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The Mars rovers Spirit and Opportunity launched in 2003 to 
search for water on Mars. By 2004 scientists had their answer: 
the rovers found rocks that showed signs liquid water had once 
fl owed over them. And water may still fl ow on occasion there.
Courtesy of NASA
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“

David Korsmeyer, NASA
”

To efficiently explore the Moon and Mars, 
fl ight crews will have to be much more 
self-reliant than before. Development 
of such self-reliance requires machine 
intelligence, coupled tightly with human 
direction.
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If robots could have a “best friend,” they’ve got 
one in software engineer T. Adrian Hill. Hill 
is the fault protection lead for not just one, 

but two robotic missions: MESSENGER and New Horizons. 
MESSENGER, launched in 2004, is currently studying 
Mercury. It’s already completed three fl ybys of the planet, 
and NASA plans to insert it into Mercury’s orbit in 2011. 
The space agency launched New Horizons in 2006 to 
examine Pluto and its moons and other worlds in the 
Kuiper Belt. As of 2010, it was halfway to Pluto with 
an expected arrival sometime in 2015.

Hill is one of the critical players for NASA whose mission 
is to make sure these robots make it safely through 
their long, lonely, and diffi cult journeys. A fault protection 
engineer like Hill programs spacecraft so that even 
in the deep reaches of space the robots can detect 
and isolate problems with their onboard systems and 
then make corrections. Spacecraft such as MESSENGER 
and New Horizons are so far into deep space that no 
manned mission can reach them for repairs. So Hill has 
to program these vessels so that they can self-repair, 
and be somewhat self-suffi cient.  

Hill says of his two big responsibilities: “I feel very fortunate 
that I am able to work on two spacecraft that are going 
to opposite ends of the Solar System. How many people 
can make a claim like that?” He’s worked for more than 
a dozen years on NASA-sponsored projects, and adds 

• the purpose of using robots 
in space

• the history of robots 
in space

• the current robotic missions 
in space

Software engineer T. Adrian 
Hill has a work-life balance. 
He holds a job that satisfi es 
him, and has a hobby 
that’s his passion. What 
combination of job and 
hobby do you think you 
would like to have 10 years 
from now?
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•  robots
•  robotics
•  end effector
•  Robonaut
•  bearing strength
•  conjunction

that one of the most memorable experiences he’s had 
was as fl ight software lead for the Hubble Space Telescope. 
“I had the opportunity not only to lead the software 
development, but to actually watch on the video as the 
astronauts removed the old computer and installed our 
computer with our new software,” he said. “Watching 
from the ground as the software came up and running 
and started operating—it was a satisfying moment.” 
Since 2000, Hill has been working for The Johns Hopkins 
University Applied Physics Laboratory’s Space Department. 

The software engineer doesn’t just 
troubleshoot in space. He also troubleshoots 
here on the ground as a college football 
referee. He travels around the country 
moonlighting as a ref on his Saturdays 
during the season. “It’s my big passion. 
I started ref-ing football back in 1990—
Little League youth ball, then high school 
ball, and now I’ve been fortunate enough 
to work college football.”

Hill sounds like a fortunate person 
all around: a thrilling daytime job that 
puts him in touch with the deep reaches 
of space and fulfi lling weekends on 
the gridiron. 
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The Purpose of Using Robots in Space
Advances in space would not be possible without robots—machines that 
operate automatically or by remote control to perform tasks. Scientists have built 
the International Space Station (ISS) with the help of robots. They also use robots 
to repair satellites and explore the far reaches of the Solar System and beyond. 
Astronauts aboard the space shuttle and the ISS maneuver robotic arms and hands 
to build, repair, and more. Quite simply put, NASA would not know as much as 
it does about outer space or be able to accomplish as much without robots. 

On Earth, typical industrial robots do jobs that 
are diffi cult, dangerous, or dull. They lift heavy 
objects, paint, handle chemicals, and perform 
assembly work. They perform the same job hour 
after hour, day after day with precision. They don’t 
get tired and they don’t make errors associated with 
fatigue. So they are ideally suited to performing 
repetitive tasks.

