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ABSTRACT 

A 3-DOF Stewart Platform consists of upper and lower platforms with equilateral 
triangular shapes. 

In this project our platform is augmented by locating an extendible limb at the mass 

centre of the upper platform along the direction of the unit normal vector. Previously 

obtained results for the kinematic of 3-DOF Stewart Platform is extended to study the 

kinematic of this augmented mechanism. In particular the problem that is studied is to 

determine the motion of all the limbs when the tip of the extendible limb is 

constrained to move in space from point to another following a sine curve plane, 

starting from the beginning of the first curve, stopping at its end and coming back to 

start from the beginning of the next curve with a suitable velocity and acceleration 

profiles. If the positions of the points in space and also the z component of position 

vector of the mass centre for the upper platform are given then the rest of the 

information about the inverse kinematic of the mechanism is supplied by a MATLAB 

program. Through this program we can easily calculate the length, velocity and 
acceleration for each limb. 
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I. GENERAL DISCRIBTION ABOUT ROBOTICS 

1.1 Introduction 

Robotics is a word which has no determined definition so we may say that it is the 

intelligent connection of perception to action from a different perspective. 

Robotics is the discipline which involves: 

a. The design, manufacture, control, and programming of robots. 

b. The study of the control process, sensors, and algorithms used in human, animal, 

and machine. 

c. The usage of the robots to solve problems. 

d. The application of these control process and algorithms of robots design. 

Recently the field of robotics is rapidly growing with the technology, while in the past 

robots were predominately used in factories for purposes such as manufacturing and 

transportation, but nowadays there are new generations of "service robots" are begun to 

emerge. 

Service robot is 'Helpmate Robotics' Helpmate about which has already been deployed at 

numerous hospital worldwide ( King & Weiman 1990). 

1.2 History of robotics and robots 

A brief review about development is important because it puts the current machines and 

interests them into a historical perspective. The following list of dates highlights the growth 

of automated machines which led to the development of the industrial robots. 

1801 

Joseph Jacquard invented a textile machine, which operated by punch cards. The machine 

is called a programmable loom and goes into mass production. 
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1830 

American Christopher Spencer designed a cam operated lathe. 

1892 

In the United States, Seward Babbitt designed a motorized crane with gripper to remove 

ingots from a furnace 

1921 

The first reference to the word robot appears in a play opening in London, the play 

written by Czechoslovakian Karel Capek, introduces the word robot from the Czech robota, 

which means a serf or one in subservient labor. From this beginning the concept of a robot 

took hold. 

1938 

Americans Willard Pollard and Harold Roseland design a programmable paint spraying 

mechanism for the De Vilbiss Company. 

1946 

George Devol patents a general-purpose playback device for controlling machines. The 

device uses a magnetic process recorder. In the same year the computer emerges for the 

first time. American scientists J. Presper Eckert and John Mauchly built the first large 

electronic computer called the Eniac at the University of Pennsylvania. A second computer, 

the first general-purpose digital computer, dubbed Whirlwind, solves its first problem at 

M.I.T. 

1948 

Norbert Wiener, a professor at M.I. T. published Cybernetics, a book that described 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. 

1954 

The first programmable robot is designed by George Devol, who coined the term 

Universal Automation. He later shortens this to Unimation, which becomes the name of the 

first robot company. 
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1959 

Planet Corporation marketed the first commercially available robot. 

1960 

Condec Corporation purchases Unimations and development ofUnimate robot 

System begins. American machine and foundry, later known as AMF 

Corporation, markets a robot called the Versatran, designed by Harry Johnson 

and Veljko Milenkovic. 

1962 

General Motors installs the first industrial robot on a production line. The selected 

Robot was a Unimate. 

1964 

Artificial intelligence research laboratories are opened at M.I. T., Stanford 

Research Institute (SRI), Stanford University, and the University of Edinburgh. 

1968 

RS Mosher at general electric research built a quadruped walking machine (shown in 

Figure 1.2), this walking truck was over three meter long, weighted 1400Kg and was 

powered by 68Kw petrol motor. 

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 robot commercially available minicomputer-controlled industrial robot is 

developed by Richard John for Cincinnati Milacron Corporation. The robot is called the T3, 

The Tomorrow Tool. 

