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Abstract

Scapulae are important parts of the arm elevation. They are the main base of
the arm strength as they are the supporting bones to the shoulder elevation and help
the shoulders perform routine actions. Thus, wrong scapulae movement directly
affects the shoulders. Furthermore, scapulae movement is hard to detect because it
needs a doctor or a physiotherapist to diagnose though sometimes the diagnosis
maybe inaccurate. Therefore, this research focuses on the creation of scapula data
classification algorithm. It can help us recognize basically abnormal signs of scapula
movements. The study started from data collection using motion sensor and Euler
graphs creation of both normal and abnormal signs of scapula movements. All graphs
were clustered by K-Mean Clustering. The sub data were calculated for the highest
density ranges by EM Clustering. The density ranges were calculated to identify
boundaries and mean that represent normal and abnormal cases. The experimental
results indicated that the propose algorithm can accurately distinguish between the
normal and abnormal cases. The first posture performed 92.31% of the accuracy which
is higher than 80.77% of the accuracy of the second and the third posture. Therefore
the algorithm can be applied in preliminary screening the patients and fast tracking the

result of rehabilitation.

Keywords : Clustering, Motion Sensor, Patients with Shoulder Pain, Rehabilitation
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Algorithm 2.1: Basic K-Means

1. Select K points as initial centroids.

2 Repeat

3. Form K clusters by assigning each point to its closest centroid
a4 Recompute the centroid of each cluster

5 Until Centroids do not change.

;;Uﬁ 2.3 9anas9y K-Means[9]
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(c) Iteration 2. (d) Iteration 3.

Ul 2.4 msdanguuuy K-Means(9]
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dist(c;,x) = /(; — ¢)? + (% — ¢;)? (2.5)
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Q(6; 0% = [log L(0;X,Z)] 2.7)
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gﬂﬁ 2.6 AaNUR Directly Density-Reachable[12]
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gﬂﬁ 2.7 AanUR Density-Reachable[12]
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gll‘ﬁ 2.8 AruauUR Density-Connected[12]
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Connectivity p w8 g NzaunsOdale fagui 2.9
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Algorithm 2.2 : Basic DBSCAN

1. Select a point p

2 Retrieve all points density-reachable from p eps and MinPts.

3. If pis a core point, a cluster is formed.

a4 If p is a border point, no points are density-reachable from p and DBSCAN

visits the next point of the database.
5. Continue the process until all of the points have been processed.

a =

sUT 2.10 Sane3fiuAdauny (DBSCAN)12]

NJUT 2.10 aziiiulddnsuinunangs p uaganiadayninmennauding 4 4o91n

v
v =®

A1 eps kay Minpts U84 p 811N p Aa 39 Core Point NANYRLAILANTATU D1MINTA p AB

Y

a

U
30 Border Point Tayannynaglianuisaitniislaan p danesiiuadaunuavtmludagn

oLy F99EAIUNTTANGUAUNTITOLATIINUAILYNATIVEOU
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2.5 NMIMAUINTFIU

Aunmsgu e Ailddmiunmsihuiuisuiisutoyadu 2 geduld dearldnsu
Arusnansvasteyal1s] nuddellimihaunnsguazuund (Z-Score) intszgndlilunis
asensmiuilldsund ailiuildnsnvindy 1 dwSumssimunsurdsmiumuiuiuees

U ¥ dIQJ 1 U U U dl
nqudeyandanguuuumAmanisgsgalagman Z 91naunisi (2.9)
X—-X
Z=—"7
SD/v/n

Tne

Nadgvefoyanauiiegns

o]
)
®

ol

D A9 @t leduuiInIgIUYeINguAInE

%2

A o ¥

n. AB IMUIUTDNVDUR

= o ¥

Wislangiuuanesg Z [14] Judideyaunaians mlasund wavdsenisviludaiu
YOUTDINTINIMUELAZAUYINTAIATINGR (O 11T 2 i lduauvestayaiiviniu

Faguit 2.11

ENRES
¥
]

4.0
3.5
=25

Ul 2.11 msnszaneuuulAanil13)

FPUNUAIPZLUY Z LazUaUlIAUULAYaNNARINAZILUY Z Tuauni1sh (2.9) asladus

AN (2.10)


https://sites.google.com/site/mystatistics01/chapter1/confidence-interval-theorem/itv6.gif?attredirects=0
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P{)‘( —Zay, * SD/\/H SUSR+Zay, * SD/\/H} =100(1—a)% (210)
Taofl Z o AzuuuIATTIY

X fio Aladuvastayangusiieg
SD fi du et unIInIFIUYRINGUFIRENS

n fie WINYLIURYA
a fe Aingm (0.5398)
2.6 gUnsaifiiigadas
gunsaifldmsadunsedeulmusinszgnagSnUsznouse 5 duu fo gunsaingaady
M5B mLULAT AT FdsdryaNaugys waziunine’
1) lalsalay (Gyroscope)
lalsalavl15] Ao gunsaiivineufendniidndniungusaliudiswasdadiu 10y
gunsnifimuasauganinadedlnluuiuny sufiatulul 1852 TastdnfiEndite wes Tu
w3 1aas yinad (Leon Foucault) findnansvinanu Ae vhnedeunfnlussumuiivyuls
Tnefinsdeazususguulszuny usnawnuansavaulsdasy mendalnadiuasuainisde
Hu Rotor vilyidumudn msiadeuluaves Rotor mapuiaeslufinfiuvessiu Inglaideiuuss
Tiiuddlaniguiu wavgtrdoudndudunssiomnusinefidleldfiussniouenuinsgsi
delalsalaumyuly 90 aem gauuLUAsuRWMLslY 90 B9 wazduadeuiluniadie
duiReafuanans onyuduan 90 esm lalsalaudsnaedouiilumau vilideidans
U YasfigauLiaygnaadsusiusly 90 asm msedeudilundiuan asgnenian
10 ldifinnnswanvesde dnjuununuveslalsalavazumiloufuosagiuiinasniaa

druusznouraslalyalauuanensgun 2.12
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Ul 2.12 dauvsznevvadlalsalay (Gyroscope)l16]

2) womlaLslailings (Accelerometer)
wouiwaslsiites[17] Ae gunsalinmnussveanisiadeuiivesinglaeldndnnns
MauvesaUTanUssendlyd dauuseneureuwesigaslsiinesuseneumeausiasaney
ihaiin defin1sindoudidasniuiss gndutwiinazgnnaluBnismssdruiunisiadeud

v o v A

aUSsfvimindfendudnfdnasuliovganisndeudl N1siAGeuniIgnNsIAITIABAINEY
wirfiugud Arndaldnaglindouwdas ldinmsihueswaslsfivvasussgndldlusumiein
AMNTINTIIY WU 1AFewTIvIaRLS IRl WFestuduauiawn Wusu

woglgaLs I TAN YL AIFUN 2.13

ACCELEROMETER

www.InstrumentationToday.com

sUf 2.13 gunsaluemiaislsiiined (Accelerometen)18]
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3) gunsaingiadunisdeuld (Motion Sensor)

aunsalnsfunsndeulwiluduwesindnlaguiem SparkFun Eletronics Tngld

\HuLwes3u 9 Degrees of Freedom - Razor IMU[19] aeluisasuszneusiediugos

3 d@2u Ap d@2UlTn ITG-3200 (Gyroscope) MutinA1n1sdeeluszwiu 3 47 druiiaes

ADXL345 (Accelerometer) iminfiinusanuinssyiiudues lnvanunsainafioglugia
+16g n1muuunsdstaya 13 bit duanaving HMC5883L (Magnetometer) vimtinfn i

(% '
a .2 ]

auuuanluszuIu 3 98 lnedndiulsenoUMInuATULK9995UUIN 1.1 X 1.6 10 AIFUN

2.14

5U#l 2.14 aUnsalnadunisimdenlns Ju 9 Degrees of Freedom = Razor IMU

[

4) fdedtyyI1UgYs (Bluetooth Sensor)

LY

aadryeyasugysi20ldugunsainldivaunsalnsadunisedeulvs 1uuneeasd
HanlAgUIEN SparkFun Electronics Ingld¥ain ugysiunlng (Bluetooth Mate Gold) 1

widayaflisuanidutes TnodanudyyIauanssuuNInTgIu 802.11 g iuAud

o

2.4~2.524 GHz 7993UN15d9%8Ya 2400-115200 bps 4111507V ANINUINE DUT

[

gaun i -40 ~ +70C laeldlufrvuin 3.3v-6V iievinein dadadyayrauugysiliivuin

]

