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ABSTRACT

This research proposes Applying a new CCL Algorithm in Comparing Golf
Swing Patterns from Motion Sensors. The body movement data are collected from
upper back and lower back muscles using two 9 Degrees of Freedom - Razor IMUs.
The data are then classified according to the similarity of the changing ratio. The data
are classified in two steps: the deviation reduction from sensors and the changing
ratio at each the period of time. The experimental results show the modified data in
the form of Linear equation which consists of many straight lines and comparing with
Cosine Similarity and Symmetric Mean Absolute Percentage to prove the advantages
in term of data comparing. Each line represents each player which can be compared
to one another and can also be adapted to the similar golf swing pattern data
classification which can help the golf trainers or the doctors for physical therapy. This

proposes method can be applied to use with other certain patterns sports.
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2.1.2.7 myasatenas (Follow Through)
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Wuesnlgtunisnsiadunisiadsulmiiu Usznaulusae 3 daufe  Razor IMU

Bluetooth Mate Gold Wag Polymer Lithium lon Battery dis18azidonsiadl

2.2.1 Razor IMU
Razor IMU [7] fideuiiudn 9 Degrees of Freedom - Razor IMU Duduwes
WARTUINUIEY Spark fun WugunsaidmsunsadunisadeulmAedusu Razor IMU
meluusznevlumetiion 3 dumenufe ITG-3200 (MEMS Triple-Axis Gyro), ADXL345
(Triple-Axis Accelerometer) wag HMC5883L (Triple-Axis Magnetometer) Fausazdrud

NUALLDYARIL

2.2.1.1 ITG-3200 (MEMS Triple-Axis Gyro)

TG-3200 (8] Wuiduiwe fuilavisvaslalsala (Gyroscope) 1ugunsal
fignesnuuunasimundmiuinnisidesvidensvauvesing [9] lnsendousadesiaiioude
vy iethesnusesufieynwosunungulveglunseu ilidedusianissiieg dlnedass
Feanmsamlunnuladle Tusudindeaamedlalsalaudsnarvinliamnsadnwdumild
wiinseudoasides Mnamautddnarivinlianmisndmdnnsidlutssend lifleusslowd
981931011 19 Wudia dndudnlusifvesaiosiu 3o nalndsdumaidevesnesiln
gunsaitiostumsnisuuidelng wazszuvihsenden (nertial Guidance) Tdnumznis

auRagun 2.9
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Supporting
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i - A G
Ul 2.9 nederaiiounisvihanuvesialsalay (Gyroscope)

2.2.1.2 ADXL345 (Triple-Axis Accelerometer)
ADXL345 [10] tJuiduivessianiievasuoyigatslsiines
(Accelerometer) lufiwasanusd [11] sudenufadugesinauseiuiy wisanas (lu
! 2 9] | oA a = !

e m/s) gnuszenaldnulunanraiggukuy e MTgRiaaeunay ¥5en1siwen
Y « = 1 [ anar % a s .:4'
auaseieldlunisarvaunisiawny Wudu Yselevunlaonwesisaslsiines 9
=~ v = =i 1% a =i
wenmioananuaaInlunisidanu Aensiinumanequssnn Wauauasdlunisriuau
fduu lddnavnudusoianusadestiy 121wl swlumandslunisaivau Besesnaine
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3UN 2.10 dnwagmsinAvesosaislsilines (Accelerometer)

2.2.1.3 HMC5883L (Triple-Axis Magnetometer)
HMC5883L [12] Wuduwesvdaviwemunilndnes (Magnetometer)

S can ¥ o o [ 1 v 1 =3 1 [
Lﬂuqﬂﬂimﬂ%mmumammmmmwmmaummeaﬂ [13] aEATIVMAUNULULNANVDN
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Sample Holder

Pickup
Coils

S

Vibration
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Electromagnet

Uniform magnetic field

5UM 2.11 nsvhnuresnindines (Magnetometer)

2.2.2 Bluetooth Mate Gold

iy v
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kY]
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]
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MU RUUIEUR TS aufuduNs e Fadunisiiumnugzainuinninnsideusonuu
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dunssn Algluniswensesenindnsdmiilieds Augunsallulnsdwiiadeungunous) way

3

Tun15398 TauA197 “ugys” 413NN UINVBINTEUNINEATILAULISN Ap Harald
Bluetooth 1Jun¥nsdluyael a.a. 940-981 %3aUsrunn 1,000 NUUMAY N5ty

n1ssdnfansyvnsdlefavesnssumnen3d  Harald  Bluetooth funAsesUsTINANGY

A 1

awnuiuie Fadaqiuilunguissmadualunisuanlnsdniiietelougnaialan uay

Y

szuvvgysiasusiulunguyusemeadl
Bluetooth Mate Gold tJuune29959anlngusEen Spark Fun Electronics lag/ld

Foi1 ugusumning (Bluetooth Mate  Gold) viuiididsdeyailazuainduiyes Wi

[

Ay aIUgYEULNNASEIY 802.11 MBAINA 2.4~2.524  GHz s8e¥unisdedaya 2400-

115200 bps @NaNsavUUUANMWIRdeNTgumMgl -40 ~ +70C Tagldlvifihaun 3.3v-6v

¥
1o IS IS DU B R . [
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FC C € RoHS

Ul 2.12 fhdsdayaaugys Juugysiaming (Bluetooth Mate Gold)

2.2.3 Polymer Lithium lon Battery
Polymer Lithium lon Battery [16) {lugunsalfilfifundssmmdndmiustu
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1000 mAh TUIATBILUAMETET 2.00x1.32 X 0.23 7 Fegudt 2.13

Li-ign i 4
GepngEonds ﬁ%"‘pm\ KRG IBL . |

T TGl

3'1J1‘7i 2.13 mema?fﬁq'uwaémai‘ Aifiwuleaou (Polymer Lithium lon Battery)

2.3 M3aiiunstaya

I3 o v A Ay v ¢ ) 44' !
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2.3.1 aAnunaIanaay (Errors)
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Ionaauysaliossusemsinteyanianuaainnfoutosian AUARIAARDUAATUAN

Y
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2.3.1.1 ANUAATALARRULAISYAAR (Personal Errors)
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lHa3esiianinunin aAnueaIandausiailifinluausliduduimaass gveasddesdon

Y Y

gunsal viselAsestlonnasdliviaiay lneddsndsailafanadl
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Gl Y U 1
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3) b (Sensitivity) wungdamsasilouuainnsadnale wiindeiy
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2.3.1.3 AruAanAAauLTeEnR (Statistical Errors)

'
s aa A

ANUAAIALARBUITIATAYTBANUAIIAARBULUUEY (Random  Errors)

