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Smoothing to Remove Image Noise
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Smoothing to Remove Image Noise
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Smoothing to Remove Image Noise

Problem with Smoothing:
• Does not remove outliers (Noise)
• Smooths edges (Blur)
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Median Filtering
1. Sort the 𝐾2 values in window centered at the pixel
2. Assign the Middle Value (Median) to pixel
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Median Filtering
1. Sort the 𝐾2 values in window centered at the pixel
2. Assign the Middle Value (Median) to pixel
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Non-Linear Operation
(Cannot be implemented using convolution)
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Median Filtering
Not Effective when Image Noise is not a Simple Salt and Pepper Noise
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Larger 𝐾 causes blurring of image detail

The noise isremoved, butthe details onthe coins arealmost lost

Similar to thenoise under lowlight conditions



Linx Linear Filtering Non-Linear Filtering
Can we come up with a filter for removing noise that does better than both
Gaussian smoothing (linear) and median filtering (non-linear) ?

Ilias TOUGUI 9

Linear Filter Non-linear Filter



Revisiting Gaussian Smoothing
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Same Gaussian kernel is used everywhere.Blurs across edges.



Blur Similar Pixels Only
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“Bias” Gaussian Kernel such that pixels not similar inintensity to the center pixel receive a lower weight.
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Bilateral Filter: Start With Gaussian

Gaussian SmoothedOutput (g)
Gaussian blurs across edges

[𝑖,𝑗]

Input image (f)



Bilateral Filter: Add Bias to Gaussian
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Bilateral FilteredOutput (g)

Multiply

Input (f)

[𝑖,𝑗]

[𝐦,𝐧]



Bilateral Filter: Summary
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Non-Linear Operation
(Cannot be implemented using convolution)



Gaussian vs. Bilateral Filtering: Example
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Gaussian vs. Bilateral Filtering: Example
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Gaussian vs. Bilateral Filtering: Example
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Gaussian vs. Bilateral Filtering: Example
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Template Matching

Introduction to Computer VisionSpring 2026, Lecture 2.2https://liaoux.github.io/uir-cv-2026/

Can you find the wolf’s head

in this image ?
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Template Matching
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Template

How do we locate the template in the image ?



Template Matching
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Template

How do we locate the template in the image ?



Template Matching
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Template

How do we locate the template in the image ?Maximize:
(Cross-Correlation)



Convolution vs Correlation
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Problem with Cross-Correlation
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Problem with Cross-Correlation
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Normalized Cross-Correlation
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𝐸𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑖𝑚𝑎𝑔𝑒 𝑝𝑎𝑡𝑐ℎ
𝐸𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑡𝑒𝑚𝑝𝑙𝑎𝑡𝑒



Examples of Template MatchingUsing Normalized Cross-Correlation
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image (f)

template (t)

The brighter the pixel, the higher thecorrelation value. (the wolf’s face)



Examples of Template MatchingUsing Normalized Cross-Correlation
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image (f)

template (t)

The brighter the pixel, the higher thecorrelation value. (the car’s emblem)



Examples of Template MatchingUsing Normalized Cross-Correlation
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image (f)

template (t)

The brighter the pixel, the higher thecorrelation value. (the Messi’s face)



Recap: Image Processing I
Transform an image to a new one that is clearer or easier to analyze
Topics:
1. Pixel Processing2. LSIS and Convolution3. Linear Image Filters4. Non Linear Image Filters5. Template Matching by Correlation
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