1.75 x 0.65 42 feguii 2.15

SR N RN

Ul A
|BM1 mgcﬂlgﬂ 41 FLY 477
V-”' FCC 10: T9JRN41-1

FC C € RoHS

-
S
u‘
L

70‘\

1

=)

®
a
%

.

w
L

]

i‘iJ‘VI 2.15 shasdtysyniugys suugysiumlng (Bluetooth Mate Gold)[20]
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5) LUALABS (Battery)

v v v v

wustmesidugunsalnliidundsundndmiudisudyainugysiaziduiyes
n3393unIsAaulng taglduunnei[21]sunediues aiisulosauluntnas (Polymer
Lithium lon Battery) a@ansadnglwiidivun 1 3.7 V A2uuunegil 1000 mAh Yu1Inves

wumAETRET 2.00 x 1.32 x 0.23 T faguil 2.16

Li-ion

§5PO53042 850mek 3.7V 3 180

SUTl 2.16 wumme’ umedues aliteulessu (Polymer Lithium lon Battery)[21]

2.7 9Aduiieades

Tud 2009 wAlsdu wiu weulaa (Carolien van Andel) wazaniliinmniaseaiionlldly
nsfamandoulmmuasazdnifednadosio AMCI22] edesdiotusznaufiondeansiadu
nsiedeulna 3 # Alaausdugife 0.1 fadluns defautien aztn iedesiledesfe
Adaaile Scapular Locator (SL) Fsinfluruuuuazuauii Tnelsiimaaadldviina 3 vir fadl
N1398N38ANAUKYY (Humerus Forward Flexion) N15A19u3u8en (Humerus Abduction)
MsviuuLIdNeen (Humerus Rotation) Litegnsindoulmyesasinluudazyinnisvulg
Tnenmitldasduuuy 3 87 snAfedldvaaeuimmudusaasamniidoiovonadosie
TnoiSsuiisuauusiudanaAimasRanaInaineiesie SL uag AMC uazyindeumeY
Undeievesniesilomemmsndiniiieguszavsnmusaedesiie AMC

Tu¥ 2010 glsz oluz (Yuchiro Yano) wazaneliidaiosmsiiouiisunsinaeulm
nszgnazdnluauundl23] 1iuissuiviediiguamdiuiu 21 au uinismaaeunis
eulasnsgnazdn tneldvimssnuauiuaniiegnsiedeulmuesasiin dil Upward
Rotation, Posterior Tilt uag Intemnal Rotation uazldndesnsiadunsindeulmnuy 3 7
$u MAC 3D gunsaitldlunsiiesesidomeluladnisuszanananin Faviaiudiossun

NABIBUNTVIATIUIU 6 §7 NAANUDIUNITHIIAIUAIN 50 Hz
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Tud 2014 wil WSsgesenatonazisiam Auvw ladeisevihmunsadsulmves
Awnean wieldlunmsimsziviimenisadaneanvsluauunfivas fiae v ynieunad
[24] Taee3eiilaldaunsaingiadunisiadeulns Razor-IMU Liensi9dusy N1sideanyu

' a I3 a ea w4 o 1 ' Yo o =
wazausslunmsaianedi Inefingunsalivdsdinvunasndsdiuans wagldisiuTouiiey
Toyan1siadeulmludnuaeigadu (Connected Component Labeling: CCL) e usulse

Toyan1siadaulin
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3.1 maiuteyanisiadeulmmasin

ATl duees 9-Degree of Freedom - Razor-IMU Saflufumeinsiaduns
\feulmiBemyuuazanings defoyadedynuugns lnegunsaiimuaindnlneuiem
Sparkfun §iTelfinduwesAniuiinunsegnasUnyiues auayd iedanndnuauznis

wwaaulmveensEanasn AsgUN 3.1

TUsunsudseaiana
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KAARY

JUN 3.1 dnwarnsingunsainsiadunisiedenln
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4 1 o o a s A ' v 1
wdReulyin iy uugysludireniinneiiivesde uazdoyadzgnuszatanamelusunsy
Uszgnaniaudulaganizdmsunsiiudeya Inedoyaniidedenldanaunsainsiadu
nswndeulm Razor-IMU & 2 gatosa Ao 1av9IN1TARDULILAZAIULSIINUWILAY XY
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Euler Graphs

T L 2
Lower bounds with

p Calculate Upper and
K-mean Clustering
K=4 80% Confidence Level

y !

Scapula The Scapula
Dats. Set Diagnostic
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1 A

mammwaﬂuuazmmmLfluiﬂlﬁﬁ%LﬁmmmﬂﬂwamﬁammauLsuméwal,t,assuaummuuﬁuaa

[

foya (Sduil 5) iteldsmuadiundsnnuvuiuiy sadnslutunouidaglddunuunis
m?ﬂlau"l,mazﬁ’ﬂﬁgagﬂLL‘UU‘UﬂaLLazﬁm‘Uﬂa ftuneuitgons el
3.2.1 Ansadensnaudeseass
Fumeutigredaandumeumineian 1 uguil 32 Wedidelddeyaningunsal
AT19deUNTLARR Ul Qﬁ%’aﬁﬁagama%mﬂinWI@&I%’ﬁMﬁﬁ (3.1) waz (3.2) Tun1sm

A1 X way Y Inednedeanaunisi (2.1) uay (2.2)

X = R x Sin(T) (3.1)

Y = R X Cos(T) (3.2)
lngil X wag Y e fifnA157igeu
R fie deyanlaniniuesingiadunisindeuln

T @9 NalungAWd 151N 1 U9 N

Get the raw data from the

auILARITUNDUITIUSUN 3.3

motion sensor

v

The scapular
data
v

Transform sensor’s angle

to Polar coordinate

system’s angle

Transform Polar coordinate

system’s angle to Cartesian

coordinate system

v
/ Euler graphs /

End

5UN 3.3 Juneudsnisasnniliulessians

desudayanniduigesudrvzlitoyafiuvesnisndeulmasUn {ideliuvasloyaiu

maedeubmazindudeyaniswdeulmiduulaaldaunisi 3.1 uaz 3.2 WiewUaiguuuy
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Start
/4 Calculate the centroid or mean
Scapula of all abjects in each cluster.
Euler Graph i
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Each data in clusters is

not change?
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random as cluster

centears.

5UN 3.4 dunewiBnsdanguuuuiaiiy

s a o
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e

aaABINITUUINGNERY kariMuAIRAUINa1NvRINaunI8IsN1TduLUUNBsH (Forgy)

€
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3.2.3 nMsamdninuiiieduunainsuimduasln
nsafmdninasiiiosuunenmsunivazdnldlddunouisnismeanaianta
aagelunsmarmuuturesfeyaluuiazadamnesdaldandunouisnisianduediu uay
vesidudmnumuindumnaiisnsnlusvuuuldsnd deldunainnisduinnzuuy
wmsguvesteyaiieMvusveuaskazveuImUY Jahlasnsadmuandninasinig
Suunfoyaruunfuasdoyanuinunild uiasduneuiiseasBondall
1) msiangudeyaiuuaimanisgegn (Expected-Maximize Clustering)
dleldnguieyaannsianguieyauvuiaiiuudn §iduiuaumunuivly
nqudeyages uilinsruduniiaduvuiniuiahumianuuiwiugesvestayaluudag

| 1% gj ad ! (% v a
ﬂﬁjil@ﬁlEJSU‘UG]EJU’JﬁﬂW'ﬁ%?ﬂ’?ﬂ’]ﬂﬁ’&\iéﬂ\iq@ GNE‘IJ“V] 3,5

4 Subgroups

Get Maximize

value

processed

from K-Means

Calculate percentage of
Identify cluster based on data densities

max likelihood

A 4

¢ 2 ranks of
E tation St i
xpectation Step e high data
(E-Step) density
v v
Maximization Step End

(M-Step)
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Y

AanTageganuszifiunieduinandu 8 lned1edeanaunisi (2.6) e muadayans

9 9

&

= o 1%

NNALAITIAIUIUMATIAIANTS (E-Step) TnoAuiaanilanduiiniainuduldgean
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(Max Likelihood Estimation) ARR1NKAUINNTEINLTRLAVDS Z fifuiannn X 9 X folag
Tuveuiwnresnisfiwes O $19ds91naunsit (2.7) taen Q(OY) AldannisAuanilu
Funou E-Step 11f1uInAg9gn (M-Step) Lﬁ'amﬁ?ﬂLmﬂwm%gaﬁﬁﬁhmwmmLLu'uqqqm
Tneldaunisi (2.8) dwnndalldeaantigaanfasUssiumaanigeanlmiludunou e
Step 9nauns (2.7) Weldrngsgaudrdeaunsaduailesifudanumuinuvesdoya
TurmAtetasfidedenlfivefifuiammuiuiugan 2 Susfuusn
2) MIMANINTFIU
delfefidudmnumnntuainnisianguuuunsmeaansgegaid

