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ABSTRACT

The trend of disability people who lost their legs is increasing due to
accidents, affliction and congenital disabilities. Generally, artificial feet available in
Thailand are being made as fixed-ankle feet. This cause people with the leg disabilities
to walk with difficulties. The moving-ankle artificial foot is able to improve walking
naturally but it is very expensive. Thus, the objective of this work is to design and built a

low cost movable artificial feet.

First, natural movement of the foot while walking is investigated. Then,
the movable artificial foot is designed to mimic that. After that, the movable artificial foot
system is built based on the Geneva wheel mechanism, an incline sensor, a controller
and a battery. The movement of the artificial foot while walking is tested by comparing
with the natural movement of the real foot, simultaneously. The durability test is base on
ISO 10328. The result shows well walking synchronization and naturally mimic the foot

movement.

Currently, the durability of the movable artificial foot prototype is being
test according to ISO 10238 (Artificial Foot Testing). The primarily result shows that the
artificial foot system is able to endure the reaction force and fatigue over 200,000

cycles, but the routine maintenance of loose bolts and nuts is needed.
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1.5.1 asdnnuivasnaiadewiiteiiiaduluanizdag

v £y Y { a VA A o ' |
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v A A A v a v = a 6 v
I%Nﬂ’]iLﬂaauﬂLﬁNauL‘ﬂﬁﬂﬂ@l ﬂizﬂaﬂ@nElﬂ’]iﬂﬂ‘]ﬂ’]ﬂ’]imu"llad&ﬂioiﬂ'ﬂ ﬂ’ﬁaﬂﬂLL‘]J‘]_lIﬂidﬁiﬂd

NILARDWN szuumuqumsmﬁauﬁmawama§ LATANINAROUNTLARDWNVAITBLNN
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2.1 ﬂﬁilﬂ%‘llad&l%iﬂ'ﬂ

M@ (gait) iwTBRIMIARaulnIveInINg 2 119 (85 grieel o aysn

, 2533) INRINIIOULI99TVAINILEY (gait cycle) paniduaadsid (phase) Aa

@
o

Stance phase fia TG UaENUNYL  Swing phase fa T297iNaasag

luarme 93U 2-1

/& ,

Right Left Left Right Right Left
heel toe- heel toe- heel toe-
conicd °l" | I conltac_'M <,°|", - Ii i contact off
0% : 50% 100%

Time, percent of cycle |

i

. i
l ? |
| !

|
|
|
|
1
x |
|
Double Double " Double
wppor,ld— R. Single support —b‘ suppor' L. Single support supponl
1
i
1
]
1
i
|

I
1

Ii—k Stance phase—bﬁ— R. Swing phase

]
i
l | | :
' £ i { 1
I Cycle (stride) duration >=

yy

Time Dimensions of Walking Cycle

o 6

JUN 2-1 299IMALan (85 griend o agpEn, 2533)
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HNA8L19 LT% Lan1eanana 8y TwE90INIIUI19 SN T

'
o s =y

#MUNGQ (stance phase) #1eraziAfaw TN lasvndroazauaall Wedalladan
v v v v ‘é 1 ¥ 4 e :’ L v o v 4 L o L v
ludanin g dneasagfiszuuaziuiieTuiivin whanfazininnausiaaly
A A @ @ v o = & ' . A o
LARAWA LUT 199N LAIdaNLNTINNza08 NN (1249 swing phase) NaazlUaassy
4 “ o A . & Xa = \ a o o 4 &
ninaadald  Phase ina1afish Aans@nmTransiauasuntisladnanits aziiuinen
27132813 stance phase WAz swing phase Wazu1FBALTUNY LoV M0LlUTI9 swing

phase 11 E18daaLdu stance phase saunill F9virlinsauimduldausssuma

NNMIANHINTABlagazIBuaLs? WUINTI9NTIERANS 9 dantdaantidn

%

P M X
VA aUL L LA ITh

%

2.1.1 Stance phase Usznavludutuaautauadit

2.1.1.1 Heel strike ldun Tuaaunduwriniznuiuiu U 2-1 (1)) 1298
o & Ao A
nauLHhaNYnaIwAe
Quadricep ¥iNwiNN T aLndsaLaun
Gluteus maximus ¥iN®iNM twisa TaazlwnaanivalWRWIILALLAZNAA
X
Wib
Hamstring TaovinlAauyinnawiunuiy lassiowmbsadaaslnn
Foot and toes dorsiflexor ﬁ’mﬁf’lmﬁﬁmﬁ/’mgﬂw{i’l neutral GT’mﬁ’ULLNﬁdgﬂ
A o v o a . @ ' \ \ A = A
284lan T lA¥iNG plantar flexion mamwzaglummwm@m
2.1.1.2 Foot flat (3Ufl 2-1Q2) lindaitawnfionnunniszms uddawh

v L Xe A A e A A
GV plantar flex 15° lugsidanganioaidunazisnes

. { ! Yo o { { v v X (3
2.1.1.3 Mid stance (3U71 2-1(3)) Trshiratadeuiiungwinnine 1das
% Z’ @ o % &/ o o o g o
FUTWINA@NNTY UUIVBILTINNIANFUHENTLAL (floor contact) ANEIgHINAININYDI
19NY HIUWARI (posterior) Tadaazlwn Ta1din way medial vastadaazlwnals 395

v & d &
NRTULUINNINIUAD

liopsoas Tnvhlidanzlnnagluvivaianian nulilifia hyperextension
Gluteus medius, gluteus minimus LA tensor fascia femoris HwNenn

lﬁﬂi:@ﬂL%aﬂiwuaQIuLLmim‘"u Vlﬂlﬁﬂi:gm%dmmlﬁm PINITINRDE LD LALLIIVDILNT
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= A o v o & & . A & a A
Lﬂaaummmlﬂamamiwnmwu LLG&ﬂHUﬂﬂWGN?RTaGT}GﬂWEJVLEJL@]GQ%VHJ%E‘JNLTIHVL‘IJ LB

azldliFunanauadludadunirasaglum swing phase
=3 £Z

Quadriceps awivaliin ldsanuasnn dainsawy iaunazauad luving

2

[inazdalszanm 10°
Plantar flexor YR LMD EANTUAK gwial,ﬁﬂmgu@au plantar flex Ja1szuno4
30
2.1.1.4 Heel off (gﬂﬁ' 2-1(4) fa miﬁﬁmﬁwngaﬁumﬂﬁfu fazLa b
Fan N ldossInnagluriunioa (hyperextend) dazanmi 100 dariunioania
saiiintlon Uszanm 2° Taitnagluvin dorsiflex 15° nanutiafivinewluszesdt laud

Tliopsoas tWataarwlalsdaszlnn hyperextend annifinly
Hamstring 289878121
Plantar flexor Lﬁa"ﬁ’m plantar flex foot
2.1.1.5 Toe off (gﬂﬁ' 2-1(6)) Ao msidansweis (push) Twanludremsin

v
v

WNB92L30d% swing phase da'ld lurnaauiivaazlwnazsaszana 10° Ta1119a1szunmh 40°

LazABLge 20° nanNwbaninulash
liopsoas TredataazlwniNaazindvav lUdheniin
Quadriceps Thedataazlwn waztasnulilwdarinsaisuanld
Plantar flexor Taglunisawliiange szlwnia wazaulvainszwiosludromiin
INNALALETIAU WIBAURA stance phase Uaziflun13130 swing phase 28421914

Hsia 11

%

2.1.2 Swing phase UsznavluUmsdunantdasadii

2.1.2.1 Acceleration (3171 2-1(8)) vfwnzgniwlnslddenilasldusinnisida
szlwnagluvie 5 ° 9a 111190 65° wazdairivatszanm 20° nawitanvnudasii
. ' A 2 Y
liopsoas TIELWIBILAzIBF=INA b 9Iwn
Quadriceps TatUainwldliiinnssadaiinunniinly
Foot and toe dorsiflexors Trenszantairin wve lliUaoriuazvu
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2.1.2.1 Mid swing (3U71 2-1 @) MTanugnasliaesunaglddan daazlnnazie