1974 

Professor Scheinman, the developer of the Stanford Arm, forms Vicarm Inc, to market a 

version of the arm for industrial applications; the new arm is controlled by a minicomputer. 

1976 

Robot arms we used on Viking I and 2 Space probes. Vicarm Inc. incorporates 

a microcomputer into the Vicarm design. 
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1977 
ASEA, a European robot company, offers two sizes of electric powered industrial robots. 

Both robots use a microcomputer controller for programming and operation. In the same 

year Unimation purchases Vicarm Inc. 

1978 
The Puma (Programmable Universal Machine for Assembly) robot is developed by 

Unimation from Vicarm techniques and with support from General Motors. 

1980 

The robot industry starts its rapid growth, with a new robot or company entering the 

market every month. 
When, in 1954 George C. Devol filed a U.S. patent for a programmable method for 

transferring articles between different parts of a factory, he wrote "The present invention 

makes available for the first time a more or less general purpose machine that has universal 

application to a vast diversity of applications where cyclic control is desired" 

1.3 Robots Today 

Today's mobile robots are beginning to achieve the dreams of early researchers While 

they're not yet performing on the level of college students in human tasks like speaking and 

manipulating objects, robots are useful. We have learned that robot's roles can be more 

important in assisting and extending, the reach and vision of humans, rather than trying to 

duplicate or replace them. 
We have leaned that robots can outperform people on highly specialized, repetitive tasks 

that bore human beings. Robots can lift, pry or inspect objects and places that are difficult 

distant or hazardous for humans. Teams of robots can gather data from far a field and 

combine it for analysis. We and our computers can use the results to monitor the 

environment, investigate unknown places and gain more perspectives on phenomena that were 

far beyond our abilities to understand before. Together, robots and human, beings are 

venturing into places and knowledge spaces where no human can travel alone. Truly, we are 

beginning to turn science fiction into fact. 
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1.4 Parts of Robot 

A robot is basically made up of 

1. Base 

2. Brain 

3. Sensor 

4. Actuators 
The base of the robot can be stationary, (fixed) or mobile Robots used in manufacture are 

examples of fixed robots. They can not move their base away from the area they are 

working. Mobile bases are typically platforms with wheels or tracks attached. Instead of 

wheels or tracks, some robots employ legs in order to move about. 
The brain of a robot is a computer. However, computer is by design very sensitive to 

movement, vibration and dust. Also computers have a finite minimum size, which limit 

their uses. Fixed robots are not generally limited in the size of the computer they can use as 

the "brain" can be placed in an unused corner and then linked to the robot by long cables. 

On the other band, mobile robots are limited in the size of the computer they can use, as the 

"brains' are transported on the platform (there are a Few exceptions). The constraints 

placed on mobile "brains" are size and weight, the larger in size the larger in weight. • 

However small size also generally means little processing power, and large computers are 

as powerful as "dumb worms" as it is, so the processing power of most mobile robots is 

severely limited. 
Sensors used by robots vary between robots depending on their needs and uses. Each 

robot needs certain information in order to work properly. The actual sensors take many 

shapes and forms. 

Generally the sensors used by robots are: 

• Visual sensors 

• Inertial, Acceleration and Heading sensors 

5 



• Range finding devices 

• Force/torque accelerometers, tactile sensors 

• Sonar sensors 

• Pan/tilt mechanisms 

• Measuring linear notion 

• Interfacing sensors 

Actuators used in robotics are almost always combinations of different electromechanical 

devices. Sometimes robots use hydraulics, particularly in the car building industry. The 

electro-mechanical devices range from 'muscle-wires' to expensive RC-servo and motors. 

There are several types of motors available including: 

• Synchronous 

• Stepper 

• AC servo 

• Brushless DC servo 

• Brushed DC servo 
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These are then connected to cable, gears, axles, pulleys and alike to give the robot 

movement, and he ability to interact with its environment. 

