2l 30 polie yxbg Joo ol g (2l)b
& 3-RRS p5ilso ;3 oolaswl b 5ig55lg

& Sibw diged (s9)
dioflos D3 Ui )50 (S (slodhows o0, B ) S Sr sloyzls
9 il o Jole OMSCie () o 2> e pue o 0gdle o8 ol ]
Rl g oo (Frro oS S sl ol Lid> Clbl L by S e )
g il 3,8 s Jmo Slpie 4 3-RRS 210lo G folis 45 acgazo
/j JP(;U/“M} ) walizeo .Z.t/).‘.uj.) Jowf/).é’ d/ﬂb}fsbuw
o Gl Jhe G Al G e S La> S pien ) oolil] L
48,5 5 Liolei] 0,50 g ol diSle sl dw oy ) oolitw] b acgazo

ISME

' g8lg> 315 pe0
Sldls

Y . .
doslb (g pox> ylowy
sl gl 5

"9y Juddl S

i) (gl IS

Olezed J5S «(slge prilSa o S955ly wb (B by < Lot (slo o5y

dodio —)

Sl s (5o i gl a5 Cunl ol 8 alST (gl 5l 090 hiley (nyiee SIS Lejarlg
b ooy ol S o esliin] 3, slayzby 5l Jolas Liis soc g ghtzmale cied e 4 el
alizee slo e ;o (5o atws Gl esliinl b g e J5S 9 (S0 g ) (595 Sl esliul
odd ploxil (S IS8 5 (5 2 0l (J55S 695 2 0L Sl la)lS BLS,I nl )0 iaiiS (oo 25 >
b sl Slob shls o ol Bl slp 1) by S 1 SRS pees 3l 5 D)8 el
Senlind (glojleme oblyy 2l J5S s Bglinal 5 Bhp [V wisses (Bpme vt 5>

Iv] NS By ly sl

mjavadi@azad.ac.ir |05 cogiz ol s 9y (oadbasl ol31 olStils «Sig plSe 09,8 Lol ¢ Jgtums odimngi
paymaanjafari@gmail.com |, cogix ol s 9y o codll of;T olKitils (g 515 09,5 cads )l puoliis 157"
Afzalpour.n@gmail.com )5 cogiz ol axly godl 03T olKutils Sy 51Ke 05,5 cid )| owlits 57T
YRR VAR SRRV T R TAA R VAR SRt PR Tt



WWAY [l o Jsl o leds cptinnn Jloo Sl SlSe wiige cidgl & i vy.

5 oobe I¥T wols 15 a2 8550 ciliie wlse b ag2lge 50 1) ok JyuS s (500 5 (ogmd
OhlSen 5 5Y5i5sS [F] wia ) olitul jzhy ey (03] sty sl syt 4l by, 5l o Sen
) g by i Sy oS0n 5 iloss (0] wosas yme Lomles ol |y ol sleasls
JrsS w3555 5 955 L8] wo 5wl s oS e wad iy JSie sl)ls 4 g0l
5525 Sl pgtos 31 Mo 5 Ty IV] iols aloi 1y 5l mal3él bl b elis Sy S
Y bl b zrhy J5S 0550 58 oiSen 5 (2 Al wio 5 eolisl asly sloge s armile g1z |,
ool plxl aie cpl jo (gob; [l slo )5 3 Sl yo 1al Wages )l odlae b aly 5l (23,
L le oLl )0 Wgd co aglae T b aiedles ol 3l a8 conl Myl (o Jobss Laas [VE-) o]
| ozhy b johite fued 4003y oo Dygo yilul lag 2 o0gamme jo & 55 50 (p0ls )18 oS >
S sl 151 o 4y aslsn el oL3l B anils Se5leas Culils a5 5 oL
oolawl Jao wai e 3-RRS (g3lae Ol SO 5l a8 ool Byae ybg Jow SO dllie cpl o
) oo ol ks o Joio g5 S5 5 opdle a5 wasse 1y ISl ol p3elSe el S o0
51 oolizil b diges ol peimon o Joio 88l Cunds ;08 3-RRS @by, 5l eslil w8 S 5

