014/0106892 A1

Apr. 17,2014 Sheet 2 of 15

Patent Application Publication

¢ DId

el yueyq
(3seo 2y} 01 Sunulog) (punoig oy 03 Sunuioy)
Stxe-X sIxe-7
(quou oy 03 Sunurod)

SIxe-y

1. XUIjewl UoneuLojsueI)

21eUIpPIO0))
Aeme-9ye) 18 duel JOSUdS SIXe-7
(our
1081e) o) 0) SunuUIod)  (qnpo oy Suoye premdn)
SIXB-A sIXR-Y



US 2014/0106892 A1

Apr. 17,2014 Sheet 3 of 15

Patent Application Publication

¢-Ot DId

[-O¢ "DIA

|

o/

y

:

P-V¢e DId

:ﬂ@

Q
o \o
bﬁ@

€-Ve DId

gsnd

O
P

¢-vVe DId

/ . UI-9pISINQ

2 UI-OPISU]

[-V¢ DId

OOH




US 2014/0106892 A1

Apr. 17,2014 Sheet 4 of 15

Patent Application Publication

(Pu0d3g OO1/T ) Wi,

IvC " 181 121 19

1
\PH?,E,-(

SN

““““““““““““““““““““““““““““““““““““““““““““““““““““ )
L/
(i

“““““““““““““““““““““““““““““““““““““““““““““““““““““ N .
L
L/
\Y

UOTIODIIP STXB-7 —- - - N ~
UOTIOQMIP SIXE-X
UOTOdIP SIXe-X — — — —

(8) anreA uone1a[9008 PAZI[BULION



US 2014/0106892 A1

Apr. 17,2014 Sheet 5 of 15

Patent Application Publication

¢ DId

UONIP SIXB-7 —--—-mom - -

UONOOIIP SIXE- X

uondIIp SIXe-y — — — — —
\
Mm T~ (pmosesool/r) emL

llllllllllllll
1
s
’
r’

A N e R

L4
o~ K S e T
| ' /A./..
—— [

~

I

3

o

(8) anyeA uonyRIa39IL PIZI[EULION

ﬂ-

®



US 2014/0106892 A1

Apr. 17,2014 Sheet 6 of 15

Patent Application Publication

.
ersiessiersnes e

g

Aeme-aye) 01 aAnR[RI [3UR UOLRIOY



Patent Application Publication ~ Apr. 17,2014 Sheet 7 of 15 US 2014/0106892 A1

FIG. 7

Time (1/100 Second )

C‘:}
b N

10
£
&

Aeme-oye) 0) ANE[AI J[FUB UOLIRIOY



US 2014/0106892 A1

Apr. 17,2014 Sheet 8 of 15

Patent Application Publication

JNO-OPISUT ST
SOL K10300fe1) 9U) I0YIOYM

708

anyea jesa1d Veos
B UBY) 10Je213 ST 908[-qnJo © JO

J[nsax Suims
Ppuod9s

o[3ue oY) IOYPIOYM

ON
joedur ue

€08

SOX

Io)ye ATosudjul So3uryd STXB- A ) JO
onjeA (8) uoned[oooe L)1aeis oy Jo
spmdwe oY [,
ON

anjeA 19sa1d e uery
1978213 ST SIXEB-Y 211 JO anjeaA (8) uorjeIa[asde
KIARIS 9U) JO sonyeA yeod 0M] U00MI0q
QOURISJJIP V

<08

108

ON

\ 1[nsa1 Suims \
UIXIS
jnsa1 Surms JNsax SUIMS
g ON JHmo, \

JInsox1 Suims

payL
INO-apISUI
st A10300(eny o)
IDYOYM A
SOK
JINSaI FuIms
1SIL]

SOX



Patent Application Publication  Apr. 17,2014 Sheet 9 of 15 US 2014/0106892 A1




US 2014/0106892 A1

Apr. 17,2014 Sheet 10 of 15

Patent Application Publication

00TAPE UOT)O91I09
PIY Ly

\ o&%ﬂ m@%ﬁ% O ﬁ .UHHH

odre]
00} S1 3[3ue UOTIBIOI A}
JOUIY A

DA 901

QJTAPE UOTIIALIO0D IJIAPE UOTIO3II0D
esﬁ* Pu029G,

juiod Sun(ins je uonisod gy
pue Aeme-a3[e) Je uonisod o) usomIaq
195N 31} JO ISTBM 1) JO JUSWR[dSIp
[BOTHISA IO [RJUOZLIOY JT)

SOA 20e}-qnyd © Jo o[Jue
UOIIE)01 3Y) A1B[NI[E))

SJTAPE UOTJIII0D
Eﬁ*

Apoq 19M0[

oy} JO JUSWISAOW
oY) uet] JoIjIe Surmsumop 9} pue o Jn0-opIsul St
s1 Apoq 1addn ayy jo Burms-yoeq o £10y00fen) SurMSTMOp

JUOTIOAOUL 91} Jo oner oy

oY) IOUIYM

QWII) 20UAIINOO0 JUSTUSACT
oY} pue JOSUSS JSTEM T} JO >
junowre juswaoe|dsip ay) emore)

