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Chap. 1a – Introduction to PLCs

...

 Chap. 1b – PLC Programming languages

Standard languages (IEC-1131-3):

Ladder Diagram; Instruction List, and Structured Text.

Software development resources.

...

Chap. 1c - GRAFCET (Sequential Function Chart)

Syllabus:
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PLC Programming Languages

(IEC 61131-3)

Ladder Diagram

Instruction List

Structured Text

Sequential Function Chart

(GRAFCET)

LD %M12

AND %I1.0

ANDN %I1.1

OR %M10

ST %Q2.0

If  %I1.0  THEN

  %Q2.1 := TRUE

ELSE

  %Q2.2 := FALSE

END_IF

1

Direita

(1) m

2

3

(2) b

(3) p

4

(2) a

Carrega

Esquerda
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Basic Instructions

Load

P

N

Open contact: contact is active (result is 1)

while the control bit is 1.

Close contact: contact is active (result is 1)

while the control bit is 0.

Contact in the rising edge: contact is active during a scan cycle 

where the  control bit has a rising edge.

Contact in the falling edge: contact is active during a scan cycle 

where the  control bit has a falling edge.

:=

:=NOT

:=RE

:=FE

Structured Text

Examples:   %M0:=%I0.2.0;   %M0:=NOT %I0.2.0; %M0:=RE(%I0.2.0);

Recall PLC languages pattern:

1. Load, Store, Logic, Functions

2. Timers, counters

3. Flow (if-then-else, routines, …)
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Store

The result of the logic function activates the coil.

The inverse result of the logic function activates the coil.

The result of the logic function energizes the relay 

(sets the latch).
S

R
The result of the logic function  de-energizes the relay 

(resets the latch)..

Basic Instructions

:=

:=NOT

SET

RESET

Structured Text

Examples:   %MW100:=123; %Q0.4.0:=NOT %M1; %M0:=TRUE; SET(%Q0.4.0);
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AND

AND(NOT...)

AND(FE...)

AND(RE...)

AND

AND of the operand with the result of

 the previous logical operation.

AND of the operand with the inverted 

result of the previous logical operation.

AND of the rising edge with the result 

of the previous logical operation.

AND of the falling edge with the result

of the previous  logical operation.

P

N

Basic Instructions

Structured Text
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OR

P

N

Basic Instructions

OR of the operand with the result of the previous 

logical operation.

OR of the operand with the inverted result of the 

previous logical operation.

OR of the rising edge with the result of the

previous logical operation.

OR of the falling edge with the result of the

previous logical operation.

OR

OR(NOT...)

OR(FE...)

OR(RE...)

Structured Text
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Examples:

Structured Text

%Q0.4.3 := %I0.2.1 OR %M1;

%Q0.4.2 := %M2 OR (NOT %I0.2.2);

%Q0.4.4 := %I0.2.3 OR RE(%I0.2.4);

%Q0.4.5 := %M3 OR FE(%I0.2.5);

Unity Pro (Premium PLC):

PL7 (Micro PLC):

Logic Expressions
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A very common programming error, both in LD and ST:

See bellow %m0 is FALSE but

    we get %m11 and %m10 = TRUE, why?

See bellow %m0 is TRUE but

    we get %m10 and %m11 = FALSE, why?

Ladder (LD)

Struct. Text (ST)

Ladder (LD)

Struct. Text (ST)
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Structured Text

The instantaneous contacts change state as soon as the timer coil is powered.

The delayed contacts change state at the end of the time delay.

Temporized Relays or Timers (pneumatic)
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Timers

TON mode

App. example: start ringing the alarm if N 

sec after door open there is no disarm of the 

alarm.

TOF mode

TP mode

App. example: turn off stairways lights after N 

sec the lights’ button has been released.

