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Spectral imaging systems have long been used in the fields of astronomy and remote sensing. More 
recently, such systems have been coupled to microscopes for use in medical imaging applications 
such as karyotyping of hybridization experiments and general cell visualization [1-4]. Spectral 
imaging allows for the measurement of the wavelength spectrum (transmitted or emitted) at every 
pixel of a two-dimensional image, thereby, combining the features of spectroscopy and imaging to 
provide new insights into specimen structure and composition, allowing the spatial detection of 
subtle spectral changes [5]. In this paper, we describe a multispectral imaging system and its 
calibration for measuring the absorption of light at different wavelengths through biological 
particles. Biological particles can be comprised of several different particle types including red blood 
cells, red blood cell ghosts (red blood cells which have ruptured leaving only their membranes), 
white blood cells, bacteria, and several others. Characterization of these particles facilitates the 
diagnosis of various diseases. Spectral profiles of biological particles may increase the accuracy of 
classification during microscopic examination procedures which will enable better diagnoses.  
 
In composite biological material, the interpretation of the spectra is a complicated problem. This is 
because a charge-coupled device (CCD) camera used for data acquisition does not have a uniform 
quantum efficiency across the excitation spectrum, leading to interference effects. In addition, 
energy variation of the emission spectra of the light source with respect to wavelength necessitates 
calibration of the imaging system in order for the true spectral signatures of the particles to be 
measured accurately. We use a grating-based spectral light source connected to the transmitted light 
port on a standard optical microscope which allows 2D image acquisition using a high resolution 
CCD camera. Images are collected from 400nm to 700nm in 10nm increments, resulting in a stack of 
31 images for each field of view. Our calibration approach involves normalizing the camera’s 
exposure for each wavelength under the assumption that incident light should be uniform across all 
wavelengths in which we are interested and measured as half the dynamic range of the camera. As 
such, a least square error solution is used to compute the proper exposure value for each wavelength. 
Figure 1(a-b) and (c-d) show uncalibrated and calibrated images at 400nm and 500nm, respectively.  
The background variation is clearly evident in the uncalibrated images while after calibration the 
background intensity is equalized.  This allows us to quantitate the true change in light transmission 
through particles of interest. 
 
To compute the spectral profile of biological particles, we measure the amount of light transmitted 
through the specimen and divide by the amount of incident light (the light unobstructed by any 
specimen). This allows us to determine the amount of light absorbed by the specimen at each 
individual wavelength. Doing this across the visible spectrum creates a profile for that particle type. 
More formally, if we let It be the transmitted light and Ii be the incident light, then we can define a 
Transmission Factor T = log(It/Ii), which we can plot as a function of wavelength. The curve of the 
transmission factor as a function of wavelength is known as the spectral profile. To evaluate our 
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calibration procedure, we compare the computed spectral profile of WBC and RBC to the known 
profiles obtained by spectroscopy [6]. The computed and known profiles are shown in figures 2 and 
3, respectively. Both the computed and published profiles tend to peak around 540nm and have a 
similar shape. 
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Figure 2. Calculated profiles of WBC and RBC after 
calibration. 

Figure 3. Published profiles  of (a) WBC and (b) 
RBC from spectroscopy. 

Figure 1. Uncalibrated and Calibrated Exposures. 
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