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This study aims to develop a simple device for plantar pressure measurement,
which is low cost and easy to use. The developed device is an insole system, which had
been designed and developed to measure plantar pressure during dynamic movement in
real-time. For each insole, three force sensors were placed on the locations of heel, the 7°
and 5" MTH, which are the important zones of foot biomechanics. The force sensors used
in our experiments were piezoresistive sensors. The control boxes at waist received the
output from force sensors in each insole and then converted analog signals to digital data.
The digital data were linked to a personal computer using wireless Bluetooth
communication. A LabView program was also developed plot and analyze the gait data.
Thirty subjects which were 10 men and 20 women, were measured twice by the developed
device and the F-scan, which was a tool reference. The t-test for independent samples
showed that the average of peak plantar pressure values from the developed device and
F-scan which is the tool reference had significantly different (0L = 0.05). The intra-class
correlations showed that the developed device had correlated to the tool reference. The

plantar pressure measurement confirmed that the developed system is able to measure

the static and dynamic plantar pressure in real-time.
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dnu TAspaavinazgauiaziulidaau luauilnfazdl 3 arches Aa

1. doulAannanulu (Medial longitudinal arch)  Taseastlsznavusog
nszpn calcaneus, talus, navicular, cuneiforms LAy 181—3rd

metatarsals Aauanslugilii 2.2

2. avulAaindnuuen (Lateral longitudinal arch)  Tageai1edsenaufag

nszgn calcaneus, cuboid, 4" -5" metatarsals AeuAASIUgLN 2.3

3. AulAWINIWIYN (Transverse arch)  TAseaZgtlsenausaanazgn

cuboid, cuneiforns  uaz 1% -5" metatarsals ﬁmmmlugﬂﬁ 2.4



Keystone is the talus

Keystone is the cuboid

Lateral Longitudinal Arch

3117 2.3 douldawindnuuen (Lateral longitudinal arch)[9]

U7 2.4 doulAainuuaaang (Transverse arch)[10]
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2.1.2.3 N19H1IULRIUNN LUATULLAY (Propulsive action of the foot)

luvinglu (Standing immobile) HuTiN89T19N1e (Body weight : BW) 7iginu
da s y Y 4 4o 4 d 4
AU AR T4 ZANAINAIUA UL 21N AT BNATINTANAIT metatarsal
heads Tpeiniiaifly 6 40w d4a9dquadi 1% metatarsal head Wwazdn 4 @71 WA
P , o A4 a Py \ < a4 ¥ o , L
metatarsal head 7AW fiu vizeedunelfdnetemwiliae uinaessenieazdsig
lUnnavingaundauazutin Uszanauasineas 50 % Instinmindaiidulasidusuaasindou

v [ 4 v 1
wiitiuazuenadalinig daviauin 37 % uaz Hafeawin 13% Aeuanslugii 2.5 uay 2.6

1 v
7171 2.5 nanszanaiminaesienieasiulinaindauninuas nas
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13%(0.25 BW)

37%(0.25BW)

dl 901 o I L% v

717 2.6 N9nszatpsimTineeseneneluwindaumin
Tunsutudnaesaidaazgndsliddiody  Tnawindandunuazagnig
2 o 1 dl = L2 % dg/ a ndl a o o a’l £ o £%
FIUNAY TNz DUWITAUAL (Push off) AzIAAWSNANTNIAAINNNINANALUDIEITINYIN
AMN30IAUINNAT metatarsal head nazvsaNulFdAIAL wWwINITdstaLsTuNNTRLAL
dainulinnadnu lateral longitudinal arch KAINNAUNINN9ANUW 1% metatarsal Aaudndli

2.7

9117 2.7 nnsdariuuss uinanizimu
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2.1.3 msunlaanadndnfzasusinaluduimeamealnsaligdadiusuein

7171 2.8 nneigiinsnlidsud wiuwin (Foot orthosis %78 Insole)

nngnszaes L unReUn AR IR AN AN 16 Tasaniy ;194
o 1 I 1 dl dl a o I L% a =) aana
ANueLunszAnsinge esannilalssiiuusanssinsewinsesiansounnelisen

X o4 o A, . Y 4
pavauasraaiiaiainiiseusesnalulin - (Plantar  pressure) T uAZITEZINATT
dsl dl Yo o v 1) v o v v d’j dl [
Watialesuduniiasae use naludwinaiuindlsainuss (Force : F) w126naiNu 4

A4NN1T 2.1

Force

Plantar pressure =
Area

4 a2 X 4 o . Y . o
Fanaleaindiansalunuada (Stress) Tailunaansz N lUUIAIRINALTIUIL 1178 weli

- " A o P o o v ¥ oA a
W91 (Shear) HILTIULTILRRU ﬁ?'ﬂLﬂuLL?QVIﬂ?ﬁVlqluLLu’)ﬂuquﬂU?zqu ANULLNBN LTI
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]
= & =

nazimseAuaLunsznasinuntas taridnwusiuudiiiuaanun aufausenaiy
- T a 2 A4 o o = o gy v
naviseilaieinaseuinasiunn wednisnaiudunaiuue as imduung
TnaennzTugieununuinnuusaninléies wesannilymaeslsalanatlszarnidan
(Peripheral  neuropathy) — GuifluaunnanaeINIsRALLANN[11] Tnga1d1anauwn

floymnanntanedszamdents 3 nqu Ae

1. nguainsdulszamiuanuiani@en (Sensory neuropathy) azninliiineng
1 1Fanuan vinlilianunsaduitdunsaniiasewinly 81 dunsieainaanu
% = = A % | o Y a =
Fau 299iAN AaaRAuLNTy wTauNNATLNe awinlfiiAnsIAReRTeY

Waianlaiudunsng aunaeiluuaaliluige

2. nguemsdulszamdsnaidan (Motor neuropathy) sininldiiansfuLinming
a a . a dl ¥ A’ 4 !
NNAALNG (High foot pressure) lutnsqaatinuLa asannauitaluwinday
userlady wazideanns A livindngl dsnaliqaiuuiwinaeavinulasull
3. nguanadullszavmaniudfides (Autonomic neuropathy) THNaIN1THINT
nzindnd IneRantlaasuiaunniduseanauaa bodns 1Heasannnsnamneaes
=3 o U 1 dl a o é’v o Y a . =
A A NguTuIedEonlianas wananiifavinliiia Arteriovenous shunt Hia
i aeallidaenszgnuaziontlsiaing daualiunamadnansan
- < Ao o oo - , A )
antloymuilandnAty Aa TspvanndandauLlatei@an  (Peripheral

. dl J~1 a i o dl | o O % A al
vascular disease) GINL‘]J‘w&’]Lﬁ@"llﬂ\‘m’]?LﬂﬂLLNﬂL?ﬂN LummmﬂummﬂummL@ﬂmimmﬂu

1 4
o

i liamsuazendn ldlidamaduaziiaitionesunansasnisiugami ldunamaduay

a AA’ ¥ ALJ ¥ a a 1% Y wa 3 Y a [
lﬂﬁL’ﬂ’ﬂiﬁ uananiuatAuRalnAaaslasaF N ANNan1 na n1nszaneusana i

a !

VNPRALUNG i Winuuu sSwuuaansstjunszan Navicular iedaindaulAsnaavinsdiuly

o—

o o v a o o 1 dsj a a [ v
NIARIA MAAALINATIUATATWUNENIN RaUNG usiu

KX a

negUnsniddudmiugin - asiunumdrdrylunisanusanaludinniin

14
=)

nd Wasainnaginsnliadudmiumindnisiugdnmunzaniudnsus TassaFainaes
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v :3 ] v dl a a [ % A o o Y o 1
LLNVLGWNWﬂ?JuVI’]sLMLLNﬂﬂ‘l’]‘i_l‘l’mﬂﬂﬂm@ﬂ@\i °1|§LL$Lﬁﬁlﬁﬂuﬂﬁﬂ'ﬂqﬂﬂﬁ‘MM?NZﬁ’W?ULVI’WE\‘]?J’JEIEL‘L&

nadpvizeudlalassaFraviniingl  Miluuuudelifanisfintinaesdesine  (Flexible

o A !

