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!  Problem: communication link in feedback 
loop (multiplicative gain uncertainties) 

! Solution: add a new signal -- scaled dither  

! Applications: small grid, vehicle platoons, 
etc.  
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Control over a communication link with a scaled dither 

Scaled Dither 
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Solution 
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FEEDBACK WITH SCALED DITHERS 

SDE 
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FEEDBACK WITH SCALED DITHERS 

SDE 

By the strong law of large numbers, 1( ) / 0w t t→ w.p.1. 
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 FEEDBACK ROBUSTNESS AGAINST 
GAIN UNCERTAINTIES 

Scaled Dither 
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FEEDBACK ROBUSTNESS AGAINST 
GAIN UNCERTAINTIES 

Explicit Bounds on Relative Gain Robustness 
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Theorem 3 Suppose that the nominal  
 
system                         . If 
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for all   
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FEEDBACK ROBUSTNESS AGAINST 
GAIN UNCERTAINTIES 

Explicit Bounds on Relative Gain Robustness 
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FEEDBACK ROBUSTNESS AGAINST 
GAIN UNCERTAINTIES 

Explicit Bounds on Relative Gain Robustness 
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FEEDBACK ROBUSTNESS AGAINST 
GAIN UNCERTAINTIES 

Explicit Bounds on Relative Gain Robustness 
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SCALED DITHERS FOR HIGHER-
ORDER SYSTEMS 

 Second Order System 
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SCALED DITHERS FOR HIGHER-
ORDER SYSTEMS 

 Second Order System 
Dither 
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SCALED DITHERS FOR HIGHER-
ORDER SYSTEMS 

 General Case 
 

20γ =

0 1 0 0
0 0 1 , 1 , [1,1.5,2]
0.5 2 5 1

A B C
! " ! "
# $ # $= = =# $ # $
# $ # $− − − −& ' & '

20γ =

16"



SCALED DITHERS FOR HIGHER-
ORDER SYSTEMS 

 General Case 
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Applications 
 
 Consensus Control 
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NEWORKED CONSENSUS CONTROL 
WITH SCALED DITHERS 

 
 

Consensus Control without Gain Uncertainties 
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NEWORKED CONSENSUS CONTROL 
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Consensus Control without Gain Uncertainties 
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CONSENSUS CONTROL WITH SCALED 
DITHERS 

 
 

Consensus Control with Gain Uncertainties 
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Figure 10: Power flow control under perturbed link gains 



ROBUST STABILITY IN CONSENSUS 
CONTROL BY SCALED DITHERS 

 Consensus Control with Scaled Dither 
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Assumption:  (1) All link gains are non-zero 
            . (2) The network topology 
contains a full tree. 

0ijg ≠ g

Theorem 15 Q is negative semi-definite 
and has rank r−1. Hence, the eigenvalues 
of Q are all negative, except one which is 
0. 
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Consensus Control with Scaled Dither 
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Figure 11: Power flow control under perturbed link gains but with a scaled dither 
added to each observation link 
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8. CONCLUSION AND FUTURE WORK 
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