1.5 Robots Applications 

Robotics are used in many diverse applications from turtle robots in school classrooms 

to welding robots in car manufacturing factories, to the teleoperated arms on the space 

shuttle. Each application has its own set of problems, amid consequently, its own set of 

robotic requirements. Many new industries have arisen as a result, and we are likely to see 

more in the future, as new concepts are developed in research laboratories. While many of 

the consumer-oriented robots are of more novelty value than practical use, the introduction 

of robots into factories has already had a considerable impact on manufacturing processes. 

American manufacturing sector has decreased, while the number of people employed by 

small, high-technology companies has increased by a greater amount. 

Robotics technology can contribute to employment in small factories, because of he 

increased flexibility it gives to small-volume, batch-oriented manufacturing. This flexibility 

allows the company to manufacture a wider range of products with less equipment. 

1.5.1 Industry 

Robots are used in a wide range of industrial applications. The earliest applications were in 

materials handling, spot welding, and spray painting (see figure. 13). Robots were initially 

applied to jobs that were hot, heavy, and hazardous such as die-casting, forging, and spot 

welding. One problem in these industries is finding people who are willing to work with the 

poor equipment and under the poor conditions, which exist in some factories. For example, 

in die casting and forging a lot of existing plant is so old that' it will have to be replaced 

before robots can be used. 

Robots are used in many other applications, for example, grinding, tending machine 

tools, molding in the plastics industry, applying sealants to motor car windscreens and 
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picking items up of conveyers and packing them on to fork lift pallets. These applications, 

and the problems involved, are reported innumerous conference proceedings. Innovative 

new applications include laser-beam welding and water-jet cutting. In the following 

sections, three industrial applications that are in various stages of research are examined. 

1.5.1.1 Arc welding 

Arc welding, which is potentially a large application for robots, places high demands on 

the technology. Unlike spot welding, where the weld has to be placed at a fixed spot, an arc 

weld has to be placed along a joint between two pieces of metal. Commercial arc welding 

systems (see Figure 14) rely on people to accurately fix the parts to be welded, and then the 

robot goes through a programmed welding sequence. 

The only advantage this has over manual welding is the consistent quality of the weld. 

The human operator is now left with the tedious job of fixing. Having rotating fixture tables 

speeds up productivity, so that the operator can be fixing one set of parts while the robot is 

welding another 

Fig 1.1 Robots in Welding 

For all types of joints a minimum requirement for arc weld sensors is that they are 

capable of indicating the proper tracking position. Further requirements are that the weld is 
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placed accurately ends of the required size and shape. To achieve these conditions, the 

robot must hold the electrode at the correct orientation to the seam at the correct distance 
from the seam, and move at a constant velocity so that a constant amount of material flows 

into the joint. These problems are more complex on three dimensional objects than on flat 

plates, and often require geometric modeling to plan the robot motion. 

1.5.1.2 Assembly 

One long-term goal of manufacturing technology is the totally automated factory where a 

design is conceived at a computer graphics terminal and no further human intervention is 

required to manufacture the article. Manufacturing in a totally automated environment 

would include the following steps: 

• Product conception 

• High level specification 

• Product design 

(All done interactively by human designers), materials ordering generation of machine tool 

commands, generation of parts flow strategies through the factory, control of parts transfer 
and machine tools, automatic assembly and inspection ( all done automatically using 

robotics technology). 

Today, there are two examples of highly automated factories where very few people are 

employed. One is he processing of films by photographic companies, and the other is the 

machine tool center operated by Fujitsu Fanuc, both are examples of successful hard 

automation with very few robots. The automation of photographic processing is possible 

because it is a high-volume single-task process. The machine center consists of numerical 

controlled machines, combined with robots and conveyor belts for tool changing and parts 

transfer. 
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A major potential application for robots is the automation of assembly this is currently a 

vary labor intensive process and much more difficult than it appears at first sight. 

Fig 1.2 Robots in Assembly 

Fig 1.3 Robots in Electronics Assembly 

Mass production was made possible by the ability to repeatedly machine parts to the 

designer's specification. There are eight basic ways of machining metals (see figure 1. 5), as 

listed bellow: 

• Drilling 

• Milling 
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• Grinding 

• Tuning 

• Boring 

• Shaping 

• Planning 

• Slotting 

After this classification a short explanations of some of these basic ways is given bellow: 

Drilling is the operation of producing holes in solid metal, usually with a rotating drill 

called a twist drill. 
Turning is the operation of cutting or removing metal from a revolving work piece with 

a cutting tool, which is fed into or along the work piece. 
Boring is the operation of enlarging a hole that has bee', drilled or cast into the work 

piece, by feeding the cutting tool into the work piece as it revolves. 

