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Torque estimation algorithm of robot based on third-order
super-twisting sliding mode observer
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(School of Electrical Engineering and Automation, Hefei University of Technology, Hefei, Anhui 230009, China)

Abstract: In this paper, the joint torque estimation of the six-degree-of-freedom (6-DOF) robots is studied. In order to
improve the accuracy of the robot joint torque estimation, a third-order super-twisting sliding mode joint torque observer
is designed. In the stability analysis of the observer system, a new Lyapunov function is designed to prove the stability
of the closed-loop system of the observer. Unlike the results of existing robot joint torque observers, the torque observer
proposed in this paper uses only the robot joint angle as the observer input signal, which reduces the reliance on the robot
state information. Finally, the 6-DOF industrial robot is used as the object for experimental verification. The experimental
results show that the estimation error of the sliding mode torque observer is smaller than that of the linear torque observer,
which verifies the correctness of the theory.
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<IMH(61)(fo - sgn(b2) + fo - 02 + fi) —
(fv : sgn(satN(ég)) + fe- SatN(é2) + o)l
)\* |fu] - Isgn(02) — sgn(saty ()]
by Ifol 162 = sate ()

Sbg + b4‘92 — SatN(ég)’
(A.6)

M~1(0,)x

FH AL i s Su B B S I S K S Se 7 S St B S 11
LRPENIIZE  22.2890  29.0495 4.7695  2.1740  6.1091  2.6147
KA THRZE TEROIEE 69645  18.1476  4.6568  2.1022  3.9190  1.8180
et 68.75% 37.53% 2.36%  3.30%  35.85% 30.47%
ZEPENLIIZE 59239 10.8568 1.4951  0.7629  1.9525  0.7924
fETHRZESR W 27364 9.1417  1.4407  0.6511  0.8224  0.3857
Bt 57.70% 15.80% 3.64% 14.66%  6.66%  51.33%
Hrp Hrf, by > 0F1b, > 02 H 4. FIEEA7S,
?M&ﬁﬁ-—M*@MO@ﬁg+Gwm |g2(01, sty (02)) — go(saty (6;),saty (6:))]
92(017 92) = - Mﬁl(el)f(%) <|( c Sgn(satN(Qz)) + fo- SatN(éQ) + fb)(M_l(Ql)
(A-2) — M~ (saty (62)))]
FE, KA DFTEE N <bs|0; — saty (6s)]
9(01,05) — g(saty(6;),saty(65)) (A7)
=g1(01,02) — gi(satn(01),satn (02)) + g2(01,60,)  HP, by > ONHHL DER(A4).AGFIAT), 775
— ga(satn(6,), saty (6,)). |9(61,62) — g(saty (6:),saty (62))]
(A3) <(by + b5)|01 — satn (01)] + (bs +Dby)|02  (A.8)
H1F g1 (01, 0,) ¥ /2 Lipschitz 54, 715 — saty (6y)| + bs.
|91 (01, 02) — 9~1 (saty (61), S&tN(92)~)’ (Ad) E?%H@S RN )
<by |6y — saty (61)] + b|0; — saty(6,)], (1) = 0, —saty (0;)| < 2N|0,—0:[™,
e, by > 0, by > 0 BIHEL (2) & (0:)] < 10: — 0:]™,

/\':F',O<7‘1<1,z—1,2.

25 LR AIAE, 10, — 0;] < U - 10; — 0;|™, I
U = max{2N,1}. 55 A Blry = 1/3HMry = 1/2 Af
(&3

{;91 — saty(0y)] < V- |6, — 6,3,
~ < (A9)
’62 — SatN(62)| < v . |92 — 92‘5.
£ (A.8) FI(A.9) T4
01,05) — g(saty(6;),saty (0
|g(61,02) — g(satn(0;),saty(62))] (A.10)

Sb6’61|% +b7‘€2’% + bs,
Hrp, bg = (by +b5) - U, by =
Sl 6UEA5EEE. B

(b2 +b4) -

SE k.
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