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ABSTRACT

Running is popular sport and convenient for everybody. Human running
behavior can risk of injury caused by abnormal running gesture, excessive exercise or
do not care running injury. This thesis proposed to running pattern monitoring for
abnormal running analysis and reduce risk of running injury. The system divided into
two part. There are running gestures monitoring and running stop suddenly. The design
use accelerometer in smartphone for running pattern detection and running gestures
recognition use Signal Vector Magnitude (SVM) algorithm. The data collected into log
file in smartphone. The accuracy of running gestures about 100 percentages and the

accuracy of running stop suddenly about 92 percentages.

Kevworps: Accelerometer, stop sudden, running gestures monitoring
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=

AINFUTTAUAIWRIANULAYBIARUARZ LN YRIAINTUTRYA 9 TauAlzgnanamde 6
Tayav1een lngdayallunulsstnnvesmmieiissuunsiaduls 6 vin sUkuurenisania
Toyaldisadneiu Exclusive OR (XOR) 184m33ngN1uadinm1ans
nudsliauenisnadungnssunisedouln 6 iamslegldiouses
AULIIUUANSINUNRARAIUSIIALDY TA1AINgNAEY 70 WasldudAnuRanaInn sy
o Yo a (Y] I3 o a a o r-:glj o a < ~ A
naaaugItgylilaviinanlddaan Usstaundnnauidedunauedndssinunife
Y] a = ' & 1 ) & ~ ~ ) v I
wdunagdsluseningunsasieusniuausvinuiouiisuiunisldiougesaigly
aunsnlnu wudrazdnsagidendsnuuinluiiveinisivdaeyaseninegunsalndnuas
gunsalfmgnuaznulymvesteyansvunliaunsaldaulmiesaniidyayusuniuiiuim

Ya o

windndudesfinszuiunisnseddyyia §3vefiarsanandymiunuideidnisnsiady

o

'
=

VmeuesausIuLaNSInuIsduimideniiviinsaunauide

Cuong Pham [12] Léwau1szuuiiiidedn MobileRAR iuszuunsiadu
woAnssuveaysd Taenmsinseviuilinnnaadoulmluudazianssuusznouse vin
34 (Running) vy (Walking) %114 (Sitting) vinBu (Standing) ¥nselan Jumping) vz
(Kicking) vindutula (Going up stair) vinastula (Going down stair) vinau (Laying) wazlal
55U%I9 (Unknown) Ingldaumasaiunssluaunsnlny Samsung salaxy note 2 #5333
yimsesmaaey 17 aukagliRadsanivinulunszidiniang Jeyareenilldlidesting
nyeadeyeyad finsiiudeya (Sampling) 1109 100 sy nsvadeuluusazianssuldioa 2
f9 5 urft ienisifudeyaluusagyimisaiaduagindeyadlditunszuiunista
Uszavsnimwealuaa (10-fold cross validation) lelwlsdeyavieenifivsdndaduisns
anneutoyaiiusuiiisudeyaviafortu nssviunisiifunisiindu (Traininguagnis

naaey (Testing) Tayasyninedoyawsazynfimiauiuiasiinadnsilaundnggisiey



danasfiukuuTnasnsaen (Hidden Markov Model) wag n1siseusauliisindula (Decision
=2 o s a1 £ § = s 1A [y v A
tree) FawuuinaewninaniiAIANNgNABe 93.33 Wesidud vfiau15ansaulaANgne
| oAl o A s Y o a 1o '
MBukazyNnsRIuInniivesiwuaugniewnAswuu i nuaiinig
nudeiliauenisidanuauniniiunsndunginssuvesuysd nefnng
aunsninuUsnanssdINILnINgalnAAeIiuT el NaNIINAABUAINITANTIITUININLE
wannuanedndudumiaiunzaulunisihludssandldluanmide wiiweswuniugnsies
2 s 2 & i Y a A I3 s v c 2 €
PR 70 Wosldus wiN1InTITUMIMTIIvesssuuliiiuesiwuinugnees 90 lWesidud
fodnilanuuiugas
Yujia Ge [13] dtauenistdaruteutgesanutssluaursnlnunsiadu
NeANIIUNIIUNANvaywd Ingldaunisvinadnsveanames (Support Vector Machine)

fagung 1.1

A= JAZ+ A2 +A2 (1.1)

Tne

A MmNefe  wadnsvesAmasANLse Svtieduy
LWIRSAB JWENAaIEes (m/s?)
Ay, Ay, A, PO AULTIRINLTULYDIAULTE 3 WD
(x, y, 2) Inthedunasraeiunfentigs
a99 (m/s?)
TneunRAANuLSTlamdaInNIun sz UL TRadNEIaIAWeS Tugasi

lafinsiedaulm A A daindu 1 ¢ Asnndsenau 1-3

e
wn

~N

[
n

(=]

Root Sum of Squares of Acceloration(g)
& -

AUsENaY 1-3 namngAnssunisaulasldanaansuaanmas [13]



N139539TUNGANTTUIEAIAULITEIUN TEUIUN TV IHAANT VR IALA DTN
Aaszivimanisduaninsautaliiu 3 duneu Al

1 1% [ [ A a é’ J [ 1% Y o

1. Aeoudu (Free fall) 1JudsmizusnliAnTunoussuunsiadun1sauls A

AMnUsENaU 1-3 Widell 1 N15MAaedveddITuagyinIsnageunisauvalensuielala

AAsAntsazinunlgasun1snsadutunsunousuwas i vuaAaslunsinaulansdl

nouANLNUAIEAILUS T Freefall

\/ AZ + A2+ A2 < T freefall (1.2)

ANEUNS 1.2 T anoun1saLAHad NS veanAMesITanaIae195IALS AN
1peni1A1 T Freefall

2. &u (Impact shock) Tuduneuidaziiasesnduneui 1 Hudaeiidn
nszunniiuetanseiusiu finmUseneu 1-3 Wdedt 2 a1nnswlazifiuinAnadnives
nAmeTIzgatuesaRiaUNAuardfienenseiututuneud 1 mavaaesowideiiitn

a v v A a ¢ A i Al v a Ny v o
Wenfuded 1 uagdnsgiiiomainsilumsindulansdlduunusaeduls T shock

JAZ + A2 +A2 > T shock (1.3)

21NAUN1T 1.3 TUYNNITAUAINAENSVRUIALN DT AL AT UDE195IALS AT AN
WINATIAY T_shock FaszegarMiindusenitetunouil 1 uag 2 avagluyige 0.4 81 0.8

a a
IUMN

[
a1 v s

3. ndIn1san (After falling) Tutsiamaansunsiamasiandilng 1 g

[
==

mnefanaaeuauLar launsaaniuvsetiemdediatls ssuuaziinisuduiouiniy
TuaAdetldinmamegeusiuiafanausninuvangiuniaivondnuae

nslANULsinsIsulunsilay Usenaumesundansyid e, Wundawualn, deluile,

@ W +

LWHTALAZNTELUINTNAY
ayunanisvaaauladiynaiunuainagounisinasaunsninuaiunse

ndunginssunsaula sdunianlidnadnsvesinmestaauiianfausiinied &

doAndeeiuidelineItoduldonfnd swiuntaellun1segeusEUUAIN1SARTUIUHA

NTNARDUVOIRUIAUIAAFAINNEY TugrnoUALLaENITAY AIR5199 1-1



aed 1-1 Anadndveaamadlutlsiaunisaunaziinisduiaduluduissngs
Position On a belt In pants In shirt On neck In the
pocket pocket clip hand
T freefall 052 ¢ 0.42 g 0.63 ¢ 0.48 g 053 ¢
T shock 2.02 g 243 g 248 g 3.10 g 2.82 ¢
T_duration 800 ms

middeiliuundavosniniamnivlriumnvssgndldalunsasatunis
vgansyiuiuld (losandnwauynsduuisuifisuiunmvganseiuiuiiauadendetu
ssuludruvosenrsiuvidemitaldnounisdu Tunsdimanmatunivganssiuituagll
AnAiedu nTsUIunTRadnSvesame fluIE NI AT Tnglddiled
fiansesvaany uiRarsanfianauazauiavesaudaviitu Tunsdnmsngansesuviy
finsanAnusaidagminnianussunfuagiiianensediafufianafuagdiums

MnzausensUszenaldlunuideheiumie,

v
a o ¢ o &

122 suwisiansgunsalidnsaguiliivuwesainuiseinsaadunginssuves
Uy
wan1NNIThEUgue IS duantsninuna Jagduiinisude
gunsaliduildlunsnsadunmsiedeulmvssyudedainnats melugUnsnionnas
Uszneulumelsuimeinsrndumsindeulvinarsvie 1Wu iwuiwesn21use wuiwesm
wwwesinauuwivin wwwesiluiia Wudu lnedldauaunsadenaunsaldnsaguaiu
sUsuvrasswild luduiuansiredeasnsihgunsaidnfagunsrafunginssunesuywd
fail
Edgar Charry [14] tiauensldagunsalnsadunisindeulmvesuywd
3o ViPerForm 1Hugunsaidniagundnlaguism Dorsavi fidiuimungunsainisfufiu
melugunsaiuszneudeisugeinans wuwesiukazieuwesauuvEn Tunuided
14 ViPerForm Tunsnageuyaussiinszivesenmeluiesl foAnisuazaulaamiznis
ATRdungAnIsunITia Aildlunsveaeuldun dnnuauna ANRAUGNA1IYBILIINATTL
LazAMINEINA dmresnssikuninsiieturaydddaanusadusuusluns

uneUszEnaume iy vinufieguninuazviniasale
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Christina Strohrmann [15] ﬁ%ﬁuamﬂ%&mqﬂmaﬂ ETH on body sensor

(ETHOS) wanlagu3¥m ETH Zirich dwsufiaaumginssun1siavesnagey Tuauddeilld

ETHOS 913U 12 4ARARIULINIEUIL

adesefldlunsindeulv Tnefiudoyassaznid

Jatazanusilunisie 1 davasluniieainudinieusn (SD Card) BIn15AnLsULYs a8

AVIARUIRENTIINNNAINTAIBTU FIDEINTY FARULUYDTNFIUNUIYIALAINITNTEYNIT

Amvilussazaswean sl Annugugesfidunisoraiuisassyanusalunsiald Ju

AU N13MEAIAIINLTINIIATIZINGANTIUNITIEINT0UINIATIUI DN LU B SL UAR1Y

NABIYaINIsNMtuwiaznlngldA1A?

