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(Definition from Encyclopædia Britannica)

Robot, any automatically operated machine that replaces human
effort, though it may not resemble human beings in appearance or
perform functions in a humanlike manner. By extension, robotics is
the engineering discipline dealing with the design, construction,
and operation of robots.

The concept of artificial humans predates recorded history (see
automaton), but the modern term robot derives from the Czech
word robota (“forced labour” or “serf”), used in Karel Čapek’s play
R.U.R. (1920). The play’s robots were manufactured humans,
heartlessly exploited by factory owners until they revolted and
ultimately destroyed humanity. Whether they were biological, like
the monster in Mary Shelley’s Frankenstein (1818), or mechanical
was not specified, but the mechanical alternative inspired
generations of inventors to build electrical humanoids.
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European R&D Agenda for Robotics

Strategic Research Agenda For Robotics in Europe 2014–2020

“From today’s e 22bn worldwide revenues, robotics industries are set to
achieve annual sales of between e 50bn and e 62bn by 2020.”
http://www.eu-robotics.net/cms/upload/PPP/SRA2020_SPARC.pdf

Robot types:
… Consumer Robots
… Civil Robots
… Commercial Robots
… Logistics and Transport Robots
… Military Robots

Forms of robots:
… Robot Arms
… Robot Platforms
… Exo-skeletal robots
… Metamorphic robots
… Nano and Micro Robots
… Humanoid

© FH AACHEN UNIVERSITY OF APPLIED SCIENCES | SAIEE President’s Invitation Lecture | Alexander Ferrein | 3
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European R&D Agenda for Robotics

Strategic Research Agenda For Robotics in Europe 2014–2020

“From today’s e 22bn worldwide revenues, robotics industries are set to
achieve annual sales of between e 50bn and e 62bn by 2020.”
http://www.eu-robotics.net/cms/upload/PPP/SRA2020_SPARC.pdf

Application Scenarios:
… Manufacturing
… Healthcare
… Agriculture
… Civil
… Commercial
… Logistics and Transport
… Consumer

Functions:
… Assembly
… Surface Process
… Interaction
… Exploration
… Transporting
… Inspection
… Grasping
… Manipulation
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Mobile Robotics

Why robots?

Robots can perform tasks that are too dangerous, hazardous,
annoying or expensive.

Robin Murphy put it this way: Robots are good for performing 3d
(dull, dirty, dangerous) tasks

Some examples:

Eldery Care Surveillance Auton. Driving
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Autonomous Intelligent Systems

Artificial Cognitive Systems

6th Framework Programme, EU,

http://cordis.europa.eu/ist/cognition/index.html

… Interpret information,
acquire sensors

… act purposefully and
autonomously towards
achieving goals

Autonomous und intelligent (George Bekey, 2005)

… Autonomous robots act in real-world scenarios over extended
periods of time without any form of external control

… Intelligent robots are machines that sense, think and act.
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what the heck is Cognitive Robotics?

Definition
Robots/agents perceive their environment through their sensors
and interact with it by performing actions

The field of Cognitive Robotics studies problems of knowledge
representation and planning of robots that act in dynamic and
partially-known environments.

AI and robotics research fields:
… Knowledge representation
… Planning
… AI methods
… Human-machine interaction
… Agent architectures
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A Word about Myself

… 1994–2001: Studies of Computer Science at RWTH
Aachen, Germany

… 2001–2007: PhD student at RWTH Aachen
… 2006: First visit to SA, INSITE 2006 in Sandton
… 2007: Research Visit at CSIR, help launching the
RoboCup project in SA

… 2009–2011: Post-doc at UCT with an AvH fellowship
… 2011–today: Professor for Robotics at FH Aachen
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Outline

… Introduction

… Area I: Assistive Robots

… Area II: Autonomous Driving

… Area III: Urban Search and Rescue Robots

… Area IV: Robots for Future Automation

… Summary: Challenges, Chances and Risks
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Feature “AwesomeRobotics 2014”

by Enno Düllberg
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Application Areas for Assistive Robots

… (Elderly) care vs. social participation
… Monitoring vital functions
… Smart homes
… Robot helpers with memo or motivation
functions (remind to take medicine etc.)

