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ABSTRACT

In Thailand, golf has popularity from the past to the present. This popularity
directly affected the number of golfers back muscle injury increasing because of
incorrect golf swing posture. For this reason, researchers consider reducing the number
of golfer with back muscle injury by developing new equipment and designing the new
process for created the back muscles movement of the golf swing information in the
normal and patient person. Both data patterns will be used as criteria for comparison.
This comparison can be predicted back injury opportunity of golfer. Finding golf swing
patterns, the gathering data process gathered normal person who professional golf
players and golfer with back muscles injuries caused by golf swing using sensors were
attached to the middle position of the upper and lower back. The gathered golf swing
data are rotation and acceleration in X, Y and Z axes. The linear golf swing data
obtained from the sensor is divided into 3 periods, transforming data each range with
the Euler equation. Grouping data using K-Mean Clustering and calculating the mean
of each data group using the standard score. The results are the golf swing pattern of
the normal and patients. Both data patterns will be used as the basis for comparison
with the general golf swing information of the players. Similarity comparisons calculate
similarity percentage using Divide and conquer algorithm. Similarity percentage can
predict the chance of golfer will be injured from the golf swing. It helps golfer adjust
the proper posture. The golf swing patterns of normal and injured people from this
research can be used for the prevention of various injuries improvement from playing
golf. It also gains the golfer ability which good advantages for amateur and professional

athletes.
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o v & = s Y a v v A
a"lﬂ'ﬁU']fﬂLﬂ‘U‘lﬂ GU‘LW]E]Uﬂ'ﬁﬁ'Nﬂ@anﬁWﬁiqu‘lﬂ@ﬁU"IEﬂUMTﬂaw 2.2.1

2.2.1  UUABUNTAINDAN
Tunrsiauneaniiitunesunsaineaniiluuinsgiuet 8 Tumnou Al
1. 13U (Set Up)
! < a s .
Wudnalsiazimaegiid (Backswing-takeaway)
MMudaaialazendnaia (Backswing-Halfswing)

ieUais (Topswing)

2.

3

q

5. AU (Downswing)
6. BuLWA (Impact)

7. viwlaalang ( Follow through)
8. vinAuann5ale (Finish)[3]

AN3IALAAITUABUNTAIAMIUTUN 2.1



Fovin 2N 1380 v AN 1380
(1/50 (1/50
i) i)
1.5y (Set 0-22 | 5. vinenail 60
Up) / GEM
(Downswing)
2. iudma 28-42 | 6.yNBULNA 65
HaZINADELIY (Impact)
(Backswing-
takeaway)
3. yiudnais 43 | 7. vinweala 75-80
wagaIda 3 (Follow
(Backswing- through)
Halfswing)
4. vioUai 52 |8 70-82
(Topswing) yiduanns
@4 (Finish)

sUN 2.1 Juneunisaianedi[3]

2.2.2  MIVIRVIINARINAN
nsauneanldeioaziiouasynadiuvessiinmeysenauiie deo deoile Wilva
WYY 167 WAz PIodprzANRaItaIuNTalAsUNITNTENUNTZLTDUIUNTENUAANIT
v1aduduld ederziilasunisuianiivuinigndanuuandisduluniume Jo uay
a i ¢ = = s 2 & a =3
APNAINTAkAEAINRIUNITEUNEAN[2] WIsuWEULUaIFUANISIANDINITUINLAUAIY

oTvzansgrslutnfnadasiaunazioo 1 TnLansfmisen 2.1



M15719% 2.1 nslSeuiiuilesidudnsuinidvlunguiiauiioadasiauiudiauiiondn(2]

UsELAntinAwn | Lnel a4 Jadonuay| denavdede | vlva
LYY

alnsiay oald 36.0 32.5 21.2 11.0

alAsiauy Y9 27.1 35.5 14.5 16.1

Hoo1Tn %18 25.0 7.3 26.6 11.4

Hoo1Tn e 22.4 6.0 44.8 7.5

= S Yy oy oA o o a 2 & o
A1 2.1 asruliddidulieatasiduilonaiine1nisuiaiuindadu
duiu 1 sesaanludemonuazuay suduaufeliouasdayauasdudugaynefenilvg
We131nn1sdeneiinisalanide lminnisloussnedeizidadiu FJuilvaneinas
I ] Y o - N a 2 ala Y A & U o &
vy dugiaunuuiloanindlemaine1nsuiniiuideuasteilodududiu 1 sy
naukedIuNas Suduil 3 Aediun nduarduiuafediutomenuaziul WownINseen
drufleuazdediolunszgniudn wazeugusnineldenn Juilienaszaziagluniseugy
] | & D A A ¢ D7 v A a P o v a =
sumedulonardeile wWennaaniinisldussandedielunisdanyuivelignlaiieniei

£ = o Y a @ 1 .:941 V1
fpen1s Iuhbideenmsuinlduludiudlade

2.3 lalsalau (Gyroscope)

lalsalad Ao guasalitieusendniandaiungusalifuaisesdaiu 1Wugunsald
musuaunansndoullunuunumurdnnsasesiag dulatulud 1852 Tneviniand
710 wes Tuuud Laos Wina (Leon Foucault) Tnvildiuuszney Ao unumsu 91umsyu 29
uwukazede FeUszneuiilaotunumLazegnsanataiuny edemndnlulaumiud

yula IAENINRDITUDUBYUITEUIU Wanaumuaunsanyuladase[6]

2.3.1 nannsvineuveslalsalay
INNNEUBITEULLATDINAANsARaUIENSndaaulnvedlalsalaUlannng el
Yaatliuden 2 nsindeunynadluvesingi il eviliiiaUseansamunniy

WAAAZLAANISESLIRINIAAaZ AU F9anusaasulelaannaunisn (2.1)

dL
dt

N\
I
|
N
2



1ne? T Ao h5anasa
7 ~

dL fs 1san18uannseyinnueas

D

dt @ 1aan
NN (2.1) wsanesadvwiawhiuialvesnunyuauiuiuusinteuen
nsAnmIgaun1slaiuisnesuiganinnalnavesnisnisinnuveslalsalauls wely
44' a = v v = 1% S0 X a a '
nsrvIunsefeulmsiaududeou wennudlaniteduageiuieaingun 2.2 wui
wsosfletaznyulumunnuiiaausuday Inedosdonganiiavenismyy wsalduas

Junsineuenitadsrmesaanganuin mszgagudvesingliiinaliooguuganyu

gﬂ‘ﬁ 2.2 nMsiisuvedlalsalaul7]

FuanmsiasandisuuurssLnuinusgeInlUnuuwILeYy wsIwInAeuen
wiifiemsfsas Aaduneindsfiusslumunurusuuasdian Weinnanyuazfalusudy
e Ly aunufusnugy 1naunsit (2.1) uandidiud dL ssanniu Ly wazanunsonin
w1léin Ly + dL avflvuinanugriyiriu L wifiemiawaneneiu Famsiedeulmiizen
NSVYUA

MnMsiUIsuiisuainaunsi (2.1) vilennsadeuatnisauiidegy @ veens
vauAnsd TnuanyAdnlifinisiadeulmdy vildanmnsoiouaunisnasiuvedlauudy

Wayalunsrulumuiunsyula gl udun suyuAIRgu [ 7awEunisi (2.2)

— —

L= Zs +L,=Iw (cos 6 sin @i + sin @ sin @] + cos Q)IAC) + [,QK (2.2)

47 & Y Saa a
a7 Lg Ao lumuduislunilieonishsas
AB NVUAN

2 A9 lausuluwnu Z



W Ao MINEATL

NAUNTTN 2.2 ansauansnsiaulangui 2.3

center
of mass

U 2.3 mandeulmusyauiuveslalsalau[7)

31n3U7 2.3 aglaanusslugu 8 msarganaglawsudauuaunsnleulanaunisi

(2.3)

dL
P P [ow(—Qsin @ sin @1 + Q cos B sin @))

1 —> 1 1
Tne? Ly Ao Tumudinsluniliieniehsas

2

PEITNINUNU Z NULAU Y
)
Y

3

@ A9 uuN
=1
7

0 fie yuegsEnInginu X fuunu y

e~
2

, An lwudnluwny 7

B

W fo AT

[ 79 Pnuldey

nNResANIAVUTNAUENA1Ye IngaunsaAwIulaREunST (2.4)

# = r cos @ sin @1 + 7 sin O sin @f + r cos Ok

'
a

1989 7 A9 LNMBSIINVDISAL

r Ao AIMNYTIVDILNUIH U

I s d' a % 1 o 14 dl
AmesATAnaINLsIlLNasENIsaAuIalaaInaNn1S (2.5)

T=7Xmg = —rmgsin@ sin @ + rmg cos 6 sin @

(2.4)

(2.5)
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7 79 LNKMaTIILURISALl

[

m A WI8VBIIAE

3

g P9 w3slilugag

Audaazmldanaunsi (2.6)
rm
g 2.4

[w

Tagil Q fio Anudias
T Ao SAilvosnuniy
m Ao UIAVDINED
g 79 w3sliuaas
I Ao usudevvasing
W Ao AUFITa

2.3.2 nsuszenaldlalsalay
Hesnnmsadeulmuedlalsalauiinnududase vyuluwnuladlavinlignin

AU UsEenAldieas19aunsaliina U nsl
1) msimueIssdduluuiatios wiosasesyiinuazgiudatusauma

agINIAsAvivUsebualsainsulanasan 2
2) msihlalsalayludsyandldlunisasisesininid weldaursadsdunianig

Iooe199n 11
(9AUA1 T NeanN15IARIYe9ED Favinduan

3) lalsaundlawes fn
AudeMgvesdunaLvtetesiian uaranauaululassasiensegng Medaniuauidn

=

AU DUUA

=

auevedlaganslun1siase anein1slaaddneiey
fo

4) huszyndldlunisasanunisidemulugunsaliingg wu Insdnmnile

soLdues[6]

