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Abstract

Human balance system is an important of daily life human. Every activity must
have based on human balance system. If some parts of system have an unusual, they
cannot have a normal life. Balance board is one of balance training tools used to physical
therapy for patients, who have problem in balance system. Balance board has importance
in body balance and the muscle that control the balance to come back to work as usual.

Developments of this research, the researcher have developed balance board
used with balance training program. The balance board has been improvement with
motion sensor and bluetooth technology, that make balance board can send movement
data to balance training program via bluetooth protocol. Balance training program have 3
training set is body balance control, body balance control left-right and body balance
control all direction. When balance board has working, the data will be sent to computer
which working with balance training program for processing data and show animation of
movement like a game. Balance training program has been designed with UML (Unified
Modeling Language) as object-oriented concept and technology and development by
Java language.

For testing result of new balance board and balance training program by physical
therapy professionals, who have specialization in the nervous system. As a result of the
test, it satisfied while the result on treatment theory and requirements of program
function were very good. The test of program and equipment were evaluated by patients
senior and athlete. As a result of the test, it satisfied while the results on complacency

were very good.

Keywords Balance Training, Balance board, Motion sensor, Bluetooth Technology, Infrared Data

Association, Database Server, UML



a135U8y
Wi
D N T TUU TSN Il .eerrrreees e eeessssseseeeeee s ssssssssssssssss s e seseseme e essesessssns e l
UVIPIEID...ovveevaeeee e ssessssssesssssssssssssss s s e eeeese s e e 1ot eeeseeesemsessen s sssessnsnes I
ADSTIACE vttt sttt bbb a s e R s bRt b bR et nee e n s e eanes e eaen [l
BTTUT e eeveeve s sssssss s ssssss s sesss s ts eSS e ensses st \Y
BVTURIATT N essasssasssssssssss e sssesssssssseser e sesssssssssssesesseseseeseess e ees st eenreeneereseeeeees VIl
BVTURIN M. sesssssssssssssssssssssssssssssssss s ssssssssessssess eSS et VI
T T SO 1
11 AU A IAETNUBITAIN. ottt e 1
1.2 TR0 UTEAAUBIATINITITE ettt ane st sssssssssos s 2
CICTONN]T [ LTI = St 4 o7 AL TN o A" i’ YRR, W WU 2
1.8 UTE OU T AIATIIE U ot oo oot e 3
1.5 Gogudai.... ). vl N0 Y, e Ve ¥ owend, Y. 22 AN . 3
1.5.1 N5¥ATUNTIAUBALANCE DOBIA)..o.vivvivimebins i itinessbaeesomtonbetontesese e sstrens e sseesseeseeen 3
1.5.2 \Fuig3nT193UN 15 AR UIWIMOtION SENSON.oei oo 3
UNT 2 VUM ATIT A IT0U ..ottt 4
2.1 MIAQRNTEVUOL.. Corror)orrorhe g A oI 15 AL ... Coreederneeeereg Sl e 4
2.1.1 AT TN U T AR VU TIITIR ettt eetesateseeessessesessseees 4
2.1.2 MSMIEAINUTUAR UM TN TIR TR DI ATEATUNTIN Do eeeseresteensesresssssssssesssssene 4
2.2 QUATOII L ITO M S Dbt e g s 5
2.2.1 QUNTAIATIITUNTINTI et essssss s s 5
2.2.1.1 TATSALAU (GYTOSCOPE)....ocvcvvesscneesvensccesssesssssessesssssssssseseeesssenessessssssese 5
2.2.1.2 UBALELSLTINDS (ACCELEIOMETEN . e eeeeerereeeeereeeseeseseesseessssen 6
2.2.1.3 WUNTINTLADT (MAGNELOMELEN)......ruurrvvrevveerreeneesee st ssesmeeeeeseesessses 6
2.2.1.6 FUwesN15NTI9TUNITNTIHY (MOtION SENSON....rrreeememmeereererrerreesssseneenn 7

2.2.1.5 FYYIUUGNSE (BLUSLOOLN)....cccevveercrnvrrrresmseneresecssesssesesesssnesssesessscesesens 7



d130gy (o)

Wi

2.2.1.6 feednyry1ouugys (Bluetooth Sender).....vnssinsnssesssnsessssnnee 7

2.2.1.7 wumne3 (BAELEIY).curvrreereeirrcrsreneisssresarssesssesses s st sesssessse e bssssscssessssessaeens 8

UNT 3 SURDUNTHAUIEEBNUUTEUY oo 9
3.1 TATSEE U TUATUYRRN N TINTIN D v 9
3.2 N1TBONUUUBUNTOEINNITNTII . vt snsesmissessinsssess s essense s sssssns 10
3.2.1 NTEAMUNTINYeerrrerrmssmssirsecessassenssssssssssssase s tisss s sesmssssssses s ssssssssies s sssssos 10
3.2.2 QUATAIATITUNTINTINY ot debecsintiensessessesssssens bt sissesss s 10

3.3 MTODNUUUTANNMTINTIN D i rtecesinsiosssssssssssssssssssse s sisssssesesssnsssssssssesss 11
3.3.1 UWUUEINT 1 1TAIURUMITTIEIN st e 11
3.3.2 WUURINT 201 9AU UM SIBEIRIBUI Y oo e 12
3.3.3 WUUENT 3:M5AIUAUNSEBITITOURANI .t 13