Wi oo By o9 n 1S9l e w4

3-RRS il 6l yxolyly 5 peo —Y

50 cokiwd Jites o] jiel)l aw aS 004 sae b 3-RRS S jmie paily Cuxdae g g slo el b
IR oo S35 Jalod ob Caz g CusBge 4 bg e el £ ool VY] [VE] 5 Vo] slaalla
dw g &S > 50 gol3] a0 aw gl)lo 4 sl sais eols L 3-RRS las b,y (V) S o wailass 5
B, o9, clhlo a5 oYl ggluie cdie JSb 4 coli 6 ambio G ol S ST b oz
Jd pid > fate dw Sl a8,5 15 oS 0 "R" Jaxe opls glads 3" D" 2o Jsb L (=1,2,3)
Jid e s > fate dw yuzed Sl Gdaie By 5o ] 5,0 a5 o)ls 18 Edie ul) 4w a0
el 0as o0ls yLas (1=1,2,3) Gy L o o] 55 40 a5

3-RRS lasd o, Soles =) JS&



Y1) gl 03l b Ss53ls il 5o pslie by Jow cila 5 b

90 Omle SSd Jsb loals a8 3 L5 10 (ghlse o Loy 0 50 $98 Jake 90 0 5,2 e
clie S0 a4 YU S pwe gambo Gl ool e H ( Silesews 0,00 20 0 oio > laks
£ 695 Jate dw Cul oals a8 5 lai 0" o o plo glad g "a" alo Job L oS! golucis
Jsb iyls (18 (=1,2,3) & bla ;o YU S e gaman @MY golacie Edie ol a2 0 Jled
o ol 350 10 0 lase aS el ouls aid F ka5 5 O-XYZ ol colb (6 asmans o Slaize
S o yeee By 510X g il col pyaily ol OXY gamian ool a8,5 (18 0l (6 amino Edis
g J)z,o J..a.n.o 6;":\%51)' Jove G PR RS i=1,2,3) 'Si L GBi 9 0):¢ Jrey Q.:.gLo < 4,15|)'
ZP Y S e gamao Slabuw [0 uized el odl ools lis 4=1,2,3) g L b S o
sbls; ((p,@,\y) 5 Col ol col (6 asman Olaise 4 cos ol 65 S 0 0 P adails glay)
ovgy 5l 3-RRS ol casdgn Jo lp aiwn Coll gamtno 4 Cand S yxin amio gl 15 >

Sges JyS 1, by o) 5 eoliiwl b g 8,5 acwlxe |, YU S ot (gamin Cunbge

=g Joo 2l -Y
D9 o s (61380 053 g (Sdg xS ¢ Sl (b i

Sl olyb ) ¥
odd osliinl (Gam dw yihp bawgi @ (ile diged by, 5l by (SEle (b sl o39n cnl o
sok pl Sl ( les b (b et an gam A 5 bawgl (o dw bl ol gl ol
Cowd 2leg IS8 Coled 5ol B0 pS o0 1,8 0550 bl )0 (aseine IS5 g ojlail 4 ons J s
il dl> o ds Jolds (gam aw Cay a8 bl sl

Sl Oldee Y Cl> -V g5l Jow -)

il Jow =1 - -
S pmelS Moo lag,b & Sz 3,0 Sl g5 IS s e (Sl a8 05 S
2,5 o,lul Inventor 4 Solidworks . AutoCad 4 g5 oo b )l38l o 5 (pl (galoz 5l gl o oo
S50 )R8 p i ogdiee bl S gy S5l e 5 50 04 BB w3 L STL e 4y Jowo (nl g
Lug Gldbl ol o 5l e S JisS 1) Ol Slles g 050 sp,a0bp Bpas olge 5 yiup

