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Peeking Around Corners
Until now cameras have only been able to see what is in front of them. Thanks to recent 
developments in ultra-fast imaging and computational photography, they may also soon be 
able to see objects out of the line of sight.

If you have ever played a first-person-shooter video game, 
you know the feeling when your character is hiding behind 
a corner and your heart races, not knowing what kinds of 
grotesque aliens or heavily-armed bad guys are waiting for 
you to step out into the open. But what if you could turn 
on a special camera that lets you peek around the corner 
without exposing yourself to an attack? Recent research 
from a group at the MIT media lab (Boston, USA) suggests 
that seeing around corners is not just a cool superpower for 
a video game, but it might actually be possible. And imaging 
around corners could have applications in everything from 
search and rescue to new types of endoscopes for studying 
hard-to-reach areas inside the body.

In a typical camera, the image that we capture is an ave-
rage image: it represents the amount of light coming from 
each point in the scene during a small time interval, usually 
in the order of some milliseconds. During an exposure, each 
pixel accumulates energy from the light hitting its surface. 
If we imagine the light from the scene as a collection of rays, 
then each pixel collects rays like a bucket collects raindrops. 
At the end of the exposure, the pixel value is a measure of 
the total energy collected in the “light bucket.” The light 
from a camera flash travels so fast — about a fraction of a 
meter per nanosecond — that a conventional camera can-
not distinguish between the first light to reach the camera 
and the last light to reach the camera. A disadvantage of 
the light-bucket measurement is that we lose information 
about the paths of the individual light rays. Did the rain-
drop fall out of the sky and directly into the bucket, or did it 
bounce off of a few leaves on its way down? 

In the past decade, advances in ultra-high-speed light 
sources and detectors have led to cameras that can measu-
re the travel time of light rays, as well as to algorithms for 
using travel-time measurements to recover the 3D proper-
ties of a scene. But what if we want to know what’s happe-
ning beyond the camera’s direct line of sight? 

Imaging an object beyond the line-of-sight is much like 
normal imaging — incident light bounces off the object and 
is collected by a camera. The main difference is in the num-
ber of bounces. To image around a corner, we are mainly 
interested in the light that first bounces off an intermediate 
surface, then off the object, then again off the intermedia-
te surface, and that finally reaches the camera indirectly. 
By measuring the travel time of the multi-bounce light, it 
is possible to recover information about the hidden object. 

Andreas Velten and his group at the MIT media lab set 
up an experiment to test the multi-bounce imaging system. 
In their experiment, they scanned laser light across an in-
termediate surface and collected the multi-bounce light 
from a hidden object using a special high-speed camera. At 

each point in the laser scan, the distribution of the multi-
bounce light captured by the camera is different. By appro-
priately combining the data acquired during the laser scan, 
they found that they could recover information about the 
shape of the object hidden behind the obscuring wall. 

Simple, right? Not so fast! As usual in experiments, 
things are not as straightforward as they sound and they 
present various technical challenges. In addition to buil-
ding a robust experimental setup to acquire images at a tri-
llion frames per second, the critical issue for Velten’s group 
was to find an appropriate algorithm for computing the fi-
nal image of the hidden object. “For quite a while, we had 
what we thought was good data, and we had an algorithm 
that worked in simulation, but not on the actual data,” says 
Velten. There was a need for experimental-oriented and 
also for theory-oriented people to work together to unders-
tand the limitations of the data and how to best make use 
of the information. 

Much of the fun surrounding a new discovery like ima-
ging around corners is imagining all of the potential appli-
cations of the technology. According to Velten, “[Possible 
applications] range from rescue and law enforcement ope-

Figure 1: Computed image of a hidden object. By 
carefully combining the multi-bounce image data at each 
point in the laser scan, Velten and colleagues were able 
to recover an image of the hidden object.
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rations where one needs to check the inside of a room or 
building, to helping solve problems in endoscopy and ro-
botic surgery where it is crucial to get a good idea of the 
3D structure of a cavity inside the body from very limited 
camera positions.” As with other young technologies, it 
can be difficult — and restricting — to focus on one speci-

fic application. In fact, according to Kyros Kutulakos at the 
University of Toronto in Canada, “It is quite possible that 
its most important applications are yet to be recognized.”
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