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ABSTRACT

This research covers the development of the storage management system in Faculty of
Manufacturing Engineering (FKP) laboratory. Concepts of this project are to create one
tool storage system to enhance the efficiency of storage management at FKP laboratory.
The aims of this research are to develop and analysis before and after implement storage
management system at FKP laboratory. There are three phase in this system. Phase |
cover the system using the Graphical User Interface (GUI) and Visual Basic (VB)
software, Phase Il is the interface between the system and hardware using the Peripheral
Interface Controller (PIC) microcontroller and solenoids. Phase Il is built and
implement the system at the hardware. To validate this system, one survey and accuracy
test has been made. Feedbacks from the survey shows 97% to 99% users satisfied and
highly recommended this system implement at FKP laboratory. This system has been
test two hundred times which include two cycles for accuracy test and the results shows
the actual movement of the solenoid and yellow Light-emitting Diode (LED) for the
first and second drawer. The results show that the system is functional between 97% to
99%. By a proper design, this system can be implementing at FKP laboratory and offers
many benefits to the users especially for lecturers and students.



ABSTRAK

Kajian ini meliputi pembangunan sistem pengurusan system simpanan di dalam makmal
Fakulti Kejuruteraan Pembuatan (FKP). Konsep projek ini adalah untuk mewujudkan
satu sistem penyimpanan mata alat untuk meningkatkan kecekapan pengurusan
penyimpanan di makmal FKP. Tujuan kajian ini adalah untuk membangunkan dan
menganalisa sebelum dan selepas di dalam melaksanakan sistem pengurusan
penyimpanan mata alat di makmal FKP. Terdapat tiga fasa dalam sistem ini. Fasa I
merangkumi sistem penggunaan Graphical User Interface (GUI) dan Visual Basic (VB),
Fasa Il adalah perantara di antara sistem dan perkakasan menggunakan mikropengawal
Peripheral Interface Controller (PIC) dan solenoid. Fasa Il dibina dan melaksanakan
sistem itu pada perkakasan. Untuk mengesahkan sistem ini, satu kaji selidik dan ujian
ketepatan telah dibuat. Maklum balas daripada kajian menunjukkan 97% kepada 99%
pengguna berpuas hati dan amat menyarankan sistem ini dilaksanakan di makmal FKP.
Sistem ini juga telah diuji sebanyak dua ratus kali yang merangkumi dua pusingan
untuk menguji ketepatan dan keputusan yang menunjukkan pergerakan sebenar solenoid
dan Light-emitting Diode (LED) kuning untuk laci yang pertama dan kedua. Keputusan
menunjukkan system ini berfungsi diantara 97% kepada 99%. Dengan reka bentuk yang
betul, sistem ini boleh dilaksanakan di makmal FKP dan menyumbangkan banyak
faedah kepada pengguna terutamanya kepada pensyarah dan pelajar.
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CHAPTER 1

INTRODUCTION

11 BACKGROUND

Storage system has grown to the point where failures are common place and
must be tolerated to prevent data loss. All current storage systems that are composed of
multiple components employ erasure codes to handle disk failure. Storage systems are
inevitable for modern day computing. All known computing platforms ranging from
handheld devices to large super computers use storage systems for storing data
temporarily or permanently. Beginning from punch card which stores a few bytes of
data, storage systems have reached to multi Terabytes of capacities in comparatively
less space and power consumption (Plank et al., 2012). Storage when refers to
computers meaning that a device capable of storing data. In a computer, storage is the
place where data is held in an electromagnetic or optical form for access by a computer
processor. Computer data storage also known as storage or memory refer to computer
components, devices and recording media that retain digital data used for computing for
some interval of time (He et al., 2002).

The first data storage device was introduced by International Business Machines
(IBM) in 1956. Since then there has been remarkable progress and has provided the
fertile ground on which the entire industry of storage systems has been built. Storage
systems are built by taking the raw storage capability of a storage device and by adding
layers of hardware and software in order to obtain a system that is highly reliable, has
high performance and easily manageable. Storage systems are sometimes referred to as
storage subsystems or storage devices (Plank et al., 2012). Storage systems have

evolved to support a variety of added services, as well as connectivity and interface



alternatives. It is for this reason that file systems and storage management systems are
often considered parts of a storage system (Morris et al., 2003).

Since storage assignment has a direct impact on order picking efficiency, it has
received much interest in the research of distribution warehouse operation, seaport
container yard operation and automated storage and retrieval (AS/R) systems (Chou et
al., 2011). A main advantage of the dedicated storage policy is that order pickers can
learn the inventory locations quicker. In applying the dedicated storage policy,
inventory items are ranked by certain indices and then assigned to the storage slots
sequentially according to the rank (Chou et al., 2011).

Starting from the establishment of the Faculty of Manufacturing Engineering
(FKP) on 2008 until now, there is no store keeper was been hired. Other than that, users
faced with some other problem regarding the store at FKP such as lack of tool
information, difficult to find the tool, take a long time to find the location of tool, the
quantity of the tool needed is not enough and tool misplace. Storekeeper is responsible
in storing, releasing, compiles records, monitoring and controlling tools. By implement
this tool storage system in FKP, inventories will be placed in the safety, appropriate,
conspicuous and neatly. Other than that, by implementing tool storage system at the
FKP workshop, it can be reduce to hiring store keeper. FKP also can get lot of
advantages by implementing storage management system such as easy to find the
location, specification and details information of the tool. Due to the tool arrangement it
can be in a systematic, proper, innovative and appropriate condition.

1.2 PROBLEM STATEMENT

This is concerned with the problem of the development tool storage system. The
items are used in a given process, which incurs a cost whenever the required item is not

immediately available or in bad condition (Matzliach., 1998).

The different problem in which the request for the same stock items is
stochastically recurrent. Examples of such items include tooling in factory, books in
library and digital objects in data warehouse or store (Chou et al., 2011).



In Faculty of Manufacturing Engineering (FKP) store, there is no other proper
system to keep those tools storage especially tooling in a systematic and economic
method. The tools that have in the store like end mill, ball nose, taping with various
types of diameter, reamer, phase mill, turning tool, boring tool, tape holder, vanier
caliper, micrometer, air gun and many more. Users just take the tool needed and not
return back to the original location. Hence, it will give difficulty to the next user to find
the tool. Therefore, if it still no other proper system has been created to overcome this
problem, FKP will faced with a bad impact in storage management system especially on
tooling which are store will unorganized, full with necessaries and unnecessary tools,
waste of time and money uses to buy or order from suppliers. The FKP will face huge

losses because of those bad impacts and missing tools.

This study is made to develop a system to keep all the tool storage in order,
more systematic, more appropriate storage, easy to find the storage and able to control
the storage via system. In addition, this research can be improve a lot from the storage
flow in FKP due to the management and education aspect and also it become more
efficient in storage management. According to the FKP administrator, no one are
interested to manage the FKP storage because there are no specific journals on this
research, only limited study can be found and no specific software provided. This
information can be very useful to people whose intend to do improvement at their place.

With applying this method in FKP, it will solve those problems that occur

1.3  OBJECTIVES

The main objectives of this research are:

i.  Todevelop and analysis the hardware of tool storage system.

ii.  To compare the results before and after applying this tool storage system.



1.4  SCOPE OF PROJECT

The following scopes of the project are determined in order to achieve the
objectives of the project. The system that has been recommended for implementing the
tool storage system at Faculty of Manufacturing Engineering (FKP) is by using system
and hardware. Due to safety and limiting of budget aspect, this project will held only in
prototype. This project is dividing into three phases which are the interface of phase I,
designing the system for phase Il and the hardware for phase Ill. It is limiting for
searching and taking once per one tool only. For phase I, the interface that has been
recommended is using Graphical User Interface (GUI). This system is specifically
created for searching and finding the presence of the tools through the computer. There
are thirty (30) items of tools are recorded in the database.The software that be used for
this system is Visual Basic (VB). VB is created to check the existence of tool and also
giving the details information and the status for the tools to avoid clash user among the
staffs and students. The programming interprets and sends to the Peripheral Interface
Controller (PIC) and in phase II. Phase Il where the PIC microcontroller board will take
part to accept and interpret the data given from GUI. Once the data has been trigger,
PIC microcontroller will send back the data to the phase I. The software that be used is
microC PRO for PIC. The programming will analyze and give command to the
electronics components to function. The electronics components playing the important
role to connect from the phase Il to phase Ill. Phase Il is the hardware where the
installation of the PIC microcontroller board to the cabinet. This cabinet indicates two
drawers to allocate the tools.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

This chapter discussed about the storage management system that implement at
the Faculty of Manufacturing Engineering (FKP). This chapter gives a brief explanation
about the concepts and methods on how to build this project. This chapter also provides
a review of past research efforts related to storage management system study and also
the important criteria that need to consider when creating the concepts and methods.
From the related journals and articles, the idea in creating the concepts and methods of
storage management systems at FKP can be more systematics and as an aid in

completing this project.

2.2 AN OVERVIEW OF STORAGE MANAGEMENT SYSTEM

Traditionally, when storage systems employ erasure codes, they are designed to
tolerate the failures of entire disks. Storage systems have grown to the point where
failures are common place and must be tolerated to prevent data loss. All current storage
systems that are composed of multiple components employ erasure codes to handle disk
failure (Plank et al., 2012).

There are five main categories of storage system policies: random storage, closet
open location storage, dedicated storage, full-turnover-based storage and class-based
storage. A main advantage of the dedicated storage policy is that order pickers can learn
the inventory locations quicker. In applying the dedicated storage policy, inventory
items are ranked by certain indices and then assigned to the storage slots sequentially
according to the rank (Chou et al., 2011).



Distributed storage systems usually consist of a large amount of commodity
computer nodes which may have different processing capabilities. However, the overall
performance of such systems is not determined by the fastest computer nodes of the
systems, instead, the performance is often limited by the capability of the slowest ones.
So, if there exists performance anomaly in some node of a distributed storage system, it
is highly possible that the overall system performance will suffer negative effects, and
such effects may be accumulated and magnified due to long-running and large-scale
computations, which directly hurts the reliability and availability of the system.
Therefore, it is necessary and crucial to equip distributed storage systems with a tool
which is able to efficiently detect performance anomaly and accurately identify the
faulty sources (Chen et al., 2010).

2.3 PREVIOUS RESEARCH

Previous work shown there are many projects based on the concepts and
methods of this project. A proceeding engineering from Wan et al. (2012) which is
based on a concept of an internet controlled robotic arm. This journal is the movement
of the robot arm can be controlled by a computer via the internet. This robot can be used
to demonstrate that a robot can be used inside a home for daily human chores. The robot
is controlled by Arduino Uno that interfaced with the internet using Arduino Ethernet
Shield. Two type of analysis were done for this project that is servo motor analysis and
accuracy test. The accuracy test shows that the results of the actual output of the servo
motor as compared to the input send to Arduino Uno via internet is between 97% to
99%. In this research, accuracy test is conducted to check out how the accurate the
servo motors are when a new position value is send to Arduino Uno via the internet

from a computer.

From the article consist of Lin et al. (1997) describes a how Graphical User
Interface (GUI) act as a system. The prototyping effort of a flexible GUI for a
simulation tool called COPS. The GUI is designed to allow parameter setup for all
modules in simulation model, and can be easily replaced by new GUIs implemented in
different languages/graphical tools. This article provides design guidelines and
implementation details of the flexible GUI.



The journal Depcik et al. (2005) based on how Graphical User Interface (GUI) is
created by using Visual Basic (VB). The GUIs are being increasingly used in the
classroom to provide users of computer simulations with a friendly and visual approach
to specifying all input parameters and increased configuration flexibility. A
comprehensive comparative assessment of possible alternatives is undertaken in the
light of a benchmark educational program used in a course on computational fluid
dynamics (CFD) at the University of Michigan. Their educational value with respect to
flexible data entry and post-processing of results has been demonstrated. In addition, the
authors offer recommendations for pros and cons of available options in terms of
platform independence, ease of programming, facilitation of interaction with students,
and flexibility. GUI is the best interface to be used to write the system programming in

this research.