[ [
A v A

25° PaLnda 65° LLNz‘]TaLﬂ’lagﬂuﬁ”l neutral LW MALA LYW RAINAY NRINLHENYINN
WAAaUNL acceleration phase “qnﬂizmi
2.1.2.2 Deceleration (37 2-1(®)) fe msﬁmﬁgﬂmfmﬂﬂi’mﬂﬁ’] PINNTAB

2290810 Ha61 9ANEINILT Taunuusdes (Momentum) azgndslitiasneazldidng
stance phase dald Taszlwnfinvatlurinie 25° wddaiinazagluvinnivaiing nus
\WIBILaZMITNUY8Y quadriceps lu mid swing Tawiatiluvin neutral

v & d, Ao &
NRNNULWINNINIUNAI

Gluteus maximus LNag8 hailvdaazlwnsaniniiull uaztiundaataazlnneas

lNaz¥iNl%d heel strike

Hamstring 5284 ldlwaaiaind hyperextension

Foot and toe dorsiflexor T381adnutnian 11#1”’1761,1’1”’16%1;1%1’1’1 neutral
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TN 2-1 MIULeITadad19 9 Laznaatialuu i (q% Gl GOEN ae5EN, 2533)
T2 azlwn 19 PN nanaLihe
Heel strike flex 25° fully Neutral Gluteus maximus,
quadriceps, hamstring foot
extend
and toe dorsiflexor
Foot Flat flex 23° flex 20° plantarflex 15° | Same
Mid stance flex10° flex 10° dorsiflex 3° lliopsoas, gluteus medius,
minimus, tensorfascialata,
quadriceps, plantar flexors
Heel off Hyperextend | flex 2° dorsiflex 15° lliopsoas, hamstring, plantar
flexors
lliopsoas, quadriceps, plantar
Toe off flexion 10° flexion 40° | plantarflex
flexors
20°
Acceleration | flexion 5° flexion 65° | Plantarflex lliopsoas, quadriceps, foot
and toe dorsiflexors
20°
lliopsoas, quadriceps, foot
Mid swing flexion 25° flexion 65° | neutral
and toe dorsiflexors
Deceleration | flexion 25° fully neutral Gluteus maximus, hamstring,
extend foot and toe dorsiflexors
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2.2 ;sﬂuummwﬁﬂmamﬁ"uﬁw

TN A LU 92@ 89NN TN DI NA LU T U WALLIN INANNNAIT
= 1 =1 L 1 v = = ~ U v = =3
Juwaninlus zmanzaunuzlig WA DU TAN LT ILTITaIRBNIN BN LA 3998
mmzawﬁ‘uﬁmﬁﬂé‘wadgﬂm WA SNLUU AU RN RUNLRAINLI AR Y LR FNL
maamwmmmgnmamumauﬂuamﬂs ivanaztdwuwIni1dlunisaan i inad lwinanz

ﬁ‘u;&”ﬂamwiazqﬂﬂa swﬁami@”@LLﬂmL‘fﬁLﬁwiﬁmmmwﬁ'umwmemwaag?ﬂaEJ

(=1
2.2.1.1 W igauuudainiuds (solid ankle cushion heel foot-ankle-

assembly)

'
a

v v J 4 Y o v { v v v =Y v
W NSNRIID N LTV IR NN WL ALA ST LN TITUTNG LA UN
wanzrunaz oyl lulszmelnoumeiifa wuy SACH FOOT tianna1n solid ankle cushion

heel foot @ LLamlugﬂﬁ 2-2

sUfl 22 wihuisauuy SACH FOOT (flun www.healthcare. co.th)

AUANBAUIAIPIRVILTNABNLUDE 9zdasdsznouarsunuldinniig
WWLNWIUINRGNVaI waztdwlateansvaaiiey ﬂqmﬁslwgaﬁﬁé'amm:ﬁﬁé?umao
v A o W ¥ o & A A A ' Vo A A
W NNONHNA 8N a8 FILAI1ZA LﬂugﬂauummU@mummﬂmuau6] VWAL ARLRTANY
ﬁ@msjmlawlaaﬁ,w:ﬁadwammzﬁ'uﬂmﬁfﬂm”waagﬂﬁwaﬁ RIURUIVAILNU LNV I LA
dl v v v v =) =1 o 1 U v = d 1 Qs
ﬁlwuvlﬂma'v\mLflul,mﬂ%LmmﬂmummmequmaummmJ (ball) T9afaTINy
@‘hu,mi,af*naaﬁ‘aﬂszgmmmﬂﬁ?ﬁh Uagraa st duwnadin I e AT wa 811w 8auany
v o & 1 A £ . A A ' o
PYILVNBUAINLG ball %Lﬂuﬂmmmmmﬁugwa@ toe spring mﬂu&gmmmmﬁmnu

saaanasgIuna b
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v v A 1 1 1 v 1 o U ] U

TV GITWRIRADTZW IV A LULAT 99NN LVINA8Yiaw Lalaw
A \ | A A P a \ A A o A
Aautulaidni1siafan ln I nlawdITNTI6 Laaz a1l IeNaUAUYNIIUNAUNY ADFIWBUD
WAt NRWLA NN LAZFIWRTINTIN NN Ve ITINT LT INITRULA NN U TN LN D TL
WRUNG? azﬁmiquéﬁawaawaaﬁwaaﬁuw?nﬁsm”&ﬁfl,ﬁﬂﬁ’]ﬂﬁuﬁmﬁ’]ﬁ plantar flextion
PPILN me:iw:mamﬂﬂmmﬁwﬁaﬁm:ﬁuq@awmzwaaﬁwﬁé’fuquﬁ’s AON NN

a 1o ' A 1 Al Y @ ) ~ v o & & ' g o v
Lﬂaﬂuvl,ﬂgml,mm foot flat A8 TAIINHIPLRZFULTNLASNTNNINWNIANA TIIBFWLYNDL
s s 1 a 1 = v v v = & v
WOIAINAUFINIWLEY 129089 heel off INNBNIZLAW LTI wnwLAs G ldas
TUINRBNAINAAILUWNUATIGILAIS ball Basviisy wazldvinlvaauineluwrinvasnisén
Lﬂumnﬁ@ﬂﬁﬂﬂﬁ@‘hLmu',waoﬁ‘mszgﬂmeﬂﬁsﬁ'aﬂa”'mmaaﬁﬁmﬁ fandansvasring
azfiussfiantuvasestiiganluns push off ladndan dwibiiufioy SACH FOOT ziia
Mlutsznalng wwazilsznaudiann buininvesanddszsinadsvinldiinninuinniives
dtszinadszanm 140 3N lwawedlng dmivlwdnanuuandisluininveasi
WUz EIRUad 13092090 UEILNNTIRI VDI maﬁnﬂuﬁaaﬁwﬁuﬁhmmﬁm
iU luiNanuasNvaIRIvadinfiey wasiiaauaInklunsldnn :asgines
157187136 NINGEIUTEINALA N Y Lwimmmluluamwgﬁﬂszmﬂ uazannaluwlszinelng
1 v o ) v 1 v °’l & 1

mﬁmmmwugomﬂ LLa:mmg@mmwamaﬂ@ Taam193891911912 bl GIvasaalszine
Tanmanazdauyinlaainuin §miLnAgN SACH FOOT poultluwlszinalnaiwszinnin
w1 gUswEB Usznaunuannoylaiey TudiRssmelton Wdsudsenaundulan:

o v a P A a v o oA &
‘Y]’]sLW,ﬂ(ﬂﬁu&l LLﬂ:i’]ﬂ’]Qﬂﬂq@(ﬁﬂ’]ﬂiz&l’]m 2,000 U']Y]) LYIEI‘]_lﬂSULV]’]LVIEI&JLL‘LI‘LIE]uG]