Space-based robots at NASA fall within three specifi c mission areas: exploration, 
maintaining science payloads, and on-orbit servicing. Today, NASA has two 
important proven space robots. One is the Remotely Operated Vehicle (ROV) 
and the other is the Remote Manipulator System (RMS). An ROV can be:

• an unmanned spacecraft that remains in fl ight

• a lander that lands on an object in space and operates 
from a stationary position

• a rover that can move over terrain once it has landed. It is diffi cult 
to say exactly when early spacecraft evolved from simple automatons 
to robot explorers or (ROVs). 

How Spacecraft That Explore Other Planets Are Robots

You have likely heard the expression “on autopilot.” This can refer to a computer 
doing the work that humans otherwise would have to do. This is also a premise 
behind robots. Once programmed, some robots can work by themselves. Others 
must be controlled by a specialist using a device such as a joystick at all times. 
Robotics  is the study of robots.

NASA uses robots to explore the Solar System in ways humans often cannot. Even 
the earliest and simplest spacecraft operated with some preprogrammed functions 
monitored closely from Earth.

The space probes that travel to the Moon or Mars are robots. The Lunar Reconnaissance 
Orbiter launched in 2009 is one example. The Mars rovers Spirit and Opportunity
are robots that study the ground and environment on the fourth planet from the Sun. 

to epa sa
AAssttrronauts
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Robot comes from the Czech 
word robota, which means 
servitude or forced labor. The 
Czech playwright Karel Capek 
coined the term in 1923.
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You have learned about other spacecraft that orbit or fl y by planets and send 
detailed information to scientists on Earth. These, too, are robots—such as the 
Cassini spacecraft studying Saturn and its rings (Figure 1.1). Even the Voyager 
and Pioneer spacecraft traveling millions and millions of miles away outside the 
Earth’s Solar System are robots. 

The space probes and rovers that explore other planets, moons, and celestial bodies 
are autonomous robots. This means they can work by themselves and don’t need 
astronauts or scientists to manually move them. They follow the commands people 
send from Earth. NASA and other space agencies use computers and powerful 
antennas to transmit messages to the spacecraft. The robots have antennas that 
receive the messages and transfer the commands into their computers. 

The Use of Robotic Arms in Space

The most common type of robotic device in space is the robot arm often used in 
industry and manufacturing. The mechanical arm recreates many of the movements 
of the human arm. It can move not only side-to-side and up-and-down, but also 
360 degrees at the wrist, which humans cannot do. 
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480 CHAPTER 12 Robotics in Space

Robot arms are of two types. One is computer-operated and programmed 
for a specifi c function. The other requires a human to actually control the 
strength and movement of the arm to perform the task. To date, the NASA 
Remote Manipulator System (RMS) robot arm has performed a number of tasks 
on many space missions—serving as a grappler, a remote assembly device, 
and as a positioning and anchoring device for astronauts working in space.

Robotic arms relieve astronauts from having to take so many spacewalks, which 
are diffi cult and risky activities. They are able to move very large objects in space. 
The space shuttle has a robotic arm called Canadarm. Its name comes from the fact 
that it was built in Canada. It fi rst fl ew on the shuttle’s second mission in 1981. 

Canadarm can bend and rotate in seven different directions to perform its tasks. 
It has a shoulder joint, an elbow joint, a wrist joint, and a gripping device called 
an end effector. This is a device located at the end of a robotic arm that can grasp and 
snare objects much as human hands do. Controlled by an astronaut inside the shuttle, 
the Canadarm becomes an extension of the controller’s own arm.
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NASA has used this robotic arm to release and recover satellites. For instance, 
Canadarm has grabbed the Hubble Space Telescope during fi ve different 
repair missions. 