Journal that belongs to Ismaeel et al. (2013) presents idea of designing and
implementing embedded automation system that can be used to control a GRS
automatically through a GUI and from remote location by using programmable interface
controller (PIC16F877A). The PIC software which is based on C language, developed
by Microchip (MPLAB) is used in programming a PIC microcontroller, then Visual
Basic is used in the construction of GUI, the RS-232 serial cable is used as a connector
between PIC and PC. Implement the proposed design and test it as a first system shows
all operations of GRS successful were converted into full computerize controlling (with

the ability of full automatic control) from remote location through proposed GUI.

Last journal that belongs to Fong et al. (2012) discussed on selecting the PIC
microcontroller. There are many applications which based on Microcontroller. They are
user friendly and capable of interacting with the external peripherals. To accomplish
these tasks, a microcontroller device has digital inputs/outputs, pulsed inputs/outputs
analog inputs/outputs, etc. There are serial and parallel data communications which are
used in data communication. Parallel communication required more number of wires,
and can communicate more number of bits at a time whereas Serial communication has
gained more importance now-a-day. This is more appropriate to discuss some more PIC
functions that can support the above mentioned requirements. Another requirement is
the external events and their occurrence at the exact point of time and generation of



precise timing at the output pins of the microcontroller on a real time. There are two
CCP modules in 16F877 supporting capture/compare and PWM functions discuss in
present paper. This module allows detecting exact timing of the occurrence of an event

or can generate exact timing at the output.

2.3.1 Existed Systems

23.11 Internet Controlled Robotic Arm

A proceeding engineering from Wan et al. (2012) presents the development of
an internet controlled robotic arm. The concept that this proceeding highlighted is the
movement of the robot arm can be controlled by a computer via the internet. This robot
can be used to demonstrate that a robot can be used inside a home for daily human
chores. The robot is controlled by Arduino Uno that interfaced with the internet using
Arduino Ethernet Shield.

In general, robotics can be divided into two areas, industrial and service
robotics. International Federation of Robotics (IFR) defines a service robot as a robot
which operates semi- or fully autonomously to perform services useful to the well-being

of humans and equipment, excluding manufacturing operations.

The robot body was prepared mechanically and electrical components were
chosen to be suitable to be used as a robotic arm. The robot is controlled using Arduino
Uno as the brain of the robot, connected to the internet via Arduino Ethernet Shield as
the interface for Arduino Uno to the internet. Arduino is an open-source electronics
prototyping platform based on flexible, easy-to-use hardware and software. The
movement of the robot is controlled by inputting the desired degree of movement of the
robotic arm and then the robotic arm will move to the desired movement that has been
inputted. There is also a pre-programmed movement of the robotic arm with a click of a
button. The webserver developed using HTML is used to make the user interfaced that

will be displayed when the operator access the robotic arm via the internet to control it.



The robot has been design to mimic the movement of a human arm. This section
will present a full description of the hardware of the robot design and it is divided into
two main sections: mechanical and electrical design. In this project, the hardware and
software function are combined to make the system reliable. Arduino Uno is the brain
of this project and Arduino Ethernet Shield interfaced Arduino Uno with the internet.

The project overview of internet controlled the robotic arm is shown in Figure 2.1.

Arduino Uno

=

i > Internet }—»
N /_,/ :

Computer S e
Arduino Ethernet
Shield

Robotic Arm

Servo Motor

Figure 2.1: Project overview of internet controlled robotic arm

Source: Wan et al., 2012

The block diagram in Figure 2.2 shows the specific block diagram of the robotic
arm. While Table 2.3 shows the specification of internet controlled robotic arm. Primary
source of power for the robot is a 12V/1.2Ah Lead Acid battery because of its
characteristics and advantages. The main source then is regulated to 5V using voltage
regulator LM78XX. Servo motor is one of the DC type motors with feedback that used
in many applications that required controlling the system in up-down direction. Servos
are extremely useful in robotics. Servo motor provides low RPM with high torque.
Since the high torque is essential for this project. Therefore servo motor 180 is preferred
in this project.
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Figure 2.2: Specific block diagram of internet controlled robotic arm

Source: Wan et al., 2012

Table 2.1: Specification of internet controlled robotic arm

Module Specification
Supply from battery 12 Volts DC
Power Consumption Volts DC
Controller Arduino Uno
Internet connector Arduino Ethernet Shield
Programming language Arduino language
Actuator Servo motor

Source: Wan et al., 2012

The results have shown the photo of the completed internet controlled robotic
arm is shown in Figure 2.3 and the GUI as the interface that was developed. If the GUIs
were not used, people would have to work from the command line interface, which can
be extremely difficult and frustrating as shown in Figure 2.4. The internet controlled
robotic arm as shown in Figure 2.5 has been developed and will be applied in real world
application. It can mimic the movement of a human arm such as pick and place and
manoeuvre around. It’s clearly shows that controlling a servo motor is quiet easy and
the output is accurate. Thus, it is the right choice to choose servo motor for the actuator
of the robot arm. The purpose of this project is to show that robots not only restricted to
industrial usage only but also suitable for household usage. Taking advantage of the

widespread usage of internet connectivity nowadays, robots can be controlled via
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internet instead of a dedicated controller just for the robots. This project was successful
and proved that robots can be controlled via internet and it is suitable for household

usage.

Figure 2.3: Completed internet controlled robotic arm

Source: Wan Kadir et al., 2012
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Figure 2.4: Completed GUI for internet controlled robotic arm

Source: Wan et al., 2012
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Figure 2.5: The internet controlled arm

Source: Wan et al., 2012
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2.3.1.2 A Graphical User Interface Design for Network Simulation

According to the author Lin et al. (1997) describes a prototyping effort of a
flexible Graphical User Interface (GUI) as a system for a simulation tool called COPS.
The GUI is designed to allow parameter setup for all modules in simulation model, and
can be easily replaced by new GUIs implemented in different languages/graphical tools.

This article provides design guidelines and implementation details of the flexible GUI.

When a user starts up the COPS GUI, they are presented with a graph editor
where one can create/delete nodes and connect/disconnect nodes with links. In addition,
each node can have data associated with it. The associated data is referred to as a GUI
Object. Each GUI Object has a corresponding dialog object managed by the GUI with
which the user can interact, modify, or view the data associated with the object. GUI
objects come in three flavors. Each type differs from the other by the kind of dialog
item that used to display the data associated with the object. Computer Operations
Performance System (COPS) is a simulation tool for network modeling. COPS consist
of five interactive components: the command interpreter, the graphical user interface,
the library, the simulation engine, and the output analysis. The user constructs models
by using the graphical user interface (GUI).

The sequence of user action and system response is a communication between
the command interpreter process and the GUI process. After the user initiates an action
via the GUI (Step 1), the GUI informs the command interpreter which action was taken
and on which GUI Object (Step 2). The command interpreter will then consult its
library and determine an appropriate response for that action (Step 3). Responses
include silent acknowledgment of the action, creation of a new GUI Object (as defined
by the command interpreter), destruction of an already existing GUI object, negative
acknowledgement of an error (Step 4). This response is then communicated back to the
GUI, who then carries out the response as instructed (Step 5). Figure 2.6 below shows

the communication between command interpreter (CI) and GUI from step 1 until step 5.
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2. User initiates action 1. CI determines proper response

3. GUI relays action to ommand Interpreter (Cl)
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Link
<€
5. Clrelays the response to GUI
4. GUI responds as directed by ClI

Figure 2.6: Communication between Command Interpreter (CI) and GUI

Source: Lin et al., 1997

The implementations of COPS GUI graphical objects can be describes in C++
languages. The GUIObject class is an abstract class that represents a group of edit table
data managed by the GUI. Each GUIObject has associated with a dialog object. The
dialog object is used by the user to manipulate the data within the GUIObject. Three
types of GUIODbjects are defined in the COPS GUI:

e GraphEd - This class represents graph data. The corresponding dialog object is a

graph editor that allows a user to interactively manipulate individual graph objects.

e DataBox - This class represents a group of textual data. The corresponding dialog

object is a Motif style dialog box with textual fields.

e DataTable - This class represents a matrix of textual data. The corresponding dialog
object is a Motif style dialog box that displays the matrix in tabular form.

e GUIODbjects - The only objects that can directly send messages to the command
interpreter process. The messages are delivered through a static CommChannel

object that performs the actual communication.
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CommChannel - The communications link between the COPS GUI and the
command interpreter process. All messages from individual GUIOb jects to the
command interpreter and vice versa are routed through the CommChannel object.
The CommChannel keeps a registry of all active GUIObjects (with their id numbers)
being managed by the COPS GUI so that it may route replies from the command
interpreter to the appropriate GUIObjects. Because of single CommChannel acts as
courier to all GUIODjects, only one instantiation of the CommChannel is necessary.
This single instantiation must be available to all GUIObjects and thus is specified as
a static member of the GUIOD ject class. The CommChannel communicates with the
command interpreter process in two ways. First, there is a two way Inter Process
Communication (IPC) link between the two processes. The CommChannel itself is a
subclass of the more general Client class which is a class that establishes IPC with
an instantiation of a Server class. All messages between GUIObjects and the

command interpreter are conveyed using this IPC link.

Every communication is initiated by the GUI and it consists of three steps. The

structure of the communication between the GUI and the command interpreter via the

CommChannel is demonstrated in Figure 2.7.

(COPS GUI Process | comm ) IPC link
Channel @
----; Command Interpretter
e Process
s N L
\GUIObjects Parser

N\

Figure 2.7: Communicating using the CommChannel

Source: Lin et al., 1997
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The three steps have been show below:

Step 1: User Activated Action

When the user performs an action on one of the GUIObjects, this action is
translated by the GUIODbject into a textual message to be sent to the command
interpreter. The message will contain the identification number of the GUIObject
sending it. This message is sent to the single CommChannel which routes it to the

command interpreter via the IPC link. It then waits for a reply.

Most actions taken within a graph editor must be conveyed to the command
interpreter for proper registry and response. The GraphEd object, being the only
GUIObject involved with a graph editor, has the only direct link to the command
interpreter. Thus, all other objects (menu items, palette, nodes, and links) must route
message through the GraphEd to which it belongs. A pointer to this GraphEd object is
contained in each one of the graph editor subobjects that need to communicate to the

command interpreter.

GraphEd can be used to edit previously save graphs. The content of a GraphEd
is saved into a file upon the GraphEd's exit. It is the of the command interpreter to
supply an initial graph file when defining a Graphed in a GUI dialog file called “cop.
tmp.” If it doesn’t, the draw area of the graph editor will be empty upon its instantiation.

Data Box - Each data item within a data box is assigned a numerical code value
that is sent to the command interpreter when that item is acted upon. This code value is
determined by the position of the item in the definition of the data box as found in a
GUI Dialog file. This code is given to each Dataltem upon instantiation.

All communication from the GUI to the command interpreter is done via a
single CommChannel object. This CommChannel object is accessible by all
GUIObjects (including the DataBox), but is not accessible by components of a
GUIObjects (e.g., Dataltems). Thus, when a data item is acted upon the message to be
sent to the command interpreter indicating this action must be routed through the
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DataBox object to which a Dataltem belongs. This is done via the Data Item's announce
method. This method passes an appropriate message to be routed through the DataBox

and eventually to the command interpreter.

The sending of a message to the command interpreter is triggered by a user
action on a Dataltem. For Actions, this happens when the button corresponding the
Action object is pressed. For DataValues, a message is sent when a new value is entered
in the DataValueEditor. The code, as well as the new value entered, is first
communicated to the DataValue to which the DataValueEditor belongs. The
DataValueEditor, then, in turn, passes the message to the DataBox to which it belongs.