3.8 N150DNUUUTUTUNTHYARNNTINTIN D ehirscnniiiresiseesensimis st st e 13
3.4.1 N1598NLUUARIELABILATU(CLasS dIagram)UBNTEUY. ..o sssssssonssssenene 13
3.4.2 M308NLUUFINTRLATUSWNTUYARNANTNTIID. ..o e snsssmisesnsssnees 15
3.4.2.1 WNUNTWEBNI(E-R Diagram)TUUYARNNTINTIN Yereeevereressienersinssecsenns 15

3.4.2.2 03U TIIUGIUTOUR. e ersresnnstenesesresesenessssestinsnsssestesssss oo 16

3.0.3 NMTBONUUUTURDUNISTNIUUOTUTUNTU oo 19
3.4.3.1 WU SIANSTRLAUTEIREUIY oot 19

3.4.3.2 WHUAIMIIANTTRYAUTEIAMITAN. s 20

3.4.3.3 WHURINTIIINTITH N uurersmerrresmessssssssiinmnesesessmsenssssnsmemsssssmsssssssnsssssssssee 21

T 23
4.1 NFZANNNITNTIN D errereerrrresmesneessssssesenssseses s ssmsssss s smsssssessssssssssssssens 23

4.2 M3 TeNABNsEAMUNTIITUTUSUASUYARNNIINTIN oo 23



vi

#1308y (da)

Wi

8.3 TUTUATUN I N TINTIN Do esessesssesssesessessssessessessseesseesssssesseessseseessseseess s 24

B30 VUMT ervvveseesssesssssessesssesssssssssssssssssosssssssesseseesssssessssssssssesesesss s eesesse s 24

8.3.2 VUWRDNEEIN..ooooeeerertseresesnserserssss s s s ses s sssssssssssssss s 25

8.3.3 VUWBONUURN.covooooeeeeereeeeeseseeseesssseeseeseseesseessseseesessssssesesssesseessssssssssssse s 25

4.3.3.1 wuuilni LMTATURANATINIT Do ressesssee s snsssee s snssee e 26

4.3.3.2 WUUEINT 2:M5AUALNITBEIFIIBUIY. ..o 26

4.3.3.3 UWUUEINT 3:015AURUN SBEFITEURANN oo 27

8.4 AYTNAFDUYRNITNTIN D rerrsisinsiesess s ssises s ses s sesss e sestpssssssssssse s 27

N 7 T e e A S IR I ¢k, G et . NI 27

8.0.2 AN TUTISUTIUNITVIREIU .o et st 27

B.4.3 FURBUNIITUTUITU oot e 27

N N RPN TR o ) W/ oINS (Al oo P R e W T 28

4.4.0.1 F1ufl 1; ANV ANYEILUURAUM SN AMAE NIV NS oo 28

4.8.6.2 F7 2 ; FUANUTINEIAVOUUIE oo 28

UNT 5 AFUUAETOUIUBILE .. st ettt s 29
5.1 ATURGROTHE........ o) o BN\ D Mo e Qe veres gl snsee 29

LR GIATG) Y W S W\ X /SR 2> ) S ol 4 A 30
T30 Vi LTI N, N A Pt . — At .. -\ & A 31
F LI VT W N, S ) KT R I o Yo L SR o < 34
DVPBUIN Unrevorevevevesveeesessssssssssssssssesssssssessessesssssssmsssssssesssssssesesssssbbbsssssssssssesssssssesssesamsmmmnnnenn seseossesssssesenenees 37

STRANUIN Bl s bbb sa s sa e et s st es sresssssenasnorsersnnas 40



A1508A1519
RERtt wih
3.1 AT NELTTUTZEUU oot smssssssssssssisss s s sisssasss s 16
3.2 P1TRYBYANTTNevrerrrmreensssssessssssssssssssssnssos sttt 16
3.3 PITNUBYARUI o ereerrermersssssssesessessessssssssmssssssses s st 17
18

B0 P IT I AN YT N oveeve e v esvesesesssseessesesesesssesesessseseesessesssessessessseesesesseee e s eneessseesenesenssessenssesssssenns

