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Nonlinearity	to	create	damping	for	
precision	system	

Objec0ve:	
To	study	nonlinear	effect	like	reset	to	damp	the	high	frequency	
modes	and	therefore	design	a	high	bandwidth	control	



Integrated	sensing	and	actua0on	in	compliant	
mechatronic	system	with	large	mo0on	

	
Tasks:	
1)  Design	integrated	actuaBon	and	sensing	in	a	flexure	

	for	moBon	control	

2)  AcBve	damping:	cancel	the	vibraBon	and		
remove	the	extra	DoF	caused	due	to	flexibility	

[1]	AdapBve	and	controllable	compliant	systems	with	embedded	actuators	and	sensors		

Integrated	sensing	and	actuaBon	compliant	system	[1]	

Objec0ve:	
To	design	an	integrated	actuator-sensor-flexure		



Mechanical	implementa0on	of	actuator	
for	propulsion	of	micro-robots	

	
Tasks:	
1)  Implement	the	smart	actuator	for	propulsion	of	robot	
2)  OpBmize	the	design	for	bePer	performance	in	moBon	

Objec0ve:	
To	design	a	sperm/cilia	robots	using	thermal	
smart	actuator		

This	is	a	part	of	cohesion	project	together	with	BME	and	DCSC.		



New	generaBon	of	PID	Control	for	
mechatronic	system	with	flexibility	

Objec0ve:	
To	use	the	reset	strategies	to	increase	the	phase	and	use	fracBonal	
order	to	increase	the	robustness	
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Figure 4) Bode plot (DF) of the general 
structure of reset lag-lead compensator that I 
propose. It is divided into three areas, I) very 
low frequency disturbance rejection which uses 
the fractional-order integrator (to eliminate 
steady state error) and fractional-order reset 
integral, II) low frequency disturbance 
rejection applying fractional-order reset 
integral, III) the positive phase with zero gain 
variation in crossover-frequency ( γ is the 
phase of fractional-order reset integral). 
 
 
 
 

 
C. Fractional-order Reset-Element (FOREα): is a reset compensator with a 

fractional-order base function as k
τsα +1

 (fractional-order low pass filter). Low-

pass filters are essential part of PID controller, which attenuates the high-
frequency noises. But due to their lag phase they jeopardize the phase margin. 
I will introduce reset strategies to increase the phase of this filter therefore 
increase the phase margin and robustness. Further, I will develop the theories 

for higher-order reset elements with base function as ω 2
n

s2α + 2ξω ns
α +ω 2

n

. 

D. CRONE reset control: The results obtained in A, B and C will be used to frame 
a general form of FRC. Then, robustness criteria will be methodologically 
fulfilled developing new type of CRONE tuning method.  

E. Stability of FERC: will be investigated developing common Lyapunov method 
for fractional-order system. It is an effective tool to analyze the stability of 
integer-order discrete-event system due to its equivalence in frequency 
domain, which makes the frequency domain tuning possible. 

F. FERC: Using event-based sampling, I perform an optimization between the 
number of events, i.e. the energy consumption, and the control performance, 
i.e. precision. 

From the above activities A, B, C and D are related to the FRC area, while activities E and 
F relate to ERC, FEC and FERC in figure 1. 

For validation purposes I apply the designed control on I) precision positioning 
stages developed in our mechatronic system design lab at TU Delft (figure 5(a), 5(b)) 
and II) smart actuators like IPMC2 (figure 5(c)). These applications will be challenging to 
verify the performance of my designed control in view of precision requirements in 
precision stages, and complexity, unstructured dynamics and the need for energy 
efficiency in smart actuator.  

(a)        (b)    (c) 

    
Figure 5) Precision positioning stages a) rotational precision positing stage [24] b) cost effective planar 
precision stage [25] c) a bimorph smart actuator/sensor. 

                                                             
2 IPMC is a smart distributed actuator, which has large displacement and low power consumption comparing to other distributed smart 
actuator like shape memory alloys, dielectric elastomers and piezoelectric [23].  
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Event-based	control	of	mechatronic	system	
with	wireless	sensing	

Objec0ve:	
To	apply	proper	event-based	sampling	instead	of	periodic	sampling	
to	opBmize	the	energy	consumpBon	
	
This	project	is	funded	by	ASM.	
	