SUIT) AOUSIINIJO JUSWIAOUI S} PUL
« 10Suds qnio j|03 ay} Jo A10300fen
SuIMSuUMOp pue Surms-joeq 9JB[MO[R)

JOSUDS ISTEM © PUR JOSUSS qnpo 1103
® U0 FuIssa001d UONLZIUOIOUAS WIOJIdJ

t
[ pererdumoo st Surms oy yun Surms e pe)g |

1331100 81 22Ue)8
© IOUJoYM pue J[PPIL S I SI [[eq

AJ[eorjewioyne 20UE)S o1} pue

T2q 93 Jo uorsod oy Jsnlpy

© JO uonisod oY) Iay1oyMm AJ[edrjewone
1e1e(

10L




Patent Application Publication  Apr. 17,2014 Sheet 11 0of 15  US 2014/0106892 A1

(O—~—110A

=)

FIG. 11A



Patent Application Publication  Apr. 17,2014 Sheet 120f 15  US 2014/0106892 A1

v@wllZA
113A

(@—~—110A

=

FIG. 11A-1



Patent Application Publication  Apr. 17,2014 Sheet 130f 15  US 2014/0106892 A1

(O—~110B

111B 1138

FIG. 11B



Patent Application Publication  Apr. 17,2014 Sheet 14 0f 15  US 2014/0106892 A1

110B

=]

FIG. 11C



Patent Application Publication  Apr. 17,2014 Sheet 150f15  US 2014/0106892 A1

(O—~—110C

~—112C

~—110C"

~112C

r=——=—-""
A\ Y

FIG. 11D



US 2014/0106892 Al

METHOD FOR SWING RESULT DEDUCTION
AND POSTURE CORRECTION AND THE
APPARATUS OF THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 101137614, filed on Oct. 12, 2012,
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND

[0002] 1. Field of the Disclosure

[0003] The technical field of the present disclosure is
related to a method for swing result deduction and posture
correction and the device thereof.

[0004] 2. Description of the Related Art

[0005] In the sport of golf, common misplayed shots
include a hook, a slice, a pull, a push, a duff and a top, and a
golf beginner usually does not know the type of misplayed
shot made during practice as well as a correction method.
Such a problem may be solved through one-to-one teaching
by an instructor; however, due to the lack of accurate swing
and golfer body information, an instructor can only instruct a
golf beginner on how to correct a body movement from the
experience based on a swing result. Such a problem may also
be solved by recording swing information and the swing
posture of a golf beginner with a high speed camera; however,
such an approach may still encounter problems such as image
obstruction (blind spot of camera), golfer privacy, an
unknown body force application, and detection failure of the
rotation angle of a club-face.

[0006] Inanother solution, a pressure sensor is installed on
a golf club to record the force application on a club-head and
feedback the force of a player’s swing and the flying direction
of a ball. However, such a golf club requires special fabrica-
tion, which is not economical. In yet another solution, a light
distribution sensor is added in a striking environment to
observe the flying shadow of a ball, determine the flying
direction of the ball based on the tangent plane point of the
swing, and predict a golf three dimensional movement trajec-
tory. Such a method is not suitable for an outdoor practical
swing and but only suitable for an indoor small-range opera-
tion.

[0007] Therefore, it is necessary to develop a method for
swing result deduction and posture correction and a specific
structure thereof, so that a golfer who intends to improve the
golf skill may correct postures of ball striking by using objec-
tive data information. In addition, this set of method and
structure may also provide a golf instructor with more pre-
cise, objective data to make better advices.

SUMMARY OF THE DISCLOSURE

[0008] Oneembodiment of the present disclosure provides
a method for swing result deduction and posture correction,
the method includes performing coordinate transformation
between a sensor frame and an earth frame; outputting a
swing result according to at least one piece of sensor infor-
mation and through a swing result deduction analysis
method; and outputting a correction advice according to at
least one piece of sensor information and through a posture
correction analysis method.
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[0009] Another embodiment of the present disclosure pro-
vides an electronic device for swing result deduction and
posture correction, capable of receiving sensor information
generated by at least one sensor, and the electronic device
includes a memory; and a processor including a coordinate
transformation module, a swing result deduction module, and
a posture correction module. The coordinate transformation
module is used for performing coordinate transformation
between the coordinates of the at least one sensor and an earth
frame; the swing result deduction module is used for output-
ting a swing result according to the sensor information gen-
erated by the at least one sensor and through a swing result
deduction analysis method; and the posture correction mod-
ule is used for outputting a correction advice according to the
sensor information generated by the at least one sensor and
through a posture correction analysis method.

