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Transparency is an evaluation criterion for teleoperation systems based on force and position error.
Generally, conventional control architectures do not lead to a high transparency to preserve the stability.
A novel method is the model-mediated teleoperation approach which estimates the environment
impedance on slave site and transmits it to master, where the force is calculated locally by creating a
virtual environment. This procedure increases the transparency without degrading stability and with
time delays in system. Correctly locating the virtual environment has a significant effect on improving
the transparency of the system; however, the proposed methods for this aim either require simplifying
environment model or adversely affect the transparency. In this paper a novel, yet very simple algorithm
is presented for determining the location of the virtual environment and collision time. The main feature
of this algorithm is that firstly it is independent of environment model and thus is applicable to all
environments, and secondly, it increases the transparency of the system without using additional
sensors. The proposed approach is implemented on a single-degree-of-freedom bilateral teleoperation
system with time delay. For estimating environment impedance, novel accurate and robust methods are
utilized. Impedance and sliding-mode controllers are used for controlling the master and slave,
respectively, and the performance of the system is investigated in interaction with hard and soft
environments. Simulation results indicate that the transparency of the system is suitably high in
interaction with both environments; however, model jump occurs merely at the first moment of contact
with the hard environment.
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Fig. 1 General scheme of the model-mediated approach [3]
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Table 2 Human hand dynamical parameters

sl [13] Jlais o)y
Ns/m 3.6 b,
N/m 40 Ka

Ol s 555 syl 3 Jguar
Table 3 Human hand force parameters

o>l Jlade b
N 4.5 An
rad/s 0.1n n

533 e S sl 4 Jgo
Table 4 Sliding-mode controller parameters

Slade sk

1 kp

15 n

1 Y
0.1 »

1. 1Kgain‘min Kgain

b G aal, laul o9 ge aiSloy (o253 s JysS (Ab ton 4 >
oS 0 (e 55L (29) bl ) & )90

¥ =f( )+ g(x, U (29)
ol 30) Jaa'lj) O Hygods g jf U" ) as
1
f = E(_bsxs - ksxs - Fe) (30'3)
_ 2 30-b
9= (30-b)

“

Lls, Oygoar polee lagl sogame Lol witus Coald pac glls 4

el (32,31)
lf-fI<F 31)
< % <a 32)

ol 5 Oy9e a1y (34,33) Lals, La:Q'I oS

g\ = vV YmaxImin (33)

Ymax
Q= [——
Ymin (34)

AigoS g dilon Joe & b 4 MIN g MaxX sl yuwgsin Ly, ol o

Lol g g (esS polie g 5f‘5 A5 0550 el )b jlade

03,531 s 45 (35) abayly & g0 1) b5l mhaos >
s(x,t) =é+ e (35)

Jaies =5=0 byd Jlel b Grw 5 ool Cuio ST 0l A oS
oagls Cend 4 (36) Lalg; Billao |y 550 (J5US (63955 (eSO

U,==1 (36-a)

Q|

2= —f +k,i% — 2 36-h)
M) 58 < —nls| o358 byd sl ik (S8 (59955 o091 e s
O ot S (5395 5 S i lyiien oS Jloel |y e TS

Sl (37) alasl,

1 s
US = Us - Ekgamsat (E) (37)
4@ 5Y&L:.;L| &b sat() “;i.;).o oy alS sl g5 Y Culs @

b a0 g9 005 Gaw o) brd o .cwl (38) dkyl, Ojee

S o JalS 1, S
kgain = a(F + T]) + (a— 1)|ﬁ.| (38)

(39) alyl, & g0y Cdapw gz 1) (Golal sl o (38) alasl, o
oS (0 iy yaS
a(F +n) + (e — D] = Kgain,min 39)
olee sloyal )y bl 5 (36,30) Lasly, &b 1, B7) alail, colesys
S o ogih (40) alal) Bilhas gy (Seslos
- - . s

Us = bos + koxg + F, + Mg (kpif — Kgainsat (5) —2é)
(40)
Slony 5 (2 LAl plyce oy lgie 4 Bro Vb akl, o
abl, o uzmen 0,5 o)ly byl )l cuabad pae laie 4 1) (6T oslul
) s @lgl b peslyss oS (5 yge )0 05d o0 enps peel, Lt VL
Shely s glray (40) alaly jo (g5 oo (oS 2955k paly Slid
ol 00 553l (A1) Al & jgoay 55 p0 aS 5 S oolatul (26) alal,

® phantom Omni
* Novint Falcon

279

! Chattering
2 Saturation function

1 oplais 17 055 1396 (13,5 58 (w3 Suille wdiie


https://dorl.net/dor/20.1001.1.10275940.1396.17.1.12.2
https://mme.modares.ac.ir/article-15-1908-fa.html

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

[ DOR: 20.1001.1.10275940.1396.17.1.12.2 ]

035 Su uld 4 9 301852 plive

R J3o 3,559 slae p2 Asils 93 )93l 3lals Lo i S adlad il 81

s Sl a3 v psl g (Sealind sl 5 Jgu
Table 5 Dynamical and SPRLS parameters of the hard tissue
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Fig. 4 Force applied by the hard tissue and master reaction force
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Fig. 5 Force error of the system in interaction with the hard tissue
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Fig. 9 Slave control signal in interaction with the hard tissue
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Table 6 Dynamic and SPRLS parameters of the soft tissue
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Fig. 10 Force applied by the soft tissue and master reaction force
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Fig. 6 Master and slave position in interaction with the hard tissue
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Fig. 7 Position error of the system in interaction with the hard tissue
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Fig. 8 Position error of the virtual tissue in interaction with the hard
tissue (the error is manually set to zero in free motion)
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