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Lecture 1 
3rd

Systems and Control Engineering 

Lecturer : Yazen Hudhaifa Shakir

By the end of this Lecture should know:

What is Automation 
Brief Introduction to Classic Control 
Reading schematic diagrams according (NEMA and IEC standards)
What is PLC and Its Hardware 
I/Os for PLC 
Types of Signals 
Numbering systems 
PLC Programming Languages 
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Automation (increase efficiency and productivity at work.)

Industrial automation:  is the use of 
control systems, such as computers or 
robots, and information technologies 
for handling different processes and 
machineries in an industry to replace a 
human being. 

automation:  is the creation and 
application of technologies to produce 
and deliver goods and services with 
minimal human intervention.

Automation Pyramid 

These five levels can 
classify all the processes 
through manufacturing 
from the field to the 
complete management of a 
factory or a plant in order 
to say that this system is 
automated should go 
within this criteria 
accordingly.  
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Case study ( Asphalt Mixing plant)

 some calculations 
such displaying 
weight, temperature, 
total tonnage. 

 set cycle (batch) time, 
gates open close 
timing, alarms, etc. 

 Storing  and displaying  
data as per different 
parameters. 

 display reports

Classic Control ( أنظمة التحكم التقليدي)
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Classic Control ( أنظمة التحكم التقليدي) VS PLC 

 Use relays , timers , switches and 

contactors 

 Difficult to adaption or 

modification is expensive 

 Large space required for the 

control circuits 

 Consume more power 

 Vibrations lead to frequent 

maintenance for relays 

 Noisy 

 Need more experience to 

maintain 

Control Panel 
components 

(POWER CIRCUIT) اولا دائرة القوى (CONTROL CIRCUIT) ثانيا دائرة التحكم

moulded case circuit 
breaker (MCCB)

miniature circuit 
breakers (MCBs)
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What is PLC 

• PLC stands for “Programmable Logic Controller”. 
A PLC is a computer specially designed to 
operate reliably under harsh industrial 
environments – such as extreme temperatures, 
wet, dry, and/or dusty conditions. 

• PLCs are used to automate industrial processes 
such as a manufacturing plant’s assembly line, 
an ore processing plant, or a wastewater 
treatment plant. 
(https://www.electrical4u.com/)

• a PLC can perform discrete and continuous 
functions that a PC cannot do, and a PLC is 
much better suited to rough industrial 
environments.

Five  common components of the PLC unit

1. Power Supply

2. Processor

3. Rack/Mounting (A rack is 
used to assemble different 
components of a PLC at a 
one place. )

4. Input Assembly (AI,DI)

5. Output Assembly (AO, DO)
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Advantages of PLC 

• Advanced technology.

• Less wiring compared with 
classic control

• Compactness.

• Increased reliability.

• More flexibility.

• Communication capability.

• Faster response time.

NEMA Vs IEC

• There are two primary languages 
in the world of electric motors: 
NEMA in North America, which 
stands for the National Electrical 
Manufacturers Association, and 
IEC, which stands for the 
International Electromechanical 
Commission and is used in most 
of the rest of the world. 

• https://www.nema.org/standards

• NEMA and IEC standards use 
different terms, though they are 
very similar in ratings, often to 
the point of being 

interchangeable. 
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I/O for PLC 

• Digital Inputs: 
The input to the PLC normally will be 24 
VDC or might be 110 V AC or 220 AC in 
condition that the signal voltage 
compatible with input module.

Digital inputs are binary inputs (0 or 1) 
that are applied to the PLC. Binary 
inputs are basically voltages, varying 
from 5V to 230V depending upon the 
type of card used. In simple words, any 
push-button, switches or sensors 
produces digital inputs to a PLC
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I/O for PLC 
• Analog Inputs:
The Analog Input Module (AIN) is a key 
subsystem in the PLC. AINs come in many 
variations to condition real world physical 
parameters, such as, Temperature, Pressure, 
Force, or Strain. Typically, these AIN inputs are 
command signals in both voltage (e.g. ±10V , 
0-10V or 0-5V) and current form (e.g. 4-
20mA).