Y

1-4

19L59NDIUINNLULIDSUS I 1 Aan1nUsENaU

B h % 4@

acceleration [g]

- ha

o HSK TOK TETTSY }
o 4 step cycle duration i |— acceleration |
X detected steps
foot swing detected end of |
contact phase O foot contact
h) d)

=== threshold

H
i

R ;

— 08
. 1 12

time [s]

[
Y

ANUIZNBAU 1-4 AIAIULSIDNLEULEBSAIULSITRARIUSLIUYINVDIINATNITI [15]

NAMUTENBU 1-4 81U1TAUNUAIRILUTAI9 I UALNITAIUIUNIAIAIIY

9NABIYBINTINITI Fell

TO(k)—HS(K)

NFC &k =

HS(k+1)—-HS(K)

Tnen

NFC  su1e99

TO  viued
HS  uu1e89

k PUYD

* 100 % (1.4)

s & v Y = .
WoILTUAAIINNABIYBIN1INITI (Normalize
Foot Cycle)
AnusluirdsUaewiduRENY (Toe-off)

AMULIILUAL AU AN EUE AN Y (Heel strike)

2 '
v A

ATINLAIUVD TN FURENY
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WedldudmnugnaesveansinusasAnlddmiuisnamadnssunsidy
1 59U fanmuszneu 1-4 IagthundTeuiieuiuisasnsannsgIuLasaninsn ez
ymemsieseneuse ssazmdluusazing amuslunisadue nsziviniivihdudai
Sl nsfineludnielunsiesessiimamsidiivssans ity

suiteinandenisldaugunsaidniagy ViperForm uag ETHOS i
wuesALLTITITUNTNTITUNG AnsTuNTIwesuysd TagAvasaumeiiiegaunsa
ihludszneunsieseisumidunisiadauuinme swiuvessueesildliimnzauiy
mMamsadurimemsisesmaiuteyafidndulumadelsd

Jia-Shing Sheu [16] Yauan1sUssgnsgugasausslunsingueesiu
#11 (Pedometen) tieldamatunginssumaiiuuazmsisvesuyud mavinuvesszuuild
IULRTANILTY 3 LNULUes MMASA52Q delayaninusaluusvitanalululasmeulnsiaes
8 Dmuas MPC 826516 tionlasmnuisadudeyatiuinuesmaaioud lunuifeiaula
msmaaé’mmmﬂw%adnﬁaLﬁ'aﬁwﬂaaumﬁ'aulmLLazszwémﬂ'wmmLs'amﬂl,éuuma%
ANULTINEITZUUNUINE Y QY IUTUNIUAINABUDNTIUIULINTIANITT L UATIINIG L

I o YAaw VYo ax Y] ] ‘:4' = .
LU N?ﬁ]ﬂl@u’]Lau@'ﬁﬁﬂqﬁﬂiﬁ]ﬂaﬁyﬂqﬁm5Uﬂju 5 EULLUUﬂi%UQUﬂqTWL'Vill']zalﬁ/]?jﬂﬂ@ Five

e

point weight fdnnsiheanus 3 Lmummﬂ'ﬁLaﬁaiamﬁ’ummmdqLaﬁaﬁaQIuLLﬂuﬁ
Tndmulunsdinisiauas Henning recursive fithanauiseneuntiunfuaiionaus s
Foruigalunsdinafiu drunsduunvimisenitimslaznnniuagldensilunng
andula (Threshold value) Tuwa 0.2 4 0.54 ¢ uazsveEvitaveItoyafe 0.02 g il
nMsnadeulsEnauMe YAy indwmasiiduadurinia lnedasiwiudnfiedeulmsuo
100 Amiindsgunsainansiits Wy U3naier nssdinmansanssdiaging Suius

=

flanmnsansiadurimiinsleiiigafeuiinaies faaugndes 96 Weslduivosnis
ATRTUYII TR
mAfeinuinisldgunsalsomeuenlunanadurimesysdasdos
ﬁﬁﬁq5&ﬂizmumsﬂiaaé’m@mLﬁ@lﬁé’tymmaaﬂﬁmmLLJJus]’wmﬂﬁqm NNTUVONUITY
ﬁ”ﬁgﬁgmmmLs'qﬁziqmmﬂqﬂﬂia;i%ﬁﬁfgiyﬂmiumum&Juaﬂiuﬁmma%’udﬁazﬂaﬁzij
gunsallufsmeufinmesvilinmsuanssainnuamadoudslimneauiumadeidosnis

ALLAUUEES
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Ling Li [17] Ynausnisasadunginssunsiiuvesguisifininuinund
mashuaneslnglfisumesnnusaues ADXL330 iognelugunsaldsazude e-AR dadu
qﬂﬂiﬂiwmLﬁﬂﬁﬁmﬁmmmmmam&u’w%L’gmﬂgiéf N13ANINGANTTUNITHAUILD19B IR
sUnuuimsluAnenmansnsin Taemsiinsevideyanisifiuasfiansanvasiinlsiduda
iy 20 Woedduduastaiivhdudaiiu 60 Wesiduddeyataziluiiesesieuiilunis
AULAAINE1ITOININISAUAIBATNNS Empirical Mode Decomposition (EMD) Aan15u
AnaduanAmiussiagiulagaannssneuvthudnianedsildauiuammiiaai
81uA1liNgUNTal e-AR HadNEluN1TNTITUNYANTIUNSRUTAIAIUGNFADY 96.72
\Wosidud

mu%ﬁa‘ﬁ/ﬂwLauaﬂizmumiﬂiaqé’@mﬂm EMD fidnAadeaniauiees
A alssunuLiel Fsanansotluuszgndldlunisnsasdunginssunisiensdingn
nsevulfuaziuiinsiinemszandnnusdunn z vdeunuluiiandludramivie
nesvdnfisunuidien uilifoderesesiafunsaifisumisasfiemafusiiby

Zongjian He [18] dauanisldauimueasainuse 2 uau (x, y) idnss
melugunsal ZigBee wazdsdoyannussiteuldunuszananaluaunsmlny suvisildly
N15NAABUUIZNOUMILAIULIUIATEY WYY 2 AULVUIAZNANIINAY 2 duntskastiudeya
Fovmauussuudsnuaiotne Twister Turmidfodazasadunginssuvesngsd Tiun idu
vinsuazvidu Tnsdirianuiseiisnudaingunsal ZigBee WisuiigufuAinsilunis
dndulaveusiazrindiuu 5 dunmbeniulunsdinisisazinnsanamzanuisasina
NAYAY NINANAIAIINLIIUTIULVUIL ATy Y I1BaTEIINNTUN TSI sy ULy
mmmmm%’wﬁwﬂ13‘§Q1§1’LLazaﬂaLﬁ@mmﬂmﬁﬁaumﬁmﬂa nsivuaAAsilunis
snaulavzlddrsvasnnusslunisiansaniivualian 1950 89 2000 tWuvran1siy, aAn
1900 1 2200 WugrsnsiiunazAt 1600 F9 3000 Wugrsnisis FsAnnnugndesitlsann
InsIRdurimsiaseannnd 90 Weddusuasiilssuuaunsannaduldafiandevinu

snAfoihinauesuuuunisiemstouade Ziggee lunmsnsradurimisves
uywdlnenaisuieumasilumssndulafiduisnsilidudou Tnsmuidetssymumis
Ansagunsadly 5 duns nadndiumisnanamddlidinugniosgeiiando 100 wWedidud
Tuinsifuuas 80 Wesidudluvnisis agtinisfinnsandmumisindsgunsainsadunis
indeulmasiduiumiiyaunistitosiigaretisdiuiiellamanuisaiusiugigs

Wentao Liu [19] lafnwin1sasiadurimmsludinuseinfuvesuysd laun

LAY 1139 Y9 vinaaen, JuTulawarastule tneun1snsiadurinay Tuauwideiild
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gunsal MSP430F149 Nifliwulwasainaise 3 wnuluas ADXL345 Aassnielugunsal laenis
NAFBUIZAAFIQUNTAITIAIUIALNOILEIIINISAUAIAIINSI9INEUN I LN TEUIUNI TN
HadNSUDIALABS (Signal Vector Magnitude) anntutAmadnsuLUssuLisuiuAIngily
n1sandulalagldlusunsy LifeMOD A1 MvINMNIINITANLAEILATI¥YIAUSY (Factor) 2
AILVUS A9 INUTENBY 1-5 ABA1AIIULSIVRIgUNTAITIATLIALININa19vBIT 19N 8T DU

Lo - = v ! & da Y 2 & Ad
AUINIWINzaNNgalunMTinALarAvesuiRaduayy (Support surface) LUUNWNT

Avualy mnseuunsRIuliiEvadeusyuenuUTIAIUATUAY UTINE AN TIE RN

PEP

AWUSENBY 1-5 AUWVDINITAN [19]

L NANITAY

A mUsENey 1-5 ngAnssunsauwuadu 4 9sUsznaumietierindue
vosusadiavifuausaliudasvadian Ysanmliimindudisiseniebugydonimss
¢ Tnsussiinssviviefiutesniussiinsgsdadnenie dadlnddududieiifussusngasan
Sumefdinsenuiiuwssesiuiiaivayuanauazdisduiussdisuwhiuusdiummes
Tandnass nsnedevarlddoyasinnisnageunisauaswundu 4 duusznoudieg n1s
Wisuisumeanseifidannniiaiidmuslviseuu Tnefawindu 1 viewifuausdi
a";qiammﬂmﬁmaau@iﬂﬁ’ﬁgiyﬁmﬁém%’agﬂum 0.95 813 0.98 UseUIUANNIAY 1 N5
Ainrgiannadild Tunuideivuadilunisdadulade 0.35 Junfidudnadenldainnis
naAeU HaansvadeUNsaMasldeglurag 0.45 fe 0.85 Iufuaznaaeuvinduiad
gruldiarlaiiiu 0.3 3w msieseiannusudunsfudseansanlunisnsiadu
woAnIIUNNTAL uinsdn1Inselaaduseieuldialndifsedunisdunaznisingey
firnaunisfinnsandnuuzvesmdniiuain 0 ssmAsnisduunfdloiinnisdusmez
Waswdu 90 o

A UIUIANNITIATIERNINTIRTUNGANTTUNSIARaUTIYR Y Lag

ASIYAIAINIUNSARAULAUS B UTRBUAUAIANLLSINSZUUBUANLS T951888LD8RNALUNLEUD
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o

13 dnguszasa
1. d9ug0$A1ase 3 wnu (x, y, 2) 11Uszegnaldlunisnsiadunis
P ¢
indeulIve Y
2. dausuuiAnn1suszendldeuseuuiledd (Embedded system) Tu
AU 5NLNUAUNINTINTUNGANTINNITIVD I WE
3. YNaUDN1IATIITUNGANTTUNTILNDIATIRAUGUA N IE L TN LI

WAUATOUALA

1.4 wauln

1. 9ONLUULAT AT UUATITUNT IR e

2. @11150AFITUNINIG N1IUgALAL(Standing) N1stAU(Walking) M99
Lﬁaqmmwoogging) MFI9EEANSARUNNinG) ﬂﬂwqm‘émzﬁuﬁu(Stop suddenly)

3. Idsumasaanuiss (Accelerometer) Tuaunsnlnu dusunsiadunianig
539

4. Wauwesanusdluamninlnufifausaddugiwastan (Gravity) +dg
UszananauuszuuUuRnIsuounsaen

5. syuvasnudeyansiavianualuguwuy Log file

15  dunouuazdsnisduiuanu
1. Ay ngAnIsnasasnsie
2. Anwinstdnueuwesaussluannivivy
3. Anwin1sUssynAkazoeniuUsEUUULAN SV
a. agUauitldinannmsinsnianged
5. AATERTEUUUTENBUMEAIUTBINITIATIEINGANTINNNTIIUALNNS
Fousefuauivlviy
6. DONUUULAZINAIUITZUY
7. NAABUTEUU 1giansan
- YBAINYULLBIAINLS
- doyatiiunisduunyimg
8. agunailldannmmaaeusE Uy

9. AAMTNLIHNANTNAADULAZIAVINING1TNUS



15

1.6 lAseaineuassngauinginug
Tuuni 2 9gnaAmg B iasuannIsMNeITIRUWIE UNT 3 AzUIaue
TUABULALNITODNLUUTEUUATINIUNGANTTUNITIV UNT 4 FZUAAINANITNAFOULAE

Ansenaiilaanisneaeusarluunaayneszazunailaainaiul Jenas taiauauusuas

[y

NIl



Ui 2

VWA UAZUANNTS

dmivunihlduniseSurenisfnemguiwaznannisiiieadosiuanuisely
AUNINTIUVDITEUUATIVTUYIINIINNTN Il ueasainuise 3 wnuluauisnlnuinen

