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Least Squares
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Least Squares Estimator

Least square error criterion:

No probabilistic assumptions

Example:

1. Linear least squares
2. Nonlinear least squares
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Linear Least Squares

s=0
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Linear Least Squares: a Vector Case

Normal equation

Weighted least squares

idempotent matrix,
i.e., A2 = A
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Geometric Interpretation

; linear combination of signal vectors
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Geometric Interpretation

Orthogonality 
Principle
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Geometric Interpretation

(Orthogonal) projection matrix

Projection matrix onto the subspace complement to P
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Sequential Least Squares

LSE:

Correction
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Sequential Least Squares for Vector Parameters
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Sequential Least Squares for Vector Parameters
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Least Mean Squares (LMS)
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Least Mean Squares (LMS)

Multiple data points
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Steepest Descent and Stochastic Gradient Algorithms



Prof. Songhwai Oh Estimation Theory 15

Convergence Analysis

Neumann series
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Constrained Least Squares

Constraint: Least square cost function: 

Using a Lagrangian multiplier: 
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Nonlinear Least Squares

; s is not linear in µ
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Nonlinear Least Squares

; s is not linear in µ

Necessary conditions for optimality:

Newton-Raphson iteration:

where
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Nonlinear Least Squares

Newton-Raphson method 
- using the necessary condition of optimality

Gauss-Newton method 
- using the linearization of the signal model

; s is not linear in µ