2.2.2 WfigNLuULNKLAEI (single axis foot-ankle assembly)
v A a v o~ & s = @
WL ALULNWALD DA UL LN AR TILNHA19 LTI N D

o o A a £ ° ' o o o o

LWIATNENIVD LN NN I ULAZDVWIWNUNBAY FILTUAIAUIINSLADINULA R BIT LAY
a d' o . . . = v A 1
539UN& aniduununaanIn dorsi flextion uaz plantar flextion lalandanunani Gsag)
NUAIURAUINTUVRIALANNING 1WA AdsNan KL INaUARE LI ANl wAANS dorsi
flextion  NNEARAINIINGNLWYUANBINANTTUNUNALAYT WIan18%ad plantar
flextion 1L Qﬂma'ﬁé’aa:%’uﬁmﬁfﬂlumm:ﬁmiﬂmﬁauﬁuwﬁ ﬁﬁlﬁgnmmﬁ'\wﬁmﬁmmﬂ
WIINABIINRINAITN IRUanenauaIuuNuLia plantar flextion LAZRNENITHANILAA
ﬂé'uﬁugj@‘hl,l,mmﬁu Lﬁavl,ajﬁﬂ'ﬁ%'uﬁ’mﬁfmhugﬂmm”oﬂa'nLL&T’JLVT’]LﬁﬂMﬁ@ﬁmmmﬁJ%'U

mwufﬁaa'awnaagnmmﬁmawé’ﬂﬁdw 9 laamIANURIDAAUUIAY 98N8 LB ULY Y
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& v A A9 o o v | A o @ 1Y & o | v v oA o o o
mﬂumﬂmU;J“/l‘l,ﬂmmuumlugﬂaﬂﬂ‘ll’l@m’m\‘mmmua aﬂ’wlam’lmﬂu 2 mﬁdLﬁu@m 2R

me‘lugﬂ‘ﬁ' 2-3

3N 23 WhiflsuuuDLNWALY (1N www.healthcare.co.th)

223 WNAZALLL 2 WA (double axis foot-ankle assembly)
WNLABNLLL 2 W Usznaumsunnlane 2 fianid agluummgamﬂ@iaﬁ'u
LLa:maaglfl,ul,l,mi:ﬁ'ml,ﬂuﬁiéfoagJ:SLuLLm frontal az¥winfduunuzwdsa Ui figuuuy
WNLAEN Lmuﬁ@ﬁmgﬂuummm sagital 3zt dunwnuliiyniAsuyin inversion waz eversion e

=3 dl é’ a v %% ¥ v e
FanunzaunazlluNwdssane inszvisundsuldinnuaninlalasszain

224 WMABNLUULAKIDLAD (multiple axis foot-ankle assembly)
v A o o o 1 A ' A ' v o v o A
WA U ULUUWAWIDUAD ﬂs:ﬂaumwammﬂumuﬂwqﬂ@ Ml
RNV LU LA LI NULLNENTHA 2 WA SIUNUANIV rotation WasTaLvin laanas
° [ A v o % @ a o [ a v % A o A
fniudszimadyuldwamdania svuiisn dldawnndariigi wiseanldinaainy
< A o A v ¥ A v A a \ a v o v A
R2AINUNITHIRTaWaL N VI,mJpdwam‘mLﬂﬂu%uﬂiai:uuvlaiﬂiaﬂ AU AN LU

. . 4 o v a [l a 4:? o
single axis Lﬁamlﬂmimugumammu muamlugﬂ 2-4
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a o o A iy
Eﬂﬂ 2-4 (N UNYULUULABIDUAI (MU www.amputee-coalition.org)

v = o n"l’ n{ %] Qs - 1 %
N NA S NLUL LN WIAUAI % mmmm:ﬂiumLaalﬁag"lmuﬁnaﬂwmwaa
g A o o & o X A = v o a @
NN LaeN13UTUALEI NIN1TNIzanUauyNdwrsaas Laudd e anuazdasauailn
AI Qq: q,g 1 1 ~ v =) { 1
WA NinualiuagAusulsznauvasnuLdsvaIianens LRZANNAIVDINIARAINH
v o Qo & l& 1 1 L 1 v v
I LUTDRENY FMIUANLULURINTIaaNNN ML AaUan8a191a90 U NNN YiawUwUaITaLrn
DI S Rl R z‘]’uaguuﬁauma UMLALINUEIWLTOUA DL ITAN WIS TAUAD VLA
=1 Ai U a 1 {d‘ Qs % U
wmimaauvl,m"l,@nﬂwﬁmdl,ﬁmgwma garuaNnanzan Uszlasinlasuannin uazds
~ T ! v A o o vt & A a A A ' v A o
WisnuuuBaacduiifeuaantadsuan laauuiui 9ides LLa:mamamWﬁﬂwwq@ NIaW
NIRNNNTDRALIIT AUV NN LA AU mmzﬁ@uuuﬁm@mﬂﬁﬁw TaLRaRlana s lwIag

28931/ #3700 mﬁ@uaﬁ'ﬂ‘m

Y o a
2.2.5 (NnaaLuuan

WhiRguuuDARimsssuanufiouannds dariieuildUseneunua oy
Tuszununulu (endoskeletal) F952uu15znavNY TIALFY Wmeinn nvdarhauiae
AuunuuaIneddulans V‘iﬂﬁmmmﬂ%'m;m'ﬂ%LmeaaLmumani,aaﬁmﬁnﬁwv[ﬁ
TAUazaIn WaNINTHLE damaninldgunalaaussdasznindinuaeld lasmslada
doaaussdiaszninsunuwannudowi deaslwuadlunisien ﬁﬂﬁmn@uﬁmm@wmaﬁﬁfu

a4 LLa@alugﬂﬁ 2-5
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U7 2-5 vufisuunuuen waznisuunuli (M1 www.prosthesesfoundation.or.th)

v U U =~
2.3 Tassasavania
2.3.1 nalndutafan

nseanuuuTainfsuiInanneanuuuludinyesarinwliinis
2 aAY o @ A o v a B

inRaun ldandaIniy Ae aannnyuliynesdadyudszanm 20 s Tugaens

LAWY swing phase LLa:Gvalu'ﬁmsmmaaguluma stance phase LWBTIE

wislunsaulianldduninled duiwldeanuuuszuunaansavnuldasavagy

daulamavihauludhiduda szun Geneva Wheel lasfiansuznalniugiuaizln

= d ' @ o H

26 Gimannaydugdauniouie gldasuaasluun 27 lasga ¢ iluga

& [ & o P> o o

ABEINANIVIAITL Uazda A Luraaudnasuaisiain 90 B luaaf Pin 38961
RUNENLIDIUDIAIAUNDA



gﬂﬁ 2-6 LAAIAMNRFUNWIVDITLULNOANLULTAIAITY URZAIN

A B

gﬂﬁ 2-7 LLamgﬂmumﬁ 2DE19918U8932 VU Geneva Wheel
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& Q Q v a H
3w I0a7lANNTNRUTVEI Geneva Weel Id dausasluaunisf (2.1)

uaz (2.2)

360

LS

sin 8
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[
v A @

lagf B fa yuvasiafivasdrdunasaniuiaivesdinia
A o A o o
a Aa IANVRIAITL
n A FIUINTBIVBIAIAY
A ] g 6 (A >
¢ fig TUERTENINNAFUINAIVBIAITU (C) UazdIanu (A)