Vil



a5UynIw

awit i

2.1 n3EAUNTIRTULGTUNITINNITNTIFY . s sess s ssssss e 4
2.2 TALSALAU (GYTOSCOPE)...vovvereese s scsrrsseess e ssssssssss s ssssssssssssssssssssssossessessesssne 5
2.3 UDALYLTLTILADT(ACCELEIOMELEN. .o v vvreserersverssressssnsessersssssssssssssssssssss s sssssssssssees 6
2.8 UUNTINTLADSIMAGNELOMELED). oo seeseessseeeerresessessesssessses st aesessessesssassesns .6
2.5 gUnsalnnn733uN15Ws96 (9 Degrees of Freedom - Razor IMU) ...veevvvcevevessiesions T
2.6 UgYSLINING (BIUSTOOth Mate GOLA) et csissmessesenseesressesessssssssssssssssssssesees 8
2.7 LUNLADS (BALLEIY ) oo e sl cconrcpontespasoogsasossarossasssaos s g Regus o sentsensssassrassesossses 8
3.1 TATAT 1N TIVINIUTEU e irensessesee et st s s e 9
3.2 QUN T AT IRTUNITNTINY. et eesoes s bbbttt s snee s 10
3.3 WU LRSI TN MUYBIYAINT L.t st e 11
3.0 WHUATHIARINITINIUUBIYPINT 20ttt s e 12
3.5 WNUATHIARINITTNUYBIYARNT B st 13
3.6 WnunnAalaenIa(Class Diagram) Vsl TuATUYARNNITNTI Y. wrrrssecrsssnersssionr e 14
3.7 WHUNWDD1 (E-R Diagram) SEUUYARNNIINTN T uvrrreeieerrresinersstesisssestesstesesesssssees s 15
3.8 UWHUAINITIANITUOLAUTETALUIE ..ot rrrestinesmisesissessesrssssscsssssseesessssssiesenes e 19
3.9 WHUAINTIANTUBLRUTETTNTAN. v esiiinssenrees ittt esssbessesbesessessssnsese st e 20
3.20 WNUAINTINDIGH A e e Sl e et NG DA S v @ Nl e 21
8.1 MIATFUUNTAINTIIUROITON. oo et 23
8.2 WAAIN T LR IIULY BT TURDUTRIUADS .. ot 24
4.3 MNAOUAAIVT T NUDIIUTUNTU - ttemereesesivrsssins s sssssit e ssessssesssnsssessesessesos oseis 24
4.4 MIAOUARITOYAERNUALLRDNEEN. cevrevcerreeerisersssssesssesensssssesssesnsosssss s v 25
4.5 VUNDDUAAIVIUTDNYRTN. eovrreserrrresssesenssssessssesssesssesssssessssessesssesessesssesesessssssesseesseseenes 25
4.6 W9BUARIEEBNIWUURINT 1 MITATUANNITNTIN oo 26
4.7 wihesuanati@3eniuuiingl 2 MIAUANMTBBIT B ..o 26

o 1) o o a
4.8 MNBUANIVIEEDNUUURANT 3 NIATUANNITIBEIAITBUTIAN I . e eevecorerercrennns e 27

Vil



N 1

Ui

1.1 audrAyuasiunvaslynn

a ' A a & a o w & v i v W o '
AanssusinenMifinduludiaysedr Tuvewnautiudrunierosiunisindeul Tuud

[

] | 2 1 ] d ¢ A o
avimansedeulvisesdiauaunavesudazyimng mvssitaduniluauaunaidfy

s & 4 & &

8t 19UNIdu NsnsaivuelAY 3 Juiige gndu sy lngdunaladinisnssidmasianis
o ' = a = LY 1 = < v P a w
wdoulm vimwdldlufanss mngdenismse deufianulululdedanniisziindunsie

wiensuiniiuanigyiianssusine nsggdensnseiiiieainnisussaugdfivg anuiausni

s ]

Audiiila vieainlsaureriln dnsanngunsaldepdundaglunisiiulnisymssh windia

v
b= o/ [

4 o w_ ¥ o W ' &
E]]Uﬂiﬂjﬂﬁ']ﬁl@&]"l\'lﬂl‘iﬂﬂﬂqiﬂqEJﬂWW'U']U(”ICﬂE]\TuqL‘U']‘U']ﬂ("]']\'iﬂi&’LVlﬂ UW\WI'Ui']ﬂ']%N FAYNNITNI
g o

o L 5 Ll 1 A 1 o w 2 2/ o = a wa ' A o s
nmeamwirdauldlusesiedmivgiag iwsrzazdesitmstlinu judlurianiandn gdudu

@ al 9 [

nauny wazdadideddatigmlunshnenmiith Tnewnwigetsbsnsdudalnensessninen
nmenwmiidanazdiag wasdndymdAndedfiinldainnisiln dauldurandaunslaein
mamwviiy oravilmAnmissmaedeulunsinld

Iuﬁwﬂ’u"lﬁﬁm'sﬁ'sumqﬂnmimi’sﬁ]é’umim?{au”lm (Motion  sensor) #ivianus1y
fyaallfeugys (Bluetooth) tieldusgaundvans Sniavaluladsfadiifi (Multimedia)
fdrelunsufduiusiugldanubhdudesiiedaziinlauazldou Snjumaluladfanaimn
imunyagunsaiudrddygnilirnesangunisiluduedosneuiame alusunsuilnysiinnimss
¢ Tnethludaelumsiinduyhmenmiisafiasietu Tneeeldmnuanansavesgunsallumsa
Amsnsaftuntiedae Inefilusunsuezannsnazyhnstuiinnn asvasumanudululs
Anugniosweansinadamdniy easvhlilddayasine q Agndenirluldlunisieszsivas
Snwsiely

nuwRafina 1 WedemsiruyagUnsaiuagiusunsuysiinnisnssiaunldiu

[y

v o o @ o a ) ) v 2
NIIATUNIYATRUTIURA Q\?Lﬂﬂﬂqiwwuq‘ﬂaqﬂm Iuﬂ'ﬁLWNﬂ'}ql]LLNUEHELUWTi'Jﬂﬂqiwwuqmﬂ\?ﬁjﬂﬁﬂ

<

2V

Juvsgloninehionseiulvgtieiianugaivlunismeniwiita wasawnsaiauyailniu

Tdlesneludszmelaeiisumunmsiaunltgein



1.2 Inguszaedvaslasamsivy
1. Waunyegunsaliarlusunsumenwininsunsmsn
2. msthgunsalianismseia (Motion  sensor)  TiviaurwdygalFaneugys
(Bluetooth) wnuszgndldfiunmsvinmenwiida
3. ieanmuhidrgunseiueslusunsulunsvhmenmindndstisagals