£% A o 1 dl a v b4 o o 1 [ !
structure) induAuggyl vive ArumlenUnald deeldussnaniunseiunienlunszgneine

A o g ¢ o A ° [ Y o A 1 1 A 1 vl 4
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2.1.4 n1sasralsziiuwsInm bue
2.1.4.1 nsdsziiumianisanduasatd@nn (Lipstick test)

a v a a a a [~1 o a a d‘ | d‘l o
N9UszINUANENIFRAATRSALARN  WIUNTENALARNTILTIULATEIAIDINNA

' !
a v

T lunnsnganmaaniinisasminiinalnAsesdanifeanisnsagey TneanAanig

b

a v a a a a o dl dld dl
WANTUNANNNLTNTBNNTRARIRIALARAN mmmﬂugﬂm 2.9 ARTSHRANHLIINANHIN

q
1

Hengludingeqaiuaridsnagidundning anaatiu feasnismasaudnqandoslu
N2AALINATILLLLUNEUNsaldTNA ML Jranunsnanusanavivlfasaizely
ansnsamldtaeidlannddunnn 139 as drumsiasdadnazinsastnminiang
4 XY = ¥ o & a o o v Py P v
aniulignaseutiuasihvtinuuneglnsnlidiudniugin - NdesniInaseueaniin

a =

apnudofiazyinnisiansanaudinaesdnaneguunaginsniiasuduiuinu ahu

pMdNTRsAILAANALaRNARaLNIN LaawI A sl liasnsnanussnasiulsa
. o
WinfiAg
Tnewinlusnudalunszgnadngnasdandudusuuen - dnaziinisasiiming

a a dl I ] o v a o n:ll % v dl =
ARUNA Wesaniunszgnenee  annsavinliiinuraaInnisnaviuvin g Walnisag

91; o A A tﬂlta a @ a 2 a a a a KX a
Wntinisedusananiatndunaiunw] nsdssiliudoanisfindresalannastian gl

NNIATIRAELINTANWNNARF AN NNTEANFINGT
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a

317 2.9 neseyAumknsiasnIsaausana ludwinfiimLUng (Relieve pressure

zone) muumagﬂmmﬁm’?mﬁﬁuLﬁ'}é’fmmﬁmﬁmmaﬂmﬁﬂ

2.1.4.2 n15UsziRUAENIFANNLNN (Foot imprint)

nsszidugnanisiunyin Asuaaslugin 2,10 lunisdaussnaludwin

TnanAauanaasnisa¥eniniud daenisldusiuansduuiniianutingugennalsyny

=

FuPRuinAnegasLunIzANY AntuIninssiuseaasllfazldnmiindiindsngeg

' '
=K a =

=l I v a a = 9 a KR a 1 1 a
LUNTSATY GINLI?L"JEMV]NLLNﬂﬂluﬂhLV]’]Nﬂﬂﬂ[;‘lQm\lﬂ’J’mL‘].Ill‘].l’ﬂﬂ@‘ﬁllﬂﬁ]ﬂ’ﬂ%ﬂqﬂﬂqqﬂﬁ‘mm

P
au
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317 2.10 Fsn1medeuMIANRAUNRIBIN TReEN TN

v aca a o Y
AEIITNITWHNENN

2.1.4.3 msisziiiunleiasasialssansnings

flaqiiunismsaaauusanaludin Ansimundirsesiienidss@nsnan

dl 1 Y G| 4 1 dl o [ v v 1 o o [ a
gemeanmnsnuiieindy 2 dezinn Tun wisesinusenaludiwinfaaududnussdniuifu
Wi LATR9 RS scan Asuanaluglh 2.11 uazipsasdnusenaludrvindssinnuiusaaiinnld
il Tuseainluaniedn iy wses  F-scan dauanslug 2.12 wisasiatlsz@ninngs
Hamsndausanaludiwinldivaluanstiuuazian wenanidsaiunsansaadaniem szany
Wi N3astuTin ez NAnUnFaesusanalusazqauedinldiaiainansae
A4 a3 X = co o o = o ve & oy w
wiraeianvaealszinni ariisuwmefdviudnusananainisonsaadnusana lavana i

¥ dl <3 ! o 4 v :l/a [y

wdaiArasnazilszacanauansAiuione navdeys uaznin wianviaanzviruIALea
4. NV S S 4 oa o X . o ad
wpannszyinluwsiazqanaatimiin  iATesienieassiiannnsansiadausanaludwin s
Tuanuziiu (Static) wazidu (Dynamic) Tneazasdmuaanaludvindae LaudaLsad uiuim

¥ 1 e P ' A A A o | A o '
@ZI?JLLNHQ@LL?QT]@ (Force plate) GINLﬂuumuﬂqﬁgﬂ@Lﬂ@ﬂﬂmumqﬁluqﬂlﬂf}’l ‘V]llﬂ')']llﬂﬂuﬂqu
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= o 1 v Y % o [ v Y é’ A A a dl [ %
g9 Hwesieagneluivfers  fv dAmiulidgnnasevaulltuisemuiadausnaly

dnnineauluyindan lunnstiuzanpu

317 2.12 nsdausanaludindaaiese F-scan
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9117 2.13 urugaainn 1 lun1a3nussuaaAses F-scan

UANANNRLATAITALIINA TN AN U A LTI A M ULAY  SalA N LA

! dl o [ % 1 v A a Ly dl e
N9NATEIALNNA TR NIz L LR AR ’&"IN"ITQ’JLﬂ?’]t‘lﬂﬂ’]?mﬂ'ﬂuiﬁ'ml@\iﬂiﬁl‘]ﬂﬂ

' 1 1
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2.1.5 L EULERSIALSY (Force sensor) [12,13,14]

viueres (Sensor) Ae gunsniaunsndanisilaaunlasaeaFuinmas

nenniaula 1w uss ANNAUN gouui 484 Aaesaudsiiudaingnisniniesssnang
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sinee] Whdudeyoyrounieiala vsanannanilenileld Ae e Wugdnsainianianin

ad‘a

Paunsadanisilaauudamissssnedniatu uda ldryynanasnlugleesdynyin
N9 A

2.1.5.1 wlaslgsdanwiauidas (Piezoresistive sensor)

eslganvauges umuseiai1auainudnnisidaeuusanasiiee
1 o ] aI/ = = o dl dl o Y a o 1 Y a
L1 WA ADNHLE NNFAU LINLATEA 1YTBLINNIEYINaUT NN TN ANAIUNasna lriifin
= ' v - o - = P
nsasuulasAANFNUNIUTR U TULTR TneenAeilsngnisaditaslosganm
. . . dl [ rdl a =S dl v o
(Piezoresistive effect) @adutsngnisainedunans MataaumNNAIUNIUILNE  (0)
1a9ianduiiasnianmsiiusanssindaly uazdsngnisnitiazifinawluiagnianind
ot NN AuantTRlunnsaauanessaiBuumIsnIanIw fotin - Tinausowu 1
lusssugAuaraINNIIfaLATIitaaN el 11y HANYALNALAL NN LA (Gallium
phosphate’s Crystal) mend (Quartz) MafuNaw (Tourmaline) EMiA (Ceramic) Waz

InaLas (Polymer) wilusiug

[ %

917 2.14 ArAouBn U uIeIARNNg A LaNe

WNean1ulasulas Lﬁfagmmmﬂu@ﬂmn?zﬁﬂﬁ5]
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dsngnisndidlesTasganm (Piezoresistive  effect) {inTuLlaA1A

Y o Aoy ° a ~ dll o o
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90911 (In-shoe system) &usudausanalugdwiniinatuluantiuiaziau seaziinlely

17 3.1 Tudouaasusiusasiniugneanuuuidimesinuss (Force sensor) 41vaz 3 6

ol

v 1
o o o P

IARAI A UTLTAUITIRATUW AFIAUMUNINN I AN AN AURIANNANNUANTINA AN ARSI

EXb_ &

ERXb

Aldun &uin  (Heel) tlunszgniiausiivin (17 Metatarsal head : 1% MTH) 1lunszgn

©

tiafiagin (5" Metatarsal head : 5" MTH) Tnaidiagasdnussiatinnalunaasssssiumiadie
WAZAURLe9 (Left and right waist boxes) ffifmﬂizmam%’@uﬁﬁiﬁmrwLSﬁuLsﬁﬂé‘ waadaya
ﬁioﬁ’%um?ﬂizmamG‘ﬂu%‘@ﬂLLé’q%aLﬂuzﬁ'ﬂ;mﬂmmeﬁ@ﬂ azgnasliulaailudnyyin

AAREA INABIATAILINAINANIEY (Middle waist box) udvaslfugysluga (Bluetooth
module) lunnaidensafuAeNRamefAmILAAIHAENUNTAENT15aNY LaLANLNTOLARd

wHuEsNIIIesssuuginsalld avlugihn 3.2

Left Right
waist box waist box
Middle
waist box
Left Right
Insole Insole

317 3.1 ginandTausanaludinasinadng
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Right insole P T T e N e S e .

Left insole

~ o o el o X
gﬂ‘l’l 3.2 LLNummmNmmm@ﬂmmwwmmmu

3.1 2unaumMsnaualnsal

(%
o A

gunsnidausenaludinniimunaulsznausas doud 1 Ay A An wiv

o

984911 (Insole) NABIANATUNUSTNE291989189 (Left and right waist boxes) NABYAN

o

ANLULaNaNaLen (Middle waist box) wazABNNILABSAMTLLARAINA (Display computer)

b

= a % 1 ] % d”
TININEALLBLUA LN TARNLLFAAZAIU ASTL

3.1.1 NMSWRILILEUTDILN (Insole design)

wiugaaindruiudnusenalugvin (Measuring insole) Asuanslugihn 3.3
gf1eanuduinaleniauiny (Polyethylene foam) wun 3 HadwWms AnldRauanediy
saain kg unafivdeyalunisda uazgnesnuuulifidsulsznen 3 deunnsaiu deldun

WEUTRUTINAIUUTN LHUIDIUAIFIUNANT LAZLEUTAITNRIUUAT TALILIFNDIDEFADTZUIN
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daulsznevuusazdan axdutesliduiu e saenduld Wemnuaznanlunsing
VIR A MTLIAUIIMIIAUNUFN figeannada deldun & dunszgniusiin uaz

ﬂmnsz@ﬂﬁQLﬁq ﬁqﬁmmuifmLﬁm?’wﬁ‘“uﬁmLL?ﬁqﬂ@:ﬂfauiﬂé’qamuﬂ?zﬂfauﬁzﬁqﬁm 4 49y
AD LHUIDUTNEIUNTN (MHNELAT 1) WHUTDUTINZIUNATS (MHNELAT 2)  WhH1TedWindou