PMANNFNANBS IUFNNTN (2.2) 1NARBATzEzVad C WlAuYAY 50 A8

A v o | a o = A s o A o o o
Way Wasnawesasdorinliarsnasfawmaningiinly Gsdndunezdosimualiame
220 IndiAsIaTnnige uazswiavasyy B dauriniy 20 asmn InanBIMENTS
a Aa u.z u?: 1 A o o v a 1 o aa A 1 dl ¥
WWuposauind  asnusansomiensadvasertula fdwriny 17.10 Jfwes Dednla

NIRUARIANTNIN LU RIIAITULAZAI ANV DITZUL bel

B I@sJmmmagﬂmmé’wﬁuﬁmaosguu,a: A 00 AIURANNNINS N WG a9
{ { A o 1 o o % ' )
LLa@alugﬂﬁ 2-8 uazaun1If (2.3) SImwnInidanusuRuiaInad ldaiezuuaIuga
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2.3.2 NaLaas

vaiae’ unaiaasiWwinszuaass (DC motor) Ndsznaunuraifin duwa
6 (% 1 6 Aa A Aa A a 6 %

ueLAaT LFWHIUgudnas 33 Jafluas Awenn 24 Jadlues gaifosdouianing 48
UARLNGT WU 18 UANLNGT LAUBLNRITVUIA 4 UAFLNGT é’oLLamlugﬂﬁ 2-9 §IWINNIUAN
a 6 I~ v Y “ 6
AANISVBINALADS LazAINISITaUAINaLA DS L8 MNINTZLRATI 12 1186 wazaIuIIn
aé’uﬁﬂmomsmuﬁaUmsaé'um”a"lwm ﬁm’mﬁ'gsauagﬁ 30 JaUFAUIN LLazﬁLLsaﬁ@agﬁ
4.74 AlanINGOLTUALNAT AILRAIIUANTINN 2-2

ZS-RI
24

=
R
'ETL - H=
jE===1"
3
I
12 35
30

g'ﬂﬁ 2-9 PUANBALADS (MU www.zhengkemotor.com)

a @ &
ANTWN 2-2 magauama‘s

Voltage (VDC) 12v

Motor Model 701

Reduction Ratio 1179
Gearbox Length (nm) 12
No-Load Speed (rpm) 39
Rated Speed (rpm) 30

Rated Torque (kg.cm) 4.74
Rated Current (Amp) 0.33

Max. Momentary Torque (kg.cm) 5.93
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2.3.3 lalasaanlnsans

lulasaaulniaes ﬁlﬁﬂﬂﬂmmﬂmmaﬁu 18F1220 fa21uniNwas
Uataya 8 bit A1ANNARIRNN 40 MHZ TW1aRIIEANT 4 KB muwﬁagaiu RAM 256 B
sanTasusIawldszning 2-5.5 v fawafiaauian 10 bit Tesdmanmawden 7 1e9 G
a:ﬁw"l,ﬂslﬁ'lumsmuquﬁﬂmomimﬁauﬁmaowaLmaﬁl,az@'mmuwamamm’ @“’ummlugﬂﬁ
2-10 m@rlwaﬁ‘lﬁﬁaamﬂﬁmmmﬁﬂ fiuwmanalfnwRsawertuanadaims dtesdyyim
uilasamamaan tuadnaa

18-Pin PDIP, SOIC

RAO/ANO =—=[] 1 U 18 [ ] =— RB3/CCP1/P1A

RA1/AN1/LVDIN =—=[] 2 17 [J == RB2/P1B/INT2
RA4/TOCK| =[] 3 = 1 [] =—= OSC1/CLKI/RA7
Y TaE=) N
MCLRIVPPIRAS __4 3 15 [] < OSC2/CLKO/IRAB
-
w
Vss/AVSS —=[]5 © 14 []-=— VDD/AVDD
-
> () RB7/PGD/T10Sl/
RA2/AN2/VREF- =[] 6 & 13 [] = P1D/KBI3
RB6/PGC/T10S0/
RA3/AN3/VREF+ ==L 7 12 = e KIP1CIKBI2
RBO/AN4/INTO =[] 8 11 [] =— RB5/PGM/KBI1
RB1/AN5S/TX/ -l e RB4/ANB/RX/
CKI/INT1 e 101 DT/KBIO

gﬂﬁl 2-10 WHWHNS Pin vadtulasnaunlniiaas PIC18F1220

234 NITAIVANND mas‘

dl a 6 =3
nmadisuiiasasnszualasnisaruquainiulasaeslnsiaed idudsziau
o >3 a ‘é d' $Z =3 = “ d' a
fagdndzmmiindasiinislunisaivquuainasinninszuaass nmadasufianionis
Vlmmaam‘:LL&"LWWWﬁS’@qﬂi:mﬁLﬁaLﬂﬁwﬁﬂquumawamaﬂﬁ%quaé’uﬁumnsﬁﬂmﬂu
11 Wisrndudie s ldlasssdyginanlulasneulnaaeidiadayasua 2 da

11632997 1070307 (H-bridge circuit) anugdfl 2-11 ladyyin 2 JaNasun632997 1Waow
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ﬁnﬂ@‘h"lﬂgw%anﬁ'uﬁ'u AANIIVaINTUaN ar T uNataasazilfawlllas lidasgaudnva

unadany Inwn I@mluﬁﬁaﬂ%’maiﬁwﬁagﬂﬁa 1ad L293D u,amlugﬂﬁ 2-12

High Side
(left)

Low Side
(left)

Motor Power (+)

V4 7

B

U/ MOTOR U/

Moteor Ground (-)

High Side
(right)

Low Side
(right)

;ﬁJﬁ 2-11 2997 L@TUIAT (NN www.electrosome.com)

Enable 1.2
Input 1
Output 1
GND
GND
Output 2
Input 2

Vce 2

Vee 1
Input 4
Output 4
GND
GND
Output 3
Input 3

Enable 3,4

Eﬂ‘ﬁl 2-12 'la% 1L293D (‘ﬁm www.electrosome.com)
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2.3.5 LG WLEDS
2.3.5.1 lalsalail

o o Ao & A { { Y & A
wwgailalialay azrmihniaanuiuday Nuiswldvesiangiug o
a a A o @ a A a A @ ] x>
819921AAINN1TLB84 wIaM1A9zLB84 wiananTinfenlng lavazdasdnelnlviny
= P @, 4 { '
irwiwa’ 5V Saanaungafsdnousaiazlidn 2.5 v uandadindfsuudasnnnuia dn
fyanmnasaaninazlie 15 mvidegree/sec aauaadluglfl 2-13 uaz 2-14

Eﬂﬁl 2-13 "lﬂsaiﬂﬂju ADXRS401(°7‘1I11’1 www.sparkfun.com)

RATE
AXIS \RATE OUT
1 e BV — o e m m m m mm — — — — — —————
! Vee = 5V
I
LONGITUDINAL o | 4 —~) === =====—p------ —— -

AXIS . = / 4.75
7 —_ -

LATERAL AXIS GND ~-=~-=-=-=-=-mmmmm o

a o A X [ [ I a A
E‘IJ‘Y] 2- 14 ULRAIDAINIILNNY WV IRTY U T ‘VSG(]'%’]T]‘V\H%W)%L“HSJWWWT‘I’] (han

www.sparkfun.com)



http://www.sparkfun.com/

27

2.3.52 Iwnunladiaas

wouirasiwinufilafiiaas (Potentiometer) ﬁ%ﬁ’lﬁ{m:mmu%wu AILFAI
lugﬂﬁ' 2-15 Taglum3ldnusiuenanudunumsWwnseninen W uas B azidouutas
mm:m:mm%aywﬁmﬁauﬁ"lﬂmmhLmuoé”'mﬁa FaAn17 AwuaInuEI Uil
sansom lalagldh9as818nnTafing 1% 21995u19U396% (Voltage Dividing Circuit) 9992
sansndwandudnszoznaldlosass aradrogn lunsdidenussawlmn +10 waz -10
liad lifun A waz B 2aslwinuiilefiaidniviayn amddy uazinuadiuni
SﬁaSaLﬁm‘hLmumwﬁ 0 a9 Dafiarussanlaiviuriany 0 Taad drenuseanlnvinfian w
Winnu 5 1ad WRAIINAINLYINAL 90 B4en @”@melugﬂﬁ 2-16

wiper turns with dial

resistive material

w

U7 2-15 ipwmaslwinufilafines (in www.markallen.com)
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AN

resistor

AN

w
potentiometer

gﬁﬁ 2-16 WHWAWLEAINNTHNUVRY Iwinufiladiaes (M1 www.markallen.com)