[

AMULTIVULIITILDINITUIAIANULTIHIUNTZUIUNSANASNSVRINAMDT oS U le fatl

a 3 a 3 a
2.1 NMEINAFEATHATIINAAIATVBINITIY
N13ANYIATIATININNILAINYDINGANTTUNITINAIDIFNBULIIATNITI

Y93uwe (Running gesture cycle) ialdiasiziviamisnmsisazdadeidasionisuiniu

ﬁ]?ﬂ?}lﬂ
aumamawu BJ’]LVHE‘{ZLINE‘IWU Ummmama‘wu () LLﬂ’NL‘Vﬁa@EJG]'J
(Heel strike) (Foot contact) (Toe off) (Swing)

AMNUTENBU 2-1 295119 (Running gesture cycle)

1ATANTNAUIYDIINNIINTINANTUIY 1 59UUTENDUMEVINFUMAUETE

YY)

N (Heel strike) MNeNWINduRaiL (Foot contact) Mnuanewnduna@ny (Toe-off) kagyin

(%
v A

WAI9VaeAI (Swing) FunnasiuludiutesiunualTduNaNy dsnmusznou 2-1

v ¥
v v A = Y Y v v A

- MAUWNEURANY AUNEDY NFINNAUYNEURANULAEUA8INR8TY

- & uENY 0889 N1919US R iauadusaRy Fadu
I A a o 1 1 v =
M iausanseyisierwinuInfan

- NUAUWNEUNANY VuNeD anuwazNUaneyNdURENY USMEUINen

AsesusEelUTmtn

16
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' (% ¥
I a a = N4 v v AN v

- YUAIUTINABYR RUNYRY YITIAATUTEWNINSVINEUINFURENUA U

[ '
v A =

Uanewndudanuy fadurifiiausenseyindetindssuinuseliiinuns

d‘ o U U ¥ Idl % 1> U dﬂl
nsgyinsed i Wesannludunanu

AINVINNAINAILANIAIUFUNUSTEIINNINNNITIBLYIVINITI 198

AINTUNNNNTAUNAVDIYNAUNURILAN P91

[
A v

- %23n158U (Stance phase) #U18AI1INIINITNAVFURANY A9

(%
v A

AMNUTZNBU 2-1(n)-(A) USUNWINdUEany lown UL 2w wag
Jarguiminausaunserseninainduiudalan (Ground Reaction

Force)

- 929UN1997 (Swing phase) BUNRIVIINIINITAIIT L Fudany 69

(%
1 I

AmUsEna 2-1(3) Turndisiamesgluanmvasudyinns 2 slyduda

¥ &

i FadugranlidussfnIenseniramiuiuiilan

ANSAN®IYTIVDINIFAIA1U150UN TUUTENBUNITIAT AN ATILSINNT YIRS

AL UNORARIUANGANTTUNITIINNTIAMTITNTEYIRLN Tagdreveenisiantyly

¥
I 1 v A

UITEABIMNTTUNINFUNATUNURI LAN@IUNTOLAALSINNTEYIFBE LS L awWiNduEd
NuABLIINTEinAnilsdsnanoaisnzniglustanieidessuniselunismsesa Laknusin

[ [

Wi WhwaraslnnanansnesuiengAnssuveseteeiiiniulugaanistiu fail
ynduinduiaiund e duduuaznszgnduderovauindesiuusna
ﬁumﬂLﬁwé’mﬁa‘ﬁuéqwasiamz@ﬂﬁﬁasiau%umﬁﬂ lauA Subtalar joint Waz Multiplanar joint
wassdnisunselutsiiviniidnesn (Pronation) eusiuAududusin (Plantar fascia)
Fzdavaniiielrivhdudaiulduniy mndaussiinseyisetwinguiuunndaaldidud

Y a = o 1 =3 { Y v
L‘I/l’]Lﬂ@ﬂ’]iﬁ]flLﬁEJW]@ﬂ’D%LEJMN’]LV]’WQWU"IG]IG’I

Gastrocnemius
muscle (calf)

Achilles
tendon

Calcanaus
thesl bone)

Plantar fascia
ligarnent

AnUsenau 2-2 lassasieneluveawin [20]
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WalAinksansgyinusiiamaain (Dorsiflexion) d1uveetafausiinmnicy

(Talocrual ankle) 9E5UN152TUNITNTIHWNUTULAANITIDLUIVDIUDADLNDNTL AU WTIN
NTLYINABDLNN MUY IAUYNFUNANY duvpsnatutiloniuntinuatewl (Rectus femoris) hay
¥ dy ¥ U . 1 o U %3 Y a & vV v
naulasunasuanen (Gastrocnemius) avdaksanseyinbudaadeglnalfesfaanndewin
lugsindudrdsialunazinniiioann1izn15u1nduainnisiedeuiinndaniz niengn
nszviuiule lagorfunisnszarsussludseferzanegigenlesiu ssnndsznou 2-2 w1n

#9131 Teyafinadauinnisvgalanseiuiuazdwadonesswenloeiu lawn wi

Wit wagaglnnle
Walking cycle
Stance phase Swing phase
50% 50%
Running cycle
Stance phase Early float Swing phase End float
35% 15% 35% 15%

AMNUTENBU 2-3 N5USHUBUTINNIINISIARBU I TEMIN91995N15IAE 19955 AU

wANINNSANYIMIIMIINITILAzHanIEN Ui TeznelusenenItingais
nsgTiuudl n1sAnszingAnssunisindudndrunieaifidednet lnengfinssunisi
U5gNounIen1sngaile (Stance/stop phase) N1skAu (Walking) kagn1534 (Running) Tu
WU UIHUEUAINULANANITENININATNITAUKAL9IINITI Lo ldUTENOUNTIATIEY
a =~ ' [ a (Y
WOANTIULALIRNDNITUIALIUVEUL I AININUTENDU 2-3

- AMAZANSLAUTYINVDIVININNAAARINY LANTITIITAIULANA

1 1 1A 1 1 & a0 o d' v Y} o

EWINVNNYULAENILNNYIABUNIADYAT (Float phase) MN1FUN
Nutlpgunusluinnsdulanuindy

- AAuEasANsldNaRe JULUUT0INTINEIRBNNNIINT TN

YU EUEENUYS o T 99l dUN AN UAA DAY IINITIIRI9INYINNNG

ANSAUNVINIFBITSAUNANUNI DUV NN FURENURADATIINITLAL W6

YI9aNSAUlYL RIS
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- N'«asmﬁlﬁmhwhﬁuLﬂuﬁaqﬁwummﬁqmﬁmL?Ju%’aaaz 60 VBINLAU
MVUABAZTIYITENI AT LA TUSp8aE 40 VRIILAUITINLARISRN

a A L A Ay \

WM NNV IVDWMNEUNLDENIT
- ATASHUNUTIMNEUNINNINGE8EL 50 TULARLIaUNISHIY U0
WA T UTEHEWNNVDIIIATANIINWATANTITART IS UL a8NINS D
az 50 Tuwpazsaun1sIWaLAATINITHAIIIININNNS gAY 50 Tnglu

UNTNINITYOUNUAUTENI NN LAINTIB08A7 (Swing) AUYIITLIN

1% [
LYY ' v =

P Y A4 1 aa a
UHaNUTosNNARYTILARINaRYRITY (Float phase) wulalunsdlnis

LANLSI99INI NN T Udal i vINE uanas

NSANYIAIULANAIYDINGANTTUNLANYVUILNINYINITAULALIIINTI

VA

A3 lARNYITULUUNISAIINUR39AIN TR TD N AL LINE TUNTIA T2 NN 938

1Y

AANUSTNBU 2-4

Running cycle

— —

| |

|Stcp Icngthl
) [

Stride length

AnUsenau 2-4 JULUUTBINNTATIIN

FUBUUTRINITAI TN TNAR N5 AR OUN VNI INAA DA ILAZ TS
Ufnsenninseireseneluvnis danimdseneu 2-4 Usenaume

o =t

- Step length mueds NM3inszezysnduimilsludsdurindndnamia

_ Stride length nanefis n1s¥nszeznsanduinludnadientu Saaudle
F9ATU 1 59UII9INITI J95285n19984 Stride length xdidndu 2 wi
VBITTUEN Step length

- Cadence 1899 99912N1IM309NUIUATINLURLUNINIINITI
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nsAnwludiudanunsainlviinszddimenisis anuiilunisias
AsIUNIefinseyisedwinld diegatu N1SIHAITANNTYEETBIFIUYINNEIUAIN Step
length MinnwuIsEEENszUUInlatiA1tosninsyuzaaNialun1999UnA dA1Uszane

P va

szegisesnlnagisdmalifiuianisasimdnlugaesuiniinanudesiiazuinidy

Y

1NNIATLIINUIULNUINT LI Le

¥ Ya o

Tayavesnieiniaransuazdinamansvenisieinligidensiuaiy
LANFNYBINATNTIHALRITNMTAUTIAManTENuNTnaseetuiweulesiumnislign
granway launisiadaulniagldsisniediuans (Lower extreme) lawndduin Wi

azlnn mz@m%mi’mlﬂwﬁﬂ mﬂpﬁwmmwmwmz Jalunnsisazdsnanasnanigluaiu

J a d' 1 @ o [d A LY a 14
Gﬂﬂ‘]Lﬂﬂﬂ’ﬂmLﬁﬂﬂ(ﬂ@ﬂ?i‘U?@Lf\]‘ULLﬁ%‘W%Ju']LﬂuIiﬂVlLﬂEJ’]ﬂ‘UﬂWi’Nlﬂ

< a
22 8INSUINLRUIINNIGTI
<3 1oa a X Yo o a V1 o a a

n1suIalvaInaufuintulafiuAInUssinudinastrunglufuiviie
W anvsinainmgnisaliliniefnuaznisiiineessoinisuinduiisaianiosve ey
= ! v < [ < = 1% = o ¥ ] &
Avndanalieinisuinduiauinatsidulsanisfuila nsfineinazyinaaudlaludiud
a3 lUAAT129N 19190958 UUATIITUNGANTIUNITINDAAANLESTIDE UIALAY

Iﬂ&Jﬂ’]ﬁ‘UWﬂL%ULLﬁ%Iiﬂﬂ’]ﬂ%ﬂLLﬁﬂLﬁu 2 NSUNAN (6] Fatd

2.2.1 nMsuaiusiiasaniiusaunnssinsiuausnn (Acute injury)

nsUREUUsTAnEART WL I n s iuunnunnsEiAes ey
laannsuganseviusiu (Stop suddenly) A5ABUTIANIILUUSUNEY (Change direction
immediately) uagiinanuselzngluvaziauini (Force reaction from sport) NSU8IAT
Aanuluglenldanuissgenazngansesiuiusinliglsansennisuadusiuiiviule 19y

v v 4'

nsEANn Fondounaziinnisvng Wudu ImEJmimmL%waqﬂﬂ‘éqﬁlﬁ@mﬂmmemqm
ansesiuiuUsznause

2.2.1.1 msuaduuinandaile (Muscle injury)

(1) ndnifodn (Muscle strain) Lﬂuawrrﬁﬁwumnﬁqmiuﬂﬂﬁq WINRINNIS
Téndanileivaussanimeessnanie vsnadinunsuindu 1aud ndandeduuidumnii
(Quadriceps) fuvdumds (Hamstring) wazndmiiiotes (Gastrocnemius) nsdintsianuly
yimeesiefiusuluiundasinduiaiuilinduidedundundgnineanagis

