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Introduction (QoS Control)
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Introduction
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4 _ _ N
To Deal with this trade off :
® Introduce network model with many virtual
channels with different packet loss probabilities
® Introduce a periodic switching control scheme.
N /

4 )
® Designed offline  simplicity of the design

® Can be easily implemented
- J
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Problem Formulation
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____________________________________

H —— H
Comm.Channel
Y K
| H |
a — I

X1 = AX, + Bu,
Y = CX,

- AE mnxn’ B c mnxl’c c mlxn
K_(A’B) controllable, (A,C) observabl/e

Only one channel can be used
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at one time

___________________________________

| Comm.ch.

_91;( _
’ Packet loss
— . px1 ] .
O,=| : |eR — indicator
_ep'k_

o = prob{@i,k = O}:Noss prob.

N Switching pattern of
qe Ip = period N

Q =[0...010...0] € R**
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Problem Formulation

X, = Ax +BO,Q, Vv, Closed-loop equation:
Y, =X, X, = (A+BO,Q, K)x,
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H:

A, , — packet s lost
A, — packetisarrived

Xy = Ak,é?(k)xk {

Ak+N,6’k — Akﬁk —) Periodic stochastic system

4 For system X,,; = Ak,g(k)xk which is N-periodic, the )

origin is said to be :
*Mean-square stable If for every initial state (Xo , 0, )

K im €| ., 0, ]=0
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Periodic System

Periodic System :  X,.; = A X,
Where A(:) is a periodic matrix of period Ni.e A,y = A
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4 Lemma 1 : The following statements are equivalent each other. )
® A(:) is stable.

® There exists a N-periodic positive definite solution

of the Lyapunov inequality P ()

TPk+1 _Pk 0
N AGANLE Y

S. Bittanti and P. Colaneri, IFAC Periodic control systems, 2001
A= AQAD - AN-D | A >Ry
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Stability Condition

Each channel is used n; times (;”i = Nj

Proposition 1 : For the system H, the origin is mean
square stabje iff there exists an N-periodic matrixP, € R"™"

such that P, = P," > 0 and
2% A\PuA R <0foriel, (D)
\ =

(Proof)

Define the Lyapunov function as : V, = X, "P,X,
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/

Where P is time varying and P, = P,

The system is mean square stable iff E[Avk\xk , Hk] <0
1

If > a; AP A, — P <0forlely holds for I, then it also holds for I+N
i=0
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Proof

Closed-loop equation ;
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X1 = A@(k) k

Applying lemma 1 and compute the expected value of the difference :

E[Avk ] = EB/kJrl‘Xk ’ Hk—l: _Vk

= E Xy 11 Pt Xieoa | X 9k_1]— X, P, X,

=E _XI A\Tk Pk+1'Aﬁ,ka ‘Xk ’ Hk—l]_ XI Pk Xy

= X! E[A{k Pt kX, Qk_l]xk ~ X/ P, X,

= X! (2 AL P A + A= ) AL P AL X = XTPX,

= X (ZalkAl PPk — ]Xk <0
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Necessary condition on loss prob.
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/Proposition 2 : The necessary condition on the packet IOQ
probabilities «; so that there exists a controller that
stabilizes the plant is given by

[lﬂ[ aig‘j max|A(A)" <1
=1
KWhere ﬂ() denotes an eigenvalue /

(Proof)
By proposition 1, The system is stable iff there exists an N-periodic P, >

0 such that N inequalities in (1) hold.

1
Ay A|T,o|:)|+1A|,o -R < Zai,|A|T,i R.A; R <0
i—0
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Proof

The Necessary cond. for the system to be stable is that 3P, > 0
such that:

ao,lAlT,oPmAl,o - B <0forlel,
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Straightforward calculation gives us :

ot ..o’ (AT) PAY —P, <0,P, >0

The solution of P, exists iff afla;z ...agp A" is a stable matrix

ie. [fl[ a;J max|2(A)" <1

Tokyo Institute of Technology Fujita Laboratory



Performance -1 (Guaranteed Decay Rate)

Tokyo Institute of Technology

 Assume there are two channels: @; =0 and «,

e Find the minimum data rate over ch.1 or largest periodic
N such that :

sup (x| )< ¢ o>
(for any packet
loss realization)

e Considergq=1[1,2,...,2]. By Assuming worst case i.e o, =0
In one period, the maximum periodic N Is given by :
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Performance - 2

Assume p=2 with loss prob. «,, @,
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For scalar system, State convergence rate for periodic
switching is better than for mean loss prob.

Proof:

For periodic switching, q = [1,...,2,...] , n; =n, =n,
Expectation of the norm of the state in one period:

E=E X-ZrnXZn Xo]: Xo [(alaz +(1- al)acz)(azaz +(1- az)acz)]n X

. + .
Next, for mean loss prob i.e & =a,="_-"2  expectation of

: . 2
the norm in one period :
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Performance - 2
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4 " 2n
xo]z XOK% 2% jaz + (1—(0[1 2052 j)af} X,

Assumen =1,

E-E-= )(0(051_052)2[3'2 _af]zxo >0

E = E[x;nx2n

The above inequality is also satisfied forn > 1
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Simulation
Multi-Agent System :
Xk+1 (I _gL)Xk

e 5 Agents, fully connected undirected graph
e, =01, =0.9,0= [1,2], simulation 1000 times
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Conclusion & Future work
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 Periodic switching scheme for QoS control
IS proposed. Stability condition is derived
and performance of periodic switching Is
studied.

o Optimal switching scheme and proof for
MAS are left as future work
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