Aob ails 055 sl ol ygiws I e S0 (380 Cla gl wiles o s g



WAV ke oJsl ojled pita Jlo Ol Sl g (cidghy & pis Y'Y

N3 50 Jae kg sl (1) JSS 5 (L8 3-RRS b jllend (2 Dlabd pliise (V) S5 50
Okt sty & bgye 153l 65 50 oVl Caond Slabsd (F) S50 aizrad 0905 odalice |, AUtoCAD

el 00l oalo

ol -y -¥

03,5 &8l 0 1, 055 (goailo 10 0gz g0 oled Jow 3l Y Sledbl oKiws ol il lles bl sl
79> dlge e (b S8 5> Saep g s (B paan Slge Sy cJoe 615,18 Coxdse 4 Az by
DS oo dnkad Gl 4 £9,00 00l asie Ol jgiws g Dledlbl Koo g ankad  FoisS s s ol )

AutoCad I3l p 5,0 Oy ool (>lyb wlakad =Y JSC&

b BE
-

ol )

| ::;..: 5 %ﬁ% T

| EETLEE

| Fa .
| BottemTop tucieace ma) 0.6 \ »

| ety ) =

| Speed and Temperature
|

| et spest i ®
| et e i 10
| setwemsrey ®
| Support

| seporbee Everpriare

| mattorm s rre [hne
|
| tiament

| Dismeter gy s
| Pewiw w0
|

S 53l ey e ol eas ok cladas —F S



g S 098 cod eoliiwl GancdB L LB g4 gd (gom dw i p b ashd cale Sos anlg o
s a2 jo &dly Il codl SO lee 5l e e VYD Cwles LPLA s 5l S50 glows
S35 2 b Geb g gdoe ools joue J3U 51 olie lge sl o 3 Clde D0 4 g 09d oo o0l jgue

OUSE) 098 00 IS Y (5,905 Y 50 4 a5 5550 S0
el Gl oy J56 L oliws a5 il J5b i dlaws L G gl wilgs co oKiws v
2,5 oolaiwl Hlejen jab ) dlge Ky diz g g9 a3l lei oo 9 cnl 30 ST oKiws 4 G (6 e
oS B s Y goad o dlse b waz Gl Slgs opl il 7515 J3U 51 olde slse a5 1 1 ey
Sy 3l B3 5l ey S (o @ SRY T cSle pas ol s wY (AT U b b ) ol ol
sob a0 )50 (gdalad (el oals Pl iy 158l 6 Lawg Ol Sldes glal (o aS (adiine o
Ol (F) U 1o (gam a2y 5 olBiws 0gd oo adgs 138l p 5 50 ool aisle Jow wiiles 5 JulS

el 00 ool

alio JERnW oolazul (o 4w greege) —;M



WAV e sl o)l ety JLo Ol Sille pmdige cidgly & i T\E

S Sldes - ¥ o) -¥
ankad Glz g 05 ) o 5b sl (g Al 4 olKhws IS o 5 ap d Gly olS sl 4y dakad oS (T 1 ey
Dl Lags |y 1 55 S0 30 5l ammis 511, axksd ol o 35 ad b Il 51 eolizsl b 56 o oles
osds 08ls i coad atsle gdm dw yin s laws 45 3-RRS @b, (V) JSb 40 o,5 csls,, PLA

