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ABSTRACT

Thailand is entering an aging society. Paralysis is the most common in this
group. This is a disease that affects the nervous system, including muscular weakness
or Amyotrophic Lateral Sclerosis (ALS), which can impair the function of the lower
body. For this reason, research and development of equipment to assist physiotherapy
rehabilitation or as a device that supports the movement of patients has developed,
especially standing and walking. Therefore, the design, research, and development of
the prototype exoskeleton suit for patients to wear to the body, which consists of a
planetary gear mechanism, working with a servo motor and stepping motor, as a power
transmission system to assist the movement of the lower body, which controls the
movement with microcontrollers according to normal human movement patterns. Use
a power source as lithium-ion batteries. In addition to the structural parts of the
prototype exoskeleton suit is made of aluminum that is strong, lishtweight and is
designed to be able to adjust the size of the hip, leg length to suit the shape of the
wearer, it can be used with people who are in the height 150-180 cm, including a
design that looks friendly to users. There are 3 types of motion of the device, which
are sitting, standing, and walking, which the wearer can choose and control the
movement patterns by using the joystick. From the experiment, it can work
continuously without the wearer for 53 minutes. The total weight of the exoskeleton
suit is 20 kilograms. The average pace is about 0.160 meters and the walking speed is
about 0.124 meters per second. Further development of this exoskeleton suit set

suggests the weight reduction of the structural part. Including the addition of



surveillance systems, alerts, and requests for assistance in the event that a user falls

down or has an abnormality in the exoskeleton suit for the user's safety.
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2.1 Yalaseseneuan (Exoskeletons)

1 o

YAlAT9319018UBN (Exoskeletons) A yaviugudnivieyiliaiuldiininuaiuise

N9519N18u1n Y W Hgliauldiivsaiuindu vievieligiiesunmailidaiunsodu

landunnauladnass lussUssimagalasesenisuengnivauinnduiaiuiu ngly

v PN v

AeUszmalgiaunilianudfgneituyalasesinieueniinuie ludagduinidowas
FrnstudssinalneGunuduagvianuaulalunalulagyalasssnnisuenunniu [1] uazg
AHUNUIMIIA N SRUNYALATIS 9N EUDNLULRAD FMEN319158 Homayoon Kazerooni 371

University of California, Berkeley [2]
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dyaafouveslsavaonidondussie “FAST” 11970

F = Face nmauwmmmmmwmmn

A = Arms onuaudhdladnandslaid

S = Speech fgmunsyauiiuszlondien yaudauillsisiFes

T = Time &flonmsand TsuluTsaneunalaesau nnelu .30 $alus

(udaldsunmssny) szldmesnuPinuazanunsaiuynauinlaiduunfivie

IndlPgspuUnAvnyian [11]

2.3 MFIATILINT5LAU (Gait Analysis)

2.3.1 NI5LHU

maihiu Ao maadeuiivesiamelasmsldivh Fansiuduesdianudmiuditunig
NIz ALga AL TINaTess1ene Tasnisiadouiivesynie 2 drsedosdiiudiy
pgrauludameaduiu ﬂﬁﬁuﬁuéfaqmﬁamiﬁwmmaqﬁausmG] Tushenie Buainnns
waeulmesva 2 $13 Turnelimaedeulnagianshaumestereuiinansegniunds
Tadoudilundens fu yaludsnisunisiis 2 dlduniteatsauauga Semehaoy
SatuvesientsignarumssssuUUsEa [12]

2.3.2 MUITBNNTIATIANITIAUVD U BE

a o

PNNWITETTLUMMARBUldIMSUMTIAT e TR uveuywE[13] Ineauidel

= d
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o o & ! o N A dl a A
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NsALYeY g tuAnINNsIAGeUlIvedw) 2 19 Tnguueeasnisiiu (Gait
Cycle) aanidu 2 29 lawn
1. Stance phase fia Tuyeiwivie 2 91edusguuiiy

2. Swing phase Ao TutsiiinassainiiuluvuziAu

I [ |

0% 10% 30% 50% 60% 73% 87% 100%
Iniial  Load Heel Opposite -~ Toe Feet Tibia Next initial
EVENTS contact response off initial contact  off adjacent vertical contact
PERIODS Loadns | Widstance I o) [l | wiaowing [N\
TASKS oy et Single-limb support Limb advancement
PHASES Stance phase l Swing phase.
GYCLE Right galt cycle:
t.d. a .
3UN 2.5 2993071310 (Gait Cycle) [14]
Phases Hip(degree) Knee(degree) Ankle(degree) Muscles
Heel strike | Flex 25 Fully extend Neutral Gluteus maximnus.
quadriceps. hamstrings.
foot and toe dorsiflexors
Foot Flat Flex 23 Flex 20 Plantarflex 15 Same Heel strike
Mid stance | Flex 10 Flex 10 Dorsiflex 3 Iliopsoas. gluteus
minimus. tensor fascia
lata, quadriceps. plantar
flexors
Heel off Hyperextend | Flex 2 Dorsiflex 15 Iliopsoas.  hamstring.
10 plantar flexors
Toe off Flex 10 Flex 40 Plantarflex 20 Iliopsoas.  quadriceps.
plantar flexors
Acceleration | Flex 5 Flex 65 Neutral Iliopsoas.  quadriceps.
foot and toe dorsiflexors
Mid swing | Flex 25 Flex 65 Neutral Iliopsoas
Deceleration | Flex 25 Fully extend Neutral Gluteus maximus.
hamstring, foot and toe
dorsiflexors

SUN 2.6 M3vuvetaniieg waznduilsluvaeiiu [14]

12



13

2.3.3 929999n151aaaufl (Range of motion)
A15IAUSUIUYBINISLAR BUTI AIUVDITDMDNS DAIUTLANILLINEIY LaaUnRazin
SI19N5U ST UNaN19NI8 AU TRANT B lusErI19N155En Teerlunisieasulmvesds
' al ¥ o A ' v & v =
wWansudealanse Tuaunaldursaue1adiawey (genu recurvatum) lataniles 3o

hyperextension &elagUnfyani1siAdoulnianiivgennseAlsisuan 0 8 uazile

[
Y 1 I

sofeonldaugavasdenu asliyudus 120 asrndusuluauiagu 155 alldusgiv A
nunsanNAIdIveniald aldtvanuretnsazynna n1siadaulniilddaeninung
Tnglangsiuiue1n1suan uragusveninduliynivesdsitn Jerisvesnisiniouinlugiu
= 6 % d“ ] I
v uasniivsgleyideniseantuulasaituaznsiafeulmvenlasesenieuenduy

agaunnluzesvesnulaendievesauldaunsal [15]

Hyperextension

150°

gﬂﬁ 2.7 Range of motion U841
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4w
2.4 N159NLLUULATDYANTNA
N3eENWUUIASEIININavsenalnm1eq amnsauusnisesniuuls 2 ndnans Faduds
Asasrindudusgraunnluniseaniuu [16] Town
1. N300NWUULTIMTNN (Functional design)
° a v P a Y] a P
AN UNITODLUUNITNIUYBINA LT ABIN15bAN lULAS 899NN ol NS
auldanuingUszasdnasly Fadunmsiiaueniamaie Mamdnnisviaw egnislden
wagANazAInlunsldeu dufen1siinanniseesnaln 3801510 A8n15UTENOURATY 1
Uszgndldlinduasesinsnaniudasnis
2. MIDBNLUUINITNGR (Production design)
N1509NHUULUNUF IV INATANTHENTUIY e livangauianislununiTngs
waZluAUAUNUNITHENNAN WAGIALLITInngnIsNauYeINalnNeonkuuNIeE19ATU AU
G A TR R R
- anudiulduaganuissudigvedlasainmnaln wagJUNsveuay
= val d' al 1 1 Qy 1 Ql'd [~ Qy
VN8 d90nwuUliFUNTY kasIUINEEUIY YnaNNTaRUT uauATvunalng duiy
1 1 U 1~ a0 a
dudesliazilunannonisuds
(Y] PRI TR qy 1 Y = [y [y}
- MITINdanily U sUns wazvuievesgudlndulssinmideniu Uiu
Tidunasgu wagldudiunnnsgiu wu nisusulviinislddenfilusnsgiu wazusuls
¥ & ] = a ) 9] a
aguanldnuidenvuinfediuliuinian
[ a Y @ o o Zj a
- NTYIUUFY NI UL UUNENNNT LATAAIIUIUTURDUNISHAR
- mMsnAsan A LIZEaNAUNISUSENBULAL NISUSUAG LU NANLAEINITHY
1 o d' a o I3 I~ 4
AMULULINARANNINTU LUUAU

lngn1seeniuurandueiidiuTunsunIsaonLUY AU 2.8
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ANSUNITOBNLUU

ANFODALUULTILUIAR

seanLUUUasfu

N1T9ANLUUNITHER

NN199ALUUTIEaLLDYA

ANSHAR

4

ANsUsENaU

l

ﬂ’]iUSi’q-ﬂﬂi‘U‘NdWB

\ 4
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2.4.1 nAY39 (Turnbuckle)

a 1 [~4 Qy 1 o (v =2 ala | b4 Qy t:l'd
wnaese Wududinlangdmsunisinlaeddudiuusenauaie unais(Body) Nl
nsvinaedluling 2 srudadundedenazindenln wazlusiudutuduniindsiusn 2

P NLVWIANALIVUNBAAUVTUNAN NENNITVINUABLL DN UTUNANIITAUNTAUTULSIAS

V39srErURIUdUNAnag i UNAYIUBNTIY 2 JU [16] fagui 2.9

Ui 2.9 1ndeaiss (Turnbuckle) [17)

o/

2.4.2 naugniu (Bearing)

v
1 = 4

Jududunldsesiuniamuvsamaiwazdnianas lnendugnluiindfiaeven

Y

v v [

usafliadunnmanaslugguiniessus wozanusaudoaniuszminsiaduita shlstaeuia
aussougnIsuenadesdinInasine Snieddasannsinusevesiudau windugniy
fnvdenanmmiadosnadugniuiiedniug mingrueseiesienaiiosniuiudud
losuwsedendnasniian [18]

NsuUIUTZINIIRaUgNUL InanwasnsauRavaIndugnUuiunatd Jud Ul
LLazmszLLiqﬁmé’UQﬂﬂmaq%’ummmLL‘U'qUizmwlé’éﬁ’wialﬂﬁ

1. mé’ugnﬂmwu?ﬁu‘tna (Sliding bearing)

- perugnUuiuusunssluiuaedl

Jundugniuilanssussnsshdsainduunuimanidondt nissusduuunied (Radial

force) InemaugnUusiinilisenit Llaeslawuss (Journal bearing) As3u# 2.10 Famdugniu

gilagnesnuuuliaunsaiaeududiunduiadulaie envldilulaen (Bush) Asgud 2.11
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T Fanfldluviasndudnldilulansnauiifidesounaznyuldazain wu vewndes

