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What is CIM ?

Computer Integrated
Manufacturing (CIM) is the
integration of all enterprise
operations and activities around a 
common corporate data 
repository. 



What is CIM ?

CIM is the integration of the total 
manufacturing enterprise through 
the use of integrated systems and 
data communications coupled with 
new managerial philosophies that 
improve organizational and 
personnel efficiency.



Earlier definition

The concept of a totallu automated 
factory ,in which all manufacturing 
processes are integrated and 
controlled by a CAD/CAM system. 
CIM enables production planners 
and schedules, shop floow foremen 
and accountants to use the same 
database as product designers and 
and engineers.

Kochan and Cowan (1986)



Computer Integrated Manufacturing

Computer Integrated Manufacturing is 
the integration of the total 
manufacturing enterprise through the 
use of integrated systems and data 
communications coupled with new 
managerial philosophies that improve 
organizational and personnel 
efficiency.
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Computer Integrated Manufacturing

The term CIM was first coined by Harrington in 1973, by arguing for an 
integrated approach to the enterprise and against highly fragmented 
manufacturing operations that lead to localized optimization.



The Evolution of Paradigms



Development into CIM technology

1950 1960 1970 1980 1990

NC
CNC

FMS

CAD
CAD/CAM

CIM



Manufacturing automation development 



CIM Wheel

The SME CIM wheel provides a clear 
portrayal of relationship among all parts of 
an enterprise. The outher layer represents 
general mangament and human resources 
management. 
The middle layer has 3 process segments : 
product and process definition, 
manufacturing planning and control, 
factory automation.
The center of the whell represents the 
third layer which includes information 
resources management and the common 
database.



CIM Integration



Objectives
Simplify
production processes, product designs, and factory organization as 
a vital foundation to automation and integration

Automate
production processes and the business functions that support them 
with computers, machines, and robots

Integrate
all production and support processes using computer networks, 
cross-functional business software, and other information 
technologies



Computer Integrated Manufacturing



Goal of CIM

The goal of CIM is to provide the 
computer applications and 
communications needed to bring 
about the integration (with 
matching organization changes) 
that will allow a company to take 
advantage of these new 
capabilities. 



CIM Activities 



Organisation of CIM



CIM Material and Information Flow 



CIM structure

The components of CIM include both hardware and software.
The hardware : includes computer hardware, network, manufacturing 
devices and peripherals.
The software : includes opearting systems, communication software, 
database management systems, manufacturing planning and control 
software, management information software, design software, office 
autmation software, decision support software, etc.



Decomposition of CIM



Components of CIM

• Management Information System
• ERP, MRP II, JIT

• CAD/CAPP/CAM System
• CAD, CAPP, CAM

• Manufacturing Automation System
• Computer Aided Quality Management System
• Computer Network and Database management system



Automation & Control



Definition

Automation can be defined as 
the technology by which a 
process or procedure is 
accomplished without human 
assistance. 
It is implemented using a 
program of instructions 
combined with a control system 
that executes the instructions. 



Automated system

An automated system consists of 
three basic elements: 
(1) power to accomplish the 

process and operate the 
system, 

(2) a program of instructions to 
direct the process, 

(3) a control system to actuate 
the instructions. 



Control system 

The control element of the automated system executes the program of 
instructions. The control system causes the process to accomplish its 
defined function, which is to perform some manufacturing operation. 
The controls in an automated system can be either 

closed loop control system open loop control system
(feedback control system)



Computer Process Control
AUTOMATION & CONTROL



Computer process control
The computer process control 
can be described as 
controlling a manufacturing 
process with the help of a 
digital computer. 
The automated system is 
operating by using a 
computer, the computer 
process control is specifically 
related to the continuous or 
semi-continuous operations.



Computer process control

The computer process control is mostly related to chemicals, 
petroleum, food, etc. The computer process control system would 
measure the process variables such as temperature, flow rate, and 
pressure.



Forms of Computer Process Control 

Process monitoring 

Open-loop process control 

Closed-loop process control 



Types of Computer process control

• Computer process monitoring
• Direct digital control
• Distributed control systems
• Numerical control and robotics
• Programmable logic control
• Supervisory control



Computer process monitoring

This is the way in which the computer will be interfaced with the 
process, in this type the computer will monitor the process and also 
the equipment in the process so that it can collect and record the data 
from the process.



Direct digital control

Direct digital control (DDC) can 
be described as a computer 
process control system and in 
this system, there are certain 
components that are 
conventional and this 
conventional component is 
replaced by a digital controller. 
The process regulation is 
carried out by a digital 
computer according to the 
time.



Components of a DDC system 

In the DDC system, 
some of the control 
loop components 
remain un- changed, 
including (probably) 
the sensor and 
transducer as well as 
the amplifier and 
actuator. 



Distributed control system

In a distributed control system there 
are many computers and the total 
work will be divided into all these 
computers. 
A DCS is composed of many process 
control stations and these stations can 
be seen all around the plant so that 
the individual loop and also the 
devices of the process can be 
controlled.



Numerical control and robotics

Numerical control is another form of industrial computer control, in 
this type of control where a machine tool will be directed through a 
sequence of processing steps. There will be a program of instructions 
that specifies the step details and sequence



Supervisory control

Supervisory computer control in 
which it would direct and 
coordinates many interaction 
processes in a manufacturing 
system.
It optimizes the plant operations 
by increasing the plant yield, 
production rates and also by 
reducing the consumption of 
energy.



PLC
AUTOMATION & CONTROL



Programmable Logic Controllers (PLC)

PLC is a device invented to replace the 
necessary sequential relay circuits for 
machine control. 
The PLC works by checking inputs and 
depending upon their state, turns 
on/off its outputs. The user enters a 
program via software, that gives the 
desired results.



Programmable Logic Controllers (PLC)

The design and operation of assembly
systems were based on the use of 
logic and electrically operated systems
were designed using ladder logic.
PLCs are used in areas where
sequencing / coordinating
the activities of several machines
working together.



Definition

A digital electronic device using a programmable memory to store 
instructions and to implement specific functions such as logic, 
sequence, counting, timing and arithmetic to control machines and 
processes.



A brief history

In the mid 1970s : The first PLC systems evolved from conventional 
computers and were mostly used in automotive industry.
In 1977 : Richard Morley invented the PLC, the Hydramatic Division of 
General Motors Corporation developed a set of specifications for a PLC. 
By the mid-1980s, the micro PLC had been introduced. 
In the late 1980’s:  PCs have been begun to be used in automatic 
industrial control.
By the mid-1990s, the nano PLC had arrived, which was even smaller 
and less expensive. 



Personal Computer or PLC

PLCs can be programmed, controlled and operated by a person 
unskilled in operating computers.
The PLC can operate any system that has input/output devices that go 
on and off ass well as any system with variable input/outputs.



PLC in an automated system



Components of PLC



Functional Block Diagram of PLC
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Operation of PLC

The PLC system software executes 
the user program. The speed with 
which the operations are carried out 
will depend upon the specifications 
of the microprocessor. 
The usual method of operation of a 
PLC is to scan all the inputs, process 
the user program and then scan all 
outputs. This is called a scan cycle. 



Basic operations

The operation of the PLC system is simple and straightforward. The 
Process or CPU completes three processes:
1) scans, or reads, from the input devices.
2) executes or "solves" the program logic.
3) updates, or writes, to the output devices.



Connected equipments

Various production equipment that can be connected to PLCs include :

Thermocouples Strain gauge Position encoder Servo valves

Electrical motors Linear motors Stepping motors



What is relay ?

A relay is an electromagnetic switch. After a voltage is applied to the 
coil, a magnetic field is generated. This magnetic field sucks the 
contacts of the relay in, causing them to make a connection.



Interfaces

RS-232C Interface RS-422A Interface IEEE-488/GPIB Bus Interface

Twisted-pair cable
Co-axial cable Optical fibre cable



PLC Brands



Process Control & PLC

The PLC processes the inputs and switches the outputs according to the
control program in a cyclic fashion.

This cycle is known as a scan and
it is the parameter known as the 
scan time (the period of time 
taken to read all the inputs). 
Inputs and outputs from PLC 
vary in voltage levels



Scan

The PLC program is executed as 
part of a repetitive process 
referred to as a scan. A PLC scan 
starts with the CPU reading the 
status of inputs. 
The scan cycle ends by updating 
the outputs, then starts over. 



PLC Programming

PLCs may be programmed with a variey of devices, the major two of 
which are :

• The hand-held 
programmer (used in small 
to medium sized PLCs),

• The desktop PLC 
programming unit (used in 
debugging and diagnosting
features).



