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Abstract 

 In recent years, computational methods have been introduced 
into spectral detection, and computational spectrum acquisition 
implementations have emerged.  

 This paper highlights the advantages of computational spectrum 
acquisition implementations by comparing them with traditional 
non-computational methods. Then, focusing on the compact 
feature, we review the most representative implementations, 
and finally make discussion and offer an outlook. Front In
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Introduction 
 In this review, we review many computational spectrometers 

and computational spectral imaging systems. We treat both 
systems as computational spectral information acquisition 
systems. 
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Computational spectrometers 
1. Grating-based coded aperture spectrometer 
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Computational spectrometers 
2. Low-cost thin-film spectrometer 
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Computational spectrometers 

Fig. 10 System schematic of etalon-array 
reconstructive spectrometry: (a) an etalon 
consisting of two semireflecting surfaces with 
reflectivity R separated by an optically 
transparent medium of index n and thickness d 
(Light reflecting between the two surfaces 
interferes with itself, creating a characteristic 
transmission pattern); (b) two etalons of 
different thicknesses (d1 and d2) that will have 
uniquely encoded transmission patterns;  
(c) a CCD detector positioned under an etalon 
array with a unique thicknesses that will record 
the encoded light after it is transmitted through 
the etalons 
Reprinted from Huang et al. (2017), Copyright 2017, with 
permission from Springer Nature, licensed under CC BY 4.0 

3. Etalon-based spectrometer 
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Computational spectrometers 

3. Etalon-based spectrometer 
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Computational spectrometers 
4. Quantum dot spectrometer 
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Computational spectrometers 
4. Quantum dot spectrometer 
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Computational spectrometers 
5. Plasmonic metasurface spectrometer 
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Computational spectrometers 
6. Photonic crystal slab spectrometer 
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Computational spectral imaging 

1. Computed tomography imaging spectrometry (CTIS) 
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Computational spectral imaging 

2. HyperCam 

Goel et al. (2015) designed a product named “HyperCam” for 
ubiquitous spectral imaging. It has a simple system structure, 
i.e., a 17-LED light source, a driver board, and a CMOS 
camera (Photo of the system is available from Goel et al. 
(2015)). Each part is of low cost and is designed for consumer 
use. The frame rate goes from 9 to 150 frames/s depending 
on the number of channels used, and the spatial resolution is 
1280×1024. 
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Computational spectral imaging 

3. Coded aperture snapshot spectral imager (CASSI) 
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Conclusions 
 Spectral information acquisition technology has developed rapidly 

over past decades. These methods are highlighted by their low 
cost, light weight, and compact enclosures. 

 Efforts have been made in recent years for consumer used 
spectral detection. We believe that the co-design of hardware and 
the computational algorithm will lead to the wide use of spectral 
information, and that with the developments of Internet of Things 
(IoT) and artificial intelligence (AI), ubiquitous spectrometers and 
spectral imaging will bring benefit to humankind. 
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