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ABSTRAK 

 

 

 

Secara asasnya, system MAP 201 ini dikawal melalui suis tekan tutup pada 

papan pengawalannya. Akan tetapi, jenis pengawalan secara ini tidak efektif dalam 

sistem operasi mesin ini. Selain itu, ia juga mempunyai kos penyelenggaraan yang 

sangat tinggi dan pemasangan litar yang banyak. Dalam projek ini, sistem akan 

dinaiktarafkan dengan menggunakan teknilogi terkini iaitu menggunakan “Human 

Machine Interface (HMI)”. Selain itu, ia jugak telah ditambah baikkan dengan 

menggunakan pengesan pada peringkat awal permulaan operasi iaitu ia akan 

mengesan produk pada bahagian perumah produk. Dalam projek ini, perisian CX-

Programmer telah digunakan untuk membuat kod pengaturcaraan bagi mengawal 

seluruh operasi mesin MAP 201. Selain itu, perisian NB-Designer juga digunakan 

untuk mengawal dan memantau mesin tersebut menggunakan HMI. Ia ini bukan 

sahaja mengawal dan memantau operasi mesin terbut, tetapi ia juga boleh membuat 

penyelenggaraan dan mengawal mesin tersebut secara auto dan manual.  
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ABSTRACT 

 

 

 

 Basically, MAP 201 system is controlled via switch push button on the 

control panel. However, this type of control system is not more effective in this 

machine operating system. In addition, it also has very high maintenance costs and 

the installation of the circuit a lot. In this project, the system will be upgraded with 

the latest technology which is “Human Machine Interface (HMI)”. In addition, it has 

been enhanced in the early detection of the product of operation it will detect the 

product in the feeders houses. In this project, CX-programmer software was used to 

create the programming code for controlling the entire operation MAP 201. Besides 

that, NB-Designer also used to control and monitors the station using HMI and it not 

only to control and monitor that operation, but it also can make maintenance and 

control the station in automatically and manually condition.   
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CHAPTER 1 

INTRODUCTION 

 
 

1.0 Introduction 

This chapter is about the whole of the project, why this project be make, the purpose 

of the project to the human used at the future, an objective of the project and how 

was this project will be made by showing the project flowchart. 

1.1 Background Project 

 

Human Machine Interface (HMI) is generally referred to an industrial control 

system that a computer system monitoring and controlling a process by using touch 

panel. The process can be industrial, infrastructure or facility. The industrial process 

is included those of manufacturing, production, power generation, fabrication, and 

may run in continuous, batch, repetitive or discrete modes. Besides that, the 

infrastructure processes may be public or private. This is including water treatment 

and distribution, waste collection and treatment, oil and gas pipelines, electrical 

power transmission and distribution, and large communication systems.  The facility 

process is occur both in public facilities and private ones, including buildings, 

airports, ships, and space stations.  

 

The HMI can be created by using many kind of software such as CX-designer, 

NB-designer, Visual Basic and other more kind of software. This software is 

depending on the PLC that used to interface with the HMI. This project was using 

the NB-Designer because it was easy to connect with MAP 201 and it can control the 

system of this station. It also easy to program and used to create Graphical User 
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Interface (GUI).  The graphical User Interface is the page that will be used as the 

interface to control the system. This (GUI) the user will be able to monitor and 

control the whole system of MAP 201.  

 

A MAP 201 is a mechanical handling system in which is a station to soft and 

check the condition of the product are reject or not. It has a few parts to complete the 

instruction for MAP 201.  

 

1. Gravity feeder houses 

 This part like a starting point of this station to supply the product. 

2. Pneumatic cylinder 1 

 This cylinder will push the product to the next process 

3. Plunger or stamping 

 Stamping process 

4. Pneumatic cylinder 2 

 To push the product 

5. Single acting cylinder 

 Soft the product 

 

This project is basically based on the software called NB-Designer which is 

implemented on MAP 201. The main control computer will be able to display the 

flow of process to produce the product. A part of that, it also can control the whole 

system of the station and can control from touch panel without need to go at station 

to stop and start the system. It will easily alert human if there is any problem happen 

can do the mantainence if error happen and all the information can be controlled 

from the touch panel.   

1.2 Problem Statement 

 The MAP 201 is the training kit that same with machine is needed in all 

manufacturing factory where a large scale of machine needed. So, mostly in the 
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industrial field, the machine just used the automatic and manual push button for 

control the system. There are maybe some errors occurs cause by human itself such 

as bad quality of product, wrong counting of product and low machine safety. Thus, 

HMI is the best alternative to solve the monitoring system and control all kind of 

scale of machine. Besides that, the number of products being produces, air pressure, 

electric supply, machine condition, product measurement and on/off system MAP 

201 station directly can be monitored overall by the main control computer.  