PLC Programming

Entering and storing a sequence of instructions in the memory of the 
PLC either can be carried out by a hand-held programming device or 
using a personal computer. 
The programming can be done as desired by the programmer. 
• on-line programming is used to design programs prior to running the 

machine. 
• off-line is programming is implemented with the direct connection to 

the PLC. 



Five PLC Languages Specified in the IEC 
61131–3 Standard 



PLC Programming

Graphical langugages
• Ladder logic diagram : most 

widely used.
• Function blok diagram : 

instrunctions composed of 
operation blocs
• Sequential function charts 

(grafcet method) series of steps 
and transitions from one state to 
the next

Text based languages
• Instruction list : low-level 

computer language
• Structured texr : high-level 

computer language



Function block Diagrams

A function block diagram (FBD) provides a means of inputting high-level 
instructions. Instructions are composed of operational blocks. Each 
block has one or more inputs and one or more outputs. Within a block, 
certain operations take place on the inputs to transform the signals into 
the desired outputs. 
Function blocks are described in T.A.Hughes.

Hughes, T. A., Programmable Controllers, 4th ed., 
Instrument Society of America, Research Triangle Park, 
NC, 2005. 



Sequential Function Charts

The sequential function chart (SFC, also called the Grafcet method) 
graphically displays the sequential functions of an automated system as 
a series of steps and transitions from one state of the system to the 
next. 
The sequential function chart is described in T.O. Boucher.

Boucher, T. O., Computer Automation in Manufacturing, Chapman & 
Hall, London, UK, 1996.



Instruction List

Instruction list (IL) programming also provides a way of entering the 
ladder logic diagram into PLC memory. 
In this method, the programmer uses a low-level computer language to 
construct the ladder logic diagram by entering statements that specify 
the various components and their relationships for each rung of the 
ladder diagram. 



Structured text

Structured text (ST) is a high-level computer-type language likely to 
become more common in the future to program PLCs and PCs for 
automation and control applications. 
The principal advantage of a high-level language is its capability to 
perform data processing and calculations on values other than binary. 



Ladder Logic Diagrams

The type programming used for 
PLC is ladder logic. 
This is a graphical 
representation of the hard-
wired system used in electrical 
circuits and includes switches, 
timers, counters, and many 
other pieces of hardware in a 
structured manner. 



Ladder Logic Diagrams

Ladder logic diagram (LAD) is one programming language used with 
PLCs. Ladder logic uses components that resemble elements used in a 
line diagram format to describe hard-wired control.  It is used a concept
of switches as inputs set high / low sensors.



Ladder Logic Diagrams

The ladder logic diagram is used to represent the logic in a PLC control 
program widely in industry. 
The ladder logic diagram makes use of representations similar to 
electrical circuits in which a series connection represents a logical AND, 
and a parallel connection represents a logical OR. 
The symbols used in a ladder logic diagram : 

INPUT OUTPUT AND OR NOT



Symbols used in ladder logic diagrams 

Symbols are used in ladder diagrams 
for the common logic and sequence 
control components. 
There are two types of contacts: 
normally open and normally closed. 
Both types of contacts are used to 
represent ON/OFF inputs to the logic 
circuit.
A normally open contact remains 
open (OFF) until it is activated, thus 
turning on the current (ON). 



Ladder Logic Diagrams

Ladder logic diagrams and elements are 
graphical representation of Boolean 
language (or mnemonic code 
language). This language involves four 
standardized mnemonic words:

LOAD (yes), AND, OR, NOT



Example : Create ladder logic diagrams for the three basic logic gates 
AND, OR, and NOT. 

Solution : Notice that the NOT symbol is the 
same as a normally closed contact, which is 
the logical inverse of a normally open 
contact. 

logical gates AND

logical gates OR

Logic gates 
AND

Logic gates 
OR

Logic gates 
NOT



What is counter ?

It counts the number of times logical 
statements go from false or true. 
A counter is a simple device intended 
to do one simple thing - count. Using 
them, however, is sometimes a 
challenge, because every 
manufacturer seems to use them a 
different way. 



What is timer ?

It basically counts time units. Timer is an equipment  that waits a set 
amount of time before doing something. Here are three types of timers
1. On-Delay timer
2. Off-Delay timer
3. Retentive or Accumulating timer 



An example of Logic Ladder Diagram 



PLC software



Material Handling System 



Material Handling System

Material Handling is the movement, storage, control and protection of 
materials, goods and products throughout the process of 
manufacturing, distribution, consumption and disposal.
The Material Handling System (MHS) is a fundamental part of a Flexible 
Manufacturing system since it interconnects the different processes 
supplying and taking out raw material, work-pieces, sub-products, parts 
and final products.



Components

• Robots
• Conveyors
• Automated Guided Vehicles(AGVs)
• Automated Storage/Retrieve System  



Industrial Robotics
MATERIAL HANDLING SYSTEM 



Industrial robot

Robots are programmable 
machines with some human like 
capabilities. 
An industrial robot is a 
programmable, multi-functional 
manipulator designed to move 
materials, parts, tools, or special 
devices through variable 
programmed motions for the 
performance of a variety of tasks.  



Robot Manipulators

Robotic manipulators are capable of 
performing repetitive tasks at speeds and 
accuracies that far exceed those of human 
operators. 
They are now widely used in 
manufacturing processes such as spot 
welding and painting.



Robot definition

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.



Definitions

It states that a robot is “a device that performs functions 
ordinarily ascribed to human beings, or operates with what 
appears to be almost human intelligence.” 

Computer Aided Manufacturing-International 

RIA defines a robot as a “programmable, multifunction 
manipulator designed to move materials, parts, tools, or 
special devices through variable programmed motions for 
the performance of a variety of tasks.” 

Robotics Institute of America 



Industrial Robot application areas

Material handling applications
Material transfer.
Machine loading and/or unloading.

Processing operations
Spot welding
Continuous arc welding
Spray coating
Other processing applications

Assembly



Industrial Robot

Industrial robot as defined in the ISO 
8373 standard.
An industrial robot is defined as “an 
automatically controlled, 
reprogrammable, multi- purpose 
manipulator programmable in three or 
more axes, which may be either fixed in 
place or mobile for use in industrial 
automation applications”.



The fundamental categorization according to 
ISO 8373
The rising segment of service 
robots has been separated in 
two sectors, which are 
professional service robots and 
personal care robots in the 
lately revised ISO 8373 
standard. 
The two segments will be 
crucial in the advanced of 
robotics worldwide.



Robot Manipulators

The word “robot” entered the 
English language through a 
Czechoslovakian play titled 
Rossum’s Universal Robots, 
written by Karel Capek in the 
early 1920s.
The Czech word robota means 
forced worker. 



Robotics Timeline

• 1922 Czech author Karel Capek wrote a story called Rossumʼs 
Universal Robots and introduced the word “Rabota”(meaning worker)
• 1954 George Devol developed the first programmable Robot.
• 1955 Denavit and Hartenberg developed the homogenous 

transformation matrices
• 1962 Unimation was formed, first industrial Robots appeared.
• 1973 Cincinnati Milacron introduced the T3 model robot, which 

became very popular in industry.
• 1990 Cincinnati Milacron was acquired by ABB  



A brief history

The first was Cyril W. 
Kenward, a British inventor 
who devised a manipulator 
that moved on an x–y–z axis 
system. 
In 1954, Kenward applied for 
a British patent for his robotic 
device, and in 1957 the 
patent was issued. 



A brief history

The second inventor was an 
American named George C. 
Devol. Devol is credited with 
two inventions related to 
robotics. 
This device was invented 
around 1946, and a U.S. 
patent was issued in 1952. 



Elements of a robotic system

They are made up of 
mechanical components, a 
control system and a computer. 
These elements can be 
arranged in different ways and 
can vary in size and complexity 
to perform different tasks. 
A robot is a system made up of 
several elements of hardware 
and software. 



Robot Components

The mechanical unit :
(mechanical linkage and joints, guides, 
actuators (linear or rotary), control valves, 
and sensors)
Power source, 
(pneumatic, hydraulic, or electrical)
Controller
(measures the position of the end effector
using trignometrical functions.The
controllerʼs task to perform real-time control
is demanging)
Tooling 



Components of the robot manipulator

• A manipulator (the base and arm assembly) 
• End-of-arm tooling, such as a gripper or end effecter 
• Actuators (motors or drives that move the links of the robot) and 

associated equipment 
• Transmission elements like belts, pulleys, ball screws, gearing and 

other mechanical components. 