[0010] The foregoing has outlined rather broadly the fea-
tures and technical advantages of the present disclosure in
order that the detailed description of the disclosure that fol-
lows may be better understood. Additional features and
advantages of the disclosure will be described hereinafter,
which form the subject of the claims of the disclosure. It
should be appreciated by those skilled in the art that the
conception and specific embodiment disclosed may be
readily utilized as a basis for modifying or designing other
structures or processes for carrying out the same purposes of
the present disclosure. It should also be realized by those
skilled in the art that such equivalent constructions do not
depart from the spirit and scope of the disclosure as set forth
in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The disclosure will be described according to the
appended drawings in which:

[0012] FIG. 1 shows an electronic device for swing result
deduction and posture correction according to an embodi-
ment of the present disclosure;

[0013] FIG. 2isa schematic view of the sensor frame-earth
frame” transformation according to the present disclosure;
[0014] FIG. 3A-1 to FIG. 3A-4 are schematic views of
misplayed shot types;

[0015] FIG. 3B is a schematic view of downswing trajec-
tories;

[0016] FIG. 3C-1 to FIG. 3C-2 are schematic views of
rotation trends of a club-face;

[0017] FIG. 4 shows the determination of the swing result
of a duff according to the change of an acceleration value of
a golf club according to an embodiment of the present disclo-
sure;

[0018] FIG. 5 shows the determination of the swing result
of a top according to the change of an acceleration value of a
golf club according to an embodiment of the present disclo-
sure;

[0019] FIG. 6 is a schematic view of an open club-face
according to an embodiment of the present disclosure;
[0020] FIG.7 shows a schematic view of a closed club-face
according to an embodiment of the present disclosure;
[0021] FIG. 8 is a flow chart of an analysis method for
determining a swing result according to an embodiment of the
present disclosure;

[0022] FIG. 9 shows a structure of swing result deduction
and posture correction according to an embodiment of the
present disclosure;
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[0023] FIG. 10 is a flow chart of an analysis method for
providing a posture correction advice according to an
embodiment of the present disclosure; and

[0024] FIG. 11A to FIG. 11D show various manners of
connecting a sensor and a golf club according to embodi-
ments of the present disclosure.

DETAIL EMBODIMENT OF THE PRESENT
DISCLOSURE

[0025] The method and process in an application scenario
of a method and a device for swing result deduction and
posture correction provided in the present disclosure are as
follows. In an embodiment, a ball striker may dispose a sen-
sor, for example, a movement sensing accessory on the grip of
a golf club, place a sensor through a method for connecting a
sensor and a golf club, for example, an appendage or a fixa-
tion outside a golf club or an insertion in a golf club, and
optionally wear a smartphone with a sensing function at the
waist. When the movement sensing accessory and the smart-
phone are respectively positioned, swing practice may start.
During each swing practice, a trainee or the ball striker needs
to keep still for several seconds during the preparation for a
take-away movement, and the movement sensing accessory
may measure the current gravity and magnetic force and
return the current gravity and magnetic force to a framework
including the deduction and posture correction device for
calculating a “sensor frame-earth frame” transformation
matrix during the current take-away movement. Next, start a
swing motion till the swing is completed, and at the same
time, the measured sensed information are returned to the
framework, so that the framework first transforms all the
information back to the sensor frame during the take-away,
and then, through a “sensor frame-earth frame” transforma-
tion procedure, transforms the sensed information into infor-
mation using the earth frame as a reference. Next, the frame-
work calculates a swing trajectory, an angle of a club-face and
an acceleration value of a golf club, and determines a swing
result. When a misplayed shot is made, the framework auto-
matically determines the major cause for an undesirable
swing result based on the deduced swing result in combina-
tion with the body movement of the ball striker determined by
the sensor.

[0026] FIG. 1 shows an electronic device 100 for swing
result deduction and posture correction according to an
embodiment of the present disclosure. The electronic device
100 may receive sensor information generated by at least one
sensor (not shown), and the electronic device 100 includes a
memory 12 and a processor 10. The processor 10 further
includes a coordinate transformation module 14, a swing
result deduction module 16, and a posture correction module
18. The functions of all the above modules are described
below. The electronic device 100 is a computer unit in this
embodiment; however, the electronic device 100 is not lim-
ited thereto, and any electronic device 100 having basic com-
putation and processing functions, such as a tablet computer,
a smartphone, may be used as the electronic device 100. In an
electronic device 100 according to an embodiment of the
present disclosure, the processor 10 further includes a wire-
less module 19. The wireless module 19 may receive signals
ofother mobile devices in a manner such as, but not limited to,
Bluetooth, Wi-Fi or 3G. In this embodiment, other mobile
devices may be at least one sensor or movement sensing
accessory. A plurality of sensors or movement sensing acces-
sories transmits sensed information to the electronic device
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100. The different modules perform computation through the
data of these pieces of sensed information and output results
to be displayed on a peripheral (for example a screen) of the
electronic device 100, or output the results to display devices
of the sensors through wireless transmission. In another
embodiment of the present disclosure, the result calculated by
the electronic device 100 may be transmitted through a cloud
to a remote device, for example, a mobile communication
device or a home computer unit of a user or the ball striker.