App. example: positive input 

edge give a controlled 

fixed-duration pulse to 

start a motor.
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Temporized Relays

or Timers

Structured Text
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(* One timer that auto-restarts *)

TON_0 (IN := NOT(TON_0.Q)(*BOOL*),

       PT := t#1s (*TIME*));

(* Two timers forming a cascade,

   the sequence auto-restarts  *)

TON_1 (IN := NOT(TON_2.Q) (*BOOL*),

       PT := t#2s (*TIME*) );

TON_2 (IN := TON_1.Q (*BOOL*),

       PT := t#3s (*TIME*) );

(* use TON_0 to make %mw100 cycle in 0..9 

*)

IF TON_0.Q THEN

  %mw100 := %mw100 +1;

END_IF;

IF %mw100>=10 THEN

  %mw100 := 0;

END_IF;

(* use %mw100 to light %m11 and %m13 *)

IF %mw100 < 5 THEN

  %m11 := false;

  %m13 := true;

ELSE

  %m11 := true;

  %m13 := false;

END_IF;

Exercise: In the two cascaded timers say (approximately) the time TON_1.Q is ON 

and the time it is OFF.

One or Two timers in Unity Pro (ST)

Note: This example is the same as was shown for Ladder
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Some applications...

Structured Text

Counters
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Counters in Unity Pro

CU "0" to "1" => CV is incremented by 1

CD "0" to "1" => CV is decremented by 1

CV ≥ PV => QU:=1

CV ≤ 0  => QD:=1

R=1 => CV:=0      LD=1 => CV:=PV

R has precedence over LD

CU "0" to "1" => CV is incremented by 1 

CV ≥ PV => Q:=1

R=1   =>  CV:=0

NOTE: counters are saturated such that no overflow occurs

Structured Text



                   Page 21

IST / DEEC / MAPI Chap. 1b - PLC Programming languages

Counters in Unity Pro

Structured Text:Ladder:

Structured Text



Numerical Processing

Algebraic and Logic Functions
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Structured Text



Arithmetic Functions for Words
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Numerical Processing

Structured Text



Example:

Arithmetic functions
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Structured Text

IF %M0 THEN

%MW0 := %MW10 + 100;

END_IF;

IF %I3.2 THEN

%MW0 := SQRT(%MW10);

END_IF;

IF RE(%I3.3) THEN

INC(%MW100);

END_IF;

Numerical Processing

Exercise:

In this page is shown the conversion 

of LD operate blocks to ST;

Can you give an example of 

converting an LD compare block?
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Logic Functions
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Structured Text



Logic Functions
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Example, conversion Ladder to Structured Text

Numerical Processing

IST / DEEC / MAPI

Structured Text

In ST you write expressions for 

the outputs:
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Structures for Control of Flux

Structured Text

IF ... THEN ... ; [[ ELSIF ...  THEN ; ] ELSE ... ; ] END_IF; (*  Unity Pro *)

Note: In PL7 one writes ELSEIF while in Unity Pro one writes ELSIF

PL7
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Structures for Control of Flux:    WHILE

Structured Text

Example:

(                    )
(        )

Word of caution: do not wait on an input that may take long to happen

(e.g. a switch pressed by a person) as the PLC watchdog may timeout.
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Structures for Control of Flux

Structured Text

REPEAT ... UNTIL

FOR ... DO

EXIT to abort the execution of a

structured flux control instruction

Example:



                   Page 37

IST / DEEC / MAPI Chap. 1b - PLC Programming languages

Structured Text

Note: in Unity Pro, both in Structured Text and Instruction List,  the conventional 

array indexing (e.g. %MW100[%MW1]) is disabled by default. To enable it, go to the 

project settings, menu Tools -> Project Settings. See the grayed region in the next 

figure:

Numerical Tables
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Structured Text

Example

(* Mark in memory the data logging will be happening *)

IF %MW97 = 0 THEN

  %MW97 := 12345;

  %MW98 := 12345;

  %MW99 := 2010; (* Matlab matrix 2 x 10 *)

END_IF;

(* Create a word collecting all inputs *)

(* "acc" datatype is INT *)

acc:=0;

IF %i0.2.15 THEN inc(acc); END_IF; acc:= ROL(acc,1);

IF %i0.2.14 THEN inc(acc); END_IF; acc:= ROL(acc,1);

IF %i0.2.13 THEN inc(acc); END_IF; acc:= ROL(acc,1);

IF %i0.2.12 THEN inc(acc); END_IF; acc:= ROL(acc,1);

IF %i0.2.11 THEN inc(acc); END_IF; acc:= ROL(acc,1);

IF %i0.2.10 THEN inc(acc); END_IF; acc:= ROL(acc,1);

IF %i0.2.9 THEN inc(acc); END_IF; acc:= ROL(acc,1);

IF %i0.2.8 THEN inc(acc); END_IF; acc:= ROL(acc,1);