2.4 wawLuslsdmas (Acceloremeter)
werslslwes Avgunsalilddmsuindnsianusaidululed wu dowesslsiives

lantage Wesanduselinarwedanivilianinlaaglauszuia 9.8 m/s? i1

AIBYUUNY
aguuNuNgyaInImIzansainlaawiniuaud wosmslsiwesgnirluldlurainvane
grgelainlulalu

wnsidlugeamnssuiagingreans lnswegiaslsiinesniaiiuuy



guannIsuNsHanRIesukazseidnivled TdilonsiadunasAtuANnITauLALLD vy
¥249UN T8l LATIAT19URLoTLT LTI DS NILUULNUREILATVATELAUAINITONTIVIY
AUNULUVANLAEAANI9Y899RMIIAUS U DY WU nnwas wazauisaldlunisiivua

Arnnesne nsaulva Wuduls]

2.4.1 AANNISNIUVBILBULLSL5HLNBS (Acceloremeter)

=

werlalsisfivosazulasmanusadadunioliy tnvdseonundudyaa 3

]

lfaunmsndoulmvesiafuden 2 WoinusanNAUSweingilsfeanIsaesan 3
Tuprudussdivainarsislunsinusaninssiineng wisfunsuatswa glasuiu
Heufe mslduonisslslnoslun1sin WeosnueelstslitnesAnnsusiiinaNnIsA1Tes

ausq ﬁqgﬂﬁ 2.4

x = relative position

L1
<
S

24 S s

JUN 2.4 n1svihuvedieieislsiines(s]

IngusingzyhaeingassaniuaULTINIBuen wIIaINNIIHUN(ERIIAIINGT)

A o a a v & a
LAZLIINNITAUNIVBIAUIS ?ﬁlniﬂL‘Uﬂu@@ﬂﬂ’ﬂ@lﬂuauﬂqim (2.7)

F'=ma qxternal (2.7)

1 - ]
Ll F fia usaiinseyisieadsa
m fe wadngihunAnadsa (Proof Mass)

A external A9 ANUSINBUBNTNINTZYINAD TR

Tuszuvvaawauastsiwasazda1nudslowuunanuIntnyesaUse tnaazglil
aulaaumeiliindu Fawesisiinesnilanuuiugiasazdnnisanudislowuuilag

WUV IBLUULATEINARVILAINLSY uiogn3lsimugaenamaansnlangsiianug
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a

slowuwiainsgisy dmunisununvesaysaniuszansam fni Kx) awnsaauyi
i dudeed Tuanzaugaleingluiinisinfoun wsafanduresal3azdaiiuanus
Y9930 lnadAnisunuiivesausumiu x JadunimiwesnldinAanudasundasen

Aunureingdmiuiuniuiazinnisidsuwlasmuanusansiiudss g vasa

q

'
1 ]

wasulmiuInneda

9 Y

2 55suufiimBetaviansensaad (Euler Graph)
ansnsadamanilusuuvuiitudeuiieasureiiugruauduiussevninessuy
salnaufifuazsruuilsifunuimas lnsgnsuasessaesarlimiavsuiuaidagofsaunis
7l (2.8)
e™ = cosx + isinx (2.8)

[

= Ix « A ace a
e e e ﬂqwu;ﬁsqum@ﬂa@ﬂqﬁﬁuﬁiimﬂqm

a

[ f9 glpdupnin

Y

Cos waw sin Ao MnHUszUUATINANALULNNDIUEY sine wa cosine 33 x UusaAdl

o w 1%

Tuunspsailenduandmdsgnszybnduileidu dstx) v3e cosine + i sine Fegnsilaz

Y

a1unsaldlalie x Ae Frwiudeu vAssyuvetesumasgniluldlunisdndaluguuuy
Handuafings aunisvetessaeignussendldlumansvatequuus wu adaeans Aand
Feanssy Wudu s liaunisisdnediunsnatgawduansnisiuaniiauandilaly

ANAANEAS[9]

2.5.1 AMUFUWRUSTENTNUNVDIDDBLADTUALN B ITUIUT YU
o IUIeuanIasusanu g luFURUUTI T ean AL UToU
liAnanuduiussenityuvesessiassuarnguituiuisdouanaunisi (2.8)

anunsoudasaunisesnudugUlangun 2.5

Im ]L

; e'P=cos g +ising

sin @

Ofcos ¢ 1 Re

JUN 2.5 AnuduiusTeniesgiaaikaginuIugedoul9]
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a [ a

defeddu e'? fs yiasrurudsdou Tuszurvuessnuiuddouluisnay 1

e @ Aovrsdeyavesiiuiuaie Wodmuald @ unuiideudefugaiuiavessnay
1 e avihlriAunuvessauaeifidnduuan Insvsuannduuniin Tuszuuidadou
uansdnnudidouiideuluszuuiidaaifidoulsiduaaviennnes gnsvesossiansiiu
ansiinnlfuvasssninaszuuidaaifidounarssuufidadadn Wosnduudedoud
autinsUndsfivadn ilkaunsaldnsguvienisendidsesduiudedou ieduau
Bedoulag z = x + iy uazasugnedaueiues Ae Z = x — iy udlidsuudas

auTInvaugany a1unsaeuladusaaunisi (2.9) way (2.10)

z = x+iy =|z|(cos® + isin@) = re'® (2.9)
Z=x—1iy=|z|(cos® —isin®) = re (2.10)
Tnefl x = Re{z} fie druvessnanase
y = Im{z} fie d1u939117uIUnA N
r = |z| — /%% + y? @0 vuinves Z
(2.11)

@ = argz = atan2(y, x)

Toen @ fe dulsue z

y = Im{z} Ao dr1uv0391uIUIUAN N

r=|z|—x?%+ y? feo vumved Z

% o > 1 Y o ! Y o W - y
Tundsdolaeyludlasaiiinyingu 2 aziuuasn 0 Tisindu tan 1(;)
weiluannisi (2.11) deanisn1sdniseadio x < 0 kg atan2(y,x) wnunluei 6
IRz UUTIUILeS xy ldlavivaesafiily 0 Weoyuuewdnneas (xy) ke (x,-y) wUANAY

seansall uinaunsaszyldainal tan(8) =y /x

2.6 n3dnngudaya

wataldduunvsenlingudeyal10] lnganvaenangis au dnd wwes vieasAns

a o Y 1 1 1 & 1 1= v dl L 1
184 I@EJLﬁuﬂqiﬂ/l'?\‘i’]u%']ﬂﬂqil,wﬂ@]’lLL‘lJﬁ’eJE)ﬂL‘UUﬂEjiIEJ@EJG] FIaLLE 2 ﬂEjlﬁJ‘Lli‘LJ ﬁuaﬁ,ﬂamgiuﬂqu

[ 1 [y =] Qll

Wenfuazilidnvaeivileuiuvsenaieiu diudeyaiiegsiranguiuag ddnwaziuananeiu

Y 9

v
1 4 =< A o w U

WszagtunsiasudendnusniultlunisdanaudeyadeiianudiAy wenanniu

9 Y ¥
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naudeyalanquieyaniaazdesegiionduined adunatianisinngudeyaldlunis
wuanguduys aglvimuwdsieglunguiedduianuduiusiuuinnitdiulsieganenguiu
AuUsiieginguiuiianuduiusiutesvieldinnuduiusiuay dulngnisuungud

(% ¥ 6V .1

wlsagldimaliaunames (Factor) diunisulingudeyaiiinguszasdiiiaindndoyatiod
(Noise) w3ainlailieas (Outlier) anvuadeya (Data Reduction) fewnaiauduguagdl

Usganinm luntlazndifeansdanqudeyanuuiniiy

2.6.1 m3dnngudayauuuiaiiy (K-Mean Clustering)
nsdnngudeyanuupiiufll] Ae nssuaumsseuiuuulilifaeunieian e
Anwusdau (Partition) Sageentlu K nau tnsununguudazngudieanaievesioya 14

Awdedugeaudnasveangulunsinszesinsesdeyalunguieniu szevisvestoya

v U

eilenteginindeyasdlunguiediu d1veyaranguiu szegvistoyavzilauin Tuns
mizeyinvzlilAnuUUITYEegatiAey (Euclidean Distance) lnafin X uwsagenilan C

IAe9ALRgLYINTY AFUNTST (2.12)

K
SSE= ) ) dist(c;, %) (2.12)

i=1 X€e(;

% !

Tned x A9 Inamsiaula

9

C, Ao ARALHDSANAUTN i

; :
Y

; A IANINANVIRSANBIAIAUN |

'
=

Ao NNINANUVNVINGA

0

0

I~ o

m fio F1uIUTeLINgLuAEY

A [

K o 31u3U8IR8 003

wazUsuaAlaaeNaNNISN (2.13)

1
Ci = EerciX (2.13)

lagfl m; fie Iuuvesinglundawmasandun |

x g Toyariaviun
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2.7 MINIANINTFIY

AzLULINASHILL2) Ae AfildSeuifisutoyaszrineald esnidlethieyaaeays
Wisuidleuiu Suluiegdesdiinnsgmudeiilunmadisudou weldliiAnanufinwain
TunmsiFeudisutoys Asnasgiuienuiusvesdeyalfedlusnasgiudeafuima ng
fuwAefiugrunguiitiseudedudaumsi (2.19)

[<u<u (2.14)

e ( Ao Y9UMRANLAE U AD VBUWAUY NISIUaUMAaIIazyauauudunIsnaaau
auyRgIukuUane e ivilinsulenianAnaiavestseynsazegngluveuiunain

AunsT (2.15)

PLsuslU)=1-a«a (2.15)

Y

= < o A ) [ Ay o &
L‘LJEN’%]’]ﬂLUUﬂ’]iﬂ’]U’mﬂQﬂ’]ﬁWﬂ’}ﬂa'N“U@Q‘Ui%?ﬁﬂﬁ%ﬂ’]‘lﬁU@@’éﬂusﬂaULGUGWWIENﬂ'ﬁ AUUNDY

a0

=~ = 1 = & A a A ¢ 1 a v O oA

I 9 ANMULEEINIRATTIUIUONAMEEALIIIENEINIUAT M RANAIR AsuuLilalen
Anutetiusnurzfesdinpuiianaindaansal@euanns 100(1-a) % fe Wosidus
Anuwaduiaula  §1m1nNn138198amguf Sampling distribution for mean MAINA19AD

