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• Theoretically color spectrum is a 
– continuous
– square integrable
– in closed interval [ 1, 2] defined function

s( )

• In practice, it is an element of a n-dimensional 
vector space

s( n)

• n may range from 10 to  >300



Components of a spectral image



Pixels of a spectral image



Color Filter Design
• One approach: to choose an optimized set of 
commercially available color filters (for 
example, interference filters, Kodak Wratten 
gelatin filters)

• Other approach: to design optimal color 
filters computationally

adaptive to various application
rewritable filter based imaging system
Spectral image can be reconstructed 

computationally, if needed



A spectrum sampled at 39 

wavelengths



FILTER 1 FILTER 2 FILTER 3 FILTER 4

Designed color filters

Optically acquired inner-product images



Algorithm PCA

1. Calculate correlation matrix for the data set

2. Calculate eigenvalues and eigenvectors for the 
correlation matrix

3. Select eigenvectors corresponding to the 
largest eigenvalues as a new basis for the data 
set

4. Calculate principal components between 
eigenvectors and the data set

• Applications: compression, pattern recognition 
etc.  Frequently used for spectral image data



Standard PCA. Example

• The first principal 
component is used 
when k=1

• The first and second 
principal components 
are used when k=2. 
Reconstruction is 
perfect



Spectral Images & Principal 
Component Analysis (PCA)

spectrum

2-D spectral image

1. calculating correlation matrix and 

eigenvectors, selecting base vectors

2. calculating inner product images

3. reconstructing spectral image

Matrix B needs to be transposed



Illustration of PCA

base vectors B

original spectral image S

inner product images P

1.

2.



Illustration of PCA

base vectors B

inner product images P

3.

reconstructed spectral image S~



Reconstruction of a spectrum



Component images of a spectral image

Spectral image as RGB-image

Inner-product images between the 
spectral image and eigenvectors:
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Spectral color analysis


