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£ the left in the mid-

.‘ r o

?ﬂ ) 4 downswing’

. Wearable sensors are Z —

attached to the player.

Waist

!!fﬁf (%

Connect sensors and smartphone via Bluetooth.
Analyze data and display advice.

X 6-1: R RT ADOYIEIER

6.1 LEFE

#%mmiﬁ%®ﬁwéﬁézkmﬁw7*@%f B 7B O EZETED 1 S5 Th
Lo ANTOHREE, ERE OGS ITREBICB S ORER EETEN LA U T T HZ LR
%720 VAT ALK D m@7kﬂ4x%m¢ CNXREETH DN, HIRE OHAIE
FLEAA LV TNEESTELT, FREOAAL T HER D Z N EE~DITEE 0D &
EZoND, T T ARVATATIEINT EREDAL T LT LA XYDAL VT % ik
L, FREOAAL L TITHESTHEIRT RARA RAE T Z L& Lz, £z, EnET Bk
BDOAA T LIE) O ETRT AL THLPEHE WO EZEAL, Bl LTAA v
THBEEES ENTE TN T DA 0E R T2 Lz, AV AT ATIE, TOFHLET ¢
—F T TR L ADAAL  TROEFH | B, SHOMEE - AHEL AT —F L LT
AYDOT =X LW RN ZAT D, BENT —X1ET7 4 —F 770D KT A4 RERY FEO A
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A > 710 A % | &LféEﬁm%ﬁw YH LT =2 ThDH, 22T, RTANEHR
ELTDE, —FH, —BRES AL VT E2T0, REEREL R BEL . —BR— /LR
D%¢m777@®f\%/%_%@%ﬂm%#<\7FN4X S X DRBENBICRZT
TINDINETH D,

6.2 TIHERREOEVVERYMINELERREIRT
LDY YRR I ALENIE S BEH

FIEERICBWNT, LA YOLETFE, AEEbH, B, ARtV 2H0 1T,
ZHUCK LIRR Y AT AT, TRl OB L B (A EA TR, B, JEICEE L,

1. KVATATEIYTNEA DT =2 24T 912D, 347 74 3T
Z7e< T4 VFHIT A ER DD, L, ERTHERH L ORI TH
% ATR-Promotions #E N EMEMEE L TWDH T > KA RuR Tix, & o VO REHRE
X3 DRATH -7, EBIT Nexus7(2012). Lenovo A820 TENMERER IR Z1T o712 & =
7. Nexus? Tld KA R ET 1. Lenovo A820 TiX 372 ~72, DAY YV DOHIT
3& L7,

2. PRI E CFHIEFBNCIEAT 2O TIERL, ATRHT ASA ZLY X RSy RRIF R
A A, BT NA A A — 7 4 VETEHUEZT) L2 TELTRBY, Thbo

EEMBEICEDY T, [ERICIZ T — TNV T TR ED AT AT NA A THDOHE) X
% . Galaxy Gear X° Ring 72 XD U A k32 RSP T A A CLEFOEE &, A~
— N7 EBRART Yy MRS Z ECTHEOBE 2T E2EZTWD

3. A IR EOXVFEMIREMEZENTHZ LT, LVIEMRT RANA A 2T HT LN
AREIC /R D %, BV ERO HLEE FENS FORIZ LT, £, PERRICIT
Do TR T A AR LT 2 & T FEo DOy OB EFHIA Bl M % 1
LT&7,

4. BAZFEUTCHEBI, P 1X, A X7 FMRICHT o 7o R — L &8 9 To OIZEAD B & 723
SAA T THHEANH Y, ZZEAERIEAL VT BIEONRT U ALKRE LT O T,
HENBENWT RS ZARARELE LB OGN0 Th D,

5. EFLIEFICHEHEREEEZTDH L, A 037 NOMMPIHEA RO CRET &b
o,

6. INTALLTIZBNT, FEHOEZFEESE RIS bNTEBY ., Ty
LT 2ONREE LV, 2 THLIRERESREELZ L, 7 K31 2SRRI E
ELRTL, by T X =08 an 7 AL U 72\ CEEZRE) X 25w GE 7R il &
B UVED ATALE & LTz,
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6.3 EUVEDYFHT