] W 2 v = Yo a
m LagAINITAIZIYNINY  s/N @QuuaqﬂlqiﬂLmﬂuallﬂqiiﬂﬂqallﬂrﬁm (2.16)

FAS— :/_\/% (2.16)

waranunsn1an s duNsNIERBLUUTAUNARIFUN 2.6

99.72%

5UN 2.6 n1snsenguulAeuni[13]
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NFUN 2.6 Agliinen o Fpansassanunsnideuladaunisy (2.17)

P24y <Z<Zyp}=1-a (2.17)
wnuen Z Tuauns? (2.18) agldaunisi (2.19)
X—U 1 _
p {_Za/Z = o/ = Za/Z} =1l-a (2.19)

Wiaihundngusuvaunisindaglansaunisn (2.20)

—1—«a (2.20)
Ioe?l X Aeradevessiegiivhnsiiuiegisuuuduunainissyng

n A9 IMUIUAIDLY

2.8 %umau%%’uﬂamel,azl,awuz (Divide and conquer algorithm)
Tuinenmseeuimestuneuisulsuenuasienvuz 1A dutunouisluan o
Ingniseeniinges Tneiduisniseenuuudunauislaediugiuuiainnisiend
(Recursive) %umau%%uﬂﬂLL*&mLLazLa’lﬁuuzﬁwm‘[@aLLﬂq{]zy,maamﬂuﬂzymsJasJ 2 d1Unse
unngT U EwAe ﬂ@ﬁﬁgﬂLLﬂdiﬂL‘%@ﬂ 7 Juidnuazineneiiaguieg1sdenne waaRn

v
[ Qfr 30, v =

Widamdendn @ wauudfeziimneuinsuiuiulies o JuanglafInaues
Homiada nasthduiiusiuvesiuneudsiidusyansnimaaumning Wy msi3esdu
(M3Feadifunuus1 madesdiduuuinany) Msaaiavnnalvg (funeuiBvesansegun)
msmumsasFldiodestiaeunnuds miugniesasunouiBuusnuazion sus
anunsafigaildlasmsguisnandemans luazinainisdnumestuneuidaunsem

Y v o o &a a a v o ~
1@"\]']ﬂﬂqﬁLLﬂﬂrmﬂJﬂNWUﬁmﬂuLﬂ@l aqﬂqﬁﬂﬂﬁUqﬂlﬂLUUWQEUW 2.7

[ problem |

divide

solve solve

conguer y subproblem subproblem

combine

solution to
problem

JUN 2.7 ununmnsianudunewisuiienuasiensug(15]
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N3UT 2.7 ananseesuiedudunewisidanesiiui 2.1

Algorithm 2.1 : Divide and conquer
L. Sort points according to their x-coordinates.

2. Split the set of points into two equal-sized subsets by a vertical line x=xmid.

3. Solve the problem recursively in the left and right subsets. This yields the left-side
and right-side minimum distances dLmin and dRmin, respectively.

4. Find the minimal distance dLRmin among the set of pairs of points in which one

point lies on the left of the dividing vertical and the other point lies to the right.

5. The final answer is the minimum among dLmin, dRmin, and dLRmin

5UM 2.8 danesiiudunauisuvauenuiazionvue(14]

¢ v
2.9 gunsaliitiglves
1) Wuwesasaiunandouln Razor-IMU
gunsalnsiadunisindeulnluduesindnlaeuien SparkFun Eletronics

Tngldidugasiu 9 Degrees of Freedom - Razor IMU[19] anglussasusznausediugess
3 @9 Ae @2UlLTN ITG-3200 (Gyroscope) inutidnAn1stdedluszuiy 3 1@ druiiaes
ADXL345 (Accelerometer) imiifiinussnaunnsgviriuduiges lnsaunsainafioglugag

+16g dnmuuumsdataya 13 bit dauganie HMC5883L (Magnetometer) it aan

auuumanluszuu 3 18 Inednduussnauiaua lubKe995vUIn 1.1 X 1.6 12[15] §id

=

Un 2.9
JUN 2.9 Wuwesasiviunsiadeuls Razor-IMU
2) fdadayaynaugns (Bluetooth Sensor)
dsdyrauays20hdugunsainldivaunsalnsiadunisindouln 1lu

WHII93IINARLABUTEN SparkFun Electronics agld%a31 ugysiunlna (Bluetooth Mate
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Gold) vhwthidsdayanlisuanduees Tnedawudyainugnsuuninsgiu 802.11 g fe

AU 2.8~2.524 GHz s995UNsdetaya 2400-115200 bps A@11150YINUUUANINLIAG DY

' (%

[ =

9ol -40 ~ +70C Tneldlntihaunn 3.3v-6V tievihau Midsdnyaaugysildvun 1.75

=)

v

x 0.65 U2[16] fagud 2.10

m

I

3) LUAAES (Battery)
wustnesidugunsalildidundsundndmsuisudyyavgysuazifulres
as19dumsindeulm laslduumnei[21]unediues Alfivnlesoulumned (Polymer
Lithium Ton Battery) asnsadngliiflvun & 3.7 V anuquuaogdl 1000 mAh u1AY0s

LUALmaTaET 2,00 x 1.32 x 0.23 Ta[17) fagud 211

Y

JUN 2.11 LUALed Juwediues Aleslessu (Polymer Lithium lon Battery)
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o

4) YavenandmsuRnduees

¥
a ° [V I3

vengndmiuindumesdnduaniiniinnundilm uwasuiaielilidugUasse

Y

Tunsfnsagunsalfnduiges Asgui 2.12

a <

5UN 2.12 gnvuedgndmsuiniduyes

5 msusznavaunsaingiaunsmaeulm
HuaInTuNedeulIasgnUTEne U UMEd 1 Ug S kaTIUALA DS
dleUszneuseusesuan dduwesldnastezasdniietasiunmsdeunan annisiindoya

AANANA $193UN 2.13

JUN 2.13 Yngunsainsiadunisiadeuln
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A5N15AUUIUIVY

< 1

3.1 msiudeyanisalsnaan

Y

NATeildaunsalnsndunisndeulmaintugui 2.13 Tuund 2 lunisifiudeyaan

)

v Y NS ad o ! 3 = a ad I a
HW@?‘@‘U ﬂaqllQW@ﬁ@‘UﬂJW\TLL‘UUﬂUﬂﬂ@L‘UUUﬂLaUﬂaaW@']‘UWLLaZﬂUNﬂUﬂ@‘WUWWW‘UQWﬂﬂWW

v
! a

nedn Tdvimadunisaianednaisdiuiu 5 a3 gnaaauasedlduenanlugui 2.12 deud

| va o v <

wimsvageu Weliduwesnsiadumsatineanaglugaifideseans Wuwesnsiadu

Y

nswndeulmlngasiindeesaidafiedesiuduesidousenaingaiinivun wazsUsduln
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A1319% 4.3 TayanuluuAuUng

LA 1-4 5-6 7-8
yaw 47.36816 82.59884 93.69942 88.53128 89.51504 49.41787 53.66 91.82341 74.57443
roll 83.86 56.11871 74.44399 84.49099 49.47576 89.64716 80.94801 68.86966 90.27969
pitch 88.75931 56.4403 85.79752 75.76149 39.9003 51.10173 39.82344 72.46759 61.2767
ACX 68.048 65.82484 90.0866 70.03056 57.04824 94.97744 60.75393 47.17055 113.8402
ACY 78.88253 82.26098 67.68123 83.79694 99.95502 47.45989 88.53069 45.39843 93.94604
ACZ 85.10317 88.47328 42.63112 7436213 86.09757 63.87824 85.85578 63.53464 77.22965

a5l 4.4 %@Haé{uLLUUEEU’]G]L%UH%’]ML%@W%’Q

15} 1-4 5-6 7-8
yaw 66.96734 87.72587 67.02961 64.53848 95.15786 78.06396 63.61956 83.57777 72.80677
roll 89.44385 17.64787 62.33279 72.02681 75.59054 85.17198 82.87265 58.07479 85.47914
pitch 66.04098 90.56241 64.92818 30.12156 68.05733 67.30895 77.73704 42.3374 5297157
ACX 54.07459 78.33883 92.7898 95.96653 73.88109 86.29479 60.8016 78.26892 90.17617
ACY 67.92194 58.68583 100.9882 79.14049 64.15954 90.93597 62.84401 55.83029 90.90343
ACZ 79.43395 81.83097 66.5024 74.04631 79.53018 67.25049 81.39409 91.12343 44.15084

129



A1319% 4.5 TayanaaeuYeIALUNg

(15330 1-4 5-6 7-8
yaw 19.51447 95.7763 104.1351 99.09506 102.7989 31.44988 127.8498 34.52831 63.02615
roll 115.7763 32.48278 81.58389 91.02494 21.75421 114.9345 59.22958 36.32605 131.2032
pitch 82.86524 30.75458 80.0119 110.695 32.60391 92.35492 67.24718 122.9616 52.10938
ACX 98.52214 66.09484 27.3034 103.2005 87.50846 28.85662 35.7707 61.70038 128.9942
ACY 81.85961 33.10876 62.78656 107.1699 70.95085 83.1065 73.73844 4557665 125.165
ACZ 90.326 101.6023 31.3739 72.08368 64.20882 110.6056 59.52134 66.53221 110.6056

A51971 4.6 TeyanageuvBIAUAnUNA

AU 14 5-6 7-8
yaw 17.3523 104.346 95.75452 112.8896 99.93112 112.8896 106.3768 78.02948 41.89676
roll 122.5297 63.69252 52.49401 52.45573 35.02484 133.0839 30.4862 129.7071 63.93672
pitch 25.82858 85.35313 104.7733 34.56453 112.1815 95.28443 32.92918 83.74985 115.6613
ACX 20.88522 109.7443 93.91794 54.15993 41.4099 121.9126 35.98792 80.50998 92.06991
ACY 51.23364 55.02254 106.21 56.23397 126.4605 43.66959 53.02555 68.18874 80.86737
ACZ 104.1586 17.2467 109.675 62.24527 119.2098 61.1435 73.10913 79.65495 108.5656
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Prediction of Back Muscle Injuries After Golf Swing using Motion Sensored Data,
Euler Equation, K-Means Clustering and Z-Score

Wisan Tangwongcharoen' Surasak Niemcharoen® Wisut Titiroongruang?

