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Introduction

• Digital controllers
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• This brings serious limitations in:
▪ Robustness and abilities of the controller

▪ In multi-systems with limited masters when 

different operating frequencies exist

▪ Scheduling and random non-uniform sampling

• In classic methods the sampling time kept constant



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 



• The controller should converge the states to desired states

Problem statement

• The system has a random non-uniform sampling time (                         ) 

values, changing time length
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• The controller should be robust

enough with the ability to stabilize

the system while sampling time 

changes continuously 

(the sampling time itself becomes a

disturbance) 



where states are                                 and

: Motor and load inertia

: Motor and load viscous friction 

: Load stiffness

Motor model with a flexible load 

State-space model in continues-time

where
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Discrete state-space model

The discretized model is defined with sampling time ℎ𝑘 as

where

Then, the model is transformed to Maclaurin series by

which has following properties 
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An energy-based controller with dynamic gain

Proposition: The motor model with random nonuniform sampling ℎ𝑘 will 

always converge with  following controller input

Under the boundedness of the sampling time condition by 

And singular-free config. and physical model condition 
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𝑘𝐸: Dynamic energy gain

𝑘𝑃: Proportional gain

𝑘𝐷: Derivative gain

*Please refer to paper for more details about the proof



Controller Lyapunov function

• The derivative of Lyapunov function (                                          )  is 

derived and discretized using Maclaurin series and our discrete model 

equations 
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• With a positive definite Lyapunov function a

stable converges can be achieved under

Lasalle’s theorem 

while satisfying two inequalities: 



Dynamic gain tuning of energy term 

• Energy term in Lyapunov function is main factor that is sensitive to the 

sampling time (ℎ𝑘)
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• We propose a tuning dynamic gain based on a standard energy 

where

• An inequality condition to grant stability with dynamic energy gain:

𝐾𝑐 : Constant small value 

𝐸′𝑠: Standard discretized energy

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

where

*Please refer to paper for more details about the proof



Simulation results

• The results for three different random sampling time cases

10The system parameters 

𝜃0, ሶ𝜃0, 𝐼0 = 0.1, 5,0.4

𝜃𝑑 , ሶ𝜃𝑑 , 𝐼𝑑 = 2, 0,0

• Initial and desired states: 

Simulation results of the system states.

• Based on stability conditions 

sampling time is bounded with



Simulation results

• More details regarding the controller behavior 
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Sampling time and energy gain Energy of system and control input



Simulation results

• The dynamic 𝑘𝐸 effect’s in system convergence
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Sampling time and energy gain Simulation results of the system states.

• The constant 𝑘𝐸
controller can not 

converge angular state 

to desired values



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
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• 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 