WAY (M8 3)  uavdaRUiuwuIaayin (e 4)  aAeuanslugln 3.3

717 3.3 uuseaindmiudnuse (Measuring insole)

3.1.1.1 WHUTDIUNAIUNUN

wusaandaumininminglunssesiuiuivindaunih  (Fore  foot) ¥
XA LmzLﬂumuﬁmﬁ*um@ﬁmé’T/\iLsnulfﬁﬂ:‘“z%m%uimmeaﬁfnmmﬂum:@ﬂﬁqumﬁﬁ LAY
ﬂﬁJﬂﬁ‘t@ﬂ‘ﬁ’)ﬁﬂﬂLﬁﬂ safupsnBnnmihfagessesseuiuseindauni Aagldluns
deuseiuuiuseaindaunans asgneanuuuiidnunizanadawinagm 45 e fu
waReRnTemTngn uazilanandne 1.5 EuRwns ieiuiuRlunsdenseszng

¥ 1 ¥
daudsznavaesuiusaarinliuanau wazinlfinamnuudauselunsidan sennnTusae
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wiaudos I muImasI AL NaaANILIaL AL I NEIULTLNALABILEUIBILTINTUNI T

1 v a o o vl d! v dl o [ %3 1 o v 1 [ %3 1
TlRansinAulFann1auiiasae NéAtyunressessadignaantuuliiag nas uuoilx
o Y 1 : v £ o L2 o rtsl Y o o [ a :I/
nezgniaLdiinuazunszgniianasyin N dainaesauie i g mindnus gnansa

Taglusnumisndasnsinlanen sauanslugiln 3.4

717 3.4 unusasindauntiy

3.1.1.2 WHUSDILMAIUNAN

1 L4 ] V% o’ d’/ dl b4 ] .
LLNu‘j“ﬂ\‘lL‘V]’mﬂ‘luﬂﬂ’]\‘lgﬂ‘ﬂ‘ﬂﬂLLU‘].IIV?@\??UW%‘V]?I@\‘]L‘V]’]WJLLﬂZQ’]\‘l (Midfoot)

z// dy dl o o < -8 dl ¥ dl ! o oo/
narum mudununduiuannans lluazrawdanes N 1fiTenmAetumLIas AL

1
] =

dl 1 d” dl L% ] dgl 3| IS4 VR4 % ¥ v
WBNANDBNHULLTULLUANAININIAIUNA N udaunilAarinaulu uasTAsinanuuan

v
1o o

(Medial and lateral longitudinal arches) 8t AaTiUAIINIANNATUITUINIRAWIN LAY
k% ' a v = =< a Py
saaintieandntiunrindaud Seteaanniafinadniansunauainana i uaz
(=1 dl k24 P 1 a dgj ¥ o ] o 9=
powtiamefluanenldgtnenilfifuatneg wanainiintifnaessesstedegnasnuuylii
WHNFANGNY 1.5 lIURLNAT UATANALBENTINNN 45 890 ALLWIAIRINLRIWMENFA Win19a1n

N ! 1 & ] dgl 1 [ dl o [ =
FIENTDNTDEFADLNUTDINIAIUNANY ATDE mmnuammzmiﬂﬂ@:ﬂmuLmemLfammm
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1 v ¥
LAUTRUTNAIUNTINLAT A 1N 1708A0ALNUIAUTNAIUNANTE 2 AU 418190

\onsailwsusaaindauntinuazuaslfatinanantiues aenanluglyn 3.5

9117 3.5 UNUIDITINAIUNAN

3.1.1.3 WHUTDILMAIUNRY

wriuseindounds HuNLAAmEURas e AU RSB Ls i
LAZI IR L e avun (Hidefoot) FeuuanTnd T essatsaususainday
WAY Avaguasuunlunseanduyin - (Calcaneal tuberousity) AUANHIUEUTINAATDIUNY
seaindaunasignaanuuuilANNANUAZANNANALEEN MHDUALIDLFAURITBILLEY

sa9indauBu] Asuanslugii 3.6
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717 3.6 WHUIBITINAIUNAT

L% 1

3.1.1.4 FaRUNuuEUsaNN

o 1

Fapuliuuiusaain - Hanndidnylunistosidiuaouudussliiiusiuses
Windmiudnues Lﬁ@ﬂmﬁumﬁnmmm?@ﬂﬁi@?:udwmuﬂim@umm fasanlunis
uuRusaavinazifiansiAsse lmuaneaznimnsiuaesin asenarinliiianisanana
AINLFIUTReAa s LL@%‘I‘?II'Z%Wﬁﬂgﬁﬁﬁ’)ﬁlﬂmﬁuﬁuﬁﬁ’mﬁ@’wLﬁﬂ%H@ﬁﬂ&ﬂﬂiWM?‘ﬂﬂﬂuLﬁﬂ—
wefld nenanniifvdaelfiinpnazaanlunisinauazens uazileafunisunsnszans
delspsznined W 18Endne Saniidendlunsyiusiuseaiin Ao uiuflduaesias win
0.025 HAALNAS %'qﬁ‘;ﬁmmmqLL@zmmwumummﬂumﬁgﬁuLLchmw”n ENZRINRIN
Uunszanidiesnsinuss azgnialilanens 1.5 wuRues dielidauiseaauged
anansnaemtiTunndazean mea\a@;mﬁuﬁmqum%u@mmmmmﬁmqLLsJufj“m@ﬁJ
FuazgnesnuuLlfiau A ileanusinssinfiaziiansanaessensa Suduanmnues

N132NUNATBITDEIFA MFENININTBATNNANNINILAN 8IS [20] ﬁumm‘lugﬂﬁ 3.7(N) LAy

3.7(7)



717 3.7 (n) d@n1liiuusinusaain

Fragile

917 3.7 (1) N19NIZANLUIIATINNVDITOUGR

35



36

3.2 NSLARNLIULERS L UNITIAKT

gﬂﬁ 3.8 LiuLiasinuag (Flexiforce A201 Standard Force Sensor)

oo = [ o [ 1% 1 ! agl’
sasinuss Maenldlunisimuwnginsniinusanaludivinednsdnei
5| o—-e:ll o o o = aAa A t:ll -e:ll ::ll o %
duruieinendevannisvesdsingnisalitlaladgan nanunsailasuusanuinszin i
ag luginasnisulasuulasAranudiumuinin g wumesinussiiaenld An  Flexiforce
A201 Standard Force Sensor A1N131% Tekscan Aauanslugii 3.8 Hansmuziduusiunuy
= ¥ ?:/ ?:/ [ P = '8 i’/ o ¥ @ A 6
19 Hlpsaaine 5 du Inasesiunengaiduiduaadinaeames assdudadnnduidy
waalane Ruaeinuindusiotin Wi uazdulugeadluniinidaaulalunisneuauessae
UIINBUBNTANINGZIN (Pressure sensitive ink) wazlasainena 5 4 gnuiinganidnsnaiv
Y ac a = o v 6o deld [ 3 = A 1 = =
FAneRBANNLN AN IS TARSI IR AN HIUTULULNNEANE AL UGS A NIBILNEN
0208 HAAWAT UATHWUALUNNITLLIS 0.95 MIINEURNAT Foewmptainawes
awnsnlisaliding azaanlunisuszansld wananntifadaAaesnisfuusegegnliaenld
TiuanaaunsuaANmEnzanisesnsldunisdnuse selumwmes  Flexiforce A201
Standard Force Sensor — AsRAMIMNIZANNAL T luNIWRLILHRTasiNd mFLdaLS
wwszazanseniseanwuulunsdaussnaludiinsesinuniunszgnene ldaad

fe9N13 dounuaNFeaw] 1edsuwmesausuandld Asluniaei 3.1
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AMANLANINIEAIN (Physical properties)

AINUUN (Thickness)

0.21 HaALWNRAT

A2HEN9 (Length)

5.10 LEUFLNAT

AINNAI4 (Width)

1.40 VIUFILNAT

o

X A ,
NUNTLLIN (Sensing area)

0.95 ANFNLURLNAT (R 1.00 1.8.%)

fiaiTaNsa (Connector)

3-pin Male square pin

(center pinis inactive)

A @i (Linearity error)

<+ 3.0%

anaznngnl (Repeatability)

<+ 2.5% of full scale

Hysteresis

(ANAMNBANAG N TAALAUBITBILT LTS
Ao A | o o

mmzwumaiuumixmmzm W BINNTENI

a o
LRI

<+ 4.5% of full scale

Drift

(muﬂﬁﬂuuﬂmszﬁ“ﬂwmxﬂﬂ'wc’ﬁﬁj S RNEEATGH]

A o

170940)

7 g & @ [y <= a
Haandn 5 wWeafidusiaasaanisnuludanan

sraiznan uUN1IRALAUDY

(Response Time)

Haendn 5 ulAsauId

2UNA TUN TR

(Standard force range)

0-110.00 261

ANl lunnsmeLauessanislasuLLaIr89

PRIV

0.2 Wefidussa 1 asdnLsulas
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o -4
3.2.1 NMISNNNUURNLTULTRT

T afuradINe 1 mnug 1HNIN1ANHINIINNIT UL B LT ULER TS AILLT
Flexiforce 1 iNawAnnduiugszudnaintinunsgunsesnisdaiuAngulsain

s lunnsiauginsaianuou 24 6ia Iaeinnisdaussiuaneaniiliainagasin

(Tnaaznannsaaziaanvesisasdnlwiodadnly) TN INENES (R 0) 5 NIA
Taviu uazdansnsaenadnyoyins (Gain) 4 i
X o 8 o > a o = =
nameaeuiENaInMsfaminu g Avas 1 Alandu U Fees) auds