£ 24 8/ U

4. Anwuaglinnginseenuuulusunsuludnumeidudousisuuinnudadeing

(Object-Oriented Concept)
4 Y oo wwy < o o w oA \

5. eilunsnsgaulifiigesiniazinmaneamiidauazanauinlening
gafthefesihnmenmidnluguiuuiy 9 Teseenuuulusunsulifiaauauls Tdnmuas
=] 1 ¥ o 1 :’t’
deoshelmAnmnuhaulamntu

6. \elvuwndanusaussiliunanisnienmtidavesdog diludeseildlunis
fmwlamninndu eenuuuuasimungiuteyausziimsinusenstiavesiiae

7. annsatlvldesduasszendldou lunmsWauiyngunsaiuazlusunsud

i luldlusmuneninirdaselulusuian

1.3 9ULUANISIY

1. fangagunsaiuaslusunsuiionsinmsvssia ieldlunsmaniminn

2. Wanngunseiianisnsada (Motion  senso)  fvianurudyanadl faneugns
(Bluetooth) 1uszgndldiumsinnenimiatn ilearmazmnlunslduasindeuegunsal
gafln  lneynguniniavinagiunseaiumseia udviinisdedoyanuudyaralianalaald
Bluetooth lUSsiAdasaeuianaiimsudaain Bluetooth wasiildandelusunsaflnlsud,

3. Wanlsunsuinnisaruguansnseiilag Sudeyasnyagunanisedoyyin
Bluetooth wdmjmusvananalnguansrasenynidunwuasidodusivil  ielginldnuwa
nsvdundranidolurmsiu  andulusunsuazadisiaosainsineg ieligiinvinisediy

A

1Y & = ' & [ LY [ @ ' < | sy
ﬂmmuamuwmwma‘]‘Usmg"uu IﬂEJI‘LJiLLﬂﬁJ‘Vl'IﬂWi%ﬂ‘qﬂﬂ']'i‘l/lﬂﬁa‘tlLUUﬂx‘iﬂ’]iLauLﬂﬂJﬁ Wiapen

Y
[ [

yhmsinluuiazganisvagoudeviosudlusunsuaruanguanisiinliman wieudafudy
Uszi’ﬁmfs’]nmmﬂuﬁu‘]

4. sanuuudasWaulUsLnsuae UML(Unified Modeling Language) m1u
Object-Oriented Concept and Technology LazeRnuUULipTesuanTMIIAdouTiUAsuLUA

4 IS 1 . 1
(Dynamic Parameter) tiaaugangulunisusuusdalusunsy



5. eanuuulariagudeyadin Inslusunswimsifiudeyadiuyanavesdin

sauvsUsedansiinlundazase weliunndviadnnienmvrdaasainlunisiasienuay

it viiugin

A | o’
1.4 Useleviiimninazldsu
o ¢ | ° ) 1
1. aansafaugUnsaluaslusunsugatinnisaivaunmsmsaianaztlulgaulusu
NEINNUUR
o o Y o w ° o w_ o a
2. weann1siagsesintgunsallumsinmeniwdidngadisnaiung
B o P a Y ° o
3. welvgindanuagminuasiaiuadiousegelalunisin ibigdnaunsadl
Y dad vy g o &
Waunnmsnavulaegnesnisgaiu
2 1 a o 2 ) ° =
4. welvwwndanunsaussidunanisnenindrtavesdiae ihluinseildlunis
Snwnleisamsaunniu
5. anansamunlusunsalaglindnnisvesComponent-Based - Irigunseldadaya
i o v o a o o v
dudgygrauvuliaelidmsuiinesndlusunsuiln  Teefidnwagnisussuianauvulanou
(Interactive Processing)
6. NOAALUIAALAZAAYINUBINTTINIANEATWYBINULEY ATINTUUNITINYING

AEAINUIUR

1.5 ferudwi
1.5.1 N5AIUNTIA? (Balance Board)
¢ v da v &, ' o

Q‘Uﬂ'ﬁﬂﬂ/ﬁ\iﬂ?WﬁJﬁﬂT‘iN%LUULLNUﬂi%ﬂWU E]ﬂﬂ@ﬂLLUUNWLW@I?ﬂUﬂ']?Wﬂﬂ@UﬂW‘J

'Y o a ' & | a Vel v
N5 sEinmavssia waensiiuanuudiusivessene Mdunguaudsniuasdndlameinu
@ o a | v ' ] Veala
A1TINING nismuws\‘imu‘wmﬂVImEJgULL‘UU LL'U\W]']@J'U“J%»’Lﬂ‘i’lﬂ'ﬁl‘ﬁ\ﬂuwuﬂ'ﬁﬂﬂ‘ﬂqUU‘U@QQWN

2 o ) =3 -1 <% Y d‘ 1% o 2 e a [
Ugmsunisnseia Annsvsedidhuanidn nsiinnisnseiaieasiesruguiaglvningiu 1