&, o o v & o Ao vy ai o Y
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A @ 1% 1 = = J 1 a ¥ Y & a A A
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Y
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e laiviniunaziinisnssaneluugd (Random Distribution) MH18A131 wi1agne1e1

TAnan89ATe WNUIIFAVNTIALAaZATIIZ LWL Lasauninladuulltuasiinge

1%
1 S v A

TnavAssanuils Fearqinlalasldn1siiasiein1eads (Statistical  Analysis) 898Aa1u

AaRARRWTERABNuU U TR TusTIuIRveIUsINgNIaitue famnainanizueesa

wUsanguen Wi gaungil mNdy 18 viemudsanglunldannsamuauld aunaie

3 ]
LPADULUULL A N WU ALV DUNITLARDUTLUUKSN LU NNSEANEFIVIANSAUTURSIE 0F5)

9
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1) Anvinwensin Seuinisin nstuiindeys wazseuinannisiienty
4 & o 4 v a v 9 « 4'
w3oddlednilunnzauiulIuanfeInsin lileanAuAaIALARDY
Weyaralvidaeuniian
2) werguienldinelieNinnsgu Ansusuudsaitaue wavs
YPAMNAN1TINVLATINOLARZ T LINDAAAIINAAIALARDULTITEUY
FelagunAlaToloinuraiAIearsEUAINALIBEANINAAWINTIIE IR
IplugUrssmnuiianarasenumainindeududosidud
3) feadndinaneq As Jadalauitinlansaziinisnszateuuuduvsed
wulduazinAunislnatAeadua19ute 9ntuldn193LAT1z9NIg
aa 1 LA Y = 1 4
admieniAn il weldidudgaving
2.3.1.4 N15618NAANAANALAGBYU (Propagation of Errors)
A ° % Y = a aa saa = 5%
iipaeAuiadeyariefmiauvseUsnaiidndniauaaininioustiie
2195 s uesRgIiuATIAIMEIEEIATY ALAIIALARRUYBIAINBUITAILIALARIN

NANLARARANAYA IS

2.3.2 MSHIANAUARIALARDY
ﬁamsi’mmmmeiwﬁuswdwmLLﬁﬁqﬁ’Uﬁhﬁiﬁmﬂmiﬂizmmslwﬁagaw
Y¥in mﬂmmﬂﬁaumsﬂizmmawLﬁﬂsﬁumﬂﬂ'ﬁi’maa%@gﬂmﬁmmq Suiiloaunain
wSasdlefldin v3erAUTEIgNISUNUAILYIAS [18] naumsn (2.1) SeEunisi (2.6) 3

AN LUANS AU U 9T

t = anulaguesleys

n = UIUVDIYATRYA

1 fouaitials

Ft e Auszsansanngudeyaiiutile

Y A | ] A
AN5INAIAATINLAADULUIDDNLUU 5 LLUUABD
2.3.2.1 Mean Error (ME)

< ad « d‘ a ) (Y a
WUITNTIAMUAANALARDURAYIUANUI AIEUNITN (2.1)

0 (At - Ft)
E = Zt—l

n

(2.1)

ada o 1 o I A & = [ I A &
'Uﬁﬂ’l’iumﬂﬁyﬁ’ﬂUGﬂu%ENﬂ'ﬁU’]ﬂ']‘V]L‘L]u 0 1157 TwasN1suIAIiduay

1A UILYNMIENUY YINAARANNARIALARDUTU
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2.3.2.2 Mean Absolute Error (MAE)
Wudsnsmenueaiaedeuedeflauidymives ME  lagnisifiy
Absolute toannsvina9inTuiutayanAuula Awun1sn (2.2)
Y| At - Ft|

MAE = ——— (2.2)
n

2.3.2.3 Mean Squared Error (MSE)
WWuAsnsvaueaIaeduRAsIWAILLNLLALNN MAE 1aen15enninga

2 YpIANAUIle PIauN1SN (2.3)

2

N (At-Ft)
MSE = 2t E (2.3)

2.3.2.4 Mean Percentage Error (MPE)
WidSnmsmnsesazassniunainnteueie wadsnanudumuientu
ME A3aun159 (2.9)

At - Ft
Z?:1¥ x 100

MPE = (2.4)
n

2.3.2.5 Mean Absolute Percentage Error (MAPE)
Juisnsm3esavvetniuaaiaadeuadeiuulenlegn {Juisy
wAlgriANAaIALAAEEAINIS MPE faunisi (2.5)

| At-Ft |
5 x 100

n

MAPE = (2.5)

2.3.2.6 Symmetric Mean Absolute Percentage Error (SMAPE or sMAPE)
Juisnismiesavvasanuaaanfouadenuuionlagn Tiiugiuunann
75 MPE wailadnisunladeyminismsnae 0 feaunisi (2.6)
N | At-Ft
Le=1{A = i) 72 X 100

SMAPE = (2.6)
n
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2.3.2.7 Cosine Similarity

Judsnsmanumdteadswuulaeie (Cosine Similarity) [19] @adu

(% '
I |

TBNTMIAMUANEAFITUIINAININUUANAIIVDIYUVBITOYR 2 YATLAATUVUNUNLINADS

a a

(Vector Space) 38nsilluifisunasiivszansnmgelunisinaruadiendsszninadeya 2
Y9 wazgnuiuUseyndldiumansn1sAuANaITauLINABE1uNI ATy 3501588l
Usgansnnlunsdlilenans 2 enansiianugiliviniu vievililianuegfsssusolonalsi

dun31 TgnsnsAuInAEunITN (2.7)

N,dixq
sim (d, q) = — (2.7)
2
(I P
et d = gaveuaneiena1sninaqlu Collection
g = query ¥3BUaYaNIROINIINTIERUANUWIL DY

233 msm’%&m%’aga (Data Preprocessing)
= ¥ < o o v ! av v [ A [
nswseuteoya Wunisnseviiudeyasiegnldainnisdunn nien1sin [20]
[iloanANAAIRLAeUB U RINA AR ARTe 2.3.1  FeneliAndeyaldauysal
(ncomplete Data) Yoyasuniu (Noisy Data) wsadeyaliaeandas (inconsistent Data)
Aty weliaglusUiuuiiingaunsunisin A waiedas iz Wanumuig ¥3en13vi

willaateya ewedin1suTutoyanausall

2.3.3.1 m3vianuazeIndaya (Data Cleaning)
Junsvimnuazerndoya 1esaindeyaainnisdunn wsen1sinly

' i
oA v v =

& A )= /. v v P2 v X
auysal vieenalidrnvinmely (Missing Value) Autiudendsusudeyalvidainugnaisuniy