Data Table is a communication between the data Table elements and the
command interpreter is handled in very much the same way as with the DataBox.
Because the DataTable object is the only object with access to the iCommChannel, all
communication from interior objects must be routed through the DataTable object.
Every data Table button and every DataTable - Row has a pointer to the DataTable to

which it belongs.

Step 2: The Command interpreter Response

The command interpreter runs in a constant loop waiting for commands from the
GUI. When it receives a command, it reads it, interprets it, and then sends a textual
reply back to the GUI. The command interpreter will keep a list of objects,
corresponding to the dialogs (data sets, data Tables, and data graphs), that are currently
active. When a command is received by the command interpreter, it should route the

command and its arguments to the appropriate object.

As a result of the command, each of the above action can be immediately
followed by an indication that a new GUIObject (graph editor, data box, or data Table)
should be created by the GUI.
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Step 3: The GUI Response

When a reply is received, actions may be taken in the GUI. In many cases, the
response to a GUIObject message may be the creation of a new GUIObject to be
introduced to the GUI or modification to an existing GUIObject. If this is the case, the
description of creating/modifying a GUIObject is generated by the command interpreter
and communicated to the GUI via an ASCII file named cops. tmp. It is the
responsibility of the CommChannel to read this file; either modifies the GUIObjects or
creates the new GUIODbjects, register them, and introduce them into the GUI. The
CommChannel class includes a member of the Parser class, which does the actual

parsing of the cops. tmp file and returns pointers to GUIObjects defined in it.

The flexible GUI was implemented in a simulation environment called COPS.
The syntax of the cops. tmp file is given in the Figure 2.8.

A.l. The File

<file> => <object_list>

<object_list> => <object_list> <object> |<object>

The GUI dialog file is the means by which the command interpreter communicates graph specific
data to the GUI. It also defines the method by which this data will be edited. The GUI Dialog file
is merely a list of descriptions of GUI Objects that the GUI will create, display, and/or modify as
the result of a command sent to the CI.

A.2. Objects

<object> => <data_set> | <graph> | <data_Table>

There are three types of data objects, each corresponding to a different user dialog method: the
dataset, which results in the creation of a dialog box, a graph, which results in the creation of a
graph editor, and a data Table, which results in the creation of a scrollable Table within a dialog
box.

A.3. Data Set

<data_set> => %DATA {<id>: <data-item>}

<id> => <integer>

In a (data-set), the GUI is given a set of data for which the user to edit. A data-set in A GUI dialog
file results in a dialog box containing the data in the data-set. The dialog bok will contain a
“done” button which the user must explicitly press to conclude the edits on the data in the set.
<data_items> => <data_item> <data_uitems > | <data-item>

<data_item> => <data_value> | <action>

There are two types of data items: data values and actions, each described in detail below.
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A.3.1. Data values

<data_r,alue> = %VALUE

{<quoted-string> , <string>} :

Data values are individual pieces of ediTable data. For each ediTable value, the following
parameters are given (in this order): First is a prompt that identifies the data. This is the
(quoted_stting) parameter. (A (quoted-string) is a character string enclosed in quotes. The string
can contain white space. This is in contrast to a {string) which is not quoted and cannot contain
white space). Secondly, the current value of the data item is given. This is the value that will
originally be displayed for the data item when the dialog box appears. When a data item has been
modified by the user, an integer corresponding to the order of the modified item in the dialog box,
as well as the new value entered by the user, will be sent back to the command interpreter. Error
checking of the user input is the responsibility of the CI.

A.3.2. Actions

<action> => %ACTION {<quofed_stting>};

The second type of (data-item) is the (uction). An (action) results in the creation of a button in
the dialog box. The string (quoted-sting) indicates the label to be placed on the button. When this
button is pressed by the user, an integer corresponding to the order in which the action appears in
the dialog box description. It will be sent to the command interpreter. In most cases, this will
trigger the creation of another GUI dialog file as a response from the command interpreter.

A.33. Dataset specification example. Below is an example of a dataset specification:
%DATA { 2222222 ;

%VALUE (“Data Item #1”, valuel);

%VAIJLJE (“Data Item #2”, value2);

%VALUE (“Integer Data Item”, 34);

%ACTION (“Press Me”);

%ACTION (“Classes”);

}

This specification will create a dialog box with id 222222 that has three fields labeled “Data Item
#17, “Data Item #2”, and “Integer Data Item”, with initial values valuel, value2, and 34,
respectively. The dialog box will also contain two buttons labeled “Press Me” and “Classes”.

Figure 2.8: Syntax of the GUI dialog file
Source: Lin et al., 1997
2.3.1.3  Graphical User Interfaces in an Engineering Educational Environment
Graphical User Interface (GUI) allows the user to see everything at once. Hence,
data entry becomes much easier because of the visual aid instead of trying to remember

all of the different command-line prompts, or specifying inputs in nondescript, text
input files (Depcik et al., 2004).
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The most important benefit of a GUI is that it can post-process the results of the
simulation providing the user with instant feedback. This is especially important when
performing parametric studies where variables are changed over a certain range. GUIs
utilize high-level languages to communicate with operating system software, like
Windows, to provide the user with an aesthetically pleasing interface. GUIs can be
written in virtually any programming language and even cross-pollinated with a couple

of different languages, in mixed-language programming.

In this study, the authors describe a number of software and language options
that are available to build GUIs and undertake a comprehensive comparative assessment
of possible alternatives in the light of a benchmark educational program used in a
course on computational fluid dynamics (CFD) at the University of Michigan. More
specifically, the following languages were studied, with their representative software in
parenthesis:

FORTRAN (Visual FORTRAN 6.6)
e C/C++ (Visual C++ 6/7)

e Java4d (Visual Jpp 6/7)

e MATLABS (MATLAB R13)

e Basic (Visual Basic 6/7)

The software listed above does not constitute a full list of available options, as
other programs such as Metrowerks Codewarrior and Sun Java Studio do exist for
compilation of the different languages. However, the GUIs developed by using the
above list are representative of those that can be developed by other programs.

To learn about the different GUI programming options, a benchmark program

was used. To illustrate the educational nature of GUIs, the program chosen was a driven
cavity flow problem used in a course on CFD at the University of Michigan. This
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problem is illustrated in Figure 2.9 where the flow inside the box is driven by a plate
moving at a constant velocity U.
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Figure 2.9: Driven cavity problem used as benchmark to measure the computational

efficiency of each lower level language

Source: Depcik et al., 2004

Table 2.2 has the results of the computational run-time of the different languages
as a function of the grid size. The computer used ran Windows XP Professional and had
a Pentium 4 processor running at 2.26 GHz with 1.00 GB of RAM.

The results of the computational run-time show that the fastest language was
C/C++ whereas the slowest was MATLAB. For the 10 X 10 grids, both FORTRAN and
C/C++ ran so fast that there was no difference between the clock settings; hence the not
available results in the Table. The results for MATLAB are to be expected because of
the fact that its code is not compiled before running unlike all the other languages.
Instead, the user creates a text file with the MATLAB code which the program then
runs as a script. Release 13 of MATLAB added the option of converting the code into C

or C++ (mcc), which is then compiled with a dedicated C/C++ compiler.

When performing this action within MATLAB, the run-time actually increased
even though the same C/C++ compiler was used as with the dedicated C/C++ code.
This is a known bug with the MATLAB Compiler 3.0 used within MATLAB R13. It is
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interesting to see that creating the C/C++ puts a lot of overhead into the code increasing
the total number of lines along with the complexity. In the newest version of MATLAB,
R14 not yet analyse by the authors, the release notes state that this C/C++ feature has
been eliminated and there is no speed difference between a compiled application and
running it in MATLAB. To speed up the code, there is an option within MATLAB,
called the Just-In-Time Accelerator, which can be used to analyse the code to find ways

to optimize its computational efficiency.

If a run-time result is counterintuitive to the reader’s personal experience, maybe
that C/C++ is faster than FORTRAN, it may be because of the compiler, optimization
options, and/or programming technique. The authors are sure that people can write code
that runs faster than the above, but that was not the point. This study is meant to help
explain how well a single engineer can write and build GUIs with a number of different
languages. By comparing code from a number of different sources, the results would not

be as instructive.

Table 2.2: Computational run-time in seconds of each different programming language
for the driven cavity flow problem with standard deviation in parenthesis

Language 10 X 10 20 X 20 40 X 40
C/C++ N/A 0.2684 (0.0060) 20.36 (0.03)
FORTRAN N/A 0.2912 (0.0075) 22.88 (0.06)
JAVA 0.0156 (0.0005) | 0.4401 (0.0073) 31.12 (0.30)
BASIC 0.0345 (0.0063) 1.1940 (0.0166) 86.51 (0.18)
MATLAB 0.3931 (0.0850) 6.9953 (1.5483) 368.33 (20.07)
mcc 1.4035 (0.0108) 51.619 (0.411) 3681.44 (8.74)

Source: Depcik et al., 2004

The results below have been shown according to every language.
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2.3.13.1 Visual FORTRAN

To create the GUI with Visual Fortran (refer appendice Al), a palette is given
that allows the user to place the representative entry fields (ex: X Grid Points) and
buttons (ex: RUN) on a blank form. While this is quite easy to do, implementing the
functionality behind the code is much harder. This is the ability of the code to grab the
data from the GUI and implement it in the N-S solver when the RUN button is pushed.
In Visual Fortran, the code has to be written in the direct call method, which is the most
difficult to understand and program correctly. With the lack of assistance outside the
online help and sample code provided with the program, this can create a lot of chaos

for the programmer.

2.3.1.3.2 Visual Basic

Visual Basic has previously been used by engineers to create customized
software. In these studies, the authors explain the increased visual aspect of GUIs and
their advantages in engineering. This is particular important for this study due to the
driven cavity flow problem and its numerical solution. Creating the GUI with Visual
Basic (refer appendice C) is as easy as the Visual Fortran program. A palette is again
given thast allows the user to place the representative entry fields and buttons on a blank
form. However, unlike Visual Fortran, Visual Basic incorporates a number of
application program interface (APIs), which makes it easy to incorporate the logic
behind the GUIL. It is also important to note that there is a plethora of books available in
building GUIs using Visual Basic along with ample online examples and help that come

with the program.

To demonstrate the ability to create a mixed-language program with Visual
Basic, the authors created a separate Visual Basic GUI where the computational
intensive code written as FORTRAN was incorporated as a dll. This was relatively easy
to do and to access the FORTRAN code within Visual Basic; only one line of code was
needed. In all of the GUIs written in their native languages, the ability to see the graphs
change in real-time was included. However when using a dll, this is not possible
because to update the graph in real-time, the program would have to exit the dll to
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update the GUI and then re-enter the dll to continue the operation. This would require
some creative structuring of the dll to implement this feature.

2.3.1.3.3 Visual C++

Visual C++ has been used previously to create GUIs for engineering
applications. In this section, its use is documented in the creation of a two similar GUIs;
one utilizing the direct call method and the other using APIs in the form of Microsoft
Foundation Classes (MFC). In the direct call method (refer appendice A3); all GUI
fields had to be written out explicitly telling Windows where to place the field, how big
to make it, and what it should look like. This increases the level of complexity and
makes it harder to build an aesthetically pleasing GUI. In addition, similar to Visual
Fortran, all functionality of the GUIs has to be written by the programmer through the
direct call method.