SHg sl (b Y Y
Shlae (2hb g b Slee dojgucn @l aue JuSe,S00 51 Ol opl (gl b o
(A J8) cenl oads oolawl caasl Slbls )l g colan ¢ uS gl aS (Sog 2SI

l
12C

RSZ3 mcu ario I Servo |
SPI

IMU

Sl S ySIl Ceand ol Fls sl —A S



Y\ )I oolawl La ‘5.\;)'9 ).:|).: B 'DsLD.A )"l’lﬁ JJ.A ol 9 6>|)Jo

<l ¢ dnertia Measurement Unit)  ow ol (65 03lal ol jguin 51 @by Consy Gioaw sl
S ey Sl S e g 0k 5l b aleygise g9 5l by cnl sla Shee leul oud oolial
slrosls b o gl Sl ol Ho alads Ol oby Jb Jo> ol L S olad g3lse by,
oolawl ATMEGA2560 208 g S 5l ledol Jlal 9 Sl Olawlrs (5510 5 9 oS 5 o guiws
9 590 oly 31 S a &by sl eals glheiwl sl ools Jloyl sl omoly goasin 8 ons Sl ouls
oY GPS Jyvwow LSJ )‘ ula) LS’L Msj.é 9 Ls_’l;).u.wo é“).a G IPR W 00y )lS.\ L)T )‘ u_,.al)s MBLJ)Q
Ll o3l (V) S 0 aods j5b 4 Sby Sy Sl 7 ,b ol oo oolatul

Ol @ &5 aygige g9y (Il o]y (pizmen 5 J S 9,S0 g bojgin b LLS) 6180 Gl
(O J0) w2k lawly o wasyls 5Ls ol (S6 oS

IMU Microcontroller Servo Motor

Transceiver

O 00086000 0000 of)

oyl g 1o g 1359 Ko danly (g 00 (il jlae — Ve S



VYAV [l oJsl olods cpinns Jlo Ol Sl cwiige cidg & i Y\$

S 3 gl T-Y
5 &l agly Cuxdae aseis gl g (Sensor Fusion) cods 3,46 b jgucicw slrosls J oS 138l o 5 5o
oS Seileiaw Slowlone 5 Wools ol 51 eolitl b uras el o0 ooliisl sy, Glid 5 ey
Syl oolatnl b by ol 50 0gi o0 oyl lay] 4 Cumsg s gl o Slae o Cundge (b,
aS el ouls Ol JuiS Jule lgie a4 JiS nl o asgly s ol .A.J‘So Cwds dugly sy IMU
S o)l )g590 995m 42 1) 515 0590 PWM Wil ga i8] 5l solicial b
el g Jsy 5 mm 2 Suz 90 00 oMb 4 poes; @l 1y b, s 3-RRS o, e
oo sile (b pozmen il la by, 5l canS” JpuST cnl slagnS e sl oS (oo Culae
2ok ol 5o 058 se oolil Uas g (yge5l (39, 5 (278 Sl Bs, sl dintr lagby, by (Sl

Lol 0ol ools Ll by Jous @ laald (VY) K0 5o .l ool ool Uas 5 (5051 g, ]

$O Sdos yg0)l —F
Pl (Folos sl S o] S5 657 59 &5 Ez ez Lok S cwnd cle g Sk
S laml ol 5lige g A lu (2l Gglaie Ojge 90 4 s S e Ceend Cle pad 4 09

GPS = ON, ;L. oolal
Servo = 0, FR =0

| P
-

B P JUS e
Coges ;o Dledllal | Ll

=

P

S o5 Slibas 5 S 0 lesls =) S



EEREA
[Va] Frr Ol (i 5l eolanl =YY S

S 5ls wo JS 50 Sy ol iz 90 e SeSul adS alin |) <S> g olian] SolLlB s (]
S yotin Coowd a5 U 0l o pg0 ok 0 by Jolw Lads jglaie 4y o jls i sla )5 4 5L
A aslb adl |y calize @lg.o 3 opendS ‘sgblss Jb e 0 gyl uJoL«.‘s’ 393> Curdg slyls =l
HFB Galize slo by 10 72 g6 (pl 0l asle S8 O iy ol S o Ceend Sl oo

