* Bivariate Gaussian

Lecture 8

EE 640
Stochastic Systems

&Outline

= Linearity of Expectation

= Correlation Coefficient

= Joint (Bivariate )Gaussian pdf
= Conditional Statistics




&Linearity of Expectation
E{aX +bY}=aE{X}+bE{Y}
E{iaixi} = ZN:“i E{X}

Conditional Expectation

EEE{g(X. V)X =[] [a(x ) fyx (¥ 1 X)dy |fy (x)dx
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= T TQ(X, y) fY|X (y | X) fx (X)dXdy :T Tg(x, y) fXY (X’ y)dXdy
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&Correlation Coefficient

o, Oy p=E{X}, w, =E{Y}
P = oo’ 0,0, o) = E{(X _ﬂx)z}
Xy
o2 =E{(X - 11,)}
O

o = ElOX= i) = 1)}

Uncorrelated E{XY}=E{X}E{Y}
Orthogonal E{XY}=0

If X independent of Y, then uncorrelated
If uncorrelated and 4=, =0, then orthogonal

If p = 0, then uncorrelated

If p =1, then o,, = 0,0, =0




Joint Gaussian pdf (Bivariate

&Guassian)
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iExample 2.33

X ~N(0,02) Y ~N(0,02)
frr (X y) = £ (%) f, (y)

1 1
Z=2(X+Y) W=2(X-Y)

(Df,y (z, w) = ? (2) find marginals (3) Are Z and W independent?

Sum or difference of Gussians is another Gaussian




&Example Cont’

(2) E{z} =2 (E{X} + E{Y}) = 0 E{W} = %2 (E{X} + E{Y}) =0

62 = E{Z2} = Ya E{X2 + 2XY + Y2}
= Y, (E{X?} + 2E{XY} + E{Y?}
=[o* + 05,2 1/4

62 = E{Z2} = Y4 E{X2 - 2XY + Y2}
= 1, (E{X?} - 2E{XY} + E{Y?}
=[o? +0c2]/4

1 1 -
f(2) = g 20 f (2)= g 20w
)= wlt) ="
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(3) E{ZW} = Y4 E{X2 - Y2} = [6,% — 5,2 ]/4
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GZO'W O'X-f—O'y O'X+O'y
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If 5,2 = 5,2, then Z and W are independent, else not independent
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1 1 ) ,
Fev (X, Y)—zﬂ(y\/—2 { 20— p 2[ —2pzw+w]}

Where o® = Gzz = Gwzl p= pzw2

&Conditional Statistics

3 (x)=in (x| A)P(A)

L1, 003 T A p(a)
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Where F(IA)_ 0 |
e DL rine

()= (X A)P(A)