10 Alanin asuununiuussresauaas Tnamueiisunaazgninlisaginmiia

o

o‘dl = o %’ o o dl 2 1 1 [ dl 2
LIULIRT 99N ﬂ‘i:rmzl,ﬂugﬁuiumwuﬂ mumm\ﬂugﬂw 3.9 LL@’J@’W%V’]’W‘H@QLLﬁ‘\‘IﬂN‘lI’Yﬂ’ﬂﬂVlllﬂ

v A '
fnelnanNmas
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AINNIINAABIATNITOBAAS NITWNANNHANANUTTLUINNTNMLINALNI1T81AN b1
nsdpredmuEes Atanslugli 3.10(N) — 3.10(R) LATAINITNRNINANNIANANALE

Tudadumnss wazAdutsrdanslunissndulavesimusmasifnazsiale lun1sen 3.2

i S S, 8 S
5 3 e
a5 o *s1
S
4 // i s =52
3.5 / e
//" - 4 53
3 a—
25 A A ©s4
2 4 —
e
15 y
1 4 Ll/_ o L L1 —
/
05 /
& Standard
0 IUN < R weight (ke)
o 2 4 6 8 10

gﬂﬁ 3.10 (n) NI NANNANAUTIZUINNTNUTINALNITEIUAN N9

o o A
URILTIVLTRTIALLIN AN 1 -4

Output(V)
5 Ss Sy gs/ S,
// p's . ss
4.5 7 //.///
L // y / ,”.//// " S6
35 VAW A 4
b i L24
3 // 7
25 S ‘/' )‘,4—’// « S8
: P s
Vi
15 /'
1
05
Standard
0 - L ' ' weight (kg)
0 2 4 6 8 10

1 v
gﬂﬁ 3.10 (1) NTINAMNANAUTTEMINEIMINALNIZENRA T1NN9TR

YT ULIDTIALT FN 58



Output (V)

45

Standard
SNV LLE W T S 4 T l \\'EU‘“"‘G,

1 v
gﬂﬁ 3.10 (A) NIMNAMHANAUTIZUINTNULNALNITEUAN WA

YAILTULTIAFIALT FA7 9 — 12

= 514
+ 515

* 516

Standard
weight (kg)

9117 3.10 (8) N3 lANANRUSszUd i uinAUNsE U luNN3A

YRILTULIATIALT FA7 13 — 16
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Output (V)

+ 517
= 518
+ 519

= 520

Standard
weight (kg)

317 3.10 (3) na A INANRRSIz Ut mInAUNsa LA N9 TR

YITULIRFIALTY FA7 17 — 20

+ 521

" 522

+ 523

* 524

Standard
weight (kg)

gﬂﬁ 3.10 (8) NIMNAMNANAUTIZUINNTUTENALNITEUAN WA

YRILTULIAFIALT a7 21 — 24
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AN 3.2 ANN1TANNANNUT UTULEUR LazAdulszAnanissnaula

YRR AT LFIAZHD

\EuLEas ANNNS Andszansnsanaula (RY)
S, y=0.73x + 0.13 0.99
S, y = 0.70x + 0.07 0.99
S, y = 1.38x + 0.23 0.99
S, y = 0.58x + 0.21 0.99
S, y = 0.60x + 0.16 0.99
S y = 0.55x + 0.30 0.99
S, y = 0.76x + 0.25 0.99
S, y = 0.90x + 0.12 0.99
S, y = 0.87x + 0.26 0.99
S, y=0.51x + 0.21 0.99
s,, y = 0.54x + 0.10 0.99
S, y = 0.48x + 0.06 0.99
S, y=0.61x + 0.30 0.99
S, y = 0.46x + 0.18 0.99
S, y =0.76x + 0.15 0.99
S, y = 0.60x + 0.26 0.99
S, y = 0.80x + 0.01 0.99
S, y = 0.62x + 0.26 0.97
Sio y = 0.64x + 0.41 0.97
S, y = 0.60x + 0.23 0.98
s,, y = 0.45x + 0.05 0.99
S,, y = 0.74x + 0.12 0.99
S, y = 0.66x + 0.00 0.99
S y = 0.64x + 0.12 0.99

N
EN
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AMNNNTANENHNLIN ANANRUSTEudNausesuRdals (y) fusmin (x)
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avluannauduresusazimugesinansagaudn e fiainisinauey luanniads

WuAnvizalyl ivatoe luni1Ran s a SN uAINLN R

Sensor 1-4
Vou (V) ,
1
244 1
Lo S ks ====81
242 1
1
2.4 Ir TImmesTSTsooemmToes -» 52
2.38 Frsngesnpesagesapesages '.f.-'. i ettt “Satinaniadt
1 .- §3
2.36 ! -
]
1
2.34 i Y1
1
2.32 1
1
23 ! Time (min)
0 15 30 45 60 75 90 105 120 135 150 165 180

o

317 3.11 (n) N3 WuansNIg Drift Bevimmas 5ian 1 - 4

Sensor 5-8
[
2.44 i
| -+ -85
2.42 1
[
1
2.4 - 86
N |
2'38 ’—'—.—’_’_’—W
1 ——S7
2.36 1
[
1
2.34 ,.............,...................._......_I_.. +SB
232 : """""
2.3 : Time (min)
0 15 30 45 60 75 90 105 120 135 150 165 180

o

317 3.11 (1) nauanIng Drift IemUITas Fidhl 5 - 8



Sensor 9-12
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1 e
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Sensor 17- 20
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2.8 1
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1
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3.3 NSLAANTUIANITIAKTIUDILTULERS

z&l Y a a o—tilj ¥ o =] U 1 dl o ¢=4I a
\HassiRnadnusilléinnisinm dayaniedaesusanseingegaiiin
fumuimes 1 AU 1 ANTITURAWAT W3R AN Average max peak sensor value / 1
2 3 o I £ o a o P
cm” Tneninnisdanisnszaneusenaludiinaesenanadnsaulng Ausl 10 AU Telane)
agflutdne 20 - 30 1 (mean = 25.9, SD = 2.6) Huwtinagludag 45.0 - 92.5 Alaniw
(mean = 59.9, SD = 15.1) WAZAINIRUINUBS 35 — 46 (mean = 39.8, SD = 6.1) AN
wmsguresylsl  flesandeyaresussiinssinsesusesuanisBuaunsniasanld
o o -y o o = X A a ° Vo .
mNnaNTanaAaniivin AsiilunsAnentasaulausaninansaf et unITgnenge

TnanuzimAu

dgl o o [ 4 dl a 49( ‘% a
nsneaeuiaziinsdausanaludamin Mnnduneluseain luansiau
2 Adl -dl -dl A Qll = = a a e‘-dl o -é’
AellATed F-scan daifluwAresilanazlilunmsieuinenyss@naninaesgunsninimun
Tneinunlienaaipsnuuunusuiuszaznig 5 wmes wazldsearinuuuiReaiuiunag
T lunsifiunaasandsaniimmgUnsnizaufesndn aniduasinnmmeasuiiung - 3

ATIUAIUIANDALITBIUIINITNNGIgATIAR LGRS 1 60 TWNUA 1 ANTIEURINAT 999

audnaEnRvwiineludag 45.0 - 92.5 Alaniu Gva@1nsouaninanismaaaulFiaslunnss

733

F13199 3.3 ANLRALTBIUINNITNNgIan luanizAL MifafumEes 1 Faluun 1 A19ng
\TURLNRAT (Average max peak sensor value / 1 cm’ ) 189A1LnG

nivwinag lugag 45.0 - 92.5 Alaniy

Average max peak sensor value / 1 cm’
Ywin (N/cm?)
(Alansu) 1" MTH 5" MTH Heel
Mean Force SD Mean Force SD Mean Force SD
45 3.5 0.8 1.3 0.2 7.4 0.2
48 6.9 0.6 24 0.4 8.6 0.8
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= | oA o a da o ¢, eg A A
A199N 3.3 (AB) mvmmmmezngngmﬁlumm:muwmmﬂumumm‘ 1 G TUNuN 1

ANTNLIUELNAS (Average max peak sensor value / 1 cm’ )

a ndlnd
PIAULNGE NH

v

mrinegfluda 45.0 - 92.5 Alaniu

2
Average max peak sensor value / 1 cm

¥miin (N/cm?)
(Alansu) 1" MTH 5" MTH Heel
Mean Force SD Mean Force SD | Mean Force SD
48 2.6 0.2 1.7 1.5 9.5 0.8
52 3.0 0.8 3.9 0.1 8.6 0.8
55 3.5 0.8 O, 0.8 9.6 0.8
56 4.3 0.8 1.7 1.5 10.4 0.1
56 3.9 1/3 3.0 0.8 11.3 0.8
70 4.3 0.8 3.9 0.1 10.4 0.1
76 4.8 0.8 0.9 1.5 9.5 0.8
92.5 4.3 0.8 2.2 1.9 9.1 1.3
NALUDILLS
nezvingegn 22-75 0.9-4.0 74-113

annsAnEiinliannsnagUdeyarafnreausanssingega Nnay

wruiges 1 Faluiui 1 ansauRiuens aesaulnanduininegudas 45.0 - 92.5 Alaniu

FIA WML NNTEANI LTI WA B T09A R Rt 1L s INgeganiaf U wmas 1 falu

WU 1 Aneaummmsegludas 2.2 - 7.5 Niem® dunszgnilafeainegludes 0.9 - 4.0

N/em® uazduwineg/lugas 7.4 — 11.3 N/em”

anAnaNTANINIanInaesmues Flexiforce Nldlunisimmnglnanid

dﬁl dl o a A = Y o a dl
WA lun9Fuuse 0.95 AseetuAuAs veaaaLlssunmuneuldiy 1 AmsaauRiums 39

anunsnldfeyarafsueusensyingeganifatueueges 1 fluiui 1 aseeuRwas
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1
4

