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THE NEW
INDUSTRIAL
REVOLUTION:
UNDERSTANDING
AUTOMATION
PRODUCTION
SYSTEMS AND
COMPUTER
INTEGRATED
MANUFACTURING

The  manufacturing
floor of the twenty-first
century  bears  little
resemblance  to  the
assembly  lines  of  the

past.  Today,  the  hum
of  machinery  is  often
accompanied  by  the
silent  flow  of  data,  the
quiet logic of software,
a n d  t h e  p r e c i s e ,
tireless  movements  of
robotic  arms.  This
t ransformat ion  i s
driven by two powerful,
i n t e r c o n n e c t e d
concepts: Automation
Production  Systems
a n d  C o m p u t e r
I n t e g r a t e d
Manufacturing  (CIM).
Together,  they  form
t h e  b a c k b o n e  o f
m o d e r n  s m a r t
factories,  enabling
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unprecedented  levels
of  efficiency,  quality,
and  flexibility.  For
businesses  looking  to
remain  competitive  in
a  g l o b a l  m a r k e t ,
understanding  the
synergy between these
two  domains  is  no
longer  optional—it  is
essential.  This  article
p r o v i d e s  a
c o m p r e h e n s i v e
exploration  of  these
technologies,  their
components,  their
benefits, and the future
they are shaping.

WHAT ARE
AUTOMATION
PRODUCTION
SYSTEMS?

A t  i t s  c o r e ,  a n
A u t o m a t i o n
Production  System
refers  to  the  use  of
control  systems,  such
a s  c o m p u t e r s  o r
robots, and information
technologies to handle
p r o c e s s e s  a n d

m a c h i n e r y  i n  a n
industry,  replacing
human  intervention.
The primary goal is to
increase  productivity,
improve  quality,  and
reduce  labor  costs.
These  systems  range
from  simple,  fixed
automation  used  for
mass  production  to
highly  flexible,
programmable systems
capable  of  handling
s m a l l  b a t c h e s  o f
customized products.

Types of
Automati
on in
Productio
n
Understanding  the
different  types  of
automat ion  he lps
clarify how they fit into
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the broader Computer
I n t e g r a t e d
M a n u f a c t u r i n g
framework:

Fixed
Automation:
This is the
domain of high-
volume, low-
variety
production. The
sequence of
processing
operations is
fixed by the
equipment
configuration. A
classic example
is a machining
transfer line in
the automotive
industry, where a
series of
workstations
perform specific
operations on a
part as it moves
along a
conveyor. While
extremely
efficient for mass
production, fixed

automation lacks
flexibility.
Programmable
Automation: In
this type, the
production
equipment is
designed with
the capability to
change the
sequence of
operations to
accommodate
different product
configurations.
The program of
instructions is
changed, but the
physical setup of
the machine may
also need to be
altered. This is
ideal for batch
production. Think
of a CNC
machine: it can
be programmed
to cut a different
shape for a new
batch of parts.
Flexible
Automation:
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This represents
the highest level
of automation in
production
systems. It
combines the
high productivity
of fixed
automation with
the flexibility of
programmable
automation. The
system can
handle a variety
of parts without
any time lost for
changeovers
from one product
to the next. This
is a key
characteristic of
modern
Automation
Production
Systems
Computer
Integrated
Manufacturing
setups, where
robots and
automated
guided vehicles

(AGVs)
seamlessly
switch between
tasks based on
real-time
commands from
a central
computer.

UNDERSTANDING
COMPUTER
INTEGRATED
MANUFACTURING
(CIM)

Whi le  automat ion
focuses on the physical
act  of  product ion,
Computer Integrated
Manufacturing  is  the
strategic  framework
that  ties  everything
together.  CIM  is  the
philosophy  of  using
computers  to  control
t h e  e n t i r e
manufacturing process.
This  includes  not  just
the  production  floor,
b u t  a l s o  d e s i g n ,
planning,  purchasing,
inventory  control,  and
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d i s t r ibu t ion .  The
"integration"  part  is
c ruc ia l .  I t  means
breaking  down  the
bar r ie rs  between
departments  so  that
information  flows
seamlessly  from  the
initial  design  concept
a l l  the  way  to  the
finished  product
shipping  out  the  door.

