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• Spatial Domain 

– Apply spatial filters directly 

 

 

• Frequency / Transform Domain 

– Take the image to transform domain 

– Apply filter 

– Bring back image to spatial domain 
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• Spatial Processing (Computationally efficient 

& less processing resources) 

– Intensity Transformation (point processing) 

• Contrast manipulation & Image thresholding 

– Spatial Filtering (neighbourhood processing) 

• Image sharpening 
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Spatial Filtering 
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• Spatial Filtering: 3x3 

– Spatial Mask 

– Kernel 

– Template 

– Window 

• Intensity Transformation: 1x1 
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INTENSITY TRANSFORMATION 

 Contrast stretching function 

 Thresholding function 
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• Image Enhancement 

– Process of manipulating an image so that the result 

is more suitable than the original for a specific 

application  

– Enhancement techniques are problem specific (X-

ray images vs Infrared images) 

– Visual interpretation  

– Machine perception (Character recognition) 
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Basic Intensity  

Transformation  

Functions 



Digital Image Processing, 3rd ed. 

www.ImageProcessingPlace.com 

© 1992–2008  R. C. Gonzalez & R. E. Woods  

Gonzalez & Woods 

Chapter 3  
Intensity Transformations & Spatial Filtering 

• Image Negatives 
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• Log Transformations 
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• Power-Law (Gamma) Transformations 

 

 

• Gamma Correction  

– The devices used to capture, print and display obey a 

power-law 

– The process to correct the power-law response 

 phenomena 
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• Piecewise Linear Transformation 

– Contrast Stretching 

• Poor illumination 

• Lack of dynamic range of image sensor 

• Wrong setting of lens aperture 

– Intensity Level Slicing 

– Bit-Plane Slicing 
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HISTOGRAM PROCESSING: 

EQUALIZATION 
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• Histogram Processing 

dimension image :
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Advantages of Histogram Processing 

 Simple to compute 

 Suitable for fast H/W implementations 

 Fully automatic 

 No user inputs are required 

 No parameter specifications required 
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Histogram Equalization 

 

          should have the following properties: 

a) Monotonically increasing in 

• Strictly monotonically increasing if  

 

    is to be used 

b)   
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• Histogram Equalization 
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• Histogram Equalization 
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• Histogram Equalization 
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• Histogram Equalization Example 
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• Histogram Equalization Example 
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• Histogram Equalization Example 
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• Histogram Equalization – Discrete Probability 
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• Histogram Equalization – Example 
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Histogram & 

Cumulative 

Histogram 

Before & After Histogram Equalization 
Source: https://en.wikipedia.org/wiki/Histogram_equalization 
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Before & After Histogram Equalization 

Source: http://docs.opencv.org/2.4/doc/tutorials/imgproc/histograms/histogram_equalization/histogram_equalization.html 
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Before &  

After  

Histogram  

Equalization 

Source: http://fourier.eng.hmc.edu/e161/lectures/HistogramEqualization.pdf 
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HISTOGRAM PROCESSING: 

SPECIFICATION 
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• Histogram Equalization – Failure Example 

– If the histogram is heavily skewed, equalization 

may not produce good result 

– Then we need to find transformation to a „desired‟ 

histogram 
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• Histogram Matching 
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• Histogram Matching Example 
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• Histogram Matching Example 
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• Histogram Matching Example 
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• Histogram Matching Example 
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• Histogram Matching – Discrete Probability 
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• Histogram Matching – Discrete Probability 
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• Local Histogram Processing 

– Enhance details in local areas 

• Local Processing Steps 

– Define a Neighborhood 

– Move its center from pixel to pixel 

– Apply histogram equalization / matching @ center 

– Non-overlapping computation is fast but blocky 
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• Histogram Statistics (Continuous) 
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• Histogram Statistics (Discrete) 
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• Histogram Statistics (Discrete): Example 
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• Histogram Statistics – Local Mean & Variance 
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• Enhancement with Local Mean & Variance 
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SPATIAL FILTERING 
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• Vector Notation 

• Consider a 3X3 mask 

• Compute the  response 
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• Spatial Filtering 

– Correlation 

• Process of moving the filter mask over the image and 

compute the sum-of-products at every location 

– Convolution 

• Same as correlation except the filter is first rotated by 

180° 

 

           