Control system

The control system is used to generate the necessary signals co-
ordinate the movements of the robot. It includes: 
• Mechanical, hydraulic, pneumatic, electrical, or electronic (either 

open loop or closed loop) controls. 
• Sensors including cameras, amplifiers, and related hardware. 
• Equipment interfaces. 



Computer system

This provides the data processing capability necessary to interpolate 
the intermediate positions and control the movement of the links or 
arms the robot. It includes: 
• Microprocessor or a programmable logic controller or a personal 

computer 
• User interfaces (e.g. keyboard, display, teach pendant) 
• Control software to manipulate the robot for various applications. 



Classification of Robots Based on Mechanical 
Configuration 
• Rectangular Co-ordinate Robots 
• Cylindrical Co-ordinate Robots 
• Spherical Co-ordinate Robots 
• Revolute Co-ordinate Robots 
• “Gantry” or “box frame” 
• Selective Compliance Assembly 

Robot Arm (SCARA) 



Work volume



Robot anatomy

The arm or manipulator of an industrial robot 
consists of a series of joints and links. 
Robot anatomy is concerned with the types 
and sizes of these joints and links and other 
aspects of the manipulator’s physical 
construction. 



Robot anatomy

Most robots are mounted on a stationary 
base on the floor. Let this base and its 
connection to the first joint be referred to 
as link 0. 
It is the input link to joint 1, the first in the 
series of joints used in the construction of 
the robot. 
The output link of joint 1 is link 1. Link 1 is 
the input link to joint 2, whose output link 
is link 2, and so forth 



Joints
A robot’s joint, or axis as it is also called in robotics, is similar to a joint 
in the human body.

Translation motion Rotary motion

Linear joint (type L)
Orthogonal joint (type O)

Rotation joint (type R)
Twist joint (type T)
Revolving joint (type V)



Linear joint (type L joint)
The relative movement between the input link and the output link is a 
translational telescoping motion, with the axes of the two links being 
parallel. 



Orthogonal joint (type O joint)

This is also a translational sliding 
motion, but the input and output 
links are perpendicular to each 
other. 



Rotational joint (type R joint)

This type provides rotational relative motion, with the axis of rotation 
perpendicular to the axes of the input and output links. 



Twisting joint (type T joint)

This joint also involves rotary motion, but the axis of rotation is parallel 
to the axes of the two links. 



Revolving joint (type V joint)

V from the “v” in revolving). In 
this joint type, the axis of the 
input link is parallel to the axis of 
rotation of the joint, and the axis 
of the output link is perpendicular 
to the axis of rotation. 



Robot Manipulators

A robot manipulator can be divided into two sections: a body-and-arm 
assembly and a wrist assembly. 
There are usually three axes associated with the body-and-arm, and 
either two or three axes associated with the wrist. 



Body-and-Arm Configurations

Spherical (Polar) Configuration Cylindrical Configuration Cartesian (Rectangular) Configuration

Jointed-arm robot (articulated) SCARA (Selective Complains Assembly Robot Arm) Delta Robot



Wrist configuration

The robot’s wrist is used to establish the orientation of the end
effector. Robot wrists usually consists of two or three degrees-of-
freedom. The three joints are defined as:

Roll : using a T joint to accomplish rotation about the robot’s arm
axis.

Pitch: which involves up-and-down rotation, typically a R joint.

Yaw : which involves right-and-left rotation, also accomplished
by means of an R-Joint.



Robot Classification

The following is the classification of Robots according to the Robotics 
Institute of America :
• Variable-Sequence Robot : A device that performs the successive 

stages of a task according to a predetermined method easy to modify
• Playback Robot :A human operator performs the task manually by 

leading the Robot
• Numerical Control Robot : The operator supplies the movement 

program rather than teaching it the task manually.
• Intelligent Robot : A robot with the means to understand its 

environment and the ability to successfully complete a task despite 
changes to the environment.



Drive systems

The mechanical linkages and joints of a manipulator are driven by 
actuators, which can be various types of motors or valves. The energy 
for these actuators is provided by some power source (electric, 
hydraulic, or pneumatic). 
Pneumatic Actuator System: are driven by compressed air. 
Hydraulic Actuator System: are driven by a fluid that is pumped 
through motors, cylinders, or other hydraulic actuator mechanisms. 
Electric Actuator System: are driven by rotational electric motors 
(various types of AC Servos, DC Servos etc.). 



Robot control system

The actuations of the individual joints must be controlled in a
coordinated fashion for the manipulator to perform a desired motion
cycle. Robot controllers can be classified into four categories:

• Limited sequence control.

• Point-to-point control.

• Continuous path control.

• Intelligent control.



Manufacturers of robots



Robot software

Robot software is critical to implementing the functional and non-
functional requirements.
In contrast with traditional software that are typically running on 
computation environment, robot software is kind of cyberphysical
system that has a number of new characteristics.
Robot software needs programming technologies and corresponding 
programming languages.



Robot Programming

Typically performed using one of the following :

On line programming

• Teach pendant
• Leadthrough programming

Off line programming

• Robot programming languages
• Task level programming



Leadthrough programming

Work cyle is taught to robot by moving the 
manipulator through the required motion 
cycle and simultaneously entering the 
program into controller memory for later 
playback.
It involves phsically moving the robot to
position the end-effector and recording the
position in memory.



Leadthrough programming

It dates from the early 1960s 
before computer control was 
prevalent.
Two types :
Powered leadthrough : 
common for point-to-point 
robots
Manual leadthrough :
convenient for continuous path 
control robots

Manual leadthrough 

Teach pendant for Powered leadthrough 



Robot programming languages

The robot programming languages can be 
classified according to the robot model, 
the type of control structures used for 
data, the type of motion specification, 
the sensors, the interfaces to external 
machines, and the peripheral used. 
There is a number of programming 
languages designed or used for 
constructing robot software.

S.Yang, X.Mao, B.Ge, S.Yang . The Roadmap and 
Challenges of Robot Programming Languages, 2015 IEEE 
International Conference on Systems, Man, and 
Cybernetics, pp.328-333.



Phase 1 (1970s—1980s)

The robots in this phase are 
generally equipped with sensors or 
external devices, enabling obtaining 
exterior information.



Phase 2 (1990s)

In 1990s, robots encompass two 
major avenues of evolving smart 
robot technology: bionics and 
autonomy. In view of robot 
shape, robots began to 
resemble live creatures such as 
fish, dog, and even human.



Phase 3 (2000—nowadays)

After 2000, artificial intelligence for 
robot has been enhanced a lot. 
The ability of logic-based reasoning 
and learning knowledge has been 
developed over new types of 
intelligent robots.



Robot programming languages

The following types of robot programming languages are available: 
• Point-to-point motion languages
• Basic motion languages at the assembler level 
• Non-structured high level programming languages 
• Structured high level programming languages 
• Numerical control type programming languages 
• Object-oriented languages 
• Task-oriented languages 



Robot programming languages

Robot programming languages uses textual programming language to 
enter commands into robot controller.
2nd Generation Languages
• AML - A manufacturing language
• RAIL – high level robot language based on PASCAL
• MCL – controlling two major tasks such as the manipulation and 

vision system

T. Lozano-Perez, Robot programming, Proceedings of the IEEE, Vol.71, No.7, July 1983, pp. 821-841



Mechanical Hand Interpreter (MHI)

1960-1961: The first robot-level programming language, Mechanical 
Hand Interpreter (MHI) was developed for one of the earliest computer 
controlled robots, the MH-1 at MIT.
MHI ran on an interpreter implemented on the TX-0 computer. 
The programming style in MHI was framed primarily around guarded 
moves, i.e., moving until a sensory condition was detected. 

H. A. Ernst, “A computer-controlled mechanical hand,” Sc.D. thesis, 
Massachusetts Institute of Technology, Cambridge, 1961.



WAVE

1970-1975: The WAVE system, developed at Stanford, was the earliest 
system designed as a general purpose robot programming language. 
The philosophy in WAVE was that motions could be pre-planned and 
that only small deviations from these motions would happen during 
execution.
WAVE’s syntax was difficult, but the language supported a significant 
set of robot functions, many of which still are not available in 
commercial robot systems.

“WAVE: A model-based language for manipulator control,” Zndust. 
Robot, Mar. 1977



A Manufacturing Language (AML)

A Manufacturing Language (AML), was 
designed to be a well-structured, semantically 
powerful interactive language for robot 
programming.
AML is the robot language used in IBM’s robot 
products.
AML commands are simply predefined 
subroutines that define the semantic 
functions for robotics, mathematical 
calculation, I/O, and so on. 

