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Event-triggered trajectory tracking for nonlinear systems

Objective: Design event triggered control for trajectory tracking, based on a continuous time control.

Event based sampling and control as an alternative to Time based sampling and control:

Advantages of event-based control:

* Reduced costs and energy consumption.

* Reduced use of computational resources.
More tasks can be performed.

« Better utilization of communication resources.

Time

System with event based control:
= f(2) +u(z(ti), za(ts), v(t:))
for t € [t;, tiz1), i€ {0,1,2,...}

« Trajectory tracking error at time ¢ : Z(t)

« Measurement error in tracking error and reference
trajectory at time ¢ : &(t)

« Control update rule

Given:

+ Nonlinear system: i = f(x) + u(x, zq4(t),v(t)), = € R"
« Reference trajectory: z,4(t) € R"

* Bounds on: z4(t) and @4(t)

« Continuous time control: u(p,q,s) = Alp, g, s]”

» Lyapunov function: V(x — zq4(t))

IF
Control update rule: Example: T =2
If ||Z|]] < Control not updated Double integrator: a—

Result:
Update control when:
Plle|| > ||z, where, 0 <o <1, for any r >0

If |Z] > Control updated when
Pllel| > ag(|1Z]]),

where, 0 <o < 1
P, g(.), r, and r;

determined by system properties and the
Lyapunov function

Set-point tracking

P

Trajectory tracking

THEN

® Update points

(i) Tracking error is globally uniformly ultimately bounded.
(ii) Inter-update times are lower bounded (no accumulation of L
update times). o i5 2 o s ;

Control of Robotic Manipulators under Input / Output Delays

Obijective: Design algorithms to stabilize a robotic manipulator system
with input/output (constant or time-varying) delays

Controller dynamics
de=1Uc=q
Yo = Kpu, + Ky(x,

Dynamics of the robotic manipulator
M(q)q+Cla,4)g=~Ts +7e =T

Robotic
manipulator

.= qa)

Transmission delay

—| Constant delays }

Scattering representation Transmission equations

l‘1:ﬁ(7s+[”}) s} :\/;—( —bq) 21(t) = 2(t = T»)

v2 = (e +bue)i 22 = (e —bue)  vy(t) = vy (t = T)
Scattering

Transformation

System with
constant delays
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—{ Time-varying delays }

Assumption 0 < Ti(t) < Ty < 0o with Ty(t) <T; <1, i=1,2

Define galns dependent on the maxmum rate of change of delay
E<(1-T) and di < (1-T

Using Scattering Transformation
|:> Not able to achieve
desired position

System with time- ‘:DJ Scattering
varying delays Transformation
Assume there exists innate dissipation in the system.

Two Loop Architecture
M(q)i+C(q,4)q+ Bng= —Ts +Te =7

Given the controllers as
Yer=Kque

Yer= K (gt - Ty(8)) - 42))
If the controller gains satisfy the condition (B + K4) > KTy
then ¢ and (q(t — T1(t) — Tx(t)) — q2) are asymptotically stable.

Experimental results show that the system with time-varying delays
is stable with good tracking performance.

@ ® Previous control scheme. Estimation of unknown parameters
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