JULTRUWAANTANVINTLKAs nUluNSENERIAN1TeUgUT NN B AWl lna L leg n Y
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uegramdnluaninlindeuldu nd1utilans 3 duiani1snansiee195aL5290 1A
ﬂé’mLﬁamuﬁéauuagﬂﬂé’mLﬁaa'auﬁLLGﬁaLLiaﬁwuﬁﬂmﬂ

(2) na@uLianngn (Muscle contusion) tusin1snnulunsaitinuseUsny
Iangadanseriuiuilieosnnnatuilegnnizuinnlagnss natuileiinn1sanvianazi
= Ya o 7 1 a <@ ::sll a v A 1 FYN~3 =
weneannielaninialadieninund nsuiaiudseannidnuusanaianustoidu 2 nsal
1 =l v A a v A [
gRUABLUUNINAANYIA (Intermuscular hematoma) wagkUUWIRAblanwIa (Intramuscular
hematoma) Taa¥id 2 nsalaziain1sulutilonausIUNNYIsINDI N5 uUIAYI 19
WasulITeN1ga1uIn sEeznalunsiusnsanaialidnuinazldnaluinninnsaweie
= a P 2 v
ANVNANUDINITUILLNELAN DY

(3) nduLileseus (Muscle soreness after training) \AA1SUNALIULTLBIANN
nanuilelilasunisinduuinaunseldlaraduaiuiunainduundauusin luy 91n1g

< P a P P L a < & & ] k4 '

UL UNUEANE991nN1539 vllesannanuiainnisuawnsasazidenbuidgsnanusiialy
=
NENIG

(4) p¥A32 (Muscle cramp) Wuernisinuiiiosainnisinisiavesnaiuiile
WUULREUNEY WUNISUIREUUSDnauLladurtaznauidauasluseninaniss

2.2.1.2 nMsunlduustaudawin (Ankle injury)

Y v oa . I a a a v & \ a

Jowinan (Ankle sprain) Lwen1sinunnfiantunisis nuladanainisi
imﬁfﬂmm]uﬁamimmL%Uﬁﬁiﬂajmmsamﬂmﬁﬂﬁﬂé’ LININNISUAIDVDITBIN L1JB921N
n1silAsufianIsvisengaanseiiuiy ushainunisuiniiuisusnaduldudainuas
NAULHBUSIIAITaUTaWIN ndinsHdseluaziinlenadsanaz uiatdugiladne

2.2.1.3 MIUIRLRUUSIIILIN (Knee injury)

I & P a a A A oaA ) '

AsuIniuUsznninulausslunisie ennisinufeiiidaneannieluiiigi
NNIsUIAuUInasduduLnuanly g nssgneeuuinaiitelasuuiadu ueu
seausnasuuendnuin uldusiuludnuiauaznszgnastingn naniefiindu
A1115085UNNSUIALAULS fadl

(1) AsuradureaduduwnuUlaIdunt (Anterior cruciate ligament
injury) {inangIedin1sUavsenyudd (Twisting injury) waziUdeuiiAnieganseiuiuve
39 U UBNUN AN T 99 UN TSI AR D UNVDINULTIN A UM U TLADIT DL
Aossunssiuunndlediauadeulm mniianisuiadunsdiliigldamnsaniounnie

fawelUle
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(2) MIVIARUUINALO WU IRUNST (Posterior cruciate ligament injury)
Aaaninisesgliiuusinssumnuaziinnisdnievein nMsseiinUssann 90 aaen Lile
Iesuussnszunamssnumihueanthudsdamalinssgnuiudaadoudludmds duduunu
wWrlvindsaztedadniieaiisanusiuasluvazindeuln lnsdanszgnuiiudalals

AU lUAuNaT Fan1suradunsalanuladvesluinniusalsny

2.2.2 Msuiaduiiasanfiusalinnuinszvingaiu (Overuse injury)
nsuIniuUssianiliinanusanseinliunwessyiilisanieuiniuii
| o & & v v = va A ] 2 = 2 v =

wanasanaudulsaisesilade Wewindluiinaeseainisuinliuiisadniogiayily
ihAenssusieluausingliaunsagenusuludiunuiniulaiu nsuinlduussaniiin
91nT9de 2 druRenUTULTITBINSINUINTIABsINBLazANRTITINElAFULIALEY
wuliveslugisiduiniwsediinlunumniull lnensuiniduresiniaiiiinainusdly
WINNINTEYIFRI MBI UUTENB U

2.2.2.1 M3UIARULUSINTZAN (Bone injury)

(1) n3zaNINAINENMANITAN (Stress fracture) NsuImdLUsELANTAAaIN

= o 1 AR = o8 Yo w a 1 1

wseainnnTEyienseangnqunladanugulswnnweiiasinliiniud dwlngsnulaly
UNN3MUTANINNITI8U USUfinun1suiniduuesfs nszgnuntiuds nszgni finas
UrnFuiladin1sinsiingeuagantn

(2) MsuialduLliosanniinLsefegqiuuSinauastn (Osgood Schlatter’s
disease) NM1suIAulssaniiinanuianduduasingnusafavesndnuilofuy vl
a Y oA & a 1 a A a 2 5 o v
Annsdnaumsgiidonudesusuuastnanniulvluvagnianisuinidugigiu wuls
Yaglunsaliingnldauegadnluseninensis

2.2.2.2 msuniduusiaaududy (Ligament injury)

< & - A o A Yy 2 A 1 &

n1suialdudssianilanunsafiaduladiedelinisindeulniduduieindy
glgrdumilafinesdisdansegnudazdiudilinieiu nsindeulmnindmisvseianiy
JuLssgoudNaldudugnEaLasiafmed TSI ERazuIaEulaie nsuIniy
a Yy & A P [
Ushauduauinulaves taun

2 & a 2 8 o o a v

(1) Jumper knee NM3UIALRIUUTLANTLARIINNTUIARUL | UUT IR

LazganITduduUIINNIEgnastdIua1e e INNsideuvendulduunuEsUIv3e

nszanaz @A anvainaInIvIndn1snsElan
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(2) Runner knee N1su1AuUsELANdnuINnlutnIw15150U Ho99InN153
Fuadlunaradwinliianisideadiuusiamileoiiyisiuuen (liotibial band) wazds
lateral epicondyle ¥8nszanAuULYY Feian1sdadiveudndrinuluraeis n1sanns

< oy o & =N v v oa Y a8 a
vnlduUssanilyivaniaenisiduduiasiissseinleduegiasinuiuly

masludnuazange lidagsdumsisfionseaniidenie nmsiadionsiun
- Y = o Ao a v a Y | 2 v |

W3BNITUAITY BRI mIMAadfetes Wy wavea vanavea Wusy gay
= a A a I a1 a o - R &
fanudseiasiinnsuinliuanmenisaildaadadlenannisuinuiamuinaiedulse
1o wnadldlauazyhanudilasonisuiadusuiuihssfinsuinluiinsiniu geuavan

I a 2 A ) a vy o A & o
ANUELITIzIAANITUIARUYSBLIATINLINTUNTIR Aadsdiasuinldureselelzniely
$NMETNITRNULIATEINITIUTENBUMIY NTEANTINTIU axlnn WIILaET BaUTion
Y930 T ENEONITUINRULINTIgARe W1 sesanfeRit aguiteduzludiuansies
[ A N < d‘ = < a 1 1 1 ¥
Sunszannleinsivsedauln mnmuauslunMTasks e ngdeTanedraly
Fnmengangyiuiy Lunisifinaaudesianisuiaiivesseieisiineddasiunig

wasulmle

23 msldanuaumin
6 < =) e d! dld QJQdI = I A =l dl 1% U

aunsninuluiiefeusennuilsnfnuaudfnmioninfletesssuaitldaule
~ v ¢ & ¢ v s Y Y]
Wgansnsdwiiindy wsizaigluanisnliugnussalumisigugesiieitesiunis
LAAOULITIVIULIN LU LWUTOTAIIULSY WUTOTUN LHULERSIRAAUINLILIEN lYuLYes
Wudie Wudu ensulandnisihausnlnululdlufanssuasgiinanuazainauiglu
aa o w '3 S o s 9] ) ) a | co
FinUszdrTuvesuyed uonanldaliwugesnieitosiun1sialngaguam W wuwesin

9RTINTAUYRIIIA WwuwesTun1 FaisaesUsennilgniunldiieinnisesnidenevse

v
o w | s

nsmdeulmluiinused1iy wonanfaunsvnlnudaunsanansnaninniazidecla nieu

ﬁqaﬂmmLﬁu%;ﬁavlﬁﬁmaumameﬂ%’muléfﬁmmammﬁﬂmaﬁLuLLazmmammﬁﬂ

AEUBNBE1Y SD Card Na1usaiiuntIgAIUINlARILARBIN1SUTaUINNUIB AU BE

Y

TaieanaI NI uAa N UNLIIANNINUUTEUU Cloud 18 uanainilnieluauisnlnuds

seefumsivdsdeyavainatesuiuusasdaunsainluussenaldnuiuaunsalsenile

[

W Nssudsteyalagldugysuiougynsnaanuan Wi-Fi NFC iusu feanansaunluldnamn

AuaUnsalNAeIT0eiu Microcontroller LliveWmu1syuUEleda (Embedded system) 13®

]

anaavihlUlgiumelulad Internet of Thing (IoT) MinluaruAngUnsalnae 1Dusu
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1
S o

NAsAnyIteilinlinsuianuandRvesausninunasiunlglunis

Wawwaunanduildlunisnsraduiminisis lnsauninlnusaulandnisianlglung
o a a =y a s | Ag v ! . N
MTIVIUNGANTIUNITI 409N ULLDTA1ULTINIE9IA1 Magnitude ¥30UUIATBS
1 a S 1a a & ¢ ] a A

NAWTIUYIIN1TIe wenanilivdnngfeudnaeauisninuvusameluvugidaneldly
nisiiudeyanisie fawas WWudu nisidenldausnlvuianuizanuinniinisidenly
gunsaldenisingininanuliasanauigluvagisuasiinnuutdugrluniserudiain

wuwasguneliliveuseviediloyanisuanaunsvlny

24  szuuUfuinisueunsosn

nsiauvessrvulfuRnisunantininululagiuiiedetissioiiios @9

Y

syuuUfiRnisueunsesdtorfuszuuliRnsviaildsuanuiouegranidesanidy
53U Open source TmansathlUldldlnglifondoldaouazinigda Android
SDK (Software developer tool) T#lda1udae n1sWaurasldniun Javasiledann
szuuURSAnIswouAsedly Linux kemel iuiiugiunasdliatugnitaunlneyuisn Google

UsgiRvaaszuuujuifnisueunsesdduszuuiignesnwuuniieldanuiy

a

Frlaesuinenaegniimuiiidussuuujuinisuugunsainnm auseu1uiem Google

(% '
1 Y IS

. 5 A < 1 o
NAIAUIANYD Open Handset Alliance suumLwaL‘Uu‘wmwuﬂmﬂ,uﬂwsmwummmgm

nans legiduluingulssny usEnimunlusunsusindauangunsaliiet

Y 9

DINUNTSEDENT

= Yo a a = Y} ] a wa o =~ A a
LW@IW@WLUUQWUIUIUWWW'NLﬂﬁ?ﬂu ?um@ﬂigU‘U‘Ug‘Umﬂ']igﬂWGlJu’VUULiaﬁJ‘”] I@EJLU@EJULLUaQ

muanmnsidnusasmalulaglulagiuegsainae

lassafrsvasssuuififnisuaunsasd (Android architecture)