A8 lAU U oSIduAAI UMUK LA UAR AL AIIUNUILULIINATT MV ULIAULLAE

YOULAANAMYNITNITANIUALLLLINATTIMIUUALILULT TTURUN1TYINTI AagU 3.6

( Start )
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The Data
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A 4

Calculate Variance = Z(X—!\/\ean)z/Np

A 4

Mean-Zg,, Variance/sqrt(n)spsMean+Z,, Variance/sqrt(n) =

100-(1-01%

A 4

Upper bound and

lower bound

A 4

End
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4.2.3 HANISNAFIUNITIANFUUUUAIAINNIIENERA (EM Clustering)

a7

Joyadiuiilannnsimanisdanquuuuieiuaingnageu 37 au lnewdaduau

UnATmIN 26 AU AURAUNATINIY 11 au vhnsiedeulmasinidiuiu 5 asandnnguuay

MAUNLIA UL LDV AR IEITNTATUINAIAZUULT NITULAAINANTITIANFULAL

FULIAUAUILUULAAIA EJ?%LQEEJTE)Q‘EJJ@%&LL&%W]MG’WJ’J YUDULYAANLALUDULYAUY NANIT

FonguuazdLviauruIiuYeInuUnfinansluiiten 4.2.3.1 uaznan1sdanguuias

AuUIANNLILULYRIAURAUNRLERSTUIYeN 4.2.3.2

4.2.3.1 NANSAINNFUUALAVUIAMUNUIUBLUUANUNR

NAYIAUUNRDTIUIU 26 AUTUMIN 1-3 W LaAIluANS197 4.1 B9 15199

4.3 WaglanIN1IMvUAmILMLIAUU I LUTeyaluFURN 4.29 fis3UR 4.31 mudsiu

A15199 4.1 NAANSVDINITANUARILAUIAINUAUTLUUYDIAUUNRIUVINN 1

2) 9.2,[-0.00,18.4]

AU c1 c2 c3 ca

il

1 1) 12.76,[-0.00,25.51] 5.82,[-0.00,11.64] 4.62,[-0.00,9.23] 11.18,[-0.00,22.35]
2) 17.59,[-0.00,35.17]

2 1) 12.68,[-.000,25.36] 1) 5.27,[-.000,10.55] 11.36,[-0.00,22.71] 8.22,[-0.00,16.43]
2) 15.63,[-0.00,31.25] 2) 8.48,[-0.00,36.35]

3 1) 14.01,[-.000,28.02] 1) 14.51,[-.000,29.02] 5.98,[-0.00,11.94] 1) 2.64,[-0.00,5.27]
2) 18.47,[-0.00,36.94] 2) 18.18,[-0.00,36.35] 2)7.98,[-0.00,15.96]

4 1) 12.35,[-0.00,24.7] 7.12,[-0.00,14.24] 10.61,[-0.01,21.21] 10.04,[-0.00,20.07]
2) 14.8,[-0.01,29.59]

5 1) 11.64,[-0.00,23.28] 6.8,[-0.01,13.58] 1) 3.34,[-0.01,6.67] 10.99,[-0.01,21.97]
2) 18.01,[-0.01,36.02] 2) 9.7,[-0.01,19.39]

6 1) 0.73,[-.000,1.45] 15.69,[-.001,31.37] 14.81,[-0.01,29.62] 1) 3.4,[-0.00,6.81]
2) 4.48,[-0.00,8.96] 2) 8.72,[-0.01,17.43]

7 1) 5.11,[-0.01,10.22] 11.16,[-0.00,22.32] 14.53,[-0.01,29.04] 5.91,[-0.00,11.81]
2) 11.07,[-0.01,22.13]

8 1) 3.1,[-0.00,6.91] 14.64,[-0.00,29.27] 13.77,[-0.01,27.54] 8.45,(-0.01,16.9]
2) 6.65,[-0.00,13.3]

9 1) 3.41,[-0.01,6.81] 16.93,[-0.00,33.86] 9.98,[-0.01,19.95] 8.66,[-0.02,17.3]
2) 10.54,[-0.01,21.08]

10 | 6.65,[-0.01,13.3] 14.8,[-0.01,29.59] 12.37,[-0.01,24.74] 5.05,[-0.01,10.09]

11 | 1) 5.99,[-0.01,11.96] 14.46,[-0.01,28.91] 5.5,[-0.01,10.1] 9.97,[-0.00,19.94]
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dl 1 U [ o o 1 1 a 1 dl
15199 4.1 (71d) NAANGUBINITAAUARILAUIAUNUILULYBIAUUAR U 1

2) 12.39,[-0.00,24.78]

2) 6.65,[-0.00,13.29]

2) 17.62,[-0.01,35.32]

Al c1 c2 c3 ca
i
12 | 13.6,[-0.00,27.2] 4.92,[-0.01,9.83] 12.76,[-0.01,25.52] 7.29,[-0.01,14.58]
13 | 15.51,[-0.01,31.01] 6.39,[-0.01,12.78] 8.61,[-0.00,17.2] 11.41,[-0.00,22.83]
14 | 1) 13.54,[-0.00,27.08] 3.13,[-0.01,6.23] 10.44,[-0.01,20.87] 8.66,[-0.00,17.32]
2) 17.24,[-0.01,34.45]
15 | 4.89,[-0.01,9.7] 16.27,[-0.00,32.53] 1) 6.33,[-0.01,12.66] 1) 13.81,[-0.01,27.61]
2) 2.01,[-0.00,4.02] 2) 18.04,[-0.01,36.08]
16 | 11.03,[-0.01,22.06] 15.58,[-0.01,31.16] 8.05,[-0.01,16.09] 4.24,[-0.01,8.49]
17 | 5.28,-0.02,10.54] 10.02,[-0.02,20,03] -7.69,[-0.02,15.41] 1) -14.19,[-0.01,-28.38]
2) -3.38,[-0.01,-6.77]
18 | 1) 12.89,[-0.00,25.79] 1) 4.5,[-0.00,8.99] 14.31,[-0.01,28.61] 8.31,[-0.00,16.62]
2) 17.82,[-0.01,35.63] 2) 8.85,[-0.01,17.71]
19 | 7.09,[-0.01,14.18] 14.23,-0.01,28.43] 15.53,[-0.00,31.05] 4.55,[-0.01,9.1]
20 | 9.62,[-0.00,19.24] 8.73,[-0.01,17.45] 6.72,[-0.00,13.44] 1) 12.52,[-0.00,25.04]
2) 14.53,[-0.00,29.07]
21 | 3.05,[-0.00,6.1] 1) 12.45,[-0.00,24.89] 4.99,[-0.01,9.98] 13.68,[-0.01,27.35]
2) 17.51,[-0.00,35.03]
22 | 1) 3.85,[-0.01,7.69] 7.94,[-0.00,15.87] 15.73,[-0.01,31.45] 1) 10.2,[-0.00,20.39]
2) 9.39,[-0.00,18.78] 2) 12.46,[-0.00,24.91]
23 | 1) 12.8,[-0.00,25.59] 2.19,[-0.01,4.37] 13.39,[-0.00,26.77] 8.41,[-0.01,16.27]
2) 19.1,[-0.00,38.2]
24 | 11.76,[-0.00,23.52] 8.3,[-0.01,16.59] 1) 12.66,[-0.00,25.32] | 6.16,[-0.01,12.3]
2) 16.78,[-0.01,33.54]
25 | 1) 5.06,[-0.00,10.12] 13.53,[-0.01,27.05] 11.48,[-0.00,22.96] 7.2,[-0.01,14.39]
2) 7.9,[-0.00,15.8]
26 | 1) 8.9,[-0.00,17.8] 1) 2.6,[-0.01,5.19] 1) 13.36,[-0.00,26.71] | 7.73,[-0.01,15.45]
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dl U (3 o o ! 1 al 1 dl
A15197 4.2 HAANSVDINIIATNUARTLRUIAUAUILUUYOIAUUNRLUYIN 2