Department of Electronics Engineering, Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang
Bangkok, Thailand
e-mail: wisan.ta@kmitl.ac.th!, surasak.ni@kmitl.ac.th?, wisut.ti@kmitl.ac.th?

Abstract - Golf is one of the most popular sports widely played in many countries including Thailand. Due to the increase of its
popularity, the number of injuries from golf is increasing. Golf injuries occur in many parts of the body such as back, wrists and
arms. This research proposes a method to specify golf injuries patterns using motion sensors for data gathering for use with Euler
equation and clustering algorithm. Euler equation is used for tuning of data gathered from motion sensors into the angular form,
which simulates the swing of golf. Data processed by Euler equation are clustered using K-means clustering into sets of normal and
abnormal data. After a specific normal and abnormal pattern, we tested the algorithm using divide and conquer algorithm to
compare the similarity. We compared the percentage of similarity and accuracy test between means using K-means clustering and
Z-score. Based on experimental results, the test data compared to mean from K-means clustering that was the average percentage
of similarity of upper and lower back with a normal pattern of range 1-4, 5-6 and 7-8 were 57%, 50%, and 41%, respectively. The
test data compared to mean using Z-score that was the average percent of similarity of upper back with normal pattern of range 1-
4, 5-6 and 7-8 were 42.45%, 51.86%, and 50%, respectively. The percentage of similarity of the lower back, comparing mean using
Z-score of range 1-4, 5-6 and 7-8 were 44%, 53.7%, and 45.4%, respectively. From the experimental results, mean from Z-score is
more accurate. It helps to know the range of injuries and can elementarily diagnose the injuries occurring from golf swing. This

algorithm can be used in analyzing the data for injury trend prediction.

Keywords - Golf Swing, Similarity Comparing, Euler Graph, K-Means Clustering, Z-Score

1. INTRODUCTION

Today there is a variety of popular sports such as
athletics, volleyball, football, etc. Golf is one of the popular
sports in Thailand and around the world. In Thailand, it has
been recorded that golf was introduced since the reign of
King Rama V and became more prevalent in the reign of
King Rama VII, which has been popular until now [1]. Golf
is popular because it can be played at any age and is played
for entertainment or strengthening the body or as the
professional athlete. Some people use golf to negotiate
business or socialize with friends. Golf is a sport that uses
many body parts, such as the back, hands, feet and elbows.
When a golfer swing, it has force effect to the golfer’s body.
If the golfer has not warmed up the body enough, the golfer
can be injured [2].

Early researches commonly using cameras to capture
postures in various angles and comparing the swing angles.
This method has disadvantages in terms of accuracy and high
prices because multiple cameras to shoot in many angles for
more accuracy are required [3-5]. The modern researches
using motion sensors to attach to the interesting body parts
and using mathematics or computer algorithm to calculate
pattern is popular [6-9]. This method provides more accuracy
and cheaper than the old method. However, some researches
are suitable for the shape of the Western people and might
not be suitable for Asian people, which the second majority
of golf players of the world. In addition, certain researches

DOI 10.5013/11SSST.a.20.03.03

are interested in only the full cycle of golf swing [10], which
might not indicate the range of injuries.

From these disadvantages, researchers have the idea to
prevent injuries in golfers by applying the algorithm to the
prototype movement data. To collect the golf swing data to
generate normal and abnormal golf swing patterns that
people have been injured, motion sensors attached to testers
back were used. After data are collected, they are divided
into 3 ranges; Set-up to Top swing; Down swing to Impact
and Follow through to Finish; followed the basic golf swing
patterns and converted by the Euler equation to generate
Euler graphs to simulate 360 degrees of the golf swing.
When the Euler graphs were generated, the graphs will be
clustered by K-means algorithm to divide the data into
subgroups. This method helps to easier classify the density.
In addition, Z-score is used to determine the density position
for specific golf swing patterns; As a result, density
boundaries were provided. The similarity of a pattern was
tested using divide and conquer algorithm. We compare
between means using K-means clustering and compare
means using Z-score. The sampling data is compared to the
prototype movement data. We compared every range of the
basic golf swing patterns and got the percentage of
similarity. The percentage of similarity provides information
of the trend of the sampling data and predicts elementary
injuries.

ISSN: 1473-804x online, 1473-8031 print
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II.  RELATED THEORIES

A. 9 Degrees of Freedom - Razor IMU

The 9 Degrees of Freedom-Razor IMU incorporates three
sensors - an ITG-3200 (MEMS triple-axis gyro), ADXL345
(triple-axis accelerometer), and HMC5883L (triple-axis
magnetometer) — in order to give you nine degrees of inertial
measurement. The outputs of all sensors are processed by an
on-board ATmega328 and over a serial interface [11]. This
sensor is shown in Figure 1.

Figure 1. 9 Degrees of Freedom-Razor IMU

This sensor used with the body suit and golf club as
illustrated in Figure 2.

(a) The body suit

A B

(b) Motion sensor (c) Sensor positions

Figure 2. The equipment and attach points on the tester’s back

Figure 2(a) shows a bodysuit used for attaching the
sensor on the tester’s back. Figure 2(b) is the sensor and a
battery in a box. The box helps to secure the sensor. Figure
2(c) indicates of locations where sensors are attached on the
tester’s back.

B. Euler Equation

Euler equation [12] is an equation use for describing the
relationship of linear and angular graphs. We applied Euler
equation to simulate golf swing angles as written in Equation
(1) and Equation (2).

DOI 10.5013/1JSSST.a.20.03.03

3.2

X cos @
X, sin@

&)
)

Where x is the gathered data from the motion sensors
i is the order of the data
B is the angle started from 1 degree to 360 degree

C. K-Means Clustering

K-means clustering [13] is a type of unsupervised
learning, which is used when you have unlabeled data (i.e.,
data without defined categories or groups). The goal of this
algorithm is to find groups in the data. The number of groups
represented by the variable K. The algorithm works
iteratively to assign each data point to one of the K groups
based on the features provided. Data points are clustered
based on feature’s similarity. This research use K-means
clustering for clustering the subgroups, which can be written
in Equation (3) below.

: 2
ESE =i Ko, dist (Mg Py, )

Where 7 is the order of the data
M, is the centroid of the cluster order i
P,y are the Euler graph points.

(3

Every round, a new centroid is adjusted use Equation (4).

1
M= (P 4Py )

Where it is the centroid of the cluster order i

P is the point from Euler graphs
n is the number of points in Euler graphs

D. Standard Score

In statistics, the standard score is the signed number of
standard deviations by which the value of an observation or
data point is above the mean value of what is being observed
or measured. Observed values above the mean have positive
standard scores, while values below the mean have negative
standard scores. The standard score is a dimensionless
quantity obtained by subtracting the population mean from
an individual raw score and then dividing the difference by
the population standard deviation. This conversion process is
called standardizing or normalizing. They are most
frequently used to compare an observation to a standard
normal deviation, though they can be defined without
assumptions of normality.

= = 1000-a%

F-Zyp* EENST+ e
Where Z is the standard score
w is the confidence interval (95%)
X is the mean
SD is the standard deviation
n is the number of data
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o is the critical value (0.05)

Z-score is one of statistical tests for which the
distribution of the test statistic under the null hypothesis can
be approximated by a normal distribution. Because of the
central limit theorem, many test statistics are approximately
normally distributed for large sample size. For ecach
significance level, the z-test has a single critical value (for
example, 1.96 for 5% two tailed) which makes it more
convenient than the student's t-test which has separate critical
values for each sample size. Therefore, many statistical tests
can be conveniently performed as approximate z-tests if the
sample size is large or the population variance is known [14].
Z-score equation used for boundaries calculation is written in
Equation (5).

E. Divide amd Congquer Algorithm

In computer science, divide and conquer is an algorithm
design paradigm based on multi-branched recursion. A
divide and conquer algorithm works by recursively breaking
down a problem into two or more sub-problems of the same
or related type, until these become simple enough to be
solved directly. The solutions to the sub-problems are then
combined to give a solution to the original problem. Divide
and conquer algorithm can be derive as shown in Algorithm
2.1.

Algorithm 2.1 : Divide and conquer
L. Sort points according to their x-coordinates.

2. Split the set of points into two equal-sized subsets
by a vertical line x=xmid.

3. Solve the problem recursively in the left and right

subsets, This yields the left-side and right-side

minimum  distances = dLmin  and  dRmin,

respectively.

Find the minimal distance dLRmin among the set of

pairs of points in which one point lies on the left of

the dividing vertical and the other point lies to the

right.

5. The final answer is the minimum among dLmin,
dRmin, and dLRmin

From fourth step, a pair of point is calculated and has a
distance value not over dist= min(dLmin, dRmin). Therefore,
each point(p) in the left side of the line is compared to the
point of the right of the line sizing dist, 2 - dist. For each
calculation, we got up to a maximum of six points with
pairwise distances of at least equal to dRmin from the
rectangle. So the sufficient time in computing is not more
than 6n. The left-right distances in the fourth step are
recurrence relation for the number of steps, which can be
written as T(n) = 2 T(n/2) + O(n), solving by the master
theorem to get O(n log n)[15-16]. Researchers has applied
this algorithm, which is described in Figure 3.

Figure 3 displays how to compare the distance data
between the compared data and the normal and abnormal
patterns. When the mean of the data group comes, the data
group will be compared in each group of data. When

DOI 10.5013/1JSSST.a.20.03.03
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comparing the data, it will check the data in each range
whether itis more or less than the prototype. If the data is
compared to normal people and the value is greater than the
prototype, it means that data is close to the abnormal value.
But if the data compare to the unusual ones, it shows that
they are close to normal value. This algorithm is used for
comparing mean processed from Z-score as well.

When the comparison is completed, it will be accounted
for a percentage of similarity. In each period, similar values
to normal people will be obtained, which makes it is possible
to know which swing range the problem is; hence will be
able to analyze more easily.

Compared data

An example of distance data comparison between compared
data and normal and abnormal patterns

Figure 3.

