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Dr Benedict reckons cyclocopters are
about two years away from commercial
production. Once that happens they could
displace polycopters in many roles, not
just military ones. But they are not the only
novel technology in which MAST has been
involved. The programme has also worked
on robots that hop.
One of the most advanced is Salto, developed by the Biomimetic Millisystems
Labomtory at the University of California,
Berkeley. Salto (pictured) is a monopod
weighing 98 gmms that has a rotating tail
and side-thrusters. These let it stabilise itself and reorient in mid-leap. That gives it
the agility to bounce over uneven surfaces
and also to climb staircases.
Salto's speed (almost two metres a second) puts huge demands on its single leg.
Ron Fearing, one of the electrical engineers
developing it, puts things thus: ''imagine a
cheetah running at top speed using only
one leg, and then cut the amount of time
that leg spends on the ground in half" As
with cyclocopters, the materials and processing power needed to do this have only
recently come into existence.
Dr Fearing says salto and its kin are quieter than aerial drones and can opemte in
confined spaces where flying robots
would be disturbed by turbulence reflected from the walls. They can also travel over
termin, such as collapsed buildings, that is
off-limits to wheeled vehicles. Salto still
needs work. In particular, it needs to be
able to cling more effectively to what it
lands on. Dr Fearing uses the analogy of a
squirrel leaping from branch to branch. Arriving at the next bmnch is only half the
battle. The other half is staying there. Once
that is solved, though, which it should be
in the next year or two, small non-flying robots that can go where their wheeled, or
even track-laying, brethren cannot should
become available for pmctical use.
Bouncing over the rubble of a collapsed
building is not the only way to explore it.
Another is to weave through the spaces between the debris. Researchers at the Biomimetic Millisystems lab are working on that,
too. Their solution resembles a cockroach.
Its body is broad and flat, which gives it stability but also permits it to crawl through
narrow spaces-if necessary by going up
on one side. Should it tip over whilst attempting this, it has wing-like extensions it
can use to flip itself upright again.
Getting into a building, whether collapsed or intact, is one thing. Navigating
around it without human assistance is
quite another. For this purpose MAST has
been feeding its results to the Defence Advanced Research Projects Agency (DARPA),
America's main federal military-research
organisation. According to Brett Piekarski,
who led MAST and is now in charge of
DCIST, the Fast Lightweight Autonomy
(FLA) programme at DARPA will continue
MAST'S work with the aim of developing

Ready to spring into action
small drones that can "ingress and egress
into buildings and navigate within those
buildings at high speeds". Some of that has
already been done. In June DARPA reported that polycopters souped up by the FLA
programme were able to slalom through
woodlands, swerve around obstacles in a
hangar and report back to their startingpoint, all by theIllSelves.
Unity is strength
The next challenge-the one that people
like Dr Russell particularly worry about-is
getting the robots to swarm and co-ordinate their behaviour effectively. Under the
aegis of MAST, a group from the General
Robotics, Automation, Sensing & Perception (GRASP) labomtory at the University

of Pennsylvania did indeed manage to
make drones fly together in co-ordinated
formations without hitting each other.
They look good when doing so-but, to
some extent, what is seen is an illusion.
The drones are not, as members of a
swarm of bees or a flock of birds would be,
relying on sensory information they have
gathered themselves. Instead, GRASP'S
drone swarms employ ground-based sensors to track individual drones around, and
a central controller to stop them colliding.
That is starting to change. A farewell demonstration by MAST, in August, showed
three robots (two on the ground and one in
the air) keeping station with each other using only hardware that was on board the
robots theIllSelves. This opens the way for
larger flocks of robots to co-ordinate without outside intervention.
Moreover, as that demonstration
showed, when drones and other robots
can routinely flock together in this way,
they will not necessarily be birds of a
feather. "Heterogeneous group control" is a
new discipline that aiIns to tackle the
thorny problem of managing units that
consist of various robots-some as small as
a postage stamp, others as large as a
jeep-as well as human team members.
Swarms will also need to be able to break
up into sub-units to search a building and
then recombine once they have done so,
all in a hostile environment.
Such things are the goals OfDCIST. The
first tranche of grants to these ends, some
$27J1l of them, has already been awarded
to the University of Pennsylvania, the Massachusetts Institute of Technology, the
Georgia Institute of Technology and the
University of California, Berkeley. When
DCIST itself wraps up, probably in 2022,
the idea of Slaughterbots may seem a lot
less fictional than it does now. •
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Pillars of salt