The International Space Station also has a robotic arm, a larger one called 
Canadarm2. Scientists have used both Canadarm2 and the shuttle’s smaller arm 
to build the ISS. The arms work like construction workers and cranes, moving 
the proper pieces into place. The robotic arms also help move astronauts around 
the station on spacewalks. 

The arm on the ISS can move around to different parts of the station. It creeps 
along the station’s outside like an inchworm, attached at one end at a time. 
The arm also includes a robotic hand named Dextre, which the astronauts use 
to move smaller objects. Astronauts maneuver joysticks, similar to the ones 
you play videogames with, to move the arm and hand around. Personnel back 
at Mission Control on Earth can also control the arm and hand this way. 

Astronaut Joan Higginbotham

Joan Higginbotham applied 
to become an astronaut because 
her boss kept encouraging her to. 
She never expected to go into space. 

Higginbotham graduated from 
Southern Illinois University, and 
only two weeks afterward started 
working for NASA in Florida. She 
later received two master’s degrees 
from Florida Institute of Technology, 
all the while keeping her full-time 
job at the Kennedy Space Center. 
Higginbotham stayed with NASA 
for nine years. She participated in 
more than 50 launches in supporting 
roles on the ground. 

The Chicago native fi nally got her chance to go on her own shuttle mission in 2006 
with mission STS-116. When Discovery went to the International Space Station, mission 
specialist Higginbotham was the person responsible for controlling the robotic arm. 
She was part of a team improving the space station’s solar array, which provides power 
to the ISS. 

A year after her mission on Discovery, Higginbotham retired from NASA for work outside 
the government. 

AsAstron
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How Robots Help Astronauts

In addition to aiding astronauts at the International Space Station, robots help 
scientists investigate new worlds. Scout robots, such as the Lunar Reconnaissance 
Orbiter, can act like members of an advance team, taking pictures and measuring 
the terrain of a potential landing site. This allows engineers and scientists to prepare 
future missions accordingly. These robots can also look for various dangers and 
note the best places for astronauts to walk, drive, and explore, as well as to avoid. 
This work saves astronauts valuable time once on a mission, and allows them 
to work in as safe an environment as possible. Humans working together with 
robots is essential to studying other worlds.

NASA is constantly working to improve its fi eld of robots, keeping up with 
advances in technology. A new idea technicians from NASA and General Motors 
Corporation are exploring is the Robonaut. A Robonaut is a robot that has an upper 
body shaped like a human, with a head, chest, arms, and hands. It could work outside 
a spacecraft, doing the work an astronaut would do on a spacewalk. It might have 
wheels or, as engineers continue to tinker with it, some other way to move about. 
This mobility would allow it to work on the Moon or some other planetary object.

Robonauts wouldn’t replace human astronauts unless a mission were too dangerous 
for a human. Rather, they would work alongside them, complementing the work 
they do. NASA and General Motors are currently working on a second-generation 
Robonaut called Robonaut2 or R2 that is stronger and has an easier time handling 
such things as tools. 
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R2’s head contains two camera “eyes,” which give it a form of 
depth perception, like human eyes. Its hands have fi ve fi ngers, 
including a thumb, that it can manipulate just as you move your 
hands and fi ngers to pick up and carry different objects. But R2’s 
arm has a greater range of motion than a human arm. 

NASA is also working on another type of robot, known as SPHERES. 
Instead of looking like people, these small robots look a little like 
soccer balls. NASA uses SPHERES on the ISS to test how well they 
move in microgravity. Engineers hope that in the future similar robots 
could fl y around inside the station helping astronauts. 

Scientists hope to develop a smaller robotic arm for inside the ISS. They could 
use it in the event of a medical emergency. If an astronaut became sick or was 
injured, doctors on Earth could maneuver the robotic arm to perform surgery. This 
technology would also be helpful on Earth. Doctors could place these robotic arms 
in remote locations where there are no doctors, and in the event of an emergency, 
these robotic arms could also perform surgery. 

