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Ideal Interpolation
Shannon Sampling Theorem:

When a “train of impulse”comb(x) is multiplied by f(x), it gives us a “sampled
version” off(x)

comb(x)f(x), in frequency domain, becomes convolution.
Convolving with an impulse and shiftingcomb(s) * F(s) is replicating the
spectrumF(s) at the different impulse locations.
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Color Interpolation - Nearest 
Neighbor Replication

• Each interpolated output pixel is assigned the value of the
nearest pixel in the input image

• The nearest neighbor can be any one of the upper, lower, left
and right pixels

• For example, for a 3x3 block in green plane, we assume the
left neighboring pixel value is used to fill the missing ones

Color Interpolation - Bilinear 
Interpolation 

• Interpolation of green pixels
– The average of the upper, lower,

left and right pixel values is
assigned as the G value of the
interpolated pixel

– G8 = (G3+G7+G9+G13) / 4
• Interpolation of a red/blue pixel at a

green position
– The average of two adjacent pixel

values in corresponding color is
assigned to the interpolated pixel.

– B7 = (B6+B8) / 2
– R7 = (R2+R12) / 2



Color Interpolation - Bilinear 
Interpolation

• Interpolation of a red/blue
pixel at a blue/red position
– The average of four adjacent

diagonal pixel values is assigned
to the interpolated pixel

– R8 = (R2+R4+R12+R14) / 4

– B12 = (B6+B8+B16+B18) / 4

Bilinear
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Lighthouse
red interpolated
with bicubic 
interpolator

Lighthouse
prefiltered red interpolated
with bilinear interpolator



EDGE-DIRECTED INTERPOLATION
Interpolation of green pixels :

First, define two gradients, one in horizontal direction, the other
in vertical direction, for each blue/red position. For instance,
consider B8 : define two gradients as

Define some threshold value T
The algorithm then can be described as:  

The choice of T depends on the images and can have different
optimum values from different neighborhoods. A particular
choice of T is

Demosaicking Approaches

Edge-directed interpolation

1. Calculate horizontal gradient ∆H = | (R3 + R7)/2 – R5 |  
2. Calculate vertical gradient ∆V = | (R1 + R9)/2 – R5 |  
3. If ∆H > ∆V,

G5 = (G2 + G8)/2
Else if ∆H < ∆V, 

G5 = (G4 + G6)/2  
Else 

G5 = (G2 + G8 + G4 + G6)/4
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The edge-directed interpolation idea can be modified by using larger
regions (around the pixel in question) with more complex predictors and
by exploiting the texture similarity in different color channels.



Edge-Directed Interpolation

Edge-Directed Interpolation



Edge-Directed Interpolation

CONSTANT-HUE-BASED INTERPOLATION
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Adaptive interpolation
Using Laplacian For Enhancement: Use the second-order gradients of 
red/blue channels to enhance green channel. 

Adaptive interpolation



Frequency domain approaches (1)
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Frequency domain approaches (2)
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Post processing

Aliasing

• Color interpolation can provide images with
objectionable aliasing artifacts, such as “color
fringes” near sharp edges.
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COLOR FRINGE 
ARTIFACT

Distribution of light intensity 
incident to an image sensing array

Illumination incident to the image 
sensing array in which alternate 

pixels are overlapped by different 
colored filters

Distribution of linearly interpolated 
color light intensity values for the 
pixels of the image sensing array



Inter-channel differences

• Because of inter-channel correlation, the difference
between two colors in a neighborhood is nearly
constant;

• The difference between two colors rapidly increases
and decreases in the area of sharp grey edges,
where color interpolation has introduced false colors;

COLOR A

COLOR B

1 2 3 4 5 6 7 8 9 1
0

1
1

1
2

1
3

1
4

1
5

1
6

Information signal corresponding 
to colors A and B

1 2 3 4 5 6 7 8 9 1
0

1
1

1
2

1
3

1
4

1
5

1
6

Difference between colors A and B 
for each pixel

Median filter
• Median filter, over a given support (e.g. 3x3 mask),

operates to remove sharp spikes and valleys,
leaving sharp monotonically increasing or
decreasing edges intact;
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Color A minus color B, median filtered with a 
support of 5 pixels
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