Shaping, planning and slotting produce flat surfaces by moving the tool over the work 

piece. On a shaper the cutting tool moves back and forth over the stationary work piece. 

After each pass, the work piece is indexed (fed) across the path of the cutting tool in 

preparation for the next cut, which is parallel to the previous one. On a planer the work 

piece moves back and forth under the cutting tool. After each pass, the tool is indexed 

across the path of the work piece in preparation for the next parallel cut. A slotting machine 

is really a vertical shaper, with the cutting tool moving up and down. Machine tools come 

in various shapes and sizes, but each can be classified as performing tasks that can be fitted 

into one of these categories above. 
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1.5.2 Laboratories 

Robots are finding an increasing number of applications in laboratories. They are good at 

carrying out repetitive tasks such as placing test tubes into measuring instruments relieving 

the laboratory technician of much tedious work. At this stage of their development, robots 

are used to perform manual procedures automatically. A typical sample-preparation system 

(Figure 1.21) consists of a robot and laboratory stations such as balancers, dispensers, 

centrifuges, and test tube racks. Samples are moved from laboratory station to laboratory 

station by the robot under the control of user-programmed procedures. 

Manufacturers of these systems claim they have three advantages over manual 

operation: increased productivity, improved quality control, and reduced exposure of 

humans to harmful chemicals. 

Fig 1.4 Robots in laboratories 

1.5.3 Kinestatic Manipulators: 

Robotics technology found its first application in the nuclear industry with the 

development of teleoperators to handle radioactive materials. More recently robots have 

been used for remote welding and pipe inspection in high-radiation areas. The accident at 

the Three Mile Island nuclear power plant in Pennsylvania in 1979 has spurred the 

development and application of robots to the nuclear industry. 
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Rover (or RRV), a Remote Reconnaissance Vehicle developed at Carnegie-Mellon 

University (Figure 1.6) was used to inspect the basement of the reactor containment 

buildings to obtain concrete cure samples from the walls, and to remove the top layer of 

concrete from floors in parts of the reactor building using a pneumatically powered 

scabbing machine. 

1.5.3.1 Hazardous Environment 

Nuclear reactors, deep sea beds, active volcanoes and minefields are all places where 

important jobs need to be done, but finding the people to do them can be hard. Robots can 

operate in these environments however, and agent controlled robots will be able to act on 

our behalf to do our dirty work. 

A team of robot agents working on a minefield would reduce the currently considerable 

risk to soldiers and civilians alike. By communicating, the multi agent sytem could quickly 

and extensively search areas and declare them safe when all the ground had been surveyed. 

In studying volcanoes, gathering data from active cones is hazardous at best. sulphurous 

fumes make breathing impossible, and robotic exploration is clearly called for. Robots such 

as Dante I and II have been used to collect samples and images from the very bottom of 

craters, but both suffered from falling. Under direct human control, this is not surprising, as 

on the near vertical sides of the volcano the going is tough, and with imperfect and 

incomplete information feeding back to the operator, mistakes are inevitable. An 

autonomus robot agent however would be able to react immediately to all information 

available to its sensors, reducing the chance of an accident due to loss of control or not 

seeing the ground underfoot 
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Fig 1.5 Mobile Robot For Cutting the Grass 

One of the most successful projects so far has been the development of a sheep-shearing 

robot in Australia (see Figure 1.7). The trajectory of the cutting shears over the body of the 

sheep is planned using a geometric model of a sheep. To compensate for variations in the 

size of a sheep from the model, and for its changing shape as it breathes, data from sensors 

mounted on the cutter is used to modify the trajectory in real-time, as the wool is removed. 

Over 200 sheep have been shorn (though riot completely) with fewer injuries to the sheep 

than occur with human shearer. 

Other experimental applications of robots in agriculture include transplanting of seedling, 

pruning grapevines in France, and picking apples. All these systems are in experimental 

stages, but they have each demonstrated their potential. 
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