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Abstract 
In conventional imaging systems, the results are poor unless there is a physical mechanism for producing a sharp image with high 
signal-to-noise ratio.  In this talk, I will present two settings where computational methods enable imaging from very weak signals:  
range imaging and non-line-of-sight (NLOS) imaging. 
 
Lidar systems use single-photon detectors to enable long-range reflectivity and depth imaging.  By exploiting an inhomogeneous 
Poisson process observation model and the typical structure of natural scenes, first-photon imaging demonstrates the possibility of 
accurate lidar with only 1 detected photon per pixel, where half of the detections are due to (uninformative) ambient light.  I will 
explain the simple ideas behind first-photon imaging and lightly touch upon related subsequent works that mitigate the limitations of 
detector arrays, withstand 25-times more ambient light, allow for unknown ambient light levels, and capture multiple depths per pixel. 
 
NLOS imaging has been an active research area for almost a decade, and remarkable results have been achieved with pulsed lasers 
and single-photon detectors.  Our work shows that NLOS imaging is possible using only an ordinary digital camera.  When light 
reaches a matte wall, it is scattered in all directions.  Thus, to use a matte wall as if it were a mirror requires some mechanism for 
regaining the one-to-one spatial correspondences lost from the scattering.  Our method is based on the separation of light paths created 
by occlusions and results in relatively simple computational algorithms. 
 
Related paper DOIs: 
10.1126/science.1246775 
10.1109/TSP.2015.2453093 
10.1109/LSP.2015.2475274 
10.1364/OE.24.001873 
10.1038/ncomms12046 
10.1109/TSP.2017.2706028 
10.1038/s41586-018-0868-6 
 
Biography 
Vivek Goyal received the M.S. and Ph.D. degrees in electrical engineering from the University of California, Berkeley, where he 
received the Eliahu Jury Award for outstanding achievement in systems, communications, control, or signal processing.  He was a 
Member of Technical Staff at Bell Laboratories, a Senior Research Engineer for Digital Fountain, and the Esther and Harold E. 
Edgerton Associate Professor of Electrical Engineering at MIT.  He was an adviser to 3dim Tech, winner of the 2013 MIT $100K 
Entrepreneurship Competition Launch Contest Grand Prize, and consequently with Nest Labs 2014-2016.  He is now an Associate 
Professor of Electrical and Computer Engineering at Boston University. 
 
Dr. Goyal is a Fellow of the IEEE.  He was awarded the 2002 IEEE Signal Processing Society (SPS) Magazine Award, the 2017 
IEEE SPS Best Paper Award, an NSF CAREER Award, and the Best Paper Award at the 2014 IEEE Int. Conf. on Image Processing.  
Work he supervised won awards at the IEEE Data Compression Conf. in 2006 and 2011, the IEEE Sensor Array and Multichannel 
Signal Processing Workshop in 2012, the IEEE Int. Conf. on Image Processing in 2018, and the IEEE Int. Conf. Computational 
Photography in 2018, as well as five MIT thesis awards.  He currently serves on the Editorial Board of Foundations and Trends and 
Signal Processing, the IEEE SPS Computational Imaging TC, and the IEEE SPS Industry DSP TC.  He previously served on the 
Scientific Advisory Board of the Banff International Research Station for Mathematical Innovation and Discovery, as Technical 
Program Committee Co-chair of Sampling Theory and Applications 2015, and as Conference Co-chair of the SPIE Wavelets and 
Sparsity conference series 2006-2016.  He is a co-author of Foundations of Signal Processing (Cambridge University Press, 2014). 
 

*** ALL ARE WELCOME *** 
                                    For enquiries: Prof. Thierry BLU  (tblu@ee.cuhk.edu.hk), Tel: 3943 8288 

Computing Images from Weak Optical Signals 
 

Prof. Vivek GOYAL 
Department of Electrical and Computer Engineering 

Boston University, USA 