[

1n139nN1INdIR YR

1) Data Missing M3dnn1s¥ayavInvieg
2) Noisy Data M133an1s¥eyaninnuuwlsusiu viseianain fsil
- Binning wiangudeyalviegluguuuuivngaumediaieyadus
' a A = o v
a¥nNgy AMNNAIINMTITENEIRY
- Regression Usuanlvieglugunuuvesitanduiduaunisiudy
- Clustering nsuUsngudayanmuiouluvoyuuadfainis

- Combined computer and human inspection N13#333&8Y

ToyanigAaNiiinaTlarNTdLNnINUYLETINAY
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2.3.3.2 n335°unuvasdaya (Data Integration)
Junssivsdeyanvaiegiudeya vaneyuues visenatgianaisidn
My Wetiganvseninidesrinug 1deuvesdeya (Data Redundancies) Faazinluglaymn

Anuliaenndesiuvesdeya (Data Inconsistencies)

2.3.3.3 msﬂ%’mﬂﬁhugﬂwu%’aga (Data Tranformation)

Junisufuanliegluguuuudu (Normalization) wenisinluvinmiies

1) Min-Max Normalization \{un1sudastoyaidaduaintsiiululs
FinvosanFusiu Wdutaddvsifinmun (Wsnfeglutag 0-1)

2) Decimal Scaling nMsudastoyalvieglusuresainatey

3) Z-Score 1un1susumisnszarevestoyalilianviniu 0 wazen

WeuuiInsgIuyinfiy 1

2.3.3.4 n1sangudeya (Data Reduction)
& > ~ > v = > q'
un1sanUTaLaLNaLNUTLaN 8 JULUUN LN AN YUINVDIVOYAN
I i ° va ¢ Y a v o sa 1w A A P a ¢
dnausianunsaidlulddmsigiuadianadnsivinunieigumifuiunsiasienann
£ & ®
Joyariavun wuaty
1) Data Cube Aggregation L‘ﬂumia@gﬂﬁﬁa%aﬁﬁﬂwﬂu Data Cube
Fudunuudiaesoyavatelin (Multidimensional Data Model)
2) Dimensionality Reduction n1sapguveyaluanizu1sdiid ivie
ANENFEINT
3). Numerosity Reduction n1sanjUdeyalasnisiiendoyavuisiin
- Parametic Methods n13asekuUTIRBIeTsALAAneTIlY

WALANI9ERALUNNSUTZUIUAIFILUTAL

(Clustering) WaAININTZINLVOITOUA WAZIAUAITIMVIUNGUUNL
Aoyad3e viveenaliisnneatiAiuN1TEUMaE1e (Sampling)
4) Discretization and Concept Hierarchy Generation Lﬂﬁ%ﬂ’]iaﬂgﬂ

PoyauustivsauUinguiieldlunisiinsiey



19

2.4 UIBNNYITD9
2.4.1 N15879N28NW

<

a I3 aa =t N I3 a I3 v &
nsaneaniiusIIuanIveInInea n1see neandsznaumy 8 Tunou
nnNsAnwmuIdadenddgydanansenudenisaianeanignanvaeAevinsuaunTale
n130AMYUID93 1IN §1RUN15EBNMET N13YIuelouastale wasnuaudivesld [2]

o

mMsalafignanuaizyislinisaidfiusyavEnmuazaneIN1sUIARUIINNNTOBNLSITIRAT VL

2.4.2 gunsafillinsaaianmsiadoulna

1nn1s@nwinisianisindeulue wiadu 2 sunuvdenisléndesdu
Aadeulmunzais (Video Camera) Wi 12 high-speed VICONSI [21] 18undesfid
AasatunsaenIniflegs Pointgrey Firefly  FMVU-03MTC [3] vundesdunsnisnld
ﬁ’m%’um’m%’umiLﬂ?iauiml,awwagm Imamsﬁﬁ’sﬁﬂé’mzyﬁumﬁLimﬁmé’aﬁ;mﬁé’fmmi n1539
mandeulmBnguiuuAonslHiduwesniadumsiadeuln (Motion Sensor) Aatinfudau
ifoen1sin Wy WAA-010 [22] Wuiduimefnsaiunmsedeulmiiuszneufeidugesia
A13L39 (3D acceleration) @193 IAAIAILLILTIBURUAT g (AIAIILLIITNAIWIATF UV
Tan) luszunu 3 iR (x, y was 2) wasdugesinnsdauyy (3D gyroscope) awsainnisln
wyuseufveutueies ludnvuesouunu x, y uaz z (pitch, roll uay yaw) aglugag

+180 83"

2.4.3 msanfiun1sdaya

'
a

Junisideyaundudunisiiieduntadvddqiiieasuna Uudsunde
wiangalvoglusuuuilmidionsinses BBnsifianumneauuinninanysegndiided
2.4.3.1 Inertial Navigation System
Inertial Navigation ~System %38 INS [23] L@uagmiﬁgﬂﬁﬂﬁuﬁ’m%
JuwosinAnanimaznnsmu (Accelerometers wag Gyroscope) Wilomuimuiiane wag
mnufweadumesluszuy 3 53 (o x unu y waguau 2) faguit 2.14 Tnglifeanisnns
Fradafinfnainnieuensyuu lneseuunseduesiinisduanuuy INS 3en31 Inertial
Measurement Unit (IMU) #s3uil 2.15 ASnstanunsafuiaiirmaazanusalaegn
wiug widenaditymnluduvesdunis Felgmaananldfinsudlonasimuidonis

$M9UTWAUITAS Kalman filter §99znaniluindadaly



Rate-gyroscope
signals

» Orientation

Initial

Velocity
Project
Accelerometer accelerations Correct for R
signals onto global gravity Global

axes

Accel

>

Initial
Position

J
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gllﬁ 2.14 JunoUISVOY Inertial Navigation System [23]

Stable
platform

2.4.3.2 Kalman Filter

Angle
pick-offs

Velocity

Torque
motors

3U17i 2.15 JULUUNIATIUYDY IMU [23]