IF %i0.2.7 THEN inc(acc); END_IF; acc:= ROL(acc,1);

IF %i0.2.6 THEN inc(acc); END_IF; acc:= ROL(acc,1);

IF %i0.2.5 THEN inc(acc); END_IF; acc:= ROL(acc,1);

IF %i0.2.4 THEN inc(acc); END_IF; acc:= ROL(acc,1);

IF %i0.2.3 THEN inc(acc); END_IF; acc:= ROL(acc,1);

IF %i0.2.2 THEN inc(acc); END_IF; acc:= ROL(acc,1);

IF %i0.2.1 THEN inc(acc); END_IF; acc:= ROL(acc,1);

IF %i0.2.0 THEN inc(acc); END_IF;

(* Save the word and the scan cycle time, 10x each *)

(* "scan_cycle_num" datatype is INT *)

scan_cycle_num := scan_cycle_num +1;

IF acc <> last_acc AND %MW96<20 THEN

  %MW100[%MW96] := scan_cycle_num;

  %MW96 := %MW96+1;

  %MW100[%MW96] := acc;

  %MW96 := %MW96+1;

  last_acc := acc;

END_IF;

Memory based 

logging

Uses:

%MW96..%MW99 aux data, 

%MW100..%MW139 buffer

Other variables:

acc, last_acc, 

scan_cycle_num
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Structures for Control of Flux

Subroutines 

 Call and Return
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Structured Text

Not executed if %mw5 is 

larger than 3

%mw5 > 3
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Structures for Control of Flux

Subroutines 

 Call and Return

Structured Text

-- main code:
%mw1 := 0;

SR10();

%mw2 := 0;

SR10();

-- SR10 code:
inc( %mw1 );

inc( %mw2 );

SR12();

-- SR12 code:
inc( %mw2 );

Exercise, compute end of scan cycle values of %mw1 and %mw2 given the 

following code for main, SR10 and SR12

Solution: %mw1=2 and %mw2=2

Exercise 2: expand the code, so that subroutines are not used.
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There are other advanced instructions (see manual)

• Monostable

• Registers of 256 words 

(LIFO ou FIFO)

• DRUMs

• Comparators

• Shift-registers

Structured Text

• Casting

%MW104 := BOOL_TO_INT( %i0.3.0 AND %i0.3.4 );

IF INT_TO_BOOL(%MW203)

THEN SET(%q0.3.18);

ELSE RESET(%q0.3.18);

END_IF;

• ...

• Functions to manipulate 

floats

• Functions to convert bases 

and types
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Prof. José Gaspar

PLC Programming languages

Common Programming Errors

Modeling and Automation of

Industrial Processes

Modelação e Automação de Processos Industriais / MAPI
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1. Multiple writes to one output in 

the same scan cycle



                   Page 49

IST / DEEC / MAPI Chap. 1b - PLC Programming languages

All this code is executed in 1 single scan cycle

Real outputs are what the 

hardware connected to the 

PLC see and what you see on 

screen.

Detail: The first assignment
%m10 := %m0;

is overwritten by the second
%m10 := %m1;

A very common programming error:
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A very common programming error, both in LD and ST:

Example 1, unexpected TRUE:

    See bellow %m0 is FALSE but

    we get %m11 and %m10 = TRUE, why?

Example 2, unexpected FALSE:

    See bellow %m0 is TRUE but

    we get %m10 and %m11 = FALSE, why?

Ladder (LD)

Struct. Text (ST)

Ladder (LD)

Struct. Text (ST)
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2. Timers in subroutines not running 

are not reset
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False %m0 is making  false %m11, as expected.

However, we also see

False %m0 and  True %m12.  Why is %m12 True?
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(*

   After declaring a timer in FB instances, PT needs to be set.

   Setup timer to start on %M0 and timeout on %M10.

   Note: no need to include arg ET of type TIME.