I 1
NDILAN LUUAU

Qil Inlet

<+ Housing

d iner
Bearing Line Clearance

Split Type (Some)———{3 Journal or Shaft

=
5UN 2.10 1esiauuse Journal bearing) [19]
msfafuaznIsUsSuskn e agldnaugnluiausasenesnainiulaidu 2

d Bntnnannsadndiunaefulindugniulizdamasidonsseuisanuseuainiey

= Y
d@eanulan

sUfl 2.11 Uaen (Bush) [20]

- aadugnUunuusunsslunwuiuny

\Dundugniunldaudmsvauidessunseiugs damnzdmivldanulussuy
insesdnsunalng Tnedl 2 Uszin 1éun adugniunuuiiviiuvau (Collar bearing) faguf
2.12 fimseenuuulimarvuiainihulaundlindugnududiusesiu Ssduiiiniszuss
Tunuunufeidudnawemiudauiu pdugniuuuuLfmielnienuua (Pivot bearing)

i
) =

fagui 2.13 dnlddundugnUudmiuiniestietn WundugnUuniduduysenoudedgyud
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U 2.13 mdugniuuvuidavielwienuuis (Pivot bearing) [22]

- parugnUuluuANRUATR

I3 o & Ag Yo W Ay A i ) =

Jundugndunlddmivnundesnsnisvyundanuiiewsas lneadugnluiuy
ANUAUADA (Static pressure bearing) AU 2.14 Faafenannisvesnsdaisiuniiniig

AarsnIneuenadugnUuingyesitesenihanannelundugniu



19

v

Uil 2.14 naugnUukuuANUiuadn (Static pressure bearing) [23]

CaN

2. aaugnUuuuunas (Rolling bearing)
fdmusznouiugiunssiolUll 29unan (Bearing ring) 33l 2 diufe 519u0n (Outer

race) kar319kU (Inner race) TINRATUaUAMTUNIINAT UaySagnUu (Retainer) AsgUN 2.15

Fednuwazveiidudaaziinonnisnawesuoaniaingniu lnensduiareddnvasduge

1
a

wIaLdu dwaliusadeamuninfudesniindugnUusuviulos wasndugnUuwuunaailas

wlaUszlanaugUsiIwesudiudmiunsnaaiussyegnielunduaniy

(9]
20 Steeal balls

- F'* Inner ring
L

gﬂﬁ 2.15 lassaiamdugniuuuunas (Rolling bearing) [24]



20

- ndugnUuidinnau (Ball bearing)

o Al

Hundugniuiiinisdudafiivenaumunuuge dealfusadoanuiliiatuvme
yhanush wlimngdmiuauisndusiossuusinserige Wearnamuudausaiinis
iindu Inondugntuinnautiuiivarsyssinnudsmudnysznesumelundugniu dadama
faaumanzanlunisldanu

1. mé’uqﬂﬂwﬁmﬂauﬁaﬁﬂ (Deep groove ball bearing)

=

& Y] & A Y a i @ aa ] i ;
LUumaUQﬂUuVINIﬂﬁqai']\‘iLiEJ‘U\‘ﬁu LLagLﬂuquJﬂJsLUﬂ’ﬁIsUﬂ’]uLu@EJ'NN']ﬂ KINEY

[
a YY) Y

AMNAINTLUNITINIUA TN sguAIeAETeUgld Snviediaiunsasunselavisly

WUILNULAZLUISAT LasILI ULV UAIUA IS UNSNALTUaNEWn Y Az dINa T

[
=

anansnsunssusilaaudneme AU 2.16

3‘1]17; 2.16 mé’uqﬂmﬁmﬂauiaﬁﬂ (Deep groove ball bearing) [25]

2. adugnUuufinillé (Magneto ball bearing)

£%
a |

wngdmsuldanulueiesiudaliiauiadn wu Wududiuluszuuyn
szidaluaioseud Wuiu JandugnUuedauilmvunzdmsunisnyuianusgs widvuie

dn warlaldsuusanszyiluswiunu degd 2.17
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Ul 2.17 wdugnTuudinild (Magneto ball bearing) [26]

3. pdugnUulinnaududaday (Angular contact ball bearings)
Lﬂumé’uqﬂﬁuﬁmmxﬁ’umuﬁéfaqmsﬂmmmuéﬁqq PI0HDINITNITVNIUT

ATIEITOUEN Feanansasunsdlavsluiuaunuuasiusall Asgy 2.18

gﬂﬁ 2.18 ndugntuinnanduiandayy (Angular contact ball bearings) [25]
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4. pdugnUuinnauyunuilales (Self-aligning ball bearings)
Wundugnduiianunsavitaulauiluvag issluresgniudesyiyuiusg
wen visedimsesaudlunisindsazlidmanon1siunse Inefiivesssmuuenasiidnune

< = a s = LY & v S o [
FTUIUTUNTINAL ‘ZNEJQWQUEJﬂaNLﬂEJ'Jﬂ‘Uﬂ‘U@qWQUBﬂaWQﬂJ@QWaUQﬂﬂUUUL@Q GNE‘U 2.19

g‘df/’i 2.19 ndugntudinnanuiunualaios (Self-aligning ball bearings) [25]

5. pdugnUudinnausuusslunuwauny (Thrust ball bearings)
naugnUurdinUdlATeas19ve wnesaaaiiluius oy waghalds uasndy

anUuvlialianansasuusslunundailadnsae fsgy 2.20

Uil 2.20 pdugniudianasiuusslunuinnu (Thrust ball bearings) [25]



23

- ndugnUuidiansanszuen (Roller bearings)

pavanUuvlinildudiudmsunanlunsainszuen Fedmalilidnvaensduiawuy

=

WusEningiamsinszvenuazinveswni lnadundugndunsuusduwnseillan §ed

vaneviinUued fudnuyaie JUnsweududmsunaenely

[y

1. mauqﬂfﬂmﬁwsqmwaﬂ (Cylindrical roller bearings)

Wuedugnluiianunsosuussluwwasadldd dngnldidudiudsznovues

Y

'
2 =

LATBIINTUUIA NG AITUN 2.21

Y

gﬂﬁ 2.21 adugndudinnsenszuen (Cylindrical roller bearings) [25]

2. mﬁugﬂﬁmﬁﬂﬁm (Tapered roller bearings)

DundugnUuiianunsouusaldnslunuunuuasuiniall fagui 2.22

;s‘l.l‘ﬁ 2.22 ndugntuidinie (Tapered roller bearings) [25]
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(Y ISy

3. maUQﬂ‘UuLﬁmﬂu (Needle roller bearings)

LﬂumauaﬂﬂuﬁﬁmmmaqLﬁﬂ@uﬂﬂulﬁﬂ lpgnvuadusuAuENa1anINgT 5

Y

Tafiuns warddnT1d1unNe1IveNaUgNTUAULIAEUNIUANGNA190Y 5819 3-10

daralvindugnUuilatiiminun waglvueiuianitnduanUuyiingu aagun 2.23

31]17; 2.23 naugnUuidinidn (Needle roller bearings) [25]

2.4.3 YMNa9ANLATIEN (Planetary gear train)

YA BIANILATIEN (Planetary gear train) [27] Ysenaume ¥aiilesfiiieu (Pinion

a

Gear) 1fl9ana1d (Sun Gear) ot (Ring Gear) wazlaseBaiilos (Carrier) Wuyaiiles

v '
a

I nsunausauazdiniomasaingunsalasmdwaniddgudiudug gaiiloaniinsnzi

i
6 U a

wualu 2 wuu Ao genflesnuasizvitiufies (Simple Planetary Gear Trains) fiileafifiau

1 9 (3 67) dananslugun 2:24 uazyaileaaniasien 2 1 dilesitideu 2 4n (6 67)
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RING GEAR

SUN GEAR

PLANETARY
CARRIER

PLANETARY
PINIONS (3)

(3

U 2.24 gpiilesaATEsitUAY) (Simple Planetary Gear Trains) [28]

W99 ooy
‘/

Weenand

JUN 2.25 daulsenauvesyaiilesnangiey [27]

duUszneureailoInIATIZY LanmIugUN 2.25
1. 1leanans ileenansasvyudasreguuinadinaas (Transmission Shaft) aiueg
' & aoa ] < A 2o o = 2 4

seinananailesiililuasdiganainisiseuiiauiesdy wastiunnuiiseuilailu
Wany

2. Wesiillsunsailesunauiuaiiilou (Planet Pinion Gears) llesfitiguazdnia
agfiulassgailes uagvyudasysaumies WeillsuunAnilagelon 3 i Seni1yailes

=

¢ a v & & & a ) 1 ] & oA
ANWATIENTULAYT DUUULUY 2 TUILIWBINLUEY 6 717 agiwﬂ’JNW\laﬂNLL‘ViTLm‘ULW’eNﬂa’]Q

Vimhfumdewilesdeniu vyumeausinnndinandsiiaseen
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3. Wonwnmiu Wensumuazvvey fugailesiiieu wandusessv (Spline)
audefiumadiidwieananuiiseuhiumainasasiameni sy umiiouiu gy
< A 2o« 9 < A @«
ANULTITOULHDLUUNDITY WazanAINLIITOULBLTULND IR
4. lassgalosunauluna1531995 (Planet Carrier 3@ Housing) lassUallosunau
waps3ees it nadlesileuliiflesiidounyusouils Winanudiseudioluilo

(Y]

U waganAusiseulaiduilewnny dlasidailead funifirnianisvyuveanaidanias

Y

esnIvnyunauluiiAnsaiuiiy

mMsvhauremailewmAsIEA amnsanUseanidu 7 s Aeludl
1. fuviaiinnamsseuuuud 1 (Speed Incease) Mugun 2.26
Inedailesnarsbilassdailonduiitu ilesiileunyusoudiies uazmyuliseuy

iWeanane ilenswmunyuiieanussevinniilasdailasdufianiuieiu

JUN 2.26 uanINseuYBUILL e LATIeH dlmiaiiuausIseuluuil 1 (28]
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2. funtsanAIasIsauLULT 1 (Speed Reduction) mugud 2.27
Tngdailesnansliiflonawmuduidu iesiiidounyusouduotasnyuruiiles

NaN9lASIEALN DIV U AALINUINDIIWIIY UanyugINdd

JUN 2.27 uamnsauueuIuieniasIen A unisannusIseuwuun 1 (28]

3. AWV RNASITOULULT 2 AuUT 2.28
Tnedailonumulinasdadienduity Wesiidounyusouiiouazindeuiivy

e ewnarmyulunadsaiulasidailesunnuisana

JUN 2.28 wanIn15LTBIVUILTIBINTLATIZA FUIULALAINEITOULUUT 2 [28]
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4. HUMNANAILEITOULUUTN 2 AMUFUT 2.29
Tngdailornawmulinilesnarndudidu esilounyuseudaanazindouindu