R. H. Taylor P. D. Summers J. M. Meyer. AML: A Manufacturing Language, 
The Int. J. of Robotics Research, Vol.1, No.3 (1982) pp. 19-41.



RAIL

RAIL is a high level robot programming language developed by 
Automatix Inc in 1981 for controlling their Cybervision, Autovision.
RAIL contains a large subset of PASCAL, including computations on a 
variety of data types RAIL supports interfaces to binary vision and robot 
welding systems. 
RAIL is syntactically more sophisticated than VAL; it is comparable to 
AML and LM. RAIL does not support multiprocessing or affixment.

J. W. Franklin and G. J. Vanderbrug, “Programming vision and robotics systems 
with RAIL,” SME Robots VI, pp. 392-406, Mar. 1982. 



MCL

Robot language, MCL, has been defined as an extension to APT, the 
standard NC language.
The goal of MCL is to capitalize on the geometric databases and 
computational tools developed within existing APT systems for 
specifying robot motions. 

McDonnell Douglas, Inc “Robotic System for Aerospace Batch Manufacturing,” 
McDonnell Douglas, Inc, Feb. 1980. 



Variable Assembly Language

Variable Assembly Language (VAL) is a computer based control system 
and programming language which has been designed specifically for 
use with industrial robots. It is high level language developed at MIT.
VAL combines taught path programming with a written or textual
language control. (straight line interpolation)
VAL II includes many enhancements over 1st generation.  (sensor 
control, better input/output facilities)
VAL III commands powerful robotics function sets. A highly flexible, 
modular approach makes it possible to reuse and capitalize on 
accumulated knowledge.



Variable Assembly Language

Variable Assembly Language (VAL) is a computer-based control 
system and language designed specifically for use with Unimation
Inc. industrial robots.

The VAL robot language is permanently 
stored as a part of the VAL system. This 
includes the programming language 
used to direct the system for individual 
applications. The VAL language has an 
easy to understand syntax.



Variable Assembly Language

The VAL language consists of monitor commands and program 
instructions. The monitor commands are used to prepare the system 
for execution of user-written programs. 
Program instructions provide the repertoire necessary to create VAL 
programs for controlling robot actions.

“VAL: An industrial robot programming and control system,” in Proc. ZRIA Sem. on Languages and 
Methods of Programming Industrial Robots (Rocquencourt, France. June 1979), pp. 47-59.
Unimation Inc. “User’s guide to VAL: A robot programming and control system,” Unimation Inc., 
Danbury, CT, version 12, June 1980



Robot programming languages

CADCAM
CADCAM systems for robots have been
devised where the programmer designs a 
computer model of the robot.
Software uses interactive graphics and the
model can be animated on the screen.
It generates the robot program in its own
language.



Simulation and off-line programming 

Program is prepared at a remote 
computer terminal and 
downloaded to robot controller for 
execution without need for 
leadthrough methods.
Advantage of tru off-line 
programming is that the program 
cen be prepared beforehand and 
downloaded to the controller with 
no lost production time.



Simulation and off-line programming 

Graphical simulation is used to 
construct a 3-D model of the 
robot cell in which locations of 
the equipment in the cell have 
been defined previously.



Robot simulation

A simulator is a piece of mechanical equipment or a software program 
which is designed to represent the conditions in a physical 
environment. 
Many robot simulators involve a graphical representation of the robot. 
This is useful because it allows you to see what the simulation 
algorithms are actually doing underneath.



Offline programming

Offline programming refers to the 
practice of programming a 
machine (usually a robot or a CNC 
machine) without having the 
physical machine present. 
In other words, you first create 
the program on a computer and 
then later download it to the 
physical machine later.



Commercial softwares



AGV
MATERIAL HANDLING SYSTEM 



Automated Guided Vehicles

It is used to provide automated means
of transporting materials and
components from stores to other
processes
It is a driverless vehicle programmed to
convey materials or work progress
through a predifined route.

1st AGV system appeared in 1958.



A brief history

1953 : The first AGV system was built and introduced. ( A modified
towing tractor that was used to pull a trailer and follow an overhead
wire in a grocery warehouse)
1970’s : the principal guidance technology was to induce an electronic
frequency through a wire that was buried in the floor.



Types of Vehicles

Automated guided vehicles can be divided into the following 
categories: 

(1) towing vehicles for 
driverless trains, 

(2) pallet trucks, 
(3) unit load carriers, 



Vehicle Guidance technologies

The guidance system is the method by which AGVS pathways are 
defined and vehicles are controlled to follow the pathways. The 
technologies used in commercial AGV systems for vehicle guidance 
include 
(1) imbedded guide wires, 
(2) paint strips, 
(3) magnetic tape, 
(4) laser-guided vehicles (LGVs), 
(5) inertial navigation. 



Imbedded guide wire method

In the imbedded guide wire method, 
electrical wires are placed in a 
shallow channel that has been cut 
into the surface of the floor. 
After the guide wire is installed, the 
channel is filled with cement to 
eliminate the discontinuity in the 
floor surface. 



Fixed Path Navigation Following a Path

The paths are well marked on the floor. The paths are continuous. The
paths are fixed, but can be changed.



Fixed Path Navigation: Buried Wire Path

Bury a current-carrying wire just
below the surface of the floor. 
The vehicle steers itself to FOLLOW 
the magnetic field surrounding the
buried wire.



Fixed Path Navigation: Path Selection

A vehicle at “A” has two choices on 
how to get to “B”. A computer either
on board the vehicle or at some central
location selects a path based on 
established criteria.
• The shortest distance
• The path with the least traffic at the

present time
All of the “PATH FOLLOWING”  methods 
permit routing options that include 
guide path switching and merging.



Open Path Navigation: Taking a Path

Unlike “path following navigation,” 
where the guide paths are fixed, 
and more or less permanent, 
vehicles operating in the “Take a 
Path” category are actually offered
more variation if not an infinite
number of ways to navigate the
open space between two points.



Open Path Navigation: Navigation Methods

The three most common open
space navigation methods are:
• Laser Guidance
• Inertial Guidance
• Cartesian Guidance

The choice of navigation method
for a particular application is 
often a simple matter of 
preference. Laser Guidance Cartesian Guidance



AGV communications

Four types of basic communication media:
• Radio Communication
• Infrared Communication
• Guide Wire Data Communication
• Inductive Loops Communication



The Control of AGV

Passive methods : optical tracking
(reflective tape)

Active methods : guidwires, dead reckoning
infra-red beams, gyroscope, 
pattern recognition
(on-board vision system)



Mathematical equations 

The time for a typical delivery cycle in the operation of a vehicle-based 
transport system consists of 
(1) loading at the pickup station, 
(2) travel time to the drop-off station, 
(3) unloading at the drop-off station,
(4) empty travel time of the vehicle between deliveries. 



Mathematical equations 

The total cycle time per delivery per vehicle is given by 

𝑇! = 𝑇" +
𝐿#
𝑣!
+ 𝑇$ +

𝐿%
𝑣!

𝑇! : delivery cycle time, min/del; 
𝑇" : time to load at load station, min; 
𝐿# : distance the vehicle travels between load and unload station, m; 
𝑣! : carrier velocity, m/min; 
𝑇$ : time to unload at unload station, min; 
𝐿% distance the vehicle travels empty until the start of the next delivery 
cycle, m. 



Mathematical equations 

Workload is defined as the total amount of work, expressed in terms of 
time, that must be accomplished by the material transport system in 1 
hr. This can be expressed as 

𝑊𝐿 = 𝑅! 𝑇"

𝑊𝐿 : workload, min/hr; 
𝑅! : specified flow rate of total deliveries per hour for the system, 
deliveries/hr; 
𝑇" : delivery cycle time, min/del. 



Mathematical equations 

With these factors defined, the available time per hour per vehicle can 
now be expressed as 60 min adjusted by 

𝐴𝑇 = 60 𝐴 𝐹# 𝐸$

𝐴𝑇 : available time, min/hr per vehicle; 
𝐴 : availability; 
𝐹# : traffic factor, 
𝐸$ : worker efficiency. 



Mathematical equations 

The number of vehicles required to accomplish this workload can be 
written as 

𝑛" =
𝑊𝐿
𝐴𝑇

or

𝑛" =
𝑅!
𝑅%&

𝑛" : number of carriers required, 
𝑅!:  total delivery requirements in the system, deliveries/hr; 
𝑅%& : delivery rate per vehicle, deliveries/hr per vehicle 



Example : Consider the AGVS layout in figure. Vehicles travel counterclockwise 
around the loop to deliver loads from the load station to the unload station. Loading 
time at the load station = 0.75 min, and unloading time at the unload station = 0.50 
min. The following performance parameters are given: vehicles peed=50m/min, 
availability=0.95, and traffic factor=0.90. Operator efficiency does not apply, so Ew = 
1.0. Determine (a) travel distances loaded and empty, (b) ideal delivery cycle time, 
and (c) number of vehicles required to satisfy the delivery demand if a total of 40 
deliveries per hour must be completed by the AGVS. 