Applications

Application Framework
Activity Window Nofification View XMPP
Manager Manager Manager Systern Service
Logation Package Resaurce Content Telaphony
Manager Manager Manager Providers Manager

Libraries

Android Runtime
SQLite WebKit OpenGLES

Surface Modia Libraries
Manager Framework Dalvik Vitual

Linux Kernel

Display Audio Binder (IPC)
Driver Drivers Drivers

FreeTypa

Camera Power Process Memory Flash Memory
Driver it Driver

awdsEnau 2-5 andnenssuvesssuulfuinisuaunsesn [21]
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lassasnanisvianulussuulfianisuounsosn fanmlsenay 2-5 399l

Wigedugy Application winliunglgauanunsadifislaniunianiiseanisnlu oy
= o 1 gj I~ [ dy
ALLYANTVINUVDIARE T U 9Tl

- ¥u Application tudiuvesmtnwoundinduiinaniaguuauisniny

Weligldsenldauld nediulvgazidunedngnindaunduauisnlny 1wy wimdn

(Home) or{Ansia (Contact) Wsean-3Uane (Phone) Uay n1siaumedulmasiun (Browser)

- 41 Application framework (JuguilgWauuldimunlusunsulaazain

g (-7 124 Elgj -dl 1 gj -dl a 1Y a £ ¥ 2V
wndu lnglddeudldtunsuneluneglutuduiiswndeuienldnulvgnsies a1n
amUsenau 2-5 Tudiuves Application framework aggnuusesnidunisinugey 10 13
vinauleinn Activity manager azidunguyadndsiildlunisinnisnisiinauvesnisisenld

a 1Y . <, 1 e v v v 9
NuULBUNALATY Window manager LUU?I’JUV]I?JW]UF’JM%U’WEJﬂ']iLLﬁ@NNﬁI%m&I’]%ﬁllﬂ‘Uﬂ'ﬁ

o o A

143911 Notification Manager \unguyamdsiiazgnisenldilliofoinisuantaniugnisvingu
Tawngldauniuniminge View system unquyadidaiineiunisdanisludiuvenis
Wihisteyavedldeu (User Interface) dnn1slassasienegngluminseuansuaiiveligly

Y = v . I ! o w a o v sl a ¥
azanlunisidnfadoya Location manager lunguyaddeimisenldnuwugesnngites
funagimansuaznisseuiumus Packet manager \ugamdslddmsunssudsdoyaly
13911 database 38181105 Resource manager tuyaAdsnldlunsidnddoyasivlu
ToAuaggunm Content provider Wunguyaendsnldlunmsidntisdeyavedlusunsudue

v W Y = v v o A Ao % % [ '
uwagdadanismisidifsdeyalviulusunsudunisenlydaueig Telephony manager Lungu

Joyanlimunuuazianisnisiiifslayanfnse (Contact manager)

- 9y Libraries \Jugunldlunisaivauaunmssunsminildniw C wie

C++ lumsiaun Tnswsiagyardzuudlunudnvazvaanisldnu wu SQLite 14lunis

a A

Janssruugiuteya Webkit [lunisasravSeudleteyanineivesdunisidrdaiuled
Open GL ES way SGL Tglun1sdnnisusuniwaesiifiayanuilf Surface manager Talunns
IpN1TAIUNITLARINaN1InINeduRE Media framework T43NTAIUNITHAAINATDININ
=] < v

IGETGEAIRGIN

- YU Android runtime tJudiufinasudailanainaiwiseduguiu
nweses Fetagiull 2 UssiamAeuuy Darvik Virtual Machine 7y runtime fildluilotie
Jwway ART Ngnianldlullefaweunsouddsuaiiesdy 4.4 Juld Fauuy Davik gn

panwuUULWLgUIUY Just In Time %38 JIT MzuUadlaniildiazyinnaseniinissusa
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Tsunsuiaean1sTuun sihlvlduunaedgs Aunaiuuwaliminensiegs1ain ART @9g
SuigenFufglugrnsinndusunsuinlviuszegiialunisudaddanuinnitwayly
o ! 1Y aa o ¥ = £ 1 o A A g X
ninensuINnIEveRfevilinssenldnulusunsuliasnanisinnuvesiietasingivy

IndnuUasuarvzuuana .DEX (Davik executable)

'
o w A

- U Linux kernel 1Judiuitddgiigalunisusmsdnnisszuuuuinig vis
duveantive n1sintanswensetayaluzukuusieg N3IANTsseseInITuIINSida
wiheAudn 1Wudu
nnsaneitelinlvnuisnsitenldanidaenssuvesuaunsesa Loy
1 % d‘ a L4 A 1 b4 1 dl ¥ k4 Y = ¥ 1
drundnnisenldnuneludiuvesnisesnwuunthimambigldanudiddauasludiuvenis
Sunldigugasnnuss ngldgadrdivesssuuduRniswaunsesd saudan1sAnwinisly
Nuludresiufidninudayaiiieriins@eu Log file ns@nszuulfifinisueunsesnay

auaiunsAnwuagldaulusunsy Android studio

25  ULYITAIINL
6% o L% a o IS 1 a d'

wuwesludagdunldlunmsmsiaiungAnssunisiedeulniliegnateyiin i
a v 2 I3 VoA Y d' o Y = =
Heuldnufowuigasausiiaunsansiadunisaiouninisusiduasiiieulusaeiingg
wmaeuvesingladviheduunsdeiufioniidsans wuwwesanusazdiogluauisnly
wwnunnuielglunisnsindunsideesannivin ngldlunismuauiianiwedusunsy
aeluanninivuninissenldau

nsuszgnaldnueugeiausdluainsniiuiuivae sy wdhanld
lun1snsidunisvyunausvinwdesegluiianide lagldngnisindeunvesiasiu d

aunis 2.1
F =ma (2.1)

Tnedn
= [} a 1 [~3 a [y
m e wavesdng Imheduilaniy (Kg)
a vneis  AIAIULIeTInG Tmhodunssoiufennnga

a99 (m/s?)
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Tunsdlo1uAIAINNLT 19590 03aL SN UL T UAIAIULT IR A1 UIUSINA VAT
191079999180 MNABINITIYAIAINLTIVDIANNSNINUISIADIUIAIAINULTIUD I T LLUA S

TanoananA1Anussiinelaazsla feaunis 2.2
At:-g -Am (22)

Tnen
At wnedy  AnusanliAneusddunsvedan dudedu
1 a = o % 2
WIATADIUINYNN1AIEDY (M/s?)
g neds  Areuswesslduadlan dwhedumnsee
FUMeNA1a988 (m/s?) 1A1 9.8 m/s?
Am  v18de  AANssUesannsninundaAwsduaiswelan

=1 1 [~ I a a o 2
1YL ULUNTADIUINYNN1GIEDY (M/s2)

drausnliulddnisiadeufiainiuissfieuladian 9.8 m/s? Faduen
ANMLSeBsfiAnstuwaude Tunuidedloarianuisweausuens 3 wnu (x, y, z) NMalaun
AUAULNBTINGANTTUNITINALTTNITMAIVUINTDIAIULTINTDNITNINAENT VRILIALADS

(Signal Vector Magnitude)

dMagnitude — \/axz + ay2 + azz (23)

Tnedi
Avagnde VDS HASNSVRIIAWDS 3 wnu Inheiduwnsse
ITenideges (m/s?)
ayay,a: MNP AANUSTTRlAINELEeSAIILES 3 uny
(x, v, 2) nhodunnsaeiufenideass

(m/s?)

mnausSMHuIn1saeuiLuLdase (Freefall) AvunaA31uLsIne1ulaann

AIAIUIUMIEANNTT 2.3 AzdiAdu 0 m/s?
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MANNIINNINUVBLIULDITANULTIAG 18N TEAUToNAFIvRIAUIe Inedign
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LIINATENIBDNILNA

2.6  NITUIUNITUINAANIVIILIALADS

gane3fiu Signal Vector Magnitude (SVM) 1uismsmarvuinvesinnes
S0 (nasruvesamesnuie) luruissazldnisauiuarfiouldarnwauvessuiges
ANHLSY 3 WNU LABATEUIUNSVBIEUNITUINAANGVRIIANBSNIMLTAIAIUSS 3 ANEIUITE

DU AININUSENBU 2-6
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AMNUSLNBU 2-6 NITINANKNAANSVDIIAMDS 3 WU

ANSANUIUMHAANSVRUIALMBS 3 AAnuNeIN1sUnAa1uleaINA1TAIUIU

U I3

PINAANSVDIIALHDT 2 UANUANNAANEVDIIALNDST 2 AU TATUIUNAGNSUBIIALADS 3
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WAY AININUTENBU 2-6 LAATLAULNUAIYBUTUDIAINNTIND19DILNUAIBAT X, Y Way Z
nfnawesmhedmsuszyiianwaanawasiuliasuny e5U8NITMINaSNSUIIAWS 3
% qﬂl
Wy Fadl
- PATHNAANTVDIIALNDST 2 TR 91999 INUTENDU 2-6 TULNUAMADYS ALY
TgAuuUsEnauae Wiy ZA wazunu AX lneldaunisunaansveaimmnas 2 35 taely

gunig 2.4

AB = VZA? 4+ AX? (2.4)

' [
aad o 1% A

- ANAANSVBIIAKDS 2 TANAIUIUATILINAD AB UA1WIMAULNY YA

DN9DININUTLNBU 2.6 MULNUALY I RNDMNAANTVRIIAMDS 2 TR tnelaaunis 2.5
AC = VABZ2 4 YAZ? (2.5)

NAANSIINNNTAIUIUNANDTANS 2 TR UL 2 ASIazlarIveINadNsVDa
LAWMBS 3 U5 TuNSTaNNISUINAENSVBIAWBES 3 DALY IUIILITYILENUATLAUNILAN

AULSIVDAUIUYBTAALIT 3 AU (X, y, 2) lngldaunisunadnsvoannes

AC = VXA2 + YA2 + ZA? (2.6)

Tnedn
AC PNYDT WAANSUDIIAMDS 3 AU

XA YA ZA  vngdd AIANULSIURBGUEDSAINULIT 3 kAU

nsfinedanesiin SM uniseSuigisnisihdeyaveasuigesninus 3
LnuRINadnsrasawes Wetadldluseuidisuiuaasiilunisdndula (Threshold
value) lunsdivigisnseviuiu (Stop immediately) wagldiunausaiinszvisiowi (Ground
Reaction Force) Yafvain1sldAnaansvodiamestuauidenelinesaiefeidnienis
Andaann sl T,@aﬁﬂ‘mwamm%miﬂuﬁamﬁuwuiwma;_’ﬁq Fanmusznaudl 2-7 Wedaen
AT AU NadNSYaInAne s Tld L Andsaunsvinuianilegianyindu

b
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viuiviula GannsingingAnssunmsisuasniseanuuuszuululdazdiuanunsnesungld
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AMWUTENBU 3-1 FANIUDIAMNLIUUUUNR

TumgAnssunisisuuuunigisazindeudiluiianiansslusunidi 9an
amUsznay 3-1 deffundeufianifnavesmnuisdlulufiemafoiunaedeud fafy
nsfadagunsaingaaduarausasdanduvanavearnnsalfisuigesainuiss
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NIZUIUNTANANDIANSUAT (Signal Vector Magnitude)
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v I

Mo IUNAUTI U UAIAIULT U AUAZHATRENIIANALSIVUEIY ATUIUIINGAS

NNSARBUTNLUINTIAD

1
S =U+ Eat2 (3.1)
Tnen
S PUYD sruEneN1seaaun dndiatduiuns (m)
u P ANULSIAIRY Tvvheduunsseiund (m/s)
PN AU DOMNIINTSUALULUAIUDY

