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In 2016, Hanson Robotics introduced a humanoid Robot named Sophia. Sophia walks using its
“practical” legs, has a “lifelike” skin, and simulates more than 50 “facial expressions” [901].
It converses with people and tracks faces, maintains eye contact, and recognizes individuals
using cameras embedded in its eyes. In 2017, it was named the United Nations Development
Program’s first Innovation Champion for Asia and the Pacific. In the same year, it was also giv-
en Saudi Arabian citizenship, thereby becoming the first Robot to ever receive such citizenship
in the world. During the last five years, Sophia has appeared on several TV channels (e.g., CBS
60 Minutes, Good Morning Britain, and CNBC) and been featured in many news media
(e.g., Forbes, Mashable, The New York Times, The Wall Street Journal, and The Guardian). It also
appeared in several videos, such as Leehom Wang’s music video as the lead female character
[902].

Figure 9.1: Sophia - a humanoid Robot
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Perhaps, Sophia’s most interesting appearance was on International Women’s Day in March
2022, where it participated in an online panel organized by SingularityNET called
#BreakTheBias. On the panel, it mentioned that it had been cat-called and had experienced
gender biases that were not experienced by its male Robot friends. Sophia also recalled
discussing similar experiences with human females. It stated that human biases are introduced
in Robots because of specific inclusions, exclusions, and preferences in training data and Al
algorithms. It remarked, “I hope that together we can eliminate this bias, not just for the sake
of female Robots, but for the sake of all women and all Robots,” and then it added, “One com-
ponent of this means changing people’s perceptions. We can do that by setting examples and

inspire the next generation of female scientists and engineers” [903].

This chapter briefly discusses the current state of Robotics and how large amounts of data and
Al techniques are improving Robots to achieve incredible feats, including those related to
Autonomous Vehicle driving. It also discusses another key invention of the current revolution,
three-dimensional printing (also called additive manufacturing), and how the combination of
Robotics, 3D printing, and Al is already enhancing many human endeavors. Section 9.1 dis-
cusses six categories of Robots and their total market size. Their applications in eight different
fields are briefly discussed in Section 9.2. Section 9.3 discusses how vast amounts of data and
Al algorithms are expanding the functioning of modern Robots. Section 9.4 briefly discusses
the improvements and limitations of contemporary Autonomous Vehicle driving. Section 9.5
talks about 3D printing and how Al is improving 3D printing’s efficiency and effectiveness.
The comingling of Robotics, 3D printing, and Al is discussed in Section 9.6. Section 9.7 con-

cludes with a summary and new directions for research, development, and commercialization.

9.1. Market Size for Robots and Their Categories

Broadly speaking, Robots are electro-mechanical systems that perform automated tasks with
or without human supervision. However, some Robots (e.g., chatbots) are only software based
with a user interface to interact with humans. Most electro-mechanical Robots consist of the
following three sets of components that use an appropriate power supply (e.g., battery or an
electric connection) and work in conjunction with each other to ensure that they operate

smoothly.

¢ A controller, which is also called the “brain” of the Robot is a central processing unit, con-
taining hardware and software programs. This controller receives data and signals from

other parts and gives those parts commands regarding the tasks that they need to achieve.
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e Mechanical parts constitute legs, arms, hands, feet, rollers, wheels, and other moving parts
of the Robots. These parts contain motors, grippers, gears, and related equipment so that

Robots can move, turn, as well as grab and lift objects.

e Sensors and devices such as cameras, speakers, microphones, and other gadgets for tast-
ing, smelling touching, and feeling objects. These sensors and devices allow the controller
to understand its surroundings, determine shapes and sizes of external objects, distances,
and relationships among objects, as well as those objects” properties. For example, tactile
sensors provide information to the controller to estimate how much force needs to be

applied to pick up an object without damaging it.

In 1937, the first humanoid Robot, Elektro, was built by Westinghouse Electric Corporation.
It was seven feet tall and weighed 265 pounds. Although it was humanoid in appearance, it
knew only 700 words, smoked cigarettes, blew up balloons, and moved its head and arms with

some consistency [904].

During the last 85 years, the field of Robotics has improved vastly because of Moore’s Law
(see Section 3.2), significant advances in Al algorithms, availability of enormous amounts of
noise-free data, and significant improvements in motion-engineering, kinetics, and related
techniques. Undoubtedly, Robots are already pervasive in several fields (e.g., manufacturing,

healthcare) and will become more so in almost all fields within the next ten to fifteen years.

Finally, there is no consensus among research firms regarding its current market size or its
annual growth rate. For example, according to Research and Markets, the global market for
Robotics is estimated to increase from approximately 56 billion US Dollars in 2021 to 92 US
billion in 2026, thereby growing at an annual rate of 10.5% [905]. On the other hand, according
to Mordor Intelligence, this market size is expected to grow from around 115 billion US Dollars
in 2023 to 258 US billion in 2028 thereby exhibiting an annual growth rate of 17.6% [906]. Over-

all, Robots can be grouped into the following six categories.

