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3. Results

Figure 1b demonstrates the advantages of single photon measurements compared to a regular camera. The obvious

disadvantage of the SPAD camera is the low resolution. That is apparent when comparing the reconstruction in clear

water (1µ). However, after adding Maalox such that the mean free path is 100× shorter (100µ), our reconstruction is

very similar to the reconstruction from clear water, while the recovery from the regular camera suffers from a blur and

very poor SNR.

Figure 2 shows the recovery of three different targets at seven different Maalox concentrations. For each case we

compare the recovery using raw photon counts to our optimization procedure and plot cross sections along the recon-

structions. All cases show that our optimization enhances the reconstructed contrast and overall quality. For example,

the recovery of the point target at 100µ demonstrates 2× better contrast, 12.3 dB better PSNR, and 2.9× better SSIM.
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Fig. 2. Recovery using the suggested technique of three different targets (‘W’ shape, a cross, and a

point). Each target is evaluated under seven different concentrations (increasing from left to right,

leftmost is clear water). For each case we plot the raw SPAD counts (top), our reconstruction (mid-

dle), and horizontal cross sections demonstrating the improved contrast of the suggest approach.

In conclusion, we showed a technique for imaging through highly scattering media with a SPAD camera in optical

reflection mode. We demonstrated the advantages of this method in recovery of multiple targets at different scattering

levels. Furthermore, we demonstrated that SPAD measurements are a good source for imaging through volumetric

scattering due to their noise performance at low light.

References

1. G Satat, B Heshmat, D Raviv, and R Raskar. All photons imaging through volumetric scattering. Scientific

reports, 6, 2016.

2. A Boccolini, F Tonolini, J Leach, R Henderson, and D Faccio. Imaging inside highly diffusive media with a

space and time-resolving single-photon sensor. In OSA Imaging Systems and Applications, ITu3E–2, 2017.

3. L Wang, PP Ho, C Liu, G Zhang, and RR Alfano. Ballistic 2-d imaging through scattering walls using an

ultrafast optical kerr gate. Science, 253, 1991.


