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Linear MMSE (LMMSE) or Linear Least Square Error (LLSE) Estimation

• Optimal Bayesian estimators are often too difficult to determine in closed form.
• They are too computationally intensive.
• Restrict estimators to be linear -> Linear MMSE estimator

LMMSE estimator is a linear estimator

which minimizes the Bayesian MSE

Clearly, the LMMSE estimator is suboptimal unless the MMSE estimator is linear.
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Example: LMMSE is not always feasible

No good!
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LMMSE Estimator

LMMSE Estimator:
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LMMSE Estimator

; Minimum Bayes MSE

cf. MMSE estimator for a multivariate Gaussian r.v.

LMMSE Estimator:



Prof. Songhwai Oh Estimation Theory 7

Example

MMSE estimator cannot be obtained in closed form.

LMMSE estimator:

• We don’t care about the distribution of A. 
• We only need to know its mean and variance to compute the LMMSE estimator.
• It is required that A and w are uncorrelated (as opposed to the independence 

assumption).
• But the LMMSE estimator is suboptimal.
• MMSE estimator:
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Geometrical Interpretations

• Vector space of random variables (assume mean zero vectors).
• Inner product between X and Y is E(XY).  
• Random variables X and Y are orthogonal if E(XY) = 0 (i.e., uncorrelated). 

minimizesLMMSE estimator
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Geometrical Interpretations

Orthogonality principle
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Vector LMMSE Estimator

minimizes the Bayes MSE for each i.
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Properties of the LMMSE Estimator

1. Commutes over linear (affine) transformations

2. LMMSE estimator of a sum of unknown parameters is the sum of the individual 
estimators

3. LMMSE estimator = MMSE estimator for linear Gaussian models, for which the MMSE 
estimator is linear in data



Prof. Songhwai Oh Estimation Theory 12