… Support for handling tasks
… Intelligent prothetics/orthetics
… Intelligent user devices
… . . .
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Robots in Elderly Care

95Spring 2009 Vol. 8, No 2

A s s i s t i v e  s o c i a l  r o b o t s

Because of the graying of our western popu-
lation, there is a growing necessity for new 
technologies that can assist the elderly in 
their daily living. There are two main ar-
guments for this. First, it is expected that 
western countries will face a tremendous 
shortage on staff and qualified healthcare 
personnel in the near future1. Second, peo-
ple prefer more and more to live in their own 
homes as long as possible instead of being 
institutionalized in sheltered homes, or nurs-
ery homes when problems related to age-
ing appear. To address these issues, we not 
only need sufficient health care personnel, 
but also the presence and appliance of high-
tech devices2. ICT-technology and robotics 
are developing quickly nowadays, resulting 
in products that have the potential to play 
an important role in assisting the elderly3. In 
order to use new technology in an effective 
and efficient way, robust information with 
respect to their effects is needed, especially 
when used in health-care.

In this review we focus on health- and psy-
chological well-being-related effects of as-
sistive social robots on the elderly. Robot 
research in eldercare concerns assistive ro-
bots that can be both rehabilitation robots 
and social robots (Figure 1). The first type 
of research features physical assistive tech-
nology that is not primarily communicative 
and is not meant to be perceived as a social 
entity. Examples are smart wheelchairs4, ar-
tificial limbs and exoskeletons5. The field of 
social robotics concerns systems that can be 
perceived as social entities that communi-
cate with the user. Of course there are also 

projects with social robots aimed at reha-
bilitation6 and vice versa.

Studies on social robots in eldercare fea-
ture different robot types. First, there are 
robots that are used as assistive devices 
which we will refer to as service type robots. 
Functionalities are related to the support 
of independent living by supporting basic 
activities (eating, bathing, toileting and get-
ting dressed) and mobility (including navi-
gation), providing household maintenance, 
monitoring of those who need continuous 
attention and maintaining safety. Examples 
of these robots are ‘nursebot’ Pearl7, the 
Dutch iCat (although not especially devel-
oped for eldercare) and the German Care-o-
bot8. Also categorized as such could be the 
Italian Robocare project, in which a robot is 
developed as part of an intelligent assistive 
environment for elderly people9. The social 
functions of such service type robots exist 
primarily to facilitate interfacing with the ro-
bot. Studies typically investigate what differ-
ent social functions can bring to the accept-
ance of the device in the living environment 
of the elder, as well as how social functions 
can facilitate actual usage of the device. 

Second, there are studies that focus on the 
pet-like companionship a robot might pro-
vide. The main function of these robots is 
to enhance health and psychological well-
being of elderly users by providing com-
panionship. We will refer to these robots 
as companion type robots. Examples are 
the Japanese seal-shaped robot Paro10, the 
Huggable11 (both specifically developed for 
experiments in eldercare) and Aibo (a robot 
dog by Sony, see below). Social functions 
implemented in companion robots are pri-
marily aimed at increasing health and psy-
chological well-being. For example, studies 
investigate whether companion robots can 
increase positive mood in elderly living in 
nursery homes. 

However, not all robots can be categorized 
strictly in either one of these two groups. 
For example, Aibo is usually applied as a Figure 1. Categorization of assistive robots for elderly

G8(2)Review-Broekens-v4.indd   2 29-5-2009   10:52:03

from: (Broekens et al., 2009)
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Rehabilitation Robot Projects

Springer Handbook of Robotics

Siciliano, Khatib (Eds.) · ©Springer 20081

1238 Part F Field and Service Robotics

Fig. 53.4 Wheelchair manipulator robot MANUS devel-
oped at the Rehabilitation R&D Center, Hoensbroek, and
marketed by Exact Dynamics (The Netherlands)

a) b)

Fig. 53.5a,b Wheelchair navigation aids: (a) Wheelesley and
(b) Hepahaestus

around the world. More recently, real robots such as the
HelpMate [53.117] have been employed in US hospi-
tals as fetch-and-carry robot orderlies, using floor maps
and short-range ultrasonic sensors for navigation and
obstacle avoidance. The Italian MovAid research robot
platform [53.118] adds manipulation and vision to these
capabilities to navigate in home-like environments to
provide object manipulation and device operation to in-
dividual users. The German Care-O-bot [53.119] has
explored advanced navigation and sensing in a wheeled

robot that can also be used as a physical support to
people requiring mobility and stability assistance. It
has also doubled as a mobile kiosk, moving around
a trade show floor and delivering information to atten-
dees.

