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Single-pixel imaging and its application in three-dimensional

reconstruction

Sun Mingjie, Zhang Jiamin
(School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100191, China)

Abstract: Unlike a digital cameras using a photodetector array to capture images, single-pixel imaging
reconstructs images by sampling a scene with a series of masks and associating the knowledge of these
masks with the corresponding intensity measured with a single-pixel detector. Though not performing as
well as digital cameras in conventional visible imaging, single-pixel imaging has been demonstrated to be
advantageous in unconventional applications, such as multi-wavelength imaging, terahertz imaging, X-ray
imaging, and three-dimensional imaging. The developments and working principles of single-pixel imaging
were reviewed, a mathematical interpretation was given, and the key elements were analyzed. The
research works of three-dimensional single-pixel imaging and their potential applications were further
reviewed and discussed.
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Fig.2 Image reconstructed (64 pixelx64 pixel) by single pixel imaging experiment under different measurement times
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Tab.1 Summary of major elements in single-pixel imaging

Element Choices

Advantages (*) and disadvantages (")

Focal plane modulation
System architecture
Structured light illumination
Rotating ground glass
Customized diffuser
LCD
Modulation method
DMD
LED array
OPA
Orthogonal sub-sampling

Reconstruction algorithm

Compressive sensing

* Active or passive imaging
"~ Limited choice on modulation
* More choices for active illumination
~ Active imaging only
* High power endurance; cheap

" Not programmable; random modulation only

* High power endurance; can be customized
"~ Not programmable; complicated manufacturing

* Greyscale modulation; programmable
"~ Slow modulation; low power endurance

* Faster than LCD; programmable
~ Binary modulation; not fast enough

* Much faster than DMD; programmable
“ Binary modulation; structured illumination only

* Much faster than DMD; controllable
" Random modulation; complicated manufacturing
* Not computationally demanding
" Requires a specific prior

* A computational overhead
~ Needs only a general sparse assumption
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