Solution :
(a) Ignoring effects of slightly shorter 
distances around the curves at corners of 
the loop, the values of Ld and Le are readily 
determined from the layout to be 110 m 
and 80 m, respectively. 



Solution

(b) Ideal cycle time per delivery per vehicle is

𝑇" = 𝑇' +
'!
&"
+ 𝑇( +

'#
&"
= 0.75 + ))*

+*
+ 0.5 + ,*

+*
= 5.05 𝑚𝑖𝑛

(c) To determine the number of vehicles required to make 40 
deliveries/hr, compute the workload of the AGVS and the available 
time per hour per vehicle

𝑊𝐿 = 𝑅! 𝑇" = 40 3 5.05 = 202 𝑚𝑖𝑛/ℎ𝑟

𝐴𝑇 = 60 𝐴 𝐹# 𝐸$ = 60 3 0.95 3 0.90 3 1.0 = 51.3
𝑚𝑖𝑛
ℎ𝑟

𝑝𝑒𝑟 𝑣𝑒ℎ𝑖𝑐𝑙𝑒



Solution

Therefore, the number of vehicles required is

𝑛" =
-.
/0

= 1*1
+),3

= 3,94 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠

This value should be rounded up to 4 vehicles, since the number of 
vehicles must be an integer. 



AGV Brands



AS/RS
MATERIAL HANDLING SYSTEM 



Automated storage/retrieval system

An automated storage/retrieval 
system (AS/RS) can be defined 
as a storage system that 
performs storage and retrieval 
operations with speed and 
accuracy under a defined 
degree of automation.



Automated storage/retrieval system

Automated storage/retrieval 
systems are custom designed 
for each application, although 
the designs are based on 
standard modular components 
available from each respective 
AS/RS supplier.



Automated storage/retrieval system

An AS/RS consists of one or
more storage aisles that are
each serviced by a
storage/retrieval (S/R) machine.
The aisles have storage racks for
holding the stored materials.
The S/R machines are used to
deliver material to the storage
racks and to retrieve materials
from the racks.



Automated storage/retrieval system

A carousel system uses storage 
baskets attached to a chain-
driven conveyor that revolves 
around an oval track loop to 
deliver the baskets to a 
load/unload station, 



Automated storage/retrieval system

AS/RS usually consists of
conveyors, storage racks SR
and automated S/R
machine that can travel
along narrow aisles
between the SR to store
and retrieve loads.



Various System Concepts for AS/RSs



Types of AS/RS

• Unit load AS/RS: is used to store and retrieve loads that are palletized 
or stored in standard-sized containers 
• Mini load System: This system is designed to handle small loads such 

as individual parts, tools, and supplies that are contained in bins or 
drawers in the storage system.
• Man-on-board: This system allows storage of items in less than unit-

load quantities.
• Deep –lane AS/RS : This is a high-density unit load storage system that 

is appropriate for storing large quantities of stock



Components and operating Features of an 
AS/RS
Virtually all of the fixed- aisle automated storage/retrieval systems 
described earlier consist of the following components: 
(1) storage structure, 
(2) S/R machine, 
(3) storage modules (e.g., pallets for unit loads), 
(4) one or more pickup-and-deposit stations. 

In addition, a control system is required to operate the AS/RS .



Components of AS/RS 

An AS/RS normally consists of: 
• Storage structure
• Storage and retrieval machine 
• Storage modules
• Pick-up and deposit stations 

Some of the special features of 
AS/RS are: 
• Aisle transfer cars
• Full/empty bin detectors
• Sizing stations
• Load identification stations 



FF-flow-rack AS/RS

The FF-flow-rack AS/RS include 
the following components: a deep 
rack composed of multitude 
sloping bins, which uses a 
gravitational conveyor equipped 
with rolling wheels to allow the 
sliding of products by gravity from 
the storage to the picking side of 
the system.



Classic flow-rack AS/RS

The particularity of this system is 
that it used a two S/R machines, 
one move from the pickup station 
to a bin in the storage side of the 
rack to load items, and the 
second move from a bin in the 
retrieval face to the drop off 
station to pick items.



AS/RS Analysis

The total capacity of one storage aisle depends on the number of its 
storage compartments and their horizontal and vertical arrangement. 
This is expressed as: 

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑝𝑒𝑟 𝑎𝑖𝑠𝑙𝑒 = 2 𝑛4𝑛5

𝑛4 : the number of load compartments along the length of the aisle
𝑛5 : the numer of load compartments that make up the height of the 
asile.



AS/RS Rack Structure Analysis

One aisle of the rack structure of the 
AS/RS:
Width : 𝑊 = 3(𝑥 + 𝑎)
Length : 𝐿 = 𝑛4 (𝑦 + 𝑏)
Height : 𝐻 = 𝑛5 (𝑧 + 𝑐)
𝑥, 𝑦, 𝑧 : the dimentions of the unit load
𝑎, 𝑏, 𝑐 : allowances designed into each 
load compartment to provide clearance 
for the unit load and to account for the 
size of the supporting beams in the rack 
structure.



Example : A unit load AS/RS is being designed to store 1000 pallet loads 
in a distribution center located next to the factory. Pallet dimensions are 
x=1000 mm y=1200 mm and the maximym height of a unit load 1300 
mm. The AS/RS will consist of two aisles with one S/R machine per aisle, 
length of the structure should be approximately five times its height, 
and the rack structure will be built 500 mm above floor level. Using the 
allowances a=150 mm, b=200mm c=250 mm determine the width, 
length, and height of the AS/RS rack structure.

𝑛4𝑛5 =
1
2
1000
2 𝑎𝑖𝑠𝑙𝑒

= 250

𝐿 = 𝑛4 𝑦 + 𝑏 = 𝑛4 1.2 + 0.2 = 1.4𝑛4
𝐻 = 𝑛5 𝑧 + 𝑐 = 𝑛5 1.3 + 0,25 = 1,55𝑛5



Solution

Given the specification : ⁄𝐿 𝐻 = 5
1.4 𝑛4
1.55𝑛5

= 5 → 𝑛4 = 5.536 𝑛5
𝑛4𝑛5 = 5.536 𝑛5𝑛5 = 250 → 𝑛5 = 6.72 ~7.0

𝑛4 =
250
7

= 35,71 ~ 36

Width : 𝑊 = 3 𝑥 + 𝑎 = 2 3 3 1.0 + 0,15 = 6.9 𝑚
Length : 𝐿 = 𝑛4 𝑦 + 𝑏 = 36 1,2 + 0,2 = 50,4 𝑚
Height : 𝐻 = 𝑛5 𝑧 + 𝑐 + 0.5 = 7 1,3 + 0,25 + 0.5 = 11.35 𝑚



Communications PC between AS/RS and AGV

For the integration of the warehouse we should control it by means of our 
work station establishing a communication protocol between both. In the 
same way we should communicate the work station with control station of 
AGV.



AS/RS Brands



Manufacturing Systems



Group Technology
MANUFACTURING SYSTEMS



Group Technology

Group Technology (GT) is a 
manufacturing philosophy in 
which similar parts are 
identified and grouped 
together to make advantage 
of their similarities in design 
and production.



Cellular manufacturing

Cellular manufacturing is grouping 
the production equipment into 
machine cells, where each cell 
specializes in the production of a 
part family.
Similar parts bare arranged into 
part families, where each part 
family possesses similar design 
and/or manufacturing 
characteristics.



A brief history

In 1925 : R. Flanders presented a paper that described a way of 
organizing manufacturing at Jones and Lamson Machine Company that 
would today be called group technology. 
In 1937 :  A. Sokolovskiy described the essential features of group 
technology by proposing that parts of similar configuration be 
produced by a standard process sequence.
In 1949, A. Korling presented a paper on “group production,” whose 
principles are an adaptation of production line techniques to batch 
manufacturing. 



A brief history

In 1959 : S. Mitrofanov published a book titled 
Scientific Principles of Group Technology. 
H. Opitz, studied parts manufactured by the 
German machine tool industry and developed 
the well-known parts classification and coding 
system for machined parts that bears his name.



Part family

A part family is a collection of parts that are similar either because of 
geometric shape and size or because similar processing steps are 
required in their manufacture.
The parts within a family are different, but their similarities are close 
enough to merit their inclusion as members of the part family.