Mobility Aids: Wheelchair Navigation Systems
A critical function for people who use electric
wheelchairs for their mobility impairment and who in
addition have communication or cognitive disability
is semi-autonomous navigation assistance (Fig. 53.5).
Add-ons to commercial wheelchairs have been devel-
oped by numerous research groups for this service.
The NavChair [53.120] was one of the first to demon-
strate robust wall-following, door passage even with
narrow doorways, and speed adaptation to people
walking in front of the wheelchair, all using only short-
range ultrasonic and other sensors, but not vision. The
Hephaestus [53.22] is a next-generation system made
specifically as a commercial accessory for a variety
of wheelchair brands, tapping into the joystick con-
troller and power system. The Wheelseley [53.121]
and KARES [53.20] robots have explored similar func-
tionality using a vision system for scene analysis and
way-finding.

Mobility Aids: Walking Assistance Systems
A third type of mobile robot for stability assistance has
the particularity that it is underactuated and has similar-
ity with a co-bot in that the wheels are not driven, but
are actively steered and braked (Fig. 53.6). The Pam-
Aid [53.122] looks like a closed-front walker on wheels
and has bicycle-type handlebars. The person walking be-
hind the device turns the handlebars, causing the wheels
to turn in the correct direction. If the ultrasonic sen-
sors detect an obstacle in front of it, the brakes prevent
the user and device from colliding with it. The Care-
O-bot (see before), designed originally as a mobile
autonomous robot of approximately human size, has
a similar set of handlebars to Pam-Aid so it can be used
as a smart walker. The larger mass of the Care-O-bot,
however, requires it to be motorized.

Cognitive Aids
There has recently been increased interest in using robots
as motivational and educational agents during rehabil-
itation therapy. This approach typically involves small,
pet-like, toy-like, approachable devices that do not phys-
ically interact with the patient, but exist primarily to
engage the patient in an affective way that promotes per-
sonal health, growth and interaction. For example, the

Part
F

53.3

from : (Siciliano & Khatib, 2008)
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Assistive Robot Examples

96Spring 2009 Vol. 8, No 2

A s s i s t i v e  s o c i a l  r o b o t s

companion type robot, but can also be 
programmed to perform assistive activi-
ties12 and both Pearl and iCat can provide 
companionship. 

This review aims to provide a first overall 
overview of studies that investigate the ef-
fects of assistive social robots on the health 
and well-being of the elderly. Since the 
majority of the assistive social robot stud-
ies with actual elderly people as subjects 
involve the robots Aibo, Paro, iCat and 
‘nursebot’ Pearl, these robots are briefly 
highlighted next.

AIBO
Aibo is an entertainment robot developed 
and produced by Sony (Figure 2a)13. It is 
currently out of production. It has program-
mable behavior, a hard plastic exterior and 
has a wide set of sensors and actuators. Sen-
sors include a camera, touch sensors, in-
frared and stereo sound. Actuators include 
four legs, a moveable tail, and a moveable 
head. Aibo is mobile and autonomous. It 
can find its power supply by itself and it is 
programmed to play and interact with hu-
mans. It has been used extensively in studies 
with the elderly in order to try to assess the 

Figure 2. Assistive social robots; (a) Aibo, (b) Pearl, (c) Robocare with screen, (d) Robocare without 
screen, (e) Care-o-bot I, (f) Care-o-bot II, (g) Care-o-bot III, (h) Homie, (i) iCat, (j) Paro and (k) Hug-
gable

G8(2)Review-Broekens-v4.indd   3 29-5-2009   10:52:03

from (Broekens et al. 2009)
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Smart (Nursing) Homes

from: (Böhm et al., 2003)

… Equip home environments with sensors and actuators
… Introduce monitoring and assistive functionalities
… Monitor vital functions by sensor implants

© FH AACHEN UNIVERSITY OF APPLIED SCIENCES | SAIEE President’s Invitation Lecture | Alexander Ferrein | 15
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Participation in Social Life at Home

from: http://www.wired.com/2014/01/safety-self-driving-car/

… S. Thrun @ World Economics Forum 2014 on his vision
of self-driving cars

… Increasing the mobility of elderlies leads to social
participation

… Introduce novel mobility concepts

© FH AACHEN UNIVERSITY OF APPLIED SCIENCES | SAIEE President’s Invitation Lecture | Alexander Ferrein | 16
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Autonomous Driving
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The Google Driverless Car Project