Using the MFC approach, creating the GUI (refer appendice A4), is exactly the
same as the Visual Fortran method. In fact, Visual C++ and Visual Fortran programs
both use the same Integrated Development Environment (IDE) as part of a bigger
program called Visual Studio9. This explains the ability to compile FORTRAN and
C/C++ code at the same time as previously mentioned. However, unlike the API use
within Visual Basic, the logic behind MFC is of the Document-View architecture (one
Document controlling many Views). This is best explained from the fact that in the
Visual Basic program there is only one file that the user needs to control, whereas in the
Visual C++ program there are many (more than six) that the user must understand to
truly allow a fully featured program. There are a number of books written on the MFC
approach; however, it is more complicated than the Visual Basic approach. From the
authors’ experience, learning this approach can take a significant amount of time. Yet if
the reader wishes to build a program with multiple Windows incorporating all the bells
and whistles that Windows has to offer, the MFC approach is what is typically used.
This can be seen in the first author’s doctoral dissertation where a catalyst model was

built using Visual C++.
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Refer appendice A5; the authors demonstrate how the GUIs can be used for
instant feedback of incorrect input parameters. In this case, the time-step entered is
higher than the minimum allowed according to Equation causing the solution to

numerically disintegrate.

2.3.1.34 Visual J++

Typical use of Java is to create applets for web-based applications and even for
web-based tutorials. In this section, a stand-alone GUI application is created in Java
using Visual J++. Creating the GUI (refer appendice A6), is as easy as Visual Basic and
Visual C++ (MFC), but incorporating the logic behind the GUI is slightly more
complicated than the Visual Basic example because of the OOP nature of the Java
language. However, it is easier than building the GUI in Visual C++. Most of the
Windows messaging is built-in and the rest is not difficult to implement (follows along
same lines as Visual Basic). Unlike Visual Basic and Visual C++, there is little help
available for Visual J++, because of its relatively new status on the marketplace. As
refer to appendice A6, the vorticity is shown instead of the streamfunction, and the
graph is altered slightly to demonstrate that with the third-party graphing software used,
the user has the ability to change the graph while running the simulation. This feature

can help the student with a further understanding of the results.

2.3.1.35 MATLAB

Several studies have described MATLAB GUIs as a platform for academic
research and education. To help build a GUI, MATLAB provides a manual aptly named
GUIDE (Graphical User Interface Development Environment). This manual gives the
programmer an idea of how to properly design the GUI, but lacks some information on
the calls needed for implementation of the GUI features. Little information on building
GUIs with MATLAB exists outside the, unlike Visual C++ and Visual Basic. Using
only the MATLAB manual, building the GUI (refer appendice A7), and implementing
the code behind it were difficult. Most of the Windows message handling has been
incorporated, but calls to and from the GUI, such as what happens when selecting an
item from a list, still need to be handled by the programmer.
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This is where the lack of available references caused a problem. A great
advantage for MATLAB is that it already has all of the graphing features needed.
Instead of having to incorporate a third-party program, all post-processing of the data
can be done directly by MATLAB. MATLAB R13 also allows the user to create stand
alone versions of the GUIs using C/C++ Math and Graphics Libraries. When doing so,
it was found that the code will run slower resulting from the same computational bug
mentioned in the Comparison of Languages section. MATLAB R14 uses a new feature,
named MATLAB Component Run-time (MCR), to build stand alone programs that
enable the execution of compiled M-files instead of creating and compiling C/C++ files.

If a user wished to distribute proprietary MATLAB code, the mex function
previously mentioned can be used to ‘‘hide’’ this code. In this case, the GUI created in
MATLAB would utilize the functionality of mex files instead of the traditional text-
based input files. The user also has the option of creating preparsed code (pcode) that

hides the proprietary algorithms.

The conclusion for the GUIs presented their educational value with respect to
flexible data entry and post-processing of results has been demonstrated. Clearly, for a
specific application, a certain language may have concrete advantages and multiple
factors would ultimately enter an individual’s choice of the best option. Nevertheless,
our study can provide valuable insight to the reader for making an informed choice prior
to moving into GUI programming for classroom applications. All GUIs developed in
this study are available to the reader. Using this study and looking at the GUI codes
created can help the reader make an educated decision about how to begin GUI

programming.

2.3.1.4  GUI Based Automatic Remote Control of Gas Reduction System (GRS)

using PIC Microcontroller

According to this journal by Ismaeel et al. (2013) GRS is a Gas Reduction
System which is designed to receive the natural gas from the incoming gas pipelines,
treat and condition the gas to meet the operating conditions specified by the

manufacturer of the gas consumers. GRS works in power station, the power station use
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the output of GRS as a fuel of its operation. The GRS system contains boilers for
heating the inlet gas into desired set point. Figure 2.10 shows the local control panel
inside GRS system. The GRS control panel contains two categories of digital signals the
first category of signals are indicated by Light-emitting Diodes (LED) while the second
category of digital signals is handled by ON-OFF switches. There are three LED colors
have been used .Green LEDs means normal operations, Red LEDs mean fault and alarm
operations, Yellow LEDs mean event of operations. The ON-OFF switch classified into

of two types the push buttons switch and mode selector switch.

LED
Gas
boiler Push
button

Figure 2.10: Local control panel of GRS

Source: Ismaeel et al., 2013

PIC-microcontroller is commonly used in robotics and control applications. Its
potential use is in data acquisition and measurements. PIC is A Programmable Interface
Controller which has wide use areas and are preferred mainly due to low cost, wide
availability, free development environments, and easy to access experiences. Figure
2.18 shows the pin schematics of (PIC16F877A) produced by Microchip Technology
Inc. It has a features like, high performance RISC (Reduced Instruction Set CPU)
architecture, operating frequency is 20MHz, only 35 single word instructions, two 8-bit
and one 16-bit Timers, fifteen Interrupts, built in support for SPI, USART, A/D etc., 8K
programmable memory & 368 data bytes, five 1/O Ports as A, B, C, D, E etc, that is
used in this work. Figure 2.11 shows the block diagram for the internal architecture of
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PIC16F877A microcontroller; there are three main blocks in the internal architecture of

the microcontroller.
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Figure 2.11: Local control panel of GRS

Source: Ismaeel et al., 2013

The design system of GUI Based Remote On/Off control and monitoring Single
Phase Lamp (small project comparing with this proposed system) Using
Microcontroller. The design have multiple drawbacks/limitations the important of them
the GUI without feedback, more instruction so it take more time, there isn't input signals
and no automation. The block diagram of proposed system is shown in Figure 2.12. It’s
clear that the signals to/from GRS are exchanged with the PIC through I/O interfacing
circuits .Thus the PIC executes the instructions come from GUI and generate control
signals to control the proposed machine.
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Figure 2.12: The block of proposed system

Source: Ismaeel et al., 2013

M C:\Documents and Settinps\sidra\Desktop\RS232C\RS.c*

fdevice PICLEF877A Al
2 finclude "16£877a.h" —
: fuse delay (clock=2000000)
fuse rs23Z (baud = 9600, xmit = PIN b7, rcw = PIN bé)
void main)
i =
int outbyte;
E again: outbyte = 0; // Destination of goto
o while(l)
1 i
2 output Cioutbyte); // Foreground operation =
3 delay ms(10);
4 outbyte ++ ; /f Increments Port C
13 if (l!input (PIN DO)) continue; // Skip other tests if impuc 0
& lowr
7 if ('input (PIN D1)) break; // Terminate loop -f input 1 low
8 delay ms(100); // Debounce inputs
9 if (outbyte == 100) goto again; // Restart at 100
20 )
21 1}
™|
£ L |

Figure 2.13: Illlustrates C program writing in MPLAB version 8.33

Source: Ismaeel et al., 2013
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As shown in Figure 2.13, the C-Language is a high-level language used for
creating the system firmware for lowcomplexity embedded systems, it is a user-friendly
programming technique and it needs only less detailed hardware knowledge. After
writing the program in C-Language the MPLAB will edit, check errors and compile the
C-language source code into (file. hex) then load it to PIC flash memory. The GUI is
implemented using VB, the graphical user interface is a tool that creates an effective
communication medium between human and computer; in fact this programming
technique of GUI represents the Visible Programming because the user can use the GUI
design for remote monitoring and controlling of GRS system. The GUI design is
presented in Figure 2.14, the final GUI designed does not need extra training because
the user can recognize it easily; this results from the high similarity between it and the

original machine.
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Figure 2.14: The GUI design for monitoring and controlling GRS

Source: Ismaeel et al., 2013
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The proposed GUI is not used only for monitoring it is also used to display the
system status through some indicators for input signals and also content a push buttons
which acts for output signals. In presented GUI it is possible to use mouse and keyboard
for managing and controlling the GRS system. Figure 2.14 shows the similarity between

the original machine panel and the proposed GUI.

The functions and performance of the proposed system are tested (realistic)
successfully at the EPS. The developed system shows the GUI and the microcontroller
is working successfully to control GRS lamps via twisted pair lines. The GUI using VB
program is performed excellently in transmitting data (the ASCII character data) to the
PIC microcontroller, it can be concluded that GUI using VB can be interfaced with
RS232 port of a computer. The operation and monitoring of the GRS machine is
huddled and enhanced by utilizing the features of (PIC16F877A) microcontroller, which
create a better solution for the GRS problems, so the PIC can be used as an interfacing
device between the PC and the machine. The important part in the proposed design is
the GUI, the GUI facilitates the engineer work in order to enable a monitoring and
controlling of the GRS machine from remote location, hence it is playing a vital role as
a interfacing media between the human and the machine which named in the industrial
factories and plat as Human Machine Interface (HMI).

2.3.1.5 PIC Microcontroller: Capture/Compare/PWM (CCP) modules

Based on the journal from Fong et al. (2012) there are many applications which
based on Microcontroller. Two CCP modules in 16F877 supporting capture/compare
and Pulse Width modulation (PWM) functions. The role of microcontrollers must be
very clear in all these systems. Two-way communication among various instruments is
possible due to the built-in facilities of serial communication in microcontrollers. Newer
design of signal transmitters, converters and controllers use digital processing of
signals. Use of microcontroller-based instruments makes the system more reliable,
flexible and powerful with many more facilities to fulfill the needs of control systems.
There are two CCP modules in PIC 16F877, namely, CCP1 and CCP2. Both have
almost similar operations in supporting capture, compare and PWM functions. Each of
the CCP modules has a 16-bit capture register, a 16-bit compare register and a PWM
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master/slave duty cycle register. CCP1CON register controls the operation of CCP1
module, whereas CCP2CON register controls the operation of CCP2 module. The
capture/compare/PWM register (CCPR1) consists of CCPR1L and CCPR1H. Similarly,
CCPR2 consists of two 8-bit registers CCPR2L and CCPR2H. RC2/CCP1 (Pin-17) and
RC1/T10SI/CCP2 (Pin-16) are the corresponding 16F877 pins used in capture,
compare and PWM operations.

The basic function performed in the capture mode by CCP1 or CCP2 module is
that the exact point of the time occurrence of the input edge change can be detected. For
this purpose, timer 1 must be running in timer mode. At the occurrence of an event
(rising or falling edge) at pin RC2/CCP1 (or RC1/T10SI/CCP2 as desired), a 16-bit
capture register CCPR1 [CCPR1H: CCPRI1L] capture the 16-bit value of TMR1
register. The event at pin RC2/CCP1 can be either a rising or falling edge, depends on
bits in CCP1CON. Either CCP1 or CCP2 module, along with timer 1 can serve the

purpose. Figure below shows the capture mode operating of CCpx module.

TMRIH TMRIL
Capture
RFZZ/CCPl 3 1,4,16
Pin pre-scaler
CCPRIH CCPRIL
CCPIIF
Flag Bit

Figure 2.15: Capture mode operating of CCPx module

Source: Fong et al., 2012
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Consider the application requirement of capturing the contents of timer 1, when
a rising edge appears at pin RC2/CCP1 of 16F877, as shown in Figure 2.16.