I

In the beginning, the golf swing data from 2 sensors that
were set up on the upper and lower back were gathered. The
raw data are linear graphs, which were classified by the
standard golf swing stages into 8 subgroups. The eight data
groups were transformed to Euler graphs for the golf swing

MEDTHODOLOGY
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simulation. All densities of all groups were shown in this
stage. Next, the Euler graphs were clustered by K-means
clustering into 3 subgroups. At this stage, the groups were
rearranged to determine the densities of each subgroup more
casily. We used k = 3 because at this value, the clearest
difference can be achieved. The Z-score was applied to
specify the densities range of the subgroups. The prototype
of normal and abnormal patterns are generated.

In testing process, we used the similarity of density
ranges of normal and abnormal patterns compared to the test
data. Divide and conquer algorithm was chosen because the
data was separated, and this algorithm is suitable with this
data characteristics. We also compared between mean from
K-means clustering and Z-score as an accuracy test. Finally,
the percentage of similarity from the divide and conquer
algorithm was used for injury trends prediction and
elementary diagnosis. The research methodology is as shown
in Figure 4.

Gathering daa got density ranges
from motion sensors by Z-Score
Euler graphs
converting Similarity Testing
by Divide and Conguer
K-Mean clustering
(k=3)

Figure 4. The reseach medthodolody

IV. RESULTS

The results of each stage are presented in this section.
Every stage has 3 ranges of data:1-4, 5-6 and 7-8 refer to the
8 basic golf swing stages. However, only the results in the
range 7-8 are presented because the results are obvious and
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the easiest to classify. There are normal, abnormal and
sample data patterns.

A. Raw data

The raw data were gathered using the motion sensors.
These raw data
graphs were separated in 3 ranges, which referred to the
basic stages of the golf swing: stagel-4, stage 5-6, and stage
7-8. Figure 4 and Figure 5 show the normal data and the
abnormal data, respectively.

1) Normal person
Figure 5(a) and 5(c) show the angle of the normal

person’s upper and lower back muscles, respectively. In the
period 1-4, there is a high rise and fall of angle in the range
5-6 both at the upper and the lower back muscles.

Tl

—— el rol-1 w1

(a) Angle of normal person’s upper back muscle

—atuelxa suewly-1  ——oeio-d

(b) Acceleration of normal person’s upper back muscle

— ] e— ] ] e—ich 1

(¢) Angle of normal person’s lower back muscle

(d) Acceleration of normal person’s lower back muscle
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Figure 5. Linear graphs of normal person

The Figure 5(b) and 5(d) show the acceleration of the
normal person’s upper and lower back muscles,
respectively. There is fluctuation from the start of range 5-6.
The fluctuation is in the same range to the finish stage.

2)  Abnormal person
Figure 6(a) and 6(c) show the angle of the abnormal

person's upper and lower back muscles, respectively. The
range 1-4 of the angle of the abnormal person’s upper back
muscle has a high level and drastically falls in the range of
5-6. For the angle of the abnormal person’s lower back
muscle, in the period 1-4, there is a high rise and fall of
angle in the range 5-6.

—accalix=1

(d) Acceleration of abnormal person’s lower back muscle

Figure 6. Linear graphs of abnormal person.
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Figure 6(b) and 6(d) show the acceleration of the
abnormal person’s upper and lower back muscles,
respectively. There is fluctuation from the start of range 5-6.
The fluctuation is in the same range to the finish stage.

B. Euler graphs

Euler graphs are generated from the Euler equation. The
Euler graph is used to simulate the golf swing pattern. In the
equation, the swing time is transformed to angles. The
obtained data from sensors are transformed to circle radius,
which the data distribution can be observed. Euler graphs of
the upper back muscle are shown in Figure 7 and 8. The
Euler graphs of the lower back are illustrated in Figure 9
and 10.
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(e)  Sample data 3

Figure 7. The Euler graphs in pitch axis of the range 7-8 of the upper back
muscle

The density of normal pattern in Figure 7(a) spreads
from inside to the outside border. The abnormal data in
Figure 7(b) is a circle. The sample data 2 in Figure 7(d) and
sample data 3 in Figure 7(e) are similar to the normal
pattern. The sample data 1 in Figure 7(c) is not similar to
any pattern.
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(c) Sample = ) 4% ’ ‘mple data 2

(e) Sample data 3

Figure 8. The Euler graphs in acceleration in Y axis of the range 7-8 of
the upper back muscle

The density of normal pattern in Figure 8(a) spreads
from the center to the outside. The abnormal pattern in
Figure 8(b) is a circle and some data are outside a circle.
The sample data 1 in Figure 8(c) is similar with the normal
pattern. The sample data 2 in Figure 8(d) and sample data 3
in Figure 8(e) are similar with the abnormal pattern.

o tlg s 0 ES ¥
:

(d)  Sample data 2

(e) Sample data 3
Figure 9. The Euler graphs in pitch axis of the range 7-8 of the lower back
muscle

The normal pattern in Figure 9(a) is a distributed data
and formed a patterned circle. The density of abnormal data
in Figure 9(b) is formed a circle and the data is only around
the circle. The sample data 1 in Figure 9(c) is similar to the
abnormal pattern. The sample data 2 in Figure 9(d) and

sample data 3 in Figure 9(e) were similar to the normal
pattern.
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(e)  Sample data 3

Figure 10. The Euler graphs in acceleration of Y axis the range 7-8 of the
lower back muscle

The density of normal pattern in Figure 10(a) is dense in
the center and spread to the outside. The abnormal pattern in
Figure 10(b) is a circle and some data are distributed to
outside of a circle. The sample data 1 in Figure 10(c) and
the sample data 3 in Figure 10(e) are similar to the normal
pattern. The sample data 2 in Figure 10(d) is similar to the
abnormal pattern.

A. K-Means Clustering

K-means clustering separated data into 3 groups. Each
group, the density can be detected easily. The mean of
subgroups is generated from this process. The upper back
data were shown in Figure 11 and 12 and the lower back
data were shown in Figure 13 and 14.

o O
2 /A

(a) Normal (b) Abnormal

o 0
TR ¢ RN ¢

(¢) Sample data 1 (d) Sample data 2 (e) Sample data 3

Figure 11. K-means clustering in pitch axis of the range 7-8 of the upper
back muscle
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TABLE I. MEAN OF PITCH AXIS OF THE RANGE 7-8 OF THE UPPER

BACK MUSCLE
Dataset Mean of Subgroups
1 2 3
Normal 50.36 56.45 83.92
Abnormal 73.74 45.58 125.16
Sample data | 88.48 0.00 139.32
Sample data 2 19.27 ) 77.58
Sample data 3 62.26 62.86 116.81
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(c) Sample data 1
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(a) Normal
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(b)  Abnormal

El[l

j

(e) Sample data 3
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Sample data 3

Figure 13. K-means clustering in pitch axis of the range 7-8 of the lower
back muscle

Figure 11 and Figure 12, which is the upper back
muscle data, show how to crop the data from the subgroups
using the mean for the pitch and acceleration in Y axis are
tabulated in Table I and Table 11, respectively. The dense of
data is observed in the pitch and acceleration in Y axis. In
Figure 13 and Figure 14, which is the lower back muscle
data, the cropped datat from the subgroups using the mean
for the pitch and acceleration in Y asix are summarized in
Table 111 and Table 1V, respectively. The mean of subgroups
in Table T toTable IV were compared using the divide and
conquer algorithm.

TABLETIL MEAN OF PITCH AXIS OF THE RANGE 7-8 OF THE

Figure 12. K-mean clustering in acceleration in y axis of the range 7-8 of
the upper back muscle

TABLE II. MEAN OF ACCELERATION IN Y AXIS OF THE RANGE 7-8
OF THE UPPER BACK MUSCLE

LOWER BACK MUSCLE
Dataset Mean of Subgroups
1 2 5
Normal 58.17 86.09 32.59
Abnormal 72.49 26.38 122.24
Sample data 1 36.07 125.21 57.08
Sample data 2 87.11 S8y 98.61
Sample data 3 67.25 99.32 66.84

[

R
I

Dataset Mean of Subgroups
1 2 %
Normal 67.25 122:96 52.11
Abnormal 129,33 59.25 31.84
Sample data 1 86.12 106.24 45.14
Sample data 2 98.61 87.11 37.39
Sample data 3 56.99 67.62 118.79

(a) Normal (b) Abnormal
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(c) Sample data 1 (d)
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Sample data 3

Figure 14. K-means clustering in acceleration in y axis of the range 7-8 of
the lower back muscle
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TABLE IV.MEAN OF ACCELERATION IN Y AXIS OF THE RANGE
7-8 OF THE LOWER BACK MUSCLE