ARV AT LTI, ATR-Promotions /NEERIRZHAE L Y TTSNDI21) [22] ZEH LT
5o X 6-2 L 6-3 (T Y AEHIT DIMEE & AEE DR & Zord, MOKEIDIFHIC
I DA &~ A FADHEER N0 . RENO I AR N D & 7T 2D
SR D o X, YL Z BZ NI X B, Y L . Z @ & L, Roll, Pitch,
Yaw 7z Z 240 X flfd AL, Y mlA s Z sl LD,

% 6-4, [ 65, B4 66, [¥ 67 IZHIRTE L EIY AT TOHBET ERT, EFHO
B HE I T AFEOBROEHSICIY (HiF 72, FHO® P TEFOFOEWAICIRD +
%, BEOEL I, AR OB LY ORY Y hOHSITHY 13 5,

|
) AR x
—E—rt.
TSND121 <:>

X 6-2: &Y XY @A X 6-3: &Y XZ dhiaH
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6-4: EFHREY 6-5: JEE Y

.
ATR-Promotions

+,

O

X 6-6: (kv D&Y X 6-7: BEDOE L HIEK

6.4 FRNTRBRAL L TBIE

FRMTRIGEA A » T EEZIK 6-8 DIRMETRT, 7 RLADDLA /37 N E TENTER
AL TENEE T D, A 37 NUBRZfIT G & L TW R WEHIE, 1 37 FUREIEAR
— L% AT o T2 BB CAR BRI R EFE - AEEE RS0 | ERERRIT A CTE Wb TH D,
FERCAR =V ZF TR, 740 —RA)b— 7 4 =y Y a DT RIRETH D23, Ptk
BFOLGE, BIRVKEOAA T EFEOR—NVEZF OO AL 7T, IOAND J57aEn
B, AL THEEDLLZENEN, T8, LV EMOT LA YDAL L T E2GDHT20D
WZiE, EBRICAR =V ZfTORFOT — X 5T 2 M ERH 5,
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s ~

Address Backswing

Downswing Impact Follow- finish
through

—
X 6-8: fEHTHRRA » TE}IER

65 VATFATL—AT—Z
B 69 ICREY AT ADT L= LU=/ RERT, Av— b7 xR LIz 2T
NI VA PHEEICZe > TR, FHllLA P CHRG LT — 22 ENENO LA YT L,
B BINCIET RAAAL AL A ¥ TT KA 2% T,

FRAAR Smartphone
AAL L —_
L &AR =
A :JQ“IEfE«[ k Sampling interval: Smsec
. EFH
2L —
AA T {E @R
T | EHE &R iR =
! <0

6-9: BRI AT AT L —ALT—F

6.6 FHIVA ¥

A= 7+ AT TV O—FFOLAYERD, BT =2 2RGT 280 TH S,
UV OB EEETLHHETH, SOV YZEIETLHZET MOLA YEZDOE EME
DTEMNTED, BELLTUL, B IEBIIT—FZEAL Y FEMERT D, BoFiTt s
TV T A B =S SEHR LTONEREE - Al 2 55T 5, XIBEA VY Ridk 460
T HEEA R FEZITERD & BLA YD T 7 ARRRREBRICH D53y 7 7 (LT,
T—=BNRNy Ty LS T —H &0 D, TDT—F Ny 7 7IIREA VY FOBIZITH
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BINTEY, 50T =22 RGET 2, NG EIETHVNSONBHIRT 2, &
W2 D L. T—A Ny 7 7 iE, BRI D DR 4999 £ TOT —H BN IS (Lt DOH
PZH TV T A H—=NTH D), KL TE, 7=y 77 2B T —F VT
— X WA =0 OFT — & LS,

6.7 ARAUTEMHHRHLVAY

T—ENy Ty EEMR L AL T BN b T — 2 2R 5, BTV T o H—
sSv-Imsec SR 7 0 7T A EFATT D, LRI GIED 7 1 —%25RT,

1. EFROT =Ny 77 PEFTINTNENT =7 THEHT —F Ny 7 7I2iE, 7T
— MBI ND & False 1IT72 0 . FILVMEZAENT D & True (27057 7 7138 5),
B S TOD R T AUTE I T3 5,

