
’Bots in the Danger Zone 
From Outer Space to Tight Spaces, More Unmanned Systems Going Where Humans Can’t

The riveting television images from remotely operated robots try-
ing to plug the gush of oil from the Deepwater Horizon disaster 
a mile down in the Gulf of Mexico was the first glimpse most 

people got of the unmanned machines that work in places where 
humans cannot go.

Now, other unmanned underwater vehicles (UUVs) glide beneath 
the surface, sampling the Gulf ’s waters for leaked oil and its effect 
on marine life.

But there are other needs for robots to enter danger zones — and 
there are plenty of machines to fill those needs from small ground 
vehicles that remotely detect and disarm bombs and scope out rooms 
for armed terrorists, to UUVs that map the seafloor, search for mines 
or hunt for likely oil and gas deposits.

NASA is developing a series of robots to explore the moon, asteroids, 
and someday Mars, without the expense and risk of sending humans 
back into space. Even before President Barack Obama decided to 
trim NASA’s manned space flight budget, the space agency had been 
developing robots and autonomous vehicles to explore environments 
hostile to humans: from the 1975 Viking I (the first Mars lander to 
send photos back to Earth) to the 2008 Phoenix lander mission. 

To boldly Go …
After the tug-of-war between lawmakers and the White House over 
funding manned space exploration in the near term, compromise 

language passed by Congress is slated to give NASA’s robotic mis-
sions programs up to $100 million a year for the next three fiscal 
years (2011-2013) for low-cost exploration missions as precursors 
to human space voyages. However, House and Senate appropriators, 
the people who actually sign the checks, have yet to weigh in on the 
costs.

Meanwhile, NASA’s Marshall Space Flight Center in Huntsville, Ala., 
is testing the robotic lunar lander, which will aid in the development 
of a new generation of multi-use landers for robotic exploration. And 
engineers at NASA’s Jet Propulsion Laboratory in Pasadena, Calif., 
are putting the finishing touches on the subcompact car-sized Curi-
osity Rover — the largest Mars rover to date — which will carry the 
rolling Mars Science Laboratory, part of NASA’s long-term program 
for robotic exploration of the Red Planet. 

The Curiosity mission is scheduled to launch from Cape Canaveral, 
Fla., in late 2011 and arrive on Mars in August 2012. Equipped with 
10 science instruments including cameras and a mechanical arm, 
the nine-foot long, six-wheeled Curiosity Rover’s mission is to assess 
whether Mars has, or ever had, an environment capable of support-
ing microbial life.

Back on Earth, there is an array of small flying, crawling and slither-
ing robots in development to fit into spaces where even the smallest 
human is just too big to enter.

In that last category, DARPA, the Defense Department’s research 
arm, wants to create a new class of soft, flexible, tiny mobile objects 
— Chemical Robots, or ChemBots, for short — that can maneuver 
through openings smaller than their dimensions and perform various 
tasks like surveillance once they squeeze through. In its 2007 Broad 
Agency Announcement, DARPA advised possible contributors to 
think of mice, insects or octopi, all animals that can, in effect, do 
that already. 

DARPA calls them ChemBots because they are a convergence be-
tween soft materials, chemistry and robotics to create “a fundamen-
tally new class” of soft, small robots. The agency is looking for a 
ChemBot that can travel a distance; pass through an opening smaller 
than itself; reconstitute its size, shape and functionality once it clears 
the hole; travel some more; and then perform a function using an 
embedded payload.

DARPA and the U.S. Army Research Office have awarded $3.3 mil-
lion to Bedford, Mass.-based iRobot to develop a shape-shifting ro-
bot. Called JamBot, it resembles a kind of small, squishy beanbag 
that can compress itself into a snaky shape and then re-inflate into a 
softball-sized object that can roll along by contracting and expand-
ing.

Another Massachusetts company, Boston Dynamics, creator of the 
Big Dog robotic pack “animal,” received $3.6 million from DARPA 
for SquishBot, a shape-changing, wall climbing robot that looks like 
a combination of a caterpillar and an iguana. Research is also be-
ing conducted at other universities, including Tufts, which received 
about $3.3 million in DARPA grant money and the University of 
Chicago, which got $2.7 million. 

By John M. Doyle
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Defense Secretary Robert M. Gates watches an 
unmanned ground vehicle operate during a 2008 

assault and breech demonstration at the future 
combat systems facility, Fort Bliss, Texas. Depart-

ment of Defense photo by Cherie Cullen.
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The iRobot JamBot, 
being developed with 
funding from DARPA, 
can activate particu-
lates within its skin to 
expand or contract 
in size allowing it to 
slip through small 
openings. Photo courtesy iRobot.

DARPA says the ChemBots technology 
should be achieved through any one of a 
number of approaches including “gel-solid 
phase transitions, electro- and magneto-
rheological materials, geometric transitions 
and reversible chemical and/or particle asso-
ciation and disassociation.”

But “that’s 10-20 years out,” says Brian 
Ruttenbur, defense and homeland security 
industry analyst for Memphis-based securi-
ties firm Morgan Keegan. The cutting edge 
technology won’t be immediately applicable 
for current needs, says Ruttenbur, who none-
theless believes unmanned systems will lead 
defense sector acquisition in the near term. 
“They’re cheaper to build. They’re cheaper to 
operate, and they don’t risk lives,” he says.

The U.S. Army’s 2009 Robotics Strategy 
white paper doesn’t focus on cost savings but 
it puts reducing risk for soldiers as the first 
of three critical opportunities presented by 
unmanned systems. The others are easing 
soldiers’ physical workload and extending 
the range of stand-off reconnaissance opera-
tions. 