A way to predict sinkholes under spas near the Dead Sea
THE Dead Sea is, as its name implies, far
Until now, it has been impossible to
~ too salty to be of use to fishermen or predict more than a few weeks in advance
farmers. But its mineral-rich waters are val- where a sinkhole will appear. But, as he reued by the owners of the spas that thrive ports in Geology, Meir Abelson of the Geoalong its shores in Israel, Jordan and the logical Survey of Israel thinks he can
Palestinian territory of the West Bank. The change that. Employing buried monitoring
spa industry, however, faces a threat from a .. devices, he believes he can forecast where
plague of sinkholes that have struck in re- such holes will form several years before
cent years. These have damaged roads and they actually do so.
.
buildings at Ein Gedi beach, in Israel, and
Most of the more than 6,000 sinkholes
hit the Mineral Beach Spa in Mitzpe Sha- that have struck the west coast of the Dead
lem, an Israeli settlement in the West Bank, Sea recently are the result of that sea being
so hard that it is unusable.
starved of water as the rivers flowing into it ~~

70 Science and technology

The EconomiSt December 16th 2017

~ have

their contents extracted for human
use. This has caused the sea's level to fall
and the pressure it exerts to diminish. That
drop in pressure is felt in the surrounding
rocks, which are often porous and waterfilled. The rocks are a battleground between salt water from the lake and fresher
water from elsewhere-a battle that, because of the pressure drop, the fresher water is winning.
When this incoming water makes contact with the extensive underground rocksalt formations that surround the Dead
Sea, it dissolves them. That creates cavities
which, if they grow too large, eventually
fail to support the rock layers above. The
consequence is the sudden collapse of
those layers into a hole in the ground, taking anything on the surface with them.
A technique called interferometric synthetic-aperture radar can give a few weeks'
notice of such a collapse. It permits researchers to spot subtle signs of subsidence that often presage a sinkhole's formation. This grants enough time to
evacuate the site, but not enough to plan
the relocation of an extensive spa facility.
Dr Abelson, though, speculated that the
disintegration of the rock-salt formations
which creates the holes might cause minor
tremors well in advance of a collapse.
To determine whether this was so, he
and a team of colleagues drilled, in 2012,
five small boreholes around Mineral
Beach. They then placed sensors into each
borehole, at depths ranging from 11 to 25
metres. These sensors, called geophones,
recorded movements of the earth and
transmitted their data regularly to a nearby
monitoring station.
During the two months in which they
operated Dr Abelson's geophones detected 82 seismic events, of which 75 came
from the surface layers rather than being a
result of the movement, deeper under-

Sunk costs

to hunting for alien life, plans to turn the .
. world's biggest steerable radio telescope,
th&Gr~ei1Bankinstrumentin Vliginial
towatcis'OUmuamuato seeifit can hear
anything interesting. 'Oumuamuais
currently abouttwiceas fadrom Earth as
Earthisfromt1te SUllJAt that range, the
telescopeshould be sensitive enough to
pickup atransmi.tter about as powerfuJ.
as a mobile phone afterjust afew seconds-worth of observations•.
W&ll itfindaRything? ~QSt certainly
not 'Oumuamuahasthe same reddish
colour as many as~roi~ so ptesumably
has a simi1~ CG~ositi<:m. Andtjf itreally
is a spaceshipi it is odd that sigtls ofits
artificial origin have not been seen IiIready.-and also odd thatitis tumbling. It
could.m theGtWbea:dereJict. But in that
case the telescopejsun1ikely to he&:
anything.Byfar the most likely option is
thatitds-exactly: what..itseems to be~an
itinerant htmk ofspaae rock, albeit one
that hliS'come to >the solar system from .
the vast voids between the stars.
ground, of tectonic plates. Crucially, he
and his colleagues were able to use the
slightly staggered arrival times at different
geophones of these tiny tremors to locate
each . tremor's epicentre. This let them
make a map of Mineral Beach that showed
where the crust was beginning to buckle
because of cavity formation below. They
then waited and watched, to see if the epicentres were at places where sinkholes
subsequently formed.

The first such collapse was in 2014, a little more than two years after the team had
detected a series of small tremors emanating from that very spot. Seven additional
sinkholes formed in 2016. Again, they were
in places where the researchers had detected clusters of tremors during their two
months of monitoring. Not all of the tremors they recorded have yet been followed
by the formation of sinkholes. But, crucially, all the sinkholes that have formed so
far have been at the epicentres of tremors.
That observation argues for the installation of permanent geophone networks in
tourist areas around the Dead Sea. Indeed,
tracking changes in the rate and strength of
tremors, before any distortion of the
ground detectable by radar shows up, may
provide information about when a sinkhole might be expected to form, as well as
where. That would give building owners
more notice of problems, permitting them
to move facilities in good time.
Nor is the Dead Sea the. only place
where Dr Abelson's system has the potential to do good. Several states in America,
including Florida and Missouri, have large
swathes of land sitting on top of rock salt
and other materials that easily wash away
and generate sinkholes as a result. Indeed,
southern Missouri has seen over a hundred sinkhole collapses since 2007, and
would benefit greatly from having means
in place to detect when and where they are
likely to happen. •
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