2. AT MRIMT T TP THRITIUX, EFROT —H /3y 7 7 O OfE % 1
1, 3 HHONEE D T SFHEHFRELT,. RMS & FES)A 40,000[0.1mG] & ¥ k<,
Mo, 3 flOAHEED RMS 23 60,000[0.01dps] L W K&EWridTF v 7, FREE-L
TWIUE, EFHOT =23y 7 7 DR O—OHI0 Z filifHE 2 G, B Z il
AHE LV HEHER K E W ET = v 7 (E—27 OfH), /ST, 4 037 Mg
77 T &NThH,

3. AUNRI MENTZ T TP TEY | EFRT =23y 7 7 OO AHEED RMS 73
3,000[0.01dps] L D /NEWd A T MRINT T 7S ThD 2 BEE T 4 = v
2 DA & T 5,

4. T4 =y aDRFAEBRHLTWIIE, 22TV T =2 DT =% /Ny 7 7 ~Dff
WMEARY T L, AL TRV Y ~LB5,

6.8 AAv/mHLVAY

2L T EMARH LA Y TRG LIEBB R EDAL VT T = INLEMRAAL 7T —
Z ) M3, ENIA 8T FORH, T4 =y v a DR, Ny 7 AL T ORI, K
TR T OBHDIATIT 2 5, ZR6ORMIIEFHOT =2 DR 2R LTt
5. o, ZORIIRT DIt OIMEERLMAIREIL, EFRT =2y 7 7 ORIt DT
— X &R,

6.8.1 A 237 FDOkH

BIFO[E—2 OB, [FRT KL AOHICHE 72 2 L ORIMOIRICAEREZTO, A >
T P ORAERD D,
[E— 7 O]
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Wz t 1231 5 3 oo I E O RMS 25 40,000[0.1mG] L v k& < 7vo, 3O AEED
RMS 7% 60,000[0.01dps] & ¥ KEWnETF = v 735, FEEHIZLTEY, 2o, KL t+1
D Z i OMERHEREZ] t O Z fifEEO LD XV /< FEZ 42 D Z il O
MERHEASREZ] t+1 O Z A EO S O LV /NS FIUE, Bt 28— 27 ORI &35,
[T FLADIBICRE-~71- 2 & o]

E'— 7 OWREZ D6 250msec, DF D B — 7 4t &35 & KA t+50 OFEPHN T, Z il
AL DFFERE L T DRZNE T, FF 502 0T 2001 % T, MERHMEAMEW 7 DR
AT NORRAET D, THUIAAL T EITO, R—WIHB T DREE, 72— ANRRAY
TTICRDZEERIUI L TND, 72— ANAY TR D R, £TOH T & EEIC
o THEY, TE Z#MAEREORENANEDLIRTHL, R— VT z—ANAT T
YT BTG a1, A VX7 NOREPND LATIB L TCLED ZEDRBEZ LN, £
MITHB DT RANAL ZADWZA V37 MEEDO3 %2 B TT7 =—ARED L H TG 72> 720
WL, BEICE o TUET FAA REAT O O CTREIZRWEE X BN D,

682 74=vaDRH

A X7 S ORFZ 43 LI, 3 ElidAHE D RMS 23 3,000[0.01dps] & ¥ 7y WA &
X, ENET7 4=y 2L L RITIA N7 RO 2% E 7 4 = v ¥ 2 DR
LD, KVAT AT, A7 FETHITRRTHY . 7 4 =y v a2 DfAEZRD 5
VBTV, ABOTZDITHRE L TEL,

6.8.3 Ny 7 AL 7 DRk

KU AT LTI Ny T AL T ORMEAT D T2, T LA YITIE ANy 7 AL 2 7 DR
205 UL L IERAEZMERF T2 2 & & LT FEZ =0 20 . A /37 D OIFZE CTH LT,
05 LU by 7 AL U TRHIEFIRRIED T2, Ny 7 AL U T RiTEIRIRIE TIE < 72
ST, WBDOWEL TNy 7 AL TRRMIRLE T 5, /Ny 7 AL 2 T RHIERIRIREE &%, R
t ICBIT5 3 HOMEED RMS A 12,000[0.1mG] Xk W /h& <, 3 BHOAHEE D RMS 2
1,500[0.01dps] L W /N SVRBEAFR T, E7o. AENZ 05 ML EOF—2 oz, 2 [EE T
v I AL TRIFFIRIREE TIX R WIERH > TH, B3 T TNy 7 A1V THiERIEIRET
HIVUX, N T AL U TRIEIREN W E T2 e L L, BB E LTIE, Ny
AL THIDIEADY LOBE T, 2[Ey 7 2 2 FHTFIRREE TR R D 7 — AR
Zrxl), Ny AL TREBORBIZEN D T2, D LIEWNGR)E b7 28R 5 0
bTHhoD,