F11 (Low-pass filter circuit) &Mu3Landtyauinisunau inaliaiunsnausaasdayanina i
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[ % Aﬂl [ 9/A£I [<1 o/ [~3 E o/ aa j o
dynynudayandnlisailudyanaueurden  Widuwdynyubaneauananiidalugys
Tugpa (Bluetooth module) taldlunisdedayalilfipaniamassneasnisaeaisuuulZane

(Wireless communication) #9918/ AZLR8AUBINABILUTTHIANAWFAAZEIU ATl

Middle

waist box

Left Right

waist box waist box
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3.4.1 NMINAUINARIATIAILUUITN U URILD (Left and right waist boxes)
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3.4.1.1 79959/ (Measuring circuit)
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Vr I_—+ I_ -

—— > Vout

k.

717 3.14 9asinfiagnialunaenses e aa9284197
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Vour = =Vr (R_j; (3.1)
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= o Y lﬁl o v ‘SI o o/
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A oo dl | v v :s':s ¢ﬂl 1 ¥ 4‘4'
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3.4.1.2 ’NQ‘in%"mchuﬁ‘i’l (Low-pass filter circuit)
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(NI == A
Ra 10 k2 GND
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(NLDY
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%

(C,, C,) nuAIRA

6 c A o
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NATUIT
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aanuuuld Asuanslugii 3.17

A1519% 3.4 Butterworth polynomials S 4

Order Quadratic forms

4 (524 0.764s + 1)(S? + 1.847s + 1)

d' 1 o Y :s' 1 o Qll v ¥
R399 3.5 ANFIATUNIUNUNNZANTRINATNIAINIUANFIaS |

ANAAANUNIUN 2995N5AYHIUAN 2995N9BAIHIUAN
LUNISAN AUAL 2 29955N AUAL 2 2995NADI
R, (ka) 110 43
R, (ka) 62 150
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2.2
—_— . — . —. — . 4-—»..‘_\
1.7 \
\

A\

1.2 A

0.7
\ Frequency
0.2 -

(Hz)
1 10 100

3117 3.16 nalANANTUSIBIARI VLN ETLAIND

wa9d g lfannagasnsasdus

53



54

77 3.17 ussduaeanludvnanieuuasnadei 1A e IueN
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3.4.2 NISNAIUINABINTIAILUUININA19LA2 (Middle waist box)
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v
C,0.1/50 VJ— ; R, 4.7 ko 1|[ 3:I
I :_1 NGTRY LAV zl_________j
= RAD b=t 1
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£ ra1 |21 9 I
= o I 1
3 .
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I---------—|7 R)\}.l} 1
| — RAS [ R 4
1 . PICIGF877
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I o | 5 356 ™ R,4700
1 from the left 58 4 sTATUS |2 BV
9 RCH/TxD AN RxD
: . =1 REI * R, 100 ko § g R 10K e
waist box reren) 26 R ol |- .
I 1 RTS —{ [rao
| [ B z IS¢ el G Reset switch
| 1 0sCl  0sc2 ‘3-3"0__‘{1_ < SE—
12 1 C,01/50v ca:n
XTAL 20 Hz il I 1
c,22 pFI Ic,zzpF @D = @D
D
o ao
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1 o 1 v 4‘ 1 o/ < £ 1 o/

ANNaIAN ANt anaeden Geag ugluesdynneurden e ugldnyanon
ana dl = % o [ % o 1) % dl Yo
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dszunanatanaNnaaes
Tulnsreulnsane i lunisimuiginanilunian Aa PIC16F877 &@aH
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Tulasraulnsaaafin1ssaANHmnes (Parameter) 199N1980499UNINALABNRAADT
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A13799 3.6 NIFRIAINIIRM8S (Parameter) m@qmﬁﬂaﬁwmu
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A1AUN NISAIATNISINLADS ANNNIUUA
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4 1 % . .
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Setup communication and Setup calibration

Start measurement

Yes

Communicate to Microcontroller

v

Timer start 30 s or Manual controls
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T

Receive data 1 set

Data partition

¥

Sum 1 =sum +data1 Sum 2 =sum + data2 Sum 3 = sum + data 3
Sum4 =sum +data4 Sum 5 =sum +data5 Sum 6 = sum + data 6

Sum 7 = sum + data7 Sum 8 = sum + data 8

Expired Time or No

Stop pressed

Calibration ; changed raw data into pressure (N/cmz)

¥

Finding average

¥

Recording data in “.xIs”

o)

917 3.22 TWdamnFanisinaupesTdsunsuuanang
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A13719% 3.9 (N) ANANNTY (a) WAZANAIN (HERNEIE L

NETpusensenumstlunszansine Tuseaiiniued 36 - 37

Shoe size : 36 - 37

Area Left foot Right foot
a b a b
Heel 0.73 0.13 0.58 0.21
5" MTH 0.70 0.07 0.60 0.16
1" MTH 1.38 0.23 0.55 0.30
P191e 3.9 (1) ArANNTU (a) uazAAsd (b) 109LTULTDT
17{13]3@”@LLNMN[ﬁ’]LLMﬂQﬁNﬂ?:@ﬂﬁi’N"’] lusaainiues 38 - 39
Shoe size : 38 - 39
Area Left foot Right foot
a b a b
Heel 0.76 0.25 0.51 0.21
5" MTH 0.90 0.12 0.54 0.10
1" MTH 0.87 0.26 0.48 0.06
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A1379% 3.9 (A) ANAINHTY (a) WAZANASN (b) VBLTULTRS

NETnusenseiumdtlunszansine lusasdinues 40 - 41

Shoe size : 40 - 41

Left foot Right foot
Area a b a b
Heel 0.61 0.30 0.60 0.26
5" MTH 0.46 0.18 0.80 0.01
1" MTH 0.76 0.15 0.62 0.26
mm\i‘ﬁ 3.9 (4) AIANTY (a) Lmzmmﬁ (b) UBILEULEDT
¥ Taurenasdumiblanssgn pne°) Tuseainiues 42 - 43
Shoe size : 40 - 41
Left foot Right foot
Area a b a b
Heel 0.64 0.41 0.74 0.12
5" MTH 0.60 0.23 0.66 0.00
1% MTH 0.45 0.05 0.64 0.12
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4.10 M3IAIENTRYA

a Y =& a o d’l 1 [<] o d‘ % !
nMsaAszideyatun19AnEIAeH azuieaniily 2 anwouy daldun nng
AmzideyanugulnglianAideusseny (Descriptive statistics) wazn1saAszideyan

%

Y] Y aa A a . . .
1Eann1maaeding 4D R TeEN9B (Inferential statistics)

4.10.1 n1saAszilaaldanmigaussans

Tunasfneddetlatadeussaielunisiinssideyaiugiu delsun any
0” o o ¥ o a & ! dl
Wnidn Artinnanie wazainseaiin Inaianeseazidanresdeyalugluuy Aedy +

ANDIEULUNIATTIN (Mean £ SD) UAZAIRIGA — §9gA (Min — Max)

2 a

4.10.2 nsaAszilaaldanALI a9

1. Awmezinisuanuasesdayadniuwuulnfvisels InelEnisiansannsw
galnunsnmaugiuniInIaseunisuanuwataesdeyaseiliasfoeioaes  Shapiro-

Wilk test
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a 4 9 [ 1 9 1 rfd' LY dal (%

4. JRERMANUTRANG0URINTIANTINATUA senegUnsaInianNuny
A A Y Aa = Y a = @ A 1 9 a 4
inseeliodedwunasgiuniuwa Tyl lufamadernuvielu Taeldnsinsizy

7 a £ v o ' . .
mmdulsgansvesanduiusnelungu (Intra-class correlation coefficients

=

1 { J { o 1 4 v {
ICCs) vostoyanundsvowsnaludwigegannsziaomuaes 1 @2 Tuiiuh
a A o 9 o [ 1 S @ da{ [ A
MIsuAmLas 1a ldassiunialunszgnaieg mnglnsalianyununi e

£198911AT 7 U

[

5. neAnsAsElaziinmeaeLantAgussALTEdAny O = 0.05 NszAuAIN

o

TR 95%

6. n1ATEiNaluNgAnEazldlilsunsy  SPSS  Version 17 AUANSI99ANLY

AAangsnAIans anasnsalangat uesesdialunisauandieyanieans

4.11 uaNITAATIENIAY AN 1 lUN1SANEIAE

Tunsenedss luasatlFiuAINIINNAAINDE2TATANUIN 112 AL LA
ol 1 - o ¥ o A @ vaay o o
Rfladeinneinnsdndingaunisiqaanuon 82 aw wesaniiluindgaiingeaiuiu 26 au

