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C
hameleons display beautiful colors 
that result from the way light dif-
fracts off billions of tiny nanopar-
ticles in the skin. These animals need 
only to stretch their skin to trigger 
a color change in situations such as 

blending in with the surroundings, signal-
ing to a potential mate, or adjusting to 
changes in temperature (1). Creating mate-
rials with such adaptive response has been 
a far-reaching goal for fundamental and 
applied sciences (2). Metamaterials—arti-
ficial materials with structure-dependent 
properties—have been particularly success-
ful toward this goal. However, modulating 
multiple functionalities in such materials 
has remained largely unexplored. On page 
1031 of this issue, Smart et al. (3) report a 
robot the size of a cell (~10 μm) that can 
simultaneously change its shape, locomote, 
and manipulate light through diffraction 
just like a chameleon. These robots may one 
day be deployed into complex environments 

to perform detection and sensing tasks.
Living materials—cells, tissues, and 

simple organisms—have the mesmeriz-
ing ability to integrate shape changes, lo-
cal chemistry, and their interaction with 
light to adapt to fluctuating environmental 
conditions. Among human-made materi-
als, metamaterials provide tools to control 
light, sound, or motion in the ways that liv-
ing systems do. They are composites of dif-
ferent materials that are engineered so that 
the functional properties are controlled by 
their complex internal architecture. 

Two fields of metamaterials have 
achieved impressive advances. Mechani-
cal metamaterials (4) can be designed to 
control stresses and deformations through 
careful engineering of their internal geom-
etry. This approach has been used to create 
materials that are light but strong, dissipate 
applied stress (5, 6), and guide mechanical 
vibrations without scattering or losses (4, 
7). They also can change shape upon in-
teraction with the external environment in 
controlled ways (4, 8, 9). Conversely, pho-

tonic metamaterials can control the flow of 
light through judicious engineering of the 
interactions between light and structure 
at the nanoscale. These materials have en-
abled the development of multifunctional 
nanometer-thick optical elements that can 
steer (10, 11), filter (12), and shape (13) opti-
cal wavefronts. Building on these advances, 
motion and light can now be manipulated 
as desired, and metamaterials routinely 
challenge established limits and theories 
(10, 14). Yet advances in mechanical and 
photonic metamaterials have remained 
largely uncoordinated.

This is where the work of Smart et al. 
takes an important new turn by combining 
the concepts of mechanical and photonic 
metamaterials (see the figure). The authors 
created microscale robots that change shape 
to locomote and steer light at the same time 
and in controlled manners, thus enabling 
exploration of and interaction with the sur-
rounding environment. A notable feature 
is the size of the robots. They comprise 
three distinct yet tightly integrated parts 
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METAMATERIALS

Micrometer-sized 
robotic chameleons

P E R S P E C T I V E S

A multifunctional metamaterial can change 
shape and steer light simultaneously

INSIGHTS

Metamaterial-based robots 
can be deployed to navigate 

complex environments.
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with sizes that span four orders of magni-
tude in length scale. The robots have light-
diffracting grating panels with lengths of 
tens of micrometers, nanometer-scale flex-
ible hinges, and nanostructured magnetic 
domains. The gratings make up the rigid 
components of the robots and rotate with 
respect to one another. The nanometer-thin 
ultraflexible hinges interconnect two or 
more grating panels, which allows compli-
ant reorientation of the panels. This me-
chanical reconfiguration allows the robot to 

dynamically change how light is diffracted, 
redirected, and focused. 

The light-diffracting grating panels also 
present with arrays of nanomagnets on their 
surface. By varying the aspect ratio (width 
to length) of the nanomagnets, Smart et al.
achieved selective and programmable con-
trol over the nanomagnet domains through 
the external magnetic field strength to mag-
netically actuate the microrobots. It is the 
combination of geometrical design of the 
diffraction gratings, compliant body kine-
matics (mechanical movement), and pat-
terning of magnetic domains that allows the 
robot to crawl and swim while diffracting 
and steering light dynamically. These func-
tionalities could be useful for sensing and 
imaging tasks beyond those obtained by the 
conventional microscopy techniques.

Although the results of Smart et al. show 
a strong proof of principle of how light can 
be manipulated with mechanical motion, 

the mechanical and photonic design of the 
robot as well as the level of magnetic con-
trol remain rudimentary. For example, the 
need for external magnetic fields to control 
the locomotion in real time is a drawback 
that could be eliminated if active mat-
ter with autonomous energy generation is 
used as constituents in metamaterials (9). 
Another limitation is the efficiency of op-
tical functions for practical applications. 
Combining the sensing and actuation of 
mechanical parts for locomotion (8) with 

advanced nanophotonic metasurface (two-
dimensional metamaterial) designs that 
can manipulate light beyond diffractive 
optics (15) would open a rich new opportu-
nity for multifunctional metamaterials that 
combine mechanics and photonics. j
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Micrometer-sized robots walk, swim, and focus light
Smart et al. combined the concepts of mechanical and photonic metamaterials to produce robots with the 

sizes of ~10 µm. The nanomagnets of di�erent aspect ratios enable locomotion by means of an external 

magnetic field. The di�ractive grating panels steer and focus light simultaneously.

By William E. H. Harcourt-Smith1,2,3,4

T
his year marks the 50th anniversary of 
the discovery of the renowned “Lucy” 
skeleton in Ethiopia (1). Remarkably 
preserved and dated to 3.2 million 
years ago (Ma), “Lucy” confirmed 
that the ability to walk on two legs 

(bipedalism), not large brains or small 
teeth, was one of the first major hominin 
adaptations. In the ensuing 50 years, the 
number of accepted hominin species tri-
pled, and several studies revealed different 
types of bipedalism in hominins. However, 
whether such distinct types of locomotion 
occurred simultaneously and in the same 
location remained unclear. On page 1004 
of this issue, Hatala et al. (2) describe 1.5-
Ma footprints from two hominin species at 
the site of Koobi Fora, Kenya, that indicate 
different types of bipedalism at the same 
time and place. The findings help to elu-
cidate the complex evolutionary history 
of hominin locomotion and suggest that 
different hominins may have interacted 
across habitats.  

The discovery of “Lucy” was a historic 
moment in paleoanthropology and in many 
ways heralded an era of extraordinary new 
discoveries that continue to this day. Since 
then, it became clear that hominins were a 
diverse and bushy group, with numerous 
dead ends and evolutionary experiments 
within their 7-million-year timeframe. The 
main lines of evidence supporting this di-
versity came from cranio-dental remains, 
which in paleoanthropology tend to be 

EVOLUTION

Contemporary 
hominin 
locomotor 
diversity
Footprints in Kenya 
show that hominin 
bipedalism had a complex 
evolutionary history
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