6.84 XL AL TOKRH

Ny 7 AL T AEIEEZ+400msec D35, A Vo8N NS E TORTC, Z Wil E 0% R

DR L TCWDRERE X T AL U TBRWGRZ T 5, U, Ny 7 AL v TH# VA
23
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THIDIRLTH T AL TIZ AL, Z AW n E (S D O T, fim & 120D
DIRDTZ IR TH D, /N7 AL 7 BHMEREZ+400msec 7> HEETHIAIL, Ny 7 AL 7L
WD DEIZH Z AR E DG F N NEET D580 H 572D Th D,

6.9 AA v FIEH

il x ANRAA LTI Ko T, AL U TITHNLEMIIA THY | 2O LS T — 2 %%
DEFHBST 2 LT TERY, TOR/, M LIEAAL 7T — 2 % HBSHR T H 2 A
T=EDRAT— NV EGDEDLNENRD D, BRI ANy 7 2L TGN X T o A A
VIR E T, XA TN A R T RET AR MIB T 4=y aE T
ENENORHEHIMT — 2 LEb¥bZ e Lz, -, Kl ZbbH 2B, #2371
AXDNR Y7 AL T ORI, BEiT — % DRy 7 2L 7 OB X 0 £ iuE, B
fMa/NSD Z LC2 BN, 7 —F OMEIFIERT A (X 6-10), REfIAELWGE X, REE 21X
L. 7—Z OEIFHEINT 5 (K 6-11), ZAIBHEDO R | An—fAE LR THDH, Zh
WL, oA YREENT — X LRI UK CAAL V7 LT E 0V OEE 25 2 LR
TX 5,

T HE L HE

/ ’ / \
/ \
% \\\\\ BREL | eovmaRE
0 - 0
P ) ¢ v

B ZEsE<

X 6-10: KE#EME/NA A —
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+oHE ool

P /”/ HH-\"\.\
/ \ EILHIP RN g ~

0 e -

FrfEE &<

X 6-11: BFEIERA A —

6.9.1 M

JERAE N OB TR 2 V5, R S/ NF IR C 7 v 3 ) X8 &2 b, &£
BXOMELDORESH /8 7 AL T HFNC L > T 5, £ PHkHE/ R zoom % LLFOR;
TRD 5.,

LA TN I X RE
zoom = (1)

Hif 7 — 5N 2 X RS

TLATXDNRY I AL TP =0 235 t=300 £ TT, HiiT —X DNy 7 AL 2 773 t=0 D>
B1E214 £ THEETDHE, FLAYDNRY I AL T a1=0 15 t=2214 OF — X |[TEH LT
T 20BN D D, 7T —F ORZ t DEIX, JTTDT — Z OFFZ t + zoom T 2, t*zoom
DOFERDBBIZIZ AT T2 2D L, ZOMHEIE,

TET = ORFA 4 Offi« (1 - 0.7) + 77— 4 OREX) 5 Off 0.7 (2)

ThHEIEAMR)., L, ZhEE 1UTOEEZMAEG#HITIVLERH Y, HAICL-T
TR NES A2 B 728, BEAI t &R t+1 ORI % 1,024 3% L CRIBRIM 21T 5, Ny
JAA T DEETEE . =0 05 12214 £TT, UFOFEZITI, UFOXTIET LAY
DILT — X ORZIt OfEZE V] L FKiL L, B LT-T — X ORL t OfE% n[t] & KT 5.

pos =t * zoom * 1024 (3)
d = (int)pos % 1024 4)
(t* zoom) DEHE A2 T LT 5
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v[T]* (1023 —d) v[T+1]x*d

5
1024 * 1024 ©)

nlt] =

n[t] = n[t] * zoom (6)