… Google Driverless Car Project recruited researchers from
the DARPA Grand Challenge

… As of 2014, Google managed 700,000 autonomous
miles

… Nevada, Florida, California, and Michigan allow
autonomous cars on their roads

© FH AACHEN UNIVERSITY OF APPLIED SCIENCES | SAIEE President’s Invitation Lecture | Alexander Ferrein | 18
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Google . . .

… Autonomous concept car by Mercedes-Benz
… Audi drives autonomously on race tracks
… Germany decides on test track for self-driving cars
… Honda, Nissan, And Toyota team up on self-driving car

While this seems visionary, Mercedes (and others) launch
autonomous trucks

© FH AACHEN UNIVERSITY OF APPLIED SCIENCES | SAIEE President’s Invitation Lecture | Alexander Ferrein | 19
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The DARPA Challenges

… 2004 + 2005, Grand Challenge: Drive 170 miles
autonomously through the Mohave Desert

… 2007 Urban Challenge: Autonomous Driving in an urban
enviroment

… 2013–today, Robotics Challenge: Deploy a humanoid
robot for disaster response

Video: https://www.youtube.com/watch?v=w222KFAiMQc
© FH AACHEN UNIVERSITY OF APPLIED SCIENCES | SAIEE President’s Invitation Lecture | Alexander Ferrein | 20

https://www.youtube.com/watch?v=w222KFAiMQc


Urban Search and Rescue Robots
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Tasks of USAR Robots
1160 Part F Field and Service Robotics

Fig. 50.2 The V2 robot used at the 2006 Sago Mine
Disaster (courtesy of the US Mine Health and Safety
Administration)

penetrate about 700 m into the mine before getting stuck
on rails.

The lessons learned from the use of a UGV at the
Sago Mine disaster highlighted again the need for better
mobility, communications, and navigational autonomy.
It illustrated the need for robots to enter areas that are
unsafe for humans, but also that simply wrapping a robot
with an explosion proof enclosure is a stopgap measure;
a new class of robots for operating in explosive environ-
ments is necessary. Communications remains difficult,
and the fiber-optic tether is a vulnerable component.
While the fiber-optic tether was not severed during the
disaster deployment, it had been damaged in prior tests
and reopenings of mines. The ability to maintain reli-
able wireless communications with more agile robots
remains a top priority in underground rescue. Naviga-
tion via teleoperation is a known challenge and often
distracts the operator from larger search and assessment
issues.

50.3.5 Post-Disaster Experimentation

In many cases, the real hope of rescue has passed be-
fore robotics equipment can be requested and deployed.
Fortunately, forward-thinking response personnel may
allow roboticists to work in the disaster zone (hot zone)
during the later stages of the rescue or the recovery. In
these deployments, the robots were not actually used for
rescue operations but rather for experimentation, allow-
ing the response community to evaluate and comment
on rescue robot progress as well as rescuers to collect
valuable data. Operations in post-disaster conditions are
much more realistic than the best test beds.

At the 2001 World Trade Center disaster, CRASAR
teleoperated an iRobot Packbot and a SPAWAR Urbot in
a collaterally damaged building and parking garage near
the main disaster site [50.10]. While the robots worked
largely as expected, one surprise was the negative impact
of water and dust on stair climbing and general mobility.
The water from the sprinkler systems and the dust made
surfaces very slippery.

In 2004, the International Rescue System Institute
(IRS) inserted a serpentine robot into a house dam-
aged during the Niigata Chuetsu earthquake (Fig. 50.3).
This was the first snake robot used at a disaster site
and showed the promise of biomimetic alternatives to
tracked platforms. The first quake occurred on 23 Oc-
tober 2004, and was the largest to have hit Japan since
the Hanshin Awaji earthquake in 1995. Thirty-nine peo-
ple were reported to have died and massive damage
was done to the transportation infrastructure. The robot,
a variant of the Soryu III robot developed in collabo-
ration between the Tokyo Institute of Technology and
IRS, is 1.2 m long and weighs 10 kg, with a turning
radius of 0.41 m, and a maximum speed of 0.37 m/s.
The IRS Soryu carried a charge-coupled device (CCD)
camera, an infrared camera (FLIR), and two-way audio
as well as proprioceptive sensors. The robot was con-
trolled through a tether that also served as a safety rope.
In addition, the Soryu can support a CO2 sensor that
can detect human breathing, navigation sensors such as
a laser range finder, and localization sensors, though it
does not appear that this was tested. The testing in the
debris concentrated on mobility.

