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Estimation and Detection

Random Signals (Ch. 5)

Dr. ir. Justin Dauwels: j.h.g.dauwels@tudelft.nl
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• Detection theory
• Neyman-Pearson Theorem (NP)
• Minimum Probability of Error
• Bayes Risk

• Detecting a known deterministic signal in noise using the NP criterion
• White noise
• Colored noise

Recap
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Learning objectives

LO1: Analyze optimal detectors for white Gaussian signals

LO2: Analyze optimal detectors for Gaussian signals with arbitrary covariance matrix 
buried in white noise and show how NP leads to the estimator-correlator

LO3: Analyze optimal detectors for Gaussian signals with arbitrary covariance matrix 
buried in colored noise and show how NP leads to the estimator-dewhitener

LO4: Analyze optimal general Gaussian detection
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Q1: What criterion should be employed to maximize the probability of detection subject 
to a constant probability of false alarm?

26/30 Question slideJoin at: vevox.app ID: 135-988-786

Neyman-Pearson
0%

Bayesian risk
0%
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Q1: What criterion should be employed to maximize the probability of detection subject to 
a constant probability of false alarm?

26 Showing ResultsJoin at: vevox.app ID: 135-988-786

Neyman-Pearson
88.46%

Bayesian risk
11.54%
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Q2: What criterion should be used if we want to minimize the average cost?

28/32 Question slideJoin at: vevox.app ID: 135-988-786

Neyman-Pearson
0%

Bayesian risk
0%
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Q2: What criterion should be used if we want to minimize the average cost?

28 Showing ResultsJoin at: vevox.app ID: 135-988-786

Neyman-Pearson
0%

Bayesian risk
100%
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Deterministic Signals (WGN) - Interpretation
White noise
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Deterministic Signals – Summary
Colored noise
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Quiz
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Colored noise: Optimal Detection Signal
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Colored noise: Optimal Detection Signal
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Exercise 1
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Exercise 1
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Exercise 1
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Exercise 1
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Exercise 2a White noise
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Exercise 2a White noise
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Exercise 2b Colored noise
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Exercise 2b

I

Colored noise
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Overview of Chapter 5

Topic Section

Estimator-Correlator Chapter 5.3

Linear Model Chapter 5.4

Estimator-Correlator for Large Data Records Chapter 5.5

General Gaussian Detection Chapter 5.6

Signal Processing Examples Chapter 5.7
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Learning objectives

LO1: Analyze optimal detectors for white Gaussian signals

LO2: Analyze optimal detectors for Gaussian signals with arbitrary covariance matrix 
buried in white noise and show how NP leads to the estimator-correlator

LO3: Analyze optimal detectors for Gaussian signals with arbitrary covariance matrix 
buried in colored noise and show how NP leads to the estimator-dewhitener

LO4: Analyze optimal general Gaussian detection
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Q4: Statement: we can detect all signals in the presence of noise by detecting the change in 
the mean of a test statistic.
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Q4: Statement: we can detect all signals in the presence of noise by detecting the change 
in the mean of a test statistic.

25 Showing ResultsJoin at: vevox.app ID: 135-988-786

True
16%

False
84%
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Quiz
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Random Signals
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Random Signals - Example
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Random Signals - Example
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Random Signals - Example
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Random Signals - Example
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Learning objectives

LO1: Analyze optimal detectors for white Gaussian signals

LO2: Analyze optimal detectors for Gaussian signals with arbitrary covariance matrix 
buried in white noise and show how NP leads to the estimator-correlator

LO3: Analyze optimal detectors for Gaussian signals with arbitrary covariance matrix 
buried in colored noise and show how NP leads to the estimator-dewhitener

LO4: Analyze optimal general Gaussian detection
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Random Signals – Generalization 1
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Random Signals – Generalization 1
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Random Signals – Generalization 1
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Quiz
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Random Signals – Estimator Correlator
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Random (Correlated) Signal – Example (1)
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Random (Correlated) Signal – Example (2)
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Random (Correlated) Signal – Example (3)
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Random (Correlated) Signal – Example (4)

Weighted sum of signal energies
Give more weightage to signal components with large power
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Learning objectives

LO1: Analyze optimal detectors for white Gaussian signals

LO2: Analyze optimal detectors for Gaussian signals with arbitrary covariance matrix 
buried in white noise and show how NP leads to the estimator-correlator

LO3: Analyze optimal detectors for Gaussian signals with arbitrary covariance matrix 
buried in colored noise and show how NP leads to the estimator-dewhitener

LO4: Analyze optimal general Gaussian detection
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Random Signals – Generalization 2
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Random Signals – Generalization 2

with B = D = I, A = Cw and C = Cs
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Random Signals – Generalization 2
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Deterministic Signals – Summary
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Summary (2)
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Learning objectives

LO1: Analyze optimal detectors for white Gaussian signals

LO2: Analyze optimal detectors for Gaussian signals with arbitrary covariance matrix 
buried in white noise and show how NP leads to the estimator-correlator

LO3: Analyze optimal detectors for Gaussian signals with arbitrary covariance matrix 
buried in colored noise and show how NP leads to the estimator-dewhitener

LO4: Analyze optimal general Gaussian detection
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General Gaussian Detection: both deterministic & random
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General Gaussian Detection: both deterministic & random
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Random Signals – Exercise
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Random Signals – Exercise
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Random Signals – Exercise
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Random Signals – Exercise
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Random Signals – Exercise
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Random Signals – Exercise
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Random Signals – Exercise
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Random Signals – Exercise
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Random Signals – Exercise
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Random Signals – Exercise
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Random Signals – Exercise
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Learning objectives

LO1: Analyze optimal detectors for white Gaussian signals

LO2: Analyze optimal detectors for Gaussian signals with arbitrary covariance matrix 
buried in white noise and show how NP leads to the estimator-correlator

LO3: Analyze optimal detectors for Gaussian signals with arbitrary covariance matrix 
buried in colored noise and show how NP leads to the estimator-dewhitener

LO4: Analyze optimal general Gaussian detection
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Reading Tasks

• Chapter 5
• Exercise 4,5,6,8,9 from course website
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• Composite Hypothesis Testing

• Locally Most Powerful Detectors

• Bayesian approach

• Generalized likelihood ratio

Next class
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