 

 

Appropriately pad enough 0’s on all sides so that the mask 

can cover the function (image) at every position 
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Analog to  

Discrete  

Transformation 
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Convolution & Correlation 
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1D: Convolution & Correlation 
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Extended 1D 

Cerrelation 

& Convolution 
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2D Cropped 

Correlation 

& Convolution 
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Extended 

2D Correlation 

& Convolution 
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• Spatial Filtering 

– Correlation 

 

 

 

– Convolution 
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Separable Filter  

kernels 

 

Computational  

efficiency = 
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Filtering in Frequency and Spatial Domains 

Construction of Lowpass Spatial Kernels 

• Based on mathematical properties 

• Sampling the 2D/1D spatial function whose shape has desired property 

• 1D spatial filter with desired freq response using digital filter design  

 techniques.  
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SMOOTHING FILTER 
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• Smoothing Filters 

– Average 

 

 

– Weighted Average 
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Box Filter Gaussian Filter 

Why Normalization? 

• Avg value of the uniform intensity regions remains same 

• Prevents to introduce bias in the process of filtering 
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Smoothing Spatial Filters (Lowpass Filters) 
• Blurring 

 Degree of blurring depends on the size of the kernel and  

 values of the kernel coefficients 

• Preprocessing tasks  

• removal of small details (irrelevant) from an image  

• Removing false contours 

• Bridging of small gaps in lines and curves 

• Anti-aliasing before sampling 

• Noise reduction 

• Box filter  

 Simple & separable LP 

 Reduce effect of smoothing on edges 

 Blurring is not uniform (limited to perpendicular directions) 
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Gaussian Filter 
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Gaussian (Weighted average) Filter 

• Separable, circularly-symmetric and isotropic kernel 

• Uniform smoothing in all directions 

• Product or convolution of two Gaussians is a Gaussian 

• Size of a Gaussian kernel: 6𝝈 × 6𝝈  
 

Image Padding 

• Zero padding results black borders 

• Mirror padding: Borders contain the image details 

• Replicate padding: Borders contain constant intensity 
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Standard Gaussian Distribution 
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Mask size 

3, 11, 21 
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Gaussian 

Mask 

= 21, 43 

Gaussian 

Mask 

= 43, 85 

Gaussian  

Smoothing 



Digital Image Processing, 3rd ed. 

www.ImageProcessingPlace.com 

© 1992–2008  R. C. Gonzalez & R. E. Woods  

Gonzalez & Woods 

Chapter 3  
Intensity Transformations & Spatial Filtering 

Smoothing using Box and Gaussian Filters 
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Gaussian Filter O/P 

for different paddings 

Gaussian Filter O/P 

w.r.t image and  

kernel size 
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LPF and thresholding for region extraction 

Gaussian Kernel 151X151, Threshold = 40% of Max intensity 
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LPF and thresholding for region extraction 

Threshold = 0.25*Max Intensity value 
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Shading estimation using LPF 

Size of square block = 128×128; Size of Gaussian kernel = 512×512 
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Product and Convolution of two 1-D Gaussian functions 
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• Order Statistics Filters 

– Median Filter (50th percentile) 

• Replace center value by the median of values in the 

mask 

• Good for Impulse / Salt-and-Pepper Noise 

– Max Filter (100th percentile) 

• To detect brightest points 

– Min Filter (0th percentile) 
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SMOOTHING FILTER 

Gaussian Filter 
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• Gaussian Kernel 
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Source: http://www.cs.cornell.edu/courses/cs6670/2011sp/lectures/lec02_filter.pdf 
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• Gaussian Filter 

– Removes “high-frequency” components from the 

image (low-pass filter)  

– Convolution with self is another Gaussian  

 

 

 

– Convolving two times with Gaussian kernel of width σ 

= convolving once with kernel of width σ√2  

Source: http://www.cs.cornell.edu/courses/cs6670/2011sp/lectures/lec02_filter.pdf 
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Source: https://en.wikipedia.org/wiki/Gaussian_blur 

• Gaussian Blur 
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• Gaussian Kernels 
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• Gaussian Filters 

Source: https://in.mathworks.com/help/images/ref/imgaussfilt.html 
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• Gaussian Filters (σ = 3) 

Source: http://www.cse.psu.edu/~rtc12/CSE486/lecture04.pdf 
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• Box Filter (3 x 3) 