2) 8.66,[-0.00,17.32]

Al Gl c2 c3 ca
i
1 1) 11.10,[-0.00,23.99] | 12.45,[-0.00,24.89] 1) 5.69,[-0.00,11.37] 1) 3.48,[-0.00,6.95]
2) 17.56,[-0.00,35.11] 2) 8.79,[-0.00,17.58] 2) 8.6,[-0.00,17.2]
2 3.14,[-0.01,6.28] 1) 16.16,[-0.00,32.31] | 11.28,[-0.01,22.55] 10.08,[-0.01,20.14]
2) 19.38,[-0.00,38.76]
3 9.72,[-0.01,19.43] 16.51,[-0.01,33.01] 2.85,[-0.01,5.7] 9.19,[-0.00,18.38]
4 10.17,[-0.00,20.33] 4.72,[-0.02,9.43] 9.77,0-0.02,19.51] 1) 18.23,[-0.00,36.45]
2) 13.54,[-0.00,27.08]
5 12.3,[-0.00,24.5] 6.14,[-0.02,12.27] 1) 2.73,[-0.01,5.44] 12.09,[-0.00,24.19]
2) 8.01,[-0.00,16.01] I
6 5.05,[-0.01,10.09] 1) 11.81,[-0.01,23.62] | 15.05,[-0.00,30.1] 3.30,[-0.00,6.6]
2) 17.24,[-0.00,34.47]
7 14.25,[-0.02,28.47] 9.89,[-0.00,19.78] 13.09,[-0.02,26.16] 3.03,[-0.01,6.06]
8 9.66,[-0.00,19.33] 4.37,[-0.01,8.73] 1) 7.31,[-0.03,14.59] 16.32,[-0.02,32.63]
2) 15.36,[-0.02,30.7]
9 3.11,[-0.01,6.2] 12.74,[-0.01,25.48] 1) 3.22,[-0.01,6.42] 9.66,[-0.01,29.52]
2) 9.73,[-0.00,19.45]
10 | 14.85,[-0.01,29.69] 5.74,[-0.01,11.48] 9.69,[-0.00,19.38] 6.55,[-0.00,13.09]
11 | 4.98,[-0.03,9.92] 9.65,[-0.00,19.30] 15.33,[-0.00,30.65] 5.22,[-0.03,10.4]
12 | 3.84,[-0.01,7.67] 14.46,[-0.01,28.91] 1) 9.5,[-0.01,19] 8.15,(-0.02,16.29]
2) 11.55,[-0.00,23.09]
13 | 9.29,[-0.00,18.58] 3.66,[-0.01,7.32] 1) 18.62,[-0.00,37.24] | 11.09,[-0.03,22.15]
2) 13.7,[-0.01,27.4]
14 | 1) 9.93,[-0.00,19.86] 4.92,[-0.01,9.83] 1) 12.29,[-0.00,24.57] | 6.02,[-0.01,12.03]
2) 15.83,[-0.01,31.64 2) 17.51,[-0.01,35.01
15 | 16.88,[-0.03,33.75] 2.83,[-0.00,5.66] 6.5,[-0.01,12.99] 11.86,[-0.01,23.7]
16 | 9.36,[-0.00,18.72] 11.64,[-0.02,23.26] 1) 1.44,[-0.00,2.88] 1) 12.64,[-0.01,25.27]
2) 6.67,[-0.01,13.34] 2) 18.36,[-0.00,36.72]
17 | 8.35,[-0.00,16.68] 9.6,[-0.01,19.19] 1) 12.08,[-0.00,4.15] 15.82,[-0.02,31.64]
2) 8.91,[-0.00,17.82]
18 | 1) 2.92,[-0.01,5.82] 9.77,-0.01,19.55] 15.17,[-0.01,30.34] 5.47,[-0.02,10.93]
2) 8.5,[-0.01,16.99]
19 | 1) 2.67,[-0.01,5.34] 14.98,[-0.01,29.94] 6.22,[-0.01,12.44] 1) 12.62,[-0.01,25.23]

2) 17.78,[-0.01,35.55]
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dl 1 U (3 o o I 1 al 1 dl
15199 4.2 (71d) NAGNGUBINITAAUARILAUIAUUNUILLLYBIAUUNR LN 2

AU c1 c2 c3 c4
i
20 | 1657,[001,33.14] | 1) 8.04,:0.00,16.07] | 4.79,[:0.01,9.56] 6.46,1-0.01,12.9]
2) 11.25,-0.00,22.51]
21 | 1)1.38[000275] | 1581[-0.01,31.62] | 5.47,-0.01,10.94] 14.54,(-0.01,29.07]
2) 5.33,-0.00,10.65]
22 | 10.06[:0.00,20.11] | 16.21,[-:0.01,32.41] | 1) 1.99,-0.01,3.97] | 12.46,-0.02,24.9]
2) 7.03,[-0.01,14.06]
23 | 1)13.03[-0.01,26.06] | 1)1.07,[0.002.15] | 4.92,-0.01,9.83] 18.63,10.01,37.26]
2) 18.78,-0.0037.56] | 2) 5.44,[-0.00,10.88]
24 | 6.61,-0.02,13.2] 1) 7.99,-0.00,15.98] | 5.89,(-0.02,11.76] 1) 13.42,[-0.00,26.83]
2) 10.88,1-0.00,21.76] 2) 18.02,[-0.00,36.04]
25 | 9.34-0.02,18.67] 12.96,-0.01,2591] | 1) 1.25[:0.002.49] | 11.47,[-0.03,22.91]
2) 6.48,(-0.00,12.95]
26 | 9.37,-0.02,18.74] 1) 8.24,-0.27,16.44] * | 5.68,-0.01,11.36] 12.93,(-0.02,25.84]
2) 16.10[-0.02,32.17]
Toyaramnanased 4.2 aunsesnmnuaiusanauIiuYes
foya lngdnidendeyaninnivlessisosvesruunifiiiulitaauiigauazisuuuuadonds
Tudwan 5 au 99 26 A wandlidagUl 4.30
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AuT 1 AU 2 AU 3

- o o

a @ :

+ a % . e
o

5UN 4.30 wantsivuasumisaaviuiiuluwny Pitch vasasinianizauun@luing 2

NJUN 4.30 szLirulaindumrnuruiugnivuslaensouamasy

i nau Cl unusiengudayadiin nau C2 unumenguYayaduns ngu C3 unumengs

q

foyadiBemarngy Cd wiushendudoyafindos atunsofvunnuulARsd
o audl 1 I umlsaumuinuiy 1 duvidslungy C3 wagldmuvuanumuy 2
swmslungu C1 C2 way C4
o auil 2 lddunisaumuiuiuy 1 duvdslungui C1 C3 uay Ca uaglddumis
ANUTUILLY 2 suvuslungy C2
o Ayl 3 leuvmisanumuiuni 1 dumislunguil C1-Ca
o aufl 4 lddumisauvuiuiy 1 dumislungud C1-C3 uaglddumtaniig
My 2 durddlungu C4
o audl 5 lemumisammuiniy 1 duvdalunguil C1 C2 uaz C4 wazldiums
ALY 2 duvislungud C3
MNM97 4.2 ELNIaaTUNAENEURINTAMUARILIAL ALY
AuUnAluing 2 Tfdndeyaidmumismmsmunntusamannnimiewindu 5 sumislunga