The History of Robots in Space
Three years before President Kennedy made his famous speech to Congress about 
sending a man to the Moon, the United States entered space for the fi rst time. 
Explorer 1 launched on 31 January 1958 with instruments on board that detected 
radiation in Earth’s atmosphere. Scientists eventually called this trapped energy 
the Van Allen Radiation Belt, which you read about in Chapter 2.

f 
rs,
yourr 
R2’s
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NASA decided early on 
to use a humanlike frame 
for its Robonauts because 
so much space equipment 
is already designed for use 
by human beings, particularly 
for the human hand. 
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The Successes and Failures of the Explorer and Ranger Missions Into Space

Explorer 1 launched atop a four-stage rocket. This 30.8-pound satellite was the 
fourth stage. It was also the fi rst American robot launched into space because 
it housed scientifi c instruments programmed to gather data. Explorer 1 orbited 
Earth more than 58,000 times until it burned up in the planet’s atmosphere 
on 31 March 1970. 

The fi rst fi ve Explorers launched before NASA’s formation (which took place on 
1 October 1958). More than 70 Explorer missions—making such discoveries as 
solar wind, micrometeoroid properties, solar plasma, and more—have launched 
over the years. Only two have failed: Explorers 2 and 5, both before Congress 
created NASA. The Army Ballistic Missile Agency sent the pre-NASA Explorers 
into space. 

The Explorer program continues to this day. NASA continues to use these missions 
for scientifi c study. The space agency keeps them on a small- to mid-size scale 
to hold down costs and to send missions to space at a fairly rapid pace. 

Once the United States and the Soviet 
Union began their race to the Moon, 
both relied on robots to lead the way 
to manned landings. NASA called its 
exploratory robotic program Ranger.  

Rangers 1 and 2, which were to scout 
the Moon’s surface for a safe landing 
spot, never made it out of Earth’s 
orbit. Ranger 3 did make it out of 
the Earth’s orbit, but was traveling 
too fast to enter the Moon’s orbit.

Ranger 4 gave off the fi rst hint of 
success when it crashed into the 
Moon’s far side on 26 April 1962. 
Although the spacecraft’s power failed, 
it was already well enough on its 
way that it managed to complete its 
intended collision course. It was the 
fi rst American spacecraft to reach 
a celestial body. 
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With Ranger 7, NASA fi nally found total success. Three days after a 28 July 1964 
launch, Ranger 7 sent back more than 4,000 pictures of the Moon’s surface. 
Furthermore, it crash-landed on target. The images were nearly 1,000 times better 
than previous ones taken from Earth. This mission also helped lay the groundwork 
to determine a safe landing zone for future manned missions to the Moon. 

Rangers 8 and 9 were also successes. Ranger 8 captured more than 7,000 images. 
And Ranger 9 took pictures that transmitted live to TV. In an age of wireless 
Internet and YouTube, this may not seem monumental, but in the 1960s this was 
a tremendous accomplishment. Ranger 9 also crashed only four miles (6.5 km) 
from its target. 

The Accomplishments of the NASA Surveyor Spacecraft

Still relying wholly on robotic technologies, NASA next attempted soft landings 
on the Moon. Such landings had to be soft enough for astronauts to survive them. 
That’s where the Surveyor spacecraft series came in during the late 1960s. 

The seven robotic missions cost NASA $469 million. But when all was said and 
done, scientists had more than 80,000 pictures of the Moon’s surface, as well as 
data from soil samples, information on the terrain, and the knowledge that a soft 
landing was possible. 

Unlike the Ranger program, which had successful failures, the Surveyor program 
was almost entirely successful. Five of the seven missions accomplished what they 
set out to do. In June 1966 Surveyor 1 made America’s fi rst soft landing ever. The 
combination of retrorockets and thrusters slowed down the spacecraft from a speed 
of 6,000 miles (9,600 km) per hour to three miles (5 km) per hour until Surveyor 1 
went into a freefall at 14 feet (4.3 meters) from the surface. Furthermore, it landed 
within 46 feet (14 meters) of its target. This fi rst mission sent more than 11,000 
pictures back to Earth. 