I = I a a U A 1 ¥ I
D99 Iﬂi\‘]EJQLWE’N%HUVI?WI'NLQEJ'Jﬂ‘UL‘V\IEJ\‘iﬂa'N WAVYUTINTN

SUN 2.29 UARINISTIULBIUIULTNRINIATIEN Funtianusaseunuuil 2 (28]

5. UGN ALLSITBURAZANUNA NI AugUR 2.30
Tnednlassniloslnilovswmuiuidy Wesiilounyusouiueslaglindoud

\Wosnanavzmyuaueiuia Y uaamSITeUTNAY (Aesoaends)

JUN 2.30 UARINISIUTDUUIULNBINTIATIER fAumaiinaasisey

WAMHUNTUNIG [28]
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o ' < [ r-:l‘
6. HUNUIAAAIINSITOURAZMLUNGUNI AUFUT 2.31
Ingdalassdnieanazliilesnarnduiiu esilsunyuseudiieddaglindoud

& [ ) 1 < =1 [ [
WBINUWIULTHUEIUN A UNBINAN WAANLIITOUAAAY (1NYTNDYNAY)

JUN 2.31 wanen s uuesuInilenaase i funienal1uEIsey

WA UNTUNIY [28]

7. sumisdulaenss (Direct Drive) auguil 2.32

(%
6

Sanilefiiloualagnils vuanilasnaaswiisgnagngaruu leananaududduds

9

v 1

s ulassaioduguionwmu ardiiidaduasinadeiideoniyuiienunsa

souwniu LWunstuleensanlailisnsine

JUN 2.32 Uanen15vILYeIIUILienIAT e funislunss [28]
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N v

2.5 MUBAYIYY

mMsieuariauslassansueniuUssmelnedusinastdunisesniuuuagiam
Tiddunulunmssdafishaadeligiasfidonisldnuyalasssmeuenduaunsodi
gunsalefndllénndy

Tt A, 2560 MNEns wauRukazane [29] lavihnsAinuideuasiamnynlasess
meuaniu Tagldioth fuuuy Walking Assist Robot (WAR) adugalassienieuendmsy
faadonisiianuveseisizvieuans TaeyaduluiFeanisandunulunismdayalasaiig
meuaniiwelsiildruaunsndfagunsalld lunismusumahausessalasainsaneuen
Tuldldnsmunuuuunszans Taefineulnsaianises 4 s uardinoulnsaineisaiumman
30 1 ¢ leudamininazdietwhaumuaugunsalil uarludiuvesszuudeiidaiing
sonuuulngldtewasnszuanss (OC Motor) saufusyuuilasnenvenlussuudaiamdn
drulassasivannsadiuaueveseritteseasinniaden uagdastoifsuay
soailel wiludrudawiiuldannsawndoulmldidesainldlasiadnagui L demin
lngsinvasyalasesnantguen WAR Uszana 25 Alansu lasduinadnuas 110 loufiuns
ATIINAIT 90 Lwufims uazaudn 50 leufung laelasaadssesyalasseneuaniaing

a ) Y] P a Y] ¢
‘U’]ﬂ@QQJLUEJﬂJ LLaBLL‘V]a\Y\]']‘EJW@\N']U?J@\‘]QUﬂﬁﬂJﬂ@LL‘UWLm@ﬁLLUU@gﬂjﬂiﬂsﬂu’]@ 12 I'JEW] 7.5

=

woul yalAseT9nI8uen WAR a1uisannulaegnedaiiiaslszunn 60 w1l JU7 2.33

Y

WAASNINLUIAINAANTITBBNLUUAULUY Walking Assist Robot (WAR) laeselnosiis 4 #7
o v v su A % a 4y va a a = = «:4'

wyhauduiusiuieluldsusuunsifunlnalfginisiiuinduniian dansindoulnives

YALATITNAIBUDNT LT IINTUUUUNITAUTIUARRUNR A1TYN191UY09YALATITIY

Aeguan WAR din1svianulugdiuunisiiiu Meteuazanaininng wagllssuun1sdinimen
o a 1 o £ A A ¥

nsvihukuvRnauunfnYideiednse

I1NAIINABDINUITTINUTLAIALUNTITAAAUYUNITHAAYALATITINHUBNAILUY

'
e = o

annsasdulule Tnefidunulunisadisdunuuyszanas 240,000 U FellAunuiianings

a a 1

lasesnenteuanlusislseima uwsoavsdiusednsanlifdn lnedadninvesynlasasig

1% '
o

Aguan WAR fiasnsiusniuaunsasessudldnunidesiininginit 80 Alansu uazded
ANEIRIG 170 LWUFLLAT D9 180 LwUflung F93UN 2.34 Lanayalaa319n uenAuLUY

Walking Assist Robot (WAR) Tua1i33euaauneiungns waukduwasaue
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31]1'7; 2.33 LUIAUANNITEBNIUUALLUY Walking Assist Robot (WAR) [29]

- A master controller
- and batteries on
rear position

Absolute Encoder
installed at

revolute joint
Sl position
Controllers
Slave Controllers
DC Motor
with Gearhead

Ul 2.34 fuuuy Walking Assist Robot (WAR) [29]
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Tul w.e. 2561 Taudls nSaunsau uag ne.aT.evsun Antaied [30] laviinisAne
Fdueanuuuyn Lower Limb Exoskeleton dwmsutigaanutsimawnugdiunisanigliaiunse
wasulmilaliuigthenidUymsunisiiu Iagld PID controller lun1smiuaun1sineLves

NoLMINITUANSS Niauviseanuwuunaln Four Bar Linkages iievietiuiadosninlunisnse

v
v A v a1

Aluvazindudaiu (Stance phase) F9n15eanuuunaln Four Bar Linkages Uudsilaau
Frglunisanduinveswewesidndudeddluuinudeseat Felunuideiyalagesnega

Aeusnilge Electro Armor 6 Tngnaln Four Bar Linkages wansssgudi 2.35

fulun

A

[ ] =
/ Jlﬂlﬂﬂ‘lﬂﬂﬂﬂ naodldvilaziiyalfe

Jaimas o

01

gﬂﬁ 2.35 naln Four Bar Linkages ¥04 Electro Armor 6 [30]

nalnwuu Four Bar Linkages Ttn1sasrinasvesmiu Ineaziinudanias 12, d1 Ju
Frame, 11 Ao fadu uae 13 Aefgndu WesduiBeyn U1 gy axvilvianu 12 vdudhe naln
Four Bar linkages Hanunsnansiuaunewmesiidlunsiuld Tngldnalauinadewitum
w1 mgluruzifugtesmnsedeuiivestewinuas itz irudiiusiulagly 11 10y
druies d1 Wudauwh 01 Wudwdewh wavadiddideandu 12 Gudiusiun Fgud
2.35 uagmsiadeulmueanaln Four Bar linkages uanaisguil 2.36 wagnisesumdly

wamaiTuIzegnTtowi el mingnnszagasuul i nMseenwuudnwuziasyinli
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3AAUENIN (CG : Center of Gravity) A1a411NNI1YATIeUBMBS LI UTLIUTIAY il

annsaiatssnnluvzyNduRaENY (Stance phase) 1o

(b) (c)

Wl

o 9 £
NI R ERTRIN TR

Shank

.

Foot

JUN 2.36 (a) yuonBsvesu LYY Lag (b), (o) Maladeulnavednaln Four Bar linkages

[30]

sruuMImIVANNEIAABUlmYes Electro Armor 6 T#n1snauAswuy PID Tasiinng
aeensvnululusunsy MATLAB feuthluldnuasiuyalasesienieuen ¥aglvinig
nuvetewmestuyalazisguen liinn15nseAntunmMIuLEIundaw (Swing phase)
v8an15:au Iaglu Electro Armor 6 Usenauldmie Potentiometer Tlun1sinyuaseinis
LB BLADIUAAYHa Gyroscope MPUB050 vinniimsiaaeumuidsvastaiiioniuny
s warldlulasroulnsalass Arduino Mega 2560 Talunisuseanana Tudiussuuds
Aasly DC Wiper Motor 9u1% 12V 55rpm 4 617 wag DC gear motor 31u7U 2 faludiu
avlnn nieulduasadunaimesnssuanss lues MD13S

M3EININIMUANNTINLTEIYA Electro Armor 6 awilag] 2 35 tiufie

1amuauseaing (uannzifeduldlsusfiisannsaldusuls) Tnedeyinns
nnandAazsilmlasassneuen Electro Armor 6 Safussvimsiildidouddaenly

2. auAulaensld Force sensor fiusaudvi (unsaliglétaeidulsianunsald

nauLaladud vselunsdivenisnieninu1tn) Tureiisuazi1nvn wu ¥191 Yindns



34

wgniislufiiidnsdng Wenmaduusnafivdinn Force Sensor 1# lalasaaulnsaiosfiay
A3l uesluegsinudoiunsishuinividramnuddmadeine
1NHANTMAABIYA Electro Armor 6 fitnalnuuy Four-bar linkages inanldiite
ans oS lunmsAukasiaiosnwlu i dudaiy (Stance phase) waz
14 PID controller Wl panAuANLNDIABIIBINDS Uiazda Vil e Ul luyelasssne
Aguan Electro Armor 6 azlaiinn15nTEANtUN15119IUY39LN 98 (Swing phase) wazyn
Electro Armor 6 Shiwwtinlassumesauiiy 17 Alansu wasnilngdmiuauiigdlug

165 \wuRlLAT 89 170 luFLnT JUN 2.37 uanayalasesnaniguen auLUY Electro Armor

6 TuuITEeauls NSNS

Ul 2.37 gplAsisnenneusn FULUY Electro Armor 6 [30]



unii 3
A5ANHUN5IY

Tuunilgndnfsnisesnuuuuaradiunuuagunsallassstanisuenifierasly
nsindeulmvesismeduans Tngazuisdinveaniseaniuugunsaleanidu 2 daw loun
N1seaNUUULasN AU lATIaT 19909y AR UnTallATIT194A18UBN WATN1TOBNLUY
lUsunsuauaNnsvauvesgunsal saludaisniseaeuntsiauwazyssansninves

AukuuyngUnsallasesuneuenatvayuniswaaulnanae

3.1 A1seanuuUKasiaulaseaisasynaunIallasesenisuen
3.1.1 Anwinsiadeulnivassnanieuyed
AnwreinisvesUieduninaswiawdunisdngeinisane waganmsaniense

v

fosfvnafuimeesiiie nudduseulsnnsmeonmiiniamevesdie Tnons
mdeyannunasssBedoyanag tetanldifudeyaiiugiu dearssr T uagdediflunis
ponuuUTLUAULUY sadsdnuintsedeulmifl ug ey e uanidansuuuunis
indoulmidudusemsifuinysydriu wethundugiuuunisindeulmesfuluuyn
gunsallassianeuenatiuayunisiadoulmn

