
What is a robot?

The combination of:

• A mechanical physical device capable completing of wide range of physical tasks.

• A robust system of actuators and sensors that both drive the mechanical device and sense its state
and environment.

• A re-programmable control for the robot that is capable of highly sophisticated logic.

The key properties of the combined system are the sophistication of the tasks that can be achieved and
the level of re-programmability.

A PUMA manipulator is a robot while a CNC machine is not. A Mars rover is a robot whereas an
unmanned train system in Japan is not.

Classes of robots:

Class 1 Manual Handling device: A device with multiple degrees of freedom that is actuated by an operator.

Class 2 Fixed-sequence robot: A device that performs the successive stages of a task according to a prede-
termined, unchanging method and is hard to modify.

Class 3 Variable-sequence robot: A device that performs the successive stages of a task according to a
predetermined, unchanging method and is easily reprogrammed.

Class 4 Playback robot: A human operator performs the task manually by leading the robot, which records
the motions for later playback. The robot repeats the same motions according to the recorded
information.

Class 5 Numerical Control robot: The operator supplies the robot with a movement program rather than
teaching it the task manually.

Class 6 Intelligent robot: A robot with the means to understand its environment and the ability to suc-
cessfully complete a task despite changes in the surrounding conditions under which it is to be
performed.
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Japanese Industrial Robot Association (JIRA) considers all 6 classes to be robots. Robotics Institute of
America only considers classes 3-6 to be robots.

Association Francaise de Robotique (AFR)

Type A: Handling device with manual control to telerobotics. (class 1)

Type B: Automatic handling devices with predetermined cycles. (classes 2-4)

Type C: Programmable, servo controlled robots with continuous or point-to-point trajectories. (class 5)

Type D: Programmable, servo controlled robots equipped with sensing systems and capable of adapting to
changes in surrounding conditions. (class 6)

Type A = Telerobotic
Type B = Sequencing robots
Type C = Computer Numeric Controlled robots
Type D = Intelligent robots

Note that Type C is distinct from CNC machines only in the nature of the mechanism and the range of
tasks that may be achieved.

Type D is the most interesting class of robots.

Technologies that go to make up a robot.

• Mechanical Engineering.
Design of the mechanism. Understanding of the kinematics and dynamics of the system.

• Electronic Engineering.
Design of the actuator and sensor systems.

• Systems Engineering.

Analysis and integration of the overall system. Signal conditioning and Control.

• Computer Science.

Design of the logic, intelligence or adaptability, networking and interface.

History of Robotics

1801 Joseph Jacquard invents a textile machine which is operated by punch cards. The machine is called
a programmable loom and goes into mass production.

1830 American Christopher Spencer designs a cam-operated lathe.
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1892 In the United States, Seward Babbitt designs a motorised crane with gripper to remove ingots from
a furnace.

1922 “Rossum’s Universal Robots”, Karel Čapek. A bioprocess created human-like machines, called Rab-

ota (‘a serf or one in subservient labour’ in Czech.), devoid of emotions and souls, who were strong,
obeyed their masters, and could be produced quickly and cheaply. The market grew tremendously
as all major countries equipped their armies with slave robotic soldiers. Eventually, the robotics
decided they were superior to humans and tried to take over the world.

1936 Alan Turing proposes the concept of the The Turing machine. Concept of artificial intelligence is
strongly discussed in philosophical circles.

1938 Americans Willard Pollard and Harold Roselund design a programmable paint-spraying mechanism
for the DeVilbiss Company.

1941- Isaac Asimov writes a series of novels on Robots. He coins the word Robotics for the science of
studying robots.

1945 First computer built, ENIAC. It consisted of thirty separate units, plus power supply and forced-
air cooling and weighed over thirty tons. Its 19,000 vacuum tubes, 1,500 relays, and hundreds of
thousands of resistors, capacitors, and inductors consumed almost 200 kilowatts of electrical power.
It achieved rapid calculation of firing and bombing tables for the Army.

1946 George Devol patents a general purpose playback device for controlling machines. The device uses
a magnetic process recorder.

1946 Concept of a stored program (von Neumann) and generic re-programmability of computers. The
first general-purpose digital computer, dubbed Whirlwind, solves its first problem at M.I.T.

1948 Norbert Wiener publishes ‘Cybernetics’. A book that describes the concept of communications and
control in electronic, mechanical, and biological systems.

1951 A teleoperator-equipped articulated arm is designed by Raymond Goertz for the Atomic Energy
Commission, USA.

1952 The first NC (numerically controlled) machine built.

1954 The first programmable robot is designed by George Devol. He starts a company Universal Au-
tomation, later shortened to Unimation.

1955 Denavit and Hartenberg develop a theory of homogeneous transformation matrices for modelling
forward kinematics of robotic manipulators.

1959 Planet Corporation markets the first commercially available robot.

1960 Unimation is purchased by Condec Corporation and development of Unimate Robot Systems begins.
American Machine and Foundry, later known as AMF Corporation, markets a robot, called the
Versatran.

1961 U.S. patent 2,988,237 was issued to G. Devol for “Programmed Article Transfer,” a basis for Unimate
robots.

1962 General Motors installs the first industrial robot (the Unimate) on a production line.

1964 Artificial intelligence research laboratories are opened at major universities around the world (MIT,
Stanford, Edinburgh).

1968 Stanford Research Institute (SRI) builds and tests a mobile robot with vision capability, called
Shakey. Commonly, referred to as the first ‘intelligent’ robot.

1970 At Stanford University a robot arm is developed which becomes a standard for research projects.
The arm is electrically powered and becomes known as the Stanford Arm.

1973 The first commercially available minicomputer-controlled industrial robot is developed by Milacron
Corporation. The robot is called the T3, The Tomorrow Tool.
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1974 The Stanford Arm is developed into a commercial product by Vicarm Inc. The new arm is controlled
by a minicomputer. This arm was used on the Viking 1 and 2 space probes in 1976.

1977 ASEA, a European robot company, offers two sizes of electric powered industrial robots. Both
robots use a microcomputer controller for programming and operation.

1978 Unimation purchases Vicarm Inc. (1977) and develops The PUMA (Programmable Universal Ma-
chine for Assembly) robot.

1980s The robot industry enters a phase of rapid growth. Many institutions introduce programs and
courses in robotics. Robotics courses are spread across, computer science, mechanical engineering
and electrical engineering faculties.

1990 ABB of Switzerland aquires Cincinnati Milacron. Most small robot manufacturers go out of business
leaving only a few that now produce well developed industrial units.

1990-1995 Robotics research begins to grapple with the issues of sensing and feedback control of robotic
systems. Visual-servo control systems are first developed. Developments are hampered by the
limits of computation.

1995-2000 Emerging applications in small robotics and mobile robots drive a second growth of start-up com-
panies and research. Computer speed and memory develop to the point that effective feedback
strategies can be implemented. The problem of robot-human interaction is faced.

2000 on Still many questions left unanswered. Robotics is a rich and vibrant research field. Too many
research areas to list, but in the area of robotic manipulators some big open questions are:
- control for manipulation with contact, eg. force control
- safety
- programmability and accessibility
- human-robot interaction

Robot Manipulators: Basic types

Prismatic joint: A joint that is linear. There is no rotation.

Revolute joint: A joint that is rotary.

3P: Cartesian robots. Rectilinear robots. Gantry robots.

R2P: Cylindrical robots.

2RP: Spherical.

RRP: SCARA (Selective Compliance Assembly Robot) Arm.

3R: PUMA (Programmable Universal Machine for Assembly) Arm. Articulated or Anthropomorphic
robotic arm.

4



5