Toyagosaunsnasulainluauund



dl U (3 o o ! 1 al 1 dl
A157197 4.3 HAANSVDINIIATNUARTLRUIAUAUILUUTDIAUUNRLUYING 3

53

Al c1 c2 c3 ca
i
1 6.09,[-0.004,12.18] 13.03,[-0.003,26.06] 2.83,[-0.003,5.66] 14.54,[-0.003,29.07]
2 13.10,[-0.00,26.2] 7.04,[-0.00,14.07] 1) 10.51,[-0.00,21.02] | 6.34,[-0.01,12.68]
2) 15.11,[-0.00,30.22]
3 1) 12.86,[-0.00,25.71] 7.06,[-0.00,14.14] 8.33,[-0.01,16.66] 11.56,[-0.01,23.11]
2) 16.26,[-0.00,32.52]
4 6.29,[-0.00,12.58] 1) 12.8,[-0.00,25.5] 1) 4.91,[-0.00,9.82] 15.1,[-0.01,30.2]
2) 15.96,[-0.00,31.92] 2) 9.32,[-0.00,18.63]
5 3.77,[-0.00,7.54] 15.91,[-0.01,31.81] 8.29,[-0.01,16.57] 1) 8.87,[-0.00,17.74]
2)13.74,[-0.00,27.48]
6 6.62,[-0.00,13.23] 13.23,[-0.00,26.45] 13.56,[-0.00,27.12] 1) 4.95,[-0.00,9.9]
2) 8.82,[-0.00,17.64]
7 4.47,[-0.09,8.94] 12.25,[-0.01,24.48] 14.84,[-0.01,29.66] 4.05,[-0.01,8.08]
8 4.42,[-0.09,8.83] 10.18,[-0.01,20.34] 15.68,[-0.00,31.35] 9.78,[-0.01,19.56]
9 4.55,[-0.01,9.1] 1) 12.2,[-0.01,24.39] 1) 1.4,[-0.00,2.8] 18.02,[-0.01,36.05]
2) 17.58,[-0.00,35.16] 2) 7.12,[-0.00,14.23]
10 | 6.87,[-0.01,13.73] 1) 9.9,[-0.01,19.87] 1) 15.69,[-0.00,31.37] | 1) 1.48,[-0.01,2.96]
2) 15.89,[-0.01,31.78] 2) 18.5,[-0.00,36.99] 2) 6.01,[-0.00,12.02]
11 | 4.11,[-0.01,8.21] 1) 8.35,[-0.01,16.7] 18.02,[-0.00,36.05] 9.52,[-0.03,19.01]
2) 11.77,[-0.01,23.55]
12 | 5.72,-0.01,11.43] 14.3,[-0.00,28.6] 5.89,[-0.01,11.77] 11.97,[-0.01,23.93]
13 | 5.8,[-0.03,11.58] 9.65,[-0.00,19.31] 4.49,[-0.02,8.95] 1) 14.74,[-0.00,29.48]
2) 18.53,[-0.00,37.05]
14 | 1) 2.4,[-0.01,4.8] 1) 9.2,[-0.00,18.4] 1) 12.21,[-0.01,24.42] | 7.86,[-0.01,15.71]
2) 6.43,[-0.00,12.86] 2) 12.22,[-0.00,24.44] 2) 17.65,[-0.01,35.3]
15 | 14.22,[-0.01,28.42] 5.83,[-0.01,11.65] 1) 12.92,[-0.00,25.83] | 1) 1.56,[-0.00,3.12]
2) 19.02,[-0.00,38.03] | 2) 7.23,[-0.00,14.45]
16 | 9.34,[-0.01,18.68] 14.76,[-0.01,29.51] 5.36,[-0.02,10.71] 1) 2.39,[-0.01,4.77]
2) 8.98,[-0.01,17.95]
17 | 1) 8.28,[-0.00,16.56] 11.27,[-0.00,22.53] 5.04,[-0.01,10.06] 12.64,[-0.00,25.24]
2) 10.16,[-0.00,20.33]
18 | 13.74,[-0.01,27.47] 1) 6.5,[-0.01,13] 12.54,[-0.01,25.07] 1) 3.38,[-0.00,6.76]

2) 10.83,[-0.00,21.67]

2) 8.08,[-0.01,16.15]
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dl 1 U (3 o o I 1 al 1 dl
15199 4.3 (71d) NAANGUBINITANUUARILAUIANUNUILUUYDIAUUARTUNT 3

Au c1 c2 c3 c4
i
19 | 1) 2.75-0.00,5.49] 15.8,[-0.01,31.59] 4.05,[-0.01,8.09] 1) 12.63,[-0.00,25.25]
2) 7.47,[-0.00,14.93] 2) 17.63,-0.00,35.27]
20 | 5.08,-0.01,10.15] 12.12,[-0.00,24.24] 1) 10.52,-0.00,21.04] | 7.87,[-0.00,15.75]
2) 12.73,:0.00,25.46]
21 | 2.98[-0.00,5.95] 14.69,[-0.01,29.37] 1) 11.98[-0.00,23.96] | 3.67,-0.01,7.33]
2) 17.79,-0.00,35.58]
22 | 15.44,[-0.02,30.86] 12.91,0:0.02,25.8] 9.79,1-0.00,19.59] 1) 1.31,-0.01,2.61]
2) 6.53,-0.00,13.06]
23 | 15.93,-0.01,31.86] 1) 0.59,1-0.01,1.18] 1) 11.81,10.01,23.62] | 4.95,-0.01,9.88]
2)4.01,-:0.008.02] | 2) 17.63[-0.00,35.25]
24 | 14.16,-0.01,28.31] 1) 1.73,-:0.00,3.46] 15.7,/0.01,31.4] 4.37,-0.01,8.73]
2) 4.42,[-0.00,8.84]
25 | 14.11,(-0.01,28.22] 9.79,(-0.00,19.58] 8.63,-:0.00,16.71] 1) 2.67,[-0.01,5.33]
2) 6.43,[-0.03,12.86]
26 | 10.82,-0.00,21.64] 14.6,[-0.01,19.21] 7.47,[-0.02,14.93] 4.21[-0.01,8.41]
doyarauannnised 4.3 aunseiunfvuaiusmiiures
foya lnednidondeyaninnsmessiaesuesruundfiiulidnauiigauasiisunuunionds
fuduau 5 ey 910 26 A wansldRegUT 4.31
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AN 1 AU 2 AU 3

JUN 4.31 nanisivuasirtsauveakiyluinu Pitch vesastnianizauunaluing 3

A < V1 o 1 1 o = = a o
INFUN 4.31 znuladiiuniianunuiugnAvualnedvasudn
gyl C1 unuslengudayadiln ngu C2 Wnumgngudayadund Ngu C3 Wnualgngutayad
Bekagngu C4 unumenaudayafinies anansaimuaanuviwiulaeeil

o auil L ladurisannumuiuiy 1 duvislungu C1-C4

o Aull 2 ladwnutAamuawiy 1 dunielungud C3 wag C4 uagladunisniy

w2 dundslungs C1 wag C2

e auil 3 léMumtananidy 1 duninfealungui 3 uagldfumisniny
v 2 fwishungui C1 C2 Ca

o aufl 4 lddumisauvuiuy 1 dumislunguil C2-Ca uaglddumtaniig
MUY 2 durdalungu Cl

o Ayl 5 ldumisanuvuiuiiy 1 dumdslungud C1 uag C3 uaglddumisaia
vuuiy 2 duvidslunguil C2 wag Ca

11NM151971 4.3 aansaagunadnsueInsivuaf s LLLLY

99AUUNR U 3 TAIN8179UaTIALAUIAIURUILUUSINLINNINNTOWNAU 5 furialu

Y
<)

nqudeyagegaunsaasulainduaulni



4.2.3.2 NANISAINNFULATAIAUIAMUNUILUUAURAUNG
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NAANSYRIAURAUNRIIUIUL 11 AWlUYINg 1-3 W wanslum1s197 4.4 D9

