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Abstract— A programmable logic controller (PLC) or 

programmable controller is a digital computer used for 

automation of electromechanical processes, such as control 

of machinery on factory assembly lines, light fixtures or 

amusement rides. PLCs is basically the delegation of human 

control function to technical equipment for increasing 

productivity, increasing quality, reducing cost, increasing  

safety in working condition. Unlike general purpose 

computers, the PLC is designed for multiple inputs and 

output arrangements, extended temperature ranges, immune 

to electrical noise and resistance to vibration and impact. 

Programs to control machine operation are typically stored 

in battery backed- up or non-volatile memory. A PLC is an 

example of a hard real time system since output results must 

be produced in response to input conditions within a limited 

time, otherwise unintended operation will result. The 

development of the embedded PLC is proposed here with 

the combination of the LabVIEW software and the ARM 

Microcontroller. The flexibility of the proposed PLC makes 

it relatively easy and less costly. The ARM microcontroller 

is selected to develop embedded PLC because it is widely 

used across many embedded designs due to its low price, 

low power consumption, and wide variety of peripherals for 

many of the major silicon vendors. In addition, the 

LabVIEW Embedded Module for graphical programming to 

ARM microcontroller is used with the application of 

irrigation system for water sprinkling in agriculture field. 
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I. INTRODUCTION 

Programmable logic controllers (PLCs) are manufactured 

and sold by many vendors across the world. Each of them 

have their different software and hardware, they also have a 

different way of programming, addressing, communicating 

with the PLC even though they all use the same 

programming languages from the IEC 61131-3 standard. So 

a person who is master of a particular PLC will have to learn 

the other PLC from the start in order to use it which is very 

time consuming and costly (cost of the training). Moreover 

problems and obstacles in the use of traditional PLC is the 

rapid pace of PLC technological development, with new 

models and innovations continually being introduced by 

manufacturers. The switch from the old technology to the 

new technology is time consuming and costly. The above 

stated problems can be solved by the proposed embedded 

PLC as it gives us the flexibility to incorporate new 

technology in the old system just by changing the software 

part as ARM is a reconfigurable device. This will save cost 

on buying new technology and training on that technology. 

Also the programming is very easy due to use of LabVIEW. 

Any engineer with basic knowledge of PLC will be able to 

use it and design systems using this embedded PLC. 

II. PROGRAMMABLE LOGIC CONTROLLER (PLC) 

A programmable logic controller (PLC) or programmable 

controller is a digital computer used for automation of 

electromechanical processes, such as control of machinery 

on factory assembly lines, light fixtures or amusement rides. 

Unlike general-purpose computers, the PLC is designed for 

multiple inputs and output arrangements, extended 

temperature ranges, immunity to electrical noise, and 

resistance to vibration and impact. Programs to control 

machine operation are typically stored in battery-backed-up 

or non-volatile memory. A PLC is an example of a hard real 

time system since output results must be produced in 

response to input conditions within a limited time, otherwise 

unintended operation will result. The basic structure of a 

programmable logic controller has four main functional 

blocks as shown in fig. 1. [1,2] 

 Processor 

 Input Module 

 Output Module 

 Programming software 

 
Fig. 1: Basic Structure of Programmable Logic Controller 

(PLC) 

A. Processor 

The processor is a computer that executes a program to 

perform the operations specified in a ladder diagram or a set 

of Boolean equation . The processor performs arithmetic and 

logic operations on input variable data and determines the 

proper state of the output variables. The processor functions 

under a permanent supervisory operating system that directs 

the overall operations from data input and output to 

execution of user programs. The processor, being a 

computer, can only perform one operation at a time. That is, 

like most computers, it is a serial machine. Thus, it must 

sequentially sample each of the inputs, evaluate the 

functional block diagram, provide each output, and then 

repeat the whole process. The speed of the processor is 

important. 

B. Input Module 

The input module examines the state of physical switches 

and other input devices and put their state into a suitable 

form for the processor. The PLC is able to accommodate a 

number of inputs, called channels. The input state systems 

are often designed to provide 0 or 110V ac to the input 

module. This type of connections uses that switches or relay 
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control. If the switch is closed, the input will be 110V ac, 

and if open, the input will be 0 V ac. The input module 

converts this into the 1 or 0 state needed by the processor. 

The input module has a certain number of channels per 

module. Each channel is often equipped with an indicator 

light to show if the particular input is ON or OFF. 

