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ET4386 Estimation and Detection

Dr. Justin Dauwels (j.h.g.dauwels@tudelft.nl)

Detection 

Lecture 2:  Deterministic Signals (Ch. 4)
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Previous Lecture

• Important probability density functions (pdfs)
• Gaussian pdf
• Central Chi-squared pdf

• Optimal binary detection:
• Neyman-Pearson Theorem
• Minimum Probability of Error
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Learning Objectives

• LO1: Optimal binary detection
• Bayes risk

• LO2: Detecting a known signal in noise using the NP criterion.
• White noise

• LO3: Detecting a known signal in noise using the NP criterion.
• Colored noise
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Previous Lecture:  Introduction to Detection Theory
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Previous Lecture: Neyman-Pearson Theorem
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Neyman-Pearson Theorem

Is it a male or female abalone?



7

Neyman-Pearson Theorem – Example 1 (1)
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Neyman-Pearson Theorem – Example 1 (2)

Solution:
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Neyman-Pearson Theorem – Example 1 (1)
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Neyman-Pearson Theorem – Example 2 (1)
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Neyman-Pearson Theorem – Example 2 (2)



12

Neyman-Pearson Theorem – Example 2 (1)
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Neyman-Pearson Theorem – Example 2 (3)

Solution:
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Neyman-Pearson Theorem – Example 2 (2)
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Minimum Probability of Error
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Learning Objectives

• LO1: Optimal binary detection
• Bayes risk

• LO2: Detecting a known signal in noise using the NP criterion.
• White noise

• LO3: Detecting a known signal in noise using the NP criterion.
• Colored noise
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Bayes Risk

i=0    j=0
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Bayes Risk (2)

Is it a male or female abalone?

Same test statistics
Different threshold
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Learning Objectives

• LO1: Optimal binary detection
• Bayes risk

• LO2: Detecting a known signal in noise using the NP criterion.
• White noise

• LO3: Detecting a known signal in noise using the NP criterion.
• Colored noise



20

Deterministic Signals
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Deterministic Signals
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Deterministic Signals
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Deterministic Signals - Interpretation
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Deterministic Signals – Matched Filter Interpretation
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Deterministic Signals – Matched Filter Interpretation
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Q1: The match filter is called "matched" since it is tailored to the expected 
shape of the signal.

24/30 Question slJoin at: 
vevox.app

ID: 135-988-
786

True
0%

False
0%
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Q1: The match filter is called "matched" since it is tailored to the expected 
shape of the signal.

24 Showing ResJoin at: 
vevox.app

ID: 135-988-
786

True
83.33%

False
16.67%

✓
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Matched Filter  - SNR Maximizer
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Matched Filter  - SNR Maximizer

h
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Performance of the Matched Filter
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Performance of the Matched Filter
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Using the Q-function for the Gaussian pdf
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Performance of the Matched Filter
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Performance of the Matched Filter
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Q2: In which signal processing scenario you think is the matched filter mostly 
applied?

32/34 Question slJoin at: 
vevox.app

ID: 135-988-
786

Radar and Sonar System
0%

Speech Recognition Systems
0%

Biomedical Signal Processing
0%
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Q2: In which signal processing scenario you think is the matched 
filter mostly applied?

32 Showing ResJoin at: 
vevox.app

ID: 135-988-
786

Radar and Sonar System
93.75%

Speech Recognition Systems
0%

Biomedical Signal Processing
6.25%
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Learning Objectives

• LO1: Optimal binary detection
• Bayes risk

• LO2: Detecting a known signal in noise using the NP criterion.
• White noise

• LO3: Detecting a known signal in noise using the NP criterion.
• Colored noise
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Correlated Noise
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Performance of the Matched Filter – Colored noise
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Performance of the Matched Filter – Colored noise
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Colored noise: Optimal Detection Signal
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Q3: When dealing with colored noise, what role does the power of the signal 
play in optimizing the detection process?

26/27 Question slJoin at: 
vevox.app

ID: 135-988-
786

A) The power of the signal has no impact on the detection process in the presence of colored 
noise. 0%
B) Higher signal power is always beneficial for detection in the presence of colored noise.

0%
C) The optimal power of the signal depends on the characteristics of the colored noise.

0%
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Q3: When dealing with colored noise, what role does the power of the signal 
play in optimizing the detection process?

26/27 Preparing ReJoin at: 
vevox.app

ID: 135-988-
786

A) The power of the signal has no impact on the detection process in the presence of colored 
noise. 0%
B) Higher signal power is always beneficial for detection in the presence of colored noise.

26.92%
C) The optimal power of the signal depends on the characteristics of the colored noise.

73.08%✓
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Colored noise: Optimal Detection Signal
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Optimal Detection Signal - Example



47

Deterministic Signals – Summary
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Learning Objectives

• LO1: Optimal binary detection
• Bayes risk

• LO2: Detecting a known signal in noise using the NP criterion.
• White noise

• LO3: Detecting a known signal in noise using the NP criterion.
• Colored noise
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Reading Tasks

• Chapter 4 – 4.4
• Exercise 1-3 from course website
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Next Lecture

• Random signals
• Random process, modelling, scenario…

• NP detector for:
• Zero mean Gaussian random process with known covariance
• Generalized Gaussian detection (arbitrary covariance matrix)
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