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1. Motivation 

For a conventional imaging system, there has been many efforts in both physical devices and computational 

methods to obtain an image of a scene containing as much information as possible. Due to such efforts, a 

two-dimensional (2D) image can be taken with high resolution, reduced noise, and high dynamic range. 

One of important information is a location of each object in a three-dimensional (3D) scene. In particular, 

such an information is essential in a wide range of imaging applications from Lidars for autonomous 

vehicles to florescent imaging of single emitter. However, retrieving depth information remains challenging 

because it is inevitably lost while a 3D scene is compressed into a 2D image. To overcome this, one can 

engineer a point spread function (PSF) with a specific depth dependence. For example, using a double helix 

PSF, it has been demonstrated that location of sparse emitters can be retrieved from a single 2D fluorescent 

image beyond the diffraction limit [1]. Depending on a scene of interest, it could be possible to optimize a 

depth-variant PSF for a better depth estimation. 

 

2. Overview 

In this project, we optimize a depth-variant PSF to accurately estimate a 3D location of each object in a 

scene. Based on that, we can calculate 3D distance between two objects of interest in an obtained 2D image. 

In fluorescent imaging, there has been a variety of PSFs proposed and employed, for instance, astigmation, 

accelerating beam and Corkscrew [2]. In particular, it has been demonstrated that a saddle-point PSF with 

optical Fisher information allow depth sensing over a larger depth of field, up to 5 um [3]. In this work, a 

pupil plane pattern is optimized using a PSF as design parameter in the imaging system. Without any initial 

constraints on the shape, the optimal PSF is purely achieved by solving the optimization problem of 

minimizing CRLB. Depending on a given constraint like a specific depth of field (applicable z range), we 

can find different optimal PSFs other than a saddle-point PSF. Our goal is to optimize a PSF for better 3D 

distance sensing within given design parameters. This can be potentially applied in imaging applications of 

3D moving objects, such as optical nanoelectromechanical system with resonant metallic or dielectric 

particles where we can actively tune the height of them [4].   

 

 



3. Timeline & goals 

1) Find specific goals and constraints to optimize PSF (02/12 – 02/19) 

2) Write code for deconvolution to reconstruct depth map (02/20 – 02/27) 

3) Write code for optimizing PSF (02/28 – 03/05) 

4) Analyze results and make final report (03/06 – 03/11) 
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