
M A R T I N  L A U R E N Z I S

Seeing around corners is difficult, but not 
impossible. When light scatters off an 
object that is hidden from view, it carries 

information about the object that can be 
reconstructed computationally. This imaging 
method, known as non-line-of-sight imag-
ing, typically requires expensive, specialized 
equipment. But on page 472, Saunders et al.1 
report an approach that needs only a single 
photograph captured using a standard digital 
camera. The technique can reconstruct the 
position of an opaque object, as well as the 
scene behind the object, when both the object 
and the scene are out of direct sight.

There are two types of reflection: specular 
and diffuse. In specular reflection, incident 
light is deflected by a specific angle, whereas 
in diffuse reflection, it is scattered in many 
directions. In a conventional periscope — 
such as those once widely used by submerged 
submarines to scan the sea surface — specular 
reflection at the surface of a mirror is used to 
deflect the path of light onto areas outside the 
observer’s line of sight.

Advances in computer science over the 
past few years have enabled optical-imaging 
systems to use information collected from 
diffusely reflecting surfaces to look around 
corners and to view scenes that are out of direct 
sight. In this case, the optical path is not sim-
ply deflected by mirrors, and all of the imaging 
information is destroyed by diffuse reflection. 
The information has to be reconstructed com-
putationally from a series of measurements, in 
a similar way to that used in the X-ray imaging 
method known as computed tomography.

Pioneering experiments2,3 demonstrated 
that the surface geometries of objects hid-
den from direct view could be reconstructed. 
In these experiments, a diffusely reflecting 
‘relay’ surface is irradiated with ultrashort 
laser pulses to indirectly illuminate a target 
that is behind an obscuring structure. This 

light is reflected from any surface back towards 
the relay surface and detected by a specialized 
optical sensor.

For certain types of imaging, known as 
transient and time-resolved imaging, such 
a sensor can measure the arrival times 
of photons with extremely high precision. 
This timing information, together with the 
angles at which the photons hit the sensor and 
details about the relay surface, can be used to 
deduce the locations of reflecting surfaces by 
computational means. For example, the princi-
ple of non-line-of-sight transient imaging has 
been used to track objects in real time4 and to 
reconstruct object shapes and textures5.

A more challenging task is non-line-of-sight 
imaging using an ordinary camera. In this 
case, photon arrival times are not recorded 
and therefore cannot be used to estimate a 
target’s spatial properties. As a result, much 
more computation is needed. An ordinary 
camera equipped with a continuous light 
source has been used to track the position and 

rotation of an object hidden from direct view6. 
However, the shape and size of the object had 
to be known in advance.

Another source of imaging information 
can be found in areas containing shadows or 
penumbrae — regions of shadows in which 
only some of the light source is obscured. In 
non-line-of-sight imaging, the obscuring 
structure can block certain optical paths and 
cast a shadow on the relay surface (Fig. 1). 
Therefore, information about the hidden scene 
is represented not only by the photons that 
arrive at the detector, but also by the photons 
that are blocked.

The idea of using shadows in non-line-
of-sight imaging was first demonstrated by 
turning an ordinary camera into a corner cam-
era7, in which shadows cast by the edge of a 
doorway or the corner of a wall were analysed. 
Small variations in intensity and colour in 
penumbrae were detected and used to observe 
the movement of people hidden around a cor-
ner. However, owing to the large size of the 
obscuring structures, only some of the spatial 
information could be reconstructed. The idea 
was later used in a more general approach to 
reconstruct a hidden scene from intensity vari-
ations in the penumbrae cast by relatively small 
structures, such as the leaves of a plant8. Never-
theless, a detailed calibration of the scene was 
needed to determine the photons’ direction 
of propagation.

Saunders and colleagues present an 
approach in which light emanating from a hid-
den target is partially blocked by an obscuring 
structure of unknown position, producing a 
pattern of illumination and shadow on a relay 

I M A G I N G  T E C H N I Q U E S

Shadows used to peer 
around corners
The perception range of an ordinary camera can be extended by analysing 
information contained in shadows. This finding could have technological 
implications for robotic, automotive and medical sensing. See Letter p.472
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Figure 1 | Non-line-of-sight imaging.  Saunders et al.1 report a technique for imaging objects that are 
outside the direct field of view of a camera. In their approach, some of the light that is emitted from a 
hidden target is blocked by an obscuring structure of unknown position. The blocked light produces a 
shadow on a ‘relay’ surface, whereas the rest of the light illuminates this surface. Finally, a camera takes a 
photograph of the surface and feeds this information through a computer algorithm (not shown) that can 
reconstruct an image of the hidden target and give an estimate of the position of the obscuring structure.
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surface (Fig. 1). A standard digital camera 
takes a photograph of this pattern and feeds 
the information into a computer algorithm 
that has substantial improvements over 
previous algorithms in the analysis of areas 
containing shadows.