Tngguuvunisiadeulmiideniiiedimnesnivusutuugagunsailasssnsuen
afuayunsiadeulua eun nsids msdu uasmaiiy

3.1.2 dendnnuazaunsaldeiniaevesyngunIalfiuluy

yhniseeniuulassadisrasigunan wiemienueyaveswawosluiiniiagldu
szuvdaidmdnvesgunsal lneidenly High Torque RC Servo Motor 400 kg*cm #iagu 3.1

wazludulassasisvesgunsalindenidluniseenuuunaznaasdlugiawsnde mannaes

WA 1107 x 1 93 feguin 3.2



31.]17; 3.1 High Torque RC Servo Motor 400 ke*cm

JUN 3.2 laseadvesgunsalanumdnnass vune 113 x 1 1

36
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IINMINAABIENAULLLYRgUNsallasIs N Buenatuayunisiedeulmlagldias

wandumannass vua 1 92 x 1 97 wualessasrsdvmdnuiniiuly waznsideunany

= v ¥ 1%

wamasdsmavhlaen Jadinsiaun Auadl uazuulse lnenisidenianlunisvilaseasng

v '
Y IS

Tyl Faiunisideninniuiminiun udasamumiu waganaunsadugulade fsiuianisiany

Yraulanazihunled 2 viia town

v
(% o v =

1. msuaulniues Faduian i muniuinazdaund IWSINUNIY Ledl

q

[y

Y o -dl' dy o 14 = & '
?J@ﬁ]']ﬂﬂiﬂﬁ@ﬂ%@ﬂi’]ﬂ%ﬂﬁ LL@%ﬂi%U’JHﬂ’]ieﬂugﬂVI’ﬂ@ﬂﬁﬂ %QLﬂUQUﬂiiﬂ@@ﬂ’]i@@ﬂLLUULLEW

AS9PUIU
a a d" I3 19 a{'d 901 Ly 1 @ é( a a
2. sgililen Fuduianniuminiuindimén wagnsyuiunsiuslegiiviley
Nenansvauliiues 9nvadaisimNanninans e

(%
v @

AaduluniseenuuuLasi LA uLUUEAg UNsailAses19nIeuanatuayunis
\deulmiifudenlfogiidemdutaqvinlunisadilnsaiisuasgunsal

3.1.3 sanuuulassainuaznalnuasgunsal

mseeniutlnssai el UgngUnIallassaneusnatiuayunisindeuln 16

THlUsunsuneufiawmesdaslunisesniuy (CAD) Tun1stugudusudugysne 3 87 lunng

Fudu kavviinsviaeinsUseneutiiegnisinauvesnalnfieanwuunawiinistusulag

asvasannegiifin Inelassadrwwasiuuuugngunsallasisnsmeuentuanansawuady

1Y

dusinge) Leieadl

3.1.3.1 drunas Wulassasraiieoniuud el dudiufagaiazInLAy

U
a v o ® ! { d'

2995l lalesreulnsaaes uazuummed Snvadudwidniugunsalanld fsguil 3.3
Tnouummefidenlfiduunasendaniliunfuiuurngunsallasssumeuenatiuayunis
ideulmiiufo uusmedalisulessu (Li-ion) uswiuluiin 12 V15 Ah fagudl 3.5 uagd
YIANTN 7 uRng 812 8 wufuns Large 14 wuiues Gesesliihuazuunneituay

gninulundesiiadrsainmanadin ABS 9nn1sTugUsmewnsesiiun 3 IR fsgun 3.4
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20 cm

Uil 3.3 lassasnevesgunsaldiunas

JUN 3.4 vunaveindesussyRshiih uasiunines
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Tnegnastniiuseneuludelilasreulnsaass (Microcontroller) #ildlunns
muuMnAdoulmvesgUnsallaseseaeuen 1esulassfuliiianuumAes (DC-DC
Step Up Module) éﬁ’qgﬂﬁ 3.6 WiowUawsaiulnih 12 Taad 1w 24 Taddaduusasulni

Auawasdasnisiialdlunistuiadau dnvsdinisuassesulndndu 5 Tad Weaiduunas

wasuliunlulasreulnsanesdnme dvasiiihivunizussgeglundes fagui 3.7

31117; 3.6 DC-DC Step Up Module (8.5-48V to 12-50V) — Aluminium Plate [31]
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Step Up Module

Voltage Regulator IC

Digital Voltmeter

Power switch

Stepper Motor

Microcontroller x 2 Driver Board x 2

U 3.7 naoeusIReasiih waziunmes

Lithium battery

12V 15Ah
12V
L 2
7805 Voltage Step Up Module
Regulator IC 250W 8.5-48V to 12-50V
6A Aluminium Plate
5V 24 v
y A 4
Microcontrollers High Torque RC Stepper Motor

Servo Motor Driver Board

A 4

Stepper Motor

UM 3.8 uruauananisuuasussaulngin

Asulauwsesulndtanuuaees vuie 12 1ad Wu 5 Tad waz 24 1ad

UuuanIRaUn 3.8



a1

3.1.3.2 @ Wudwiieanuuuiiisldidusumisinfigeslmewmasd
Jugunsaldsmdmanvesaunsalifiedislunsedeulmuvessimedald warlussuuds

Masuiniseanuuussuuileaiotioiundslviunaunsal lagldyaiilasn1insies

(Planetary gear train) \iasnduyailesiilidnsmags wasiivwiadn Asguil 3.9

U 3.9 YaLileaniasIen uazireslwewnas

9

YALN B9A1ILATIEH (Planetary gear train) Usgnouniy yavil el eu

(Pinion Gear) tW®3na14 (Sun Gear) Lagll919lniu (Ring Gear) Huu1n ”ﬂgﬂﬁ 3.10 ,3.11

way 3.12 muarnugailetnrvasigindenlfilugaiilesannsieiduien (Simple

(%

Planetary Gear Trains) A Miasfitfiew 1 49 (3 69) lngyailesn1iasieninlduuinns
Usenaunaguil 3.13 warlunisusenauyailesiidnisaiunduaniu (Bearing) wazUaen

(Bush) iansnyuuasnalnisiuiu wazvinnuldnuuszansam
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Number of Teeth = 19
Module = 2 mm
Pressure Angle = 20 deg
Pitch Diameter = 38 mm

Ul 3.10 tlesfitiley (Pinion Gean)

"~ Number of Teeth = 12
Module = 2 mm
Pressure Angle = 20 deg
Pitch Diameter = 24 mm

Ul 3.11 iflesnans (Sun Gean)
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Pressure Angle = 20 deg
Pitch Diameter = 102 mm

Ul 3.12 1levasumu (Ring Gean)

Wasiiileu (Pinion Gear)

Weosnans (Sun Gear)

. .
naugnUu (Bearing) : / nssdailes (Carrier)

JUN 3.13 NsUsENeUYAileIn AT IEn



[

1R8T0MIMAVDANBIANNATIEVLNITVINIIURIT

\Weoanans (Sun gear) Juilesdu (Input)
1assdailes (Carrier) Juilaemu (Output)
Wosaumu (Ring Gear) ﬁmagﬁuﬁl (Stationary)

LaTEANLNTNAMUINERIMATBLT IR AT IR INENNSAeRe UL [32]

1 +R/S) (3.1)

el S iy S1nuiuveaieenals (Sun gear)

R 11U 9uuiuresilesanmiu (Ring Gear)

NN1TOBALUUMAUALA Ui uNeINa1g (Sun gear) Wiy 12 fiu

PMuUuHure oI (Ring Gear) Wiy 51 W

¥

489 1+(51/12) = 5.25

[
[ Y v

MUY ORIMATBUNDIAUATIZI WIAU 3V5: 1

=)

a4

weda Weilasnans (Sun gear) Mbuweastunyuly 5.25 sou agviliilasidailes

(Carrier) Mluilosnunyuly 1 sou Fedwmalinsmyuedlassdaifomiduiulassad

GRPAVLIIV RN

npuantivesvesuawmesidentd fusida (torque) 400 kg*cm wasiiaausy

0.5s/60degree vidgfia anansaduliunumyuadeunludsiuniau 60 asmnielunan

0.5 JUY ANUIIKIIUAVI98NYDILASIAS 9V BUUL [33]

To = TmX 1 X7 (3.2)

nelh To Ao ussUnv198n (kg*cm)

= a

Tm Ao ussUnveugeshiuswes  (kg*cm)

A v

1 Av ammmawmﬁdaqm’;miwﬁ

n Aa UszAnSnmuegailaantiasied nvualmyinhiu 80%
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agla To = 400 x 5.25 x 80/100  kg*cm
Fay  ussdavieenvedlasiadisuvieuUY Wiy 1,680 kg*cm

Anasstafsedldlunstunfeulassasisdiuuituvaglififaiuld [34]

t=Fxr (3.3)
gl 1 Ao 1330 (kg*cm)
F fio WIminTINUlATIESI9E LY (kg)
r Ao ANNYNVBILATIASNTIBUUE - (cm)

U 3.14 lassasavesgunsaldmviienisAiuunsedn

azle T = 3 (kg) x 30 (cm)

aaiy  wsadandedldlunistumdeulassasisaduluvaglifidauld wihdu - 90 kg*em
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Awnusednidedldlunstumdeuluvaeiiauld lngmmualvgauldiuimin
50 Alansu Ieguinundnvesn@ndu 20 % Yastniingd [35] sty tntnvenasiingu

10 Alansy wazdmdnvedassaiisdnuivesgunsal wiriu 3 Alansy

azla T = 13 (kg) x 30 (cm)

aatiy ussledidedlalumstundouluraeiidaiuld Inemvualidauladiuinin 50

Alansu WAy 390 kg*cm

szl ussdnvigunsalanunsaadnald wirdu 1,680 ke*cm wazuselad
rodldlunistuimdeuluraeiald lnemwualigaduldiuimdn 50 Alansu wiriu 390
ke¥cm Faeanesianisldnurasmaunsallassininieusniiedlglunisiadoulves

SNYFIUAN



ar

o
a v

dnnsludrulaseasreiifionniseanwuulraiuisausuruinaunIglaniy

yuratevegaldlagldndnnisveundeise (Tumbuckle) faguit 3.15

JUN 3.15 lassasavesgunsaldiuien

3.1.3.3 du1 eenuuulvianunsauuseauanuenivangiusenieves
aulldla lnglassassludvesvvisuuuiasviowdanusenuuulviiguianiisuiuiions

AunulunsEUINNSTUTUTUY As3UT 3.16
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30 -45cm

