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1 Problem Formulation

Let 2 € R™ be the state, such that x N'(;X). y € R™ is the sensor measurement,
where y; is the measurement from the ith sensor, such that

Yi = @i + ;.

Assume that z,v1, ..., v, are all linearly independent and v; ~ N (0,r;).

Let 7; be a binary variable, such that v; = 0 if the sensor is not selected.
~; = 1 if the sensor is selected.

In the previous lecture, we consider ~; to be independent from y;.

In this lecture, we will assume v; depends on y;.

Consider the sensors employ the following strategy:

1. Each sensor randomly generates a uniformly distributed random variable
gi on [0, 1]

2. Sensor i computes a function:

2
() = _Y%
gz(yz) eXP( 251) y

where §; > 0 is a fixed parameter.
3. Sensor i decides whether to send the measurement or not:

i = 0 if& <gi(y)
' L if & > gi(ys)

Define the information set Z = {1, ..., Ym,Y1Y1,- - - s Ym¥Ym } and state esti-
mation and the estimation error covariance matrix as & 2 E(z|Z), P £ Cov(z|Z)

respectively.



2 Optimal Estimator
Consider single sensor case. The joint probability of x,y,y satisfies

P(xEXyGY’y:()):P(:EGX)P(yGY|:U€X)P(’y:0|y€Y)

/lex vey OS] ( 1(‘”_9”)TE (@ _x)> \/;WGXP (-;(y—ax)Q) g(y)dady.

Hence,
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Hence,

Px€ X,y=0) = B/xeX exp {—; ((x )y Yo —2)+ TiéxTaTaxﬂ da
:)\/mexexp [—;(x—it)f’_l(a:—fc)} ,

where

—1
P= (2_1 + ra+a5) =% - %' (aXa” +7r+6)"taX

and
F=Px 'z =72+ %a" (aXa” +r+6)7(0 — az).
Hence, if P(x|y = 0) is Gaussian distributed with mean & and covariance P.
On the other hand,
Py=1lze X,ycY)Pxec XlyeY (1—-g(y)PxecXlyecY)
Ply=1yeY) 1—9g(y)
=PlxeXlyeY).

P@eXlyeY,y=1)=

Hence, P(z|y,y = 1) is a Gaussian distribution with mean z + Xa” (aXa” +
7)~(y — az) and variance P = (X! + a¥a/r)!
Therefore

&=z 4 Xal (aXa® + 7+ (1 —7)0) " (yy — aZ),
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For multi-sensors, define
r= diag(’yla oo 7’Ym)7 A= diag((sh s 75m)

then
i=z+30T(CSCT + R+ (I-T)A)"Y(I'y — Cxz),

and

m T -1
pP=|xn1 W4 ) _n_noT(esCT + R+ (I-T)A)Cx.
( +;T¢+(1%)5¢> ( + R+ )8)

3 Communication Rate

Consider single sensor case and assume that T = 0 Let us define the communi-
cation rate A = P(y =1). Then

P(y=0)=E P(¢ <g(y)ly) =Eg(y).

y is Gaussian with mean 0 and variance r + aXa’. Hence,
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For multi sensor case,