2.3.6 LUALADS

4 v { a a A
wuataaslmiuiuataaSuuudinay INGLuas auIa 2200 mAh 11.1 V G9d
PRUNLLINIMUALATUUUNA M LAz WaIIw IWANIALAaNLT 2200 mAh LHaIINWAIIUNA
' o 2 [ { o o 4
Il ugrwuasnataasazdasldin auwa 6-12 V GI0NaINwNeIWa Nz TN wlunsTuLAfan
[ A ' & o v o A o P ') A
yaleasle snansnNazdigantinninuasevneylaluszauniie muam‘l,ugﬂw 2-17



http://www.markallen.com/
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A ® a
2.3.7 L";ﬁ L‘ﬁ El&lﬂl,aﬂﬂii’]%ﬂ&

Toiisunniandmniusineszuuaiugumsiaienn Usznaudie vaiaas
19973UNBLA83T WIATABINITALADT LUALADT LAZITWTTMRIUTUA Ay MUawnal

and3lulasnaulnininaiiNaaini closed loop control nMwisznauasuaadluzuf 2-18

gﬂﬁ 2-18 LB uBLRNNTaRNE

a P Y A
24 ﬂ']iﬂ']‘ﬂ@!&lﬂ']itﬂaa%ﬂﬂﬂdL‘VI'IL‘YISJ&I
2.41 izﬂﬂﬂ')ﬂﬂ&l

JTUUAILAY (control  system)  8193zU3znaUMIBnANLITUL B UTINN
donu lagudasdinaasudazszuudasanavzlznoudisdudinuaznalnniena Qﬂﬂiﬂi
W Bidnnsafing uLazgUnIolia duunduLlIznauuedszuLAILAN (control  system
element) auntiainIvhewdunan @”ﬂLLa@ﬂugﬂﬁ 2-19 LLazgﬂ‘ﬁ' 2-20 lasusnaanidu 6
§IUREN 95
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2.4.1.1 dygod1989 (Reference Signal) 184n13AILAN TUNunudalne

wus r(t) |lusygradunavesszuuauguiNainua wansseInIAILAY

2.4.1.2 §1AIWQN (Controller) vhwinnaruguizuulilinaanizaandainy

1 ot v a

A v
adyamdvdmiaiduldamidwingresimiaiugu

2.4.1.3 SYQUAILAN (Control command) idudLandnazasarnIugunly
o o A a a v A d'g v o a 6 a
WuddanTesygrudunalinuszuufignaiugy lunfunudsayansal ut) lasfen

Fygnazgnimualagaun1IngnInIugu (Control Law)
2.4.1.4 NITUIKNNINIDILVUADNAILAN (Controlled system or Process)

2.4.1.5 Sy wIuNIu (Disturbance) Ldudnyyimdunanlifsdssamlu

dldv v et Q 6
ﬂ'ﬁ'ﬂ’JUQ&liZ‘U‘U 1u‘vml.mum RN d(t)

2.4.1.6 WAAWEN1IAIUAY (Control output) IUFTYYIMBIANAUTAIFIA
uINInNATLAUNTANANBLEUBITBITZULAILAN 1T% A1auLTITanITIvasNaaat laslu
A v & v o o & o o & o o
nldwaansunudiogyansol yt) uwsslasrisliaglszasdvainmiaiuquazdasnislien
NRAWS y(t) IiNNUAFY QI ME1989 r(t) laafanadd e(t) = r(t) - y(t) azldiduaatisuandn

(= o va € a
@]')ﬂ’)‘uﬂNﬂqdquqﬂﬂﬂiﬁaﬂqwﬁl@ﬂﬁzﬁﬁﬂLW El\‘]l@

d(t)

r(t)

AN u(® 5211 y(®)

(Controller) (System)

;;'ﬂﬁ 2-19 szuuauaNiia
2.4.2 miauAauLULWila

nInuauuuL9a (Closed loop control) tlunisaiuauiidinisleunaudn

v g

e a g a { Qs 4 Y a {
f]Jvty’]ELLNﬂﬂW'ﬁﬂLﬂ@]“ll%ﬁ]id&l’]ﬁ@nﬂ’Jﬂﬂll Lﬁﬂi%(ﬂ’lﬂ’)ﬂ@ﬂﬁ’]&ﬂiﬂLLﬂwL?lﬂ’J’]&IN@]Wﬁ’]@]ﬁ
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a & v [ o ° 4 o o< o<
LAY LNYIN9N mLLamI@mmammimmﬂugﬂﬁ 2-20 mu‘ui@slm"lﬂﬁ]:lf%yﬂﬂﬁmuqu
29dad1 minuquilaunay (feedback control) wazlunifiguidiiua1aaziinsisuntans

= )
BRNZEE! ‘leLl] VNN

@

o
RRESIGE u(o) sz yo OB IANA
— O ] . ’
(Controller) (System)

gﬂﬁ 2-20 szuumugueda
2.4.3 sxnnmuqmmuﬁ%maa

slmwumuqmﬁﬂﬂaw‘v‘hL@lﬁﬁm:uumuqmmuﬁ%aa FUFINYBITEUY
muquhﬂﬂﬁ"avl,ﬂﬂ'muﬂuaqﬂﬂmiuuuuau:ﬁaﬂ almi’uéi'amuquﬁl,ﬂuﬁ%aa I
amﬂy@]ﬂﬂssmaaszuumuthLﬂuﬁaaﬁqﬂmtﬁﬁamw%aL%aﬂmé'zytyﬁmizquﬂmrﬁ
LAUZRANUAZAIAILAY %aﬂi:ﬂauﬁaﬂqﬂmnil,l,ﬂamau:ﬁaﬂLﬂuﬁ%aa (A-to-D, Analog to
Digital Converter) uazguniniudasdnyyimddnaaiduuauzion (D-to-A, Digital to Analog
Converter) LIunan @”@LLamlugﬂﬁ 2-21 gunsnludasdyginnauzdaniduddnaaazinnis
LALAT (Sampling) Lmﬁwmaaszuuﬁi’wiaULGﬁ%LGﬁ@f@]WﬁNnml,ﬁummiﬁ’mumaw”a
AILAN mﬂifm‘hmmﬂaa@hﬁé@apmmﬂ@ﬂuu@iam%Lﬂumﬁmumﬂm@‘ﬁmaLﬁaﬁiam
slﬁﬁ‘m“’qmuqmiavlﬂ ANNAWIIT IR ILAUAT (Sampling Period) %é’amnﬁe‘i’amuqmﬁw
miﬂs:maNau,a::ﬁwmmmé‘fytywmmuqmnwﬂgmsmuquﬁ"L@TLﬁyuIﬂsLLﬂsuVH“LL&ﬁ fin
é’ngzyﬂmmuquf:ﬁ]zgﬂLLﬂaanﬁ'ﬂﬁayﬂugﬂmaaé’zyzywmuauzﬁaﬂﬁaﬂqﬂmzﬁuﬂm&ynpm

aa = : A ' [ & A A ' A
@"ﬂ@aaLﬂuLLauzaaﬂ ﬂau‘ﬂ"ﬂtﬁ\‘ll%ﬂuLLE]WELQL@lﬂi%iﬂi:uuﬂgﬂﬂ’lugu@lEJVL‘]J LAZLWANIN