The Core
Compone
nts of CIM
A  s u c c e s s f u l  C I M
implementation  relies
o n  s e v e r a l  k e y
technologies  working
in  concert:

Computer-1.
Aided Design
(CAD):
Engineers use
CAD software to
create detailed
3D models of

products. This
data is the digital
DNA of the
product.
Computer-2.
Aided
Manufacturing
(CAM): CAM
software uses
the CAD model
to generate the
toolpaths and
instructions
needed for
automated
machinery, like
CNC mills or
robots, to
manufacture the
part. This is a
direct link
between design
and Automation
Production
Systems.
Computer-3.
Aided Process
Planning
(CAPP): This
software helps
determine the
most efficient
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sequence of
steps and
resources
required to
manufacture a
part.
Manufacturing4.
Resource
Planning (MRP
II): An integrated
information
system that
manages
inventory,
production
scheduling,
capacity
planning, and
procurement.
Shop Floor5.
Control: This
system monitors
and controls the
actual activities
on the factory
floor, tracking
work orders,
machine status,
and labor.

THE SYMBIOTIC

RELATIONSHIP:
AUTOMATION
PRODUCTION
SYSTEMS AND
COMPUTER
INTEGRATED
MANUFACTURING

It is a common mistake
to  view  Automation
Production  Systems
a n d  C o m p u t e r
I n t e g r a t e d
Manufacturing  as
separate  entities.  In
reality, they are deeply
i n t e r d e p e n d e n t .
Automation  provides
the  "muscle"—the
physical  robotic  arms,
CNC  machines,  and
automated  conveyors
that do the work. CIM
provides the "brain and
nervous  system"—the
software,  databases,
and networks that tell
the muscle what to do,
when to do it, and how
to  coordinate  with
other  par ts  o f  the
body.
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W i t h o u t  C I M ,  a n
automated system is a
collection of "islands of
automation."  A  robot
on  the  assembly  line
might  be  fas t  and
p r e c i s e ,  b u t  i t  i s
working  in  a  silo.  It
doesn't  know  if  the
parts  it  needs  are  in
stock, if the design has
been changed, or if the
cus tomer ' s  o rder
priority  has  shifted.
Computer Integrated
M a n u f a c t u r i n g
i n t eg ra tes  t hese
islands into a cohesive
whole. For example, a
c u s t o m e r  o r d e r
(entered  through  an
E R P  s y s t e m )  c a n
automatically  trigger
the  MRP  system  to
check  inventory.  If
parts  are  missing,  a
purchase  order  i s
issued.  The  CAD/CAM
system downloads the
correct  part  geometry
to  the  CNC  machine.
The  shop  floor  control

system  schedules  the
job and directs an AGV
to  de l iver  the  raw
material.  The  robotic
cell  then  executes  its
program.  This  entire
chain  of  events,  from
order  to  shipment,  is
orchestrated  by  the
CIM  framework.

KEY
TECHNOLOGIES
DRIVING MODERN
CIM AND
AUTOMATION

T h e  m o d e r n
i n c a r n a t i o n  o f
A u t o m a t i o n
Production  Systems
Computer Integrated
Manufacturing  is
often  referred  to  as
Industry  4.0  or  the
Smart Factory. Several
advanced technologies
are  accelerating  this
trend:
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The
Internet
of Things
(IoT) and
Industrial

IoT (IIoT)
Sensors  embedded  in
machines,  conveyors,
and  even  products
themselves generate a
constant  stream  of
real-time  data.  This
I I o T  d a t a  i s  t h e
l i f e b l o o d  o f  C I M ,
providing visibility into
machine  performance
( O E E ) ,  e n e r g y
consumption,  and
production  progress.
Th is  data  enables
p r e d i c t i v e
maintenance,  where  a
machine signals that a
component is about to

fail, allowing for repair
dur ing  schedu led
downtime rather than a
c a t a s t r o p h i c ,
unplanned stoppage.