Source: http://www.cse.psu.edu/~rtc12/CSE486/lecture04.pdf 
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• Box vs. Gaussian Filters 

Source: http://www.cse.psu.edu/~rtc12/CSE486/lecture04.pdf 
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• Gaussian is a true low-pass filter – little high frequency artifacts 

Source: http://www.cse.psu.edu/~rtc12/CSE486/lecture04.pdf 
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• Gaussian at Different Scales (σ = 1, 3, 10) 

Source: http://www.cse.psu.edu/~rtc12/CSE486/lecture04.pdf 
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• Gaussian Filters 

Source: http://www.cs.cornell.edu/courses/cs6670/2011sp/lectures/lec02_filter.pdf 
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SHARPENING FILTER 
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Properties of Derivatives 

• First Derivative 

– Must be zero in the areas 

of constant intensity 

– Must be non-zero at the 

onset of an intensity 

ramp or step 

– Must be non-zero along 

ramps 

• Second Derivative 

– Must be zero in the areas 

of constant intensity 

– Must be non-zero at the 

onset and end of a ramp 

or step 

– Must be zero along ramps 

of constant slope 
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LAPLACIAN 
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• Laplacian 

– Isotropic  

– Rotation Invariant 
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• Sharpening Filters 
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UNSHARP MASKING & 

HIGHBOOST FILTERING 
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• Unsharp Masking & Highboost Filtering 

– Blur (unsharp) the original image 

– Subtract blurred image from original to get a mask 

– Add the mask to the original 
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• Unsharp Masking & Highboost Filtering 

 

 

 

 

 

 

 

           

 

 

Masking  Unsharpemphasized-De :1

FilteringHighboost  :1

Masking  Unsharp:1

),(Blurred:),(

),(*),(),(

),(),(),(











k

k

k

yxfyxf

yxgkyxfyxg

yxfyxfyxg

mask

mask



Digital Image Processing, 3rd ed. 

www.ImageProcessingPlace.com 

© 1992–2008  R. C. Gonzalez & R. E. Woods  

Gonzalez & Woods 

Chapter 3  
Intensity Transformations & Spatial Filtering 



Digital Image Processing, 3rd ed. 

www.ImageProcessingPlace.com 

© 1992–2008  R. C. Gonzalez & R. E. Woods  

Gonzalez & Woods 

Chapter 3  
Intensity Transformations & Spatial Filtering 



Digital Image Processing, 3rd ed. 

www.ImageProcessingPlace.com 

© 1992–2008  R. C. Gonzalez & R. E. Woods  

Gonzalez & Woods 

Chapter 3  
Intensity Transformations & Spatial Filtering 

),(*),(

),(

),(),(

),(

yxgkyxf

yxg

yxfyxf

yxg

mask

mask









Source: https://en.wikipedia.org/wiki/Unsharp_masking 
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• What does blurring take away? 

 

 

 

• Let us add it back: 

Source: http://www.cs.cornell.edu/courses/cs6670/2011sp/lectures/lec02_filter.pdf 
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IMAGE GRADIENTS 
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First Order Derivatives: Gradient Magnitude 
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• Gradient Mask 

– Simple 

Approximation 
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Gradient Mask:  

Robert‟s Operator 
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Sobel’s Operator 
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Sobel: Example Application 



Digital Image Processing, 3rd ed. 

www.ImageProcessingPlace.com 

© 1992–2008  R. C. Gonzalez & R. E. Woods  

Gonzalez & Woods 

Chapter 3  
Intensity Transformations & Spatial Filtering 

EDGE DETECTION 
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• Where is the edge? 
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• Smooth first 
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• Short-cut Computation 
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Approximations to Derivatives of Digital Functions 
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• Isolated 

Point 

• Flat 

Segments 

• Edges 

– Step 

– Ramp 

– Roof 

(line) 
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(1) First-order derivatives 

generally 

produce thicker edges. (2) 

Second-order derivatives have 

a stronger response to 

fine detail, such as thin lines, 

isolated points, and noise. (3) 

Second-order derivatives 

produce a double-edge 

response at ramp and step 

transitions in intensity. (4) The 

sign 

of the second derivative can be 

used to determine whether a 

transition into an edge is 

from light to dark or dark to light. 