1.3 Project Objective 

The objective of project is to ensure that the project following on the right plan 

and what the project really wants to achieves. Besides than it also to ensure the 

positive progress of the development system and also to ensure that the main 

objective will be realized. Below is the objective of the project: 

 

1. To design and develop control strategy to control MAP 201. 

2. To design the Human Machine Interface (HMI) 

3. Implement the HMI on the MAP 201. 

1.4 Work of Scope 

 The scope of this project is to determine the method in used and knowledge 

that used to achieves the objective of the project. Based on the objective, it need to 

brief clearly for make sure the process to implement is running smoothly. 

 

1. Based on the objective, the first thing must does is familiarization on the 

MAP 201. Doing research about GRAFCET and CX- Programmer to 

complete the ladder diagram and implement on MAP 201. The sequence that 

has produce is the full step of the operation the station. The ladder diagram 

construction will be depends on the flow of GRAFCET.  
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2. The NB-designer software is used to develop the HMI that can integrate with 

MAP 201. Study about HMI from the manual provided by SMC training 

Company and then, doing the experiment to identify all the technologies that 

uses in MAP 201 such as sensor, pneumatic and PLC. NB-Designer is used to 

design the graphical user interface 

3. Based on the next objective, the system must be implement the HMI system 

with the station and can control and monitor the station fully.  
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CHAPTER 2 

 
LITERATURE REVIEW 

 

2.0 Introduction 

In this chapter, the discussion about the background study of the project along with 

the literature review is performed and document about the concept of theoretical is 

applied in completing this project.  

2.1 Programmable Logic Controller (PLC)  

A programmable logic controller is a digital computer used for automation of 

industrial processes, such as control a machine on a factory assembly line. PLCs used 

many type in many difference industries and machines such as packaging the 

product. The PLC is designed to develop a program that has multiple inputs and 

outputs arrangement. [1] 

 

The main difference from others computer is that PLC is armored for severe 

conditions and has the facility for extensive I/O arrangement. These connect the PLC 

to sensors and actuators. PLC read limit switches, analogue process variables and the 

positions of complex positioning systems. Some even used machine vision. On the 

actuator side, PLC operates electric motor, pneumatic or hydraulic cylinder, 

magnetic relays or solenoids, or analogue output. The I/O arrangements may be built 

into a simple PLC, or the PLC may have external I/O modules attached to a 

computer network that plugs into the PLC.  

 

A small PLC will have a fixed number of connections built in for input and 

output. Typically, expansions are available if the base model has insufficient I/O. 
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[2]modular PLC have a chassis (also called a rack) into which are placed modules 

with different function. The processor and selection of I/O modules is customized for 

the particular application. Several racks can be administered by a single processor, 

and may have thousands of input and output. A special high speed serial I/O link is 

used so that racks can be distributed away from the processor, reducing the wiring 

costs for large plants.  

 

PLC programs are typically written in a special application on a personal 

computer, and then downloaded by a direct-connection cable or over a network to the 

PLC.[1] The program is stored in the PLC either in battery backed up RAM or some 

other non-volatile flash memory. A single PLC can be programmed to replace 

thousands of relays.  

 

 Table 2.1: The difference between PLC and PIC 

Programmable Logic Controller (PLC) Peripheral Interface Controller (PIC) 

 Simple programming technique 

and easy to modified.  

 Complicated programming 

 Many input and output slot  .limited input and output pin 

 Can operated at high voltage  Operated at low voltage  

 Less wiring  Need more wiring 

 voltage output , AC= 240v DC= 

24V 

 voltage output, DC = 5v 

 

2.1.1 PLC programming: Instruction set 

The instruction set consists of logic instruction also known as the mnemonic 

code. That is list of consists of a series of instruction with each being on a separate 

line. The instruction is an operator and followed by one or more operand. Based on 

the International Standard (IEC 1131-3), it have been proposed and widely used the 
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mnemonic codes that different PLC manufactures differ.[3] The Table 2.2 had shown 

the core mnemonic code for the rest of the following instruction.  

 

Table 2.2: Type of mnemonic codes 

 
  

Each program instruction consists of two parts; a mnemonic operation component 

also known as op-code and an address or data component that identifies a particular 

element within the PLC. The mnemonic code provides exactly the same information 

as the ladder diagram, but in a form that can be typed directly into the PC. The 

program is input into address in Program Memory. Each address in Program Memory 

does not necessarily hold the same amount of data. It holds one instruction and all of 

the definers and operands required for that instruction (one to four words long). 

