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Reinterpretation and Generalization of Proxy-Based Sliding Mode Control

*Ryo Kikuuwe (Kyushu University)

Abstract— Proxy-Based Sliding Mode Control (PSMC), which we previously proposed, is a position control
scheme that is as accurate as and safer than PID position control. This paper presents a class of control
laws that includes PSMC. A control law of the class stores a state vector in the computer and has an update
rule for the state vector. The actuator force is produced to make the real state vector to follow the virtual
one as long as the actuator force is not saturated. The control law implicitly includes PID control and thus
it suppresses the influence of disturbances and nonlinearities.
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f(k) = La(k) + KVa(k)/T + BV?a(k)/T?>  (3a)
f(k) = Fsgn (s(k)) (3b)
s(k) = pq(k) — q(k) + H(Vpy(k) — Vq(k))/T (3c)
q(k) = p(k) + Va(k)/T (3d)
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F(k) = argmin||f — £*(4)] (54)
feFr

alk) = p* (k) + f(k)/ K" (5°)

a(k) = ak — 1) + T(q(k) - p(k)) (56)
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Fig.1 Physical interpretation of PSMC.
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B={{¢u}|u>-V Aq—pa+Hu<0} (9)
C={{autlus-V Aq—ps+Hu<0} (10)
D={{qut|u<V ANq—ps+Hu>0} (11)
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u*(k) = Ux(pa(k), q(k — 1),u(k — 1)) (13a)
q* (k) = q(k — 1) + Tu*(k) (13b)
goooooo
Ua(pa,q,u) = Hqu/(Hq +T) (14)
Us(pd; ¢, u) = Homax(V,u)/(Ho —T)  (15)
Uc(pa,q,u) = Hqu/(Hq + T) (16)
Up(pda,q,u) = Homin(=V,u)/(H, —T) (17)
Us(pa,q,u) = (pa —q)/(H+T) (18)
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Fig.2 State space.
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q (k) =U(py(k),q(k —1),q(k - 2))
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FUNCTION U(pg. 4, ¢2)
u=(q-q)/T
IF A5 {q,u}

u* =Ua(pd, g, w);

IF D> {q¢+Tu*,u*} THEN v* := -V

IF B > {q+ Tu*,u*} THEN u* := Us(pa, q, u)
ELIF B > {q,u}

u* = Up(pd,q,u)

IF (AUD) 5 {q¢+ Tu",u"} THEN uv* = Us(pg, ¢, u)
ELIF C > {q,u}

u* = Uc(pa, q, )

IF B> {q+Tu*,u*} THEN v* =V

IF D 5 {q+ Tu*,u*} THEN u* = Us(pg, ¢, u)
ELSE // D > {q,u}

u* = Up(pd,q,u)

IF (BUC) 5 {q+ Tu*,u*} THEN u* := Us(pg, ¢, u)
END IF

RETURN q + Tu* (20)
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Fig.3 1-DoF device model used in the simulation.

Table 1 Parameters for the 1-DOF device model.

symbol  value unit
M, 0.67 kg-m?
B, 10 N-m-s/rad
me 10 N-m
K, 10000  N-m/rad
By 100 N-m-s/rad
M, 0.72 kg-m?
Table 2 Parameters for the controller
symbol  value unit
T 0.001 S
K 60000 Nm/rad
B 100 Nms/rad
L 1000  Nm/(s- rad)
F 100 Nm
H 0.1 S
H, 0.1 S
Hy 0.05 S
|4 0.05 rad/s
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Fig.4 Results: Step Response (left:eq.(6), right:eq.(20)).
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Fig.5 Results: abrupt change in target (left:eq.(6), right:eq.(20)).
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Fig.6 Results: collision (¢ < 1.5 s) (left:eq.(6), right:eq.(20)).
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