Grouping part familiy

There are three general methods for solving part families grouping. All 
the three are time consuming and involve the analysis of much of data 
by properly trained personnel.
The three methods are:
• Visual inspection.
• Parts classification and coding.
• Production flow analysis.



Parts classification and Coding

Chain-type structure (a polycode), 
in which the interpretation of each 
symbol in the sequence is always 
the same, it does not depend on 
the value of the preceding 
symbols.



Coding structure

A part coding scheme consists of symbols that identify the part’s design 
and/or manufacturing attributes. The symbols in the code can be all 
numeric, all alphabetic, or a combination of both types. 
There are three basic code structures used in group technology 
applications: 
• Hierarchical structure 
• Chain type structure 
• Hybrid structure which is a combination of the above two 



Coding systems

Some of the coding systems that have been successfully implemented 
in process planning are given below: 
• OPITZ system
• The CODE system 
• The KK-3 system
• The MICLASS system 
• DCLASS system
• COFORM (coding for machining) 



Parts classification and Coding

Hierarchical structure, (a 
monocode), in which the 
interpretation of each successive 
symbol depends on the value of 
the preceding symbols.



Parts classification and Coding

Hybrid structure, a combination of 
hierarchical and chain-type 
structures



Group technology

Before applying group technology After applying group technology



Common GT cell configurations

Single machine cell (Type I M)
Single machine cell consists of one 
machine plus supporting fixtures and 
tooling.
This type of cell can be applied to 
workparts whose attributes allow 
them to be made on one basis type of 
process, such as turning or milling.



Common GT cell configurations

Group machine cell with 
manual material handling 
(Type II M generally,  Type III M 
less common) is an 
arrangement of more than one 
machine used collectively to 
produce one or more part 
families. 

The cell is often organized into
a U-shaped layout.



Common GT cell configurations

Group machine cell with semi-
integrated handling (Type II M 
generally, Type III M less 
common) uses a mechanized 
handling system, such as a 
conveyor, to move parts between 
machines in the cell.



Common GT cell configurations

Flexible manufacturing cell or 
flexible manufacturing system 
(Type II A generally, Type III A 
less common) combines a fully 
integrated material handling 
system with automated 
processing stations. 
The FMS is the most highly 
automated of the Group 
Technology machine cells.



FMS
MANUFACTURING SYSTEMS



Flexible manufacturing system

Flexible manufacturing system 
(FMS) is a manufacturing 
system with high degree of 
flexibility. It is developed due 
to the need to increase the 
productivity.
Flexibiliy can be defined as a 
collection of properties of a 
manfacturing system that 
supports changes in 
production activities or 
capabilities.



Flexible manufacturing system

An FMS is an automated, mid-volume, mid-variety, central computer-
controlled manufacturing system. 



Flexible manufacturing system

FMS consists of a group of 
programmable production 
machines integrated with 
autoamted material 
handling equipment and 
under the direction of a 
central controller to produce 
a variety of parts at non-
uniform production rates, 
batch size, and quantities.



Definition

FMS is a group of NC machine tools that can randomly process group of 
parts, having automated material handling and central computer 
control to dynamically balance resource utilization so that the system 
can adapt automatically to changes in parts production mixes, and 
levels of output.

(Kearney and Trecker Marwin)
A leader in Flexible Manufacturing Systems

Kearney and Trecker Marwin Ltd., Sales Literature, KTM Ltd., 
Brighton, England, 1985.



Definition

A flexible manufacturing system (FMS) can be defined as a computer-
controlled configuration of semi-independent work stations and a 
material handling system designed to efficiently manufacture more 
than one part type at low to medium volumes.

C. Draper, Flexible Manufacturing Systems Handbook, Automation and 
Management Systems Division, The Charles Stark Draper Laboratory, Inc., 
Noyes Publications, 1984. 



Components of FMS

There are three essential physical components of FMS: 
• standard numerically-controlled machine tools; 
• a convenyance network to move parts and perhaps tools
• an overall control system that coordinates the machine tools, the 

part-moving elements, and the workpieces



Flexible manufacturing system

A flexible manufacturing system is a 
automated machine cell, consisting 
of a group of processing 
workstations, interconnected with 
automated material handling and 
storage system.
The FMS is most suited for the mid-
variety, mid-volume production 
range.
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A brief history 

The FMS was first conceptualized for machining, and it required the 
prior development of NC.
Mid 1960s : this concept is credited to David Williamson.
Late 1960s : the first FMS machining system was installed at Ingersoll-
Rand company in Virginia.
1969 : Germany implemented its first FMS, in coorperation with the 
University of Stuttgart.
1972  : Russia and Japan implemented.



Benetifs of FMS

FMS’s are designed to provide a 
number of advantages over 
alternative approaches.



Types of flexibility

In a manufacturing system, various types of flexibility are needed to 
fulfill different requirements. Types of flexibility that are mostly 
discussed are
• Machine flexibility
• Routing flexibility
• Process flexibility
• Product flexibility
• Production flexibility
• Expansion flexibility



Machine flexibility

Machine flexibility refers to the capability of a machine to perform a 
variety of operations on a variety of part types and sizes. Machine 
felixibility can reduce the changeover frequency, setup time, and tool 
change time hence reduce the lead time and make the small lot size 
production more economic.
Machine flexibility is the basis for routing and process flexibility.



Routing flexibility

Routing flexibility provides the chances for a part to be manufactured 
or assembled along alternative routes. Routing flexibility is required to 
manage shop floow uncertainties caused by machien breakdown, tool 
error, controller failures and others.



Process flexibility

Process flexibility also called mix flexibiliy, refers to the ability to absorb 
changes in the product mix by performing similar operations or 
producing similar produces or parts on multipurpose, adaptable, CNC 
machining centers. 



Product flexibility

Product flexibility is reffered to the ability to change over to a new set 
of products economically and quickly in response to markets or 
engineering changes or even to operate a market-to-order basis.



Expansion flexibility

Expansion flexibility is reffered to the ability to change a manufacturing 
system with a view to accommodating a changed prodcut envelope. 



What makes it flexible ? 

Three capabilities that a manufacturing system must possess to be a 
flexible.

1. The ability to identify and distinguish among the
different part styles processed by the system

2. Quick changeover of operating instructions

3. Quick changeover of physical setup



Classification of FMS

Flexible manufacturing systems can be distinguished according to the 
number of machines in the system. 
The following are typical categories:

Single machine cell

Flexible manufacturing system

Flexible manufacturing cell



Single Machine Cell (SMC)

A SMC consists of one 
CNC machining center 
combined with a parts 
storage system for 
unattended operation.
Completed parts are 
periodically unloaded 
from the parts storage 
unit, and raw workparts
are loaded into it.



Flexible Manufacturing Cell (FMC)

A FMC consists of two 
or three processing 
workstations (typically 
CNC machining centers) 
plus a part handling 
system.
The part handling 
system is connected to a 
load/unload system.



Flexible Manufacturing Cell

A flexible manufacturing cell is a set of 
numerically controlled machines linked by a 
flexible material handling system ( e.g. 
robot , automated guided vehicle AGV ) all 
controlled by a computer system. 



Flexible Manufacturing Cell

This consists of a CNC lathe, a 
machining centre, a small 
automatic storage and retrieval 
system, two robots for loading 
and unloading the machines and 
a small rail guided vehicle to 
carry the component from one 
machine tool to another. 
The system is controlled by a 
PLC and a couple of personal 
computer. 



Flexible Manufacturing System (FMS)

FMS has four or more 
processing 
workstations connected 
mechanically by a 
common part handling 
system and 
electronically by a 
distributed computer 
system.



Types of FMS

• Sequential FMS
• Random FMS
• Dedicated FMS
• Engineered FMS
• Modular FMS



A Typical FMS 

• Automatic storage and retrieval system 
• CNC machines 
• Workpiece carriers (AGV’s) 
• Palletizing station 
• Washing station
• Tool presetting station 
• Computer control system 



FMS Layouts

Progressive (in-line) layout Closed loop layout



FMS layout

Rectangular layout Ladder layout



FMS layout

Open field layout Robot-centered cell



Comparision

Some of the 
distinguishing 
characteristics of the 
three categories of 
flexible manufacturing 
cell and systems are 
summarized.



FMS components



Components of FMS

• Automated manufacturing devices : include machining centers with 
automatic tool interchange ability, measuring machines, and washing 
machines. 
• Automated material handling system : inclues load/unload station, 

high-bay storage, buffers, robot and material transfer devices. The 
material transfer devices can be automatic guided vehicle, transfer 
line, robots, or the combination of these devices.
• Automated tool system : it is composed of tool setup devices, central 

tool storage, tool management systems, and tool transfer systems.
• Computer control system : it is composed of computers and control 

software.