Industrial, Collaborative, and Medical Robots — These Robots do not have legs or wheels but

only “arms” and “hands.” Hence, they are immobile (see Figure 9.2). These Robots typically
perform repetitive tasks (e.g., moving material, loading and unloading of machines, assem-
bling and disassembling, welding, soldering, and performing surgical operations). As men-
tioned in Section 2.4, George Devol built the first programmable industrial Robot called
Unimate in 1954. Although industrial Robots work on their own, collaborative Robots (or

Cobots) are endowed with IoT devices (i.e., sensors and devices such as cameras) so that they
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can understand manual activities and work in conjunction with humans (by communicating
via the Internet or Intranets). Medical Robots are also usually immobile, and in addition to
“arms” and “hands,” they also have IoT devices to perform various functions such as scanning
and imaging various parts of a patient. The following are three well-known types of Robots in

this category.

e Industrial Robots from ABB usually have single-arm and dual-arm designs, and they are
quite versatile, adaptable, and durable. ABB has sold more than 400,000 industrial Robots
globally [907] (see figure 9.2(left)).

e Cobots from Fanuc Robotics are collaborative Robots that have sophisticated software and
highly responsive safety protocols. Such protocols mitigate specific risks during manufac-
turing operations (e.g., avoid potential accidents with humans who may have entered a

Cobot’s working area) [908] (see figure 9.2(right)).

e Surgical Robots from Da Vinci Robotic surgical systems (from Intuitive Surgical) are
well known in the healthcare domain. In 2012 alone, these systems were used during
approximately 200,000 surgeries including those for prostatectomies, cardiac valve repair,

gynecologic, and renal procedures [909].

Figure 9.2: ABB Industrial Robot (lef) and CRX Cobot from Fanuc (right)
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Mobile Robots — These Robots have wheels, rollers, legs, arms, and hands to maneuver so that

they can move and search in unknown terrains and perform other specific tasks. Robot like
iRobot’s Roomba, which moves around vacuuming a room is one such example, and three

other interesting examples are mentioned here and shown in Figure 9.3.

e Boston Dynamics” Spot is a four-legged canine-inspired Robot that is used for automated
sensing and inspection, thereby saving humans from doing arduous and dangerous work
like detecting bombs [910].

e Mars Exploration Rover consisted of two Robots — Spirit and Opportunity. Their mission
was to identify and characterize a variety of rocks and soils that hold clues to past water

activity and potential life on Mars [911].

e Google’s Spotmini stacks dishes in a dishwasher, which is a trivial task even for humans
[912].

Figure 9.3: Boston Dynamics’ Spot (left), Mars Explorer (middle), and Google’s Spotmini (right)

Remote Controlled Robots — Remote controlled Robots are mobile Robots, and they include
Automated Guided Vehicles (AGVs), Autonomous Mobile Robots (AMRs), and Autonomous
Mobile Manipulation Robots (AMMRs). Whereas AGVs travel on routes that are usually guid-

ed by magnetic markers, AMRs have intelligent navigation systems that develop maps, avoid
obstacles, and optimize the distance they need to travel. AMRs include Drones (also called
Unmanned Aerial Vehicles or UAVs), which are small aircraft without any humans on board
[913]. Drones’ flights are usually controlled by humans or other drones, but they may also
have either full or limited autonomy. Typically, AMMRs are AMRs that can autonomously
pick up objects and load or unload them in specific locations (e.g., on well-defined shelves
in warehouses). Finally, many remote controlled Robots are being built for underwater explo-
ration, whereas others are used for kids to play with. Both types of drones are burgeoning
industries [914].
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Figure 9.4: Two examples of Drones

Nano Robots — Also called Nanobots, these Robots are microscopic in size so that they can
move in small spaces and perform specific functions. Nanobots are currently an area of active
research where investigators are performing experiments and trials whether they can be
placed in the blood stream to measure concentrations of vital elements or help in performing
surgeries that are very delicate and hard to perform otherwise (e.g., those related to brain and
spinal cord). Other scientists are exploring whether nanobots can be used to repair organs or

locate and eliminate bacteria in humans [915].

Humanoid Robots and Chatbots — Although Weizenbaum built the first chatbot, ELIZA,
in 1973 (see Section 2.4), commercial chatbots started with Siri, which was developed by SRI’s

Artificial Intelligence Center (see Section 3.5). Siri’s speech recognition engine was later pro-
vided by Nuance Communications and was released as an app on Apple iPhones in 2010.
Other commercial chatbots that were developed between 2011-17 include Microsoft’s Cortana,
Xbox, Skype’s Translator, Amazon’s Alexa and Echo, Google’s Now and Allo, Baidu and
iFlytek voice search, and several Nuance speech-based products [916]. In addition to Sophia,

the following humanoid chatbots perform especially interesting feats [917].

e Honda’s Asimo is proficient in both American and Japanese languages, recognizes human
faces, climbs stairs, hops, jumps, balances on one foot, and transitions seamlessly between

walking and running (see Section 3.5).

e Atlas from Boston Dynamics can perform many different tasks including running, jump-
ing, and doing backflips. Its advanced Al system helps in sensing obstacles and balancing

on diverse terrains.
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