TABLE VI. COMPARISON OF THE SIMILARITY PERCENTAGE OF
THE LOWER BACK MUSCLE

Daitaset Mean of Subgroups Order Dataset 1-4 5-6 7-8
1 2 3 Sample data 1 50% 33.33% 33.33%
Normal 80.06 29.19 94.11
Abnormal 27.74 77.45 112.26 I Sample data 2 0% 50% 50%
:ﬂ‘“":e ga:"‘ :1,_ ](’202'3"’ 7;41 ?6'66 Samplc data3 | 66.66% 66.66% 33.33%
Savpledans | izt | e | ases spledua 1| w6 | eoows | anons
Because of result from K-means -clustering cannot 2| Sample data 2 0% 50% 50%
classify the pattern, K-mean was used to get the mean and Sampledata3 | 33.33% 66.66% 16.66%
crop the subgroups to specify the golf swing pattern by the fo ::?’:Z g:::; ?2'22://: 62%?’/.. 1652[?%
density group. Z-score is _apphed to Ca!culate T.hc. upper and Samgle qa3 | 66.66% 16.66% 66.66%
lower bounds of the density groups using Equation (5). All Slaplodia 0% 66.66% 50%
means represented the information and used for similarity oA = , ¥ e
calculation. Because the mean from K-means clustering and i ° 2 o
the mean from Z-score have some differences. Therefore, pampigiata 3| 16,667 e SR
the researchers have tested that what value will give more Sampledata l | [83:33% 33.33% 83.33%
accuracy. By knowing of which value has higher accuracy, " Sampleidata 21" £33,33% 83.33% 50%
that value will be used to calculate the percentage of Salglcdgiad ;% 1010tk AV
similarity for injury trends analysis. o .
C. Percentage of similarity s
Percentage of similarity is the conclusion of the results. e
These results are the comparison between the normal and Ay
the sample data patterns. It is easier to compare the sample ‘8
data with the normal pattern as shown in Table V and Table :;
VI for the upper and lower back muscles, respectively. This 3
process was used to test the accuracy of the algorithm. We ey K JIhNemy MW
applied the divide and conquer algorithm to calculate - -~ = S o -— = =
similarity percentage. @ (zri)rf?verégerK-mean suﬁflénty percenreigg Ofll];lpfr bnsk muscle
TABLE V. COMPARISON OF THE SIMILARITY PERCENTAGE OF ,..
THE UPPER BACK MUSCLE 3
Order Dataset 1-4 5-6 7-8 :: {
Sample data 1 50% 33.33% 33.33% 168 ¢
I Sample data 2 0% 50% 50% ™ — - N
Sample data 3 66.66% 66.66% 33.33% J S 6, i & o
Sample data 1 0% 66.66% 66.66% (b) Average K-mean similarity percentage of lower back muscle
o Sample data 2 0% 50% 50% Figure 15. Average K-mean similarity percentage
Sample data 3 33.33% 66.66% 16.66%
Sample data | 66.66% 50% 50% Table V shows the similarity percentage of the upper
3ud Sempledaa? 16.66% 66.66% 16.66% back muscle. The percentage of similarity of 5 times
Sampledata3 |  66.66% 16.66% 66.66% repetition is illustrated in Figure 11(a). Table VI shows the
Sample data 1 0% 66.66% 50% similarity percentage of the lower back muscle. The
4" | Sample data 2 50% 0% 33.33% percentage of similarity of 5 times repetition is illustrated in
S 16.66% 50% §333% Figure 13(a). l_n gdd.ition, the researchers also compared the
Sampledata 1| $3.33% T35 S133% mean of the similarity percentage that was procgssed frqm
s [Samplodataz| 3333% 23.33% 0% K-mean to tha.t was .processed. from _Z-score in dens.lty
Saible Gia3 = — T ranges calculation. This comparison will determine which
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value should be used to find the similarity percentage with
higher accuracy.
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Figure 16. Average Z-score similarity percentage

From Figure 15(a), in the range 1-4, the sample data 3 is
the most similar to the normal pattern, followed by the
sample data 1. The sample data 2 is the least similar to the
normal pattern. In the range 5-6, every sample data have
similar similarity percentage. In the range 7-8, the sample
data 1 is the most similar to the normal pattern. The sample
data 3 is the second and the sample data 2 is the least similar
to the normal pattern. The average K-mean similarity of the
lower back muscle is similar to the K-mean similarity of the
upper back muscle. From Figure 15(b) got the results same
as Figure 15(a).

From Figure 16(a), in the range 1-4, the sample data 3 is
the most similar to the normal pattern. The sample data 2 is
the second and the sample data | is the least similar to the
normal pattern. In the range 5-6, the sample data 1 is the
most, the sample data 3 is the second and the sample data 2
is the least similar to the normal pattern. In the range 7-8, all
the test data have the same similarity percentage. From
Figure 16(b), the similarity order of the lower back muscle
is similar to the upper back muscle. Only the range 7-8, the
sample data 2 is the most similar with the normal pattern,
and the sample data 1 and 3 have lower similarity to the
normal pattern.

From the experimental results, the mean from Z-score is
more accurate than the mean from K-mean. With the mean
from Z-score, the difference between range of swing can be
observed and can be used to specify the range with high
possibility of injuries.

V. CONCLUSION

This research presented an algorithm to classify golf
swing patterns into normal and abnormal patterns. We used
Razor-IMU sensors to collect the data. The Euler equation
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was applied to transform linear graphs into angular graphs.
K-means clustering was used to separate data into
subgroups and the standard score was applied to specify the
density position. The divide and conquer algorithm was
used to calculate the distance between the sample data and
the normal and abnormal patterns. The similarity was
obtained from the calculated distance and similarity
percentage for pattern comparison. The purposed algorithm
can predict injury trends and can be used to prevent injuries.
In future research, we will develop an analysis program to
diagnose back injuries from golf swing. This will help
doctors to classify the injuries of patients.
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Abstract—Golf is a popular sport for exercise or socializing. Tt
affects an increasing number of patients. Because of these reasons
the researchers decided to focus on this problem. We presented
the analysis golf swing using K-Means Clustering with Two-
Sided Confidence Intervals and the Closest Pair of Points
Problem. The raw data were clustered by K-Means Clustering.
The boundaries of subgroups processed by K-Means Clustering
were calculated to represent the data of the normal and
abnormal golfers, which we use as the diagnose patterns. The
compared data is the comparison of the diagnose patterns of both
normal and abnormal patterns. From the experimental results,
the percentage of similar pattern is shown. Therefore, this
algorithm can help the doctor to predict the injuries trend of golf
players.

Keywords- Specific Golf Swing Patterns; K-Means Clustering;
Two-Sided Confidence Interval; Closest Pair of Points Problem;

L INTRODUCTION

Presently, golf is a very popular sport. People who start to
play golf could be kids or adults. The aims to play golf are for
exercising, competition or socializing. The popularity of golf
affects the number of injured golfers to increase. The injuries
can occur in many part of bodies, for example, at the back,
waist, spine, wrists and elbows. Records from Vibhavadi
hospital [1]-[4] showed that 80% of golfers both professional
and amateurs, who visited the hospital, were injured from golf
swing practice. Our research adapted the 8 basic stages of gold
swing [5] and shorten to 3 ranges. The first range is Set-Up to
Top Swing. The second range is Down Swing to Impact and
the third range is Follow Through to Finish. These new data
ranges help to normalize data to be proper data for clustering
and classifying the normal and abnormal patterns.

II. RELATED WORKS

In 2010, Y. Chen and Y. Hung [6] presented tennis and
baseball acceleration analysis using ID3 algorithm. They used
Wiiremote sensors attach on 3 parts of body which was upper
arm, lower arm and wrist. The acceleration in 3D (X,Y and Z)
was conducted via Bluetooth for analysis by a computer. This
method is suitable for identify the sport pattern clearly.

In 2014 K.Shirota el.al. presented golf swing analysis using
WAA-010 [7] sensors, which is a motion sensors equipped
with accelerator and gyroscope. This sensors can detect
acceleration in 3 dimensions by comparing with gravity and
detect tilt, and swiveling around X,Y and Z in +180 degree.
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III.  RELATED THEORIES

Our research used the below theories:

A. K-Means Clustering

K-Means Clustering [8] is the easiest unsupervised
clustering. This clustering will cut partitions and the data is
separated to K groups. Each cluster is represented by mean.
Means are used as centroid in the clusters and used for
calculating distance between data in a same group. The
distance between data is less when the data is in a same group.
It the distance is large, the data is in a different group. The
distances were calculated by Euclidean distance. Each data is
in either group only. The proper data used for K-Means
Clustering is quantitative variables, either on an interval scale
or a ration scale. Start clustering by calculation as written in
equation (1) below.

SSE = Z Z dist(c;, x)* ("

i=1 x€Cy

Where x is the data wanted to clustering
C; 1s the cluster order i
¢; is the centroid of cluster order i
K is the number of cluster

Adjusting new centroid is written by equation (2)

o= ok @

: XEC;

Where m; is the number of object in cluster order i

B. Two-Sided Confidence Interval

In statistics, a confidence interval (CI) is a type of interval
estimation of a population parameter. It is an observed interval,
which in principle different from sample to sample, that
potentially includes the unobservable true parameter of interest.
How frequently the observed interval contains the true
parameter if the experiment is repeated is called the confidence
level. In other words, if confidence intervals are constructed in
separate experiments on the same population using the same
process, the proportion of such intervals that contain the true
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value of the parameter will match the given confidence
level[9]-[11]. Whereas two-sided confidence limits form a
confidence interval, and one-sided limits are referred to as
lower/upper confidence bounds (or limits).

Confidence intervals consist of a range of values
(intervals) that act as good estimates of the unknown
population parameters. However, an interval computed from a
particular sample does not necessarily include the true value of
the parameter. After any particular sample is taken, the
population parameter is either in the interval or not. Since the
observed data are random samples from the true population, the
confidence interval obtained from the data is also random. The
desired level of confidence is set by the researcher (not
determined by the data). If a corresponding hypothesis test is
performed, the confidence level is the complement of the level
of significance. When tested, should not be rejected with the
same sample. Confidence intervals of difference parameters not
containing O imply that there is a statistically significant
difference between the populations. In applied practice,
confidence intervals are typically stated at the 95% confidence
level[12]. However, when presented graphically, confidence
intervals can be shown at several confidence levels, for
example, 90%, 95%, and 99%. For this theory, equation used
for boundaries calculation is written in equation (3).

)"(—Zalz»SD/\/;S#S)?+Z.-;/2*SD/&: 100(1-a)% - (3)

‘Where Z is the Standard Score
w  is the Confidence Interval (95%)
X  isthe mean
SD is the Standard Deviation
n is the number of data
o is the critical value (0.05)

C. The Closet Pair of Point Problem

The closest pair of points problem or closest pair problem
is a problem of computational geometry: given n points in
metric space, find a pair of points with the smallest distance
between them. The closest pair problem for points in the
Euclidean plane [13] was among the first geometric problems
that were treated at the origins of the systematic study of the
computational complexity of geometric algorithms. In the
algebraic decision, tree model of computation, the O(n log n)
algorithm is optimized by a reduction of the element
uniqueness problem. In the computational model that assumes
that the floor function is computable in a constant time, the
problem can be solved in O(n log log n) time [14] [15]. The
closest pair of points problem can be applied to derive the

Algorithm 3.1 : Divide and conquer
L. Sort points according to their x-coordinates.

2. split the set of points into two equal-sized subsets by a
vertical line x=xmid.