C. Output Module 

The output module supply ac power to external devices such 

as motors, lights, solenoids, and so on, just as required in the 

functional block diagram. The output module accepts a 1 or 

0 input from the processor and uses this to turn ON or OFF 

an ac power-control device such as a TRIAC. In this sense, 

the output module is a solid-state relay. Programmable 

Controllers also are designed with output modules to 

provide other outputs, such as dc voltages or variable-rate 

pulse outputs (such as would be required by a stepping 

motor). An output module can have one or several channels 

per unit. Each channel is usually provided with an indicator 

light to show whether that particular channel is being driven 

ON or OFF. [2] 

D. Programming Software 

The logic in which the processor has to process the input 

and produce the desired output is loaded into the processor 

by programming through the programming software. All the 

PLC vendors have their own programming software‟s for 

their PLC‟s. Some software‟s support one language and 

some support all the languages.  

III. PROGRAMMING LANGUAGES 

IEC 61131-3 currently defines five programming languages 

for programmable control systems:[2]  

 LD (Ladder diagram) 

 FBD (Function block diagram) 

 ST (Structured text, similar to the Pascal 

programming language) 

 IL (Instruction list, similar to assembly language) 

 SFC (Sequential function chart) 

A. Ladder Diagram (LD) 

It programming is commonly used in the industry and even 

in the academics. It is a symbolic and schematic way of 

representing both the system hardware and the process 

controller. It is called a ladder diagram because the various 

circuit devices connected in parallel across the ac line from 

something that looks like a ladder, with each parallel 

connection a ”rung” on the ladder [5]. 

 
Fig. 2: Ex-OR gate representation in a ladder diagram 

 In the construction of a ladder diagram, it is 

understood that each rung of the ladder is composed of a 

number of conditions or input states and a single command 

output. The nature of the input states determines whether the 

output is to be energized or not energized. Special symbols 

are used to represent the various circuit elements in a ladder 

diagram. fig.2 shows a ladder diagram representation of the 

Ex-OR gate. The output “O” will be energized only if either 

of the input A or B will be 1 and other will be 0.[3] 

B. Function block diagram (FBD) 

It is used for PLC programs described in terms of graphical 

blocks. It is described as being a graphical language for 

depicting signal and data flows through blocks, these being 

reusable software elements. A function block is a program 

instruction unit which, when executed, yields one or more 

output values. Thus a block is represented in the manner 

shown in fig. 3 with the function name written in the 

box.[2,3]  

 
Fig. 3: Function Block 

 A function block is depicted as a rectangular block 

with inputs entering from the left and outputs emerging from 

the right. The function block type name is shown in the 

block. Names of function block inputs are shown within the 

block at the appropriate input and output points. 

C. Structured Text (ST) 

It is a programming language that strongly resembles the 

programming language PASCAL. Programs are written as a 

series of statements separated by semicolons. The 

statements use predefined statements and subroutines to 

change variables, these being defined values, internally 

stored values or inputs and outputs. Assignment statements 

are used to indicate how the value of a variable it to be 

changed, e.g. Motor := SwitchA;  is used to indicate that a 

motor is to have its „value‟ changed, i.e. switched on or off, 

when switch A changes its „value‟, i.e. is on or off. [4-6] 

D. Instruction List (IL) 

It is a programming method, which can be considered to be 

the entering of a ladder program using text. Instruction list 

gives programs which consist of a series of instructions, 

each instruction being on a new line. An instruction consists 

of an operator followed by one of more operands, i.e. the 

subjects of the operator. In terms of ladder diagrams an 

operator may be regarded as a ladder element. Each 

instruction may either use or change the value stored in a 

memory register. For this, mnemonic codes are used, each 

code corresponding to an operator/ladder element. [4-6] 

E. Sequential Function Chart (SFC) 

It is used for a pictorial representation of a system‟s 

operation to show the sequence of the events involved in its 

operation. The operation is described by a number of 

separate sequentially connected states or steps which are 

represented by rectangular boxes, each representing a 

particular state of the system being controlled. Each 

connecting line between states has a horizontal bar 

representing the transition condition that has to be realized 

before the system can move from one state to the next. Two 

steps can never be directly connected; they must always be 

separated by a transition. Two transitions can never directly 

follow from one to another; they must always be separated 

by a step. When the transfer conditions to the next state are 

realized then the next state or step in the program occurs. 

The process thus continues from one state to the next until 

the complete machine cycle is completed. [4-6]  
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IV. PROPOSED WORK 

The aims of the embedded PLC are that it must support the 

sub-disciplines of software engineering, computer 

programming and panel wiring. While the basic system must 

support digital I/O it should be expandable to support analog 

handling. The detailed objectives being that it must  

 Be safe 

 Be low cost 

 Interfaces to a PC 

 Incorporate an industrial standard PLC 

 Interface with common industrial electrical 

components 

A. Hardware Design 

 
Fig. 4: Block Diagram 

1) Description:  

The signal from the environment is given to the sensing unit. 

