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Implementation of a trajectory predictor and an exponential sliding mode
controller on a knee exoskeleton robot
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this article, design and hardware development of a knee exoskeleton robot is discussed. The robot
Received 19 January 2016 aims to help the individuals with lower extremity weakness or disability during the sit-to-stand
Accepted 06May 2016 movement. In the trajectory generation phase, a new method is proposed which uses a library of sample

Available Online 14 June 2016 trajectories to predict the sit-to-stand movement trajectory based on the initial sitting conditions of the

user. This method utilizes the theory of "dynamic movement primitives" to estimate the sit-to-stand

Ei‘g’s‘ferlgf;n Robot trajeptory_. The trajectory genera_tion methqd is tested on a library of humar! mot_io_n data which has bee_n
Sit-to-stand Movement obtained in a laboratory of motion analysis. In the next step, an exponential sliding mode controller is
Trajectory Prediction used to guide the robot along the predicted trajectory. The controller and the trajectory generator are
Dynamic Movement Primitives implemented on the exoskeleton robot. For the hardware development, the xPC Target toolbox of

Exponential Sliding Mode Controller MATLAB software and a data acquisition card was used. Finally, the robot was tested on a male adult.

The subjects were asked to wear the robot while doing several sit-to-stand movements from various
sitting positions. According to the results, the average power which is required to be applied by the
user’s knee is less when the exoskeleton assists him.
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Fig. 1 Knee exoskeleton which is designed in FUM robotic lab
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(a) (b)
Fig. 3 (a) Kinematic model of the human-exoskeleton system; (b)
kinematic model of the knee exoskeleton
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Fig. 2 (a) The linear series elastic actuator (LSEA) which is designed in
FUM robotic lab; (b) Magnetic linear encoder in the LSEA.
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Fig. 4 The procedure of the proposed trajectory generation method
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Fig. 5 Snapshots from the motion analysis procedure of sit-to-stand
movement
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Fig. 6 Path of the shoulder, hip, knee and ankle during the sit-to-stand
movement for four different seat heights
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Fig. 7 Generalization of sit-to-stand movement. Graphs (a) and (b)
show the knee angle with respect to the ankle angle for different foot
position and different sit heights, respectively. Graphs (c) and (d)
show the knee angle with respect to time for different foot position
and different sit heights, respectively
95 agl; (D) 5 (8) slologes .ol oobimslar divis &8 > puons 7SS
bz gloglis )l g by alise glocasdye 6l cudy arl) e aly Jlao o
w5 ) oley s 4 515 4l () 5 (C) sl loges aimo e ol Jaso
RLES Y olas ‘GJM aliseo ‘_ngéLASJ 9 l.: Glisee slacasdse L_g‘;g

6 o leis16 0,55 1395 ) gy pieb 30 Sule wine

oS J 58 >lyb-1-5

Sl ol asgame (Saolud jL3) wd (e pgs A 0 & Hsbiles
S Qlsl 5108 oo (2) dolee b g |y olasl 5 515 (21
S e Jsb & batye 4l poass Sl wlgn 4 oS JiS
slp ks 1) Sl dolae (plply woled Jpu5 ) (q4) cilasio oz
Sy iy Dy 4 (2) alaly 5y Slake oS o Sl 50 Slatie oyl
0l oo

Gs = —[Myg .. Myl ( C(a.9)qg? + G(CI)) + 21 Tankle

+ 213 Tknee + 2My3Thip + MyaFy 22)

L aSol @ azxgi b cal MTHQ) G plo 51 ol 1 alya iy ol jo oS
S Slop 5 (22) alaly o el S8 LB j5ige g g Sk b 595
ad,S s o PP laie a4 e o |y o T Gliiie g g4 Fy Jols
905 (gagi b (23) g 421, (22) alad,
Gs =h(qy q) + My Ry + R (23)
2 sle o553 cdle S e, il e ST sanlai R T s a5
g53[,\'\)) LsUaé Jaco! 99‘“6‘ cunlie 9 Ji..: 5 Sl 0l oolaiul dlie L)"‘
e=q,—q§ (24)
S=le+é, (25)
IS ol p)loz 4l puend Slaisie gl oollas e g8 o] jo a5
Ll SIgN(S) atuseli i mals s & dyane o33 > goarsS
oy plgre a4 a5 S9doe S5 JUiSKew 0 Bl 9 Vb cdled s
Sy iz oy ddpiac 3 (6 lows 5o [18] ol ons axslis Ko i
aS 08 YU LS B laSiwliys wpais el Wilgs oo 13 el gllasls
2° Ogzge oud axlid slabs, 3l (S0l o9zer Wl el Wil 0
Ll aiugy a5l oolinal S oyl b ablis ly ale oWl
alol b el el b ool o SIGN(S) aiwgnl @b sl 4 [18] sat(s/¢)
ghe 5l Gire a¥ edgame S e @lSes Gagd
T IS Sz ke gy ol enlply aileoe (Sl Sz g
5 ol sl 8 e ite b s s, 3,Shas Ll S
JrS sy ol eiols @il ) sles 23530 J S psgie [19,6] (il San
So o)l Jgers L33 Cllo S 4 Cond (6565 Ky i jlade
by Jy0S Gl Gy onl 5l g el jo e e &l 50 pnlie <5 a5
gl se Sty (26) alaly & 50 45 555 o Jlas! 5,5k Jb 4 45 IS
R(S
) sat(S/¢)

Myy

1
Fy = — (g8 — 24, + 24) +
M4

h(q4.44)
i @)

alaly &jso 4 R(S) ol 5 aisb o gl ol sat(S/¢) mbs ol jo a5
Do oo i ya5 (27)
@7

r
Jo+ (1 —gp)eshl”
[6] e o odd &l ey b Glgice 1V 9 & Jo o eyl )l lads
o=l g Vb s il a4 LS gl cpl Al gl 0,8 s
(23) 5 (22) wVoloo & 4z L pajlo b, Ju8 by yo (B) Jols!

13,5 duloes (28) alayly & a0 4y alisd 2 18 lgs o ) h Slade

h =h+ 2‘r/r\lll":ankle + 2‘r/ﬁlz‘[knee + 2‘r/ﬁl3‘rhip (28)

R(S) =

86


https://dorl.net/dor/20.1001.1.10275940.1395.16.6.43.6
https://mme.modares.ac.ir/article-15-12358-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1395.16.6.43.6 ]

Ol 9 s ogls’

95 B Sl by S Gl (les (SR DI HHIS 9 pae 0 IS (w611 adw g Hlwosly 9 (Alb

Sample
Trajectory

Database

IZ

' '
Desired DMP-based Fb Human
Initial » Trajectory Controller — and

Position /' T, Generator Exoskeleton

+ @y

Kinematic
Equations (Ia)pre 4 (Ia)pred.’ (Ia)pred.

q4’q4’q5

A
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