[0027] The coordinate transformation module 14 in the
electronic device 100 in FIG. 1 is used for “sensor frame-earth
frame” coordinate transformation. As shown in FIG. 2, a golf
ball striker 20 holds a golf club 22 in hand, while a sensing
device 24 is disposed on the golf club 22. The sensing device
24 may be fixed on the golf club 22. For example, as shown in
FIG. 11A, a detachable conical sleeve ring 111A slides over
a golf club 110A, and then a bolt 113A for connecting a
sensing device 112A is screwed in a screw-hole of the sleeve
ring 111A (however, the present disclosure is not limited
thereto). The sleeve ring 111A may be, but is not limited to, a
rubber sleeve ring. On the other hand, the sensing device
112A may also combine with a bolt 113 A and be screwed in
the screw-hole positioned on top of the golf club 110A as
shown in FIG. 11A-1. Further, as shown in FIG. 11B, one
sleeve ring 111B having a groove 113B is sleeved over a golf
club 1108 (in this embodiment, itis shown that the sleeve ring
111B is located below the grip position of a ball striker), a
thin-type sensing device 112B (for example, in a form of a
card) may be inserted in the groove 113B of the sleeve ring
111B and be fixed by the sleeve ring 111B. The sleeve ring
111B may be, but is not limited to, a rubber sleeve ring. In
another embodiment shown in FIG. 11C, it is shown that the
sleeve ring 111B is located above the grip position of a ball
striker. The sensing device 24 shown in FIG. 2 may also be
inserted inside the golf club 22. As shown in

[0028] FIG. 11D, the golf club 110C may adopt a two-
section design, so that a user or the ball striker may detach the
golfclub 110C into two sections (110C, 110C") and insert the
sensing device 112C or 112C" into the gold club. FIG. 11A to
FIG. 11C show that a golf club (110A, 110B) may be com-
bined with the sensing device (112A, 112B) without a special
customization process.

[0029] As sensor information, for example, an acceleration
value and a swing trajectory required for the process of deter-
mining a swing result is based on the reference of the earth
frame, and the sensing device 24 may be unable to be pre-
cisely placed along the direction of the club. Therefore, coor-
dinate transformation between a sensor frame and the earth
frame is required. A ball striker first keeps still for several
seconds during the preparation for a take-away movement, so
that the gravity sensor and the magnetic sensor in the sensing
device 24 are able to measure the current gravity and mag-
netic force and returns the current gravity and magnetic force
to the framework. As shown in FIG. 2, the sensing device 24
first establishes a sensor frame on the golf club 22, and the
basis of the sensor frame during the take-away preparation
movement is S={s,, s , s, }, where the X-axis direction points
to the ball striker 20 along the club, the Y-axis direction is the
target line, and the Z-axis direction is the vector product
direction of the X-axis and the Y-axis. The framework,
according to the information of gravity and magnetic force,
defines the earth frame as follows: the basis of the earth frame

is E={e,.e,.e.}, and defines that e, pointing to the north, e,
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pointing to the east, and e, pointing to the ground. To express
the basis of the earth frame using the basis of the sensor
frame:

e =o| =

ol [

0 5
ed=|0] =-L,
LT

0 L o
ol =|1] -2

I

es

where M and g are the measured magnetic force and gravity
acceleration during the take-away preparation movement,
respectively. Therefore, it may be obtained that the transfor-
mation matrix T, for transformation from the earth frame
into the sensor frame is as follows:

bl fes] 1]

es =

so that

[V]s =Tos [V]ga

[0030] where [v], is the sensor frame and [v], is the earth
frame. The transformation matrix T, for transformation
from the sensor frame into the earth frame is:

Toe~Tos™

[0031] By adopting the following equations, the sensor
frame during the take-away preparation movement may be
transformed into the earth frame:

V=L W)= T of v,

[0032] In an embodiment, the framework transforms the
data returned by the sensor from the sensor frame into the
earth frame according to the description below. First, the
angular speeds (o,,0,,0,) measured by a gyro sensor in each
time of sampling are introduced to obtain a quaternion Q.
After the sampling is completed, a sensor frame Q,,.; at the
time of the take-away may be obtained through the vector
product multiplication of quaternions Q generated at different
sampling points. Next, the sensor frame Q,,., at the time of the
take-away is introduced into a corresponding rotation matrix
R, and the value of a corresponding acceleration a is taken, so
that the acceleration value of the sensor frame at the time of
the take-away is obtained. Next, all obtained acceleration
values of the sensor frame of the sampling points at the time
of the take-away are taken into the transformation matrix T,
10 obtain the acceleration transformed into the “earth frame”.
The computation equation is as follows:

[0033] itis assumed that the sampling rate is 1/At,
[0034] so that

=(0, 6, 0., o=y 0. +0, +0.%, 6jllAr
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[0035] and the rotation is expressed through a quaternion as
follows:
COSE
o0 '/sing\lﬁ
il C 2wl
0= ot |
2 [sinz | —=
@ C 2wl
i . 0\ W,
'\smz)m
[0036] It may be derived from the quaternion that the rota-

tion matrix R is as follows:

Gra-Gi-4 U-qos+01a)  Agn +a19s)

R=| 2@os+a1d)) @-a+B-0 2q0q1 +5a3)

2-qog2 + q143)  2Aq0q1 +9293) dh-4i - 45 +45

[0037] and q,°+q,°+q,>+qs"=1, and R may be simplified
into:

1-2g5-295  20-q0g3 +01%) 202 + 0193)