The output from the sensing unit is given to input model of 

PLC. The type of PLC which is used here is embedded PLC 

(ARM7 LPC2148). Then the output will be given to the 

processing unit. The processing unit will process the output 

according to our programming code. The programming 

language for PLC is Functional block Diagram. The output 

of the processing unit is given to the output unit of PLC. The 

PC(with LabVIEW software) is interfaced with the PLC 

through RS-232 cable. The output is given to control unit. 

From the control unit it is given to irrigation system.[7] 

2) Irrigation system:  

The automatic irrigation is made possible by using two 

sensors. These are moisture sensor and temperature sensor. 

Depending on the need of the soil the water is supplied. The 

data will be proceed by the processor. Depending on the 

data the motor is operated and required amount of water is 

supplied. The content of moisture in the soil is measured 

[7].The field can be separated into several parts as per the 

following diagram. PLC technique is used to control the 

irrigation process with the help of sinusoidal valve, 

capacitor type level sensor, PVC pipe.[7] 

 
Fig. 5: Block Diagram of Irrigation System 

 Motor can be started automatically with help of 

PLC to supply water. At the end of each field the level 

sensor is placed, likewise at the front of each valve is 

placed. Initially the valve V4 is in closed position. After 

sensor S7 sensing the water, the valve V4can be closed and 

V3 can be opened. After sensor S7, S8 sensing the valve V3 

closed and V1 can be opened. Then again S1,S2 can be 

sensed the water level. After that V1 is closed and V2 is 

opened. Finally sensor S3, S4 can be sense the water level. 

After sensing the valve V2 can be closed. After finishing all 

the process the motor can be switched off automatically by 

the controller.[7]     

B. Software Design 

IEC 61131-3 currently defines five programming languages 

for programmable control systems: FBD (Function block 

diagram), LD (Ladder diagram), ST (Structured text, similar 

to the Pascal programming language), IL (Instruction list, 

similar to assembly language) and SFC (Sequential function 

chart). These techniques emphasize logical organization of 

operations .In this, we use the FBD programming language 

for control of embedded PLC because the LabVIEW 

Embedded Module for ARM Microcontrollers is a 

comprehensive graphical development environment for 

embedded design. This module integrates the LabVIEW 

graphical development environment and ARM 

microcontroller.  We can lower development costs and 

achieve faster development times by using the Embedded 

Module for ARM microcontrollers to program ARM targets.  

 The Embedded Module for ARM Microcontrollers 

includes the LabVIEW C  Code Generator, which generates 

C code from the LabVIEW block diagram .For the creation 

of FBD language, we use the a variable tools in 

LabVIEW.[1-3] 

1) LabVIEW: 

LabVIEW is a graphical program development environment 

from National Instruments. Programs written in LabVIEW 

are called VIs (virtual instruments). It is a powerful tool 

used by engineers and scientists for different kind of 

measurements, process controls and R&D (Research and 

Development). It can easily be integrated with most of the 

hardware, provided the driver of the hardware is installed 

into the computer.   

 One advantage of programming in LabVIEW is 

that we don‟t have the overhead to write huge codes. Just 

the function of the different blocks needs to be known. Also, 

another advantage is that it works on „Dataflow 

Programming‟ principle, i.e. the output is only obtained 

when all the in-puts get their input data.[3] 

V. DESIGN STEPS 

Designing the architecture, operation and programming of 

the PLC is done theoretically using the LabVIEW software. 

The PLC program in FBD language is written in the 

LabVIEW software. The program is simulated using the 

simulator real view μvision. Then using the debugger the 

program is loaded into the embedded PLC. This PLC then 

collects the status of input devices, performs the operation 

as described by the program in its memory and then changes 

the output of the respective output devices. 
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Fig. 6: Steps of Implementation of an Embedded PLC 

VI. CONCLUSION 

The implementation of the conceptual embedded PLC for 

controlling the irrigation system with the seamless 

combination of the LabVIEW software and the ARM 

Microcontroller module is discussed in this paper. The 

flexibility of the proposed PLC makes it relatively easy and 

less costly to handle PLCs due to their variety and rapid 

change. The basics of PLC, its programming languages were 

discussed and a low cost, flexible, low power consuming 

PLC with a easy graphical interface has been designed using 

the ARM microcontroller. 
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