(7
o o
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ANINN 2-3 UIINARALVAININARAUVAIEINL AN 8L TaIGa IRTUILAUNIINARAY P6

fwlauiBaudadniy

WLINNaOFU LIdNeasay LN
= £ d' a 6
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AN 2-4 WINaFaUBBIMINAsaUNaNLAzsIwIRIaUluMINaseDLULLTWIDINIE M
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Waveform Graph
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Waveform Graph 2
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Abstract

This research is to investigate the in-plane gait events of
a mormal person using an motion sensor unit. The sensor unit
consists of an accelerometer, a gyroscope and two force
sensors. The accelerometer and a gyroscope were attached
on the foot. Force sensors were inserted under the shoe pad.
In the experiment, the signals of all sensors have been
recorded while the subject was walking with the normal
constant speed. The experimental result shows the in-plane
gait cycle action of the foot in normal walking condition. The
signal of the gait cycle is analyzed and devided into two

periods which are the stance phase and swing phase. This

rezult conforms the standard of normal gait activity. This
measurement opens opportunity of developing the confrol
system of an electronic artificial foot for people with ankle
disability.

Keywords: measurement, the movement of foot, gait.
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Personal Information:

Name: Mr. Pruittikorn Smithmaitrie (1o wgnsns aiia lua3)

Birthplace: ~ Rayong, Thailand
Birthday: October 19, 1975
Address: Department of Mechanical Engineering,
Faculty of Engineering,
Prince of Songkla University, Hatyai,
Songkla 90112 THAILAND
Telephone:  (66-74) 287-035, mobile-phone: (66-86) 961-4072

RESUME

Fax: (66-74) 558-830

E-mail: spruitti@me.psu.ac.th

Education:

May 2004 Ph.D. (Mech. Eng.), University of Kentucky, Lexington, Kentucky, (USA)
May 2000 M.S. (Mech. Eng.), Vanderbilt University, Nashville, Tennessee, (USA)
March 1996 B.Eng. (Mech. Eng.), Prince of Songkla University, Songkla, (Thailand)

Employment & Position:
2008-present
2009-2011

2009-2010

2008-2009

2006-2009

2005-2008
2004-2005
2004
2003

1996-1998

Prince of Songkla University, Songkla, Thailand

Associate Professor in Mechanical Engineering Department
Faculty of Engineering, Prince of Songkla University, Thailand
Assistant Dean for Research and Innovation

Faculty of Engineering, Prince of Songkla University, Thailand
Manager of Industry/University Cooperative Research Unit in Hard
Disk Drive Component.

Faculty of Engineering, Prince of Songkla University, Thailand
Associate Manager of Industry/University Cooperative
Research Unit in Hard Disk Drive Component.

Mechanical Engineering Department,

Prince of Songkla University. Songkla, Thailand

Coordinator of Mechatronics Curriculum

Prince of Songkla University, Songkla, Thailand

Assistant Professor in Mechanical Engineering Department
Prince of Songkla University, Songkla, Thailand

Lecturer in Mechanical Engineering Department

University of Kentucky, Lexington, KY, USA

Teaching Assistant (ME340 Introduction to Mechanical Systems)
University of Kentucky, Lexington, KY, USA

Teaching Assistant (EM313 Dynamics)

Prince of Songkla University, Songkla, Thailand

Lecturer in Mechanical Engineering Department,



Academic Position:

2008
2005

1996

Award:

2012

2011

2010

2010
2009
2009
2009
2008
2006
1998-2004

Teaching:

Research:
2011-2013
2010-2012
2010-2011

2009-2011

2008-2010

Associate Professor of Mechanical Engineering Department,
Prince of Songkla University, Songkla, Thailand.

Assistant Professor of Mechanical Engineering Department,
Prince of Songkla University, Songkla, Thailand.

Lecturer of Mechanical Engineering Department,

Prince of Songkla University, Songkla, Thailand.

Best Robot-Human Interface & First runner up: Thailand Robot@Home
Competition 2011-2012, Thai Robotics Society and Siam Cement Group, (Advisor
of Dong Yang Team).

Lecturer Award of Department of Mechanical Engineering,

Faculty of Engineering, Prince of Songkla University.

Consolation prize: Innovation for Disability Persons, Wireless Head Mouse,
Technology Street 2010, Modernine Television (Chanel 9 TV), MCOT Public
Company Limited.

Best Invention: Wireless Head Mouse, Faculty of Engineering, Prince of Songkla
University.

Good Thesis: Ternary Composites from Natural Rubber and Conductive
Nanofillers for Electronic Sensor (Co-advisor),

Outstanding Innovation Project: Wireless Head Mouse for Paralytic and
Disability People, Faculty of Engineering, Prince of Songkla University.

Young Lecturer Award of Department of Mechanical Engineering,

Faculty of Engineering, Prince of Songkla University.

Visiting Research Fellow of the University of New South Wales, Australia.
Young Lecturer Award of Faculty of Engineering, Prince of Songkla University.
Ministry of Science and Technology Scholar.

Robotics (217-451)

Automatic Control Systems (215-352)
Vibration of Continuous Systems (215-627)
System Modeling and Simulation (215-625)
Design of Electromechanical Systems (215-673)
Mechatronic System Design (217-461)

Finite Element Method (215-612)

Design and Testing of the Electronic Foot System, funded by Prince of Songkla
University (PSU)

Characteristics of the Ultrasonic Motor with the Partially Laminated Piezoelectric
Actuation, funded by the Thailand Research Fund (TRF)

Design and Analysis of the Piezoelectric Embedded Slider, funded by the Western
Digital (Thailand), Co., Ltd. (WDC)

Response of the Dual-stage Piezoelectric Head Gimbal Assembly (HGA) to the
Electrical Excitation, funded by NECTEC (Thailand) and I/UCRC in Hard Disk
Drive Component, Khon Kaen University.

Validation of the Finite Element Model of Piezoelectric Head Gimbal Assembly
System for Vibration Analysis, funded by NECTEC (Thailand) and I/UCRC in Hard
Disk Drive Component, Khon Kaen University.



2007-2009

2005-2007

2004-2007

Experience:

2012

2008-2012

2008-2011

2007-2010

2004-2009

2000-2009

2002-2003

1999-2000

1996

Minimization of Piezoelectric Actuators and Wave Propagation Behavior in
Ultrasonic Piezoelectric Motors, funded by the Thailand Research Fund (TRF)
Piezoelectric Actuator Patterns and Wave Propagation in Ultrasonic Piezoelectric
Curvilinear Motors, funded by the Thailand Research Fund (TRF)

Piezoelectric Actuators in a Braille Display Unit for Visually Impaired People,
funded by the Braille Computer System Research Group, Faculty of Engineering and
Multi-physics Research Group, Prince of Songkla University.