6.9.2 EEHRLDOWER

UbED XS e a, EFR, B HONYy 7 AL T, XU AL TR, 74 m—
AN—EDAA 2 77— 4 (3 WHONHEE & AN ENZNAT O, AT S TR %X
6-12 &K 6-13 12~ d, X 6-12 IXFR¥ERTOT — & T, ZERIB T LA YOI FH O AHE
FRIERT — 2 OEFROAEEEZRT, PR O BNE T AL T BleE, A
A BART N, AW O N7 4=y a2k, time X0 DR Ay 7 2L 0 T Hllg %R
LTWo, 6-12 W5 & ENZIUTHN DRI NE S TWD Z ENghnDd,

2000 JODEFE AEE

100 200 300 400 0 100 200
time[5msec] time[5
itch 10 cl

K 6-12: R —/ViHEERIAA ¥ 7T — & (AEE)

X 6-13 (2, SHEERDAAL 7T —H homrd, EMPRHE LT —4% T, AKX 6-12
HBDOERILTHD, X T AL LT B UAAL T T Fa—AL— )5 R 2> il
F=EZDHEDICHIZ b, FRCHLETEUVHEL LD TNWAZ RS0 5D,
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2000 JODEF BEE

100 200 300 400 0 100 200 300 400
time[5msec] time[5msec]

X 6-13: A7 —LVEREE®B R A v TTF—Z (AEE)

Fio, BT — X DN 7 AL 2 TEAMGEEA], XU AL T BRMGRREL], A XD NERA),
T4 =y vl AIEE 6-1 IR TY &R o T,

& 6-1; HEFT—FZ DN I AL VT BOVARAL VT, AT b, T 4=y 2D

BifE BFZ t[5msec]
Ny 7 AL v TR 0
B0 AL T BRbG 214
S Zavas 295
T4 =yva 421

6.10 kbl A ¥

A v ERC R LT T — 2 & BT — 5 & T 5,
6.10.1 & 7 ¥ = 7 (Section)

LBEDORIT ClE, AA V7T =2 %% 6-2 LK 6-14 (TR TEHIZ, 6 ODE7 a3 i
ST, B v a yEIATO, BHIE, LA P TOODEZ AT, Bi&n...) ol
T KA 2% T DR, T oA YIMEEGETZA A=V LT T8 THD, B afl
D FHRIOFR & LT, MR I D AN T RREMENGFHAIFTRE 2R 2 L T b D, T DKL
TEDNTITE, BIZIE Ny 7 AL T RET, L0 ) K0 b ZNEEONITHEI L Tl X
M CHTTHRITZIT O ORLEE LW, L, 2T TETHHEMECRY, T LA VITmny
GLARZD T ENREEZ R D AREMER H D720, ZZTEEFH 6 2Ov 7 v a AInT D
ZlE LT, E, RAXKHEMT —ZDOWHES U TNAREDICT HZ LT, 7 RAA R
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DIEEZEmOLAN G ® 5,

£ 6-2: B v a v - BT — X BRELIRNGTR

/A IVAN BRI H&T R 7 KN4 RBEOFE
IEH t [Gmsec] t [bmsec] R TROB) X 5
- FRERDE | e
7 a0 0 50 - BT Ny 7 AL TR
HoE A3 K ST
vrvar® 51 135 G I AL T
(N—T7TxA .
N 7)
tr7 a0 136 214 My 7ET [Ny 2L THE
Pl L CHE
tr7 ar@® 215 248 NT RLAD (B2 A THi-
DAY
v a0 249 270 EFRE TR (X TR T
FENRT FL A
N N O)ﬂ:ZL:%) le‘ N N N A
w7 a0 271 295 D Rz B AL T
W-o7-
®

1

\/ \

1

C?D «—— Section number

Downswing

Impact

Follow- finish
through

P

6-14: 7 > a U4y R
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6.10.2% 7" A > b (Segment)

N/ IV RS I N0D)

S ORI A D & LI T 7 A > b (Segment) & FE5, & 2

AV RDA A=V %K 6-15 IR T, FEMLOT —XixEZ v a s THFbRTEY, B
T a O FITE 3 O L AHEPEAIINTWDAL A=V ThHDH, B EICES
AL MEIMEFIEL, B HIEX3SDHDHDT, Ait 108 D& A MBFET H, & 6-3
ICARL TN A Y M ORISR ZRT,