———— Position

@ ad = a 1 Aaa Qll
Wudgnisnilslunisuseifiurnanueingavadszuu nsiasuudas

A01ULVBITEUUAINAIAUIAT Tun TR n1smaniuzvesszuulilyisosdny sl

Jotniavaretadeu euliauysalvesduwesnldinaouzaasszuuwazaunaIadeu

Tun1s¥a Wudu F3n15niledusunianiuzvesssuuaeld Kalman  Filter %QLﬁuqmmq

adinrnans fiawnlag 9. R. E. Kalman Tud 1960 [24] Kalman Filter gnianldnsausniiio

UszanuanIugvesseuuingesedeu Apollo tunisiaasseulan Uagdu Kalman filter gn

wanldegraunsnany lnglamgegndslumanivesnisunasusiudeya (Data fusion) ield

Uszananatoyaannduwesateussian melddyaiasuniu (Noise) 1nwaieunad w1l

SuwfuludnuazinenaiuivemAUszaave@En s NIANgAvedsEuy (Optimal) AI8E19n1s

14 Kalman Fitter 1#uA Integrated INS/GPS System 1fusiu 91n3Uf 2.16 1Tushegnanisia

SYYTINITEIINUSOLATUTLNIANS
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BD T T T T
[ ]
— ansSanassuy
0 *e
o infrialdenadwaad * . °.
GO
L]
o el L]
= 4 flssunmda  Kalman Fliter . *af =
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(=
i
| -
14
=
=5
(]
i
>
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-
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VIEn (W)

5UN 2.16 #aN1591809N15UTEUNNTEYLNNTEMINUTZAIANSUAZITOMIY Kalman Filter [25]

Fevimsinainisadsiegunsalineg deyanlagnisnduiunislvedluguuuud
wanglun1sinsied wu nsduiunisteyanstanuuledlusuuuuvesninusidey
(deg/s) n1sandunistayaniusibieglususuursinnuiiveddinoanvaeinnisais
(m/s) [3] BadoyadandngnianiSeuiiisuamugniowesismsiiasest lgunisthaiwene
fléanndes Pointgrey Firefly FMVU-03MTC wWisuisuiudugesianisiadouln Xsens
MTi iloinruusiugvesisnIyinuazaiiunstoya

Avddglumsieeimsaisnedndenismsuuuunisads Seinismguuuunisais
sULUUA19Y 13l Inertial Navigation Algorithm $asiffu Kalman Filter ileym3uuuy
n3aie laglddayadunisnazanundivelinedrvnrais 9naewaviuweanudulula
V99N15839 [27] n1519 Simplified Swarm  Optimization [26] %39 Neural Networks [28]
Suunuazsrydnvasmaaidlaglifoyansfeuanimdnfide gl

INFUUUUNITIATIEINNTAIUFURUUANT90Y NUIHEANSIINNITIFURUUNT

=

asluusiagdstulianuuansaiy uddnsadnednaziisuuuunsaiandaaune 8 Tunau
YDINITEAN WANAINTOENIRTIZaNIzUNLaImInzay §IdelaminauAalunis
wiangudeyalivunzunn1siiagiiiem sULuuanIzYeIN1salauasisn1siuTeuliiey

Toyanisaia Feaznaniluiitedaly
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Ndfeidunsiaueiinmsuieuiisunisalainedn Inenislddeyanisalanedu
PMNFURIATIITUMTAaaUlm WeldlunsilinAnusiuaswesrinwinnisadanedn audduil

¥

Wenlddayarnuinunaiuilenasdiuvusazdiuaislunisinnisade Wesannaluile

USumaeia 2 drudududrdnlunisesnuseals eaesdiuaiuvhanusiuiulunisesnuse

o [ 1

pgelAMUFNRUS NsiAReunuIAtdmanwsnsegndundsdiuen (Thoracic  Spines)

[
% % [ 14 =

LagNIEANAUNEIEIUDY (Lumbar Spines) [29] Beduifusiunauiilendsdiuvuuasdiuana

(2 '

aetusldounsalnsaiunisimdeulvuiies 2 61 Ileusinmsirdeulminusnailidiisus
danauAnITERNILTY WASIAiNaTULNUNTEANFUNAY
dnwazn1sEnednilaanaunsalinTisdunisiedioulmiuy Isgnihudssuiiey

TEMINENAFBUNAIEANIINIUTAIEIATI IINNITHUARGIAINUAIILANAIULARE Y98

A 1

W39 Wwunvagen lduesaienuae i udinageunnauaslasudiwuzinen

v o

Ay iiadannusuuuuigndes 31nn153n13UnnULAEALLTIVBIIAdEU SiAany

Y

ALANANTBIVIMY N1salsnadnurazasasinaaeuiinildsvosiiatluudasvinai
uanAniu samdsnisiieuguuaznIsoenusfinuaIuAndT LY gadredyniiifes
AinneisazudlalunsiSeuilou @wasdeyanisaisnodlazuanduuni )
Mnnsansdunouislunisisuifisuanumiiewlunansqmuiseiu Cosine
Similarity annsainaruilouvesteya 2 4ald uiileldiuseuiiisuiudeganisindeulm

MINTSUAULaESEYEIa v atLAREYIIuanAeTY virlrAlAuAa AR uliA1 g

'
a =

AMuuase Feluauduasaal naiRenuasasininuaatAdautana1aiuluuin

U U gj aa o U
UnN MIUU

WedeAnruISnasdmsudymd Inensysiuinisuusisatndanwaens

e

= 1% = o Yo = ] = I o ¢
Lﬂa@u‘lﬁ?ﬂaqﬂﬁaﬂﬂu I@Uisﬁamiqﬂ']ﬁl,ﬂaEJuLL‘UaQGU@QGUEJ%JJaLUULﬂmsﬁLUﬂ 13LUI NAANTUB
TunauN1IwUIl Jeyavzgnitdsuaindeyasusuuli@adudususuuidadu antuiei

¥ o

mﬁmmmmﬁawumsqm%yja‘[mEJmi‘mmmé’mﬁua‘%whwiﬂuLwiazsqma%auazmmi
Wisuiguanzluisaziigi iiemauranaadeuven1sale vuddeigidelaeenuuy
I3 1 =
Asneaudu 3 @1ufe
1) ANSMSIIUNITAINDAN
2) anwagdoyanldlunisainean

3) FBnsuvinduwasilSeuiisudeyanmaefeulmiludnuvasdadu (CCL)
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3.1 N13AS2UN5EINDAN

nudeilldiduies 9 Degrees of Freedom - Razor IMU & fuiduigesnsiadunis
WPABULYNY AANUSLIUNAIIMAIEIUVUBLALNANINAIAIUAY LNDFINANEULNITHIY

v ﬁ’l L 1 1 ! U d‘
AANULUBDVANEIUUULASEFIUAN LLETLDD G’NE“U‘VI 3.1

Rotation

-Yaw
+Pitch /] ‘7|/‘ )
1/ -
< 17X
'7% -Pitch
-Roll N

Acceleration

+Az
+Ax
o Ay /—
| g
-Ax

-Az

Motion sensor 1

@

Motion sensor 2

(

=
A Bluetooth

—=——
Computer

LY

o o s Y] v A v I ¢
E‘U‘VI 3.1 mﬂmgﬂﬁi(ﬂﬂL‘(J‘L!L%@iLLﬁ%ﬁﬂHm%“U@yjaﬂlﬂﬁ]’mL"?J‘L!L“UEJi