Three days after hurricane Wilma in 2005, CRASAR
deployed both a modified Like90 T-Rex and a man-
portable, experimental unmanned surface vehicle (USV)
to inspect seawall and bridge damage at Marco Island,

Fig. 50.3 IRS Soryu robot searching a house destroyed by
the Niigata Chuetsu earthquake (courtesy IRS)
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New York (City) Department of Design of Construc-
tion actually breached holes in likely locations of the
perimeter of the basement in order to insert the larger
robots.

The lessons learned fall into two categories: design
of robots and human–robot interaction. These are sum-
marized below, following [50.10]. Robot platforms will
be operating in narrow, vertical spaces that pose com-
munications interference. Each robot will need a safety
rope and, if wireless, the wireless system should be re-
placed with a communications (fiber-optic) tether sturdy
enough to act as a safety rope. Robots should be in-
vertible, since the confined spaces often do not permit
sufficient room for self-righting, and with sufficient wa-
terproofing to permit decontamination and to operate in
water, rain, and snow. The minimum payload is a color
camera and two-way audio, while an operator control
unit should contain record and playback video capa-
bilities. Thermal imaging was not of use at the World
Trade Center due to the overall heat in the voids, but is
generally desirable.

50.3.2 2005 La Conchita Mudslide,
United States

Ground robots were used unsuccessfully at the La Con-
chita mudslide [50.18]. On 10 January 2005, at the small
town of La Conchita outside of Los Angeles, a sudden
mudslide destroyed 18 houses, killed ten people and left
searchers looking for six people missing for several days
(the missing persons were out of the state on vacation).
While this was not a mass disaster, it did extend be-
yond a local incident and engaged regional and national
response teams.

CRASAR responded with an American Standard
Robotics VGTV Extreme, a waterproof upgrade of the
polymorphic Inuktun micro-VGTV used extensively at
the World Trade Center. The robots were used twice
and failed within two minutes and four minutes, respec-
tively. The obvious reason for the failure in both cases
was poor mobility. The robot was initially directed to
search a crushed house where a canine team had in-
dicated the possibility of a victim. The robot entered
the house via a narrow gap between the foundation and
flooring, but immediately failed when a root in the wet
soil became lodged in the left track and it came off.
In the second run, the robot was inserted into the in-
tact second story of a house damaged on the lower
floor to test a vertical entry. The robot detracked once
again, this time due to the compliance of the thick shag

carpeting. Though a poor track design (originally in-
tended for movement on smooth ventilation ductwork)
was the ultimate cause of failures, the severity of the
design flaw was undetected by both the manufacturer
and CRASAR due to the lack of adequate testing under
realistic conditions.

The lessons learned for robotics from this disaster
were that ground mobility remains a major challenge
and that adequate testing is important. Open track de-
signs appear to be unsuitable for rescue; they are too
susceptible to detracking and vulnerable to debris be-
coming wedged in the tracks. Testing in diverse soil and
interior terrain conditions is important, adding emphasis
to the need for adequate standards.

a)

b)

Fig. 50.1a,b Man-packable UAVs used to search portions
of Mississippi during the hurricane Katrina response: (a) an
anonymous fixed-wing UAV and (b) an iSENSYS IP3
rotary-wing UAV (courtesy of CRASAR)
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Fig. 50.4 Unmanned surface vehicle exploring the bridge
to Marco Island, Florida (courtesy of CRASAR)

Florida [50.15]. The USV, shown in Fig. 50.4, carried
a DIDSON acoustic camera, capable of penetrating
through turbid waters and mud, as well as a camera
above the surface. The UAV was used independently to
investigate damage topside, but was very helpful to the
USV crew in establishing where the USV was in rela-
tionship to piers and pilings; this strongly indicates the
need for UAV–USV teams. The use of the USV near and
underneath large structures hampered wireless commu-
nications and Global Positioning System (GPS) signals,
posing additional demands.