M1TNN 4.6 WAZKARINITAIVUAMUILIAUVL LN TaYAlUFUN 4.32 Ba 4.34 1369

ANUAINU

A157197 4.4 HAANSVDIMNUARIUNLIAURUILUUTDIAURAUNALWVINT 1

AU c1 c2 c3 ca
i
1 1) 11.34,[-0.00,22.67] 1) 2.62,[-0.00,5.24] 1) 12.01,[-0.00,24.01] | 5.54,[-0.004,11.08]
2) 2.62,[-0.00,5.24] 2) 7.01,[-0.00,14.01] 2) 18.45,[-0.00,36.89]
2 11.65,[-0.00,23.29] 1) 7.22,[-0.00,14.45] 1) 2.84,[-0.01,5.66] 1) 10.31,[-0.00,20.61]
2) 9.54,[-0.00,19.08] 2) 8.30,[-0.00,16.59] 2) 16.12,[-0.00,32.23]
3 9.52,[-0.02,19.02] 1) 7.73,[-0.00,15.46] 1) 11.03,[-0.01,22.05] 1) 1.91,[-0.00,3.82]
2) 9.46,[-0.00,18.91] 2) 9.54,[-0.00,32.24] 2) 4.65,[-0.00,9.8]
4 1) 12.21,[-0.00,24.42] 1) 5.49,[-0.00,10.98] 14.12,[-0.01,28.24] 1) 5.83,[-0.00,11.65]
2) 15.24,[-0.00,30.48] 2) 8.34,[-0.00,16.67] 2) 9.54,[-0.00,16.15]
5 1) 8.75,[-0.00,17.5] 9.06,[-0.01,18.12] 15.29,[-0.00,30.58] 4.57,[-0.00,9.13]
2) 11.73,[-0.00,23.46]
6 1) 4.73,[-0.00,9.46] 1) 6.44,[-0.00,12.88] 1) 11.29,[-0.00,22.58] 1) 10.07,[-0.00,20.13]
2) 9.46,[-0.00,18.92] 2) 8.86,[-0.00,17.73] 2) 15.68,[-0.00,31.35] 2) 11.28,[-0.00,22.57]
3) 14.03,[-0.00,28.06]
7 9.52,[-0.02,19.02] 1) 1.27,[-0.00,2.55] 1) 14.19,[-0.00,28.38] 1) 10.03,[-0.01,20.05]
2) 6.12,[-0.01,12.23] 2) 19.13,[-0.00,38.26] 2) 8.34,[-0.00,28.83]
3) 18.56,[-0.00,37.12]
8 4.36,[-0.01,8.71] 6.53,[-0.00,13.04 10.7,[-0.00,21.39] 1) 14.46,[-0.00,28.91]
2) 18.08,[-0.01,36.16]
9 1) 8.62,[-0.00,17.24] 8.26,[-0.02,16.5] 7.26,[-0.01,14.5] 13.91,[-0.00,27.81]
2) 10.67,[-0.00,21.35]
10 | 1) -21.19,[-0.01,-42.39] | 17.19,[-0.03,34.35] 1) 8.62,[-0.00,13.89] 1) -17.25,[-0.01,-34.5]
2) -9.48,[-0.03,-18.99] 2) 20.89,[-0.01,41.78] 2)-2.07,[-0.03,-4.16]
11 | 1) 12.73,[-0.00,33.07] 5.83,[-0.01,11.65] 4.68,[-0.01,9.36] 16.1,[-0.01,32.2]
2) 16.54,[-0.00,25.46]
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YOUATINUAIINANT NN 4.4 @1UITOUIUIANAUAR TLAUIANUAULUUUDI

Y

Toya lnuAnLaoNTaYAINNTINDBULADIVBIAURAUNATNIABI8INNT FD WuuUIanauiile

13953 (AU 1,3,4,5) uarwuududelrandu (auil 2) Mvuldtaaunanwasizuuuuaaends

AW 5 AU 9N 11 AU wanslanaguit 4.32

AUN 1 AUN 2 AUN 3

= e 2s . A 2
. & N+ ; &

Hi= s A BRI — il

UM 4.32 wamsimuadunisanuviuiuuluny Pitch @inzauRaunftuvim 1

91n3U7 4.32 agiiulsindumspumunuiugnivuslasdmasudd
nau C1 wnumlengudayadin ngu C2 unumengutayaduna ngu C3 unusiengulayad
Feauangu Ca unufendudoyadindos anmnsamvunaavuuul il
o il 1 laumdsanamuuiiu 1 duislunas C1 uaylddumisnumnuiy 2
Fumislungui C2-Ca
o il 2 laumisaamuiuiy 1 dudslungy Ca uagldiumisnumuiy 2
suslungu C1-C3
o audl 3 Idfumismmmuniy 1 duvislungy C1 uagldfmumtannumuiy 2
sumslungy C2-C4
o auil 4 laumianmunusiy 1 duddlungy C1 wagldfumismnumuuyy 2

suslungy C2-Ca



LY 2 fuvdalunguin C1

58

e Audl 5 lafuvuanurukdy 1 dundslunguin C2-C4 wagladiwmuaniny

NAITNDN 4.4 F1U150ATUNAINTVRINITAMUARILMUIAIIUAU LY

YoauRAUNALWIINg 1 lad1ddayadisumiaanumuIsiusinaInnImsemiiy 7 funs

TungudeyadesaunsaasUldinduauiinund

dl U (3 o 1 1 a al 1 dl
A1519% 4.5 HAANSVOINITMITUAUIAMUAUILUUUDIAURAUARTUNT 2

AU c1 c2 c3 ca
i
1 16.88,[-0.00,33.76] 4.65,[-0.00,9.3] 1) 12.08,[-0.00,24.15] | 1) 5.24,[-0.00,10.47]
2) 17.43,[-0.00,34.86] | 2) 10.25,[-0.00,20.49]
2 11.07[-0.00,22.15] 11.38,[-0.00,22.76] 3.61,[-0.003,7.21] 5.06,[-0.006,10.12]
3 13.8,[-0.01,27.58] 2.99,[-0.01,5.97] 12.49,[-0.02,24.96] 9.3,[-0.00,18.59]
4 11.32,[-0.00,22.64] 5.91,[-0.00,11.81] 8.23,[-0.01,16.45] 15.4,[-0.01,30.79]
5 5.99,[-0.01,11.96] 1) 8.89,[-0.01,17.79] 1) 13.51,[-0.00,27.01] | 1) 4.16,[-0.00,8.32]
2) 10.9,[-0.00,21] 2) 18.08,[-0.00,36.15] | 2) 8.07,[-0.01,16.17]
6 14.87,[-0.01,29.73] 5.7,-0.00,11.4] 7.26,[-0.01,14.5] 12.71,[-0.01,25.41]
7 9.08,[-0.02,18.13] 3.59,[-0.01,7.17] 9.3,[-0.00,18.6] 14.99,[-0.01,29.96]
8 9.59,[-0.00,19.18] 12.7,[-0.1,25.39] 2.55,[-0.01,5.09] 1) 7.89,[-0.01,15.76]
2) 14.93,[-0.02,29.84]
9 1) 6.06,[-0.00,12.12] 1) 10.16,[-0.00,20.32] | 15.01,[-0.01,30.01] 7.53,[-0.00,15.05]
2) 9.3,[-0.00,18.6] 2) 13.24,[-0.00,26.48]
10 | 1) 3.01,[-0.00,6.02] 12.76,[-0.00,25.51] 1) 13.77,[-0.00,27.55] | 5.52,[-0.00,11.04]
2) 8,[-0.00,16.01] 2) 17.27,[-0.00,34.54]
11 | 14.08,[-0.01,28.14] 4.21,[-0.01,8.41] 6.13,[-0.01,12.25] 13.98,[-0.01,27.85]

YOUANINUAINAITIN 4.5 FUNTUILAMAUARILUUIANRUILUUTD

Y

1918 LAgAMAINTBNAINNTINBDLLADSVDIAURAUNAV9@DI871N1S AB kuuUInnauLlle

[
=

[y

Y
(%

Y

WAL 5 AU N 11 A uanslacaguil 4.33

15053 (AU 1,3,4,5) uazuuududeolnaniu (aun 2) MuiulddaauiigauazdsUuuupdnends
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ot

JUT 4.33 sanisimuasmiuriaunukduluiny Pitch lnizauiaun@luvinn 2

a =4 V1 o 1 1 o = = a o
%'V]E‘U‘V] 4.33 Q%L‘V1‘L!1®’J’WY]LLV]‘NQWJ']QJ‘WLJ’]LLuugﬂﬂ"MuﬂIﬂSﬁmaﬁmﬂﬂﬁ

=

N C1 unusiengudeyadiin ngy C2 unumengudeyaduag nau C3 uusiendudeyad

1%
=]

Wearngy C4 unumengudeyadivaes anunsanmuaauvuwiulag
o aufl 1 Ieumdsanuviuniy 1 dumdslungs C1 uay C2 uagldmumisanny
viudy 2 suvidlunguil C3 was Ca
o Ayl 2 leumisanumuuy 1 dumistungu C1-C4
o Ayl 3 leduvsamnumuuuiy 1 dumislungu €1-Ca
o il 4 lumisanuvuuiiy 1 fuislungu C1-Ca
o Ayl 5 dmumisanuvuutiy 1 duvidslunguil C1 uagldiunisnnamunuy 2
Fumislungui C2-Ca
9NANT197 4.5 @ansaasUnadwsueINI SRR UMLIA LML
yosauRaUnAlung 2 Ieinideyaiifumismnusuisiusasindu 4 dumislungudeya

gosiavansaagUlainlueuiinund



dl U [ o 1 1 a at 1 d‘
A15197 4.6 HAGWSVDINITMITUNUIAMUAUILUUVDIAURAUARTUNT 3
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Al c1 c2 c3 ca
i
1 1) 10.63,[-0.00,21.26] 9.68,[-0.00, 19.37] 9.91,[-0.01,19.82] 3.08,[-0.00,6.17]

