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Figure 1: Fog leads to loss of contrast in image sensor measurements. Shown above are
simulated images of a scene in clear and foggy conditions. Such loss of contrast affects

subsequent downstream processing algorithms like correspondence estimation.

medium and not the target. This severely compromise the quality of depth measurements.
There are some LIDAR-based depth systems that look at the distribution of time of
arrivals at each pixel to identify the photons from the target; such systems are capable
of handling moderate amount of rain or fog. However, the electronics bandwidth and
storage requirements of such techniques are formidable when we want a large field of
view and high frame rates.

Non-visual systems such as radar are inherently robust to such weather events; how-
ever, their angular resolution is often orders of magnitude smaller than that of cameras
and LIDARs—a fundamental feature of this modality stemming from its large wave-
length. As a consequence, there is an immediate need for enabling sensing systems that
are inherently robust to adverse weather with the depth and angular resolutions typical

to visual sensors.

Approach. The project aims to improve depth sensing in bad weather—fog, smoke and
rain—where the performance of LIDAR and stereo based scanners suffers. Our solution
to this was based on two ideas: first, eliminating light paths that are caused by scattering
of light in the medium (i.e., fog, rain, smoke) improves contrast; and second, using single-
photon detectors (SPADs) we can build a 3D structured light scanner that provides depth
maps at hundreds of frames per second. Specifically, our main insight is that improved
depth perception can be improved via careful imaging and algorithmic design that allows

blocking of photons from the medium while preserving those from the scene of interest.