RC2/CCP1

/S —— > | PIC16F877

Rising Edge

Figure 2.16: Capturing rising edge event

Source: Fong et al., 2012

In capture mode of CCP1 module, it is necessary to configure pin RC2/CCP1 as
input. Further, CCP1CON bits CCP1M3, CCP1M2, CCP1M1, CCP1MO define the
capture event. For capture on the rising edge, the CCP1CON is loaded with
B’00000101. After the capture operation, the contents of CCPR1L and CCPR1H are
automatically copied into TMR1L and TMR1H, respectively. An interrupt flag bit
CCP1IF is set. This flag is then cleared in the interrupt service routine by software
instruction to allow next capture event condition to be detected. Timer 1 must be
running in timer mode. In case of counter mode, capture operation is only possible, if
the mode of the CCP module is synchronized counter mode. In asynchronous counter

mode, it is not possible to use capture feature.

In generating do output using Pulse Width modulation (PWM), it is important to
see how fast the average value changes. If the PWM period is shorter, the changes in the
average value will be faster. If the frequency corresponding to the PWM period is
FPWM, then the cutoff frequency of the low pass filter can be decided so that the
fundamental FPWM and its higher harmonics are filtered out and only the slowly
varying dc component is allowed to pass through the filter. Further, the signal frequency
must be lesser than the cutoff frequency of the filter. Figure 2.17 shows a filter circuit

for such applications, where dc analog output is required.
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PIC /+ Analog Output signal
16F877

Figure 2.17: Filter circuit where analog output required

Source: Fong et al., 2012

The conclusion is timers provide clock pulse to microcontrollers but timing is
must to communicate with outside world. External events and their occurrence at the
exact point of time and generation of precise timing at the output pins of the
microcontroller on a real time basis is done by CCP module. A Capture/Compare/PWM
(CCP) module supports the measurement, control and the generation of pulsed signals

with respect to time precisely.

24 Summary

From the previous research, there are a lot of criteria requirement that need to be
considered while choosing the device and software to implement the tool storage
system. The authors from Wan Kadir et al. (2012) with their proceeding paper entitle
Internet Controlled Robotic Arm, the movement of the robot arm controlled by Arduino
Uno that interfaced with the internet using Arduino Ethernet Shield is the strong phase
to highlight as concepts for GUI connect to interface and implement at hardware.
An article entitled Graphical User Interfaces in an Engineering Educational
Environment from Depcik et al. (2004) was taken due to their phase that Visual Basic
incorporates a number of APIs, which makes it easy to incorporate the logic behind the
GUI is be considered as a concept for GUI using Visual Basic (VB). Journal from Lin
et al. (1997) that entitled A Graphical User Interface Design for Network Simulation
state that GUI designed to setup for all modules in simulation model and easily replaced
by new GUIs implemented in different languages/graphical tools. For this journal, the
concept for select GUI as a system is important during selected this journal.

Second journal from Ismaeel et al. (2013) entitled GUI Based Automatic Remote
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Control of gas Reduction System using PIC Microcontroller is taken the concept for
GUI link to PIC Microcontroller as the interface. The phase in this journal that
supports this concept is system that used to control the GRS automatically through a
GUI using programmable interface controller (PIC16F877A). Visual Basic used in the
construction of GUI, the USB RS-232 serial cable is used as a connector between PIC
and PC. The last journal that considers the concept for selected correct PIC
microcontroller type is from Fong et al. (2012) entitled PIC Microcontroller: CCP
modules. The phase that is hightlight due to this concept is PIC 16F877 can
supporting capture/compare and detecting the exact timing of the occurrence of an
event or can generate exact timing at the output. For this project, all these consideration

will take into account while completing the project.



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

The objectives of this project are to develop and analysis the tool storage system
and to compare the results before and after applying this system. In order to complete
this objective, the method and technical strategies implied is the most important
disciplined need to look at. This research implemented two types of methods that used.
One of the methods is encompassed three phases of development that use to build this
project and the second methods are analyzed and validate the system. For these tests, it
divided into another two types of tests which are the accuracy test and survey test. For
analyzed and validate the system, two types of test are conducted. The tests are

accuracy test and survey test.

In this research, the device that been chosen based on the analyzing the previous
research that relate. According to the literature review in chapter 2, the most compatible
device related to this research by using Graphical User Interface (GUI) for the system
(Mora et al., 2012). To link the system to the hardware, PIC Microcontroller Board as
act the interface will be used to make the concept function (Wan et al., 2012) and
(Teikari et al., 2012).

To accomplished the first objective, for the overall project process, it is
encompasses three phase which are Interface, Design the System and Hardware as

shown in Figure 3.1.
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Figure 3.1: The overall process

According to Figure 3.1, the process starts with the system from personal
computer (PC). In phase I, all the information related to the tool and transaction will be
appearing at this system. Then, interface will link to the hardware in phase Il by

connecting via the system in phase 11.

In phase I, the interface are used “Graphical User Interface” (GUI). This system
is specifically created for searching and finding the presence of the tools through the
computer. The software used for this system is Visual Basic (VB). VB is created to
check the existence of tool and also giving the details information and the status for the

tools to avoid clash user among the staffs and students.

The programming interprets and sends to the PIC in phase Il. Phase 11 where the
PIC microcontroller board will take part to accept and interpret the data given. Once the
data has been trigger, PIC microcontroller will send back the data to the phase I. The
software that be used is microC PRO for PIC. The programming will analyze and give
command to the electronics components to works. The electronics components playing
the important role to connect from phase Il to phase Ill. Phase Il is the hardware where

the installation of the PIC microcontroller board to the cabinet.
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Figure 3.2: Flow chart for the whole process
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The Figure 3.2 has shown the flow chart for the whole process. The process start
with Graphical User Interface (GUI) acts as a main system to searching and detecting
the location of the tool. User decides the tool needed. After deciding, user need to key-
in the name of tool in the column given and clicks search button. Next, the list of tool
will be display. The list will be display according to the related name of tool. If the list

compatible to the tool that needed, user will proceed to the fourth steps. But if vice
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versa, user need back to the second step which is key-in the name of tool back. For the
correct flow, the details of the tool information will be appeared.

The information of the tool consists of name of tool, material for the tool, the
dimension of tool, the suitable machine that use for the tool, the compatible material
that the tool can be used, condition of the tool whether tool in a good condition or not
and the availability of the tool presence. User can request the tool by click the request

button that provide at the drawer control column.

All the data will connect to the PIC microcontroller. The PIC microcontroller
will act as the interface that link to the hardware. Here, the function of PIC
microcontroller is detecting the information and trigger the location for the tool. The
green indicator light appears at the correct drawer. By assisted with green indicator
light, only the correct drawer can be opened. Hence, other drawer will lock

automatically.

3.2 PHASES

3.2.1 Phase I: Interface from PC

Along the years, the statistical software has addressed the needs of the intensive
users or of the non-intensive, or of both at the same time, with more or less success. In
GUI, it had several software’s that compatible in creating the coding such as
Programming C Language, Programming C++ Language, JAVA, MATLAB, Builder
WebFOCUS, Virtual Reality Modeling Language (VRML) and Visual Basic (VB)
(Moraet al., 2012).

According to the entire device that are the researchers used to complete their
thesis, | refer to use Graphical User Interface (GUI) from Mora et al. (2012) journal as
my main software for my thesis on Development of Tool Storage System at Faculty of
Manufacturing Engineering (FKP). Phase | which is focusing only for the interface from
PC.
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Figure 3.3: System from PC flow chart

Figure 3.3 as shown the system from PC flow chart. The flow chart start with the
system that is use: Graphical User Interface (GUI). The software that be used to develop
GUI is Visual basic (VB). The coding for VB must be through the test and run process.
In this process, troubleshoot for this coding need to done in order to ensure the
programming run smoothly. Once the coding is done correctly, the database will go
through to the next phase. According to Veerasamy, B.D., (2010) who are the VB
researcher state that VB product is defined as a programming system. Simply put this
programming system is used to write Windows-based computer programs; it includes
the VB language as well as a number of tools that help you write these programs. By
using VB, user can create their own customized programs that are not bound by the
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limitations of a particular “off-the shelf” computer program; rather, design applications
to meet their own specific needs.

e e

Port Setting ltem Information

Port Number: | Name-

Dimension:
Database Control Suitable Machine:

Name Of Tool : Compatible Materizl:

Awailability (Mumber Only):

‘ Search Drawer Number (Mumber Only):

‘ Add New ftem Drawer Status

Drawer 1: Lock

Drawer 2 - Lock

Figure 3.4: Overall of drawer system (phase 1)

Figure 3.4 has shown the overall of the drawer system by using Graphical User
Interface (GUI). This is how the overall system for phase | look like. For the overall
drawer system, it contains five main columns: - Port Setting, Database Control, item
information, Drawer Control and Drawer Status. All these columns indicate their own

function for their sub buttons.

Port Setting column in first column is created to detect the port number that
connects the PIC Microcontroller Board with three additional components for phase |1
(will discuss in more depth in phase Il) and connect and disconnect button. Second
column is Database Control which created to controlling the file. It is indicates a small
column to key-in name and the button for Search, Add New Item, Edit Current Item,
Delete Item and Save Item buttons for tool. Mostly for Add New Item, Edit Current
Item, Delete Item and Save Item, only the store keeper can be access these sub-columns.
It need a password to access those sub-columns and only store keeper would have the

password.



42

In the third columns which are Item Information is created to give user all the
information about the tool that they need to know. It consists of seven details
information for the tool is shown on the right side of the Drawer System page. The
seven details information are Name, Material, Dimension, Suitable Machine,
Compatible Material, Availability (Number Only) and Drawer Number (Number Only).
The function of Drawer Control in column four is to controlling in and out that link to
the cabinet in phase Il (Hardware). It indicates sub-column for Lock Drawer 1, Lock
Drawer 2 and Request. The status of lock /unlock for drawer 1 and 2 is located at the
Drawer Status columns which is the last column. The function for Drawer Status is to
provide the information for the store keeper and user about the current status for every

drawer at the store.

All the function for every sub button inside the main five columns has shown in
the Table 3.1 below.

Table 3.1: Function for drawer system page

Column Sub-Column Function
Port Setting | Port Number | Detect port number at the PC. Every PC will have
different port number subject to the number of port
that has been installed.
Connect / | The port number that is ready to use or not. If the
Disconnect PC automatically switch to hang mode, it means

user select the wrong port number.

Database Name of | Key-in the tool that user need. The Name Of Tool
Control Tool column and Search button is related to each other.
Search Searching the tool inside the system. The user needs

to click “Search” when user fills the Name Of Tool
column. Only by key-in name of tool, system will
trace. Other than that, the system will not recognize.
Add New | Opened new file for new tool. Store keepers key-in

Item the new tool after received new inventory stock
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Information

Edit Current

Item

Delete Item

Save Item

Name

Material

Dimension

Suitable

Machine

Compatible

Material

Availability
(Number
Only)

from supplier.

Only store keeper can be editing all the information
inside the Item Information column. When store
keeper received any stock that reorder from
supplier, only clicking Edit Current Item button to
alter the Availability (quantity) of tool. Availability
can be seen at the Item Information column.

Can be used when store keeper willing to deleting
the tool that not relevant to keep in the system.
Only function after store keeper finish filling detail
information of the tool. The data cannot be saving if
store keeper did not key-in name for the tool.

The name of tool will display at this sub-column.
This is the important sub-column compared to
others. By filling wrong name of the tool when
saving the file, the file for that tool cannot be found.
Indicate the tool is made from that material. This
info is useful to prevent the tool from damage.
Allocate the exact size for that tool. From this
information, user can identify whether that tool is
suitable for their workpiece or not.

Shows the correct machine can be used for this tool.
With this info, it can help user to save time to
identify the correct machine to operate through this
tool.

Gives the correct info about the correct material that
can be used using that tool. Wrong suitable material
that be used for the tool will affect the quality and
damage the tool and the workpiece itself.

State the exact quantity of the tool presence inside
the drawer. The quantity will reduce one tool of the

current amount if user has request the tool. This
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Number
(Number
Only)

Drawer Lock Drawer
Control 1

Lock Drawer
2

Request

Drawer Drawerl:
Status Lock /
Unlock

Drawer2:

Lock /
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project is function only for one tool taken as stated
in the scope of project.