14 v o 09; =2 A v o9y = A |
LACANNILLYE 56 AU ANUUAILNABLTITINNNTANTITAILNEN 30 AU

4.11.1 namsAAsTIERdayaNug uagidnsanlasenisiae

147188 ATNENFINNNTANENIa e TuASatllsenaufng 1A ATTINLANUIU

10 A WAzaN@E@NATUIINAIWIN 20 AL Hangatludag 22 - 32 (25.87 + 2.60) T Hinuiin
ag/lutag 42 - 76 (55.87 + 11.73) Alanin Naatiunaniy (BMI) agludag 17.63 - 27.75
(20.28 + 2.17) uazddNsadinluwtogues 35 - 43 (38.77 + 2.39) MNNIATFIUNNIIALAN

o

v 1 i
109191 fayaiuguiisuaridanfiuanslunised 4.1 uaz 4.2
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F197 4.1 agtiiayaiugunlilunisfnwise

Fayaiugu nsULAuRTaNS
AMUIUBNANANAT (AL) 30
Silald 10
IaTN 20
g (1)
et + mLﬁmmummﬁm 25.87 + 2.60
mé’ﬁzﬁqm-qmm 22-32
s (nn.)
AlRAE + ﬁ’uﬁmmummﬁm 55.87 + 11.73
ﬁh[fﬁzgm—@ﬂzgm 42 -76
patisaanie (BMI)
Alaat + mLﬁmmummﬁm 20.28 +2.17
mé’hzgm—zgqqm 17.63 - 27.75
AUNAIRITIN (LUaF)
Alaat + mLﬁmmummgm 38.77 + 2.39
ﬁﬁﬁﬁ@ﬂ—@qqm 35-43

1 2 1
F19NT 4.2 fayaiuguretenaasinidinniay

ana@dilAs | ang (1) LA vnidn (nn) | awesawsin | Aaiiunanis
1 22 IaTN 42 36 17.71
2 32 ThE 72 42 21.04
3 23 ThE 56 39 19.84
4 22 Giald 56 42 18.93
5 24 TN 70 43 21.13
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ana@aiAs | ang (1) LA vwiin (NN.) | AUIRTRII | ATUNIaNIE
6 25 YI3IN 48 38 19.72
7 28 YN 45 37 20.54
8 28 ISTN 55 35 20.44
9 28 Siald 52 39 18.42
10 26 ISTN 48 37 18.75
11 32 Siald 96 43 27.75
12 24 FISTN 52 38 23.74
13 23 N 54 38 19.13
14 23 SRt 62 42 21.97
15 24 Siltd 70 43 22.09
16 29 Sk 76 42 21.73
17 25 ISIN 47 38 19.31
18 27 FISTN 45 36 17.15
19 28 3TN 55 36 20.20
20 27 IaTN 52 39 20.83
21 27 IIN 48 37 19.72
22 26 Sl 67 41 23.74
23 25 YI3IN 48 39 19.72
24 24 YN 48 38 18.29
25 23 Siald 54 39 17.63
26 24 YN 45 37 18.97
27 26 IIN 55 36 19.96
28 28 YN 62 38 21.97
29 27 YI3IN 48 37 19.72
30 26 TN 48 38 18.29
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ana@aiAs | ang (1) LA vwiin (NN.) | AUIRTRII | ATUNIaNIE
Mean 25.87 - 55.87 38.77 20.28
SD 2.60 - 11.73 2.39 217
Min 22 - 42 35 17.63
Max 32 - 76 43 27.75
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AINN33LATIEINITuAnUAsTediayalaelinisiansauinsnBalnunsy A
wapslugin 4.5 war 4.6 AduAiUNMIRIIAGRLNNTIANLANTB Ty AsaLtaYfaERDUeq

Shapiro-Wilk test TIANNNTOUAASHANTIN @@ﬂUﬂ’]ﬁ‘LL@ﬂLL@\‘iﬂ‘ﬂ\‘i?‘ﬁ‘ﬂH@ ANLBRYITBILINT
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a a K o

naziguasselwmes 1 Aluiul 1 AsauAmng (N/em’) MARTUAIIA LMY
1 ¥ og; ¥ A a dl % rdl o dy -dl

nszansine seaWiniaesineluanstiuuasiiunliangUnaniimunauiazannidses F-

scan AUAAlWANTNN 4.3 — 4.6 Wudn FayanliAnetinsuanuasdieyauuulng 7

seALURIANATY OL = 0.05
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Frequency
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F1379% 4.3 NAN1TIATIZINTUAN LAt TesTiayA ARAE LD INTENgeqAsaLTILTas 1
o dsj dl a 2 Qi a d” A dl o % rdl [ i’l
Foluiui 1 assaummas (Nem®) Miatuluanetiu Geinlaainglnsninwmunan

FneRTU8e Shapiro-Wilk test

Side of foot Mask Statistic p - value Normal
value distribution*

Heel 0.941 0.098 Yes

Right foot 5" MTH 0.954 0.210 Yes
1% MTH 0.814 0.117 Yes

Heel 0.961 0.329 Yes

Left foot 5" MTH 0.963 0.365 Yes
1% MTH 0.875 0.136 Yes

* NpgauNITALNEA1ATY OL = 0.05

B399 4.4 NANTILATIZUNNTUANUAIYDIT04A ANLRALIIBILI INTEVINQIAAFaLTLIRS 1
o d” dl a 2 d‘ a d” a dl o 14 rall o d”
Foluiui 1 mssummes (Nem’) Aneau ez iiiv aednldanainsninwmunan

Fn83589 Shapiro-Wilk test

Side of foot Mask Statistic p - value Normal
value distribution*

Heel 0.958 0.281 Yes

Right foot 5" MTH 0.959 0.278 Yes
1% MTH 0.917 0.079 Yes

Heel 0.966 0.439 Yes

Left foot 5" MTH 0.930 0.076 Yes
1% MTH 0.951 0.174 Yes

* NagauNTzALUE&1ATy O = 0.05
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R399 4.5 HAN1TIATIzANITuAniasTesdiaya ARt 19IuLse INTeingeqasaimies 1
o d’l dl a 2 dla i’l A dl o v dl
FaluNun 1 AnsaEuBiNms (N/em?) Mnatulutniciiu 393nldannieses F-scan

FneRTU8e Shapiro-Wilk test

Side of foot Mask Statistic p - value Normal
value distribution*

Heel 0.978 0.763 Yes

Right foot 5" MTH 0.957 0.260 Yes
1% MTH 0.839 0.127 Yes

Heel 0.934 0.063 Yes

Left foot 5" MTH 0.950 0.169 Yes
1% MTH 0.871 0.178 Yes

* NpgaUNITALNEA1ATY O = 0.05

B399 4.6 NANTILATIZUNNTUANUAIYDIT 0L A ANLRALIIBILI INTEVINQIAAFaLTLIRS 1
o da’ dl a 2" dl a dal a dl o % dl
N TUNUN 1 ANISLTURLNAS (N/ecm®) nnnzu LAl 5ﬁ\1']®1®@'1ﬂLﬂﬁ"ﬂQ F-scan

Fn83589 Shapiro-Wilk test

Side of foot Mask Statistic p - value Normal
value distribution*

Heel 0.878 0.085 Yes

Right foot 5" MTH 0.946 0.135 Yes
1% MTH 0.927 0.082 Yes

Heel 0.907 0.076 Yes

Left foot 5" MTH 0.905 0.075 Yes
1% MTH 0.927 0.062 Yes

* NagauNTzALUE&1ATy O = 0.05
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4.11.2.2 wANITAATIMLTELAILAMNLANANIBIAMANTIR LUN15InusIna budn

Lﬁwmqﬂnscﬁﬁﬁmuﬁuﬁ’uLﬂ"ém F-scan

=2 ¥ ¥ 13 1 a ak
annsAnEINIsuAnuastddiagaiingfiunudn n1suanuasuuuilngiag
lnmageuannAgunldnisiive;  (Parametric  Tests) @vanianldlunisiisnzi
= o o 1 % dl v rai o d” 1 a a a
whenaunuantmlunsdaussnalud i Aldanainsninwmunawindilszansnam

v a A 1 dl tdl P ] dl % a A ] uQ// A a e
Tn&iAeiizauAnsgaInIAsas F-scan vﬂ:nLﬂum@mmqmmmgmm@iuuu AR AATISU

! 1 { dl 1 dl 1% ' o 1 A g a o
AULLANANTENINALRAE 2 ﬁ?%iﬁ@ﬁﬂﬂQNMQ®ﬂqﬂﬁﬂﬂﬂQNWLﬂu@@ﬁ‘Zﬂu (t-test for

=

. =2 v = & o = o P |
independent samples) fauddnlun1sAnItaziin1sAnE lungusetneniawalug (n
= [ a - = a v o
> 30) T9ATEENIINITIAIITINITUANUAIULLT  (z-test) wazlaginfuan t-test azldiile
NANAIRENHIUIALAN (n, < 30, n, < 30) wA N NLFLR ttest WiLnqusaat1awalar
v = 16) & 1 o 1 Q‘I ] al a o
16 reinenwsliidszansaeingusinatnguaninisuaniasuuutng  [24]  sznauriy

=2 o 1 2 2\ * v 2 '
n9AnE RN uAA NS UaessEIng (0, 05) AwesLlszanuAIfAILAIANN

v
[ -2

I a ' 2 2 = P AR v a 'S
wlsdsqureangusnesine (ST, s7) Astiulunisdnutiasiaanlinisinsizvinisuanuag

