
A unified approach to controller 
design for systems with

quantization and time scheduling

Dragan Nesic
The University of Melbourne

Daniel Liberzon
University of Illinois @ Urbana



Classical vs Networked

Plant Controller

Classical Control System

Point-to-point dedicated 
connections

Plant Controller

Networked Control System

Serial bus/channel connection

Network

Clock
� - Maximum 
Allowable
Transfer 
Interval (MATI)



Background
� Control over networks/band limited channels increasingly used. 
� Two modelling approaches (Little cross-fertilization!):
- NCS: Control loop closed via LANs; Packet based communication 

(e.g. fly-by-wire); 
Hristu, Ishii, Walsh, Nesic, Teel, etc.

- QCS: Control over low bandwidth channels (e.g. underwater 
vehicles);
Brockett, Nair, Liberzon, Elia, Tatikonda, etc.

� In both approaches, there are papers that pursue an “emulation”
controller design.

� We unify & generalize these results!



Emulation method



Step 1: Design the controller ignoring the network.
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Step 2a: Implement the same controller over network

Step 2b: Find sufficiently small MATI so that the closed loop system
is stable in an appropriate sense.
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Hybrid model of NQCS 

� p describes a “protocol”. We also use:



NCS Protocols



Main assumption

� Network protocol arbitrates access to the network.

� “Node” is a group of inputs/outputs that are always 
transmitted together

ASSUMPTION: When a node k gets access to the 
network at time tj, then we have

- the number of “nodes”



NCS protocols

Inj
are the identity matrices 

� is are Kronecker symbols



QCS Protocols





QCS protocols

� e is the estimation error between x and its estimate 
(e.g. the center of the quantization box);

� � is the size of quantization box.



NQCS Protocols



NQCS

� For instance, if we combine TOD with box protocols

s(e)=min[arg maxi |ei|];  H similar to QCS.



Main assumptions



� x assumption

� x is ISS from z to x with linear gain � .

� In other words, there exist K, � , � > 0 such that:

|x(t)| � K exp(-� (t-t0)) |x(t� )|+� ||z[t0,t]||�

� x(t0), t � t0. � is the linear “gain”.



� p assumption

� p is a W-UGES protocol.

� That is, the following holds for a1,a2>0 and � � [0,1)

� Many protocols are UGES!



� z assumption

W grows at most exponentially along � z dynamics.

� That is, there exist L, c � 0 such that:



� c assumption

MATI is sufficiently small.

� In other words, the following holds:

• � from � x
• a1, � from �

p
• L, c from � z



Main result:

Suppose that:

1. � x assumption holds;
2. � p assumption holds;
3. � z assumption holds;
4. � c assumption holds.

Then, the NQCS is stable.



Remarks

� MATI bound (clock!) depends on:

� � determines robustness of x system
- L, c determine the inter-sample growth of W

- � , a1 determine the properties of protocol 

� Can conclude other stability properties;
� Many NQCS protocols are stable;

� MATI not very conservative in examples.



Summary

� We presented a unified framework for 
emulation in NQCS.

� The result unifies some results in NCS and 
QCS literature.

� We generalized results to NQCS.
� Cross-fertilization: the notion of stable 

protocols used for the first time for QCS.
� Lots of recent and ongoing work,….



Thank you!


