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Fractional-Order Super-Twisting Nonsingular Terminal Sliding Mode Control
of 2-DOF Robotics Manipulators

M. Sharifnia’, H. Ahmadi®”
! MSc, student, Mech. Eng., Shahrood Univ., Shahrood, Iran.
2 Assoc. Prof., Mech. Eng., Shahrood Univ., Shahrood, Iran.

Abstract

In this study, a super-twisting algorithm, using the sliding surface as a fractional-order non-singular terminal
sliding mode (NTSM), is presented. In robust control, one of the important problem is the reduction of
system error and reduce the chattering. One of the most common applications of sliding mode controllers is
about the reduction of chattering. Also, utilizing the fractional calculus in controller design brings more
accuracy and reduces system errors. Utilizing a higher-order sliding mode controller using the super-twisting
algorithm and the fractional-order non-single terminal sliding mode for the two-link serial robot is the
novelty of the presented research. The design of the suggested controller is such that it is independent of the
robotic manipulators model and is based on the system errors. Stability analysis of the close-loop system has
performed using Lyapunov's method. The simulation results show high accuracy, fast convergence, and high
robustness of the proposed fractional-order super-twisting nonsingular terminal sliding mode control.

Keywords: Robotics Manipulator; Higher-Order Sliding Mode; Super-Twisting Algorithm; Fractional
Calculus; Non-Singular Terminal Sliding Mode Control.
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8 Riemann-Liouville (RL)

" Euler—Lagrange

8 Phase Plane

° SCARA

10 Fractional Euler—Lagrange Model
! Fractional Hamilton Model
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8 Fractional-Order Proportional-Integral-Derivative (FO-PID)
° Quintic

0 proportional-Derivative (PD)
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! Non-Equidistant Fractional order Accumulation (NEFA)
2 Visual Based

® Proportional-Integral-Derivative (PID)

* First-Order Sliding Mode

® Higher-Order Sliding Mode (HOSM)

® Multi-Input Multi-Output (MIMO)
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" Terminal sliding mode (TSM)

8 Non-singular Terminal sliding mode (NTSM)

° Fractional-order Non-singular Terminal sliding mode
(FONTSM)

aisosty Of 1 5 G e Sl enS B 0 Ul
Gt Gl S Ay pblem 5l esland

oS5 L DAL o ol a3,5 )15 solinls yge  alisee
P39S Ao (530090 Sy b 6 feilis oles
o S sl S5 spld e g8 S
pae o85Sl o b bt (Seelus slaptens
Seezdgm gaw S olaie oy Saload (Byee Copalad
b 3 st bl o gSai
2 J5S ol g edd Bime wad e L)l eanss S
S et el oad (gainge,d bl (5555 Lol
Gl JolS ol 5l bl jslateay (il o )5S)
Dal o ool ai8,5 )18 oolituls g0 Sy i PRVRVIN]
ookl b g8 YU adye iialoge sawsS JyuS
4y JISE S5 5l 65,50 b Soiisl g o555l
i b2l ol J Giom slp oS
43,5 138 oolaiwls jge (Solns conhd pac g aseisl
Cojprals S e oS >SS glp s Y] e el
JriS eaiipdol s3lizal 51 TIPMC) (6316 gy yauly
ol ool eadiosliiul (68 A e Sitendgl g
33 S e s Sy Olgieds IPMC S jono (3o
Sl owend solgiiy oS S Cenl oadaid S L
Wiy Dioge a8 SIS Sy 0 (S aiye el
[YV] o a5 009y ity pgm o o5l 5l oalizasl b pgo
oaisS J 8 o (YY) o el sasolgriy Tedly) Ly
Ay e b GhSunir Jlaes pes A e (SA53l0ge
s9ame ooy 3 5 e 2 Sea 5 el lp T S
Sloygige ileplan sl Cosdpe el s
S G ol 5L (S Sl sl Sy,
a5 e Bebld a ke sl olaiwl b sgame yloy yo 5 kb

?

! PIDD" surface

2 Jonic Polymer-Metal Composites actuator (IPMC)

® Levant

* Fractional second-order nonsingular terminal Multi segment
sliding mode control (F2ZNTMSMC)

® Regulation

® fractional Lyapunov theory
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