JUA 3.16 lAs9a319vesgUnsaldIuN

3.1.3.4 @21 Wuduniinisinaevesaidudanemasiiadewndaulniv

viouansvesdauld fagun 3.17

Car
Y4

JUN 3.17 lassasnavesgunsnidiun uazafiudeewmes
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3.1.3.5 @it sanwuulriinalnuesauseatunistiglrvatawinenJuiiedl

nsiadu iedesiunisazgaauvesaiuld Asgun 3.18

A
= » ~n B
) - 3 . ’ 7
vl 18 cm
12 cm < . 4 ’
K A 7
o 7 T
- e L) ¢ ’ - \ -
sh"\‘ \17 /4 ,/ //" Y \""\
‘\.\a\ ) L*;{‘ :/4; » 0: 4 ' - ‘\ v
30 cm

JUN 3.18 laseas1avesgunsaldiuin waznalnvesausea

3.1.3.6 daumvasaskaning Wudunsumdaingauldaieliiuuuuyn
gunsallasesnneuenaivayunsedeulrauimumddlaginfoulmanuanusndaiy
ldidan uazlivouanmaliiavananiuzdagtuvetgunsal kazuaninanisiasnanIun1sel

waeulmivesgunsal dagun 3.19

JUN 3.19 1A59a5199999UN TaldIUAIUANLAZLANINE
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s

InelAseasevesdIuAIUANLAE anINatas1INNTRUN 3 IR F9eanuwuy

Infigusaldanu wagmnziunsidauduiiens 2 41 Fedamalvliiinnnuunnsidunis

'
a

T¥uvesyanatisianuadaiiodns uazvndisheiu Tasgunsaimuauiidiulszneudsgy
3.19 FeUsznoulldieaauanna (TFT LCD Display) ANazLduA 128 x 160 finiwa uIa
1.8 i1 WWudmuanmaddinisnisiadeulmvssgunsallasessmensn uaxdll LED van
anugAdanisgunsalivuiu Inefgunsaifiutasnsmu (360 earn) iudyaramislnin
(Knob) tla3udsnisidenaniugnsvinnuvesgunsailasesnanisuen W%fauﬁgmi‘]uﬁmﬁaﬂ
an1uzdndae uasdvudanis (Active button) it el Unsalviauniued sy e

d1uUsENoUDQUNTNEIUAIUALILAZLARING LARINSFUN 3.20 TngABN1TAIUANLALEINIS

YngUnslasesanteuentiazasuiamisinlunianuIn

h\h-—_
Active Button —— )

UM 3.20 duusenauvredgunIaldiunIuAuLasLanINE
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Control part

Arduino (Pro Mini) 1
Knob > » LED
Selection Knob

Active Arduino (Pro Mini) 2 TFTLCD
) Display
Button Dlsplay & OUtPUt Size 128 x 160 pixel

State
Sit Stand Walk

[ Mechanism part ]

JUN . 3.21 ULHURINNTYINNUYRIEIUAIUANUALLARIHE

910307 3.21 usudsnnsyhauvesdumuniuazuansia Taglunisiuads
LU NS YgUNsalidenanIue (Knob) LLazmﬁéﬁmsﬁwmwaqqﬂmaﬁr}huﬂuﬁq
n13 (Active button) Fsagltlslasroulnsaiaesfifivurnidn d1uau 2 f lnetdenld Arduino
Pro Mini 328 - 5V/16MHz fifiuunniiies 33.3 x 18.0 faduing udiosaniivuiaidnisdena
Tddaunlunsideusegunsalduliiismedsieddlulasaoulnsaians 2 i Feidsd
ftdenadsludslulasnoulnsataasiinuaunisindoulmvssgunsallasssrsnmsuenludiy

yasbnnanaly
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Step Up Module

Voltage Regulator IC

\) " : Battery
Servo Motor Servo Motor ‘—I_
. . i |
(Right hip) {4 (Left hip) Stepper Motor Microcontroller x 2

oy Driver Board x 2

% - Sy
Stepper Motor
PP N

] ‘ —1 Stepper Motor
- 3 (Left Knee)

2 r

(Right Knee) i

L &

Shock up

JUi 3.22 dwdszneulassairauanalnvesypaunsallasssnsniguen

ludruredlasaiaiaznalnvesngunsnilasesnneueniidiuysenoumnan

loun dauveniasiifiuasuunnes washwewes degui 3.1 wazadiulanawmes dagun

o

3.23 FufugunsafdsndmantFunyagUnsallasssrmeusnd lasainguil 3.22 asuandli
Fuasumianisiings wagnnsUsyneutestudiusie vesyagunsallaseeniouen &
salludsnalnveaused (Shock up) Tumstrglunisenlanainvagiau Lasmunisesany
$aildunsanaildgunsaiiuglda

NN3UT 3.23 wwudsmsvhauvesdamnalnnisiedeulmvesyagunsallase
sameuen lneidenld Arduino Nano 3.0 §1uau 2 f Weldduddsanglianduaugy

warn15d 4n157uvesgUnsailaun1snay ud 9013 (Active button) azgnaaluds

¥
a

Lulaspaulnsamesngnilisulusunsuaiuaunisindeulmussyngunsallasesienieueni &
lulasmaulnsaiaesian 1 (Arduino (Nano) 3) Litevinisasivaeuaniuzlagiuvesgunsel

'
a

LLa‘”V]'m'ﬁ?Nﬂ'ﬁﬂWﬁLﬂa@uvLﬁ/i’JGU@\?‘Uﬂ@UﬂiﬂﬂﬂN TNAYUBN ‘UQIMIW?QSUIV]?@L@@?&IJ’JVI 14

v
¢ a a (3

szidudaaruAuNITNY UYBNTs lanawmas T And Sl uS e wavdsand sluds

laulasraulnsataasian 2 (Arduino (Nano) 4) Fsasidululasaeulnsaaesiviutinndsnis
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LazeIUANaAUTweaInasi1wasTualAulwetnes (TB6560 3A Stepper Motor Driver
Board) A43UT 3.25 FelUsunsuAluANNISYINUYeIagUnsallaTes1anguenilazasuie

Wudluasudaly

[ Control part ]

State

Sit Stand Walk

! Arduino (Nano) 3 \

Control Servo Motor

U

o
7N

Stepper Motor
(Left Knee)

Stepper Motor

| iy ] |
Servo Motor Servo Motor
(Left hip) (Right hip)
i Arduino (Nano) 4 i
i Control Step Motor i
! Stepper Stepper !
i Motor Driver Motor Driver i
i Board Board i
i . : i
| :

(Right Knee)

Mechanism part

3.23 unudansvihnuvesdiunalnnisirdoulmvesnaunsailasssnsnieuen
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..y
-y ==
.

-~
—

g‘lh?i 3.24 Planetary Gearbox Ratio 5.18:1 Nema 17 Stepper Motor [36]

gﬂﬁ 3.25 Ksestuaivtaowme? (TB6560 3A Stepper Motor Driver Board) [37]
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3.1.3.7 daunsBauazanildgaguniailassienouen fmshndagngunsal
Tasssumeuenludiundaudifud udmiisnsauzndunssiasmendad fddausinm
wien wazieveaaiuld ludvesvieuvuiinisldanesadime 2 dunus uagludiun
viouanafinsldansiadnsay 1 dus wieuiilgunsaifivasausnauindnde defanild

annsomuldldluragiaiuseainuuni lnendnnie wansdsgun 3.26

e e g o s i —

U 3.26 nsaulduazandayngunsallasesienieueniuseniy
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3.1.3.8 szuussugaNou ngluniseaniuuiazainsynguniailasasg
MeusnilinisAmilafisnnnueuasiinsznitenisvihnuvesgunsalludiudneg Jsinnsinn
WARNTEUIBAINTBUTWIN 40 x 40 x 10 Hadluns Nvun 6 i1 lnefaadluusiinuesgunsal
a < a ¢ v 1 s s a v (% 1 I3
gudnnsednd laun yaweslinamasuiiaueltear 1 @3 (Fan 1, 2) naeouiu
lulasreulnsatansuwazi9astuadulanawmes (Fan 3, 5) waza9aswuaswsasulnindu

WUALADS (Fan 4, 6) éﬁ’qgﬂﬁ 3.27

sUn 3.27 finauluszuussuiganaiouvesaunsal
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3.1.4 N3EUIUNMTATIE M3Usznaulassaieuaznalnvasaunsal

W ooankuukaznaassUsznauuaiuni1ee Tulusinsumouiines9i8eanuuy

[ v

Fousesudl antdudignszuiuntstuuiuanulasludiuvedlasadnamdniiian

¥ '
a ¥ a o

a a & = 9 o va vy a ¢
QQNLUSNSU‘Hi'lJGUUQ']u@'JEJLﬂi'E]\'i"ﬂﬂiﬂﬂ@ﬁi”ll VlVlNTlJlﬂ@’JEJiBUUﬂ@&JW’JLW@i (CNC

Y
v

Machine) &agusunliazininugneies uazwiuddmalidiedensusenauuny wagyinli
nswndeulmuesgunsallifinde lassadvdrunduazioinansnagun 3.28 Fudududiu

d1915UN1IAAAINEBIVTIUUALADT LA 19T 1 M anuAvesynaUnsallasesnesnieuen

C% A 2/ Qsj I 1 4 LS v N
auuaqumsmaaulm wazlASIAS 1V UAIUVDIEIUY LLagLV]'WJ’EN’QIJﬂiﬂJLLﬁ@Q@QE‘UV] 3.29

UM 3.28 lassai1avesgunsaiannegiiillondumvas uagien
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sUN 3.29 lassasvesuniniannegiiilendny uasn

Tunsadeduiuuyngunsallases nateuenatvauunisiad oulnituiinisly

(% (4
a 1 ;%

N32UAUNTITTUIUTUAIUAIELATOINLN 3 37 dIMTUTUAIUVDINADIUTTIWUMALDT Uag

al

WH92995 Wl e9 AlTFensuazauAunIsyIuLeseUnsal swudsludiuvesgunsal
muAuardIN1sAsumdaingliludieunsal lnedanilddunatain ABS Nflaumuniu

uBauss uarBumvgulidnies fsgun 3.30

(%
a [

nsassudludureuiensmutuldnsruiumsTusUiudumeinsosiun 3

acd a

iR \ewndududiufidesnisanuuiugunsussnevas dnvslunszuiun1stuguisiudl

[ v
= a Y

ANNEINUINNTT INTUFUMENTARTUTUTUIIUA

Y

saimsuusdinvenilansumueanduy
vagdniearaInden1sTugy Jeenadwalylunisuseneviuauinaiuaaiainisuau
demansznusenisindeulmvesyagunsallasesienieuenil Jadenldnszuiunistusull