Three months after hurricane Katrina in 2005,
CRASAR used a small rotary-wing UAV, an
iSENYS IP3, to document the structural damage to
multistory commercial buildings along the Gulf Coast
impacted by hurricane Katrina [50.16, 19]. The eight
days of intense flying, which duplicated emergency re-
sponse missions, showed that three people are needed
to operate a UAV safely close to urban structures:
a pilot, a mission specialist to run the payload and
take pictures, and a flight director to serve as safety
officer and maintain overall situation awareness. The
post-hurricane-Katrina effort confirmed the concept of
operations from hurricane Wilma, where a mission con-
sists of a short flight (five to eight minutes) on each face

Fig. 50.5 A small UUV used for underwater inspection
(courtesy of CRASAR)

of the building, allowing the pilot and flight director to
keep the vehicle in line of sight. This concept of oper-
ations fosters safety and reduces cognitive fatigue for
the pilot. Although it is likely that teleoperated line-of-
sight in the United States will be mandated, the close
proximity to the building (1–3 m) indicates the need for
semiautonomy, especially guarded notion, to assist the
pilot and prevent collisions.

50.3.6 Search and Recovery

While ground and aerial rescue robots are new, very
small underwater robot cameras such as that shown in
Fig. 50.5 have been routinely used by law enforcement
and fire rescue teams for over a decade to find submerged
cars that have gone into the water. These operations are
generally considered search and recovery, rather than
rescue, because the victims have drowned and are be-
yond revival by the time the specialized equipment can
arrive. The UUVs are miniature torpedo-like devices
with cameras teleoperated by a person on the surface.
The problems facing UUVs are sensing through the tur-
bidity of the water and control of devices in strong
currents that prevent them from being used in swift
water.

50.4 Promising Robots and Concepts
Search and rescue is a demanding application and
it is reasonable to expect that new types of robots
will evolve to meet the challenge. Numerous specula-
tive designs for unmanned ground and aerial vehicles

have been proposed, and representatives that have been
tested are described below. While approaches to search
and rescue have mainly been presented in terms of
single-robot activities, teams of robots proffer inter-

Part
F

50.4

from: Handbook of Robotics, Springer, 2008

… USAR deals with robot systems that support first
responders in disaster scenarios

… Identify victims and survivors under rugged and
dangerous conditions

… Gather intelligence on the extend of the disaster site
and hazardous spots

… Deployment of UGVs, UAVs and ROVs
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at 2012 Earthquake in Italy

… NIFTI (Natural Human-Robot Cooperation in Dynamic
Environments) is a large-scale EU project (6.7 Mill. EUR) about
USAR robots

… Project goals: “NIFTi focuses on tasks in Urban Search &
Rescue. Human-robot teams work together to explore a
disaster area, to assess the situation, locate victims.”

… After the Emiglia-Romagna earthquake in 2012, the NIFTI was
called in to report on safety of structures
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Inside Fukushima Power Plant

from: http://www.popularmechanics.com/

from: http://spectrum.ieee.org

… Very harsh and hostile
environment

… Several USAR robots inspected
the Fukushima power plant

… TEPCO lost an inspection robot
last month
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USAR in Education: RoboCup Rescue

… Goal: “Develop and demonstrate advanced robotic
capabilities for emergency responders using annual
competitions to evaluate, and teaching camps to
disseminate, best-in-class robotic solutions”

… NIST provides standardized environment
… Main tasks: locomotion, mapping, object detection
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Carologistics RoboCup Team

… The RoboCup Logistics League aims at fostering
logistics scenarios in smart factory environments

… Teams of robots keep track of producing correct orders
in time and resources

… Automated referee box keeps track of the scores
… Further infos at http://carologistics.org
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trial Revolution
… Cyber-Physical systems will be predominant in future work
settings: “Internet of Things”

… Communication ability will “things” allows to exchange
information

… Massive amounts of data needs to be processed (big data).

Example 1 – Aftersales markets: A generator turbine will call
inspection staff before it breaks down.

Example 2 – Manufacturing: In future smart factories products will
know how they are to be machined, leading to a more flexible
production.

Example 3 – Environmental monitoring/Infrastructure
management: Monitoring water or air quality and finding leaks in
the sewer early leads to better living conditions.