Shown the exact location of the drawer for that tool.
This column is also important for user to trace
where the tool is located. With knowing the exact
location for this tool, user can save time without
searching every drawer or cabinet to find that tool.
For store keeper to click at the button when taking
one tool from the drawer. By click this button, the
drawer will automatically lock and cannot be open
unless by re-request the tool.

For store keeper to click at the button when taking
one tool from the drawer. By click this button, the
drawer will automatically lock and cannot be open
unless by re-request the tool.

When user needs that tool, user needs to click at
request button. Within 200 milliseconds the data
will link to the PIC Microcontroller and green
indicator light with the solenoid will start function.
The current status for the drawer. If no one have
been request the tool but the status at this sub-
column shows unlock, it mean either the store
keeper forget to lock back the drawer or there is
stranger at the drawer who trying to steal the tool.
The current status for the drawer. If no one have
been request the tool but the status at this sub-
column shows unlock, it mean either the store
keeper forget to lock back the drawer or there is

stranger at the drawer who trying to steal the tool.
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User must follow some procedures when adding new, editing, deleting or saving

the tool file. Without knowing the correct procedures, store keeper will faced big



45

problem with this system. Figures 3.5 until Figure 3.9 below are shown the procedures

for first time log-in, adding new, editing, and deleting or saving the tool file.

Figure 3.5 shows the procedures for the first time log-in for all users. Figure 3.6
shows the procedures for add new item. For Figure 3.7 shows the procedures for edit
current item. While Figure 3.8 shows the procedures for request item. Lastly, for Figure

3.9 shows the procedures for delete item.

First Time Log-in (All users: - students, lecturers, store keeper and

FKP staffs)

1) Select <Port Number> at Port Setting. (Make sure port selected
IS correct)
2) Click <Connect>

Figure 3.5: First time log-in procedures

Add New ltem

1) Click <Add New Item> at Database Control column.

2) Fill all the onformation needed at the Item information column
like Name, Material, Dimension, SuiTable Machine,
Compatible Material, Availability and Drawer Number.

3) Click <Save Item> at Database Control.

4) Click <OK>

Figure 3.6: Add new item procedures



Edit Current ltem

1) Identify the tool that need to edit.

2) Key-in the tool name at the Name Of Tool column.

3) Click <Search>

4) Click <Edit Current Item> (Note: All of the information at Iltem
Information csn be editted accept for <Name>. The sub-column
<Name> must be correct because the name of the tool cannot be
editting).

5) Click <Save Item>

6) Click <OK>

Figure 3.7: Edit current item procedures
Request Item

1) Key-in tool name in Name Of Tool column.

2) Click <Search>

3) All the details information of the tool appear at the Item
Information column.

4) Click <Request>

5) Exact drawer will unlock with the yellow indicator light
functioning at he right side of the drawer.

6) To unlock the drawer back, click <Lock Drawer 1> or <Lock

Drawer 2>

Figure 3.8: Request item procedures

46
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Delete Item

1) Key-in name of tool.
2) Click <Search>

3) Click <Delate Item>
4) Click <OK>

Figure 3.9: Delete item procedures

3.2.2 Phase Il: Designing The System

In the phase 11, data will link to the PIC microcontroller board. From there, the
PIC microcontroller board works as the interface will detect the information from
database. The PIC microcontroller will read the database and trigger the location of the
tool that be placed. After detect the location of the tool, PIC microcontroller board will
connect to the phase 111 which is hardware. The PIC microcontroller board consist of the
basic electronics circuit with additional of 3 others components which are USB to
transmit and receiving the database from GUI to Mikro C PRO and from MikroC PRO
to GUL.

Figure 3.10 shows the flow chart for the interface. It focused on the interface
that link the system from PC to connect the hardware. The software that is used to build
coding is Micro C PRO for PIC. Micro C PRO for PIC is a full-featured ANSI C
compiler for PIC devices from Microchip®. It is the best solution for developing code
for PIC devices. It features intuitive IDE, powerful compiler with advanced
optimizations, lots of hardware and software libraries, and additional tools that will help
you in your work. Compiler comes with comprehensive Help file and lots of ready-to-
use examples designed to get you started in no time. Compiler license includes free
upgrades and a product lifetime tech support, so you can rely on our help while
developing. MikroC PRO for PIC provides a set of libraries which simplify the

initialization and use of PIC compliant MCUs and their modules.
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Figure 3.10: Flow chart for the interface

The database from the system will give the signal to the PIC microcontroller
which act as the interface to connect to the hardware. The PIC microcontroller will read
the database and trigger the location of the tool that be placed. After detect the location
for the tool, PIC microcontroller will connect to the hardware. The software consists of
a standard programming language and the boot loader that runs on the board. Due to its
low price tag it has become extremely popular among artists, designers, hobbyists, and

anyone interested in creating interactive objects or environments.
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3.221 PIC Microcontroller Board

Programmable Interface Controllers (PIC) microcontrollers board, are electronic
circuits that can be programmed to carry out a vast range of tasks. PIC Microcontroller
can be programmed to be timers or to control a production line and much more. There
are found in most electronic devices such as alarm systems, computer control systems,
phones, in fact almost any electronic device. Many types of PIC microcontrollers exist
that programmed and simulated by MicroC PRO for PIC software. PIC microcontrollers
are relatively cheap and can be bought as pre-built circuits or as kits that can be
assembled by the user. Figure shown the PIC microcontroller board that are used in this

project.

' .‘

Figure 3.11: PIC microcontroller board

PIC microcontroller board that has shown in the Figure 3.11 is react as the
interface between the hardware and system from PC. When VB get the signal from

request button, the database will send to the part A of the PIC microcontroller board.
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PIC microcontroller will received the database and inteprate the data. Once, data has
been analazy, PIC microcontroller transmit data back to the VB. After VB receiving
that comand, VB transmit again to the PIC Microcontroller Board part B. Part B will
accept the command and react to the drawer to be functional. Here, solenoid and yellow
indicating light played an important role to show the correct drawer by yellow indicator
light and selonoid will functioning.

Figure 3.12: Part A (PIC microcontroller board)

Figure 3.12 shows part A in PIC microcontroller Board that react as receiving
and transmitting the database from/to Visual Basic (VB) programming. PIC
Microcontroller receives the database via USB that connecting from PC. Then, the data
will flow and go to the PIC 16F887 microcontroller to interpret the database. Once the
data have been analyzed, data transmit back to VB through USB.

Part B from Figure 3.13 shows another part of the PIC microcontroller board
that reacts to connect with the drawer. After VB receive the database for second time,
VB will transmit the final database to the part B via USB and PIC microcontroller. PIC
microcontroller only read the database and gives command for the exact drawer. Yellow
LED will lighten proportionally after the solenoid received the data from PIC

microcontroller.
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Figure 3.13: Part B (PIC microcontroller board)

3.2.2.2  Light-emitting Diode (LED)

Figure 3.14: Yellow Light-emitting Diode (LED) 10mm diameter

Figure shows a LED is asemiconductor light source. LEDs are used as
indicator lamps in many devices and are increasingly used for other lighting. The LED
will be used in PIC microcontroller as the signal to implement at phase Ill. The yellow
LED is used to give exact direction where the tool is located. After the PIC
microcontroller read the data from database system, the PIC microcontrollers
interpreted the data and give the feedback to green light indicator. Once data received,

LED will be trigger and lit. It will be implementing on the right side of the cabinet. The
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high brightness, low current consumption, large operating voltage range and wide
operating conditions are very suitable features to allocate LED at this project.

Table 3.2: Light-emitting Diode (LED) specification

Product Name Light-emitting Diode
Supply Voltage v
Input Voltage 5.5V
Operating Free Air 0°C to +70°C
Temperature
Overall Size 22.5x1.3cm/8.9" x 0.5"(L*Max.D)
Storage Temperature Range -65°C to +15°C
Weight 59

Table 3.2 shown LED contributes of 220V working voltage. When LED is
forward-biased (switched on), electrons are able to recombine with electron holes
within the device, releasing energy in the form of photons. This effect is LED
electroluminescence and the color of the light (corresponding to the energy of the

photon) is determined by the energy gap of the semiconductor.

The most common symptom of LED (and diode laser) failure is the gradual
lowering of light output and loss of efficiency. Sudden failures, although rare, can occur
as well. With the development of high-power LED the devices are subjected to higher
junction temperatures and higher current densities than traditional devices. This causes
stress on the material and may cause early light-output degradation. To quantitatively
classify useful lifetime in a standardized manner it has been suggested to use the terms
L70 and L50, which is the time it will take a given green indicator light to reach 70%
and 50% light output respectively.

Like other lighting devices, LED performance is temperature dependent. Most
manufacturers' published ratings of LED are for an operating temperature of 25 °C.
LED used outdoors, such as traffic signals or in-pavement signal lights, and that are
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utilized in climates where the temperature within the luminaire gets very hot, could

result in low signal intensities or even failure.

3.2.2.3 Solenoid Valve

The last component that additional to the PIC microcontroller circuit board is
solenoid valve. By adding the solenoid valve to hardware, it will not interrupt the
drawer to open or close. This solenoid valve needs to be used after considering the most
effective way in user-friendly and ergonomic. The solenoid valve position will place on
the right side of the drawer. Figure 3.15 show the example of solenoid valve that used.

Figure 3.15: Solenoid valve

Solenoid valve much suitable for small cabinet compared to other component. A
locking solenoid is a conventional solenoid which is a wire coil that is magnetized when
paired with an electrical current that is made to lock a door or device. The locking
solenoid is small enough to fit into a lock, where it keeps the locking mechanism from
moving unless an electromagnetic force is used to gain access. When the door is locked,
no power is used, so the solenoid has a long duty cycle and tends to run off batteries.
While most lock solenoids are very small, there are some large ones made for heavy-
duty equipment and safety devices. The most common places a locking solenoid is used

are in doors, vending machines, turnstiles and cabinets.

When a drawer locks via a locking solenoid, it is using basic electromagnetic
forces to control the lock. The solenoid fits in the locking mechanism and, when locked,
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it will expand so the device cannot unlock by sheer force. An electromagnetic force,
such as a keycard, is needed to tell the solenoid to move, thus allowing the device to

unlock and open.

While the locking solenoid will keep the device locked, it is not technically on
when in locking mode, because no power is being used. The solenoid only needs power
when unlocking and, because most devices are consistently locked, very little energy is

ever required by the solenoid.

The most common devices that use a locking solenoid are usually small, around
the size of a human adult or less, and do not need much locking force. Hotels, offices
and other secure areas use these solenoids to lock doors, because picking a solenoid
lock is very difficult. Instead of the easily broken padlocks long used on vending
machines, solenoid locks are modern alternatives. Turnstiles at parks, subways and
entertainment events use solenoids to stop people unless they are authorized to pass

through.
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3.2.3 Phase Il1l: The Hardware

4

Location of tool detected

4

Hardware connected

4

Yellow Light-emitting
Diode (LED) appear

4

Drawer open

\d

Figure 3.16: The flow chart for hardware

Figure 3.16 show the flow chart for hardware. For phase 111, hardware is needed
to link to the previous phase. All the additional components which are PIC
microcontroller, yellow LED and solenoid valve are implemented. These components
placed to the cabinet. From PIC microcontroller, yellow LED and solenoid valve are

functional after get the signal.

Yellow LED is used to give exact direction where the tool is located. After PIC
microcontroller read the data from database system, the microcontroller interpreted the
data and give feedback to yellow LED. Once data received, yellow LED will be trigger
and lighten. User opened the drawer according to the yellow LED lit. The solenoid
valve triggered the movement of the drawer. To close the drawer back, user need to

click on the GUI. Solenoid valve locked the drawer and yellow LED switched off, also
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finishes the process flow. Figure 3.17 shows the overall planning for allocate the

interface.

