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-----Using Conventional RGB images of 
H&E stained tissue slide
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N(>3) Narrowband color 
filters

N grey level 
images
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� Multiple grey-level images that correspond to the f ilters’ 
sensitivities at different wavelengths

� Allows extraction of additional information which t he human eye 
fails to capture.

� Huge amount of information is available for image a nalysis 

images
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� An N- spectral filter is attached to the 
microscope, i.e. Varispec of CRI. The filter 
sensitivity is within the visible spectrum 

range, 400nm-720nm �

� Grey level images can be captured at 
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� Grey level images can be captured at 
5nm interval generating 60 grey level 
images.

Microscopic multispectral system set-up at the 
Pathology Information Communication Center 
at MGH laboratory used for the pilot study
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N –band 

Calculate spectral 
transmittance

Estimate spectral 
transmittance by 
M(<N)-KL vectors

Calculate the spectral residual error
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N –band 
Multispectral 
image Take the residual error difference between 

two different wavelengths

Translate the result to grey-level image values; 
apply appropriate threshold

* KL – Karhunen Loeve
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� We initially reduced the number of grey-level image s produced by 
the multispectral imaging by taking the average of 4 contiguous band 
images:

450nm 
image

455nm 
image

460nm 
image

465nm 
image

Grey-level images at each wavelength

Band #1
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� From the reduced number of multispectral images the  spectral 
transmittance of each pixel was calculated.

Grey-level imageTake the pixel by pixel average Band #1
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t-te ~=

t~ Spectral transmittance estimated by 
m-KL vectors

N-dimensional
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t The original spectral transmittance
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� KL transformation using only M significant vectors:

tt
M

i� += iv�~ iv The ith KL vector

i� Corresponding KL coefficient
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tt
i

i� += iv� i� Corresponding KL coefficient

t Average spectral transmittance 
estimated from the given data 
set

Estimated spectral transmittance
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The M-KL vectors were derived using this 
data set.
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The error exhibit peaks at certain wavelengths

(630nm-645nm)
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Band 10

Residual error 
of eosinophils
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Band 7 Eosinophils??
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RGB image of an H&E 
stained esophagus 

tissue Band 7 Band 10

the eosinophils can be 
easily segmented using 
the spectral error 
images

eosinophils
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Original RGB image 
of an H&E stained 
esophagus tissue

Band 7 Band 10

Error Images

They are not similarly highlighted
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exhibit close similarity in their 
RGB color, but is an eosinophil
and the other not..

��

The eosinophils are 
highlighted in the spectral 

error images
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--Image subtraction between spectral error images
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H&E stained image of an 

esophagus tissue Segmented eosinophils
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H&E stained image of an 

esophagus tissue Segmented eosinophils
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Not segmented
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are not detected as part of 
the eosinophils although 
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the eosinophils although 
they share close 
colorimetric attributes to 
the eosinophils
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Detected although there is 
an overlap in staining
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Fig. Magnified images of the detected 
eosinophils
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� Multispectral imaging is a useful technology to cla ssify 
tissue structures which share close colorimetric at tributes 
with each other.

� Multispectral information can uncover salient featu res from 
tissue images which are otherwise indiscernible wit h RGB 
imaging.
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imaging.
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� From the segmentation results we can easily quantif y the 
amount of eosinophils present in a tissue
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� Increase the number of samples we used in the exper iment 
to further validate the current results.

� Address spectral reduction, i.e. how many bands and  what 
specific wavelengths are important to identify spec ific tissue 
structure
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� Extend the current method to identify other tissue 
structures are normally emphasize with special stai ns, in an 
H&E stained image
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3 grey-level 

3 broadband filters

combine
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3 grey-level 
images

� The sensitivity of the imaging system is 
limited

� the broadband filters may not be able 
to detect small changes in color between 
tissue components

Blue Green Red

RGB image
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