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Introduction
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« This brings serious limitations in:
= Robustness and abilities of the controller
= |n multi-systems with limited masters when
different operating frequencies exist | eecing— N
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Introduction

* Nonuniform sampling is important in actuators and task-scheduling problems
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Actuators and robot mechanisms Digital task scheduling in automation

* For instance, PWM control is conventionally used in driving the motors but
= Considerable voltage spikes in high-frequency controls
= Large energy losses in high-frequency
= Magnetic noise and disturbances

Non-uniform random sampling controllers will make more efficient discrete-time controllers




Problem statement

* The system has a random non-uniform sampling time ( hx =t — tr—1)
values, changing time length

« The controller should converge the states x; to desired states x4

— Uniform sampling

e The controller should be robust i oo i e
enough with the ability to stabilize N/J
the system while sampling time frajectory

changes continuously /
(the sampling time itself becomes a b W b
disturbance) Time
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Motor model with a flexible load

] i ] +
State-space model in continues-time
x = Ax + Bu,
y = Cx, v
where
e _1
A=| b 2 KL 1 B=| 0 [|[.C=]1 -
0 0 1 0 1

where statesare x = [I 4 6] and

J = J,, + Jr : Motor and load inertia

B = B,, + B; : Motor and load viscous friction
K; :Load stiffness



Discrete state-space model

The discretized model is defined with sampling time h;, as

Xp+1 = Frxp + Gruy,
where ,
L
Fk = EZAh”I""j Gjﬂ = / eAh"'* B d;T?
J 0

Then, the model is transformed to Maclaurin series by

= A A A?
BA) L) =I+=+ = +..

£~ (i+1)! ol T 3l
which has following properties )
(i) A®(A)=P(A)A, (iii) / e dr = hd(AD),

A __ :
(it) e™ =1+ AP(A), (iv) ®(T 'AT) =T '®(A)T for an arbitrary

invertible T,



An energy-based controller with dynamic gain

Proposition: The motor model with random nonuniform sampling h; will
always converge with following controller input
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k. Dynamic energy gain

(0 ) (B ) 000 iy
Under the boundedness of the sampling time condition by
{ kp (9;; _ éd) (me,{, - 9,{) <0 T — 0
—Ax;. < Buy hj — oo

And singular-free config. and physical model condition

1 . ke . . .
k'E (§XCEDXA) X?D‘I’(Ah;l)BUA + k’-P (QA — Qd) Qk < _kEE‘lb X{D‘I’(Ah;\)AX;M - % (QA — Qd) (mek - Qk:)

*Please refer to paper for more details about the proof



Controller Lyapunov function

» The derivative of Lyapunov function (v = gkss+ sko(0 — o + 5ke0 =02 ) iS
derived and discretized using Maclaurin series and our discrete model

V& h—k(VkJrl — Vi) = h_kkEEk (Erkt1 — Ex) + h—z (hk (Op+1 — 0Ok) — Qd) (9k+1 - Qk) + h_P (01 = Ba) (Brr1 — O)

|:> ‘ V' — kpEy xLDtﬁ(Ah;ﬂ) (Axy +Buk)] + E 2 (0r = 8a) (Fumxn = i) + kp (6 — ba) b ‘
« With a positive definite Lyapunov function a

stable converges can be achieved under K
Lasalle’s theorem L oo
V’(X;f) S 0, VXk ~ RS S-
while satisfying two inequalities: i
T kD . . 00 | A f :
V,:kp (8 Red)ek“(ﬁked) (mek—ek) <0 e ——— 5 1

01 0.05 10 0| (rad/s)
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Vo : Bup + Axp <0 hy (s)



Dynamic gain tuning of energy term

* Energy term in Lyapunov function is main factor that is sensitive to the
sampling time (hy)

« We propose a tuning dynamic gain based on a standard energy

kp(hk) = Ey/E'(hy) + K.
where
K. : Constant small value

E'.: Standard discretized energy

* An inequality condition to grant stability with dynamic energy gain:
ki (B /E'(hg) + K.) [x; D@(A"hy,)Bug| < kg (EL/E' (hi) + Kc) x, D®(A*hy)A*xy,
kp /- : . :
+ 5 (0 = 0a) (i — 6y

*Please refer to paper for more details about the proof



Simulation results

The results for three different random sampling time cases

Initial and desired states:

{60,060, 1o} = {0.1,5,0.4}

{Gd, éd' Id} == {2, 0,0}

Based on stability conditions
sampling time is bounded with

hie € [Bonins hmas] = [0.05,0.2] s
Variable Value Variable Value
J 0.004 kg-m? B 0.04 Nm-s/rad
R 1.3 (2 L 1 mH
Ky 0.5 Km 0.5
K 0.7 N/m kp 565
kg s 725 kp 0.07
hs 0.11 Usat 45V
K. 610 K 0.4

The system parameters
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Simulation results of the system states.




Simulation results

* More details regarding the controller behavior
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Simulation results

* The dynamic kg effect’s in system convergence

0.2 _l ——Constant kg
_ —— Dynamic kg
o 3¢ W L
* The constant k = =20 | | | | |
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Sampling time and energy gain  Simulation results of the system states.
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Conclusion and Future Works

* Conclusion
= An energy-based controller to converge the system with non-uniform random
sampling with designed dynamic gain is proposed
= Performance of the controller checked for the DC motor system with flexible load

* Open challenges
= Although the elastic load makes the converges longer, better strategies should be
Investigated to decrease the converges time,
= Dependency of the energy-based controller to physical parameters, based on its
nature, limits the application ranges (non-physical models e.g., real-time
systems)

» Future works
= Developing a model predictive controller with changing horizon