1ngN15UTENBUALAILVRIYANBINAATIZALAAIAIFUN 3.31 uaznsUszneuweslweines

MluszuvdiMatlunsiaiounveyngUnsnllasas N 1euBNkARIRagUN 3.32
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6

sUN 3.30 laseatravesaunsalaniasesiiud 3 &f

UM 3.31 galesnniasigiainegiiiiley wagwanasin ABS
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JUN 3.32 nsUseneuweihwemesiiniuynaIn A1z

nsideuselulasnoulniaiaesuazisastvaivlwamesludugesuanes
waradiuwewed Tufanistiendinuanimsuaussulniludgunsaldsidaiing
FonldUdn (GX16 Connectors Socket Aviation Plug) lunisideuselaeiitlinasaiionisia
Thudnduideuneldudause Snteudazuanasisruaumnelulaivingy wasildydnvel
fumismaideudeiietisaiunaidendeasliia FeervdmwaliiAarandemeungunsel
waz 2903l Tnednungvordnuansdiesy 3,33
Tneudnusaziumisinisidendensasini fadeluil
1. Wendesgnintaasulaussduliinluduneasiiindu Wudemienissne
n¥sendlaiilun lulesneulnsaaes 2astvadiutmowmes
2. Weuseszninlulasneulnsataeifiaiuaumsitnuveaseshueines uay
lulasneulnsaiaesiinuaumsvhauresadiutwemes dvlulasaoulnsamos
4 2 §1 agvhaeuduius fudiioauaunisiedeulmvesyagunsallasesig

&
AYUBNU
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3. Wondossvhnssivadiuluemesludiadiutemes odinsuazaiugu
mandeulmvesyrgUnsallaseianisuenludaui

4. \Fouseszuindlilasaeulnsaaesiuweslmewnes Wodinsuazaiununsg
indeulmvesyngunsallaseneneuenludiuien

5. \Geusesgninshilasaeulnsaieiiugunsalmusuuazuanima@uisdy) ooy
i 2 Udnillfideuste VANl 1 axdudiunistrendsnuliiihnnnisosuasussiy
lugnsasiafhaelugunsalmunuuasianiua wazudnil 2 Wudiunsdsds
mhendiglidenludililasneulnsaiaesfinmugumandeulmuessyngunsel

1ASIS9NLUBN

gunsalmILANLAzIaRNa BoNRUUINUY THiaTaeun 3 dalun1sTusUduau

ponun lngoenwuulvidnuuuisdusuaudnany ¥ 13 Feauisaaiuinnuaiuiieduvedl

1% (%

¥ a a a v

Adulsimed wanedagun 3.34 Fadudumiwediodlined Snilanunsaldlavisyanaiioin

1%
v

= ¥ ¥
Nedlevnn wazgela

JUN 3.33 Uanweustagunsaling
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UM 3.34 gUNIRIAIUANILATLANINA

o 4
3.2 N1528NLUULUIUATNAIUANNITINUYBIRUNS
N13AIVANNITYINUTBIERsukUYgUNsallasIT B uenatvayunisadeulna 14
Lulpsmaulnsaaas (Microcontroller) vianain 4 67 &eldlunsdanisigesiiveinas (Servo
A & €1 o w (Y o 1 @ 3 g X
Motor) Nlugunsaldeindamantunisiedeulmvmieuuu 1 1 AuaumsviuvesELivls
nowmes (Stepping Motor) fldlunisirdeulmivivieuas 1 wazlulasaeulnsaaessn 2
i Mdmsunissumdangldmadinisieniuaunisiageulmvesyasuiuugunsailase
TNABUDN Lazkanmauuntne Ui uanuEdens lnglulasroulnsaiaasng 4 das
unauiuieauaun1syinuesgunsal Inglulasreulnsamesindenidda Arduino
Nano 3.0 4az Arduino Pro Mini 328 fa3Ufl 3.35 uag 3.36 Llpsanfiawiain Suminiun

(%
v v

a a o Y a ¥
’e]ﬂ‘VIQEJ\‘iﬁ’m’ﬁﬂL‘UEJuI‘UiLLﬂiﬁJﬂ’JUﬁ]ﬂJﬂ’ﬁ%']\‘i’]“lﬂﬂ\‘i’]&@ﬂﬂ’m
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aafinanaluludadulysunsuavaunsiedaulmivesgaduluugUnsailasesig
Meuenatvayunsindsulmtuiviavan 3 aniug lawn N3 158y wagn1siu taed

PUANNITINITUATUBLRURINITYINGU mmgﬂﬁ 3.37

v o 3 Y1 A o 14 N
Q']ﬂN\‘iﬂ’ﬁVI'N’WUGU’eNI‘lJiLLﬂﬁJ@UBL“WL!IWD’]Lll’e]llﬂ'ﬁﬁ\‘lﬂ'ﬁi%ﬂjaﬂuﬁﬂ?i\lxﬂ'ﬁ

auresgunsaliuagiinsnTvaeuanuziivvetgUnIainawaueliieliinAuUaensiy

fogld wagiion1svinungnees

=
-
=

e

=
=

=
-

-
=

o
=,

L

Ul 3.36 Arduino Pro Mini 328 [39]
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Select a pattern

64

Check degrees
& limit switches,

(Sit Position)

No

Check degrees
& limit switches,
(Stand Position)

Press
the action
button

Ne

Check degrees
& limit switches.

Yes

*To Stand Position
Motor
oo

B

*In awalking staie
Stop Walk &
Motor drive

*To Stand Pasition

(Stand Position

Check degrees
& limit switches,

i (Sit Position)

Check degrees
& limit swifches.
(Stand Position

No /‘D&SS
th

*In awalking state
Stop Walk & |
Motor drive

2

e action
button

Motor drive
Follow the walking
pattem

4.
-

End

UM 3.37 wudamdnnisinuvedusinsumuaunisnioulnivesaunsal
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NIFUN 3.37 wanaurudadnnisinuveddlsunsuamununisindeulnivesgunsel
lpgn1svhausuauanmsiglddenguuuunisindeulmuesalaseseniguandiumianis

(%
Y

vadauuAuTady uaznadensuuuuiedeulm sukuumMshuiiienan 3 sUuuu Ae A3
tfa M3ty wagmadu Ineasinisvinuredusunsudsdl

- sl

Fefltidensunuunstaudninisnadudsnisiau (Active Button) Tsunsuaz

CY

yhmsasvaeusUuumsidoulmiagiuingunsalogluguuuunisindeulwila Tagizuan
msmsaaaevitgunsaleglusuuuunsissolsl vinanurvesgunsalegluguuuunistieg
uigunsalazaunsinulnghideulmuarsesumdinisiaudely usmngunsallald
oglusuuuunstiaaznraaeuaniurgUnsaiaganugnsBunielal mngunsalegluany
sunuunstulsunsuasdsnisivssuudsidsmeslisewmes uazaivueines) vialne
maidoulmliogluzuuuunisils uimngunsaleg junvuniniudugUnsaiasnganiniu
Tegluanuzguuuunsiu uazvmsdamsssuvasidsindeulmeunsallidsmudids
voslfuudinumahauiazsesuimdsannglisely

~M38Y

HegldidenguuuumstundsinisnnUudenisinnu (Active Button) Tusunsuas
yhmsnsvaeusUiuunsiadeulmiagiuigunsaleglusuuuunsindeulmla Tasisuan
nsnsivdeuIgUnsaleglusunuunsBuvs okl winanuzvesgunsaleglusduuunistiuey
uégunsalazaunsihaulagliiedeulmuazsesumdinsvinnusely wivngunsallaily
oglusuuuunstusznndevaniuyngunsalaganugmstivielal mngunsalegluanuy
sunuunstalusinsuazdanslissuvdeindatweshueines tazafiuueines) vnaulag
mawndoulmliegluanuegunuunsiu uivngunsaieg unuumaifutugunaniasgn
maiulvogluaniuzsUunuumsBundinunmshauuassesumdsanngldsoly

- NSHAY

SogliAenguuuunsifiuudinnisnatudsnisienu (Active Button) Tusunsuas
yhmsasaeusULuunsindoulmiagiiuingunsalogluguuuunisindeulwla Tasizuan
nsnsaeutgUnsaleglusunuunistunseld mnanurvesunsaleglugunuunisiued
uigunsallsunsuardsnslissuudiindsiuindeuyagunsallasssrsniousnlvinisiiu
muddafilddslneisunnsAnuennou uagaudiendis uazgunsalazvinnisiiy

satiadluluvaendldnadudinisviia (Active Button) A1alY uazdyliviganadudanig
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MaugagUnsallasesienisuenaznganisiiueglusduuunisdu@easaaiugnissuly
Tusunsuey) minglénadudsnmsdnassfazanunsaduseldvud wimngunsalogluanus
sUwuumstslusunsuazdanslissuvdeindaieoshueines wazadiuueines) vnaulag
naidoulmliegluanursuuuunisBuneu warantulaSuiunuddsiaenisnaluds
nsialinaannisiedeulw) uaznisdsusuuuumsiedevlmvesgunsalarnnsifiudy
susuuBuiugUnaniasvgannAuliogluanur uuuunisBunassesumdsngldsely
Tnewffelsifinnsnayudsnis (Active Button) gUnsalazasaniuzuazgULUUANS
A oulmiduly Hagununisdauaznisiu uardrogluaniug nsiiudiongaiduaznga

indeulmilviegluguuuunstu

W G'¢h9

JUN 3.38 funiagnaudald (Center of Gravity : CG) ves¥ngunsallasesianieuen
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3.3 MInagauNTINMULAzUsEANSMNUagUnaliuLuY

lun1sneaeun1sviukazUseansninvesgunsaliuluuiuazun1snegaeu 2 du

[ v < a
3.3.1 N1FNA[BIATUIUKITSESNID LL?IZﬂ’J’]ﬁJLi’JGLUﬂ’]SLﬂu

189N AUASIUATUNTNTEEENIE 5 LUAT BaTUUINUIUNINS DU URAALT LY

a & v R & vaa
N13LAU Ifﬂ&J‘Vlﬂ’]iVl@ﬁENVNVill@ 10 i’e)UG]’e)l}UWlﬁﬁEN 1 AU I@S@j’i?ﬂ%@ﬁ@ﬂﬁ]gL‘lJurZ‘JJ‘VIZJ’i’NﬂW‘EJ

a

Una

3.3.2 N1SNAFAUSLELIAINTITUADNIsTIsatuammassan (lisidaiuld)

Y

NINAADUTEHZLIAINITIIENEINUVDILUAN DS TNV AL Tavin1sneaauluvinfiu

!
al

aqunsBuintuvaenlifidanuld lneliaunsalieulwinfuieliondunan 10 il wae
@ oA < A v v [J [ ! 4 ! o Y v
wntuvinBudunat 2 uitaduiuly wasvinisiunannunigunsalaylianunsaviaulagy
< Y o=l & Y ¢ e w <
\HBINIINNENIUVB VAN TV TIUNINTTUIATUNISYITIUAWEIIBNGIY Tneiinis

