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The  
RoBoTS
ARe  
coMIng!

A new generation of robots  
is shaping the way in which  
we perceive technology.  
Are we ready to work with them?  
Gabriela Munoz reports.

I
t’s Friday and I’m outside the 
Powerhouse Museum. At 10:00 am 
the glass doors finally open and  
I approach one of the guards.  

He lets me in after I show him my ID. 
The Articulated Head is still asleep.

Damith Herath and Christian 
Kroos, research engineers at MARCS 
Auditory Laboratories, University of 
Western Sydney, are ready to wake 
it up. They activate the system and 
thus, the Articulated Head starts to… 
think. It opens its eyes, moves its neck 
and is ready to begin its day. As I 
approach the keyboard that allows me 
to communicate with the Articulated 
Head, I feel that something is watching 
my every move. Then I stop and stare; 

it stares back and frowns—its face looks 
strangely familiar.

One of us has to start the 
conversation, and it is then that I dare to 
ask: “Do you like coffee?” Its answer is: 
“Yes”. But there is no time for small talk; 
visitors approach. A group of young girls 
guided by one of their teachers makes 
a stop to interact with the Articulated 
Head. The adult leaves almost 
immediately but the girls stay longer 
and engage in a lively conversation  
with this robot described by its creators 
as “a conventional industrial robot 
arm that has been converted into an 
aesthetically appealing installation  
piece that melds the worlds of art, 
science and engineering.”

charming robots
More than forty years ago Japanese 
roboticist Masahiro Mori (b. 1927) 
developed a theory based on his 
experiences regarding human-robot 
interaction. According to Professor Mori, 
people were keen to interact with robots 
regardless of their appearance—but just 
to some extent. As Mori’s thesis suggests, 
if the robots were too human a person 
would have an unpleasant impression. 
“Some people feel discomforted because 
it’s simulating things they feel shouldn’t 
be simulated or they feel it isn’t reacting 
in the right way... People are very 

critical, the more realistic we try to 
make it (robots), then any detail 

that suddenly shows up 
will cause a negative 

reaction,” explains 

Professor Chris Davis, one of the chief 
investigators behind the Articulated 
Head and a research fellow at MARCS 
Auditory Laboratories.

Known as the Uncanny Valley 
Effect, Mori’s hypothesis questions the 
relationship between a robot’s degree of 
realism in terms of physical appearance 
and behaviour, and a person’s 
impression of the robot. However, as 
robots move from the industrial sphere 
to the social sphere, an adaptation 
process will occur. Robots should be 
able to communicate, cooperate and 
coexist in any given environment; they 
should also be agreeable. “Resembling a 
human can be better for some situations 
and worse for others. For example, 
many pet robots (toys) have done their 
jobs without human form, and some 
people might find the idea of a human 
pet disconcerting,” explains Charlie 
Kemp, Assistant Professor in the Wallace 
H. Coulter Department of Biomedical 
Engineering at Georgia Tech and Emory 
University, in the US. “In the long run, 
I suspect that there will be a variety 
of different types of robots matched 
to their jobs and people’s individual 
preferences,” say Kemp.
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With a little help from them
Social robots are autonomous artefacts 
that interact and communicate with 
people. They don’t need to have an 
anthropomorphic shape, but they must 
be able to build some sort of rapport 
with whoever is using them. A social 
robot, therefore, must have its own 
personality, has to be aesthetically 
pleasant (to avoid the uncanny valley 
effect, of course) and easy to interact 
with. These characteristics can be 
seen in some robots that are already 
“working” among us. For example, 
ASIMO, Honda’s robot, visited Windsor 
Castle in 2009 to congratulate the 
nine finalists of a competition called 
Reaching for the Gold. ASIMO is a 
humanoid and it has been touring 
different cities—it visited Australia 
in 2007—where it has received warm 
responses from the public. ASIMO 
looks like an astronaut. It has white 
bulky limbs, but it walks almost 
gracefully. We cannot see its eyes 
or mouth, but it has a set of sensors 
that allow it to interact in any given 
space. ASIMO also has its own show 
at Disneyland’s Tomorrowland 
where it talks, walks and dances 
in an environment that showcases 
the multiple possibilities of having 
a robot assistant at home. But the 
technology behind “the world’s most 
advanced bi-pedal humanoid robot” 
has also helped in the creation of the 
U3-X, Honda’s Stride Management 
Assist and Bodyweight Support Assist 
experimental walking assist devices 
that in the future will help the elderly 
and people with weakened limbs.

