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Optimal robust hybrid active force control of a lower limb exoskeleton

Majied Mokhtari, Mostafa Taghizadeh®, Mahmood Mazare

School of Mechanical engineering, Shahid Beheshti University, Tehran, Iran
*P.0.B. 1743524155 Tehran, Iran, mo_taghizadeh@sbu.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, an optimal robust hybrid active force controller based on Harmony Search Algorithm is
Received 29 November 2017 designed for a lower limb exoskeleton robot. Dynamic equations are derived using Lagrange method by
Accepted 15 January 2018 considering three actuators on the hip, knee and ankle joints to track a specific trajectory. One of the

Available Online 10 Fi 201 . - s
vailable Online 10 February 2018 major problems of exoskeleton robots is non-synchronization of movements and transfer of power

between the robot and human body which affects the robot in form of disturbance. In order to mitigate

E%Zfeﬁion the effect of disturbances and increase precision, combination of active force control (Corrective loop of
Dynamic modeling control input) with position control is used as an effective and robust method. In the active force
Sliding mode control control, to elicit robust input control against disturbances, the moment of inertia of the links is estimated
Active force control at each instant by minimizing the Criteria of ITAE and the control input rate, using the Harmony Search

H h algorith : ] : i . o,
armany search algorithm algorithm and the control input is modified. Also, two controllers are designed for the position control

loop using sliding mode and feedback linearization methods. In order to validate the performance of the
designed controllers, the robot is modeled in ADAMS and control inputs are applied to the Adams
model. For appropriate comparison, all control parameters are optimized using the harmony search
algorithm and then performance of position controllers are compared in hybrid and conventional
(without the force control loop). Results indicate the outperforming of the hybrid sliding mode
controller rather than to the other designed controllers.

D10 bl s glel 5l i b g el & ands 6,0l Logar ljrgas dodkio -1
plsl oo DB > b Ssalen (S5, g ol oasdy ol o bawg g Pl s a8 ol Bl 4SS (gl Sy () CdSl glasil,
@ de pledl G b Gl Gl el Gardyy Glacl; admse g Wl slapludl 4 SaS gl eimes § Sins ) 955 o Ll

[l Sgdon sy o3 5 J55 Sl Fliml (ol G )3 625 lal Jood & 5Ls 4l g 3131 ol 5 IS 2l pslate 4 sl
@l 45 ol lopladl )l Sl gl 50,0 adsl Slalllas ol gyce S & sl 4zl sy o slael by il g ol

Please cite this article using: 2 Lod o3l Jod @yl 1 o ol & glonyl oghys
M. Mokhtari, M. Taghizadeh, M. Mazare, Optimal robust hybrid active force control of a lower limb exoskeleton, Modares Mechanical Engineering, Vol. 18,'No./02,'pp: 342-350,
2018 (in Persian)


http://mjmec.ir/
mailto:mo_taghizadeh@sbu.ac.ir
www.SID.ir

O 9 (5 )l Juzxo

A5 aly OB Sl by S Al pglite (S )5 Jlad S a8 JpiiS

a5 bl 3 ol slag e 5l 50 clilezel Gias slabs, 5l S
wiboo 9y Jld JFS (g, Sl @ ond 3y (azme Jalse b g 2
69955 (s, &5 035 Suad S ey Sy gy JUd J5uS s, [13]
Sleior Gredi 1) s & Sguome GBLal Jleel ploj b a0
[15,14].

GP9) e gy JW U5S by, oad (b sleanss ]S Gl
S)ge gy sobar gy (b dlior gt Soad 58S 6l Sl
Jbd U8 Sy, sl cwl aiils of jonay a3g0 guli a5 a3 )3 |3 oolatul
Slalasl S8 16] Jloym Sy S5 5 sl sl 53)lge 5 3,0
@ bgye gl y)l5 5 [18] 3ds lacl, Jyus [17] smio Sl
Jlo 50 oLen g Lo, diges oylgie 4 .ol oo ooliiwl [19] 4,045
Slolazel jaax 10 olbgs 5 2 0 piile diz s S S 4 2012
@ allr b al) sb g gm bl Candse gl asly o b
[20] w5 S w8 JAS 5 s JUnb SRS S5 gy K
3 09zee oty gy JW SIS gy S5 4 pllSes 5 (i
o5 b U5 b 0 [20] S JiS 1, gy oo o
did 2y bl sl oyl Glos olalizél | ablie sl 4
g o 00 et ol 8 ls liel b cenlie

d Sl Jaw @¥olae 518Y ig, 5l colatwl b alie ol o
od (g5l dunds ool 1381 o 5 bame jo &b g 2l Sl by goljl ax o
ooy sl eslsl b8 b, Jolas cosdge JyuS jekaie 4 ol
S5 ool oS S S, o b SIS 5 atige 54 e S5
005 e b ot b oaiiS S sl sid >,k (SM-AFC)
S s 255 5 IS sl Jlone S5 g 4 o b K
Oler gl polie (Sgayla (Sortns (iloding oo ye8 Lawgi (IS
(i liel jalaie 4 i e pess |y lalizél b oablie (gl o ynl
aalol 5o el ous Jlasl jolol 10 ool (g5l dcds Jow 4 (J ;S (63955
oy de lroaisS J S b ooads 2lb oainS S duslis jalaie 4
Jbd J5S 5 4o PD (o 5 008 J 528 5 v (Jyene PD 5 e
b sl st S ol S sle el (PD-AFC) 45
gl Ggoyle s sl SeST i oud a8 Sl ane
S 6‘"‘5)" c..\....SLJ)....S L5‘>‘)J° -1 )‘ C,......n)l...c alio u;l 6)515‘. iloads
Sl 5y g5 ol @l (SMAAFC) 58 b Uy 5 aige oi5)
S0l Sz il sl 5l oslanul -2 )L (gl sl (7)1
il ool 4 oad >l oaisS S e olalizél b alie ol -3
Jabi )‘}é‘fjj )| L5_'>|):>L.....'| Jowe §9y 0D L$‘>‘)'I° o.\.._.SJ),HS