YNAABUVNUUA 3 FOU

M15197 3.1 a51sEaNsAUMslEnaIYBIYRlasIssneLeniedglunIsiaGau L

YBISTNANYAIUAN
aunsal U | nIzualnin wseaulnin | Ardsludi

Arduino Nano 3.0 [38] 2 19 mA 5 V 0.19 W
Arduino

P 19 mA 5 V 0.19 W
Pro Mini 328 [39]
Servo Motor [40] 2 500 * mA 24 V 24 W
Stepper Motor [36] 2 1.7 A 24 v 81.6 W
Stepper Motor Driver

2 3 A 24 V 144 W
Board [37]
neay 24v [41] 2 0.1 A 24 V 4.8 W
Neay 12v [42] il 0.1 A 12 V 4.8 W
DULAANE

1 50 mA 5 V 0.25 W

(TFT LCD Display) [43]

374 25983 W
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* no load

** maximum output

1NMIT199 3.1 AIFWANITAIUIUNT N IUYDIYALATIS 1IN DN e Y

nswrdeulmvessngdua1s nudgunsallimaslniiisan wiriu 259.83 Jnd TngAuin

a

NNIeuageaangunsalingg ansaldnuls ludivesgeilwemesmuininnislday

9 9

Yz laiusamuvsouming e umyy

P=1V
(3.3)
P wny A1aeli ey 98 (W)
| Wy nseudlnin vdedu wouLkUs (A)
V Wy wseeulndn ey Tae (V)
E=P/t
(3.4)
E Wy wasulndn el 38 (J)
P wny - Anasleisin ey 0 (W)
t WY 180 ey U9 (s)

INWUAMBDINADNEY AD wummaIatieuloaau (Li-ion) kssaulwidn 12 V 15 Ah

gav wasaule (J) Aaalniln (W) x 1381 (s)

n&aulnih (wuseed) (J) 12V x 15 A x ( 60x60 s )

n&aulih (wumeed) (J) 648,000 ( J )
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Aamattunisldaugunsal agle

0 wasaubild (J) Aaalniln (W) x 1381 (s)

Azl 181 (s) = wasuldn (J) /7 maalnda (w)
3a1 (s ) = 648,000 (J)/ 259.83 (W)
a1 (s) = 249394 (s )

fatiu anlunislaau Ussunar 41 Wil (31nN1SAIUIN)



uni 4

N1INAADILLASHANTINAADN

4.1 sunuugngunsallasesienigusnatuayunisiaaeulvg
PNNsAneINsAGeulmYeITanig wasnsinyideyaneiiuiandmiulasase
wazaUnsaldeindsesgunsal hdeyauneenwuuuasiaunladufuuuuyngunsallase
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F991NN1599NULUUTN AT ITUIN LAZIUINYBIT 1INV IUARLYAARTITAIY

2V

waneneiy AetusukuuyngUnsallasssuneuenatuayunsiadeulmdeeaunsausuun

Tudusngg lansil

1. @17 a11150USUTUINANUNINLAtLYI9 30 - 40 LWURLUAS
2. @UVIVBUUY A11150USUANNEILALUES 30 - 45 WURLAS
3. @IUVIMBUAS A11150USUANNENILALUEI 30 - 45 WURLAS

4. @i anansasesudlinianugn iy 30 WwuRlins
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4.2 MSNARDIANUIURITZEZAND LLﬂ%ﬂT’ISJL%’JFLuﬂ'I'iLau
4.2.1 NaN1INNaY Q’ﬁ'qwmaaaﬂuﬁ 1

$MNSAUATIUAUNTNTZEENI 5 1UAT kA TUIIUIUAINSDUNIFULIAT 1T LUNS

WU Inennsvnasisnun 10 iEJUGiEJQ;I:V]@ﬁEN 1 AU

H3IUNARBY (319N18UNH)

WE 0 918 25 U witin. 54 Alandu duge 179, 1wuRluns

A13797 4.1 AT INANITVIABRIANLIUMNTTEEATY WarATIlUNISANYRITINNARe 1

f e — £ 5 N\ AUST
ANTNAFDIATIN | IUIUNN (NDQ) | Seeen1d* (LUAT) L3a1 (IUm)
(lum3/und)
1 30 0.17 41 0.12
2 30 0.17 38 0.13
5 B, 0.16 41 0.12
a4 32 0.16 41 0.12
5 37 0.14 48 0.10
6 34 0.15 44 0.11
7 32 0.16 40 0.13
8 34 0.15 44 0.11
9 36 0.14 46 0.11
10 36 0.14 46 0.11
\de 33.2 0.154 42.9 0.116

* Sygend (WHT) = 5 LUAT / 1UIUAT

** 3315 (WHSAU) = 5 Wes / 1a1 (Gud)

AN UNISIAY WAy 0.116  LUASABDIUN
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MNSHAUATILUAUNTNTZEENG 5 LUAT kA TUIIUIUAMINSBUNIFULIANT LT LUNS

A Inenn1sneaesiante 10 soUrormAaed 1 AY

H3IUNARRY (319N18UNH)

_______________________________

YN 50

LYUFLUNT

A13797 4.2 AT NANNTVIABBIAMIUMNSEEZITY WarAITlUNISRUYRITIUmMAaIN 2

s A N\ / . AIST*
ANTNAFDIATIN | IUIUNTI (D) | F8uEN1Y* (LUAT) L3871 (Aum)
(lum3/und)
1 31 0.16 39 0.13
2 24 0.21 32 0.16
3 21 0.24 27 0.19
4 26 0.19 33 0.15
5 34 0.15 44 0.11
6 27 0.19 35 0.14
é 29 0.17 37 0.14
8 31 0.16 40 0.13
9 28 0.18 36 0.14
10 26 0.19 33 0.15
\de 27.7 0.184 35.6 0.13

* 539917 (WAS) = 5 AT / 9N

** 35 (WHSAU) = 5 Wes / 1an (Gud)

mmﬁfﬂumnau WAy 0.130

LWIATADIUN
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4.2.3 HaN1TNA8DY Q’s’wwmaaaﬂuﬁ 3

MNSHAUATILUAUNTNTZEENG 5 LUAT kA TUIIUIUAMINSBUNIFULIANT LT LUNS

A Inenn1sneaesiante 10 soUrormAaed 1 AY
H3IUNARBY (319N8UNH)

WNFL AR e 24 9 witin. 55 Alanu diuge 160 1wuRluns

________________________________________________________

A13797 4.3 AT INANNTVIABRIAMIAMNSEEEATY karATlUNISRUYRSIUmMAaIN 3

s A N\ / . AIST*
ANTNAFDIATIN | IUIUNTI (D) | F8uEN1Y* (LUAT) L3871 (Aum)
(lum3/und)
1 28 0.18 37 0.14
A 30 0.17 39 0.13
3 31 0.16 40 0.13
at 29 0.17 38 0.13
5 30 0.17 40 0.13
6 32 0.16 42 0.12
& 34 0.15 45 0.11
8 32 0.16 41 0.12
9 X 0.16 39 0.13
10 28 0.18 36 0.14
LQ%EJ 30.5 0.166 39.7 0.137

* 539917 (WAS) = 5 AT / 9N

** 35 (WHSAU) = 5 Wes / 1an (Gud)

AN UNISIAY WAy 0.137 LUASABDIUT
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4.2.4 NaN1INNaY I}:\!Iil’J&I‘VIﬂaE]ﬂﬂuﬁ q

MNSHAUATILUAUNTNTZEENG 5 LUAT kA TUIIUIUAMINSBUNIFULIANT LT LUNS

A Inenn1sneaesiante 10 soUrormAaed 1 AY
H3IUNARRY (319N18UNH)

WE 0 oy 23 1 witin._58._ Alandu diuge 175 1wuRluns

A13797 4.4 AT INANNTVIABRIAMIUNSEEZIT WarATIlUNSAUYeITINNARe 4

s A N\ / . AIST*
ANTNAFDIATIN | IUIUNTI (D) | F8uEN1Y* (LUAT) L3871 (Aum)
(lum3/und)
1 37 0.14 48 0.10
2 35 0.14 46 0.11
3 32 0.16 42 0.12
4 34 0.15 43 0.12
5 31 0.16 39 0.13
6 33 0.15 40 0.13
é 34 0.15 41 0.12
8 33 0.15 39 0.13
9 36 0.14 46 0.11
10 38 0.13 48 0.10
\de 34.3 0.146 43.2 0.116

* 539917 (WAS) = 5 AT / 9N

** 35 (WHSAU) = 5 Wes / 1an (Gud)

AN UNISIAY WAy 0.116  LWUASABDIUN
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7

YINNSHUNTIUAUNTNTEOENIG 5 1UAT WATHUTILIUAIINSDUNITUAATIUNIS

A Inenn1snaaesiaie 10 seusegmaaes 1 AY

H3IUNARRY (319N18UNH)

1NN 56

A13797 4.5 AT NANNTVIABBIAMIUNSEEZITT WarA T lUNISAUYRINTINNAGeIN 5

s A N\ / . AIST*
ANTNAFDIATIN | IUIUNTI (D) | F8uEN1Y* (LUAT) L3871 (Aum)
(lum3/und)
1 31 0.16 40 0.13
A 30 0.17 40 0.13
3 29 0.17 37 0.14
at 34 0.15 42 0.12
5 35 0.14 42 0.12
6 32 0.16 41 0.12
& 33 0.15 42 0.12
8 36 0.14 44 0.11
9 37 0.14 a4 0.11
10 34 0.15 41 0.12
LQ%EJ 33.1 0.152 41.3 0.121

* 539917 (WAS) = 5 AT / 9N

** 35 (WHSAU) = 5 Wes / 1an (Gud)

mmﬁfﬂumnau WAy 0.121

LIATADIUNT
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A15197 4.6 AT HANITNAABIATUIUNTEELATY LLﬁ%ﬂ’JWNL%QIUﬂWiLauLﬂaEJ

NFIIUNAGBI 5 AY

fnaaesil 281 (1Wn9) ANISIUNIIAY (Wes/Aund)
1 0.154 0.116
2 0.184 0.130
3 0.166 0.137
4 0.146 0.116
5 0.152 0.121
Rl 0.160 0.124

NHANTNARBAALANARDY 5 AU WuitAuLUUYAUnsallAsIIIIneuenatiuayy
madeulmtulssesiniedsUsyanm 0.160 was wazdlarusilunisiiudseann 0.124

LIATADIUNT]
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4.3 n1SNAFaUsTELIaINITITIURanIsEsanuanassian (ludsaauld)

Y

NISNAFDUTLHLLIAINITINUNA I UVDILUALNDSINV15AAL Fevinnsnaasuluvinifiu
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M9 4.7 M13NMENTVIRBUITEEIAINsIUsam sk UsnesIhn (laifidaold)

