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If a microscope sample consists of a single, point-like emitter, then the image of the emitter will be given 

by point spread function (PSF) of the microscope, which is a small Gaussian-like spot when the emitter is 

in focus.  The double-helix point spread function (DH-PSF) transforms the image of that single point-like 

emitter into two Gaussian-like spots.[1, 2]  These two spots rotate around one another as a function of 

the axial (z) position of the emitter (see Figure 1), tracing out a double helix in three-dimensional space.  

Thus, the angle between the two spots corresponds to the z position of the emitter, and the midpoint 

between the two spots corresponds to the lateral (xy) position of the emitter.  

 
Figure 1.  Calibration curve showing how the angle between the two spots of the DH-PSF changes as a function of the axial (z) 
position of a nanoscale fluorescent emitter.  Insets show false-color DH-PSF images of a single fluorescent bead at various z 
positions indicated by dashed lines.  Figure borrowed from reference [3]. 

 
Figure 2.  Sample images of the two spots of the DH-PSF at various signal-to-background ratios.  The signal-to-background 
ratio in each image decreases from the leftmost image to the rightmost image.  Ideally, at the end of the project, all of these 
double Gaussians will be successfully extracted by our algorithm. 

Photon shot noise and background fluorescence make it difficult to extract the double Gaussians with a 

simple thresholding algorithm.  Thus, the goal of this project will be to build a more sophisticated 

algorithm to recognize and extract the DH-PSF from experimental data consisting of single molecules 

within bacterial cells.  The algorithm must be robust to 1) rotations of the DH-PSF, 2) a low signal-to-

background ratio between the two spots and surrounding pixels, and 3) shot noise in the images of the 

two spots.  Furthermore, the algorithm should 4) run unsupervised, 5) avoid false positives, and 6) 



provide data showing the location and frame number of the extracted double Gaussians for later review.  

Sample images of the two spots to be extracted are shown in Figure 2. 

Our initial approach could consist of 1) subtraction of the spatially varying (but slowly changing in time) 

background fluorescence, followed by 2) low-pass filtering and segmentation in order to locate the 

double Gaussians.  This can be refined by making use of the fact that the Gaussians will come in pairs, or 

by using a more thorough statistical analysis of the data.  This project will not involve borrowing a DROID 

camera phone. 
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