It can be divided into: 
a) Voltage-Mode Analog Inputs 

b) Current-Mode Analog Inputs  

I/O for PLC 
• PLC-system analog outputs—

commonly used to control 
actuators, valves, and motors in 
industrial environments—employ 
standard analog output ranges 
such as ±5 V, ±10 V, 0 V to 5 V, 
0 V to 10 V, 4 to 20 mA, or 0 to 
20 mA. ... The first uses a 
dedicated DAC in each channel 
to generate its analog control 
voltage or current.
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I/O for PLC ( Digital Outputs)

• Digital outputs are binary 
outputs (0 or 1) from the 
PLC. It is a processed control 
output from the PLC to the 
field. It is used to ON or OFF 
any piece of field equipment. 
DO is like a contact of a relay 
when the pre-programmed 
conditions are satisfied the 
contacts are closed.

Analog devices are a bit more 
complicated because they 
have an infinite number of 
possible conditions.

To illustrate, a fan is a digital 
device if it can be turned 
either on or off. 

But, what if the fan can be 
adjusted for any speed from 
Off to On? In that case, the 
fan is an analog device 
because it has an infinite 
number of possible speeds.
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Numbers in PLC (decimal number system) 
• The decimal number system is the number system 

we use everyday, from counting to simple math like 
checking store recepts.

• The word 'deci' means 10, therefore there are ten 
numbers (digits) in the decimal number system. The 
valid numbers in a base 10 number system are: 

0, 1, 2, 3, 4, 5, 6, 7, 8, 9

• All number systems have a 'base'. The base is the 
same as the number of valid numbers in the system. 
Since the decimal number system has 10 valid 
numbers it is a 'base 10' number system. The base is 
also referred to as a 'radix' and in the PLC/PAC 
software the user can change the radix (base) of the 
numbers for display purposes.

• A decimal number showing its base would be 
written: 25710 or 257d

• Where the small letter 'd' designates that it it a 
decimal number. We normally do not write the base 
on decimal numbers. If the base is not displayed the 
number is assumed to be a decimal number.

Numbers in PLC (Binary (2)) 
• Computers, including PLCs, use the 

Base 2 numbering system called 
Binary or Boolean. There are only 
two valid digits in Base 2: 0 and 1 
(OFF and ON). 

• Each digit in the Base 2 system, when 
referenced by a computer, is called a 
bit. When four bits are grouped 
together, they form what is known as 
a nibble. 

• Eight bits—or two nibbles—is a byte. 
Sixteen bits – or two bytes – is a 
word (Table 1). Thirty-two bits—or 
two words—is a double-word.
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Hexadecimal Numbers (16)
• As you have probably noticed, the 

Binary numbering system is not very 
easy to interpret. 

• For a few bits, it is easy, but larger 
numbers tend to take up a lot of 
room when writing them down and it 
is difficult to keep track of the bit 
position while doing the conversion. 

• That is where using an alternate 
numbering system can be an 
advantage. One of the first 
numbering systems used was 
Hexadecimal, or Hex for short.



1/19/2026

12

Octal Numbers (8)

• The Octal numbering 
system is similar to the 
Hexadecimal system in 
the interpretation of the 
bits (Table 5). The 
difference is the 
maximum value for Octal 
is 7, since it is a Base 8.

• For example, 638 is equal 
to 5110 or (6*81 + 3*80) or 
(4810 +310).

BCD Numbers
• The BCD numbering system, 

like Octal and Hexadecimal, 
relies on bit-coded data (Table 
6). It is Base 10 (Decimal), but 
it is Binary Coded Decimal. 
There is a big difference 
between BCD and Binary, as 
we will see later.