Program Memory addresses start at 00000 and run until the capacity of Program 

Memory has been exhausted. The Table 2.3 has shown the example of mnemonic 

code for some instruction from the ladder diagram.  

 

Table 2.3: Example of mnemonic code 

Address Instruction Data  

00000 LD 00000 

00001 OUT 01000 

00002 END(01)  
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2.1.2 Ladder diagram  

 The logic instruction is used as the basic programming for PLC. The form of 

programming commonly use with PLC is ladder diagram. Each task of the 

programming is specified as through a rung of ladder. Thus the rung could specify 

that state of switches A and B be examined and both if both A and B are closed a 

solenoid, the output will energize.  

 

 
Figure 2.1: Type of Ladder Diagram 

 

 The ladder diagram instruction consist two type of condition which is 

normally open (NO) and normally close (NC). The condition without diagonal line 

through them are called normally open condition and corresponds to a LOAD, AND, 

or OR instructions. Besides that, the condition with diagonal line through them is 

called normally closed conditions and corresponds to a LOAD NOT, AND NOT, OR 

NOT instructions. The number above each condition indicates the operand bit for the 

instruction. It is the status of the bit associated with each condition that determines 

the execution condition for the following instructions. 

 

 Each condition in a ladder diagram is either ON or OFF depend on the status 

of the operand bit that have been assigned to it. The normally open will ON when the 

operand bit is ON and will be OFF when the operand bit is OFF. Besides that, the 

normally close is an invert of the normally open. Its mean it will ON when the 

operand bit is OFF and OFF when the operand bit is ON. Generally speaking, the 

normally open condition is like act the push button or switch. It was controlled to 

make something to happen and the normally closed condition is what we want 

something to happen when the bit is OFF.  
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Figure 2.2: Example of OMRON ladder diagram 

2.2 Human Machine Interface (HMI) 

Human Machine Interface (HMI) generally refer to control and monitor an 

operating of machine with code signal over communication channel so as to provide 

control of remote equipment.[4] This control system is a combination of data 

acquisition system and something that added to use of coded signal communication 

channels to acquire information about the status of the remote equipment for display 

and record. HMI is same like Supervisory Control and Data Acquisition (SCADA) 

which is the input and output will display and the screen and the human will control 

the process, and which present process data to the screen. It also one of the system 

are highly distributed system used to control geographically dispersed assets, often 

scattered over thousands of square kilometers, where centralized data acquisition and 

control are critical to system.[5] The system can control or program by using PLC 

programming. This system is usually using in industrial field to monitor, control and 

analysis the data or process the data. This system also used to control dispersed 

assets where centralized data acquisition is as important controller.[5] These systems 

are used in distribution system such as water distribution waste water.  

 

HMI have a two system that is hardware and software.[6] The hardware 

system includes the Graphical User Interface (GUI) as the control center and 

communication part and one or more geographically distributed field sites consisting 

of either a Remote terminal Unit (RTU) or PLC to control actuator and monitor 
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sensor.[6] Figure 2.3 below show the basic architecture of HMI. Based on that, it 

also used in industrial automation control system at the many modern industries such 

as: 

  

I. Energy industry 

II. Food and beverage 

III. Oil and gas 

IV. Power plant 

V. Recycling Process 

VI. Transportation 

 

 
Figure 2.3: Basic Architecture of HMI   

2.3 GRAFCET 

 GRAFCET is a sequential function chart which is a standard graphical 

language of flowchart for expressing the control flow. It will support the expression 

of both combinational and sequential control logic. It implemented in the IEC 1131-3 

PLC Programming Standard which are to widen the understanding of PLC program, 

reduce the learning curve for the people who need to deal with PLC by providing 

guidelines on application and implementation. [7] 
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 The control system of GRAFCET can be broken down into a succession of 

concise and easy to read, enabling the description of the functions by the automatic 

equipment. It is capable of describing the sequence of states of a discrete-event 

system which may contain a very large number of states. It will take into account the 

concurrency for both simplicity and easy to understand. In general, only a few input 

will affected to the state and only a few output may change based on the state of 

system.[7] The GRAFCET will show clearly about the input and output of the 

system behavior of a logic controller.  

 

 
Figure2.4: Example of GRAFCET 

 

 Based on the Figure 2.4 above, GRAFCET is the development of a 

committee for the standardized the specification of logic control system. It have a 

basic concept of the model is quite clear and simple. That is state, step, transition and 

the condition associated to transition.  

 

I. The State can be defined as the memory of specification and their activity is 

characteristic of the steps. It will represented by KEEP Relay or Internal 

Relay in the PLC instruction.  

II. The Step is the action are will control the specify an action of the outputs 

according to active steps and value of input.  