AMuL$ Tvheduunssaiunienniidiaas
(m/s?)

t YU nalglunseaaud dmihoduiuid (s)

demaualdrmanuniinedunarszosnailddavifutmginssunisis
WaENITLAY Lwﬂu‘wqaﬂﬁ:uﬂ'ﬁ"ﬁﬁ%lﬁ’ﬁnmﬁg’uﬂdﬂmiLﬁﬁﬂ,uiswmaﬁwi']f"fu Fefuarnnis
frunailuaunisi 3.1 waillddedrauisavesnisisdsddminndiniaidu 91nqaifide
anansathasvesrmseiiintuanldlunismaasilunisiadula (Threshold value)

YoIufarngAngule
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AMNUSENRU 3-2 FiAN19Y09ANNLTIlleNeAIIeE 9N TEIUAY
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acceleration data
from smartphone
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/

Calculated

with SVM

algorithm

thresho

Compared
SVM data with

1.99g> SVM>1.00g

2.49g> SVM>2.00g

Id value

Send walking status

Send jogging status

Send running status

Send stop suddenly status

Show all status of
running behavior
detection on
smartphone display

Save
running
monitoring
into logfile
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INNMYUIENBU 3-3 BFUIYAITYINUVBITEUUNTIITUNYANTTUNTINAE

N303299UlaAnmnNTAIIERENITUIAEUAINNNTINAT

(1) WoKnAADUMININITIN TEUUNITATIIUNYANTITUAITIILTUBIUAIN

WULDSANULTINANNSNINY Taeldaumasa1uLsInuNeLaY K6DS3TR NanlaeusEn

STMicroelectronics AETUTNUTENDUAILLYULLDTAINULTE 3 WNULALLYULLDTYY 3 kAU

5995UN157RAASS £ 4 ¢ FaTuAranussiwangdmsuRauissuuluanuIde niae

Wuwmssadunienideaas (m/s?)

(2) mrpuseieuliidudayadiu (Raw data) azgninlurunszuIuNITM

NARNSUDIIALADS (SYM) tfinunluUSeuisunuaImInAtan 1 nua AN UsEUU 39019

Wonldisnisissuiisulagldan SVM agaglunisuilatdgymidiunuinishnfeesansv



35

TN IEAE AUV D LU B SMNN TIN5 AUV 0 b LA R AR AU L ULLAE D IALALDIAYIN

Tidayanionlsiinninurainniougs lngaun1snnaansveinmesae

s = /X% +y? + z? (3.4)

Tnedi
A MNEAT AIAUETHIUNSEUIUNS I INASNT I8
LIALMDS
X wneds  menussiieumladlefinisiedeudilunisdie
NIDVI
y wneds  Aeussiieuaildilefimsedeuiilusuuy
WIDATUAN
z wneds  anamnussiisuanldiiefinsedeuiiluluiiamng
YNRUINIDU1INRS
(3) the SVM mutasdunnusedilianausdiugsmasdan esen

A ' ' I A ‘:4' A !
- LUDDIUAIAIINLIY 3 AU (X, Y, z) WU’J’]@’]WN’]ﬂWﬁ@ﬁ@ﬁqﬂjqﬂJLﬁ\ﬂ,ULLﬂu

9

LYY

WA widgnaaeulallavesisneiuiudl SYM Sleniagwwinninainisdnaulavilviin

ANUEANAIRlUN1INTIITUNINYATS nsdiiinauRanatanulugnaaeuNawndula

(%
a0 1

MgusITLINNYTeRMAde Uit INAININAY SVM agilA1iinndn 2.5 ¢

(Y]

a 44' Ay A a o o a o o
- AMNN[YHYNIILARDUNVBN 3 YBIUINUNIN ?G\iﬂ@lﬂgﬂﬂigmrﬂfﬂﬂiaﬂ 'JG]Q

3 o Y Aa v v y = v a1 @ 2
U'Uﬂﬂizwqiaﬂ@l'lﬁLLﬁﬂV]iJSUU']@ILV]']ﬂUW'JEJ YIA1 ¢ GU@ﬂLLﬁﬂIullﬂ'NIﬁﬂllﬂ']LV]’]ﬂ‘U 9.8 m/s

[
= [y 1

AIdeddlatAniinauiuen SYM ieanussliuaiadlaniinseindeda Inelddwmanseny

sonsdadeyanusduaunsninuislaaunis

— (aSVM - 98)

98 (3.5)

dg
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Tnen
ag PNete AU luAnALsaltuasvedan o

1 & Ia = o w 2
AU UUUATNBIUINENNIAIEBS (M/s?)

as  MNENY  wadnsveanewmes dutheidunsee

AUgNNaE@ed (m/s?)

(4) A1 SVM azgnihaniUseuiieuiuaiasilunisandula (Threshold value)

%uﬁuﬁwﬁiﬁuwaﬁﬂﬁ%aﬁamQQﬂﬁiwﬂaaUﬂWiiqﬂmﬁﬁwaﬂmaaﬂduﬂwwaaU%wsw@aﬁwuau 10
a o A ! = P

AUNARBUNITIAUAE 10 A3 Inen1siansanazgnuueenidu 5 nsdife

- N38A1 SVM $iA19glugae 0 ¢ 59 0.10 ¢ 18l SEUUATIIUNYANTTY

1 =l ¥ 1 Y] 6 ddy = 1 v v &

Youinen1suls Wnedradnsveaamailunsdidasiimanusadilndaue

- N3AIA1 SVM Heeglutng 0.11 g £19 0.99 ¢ nunedle 2UUATINTUNGANTIY
nsaule nsdlilAnadnsvesnawasazivdsuniatannvimianiseuluunn issannidu
WOANTTUNHINARBUNAIYAINLLTIN

- n3AIA1 SVM Hieglutng 1.00 g £9 1.99 ¢ nunedls 2UUATINTUNGANTIY
nIsieguInle Sdaasuaqmmi'qﬁl,ﬂmmﬁmmmuﬁm%’umﬁaﬁgﬂqmé’ﬂwmz

- n3AlA1 SVM Hieglugng 2.00 g f9 2.49 ¢ nungdle EUUATINTUNGANTIU

QI dld 1 27 [ [ 1 dy I~ 1 d'd d' d' a I3
ns3endanuseadld Anadnsveanaweslugrililugiiniinnudssiiaziianisuinidy
ﬂﬁﬂﬂﬂiiﬂﬁ%ﬂﬂﬁ%ﬂ&hxﬁhﬁxiﬂﬁdaéwamﬁgQﬁuﬂﬁauﬁﬂvnqaéwuﬁauwéﬁm%aﬁﬂwswqﬂﬁﬂ
I Y} LY} [~ ¥
819NN UNU LUUAU
a1 a0 1 = a dld

- N3AA1 SVM HA1NINNTT 2.5 ¢ RU8DY STUURTIINUNGRNTTUNTAIMN
AB9g99EUIMEUAINNITIRINNS Y AN

luN15n 52 TUNGANTIUNITIMNNIATTUVAL TUTIWIUNNTIRTUNG ANTTY
a9 lauazudaufEvegeuvurtnveausninuieliveaeuldgnmsinkaraudnday
LA 8979z UIMRUINNITILE

(5) szuuinnisdaiuan SVM wazarfieuldaingunsalieanunasly
PgANUINN8lUTBIAL SN I Y

n1seenuwuuszuUluduiazdigligisaunsalslaegadiuss@nsamaniy
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a A P [d o w 3 = a d' a =3 Y
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! ! A o d' LY [ ! o v aAwv ! d' a
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Running Pattern Analysis

Standing unit
Walking unit
Jogging 1 unit
Sprinting unit
Stop suddenly unit

Show Running Graph 2

3

Acceleration X =

Acceleration Y = - m/s’

Acceleration Z =
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PNAMNUTENBU 3-6 WAAININTINALAINAISLAURANTISIULARZATI NS
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a 1Y) ° a Y ! ¢ X A g v
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Running Pattern Analysis

SVM value (g)

0.166833 g
1.081076 g
2.941052 g

awusEnau 3-7 wihssuaningivl SVM lunandaglu

NAmMUsENOU 3-7 85UrenIINAIILTIveInTIsluiattagtu Tae
wanawautsoanidu 3 diufe muneiav 1 afunsuaninIINAINTINTe g AN TINNNT
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Magnitude : SYM A1411LIAMDIANTANAUNIT s = /X2 + ¥2 + 22 arfidrunlglunis
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2 Smartphone
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1 data

Running gestures
1 data
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3 data
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Tunuddeilidenldausvivuszuvufoinisueunsesdlunisiaananuise
yurdafiohluinneinganssunsls mgsalunsidenldandnlnumwszidueiesioniau
ylUlluiinuszdr unaz sy doaldlunisseneunisesndidenie wu Tilanag
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2 v I A ¢ v P | v} & ¥ ¢ = P
nudeyanuaunniarldinseideyansisluidasass udu aunsnlnuildluemuide 4

(1) @u1svlny Samsung Galaxy Note 5
Ana TR
- Uszananan1svnaume Ul iinisueunseen 13a359u 5.1 (Lollipop)
- wwUszalana Octa-core (Quad 2.1 GHz Cortex-A57uay
Quad 1.5 GHz Cortex-A53)
- wheanudinmglusueies 32 GB
- wheAusuuuting (RAM) 4 GB
- fwuweifldlunsasedunmsindeulm (KEDS3TR) fewwugesaruis
3 wnU (Accelerometer), LGU‘LJLGUE]%ZQM 3 N (Gyro)
nadenldaunsnlnuguiidesnnlunuideeslfisueesanmss 3 unly
nMsnTadungAnssunsialsenaufevimamgats iy melaioguain Mg
ANNLTsgaUazn1IMTIRTUNITgAIteEensestuiy TasthArmuisadosnnussliudasues
Tan (g : Gravity) WrIUNSELILNIMRAENSTBIAMeswdNhuUSsuTisufuAAsilunis
#ndula (Threshold value) vosusiazvimneuards Femasiilunisinduladuanadedldu

Va v = A

IINMINAFBUIIM unquotanadasieganagi 2.5 ¢ daugidedadenldauisn

Y

a5
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a1

Tnu Samsung Galaxy Note 5 Aifliwwigasainusisesduiunisiiauaesssuufefia
ausaiasanussliiugisvadianyiniu +4 o
(2) Wwuwesiues K6DS3TR WARIAEUSEM STMicroelectronic fnnaud fail
- ugesnsnduauadeul 6 unu UseneumewueasnInmse 3 wu
LAZLUDTIN 3 WA
- 9935UN17IAAIANLSILUTS (Range) +2, +4, +8, +16 g LAZIOITUNITIA
ﬂ'mﬂmm (Range) 125, +245, £500, +£1000, +2000 dps
- TEwaseu 0.25 mA
- Msudeloyaniu I°C
0.1.2 wiesiiemaiurerwasldsruuuftinisuounsesd 1estu 4.0 Tuly
fusuugansindsvesldan (User Interface) Iifaganninntiu sesfunisvanuiunissuds

TOUAUUUNAIUA

4.2 sduwuulunmagauszuy
Tunuddsiddsdangnsaiuaengfnsausisgiiannsofnduldluumeis
1w N158U (Standing) N19LAU (Walking) mﬁ«,ﬁaqmmw (Jogging) M55 (Running) wag
N13MEANTEVUIIY (Stop suddenly) N1588AKUUNITNARBUTIATIAIAUNAINAIEYDY
waAnssussnan Tagldmidsdanguildan esmndiuvesnsnsadunginssunsising
Amadndvosnamesinisandussliudismedlaniingzyidedimsothmanussluunuis
ponviliArauissiiAnanihuinfvesyanaliidmadenisnsadunsdivgaisedig
nagituiu feturiasiilumssnaula (Threshold value) Ssannsaldldfuifmnussinn Tns
FeBansiingianunil 3 e 3.1 MseenuuLdILTBINTIATIEING RTINSl