1 @ & Y

Wievinnsals Yoyaasgnadsannidueasng 2 Muuunalase iudyynugynsen
Uszananailiasesnauiinmeasiidouse tnetayaszgnuseiiananislusunsudssynai

WaunAulpglany Wevinswlingudeyaiasiussuiisutoyaalnnseianad

3.2 dnwazdayanltlunisadnadn

'
a Va o =

Toyaiyiveidenldan Razor IMU # 2 ¥nAaAMLsakazn15UATLY TaanINusan

Y

Talotueglugae x16¢ Tuszwu 3 88 (x, y wae 2) JeyansUanyuinialaeglugie 180

aemlusyuIu 3 @ (roll, pitch war yaw) lnedauadnn Razor IMU gnadunalgadud 50

[ [

AYaroIud ddnuaysagui 3.1

3.3 FensuusnguuasiUssuiisudeyanisindauluiludneasidady (CCL)

< ad Avaw o d' Y o LY LY a ! Y ax &
Judsnsnaidedauaiial g nsumanwuzianizeedn1sasluliazAse 350154

Y

wuseanidu 2 Jussufonsuuinguieyawaznisiseuiisudnuuzdoya
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3.3.1 NMsuuangudoya
) & g ' ! £ a (3 ! 1 14 I
Tupauiiidunisuuingudeyanisalenednluudazdranailveglusiuuuves
auNTBLEY 3 2 TUABUABNITANMINNARIAARBUYBITBLALAENITHUINGUTBLARINENT

ARFRIGEDIRIAR

3.3.1.1 msaﬂﬂmuﬂmﬂLﬂﬁau%aw’faga

Junsasmnueaiaedeunesdeyasinnisiniuaznisieunaiuiile

Ya o =

ag19ldasn vilideyanisalandnlasinnuianain delugIdedelaviinisaiedeyaly

Y

Frnalnaiaesiudinleiufagun 3.2 wagldnsiuinmiuaunisy (3.1)

value
A
Average by N
N=1
Nf7 2257

time (1/50sec)

5UN 3.2 M3afedayaiieanninuaninipaeu

9n3U7 3.2 Wumswdedeyadiuailag t $1uau N 9a Jsluguidusiedng

A5kY N Wiy 1wy 2

(Ckn ODY)/(20+1)  if k>n (3.1)
ND, -
ODk if k <n
Inei k = Judrduvesailag
N = Jursvesnisiadeinmun
oD = Juyadayaninlanndugesingnss

ND = Jugadeyalvaifiiiunisannnupainpiiou
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3.3.1.2 Msuuingudayanusdnsinisiasuulas

Juduneuniswdangudeyaiiniunisananueainafouluuiagyiawiad

Ieglusuuuuresaunadaduiugiuiannisn (3.2)

y = a + b (3.2)
laed y = A1vBITRLAlULINAY Y
X = A1YBITRLATULLILAY X
a = AdNUsEANSURY X
b = RGNS

laguuanugnsnsiuagulUasieglugiafiiunisaninunainatou

wanAeiulunsaungeusuly TunBuUNISLUINGY Wanafall

1)

8)

o v

fnuafesazvesvouluAnLaAaIaAdoufisauFulunTLU g
foga (imit) uaviosaznisanaswosvevnALARALAGEY (imit
mub) Aviualsk F (first) idudumiaFudusay L (ast) iusduomis
VNEUBINITUUANGY Wag ratio stack tupnsddmiuiiudnsinig
WasuwUaaiielflunsdua

Anadasnisasuulasin F 89 L iAuas ratio stack
vimsideu L ludaiumis t+1 nsiSsudisudu ratio Tu ratio
stack
ynasIsuifisusnimsiuasuutasiimunaisiadeutiesndn
youindiiviug Whihnsuia ratio s F 8y L Huad ratio stack
Housuvtes L fedunaud 3
mnnsIsuiiisudnsnisivasunlasiinuaaiaindeuninnn
limit 92aandl F s L avgnuisngudeyalinguidariu sihnsédns
Uoyalu ratio stack hazmvuadMLwe F uay L Inl
yhnsAIMg1aINtuneud 1-6 auiumies L Hudeyadidy
gaving

W@5AUNTUUINGUAIFUN 3.3



26

value value

ratio —m >
12 i
T I’a'(IOL2
ratio stack / ratio stack

time (1/50sec) FL

L o 1 [ ———
| -cccccncaaaaaas

value value
t® t®
ratio1 ratio
! 13
4 ;
/ ; ratio stack o ratio stack
F L time (1/50sec) F L time (1/50sec)

s -
/ ratio stack 00 (W~ ratio stack

4 e

\/

F L time (1/50sec) F L time (1/50sec)

value value
A A
@ EoDaial
LI E——
1/ g3
ratio stack
time (1/50sec) F L time (1/50sec)

5UN 3.3 TN1siUInguteya

3.3.2 mswSsuiisudneaiztaya
& ac Avaow a v oA = = v a ¢ 1A v o °
JwismsnideAnAuiialTeuiisutayanisalaneanilaiinisdun
nquANensIN1sUAsuLlas Tnglddnsnisidsundasestoya ieaudurendunsanla
nsTuundeyalJuuSeuiisuaieTs SMAPE (Symmetric Mean Absolute Percentage

Frror) #9aun1si (2.6) wazdvunaun1siuseuigunail
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[J [

MyuaYateyandn wazyndayailseuiiiey 315U 3.4 Yeyayn S2

[ £ LY

Juyedayandn S1 Jugadeyaeudiou
INsTUgvnefiiauAd18ATIuAINENTINTIUAEULUAIYDIYA
Joya S1 uay 52 lngn1siuIeuiieuszeenIavaddunsIINYALTUAY

LAYINAUANVDILAUNTINETHINTUSZ8ENY (Euclidean  Distance)

q q

SusuAunIndiandualiney (mndslaidinsdug sududn 0)