R=| 2gogs +quq2)  1-247 =25  2goq +q293) |

2A-q092 +9193) 2qoq1 +9293) 1 -2qF — 245

[0038] Q, is expressed as the quaternion of then™ sampling
point in the current sensor frame, the sensor frame at the time
of the take-away is the vector product multiplication of the
quaternion:

00:1=0n%0n 1 - - %01

[0039] Q,., is introduced into the rotation matrix R to
obtainR,,.;, so that the measurement data [v], ofthe sensor at
the time of the n” sampling point is transformed into the data
R,,.;[v], ofthe sensor frame at the time of the take-away, and
is then transformed into the earth frame through the following

equation:
e LoeV = Tl B V)

[0040] The swing result deduction module 16 in the elec-
tronic device 100 in FIG. 1 deduces a swing result through
different sensor information. Common misplayed shots of
golfers include a hook (as shown in FIG. 3A-1), a slice (as
shown in F1G. 3A-2), a push (as shown in FIG. 3A-3), a pull
(as shown in FIG. 3A-4), a top (not shown), and a duff (not
shown). In an embodiment, the swing result deduction mod-
ule 16 may determine what type of misplayed shot a ball
striker has made. The sensor information used by the swing
result deduction module 16 includes the acceleration value of
the swing movement in the three-axis (X, Y, Z), a downswing
trajectory, and the trend of the rotation angle of a club-face
along the X-axis of a golf club. The practical method of
obtaining the acceleration value of the movement of the golf
club in the three-axis (X, Y, 7) is already recorded in the
previous paragraphs, which is no longer described here. As
shown in FIG. 3B, the downswing trajectory includes three
possibilities, outside-in, inside-out, and inside-in. In an
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embodiment, for the downswing trajectory, acceleration
value of the movement of the golf club obtained previously
may be integrated twice to calculate a trajectory displacement
relative to the take-away position (0,0,0). As the information
of time is required for integration, time of the sampling point
may also be recorded. In addition, as shown in FIG. 3C-1 and
FIG. 3C-2, the angle of the club-face may be approximately
divided into an open type and a closed type. Seen from the
angle of the ball striker, in FIG. 3C-1, the club-face rotates in
the clockwise direction along the X-axis, which is defined as
an open club-face; and in FIG. 3C-2, the club-face rotates in
the counterclockwise direction along the X-axis, which is
defined as a closed club-face. In an embodiment, the swing
result deduction module 16 performs integration on the three-
axis angular speed of the sensor at each time of the sampling
point to obtain a three-axis rotation angle (depending on a
7Y X-axis rotation sequence), calculates the rotation angle of
the time of the sampling point relative to the angle at the time
of the take-away, and observes the variation trend of the
angle.

[0041] FIG. 4 shows the determination of the swing result
of a duff according to the change of the acceleration value
measured by a gravity sensor in an embodiment. In FIG. 4, the
horizontal axis is time, the vertical axis is a normalized accel-
eration value, in which the gravity acceleration (g) is taken as
a unit, and the three different lines represent the acceleration
values of the movement of the club in the directions of X -axis,
Y-axis, and Z-axis, respectively. As can be seen from FIG. 4,
the acceleration value of the X-axis has two obvious surges
between the time points of 241 (Y100 second) to 421 (Voo
second), while the difference between the two peak values is
4 g. When the difference of the X-axis acceleration is greater
than one predetermined value, for example, 3.5 g, the swing
result deduction module 16 determines that the swing result is
duff.

[0042] FIG. 5 shows the determination of the swing result
of a top according to the change of the acceleration value
according to an embodiment. The representation shown in
FIG. 5 and in FIG. 4 is identical. As can be seen from FIG. 5,
the acceleration value in the previously defined target line,
that is, the Y-axis direction, shows obvious intense oscillation
between time points of 225 (%100 second) and 393 (Vioo sec-
ond), and in FIG. 5 this oscillation is specially enlarged for
further explanation. According to the following equation, the
variation (0,) of the acceleration (g,) in the target line within
one time interval t may be calculated, and when the variation
is greater than one specific value, for example, 1.2, the swing
result deduction module 16 determines that the swing result is
atop.

=1
Z gy,i - g
_ =

t

Ty

[0043] Thetrend ofthe rotation angle of the club-face along
the X-axis may be illustrated through FIG. 6 and F1G. 7. FIG.
6 shows the determination of an open club-face or a closed
club-face based on the variation of the rotation angle of the
club-face relative to the angle at the take-away in an embodi-
ment. In FIG. 6, the horizontal axis is time, the vertical axis is
rotation angle of the club-face relative to the angle at the
take-away, and different lines represent different swing
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records, respectively. A ball striker makes the golf club con-
tact the ball at the 20” sampling point of the time interval
centered at the impact point, so that a local maximum of the
vertical axis is generated near this time. As shown in FIG. 6,
in an embodiment, before the 207 sampling point, the rotation
angle of the club-face within a large part of time relative to the
angle at the take-away is a negative value, and the swing result
deduction module 16 determines that the swing result is an
openclub-face. As shownin FIG. 7,inan embodiment, before
the 20” sampling point, the rotation angle of the club-face
within a large part of time relative to the angle at the take-
away is a positive value, and the swing result deduction mod-
ule 16 determines that the swing result is a closed club-face.