3. Solve the problem recursively in the left and right
subsets. This yields the left-side and right-side
minimum distances dLmin and dRmin, respectively.

4. Find the minimal distance dLRmin among the set of
pairs of points in which one point lies on the left of the
dividing vertical and the other point lies to the right.

5. The final answer is the minimum among dLmin,
dRmin, and dLRmin
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It turns out that step 4 may be accomplished in linear time.
Again, Ww already know that the closest pair of points is no
further apart than dist= min(dLmin, dRmin). Therefore, for
each point p to the left of the dividing line, we have to compare
the

distances to the points that lie in the rectangle of dimensions
(dist, 2 -+ dist) to the right of the dividing line, as shown in the
figure 1. What is more, this rectangle can contain at most six
points with pairwise distances of at least equal to dRmin.
Therefore, it is sufficient to compute at most 6n left-right
distances in step 4. The recurrence relation for the number of
steps can be written as T(n) = 2 T(n/2) + O(n), which we can
solve using the master theorem to get O(n log n).

As the closest pair of points problem defines an edge in the
Delaunay triangulation and correspond to two adjacent cells in
the Voronoi diagram, the closest pair of points problem can be
determined in linear time when we are given one of these two
structures. Computing the Voronoi diagram takes O(n log n)
timewhile the divide-and-conquer algorithm can be generalized
to take O(n log n) time for any constant value of d.

— dist—

Figure 1. Divide and conquer Voronoi Diagram. [13]

TV. METHODOLOGIES

Figure 2 shows our algorithm. We collected the data from
sensors attached to the upper and lower back of the body. The
testers: normal and back injured golfers swung the basic golf
swing 5 times. The raw data transferred from sensors to
computer via Bluetooth. The raw data were then separated to 3
ranges referenced by the 8 basic golf swing stages. The raw
data of each range was transformed to Euler’s graphs by
Euler’s theory. The Euler’s graphs were clustered by K-Means
Clustering. We use k=3 because this value is proper with the
golf swing data as we can see the difference clearly. The
subgroups processed by K-Means Clustering specified the
boundaries: lower and upper bounds by Two-Sided Confidence
Interval. From this stage, we obtained mean and boundaries.
These values are represented the golf swing pattern, which is
the prototypes for calculating percentage of golf player’s
injuries trend. The last stage, we got the distance between
points by divide and conquer. We calculated the distance
between the normal and abnormal patterns, and calculated the
distance of mean between the normal and abnormal patterns,
both with the compared data. After that, the compared data
were applied to compare the distance with both patterns. If the
distance value of the compared data is closed with the pattern,
it means that the compared data is in the same pattern.
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Figure 2. The research algorithm

Figure 3 displays how-to compare the distance data
between the compared data to the normal and abnormal
patterns. The mean of subgroups are used to calculate the
distance between the prototype and the compared data. After
the distance data were calculated, the distance data were
estimated to percentage.

-63%

Normal pattern

ca-

®c1 ec2 ec3

Compared data

Figure 3. the distance of mean comparison.

V. THE EXPERIMENTAL RESULTS

The golf swing patterns are shown in Figure 4.

Yaw Normal people
range
7-8
! 5.57.[11.17,0]
2 -36.23,[-72.45,0]
3 24.75.[0,49.5]

Roll Normal people
range
7-8
! 230.49,-60.98,0]
2 4451 [0,89.01]
3 -14.44[-28 88]
E=%
B
Pitch Normal people
range
7-8
1 -33.19,[-66.37,0]
2 -3.21,[-6.42,0],
3 21.71,[0,43.43]
i R TR

700

Yaw | Abnormal people
range
7-8
1 -62.95.[-125.90,0]
2 0.46.[0,0.92]
3 37.01,(0,74.03
R 1
LEEPE £ 0 ] S
e
Roll Abnormal people
range
7-8
! -62.6.[-125.90.,0]
2 0.46,[0,0.92]
3 37.01,[0,74.03]
PR B T 3T
2.
Pitch | Abnormal people
range
7-8
1 -48.62,[-97.25,0]
2 56.73,[0,113.46]
3 -2.41,[-4.82,0]
5ol

Figure 4. the golf swing patterns
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The patterns were compared with the compared data
followed by the Figure 3. The normal pattern and compared
data comparison results is shown in Table I

TABLE L THE NORMAL PATTERN AND COMPARED DATA COMPARISON
B Yaw Dat;:lfes Pitch

1| -002% |1| -0.18% | 1 | -0.36%

1-4 12| -1.14% [2| 063% | 2 | 0.04%
3 0.44% 3| -0.1% 3 | 0.33%

1| -002% |1]| -0.15% | 1 | -0.38%

6 2| -113% |2| 0.54%"] 2-/70.06%
0.43% 3|.-007% | 3 | 0.30%

1| -0.05% |1} -0.13% | 1 [-042%

T8 1| 121% 42| 0.66% -2-| 0.06%

3 0.46% -0.09% | 3 | 0.36%

The abnormal pattern and compared data
results is shown in Table 11

comparison

TABLE II. THE ABNORMAL PATTERN AND COMPARED DATA
COMPARISON
Data axes

Bahgs Yaw Roll Pitch
1| 078% (| 1].-004% |1 | 016%
1-4 121 077% |21 -055% | 2. 009%
3] 025% |3]-025% |3 | 023%
1| 080% (| 1] -0:03% | L | 0:18%
56 2] 082% |2{~1055%. |2 | 0.1%
0.30% |3 | -024% | 3| 026%
1| 08% 1] -007% | 1] :0.19%
78 0.85% -0.57% 0.1%
0.32% -027% -0.27%

From the Table I and Table 1I, we got the percentage of
similarity. Therefore, we can know the trend of the compared
data that doctors or physical therapists can apply the analyzed
the percentage in their diagnosis.

I.  CONCLUSION

This paper is about the specification of golf swing
patterns using K-Means Clustering with Two-sided
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Confidence Interval. We represented the mean and boundaries
to the normal and abnormal patterns. Our work used 2 sensors
attached to the upper back and lower back of the body for
gathering data from 5 testers. The raw data from sensors were
transformed to Euler’s graph. The Euler’s graphs were
classified by K-Means Clustering, and subgroups were
arranged to normal curves and calculated mean and
boundaries by Two-Sided Confidence Interval. Mean from
Two-Sided Confidence Interval were applied to calculate the
distance of the prototypes and the compared data for the
similarity of both calculations.

The injuries similarity percentage will help the doctor to
analyze and diagnose the injuries from golf. This paper can
predict the golf player’s injury trend if golfer’s results are
similar to the patient pattern.
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Determining Golf Swing Patterns Using
Motion Sensors for Injury Prevention

Wisan Tangwongcharoen and Wisut Titiroongruang

Abstract— Golf is a popular sport for exercise or socializing.
It affects an increasing number of patients. Because of these
reasons the researchers decided to focus on this problem. We
presented the analysis golf swing using sensors named Razor
IMU to detect golf swing motions. The rotation and
acceleration data were gathered by sensors attached on the
upper and lower back. These data were clustered by K-Mean
Clustering. The data clusters were calculated boundaries by Z-
Score. The normal and abnormal data were compared for the
Back Swing-Half Swing to Top Swing position and Top Swing
to impact position. From the experimental results, this
algorithm can classify normal and abnormal data due to the
significant differences. This paper can help to improve and
correct swings and thus avoid injuries.

Index Terms—Golf Swing Pattern, Injury Prevention,
Gyroscope, Accelerometer, Polar Coordinate System, K-Mean
Clustering, Standard Score

1. INTRODUCTION

Pl‘esently, many people around the world like to play golf.
The person who plays is at risk of many kinds of injury
such as at the back, waist, spine, wrists and elbow. Records
from Vibhavadi hospital [1]-[4] showed that 80% of golfers,
both professional and amateurs, who paid a visit to the
hospital, had painful injuries from playing golf, and the main
cause was improper swing. The 8 basic stages of a swing are
as shown in Fig.1

Because of the popularity of golf, there have been many
research papers on detection of golf swing motion. A search
of the literature showed us that swing motion detection were
done mainly with 2 types of devices: using camera to capture
the posture of golfer while he or she is swinging and using
sensors attached to the golfer’s body parts. Using only one
camera[5]-[6] may not capture all of the important body
parts; adding more cameras at different locations around the
golfer can fix this problem but it is very costly to do so. On
the other hand, reliable results can be obtained using
sensors[7]-[8] and the cost is much lower. This study
investigated golf swing motion by using sensors with a new
algorithm to classify proper and improper swings. Sensors
were attached to 2 parts of the body where injuries have
been most found at: upper back and lower back. Raw data
were transformed into angular degree graphs. The graphs
were then clustered by K-Mean Clustering in order to easily
classify proper and improper swing. Subgroups of data
processed by K-mean clustered were determined of their
corresponding density by Z-Score.

II. RELATED THEORIES

A. Gyroscope

A gyroscope [9] is a spinning wheel in which the axis of
rotation is free to assume any orientation by itself. When
rotating, the orientation of this axis is unaffected by tilting or
rotation of the mounting, according to the conservation of

name posture name posture angular momentum. Because of this, gyroscopes are useful
£Y o i e . » B
7 ) \ = for measuring or maintaining orientation. The rotation
1.Set up | i 2 Back Swing — - . “Pifah? . »
| bt Tallvay around X axis called “Pitch”. The rotation around Y axis
T\ ';‘“]\ called “Yaw” and Z axis called “Roll”. For Razor IMU tilt
1 and swivel values are £180.
3. Back +Roll
Swing — 4. Top Swing Naw
Half +Pitch
Swing
E -Pitch
5. Down 6. Impact -Rall HYaw
Swing " . :
Fig. 2. The rotation around Yaw, Pitch, and Roll
@) B. Accelerometer
7. Follow N 8. Finish . .
: BoA s An accelerometer [10] is a device that measures proper
Tt h prop
oug " ¥ " ” -
Mroug acceleration in 3 dimension: X,y, and z. In this case proper
acceleration is not the same as coordinate acceleration (rate
of change of velocity). For Razor IMU acceleration values

Fig.1. The 8 golf swing stages

are £16g.
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Fig. 3. The acceleration in X, Y and Z.