EFH
AL T—4R

m

o3y ||| B3y | VLAY || O3y -Iz’)(%ay tbgéa‘/
coumneher | O @ @ @
T AR IXA
X-A X-A X-A X-A X-A X-A -D *ﬂ H .'%. 3b A —é—_
IEE Y-A Y-A Y-A Y-A Y-A Y-A L5 A bzZY
Z-A Z-A Z-A Z-A Z-A Z-A
X-AV X-AV X-AV X-AV X-AV X-AV
HiEE Y-AV Y-AV Y-AV Y-AV Y-AV
Z-AV } ‘ Z-AV ‘ Z-AV ’ ‘ Z-AV ‘ ‘ Z-AV ‘ Z-AV
\ J
3EDET Ak

K 6-15: BT AL A A=
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# 6-3: BT A MAXIER

v av

v av

)

v av

®

7T a v

@

7T a v

7 av

X BN

v AR
1XA

v AL
2XA

v AL
3XA

7 AR
4XA

7 AR
SXA

7 A
6XA

Y HlfnsEE

v AR
1YA

v AL
2YA

v AL
3YA

7 AR
4YA

7 AR
S5YA

7 A
6YA

Z Wl EE

v AR
1ZA

v A B
2ZA

v A B
3ZA

7 AR
4ZA

7 AR
5ZA

7 AR
6ZA

X Eh A B

v AR
1IXV

v A B
2XV

v AL
3XV

7 AR
4XV

7 AR
SXV

7 AR
6XV

Y Eh AR

v AR
1yv

v AL
2YV

v AL
3YVv

7 AR
4YV

7 AR
SYV

7 AR
6YV

Z WA EEE

v AR
1zv

v AL
27V

v A B
3zv

7 AR
47V

7 AR
52V

7 AR
62V

6.10.3 Fik

B 7 A FNOEAEEL t TLLTF O m(t),r(t),dt)Z KD 5, K 6-16 (27779 X 912, Player(t)
i, BRIt I2BIT 27 LA YO'CHHETH U, Expert(t) & 1XRF4] t \28B1F DT — ¥
DECHETH D,

0 |(Player(t)|
< threshold)
m(t) = (M
1 |(Player(t)|
> threshold)
0 (same direction force
— 8
r = 1 (reverse direction for ®)
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Player(t) — Expert(t) |(Expert(t)|

* | +7(t)
Expert(t) > threshold)
() = xper ©
{ m() + ) !ihﬁesz(otl)cl)
500
400 .
®Player @ Expert o®
300 o°
-
200 o°
Expert(t=250) °
100 . o
o® ¢ o® o000
0 I— L o0®
o® °®
100245 230 eeddve®260 265 270 275
+
-200 f .
| time[Smsec]

Player(t:250)

6-16: ZEFER & " Xk 5YA(section® D Y BhIEEE) T Dtk

6.10.3.1 BRfE

m)iE. 7 LA ¥ O& B OHERHME A BE threshold LV & KE W E I A2 RTHETH
5, B HEOHIHEN /NS WA, FREIC K 2 BENRRKE S IEMEREDT 5720, M
B HE/NSWEAIR, ZOEREFFOZ L LT 5, F2%IRT 5 dO)OFHER O FRELR R
DHTHLH S, threshold DEIE d)DOFHIHEHEIND LD LR T THY . IEEDOLHA
1% 2,400[0.1mG], f4iHE DA 1% 2,000[0.01dps] T 5.
6.10.3.2 & DA

rE I8 AN S TeNE D AR T T D, N B AN [/ Z (T D
EVND T &R, MR HE N BIZIRVEIVE D LD b, RES B8 2T 5%
(ZHETT — & TIFRERFR S NCHINE L T BT h0vb b, 7 LA VI LT 5 4)
Z L EIRT, EODMRE IR T2E v E W D [El A KA CHREFT 5, Al
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JE OB IT AT Player(t) & Expert(t) D7 75038 2 56, Wi B 208, IEE O
EVEVEINEEOLE S &V | BT 5 OAR—E72 T T T & 720, £ 2 T Player(t)
& Expert®) DN 1G LA EH U | O 5N B2 > TV DA Wi I 1030 - 7= &
Wrd %,