[0044] In addition, different downswing trajectories and
angles of the club-face may be formed into four different
swing results: the combination of downswing trajectory out-
side-in and the closed club-face make a pull, the combination
of downswing trajectory outside-in and the open club-face
make a slice, the combination of downswing trajectory
inside-out and the closed club-face make a hook, and the
combination of downswing trajectory inside-out and the open
club-face make a push. Therefore, F1G. 8 is a flow chart of an
analysis method for the swing result deduction module 16 to
determine a swing result. First, determine whether the accel-
eration value along the club has at least two regional maxi-
mum values (for example, two peaks) 801 with a difference
greater than a predetermined value; if yes, output a first swing
result (the first swing result in this embodiment is a duff); and
if no, perform a next determination step. Subsequently, deter-
mine whether the variation (0,) of the acceleration value (by
taking g as a unit) along the target line (Y-axis) within one
time interval t afier an impact is greater than one specific
value 802; if yes, output a second swing result (in this
embodiment, the second swing result is a top); and if no,
perform a next determination step. Subsequently, determine
whether the angle of the club-face is greater than a predeter-
mined value 803; if yes, determine whether the movement
trajectory of the golf club is inside-out 803A; if the conclu-
sion is yes, output a third swing result (in this embodiment,
the third swing result is a hook); and if the conclusion is no,
output a fourth swing result (in this embodiment, the fourth
swing result is a pull). If the angle of the club-face is not
greater than a predetermined value, determine whether the
trajectory of the golf club is inside-out 804; ifthe conclusion
is yes, output a fifth swing result (in this embodiment, the fifth
swing result is a push); if the conclusion is no, output a sixth
swing result (in this embodiment, the sixth swing result is a
slice). The posture correction module 18 in the electronic
device 100 in FIG. 1 gives a posture correction advice based
on different sensor information. FIG. 9 shows the structure
according to an embodiment of the present disclosure. A golf
ball striker 90 holds a golf club 92 in hand, while a sensor 94
is disposed near the grip of a golf club 92. The sensor 94 may
be fixed on the golf club 92, while the golf club 92 is com-
bined with sensor 94 without any special processing. The ball
striker 90 may dispose another sensor 96 at the waist to record
the body movement of the ball striker 90. The sensor 96 may
be any portable element having movement sensing and
recording functions, for example, a small-size tablet com-
puter or personal mobile phone. The present disclosure is not
limited to the placement of one sensor 96 on the ball striker
90, and when the ball striker 90 wears more sensors, which,
for example, may be at the positions such as waist and wrist,
more information of human body movement is acquired.
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Therefore, the advice provided by the posture correction
module 18 becomes more precise. The sensor(s) transfers the
sensor information to an electronic device 98, for example, a
computer unit, through wireless channels such as 3G or Wi-
Fi, and after “sensor frame-earth frame” coordinate transfor-
mation of the sensor information is completed, the trans-
formed information is provided to the swing result deduction
module 16 and the posture correction module 18 in FIG. 1 for
determination or analysis. The electronic device 98 may fur-
ther transmit a calculation result to another electronic device
99 through a cloud technology. In an embodiment of the
present disclosure, the electronic device 98 synchronously
transfers data to a home computer, an office computer or a
mobile phone of the ball striker 90 through cloud transmis-
sion, so that the ball striker 90 may watch the swing result and
make systematical records at the aforementioned places.

[0045]  As there are many causes for a misplayed shot, if the
type ofthe cause fails to be determined, it is impossible to give
an effective correction advice. For example, in terms of body
movement, there are over 10 causes for a hook, which might
be related to the gripping of club, stance, center of gravity of
the body, wrist turning, over-tight arms, and coordination
between the upper body and lower body. In the present dis-
closure, the sensed movement information from multiple sen-
sors and the causal relationship between body movement and
sensed movement information are combined to determine the
major cause of an undesirable swing result. See FIG. 10, the
portions marked with asterisk are the body movement targets
to be determined by the swing result deduction and posture
correction framework. With the help of the sensed movement
information, in an embodiment, the framework may provide
a specific body posture correction advice.

[0046] The analysis method used in the posture correction
module 18 in FIG. 1is shown in FIG. 10. First, the ball striker
self checks whether the position of a ball is in the middle, and
whether his or her stance is normal 101; if no, the ball striker
adjusts accordingly and checks again; and if yes, the next step
1s performed. The next step is to start a swing until the swing
is completed, determine whether the movement trajectory of
agolfclub is inside-out according to the movement trajectory
of the golf club and the occurrence time of the movement
trajectory 102; if yes, output a first correction advice (in this
embodiment, the first correction advice is “the left arm is
over-tight”). In addition, according to the movement trajec-
tory of the golf club and the occurrence time thereof, it may
also be determined whether the ratio of the back-swing time
and the downswing time of the golf club is between 2:1 to 3:1
103; if no, output a second correction advice (in this embodi-
ment, the second correction advice is “bad tempo of back-
swing and downswing”). During the process of starting swing
until a swing is completed, the posture correction module 18
may at the same time determine whether the horizontal or
vertical displacement of the waist of the user between the
position at the take-away and the position at the striking
points is too large only according to the displacement amount
of the waist of a user and amovement occurrence time 104 of
the user; and if yes, output a third correction advice (in this
embodiment, the third correction advice is “the center of
gravity moves laterally or vertically”). During the process of
starting swing until a swing is completed, the posture correc-
tion module 18 may at the same time determine whether the
movement of golf club is earlier than the movement of the
waist according to the movement trajectory of golf club and
the occurrence time of the movement trajectory as well as the
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displacement amount of the waist of the user and the move-
ment occurrence time 105 of the user, if yes, output a fourth
correction advice (in this embodiment, the fourth correction
advice is “the movement of the upper body is earlier than that
of the lower body™); if no, perform a next determination step.
In the next determination step, determine whether the rotation
angle of club-face is too large by calculating the rotation
angle of club-face with reference to the sensor information
106, and if yes, output a fifth correction advice (in this
embodiment, the fifth correction advice is “the right wrist is
over-turned”).