Functions in Advanced FMS Control Software 



Sample FMS 



Computer Aided Quality Control



Computer Aided Quality Control

The quality control (QC) function has traditionally been performed 
using manual inspection methods and statistical sampling procedures. 
Quality control, which encompasses inspection, measurement and 
testing, is a vital part of any manufacturing activity and is applied to 
ensure consistently high quality in manufactured goods. 
Two major segments of computer-aided quality control are
• Computer-aided inspection (CAI) 
• Computer aided testing (CAT)



Objectives of CAQC

The objectives of computer-aided quality control are to: 
• Improve product quality 
• Increase productivity in the inspection process iii. Increase 

productivity
• Reduce lead-time 
• Reduce wastage due to scrap/rework 



CMM
QUALITY CONTROL SYSTEMS



Coordinate measuring machine

Coordinate measuring machine (CMM) 
is a device that measures the geometry 
of physical objects by sensing discrete 
points on the surface of the object with 
a probe. 
Various types of probes are used in 
CMMs, including mechanical, optical, 
laser, and white light.



Coordinate measuring machine

CMM is a computer controlled device
which can be programmed to inspect

- the dimensions
- positions
- form of features

of a machined component.



A brief history

In 1950s : Originally developed by Ferranti Company this 2-axis CMM 
used a 3D tracing device with a simple digital readout that displayed 
XYZ positions. Ferranti used its CMM to measure precision components 
for their military products. 
Early 1960s : The very first CMM made its appearance.
Later 1960s : Three-axis models were developed.



Coordinate measuring machine

A CMM consists of a 
constant probe that can be 
positioned in 3D space 
relative to the surface of a 
workpart, and the x, y, and z 
coordinates of the probe can 
be accurately and precisely 
recorded to obtain 
dimensional data concerning 
the part geometry.



Schematic representation of a CMM

These coordinate points are 
then registered in computer 
memory and processed with 
the build-in geometry analysis 
software to determine 
features’ dimensions and 
tolerances.



Modes of Operation

• Manual : CMM has a free floating probe that operator move along the 
machine’s three axes to establish contact with the part feature that 
accessing.
• Manual computer assisted : Add electronic digital displays for these 

machines, making zero setting, changing sign, converting unit, and 
printing out data easy and practical
• Motorized computer assisted : the operator manipulates the joysticks 

to bring the probe sensor into contact with the workpiece.
• Direct computer controlled : the fully automated CÖÖ allows operator 

to place the workpiece in a fixture/worktable, run a stored program, 
collect the data points and generate the output report.



Direct computer controlled

A program of Direct computer controlled (DCC) machine has three 
components :
Movement commands : direct the probe to the data collection oints.
Measurement command : compare the distance travelled with the 
standard built into the machine for that axes
Formatting command : translate the data into a form for display or 
print out



Direct computer controlled

There are two principle methods of programming Direct computer 
controlled measuring machines:
Manual leadthrough method: the operator leads the CMM probe 
through the various motors required in the ispection sequence, 
indicating the points and surfaces that are to be measured and 
recording these into the control memeory.
Off-line proramming : is accomplished in the manner of computer-
assited NC part programming. The program is prepared off-line based 
on the part drawing and then downloaded to ther CMM contorller for 
execution.



Probes

The contact probe indicates when 
contact has been made with the part 
surface during measurement. The tip 
of the probe is usually a ruby ball. 
Ruby is a form of corundum (aluminum 
oxide), whose desirable properties in 
this application include high hardness 
for wear resistance and low density for 
minimum inertia. 

Single tip Multiple tip



Types of probes

Contact probe Noncontact probe

• Touch-trigger probe
• Analog scanning probe

• Laser probe
• Video probe



Types of CMM

Cantilever CMMColumn CMM Gantry CMMBridge CMM Horizontal arm CMM



Bridge CMM

Bridge CMMs feature a probing system 
that moves along three axes: X, Y and Z; 
these axes are orthogonal to each other in 
a Cartesian coordinate system. 



Bridge CMM

Bridge CMMs can be divided into two CMM sub-types: 



Bridge CMM

Each axis has a sensor that monitors the 
probe’s position (in micrometres) as it 
moves along an object and detects 
points on the object’s surface. 
These points form what is called a point 
cloud, which “illustrates” the surface 
area users are interested in inspecting. 



Gantry CMM

Gantry CMMs are somewhat like bridge 
CMMs; however, they are usually much 
larger. Gantry CMMs are regularly used for 
very heavy or large parts.
Gantry CMMs must be mounted on a solid 
foundation, directly on the floor.



Gantry CMM

In a gantry type arrangement, arms 
are held by two fixed supports. Other 
two arms are capable of sliding over 
the supports. 
The gantry type construction is 
particularly suited for very large 
components and allows the operator 
to remain close to the area of 
inspection.



Cantilever CMM

A cantilever CMM differs from a 
bridge CMMS as the measuring 
head is only attached to one side 
of a rigid base. 
Cantilever CMMs provide open 
access to inspection technicians on 
all three sides for ease of 
operation.



Cantilever CMM

The cantilever construction combines 
easy access and relatively small floor 
space requirements. It is typically limited 
to small and medium sized machines. 
Parts larger than the machine table can 
be inserted into the open side without 
inhibiting full machine travel. 



Column type CMM

The column type machine is commonly 
referred to as a universal measuring 
machine rather than a CMM. These 
machines are usually considered gage 
room instruments rather than production 
floor machine.
The constructional difference in column 
type with the cantilever type is with x and 
y-axes movements. 



Horizontal arm CMM

Horizontal arm CMMs, have 
horizontally mounted probes as 
opposed to vertically mounted 
probes like other CMMs. 
They are designed to measure 
long and thin objects that could 
not be inspected with vertical 
CMMs, like sheet metal. 



Horizontal arm CMM

Horizontal arm CMMs are also often used to inspect geometries that 
are difficult to reach. There are two types of horizontal arm CMMs:

Plate-mounted CMM Runway-mounted CMM



Portable measuring arm CMM

Portable measuring arm CMMs 
are coordinate measuring 
machines that can take 
measurements of parts right on 
shop floors, allowing for quick 
results and real-time analysis. 



Portable measuring arm CMM

As opposed to inspectors bringing 
components to a lab to be 
measured, technicians use an 
articulated arm, with either a six-
or seven-axis system, to measure 
components wherever required; 
this is particularly useful to analyze 
parts while still integrated into 
their fixtures or assemblies. 



Non-contact CMM

The non-contact CMM inspects a part 
by observing it with a video camera, 
analyzing the image and outputting the 
results. The construction of this CMM is 
similar to that of a conventional CMM. 
Some non-contact CMM’s operate using 
laser digitization technique. These are 
particularly suitable for measurement of 
complex 3-D surfaces. 



Optical CMM

Optical CMMs are portable non-
contact devices. These CMMs use an 
arm-free system with optical 
triangulation methods to scan and 
acquire 3D measurements of objects. 
Optical CMMs are ultra-fast and 
guarantee metrology-grade accuracy. 
Optical CMM scanners are 
particularly conducive Industry 4.0 
manufacturing.



Example : The part dimension 𝐿 in figure is to be measured. The 
dimension is aligned with the x-axis, so it can be measured using only x-
coordinate locations. When the probe is moved toward the part from 
the left, contact is made at 𝑥 = 68.93mm. When the probe is moved 
toward the opposite side of the part from the right, contact is made at 
𝑥 = 137.44 mm. The probe tip diameter is 3.00 mm. What is the 
dimension 𝐿? 
Solution : Given that the probe tip 
diameter 𝐷# = 3.00 mm, the radius 
𝑅# = 1.50mm. Each of the recorded 
x values must be corrected for this 
radius: 𝑥) = 68.93 + 1.50 =
70.43 𝑚𝑚
𝑥1 = 137.44 − 1.50 = 135.94 𝑚𝑚
𝐿 = 𝑥) − 𝑥1 = 135.94 − 70.43
= 65.51𝑚𝑚



CMM Software

The programming of the machine 
or the software of the system 
enables the CMM to reach its full 
potential for accuracy, precision 
and speed.



CMM Software

Contour programs allow the CMM to quickly define detailed, complex 
nongeometric shapes such as gear, cams, and injection molds.

These programs can be 
used to compare the 
measurement data with 
a CAD model.