NATedUsEnauluae
4.2.1 N159NLUVENIUNISAIINADILALNAFBUITZUUATIFIUNGANTIUAS

n1snaaeueanwuuNLilenaaeulTeAnSn1nkasANEaNg uYBITEUY
AnszingAnssunifsluaniunisaliivainvate lasuusnsnegeunginssunisiandu 3
38l FannnsaigneaevlzsesUisuiimianuiidmuald lngasyinisideurinimng 5

1%
v v a

a oA oA Y v A ] ya o N ag v R
U']V]ﬁiaLll@lﬂi‘Uaiyjiyﬂﬂﬂ%LﬂaEJum']Vﬂﬂ'ﬂqﬂajf\]EJ ﬂim%l%m@aaU@JV’Jeﬂaﬂﬂu
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- ﬂiﬁﬁmaaumi@u—%Lﬁaqmmw-ﬂqm%aasmmzﬁuﬁu
~ - | & ~ ° a ~
nsnaaauNnsalluiveliiynymunefsiiionaaaun1sTMUNNEANTTUT
wansinsiulunisisweusazyanaiioiasandnssuuauisaiiudoyauasid wseuwny
nagaulinsunsell lngnadnsiaualaanunzgniiudiasgiivenridadenaeyinli
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73 lnsoraadasaglilusunsuidideiauntuiaduanivinueunsosuasilunagon
31 Inomsisldsuuuudassielaifinsdmusvimeavdengingsy szegnme nanfilivesiis
ndrntufitoasiunansnasuresenaatisiotluiinsginnuauysaivodusunsy

PANTNTIRTUNGANTTUAN IARTuYEdslagneaavS el

4.3 MSNAFIUNITI19IUVIUSUNTUAATITANGANTTUASISULEN SN TN

Tudruihifunismeaeumshauszuursadunginssumsisuuanivi
svuvUfRnsuounsess Inevhnshadeaunsninuiifueundiadunsindunginssunisia
H0 SensorACC unuanalild apk wazgunsnidazdosdiouisasainuids + 4 ¢ Julfnd
melugunsalieiitedesiuniseiuddinannadoulunsdnsiadunsvegaiseganssiiuiiu
felunAfeiasfadsaunsnlnuiivinuasinnvosmaaeumssdusuntsaudnaisos

FuMefliaanusivifgaasduiuminasaniieflmagousuninuszneud-1

Running Pattern Analysis
Standing o Unit
Walking 0 unit
Jogging o unit
Sprinting ] Unit
Stop Suddenly 0 unit

‘Show Running Graph

AMWUIENBU 4-1 WNANUeIlUIUNINAATIZINGANTTUNITIS
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N159RNWUUNTIANNSN VAN TN INULOUATOEAD19B99INTITR 3.4 N3
panwuUduTataUndintuuuasvulagldguge sausnsIadurimIsvesuyd Tu

d‘ a YV d’j
U9 3 a5UNENIShaRatl

4.3.1 N13PTUATNORNITUNITA
v 1 lej Id A v o a 1
nsldanuluduiilunsmegeussuudlegmageurininisis 1 seu lnglidnig
AvuasnwalevsangAnsTlun1e ssuvasianstoyanisie s ardagduungvegauuy

PN VDIAUTNINUAIT

- B2 T .l 66%@ 1552

T —
Screenl

Running Pattern Analysis
Standing 0 Unit
Walking 0 Unit
Jogging 0 Unit 1.
Sprinting 0 Unit
Stop Suddenly 0 Unit
Show Running Graph
Start Stop
Clear Data
X 0.0864
Y 0.8902
2.
r4 0.4016
SVM 0.98041
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ABANLNY Z LAZAILNU y N1TEIUAIAINLTUNEATIANIINITIARBUNIVRE LNy An Yl
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N1SNAFBUNITEIUAIAIIULIININNITIE@IN T0ATUANUFUNUTTENTN9AT

AasenulaluldazLnuiuiAn 19N AR LN RN INA1TIN 4-1
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LAROUNUBIEIN gunsal
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X
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M19199 4-1 a3UAMUFUNUSAUTENINAIAUTIUALANIINISIARDUN YRR (D)

sULUUNTARALEN SN WY AiAn19n1s ANWULNSUABULUAIAIAINLTIVEY
4 a ya ¢
LARAUNYDIF gunsnl
UAY X Wy y unu z
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nsnageuiualigIRuluduninssszey 10 was JaAuiiani9an1sis

QIIQIQ a v SJQI
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aonndasiuvivnansis defiundeuludramdhamusauny z fauiulusssiiranas
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unuuaRsIzanawaniutudiofiveglutumsassimufimmadeatulis daueunu x

maasuwlasiisndniesnselinfsunUatuegiunsiafiiuueenanidunseiiimuall
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2)  diaedeunlutmiludummssuuauuesuse

Tdnsneaeumiionde 1 uridewduiuauuuguse nadnsnlanaiandi
o v 1va o o a v o P 1% o § w i ] a A
fun1svadeuden 1 wikdadsRuiiamelidudunselan yilvaianusdusnu x lddsde
WaguWUawNiAN 19N UNeN NN TINAMUALIMEN 8 BT AIA NS WAL TUNING R
LUUEBNN NG ILUAZAIANULTINANTBRINUNRNNUIINAN WU

(3)  NIAIFILATOUNMIBAIUIITLNUTY

WaR9NTIemeANIsIAaa LA @ urTeLiusrez U153
ANUAMEIIIBLEUN 1R SITEeY 10 WnT naansilareraussluwn z g9tu lngen
ANULSAsuLUAUBE fUTEEEN13ATIWN (Step length) wazdamazlun1sini (Cadence)
meghaulilsserAvninnuareeswiUaeviselidamizlunisnmaunanussuwnu z
ALTU AIANNLTIIULAN y TAININNTINITINIEAUTIUNFINT LTI UNUAILLT
daralviasdmdnwinandu iansasediiielvislassesmaiindy nsdlifialanuides
UIMAUIINWIITINSEIOR LYY

(@) nfIuAfounIgANUsLAziinsRsUTiAN
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sniudrmnusdduunu x way z AoiefIsdsgaasuiirnisaglifinisseasaiuss n1s

r-:ll a o Y 1 a a EN a r-g d' QQIJ v r-ﬂll
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Tudian1939Un® nsed
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)

l¥n1smageuinileute 1 wiliun1sanAULSIasuagluan1IEngnd
(Stance phase) NAANSNLARDAIAULTING 3 LNUIzanategmsLllosauAILsslALIlng
0 WASHOIWT BnIuAILNY y 8uATle 9.8 wnsdadufieniidsass n1svenilssnnil
A & [
aodunIngalLuUUaonny

(6) WIUARBUNAIIALLIT AL NYAIIBE 1N T

a

HANINAADUASIEAUNTNAADUNTAIUAIUTIANIS WIBRINIMIEAINLSITIE
WINLAIMEANTEUY ArAsany z nseunuluiianidddramiiviesnsenasag
Waguwlasagesimiifeaianusagiinduluiianimssiiudufianisfiuneunazan
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Funelididvauna Fs519nefeasunisenindanuideiiazuinduusnandudu nauie

wagnszantosold

Y Va v =

nHaazunlalunis1ei 4-1 v lagIdensivisdnvasiuand1aiunag
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n53slu 1 seuluguuuuveanswls gasjamnelunmageufonaaeunsisluaniiznsis
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4.4 wanlfannisnagaun1sIelunsainng
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Abstract—Thic paper describes the detection and monitoring
homan ranning for alert and redoces a risk of injuries. The
design divided imto two part. There are comprised of the
detection of stop suddenly running and the monitoring ground
force reaction (GFE) of human running behavior for analysis
running gesiure in medical Design and development wsing the
accelerometer based om 2 smartphome. The recognition using the
Support Vector Magnitode (VM) algorithm for detected stop
suddenly running and the third of Newton's laws for calculated
GFR. The system alert wsing the vibrator of smariphone and
collected into 3 log file for momitoring human posimre. The
experimental resolis wzsing froe classification rate for analyzing
the performance of SVM acceleration and represemted the
corrected of human ranning stop suddenly. For male rumner
accuracy about 97 percentage and female runner accuracy about
94 percentage.

Index Terms—Adecelerometer, stop sadden, human monitoring

L INTRODUCTION

Running is a very popular exercise for health conscious but
many people caunse risk of mjury from abnormal kinetic
aetivity such as stop suddenly, sudden change of direction and
senous impact on the foot.

In this paper describes detected human runming when to
stop suddenty forthe reducing risk of injury from the abnormal
running phase. The system collected buman running behavior
data for analysis nmning gesture in medical using by three axis
aecelerometer via SVM algonthm After that compared with a
thresheld walue for decision alert abnommal ruoning. For
meonitoring pround force reaction (GFE), we denved from
human weight caleulate with the SVM aceeleration for storage
farces acting on the body. Related work shown in section 2,
Hardware system specificaton shewn 1 sechon 3,
Experimental Methodology shown in section 4, Experimental
Feesult shomm in section 5 and Conclusion showm in section 6

II. FELATED WORK

In this section, we shewn the previous sindy abeut the
cansed of running mjury and related concepts that we applied
in the system desipn
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Glerm C. Terry [1] study the effect and mjury caused by
playing basketball that has acute force strike foot when a
sudden chanpe of direcion He found the mjury in knee
lipament and Achalles tendon tear. Steven J. Andevson [2] study
running factors that cause nflammation of the Achilles tendon.
It 15 interval tiptoe before floating in the sprint and rushing to
stop or chanpe direction immediately. Therefore, we study to
detect injuries of runmmg for notification and collected data
nisk of running injuries. Wang e [3] was discussed detection
of falling elderly with SVM (Support vector Magnitude) using
data from accelerometer and gyroscope sensor. Rera. § Zonouz
[4] was dizscnssed detection buman momtoring with SVM and
mount Smartphone device on the waist that 15 the best posibion
for detected buman behavior. Xizhe Fin [5] was discussed
detection buman activity usmg a sensor of Smartphene. It can
recogmze three posture include walking, running and sithng.
He uses SWVM expeniment with J48 and Naive Bayes MLP. The
result SWVM s the best for human activibes menitoring.
Clanivton A Siebra [6] was discussed detecion buman
monitoring using accelerometer sensor in a smartphone for
classification of stand-up, sittng, lying and walking gesture.
The zmartphone iz mounted on the waist and use Newral
Metwork for human classification  Cueng Pham [7] was
discussed human recognition with the real-time mobile phone
using an accelerometer that wsed Hidden Markov algenthm and
mounts device at pocket. Yyjia Ge [8] was discussed falling
detection usmg the accelerometer m the smartphone for
classifies postures into three phase melude free fall, 1mpact
shock and after falling From thiz idea, we can apply my
research about munming step immediacy and analyze the vanety
of equipment positions installation.

. HARDWARE SYSTEM SPECIFICATION

In this research, we use a smartphone for developing human
running monitoring system by Samsung zalaxy note 5 which
has ten sensors build-in. In a case study, Accelerometer that 1s
important sensor use for measure acceleration of human
running. The device wsed ST Microelectromic ESDSITR
whach has 3 axis accelerometer with default gravity +4g range.