2/

AU

1.5.2 WwUasns3un1stAdaulng (Motion sensor)

L3 a ‘J 4 Y d‘ Qs
WHuresrieraasiiauiiosnuuuniieldlunsianmsindeulnandudaygaldn

o o 4 P Y o v o o a & o
L%uwaiﬁﬂﬂ"lﬂﬂaaulﬂquﬂa']EJE‘LJLL‘U‘U lWNLL'UUL‘UUL‘USﬂ’UﬂauaSWGUQ']ﬂLﬂWVIlI'IEJ UMNLLUUAAUY

'
<

| d ] o ) P v | < o o T
LL&JmaﬂlWW’]LLa%ﬂaULLﬁ\‘i Lﬂuuwaiwmsmaaulmmnmmiaumni’mmamamaauw LYULLDIIN

o gy L% LY v o o ] = o o o
mimaau"l,mmmq ’mm‘sﬁimmwgwﬂmmq ﬂ%@LLNﬂiSVI\'iLLNIUWﬂW]\‘I"']VIﬂi%‘VﬂﬂUﬁnL%UL‘UEJ%



UNN2

o av o d %]
%QH{]LLazqunQSWLﬂUQ?’aQ

2.1 N1SNYAMNUIUR

o w A&

nsvimen witn AenisnseviiiieatasiunisUesiu Snw wagdanisiieniu
nsindoulmIninUsnd MARTuIINTaI89aLms 1wun1sUsEauaURme AUUANTBININEINTY

wirida vsemsiinnnzunsndeuainisadue (Wudu

2.1.1 nmsnmenmUingIunTsnsea
msvimenanuadasmanszanusisy Wuguwuuniislunssnwdnsideym
MeAuNImMsI Inemslinseaiunsenalunisyieln nszaunseiaivainae suwuuLy

NIEAUNTIFILUUNAARN UL TN-NTZAWNSIALUUING THEuRaY Fan i 2.1

A 2.1 nszanunsamluldluntsilanisvmeeda. udastunssaunswiuuunatainguaudu

surdunseamumssiuuuliigmuuunay

2.1.2 n15MenMUIIARIUNIINTIRIAIENTEATUNTIHT
msEinmsnssiamenszaunsai Sidmnedieliuyaussannnédadeuay
szuumsmeuauasiomvssialiiulsnd nisiinifauuumuaussdunsmssialitsegiuiily
Snvazundeiuiulan msfinguuuudniunisiiugmanssdaluseduusn Aeangiilsianunsa

Susulunismsedialiaunsansedalineu anduiadunisaiuaunisvssialuniy Aannsiinivun

Fansindaziiulunanugangulunismuaunauileliidiuiuszuun1sneuauamanI s



i Tesarussiasuarduiuasilunisiinazdudunisauauvestinnen winanguadanluws
$318
o o
2.2 gunsallingatas
2.2.1 gunsalnsiadummsedi

gunsaing9dunImseea Usenausme 3 dwdufie gunsalnsiadunismseia M
dedyaynniugys wazwUALMe3

2.2.1.1 lalsalay (Gyroscope)

Jugunsainenduussiaesvesaenyy atieinwsviuiaAn1aveIwny
wiuUsznaumedenyusussaeglunsaudniivis inlidesluiimsiage ldlaedasy dufie
wlunnuleq A e Wseusudsussdadendiaviibiidassnwasunbwesiulludnseudey
= wa o ' °o g v ° @ i v oo €
B9 MnpuantRsind1viTiemsadmannistluUssenatdieyselonisngg mnuny

| < a v a o va - a A v & sa L3 [
W Wuiia wazdndudnludfveasetulize nalatedy | madeveneitla gunsaidesiunis

nasvuiSelug uarszuudisedley (inertial guidance) samiiszvulugiuednia Lazaaniednia

Gyroscope Spin axis
frame ,

Gimbal F § Rotor

2NN 2.2 wansdrulsenauvedlalsalay



2.2.1.2 uoALlsisilines (Accelerometer)
LATDI TN IVRINTSAGEUNYD TN 1ASIEsIIveY worLlsisines

gUsgneumealIaazgnauuvin elinsindeunisiausgnauvinazgnnaludnilens

v o ] v

udunmaedieud auisivimhffndudiidnasadlenganisindounl nsndeuiinieninus?

¢ 1 [

o ! [ o Va3 1 =
AIIFBAILSIWINAUAUE ATTalanasliiuBeuulas

| e SKS Aligranent flat

Outer
Test Miss
Cable chann

nga SRS able channels

| OR Onney
| Housing

" Outer Caging
Spae

Outes EPS

iruves Maghietic Bearing

pter Chgur)

Space i Magnetic Beaing

1 ' a ¢
NINN 2.3 Udadd1ulsenauvag LLE]ﬂL‘Zin LIULRBY

2.2.1.3 wunillndines (Magnetometer)
d < L | i 1 o d’l a L2 1
(3osiloTad nldvauuuvan lunsdisiandsniaiunuldinen
AULTLAUINUILAA LIRS VAT IR IUL TN LIAA LRSI URBWWRGIL &/ #lunis

drsrameenmadiulualdinaunusiudnuulsiy

30 Fluxgate Magnetometer

Pickup X

Core Y 7

Pickup /

AN 2.4 wansdiuusenauvaswuniniwes



2.2.1.4 Juwesnsasadunisadeul (Motion Sensor)
gUn30in3n5193UN1593387 (9 Degrees of Freedom - Razor IMU) tUu
Guwesindnlae  SparkFun Electronics melunavsUsznausne 3 dwdesfe  TG-3200
(gyroscope) \udutarnsidedduszuny 3 87 ADXL345 (accelerometer) udiuiaussd
nsgviiuduiges awnsadadegludiy  +16g sUwuumsdseya 13 bit way HMC5883L
(magnetometen) (Hudufamauiuusivinlussuiy 3 97 lashmuasueguuimanasaun