World RoboCup@Home 2012 in Mexico, includes:
e Leader and advisor of Dong Yang Team, (the 11" rank in the @Home league)
o Referee in the RoboCup@Home competition

“Vibration Analysis and Response of the Dual-Stage Hard Disk Drive
Head”, includes:

o Finite Element Analysis (MSC.Marc / COMSOL)

e Testing of Frequency Response

“Assistive technology: Wireless Head Mouse for Paralytic and Disability People”

“Biomedical sensor: Bite Force Measuring Device”:
(Thailand Petty Patent No. 6147)

“Assistive technology: Piezoelectric Braille Display”, includes:
¢ Force Response of Piezoelectric Actuator
¢ Rapid Prototype

“Electromechanical Analysis of Structronic System and Ultrasonic Spherical
and Linear Motor”, includes:
e Theoretically study of structronic (piezoelectric) shell systems
e Ultrasonic Spherical Motors
e Curvilinear Piezoelectric Motors
¢ Simulation and analysis of the system dynamic responses
o Finite element analysis of structronic (piezoelectric) systems
(ANSYS, MSC.MARC)
e Experiment of Piezoelectric Curvilinear Motors

Vice President of Thai Association of Kentucky

“Adaptive Fuzzy Control in Gas Tungsten Arc Welding Machine”, includes:
o Fuzzy Control

¢ Adaptive Control / Model Reference Adaptive Control

o Simulation (MATLAB) and analysis of dynamic systems

o Signal Processing

o Software Development (VC++)

“Simulation and Analysis of Heat Pump Dryer System”, includes:
o Systems modeling of heat pump dryer for agricultural products
o Software Development (C++)



Professional Activities:

[1] Reviewer

ASME Journal of Vibration and Acoustics (2002-2004)

Journal of Sound and Vibration (2002-2004)

Journal of Intelligent Material Systems and Structures (2010,2011)

Mechanical Systems and Signal Processing (Journal of) (2002-2004,2008-2009)
International Journal of Smart Engineering System Design (2000)

Smart Materials Research (2012)

Associate Editor and Reviewer of Songklanakarin Journal of Science and
Technology (2008-2009, 2012)

ASME International Mechanical Engineering Congress and Exposition (IMECE
2003)

The Conference of Mechanical Engineering Network of Thailand (ME-NETT)
(2005-2007, 2011)

The 5™ Asian Meeting on Electroceramics (AMEC-5) (2007)
Industry/University Cooperative Research Centers in Data Storage Technology
and Applications, KMITL (Research Funding Agency) (2007,2009)
Industry/University Cooperative Research Center in Advanced Manufacturing,
King Mongkut's University of Technology Thonburi (Research Funding Agency)
(2008-2009)

Industry/University Cooperative Research Center in Hard Disk Drive
Component, Khon Kean University (Research Funding Agency) (2009)

The International Data Storage Technology Conference (DST-CON) (2008-2009,
2011)

[11] Professional Membership

American Society of Mechanical Engineers (ASME): Member since 2002
ASME Dynamics and Control of Structures and Systems Technical
Committee: (2004-2006)

ASME Dynamics and Control of Structures and Systems Group Member:
(2003-2008)

Thai Society of Mechanical Engineers (TSME): Member since 2005

[111] Organizing International Workshop/Conference

Vice-Chairman of the 1% International Workshop on Atrtificial Life and Robotics
2005, May 14-15, 2005, Kangar, Malaysia and Hatyai, Thailand.

Committee of the Thailand Rescue Robot Championship 2005, Oct 2005.
Committee of the 19™ Conference of Mechanical Engineering Network of
Thailand (ME-NETT 2005), October, 19-21, 2005, Phuket, Thailand.

Program Chairman of the 2" Regional Conference on Atrtificial Life and
Robotics 2006, July 14-15, 2006, Songkhla, Thailand.

Session Chair of the International Data Storage Technology Conference (DST-
CON 2009), May 13-15, 2009, NSTDA, Bangkok, Thailand.

[1V] Visiting

Musashi Institute Technology, Tokyo, Japan, April 2004

Port and Airport Research Institute (PARI), Yokosuka, Japan, April 2004
Visiting Research Fellow of the University of New South Wales, Sydney,
Australia, for a three-year period commencing March 2008



Publications:
Journal Papers

Tzou, H.S., Smithmaitrie, P. and Ding, J.H., (2002), “Micro-Sensor Electromechanics and
Distributed Signal Analysis of Piezo(Electric)-Elastic Spherical Shells,” Mechanical Systems and
Signal Processing (Journal of), Vol.16 (2-3), pp.185-199. (JIF2008: 1.984)

Tzou, H.S., Ding, J.H and Smithmaitrie, P., (2002), "Electric Circuit Design and Testing of
Integrated Distributed Structronic Systems,” Journal of Sound and Vibration, Vol. 257(5), pp. 931-
943. (JIF2008: 1.364)

Smithmaitrie, P. and Tzou, H.S., (2004), "Micro-Control Actions of Actuator Patches Laminated on
Hemispherical Shells," Journal of Sound and Vibration, Vol. 277(4-5), pp. 691-710. (JIF2008: 1.364)

Chai, W. K., Smithmaitrie, P. and Tzou, H. S., (2004), “Neural Potentials and Micro-Signals of
Nonlinear Deep and Shallow Conical Shells,” Mechanical Systems and Signal Processing (Journal
of), Vol. 18, pp. 959-975. (JIF2008: 1.984)

Smithmaitrie, P. and Tzou, H.S., (2005), "Electro-Dynamics, Micro-Actuation and Design of
Ultrasonic Curvilinear Arc Stators," Journal of Sound and Vibration, Vol. 284(3-5), pp. 635-650.
(JIF2008: 1.364)

Smithmaitrie, P., (2006), “Analysis and Dynamic Responses of a Piezoelectric Micro-Grip for
Laparoscopic Surgery Application,” Papers of Technical Meeting on Medical and Biological
Engineering, IEE Japan, Vol. MBE-06, No. 95-115, pp. 71-75.

Smithmaitrie, P., DeHaven, J.G., Higuchi, K. and Tzou, H.S., (2007), “Vibration Response and
Harmonic Wave Propagation of Ultrasonic Arc Drivers,” Mechanical Systems and Signal Processing
(Journal of), Vol. 21(2), pp. 1174-1187. (JIF2008: 1.984)

Thongruang, W., Ritthichaiwong, C., Bunnaul, P., Smithmaitrie, P. and Chetpattananondh, K.,
(2008), “Electrical and Mechanical Properties of Ternary Composites from Natural Rubber and
Conductive Fillers,” Songklanakarin Journal of Science and Technology, Vol. 30(3), pp.361-366.

Smithmaitrie, P., Suybangdum, P., Muensit, S. and Tzou, H.S., (2008), “Wave Propagations of
Curvilinear Motors Driven by Partially Laminated Piezoelectric Actuators,” Smart Materials and
Structures, Vol. 17(6), 065015 (10pp). (JIF2008: 1.743)

Smithmaitrie, P., Kanjantoe, J. and Tandayya, P., (2008), “Touching Force Response of the
Piezoelectric Braille Cell,” Disability and Rehabilitation (Journal of): Assistive Technology, Vol.
3(6), pp. 360-365. (JIF2008: 1.395)

Smithmaitrie, P., Muensit, S. and Tzou, H.S., (2009), “Design and Testing of Piezoelectric Circular
Arc Driver,” Journal of Intelligent Material Systems and Structures, Vol. 20(12), pp. 1493-1502.
(JIF2008: 1.293)

Thongudomporn, U., Smithmaitrie, P., Chongsuvivatwong , V. and Geater, A.F., (2010), “Design
and Evaluation of a Force Sensing Resistor Based Bite Force Measuring Device,” International
Journal of Biomedical Engineering and Technology. Vol. 4(1), pp. 78-87.

Smithmaitrie, P., Suybangdum, P., Laoratanakul, P. and Muensit, N., (2012), “Design and
Performance Testing of an Ultrasonic Linear Motor with Dual Piezoelectric Actuators,” IEEE
Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, VVol. 59(5), pp. 1033-1042. DOI
10.1109/TUFFC.2012.2289 (JIF2011: 1.462)



Books/Chapters

Ngamsritragul P. and Smithmaitrie, P. (Ed.), Proceedings of the 2™ Regional Conference on
Artificial Life and Robotics, July 14-15, 2006, Songkhla, Thailand, 2006.

