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Electron energy loss spectroscopy (EELS) is typically conducted in STEM mode with a spectrometer, or 
in TEM mode with energy selection. These methods produce a 3D data set (x, y, energy). Some 
compressive sensing [1,2] and inpainting [3,4,5] approaches have been proposed for recovering a full set 
of spectra from compressed measurements. In many cases the final form of the spectral data is an 
elemental map (an image with channels corresponding to elements). This means that most of the 
collected data is unused or summarized. We propose a method to directly recover the elemental map 
with reduced dose and acquisition time. 
 
We have designed a new computational TEM sensor for compressive classification [6,7] of energy loss 
spectra called TEM-EELS.  A schematic is shown in Figure 1. Our approach is similar to the optics 
solution in [8]. The image will be separated by energy using a spectrometer and then encoded by an 
aperture. Next, the spectral image will be recombined by a second spectrometer into an image. Between 
the two spectrometers, the spectral axis of the image will be tilted and exposed to the aperture, thus 
encoding each energy slice differently. The pixelated sensor detects the spectrally encoded image and 
compresses the spectral information at each spatial location into a single pixel. This approach could be 
also used with a single omega spectrometer.  
 
Usually a multispectral image can be viewed as a cube with two spatial axes (axis x and axis y) and one 
spectral axis (axis z). Given a spatial coordinate pair (i, j), the spectral curve corresponds to one or a 
mixture of chemical elements. Our task can be summarized as classification of each coordinate (i, j) to a 
particular element (Sr, Ti, O) and possibly empty space. For each coordinate we compute the probability 
of being in each element class 
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where 𝒚!" is the vector of encoded measurements, 𝚽!" represents the measurement matrix, and 𝒔! is a 
reference spectra for element c [3,4]. The matrix Pc can then be interpreted as an image where intensity 
indicates presence of element c (0 means not present, 1 means present) [9].  
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Figure 1.  Schematic of TEM-EELS acquisition. The aperture or beam can be shifted to produce 
different encodings. 
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Figure 2.  Elemental map for chemical elements. (a) is Sr, (b) is Ti, (c) is background. 
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