1.1x 1.6 in

NN 2.5 RUNTAINIATRTUNITNS IR (9 Degrees of Freedom - Razor IMU)

2.2.15, doyajrauugys-(Bluetooth)

v
[

stuydpatsvosgUnsaitiaelv— siauutas e donauingsrosdy
(Short-Range Radio Links) lngdsapnnnisldaneiniia nie anedytaidisise uwaglisniy
awdedldnmafumauuidunsauiiauiusunise Guiaiiiinsdzaininnniinindeude
wuudunsuse Aldlumsidonsosenin svisiwiidede-fueunaal Tulnsdwiindeutisuieun way
Tumside Wildaamemsddoyaiissedadio widdnuniimsddeyaidudos ield

d1115U Headset vulnsdnwviladane

o/

2.2.1.6 fdsdryayruugys (Bluetooth Sender)

v Y

g

mdwdryarauuays Mldivaunsalnsiadunimssi Wuwsnsindelag

SparkFun Electronics #%ai1ugwsiumlng (Bluetooth Mate Gold) viwthwidedeyailsain

[
[

Wuwesinniansewh lnefdsdyaaugysiaunsodeoyanudyy1uugysuuiinsgiu



802.11g fuAM @l 24~2.524  GHz se33umsdstaya  2400-115200bps @mnsaviheuuy
anwuandeuiigungll -40 ~ +70C Ml 3.3v-6V titevhau fdsdygraugysioun

1.75%0.65 i

AWt 2.6 Ugysiivina (Bluetooth Mate Gold)

2217 wUniees (Battery)

1
[Y)

LunmeSlundauvdnd msusniuda siugyohasduiesianis
v dlduunnesjuneawes Siedleasuiunass (Polymer Lithium-lon Battery) a@m1sa

Delwuune 37V WasliATingagit 1000mAR AtnvesUsMaeSag 2.00x1 32 023 13

AW 2.7 Luaeos (Battery)



unil 3

TURDUNTIDNUUULATHAIUIYARINNITNTIAA

3.1 Taseadrelusunsugeirlnnsnseda

<% L b s v ] 1 v ‘J
lsunsuyarinnsnsedallassainnusznaumsdiumie faniwil 3.1

3
y

AUaY «—>  gUnsninTIedunImsei

A

A 4

gunsnldsdayaad

gunsalSudeyam User Interface

A 4

TWsunsuypElnnIsnsedy  fe—s  WwuuEn

§1utauatUae
o9 U Y

o 2 - o = o
AN 3.1 Iﬂi\‘iai'lx‘lﬂ’ﬁVI’]\‘i’]u‘quﬂﬂ’I'iVlix‘lm'J

[

1% =F| 1 A o @ dv
lassasrelusunsuyarn § 7 dauniddsydsdl

o & v £y

1) lugagruteyadihe : ugrudeyaiiiuteyavedtae

Y

¢ Y @ % e o v do v v
2) lugagunsainsiadummssi : Wugunsalivhwihffudeyauseana nateya

INATNTINN

2

1 o a @ &
AN ILNAYU ﬂ‘Uﬂq‘Uﬂiﬂm‘U

2/

3) lupaguninidedyyano : 1Wigunsaldedoynude

@2

ee

GRGLTA

o 8/ ) v o
muatieulm Tnedeyas M0UUY Bluetooth ludsgUnsaliudyao

v o fa o o4 o v !
4) Tugagunsaisudyea : Wugunsalfudynrauuy Bluetooth Wasudayaniag
Y o v o v
5 lugalusunsuyainmmssda © Wuldsunsumsuszanana deyaiidiunainty
druvesBuneiiva viwliduiindeyasiien asugiudeys waeiinthidiaesguuuunisiin
6) luga User Interface : Wudmlusunsulunsfinseduunmgviadnnanmiidn

Al



10

7) Tugauuin,: Wulusunsvimehitludiunisinsdetugiasivinis Bnnisuims
Wemstntanismsssanueilingns

8) Tugagudeyaiithe : Wuidaiudeyaussiaguae Joyansiinmaquesiae
s lganulusunsy

g8y

3.2 n1398nuuUUaUNIAlNNN1TNTIA7

s v

) ] £ 14 =4 o Y o ' v <2 g
Judwvesgunsaligiau asieuieliviiusin Auldsunsugeinnisnseda lag

'
[

Ul 2 dwunddgy el
3.2.1 NITATUNTIAT

s a o @ ag v o ' Y ¢

Jugumsalifinsysuusanssauns wausnd iawnsavhgwsndu - aunsal

A5793UN1INTeale TN steEivstmnalinssmunsfa teld aunTalnTIa USRI N3

al

WefiuinunawueInsyun st uRe s uUS I anansd A ewlld Jansatugaanganis
NI
3.2.2. 3UN30lATINAUNI TN
[HugUnsaifigniuassneuiu 3 dausuiuds Razor IMU-Bluetooth Mate
Gold uav Battery Taevis 3 INUszRoUTNUETENI U0 3ATI9IUAT NI IEUTDTAINGT?