. nanflgunsalineny nanlunswsauuainess wssulvin (V)
o (W97) (W97) (1531gn NM5MARDI)
1 52 170 12.1 - 10.7
y 55 182 12.2 - 10.7
b 54 176 12.2 - 10.7
i 53.67 176
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High Tomque RC Servo Motor

Dimension

: 4-H4
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Specification
Torque (kg.cm)
RModel 24V 12V
MCRED G0 30
WCR1E0 180 40
W CR2E0 280 140
M CR3E0 380 1480
W CRAD0 400 200
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Exoskeleton Suit Supports the Movement

Parkbhum Feanaree
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Abstraci— Thailand is entering into aging society. Paralysis oc-
ours commonly in this group of people. This 15 a dizease that af-
fects the nervous system, incloding muoscolar weakmes: or Amyo-
trophic Lateral Sclerosis (ALS). Patients may not be able to walk
or mse their lower part of the body. Hence, physical activity is
fundamental to humamn life, if the elders are mot able to walk or
e some of their body part, their quality of life will be redoce.
For this reason, research and develop t of an equip it to
assist physiotherapy rehabilitation or supports the movement of
patients bas been made. The focus has been drawn to standing
and walling, which will result in a better fonctioning of the pa-
fient’s body. This lead to the creation of the profotype exoskele
ton swif supporting the body movement. The wearable device
consists of 2 movement mechanism, and a microcontrollar-driven
system. The development of the device is based on a normal bu-
man’s gait. In addition, the profotype has a mechanism for limit-
img the degres of movement of the joints in the waist and kmee,
with both mechanical and electrical security. Finally, this device
can help the patient's body stood uwp and assist the walle, which
allowing them to take care of themselves amd not rely on the
family and society.

Index Terms— Exockeleton, gait, ALS

I INTRODUC TION

According to the report on the issue of campaizning the
world paralysis m 2016 [1]. Thai people died of stroke or pa-
ralysis up to 12.8 percent on average, due to a nonproper phys-
ical rehabilitation aceordmg to the academic pnneiples. This 1s
often cansed by the lack of equipment within the physwtherapy
center. After the patient left the center. they were unable to
provide the tools to help restore the body movement at home,
as those tooks or equipment are expensive. The study found that
patients with paralysis resulting from stroke, if they were phys-
teal they can help restore the brain and the bedy can result in
recovery activities using the same principle a= the moror-mmags
mevement [2]. We have realized the importance of this. There
has been a yesearched and development of a set of eutboard
equipment to suppert the movement up to help solve the prob-
lem This device can help physically restore the body move-
ment of the patients. It can also help paralyzed patients, with
spmal cord mjury that cannot be recowver, to stand or walk. This
enhances the quality of hife for the patients and thewr families.
Becanse patients can take care of themselves more, not becoms
burden to the family and socety. In addition, the results of the

978-1-5386-5724-9/17/531.00 ©2018 IEEE

C. Pintaviroo)
Department of Biomedical Enginsering
Faculty of Engmeering
Emmg Mongkut's Institute of Technology Ladkrabang
Bangkok, Thailand
chuchartpmtaviroo; @ gmal com

development and research of the device can also serve as a
model for the development of others equipment m the medical
mdusiry. Thus, this reduce the mmpori of geods from others
countries as well

II"RERATED WORK

A Guait Analysiz

Human gait 15 caused by the movement of two legs. Gart
eyele i= dnnded mio two phases;

1. Stanece phasze 15 when the feet are on the ground.

2. Swing phase 15 when the foot floats ffom the ground.

Abnormal walking has many mupheations for buman life
and many people find it caused by osteoarthiifis. Patients mmst
be treated properly and also underso a physical therapy. There
are severz] methods of analvzing buman’s walk. such as the use
of dynamic amimation systems to analyze buman movenents.
Gait analysis using the camera, requires active markers to be
emitted at a specific wavelengths. [3] Thes system requued a
camera to collect data wlich alse mean that a large amount of
space 15 required for mstallahon and storage. Problem can oe-
cur 1f the camera cannot detect the markers that are attached to
the patents. Therefore, this research seeks to collect camera-
free data to reduce the problems. In this research, the Inertizl
Measurement Unit (IMU) has been used. The IMU consist of
3-axis accelerometers and 3- axs gyroscopes. They are used to
measure angular veloeity and acceleration respectively. Also,
the angla batween themselves and the earth can be caleulated.

B. Exockelstons

Manw researchers and engineers are working on the devices
that help persons with locomotor deficiencies due to accidents,
scleroms, or other disorders [2]. The amm = te develop an
equipment used by everyday people mstead of wheelchaws.
The key challenzes m creating an external skeleton are the
qualitv of the motor, the mueroprocessor capabilities, and the
hizk-power electronics that diive the motor m the device, m-
chuding the battery that needs to be sized. Small compact exo-
skeletons technology has emerged from military technology. It
15 @ device that belps m the walking of people with paraplegia.
The nggest problem of outward layouts 1= that it 15 very expen-
sive and people with mobility disorders cannot afford it



The design of the device does not have to be complicated,
such as walking up and down the stairs. These types of com-
plex movements will follow in the fiture if they can cause
basic movements, such as walking on flat ground to gain
weight. They must be farthful and free from harm to the mdi-
vidual and must be affordable. Another useful concept m au-
tomotve design 15 that, if the weight of 1 Ib. can be removed
from the car with the actnal weight of 3 Ib.. Hence, the mihal
weight loss of 1 Ib. can make the engzine smaller because 1t
does not have to cary a lot of weight and can make the trans-
mission system less power due to stress is not high and so on.

Most exoskeletons are equipped with metors at the ip and
knee jomnts and meorporate custom electromic robot controls
and battenies mto the device. The user also have to use the sta-
bilizer support with the thimbles. The goal is to zet 1id of the
crutches, but at the moment it 15 not possible to do that vet. The
development of the device control system uses sensors to detect
a small movement of the patient m order to guide the move-
ment of the device m varons ways.

On the safety side, ot 15 unportant to desizn the device that
will be nsed with the patients. Most of the research works with
physiotherapists specializing m spmal cord mpny and people
with meningitis and paralysis. Because the target user 1= lack-
mg in the lower body movement, it has te be sure that the exo-
skeletons provide relizble movement, espacially when the user
walks. One of the unexpected 15sues involved squeezing of the
skm  because the sensmg system 15 nof finchioning, patents
will not know 1f there 15 2 compression until they see their skin
getting wounded. Makmg sure that the device does not touch
any of the bones, which ean cause excessive pressure on the
skm

Several groups are workimg on new devices to help treat the
effects of siroke. Instead of wearing skeletons to walk, stroke
patients use excskeleton as a fool to help control hmbs. Unlike
severe Menmzitis, which most doctors beheve 15 a permanent
mjury. The bram 15 capable of recovermg from the damage
canzed by stroke. Skeletons are one way to help with these re-
petitive movements and may help to recover faster and betier.
Stroke studies are cuwrrently bems studied to leam that the posi-
tve effects of external skeletal as=sist m phy=ical versus phys:-
caltrainmg.

Exockeleton abroad has begun to push mio more commer-
cral for example m February 2012, 1 was donated to Craiz
Hospital in Denver, Colorado. In Thailand, more and more
research on this device has bean made[4]. It iz believed that the
device will help mprove the quality of life of patients m Tha:-
land.

I ' METHODOLOGY
In thes Exoskeleton desizn, the followinz parameters were
taken mbo account; the size, weizht and appearance of the ap-
plication. They are lizht of weight, so they do not have o bur-
den the wearer, and thev are easy to wear and the appearance
looks user-friendly.
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A, Sowctural Design and Internal Mechawizms

*" Study the walking pattern and movement of the legs
while walkng to determine the position of the mechan-
ical design and wear.

*" Device design and smmulation using computer aided de-
sign program, in a design that takes into account the
simple and cost-effective mamifacturing process.

#" The device can be adjusted to fit the body of the wear-
er. Both in the waist and leg length. The prmeiple of
the twnbuckle (stretchng screw) to adjust the waist
width [3], as shown m Fizure 1. The legs can be disas-
sembled and adstable as shown in Figure 2.
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Fig. 1. "Mechanizme: of adjusmment the waist part
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Fie. 2. ‘Mechanisme of a dusmesnt the leg part

»" When the device ic designed to work as desmed, ot is
molded using simple and cheap matenials. The material
used to make the device 15 alumimum The highiweght,
strong when compared to other matenals, for example,
steal or carbon fiber. Some of the equipment 15 made of
ABS Plastic with 3D printmz, which i= used m parts
that are difficult to produce m other ways. Including in
the eover to the device has a beautiful appearance and
user finendly.
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B, Circuit design =
* Prmeple of work m controlling movement of equip-
ment based on the human walk. This will prevent mjury Gdlot i paten

from moving beyvond the rangze of movement (ROM) of
the human body. The device has limit switches and
mechanisms that can be admsted te lmut the ROM to
fit the patient and protects the wearer with two layers of
mechanical and elactrical

& Electronic circuit design for stonng leps movement us-
es two IMUs to store the movement of the thizh and
shin The data 15 sent to the microcontroller, as shown
m Figure 3. to process and caleulate the patient move-
ment [§].

*" The contrel uses a joint stick to modify the movement
pattern of the device. A workmg medel of a thrd med-
el based on fundamental lmman movement patterns
such as walking, sitting, and standmg The operating
principle of the device is shown m Figure 4.

* The Exo:keleton fransmussion system utilizes serwo
motors and step motors to confrol the movement of the
device by microprocessor. It works with the IMU sen-
sor to provide safe and accurate movement.

Check dagrem
e lirni ik
(=0 Podtio

Fig. 4. ‘Diszrem of the device.

IV."RESULT

The Exoskaleton Swt has 2 weight of 20 kilograms and can
be admsted to sust the wearer's sme. The warst width can be
adusted i the range of 30 - 40 cm as shown in Figure 5 and
the lenzth of the thizh and lower lezs can be adjusted in the
range of 30-45 cm_ as shown n Figure 6.

Fig. 3. DMUs position.

Fig. 5. “Waist paris.



Fiz. 7. ‘Assembling the back and waist

V. CONCLUSION
In terms of shucture and zppearance, it is mportant to
make the device attractive and usable. The next step is to im-
prove the control system so that the movement of the device is
smooth and closer to the uman mevement. The biggest diffi-
culty m making this device the perfeet chowe 15 to use a battery

106

that can provide hugh power for a long time and must be hghi-
welght as well Includmg the design of the wear parts of the
dewvice to contact the body to prevent the pressure on the body,
resultmg in grinding wound We also plan to use this prototype
to test the patient to get this mformation to improve and devel-
op this device. The next goal in developmg the device is to
develop a motion control system m the form of steppmg up and
down the staws.
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