A couple of months later Surveyor 2 crashed into the Moon’s surface after one of its 
thrusters failed and sent the spacecraft into a spin. But the program found success 
again in 1967 with Surveyor 3. It scooped up lunar soil to test its  bearing strength, 
the ability to support a certain amount of weight—in this case the weight of an Apollo 
lunar lander. Scientists found it similar to wet sand, solid enough for the planned 
manned missions. Before this, many had feared that the Moon might have a very 
thick layer of soft dust that could swallow a lander—or prevent it from standing 
up straight.

NASA lost contact with Surveyor 4 only 2.5 minutes before the expected landing 
on the Moon, but the space agency did well with Surveyor 5 in late 1967. While 
a thruster leak made the mission’s outcome dicey for a time, engineers fi gured out a 
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different way to brake and land 
the spacecraft. As a result, Surveyor 5
became the fi rst US spacecraft to 
conduct soil analysis on another 
planet. Surveyor 5 also fi red its main 
engine for less than a second to see 
what, if any, affect it had on the soil. 
NASA was starting to test takeoffs 
from the lunar surface to ensure 
that a manned mission could return 
to Earth.

Surveyor 6 took this one step further 
by actually lifting off. It was the fi rst 
lander to lift off a surface other than 
from Earth. It rose about nine feet 
(three meters) and headed westward 
about eight feet (2.5 meters). Now 
the stage truly was set for the manned 
Apollo missions. Surveyor 7, the fi nal 
in the series, was notable because it 
landed in an area completely different 
from the previous missions. It was 
an entirely scientifi c mission as 
NASA had accomplished all of its 
Moon-mission tests with the other 
Surveyor lunar landers. 

The Signifi cance of the Mariner 9 Mission to Mars

By the 1970s robotic technologies had improved enough that scientists could 
begin to contemplate missions even more distant and diffi cult than a Moon landing. 
NASA set its eyes on Mars and Venus with the Mariner series. Here again its fi rst—
and thus far only—attempts depended on robots, not manned spacecraft. 

Mariner 9 lifted off for Mars on 30 May 1971. On 14 November it became the fi rst 
spacecraft to orbit another planet, an event you read about in Chapter 9. While 
the Soviets had been the fi rst to fl y by Mars as far back as 1962 with their probe 
Mars 1, their newer spacecraft Mars 2 didn’t enter Martian orbit until two weeks 
after Mariner 9. However, the Soviet Mars 2 released a probe for the planet’s 
surface on 27 November. Although it crash-landed, the Soviet lander still became 
mankind’s fi rst spacecraft to reach the Martian surface. 
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Mariner 9’s goal was to map 70 percent of the Martian surface. A massive dust storm 
engulfed the planet, however. Once conditions improved around mid-January 
1972, Mariner 9 mapped more than 85 percent of the surface. 

Mariner 9 also was signifi cant because it helped lay the groundwork for the historic 
Viking missions a few years later. 

More-Recent Achievements of Robots in Space

In the 1980s countries around the world launched 13 robotic missions. Eleven of 
these were successful. They returned so much information that they kept scientists 
very busy. 

This decade was historic because the space race was no longer limited to the 
United States and the Soviet Union. For the fi rst time ever, other countries began 
sending up spacecraft. Japan was the fi rst. In January 1985 it launched Sakigake, 
which you read about in Chapter 9. It was part of an international fl eet of fi ve 
spacecraft en route to Comet Halley. Between 6 and 13 March 1986 each fl ew 
by its target. The Soviet Union arrived fi rst with Vega 1 followed by Japan’s Suisei 
(a second Japanese mission), the Soviets’ Vega 2, then Sakigake, and fi nally the 
European Space Agency’s Giotto. In addition to examining Comet Halley, Sakigake 
also taught scientists about the Earth’s magnetic tail. 