*)

TON_0 (IN := %m0  (*BOOL*),

       PT := t#3s (*TIME*),

       Q  => %m10 (*BOOL*));

(* Use timer to timeout also on %m11 *)

TON_0 (Q => %m11 (*BOOL*));

(* Use timer name "as a structure" *)

%m12 := TON_0.Q;

(* Use a separate call to reset timer *)

if %m1 then

  TON_0( IN := False );

end_if;

(* Auto reset if %m3 is True. Use it to toggle %M13. *)

if %m3 AND %m10 then

  TON_0( IN := False );

  %m13 := NOT(%m13);

end_if;

(* Use a separate call to redefine PT *)

if %m2 then

  TON_0( PT := t#1s );

end_if;

One timer can be called multiple times
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Prof. José Gaspar

Modeling and Automation of

Industrial Processes

Modelação e Automação de Processos Industriais / MAPI

PLC Programming languages

Structured Text - Networking
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PLC Configuration
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PLCs having a network card always imply some 

configuration.

Examples of full network configuration can be found 

online, e.g.:

https://www.youtube.com/watch?v=W73QGpTJ79s

https://www.youtube.com/watch?v=W73QGpTJ79s
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min config to

avoid setting the

"Communication"

section of the 

project



                   Page 59

IST / DEEC / MAPI Chap. 1b - PLC Programming languages

Networking, MODBUS
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BUS, Ethernet, TCP/IP, MODBUS, …

To see in the lab:
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from https://en.wikipedia.org/wiki/Fieldbus (May 2020)

used in 

our labs

recent 

(2003, 

2010)
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Structured Text

Networking (in Unity Pro)

Keywords:  MODBUS

 READ_VAR,  WRITE_VAR

MODBUS is a serial communications protocol originally published by 

Modicon (now Schneider Electric) in 1979 for use with its programmable 

logic controllers (PLCs). Simple and robust, it has since become a de facto 

standard communication protocol, and it is now a commonly available means 

of connecting industrial electronic devices.

Examples of Field Bus (IEC 61158) standards: MODBUS (Schneider), 

PROFIBUS (Field Bus type, Siemens), CAN bus (Controller Area Network, 

1983 Robert Bosch GmbH), ...
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Structured Text

Modbus RTU — Binary representation of the data for protocol 

communication. Includes CRC. Modbus messages are framed (separated) by 

idle (silent) periods.

Modbus ASCII — Makes use of ASCII characters for protocol 

communication.

Modbus TCP/IP or Modbus TCP — Modbus variant for communications 

over TCP/IP networks, connecting over port 502.

RTU = Remote Terminal Unit

MTU = Main Terminal Unit

CRC = Cyclic Redundancy Check

TCP = Transmission Control Protocol

ASCII = American Standard Code for Information Interchange
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Modbus             Function type                          Function name / Function code

Bit access

Physical Discrete Inputs Read Discrete Inputs 2

Internal Bits or Physical Coils
Read Coils 1

Write Single Coil 5

Function 

Code
Function Request Normal Response

1 Read Coil Status
Address of first coil to read (2 bytes).

Number of coils to read (2 bytes).

Number of bytes of coil values to follow (1 byte). Coil values 

(8 coils per byte).

2 Read Input Status
Address of first discrete input to read (2 bytes).

Number of discrete inputs to read (2 bytes).

Number of bytes of discrete input values to follow

(1 byte). Discrete input values (8 discrete inputs per byte).

3 Read Holding Registers
Address of first register to read (2 bytes).

Number of registers to read (2 bytes).

Number of bytes of register values to follow (1

byte). Register values (2 bytes per register).

4 Read Input Registers
Address of first register to read (2 bytes).

Number of registers to read (2 bytes).

Number of bytes of register values to follow (1

byte). Register values (2 bytes per register).

5 Force/Write Single Coil
Address of coil (2 bytes). Value to force/write: 0 for OFF 

and 65,280 (FF 00 in hexadecimal) for ON.
Same as request.

6
Write Single Holding

Register

Address of holding register to write (2 bytes).

New value of the holding register (2 bytes).
Same as request.

15 Force/Write Multiple Coils

Address of first coil to force/write (2 bytes).

Number of coils to force/write (2 bytes).

Number of bytes of coil values to follow (1 byte).

Coil values (8 coil values per byte).

Address of first coil (2 bytes).

Number of coils (2 bytes).

16 Write Multiple Holding Register

Address of first holding register to write (2 bytes).

Number of holding registers to write (2 bytes).

Number of bytes of register values to follow (1 byte).

New values of holding registers (2 bytes per register).

Address of first written

holding register (2 bytes).

Number of written holding

registers (2 bytes).
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Modbus, send a message (Matlab) :

Modbus, see the message (Wireshark) :
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