ISBN: 978-988-14047-7-0 IMECS 2017

ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)



80

Proceedings of the International MultiConference of Engineers and Computer Scientists 2017 Vol II,
IMECS 2017, March 15 - 17, 2017, Hong Kong

C. Polar Coordinate System

In mathematics, the polar coordinate system is a two-
dimensional coordinate system in which each point on a
plane is determined by a distance from a reference point and
an angle from a reference direction. The reference point
(analogous to the origin of a Cartesian system) is called the
pole, and the ray from the pole in the reference direction is
the polar axis. The distance from the pole is called the radial
coordinate or radius, and the angle is called the angular
coordinate, polar angle, or azimuth.[11] as shown in Fig. 4.

D. The relation between Cartesian coordinate system and
Polar coordinate system

Both systems are related in trigonometry. The Polar
Coordinate System will convert between r and ¢ to Cartesian
System x and y using Sin and Cos as shown in (1) and (2)

x =rcosf (n
y = rsinf 2

Both equations illustrated in Fig.5

Y

)
X r oS

QuIs 1

Fig. 4. The relation between Cartesian System and Polar Coordinate
System [11]

E. K-Mean Clustering

K-Mean Clustering[12] is the easiest unsupervised
clustering. This clustering will cut partitions. The data is
separated to K groups. Each cluster is represented by mean.
Means are used centroid in the clusters and used for
calculating distance between data in same group. The
distance between data is less when the data is in the same
group. If the distance is big, the data is in a different group.
The distances were calculated by Euclidean distance. Each
data is only one group. The properly data used K-Mean
Clustering is quantitative variable, interval scale or ration
scale. Start clustering by equation (3)

K
S5E = Z Z dist (. x)° (3)
i=1xec;
Where x is the data wanted to clustering

C, is the cluster order 1
¢; is centroid of cluster order i

Where my is number of data in cluster order i

Equations (4) and (5) explains the algorithm as in Fig. 5.

Algorithm  Basic K-means algorithm.

1: Select K points as initial centroids.

2: repeat

3: Form K clusters by assigning each point to its closest centroid.
4 Recompute the centroid of each cluster.

5: until Centroids do not change.

Fig. 5. K Means algorithm|[12]

From Fig.4, the nonclustered data were random centroid
and calculate distance between each data and centroid by
Euclidean distance as in equation (5)

dist(c, x} = \Jllt:ri — )+ (x; = e;)? &)

Distance was checked for all data. When check was
finished, the new centroid was generated by equation (5)
until convergence.

E. Standard Score

Standard score [13] is the value using for comparing
between 2 data sets. When the data sets were compared,
there were problems, i.e. either the mean or SD were not
equal. The data cannot be compared if there is no standard.
The main idea of Standard value is to change the data to the
same standard. The most commonly used standard scores are
Z-scores, T-scores, and stanines. The Z score was used in
this paper because the data was not calculated in percentage
and only changed for calculating boundaries. The basic Z-
Score calculation as shown in equation (6)

X -
z —
SD/n
Where Z is the clusters in X which are classified
X is the raw data

X is the mean of the example data
SD is the standard deviation of the example data
n is number of data

When Z-Scores were calculated, the data was changed to the
normal curves to cut the boundaries. The boundaries were
calculated by the critical value (o) divided by 2 for equality
of upper bound and lower bound. The boundaries were
calculated by equation (7)

P{i—a,:sg‘z’; Cu LR+, = Df .ﬁ}:lﬂﬂ(l—a}%
: . y

: Vn : N
K is number of cluster
. . s . Where Z is standard score
Using equation (4) for adjusting new centroid i i the Confidence Interval
1 X is the mean of the example data
6= i X @ SD is the standard deviation of the example data
i xel) n is number of cluster data
ISBN: 978-988-14047-7-0 IMECS 2017
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III. METHODOLOGIES
The algorithm is showed in Fig. 6.

Upper back (1)

Lower back (1) (2)

Fig.6. The algorithm stages

From Fig.6, shows the raw data obtained from the Razor
IMU sensor developed by Sparkfun Co. Ltd. These sensors
were wireless, using Bluetooth for data transfer and battery
usage. These sensors were contained in an acrylic box and
there was a body suit for the tester to wear as shown Fig.
7(a) and (b). The motion sensors was attached to the upper
and lower back as shown in Fig. 7(c)

(b)

Fig.6. The motion sensor and how-to attached sensors to the tester
body [13]

We tested with 10 testers: five were normal subjects and
five were abnormal subjects. Each subject swung five times.

The raw data were transformed to linear graphs. Linear
graphs were transformed to angular degree graphs (Euler’s
graphs) by equation (2) and (3) and time variables were
represented by tl, t2 and t3 in second unit. Euler’s graphs
were classified by K-Mean Clustering to separate normal
cases and abnormal cases by equation (4) and adjusting
centroid by equation (5) From the K test, K=3 was suitable
in this case. Each group had some sub data with obvious
density. Standard deviations were calculated by Z-Score in
equation (6) and boundaries of densities were calculated by
equation (7) for bolded densities data.

ISBN: 978-988-14047-7-0
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

IV. EXPERIMENTAL RESULTS

A. Sensor data

Two data sets were obtained from motion sensors as
shown in Fig. 8

(a)

(b)

Fig.8. the tilt and acceleration graphs

From Fig. 8 shows the data obtained from the sensors on

both the upper and lower back. Linear graphs are separated
into 3 ranges followed by the basic stages of golf swing,
which are Set up to Top Swing, Down Swing to Impact and
Follow through to Finish. There are two types of data, which
are the tilt and swivel data as shown in Fig. 8(a) left and
acceleration data as shown in Fig. 8(a) right. Tilt and swivel
data has 3 data types: yaw, roll, and pitch. Yaw and pitch
data around range 4 to 6 shows extreme change, but roll data
shows a steady graph. The acceleration has 3 data types: x,
y, and z, changed from the end of range 5 to 6. In Fig.8 (b)
the tilt and acceleration data of lower back shows change
from range 3 to range 8.

B. Euler’s Graphs

The raw data from sensors were transformed to Euler’s
graph as shown in Fig. 9

IMECS 2017
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Fig.9. Tilt and swivel Euler’s graphs comparison. The graph in normal
case is shown in Fig. 8(a) and the graph in abnormal case is shown in
Fio R(h)

From Fig.9 shows that the pitch and roll axis graphs for
normal cases are different when compared to graphs for
abnormal cases. The graph for normal cases in pitch axis has
the density only center, but for the graph for abnormal cases
in pitch axis, the data is distributed. The graph for normal
cases in roll axis also has more density than the graph for
abnormal cases.
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Fig.10. Acceleration Euler’s graphs comparison. The graph for normal cases
showed in Fig. 9(a) and the graph for abnormal cases showed in Fig. 9(b)

From Fig.9 the normal acceleration graphs in 3 axis can
see difference clearly. The normal graph has pattern more
than abnormal case.

C. K-Mean Clustering

The Euler’s graphs were clustered by K-Mean Clustering.
In this case, we use K = 3 because the number of data points
in each range is small. K= 3 is optimal because number of
data points is suitable and good results were obtained as
shown is Fig.11.

ISBN: 978-988-14047-7-0
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

1-4 5-6 7-8
Normal
i - =" . i <
R A 2 2
Abnormal o R IOV
] Jefo st i et
< ettt

Fig.11 The K-Mean Clustering comparison

From Fig.11 the data in pitch axis were the best result
obtained which are separated by the golf swing basic step in
Fig.1. In range 1-6 there was not much difference in the
result because the number of data points in this range is
lesser. In range 7-8 data C2 for normal cases has obvious
density. On the other hand, data for abnormal cases has
obvious density in C3.

D. Boundaries Calculation

When we obtained clusters from data processed in the
previous stage, the clusters were calculate for Z-score to
determine the highest density of data by the boundaries.
Clusters were arranged to the normal curve graph in which
the area under the graph is equal 1. The normal curve graphs
showed the highest density range.

The clusters were cut by range from normal curves used
reliability percentage as 95% to find the boundaries.

Normial H e H B
;‘ AT A= (ST i

Abnormal H’ | : H : E;r
A A B I -

3”7 | .H.

wldn

Fig.12. the pitch processed K-Mean clustering were cut boundaries.

From Fig.12. shows that each data set has a big difference
range especially in the 7-8 range. In this range it can see that
the normal case C2 and Cl have higher density than the
abnormal case. The range 7-8 in Fig. 12 can be represented
in numerical form as shown in Table L.

IMECS 2017
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TABLEI

BOUNDARIES COMPARISON

Pitch range 1-4 Normal Abnormal
1 -1.36,[-2.41,0] -2.7,[-5.4,0]
2 -11.54,[-23.07,0] 0.99.10,1.98]
3 11.28,[0.22.56] 1.19,[0,2.39]
Pitch range 5-6 Normal Abnormal
1 13.66.[0,27.32] 21.47.10,42.94]
2 -26.25,[-52.49,0] -26.04,[-52.08,0]
3 3.35,[0,6.70] 18.78,[0,37.56]
Pitch range 7-8 Normal Abnormal
1 -33.19,[-66.37,0] -48.62,[-97.25,0]
2 18.44,[-26.52,0] 56.73,[0,113.46]
3 21.71,[0,43.43] -2.41,[-4.82,0]

From Table I. Due to the clusters having 3 groups: Cl, C2,
and C3, the range shows mean, upper and lower bound
values in the bracket. We show only the range 7-8 because
we can see the difference more easily in this range than the
pitch 1-4 and 5-6. The number in each range can represent
both the normal and abnormal case. Table I. can classify
between normal and abnormal cases.

V. CONCLUSION

This paper is about golf swing analysis using motion
sensors to detect golf swing motions for classifying normal
and abnormal cases. Our work used 2 sensors attached on
the upper back and lower back for gathering data from 10
testers. The raw data from sensors were transformed to
Euler’s graph. The Euler’s graphs were classified by K-
Mean Clustering and data was arranged to normal curves to
find the highest density part in the sub data. From the
experimental results, it is clear that this algorithm can
classify between normal and abnormal. This paper can
improve the golf swing in new players and avoid further
injuries.
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