While the United States didn’t 
take part in the international 
fl yby of Comet Halley, it 
still managed to be the fi rst 
country in the world to study 
a comet. In 1978 NASA 
launched the International 
Sun-Earth Explorer 3, or ISEE-3. 
In the early 1980s NASA 
reprogrammed the spacecraft 
to intercept and study Comet 
Giacobini-Zinner, which it did 
on 11 September 1985. In 
honor of its new mission, the 
space agency renamed ISEE-3 
the International Cometary 
Explorer, or ICE (Figure 1.2).
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ICE confi rmed comets are “dirty snowballs” of ice, gas, and dust. It also found 
that Giacobini-Zinner’s tail had less dust than expected. NASA next sent ICE 
to study Comet Halley. It arrived in late March after the international group of fi ve 
spacecraft. ICE has been out of service since 1997, but scientists are making plans 
to retrieve it if it passes near Earth’s orbit as expected in 2014. 

During most of the 1980s America directed its energies toward manned missions 
aboard the space shuttle. But in May 1989, after an 11-year break from robotic 
spacecraft launches, NASA sent a new deep space probe on a mission. Magellan 
launched from the space shuttle Atlantis. It marked the fi rst time that a probe 
headed for another planet launched from a space shuttle while in orbit. Magellan 
gave scientists the most informative pictures of Venus’s surface assembled to date. 
With its help, scientists learned that lava fl ows cover 85 percent of the planet’s 
surface. The probe used powerful radar to penetrate Venus’s thick clouds and 
map surface features. In October 1994 NASA deliberately destroyed Magellan 
in Venus’s atmosphere. 

Achievements in the 1990s
In the 1990s improved robotic technologies meant sharper, crisper images 
of the Solar System returning from deep space missions. Twenty-one robotic 
spacecraft launched around the world studied comets, planets, asteroids, and 
moons. But plenty of probes launched in previous decades also contributed. 
All of these unmanned robots acted as the eyes of the scientists on the ground. 

For instance, Voyager 1, launched in 1977, in 1990 took a “family portrait” of the 
Solar System from 4 billion miles (6.4 billion km) away. And Galileo, launched in 
1989, snapped 150 photos of the asteroid Gaspara in 1991. This spacecraft, which 
you read about in Chapter 9, was the world’s fi rst to fl y by an asteroid. From Gaspara, 
Galileo headed toward another groundbreaking asteroid encounter. In 1993 it fl ew 
past the asteroid Ida and discovered the fi rst moon orbiting an asteroid.

In 1994 the world watched Jupiter’s gravity capture the Comet Shoemaker-Levy 9 
with the aid of Galileo and numerous other robotic spacecraft. The comet smashed 
into the planet’s atmosphere. One fragment of it named Fragment A hit the planet 
with a resulting explosion equal to 225,000 megatons of TNT. This created a plume 
rising about 620 miles (1,000 km) above Jupiter’s clouds. This was the fi rst time 
humans had observed direct evidence of such a large series of collisions between 
a celestial object and a planet. 

In 1996 NASA launched its Mars Pathfi nder with the robotic rover Sojourner aboard. 
A year later Sojourner rolled off the Mars Pathfi nder science station onto the Martian 
surface. This was the fi rst time a rover had moved around on the surface of another 
planet. The earlier Viking probes were stationary. Data gathered by Pathfi nder and 
Sojourner made possible the next decade’s Spirit and Opportunity rover missions 
to the red planet.
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Achievements in the Twenty-First Century
It’s still early in the new millennium, 
but robotic spacecraft continue to score 
a number of fi rsts in space exploration. 
In 2000 NASA’s NEAR spacecraft was 
the fi rst to orbit an asteroid. A year later 
mission controllers tried something else 
new: they landed it on the asteroid Eros.

The orbits of Mercury and Mars in the 
fi rst decade of the twenty-fi rst century 
also provided some unique opportunities. 
In 2003, for instance, NASA’s Mars 
Global Surveyor snapped images of the 
Earth, the Moon, and Jupiter from its 
orbit around Mars. This was the fi rst-
ever planetary conjunction—when two 
or more celestial bodies appear to be close 
to one another—photographed from 
another planet. 