= = d’ v a s aa dl v a el 1 dl
ULLAWNUNITUANUWASWLLE L Wa N5 einanNanauuLn ldniimeiiaA e

)

=
DANINNEAR

q

=2 1 d‘ dl o ' 'S o dlqjdl
AMNNITANIANBALTBILINNNIEN VAR AR D LT ULTDT 1 A luNLn 1

a 2. & o & ° P ' 44 a o
FANTINLEURLNAT (N/ecm”) Nt ﬂmum?ﬂquLﬂuquNﬂ?ZQﬂmqﬂﬂ TUZEULAZAE  ANNUULND

[ o

1nfiayaNan1InARe U ENINNANITNNIIATITINANINUANGNIEUINANRAE 2 AN

THannnqusnatisaasnguiiiiudaszainiu (ttest for independent samples) WU41AN18
1 % i ] 1 1 all a 42’ A a dla/ v rdl
waana ludiinmsesnimiaunszgneine) Mand luanuziiuiaziauninliaingilnanin

o =2 = 1 o 1 { ¥ dlo/ 1% dl 1 A o o o
WENUTITU Nﬂ"J’]NLLﬁ]ﬂW’W\‘iﬂUﬂW“ﬂ@QLLNﬂﬂi‘uﬂhLVI’W]’]@i@@’]ﬂLﬂ?@\? F-scan 289N UERAATY

o o [ %

N NADA NevAulEdAny o = 0.05 Feawnsananslaantiuiieiae qunsnidausanalud

1
a

¥ 1 ' dl o ﬁgj a o 1 4 1 o A dl AN
WNag e MR LNTUE ANLANLR N33R NA TUA N ULANFAINAULATEY F-scan 7Ll

q

\ATa9E19BeNInIg L TneAaasresusiazgLnsnla N souanINa i RN 4.7 wazka

N199LAINZUAE t-test for independent samples ANNTNAng LA luA1T197 4.8 LAz 4.9
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= Y P T 0 . : o vy ol
FANTINN 4.7 ?J’DS;IJ@F"I’WL@@EI‘H@\?LLNﬂﬂluﬁl’]LV]’]MNMWLWIHQTJ‘NH?SQHWN"I mmimmn@qﬂmmm

WeNUNTULALLATEY F-scan

qUnsnfinmundu (NCM) #i789 F-SCAN (N/CM?)
ZIRIIRFIN MEAN + SD MEAN # SD
2191 Hel 2197 Hel
! LAY £ WA 21 By | Ew WA
Auiin 6.94 | 645 | 661 | 6.15 | 10.63 | 924 | 996 | 877
(Heel) * + * + + + + +
083 | 069 | 082 | 067 | 135 | 134 | 1.19 | 1.40
ﬂquﬂ%@ﬂﬁy‘)’ﬁ@ﬂ 199 | 1.60 | 1.76 | 1.38 | 311 | 258 | 291 | 214
Wi (5" MTH) + A . + + + + +
044 | 041 | 046 | 039 | 070 | 0.72 | 0.74 | 0.71
tunsegniiaudl | 351 | 267 | 322 | 252 | 475 | 3.86 | 4.40 | 3.70
Win (15 MTH) + + + + + + + +
093 | 052 | 082 | 047 | 1.01 | 0.83 | 090 | 0.75

;13199 4.8 dayanfFauieunanimeagaui lfainalnsaiinmunauiuweses F-scan lu

99 auan Al AR ATl N U

Mask

Right heel
Left heel

Right 5" MTH

Statistic value

-12.726

Ine1l% t-test for independent samples

NrzAuvitdAty oL = 0.05

-12.671

-7.351

p - value Different assumed
(p < 0.05)
271x10"7 Yes
1.19x10™° Yes

3.76 x10"° Yes
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F1379% 4.8 (sie) dayalBeumsunanimmagau lfainalnsaiwmunauiuweses F-scan
lunsdausanaludidinfinaduluanety  Ineld ttest for independent samples

NazAuitd1Any oL = 0.05

Mask Statistic value p - value Different assumed
(p < 0.05)
Left 5" MTH -7.250 0.56 x10™"° Yes
Right 1" MTH -4.921 | 5.46 x10° Yes
Left 1% MTH -5.322 0.87 x10° Yes

;13199 4.9 dayanfsauiaunanimaasuinléiainguUneniwmuntuiuiAses F-scan lu
nsdausanalutinniintuluanisiin  Iaeld ttest for independent samples

PezaLniadATy o = 0.05

Mask Statistic value p - value Different assumed
(p < 0.05)
Right heel -10.114 2.82x10"° Yes
Left heel -9.225 0.66 x10™" Yes
Right 5" MTH -6.512 2.48 x10° Yes
Left 5" MTH -5.184 2.46 x10° Yes
Right 1% MTH -6.663 0.54 x10° Yes

Left 1% MTH 7.297 1.17 x10” Yes
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NITEANAIN °) mn’qﬂn'a‘mwwmu'munmﬂim F-scan f‘ﬂmﬂumsmmqmmmsg'm

a o = 1 1 1 o 14 o—dl o &D
annsdaszinFauauausna ludiin Adaldangunsninwmunau

o dl dl v @ dl % a % % o v 1 6o U
AuiAes F-scan 7iliweresdeBeninsgiudingsiu vinli naudrguneniinusanaluda
% 1 1 dl % dgj o/ 1 1 % v 1 o dl dl Y @ dl v a
Winethedeimuntudasussnaludwinlfuanseiueses Fscan nliiluiAseasdnegs
NIWTFIU ANTHENINTIRAIEZANLANGNY  (Difference)  SEMINNANLARL LRI

o 1 I'e o dl” dl a 2 dl a di/ o 1 1
nesvingegasialrumed 1 ATuRLT 1 AIaEURmRT (Niem?) MNATumss Ly
1 S a rdl s dgj o dl 1% a o ¥ '
nezgnane] Tuanriunazian angunsniinmuauiursesdegeninsgu i liineudd
gunsninmunau dausanaludiiinlidnfies nduesesEeBennsgiudssnns 32.71 %
Tunsdausenaludvinnifnauluaniz iy uaslwansugnsawamnauiausanaludn
4

WinldtiasndnAsasaeaailsvinnd 32.72 % Taaisnsasiaaani1simszyd Aandnalismnieng

N4.10

13199 4.10 aenifrauifauAieasvesdeyausana udinndnlfanginenin

¥ 1
WU TUALILATEIENBINIATF Y

Mask Developed device F-scan % of the Difference

Right Left Right Left Right Left

Statics (gl1)

Heel 6.94 6.61 10.63 9.96 34.71 33.63
5" MTH 2.00 1.76 3.11 2.9 35.69 39.51
1% MTH 3.52 3.22 4.75 4.40 25.89 26.81

Total average of % of

the difference 32.711 %
Dynamics (LAw)
Heel 6.45 6.15 9.24 8.77 30.19 29.87
5" MTH 1.60 1.38 2.58 2.14 37.98 35.51
1% MTH 2.67 2.52 3.86 3.70 30.83 31.89

Total average of % of

the difference 32.72 %
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wreld Ineldnslimsnzvimandulsvansrasanduriusnialungs (Intra-class correlation
coefficients : ICCs) 2asdiayaAianstaunsenaludfingsaannssinsomged 1 6o lu
g a do ny ° L ' el o £ oA
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o s &
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NANTUN[25] A8 AN ICC WA 0 — 1 81A1 ICC WNlNA 1 axiiaTqdnirsealeiadadnaqnm

1% o a‘d‘ A = A
ARAPRANNUNIN WAZINWFN Lsenauni1sianTin Aa

® {i1An ICC agfludae ICC < 0.4 aznadndieyaiimuduiudiuties sisalus

ANHANNIENL

® {1 ICC agflutae 0.4 < ICC < 0.7 azdednfayadiuualiinaasarnduiusag)

Twnousinaansulsa

k4 = 1

® {1 ICC agflutae 0.7 < ICC < 1.0 azhadndiayadiuwslfinaasauduiusos)

a u

TuszatigausivanAf lannnda 0.75 Aadilaruuisugngs

LAZAINITDUAANIIEAZIDYATDILANITIATZ T aYA LA LUANI9T 4.11 UAY 4.12
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;13199 4.11 fayanFeumsuaidulszAnsanduinuinialunguaesanimaaauiliann
o‘d‘ o ﬁy o dl v a o 1 % dl a d’j A
gnsaimimunauiuiAresdnegannsgiu lunisdnusanaluddinnnaaulianctiu

NazAuitd1Any oL = 0.05

Right Foot Left Foot
95% Confidence 95% Confidence
Parameter ICC Interval ICC Interval

Lower Upper Lower Upper

bound bound bound bound

Heel 0.641 0.370 0.811 0.727 0.501 0.860
5" MTH 0.466 0.133 0.705 0.502 0.179 0.727
1% MTH 0.721 0.491 0.857 0.545 0.235 0.754

13199 4.12 fiayauBeumauaiduilszdndanduiusnialunguaasnanimaaauiliann

¥ 1
o o A

rdl =K % a o 1 % dl a dy a
Qﬂﬂimwwmuw NUIATENANENNIATINY Tunisdausenaludwinninaauluane inu

NevainladnAty o = 0.05

Right Foot Left Foot
95% Confidence 95% Confidence
Parameter ICC Interval ICC Interval

Lower Upper Lower Upper

bound bound bound bound

Heel 0.884 0.771 0.943 0.826 0.666 0.913
5" MTH 0.799 0.620 0.899 0.796 0.614 0.897
1% MTH 0.878 0.760 0.940 0.711 0.476 0.851
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nous T R fey ansnfaLndy #7249 F-scan
mm%m%q (L) = 5,000 = 600,000
99A1 Insole WiBNLTULTRS | = 6,000 = 8,000
(L /A (6 x 1000) (2 x 4000)
nsdfulna UL UFufneile TN

AMNAZAIN TN 1491

azaaninziduiuy

portable wazld Wireless
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The Development of a Simple Deviee for Plantar Pressure Measurement

Thimabut N.%,

Tesramongkonrasamee A..Ph.D.% Janchai S.M.D?, Suputtitada A., M.D*

| This study aims to develop a simple device for plantar pressure
 measurement, which is low cost and easy to use.