CMM Softwares



Computer Aided Quality Control
QUALITY CONTROL SYSTEMS



Computer-aided quality assurance

Computer-aided quality 
assurance (CAQ) is the 
engineering application of 
computers and computer 
controlled machines for the 
definition and inspection of the 
quality of products. 



A brief history

1985 : Ulrich Rembold first advanced system view of quality control and 
hierarchical framework and function of Computer Aided Quality 
Control system. 
1987 : Tuttle generalized the concept of Computer Aided Quality 
System (CAQ System) that is widely accepted. 



Computer Aided Quality Control

The computer aided quality system 
consists of 4 components:
• Quality planning
• Inspection and quality data collection
• Quality assesment and control
• Integrated quality management.



Quality planning

The quality planning system completes two kinds of functions :
• Computer aided product quality planning
• Inspection plan generating.

According to the historical quality situation, production technology 
status, the computer aided product quality planning first determines 
the quality aims, assigns responsibility and resources to every step.



Inspection and quality data collection

The computer aided inspection 
method, generates quality 
handbook and determines 
inspection procedures and 
standards according to quality 
aims, product model and 
inspection devices.
The computer aided quality 
inspection and quality data 
collection gets quality data during 
different phases.



Quality assesment and control

Quality assesment and control fulfils 
the tasks of manufactuing process 
quality assessment and control, 
supply part and supplier quality 
assessment and control. 



Integrated quality management

Integrated quality management includes the functions of quality cost 
analysis and control, inspection device management quality index 
statistics and analysis, quality decision making, tool ana fixture 
management, quality personal management, and product using quality 
problem feedback information store and quality problme back track 
into manufacturing steps.



CIM Related Topics



Virtual manufacturing
CIM RELATED TOPICS



Virtual Manufacturing 

With the advance of computer technology, VR systems could contribute 
efficiently in various applications. Virtual manufacturing (VM) is one of 
the applications of applying VR technology in manufacturing 
applications. 
Virtual manufacturing is defined as a computer system which is capable 
of generating information about the structure, status, and behaviour of 
a manufacturing system as can be observed in a real manufacturing 
environment. 



Virtual Manufacturing 

Virtual manufacturing is a 
computer-based technology 
for defining, simulating, and 
visualizing the manufacturing 
process early in the design 
stage, when some, if not all, 
manufacturing-related issues 
can be detected and 
addressed.

Bharath V.G, R. Patil. Virtual Manufacturing: A Review, 
International Journal of Engineering Research & 
Technology (IJERT), 3, 17, 2015



Definition
Environment: supports the construction, provides tools, models, equipment, 
methodologies and organizational principles, 
Exercising: constructing and executing specific manufacturing simulations using the 
environment which can be composed of real and simulated objects, activities and 
processes, 
Enhance: increase the value, accuracy, validity, 
Levels: from product concept to 
disposal, from factory equipment to the 
enterprise and beyond, from material 
transformation to knowledge 
transformation, 
Decision: understand the impact of 
change (visualize, organize, identify 
alternatives).



Virtual manufacturing 

Virtual reality applications in manufacturing have been classified into 
three groups; 
• operations management, 
• manufacturing processes, 
• design 



Virtual manufacturing

Virtual manufacturing can be classified into three paradigms:
Design-centred VM provides an environment for designers to design 
products and to evaluate the manufacturability and affordability of 
products.
Production-centred VM provides an environment for generating 
process plans and production plans, for planning resource 
requirements, and for evaluating these plans.
Control-centred VM offers an environment for engineers to evaluate 
new or revised product designs for the shop floor related activities. 



Virtual manufacturing

Design-centred virtual manufacturing provides manufacturing 
information for the designer in the design stage. 
Production-centred virtual manufacturing uses simulation technology 
to optimize the manufacturing process during the production planning 
period. 
Control-centred virtual manufacturing uses a machine control model in 
simulations, the goal of which is process optimization during actual 
production.



Virtual manufacturing

The technical support for virtual 
manufacturing includes input/output 
and relative computer hardware, 
software technology and electronic 
technology integrated with hardware 
systems.



Virtual manufacturing systems

Virtual manufacturing 
system is a representation 
of the complex real 
manufacturing system, 
consisting of various 
interacting, interrelated, 
and interdependent sub-
systems and processes 
represented by abstract 
models.



Virtual machining process



Data mining
CIM RELATED TOPICS



Data mining

Data mining has emerged as 
an important tool for 
knowledge acquisition in 
manufacturing databases.
The major data mining 
functions to be performed 
include characterization and 
description, association, 
classification, prediction, 
clustering and evolution 
analysis.



The general data mining process in 
production management



Data mining

The term data mining is often 
used to refer to the entire 
knowledge discovery process 
(perhaps because the term is 
shorter than knowledge 
discovery from data). 
Data mining is the process of 
discovering interesting patterns 
and knowledge from large 
amounts of data.



Data mining

The purpose of data mining is to
discover patterns in data so that
this knowledge can be applied to
problem solving. 
Analytical data mining integrated
with powerful visualizations
presents new pathways to
knowledge discovery. 



Development process of DMTs



Classification of data mining

Y.Cheng, K.Chen, H.Sun, Y.Zhang, F.Tao. Data and knowledge mining with big data towards 
smart production, Journal of Industrial Information Integration



Knowledge discovery in databases

Knowledge discovery in databases (KDD) and data mining (DM) become 
extremely important tools in realizing the objective of intelligent and 
automated data analysis. 
Data mining is a particular step in the process of KDD, involving the 
application of specific algorithms for extracting patterns (models) from 
data.



Knowledge Discovery and Data Mining in 
Manufacturing Systems Environment



An iterative sequence of the steps

STEP 1 : Data cleaning (to remove noise and inconsistent data) 
STEP 2 : Data integration (where multiple data sources may be combined)
STEP 3 : Data selection (where data relevant to the analysis task are retrieved 
from the database) 
STEP 4 : Data transformation (where data are transformed and consolidated 
into forms appropriate for mining by performing summary or aggregation 
operations)
STEP 5 : Data mining (an essential process where intelligent methods are 
applied to extract data patterns) 
STEP 6 : Pattern evaluation (to identify the truly interesting patterns 
representing knowledge based on interestingness measures.
STEP 7 : Knowledge presentation (where visualization and knowledge 
representation techniques are used to present mined knowledge to users)



Steps

Steps 1 through 4 are different 
forms of data preprocessing, where 
data are prepared for mining. 
The data mining step may interact 
with the user or a knowledge base. 



Data mining adopts techniques from many 
domains



Database Data

A database system, also called a 
database management system (DBMS), 
consists of a collection of interrelated 
data, known as a database, and a set of 
software programs to manage and 
access the data. 



Database Data

A relational database is a collection of tables, each of which is assigned 
a unique name. 
Each table consists of a set of attributes (columns or fields) and usually 
stores a large set of tuples (records or rows). 
Each tuple in a relational table represents an object identified by a 
unique key and described by a set of attribute values. 
A semantic data model, such as an entity-relationship (ER) data model, 
is often constructed for relational databases.



Data warehouse

A data warehouse is a repository of information collected from multiple 
sources, stored under a unified schema, and usually residing at a single 
site. 
Data warehouses are constructed via a process of data cleaning, data 
integration, data transformation, data loading, and periodic data 
refreshing.
A data warehouse integrates data originating from multiple sources and 
various timeframes.



Framework of data warehouse



Data cube

A data cube is a multidimensional 
data structure to model the data 
warehouse.
A data cube provides a 
multidimensional view of data 
and allows the precomputation 
and fast access of summarized 
data.



Multi-dimensional data cube structure



On-Line Analytical Processing 

On-Line Analytical Processing (OLAP) operations allow the navigation of 
data at different levels of abstraction, such as drill-down, roll-up, slice, 
dice, etc.



Abrrivations
AGV Automated Guided Vehicle
AS/RS Automated storage/retrieval system
BRP Business process reengineering
CAI Computer-aided inspection
CAQC Computer Aided Quality Control
CAT Computer aided testing
CIB Computer Integrated Business 
CIMS Computer integrated 

manufacturing system 
CMM Coordinate Measuring Machines
DCC Direct computer controlled
FMC Flexible Manufacturing Cell

FMS Flexible manufacturing system
ICAM Integrated Computer-Aided 

Manufacturing
KDD Knowledge discovery in databases 
MIS Management information system
MAS Manufacturing Automation System
OLAP Online analytical processing
PUMA Programmable Universal

Machine for Assembly
SCARA Selective Compliant Assembly Robot 

Arm 
SMC Single Machine Cell 
VAL Variable Assembly Language