In 2007 the journal IEEE Transaction 
on Robotics published a special issue 
on Human-Robot Interaction. At the 
time, its editors suggested that the 
paradigmatic shift that occurred in 
robotics at the end of the 1980s brought 
robots from factories to everyday-life 
environments. They also suggested that 

this new generation of robots would 
fulfil four different roles: coworkers, 
assistants for the disabled and elderly, 
surgical devices and toys. So far their 
hypotheses have been proven right. 

Teaching us about  
human emotions
Although sensors, voice and other 
systems have greatly improved, robots 
still need to be programmed to learn 
more about their surroundings. 
Researchers from the Italian Institute 
of Technology are working on a 
skin system that will enable robots 
to explore and learn about their 
environment. According to Giorgio 
Metta, assistant professor at LIRA-
Lab, University of Genova, Italy, the 
skin system is based on two different 
technologies: capacitive (as most of the 
consumer electronics touch screen/
pads) and piezoelectric. Metta explains 
that the system will allow robots to 

work in different social spheres.  
“It enables the robot to grade forces 
while interacting with the environment 
(including humans) and therefore 
it makes the robot safer. It also 
enables people to guide the robot via 
something called ‘kinesthetic teaching’ 
where a person can steer the robot to 
move in a certain way in order to solve 
a problem (reach for an object, grab it). 
This is a very natural way to ‘program’ 
a robot for a given task and opens up 
new ways for deploying robots into 
human-populated environments.” 

At the same time, other research-
ers are trying to work towards human 
emotion recognition. “Emotions are a 
difficult question… The study of hu-
man emotion is not an exact science 
and there are things yet to be known,” 
says Davis. But as Chris Chesher, Senior 
Lecturer in Digital Cultures at The 
University of Sydney, explains, “Roboti-
cists refer to the ‘emotional’ features 

of robots—components that allow the 
robot to appear to change expressions 
in ways that are meaningful to people 
around them.” Chesher’s suspicion is 
that while emotional expressivity can 
draw upon familiar interpersonal con-
ventions, copying human expressions 
will be the dead end as “there will be 
simpler and cheaper codes and gestures 
that robots and people can use to com-
municate.” 

In 2009, after years of trials, a team 
of researchers from Carnegie Mellon 
University, US, published in the journal 
of Robotics and Autonomous Systems a pa-
per called “Robotics and Autonomous 
Systems”. Their conclusion stated:  
“A social robot needs to remember 
people who have interacted with it,  
and interact differently with those peo-
ple than with newcomers. The robot 
should utilise its emotional expressions 
differently based on how much com-
mon ground it shares with a person.”  

“This new generation of robots will fulfil four  
different roles: coworkers, assistants for the disabled  

and elderly, surgical devices and toys”

Helping out doctors
Researchers from the Georgia Institute  
of Technology, US, found that people, 
when touched by a robot, usually have  
a positive response. 

After founding the Healthcare Robotics 
Lab at Georgia Tech in September 2007,  
a group of researchers started working on 
Cody, a human-scale mobile manipulator 
with a compliant arm designed to assist 
people. According to Kemp, Cody can 
help older adults, people incapacitated 
by illness or injury, people with disabilities 
and healthcare workers.

In a recent study, a group of 
volunteers had their forearms wiped by 
Cody. Most of the participants responded 
favourably to the robot-nurse’s touch, 
but they hesitated when the mobile 
manipulator tried to provide comfort—
according to the researchers, similar 
reactions have been recorded in studies 
between human nurses and patients. Given the increasing 
demand of healthcare professionals, mobile manipulators such as Cody will play a significant role in the robotic industry.  
“Robots could offer advantages over other forms of care, such as greater privacy, greater independence, extreme vigilance,  
24/7 personalised care, and more consistent performance,” says Kemp.

Social-medical 
robots are playing 

an important role in 
the growth of the 
robotic industry.

Honda began research into 
robotics in 1986 and walking 
devices in 1999.
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A patient teacher
Children will benefit greatly from this 
new technology. Robot-teachers can help  
them improve their language skills and  
they are less confronting for children with  
learning difficulties.

Electrical engineer Hiroshi Kobayashi of the 
Tokyo University of Science, Japan, started 
working on Saya in the 1990s. Saya’s lifelike 
face can express surprise, fear, anger, happiness 
and even sadness. The humanoid started 
working in 2004 as a receptionist and five years 
later she became a teacher. Saya taught her 
first science and technology lesson to a group 
of 10-year-old children at Kudan Elementary 
School, Tokyo. It gave children homework, 
observed and responded to their speech and 
behaviour and called out their names. When 
prompted by an operator, the humanoid 
encouraged or warned them verbally or 
through its—somewhat uncanny—facial 
expressions. The robot has speech recognition 
and speech-synthesis systems; it speaks 
English and Japanese, and thanks to a voice-
synthesis software might be able to “learn”  
other languages. Saya’s artificial skin is made of 
a soft urethane resin that covers a mechanical 
system that allows “muscle” movement. The 
skin makes it safe and removes all uncaniness.