Caveat:
It might sound like the Brave New World. Think of the risks!
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KIVA robots

… Hundreds or thousands of
robotic drive units cruise
through a warehouse

… Mobile Inventory shelves (pods)
are carried by the bots to the
pick worker

… Kiva: good-to-person solution

… Kivarobotics will be called
amazonrobotics soon.
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Fetch and Freight by Fetch Robotics

http://spectrum.ieee.org

… Same application as Kiva but different approach
… Robots do the pick and place in the warehouse
… While the Kiva system is a large-scale solution, this one
has to prove useful
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Delivery UAVs

The service will use an autonomous quadcopter to deliver
small parcels to the German island of Juist, a sandbar island
12km into the North Sea from the German coast, inhabited
by 2,000 people. Deliveries will include medication and
other goods that may be “urgently needed”. http://www.theguardian.

com/technology/2014/sep/25/german-dhl-launches-first-commercial-drone-delivery-service
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The Flying Donkey Project

… Objective: “Flying donkeys are cargo drones with
rugged air frames capable of lifting suitcase loads over
long distances. The first commercial flying donkeys,
due in Africa by 2020, will carry at least 20 kilos over 50
kilometres in less than one hour.”

…
http://www.flyingdonkey.org/
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according to the European Strategic Research Agenda

… Configurability
… Adaptability
… Interaction Ability
… Perception Ability
… Dependability
… Motion Ability
… Manipulation Ability
… Decisional Autonomy
… Cognitive Ability

© FH AACHEN UNIVERSITY OF APPLIED SCIENCES | SAIEE President’s Invitation Lecture | Alexander Ferrein | 34



F
H
A
A
C
H
E
N

U
N
IV
ER

SI
TY

O
F
A
PP

LI
ED

SC
IE
N
C
ESTechnological Challenges (cont’d)

according to the European Strategic Research Agenda

(Manufacturing) … Accurate indoor positioning systems for mobile
manipulators particularly in dynamic environments … Sensor based
safety systems to enhance human robot interaction … Higher levels
of realism in system modelling to speed application development …
Reactive planning and control able to operate a robot safely in real
industrial environments. (Healthcare) … Improved teleoperation
and physical interaction … Miniaturised mechanical systems and
sensing … Multiple degree of freedom tactile feedback … Inherently
safe systems … Monitoring of patient condition and improved data
interpretation during procedures (Agriculture) … Predictive and
distributed planning … Crop and livestock assessment and
recognition of condition … Produce handling and processing …
Synchronisation and coordination between farm vehicles and with
processing equipment … In-field localisation and communication
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according to the European Strategic Research Agenda

(Civil) … Mission and task planning, particularly between multiple
modalities … Sensing, perception and interpretation of the
environment … Cooperative and distributed planning for multiple
robots … Cognitive technologies for assessment and high level
interpretation. … Human robot interaction (Commercial) … Safety
integrated design processes … Physical human robot interaction …
Long term autonomy … Light weight robust mechanical structures
(Logistics and Transport) … Interaction technology … Compliant
mechanical systems … 3D environment interpretation … Task
planning and optimisation (Consumer) … Improved sensing of the
surrounding environment … Improved interpretation of the
environment … Low cost sensing … Physical human robot interfaces
… Improved energy efficient systems.
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Some Quotes from: Why the future doesn’t need us (B. Joy, 2000)

… “The 21st-century technologies - genetics, nanotechnology, and
robotics (GNR) - are so powerful that they can spawn whole new
classes of accidents and abuses. Most dangerously, for the first time,
these accidents and abuses are widely within the reach of individuals
or small groups. They will not require large facilities or rare raw
materials. Knowledge alone will enable the use of them.”

… “In the 21st century, this requires vigilance and personal
responsibility by those who would work on [...] GNR technologies to
avoid implementing weapons of mass destruction and
knowledge-enabled mass destruction.”

… “I don’t know where these people hide their fear. [...] I am aware of
how much has been written about, talked about, and lectured about
so authoritatively. But does this mean it has reached people? Does
this mean we can discount the dangers before us?Knowing is not a
rationale for not acting. Can we doubt that knowledge has become a
weapon we wield against ourselves?”
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Some Quotes from: Promise and peril (Kurzweil, 2001)

… “On the other hand, how many people in the year 2000 would really
want to go back to the short, disease-filled, poverty-stricken,
disaster-prone lives that 99 percent of the human race struggled
through a couple of centuries ago? We may romanticize the past, but
until fairly recently, most of humanity lived extremely fragile lives, in
which a single common misfortune could spell disaster.”