Microcontroller

Board

Yellow Light-
Emitting Diode Solenoid
(LED) Valve

Figure 3.17: The overall planning for allocate the interface

3.3 Tests

Figure shown types of testing that be held for this project to get the results to
support this project. Accuracy test is a test to get accuracy and precision of solenoids
and LEDs to react to the data for 0.2 seconds. While survey test is a test to get feedback

from users about this project to accomplished the second objectives of this research.
3.3.1 Accuracy test
According to McGraw-Hill Science & Technology dictionary, accuracy test is

all basically do the same things. It is a multiple choice tests which measure the ability to
deal with information, follow instructions precisely, work at high speed, check material
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for errors and maintain a high level of accuracy and concentration. The accuracy test is
done by make a two hundred times which is two cycles on testing the solenoids and
yellow LED that located beside the drawers. According to this project, one cycle refer
when the probe inside the solenoid change the position from lock to unlock within 0.2
seconds and the other one cycle refer vice versa which is when the condition of the
solenoid probe is change from unlock to lock within 0.2 seconds. The results will be

explained in chapter 4.

3.3.2 Survey test

Survey testing is an important part of the survey development process and

provides guidance on the:

o Adequacy of the sampling frame.
o Variability of the target population with regard to the survey subject.
o Expected non-response rate and the effectiveness of measures aimed at reducing

non-response.

o Suitability of the data collection method, including testing of various methods to

determine the most suitable.

o Adequacy of the questionnaire, including testing of alternative versions to

determine the most effective.

o Effectiveness of interviewer training and the adequacy of survey instructions.

o Answer categories to be used for pre-coded questions.

o Organization of the survey.
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In some cases, data collected in the tests may be useful preliminary indicators of
the survey results; estimating sampling error, sample sizes and population variability;
and estimating likely response rates. These preliminary results will involve a smaller
sample and thus produce higher standard errors, which need to be taken into

consideration.

For this research, survey consists of the feedback of the users in FKP laboratory
which are students, lecturers and FKP staffs. The example of the survey test is attached

at appendices B. The results for this survey test can be seen in chapter 4.



CHAPTER 4

RESULT AND ANALYSIS

4.1 INTRODUCTION

This chapter presents the results of this project and all the results are discussed
and analyzed in details. In this project, the overall project for phase I, 11 and 1 will be
combined and analyzed using two type of tests which is Accuracy Test and Survey Test.
The result for both test are tabulate into table and interpret the data into graph for
Accuracy Test and pie chart for Survey Test. The recommendations for this project will
be discussed in the next chapter.

42 PRODUCT INFORMATION

A proceeding engineering from Wan et al. (2012) which is based on a concept of
an internet controlled robotic arm. This journal is the movement of the robot arm can
be controlled by a computer via the internet. This robot can be used to demonstrate that
a robot can be used inside a home for daily human chores. The robot is controlled by
Arduino Uno that interfaced with the internet using Arduino Ethernet Shield.

The completed project can be view in Figure 4.1. This project starts with the
interface from PC. In phase I, all the information related to the tool and transaction will
be appearing at overall drawer system using GUI as the interface in figure 4.2. Then,
interface will link to the hardware in phase Ill by connecting via the system in phase II.
Refer figure 4.3 for implement phase Il into phase Ill. Figure 4.4 shows the printed

circuit board (PCB) of the project. The guidelines of creating and designing the concept
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of the project are point to the journal, proceeding and article. The complete project has

been show below.

e
XX
D ——————————

Hardware ‘
Y

Port Setting

Port Number : ||

Databaze Control
Name Of Tool :

Add Mew ftem

ltem Information

Name:

Material:

Dimension:

Suitable Machine:

Compatible Material:
Availability (Number Only):
Drawer Number (Number Cnly):

Drrawer Status

Drawer 1: Lock

Drawer 2 : Lock

Figure 4.2: Overall of drawer system using GUI as the interface
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Figure 4.3: Implement phase Il into phase 11

Figure 4.4: Printed circuit board (PCB) of the project
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4.3.1 GUI as The Interface

Each GUI Object has a corresponding dialog object managed by the GUI with
which the user can interact, modify, or view the data associated with the object. GUI
objects come in three flavors. Each type differs from the other by the kind of dialog
item that used to display the data associated with the object (Lin et al., 1997).

An article entitled Graphical User Interfaces in an Engineering Educational
Environment from Depcik et al. (2004) was taken due to their phase that Visual Basic
incorporates a number of APIs, which makes it easy to incorporate the logic behind the

GUI is be considered as a Concept for GUI using Visual Basic (VB).

For phase I, the interface has been used to create the system of “Graphical User
Interface” (GUI). This system is specifically created for searching and finding the
presence of the tools through the computer. The software that be used for this system is
Visual Basic (VB). VB is created to check the existence of tool and also giving the
details information and the status for the tools to avoid clash user among the staffs and
students. Refer appendices C1 for the overall programming of the GUI by using VB.

Figure 4.4 shows the overall of drawer system using GUI as the interface for
phase I. It contains five main columns: - Port Setting, Database Control, item
information, Drawer Control and Drawer Status. All these columns indicate their own

function for their sub buttons.

Database Control was created to controlling the file. It is indicates a small
column to key-in name and the button for Search, Add New Item, Edit Current Item,
Delete Item and Save Item buttons for tool. Mostly for Add New Item, Edit Current
Item, Delete Item and Save Item, only the store keeper can be access these sub-columns.
It need a password to access those sub-columns and only store keeper would have the

password.
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Add new item button is function to opened new file for new tool. Store keepers
key-in the new tool after received new inventory stock from supplier. Figure 4.5 below

shows the coding for add new item button.

Private Sub add_button_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles add_button.Click
If add_status = 1 Then
read_only false()
clear_box()
save_button.Enabled = True
edit_button.Enabled = False
delete_button.Enabled = False
search_button.Enabled = False
add_button.Text = "Cancel”
add_status = 2
Else
read_only true()
clear_box()
save_button.Enabled = False
search_button.Enabled = True
add_button.Text = "Add New Item"
add_status =1
End If

End Sub

Figure 4.5: The coding for add new item button

Figure 4.6 shows coding for save item button only function after store keeper
finish filling detail information of the tool. The data cannot be saving if store keeper did

not key-in name for the tool.

Private Sub save_button_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles save_button.Click
If NameTextBox.Text <> Nothing Then
Dim text_writer As New IO.StreamWriter(current_dir & "\item_data\" &
NameTextBox.Text & ".txt")
text_writer.WritelLine(NameTextBox.Text)
text_writer.WriteLine(MaterialTextBox.Text)
text_writer.WriteLine(DimensionTextBox.Text)
text_writer.WriteLine(Suitable_MachineTextBox.Text)
text_writer.WriteLine(Compatible_MaterialTextBox.Text)
text_writer.WriteLine(AvailabilityTextBox.Text)
text_writer.WriteLine(Drawer_NumberTextBox.Text)
text_writer.Close()
MsgBox("Data Saved", MsgBoxStyle.OkOnly, "Saving Data")
save_button.Enabled = False
add_button.Enabled = True
edit_button.Enabled = False
search_button.Enabled = True
read_only_true()
edit_button.Text = "Edit Current Item"
add_button.Text = "Add New Item"
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Else
MsgBox("Please insert item name", MsgBoxStyle.Exclamation, "No item
name"
End If

End Sub

Figure 4.6: The coding for save item button

The third button is search button. The function is to searching the tool inside the
system. The user needs to click “search” when user fills the name of tool column. Only
by key-in name of tool, system will trace. Other than that, the system will not recognize.

The figure 4.7 indicates the coding for the search button.

Private Sub search_button_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles search_button.Click
Try
Dim text_reader As New IO.StreamReader(current_dir & "\item_data\" &
search_input.Text & ".txt")
NameTextBox.Text = text_reader.ReadlLine
MaterialTextBox.Text = text_reader.ReadlLine
DimensionTextBox.Text = text_reader.ReadlLine
Suitable_MachineTextBox.Text = text_reader.ReadlLine
Compatible_MaterialTextBox.Text = text_reader.ReadlLine
AvailabilityTextBox.Text = text_reader.ReadlLine
Drawer_NumberTextBox.Text = text_reader.ReadlLine
text_reader.Close()
edit_button.Enabled = True
delete_button.Enabled = True

Catch ex As Exception
MsgBox("No item on specific name was found", MsgBoxStyle.Exclamation,
"No item founded")
End Try

End Sub

Figure 4.7: The coding for the search button

Figure 4.8 shows edit button, only store keeper can be editing all the information
inside the item information column. When store keeper received any stock that reorder
from supplier, only clicking edit current item button to alter the availability (quantity) of

tool. Availability can be seen at the item information column.
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Private Sub edit_button_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles edit_button.Click

If edit_status = 1 Then
read_only false()
NameTextBox.ReadOnly = True
delete_button.Enabled = False
save_button.Enabled = True
add_button.Enabled = False
search_button.Enabled = False
edit_button.Text = "Cancel”
edit_status = 2

Else
read_only true()
delete_button.Enabled = True
save_button.Enabled = False
add_button.Enabled = True
search_button.Enabled = True
edit_button.Text = "Edit Current Item"
edit_status =1

End If

End Sub

Figure 4.8: The coding for the edit button

The last button inside the database control column is delete button. Delete button
can be used when store keeper willing to deleting the tool that not relevant to keep in

the system. Figure 4.9 shows point the coding for the delete button.

Private Sub delete_button_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles delete_button.Click
If My.Computer.FileSystem.FileExists(current_dir & "\item_data\" &
search_input.Text & ".txt") = True Then
MsgBox("Are you sure want to delete the selected data?",
MsgBoxStyle.YesNo, "Confirmation")
If MsgBoxResult.Yes Then
Try
System.IO.File.Delete(current_dir & "\item_data\" &
search_input.Text & ".txt")
MsgBox("Data Deleted", MsgBoxStyle.OkOnly, "Deleting Data")
delete_button.Enabled = False
edit_button.Enabled = False
clear_box()
Catch ex As Exception
End Try
End If

If MsgBoxResult.No Then
MsgBox("Cancel Delete", MsgBoxStyle.OkOnly, "Deleting Failed")
End If
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Else
"Data did you try to delete was not found"
"Deleting Failed"
End If
End Sub

Figure 4.9: The coding for delete button

Item Information is created to give user all the information about the tool that
they need to know. It consists of seven details information for the tool is shown on the
right side of the Drawer System page. The seven details information are Name,
Material, Dimension, Suitable Machine, Compatible Material, Availability (Number
Only) and Drawer Number (Number Only). The function of Drawer Control in column
four is to controlling in and out that link to the cabinet in phase Il (Hardware). It

indicates sub-column for Lock Drawer 1, Lock Drawer 2 and Request.

Request button is function when user decided to take the tool. Once user click
the request button, automatically the availability information will reduce 1 (-1) as
signify the quantity of the tool is reduce one tool. Figure 4.10 shows the coding for the
request button while figure 4.11 indicates the coding for availability update information
that will reduce one tool after clicking request button.