alllae 5y50 p5ulSe 2 Cond 5o il oS cpay Alie opl sl
el oads ails Ol (Salins gileJde 4 e ol 00l ogs
S5 pi,o8l i 4 Cond (o g oals &) S (g, 3 Ceand o
olyor 4y (Solnn Juw (giludd O Caand jo .l 00l Ly Jae)lo
S ol mls 3T s 5 ond 00,50 suiiS JiS 5 Jolie wogllas pes
sl o0 S36 iy o allie

Slerday P80 Silu oo § (20 -2
ol Wlie oyl o anlllas 50 )l cdSl ol Soled 1 S 4o
@S g sl oy gl late Sod a5l LI 5 00 05008 Ll sals ools
Cusdgo Cawl ool JSid b, g oludl OS> gy il jglaie a

343

Gl 5)aFsy 5 [2] samio VL1 1960 (sl Jlu 4 &8 1> 4SS
sl am a o 51 J4] 008 o 3L (el g Sy Slaal sl [3]
5 S e o Sl sla LS Llu 5l il glyil jo Gad 4 (>, ISl
A & SaS (asils slall Glsie 4 ojayel 5 wlesgas 0 Lok,
)08 g 0diS Coghl (Glaptians (28 > Sl saze 0,5] Canas &l
oly sl (Blol @8 ol g i sla )b Jo (sl @l ol 31 4y oasae
loas @) (cymmo ol3l) Sliae Cins oo ol 31 o aly 31 28, YU by 25,
1071 o 3 5 5 S lags Jas 53 25 Sl 5l ol
Ssls s 4 ollis 5l solital b 1y 555 ol a5 el ol b
I5] a2 el g J28 silodas

5 oml ) SISl Bl 5 2003 L o o Ses 5 S5
S 1 S S 53 53 Sy al 8 SRS 5l S |
4 DC la)sige lawgs a5 039 5il) Jabo )3 6,505 5 O, Jake )3 (S
Cosdse S bl n Ol U5 pdse 6] snlee o oS>
@ ool JpsS olen 4 Jolie aygly odd Goend G 3l Sl e
Ol JsS it 5o wilige )5 b 558,85k 5 Soel, J S sk
7] ool ot 48,3 L s Lalazél b ablio (gl oomlin U ol 0,

2 Oes g (Jgyll @Vl wlidos b Ll b, 2004 JLo 5o
iy S (538 i pliie & S olSls Kl ool
@ o S wi sl sl )] el syl 51y oS o plin o Ll
bog s ay ol Rl (S8 1l b Joe p (G S5 )50
Dlezel Galthe ;5 a J5 ) ool align o5 cslaglits s
8] w5 (oo s s

2005 «,58 0 cules o (WSl 59, 2 P9yl Slalllae 5l e
Oley ey (S sla)l Joo slp &5 Gl osd JooS5 g atdly Sgnge
Llyogoad (ol oS cod bizghw )0 o85> lp g Cojgele (SYsbo
) ol s Sl ol S sl 855 e KemgsS] e
[9] sl Jeato coiins Jlad S5 (535l sl & j50 4 5 Sy L,

et 5 Jlab (slan e (s> sty by 5y oS 5 il
JSS CollB b S e S 51 USiiie olSss ol _Laio (g5l ol |
P Sy gl Gy 2 oite yeed 3l Su ) Jake 55y 2 9
[10] wsbioe b 598 (53, 2 Jlub

x58 bl g b ol solil Sl e (Sletens Gl &b
Oy Sl 45 39800 el pard Jolie 55, » lads ol Joli
b Ot 5| (5l gy cl S et ) Siloew 51 LS
S o sl g 0 Sl |y b 5o 250, (il WS e S )
sl o @) [12] o5en 5 5bIS b 5 [11] o, Ken 5 5350lslS Lawss
Jrate dw g S an Jolds allie ol 5o oo oolaiwl Juw 0,5 canlice
Sl G5 1o algn b o 53 358 5 o ol Jolie
Al (orlin Joo Ll o b

00liS S | ks dlal, )5 Sl 0l coslie o Shes
IS Srs5)s ey odle oS J S )l o sl ead (b
2 Slg Wb el e iy ) Jelie (ovie cudad jelite 4 cenlie
laore g ludl Bl loads Jloel (g9, 51 j0 @by 4 ool o lg lilazel
IS AE s (lateabd pae g oadd Jao slaSisliys p prizes
S 5 S dn RS 3y stien oS5 RS gy 5o 3 i o
ol o o0zl o 5 Sl Sy 7S gl gy Jlab

02 o )lesis 18 0951397 uituas)l ‘k’u)'.\.o ._T.ullo iy


www.SID.ir

Ve 9 5 )like Juzxo

A5 galy OB DSl Sl S A pglie (a3 Jlad S pu8 UpiS

Fig. 1 Schematic of a 3DOF lower limb exoskeleton
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I3 kg m? 0.0281
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Cm;, m 0.1840
Cms m 0.0244
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