[ d‘

ladNAUNISAUNITLESALNANEN UINLAUASIIATSZELUIIUINNTNEY

q

v aa

Jagduniiansan TginisidendunsauasAuiaaA1nIuAaInAgou

(%
17 9

METUNBUIS SMAPE 91ntududeniduiiAaunalanioulasiian
TuUADUT 2 91n3UT 3.4 Avualdsgezviangasndu a  way
1 4:4' qy =1 ) o [ I~
JrgVendugnAe b inszesneAusIniunlu a+tb
msiaeumsiSeuiiieudeyares ST ludddudaly vinnns
WIguiguaItunaun 2-¢ Aatiigu 12,1 Au L1,1 L1,2 way L1,3 way
NS NAIUVBIAUATIANUIURBUNA 2)
Wevhnsdentauaiingisiantaeglndiu viins mark Frananiuly
awlaihwhvesndeya L2,1 asgpdeiu L1,1 1aniian
° a o w ] a P — A | o
Mmsdeudwiuresateya S2 1Uan 1§ 1enduveudunsanIn
S1 Taasuy mark @4AB L1,1 3nS0UNKAL IN8ALAIUIUSEELNN9UD4
HUA19IN 2 Yntayaluizes IWNINTEEENINTRUAUnTING 2 Yataya
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q 0.3690 0.1415 1.6732 2.3399 11.4021 12.3907
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ﬂ%\i‘ﬁ yaw roll pitch accel:x accelly accel:z
1 8.4167 1.1825 7.6300 1.1854 8.1017 8.1940
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5 6.2813 1.2771 7.1147 1.6020 11.0421 9.3863
\ade 7.8320 1.3442 7.8645 1.0472 0.3963 8.8288




A15197 4.4 ANUARIAATOUIINTURBUN 2 ToyavasdIua1s

52

ﬂ%ﬁﬁ yaw roll pitch accel:x accelly accel:z
1 0.8334 0.3942 7.8673 0.8869 8.1239 9.1210
2 0.8958 0.3909 10.0668 0.6410 7.1609 9.2790
3 1.2158 0.3776 10.5265 0.7554 8.7995 7.5866
4 1.0789 0.3881 6.6955 0.5473 9.1528 9.2825
5 1.2121 0.4305 8.9876 0.4072 9.0243 11.5934
\ade 1.0472 0.3963 8.8288 0.6476 8.4523 9.3725
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Abstract—This paper proposes a new idea of an analysis of
golf swing patterns. The body movement data are collected from
upper back and lower back muscles using Razor IMUs. The data
are then classified in two steps according to the similarity of the
changing ratio: the deviation reduction from sensors and the
changing ratio at each period of time. The experimental results
show the modified data in the form of Linear equation which
consists of many straight lines. Each line represents each player’s
swing which can be compared to one another or defined the golf
swing pattern among golf players and coaches and can also be
adapted to the similar golf swing pattern data classification
which can help golf trainers or doctors for physical therapy. This
proposed method can be applied to use with other sports with
certain patterns such as baseball, tennis, and ping pong.

Keywords—Golf swing; Motion sensor; Razor IMU; Golf
training; Physical therapy

I.  INTRODUCTION

Golf is the sport that has the particular motion pattern.
Each swing uses the stroke control together with the force of
body’s muscles such as, the hands, the arms, the elbows, the
legs and the back [1]. The stroke control and the force are the
indicators of the effect factors for a golf player both in the
sport game and the player's body. This research focuses on
golf swing data analysis in order to find each golf player's
specific swing gesture using motion sensors in searching for
golf swing characteristics. This research emphasizes on the
analysis of an individual golf swing to collect specific golf
swing patterns. Then the data are classified according to the
period of the swing time in relation to the changing ratio to
indicate the different golf swing aspect in linear equation.

The structure of the paper is organized as follows: Section
IT describes the related works to golf swing data classification.
The design of golf swing pattern analysis and algorithms are
shown in Section III. The experimental results are shown in
Section IV. Finally, conclusions are presented in Section V.

II. RELATED WORKS

A. The Golf Swing

Each golf swing requires 8 steps of body movements: Set
up, Back Swing-Takeaway, Back Swing-Half Swing, Top
Swing, Down Swing, Impact, Follow Through, and Finish [2].
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It was found that the important factors which affect the right
gesture of golf swing are set-up pose, the body twisting, the
body rotation, the exercise sequences, hands and wrists
movement, and the golf clubs quality [3]. The right gesture of
golf swing leads to the efficiency of the swings and the
reduction of injury that occurs from the wrong stroke drive.

B. The Movement Detecting Devices

Two devices were used in order to detect the golf swing
movements. The first one was video cameras, such as, 12high-
speed VICONSi [4], which is a high speed shooting video
camera and Pointgrey Firefly FMVU-03MTC [5], which is a
infrared camera using motion point detection by attaching the
infrared signal sender at the measuring points. The second one
was WAA- 010 [6] which is a motion sensor attaching to the
waist. This motion detecting sensor includes 3D acceleration
to compare the movements with gravity force in 3D plane.

Besides using motion sensors for detecting the golf swing
movement, the game controller devices can be applied to
measure other sports with specific movement patterns in the
same way as, in 2012, Y. Chen and Y. Hung proposed the use
of Wii remotes which have motion sensors to measure the
baseball movement [7].

C. The Movement Data Operation

After measuring the golf swing data, the data were
transformed into = suitable analysis patterns, such as,
transforming twisted-rotation data to angular velocity to
observe the angular velocity values (deg/s) [6], the
acceleration data were operated in the form of golf player’s
velocity at each swing time (m/s) [8] which was compared to
the accuracy of the analysis method, for example, the
comparison of pictures from Pointgrey Firefly FMVU-03MTC
cameras with Xsens MTi motion sensor.

After the data transformation process, the golf swing
patterns data were calculated by using Inertial navigation
algorithm and Kalman filter to indicate the positions and
velocity of the golf player at the swing time using position
data and the golf player’s velocity to forecast the swing
probability [9]. On the other hand, there were some researches
related to golf swing using Computational Intelligence. In
1994, H.S. Yoon et al. proposed Neural Networks [10] to
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classify and indicate the swing characteristics using the weight
shifting of the foot at the swing time. Later in 2012, Y. Liu et
al. proposed the use of Simplified Swarm Optimization [11] to
classify the golf swing from weight shift data.

According to the previous related works of golf swing
pattern analysis, this paper proposes the idea of the data
classification for particular golf swing patterns and the
suitable analysis of swing characteristics which will be
mentioned in the next Section.

III. THE DESIGN OF GOLF SWING PATTERN ANALYSIS AND
ALGORITHMS

A. Data Collection

This research used motion sensors of 9 Degrees of
Freedom - Razor IMUs to detect body movements [12]. The
sensors were attached to the upper and lower back to observe
the muscle movement of the upper back, lower back, and
spinal axis as shown in Fig. 1.

As soon as the golf player made a golf swing, the swing
data were transferred at a real time through Bluetooth to the
connected computer. The collected data were processed by
using the classification program to classify and compare the
golf swing data. The detail will be described in topic C and D.