Saya is not alone. The Adaptative 
Systems Research Group at the University of 
Hertfordshire, in the UK, is working on KASPAR 
(Kinesic And Synchronisation in Personal 
Assistant Robotics). from a distance KASPAR 
looks like a seven-year-old boy with black hair. 
It smiles, frowns, closes its eyelids and moves 
its hands. Once a week this social robot goes 
to a pre-school in Stevenage, north London, 
to work with children with autism. Although 
the results haven’t been published, this robot 
might provide a better understanding  
of human-robot interaction. l

Back at the Powerhouse Museum, 
our photographer decides to discuss 
Australian Politics and food with the 
Articulated Head. The conversation 
doesn’t last long. However, after 
an hour, our photographer decides 
to resume the dialogue. “Do you 
remember me?” The Articulated 

Head says yes; his answer is striking. 
Although robots still have very 
limited ability to understand people’s 
emotions, it is possible to engage 
emotionally with them—judging by 
people’s reactions to Kismet, Paro, 
ASIMO and the Articulated Head. 
Based on these and other examples, 

researchers are trying to develop 
technologies that will successfully 
bring robots to our daily live. 
Their challenges are to remove all 
uncanniness—Chesher says that  
as people become more accustomed  
to living with robots the uncanny 
valley “is likely to be seen as a 
historical curiosity”—and transform 
them into conscientious, agreeable  
and somewhat extrovert machines 
ready to improve our lives. 

As assistants, teachers, nurses, 
actors, toys or companions for the 
elderly or disabled, this new generation 
of robots—which has as its flag-ship 
the mobile manipulator (a simple 
device built from a robotic manipulator 

arm that is used to build social robots 
such as Cody)—is here to stay. The 
change will not be immediate, but 
in the long run robots will populate 
our houses, offices, hospitals and 

schools. “By 2020, I’m optimistic 
that we’ll see widespread use 
a commercially available 
mobile manipulator,” says 
Kemp. “I’m confident about 

this technology. I see it as the 
next car industry or personal 
computer industry, and I 
image there will be a mobile 
manipulator in every home.” 
That is the future. 

Technology

In 2009 professor Kobashi stated: “Robots that 
look human tend to be a big hit with young 
children and the elderly.”

The right balance between art and science
The Articulated Head project blends art with science. With its witty  
answers, robotic voice and quick movements, the Articulated Head  
has become one of the most sought after exhibitions at the  
Powerhouse Museum.

In 2003 Australian performance artist Stelarc unveiled the Prostetic Head 
in Face to Face: A touring Exhibition. The projection of a three-dimensional 
digitally rendered self-portrait that was able to communicate via text-to-
speech synthesiser was the seminal idea behind the Articulated Head. 
“Having an artist on board provides some nice tools to work with. The 
face was developed by Stelarc and he keeps coming up with new ideas,” 
says Professor Denis Burnham, director of MARCS Auditory Laboratory, 
University of Western Sydney.

The Articulated Head is a prime example of the exchange between art 
and robotics, and at the same time it’s an engineering challenge that opens 
new possibilities for the understanding of human-robot interaction.

funded by the Australian Research Council and the Australian national 
Health and Medical Research Council, the Articulated Head is an artificial 
intelligent device with auditory localisation, stereo vision, monocularvision 
and an “attention model”. It recognises movement and answers questions 
by joining letters and uttering coherent—and sometimes funny—
sentences. According to Kroos the Articulated Head reacts to a complex 
environment, it prioritises the information received via the keyboard 
or movement sensors and chooses stimulus . Although the mechanical 
arm that supports the Articulated Head is a very precise instrument, the 
team decided to transform it into a random robot so, as Kroos explains, 
unpredictable things are bound to happen.

The team behind the Articulated Head is observing the way people 
interact with robots. After all, as Davis suggests: “It’s all about convincing 
people… That’s what scientists try to work out; what works, what 
makes people think this is alive. We are not really saying that it is alive or 
intelligent, we are just developing procedures that really enchant people.” 
The team behind the Articulated Head will showcase the final version of 
the project at the Powerhouse Museum in December. If you want more 
information visit thinkinghead.edu.au

This social robot is a 
work of art that con-
sists of an LCD screen 
mounted at the end of 
a 6-degree-of-freedom 
industrial robot arm 
(Fanuc LR Mate 200ic). 
The Articulated Head is 
a three dimensional 
portrait of Australian 
performance artist Ste-
larc. Not surprisingly, 
most of the adults that 
interact with the Artic-
ulated Head ask about 
the meaning of life.
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