2) 17.07,[-0.00,34.14]
2 7.07,[-0.00,14.14] 9.66,[-0.00,19.33] 1) 13.03,(-0.00,26.06] | 6.15,[-0.00,12.29]

2) 16.06,[-0.00,32.11]

3 7.27,[-0.01,14.54] 14.55,[-0.01,29.1] 15.63,[-0.01,31.25] 4.81,[-0.00,9.61]
4 4.54,[-0.01,9.08] 14.03,[-0.01,28.05] 8.31,[-0.01,16.61] 7.57,-0.01,15.13]
5 1) 5,[-0.00,9.1] 1) 12.01,[-0.00,24.02] 15.54,[-0.00,31.08] 4.72,[-0.01,9.44]

2) 9.72,[-0.00,19.44] 2) 15.95,[-0.01,31.9]
6 1) 13.35,[-0.01,26.69] 4.93,[-0.01,9.84] 14.77,[-0.01,29.54] 5.2,-0.01,10.4]

2) 18.02,[-0.00,36.05]
7 1) 1.09,[-0.00,2.18] 1) 9.82,[-0.00,19.63] 8.33,[-0.01,16.65] 1) 12.6,[-0.00,25.2]

2) 6.55,[-0.00,13.09] 2) 12.65,[-0.00,32.11] 2) 18.61,[-0.00,37.22]
8 5.34,[-0.02,10.67] 9.72,[-0.00,19.43] 15.54,[-0.00,31.08] 1) 2.7,[-0.01,5.59]

2) 8.6,[-0.01,17.21]

9 1) 2.72,[-0.01,5.44] 13.23,[-0.01,26.46] 4.24,[-0.00,8.47] 1) 14.58,[-0.00,29.17]

2) 8.13,[-0.00,16.26] 2) 18.54,[-0.00,37.07]
10 | 15.99,[-0.00,31.97] 1) 2.45,[-0.00,4.9] 16.65,[-0.01,33.29] 3.27,[-0.01,6.53]

2) 7.16,[-0.00,14.31]
11 | 5.44[-0.00,11.01] 9.81[-0.00,19.03] 1) 12.69,[-0.00,25.44] | 5.51,[-0.01,8.23]
2) 8.13,[-0.00,32.04]

YOUATIUUADINANT WA 4.6 FUTAUININAUAGILAUIANUAULUUVDS

Y

15053 (AU 1,3,4,5) uaznuududaluaniiu (aufl 2) Mdiulddaauingauasiisuuuundiends

WAL 5 Au 910 11 AU wanslanegui 4.34
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5UN 4.34 wanisivuadiuiisanaviuniudululny Pitch @wizauraun@luviin 3

N3V 4.34 aziuldindumisaamuniiugaivualne v
gyl C1 wnusiengudayadin ngu C2 Wnumgngudayadund Ngu C3 Wnudigngulayad
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Specific Pattern Movement of Scapula
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Abstract

Scapulae are important parts of the arms. As they are the bones that support the shoulder
movements, and assist the shoulders in performing daily actions, wrong scapular movements
directly affect the shoulders. Besides, abnormal scapular movements are hard to detect without a
doctor’s or a physiotherapist’s diagnosis. Occasionally, diagnosis may be inaccurate.
Consequently, researchers are interested in developing a scapular classification algorithm which
can help detecting the basic signs of abnormal scapular movements. Two groups of such
abnormal conditions are the Impingement Syndrome and the Myofascial Pain Syndrome. The
scapular data were collected using Razor-IMU sensor via Bluetooth. Then the scapular Euler
graphs were created using Polar coordinate system. Next, the scapular Euler graphs were
clustered into 4 clusters using K-Mean Clustering. The Expectation-maximization Clustering
were determined each cluster to view the high density data positions. Then the high density data
positions were assigned data ranges using the Standard score for creating the diagnostic codes.
The experimental results show that the normal and abnormal diagnostic codes have significant
differences. Thus, the proposed algorithm can be used to predict the patient’s condition or for
rehabilitee follow-up.

Keywords: Scapula, Impingement Syndrome, Myofascial Pain Syndrome, K-Mean Clustering,
EM Clustering

1. Introduction

Recently, people lifestyles have changed due to the high technology. The majority of people tend
to exercise less but spend more time with computers and smart phones as parts of their daily life
routines either in terms of working or socializing.  In doing so, body postures stay in the same
position for a long period of time which can cause muscle tension and affect scapulae. As the
result, one of these three symptoms can occur to the body: the Impingement Syndrome, Shoulder
Myofascial Pain Syndrome, and Office Syndrome. A report from the National Statistical Office
in Thailand concluded that in 2010, there were around 19 million computer users and 60 percent
were found to have scapula-related problems (Sahamethapat, 2014).
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From shoulder kinematics, the scapula, humerus and clavicle rotate together on the shoulder
rotating point. The clavicle works with the muscles, ligaments and acromion. When shoulders
elevate, the scapula will rotate upward, backward, and outward. The clavicle will elevate and
twist inward and the humerus will rotate outward. These are normal movements of the shoulders
(Hallstorm, 2009). It can be indicated that the scapulae are important part of upper limb which
supports shoulder movements. It also helps the shoulder to work independently. This physical
triangular characteristic is connected to the acromion and the moving parts are hard to measure.
Thailand has imported tools from foreign countries which are expensive. Therefore, this paper
proposes the new computer algorithms to develop a new method of measuring scapular
movements by using Razor-IMU sensor to collect the data. A series of steps were undertaken to
arrive at the final algorithm. The first step was creating Euler graphs using data of the scapula
movement from sensor. Secondly, K-Mean Clustering for classification was performed on the
graphs in order to find the movement patterns. Thirdly, the data were clustered on
Expectation-maximization Clustering (EM Clustering) to analyze data density of sub data by
percentage. Lastly, the Standard score was used to calculate the upper and lower bounds in order
to create the diagnostic codes.

2. Related Works and Theories

2.1 Related Works

In 2009, Carolien VVan Andel et al. developed a scapular movement measurement tool called the
acromion marker cluster (AMC). The tool combined 3 motion cameras, which can detect
movements of 0.1 mm. The AMC was attached to the thorax and the scapula and a scapula
locator (SL) tool attached to the upper-arm and forearm. The test subjects did 3 actions, namely
the Humerus Forward Flexion, Humerus Abduction, and Humerus Rotation to analyze the
scapular movements and each action was captured in three dimensions. Their research tested
both the strength and reliability of the tool by comparing the margins of error from the SL and
AMC tool. They also tested the performance of the AMC in a clinical setting (Carolien et al.,
2009).

In 2010, Yuchiro Yano et al. compared scapular movements in normal subjects. To collect the
data, 21 healthy men were asked to perform movements such as Upward Rotation, Posterior Tilt,
and Internal Rotation. These movements were captured by a camera consisting of six infrared
cameras using 50 Hz frequency detection to record images and processed them in three
dimensions (Yano et al., 2010).

In 2014, Natee Reintrakulchai and Warangkhana Kimpan studied and analyzed the swinging
postures of both amateur and professional golfers. Their research used Razor-IMU sensors to
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detect tilt swivel and acceleration. Sensors were attached to the upper back and lower back. Then,
CCL algorithm was used for improving the data patterns (Reintrakulchai & Kimpan, 2014).

In 2015, Jitjiaranai Phanitchart and Warangkhana Kimpan studied the scapula data by using the
Euler graph (Phase graph) to create the patterns. Their research used the polar coordinate
technique, which is an Euler theory, to create graphs. These graphs were used for scapular
pattern analysis between the normal and abnormal cases using the Razor-IMU motion sensor.
From the analysis, the Euler graph can be classified as normal or abnormal (Phanitchart &
Kimpan, 2015).