[0047] Incombination with the illustration in the last para-
graph, the recording of time, the movement trajectory of golf
club and the displacement amount of the waist of a user, may
be separately or together added in the determination process
of the posture correction module 18. For example, in the
movement trajectory of golf club, the swing motion may be
divided into different phases, for example, take-away, back-
swing, transition, downswing, follow-through, and comple-
tion, to calculate the tempo of back-swing and downswing;
the displacement amount of the waist may be used to learn the
lateral and vertical movement of the center of gravity. In
addition, as a swing result might be affected by more than one
movement posture, in an embodiment, sensor information
generated by a plurality of sensors are used for deduction. For
example, the degree that the left arm is tightly held may be
found out through the downswing trajectory; however, it still
needs to be determined in advance whether there are influ-
ences of ball position and stance; the degree that the right
wrist turns may be found out through the rotation angle of the
golf club; however, it still needs to be determined in advance
whether there is influences of the premature lower body turn.

[0048] Although the present disclosure and its advantages
have been described in detail, it should be understood that
various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the
disclosure as defined by the appended claims. For example,
many of the processes discussed above can be implemented in
different methodologies and replaced by other processes, or a
combination thereof.

[0049] Moreover, the scope of the present application is not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As
one of ordinary skill in the art will readily appreciate from the
disclosure of the present disclosure, processes, machines,
manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the
same result as the corresponding embodiments described
herein may be utilized according to the present disclosure.
Accordingly, the appended claims are intended to include
within their scope such processes, machines, manufacture,
compositions of matter, means, methods, or steps.

What is claimed is:
1. A method for swing result deduction and posture correc-
tion, comprising:

performing coordinate transformation between a sensor
frame and an earth frame;

outputting a swing result according to at least one piece of
sensor information and through a swing result deduction
analysis method; and
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outputting a correction advice according to at least one
piece of sensor information and through a posture cor-
rection analysis method.

2. The method for swing result deduction and posture cor-
rection according to claim 1, wherein the swing result deduc-
tion analysis method and the posture correction analysis
method comprise:

calculating a movement trajectory of a golf club, a move-

ment occurrence time of the golf club, and a acceleration
value of the movement of the golf club;

calculating a rotation angle of a club-face; and

calculating a displacement amount of the waist of a user

and a movement occurrence time of the user.

3. The method for swing result deduction and posture cor-
rection according to claim 2, wherein the swing result deduc-
tion analysis method comprises:

determining whether an acceleration value along the club

has at least two regional maximum values with a differ-
ence between the two regional maximum values greater
than a predetermined value, and outputting a first swing
result.

4. The method for swing result deduction and posture cor-
rection according to claim 3, wherein the swing result deduc-
tion analysis method further comprises:

determining whether a variation of an acceleration value

along a target line within a specific time interval after an
impact is greater than one specific value, and outputting
a second swing result.
5. The method for swing result deduction and posture cor-
rection according to claim 4, wherein the swing result deduc-
tion analysis method further comprises:
determining whether an angle of the club-face is greater
than a predetermined value, if yes, determining whether
the movement trajectory of the golf club is inside-out; if
yes, outputting a third swing result; and if no, outputting
a fourth swing result;

if no, determining whether the movement trajectory of the
golf club is inside-out; if yes, outputting a fifth swing
result; and if no, outputting a sixth swing result.

6. The method for swing result deduction and posture cor-
rection according to claim 2, wherein the posture correction
analysis method comprises:

according to the movement trajectory of the golf club and

the movement occurrence time, determining whether the
movement trajectory of the golfclub is inside-out, if yes,
outputting a first correction advice.

7. The method for swing result deduction and posture cor-
rection according to claim 2, wherein the posture correction
analysis method comprises:

according to the movement trajectory of the golf club and

the movement occurrence time of the golf club, deter-
mining whether the ratio of the back-swing time and the
downswing time of the golf club is between 2:1 and 3:1,
and if no, outputting a second correction advice.