Summary of 1st & 2nd derivative responses: 
 

• (1) First-order derivatives generally produce thicker edges.  

 

• (2) Second-order derivatives have a stronger response to fine detail, 

such as thin lines, isolated points, and noise.  

 

• (3) Second-order derivatives produce a double-edge response at 

ramp and step transitions in intensity.  

 

• (4) The sign of the second derivative can be used to determine 

whether a transition into an edge is from light to dark or dark to 

light. 
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Detection of Isolated Points 
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Line detection 

using Laplacian 

operator 
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Line detection in specified directions 
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Edge Models 
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Modeling of Horizontal Edge 
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Effect of noise  

on 1st and 2nd Derivatives 

Steps in Edge Detection 

 

• Image smoothing for noise removal 

• Detection of edge points 

• Edge localization 
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Edge Detection 
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Gradient Operators 
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Kirsch Compass Kernels 
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Edge map derived using Sobel operators 
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Gradient angle image derived using Sobel operators 
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Edge-map derived using Sobel operators on smoothed image 
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Combining the gradient with thresholding 

Edgemaps 

for +45  

and -45  

using  

compass  

kernels 
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LAPLACIAN OF GAUSSIAN 
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• LoG: Laplacian of Gaussian 
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• Laplacian of Gaussian (LoG) 

 

 

 

• Mexican Hat 

– positive central term 

– surrounded by an adjacent negative region  

• a function of distance 

– zero outer region 
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• Difference of Gaussian (DoG) 
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High-Pass, Band-Reject and Band-Pass Filters from 

Low-Pass Filters 
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High-Pass, Band-Reject and Band-Pass Filters from 

Low-Pass Filters 
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Zone Plate (597 X 597) 
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                                                      LPF of Zone Plate  
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• Composite Spatial Enhancement Example: 

– Laplacian to enhance fine details 

– Gradient to enhance prominent edges 

– Smooth gradient image 

– Product of Laplacian and Gradient as mask 

– Add back to original image 

– Power-law transformation to stretch gray levels 
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• Using Fuzzy Sets for Enhancement : 
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Fuzzy 

Inference 
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• Fuzzy IF-THEN Rules: 

 

R1: IF the color is green, THEN the fruit is verdant. 

OR 

R2: IF the color is yellow, THEN the fruit is half-mature. 

OR 

R3: IF the color is red, THEN the fruit is mature. 
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• Fuzzy Rule-based Logic: 

 

R1: IF (z, green) THEN (v, verdant). 

OR 

R2: IF (z, yellow) THEN (v, half-mature). 

OR 

R3: IF (z, red) THEN (v, mature). 
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• Fuzzy Rule-based Logic: 

 

IF (z1, A11) AND (z2, A12) AND … AND (zN, A1N)    THEN (v, B1). 

IF (z1, A21) AND (z2, A22) AND … AND (zN, A2N)    THEN (v, B2). 

… 

IF (z1, AM1) AND (z2, AM2) AND … AND (zN, AMN) THEN (v, BM). 

                                                                                      ELSE (v, BE). 
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• Fuzzy Rule-based Logic: 

– Fuzzify the inputs 

– Perform any required fuzzy logical operations 

– Apply an implication method 

– Apply an aggregation method 

– Defuzzify the final output 
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• Using Fuzzy Sets for Intensity Transformation: 

 

IF a pixel is dark THEN make it darker. 

IF a pixel is gray THEN make it gray. 

IF a pixel is bright THEN make it brighter. 
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• Histogram Equalization over-exposes 

– Forces extreme darkness 

– Forces extreme whiteness 

• Fuzzy Approach  

– Provides moderate shift to dark & white peaks 

– Computationally more expensive 

• Histogram Specification can improve speed using 

the histogram obtained from the fuzzy approach 
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• Using Fuzzy Sets for Spatial Filtering: 

“If a pixel belongs to a uniform region, then make it 

white; else make it black where black & white are 

fuzzy sets” 

IF d2 is zero AND d6 is zero THEN z5 is white. 

IF d6 is zero AND d8 is zero THEN z5 is white. 

IF d8 is zero AND d4 is zero THEN z5 is white. 

IF d4 is zero AND d2 is zero THEN z5 is white. 

        di =zi -z5                         ELSE z5 is black. 
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