Artificial
Intelligen
ce (AI)
and
Machine
Learning
AI  algorithms  analyze
the  vast  amounts  of
data generated by IoT
sensors  to  identify
patterns  and  optimize
processes.  Machine
learning can be used to
fine-tune  robot
m o v e m e n t s  f o r
maximum  speed  and
minimal energy use, or
t o  d e t e c t  s u b t l e
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anomalies  in  product
quality  that  would  be
invisible to the human
eye. AI-powered vision
systems  are  now  a
staple of quality control
within  Automation
Production  Systems.

Cloud
Computin
g and
Edge
Computin
g
C l o u d  p l a t f o r m s
provide  the  scalable
storage and processing
power needed for CIM
software. However, the
need  for  real-t ime
decision-making on the
factory  floor  requires
edge  comput i ng ,

w h e r e  d a t a  i s
processed locally on a
gateway or server near
the machines, reducing
latency.

Digital
Twins
A  d ig i ta l  tw in  i s  a
virtual  replica  of  a
physical  production
system. Engineers can
simulate  changes  to
the line—adding a new
robot,  changing  the
layout,  optimizing  the
workflow—within  the
digital  twin  before
making  any  physical
changes.  This  saves
t ime,  money ,  and
reduces risk, making it
a powerful  tool  in  the
d e s i g n  a n d
o p t i m i z a t i o n  o f
Computer Integrated
M a n u f a c t u r i n g
systems.



10

10 Automation Production Systems
Computer Integrated Manufacturing

2022-10-05

Collabora
tive
Robots
(Cobots)
Unl ike  t radi t ional
industrial  robots  that
are  caged  off  for
safety,  cobots  are
des igned  to  work
a longs ide  human
workers.  They  are
equipped with sensors
that  stop  them  upon
contact. This allows for
a  hybrid  production
model  where  humans
handle  tasks  requiring
dexterity and decision-
making,  while  cobots
handle  repetit ive,
h e a v y ,  o r
e r g o n o m i c a l l y
challenging tasks. This
h u m a n - r o b o t
collaboration  is  a  key
part of modern, flexible

A u t o m a t i o n
Production Systems.

KEY BENEFITS OF
IMPLEMENTING
CIM AND
AUTOMATION

The  investment  in
A u t o m a t i o n
Production  Systems
Computer Integrated
Manufacturing  is
significant,  but  the
return  on  investment
can  be  transformative.

Increased
Productivity
and
Throughput:
Automated
systems can
operate 24/7
without fatigue,
dramatically
increasing
output. CIM
minimizes
downtime by
optimizing
scheduling and
enabling
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predictive
maintenance.
Improved
Product Quality
and
Consistency:
Automation
eliminates
human error
from repetitive
tasks. CIM
ensures that
every part is
made to the
exact same
specification,
with real-time
quality feedback
loops allowing for
immediate
correction.
Greater
Flexibility: In a
modern CIM
environment,
changing a
product design or
introducing a
new product can
be done largely
through software
changes, rather

than retooling
the factory floor.
This reduces
time-to-market.
Reduced Labor
Costs: While a
skilled workforce
is still required,
CIM and
automation
reduce the need
for human labor
in dangerous,
dirty, and dull
tasks, lowering
direct labor costs
and improving
workplace safety.
Better Data
and Decision
Making: CIM
provides
management
with a single
source of truth
for all
manufacturing
data. This
enables better
forecasting, cost
analysis, and
strategic
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planning.
Reduced Lead
Times: Because
information flows
seamlessly
between design,
planning, and
production, the
time between
receiving an
order and
shipping the
product is
drastically
reduced.