The algorithm can estimate the position of 
the obscuring structure and produce an image 
of the hidden target. Furthermore, from a 
single photograph, brightness and colour 
variations in the target can be reconstructed 
with unprecedented resolution. By analysing a 
series of photographs, any motion of the target 
could be observed and displayed on a monitor.

The authors’ approach can extend the percep-
tion range of ordinary cameras, and therefore 
enhance the equipment’s sensing capabilities. 
Future improvements to the technique might 
enable the shape of the obscuring structure to 

be determined and allow a 3D reconstruction 
of the hidden scene. Because we can see objects 
only in our direct field of view, such non-line-of-
sight imaging could revolutionize how we think 
about our perception of the environment.

Saunders and colleagues’ work could lead to 
improvements in microscopy and in medical-
imaging devices such as endoscopes. Moreover, 
their approach might find applications in the 
monitoring of hazardous or inaccessible areas 
such as chemical or nuclear plants, and in the 
industrial inspection of, for example, turbines 
and enclosed areas. Finally, the technique could 
be used by vehicles to avoid collisions, and by 
firefighters and first responders to look into 
burning or collapsed structures. The results of 
this work will therefore have a large impact on 
the development of imaging devices that have 
extended perception ranges. ■
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M I C H A E L A  J A N S E N

The activity of the central nervous system 
is regulated by excitatory and inhibitory 
molecules called neurotransmitters, 

which mediate communication between neu-
rons. The main inhibitory neurotransmitter 
in the human brain is γ-aminobutyric acid 
(GABA), which binds to several receptors, 
including the GABAA receptor. Mutations 
affecting GABAΑ receptors can cause neuro
logical disorders such as epilepsy. GABAA 
receptors also have binding sites for many 
other ligand molecules, some of which are 
widely used therapeutic drugs. Binding of 
ligands to non-GABA sites can alter commu-
nication between different binding sites and 
affect the receptor’s conformation in ways 
that stimulate or inhibit its function (allosteric 
modulation). Laverty et al.1 (page 516) and 
Masiulis et al.2 (page 454) now report the 3D 
high-resolution structures of an isoform of the 
GABAA receptor bound to different ligands in 
physiologically relevant conformations. Their 
work sheds light on the intricate network of 
short- and long-distance crosstalk between 
distinct binding sites of the receptor, and is 
likely to stimulate drug-discovery research.

The GABAA receptors are a family of protein 
complexes that span the cell membrane of neu-
rons. They are composed of five subunits (most 
often two α, two β and one γ subunit) arranged 
in a nearly symmetric fashion around a central 
channel. Each subunit has three domains: the 
extracellular, transmembrane and intracellular 

domains. GABA binds to the extracellular part 
of the receptor, at the interfaces between the α 
and β subunits. This leads to conformational 
changes that cause the channel to open and 
chloride anions to flow through. Benzodi-
azepines — a group of drugs that includes 

several widely used sedative and anti-anxiety 
therapeutics — bind to an extracellular site 
between the α and γ subunits, whereas the 
transmembrane part of the receptor harbours 
binding sites for alcohols, anaesthetics and  
neurosteroids3–5.

Laverty et al. and Masiulis et al. used cryo-
electron microscopy (cryo-EM) to study a 
GABAA isoform that contains two α1, two 
β3 and one γ2 subunits arranged in the order 
α1-β3-γ2-α1-β3 (Fig. 1 of ref. 1). This is one 
of the most abundant isoforms of the GABAA 
receptor in the human brain. Although 
the receptor’s overall architecture was 
known, the studies provide new insight into 
the molecular details of subunit architecture 
and assembly, location of modulator binding 

S T R U C T U R A L  B I O L O G Y 

A chatty brain receptor
The GABAA-receptor family has a crucial role in neural inhibition in the human 
brain. New structures of a GABAA receptor highlight the mechanisms of crosstalk 
between its binding sites. See Article p.454 & Letter p.516 

Figure 1 | Structure of a GABAA receptor composed of two α1, two β3 and one γ2 subunits.   Laverty 
et al.1 and Masiulis et al.2 determined the structures of one of the most abundant GABAA-receptor 
isoforms in the human brain, alone or bound to various ligands, using cryo-electron microscopy. 
Before imaging, they reconstituted the receptor within a lipid membrane (nanodisc) that mimics the 
cell membrane of neurons, the receptor’s natural environment. The receptor was also coupled to an 
enlarged antibody (megabody) to enable better orientation during imaging. The extracellular portion 
of the receptor contains binding sites for γ-aminobutyric acid (GABA), a natural ligand, and for 
benzodiazepines, which are widely used therapeutic drugs. The structure also indicates the sites of some 
molecules usually associated with the receptor, such as phosphatidylinositol 4,5-bisphosphate (PIP2) and 
glycans (sugars attached to the receptor). (Adapted from Fig. 1 of ref. 1.)
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