B. Golf Swing Data Characteristics

Two types of golf swing data: Acceleration and Rotation
were transferred from Razor IMUs. Acceleration data were
measured in the range of £ 1 6 g in 3D plane (X, Y, and Z).
Rotation data were measured in the range of £180 in 3D plane
(Roll, Pitch, and Yaw) and the data were sent at 50 times per
second as shown in Fig. 1.

C. Data Classification

The data transformation was processed in 2 steps:
deviation reduction and data classification using the similar
changing ratio at each period of time. The deviation reduction
covered the un-stability of muscle spasticity and muscle
relaxation. Consequently, the measurement of swing data
appeared having uncertainty variance. Therefore, the average
data at a certain time was calculated, as in

Tk oDY)/(2n+l)  if k>n
ND; - (1)
0Dy if k<n

where k is the time sequence
n is range of time to average
OD is real data collected from sensors
ND is adjusted data

After reducing the data deviation, new data (ND) were
classified by the algorithm in Fig. 2.

Rotation

+Roll

Motion sensor 1 +Pitch

p

-Pitch

Motion sensor 2 |
Roll +Yaw

(.

Acceleration
+Az

-Ay

-Ax

=
A Bluetooth

=

Computer

Fig. 1. Motion sensor attachment and data collection.

Define limit of deviation of changing ratio that can be accepted

Compared all data?

Calculate the changing ratio from start

point to end point of each time

\’

Comparing current changing ratio with

earlier changing ratio

Deviation between current changing ratio

and earlier changing ratio greater than limit?

Add line data to line data series

Fig. 2. Classification algorithm.

Then, ND were classified by the classification algorithm in
Fig. 2. The movement data with similar changing ratio were
grouped together in the form of linear equation, as in

y=ax+b )
where a isthe changing ratio
b is the initial data
x is the swing at one time
y

is the estimated value from changing ratio
calculation
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Define limit of deviation of changing ratio that can accepted

Compared all data?

Calculate the lowest distance and changing ratio

deviation of each period of time of dataset 1 and 2

Is the lowest distance and

changing ratio deviation less than limit?

Add the time to similar time series

Fig. 3. Comparison algorithm.

D. Data Comparison

The data comparison was processed by selecting the data
which had the same changing ratio group from the data
classification process in topic C. Two sets of the similar swing
data were found. Then, the data were calculated in order to
check the deviations; time and stroke between 2 sets of data
using Mean Absolute Percentage Error (MAPE) as in equation
(3) and Fig. 3.

T At-Ft

At

_ 100
B n

M

t=1

| 3)

where t is the sequence of time
n is the number of data set
At is the measured data from sensors
Ft  is the estimated data

The data comparison algorithm is shown in Fig. 3.

IV. THE EXPERIMENTS

A. Experimental Design

In Fig. 4, the Razor IMUs were stored in fixed size of
closed boxes and attached to the upper and lower back of 4
golf players and one golf coach. Each player made 5 times of
golf swing.
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Fig. 4. Golf swing testing.

1 21 41 61 81 101 121 141 161 181

-20 53 S1 (coach)
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3

Time (1/50s)

Fig. 5. Roll data of golf swing.

1 21 41 61 81 101 121 141 161 181

$3 S1 (eoach)

angle {deg)

Time (1/50s)

Fig. 6. Classified roll data of golf swing.

B. The Experimental Results

In the golf swing testing, the two sets of movement data at
the upper and lower back were performed. The data were
classified into 6 types: rotation in Roll, Pitch, and Yaw and
acceleration in X axis, Y axis, and Z axis. In the experiments,
only roll data were used to classify and compare. The results
of golf swing of 5 players are shown in Fig. 5 and the
classified swing data are shown in Fig. 6.

Fig. 6 is the result of classified swing data from the
algorithms in Section III. In the first step, prior to data
adjustment, the range of time to average in equation (1) was n
= 3. The later step was the data classification. The deviation of
changing ratio was limited at 30%. The player S1 was a golf
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coach while others were golf players. The results from the golf
swing data calculation are shown in TABLE I to TABLE V.
TABLE I shows the classified swing data of the golf coach
(S1). The swing steps were classified into 11 lines for player
S1, 12 lines for player S2, 17 lines for player S3, 14 lines for
player S4, and 16 lines for player S5, are shown in TABLE I,
TABLE II, TABLE III, TABLE IV, TABLE V, respectively.

TABLE I  THE CLASSIFIED DATA RESULTS OF PLAYER S1
Line Time Time Position Position Ratio
Start End Start End
1 0 48 -28.6100 | -29.5829 -0.0203
2 48 62 -29.5829 | -38.8500 -0.6619
3 62 83 -38.8500 | -55.9514 -0.8144
4 83 91 -55.9514 | -55.1286 0.1029
5 91 98 -55.1286 | -49.3886 0.8200
6 98 117 -49.3886 | -24.6400 1.3026
7 117 121 -24.6400 | -31.4771 -1.7093
8 121 129 -31.4771 -43.8143 -1.5421
9 129 158 -43.8143 | -68.5500 -0.8530
10 158 192 -68.5500 | -75.4950 -0.2043
11 192 195 -75.4950 | -75.5850 -0.0450
TABLE II. THE CLASSIFIED DATA RESULTS OF PLAYER S2
Line Time Time Position Position Ratio
Start End Start End
1 0 40 -33.4700 | -38.1257 -0.1164
2 40 64 -38.1257 | -51.1643 -0.5433
3 64 75 -51.1643 | -59.2814 -0.7379
4 75 78 -59.2814 | -58.2129 0.3562
5 78 89 -58.2129 | -50.5514 0.6965
6 89 93 -50.5514 | -46.4071 1.0361
7 93 100 -46.4071 | -39.6486 0.9655
8 100 103 -39.6486 | -42.7886 -1.0467
9 103 115 -42.7886 | -60.7757 -1.4989
10 115 119 -60.7757 | -61.3186 -0.1357
11 119 182 -61.3186 | -69.6271 -0.1319
12 182 195 -69.6271 | -66.2325 0.2829
TABLE III. THE CLASSIFIED DATA RESULTS OF PLAYER S3
Line Time Time Position Position Ratio
Start End Start End
1 0 54 -27.8600 | -29.9500 -0.0387
2 54 67 -29.9500 | -36.0086 -0.4660
3 67 80 -36.0086 | -51.9257 -1.2244
4 80 87 -51.9257 | -51.3443 0.0831
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TABLE Ill. THE CLASSIFIED DATA RESULTS OF PLAYER S3 (CONT'D)

