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Virtual decomposition control for flexible-joint robot manipulators
with extended Kalman filtering
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Abstract: A general control approach based on virtual decomposition control (VDC) and extended Kalman filtering
(EKF) is proposed in this paper, to realize trajectory tracking control for flexible-joint robot manipulators via non-full-state
feedback. First, considering parametric uncertainties in robot model and external disturbances, virtual-decomposed control
law for rigid-link subsystems and flexible-joint subsystems are designed, respectively. Then, to break through the limitations
that the existing VDC method always needs full-state feedback, an EKF based indirect state observer is presented, to make
the closed-loop control with only position and velocity measurements from the motor side of each joint, and without any
state measurements from the link side. In addition, strict stability analysis of the system is given according to the theory
of virtual stability and Lyapunov stability. Finally, simulation example verifies the effectiveness of the proposed approach,
and comparison results show its superior tracking performance than the other typical controller based on the traditional
Lagrange integrated dynamic model.
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Fig. 1 Schematic virtual decomposition of a serial robot ma-
nipulator
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Fig. 2 A 2-DoF flexible-joint robot manipulator
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Table 1 Structure parameters of links

#H l;/m di/m mi/kg o,/ (kg-m?)
i=1 05 025 10 1.0
i=2 05 025 4 0.4

k2 RPLEMEE

Table 2 Structure parameters of joints

R 1/ (kgm?)  fi/(Nemes) ki /(N-mrad™!)
i=1 2.0 1.0 10000
i=2 0.5 0.5 10000

76 3L T EKFA R F20R 2 0000 vh AR a2 i e 7
LI 75 R H, IQ = 41, R = 0.11, Hrh TRy H
PIFERE. PRIV NP (0) =

BRI B E N
1 |sin(27t)+0.088
27 | sin(27t)+0.088

15 B AREE A, K5 A SR HE 9 T VDCHE 1 FIEKF
NI 4% 1] 2% (VDC+EKF) 5 S0k [20] FR 3 TAE 44
% B H AR S 2 BT TS T I PDA% 1) 85 (CT+
PD)ELLER, Ja#& sl Rk i 5N

U=TyMT,j+ (Tp MT, + T, CT.)q +
TIEGI +Kp (qd - ) +KV (qd - q) +
Ka(g— ¢). (60)

FHER LR TREA T, &R AL TR S, Bz
% “VDC+EKF” Z2¥n#3, Hh: FiEM &S
) 3 S R s o H B SE 1960% 22 180%,

da = rad. (59)
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K, = diag{1900, 500},
K, = diag{500, 150},
K, = diag{110, 110}.
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Table 3 Control parameters of links and joints

Eiti ks, pBy PBi  PBis
=1 30 50 50 50
1=2 20 50 50 50
Pt i kp, kr, ts, t;ri
i=1 20 350 2000 —500 500
1=2 20 200 2000 —500 500
S A Ao, An kg, ke,
i=1 08 20 0.005 200 0S5
1=2 05 10 0.005 100 0.5

EEAT UAIZEAT 2 (0 U8 R B 15 22 1T 2 7 ) AL PRI 3 0
B4, S5 AN 2040 A\ o i 220l L B 5 AN 6.
P 1) 4 ROR BB AT EE R4, Ferpr SN R R
FIFERR.

R 4 AAFIEH B AL

Table 4 Comparisons of two controllers

VDC+EKF CT+PD

e1 0.649 2.20
R JTHR [ rad €2 0.619 1.60
lle]| 0.900 2.72
. . KA1 0.36 1.30
EREERIE N
AT s A2 0.37 1.34
Fi1 46.33 66.20
i /(N - .
BOOBRIN-m - ey 1439 19.64

RZEEL TR T ORAG B AL R rp AT SRR
(ARSI VAU PSP N

RMS|e; (¢ \/Tj le(t)Pdt,  (61)
RMS|e \/Tf le®)|?dt,  (62)
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flEENAY X
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7 245 (Conclusions)
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