The default of pravity value (g) in smartphone that nsed to
monitoring in stop suddenly system_ If we used +2g | If can’t
detected running step immediately gesture. Because the
maximum gravity value of accelerometer in smartphone is
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lower than the threshold data. The default value, we must used
meore than =dg

IV. EXPERTMENTAL METHODOLOGY

A, The principle of system

Caunse of rmning injuries divided in two part that is
comprised of acute wjury and overuse/repetition nury. In this
research, Dlata measurement using by 3-axs accelerometer
from the smartphope infe SVM algonthm for mmning
classification. After that, SVM data is contained in the log file
for storage mmning history of medical analysis. This system
can alert mmner when running bas the nsk of mjuy and
dizease from running.
B. Rumming Diseases

For the human runmng, the nsk of imjury from many
causes which is divided into two tepies. The first, acute injury
[9] is injuries eanse by the larpe force acting around the mnner
legs that can disease include muscle strain area at quadriceps
and gastrocnemius, musele contusion, musele soreness after
training, muscle cramp at aokle sprain, knee injury and
anterior cruciate ligament injury. The second, Overuse injury
[10] is injuries cause by the foree acting around the mmner's
legs repeatedly that can disease include Osgood Schlatter's
dizease, runner knee and stress fracture. For this reason, if the
runner has some device for momtoring and alert then we can
reduce the risk of moning disease.
C.  Installation pesition gf smariphone

In this paper, we use SWM algorithm for ealeulating total
vector acceleration. Because when nmners are runming. They
wanted to ease for mount mmning detecion device on the
body. The SWM algorithm makes it easy for mount the device
on any directon In figure 1 shows the dmection of
smartphone mount on 2 buman body.

2G04

Figure 1. Direction of smartphone mounts on fuman bady.

The hterature review found that the most pecple use the
mebile application dunng the running exercise. The mmner
use smartphone for listening music, record nmning gesture for
analyses mmning behavior and healthcare. The smartphone is
mounted arcund the waist oo the body because it is the most
comfortable posibon for bmman movement such as in
literature review [11] show a posiion of the smarfphone when
the human using a device that is the most popular to mount

around the waist area. In my research, we mount the device on
the waist like in figure 2. In addiion fo coovemence for
installation. The gravity affects body makes rarely to detect
runoing less emer.

km

Figure 1. Position of smarphone mounts on wraist.
D System Architecture
In this tepic, we discuss system overall of human runnmg
monitoning. It comprises of the detected stop sudden when the
system detects stop sudden at threshold mere than 2 5g and the
buman mnning GFR menitoring. The overall alzorithm desizn
is showmn in figure 3.

Detected stop sudcen system

=

Grownd farce reaction mon toring system

R .

T

Fipure 3 System architeciure processing.

E.  Swpsudden system

The detection of stop suddenly calculates using the
acceleration from 3 axis accelerometer data of smariphone
sensor for calculating SVM acceleration.

5VM represent Suppert Vector Magnitude method that
used to determine the size of all acceleration vector owtput
(Sum of wector unit) In my research will be used for
calculated vector size that read from 3-axis acceleration senser
in smartfphone.
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The equation of SVM defined as

1 2 2
am‘=..’ax +a,” +d, (4]

Where @sFis represent the 5WVM acceleration @, represent
acceleration on x-axs 4, represent acceleration on y-axis and

4, represent acceleration en z-axis

The asras that 15 the acceleration of human body with the
gravity acceleration In a case of study, we would like to
monitering only acceleration of buman body and wsing wnit
into accelerometer data. Therefore, from @57 we cut-off the
universal pravitational constant (g) that is 9.8 m's* and
convert data unit draded by 2.8,

The equation of acceleration data defined as

a, =7(a”’;_89'8) @

Where 4, Tepresent the acceleration agas represent the

5VM acceleration.
From the acceleration data (tzs }, we compare with a

threshold value of mnmng datasst. If the a, data is more than

the maximum threshold value that means runmer is stopped
immediately. The system will be alert to the mmner and keep
all data in storage of smartphone.

F.  GFR monitoring system

GFR represent Ground Force Beaction algorithm that used
to estimate reaction force from human body contact with earth.
surface. GFR value calculated from human weight and
acceleration data. If human has overweight, The ground force
will inerease the n=k of ijury.

The data of running behavior, we get acceleration data
from accelerometer sensor of the smariphons. The data can
analyze human gesture for science medical that show ground
force reaction data of runner.

Force from body

tGmu nd Fovce Reactson
Figure 4. Farce reaction to human bady

From the third of mewton's laws, that iz action equal
reaction. In fipure 4, when the nmners start to run. The force
of human body attacked with ground equal the reaction force
from the earth act on the human body. Then, we calculate the
wvector sum of the forces on the buman body is equal to the
mass of human body mmlophed by acceleration vector of the

The equation of ground force reaction defined as
Fapp=magy, @

Where Fgpp, represent the ground force reaction m
represent the mass of the human body and @44 represent the
SVM acceleration.

From equation 3 that is ground force reaction of lmman
body, we use for calculated the gravitational acceleration has
the effect with the human bedy. Then, we must be caleulated
all of the acceleration that acts om the human body In
addition, the ground force reachon vanes by the weight of
buman body. The mnners who have overweight are the rizk of
injury than someone who has normal weight.

V. EXPERIMENTAL RESULTS

In expenimental research, the results of the system compnize
of 3 parts. There are detected running gesture with SWVM

acceleration, a ground foree reaction of human legs and the
calculation error. In the case study, the SVM acceleration and
storage forces reaction acting on the leps by the man weight
was 75 Kg.

A, Detecting running behavior with SVM acceleration

The result of the system, researcher separates the
movement of human behavior into 4 types. It's compnised of
walking, jogging, sprinting and sudden stop. From the results,
Threshold value is calculated from average of expenment stop
immediately munning gesture be found at 2.5g that is meaning
vale of stop suddenly detection. The system detected stop
suddenly compares SVM data with threshold value If SVM
data is equal or more than 2.5g then the smartphone system
will be alert and count up number of stop suddenly into
log file. When SWVM data is less than 2.5z The system keep
munning pesture data into log file for caleulated pround force
reaction. Experiment data from volunteer 100 person 1s
comprised of 5 male have weight range 70 to 9 kilogram
and 5 female have weight 50 to 65 kilogram that testmg 50
sample for each caze study. The results of detected running
‘behavior shown m fipure 5-7.

A Walkinsi ‘ Y _Joga‘ngi Walking
3! bt ——

N |'|..1.'i|_L||H: Mﬂ —1 |71
| e ‘i.":L"Ji!H'ﬂs"'é@:a"#&Ji iy

Figure 5. Walking to jogping and walking
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The result of human mlm.lng sepmhes |.u3 part. The first

in walking to jogging to stop carefully ecase We use the
threshold values 2.5g for detected stop sudden The system neot
an alert event in the first and the second simation because the
acceleration is not enough up fo 2.5g The last part of fgure 7
shown abpormal runmng in walking te sprinting and stop
sudden. The acceleration range of stop sudden more than 2. 5g
and the system alert risk of nmning injury with a vibrator of

accuracy of defect running behavier and show percentage of
corrected detection for each pestwre and the last column
present about the range of data detection when detected stop
suddenly. The system result can be detected stop immediate
more frequently in sprinting pestura.
B. Ground force reaction monitoring

In the results the runpner was a man weight 75 Kg and the
result of data collechon ground force reaction shown
figure §.

= Sprnting

L
00
150 h I
’ﬁ — \‘”'nl,a 5.\.-\"1"'- |
T LI ETEL L L
Samplefuni)

Figure & The result of ground farce reaction to Human body

In fizure 8 shown the results of ground force reaction. Thiz
situation 15 shewn sprint posture and stop sudden The system
can detect sudden stop. From this event, if you run with high
acceleration value affect increase force value refer to the
equation (3} calculate ground force reaction.

. The experimental humar running result srror

The performance of SVM acceleration [10] that discussed
in the previous section, we caleulate from the confusien
matnx. The true classification rate is computed using the ratio
of correct divided by the total oumber of samples. The false
classification rate 15 compute using the ratic of mistaken
divided by the total number of other samples.

; L i TAELETL PARAMETERS OF SVM ACCELERATION CLASSIFICATION
the smartphone in this situation.
Activities kotion
TABLEL THE RESULTS OF RUNNING GESTURE DETECTION _ T"'E“tl.[?h“- Dther!.[lsllmn
__ Tarpet Motion True Postive (TF) False Posirve (FF}
Case Murof | Comum | Correet | Acemracy Theteet by Oiher Muofion True Mezadve (TH) False Negaiive [FN)
siudyof | Gpeed | deteetion | detectlen | of gesture ap g
peters | {md) i) iy %) {umy svmp | The equation of True classification defined as.
Sance
St L 35 3 100 L] ] -
"3 I _
Stop Mo than True Classification Rate (TCR)= ———— 4
saddanly | M0, 10 2 a n 25 TP+ FP
Walking 49 2 X 100 [] LIl
[ Tegzmz | 9% S E ] T Tl
| Epciomng | 19,8 2 2] 100 2 L8tnd The equation of false classification defined as

In table I present about the experiment result of running
behavior. The first descript each case study of running gestura.
It is compnised of stance state, stop suddenly, walking, jogging
and sprinting. The clazsification of each gesture nsze thrazhold
rang for compare all gesiwre monitering. For example, the
systemn reads SVM data from calculate 3—axis accelerometer 15
3g that is compared with threshold ranpe detection The
system is showm alert stop suddenly for runner. Max of speed
rate refer to Maximum value detechon with 3-ams
accelarometer in smartphone In column 5 present about

False Classification Rate (FCR) = N (6]

FN+IN

Where Troe Classification Rate represent the comect of
target motion and False Classification Rate represent the
incorrect of target motion er detect other motion.

The experimental result error with buman mmning. Each
male and female runners of 50 samples for each case study are
separate in 2 parts. Stop running in normal condition and stop
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suddenty mmming. We use True Classification Rate for testing
system performance. The results that showm in table TIT.

TABLEIL EESULT OF ERROR ACCELERATION RANG OF RUNNING
GESTLRE IN VARIOUS CONDITION

Gender
Male Femake

Case study M:rba Wember TR M:rba Nuqn;.bﬁ' R
Stop nImning

in nermal 50 50 100% 40 0B
conditen

Stop

suddenty 30 47 4% 50 45 M
ruoning

Average

TCR (%) 7% %

From table III present about detect stop mnming with
varous condition consist of normal running and stop suddenly
running that use analyzes the nsk of mjury from abnormal
running movement. If the systern detects stop eondition
accurate that can alert vibrate show a smariphone. In
expenmental result can detect stop event of runming condition
has average TCE. comect 97 percent of stop normal mmning
and 94 percent of TCR stop sudden mmming. The cause of
arror stop detaction, it ecours tester has a lot of weight on the
heels because testing mmning everload and repeats hurt on
feet.

V1. CONCLUSION

In thiz paper, we dizcuss the system use for detected human
running stop suddenly and momtermgz pround force reaction
based on the smartphone. The accelerometer nses for detectad
acceleration of human postore. The SVM algonthm and the
third of newton’s law nse for recognize and calculated foree
reaction. The system can alert the stop sudden using vibrator
of the smartphone. The advantages of thiz system are desipn
base on the smartphone that 1s very popular devices for the
human use dunng running exercise. The hmitaton of the
system, aceelerometer that builds in smartphone must be use
default acceleration of accelerometer more than +4g because
the alert of stop sudden equal 2 5g.
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