Smithmaitrie, P., 2008, Robotics and Technology, Prince of Songkla University, Thailand. [in Thai]

Smithmaitrie, P., 2009, “Analysis and Design of Piezoelectric Braille Display,” Rehabilitation
Engineering, Y.K. Tan (Ed.), INTECH Education and Publishing, ISBN 978-953-307-023-0,
December 2009, pp. 49-62. Available from: http://sciyo.com/articles/show/title/analysis-and-design-
of-piezoelectric-braille-display?PHPSESSID=n3tp39ie4s4op5504chno7t426

Smithmaitrie, P., 2011, “Vibration Theory and Design of Piezoelectric Energy Harvesting
Structures,” Energy Harvesting with Piezoelectric and Pyroelectric Materials, N. Muensit (Ed.), Trans
Tech Publications Ltd, Switzerland, ISBN-13: 978-0-87849-159-9, Vol. 72, Materials Science
Foundations, ISSN 1422-3597, pp. 58-81.

Patents/Petty Patents

Smithmaitrie, P. and Tzou, H.S., 2007, Piezoelectric Curvilinear Motor, Patent Pending. Thailand
Patent Application No. 0501003041. Publication bulletin. 2007/82395.

Smithmaitrie, P. and Udom, T., Bite Force Measuring Device, Thailand Petty Patent No. 6147.

Bunnaul, P., Thongruang, W., Chetpattananondh, K., Smithmaitrie, P. and Nooklay, B., Material of
Conductive Composite Rubber for Force and Pressure Sensors, Thailand Patent Application No.
0801005070.

Smithmaitrie, P., Auysakul, J. and Kiang-ia, A., Apparatus and Method of Mouse Control with
Head, Thailand Patent Application No. 0901003288.

Smithmaitrie, P., Chamri, U., Apparatus and Method of Angle Adjustment and Lock Mechanism by
Movement, Thailand Patent Application No. 1101001318.

Conference Papers

Smithmaitrie, P., Koseeyaporn, P., Cook, G.E., and Strauss, A.M., (2000), “Adaptive Fuzzy Voltage
Control in GTAW?”, Proceedings of the Mechatronics 2000 Conference, The 7" Mechatronics Forum
International Conference, Sep 6-8, 2000, Atlanta, Georgia, USA. CD-ROM, (M2000-262).

Smithmaitrie, P., Koseeyaporn, P., Cook, G.E., and Strauss, A.M., (2001), “Model Reference
Adaptive Fuzzy Voltage Control in GTAW”, Smart Engineering System Design: Neural Networks,
Fuzzy logic, Evolutionary Programming, Data Mining and Complex Systems--Proceedings of the
Artificial Neural Networks in Engineering Conference (ANNIE 2001), Vol. 11, pp.235-240.

Tzou, H.S. and Smithmaitrie, P., (2001), "Sensor Electromechanics and Distributed Signal Analysis
of Piezo(electric)-Elastic Spherical Shells Based on the bending approximation”, Proceeding of ASME
Design Engineering Technical Conferences and 18th Biennial Conference on Mechanical Vibration
and Noise, CD-ROM (DETC2001/V1B21494).



Koseeyaporn, P., Smithmaitrie, P., Cook, G.E. and Strauss A. M., (2002) “Intelligent Arc Voltage
Control”, The 6th International Conference on Trends in Welding Research, April 15-19, 2002, Pine
Mountain, Georgia.

Smithmaitrie, P. and Tzou, H.S., (2002), "Micro-Control Actions of Actuator Patches Laminated on
Hemispherical Shells "', Active Control of Vibration and Noise--2002 ASME International Mechanical
Engineering Congress and Exposition, Nov 17-22, 2002, New Orleans, Louisiana. CD-ROM
(IMECE2002/33570)

Chai, W. K., Smithmaitrie, P. and Tzou, H. S., (2002) “Micros-Signals and Modal Potentials of
Nonlinear Deep and Shallow Conical Shells” 2002 ASME International Mechanical Engineering
Congress and Exposition, Nov 17-22, 2002, New Orleans, Louisiana. CD-ROM (IMECE2002/33940)

Smithmaitrie, P. and Tzou, H.S., (2003) “Electro-Dynamics and Micro-Actuation of Ultrasonic
Curvilinear Arc Stators” 2003 ASME International Mechanical Engineering Congress and
Exposition, Nov 16-21, 2003, Washington, D.C. (IMECE2003-42409)

Smithmaitrie, P., DeHaven, J.G., Higuchi, K. and Tzou, H.S., (2003) “Harmonic Wave Propagation
of Ultrasonic Arc Stators” 2003 ASME International Mechanical Engineering Congress and
Exposition, Nov 16-21, 2003, Washington, D.C. (IMECE2003-42417)

Smithmaitrie, P., (2005) “Fuzzy Logic Control of Integrated Distributed Structronic System,”
Proceeding of the 2™ International Conference on Mechatronics (ICOM’05), May 10-12, 2005, Kuala
Lumpur, Malaysia. Vol.1, pp. 373-380.

Smithmaitrie, P. and Tzou, H.S., (2005) “Harmonic Wave Propagation and Testing of Ultrasonic Arc
Driver,” 2005 ASME International Mechanical Engineering Congress and Exposition, Nov 5-11,
2005, Orlando, FL. (IMECE2005-79103)

Suybangdum, P. and Smithmaitrie, P., (2006), “Analysis of Piezoelectric Actuator Locations for
Generating Traveling Wave on an Ultrasonic Curvilinear Motor”’, Proceedings of the 2™ Regional
Conference on Atrtificial Life and Robotics, July 14-15, 2006, Songkhla, Thailand, pp. 53-57.

Kotchaplayuk T. and Smithmaitrie, P., (2006), “Natural Frequencies and Vibration Mode Shapes of
Piezoelectric Elements in Piezoelectric Transformers”’, Proceedings of the 2™ Regional Conference
on Artificial Life and Robotics, July 14-15, 2006, Songkhla, Thailand, pp. 49-52.

Suybangdum, P. and Smithmaitrie, P., Dechwayukul, C. and Muensit, S., (2006), “A Study of
Vibration Characteristic of Curvilinear Ultrasonic Motors By Using Finite Element Method”’,
Proceedings of the 20th Mechanical Engineering Network of Thailand, October 18-20, 2006,
Nakornrachasrima, Thailand (DRCO005)

Smithmaitrie, P. and Tzou, H.S., (2006) “Electodynamic Characteristics of Ultrasonic Spherical
Motors”, Proceeding of the 17" International Conference on Adaptive Structures and Technologies
(ICAST-2006), October 16-19, 2006, Taipei, Taiwan, pp. 388-395.

Smithmaitrie, P., (2006), “Analysis and Dynamic Responses of a Piezoelectric Micro-Grip for
Laparoscopic Surgery Application”, Proceedings of the 2™ International Symposium on Biomedical
Engineering, November 8-10, 2006, Bangkok, Thailand, pp. 218-222.

Smithmaitrie, P., Kanjantoe, J. and Tandayya, P., (2007), “Touching Force Response of the
Piezoelectric Braille Cell”, Proceeding of the International Convention for Rehabilitation Engineering
& Assistive Technology (ICREATE-2007), April 23-26, 2007, Singapore, pp. 174-178.



Suybangdum, P., Smithmaitrie, P. and Laoratanakul, P., (2008), “Effect of Stator Stiffness for
Generating Traveling Wave on an Ultrasonic Curvilinear Motor,” Proceedings of the 22nd
Mechanical Engineering Network of Thailand, October 15-17, 2008, Thammasat University,
Pathumthani, Thailand (DRC034)

Suybangdum, P., Smithmaitrie, P. and Laoratanakul, P., (2009), “Dual Piezoelectric Actuators for
the Traveling Wave Ultrasonic Linear Motor,” Proceedings of the 4" International Conference on
Experimental Mechanics (ICEM2009), November 18-20, 2009, Singapore (ICEMA00321-00511)
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