… “Abandonment of broad areas of technology will only push these
technologies underground where development would continue
unimpeded by ethics or regulation. In such a situation, less stable,
less responsible practitioners–for example, terrorists–would have a
monopoly on deadly expertise.”

… “Technology will remain a double-edged sword, and the story of the
21st century has not yet been written. So, while we must
acknowledge and deal with the dangers, we must also recognize that
technology represents vast power to be used for all humankind’s
purposes. We have no choice but to work hard to apply these
quickening technologies to advance our human values, despite what
often appears to be a lack of consensus on what those values should
be.”
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Societal Challenges

Some of the most challenging problems for the 21st century is an health,
demographic change, to guarantee food security, sustainable agriculture,
efficient energy, climate actions or resource efficiency, to name just a few.

Good, but what about the impact of these new technologies for, say, the
job market?

AI, Robotics, and the Future of Jobs (Smith & Anderson, 2014)

1. Throughout history, technology has been a job creator—not a job
destroyer

2. Advances in technology create new jobs and industries even as they
displace some of the older ones

3. There are certain jobs that only humans have the capacity to do

4. The technology will not advance enough in the next decade to
substantially impact the job market

5. Our social, legal, and regulatory structures will minimize the impact
on employment

from: http://www.pewinternet.org/2014/08/06/future-of-jobs/
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Some Quotes from: Legal Issues with Robots (Kirckpatrick, 2013)

… For example, with vehicle operation, we know [people] cause 93% of
all accidents. [...] What is an acceptable level of reliability for
autonomous cars? Because if the answer is 99.99%, let’s stop now,
let’s quit investing money, because perfection is not a realistic
expectation.

… This has created a scenario in which manufacturers of robots are
focused on perfecting their systems for 100% reliability, which would,
in effect, make liability a non-issue.

… [...] the only way open source robotics will see support from
manufacturers is if they develop some sort of framework to codify ac-
ceptable robot behavior, and create a method for indemnifying
upstream suppliers of hardware and software from potential liabilities.

… Who will be held liable for damages?
… Who will be responsible for/owns all the data acquired?
… Can we (humans) live with (cold) rational decisions?
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(not comprehensive)
Some Activities at tertiary institutions
… RobMech Conference
… CSIR: MIAS, MSM or the Meraka Institute
… UCT: The Robotics and Agents Research Lab
… NMMU: Mechatronics in an automotive context
… UKZN: Mechatronics and Robotics Research Group
(manufactuing, search and rescue, bio-engineering)

… RoboCup activities between 2008–2012: US, UCT, UKZN, UP

Sparking interest below university level:
… Robotscience at University of Johannesburg’s Technolab
… FIRST Lego League Activities
… Sci-Bono (Johannesburg)
… Many small projects throughout the country to interest bright
youngsters for technology and science
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Relevance for the (South) African Context

… Well-educated technically skilled young people are needed in
every economy!

… Find solutions for problems that may not exist somewhere else
… Technological gap between nations becomes smaller
… New production methods (AM, smart factories)
… Lower production costs

List of (random) application areas for robotics in (S)A:
… USAR, EOD
… Prothetics
… Agricultural robotics
… Intelligent water/power

supply
… New mobility concepts
… Mining/Mine safety
… Anti-poaching units

In Planning: Robotics Centre SA
© FH AACHEN UNIVERSITY OF APPLIED SCIENCES | SAIEE President’s Invitation Lecture | Alexander Ferrein | 42



F
H
A
A
C
H
E
N

U
N
IV
ER

SI
TY

O
F
A
PP

LI
ED

SC
IE
N
C
ES

Conclusions

… Robotics (and AI) are some of the main drivers for
technological progress

… It has been never that easy to devle into robotics, for instance,
with open source software middlewares such as ROS

… But, there is a number of risks to be aware of as well

Conclusion 1:
Help more people to a better life with right technology use

Conclusion 2:
Keep in touch with the technology and its implications

Conclusion 3:
Robotics is a great field and you should get involved!

Acknowledgements: T. Booysen, E. Düllberg, S. Schiffer, R. Stopforth
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