


















ECE313 MATH362 PROBABILITY WITH ENGINEERING APPLICATIONS

LECTURE37 MINIMUM MEAN SQUARE ERROR ESTIMATION PART 2

TOPICS TO COVER BASED ON CH 491

LINEAR ESTIMATORS

LINEAR ESTIMATORS

Y A RANDOM VARIABLE WITH KNOWN PROBABILITY DISTRIBUTION FY
EATURE

2x A RANDOM VARIABLE WITH KNOWN PROBABILITY DISTRIBUTION FX

QUESTION SUPPOSE Y IS NOT OBSERVED BUT X IS AND WE WISH TO

ESTIMATE Y BASED ON AN OBSERVATION FROM X SUCH THAT

THE MEAN SQUARECDI ERROR IN ESTIMATION IS MINIMIZED

ANSWER

LET g X BE A FUNCTION OF X THAT WE WISH TO USE TO ESTIMATE THE

RV K THEN

ERROR IN ESTIMATION Y g x

SQUARECDI ERROR IN ESTIMATION Y g x

MEAN SQUARECDI ERROR IN ESTIMATION E Y g X

EXPECTED AVERAGE

WE WANT TO CHOOSE S SUCH THAT THE MSE IS MINIMIZED 1 E SOLVE

g x argmin E Y g x
g x



WE HAVE ALREADY SHOWN THAT LECTURE36 9 1 1 E Y X

FOR SIMPLICITY AND REASONS BEYOND ARE SCOPE WE FOCUS ON FUNCTIONS g

THAT ARE LINEAR 1 E 1 t

A NOTATION
UNKNOWN

FINDING g X AMONG LINEAR FUNCTIONS SIMPLIFIES THE PROBLEM AS WE ONLY NEED

TO FIND THE UNKNOWN a AND b

MEAN SQUARECDI ERROR IN LINEAR ESTIMATION E Y X

E Y ax b

WE WANT TO CHOOSE A AND D SUCH THAT THE MSE IS MINIMIZED

1 E SOLVE

at b argmin E Y ax b
a b

HOW

DIFFERENTIATE E Y AX b W.R.T a AND b AND

SET EACH OF THE ABOVE TWO EQUAL TO ZERO

IEQEE.it EYatioIsknowns



BUT WE WILL TAKE A DIFFERENT APPROACH

NEWRV

ER E y fax
2 eppy my

constant ESTIMATOR

111

MINIMIZING 11 W R T D FOR A FIXED a 15 SAME AS FINDING THE

MINIMUM MSE CONSTANT ESTIMATOR OF Y ax WHICH IS GIVEN BY

b E Y axl EY AEX My Amx

HENCE FOR A FIXED A THE OPTIMAL LINEAR ESTIMATOR IS

Lp X ax b

ax My Amy

My a X Mx

HENCE FOR A FIXED A MSE AT L X is

E Y ax b E Y My a x Mx

ECEE.it Ewkii
Var x ax

LECTURE34
corly ax y ax



ectopeza

Cov Y Y 2 a Cor Y X a cor x x

Varly 2 a Cork a Var 1 1 12

WE NEED TO FIND A SUCH THAT 127 MSE AT L X 15 MINIMIZED 1 E

SOLVE

at argmin E Y ax b
a

HOW

DIFFERENTIATE E Y AX b W R T a AND

SET IT EQUAL TO ZERO ONE EQUATION AND ONE UNKNOWN

CONSIDER

E Y ax b var141 2acor Y at var 1 1 0

UNOBSERVED RESPONSE 2 COVEY 2 aVar 1 1 0

REGRESSION COEFFICIENT OF ONXNOBSERVEDFEATURE

at

92 NOTATION FOR varCORRELATION

COEFFICIENT
BETWEEN X ANDY

RECALLTHAT exy 104111

at



MINIMUM MSE LINEAR ESTIMATOR

x

µ atmy

X My expTx

MINIMUM MSE AT IX USING 12 is

E Y a x b Varly 2a cor Y a 2 Var 1 1 12

of 2 cortex of

of 2 ex.xtxortet.net

of 2 Pxx̅ty Exyty

MINIMUMMSE OF CONSTANT EST

TY PEYOTEREDUCTION 1
mumMSE

II.tt En'EII'CanEarl
Ty 1 exe



SUMMARY OF MINIMUM MSE ESTIMATION

UNCONSTRAINED ESTIMATORS OF THE FORM g XI

MINIMUM MSE UNCONSTRAINED ESTIMATOR g XI E YIX

MSE OF 9 4 1 E YY E IE YIX

ASPECIALCASEOF
UNCONSTRAINED ESTIMATORS

LINEAR ESTIMATORS OF THE FORM
LEXI

ax b

MINIMUM MSE LINEAR ESTIMATOR L XI My Pxy Ty X

MSE OF XI Ty 1 Ey

ASPECIAL CASEOF LINEAR ESTIMATORS
LEXI ax b WHERE 9 0 AND D 8

CONSTANT ESTIMATORS OF THE FORM g

Minimum MSE CONSTANT ESTIMATOR 5 My

MSE OF 8 Ty

NOTE THAT

E

EEm Eft rig
MSE OF 9 4 1 MSE OF L LXI MSE OF 8