srgnldedlunaaserAianlaived it sniUTINAUNTZAUNTIR LA e 3.2

" ai 3.2 gUnInlnIaTunIvMsei



11

3.3 N139BNUUUYARNNITNTIAD

= v & = o v v a a wa
N1998ALUUYANNNITNTIAT LUUNITERNLUUFULUUNISRAINUIBTE  ABlin1SUfun

£

gnesnuuuTINAuinman wddn ievinsEinsindugunsalngiadunisnseia Iviedu 3 wuuin

o &
ail
d @
3.3.1 WUURAT 1 : NSAIUANMINTIAN
o & a @ @ v g
WUUEN TN SUARINTAIUANN TN TIRYREN Inslansdnuuznmsanilu
WIMTINTEUBN LHBUIUBNANWIIENITVTIFIVUNTZATUNTIN WBKRNYIN15188sn

JUnsInszuenazuansiiamsidesilUluiiavniatug nsesnuuuiinInwg 3.3

- o o el
21NN 3.3 LLNUﬂ']‘WLtﬂﬂ\‘lﬂﬁﬂ’lﬂﬂwﬂaﬂﬁﬂﬂﬂ‘VI 1

wuutnilga XY way Z lumsmuwiaituy  Ieetsiasirunaiuia lussuu
#ifpann 3 U7 WealuaNmsiewBsmIInsvuenliimIduiusivmgunsalatuauseau N3
a a o Qﬂd“ a < v [ ¢:l
loudssrsmsinszusntuszuuRindatiinannisidoeseu wnu, X uazunu Z Tunseugiu 3
JudusemsuAvesuiiiamensdes Tewisdeilnu ¥ @unsarulnlaainaunis
sin Oz ="y 7¥X
sinBx=Y/Z
lngisanusavitn1smAn vesyusauwnuiuglaain

6
Bx

I

arcsin (Y / X)

arcsin (Y / Z)



12

3.3.2 WUURNT 2 : MIAIUALNMIBEFIEIEN

LLU‘UEIﬂﬁLﬂumi?Jm:IE'Jﬂlﬁmuammﬁmé’ﬂﬂmq%’wmw lnguansfsgunm

o

P (59 v & v a v Y Y 2%y @ v I3
aLﬁaﬂlﬂﬁfyﬁnuwaﬂLUUG]'JWJ‘UF’]?,Jﬂ']‘ELEJEJ\WY]‘?ﬁEJ?J’J'] IMQ&Iﬂ‘UEJUﬂiSﬂ']UV]i\WﬂLLﬁﬂQLUUﬂ']W
o o o " v v v a a o = a4 4 %% ) v
amaamaﬂagmuwm LLGSWJEJUVIFWI'NVLUW’]NVWW]’NfﬂiLﬂaaUVI‘UaﬂﬂqwaL'ViaEJiJIWQJ,ﬂWUVIaQ IG]EJI‘M

{ o I3 ' d 4 | P
ﬂqwaL'MaEJ@JLaﬂagﬂ’]EJIUﬂiaUﬂWWWaﬂaLﬁaﬂﬂiﬁfymaaWL'Ja']ﬂ'ﬁﬂJﬂ

= o -
AN 3.4 LLNuﬂWWLLﬁ@QﬂWiWN’]U“&Jaﬂﬁﬂaﬂ'ﬂ 2

Tunyuniisldanangunsainauesisesy 2 Afe X dar Y WaAIuInm

s o = o Y Y e = P
Wauaunmsuyuvetdinasy daannisvzaateiulunuuiinfivisdeatursamidanaunis

B2 = arcsin (Y-/X)

[J i

IAs19deU-n1TeaNUBNNSBUTRLUURNT 15192193807 ANUINARN9Y8Y

' ' , '
=) a A

wufinTignsgwindivdslaesslugrdinsilileulunsedlunseuiluaiedudie nasiswasy

seninsdvinendesguarsosianluiuaa MAX Fasdondiliennuannsau dearunsafmuile

‘\]’lﬂallﬂ’liij
0,0x = arcsin ((B/2-C/2)/(D/2))

e B Aennuninsvasgdmaeulug, C Aoaruninuesgudmdendn way D

& o 4 o
ﬂ'EJﬂ'ﬂ@JEJ']TUE]\TEUaLWaEJMLaﬂ



13

3.3.3 WUURNT 3 :N13AIVANNIILBEIRITOUTIANI
wutnidunsindilnlideadaluseuiians lnsuansnmanaulvgdundadu
= LY <3 v v ¥ @ @ a ]
HnauAUANNMSHn GRnTAUnann manIzuanagaumi Timsnauanaguluiianiem

wnanlngleglianaudnegluanadlngmasaszeziainisin

d o 4
MW 3.5 UNUATWRARINTISVINUYRIRANT 3
Fauuurnilianazlden X waz Y lumsanunisiedeuivesanuea lneranaulvgdu
o a v i A 2, Y ' | a Y
AROUTLURILEUN9F 199U random Weruvay Ny nssnslUatreduiiamniatiued
o £ d' N = v ] v P o
Tunarinnaulvgiindoun uazgiovssnatgnuoma niiadeuiay deyanisdet
Afe Aifrvarnadlng Uay AinvUEIgNUBALAN L398IL15MATIMTLELMN TN AaAudnans
2 )
Yavunau 2 1dlannaunis