8. The method for swing result deduction and posture cor-
rection according to claim 2, wherein the posture correction
analysis method comprises:

according to the displacement amount of the waist of the

user and the movement occurrence time of the user,
determining whether horizontal or vertical displacement
of the waist of the user between the position at the
take-away and the position at the striking point is greater
than a predetermined value, and if yes, outputting a third
correction advice.
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9. The method for swing result deduction and posture cor-
rection according to claim 2, wherein the posture correction
analysis method comprises:

according to the movement trajectory of the golf club and
the movement occurrence time of the golf club, and the
displacement amount of the waist of the user and the
movement occurrence time of the user, determining
whether the movement of the golf club is earlier than the
movement of the waist, and outputting a fourth correc-
tion advice.

10. The method for swing result deduction and posture
correction according to claim 9, wherein the posture correc-
tion analysis method further comprises:

determining whether the rotation angle of the club-face is
greater than a predetermined value, and if yes, output-
ting a fifth correction advice.

11. An electronic device for swing result deduction and
posture correction, capable of receiving sensor information
generated by at least one sensor, and comprising:

a memory; and

a processor, comprising:

a coordinate transformation module, used for perform-
ing coordinate transformation between the coordi-
nates of the at least one sensor and an earth frame;

a swing result deduction module, used for outputting a
swing result according to the sensor information gen-
erated by the at least one sensor and through a swing
result deduction analysis method; and

a posture correction module, used for outputting a cor-
rection advice according to the sensor information
generated by the at least one sensor and through a
posture correction analysis method.

12. The electronic device for swing result deduction and
posture correction according to claim 11, wherein the proces-
sor further comprises a wireless module, used for receiving
the sensor information.

13. The electronic device for swing result deduction and
posture correction according to claim 11, wherein the infor-
mation output by the swing result deduction module and the
posture correction module comprises:

a movement trajectory of a golf club, a movement occur-
rence time of the golf club, an acceleration value of the
movement of the golf club, a rotation angle of a club-
face, the ratio between a back-swing time and a down-
swing time of the golf club, a displacement amount of
the waist of a user and a movement occurrence time of
the user, horizontal or vertical displacement of the waist
of the user between the position at the take-away and the
position at the striking point.

14. The electronic device for swing result deduction and
posture correction according to claim 13, wherein the swing
result deduction analysis method outputs a first swing result
according to the sensor information that an acceleration value
along the club has at least two regional maximum values with
a difference between the at least two regional maximum val-
ues greater than a predetermined value.

15. The electronic device for swing result deduction and
posture correction according to claim 13, wherein the swing
result deduction analysis method outputs a second swing
result according to the sensor information that a variation of
an acceleration value in a target line is greater than one spe-
cific value within a specific time interval after an impact.

16. The electronic device for swing result deduction and
posture correction according to claim 13, wherein the swing
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result deduction analysis method outputs one of the follow-
ing: a third swing result, a fourth swing result, a fifth swing
result, and a sixth swing result according to the sensor infor-
mation of an angle of the club-face and the movement trajec-
tory of the golf club.

17. The electronic device for swing result deduction and
posture correction according to claim 13, wherein the sensor
is combined with the golf club in a manner of an appendage
outside the golf club or inside the golf club.

18. The electronic device for swing result deduction and
posture correction according to claim 13, wherein the posture
correction analysis method outputs a first correction advice
according to the sensor information of the movement trajec-
tory of the golf club, the movement occurrence time of the
golf club, and the downswing trajectory is inside-out.

19. The electronic device for swing result deduction and
posture correction according to claim 13, wherein the posture
correction analysis method outputs a second correction
advice according to the sensor information of the movement
trajectory of the golf club, the movement occurrence time of
the golf club, and the ratio of the back-swing time and the
downswing time of the golf club.

20. The electronic device for swing result deduction and
posture correction according to claim 13, wherein the posture
correction analysis method outputs a third correction advice
according to the sensor information of the displacement
amount of the waist of the user, the movement occurrence
time of the user, and the horizontal or vertical displacement of
the waist of the user between the position at the take-away and
the position at the striking point.

21. The electronic device for swing result deduction and
posture correction according to claim 13, wherein the posture
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correction analysis method outputs a fourth correction advice
according to the sensor information that the movement of the
golf club is earlier than the movement of the waist.

22. The electronic device for swing result deduction and
posture correction according to claim 21, wherein the posture
correction analysis method outputs a fifth correction advice
according to the sensor information that the rotation angle of
the club-face is greater than a predetermined value.

23. A golf assembly, comprising:

a golf club; and

a sensing device, comprising at least a gyro sensor, a grav-

ity sensor, and a magnetic sensor,

wherein the sensing device is combined with the golf club

in a manner of an appendage outside the golf club or an
insertion inside the golf club.

24. The golf assembly according to claim 23, further com-
prising an electronic device as in claim 11.

25. The golf assembly according to claim 23, wherein the
sensing device is screwed to a detachable sleeve ring jacketed
on the golf club.

26. The golf assembly according to claim 23, wherein the
sensing device is screwed to the golf club.

27. The golf assembly according to claim 23, wherein the
sensing device is inserted in the groove of a sleeve ring
jacketed on the golf club.

28. The golf assembly according to claim 26, wherein the
sleeve ring is located below or above a grip position.

29. The golf assembly according to claim 23, wherein the
sensing device is fixated at the interior surface of the golf club.
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