(OF) US8) Sl oomlive
5 2 S Al wblsy o wwbo 0, Slos F > g4 o) Gxo ple oS 5 3 eolaiwl b
Coomw 4y (S&l oYL 88l aan iy Jobs Lads> jshate 40 ((VQ) 5 (V) slo JS0) 0l sy Jsb
M:Ltj‘)d‘Mbw‘bwuwgh‘fu‘s@ua})g}m;ﬂbGMJJMGS)?M&.S»



WAV ke oJsl ojled pita Jlo Ol Sille pmdige cidgly & i YA

Fsb oS > o Jol Laa> —VF S

5 5 sl S5 S o o ol Lk — VB S8

S5 4 -0

5 Sig iSII1 Cot s g allos Sl iy sdm dw o p by by claoe ik Gl 5o
a ey Sl Y glacens (ol adsl saiges jloolinul b Cules o b axdy o (JpS e
L e od s a8 nl ol mal 5 LS5 (b bl T 0055 atae Gl e 5 bl oMk
Sstsy 5l e 08 5 i e Sy Sl cals wnT8 can aw iy Sl esliul 4 az g
855 )18 alojl 0550 g a3l 8 S e 5 207 99 bl S 59 obel e 055 el S0
oot el gl Caos ay S8 5550 08 LS 5 Joles obml pus elul 2 20z 90 2k <S>
90 Bl S (oo Getipe Gl 50 (o S0 Bib g 005 hlete sl Coens @ ) (i e
Say5ige gy S oSS oS > ol 5 @ (B3R o) Cexdy Swiin @ k8 SS

Sl oyslei sloul g 00d pol>



Y14 gl 03l b Ss53ls il 5o pslie by Jow cila 5 b

ook 1y L yialily (905 jhen Slaswi by SKi5lo b (ee 50 5 D508 sy b o ygige Cde e
e S5 sl g5z 99 slaszhy S8 g Glejen Jolai sl Sde en 4 les Sijlon Glejen
Ldpdy Oy il slagygej] Al g ose (Jsb by jo (b Sme b zlg 050 50 050
Las> ool o>l) 4 3-RRS 635006 5 oals o5 J 58 sl el b olowd o i S pme Jolad 4 a4z g5 L

o el ‘:'95315 as g Jolss

& Sl
5 >k ol b siagh b 5l oz ol 9l — el 3] oSy Jlo oo Sl absi,
Spdn (13)08 (F553ls a4 Comd Sl (Sig U s alStalej] S cSLe

&1 yo

[1] Corbett, D., and Martinez, P., "Toward Learning Individual Characteristics in a Hybrid
Neuro-fuzzy Wheelchair Controller", International Journal of Intelligent Systems, Vol.
13, pp. 561-570, (1998).

[2] Boiadzjiev, G., and Stefanov, D., "Powered Wheelchair Control Based on the Dynamical
Criteria of Stability", Mechatronics, Vol. 12, pp. 543-562, (2002).

[3] Carlson, T., and Demiris, Y., "Collaborative Control for a Robotic Wheelchair:
Evaluation of Performance, Attention, and Workload", IEEE Transaction on Systems,
Man and Cybernetics — Part B: Cybernetics, Vol. 42, pp. 876-888, (2012).

[4] Moss, A.D., Fowler, N.E., and Tolfrey, V.L., "A Telemetry-based Velocometer to
Measure Wheelchair Velocity", Journal of Biomechanics, Vol. 36, pp. 253-257, (2003).

[5] Cognolato, M., Petrone, N., and Marcolin, G., "Quantification of the User-wheelchair
System Stability Based on the CoP Trajectory within the Base of Support", Procedia
Engineering, Vol. 72, pp. 368-373, (2014).

[6] Tomari, M.R., Kobayashi, Y., and Kuno, Y., "Development of Smart Wheelchair System
for a user with Severe Motor Impairment", Procedia Engineering, Vol. 41, pp. 538-546,
(2012).

[7] Cao, H., and Guo, H., "Optimization of PID Parameters of Hydraulic System of Elevating
Wheelchair Based on AMESim", Procedia Engineering, Vol. 15, pp. 3710-3714, (2011).

