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Image processing basics: Outline
• Images as sampled functions
• Sampling and reconstruction, aliasing
• Image resampling, interpolation
• Image transformations



Model of imaging







Images as sampled functions



Digital color image
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Why more green?

Human Luminance Sensitivity Function



Cameras aren’t linear in input energy
This is deliberate,
 and usually a property
    of camera electronics.

Different cameras are  
 different

Helps imitate film

Increases dynamic range



Images in Python
im = cv2.imread(filename)     # read image

im = cv2.cvtColor(im, cv2.COLOR_BGR2RGB) # order channels as RGB

im = im / 255     # values range from 0 to 1

RGB image im is a H x W x 3 matrix (numpy.ndarray)
im[0,0,0] is the top-left pixel value in R-channel
im[y, x, c] is the value y+1 pixels down, x+1 pixels to right in the cth channel
im[H-1, W-1, 2] is the bottom-right pixel in B-channel
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How are the three 
color channels 
acquired?



Image transformations

T

Upsampling



Upsampling
Example:
 go from 4x4 to 8x8

Forward warping:                 bad, do not do this
 scan source, place pixels in target
 issue: holes in target



Upsampling
Example:
 go from 4x4 to 8x8

Inverse warping:
 scan target, for each pixel determine source value
    usually, you must know the value at non-grid points



Interpolation



Interpolation
Nearest neighbors:



Interpolation





Interpolation
Bilinear Interpolation



Bilinear interpolation more generally

http://en.wikipedia.org/wiki/Bilinear_interpolation
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http://en.wikipedia.org/wiki/Bilinear_interpolation




Other kinds of interpolation

Source: Wikipedia

https://en.wikipedia.org/wiki/Bicubic_interpolation




Application: Demosaicing



Image transformations

T

Downsampling



Careless downsampling creates problems



Aliasing “in the wild”

Source

Source

Source

Disintegrating textures Moire patterns, false color

https://www.focuscamera.com/wavelength/what-is-the-moire-effect-in-photography-how-to-avoid-it/
https://www.japanistry.com/moire-false-colour-anti-aliasing-filters/
https://matthews.sites.wfu.edu/misc/DigPhotog/alias/


Visualizing the problems



Averaging before sampling can help



Weighting the average can help



Weighting the average can help, II



Gaussian smoothing, I



Gaussian smoothing, II



Subsampling without pre-filtering

1/4 (2x zoom) 1/8 (4x zoom)1/2

Source: S. Seitz (via D. Hoiem)



Subsampling with pre-filtering

• Image is smoothed with a Gaussian filter before subsampling
1/4 1/81/2

Source: S. Seitz (via D. Hoiem)



Gaussian pyramids
Downsample x 4

 smooth with big Gaussian, downsample x 4 (NO!)

OR

 smooth, downsample x 2, smooth, downsample x 2

IDEA:
 Pyramid: collection of smoothed and downsampled versions 

of an image



Gaussian pyramid



Gaussian pyramid

Notice that fine scale (hi res) version contains detail (mouse 
eye) and coarse scale (low res) shows large stuff (leaves)

Notice redundancy
 coarse scale leaf predicts fine scale leaf.



Laplacian pyramid

Notation for Gaussian pyramid ->

Idea:  
 reduce redundancy; instead of storing G_k, store 
 G_k-Upsample(G_{k+1})

Notice you can recover image
From either pyramid (Ex)



Comparing



Very simple processing with Laplacian pyramid

Reconstruction  - all w = 1

Processing