The ISS has been in orbit since 1998 
and has been permanently occupied 
since 2000. It is a success in large part 
because of its work with robots. 

The Mars Spirit and Opportunity 
rovers are two other great achievements 
of this century, but you’ll read about 
those in depth in the next lesson. 

The Current Robotic Missions in Space
The economic downturn that began in 2008 put many plans and projects on 
hold. The Obama Administration made budget requests in early 2010 that would 
eliminate the Constellation program that aimed to have Americans back on the 
Moon by 2020. Manned missions to Mars are almost certainly postponed under 
this proposal. 

Manned missions aren’t the only programs facing the global economic realities 
of recent years. Robotic missions are also coming under increased scrutiny, 
with many experts weighing the pros and cons.

89619_CH12_LS01_p474-493.indd   489 6/4/10   5:17 PM



490 CHAPTER 12 Robotics in Space

The Advantages and Disadvantages of 
Using Robots Instead of Humans in Space

Humans have some obvious advantages over robots when exploring space. 
Astronauts can describe what they see and feel. It’s not possible to do this 
in a similar manner through the lens of a robotic camera. On the fl ip side, 
the advantages of sending a robot into space on an unmanned mission are just 
as obvious: It costs less and it’s much, much safer. Aside from a few engineers 
who constructed the robot, no one will cry if a piece of metal blows up. 
But the loss of human life is a pain that never goes away. 

The Hubble Space Telescope offers a good example of how these competing ideas, 
even in an economic crunch, can play out. As you learned in Chapter 9 the Hubble 
Space Telescope has returned some of the most incredible pictures taken from outer 
space. Without its images, scientists would know much less about the Solar System 
and the universe. The telescope—a robot—took all these pictures. This illustrates 
that astronomers can obtain meaningful information for analysis without putting 
humans at risk, and at a reduced cost.

But as you also read, the Hubble Space Telescope has needed a series of repairs and 
upgraded instruments. Hubble launched in 1990 and almost immediately scientists 
determined there was a problem with its mirror that caused images to blur. NASA 
had no way to fi x this problem without sending humans into space to do the work. 
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Astronauts have made fi ve different trips to 
the Hubble Space Telescope to make repairs 
and install newer equipment. They went 
on spacewalks and worked with tools that 
they had to hold in their hands. But robots 
helped: The shuttle crew used Canadarm, 
the shuttle’s robotic arm to capture Hubble 
and move it into the cargo bay. 

During the spacewalks, one astronaut was 
attached to the arm with a foot restraint to 
keep from drifting away. An astronaut in the 
shuttle maneuvered the arm as needed to 
move the astronaut around the telescope. 
In this way, the arm became a space version 
of the “cherry picker” that utility workers 
use on Earth.

These were costly trips, and especially in 
light of the more recent Columbia tragedy, 
trips with great risk. Had these manned trips 
not taken place, though, Hubble would be 
far less useful than it is. 

The Use of Robotic Arms in Assembling 
the International Space Station

While the ISS has been under construction 
since the launch of its module Zarya in 
1998, the robotic Canadarm2 has played 
a critical role in space station assembly 
and maintenance since its arrival in 2001. 
It launched aboard Endeavour for mission 
STS-100. 

Canadarm2 is actually part of a larger system called the Mobile Servicing System, 
or MSS, built in Canada. It has three parts: 

 1. Canadarm2, a bigger, better, smarter version of the space shuttle’s robotic arm. 
It is 57.7 feet (17.6 meters) long. It weighs 3,968 pounds (1,800 kilograms). 
It also operates with seven motorized joints. Canadarm2 handles large payloads 
and helps the ISS dock with the space shuttle. 

 2. Mobile Base System, a work platform that moves along rails covering the length 
of the space station. It allows Canadarm2 to move from end to end. Mobile Base 
System arrived in June 2002 aboard Endeavour for STS-111.