Time

Time

Position

Position

Line Start End Start End Ratio
5 87 93 -51.3443 -46.4086 0.8226
6 93 101 -46.4086 | -34.5029 1.4882
7 101 107 -34.5029 | -26.4600 1.3405
8 107 109 -26.4600 -30.0357 -1.7879
9 109 120 -30.0357 | -56.2571 -2.3838
10 120 123 -56.2571 | -58.0571 -0.6000
11 123 133 -58.0571 -58.9200 -0.0863
12 133 137 -58.9200 -63.9214 -1.2504
13 137 145 -63.9214 -74.0200 -1.2623
14 145 151 -74.0200 -73.2729 0.1245
15 151 163 -73.2729 -84.5700 -0.9414
16 163 177 -84.5700 | -87.7586 -0.2278
17 177 195 -87.7586 -86.6550 0.0649
TABLE IV. THE CLASSIFIED DATA RESULTS OF PLAYER S4
Line Time Time Position Position Ratio
Start End Start End
1 0 19 -16.1900 -15.8986 0.0153
2 19 35 -15.8986 -41.6171 -1.6074
3 35 45 -41.6171 -46.4357 -0.4819
4 45 % -46.4357 -42.0014 0.6335
5 52 57 -42.0014 -34.3729 1.5257
6 57 66 -34.3729 -22.2286 1.3494
7 66 69 -22.2286 -30.1586 -2.6433
8 69 77 -30.1586 -49.9271 -2.4711
9 77 87 -49.9271 -64.5200 -1.4593
10 87 101 -64.5200 -71.9971 -0.5341
11 101 116 -71.9971 -70.7371 0.0840
12 116 154 -70.7371 -69.9800 0.0199
13 154 181 -69.9800 -76.8857 -0.2558
14 181 195 -76.8857 -67.6475 0.7106

TABLE V. THE CLASSIFIED DATA RESULTS OF PLAYER S5

Time

Time

Position

Position

Line Start End Start End Ratio
| 0 32 260700 | -26.6057 | -0.0167
2 32 36 26,6057 | -32.5843 | -1.4946
3 36 50 325843 | 564214 | -1.7027
4 50 54 564214 | -56.0843 | 0.0843
5 54 59 56,0843 | 511714 | 0.9826
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TABLE V. THE CLASSIFIED DATA RESULTS OF PLAYER S5 (CONT'D)

Line Time Time Position Position Ratio
Start End Start End
6 59 64 -51.1714 | -40.9429 2.0457
7 64 71 -40.9429 | -30.6686 1.4678
8 71 74 -30.6686 | -33.1543 -0.8286
9 74 101 -33.1543 -60.9543 -1.0296
10 101 112 -60.9543 | -64.0129 -0.2781
11 112 133 -64.0129 -55.7314 0.3944
12 133 141 -55.7314 | -49.9514 0.7225
13 141 149 -49.9514 | -52.7714 -0.3525
14 149 169 -52.7714 -68.8814 -0.8055
15 169 187 -68.8814 | -67.9771 | 0.0502
16 187 195 -67.9771 -65.1775 0.3999
TABLE VI. THE PERCENTAGES OF THE DEVIATION AFTER CLASSIFIED
S1 S2 S3 S4 S5
2.9575 1.8892 2.4820 2.9923 2.4741
TABLE VII. THE COMPARISON RESULTS OF TIME AMONG S1 WITH S2, S3,
S4, S5
Line S2 S3 S4 S5
1 1 1 1 1
2 2 s 4 8
3 3 3 4 9
4 5 4 10 10
5 6 5 11 11
6 7 6 11 11
7 9 8 -1 1
8 9 8 -1 -1
9 11 13 12 13
10 12 16 13 15
11 12 17 14 16

TABLE VIIL. THE DEVIATION OF TIME AND POSES AMONG S1 WITH S2, S3,

S4, S5
Error (%) S2 S3 S4 S5
Pose Error 15.0314 7.3466 28.0390 13.3044
Time error 27.6923 36.4103 37.4359 38.9744

The golf swing data classification results indicated that the
swing data of each player were classified having different
groups of movements. When the deviation of data
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classification was examined using MAPE with the real data
from the sensors, the percentages of the deviation were
calculated in TABLE VI.

When the data were compared in Section III, the swing
data of the player S1 (experienced player or golf coach) was
compared with other players’ data (un-experienced players).
The comparison results are shown in TABLE VII. It shows the
comparison results from TABLE I to TABLE V. The results
indicate the sequence of golf swing data of player Sl
compared with player S2 to S5 in pairs.

The percentage of the deviation was accepted at 50%.
Finally, the comparison of each pair of data (S1-S2, S1-S3,
S1-S4, and S1-S5) was calculated using MAPE. The results
show the deviation of poses and time in TABLE VIII.

TABLE VIII shows that the poses deviation of player S3
was the lowest, because the movement from the sensors at the
upper back muscle was similar to the golf coach (player S1).
According to the graph in Fig. 6, it indicates that the slope
between player S1 and player S3 was quite similar in the same
direction. On the other hand, the time deviation of player S2
was the lowest, because the swing time of this player was
similar to player S1. Fig. 6 indicates that the slope of the
swing time in player S2 similar to player S1 which is related
to the results in TABLE VIII.

According to the swing patterns, the poses in each time had
a specific pattern. After comparing the swing patterns of upper
and lower back muscles of the golf coach with the players’
patterns, it can be indicated that, the swing patterns at the
upper back muscles of the players performed a higher
deviation from the golf coach’s patterns comparing to the
lower back muscles. As this study emphasizes on the data
classification process, only some parts of the data were
presented that is only the swing movements of the upper back
muscles were displayed. From this result, we can assume from
the graph that the golf players had a wrong muscle movement
which can cause muscle injury at the upper back more than the
lower back muscles.

V. CONCLUSIONS

This research proposed an idea of an analysis of golf swing
patterns using the movement data from Razor IMUs. The
pattern analysis consisted of 2 steps: discovering of particular
golf swing pattern characteristics and comparing golf swing
pattern data. The golf swing pattern characteristics were
observed in 2 steps: reducing the deviation of swing data and
classifying them. The experimental results of golf swing
pattern data were found in the linear equation form. Then, the
second step was the comparison of the swing data. In this step,
the two sets of data in linear were compared in order to find
the similarity. The results of the comparison can indicate the
deviation in each swing pose and time.

The experimental results in this paper are applicable for
the users to analyze and discover the right patterns of golf
swing. The swing data can group the golf players according to
their poses and the movement steps at each period of time.
The findings of the swing data patterns can be useful for golf
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coaches in golf training or physical therapy doctors in terms of
injury predictions.

In addition, the idea of this paper can also be applied to
other sports which have certain patterns e.g. baseball, tennis,
and ping pong including the daily activities e.g. running,
walking, walking-up stairs, and carrying heavy items. The data
collection method depends on the kind of sports or activities
and then can be classified according to the similarity poses.
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