Giving warfighters access to denied spaces to 
perform tasks safely and covertly is also a goal 
of the numerous small unmanned ground ve-
hicles in use by the military in Iraq, Afghani-
stan and elsewhere.

Packbots Go rolling Along
Before the 2003 invasion of Iraq, the De-
fense Department had no unmanned ground 
vehicles, says Peter Singer, director of the 
Brookings Institute’s 21st Century Defense 
Initiative. Now there are more than 12,000 
and 43 countries are working on military ro-
botics research, adds Singer, author of Wired 
for War: The Robotics Revolution and conflict 
in the 21st Century.

“When the situation is dark, dirty and un-
known — we think that is a great place for 
a robot,” says Robert Moses, president of 
iRobot’s Government and Industrial Robots 

Division. The company has a fleet of Pack-
Bots that conduct reconnaissance, search and 
rescue, mine detection, bomb disposal and 
other dangerous missions for the military 
and civilian authorities. 

The U.S. Army recently awarded a $14 mil-
lion contract to iRobot to upgrade its exist-
ing iRobot 510 PackBot fleet, which is used 
in bomb disposal and other dangerous mis-
sions. The upgrade will allow for multi-mis-
sion capability, Moses says.

“This will allow a more standardized fleet of 
robots that can accept additional upgrades in 
the future as new payloads are developed and 
autonomous capabilities increase,” he adds. 
The company has delivered more than 3,500 
UGVs to the military and civil defense forces 
worldwide.

For civilian law enforcement, iRobot has 
developed the 210 Negotiator, a tracked, 
stair-climbing reconnaissance vehicle. “For 
smaller law enforcement agencies, iRobot’s 
210 Negotiator is ideal for civil response op-
erations,” Moses says. “At about 30 pounds, 
iRobot Negotiator is ideal for missions re-
quiring a compact robot specifically designed 
for civilian emergency response operations.”

But Ruttenbur, the industry analyst, doesn’t 
think unmanned systems will have the same 
impact on the homeland security sector that 
they’ve had on defense. Although Customs 
and Border Protection, a division of the De-
partment of Homeland Security, has acquired 
seven Predator B unmanned aircraft systems 
to patrol U.S. land and sea borders, “Defense 
leads the way,” Ruttenbur says.

“We expect double-digit growth overall in 
the space over at least the next five years, with 
the most rapid growth near term in UGVs,” 
he noted in a recent research note to inves-
tors. But the UUV market will take a little 
longer, he adds.

where people Can’T go… ConTinUed

A robotic arm of a remotely operated vehicle (ROV) attempts to activate the 
Deepwater Horizon Blowout Preventor in the Gulf of Mexico on 22 April, 
2010.  Photo courtesy U.S. Coast Guard.
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Nevertheless, UUVs are a growing presence in undersea exploration 
and development, from the deep-diving robot submarines that ex-
plored the wreck of the Titanic to autonomous underwater vehicles 
(AUVs) exploring the seafloor beneath the polar ice.

Down Where It’s Wetter
Now that the U.S. Navy has decided to no longer limit the size of 
its UUVs to the 21-inch diameter of a submarine torpedo tube (see 
more in the January 2010 issue of Unmanned Systems) more and big-
ger underwater robots are expected to be developed, although at no-
where near the explosive growth rate of unmanned aircraft.

UUVs are used for mine detection, surveillance, underwater surveys 
and infrastructure inspection, but the big selling point for unmanned 
vehicles is getting divers out of dangerous waters.

Most civilian use of UUVs, aside from academic research, is in the 
oil and gas industry to search for potential drilling fields or to inspect 
and maintain offshore drilling platforms and pipelines. 

Their use is anticipated to grow rapidly in the wake of the BP oil rig 
disaster. Sales are expected to pick up for both torpedo-shaped AUVs 
like those made by Hydroid Inc. and Bluefin Robotics and ROVs like 
J.W. Fishers’ SeaOtter-2 and the bigger SeaLion-2 underwater camera 
systems. AUVs are untethered submersibles — unlike ROVs, which 
can be connected by cables as long as 1,500 feet — programmed on 
the surface and then sent to navigate on their own.

Another type of underwater vehicle, known as a glider, has been 
combing the Gulf of Mexico the BP oil spill’s environmental impact. 
Underwater gliders manipulate their buoyancy in conjunction with 
external wings to convert vertical motion to horizontal motion and 
propel themselves forward in an up-and-down or sawtooth motion. 
That lets them travel longer and farther on less fuel than other UUVs 
or even manned vessels.

A number of Spray Gliders, developed by the Scripps Institution 
of Oceanography in La Jolla, Calif. (with Office of Naval Research 
funding) and produced by Bluefin Robotics, have been deployed in 
the Gulf to collect water column data profiles using a pumped ocean-
ographic–grade conductivity-temperature-depth sensor. 

And the Monterey Bay Aquarium Research Institute using the Do-
rado, an AUV it developed, also sampled Gulf waters near the BP 
wellhead. MBARI’s AUV, which can dive to 5,000 feet, or almost 
to the seafloor, was equipped with a water sampling system called 
the Gulper. The Dorado was deployed from a National Oceanic and 
Atmospheric Administration vessel to map, sample and analyze the 
subsurface oil plumes for NOAA to determine their distributions 
and how they interact with the oceanic environment.

John M. Doyle is a defense and homeland security writer in Washington, 
blogging at http://4gwar.wordpress.com.

Engineers rotated all six wheels of the Curiosity 
rover in the first in a series of “tune ups” to get the 
rover ready for a drive in the clean room where it 
is being assembled at NASA’s Jet Propulsion Labora-
tory in Pasadena, Calif. Curiosity is the centerpiece 
of NASA’s 2011 Mars Science Laboratory mission. 
Photo courtesy NASA/JPL-Caltech.
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