 3. Special Purpose Dexterous Manipulator, or Dextre, a two-armed robot that can 
carry out delicate assembly tasks.
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Japan provided another robotic arm in 2009 for use with its lab module Kibo. 
The ISS crew fi rst tested it out on 23 July. It helps with such things as experiments 
and installing hardware.

As of this writing in 2010, ISS partners plan to add one more robotic arm. 
The European Space Agency will contribute the European Robotic Arm (ERA) 
to move small payloads into and out of a new Russian airlock. Like a cherry picker, 
it will also be able to move astronauts and cosmonauts during spacewalks. It has 
two wrists, two limbs, and one elbow joint. Each end of the arm can act as a hand 
or can attach to the space station to serve as a base from which the robotic arm 
can operate. NASA has scheduled to ferry ERA aboard Atlantis for mission STS-132 
sometime in 2010. 

The Use of the Wide-fi eld Infrared Survey Explorer (WISE)

The last time an infrared survey of the sky was taken from space back in 1983, 
Ronald Reagan was president. In December 2009 NASA launched a new robotic 
spacecraft, the Wide-fi eld Infrared Survey Explorer, or WISE, atop a Delta II rocket. 
The aim of the expected 10-month mission was to search for the origins of galaxies. 
WISE was in a polar orbit 326 miles above Earth.

WISE is creating an infrared map of the entire sky. 
It does this by detecting the infrared, or heat, signatures 
of objects. Because of this, the WISE instrument must 
always be kept cooler than the objects it is studying. 
WISE will catalog a diverse group of astronomical 
targets, including near-Earth asteroids, stars, planet-
forming disks, and distant galaxies. 

During its fi rst few months in space it sent back astonishing pictures of comets, 
bursting stars, and faraway galaxies. Information gathered from WISE will help 
with the planning of other missions, notably Hubble’s replacement, the James Webb 
Space Telescope.

In the next lesson you’ll read about two more current robotic missions: Spirit and 
Opportunity. NASA launched these rovers to Mars in 2003. The lesson will also 
look at the space agency’s plans for future robotic missions. 

space
The a
WISE

Star POINTSSSSSSSSSSSSSSSSSSSStttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStttttttttttttttttttttttttttttttttttttttttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOOOOOOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOO
WISE takes a picture every 
11 seconds. In the fi rst six months 
of its exploration it will have taken 
more than 1.5 million pictures.
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Lesson 1 Review 
Using complete sentences, answer the following questions on a sheet of paper.

 1. What does it mean if a robot is “autonomous”?

 2. Name one thing a robotic arm can do.

 3. What is an end effector?

 4. What is a Robonaut?

 5. Which was the fi rst “total success” Ranger mission? What were its two 
major accomplishments?

 6. Which spacecraft made America’s fi rst soft landing on the Moon, and which 
fi rst successfully lifted off the lunar surface?

 7. Which was the fi rst robotic spacecraft to orbit another planet?

 8. Which fi ve spacecraft traveled in an international fl eet to study Comet 
Halley? Which countries launched them?

 9. Which was the fi rst spacecraft to fl y by an asteroid? Which was the fi rst 
to orbit and land on one?

 10. Name an advantage to robotic over manned missions and vice versa.

 11. What’s the name of the work platform that allows Canadarm2 to move 
from end to end on the ISS?

 12. Why must WISE always be kept cooler than the objects it is studying?

✔ CHECK POINTSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIINNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIIIIIINNNNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTSSSSSSSCCCCCCCCCCCCCCHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKK PPPPPPPPPPPPPPOOOOOOOOOOOIIIIINNNNNNNNNNNNTTTTTTTTTTTSSSSSSSSSSCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTTSSSSSSSSSSSS

 13. You read that Ranger 3 was traveling too fast to enter Moon orbit. 
Explain this in terms of escape velocity and orbital velocity.
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