distance = {(><1—><2)2 - (yl—yz)2 }1/2

=

\dlasvuzynessningaguinatayeivdes dawanniisenineg  AlhenaudnuazSed

avnnaulugsEuvIzuILAOY

3.4 N1509NKUUTUTHNSUYARINNITN TG

N158NLUUNISRRIUNTUSENTY B LTENNNSNTIAIAIBNTEATUNTIFL TNTTEBNWUU

én(
=0

3.4.1 nseeniuuAanalaeIunsy (Class Diagram) vadlusunIugeRnnITvsesa

TWsunsugeelnnsnsesa finnseenuuuuandasaatalaeiwnsy Aadl



mMsiln

#nmlumsia

14

#15uiln
# Wninim
# vgamsiln

AN

[

[

]

gadnii 1

yadnii 2

yailni 3

¥ 1
+9muniefieon
+11fiAuguesn
+ 72AUAINDIN

¥ v
+Smuafifionn
+1afiATuquesn
+ SEAUANNLIN

¥ ]
+9urunsfisen

+mfiaIuuesn

+ SZAUAIINYIN

A 4
- fvufiou (iloaay
AUAUIZAY)
+udagaiin O

- @oufiou loau
AuNnAUEnDDn
uenaanaulngy)
+Haesgain O

LY

P 4
- i#vufiou (iony

o 4 d
AuAmBowineen

| '
wendniuuivg)
+ Werogaln O

0.n

v
+ 99y

)
+ U0

+uwana

+ Susdowilifia

+ A7 MANYSNA

+ 51vazBoniiuiy

v
+UseThrle va

ato)

lse¥amsin

+ Fudim #ifln
+ saegailn

¥
+9iagilae

Fuveya

+ gilszanisia
G¥eregailn)
+amstlseia
(s eyadln)

n i 3.6 LLNuﬂ"l‘WﬂaWalﬂ’e)’]LLﬂﬁﬂJ‘UﬂﬂIUiLLﬂiN‘Qﬂﬂﬂﬂ'ﬁ‘l’l'ﬁﬂﬁ’)

v

- flogguaeya
- user

- password

A ) ¥
- IFBUABTIUVOYA
ad?
+fA23U9YA
¥
(ANUNBINTST)

nmseenuuuludiunsn giannlaeenwuulvinatagUaes unudUieluseuu Tae

mminauesvsUid(attributes)iddnyliRiesagtny T uiwana Ju/few/INifin auRadsnd

o a a
wareazdunau ey Turaa

L4
[
a0

UYn1vuaLUnan(

2/

Method)liRause¥agUae dmiunsiseng

AmTvetayanquagtae lnemsldsadUaefineants Tunisldau mndeamsunlausein

v 9 Y | o o ' v v ° 9 {
fUe selimaSenldaurmagudeyaiievinsideuserdidoyauasyhnmsUsznanadeyaiie

whltusaly

dUreusiazan  Weallanuseinsvimsinfindu  asifiaauduiusiuiuaaa

msin Taglunisiiniifumatawdivesnisyhmsfinvismusluszuu feanagneesdunisiin 35Uuuy

aa ¢ o < ° v o LY 1 < ]
wasvisTavdnvesnistinasitiunarlunisiln  Teefvuaunealidwmsuusasysinfousaseyeiin

=%

K}




15

maEin mendinmmuagngan1siln. dwsuranagniiugeinusazgeaiinduuenvsdadianis
VDIUAALYRE NLD
4 o g & a wa & 4 v v v wa
ievhmsiniaSaiiu inUseTansliniu Fanndldausieansedeyauszifing
ax 4 o v ot - | wa o ° o % 4 o
in  viRelimsUudinnamsiin dwdseiimflinasihnisSeneanagiudeyaiieininisuseuiana

Joua
U

3.4.2 N1509NKUUTIUTBLALUTUNTNYRRNNI TN,
v &8 v 2/ [ wa V1 wa

mioenuuumsIaivdeyaliaunsosesiuuseiddihe  Useidimsiln  uae
doyadldnulafesieluil

3.4.2.1 unuMWdos (E-R Diagram) vosg1udayalusunsuaiinnisnsedia

mseeniuugteyavestusunsugarinnisnseda Wunsiiudeya
wea wea = - o ¢

UseTRgENn wan1silin uagusedanisiln weldlunslinmzsivewnnd uansniseenwuududens

lPo1wnsy FanIwi 3.7

training_level admin_username
training_id admin admin_password

S

report patient

pat_firsthame
pat_sex
pat_[astname

P~ 1% )
il 3.7 usunndensvesgiudeyalusunsugeiinnsvsei

training_name




16

3.4.2.2 sfugmssluguteya
FutayalTUNTNYARNA ST Usenausenisnesneg fadl
- megldaussuy
= .
YBMN1319 admin

o a & = o g v v 2
ANDHIUTIEATITN miﬁx‘iuLU‘um‘SNVILﬂU"U?JHaEﬂmﬂui%UUIﬂEJLLﬂﬂﬂumi’]\‘m 3.1

A13199 3.1
Wad wiin Aasune NG
admin_id AutoNumber iﬁ'ﬁﬁﬂ%’ﬂ’m Pk(auto_inc)
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