CHALLENGES AND
CONSIDERATIONS
FOR
IMPLEMENTATION

Despite the compelling
benefits,  the  path  to  a
f u l l y  i n t e g r a t e d
A u t o m a t i o n
Production  Systems
Computer Integrated
M a n u f a c t u r i n g
environment is fraught
with challenges.
High  Initial  Capital
Investment:  The cost

of  robots,  sensors,
software  licenses,  and
network  infrastructure
is substantial. This can
be a  barrier  for  small
and  medium-sized
enterprises  (SMEs).
I n t e g r a t i o n
C o m p l e x i t y :
Connecting  legacy
equipment  to  modern
C I M  s o f t w a r e  i s
notoriously  difficult.
Many  older  machines
are "dumb" and do not
have  the  necessary
communication  ports
(like OPC-UA or MQTT).
Retrofitting  them  can
be  expensive.
Cybersecurity  Risks:
The more connected a
factory  is,  the  more
vulnerable  i t  i s  to
c y b e r a t t a c k s .  A
ransomware attack on
a CIM system can halt
production  entirely.
Robust  cybersecurity
protocols  are  non-
negotiable.
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Workforce  Skil ls
Gap:  Implementing
and maintaining these
advanced  systems
requires  a  workforce
with  sk i l l s  in  data
sc ience,  sof tware
engineering,  robotics,
a n d  s y s t e m s
integration.  Finding
and  reta in ing  th is
t a l e n t  i s  a  m a j o r
challenge.
Cultural  Resistance:
Employees  may  fear
that  automation  will
replace  their  jobs.
S u c c e s s f u l
i m p l e m e n t a t i o n
requires  significant
change  management,
retraining, and a clear
c o m m u n i c a t i o n
s t r a t e g y  t h a t
e m p h a s i z e s  h o w
t e c h n o l o g y  w i l l
augment,  not  replace,
the human workforce.

THE FUTURE OF
THE SMART

FACTORY

The  t ra j ec to ry  o f
A u t o m a t i o n
Production  Systems
Computer Integrated
Manufacturing  is
t o w a r d  g r e a t e r
a u t o n o m y  a n d
intelligence.  We  are
moving  from a  model
of "automation" (doing
a  pre-programmed
task)  to  "autonomy"
(the system making its
own decisions).
The  factory  of  the
future will  be a highly
r e s i l i e n t ,  s e l f -
optimizing  ecosystem.
I t  w i l l  b e  a b l e  t o
respond  instantly  to
s u p p l y  c h a i n
d i s r u p t i o n s — f o r
example,  a  machine
might  automatically
adjust  its  production
schedule  when  a  raw
material  shipment  is
delayed.  The  human
role  will  shift  further
towards  supervision,
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strategic thinking,  and
creat ive  problem-
solving. The concept of
"mass  personalization"
w i l l  b e c o m e
commonplace,  where
each  product  off  the
line  can  be  unique,
made in a batch size of
one,  with  no  efficiency
penalty.  This  is  the
ultimate  promise  of  a
t r u l y  i n t e g r a t e d
Computer Integrated
M a n u f a c t u r i n g
system,  powered  by
flexible,  intelligent
automation.

CONCLUSION

The  integrat ion  of
A u t o m a t i o n
Production  Systems
w i t h  C o m p u t e r
I n t e g r a t e d
M a n u f a c t u r i n g
r e p r e s e n t s  a
fundamental  shift  in

how businesses design,
produce,  and  deliver
goods.  It  is  a  journey
from  isolated,  rigid
p r o c e s s e s  t o  a
connected,  flexible,
a n d  i n t e l l i g e n t
enterprise.  While  the
p a t h  r e q u i r e s
significant  investment
and strategic planning,
the destination is clear:
a  m a n u f a c t u r i n g
operation that is more
efficient,  more
resilient,  more  agile,
and more competitive.
A s  t e c h n o l o g y
continues to evolve at
a  breathtaking  pace,
the  organizations  that
embrace  this  holistic,
data-driven  approach
to  production  will  be
the  ones  that  define
t h e  i n d u s t r i a l
landscape for  decades
to come.


