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Abstract: We propose a new event-based predictive control strategy that not only ensures the system stability but also

makes the teleoperation system adapt to environmental changes and deal with the burst incident. Thus, it improves the

performance of the teleoperation system. At the master site, a Round-Trip-Timedelay-predictor-based Path Governor is

designed to generate a suitable predictive event for improving the tracking performance, and dealing with environmental

changes and the burst of events. At the slave site, a Global Predictive Control controller is designed, which generates the

redundant control information to reduce the influence of the packet loss and the large time-delay of the internet, so as to

improve the robust stability and the operation performance. Simulations and results demonstrate the effectiveness of the

strategy.
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(Configuration of the teleoperation based

on event-prediction )
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Fig. 1 The diagram of the teleoperation based on event predictive

3 (Time-delay prediction )
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. Internet
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Table 1 The relative precision of prediction of RTT

< 5% 88.85% 94.097% 93.864% 80.864%

< 10% 98.462% 97.847% 96.692% 92.846%

4 (The event-

based path governor )
PG s(τ ; kT, s∞) ,

τ ∈ [0, +∞) , kT ,

s∞ , s∞ = lim
τ→∞ s(τ ; t, s∞)

[8]. s(kT), kT ,

PG , sk∞.

PG :

1) α , s−1∞
Δ= s0, Δs∞ =

vr × pTd, vr ,

pTd ;

2) t = kT , [sk−1∞ , sk−1∞ +Δs∞]

sk∞,

:

J(s∞) Δ= s(T ; kT, s∞), (1)

s(τ ; kT, s∞) :{
s(τ ; kT, s∞) Δ= s∞ + [s(kT ) − s∞]e−ατ ,

τ > 0;
(2)

3) t ∈ (kT, (k + 1)T ),

r(s(t)) = r(s(t − kT ; kT, sk
∞));

4) (k + 1)T ,

. (PG) 2 .
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Fig. 2 Path governor

5 (The GPC

strategy and its application )
5.1 CARIMA (The CAR-

IMA model of the teleoperation)
GPC

[9]:

A(z−1)y(k)=B(z−1)u(k−1)+C(z−1)ξ(k)/Δ. (3)
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σ2 ; Δ = 1 − z−1 ,

A(z−1) = 1 +
na∑
i=1

aiz
−i; B(z−1) =

nb∑
i=0

biz
−i;

C(z−1) = 1 +
nc∑
i=1

ciz
−i.

x = [q′ q̇′]
′
, q(t) ∈ IR

n

. :

Γ (t)=−D(x(t))f̂(x(t)) + D(x(t))u(t − Td). (4)

: u(t − Td) Td ,

f̂(x) f(x) :

f(x) = −D−1(x){C(x) + G(x)} − [Ac21Ac22]x.

(4) :

ẋ(t) = Acx(t) + Bcu(t) + Bcf̃(x(t)). (5)

f̃(t) . ,

Ac . ,

(3) CARIMA .

5.2 (The design of GPC)

kT ,

JP = E[
P∑

j=N1

qj [y(k + j) − yr(k + j)]2 +

M∑
j=1

λj [Δu(k + j − 1)]2. (6)

: E , yr , N1,

P , qi, λi

, M

. :

yr(k + j) = y(k) + [w − y(k)](1 − e−α∗j). (7)

w . (6)(7),

ΔU(k)=(HTQH+λ)−1HTQ(yr(k + 1)−F ). (8)

:

ΔU(k)=[Δu(k), Δu(k + 1),· · ·, Δu(k+M−1)]T;

yr(k+1)=[yr(k+1), yr(k+2),· · ·, yr(k+P )]T

; H Diophantine

; Q = diag{q1, q2, · · · , qP }; λ = diag{λ1,

λ2, · · · , λM}; F

:

F = R0(z−1)ΔU(k − 1) + S(z−1)y(k). (9)

R0, S Diophantine ,

ΔU(k − 1) = [Δu(k − nb), · · · , Δu(k − 1)].

Diophantine CARIMA

(3), j y(k + j).
j

, ,
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. j

ym(k + j), k

(10) :

e(k) = y(k) − ym(k), (10)

ym(k) = Ĝ(z−1)u(k) + Ĝξ(z−1)ξ̂(k), (11)

Ĝ(z−1) = z−1B̂(z−1)/Â(z−1), (12)

Ĝξ(z−1) = [Ĉ(z−1) − 1]/Â(z−1)Δ. (13)

ˆ . j

y(k + j) = ym(k + j) + hje(k). (14)

(6), ,

(8) , F

, :

F=R̄(z−1)Δu(k − 1)+S̄(z−1)y(k)+he(k). (15)

: R̄, S̄ Diophantine , h
. ,

, u(k + 1)
,

u(k + M − 1) .

6 (Result and simulation )

.

, m1

=1 kg, m2 =1 kg, l1 =1 m, l2 =1 m,

q1, q2, Γ1, Γ2.

.

, 300.

(8), GPC ,

N1 = 4, P = 7, M = 4, λ = 0.00001,

Q =diag{20, · · · , 20}. (7)

α = 2, Ts = 0.01 s,

q1 = 1.2661 rad, q2 = −2.5322 rad.
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f̃ = 5% × f, f̃ = 10% × f.

3 . ,
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Fig. 3 Robot position tracking
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7 (Conclusion )
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