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Today’s lecture

• Filter banks
• Leung-Malik (LM) Filter
• Construc?on

• Schmid Filter Bank
• Maximum Response Filter Bank

• Accompanying notebook is available at 
h"p://csundergrad.science.uoit.ca/courses/cv-notes/notebooks/14-texture-analysis.html
h"p://csundergrad.science.uoit.ca/courses/cv-notes/notebooks/09-histograms.html
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Forsyth



http://www-cvr.ai.uiuc.edu/ponce_grp/data/texture_database/samples/



h(p://www.ul0mateupcycle.com/



Texture representa2on

• Textures are regular or stochasBc paCern caused by bumps, grooves, color 
changes
• How do we represent texture?
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How do we capture texture?

• Convolve image with 
each filter and record 
the responses
• Compute responses of 

blobs and edge at 
various scales and 
orienta?ons
• Record simple sta?s?cs, 

e.g., mean, standard 
devia?on etc.
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Filter bank
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How do we capture texture?
• Convolve image with 

each filter and record 
the responses
• Compute responses of 

blobs and edge at 
various scales and 
orienta?ons
• Record simple sta?s?cs, 

e.g., mean, standard 
devia?on etc.
• Cluster filter responses, 

construct histograms, 
etc.
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Leung-Malik Filter Bank
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Leung-Malik Filter Bank
• The LM set is a multi-scale, multi-orientation filter bank with 48 filters. 
• 36 first and second derivatives of Gaussians at 6 orientations and 3 scales
• 8 Laplacian of Gaussian (LOG) filters
• 4 Gaussians.

• LM Small (LMS) filters occur at scales 𝜎 = {1, 2, 2,2 2}
• LM Large (LML) filters occur at scales 𝜎 = { 2, 2,2 2, 4}
• The first and second derivates occur at the first three scales with an 

elongation factor of 3 (i.e., 𝜎" = 𝜎 and 𝜎# = 3𝜎). 
• The Gaussians occur at four basic scales. 
• The 8 LOG occur at 𝜎 and 3𝜎.
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LM Filters
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LM Filters

Response
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LM Filters

Response

LM Filter Response
(mean values)
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LM Filters

Response

LM Filter Response
mean standard deviation



Schmid Filter Bank
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Schmid Filter Bank

• 13 rotaBonally invariant filters of the form

• Schmid Filter Bank equaBon where 𝐹$ is added to obtain a zero DC 
component 
• 𝜎, 𝜏 pair takes the following values:

(2,1), (4,1), (4,2), (6,1), (6,2), (6,3), (8,1), (8,2), (8,3), (10,1), (10,2), (10,3),
(10,4)
• These filters have rotaBonal symmetry
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𝐹 𝑟, 𝜎, 𝜏 = 𝐹! 𝜎, 𝑟 + 𝑐𝑜𝑠
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Schmid Filter Bank
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Schmid Filter Bank

S Filter Response



Maximum-Response Filter Bank
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Maximum-Response Filter Bank

• Derived from a common Root Filter Set (RFS), which consists of 38 filters 
(very similar to LM filters).
• Gaussian and Laplacian of Gaussian with 𝜎 = 10
• Edge filter 3 scales: (1,3), (2,6), and (4,12)

• 6 orienta*ons
• Bar filter at 3 scales

• 6 orienta*ons
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Maximum Response Filter Bank

Faisal Qureshi - CSCI 3240U 



24

Maximum Response Filter Bank
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MR Filter Response



Texture analysis and synthesis

• ComputaBonal photography
• Repair defects, e.g., fill holes
• Generate non-photorealis?c painterly renderings
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(Bertalmio, Sapiro et al. 2000) © 2000 ACM; (Criminisi, Pe ŕez, and Toyama 2004)



Texture analysis and synthesis

• ComputaBonal photography
• Repair defects, e.g., fill holes
• Generate non-photorealis?c painterly renderings
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Texture analysis and synthesis

• ComputaBonal photography
• Repair defects, e.g., fill holes
• Generate non-photorealis?c painterly renderings
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Boundary detec2on

• An interplay of textures
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Boundary detec2on

• An interplay of textures
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Boundary detec2on

• An interplay of textures
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pB Boundary Detector

• MarBn, Fowlkes, 
and Malik, 2004
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Global pB Boundary Detector
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Boundary Detec2on
Before deep learning



Metrics

• Precision (posiBve predicBve value)
• Frac?on of relevant instances during retrieval

• Recall (true posiBve rate or sensiBvity)
• Frac?on of relevant instances that have been retrieved over 

the total number of relevant instances
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Precision =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃

Recall =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
Wikipedia



Precision vs. recall

• High precision means that an algorithm returned 
substanBally more relevant results than irrelevant 
ones, while high recall means that an algorithm 
returned most of the relevant results.
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Wikipedia



Specificity and accuracy

• Specificity
• True nega?ve rate

• Accuracy
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Speci9icity =
𝑇𝑁

𝑇𝑁 + 𝐹𝑃

Accuracy =
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁

Wikipedia



Deep learning approaches
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h(ps://paperswithcode.com/task/boundary-detec0on

https://arxiv.org/pdf/1909.01955v2.pdf
https://paperswithcode.com/task/boundary-detection


Soria et al. 2020
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Dense Extreme Inception Network: Towards a Robust CNN Model for Edge Detection

https://arxiv.org/pdf/1909.01955v2.pdf


Summary

• Texture analysis
• Descrip?on

• Filter banks
• LM
• S
• MR

• Texture analysis and synthesis in computaBonal photography
• The role of texture in boundary detecBon
• Metrics
• Precision and recall
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