• One plus of BCD coding is that 
it reads like a Decimal number, 
whereas 867 BCD would mean 
867 Decimal. No conversion is 
needed. However, as with all 
things computer related, there 
are snags to worry about
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PLC Programming Languages 

• Ladder Diagram (LD)

• Sequential Function Charts (SFC)

• Function Block Diagram (FBD)

• Structured Text (ST)

• Instruction List (IL)



13/03/2022

Lecture 2
3rd

Systems and Control Engineering 

Lecturer : Yazen Hudhaifa Shakir

#Basic Ladder Logic  
& I/O Mapping

1

What is a Ladder Diagram  

• Ladder diagrams are also called line 
diagrams or elementary diagrams.

• Ladder diagrams are used to represent 
the function of the control circuit and 
associated devices but they don't 
show the components of the control 
circuit and their actual physical 
positions.

• As control circuit becomes more 
complex while a ladder diagram can be 
less complicated to read than a wiring 
or connection diagram.

• Connection diagrams or wiring 
diagrams shows the components of 
the control circuit in a resemblance of 
their actual physical location.

2
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Examples 

S7-200 PLC LOGO PLC 
3

Anatomy of a Ladder Program
 Input instructions are 

entered on the left
Output instructions are 

entered on the right
The power rails simulate 

the power supply lines
 L1 and L2 for AC circuits 

and +24v and ground for 
DC  circuits

Most PLCs allow more 
than one output per rung

Note: The basic sequence is altered whenever jump
or subroutine instructions are executed.

4
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A 3-rung example ladder program

Rung 
No.

5

Logic Functions

• PLC programming is a logical procedure

• In a PLC program, “things” (inputs and 
rungs) are either TRUE or FALSE

• If the proper input conditions are 
TRUE:

• The rung becomes TRUE and an output 
action occurs(for example, a motor 
turns on)

• If the proper input conditions are not 
TRUE: The rung becomes FALSE and an 
output action doesn't occur

6



13/03/2022

AND Gate ( Logic Function)

• TRUE (1)- switch ON
• FALSE (0)- switch off
• In order to get an 

output all the inputs 
related  must be on 
state or (1) 

7

OR Gate ( Logic Function)

8
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Logic Functions - Exclusive OR
• In addition to ANDing and 

ORing, the Exclusive OR 
(XOR) is also useful. 

• When the inputs are 
DIFFERENT, the XOR 
output is true

9

NOT Gate Implementation 

• N.C. CR Contact Controlling a 
Lamp with NOT logic

10
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Logical Continuity – Example 1

• Logical continuity in a 
ladder rung occurs when 
there is a continuous 
path of TRUE conditions 
from the left power rail 
to the output 
instruction(s)

• When there is logical 
continuity, the rung 
becomes true and the 
output becomes 
energized

11

Logical Continuity – Example 2

12
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Logical Continuity vs. Electrical Continuity

 Electrical continuity in an input circuit, 
occurs when there is a complete path 
for current to flow.
 A PLC input circuit is a simple series 

circuit consisting of a:
 Power supply,
 Switch, and a
 Load

When there is electrical continuity, a bit 
in the PLCs  memory (sometimes called 
the input image table) is set to a 1.

13

Electrical Continuity

• When pressing push button 
electricity flows from +24 V 
side to COM as indicated in 
red colour. 

• (Normally open (N.O.) 
pushbutton [shown pushed]

14
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Logical vs. Electrical Continuity

15

I/O Mapping

Every discrete input is assigned to a 
specific bit in the PLC’s memory 
(input image table)
 If there is electrical 
continuity, the bit is set to a 1
 If there is no electrical 
continuity, the bit is reset to a 0

Every discrete output is assigned to 
a specific bit in the PLC’s memory 
(output image table) 
In order for an output to turn 
on, its associated bit must first 
be set to a 1

16
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I/O Mapping

• Note: Bit addresses are 
given in octal for an Allen-
Bradley PLC-5 system

17
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