6.10.3.3 AA v TR d(1)

dODENFE /2 DFER L7200 | PN BWHEENT — 2 LA TYOARAL T HED D
MERTETH D, &AL v 7B L 15, 2O Bpert® 1o - pypert(ty oo iz

Expert(t)

e, Player(t) & Expert()23 ED < HWEENLTWD D0 AR L TWD, EEITZ OXNofE R
A1 LB ARUE A 1 -1 LIS -1 & LT 5, DaxerEwert® g gy pory )

Expert(t)
DEP/NEWGEICKOMEBRE L 2 DMHARH D F72F ORFHIMENREIESCIRZ D
G IR 72E I 72 2 FTRENVEN B 5, & Z T, Expert(t) OFEMEAS 6.10.3.1 i Cib~7-[
B H/hSWEAEmE)E r)DOEEE L7 EE d)ofL s Lz,

7o PAYrO-Bpert® 4 g 2 T H B & LClg, DR OTBeert® gy o g b

Expert(t) Expert(t)
X Player(t)i% Expert(t) @ 2 [P EOMETH 25, m)2s 11c/2 A, ML D k&L
XThD, m)A 1 ORTEH, BTV, BEL TS, 2R DEEL TN D &5 K9 7k
MAEZ BN, TOEXOMEEH > L EMRS BRI TLE S BRABRESNES, Ak
Player®-Expert®) - 3 2 i3 5 = & THIE L=, dO)D & BEOHFIL0 715 4 THY , 012

Expert(t)

EDUEEZANT =2 I TEY | 4 [SESKFEEHENT —# LT TW RN Z & %2R T,

6.11 A

AA T DEBEITHOVAYTHD, TTEIT AL MEIZE A TLLTOREEZIT O,

5@)=4_f“)

(10)

BEPREWVZERBPRRIRD LT D8 L, ERILOZDRIETH D, K 6-16 Dt
TRA L NMIZBTLsO)D7T 7 %K 6-17 IZR-T, BIKOEFHA A—T %K 6-18 1277, &
TR NDORBEZDE T AL FNO sO)DEE LT 5, Ko Vopiizot ok
TA POEFIEERND, MPWEIE OEWVSHIBT 572012, RERE 1,000 RE L,
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Abstract—This paper proposes a support system for III. PROPOSED SYSTEM
improving golf swing by using wearable sensors, aiming at
putting forward proper advice to beginners without requiring a
human coach. First, the system framework is introduced. Then,
sensor data obtained in the experiments is presented and
analyzed. The analysis shows that there are clear differences

In this paper, we focus on the following steps that are
enclosed in red frames in Figure 2.

e Backswing (brandishing the club).

between beginners and experienced players in their sensor data, e Downswing (swinging down the club).
which can be used to distinguish the levels of golf players, and e
help improve the performance of beginners. : e Impact (hitting the ball).

Keywords—Wearable sensor; Golf swing e Follow-through (finishing the swing).

Figure 1. Classification of swing types.

I. INTRODUCTION N % = 23
Recently, wearable sensors have attracted much attention in P . SO o P pe [, ey
monitoring body status (e.g., health care) and supporting “w u" ‘ ‘ Al ;‘\‘}:__ 3 ()
human activities (e.g., improving the performance in sports) [1]. = P ! ‘ ' \
As for the analysis of golf swing, Koji Shirota suggested SRy A '

mounting sensors to the waist and distinguishing a beginner
from an experienced player based on the sensor data that
captures how the left shoulder falls in times of back swing [2]. Type

Locations of the feet for balance

They also evaluated the effect of feeding back the quality of the Ros ot Heel L S L
swing to players. Seiko Epson Corporation recently released Al Toe Inside
the M-Tracer For Golf [3] which, when attached to a club, A2 Toe Outside
can be used to analyze the trajectory of the swing. How to Bl Heel Inside
analyze the behavior of the whole body during the swing and B2 Heel Outside
how to provide proper advice, however, are not addressed in
these works. S ~N vz ~

In this paper, we propose a support system for improving G Be | Lk gl il et RIS

golf swing by using wearable sensors, aiming at putting
forwarding proper advice to beginners without requiring a
human coach. We first introduce the basic golf swing types,
and the steps in a golf swing. Then, we present the proposed
system framework, and introduce experiment setup. Later,
preliminary experiment results are discussed and analyzed.
The clear differences between beginners and experienced
players in their sensor data confirm that the proposed system is o | Hend
promising in distinguishing the levels of golf players. :

Figure 2. Steps of a golf swing.