2.2 Related Theories
2.2.1 K-Mean Clustering

K-Mean Clustering is the easiest unsupervised learning process. It separates the data to
partitions and assigns objects to k groups referring each group by mean. This process uses
mean as a centroid to calculate distances between data in the same group. If the distance is
small, the data will be in the same group. Conversely, if the distance is large, the data will be in

a different group. In the distance calculationusing Euclidean Distance, the ‘TPonly has one

value and for Lhﬂgﬂé'i“ . it has 2 possible values as shown in the equation (1):

‘.'5':r = {zp ! |z, = mi”'l" < flrp - m:,f'”'; vi.1 <9 <k} (L

where Si¥ 1is the distance of object i in round t
Xp is the object of interest

mi? is the centroid of object in round t

After that, the centroid is adjusted to calculate the new mean value of the object in each cluster
by equation (2) (Tan, Steinbach & Kumar, 2005):

\ 1 -
I”‘ui-| . _ ..-:r|| L "l‘.-' (E:I

Where m;"*?is a new centroid
Xjis all of data in cluster j

2.2.2 The Expectation—maximization Clustering (EM Clustering)

The EM Clustering is a statistical model using expected and maximum value of sub data for the
calculation. It is not necessary to assign the number of sub data. There are 2 steps. The first step
is the E-Step which uses assigned function to calculate the possible expected value. The function
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is derived from the estimate parameter. The second step is the M-Step to get the maximum value.
It is calculated with the value from the E-Step to determine data distribution as in equation (3):

L(6:X) = p(X|0) = > p(X.Z|8) o (3
y z

Where X is the object set of interest
Z isthe latent significant value
O is the possible maximum value that is unknown

Next, calculating the E-Step by using log likelihood function, with respect to the conditional
distribution of ~ Z and X which is the current estimate value of parameter 8 and X which is
the present estimate value of parameter as shown in equation (4):

Q(8]6") = Egx g [log L(6;X, Z)] (4)¢

When obtaining the maximum expected value, the M-Step is calculated to find the maximum
parameter as shown in equation (5) (Andrew, 2004):

gl — argmax Qa|e'") £ (3)¢
o

2.2.3 Standard Scores

The Standard scores are the value used to compare one or more sets of data to find the difference.
The most commonly used standard scores are Z-scores, T-scores, and stanines (Norusis, 1993;
Gay, 1996; Bandele, 1999). Z-scores are derived by mean which is 0 and the standard deviation
which is 1. Each X score, therefore, is associated with a z-score. The Standard scores have
several advantages: retaining the order of the values and more important, the shape, the center,
and the spread of the distribution. Moreover, the Standard scores enable more reliable evaluation
of performance data. The Z-Score is calculated as in equation (6) (Wayne, 2007):

o X-X =

=z =

o SD - =D (6)+

where X is the clusters in X axis which are classified
X is the mean
SD is the Standard Deviation
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When obtaining the Z-Score, it is used to the calculate upper and lower bound shown in the
equation (7) (Gerstman, 2008):

-
-z "{e'_",n SHEXHL,, Y =100 -a)% (T
. y .

where  Zis the Standard Score
u is the Confidence Interval
X is the mean
o is the Standard Deviation
n is the number of data
a s the critical value

3. Methodology
This paper presents the comparison of two abnormal conditions: Impingement Syndrome and
Myofascial Pain Syndrome. The data were collected from using motion sensors.Then the Euler
graphs were created and used to classify the data by K-Mean Clustering. Next, the data were
classified in 4 clusters referenced by graph quadrants. After obtaining the data clusters, the data
distribution was determined by the EM Clustering. Finally, the Z-Score standard test was used to
calculate boundaries to specify the diagnostic codes. The process is shown in Fig. 1.

( Start ) MNommal

| Distribution by Z

i E Score
Euler
Graph -
- Calculate Upperand
4 Lower bounds with
P cal - hstehng 80% Confidence
Level
v

h 4

Scapula The
/ Data Set / Scapula
¥ Diagnostic
codes

EM Clustering

h

k4 t End )
MNumber of Data and f

Percent of Data
Density

]

Fig. 1: The Euler graph converting to the diagnostic code algorithm«

3.1 The Scapular Data Characteristics
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The data from 9 Degrees-of-Freedom-Razor-IMU motion sensor were categorized into two
types, namely rotation and acceleration by X,Y, and Z axis. The measured data range was +16 g
in 3-dimensional plane. Both data angle ranges were +180° in 3D and the data was sent at 100
times/sec.

3.2 The Collecting Tools

This paper used 9 Degrees-of-Freedom-Razor-IMU motion sensor (Sparkfun co.ltd). The sensor
was placed in an acrylic box to prevent sliding as shown in Fig. 2(a). The sensor was then
attached to the body suit shown in Fig. 2(b), and the resulting setup shown in Fig. 2(c) and (d).

4. Experimental Results
Both normal and abnormal data were collected. The data of abnormal cases were collected five
times from the diagnosis of Impingement Syndrome or Myofascial Pain Syndrome and
calculated the means in order to create the Euler graph as shown in the Fig. 3.
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Fig. 3: The normal and abnormal Euler graph comparison+

From Fig. 3, the patterns between the normal and abnormal graphs are significantly difference.
In the normal case, the data in the yaw axis is concentrated around the boundary area while the
data in the pitch axis is concentrated on the center point and spreads to the boundary. The data in
the roll axis is equally distributed in a donut shape. In the Impingement Syndrome case, the data
in the yaw axis is similar to the normal case while the data in the pitch and roll axes concentrated
on the center point and spreads to the boundary. In the Myofascial Pain Syndrome case, the data
in the yaw axis is concentrated on the center point while the data in the pitch axis is a donut
shape and the data in the roll axis is distributed around the boundary with small points in the
inner-boundary area.

4.1 The Experimental Result by K-Mean Clustering

After obtaining the graphs, the data were transferred to the processusing K-Mean Clustering.
k=4 was assigned based on Van-Euler graph’s quadrants. The data only in the pitch axis was
shown because in K-Mean Clustering, there is a big difference in the data groups as seen in Fig.
4,
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Fig. 4: The K-Mean Clustering in pitch axis comparison+

In the normal cases result in Fig 4(a), each cluster has higher density than both abnormal cases
results in Fig. 4(b) and (c). Consequently, the normal conditions perform a shorter data group
than abnormal conditions which has only high density around the centroid.

4.2 The Data Distributed Results Calculated by EM Clustering
After obtaining the data clusters, the data distribution and boundaries were calculated at 80%
confidence interval. The results are shown in Fig. 5.

+
Normal+~ Impingement Syndrome+ Myofascial Pain Syndromev
| : .
pitch axis of the sacond pitch axis of the szcond
-y clusterrange 1 clusterrange 1
pich sortie st ) 0 e, ||, ot
cluster 0 2L - A 0
0.2 o Rl L) s G - B
0.1 : f
- pitch axiz of the zacond pitch axis of the sscond
L. . W ) cluster rangs 2 cluzter range 2
e 4 .
— — — e 0.1 0.1
0 P e 0 -‘-—_ I
- "‘_.-".':- '-:'J- [\ S A I

+. 4.

Fig. 5. The normal curves comparison+

From Fig. 5, the normal cases result has only 1 range of distribution interval but the abnormal
cases results have 2 ranges of distribution interval.

4.3 The Diagnostic Codes

From the distribution intervals in Fig. 5, the distribution intervals were applied to the diagnostic

codes as seen in Fig. 6.
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u._
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Fig. 6: The diagnostic code comparison

The normal diagnostic code was significantly difference from the abnormal diagnostic codes. It
could also be classified between the two abnormal conditions and differentiated whether the code
belonged to the Impingement Syndrome or Myofascial Pain Syndrome or the normal case.

5. Conclusions

This paper presents a comparison of the scapula movement between normal and abnormal cases.
There are two types of abnormal conditions, which are the Impingement Syndrome and the
Myofascial Pain Syndrome. The data were collected using the Razor-IMU motion sensor. In the
first step, the rotation and acceleration of the scapula movement were displayed as the Euler
graphs. Secondly, the graphs were classified using K-Mean Clustering. Next, the data
distribution intervals were calculated using EM Clustering. Lastly, the data boundary was
assigned to calculate the Standard scores in creating the diagnostic codes. In conclusion, the
experimental results show that K-Mean Clustering, EM Clustering, and assigned boundary by
Standard scores can be applied to create diagnostic codes. The 3 types of diagnostic codes were
shown to have explicitly differences which could be visually categorized. Thus, this proposed
method can be useful in helping doctors to preliminary analyze clinical data and make
predictions based on the analysis.
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Abstract

Scapular movement is an important element of arm motion. The
scapula supports a shoulder elevation and aids the arm to move
independently. An abnormal scapular movement would directly affect
shoulder movements. This research proposed the study of applying the
phase graphs in analyzing Scapular patients. a non-invasive method to
collect raw data. The Scapular data is collected utilizing a 9 Degrees of
Freedom Razor IMU via Bluetooth. It is then transformed into phase
graphs using Polar Coordinate System angle to Cartesian Coordinate
System. The phase graphs are used to classify abnormal scapular types

for further treatments.

Keywords: scapula, shoulder, phase, scapular pain, scapular movement
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