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In space based observations CCD and CMOS detectors are the main sensing elements to collect the scene data. In 

these devices, the image samples are acquired from the full array of a photon detector. The space borne missions 

always demand higher resolution, larger swath, and high-end processing electronics with low power and weight 

constraints. However, these detector arrays are too expensive, bulky in nature and have inter-pixel artefacts. This 

necessitates alternative approaches to these conventional imaging techniques, in which, the amount of data 

generated from a full set of image samples is too large for storage or transmission purposes. This data, usually, 

needs to be compressed to meet the downlink requirements. In principle a huge amount of data is acquired from 

which meaningful data is extracted through on-board processing and then transmitted after compression. On the 

other hand, the recent innovations in the field of computation and processing present an elegant solution for the 

complex and underdetermined system.. This makes it possible to build a simpler camera system that can operate 

efficiently across a much broader spectral range with optical compression being carried out during the initial 

sensing itself. With this limited data it is possible to reconstruct the image by solving the complex 

underdetermined system.  

  

In this new approach of single pixel camera system [1], the camera architecture is based on a spatial light 

modulator like digital micro mirror device (DMD), compressive sampling (CS) mathematics and algorithms [2]. 

The potential of this imaging approach increases many folds when the detector is considered as a single-pixel 

photo diode. The capabilities of this concept have enormous potential for space applications [3]. The Compressive 

Sensing or sampling (CS) offers a solution to solve an underdetermined system, which asserts that compressed 

images can be recovered from a significantly under sampled set of measurements.  
 

This paper highlights the different aspects & challenges in the realization of single pixel camera system, image 

retrievals with CS based measurements and the system design for space borne applications. Figure-1 illustrates 

the principles of the imaging technique with a single pixel device and the image reconstruction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. A basic buildiling block of Single Pixel Camera System with Optical domain compression 
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A series of measurements are obtained by flipping the DMD’s mirrors pseudo randomly and repeating the process 

to the required number of times. After applying the signal conditioning on this acquired data and processing 

through data recovery algorithm, the input scene can be retrieved optimally. The performance of realized camera 

is quantitatively evaluated in terms of Peak Signal to Noise Ratio (PSNR), Structural Similarity in Images (SSIM), 

Mean Square Error (MSE).   
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