Al I Ay
Left wrist” { B )/?
Y /

b

Wearable sensors are

II. GOLF SWING TYPES BB atiachedotheplayer. e
ight knee.
Types in the golf swing can be classified into four [4], as i e .
shown in Figure 1, based on the locations of the feet in which il )),{
the center of gravity of the body is balanced unconsciously. 2N ‘ S ohncclscp i SmEnph. A Dlcicatly
. 5 3 5 PU Analyze data and display advice.
Accordingly, there exists a way of swing suitable for each type. are :
A golf swing can be further divided into several steps, as Figure 3. Overall image of our proposed system.

shown in Figure 2.
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2015 Eighth International Conference on Mobile Computing and Ubiquitous Networking (ICMU)

In our experiments, wearable sensors (TSNDI121 from
ATR-Promotion) are attached to the four regions of a player
(left wrist, the solar plexus, right knee, head), as shown in
Figure 3. Sensor data such as 3-dimensional angular velocity
and acceleration is measured by each sensor, and collected by
a smartphone via Bluetooth. Proper advice is displayed on the
smartphone screen after the analysis.

[V. EXPERIMENT RESULT

We experimented with the configuration shown in Table 1,
golf experience of A2 type that takes the balance of the center
of gravity of the body in the toe outside. The same experiment
is repeated for beginners and experienced players to investigate
the difference in their sensor data. In the analysis, data from
four sensors is synchronized to the time of the impact of the
left wrist.

Table 1. Configuration of our experiment.

Sub]ect A2 type (experienced / beginner)

Sensing ltem 3-dimensional acceleration and angular velocity

~ Sensor sampling

¢ 20msec
___period
Bensonmonnting Left wrist, solar plexus, right knee, head
__region
Use club Driver

- Analyzgd swing - | 2 Backswing, denswing, Impact, Follow-through

The characteristic motions of body regions [4] with
attached sensors, at each step of the swing, are summarized in
Table 2. Examples of measured data are shown in Figures 4
and 5.

Table 2. Motions of body regions in golf experience.

Movement Body regions with attached sensors
of swing Solar plexus Left wrist Right knee Head
Body slope
Back not change ROt OK Not move Not move
swing (Fig 4 at (1)) much much
Smooth shift to :
Down Fast and smooth impact Acceleration Not move
i rotation ¥ to right much
SIS (Fig 5 at (3))
Large
Largest acceleration in Largest
o R Not move
Impact acceleration to reverse acceleration St
left direction of to left
swing
Rotate, but not :
ok Rotation OK
Jiolloy inclined 3 Rotate left Rotate left
through (Fig 5 at (4))

(Fig 4 at (2))

Figure 4 shows the Z-axis acceleration of the solar plexus.
Here, negative acceleration is generated in the Z-axis if the
solar plexus moves forward. At (1), in the step of backswing,
the body slope of an experienced player almost keeps
unchanged. In comparison, the body of a beginner moves up
and down, resulting in a large variation in the Z-axis
acceleration. At (2), in the step of follow-through, an
experienced player almost stands straight while the body of a
beginner remains inclined forward.

103

Figure 5 shows the Y-axis acceleration of the left wrist.
Here, negative acceleration is generated when a player moves
his left hand to the left. At (3), an experienced player has a
smooth transition from backswing to downswing whereas for a
beginner, the transition is rough. At (4), an experienced player
rotates his wrist at the time of impact, but this is not observed
for a beginner.
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Figure 4. Comparison of Solar plexus Z-axis acceleration between a beginner
and an experienced player.
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Figure 5. Comparison of left wrist Y-axis acceleration between a beginner and
an experienced player.

V. CONCLUSIONS AND FUTURE WORKS

We have proposed a support system for improving golf
swing which automatically puts forward advice for beginners,
and done some preliminary experiments. The analysis shows
that there are clear differences between beginners and
experienced players in their sensor data, which can be used to
help improving the performance of beginners. In the future, we
will study how to use machine learning tools (such as SVM) to
automatically distinguish a beginner from an experienced
player, and further consider how to effectively provide proper
advice to beginners.
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