Middie
waist box

The force sensors used in our experiments were thin film type
piezoresistors. The control boxes at waist received the output from
force sensors in each insole and then converted analog signals to.
digital data. The digital data were linked to a personal computer

using wireless Bluetooth A Labview prog was
also developed plot and analyze the gait data.
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© The results of the initial tests showed that the dynamic plantar

 pressure graphs started changing from heel which was the first part

to contact fioor, and ended changing with the 1% MTH which was.

8

Right insole

The developed device is an insole system, which had been
designed and developed to measure plantar pressure during
dynamic movement in real-ime. For each insole, three force
sensors were placed on the locations of heel, the 1% and 5% MTH,
‘which are the img zones of foot bi hani

“the fast part to contact floor before push off. The plantar pressure at.
the 5% MTH was quite difficult to observe because this area

normally receives load smaller than other areas.
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Based on the initial study, the results had confirmed that the
developed system is able to measure the dynamic plantar pressure
in real-time.
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PB-8 PREPARATION OF CHITOSAN
FOR LEPTOSPIROSIS VACCINE

R. Kerdkaew', T. Palaga’, K. Patarakul®
'Medical Microbiology, Interdisciplinary Program,
Graduate  School,  Chulalongkorn  University,
Pathumwan, Bangkok, Thailand 10330
“Department of Microbiology, Faculty of Science,
Chulalongkorn ~ University, Pathuwmwan, Bangkok,
Thailand 10330

?Department of Microbiology, Faculty of Medicine,
Chulalongkorn ~ University, Pathumwan, Bangkok,
Thailand 10330

Objective: To develop DNA vaccine for
leptospirosis using chitosan and to test its
physical properties.

Design and method: Lipl32 encoding
the major outer membrane protein that is
conserved in pathogenic Leptospira was
used as a vaccine candidate in our study.
The genomic DNA of L. interrogans
serovar Pomona was prepared by phenol
chloroform method. The PCR product of
819 base pairs of lipL32 was amplified
and was cloned into pVITRO plasmid at
Bsplkl and BsiWI restriction sites. After
transformation into E. coli strain DH5, the
lipL32 sequence inserted in the plasmid
was  determined. The transfection
efficiency of pVITRO-lipL32 into human
embryonic  kidney  cell-line  293T
(HEK293T) cells was evaluated by
Western blot analysis. The chitosan was
then used to encapsulate pVITRO-lipL32
in vitro. The copolymer was complexed
with  plasmid DNA in  various
copolymer/DNA (N/P) charge ratios, and
the complexes were then characterized.
The formation of pVITRO-lipL32 and
chitosan complex was confirmed by
electrophoresis on a 1% agarose gel. The
influence of chitosan/pVITRO-/ipL32 on
the cell viability of murine macrophages
(Raw 264.7) was investigated by 3-(4,5-
dimethylthiazol-2-yl)- 2,5-diphenylte-
bromide (MTT) assay.

Results and conclusion: Chitosan
showed good DNA binding ability.
Chitosan and pVITRO-lipL.32 (N/P)
complex was able to enhance transfection
efficiency. The complex demonstrated to

FiNAL PROGRAM

be low cytotoxic to Raw 264.7
macrophage cell line in comparison with
untransfected control.

Keywords: Leptospira, Leptospirosis,
LipL32, Vaccine, Chitosan

PB-9 DEVELOPMENT OF A SIMPLE
DEVICE FOR PLANTAR PRESSURE

MEASUREMENT

N. Thimabut|, A. Teeramongkonrasamee’, S.
Janchai’, A. Suputtitada®

'Biomedical Engineering, Faculty of Engineering,
Chulalongkorn University, Bangkok 10330, Thailand,
E-mail: phitoeyesi@yahoo.com

‘Department of Electrical Engineering, Faculty of
Enginecring, Chulalongkorn University, Bangkok
10330, Thailand, E-mail: tarporn@Chula.ac.th
‘Department of Rehabilitation Medicine, Faculty
of Medicine, Chulalongkorn University, Bangkok
10330, Thailand, E-mail: jju09@yahoo.com
‘Department of Rehabilitation Medicine, Faculty
of Medicine, Chulalongkorn University, Bangkok
10330, Thailand, E-mail: sareeratl(@yahoo.com

Objective: To develop a simple device
for plantar pressure measurement, which
is low cost and easy Lo use.

Design and Method: An insole system
had been designed and developed to
measure plantar pressure during dynamic
movement in real-time. For each insole,
three force sensors st th were placed on
the locations of heel, the | and 35
metatarsal head, which are the important
zones of foot biomechanics. The force
sensors used in our experiments were thin
film type piezoresistors. The control
boxes at waist received the output from
force sensors in cach insole and then
converted analog signals to digital data.
The digital data were linked to wirelessly
a personal computer using wireless
Bluetooth communication. A Labview
program was also developed plot and
analyze the gait data.

Results: The result of the initial tests
showed that the dynamic plantar pressure
graphs started changing from heel which
was the first part to contact floor, and
ended changing with the 1 MTH which

AND ABSTRACT BOOK
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was the last part to contact floor before
push off. The plantar pressure at the 5t
MTH was quite difficult to observe
because this area normally receives load
smaller than other areas.

Conclusions: Based on the initial study,
the results had confirmed that the
developed system is able to measure the
dynamic plantar pressure in real-time.

PB-10 DEVELOPMENT OF
VIBRATIONAL: FOOT ORTHOSES BY
APPLYING ELECTRICAL NOISE-
BASED TECHNIQUE  WITH A
STOCHASTIC RESONANCE
APPLICATION

W. Thingbut', A. Suputtiad’, W. Khovidhungs,
B. Supmonchai’

!Biomedical ~ Engineering, ~Graduate =~ School,
Chulalongkorn ~ University, ~ Bangkok 10330,
Thailand. E-mail: usjuzx@yahoo.com
Department of Rehabilitation Medicine, Faculty
of Medicine, Chulalongkorn University, Bangkok
10330, Thailand. E-mail: sareerat] @yahoo.com
"Depar.tment of Electrical Engineering, Faculty of
Engineering, Chulalongkorn University, Bangkok
10330, Thailand. E-mail: watchara@chuia.ac.th
'Department of Electrical Engineering, Faculty of
Engineering, Chulalongkorn University, Bangkok
10330, Thailand.

E-mail: boonchuay.s@chula.ae.th

Objective: Our study aims to develop a
low cost device for applying stochastic
resonance i the form of a vibrating shoe
insert. Afterwards we will use this device
in our further study to justify the effect of
this bespoke device for stimulation of
tactile sensation in diabetic peripheral
neuropathic patients.

Design and Method: We generated
electrical noise with stochastic resonance
applications in the form of pseudo-
random noise and low frequency shift
registers by wusing a microcontroller
circuit, and selected a rotary motor for
actuators. For the shoe insert design, we
-used extra materials to form foot orthoses
for diabetic foot. In addition, this custom-
made foot orthoses with stochastic
resonance applications will be used in our

further study to investigate the effect of
using vibrating insoles = to enhance
vibratory and tactile perception in diabetic
patients with mild to moderate peripheral
neuropathy.

Results: The device can generate low
frequency (100 Hz) in a pattern of
pseudo-random noise that will be applied
with actuators which perform vibrations
in the foot orthoses.

Conclusion: We successfully developed a low
cost device for applying stochastic
resonance in the form of a vibrating shoe
msert. Moreover, we hope that the
findings of our further study will have
implications for rehabilitation medicine,
for alternative treatment of diabetic foot,
and for biomedical engineering.

PB-11 BIOMECHANIC OF HYBRID
INTERNAL FIXATION SYSTEM

P. Prateeptongkum, P. Itiravivong, P.
Tangpornprasert, C. Virulsi

'Department of Orthopaedic ,Faculty of Medicine,
Chulalongkorn University

’Department of Mechanical Engincering, Faculty
of Engineering, Chulalongkorn University.

Nowadays, Bone fracture is treated by
plate fixation system either locking
compression plate or conventional plate
screw (DCP, LC-DCP). However, these
methods are still limited success in aspect
of recovery time. Therefore, we strived to
develop and modify the novel hybrid
internal fixation system. Objective: To
measure biomechanic properties of hybrid
internal fixation system compare with
locking compression plate.

Design: Experimental study for designing
and test static loading model and fatique
loading madel. Patients: Study from adult
femur bone of cadaver donor age 30-50
yrs. Methods: Study hybrid internal
fixation system and locking compression
plate in 3 pairs adult femur bone of
cadaver donor and test the static loading
model and fatique loading model to
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