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Centralised Bit Rate-Limited Control
- Universal Performance Bounds
Cooperative Networked Control
- Irreducible Graph Cycles
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Networked Control Systems
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E.g. Micro-electromechanical systems, mobile power control,
irrigation, decentralised target tracking, manufacturing…



Communications Issues

Low data rates Poor resolution
Long delays Data less relevant
Transmission errors Data incorrect
Shared Communication Medium Access 



A Basic Question in 
Centralised Control
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What is the smallest data rate for stabilisability?



Initial Work
Early approach: analog-digital conversion errors in control = 
white noise.

Delchamps IEEE TAC ‘90: A/D errors yield additional 
information. 
LTI system stabilisable 0 with memoryless A/D, iff |a|<2. 

Wong & Brockett IEEE TAC ‘00: scalar system stabilisable by 
memoryless quantisation & control iff 

Feedback data rate R > log|a|

Need for rigorous, coding-based approach at low data rates, 
rather than AWGN approximation



Source Coding Analogy
Shannon: An iid discrete source  X can be 

‘reliably’ communicated (arbitrarily small error 
probability) over a noiseless digital channel iff

{ }.)(logE:}{h 2 XpXR −=>

•Guideline for allocating data rate.
•Quantifies source information generation rate.

In feedback control, 
`reliability’ = plant stability.

R bits/s CoderDecoder X ~p  X̂



Performance Bounds for 
Centralised LTI Plants 
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Coding and Control Laws 
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Coder-Controller 
and Data Rate
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Universal Lower Bound on 
Performance vs. Rate & Delay

2007) IEEE,   theof sProceeding Evans,&  ZampieriFagnani, (Nair,
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Properties of 
Performance Bound

law. control varying- time&nonlinear possibly  causal,   toApplies   
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Tightness of Bound
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Key Properties used in Proof
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Optimal Quadratic Regulation 
(Scalar Case)
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Optimal Quadratic Regulation
with Data Rate Constraints 
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Unstable Linear Plant

Node 4

Node 3
Node 2

Node 1

Cooperative Networked 
Control
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Formulation
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Coding and Control Scheme
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Coding Laws
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Coding and Control Scheme
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Previous Literature
Classical LTI analyses without bit-rate constraints (Corfmat & 
Morse, Automatica ’76, Vaz & Davison, IEEE TAC ’73) 
LTV solution (Anderson & Moore, IEEE TAC `81)

Bit-rate-constrained formulations:
Noiseless plant, multiple sensors & one controller 
-Sufficient condition (Tatikonda 2000)
-Necessary & sufficient condition (Matveev & Savkin, SIAM J. 
Con. Opt. 2006)
Noiseless plant, multiple sensors & controllers
-Separate necessary & sufficient conditions(Nair, Evans & 
Caines, CDC’04)
- Necessary & sufficient condition (Matveev & Savkin, CDC’05)



Controllability & Observability 
Structure
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Graph Cycles
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Observability Structure Controllability Structure

Example of non-trivial irreducible X3-cycles:
(X3,2,4,X3), (X3,2,3,X3), (X3,2,4,X1,1,3,X3), (X3,2,3,X2,1,4,X3)



Main Result: Characterisation 
of Achievable Rate Matrices
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Interpretation as Subchannel
Rates
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Example. Non-trivial irreducible X1-cycles: (X1,1,4,X1), (X1,2,3,X2,1,4,X1)
Non-trivial irreducible X2-cycle: (X2,1,4,X1,2,3,X2)



Example: 
Stabilisability Criterion 
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Comparison with 
Decentralised LTV Control
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Necessity Argument
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Stabilising Scheme
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Further Work

Dynamical noise
Performance Bounds
Delays
Transmission Errors
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