[8] Chua, J.J.C., Fuss, F.K., and Subic, A., "Evaluation of Different Gyroscope Sensors for
Smart Wheelchair Applications", Procedia Engineering, Vol. 13, pp. 519-524, (2011).

[9] Ghani, N.M.A., Nasir, A.N.K., Hassan, M.A.H., and Tokhi, M.O., "PD-Fuzzy Control of a
Stair Climbing Wheelchair", AASRI Procedia, Vol. 4, pp. 18-25, (2013).



WWAY [l o Jsl o leds cptinnn Jloo Sl SlSe wiige cidgl & i Yy.

[10] Freeto, T., Cypress, A., Amalraj, S., Yusufishaq, M.S., and Bogie, K.M., "Development

of a Sitting Micro Environment Simulator for Wheelchair Cushion Assessment", Journal
of Tissue Viability, Vol. 25, pp. 175-179, (2016).

[11] Candiotti, J., Wang, H., Chung, C.S., Kamaraj, D.C., Grindle, G.G., Shino, M., and

Cooper, R.A., "Design and Evaluation of a Seat Orientation Controller during Uneven
Terrain Driving", Medical Engineering & Physics, Vol. 38, pp. 241-247, (2016).

[12] Wieczorek, B., Gorecki, J., Kukla, M., and Wojtokowiak, D., "The Analytical Method of

Determining the Center of Gravity of a Person Propelling a Manual Wheelchair",
Procedia Engineering, Vol. 177, pp. 405-410, (2017).

[13] Mishra, S., Norton, J.J.S., Lee, Y., Lee, D.S., Agee, N., Chen, Y., Chun, Y., and Yeo,

W.H., "Soft, Conformal Bioelectronics for a Wireless Human-wheelchair Interface",
Biosensors and Bioelectronics, Vol. 91, pp. 796-803, (2017).

[14] Quaglia, G., and Nisi, M., "Design of a Self-leveling Cam Mechanism for a Stair
Climbing Wheelchair", Mechanism and Machine Theory, Vol. 112, pp. 84-104, (2017).

[15] Li, J.,, Wang, J., and Liu, X., "An Efficient Method for Inverse Dynamics of
Kinematically Defective Parallel Platforms", Journal of Robotic Systems, Vol. 19, pp.
45-51, (2002).

[16] Sokolov, A., and Xirouchakis, P., "Kinematics of a 3-DOF Parallel Manipulator with an
R-P-S Joint Structure", Robotica, Vol. 23, pp. 207-217, (2005).

[17] Staicu, S., and Zhang, D., "A Novel Dynamic Modelling Approach for Parallel
Mechanisms Analysis", Robotics and Computer-Integrated Manufacturing, Vol. 24, pp.
167-172, (2008).

[18] http://my3dmatter.com/influence-infill-layer-height-pattern/ accessed at 8:30 — 2 SEP,
(2016).

[19] http://www.tankchair.com/ accessed at 17:30 15 SEP, (2016).



YY) gl 03l b Ss53ls il 5o pslie by Jow cila 5 b

Abstract

A wheelchair model has been designed to resist the turning over of the user by applying a
spatial 3-RRS mechanism as the Seat on a standard electric wheelchair. The result is a self-
balancing robotic wheelchair with the capability to cope with several road conditions. The 3-
RRS platform model has been analyzed and then controlling parameters has been reached. By
using the parameters two models of the Wheelchair has been mechanically, software and
hardware designed, built and tested. To design and implement Robot controller for better
mutual cooperation with environment and to better analyze environmental factors on stability,
it is needed to build the robot and wheelchair models with Rapid Prototyping methods and
correct problems and optimize it before mass production. Two types of wheels (two wheel
wheelchair and continuous track) have been inserted. The wheel chair with continuous track
showed good result on several road conditions including roll, pitch and combined conditions.