Private Sub request_button_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles request_button.Click
If Val(AvailabilityTextBox.Text) > © Then
If Drawer_NumberTextBox.Text = Nothing Then
MsgBox("There is no item selected", MsgBoxStyle.OkOnly, "No item
selected")
ElseIf Val(Drawer_NumberTextBox.Text) = 1 Then
SerialPortl.Write("a")
update_Availability()
ElseIf Val(Drawer_NumberTextBox.Text) = 2 Then
SerialPortl.Write("c")
update_Availability()
End If
Else
MsgBox("Item is not available", MsgBoxStyle.OkOnly, "No stock™)
End If
End Sub

Figure 4.10: The coding for request button
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Private Sub update_Availability()
AvailabilityTextBox.Text = Val(AvailabilityTextBox.Text) - 1
Dim text_writer As New IO.StreamWriter(current_dir & "\item_data\" &

NameTextBox.Text & ".txt")
text_writer.WriteLine(NameTextBox.Text)
text_writer.WriteLine(MaterialTextBox.Text)
text_writer.WriteLine(DimensionTextBox.Text)
text_writer.WriteLine(Suitable_MachineTextBox.Text)
text_writer.WriteLine(Compatible_MaterialTextBox.Text)
text_writer.WriteLine(AvailabilityTextBox.Text)
text_writer.WriteLine(Drawer_NumberTextBox.Text)
text_writer.Close()

End Sub
End Class

Figure 4.11: The coding for availability update information

4.3.2 Electrical and Electronic Part

Figure 4.12 shows the overall of pic microcontroller circuit board (PCB) of this
project. It consists of microcontroller PIC16F877 circuit, solenoids, yellow LED and
USB 232 series cable.

Get command and connect to hardware

¥

,,,,,

Part A

Receive and transmit data from VB

E- _— 4

Figure 4.12: Overall of PIC microcontroller circuit board (PCB)
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According to figure 4.12, part A in PIC Microcontroller Board that react as
receiving and transmitting the database from/to Visual Basic (VB) programming. PIC
Microcontroller receives the database via USB that connecting from PC. Then, the data
will flow and go to the PIC microcontroller 16F887 to interpret the database. Once the
data have been analyzed, data transmit back to VB through USB. Figure 4.13 shows the
coding for PIC microcontroller 16F887 for receiving availability of the ram. PIC

microcontroller 16F887 will receive data from PC.

if(rx_data =="a")

{ Drawer 1

PORTC.FA=1; | ====3» unlock, receive
rx_data = 0; ‘a’or ‘b’
}
if(rx_data =="'b")
{
PORTC.F4 =0;
rx_data = 0;

¥

if(rx_data =='c")

{
PORTC.F5=1; Drawer 2

rx_data = 0; unlock, receive
} ‘c’or ‘d’

if(rx_data =="'d")

{

PORTC.F5=0;

rx_data = 0; 1 = Unlock C.F4 = Drawer 1
} 0= Lock C.F5 = Drawer 2

Figure 4.13: The coding for PIC microcontroller 16f887 for receiving

availability of the ram

Figure 4.14 show the coding for PIC microcontroller 16F887 for checking and
transmit the availability of the ram. PIC microcontroller 16F887 will transmit the data
to PC and give command to relay at part B in figure 4.12. Part B from figure 4.12 shows
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another part of the PIC Microcontroller Board that reacts to connect with the drawer.
After VB receive the database for second time, VB will transmit the final database to
the part B via USB and PIC microcontroller. PIC microcontroller only read the database
and gives command for the exact drawer. Yellow LED will lighten proportionally after
the solenoid received the data from PIC microcontroller. Refer appendice C2 for the
output circuit for part B.

if (PORTC.F4 == 1)

{UARTl_Write('A');

UART1_ Write(10); D:f;;:inll . ?X}‘(’)‘;k’
} ‘B

else

{

UARTL Write(B);
UARTL_ Write(10);

}
if PORTC.F5==1)
{
UART1_ Write('C";
UART1_Write(10); Drawer 2 unlock,
} transmit ‘C’ or
else ‘D’
{
UART1_Write('D");
: . Idle time to PIC
UART1 Write(10);
1 - (10) microcontroller 1 = Unlock
. 16F887 (Part A) else = Lock
delay_ms(200); react with relay
¥ (Part B). C.F4 = Drawer 1
while(1); C.F5 = Drawer 2

Figure 4.14: The coding for PIC microcontroller 16f887 for checking and transmit the
availability of the ram
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4.3  Testing

There are two types of testing that be held for this project to get the results to
support this project. Accuracy test is a test to get accuracy and precision of solenoids
and LEDs to react to the data for 0.2 seconds. While survey test is a test to get feedback
from users about this project to accomplished the second objectives of this research.

The approaches used are entitled with:

(1) Collect and gather data

(i)  Tabulate the data

(iii))  Analyze data by graphical or analyze

(iv)  Interpret the data

(v) Make a conclusion and recommendation

4.3.1 Accuracy Test

The accuracy test is done by make a two hundred times which is two cycles on
testing the solenoids and yellow LED that located beside the drawers. According to this
research, one cycle refer when the probe inside the solenoid change the position from
lock to unlock within 0.2 seconds and the other one cycle refer vice versa which is when

the condition of the solenoid probe is change from unlock to lock within 0.2 seconds.

The result for accuracy test has shown below in figure 4.15. Figure 4.15 shows
this system has been test two hundred times which include two cycles for accuracy test
and the results shows the actual movement of the solenoid and yellow LED for the first
and second drawer is functional between 97% to 99%. This percentage is based on the
function ability and the precious solenoids and yellow LED. This is show that this

project can be applicable to implement at FKP.
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Accuracy Test

Figure 4.15: Graph for accuracy test

4.3.2 Survey Test

For this survey test that consists of the feedback of the users in FKP laboratory

which are students, lecturers and FKP staffs. The result for this survey test is dividing

into five sections. The sections are:

(i) Members of UMPian

(i) Current system at FKP

(iii)  Survey of the drawer system

(iv)  Survey of the hardware

(v) Survey of the whole project
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() Members of UMPian

Members of UMPian

Student Year 1
3%

Student Year 2
10%
Student Year 3
13%

Figure 4.16: Members of UMPian

Figure 4.16 shows the position of the members of UMPian that involve in this
survey test. This survey was held among the 30 users that include lecturers, FKP staff
and students in FKP. Student year 4 are the most participate to this survey test regarding

of their experience in using FKP lab almost 4 years.

(i) Current system at FKP

QO01-06 (Current system at FKP)

Figure 4.17: Question 01-06 feedback
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Figure 4.17 shows the pie chart for question 01 until 06. These questions are
more related to the feedback of current system at FKP. Question 01 asked about any
appropriate storage management system at FKP lab provide currently. The answer from
candidates’ state 16% of 30 users said there is no appropriate storage management
system at FKP lab provide currently. While for question 02 — 06, 84% of the users agree
about the difficulty to find the tool at FKP lab.

(iii)  Survey of the drawer system

Q07-13 (Survey of The Drawer System)

No

3%

Figure 4.18: Questions 07-13 feedback

Figure 4.18 shows the pie chart for question 07 until 13. This section is related
to the survey of the drawer system as refer to the figure 4.19. Due to the results, show

97% of users agrees about the drawer system outlook.



Port Setting ltem Information
Port Number : | - Name:
Dimension:
Database Control Suitable Machine:
Name Of Toal :

Compatible Material:

Availability (Mumber Only):

l Search l Drawer Mumber (Number Only):

l Add MNew ttem l Drawer Contro Drawer Status

Drawer 1 - Lock

Drawer 2 - Lock

Figure 4.19: Drawer system outlook

(iv)  Survey of the hardware

Q14-18 (Survey of The Hardware)

Figure 4.20: Questions 14-18 feedback
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Figure 4.21: Hardware

Figure 4.20 shows the pie chart for question 14 until 18. This section related to
the survey of the whole project as refer to the figure 4.21. Due to the results, show 96%
of users agrees about the feedback of auto-lock concept for drawer and the LED that be
lightening to show location of drawer.

4.4  Analysis and Troubleshooting

In this project, the interface is built using GUI system via VB programming. The
programming interprets and sends to the PIC 16F877 microcontroller circuit board. PIC
microcontroller board will take part to accept and interpret the data given. Once the data
has been trigger, PIC 16F877 microcontroller will send back the data. The programming
will analyze and give command to the electronics components to works. The electronics

components play an important role to connect the interface and the hardware.

4.5 Achievements

When this project is brought into testing and evaluation, it can be observed that

it is a success and have met the objectives flawlessly. Below are the lists of

achievements that can be highlighted:
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The concept of GUI that used as the interface for this project is functional.

The coding for VB programming is used to create GUI successful.

The choice for selected PIC 16F887 microcontroller was achieved.

Correct concept for GUI link to PIC 18F887 microcontroller as the interface.

The progress can run smoothly from phase | until phase I11.

Solenoids and yellow LED were functional between 0.2 seconds.



CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 INTRODUCTION

This chapter provides about conclusion of finding for this project. This chapter
also provides about the problem encountered while doing this project. For future
reference, a few recommendations are enlisted as a topic in this chapter for

enhancement of knowledge in continuing this research of storage management system.

5.2 CONCLUSION

This project is able to follow the consequent movement constantly. The system
design that use in this project can brings a lot of benefits to FKP. By implementing this
project, the systematic storage system can be improved at FKP. The knowledge and
skill from this project will give more experience and new knowledge for manufacturing
students. The results shows majority all FKP users give a good response according to
this project. This project also can be categorized as friendly user, ergonomic and
efficient to implement. Even after testing more than two hundred times, this project still
can be functional well. It shows that by implement this tool storage system in FKP,
inventories will be placed in the safety, appropriate, conspicuous and neatly. Other than
that, by implementing tool storage system at the FKP workshop, it can be reduce to
hiring store keeper. FKP also can get lot of advantages by implementing storage
management system such as easy to find the location, specification and details
information of the tool. Due to the tool arrangement it can be in a systematic, proper,

innovative and appropriate condition.
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5.3 PROBLEM ENCOUNTERS

Throughout the project development, quite a number of problems are faced and
appropriate steps are taken to solve it. Among the main problems together with the

suitable solutions are:

e Problems in ensuring that the components in a good condition.

» This problem was main problem while make a controller circuit. It will happen
when there are short circuits or circuit modifications had made depends on
situation. From this project, have taken two modifications that result in the PIC
microcontroller burn. Furthermore, the transistor also burned if excessive voltage or

current happen. Relay also will not work if the transistor is damaged.

e The Graphical User Interface (GUI) not runs smoothly.

» The coding for create GUI cannot run smoothly because of some language that not
familiar with. The arrangement of the coding also give the effect to make sure the

coding can runs smooth.

e During implementing hardware and PIC microcontroller circuit board.

» During implementing PIC microcontroller circuit board into cabinet, there are some
difficulty to put the solenoid and make sure the drawer can function well. The
whole that need to drill to put the solenoid probe is too small and need to predrill
again. The location to put the solenoid and yellow LED also give the difficulty.
But, it can be solve with predrill with the larger diameter of drill and rearrange the
location to allocate the PIC microcontroller circuit board.
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RECOMMENDATIONS

For future research, there is some recommendation that need to highlight to give

a better improvement for this project. There are:

(i)

(i)

(iii)

(iv)

v)

GUI needs to create password for the administrative for security purpose

especially to monitoring and controlling the tool via system.

Create software that can be installed in administrative mobile phone. So, only
administrative can check and monitor through their mobile phone.

Load sensor must be applied to detect the weight of the tool.

Attach barcode to the tool also the idea to detect presence of the tool.

Improve the cabinet with adding the silicone solenoid to give a better
improvement.
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APPENDICE B

SAMPLE OF SURVEY FORM

X /r/n N
= Nm‘ /
Universiti /j -
Malaysia tafan
AHANG L/

UNIVERSITI MALAYSIA PAHANG

FACULTY OF MANUFACTURING ENGINEERING

INTRODUCTION
This survey form was designed to obtain feedback from the FKP workshop users. This project
will begin with the first phase which is the system as the main source of searching the tools.
Then, it will flow to the next phase which is the PIC microcontroller board as the interface to
detect the location of the tool at the hardware (third phase).

You can see the overview of the system in more depth in the step-by-step flow chart of
how the whole system operates.

All the information that obtained from this survey is private and confidential and only
used for this project. Your sincerity in answering this survey led with thousands of thanks.

Please CIRCLE your answer.
Position: Student / Lecturer / FKP Staff
Year of study (student): 1/ 2/ 3/ 4

1) Isthere any appropriate system to keep all tools at FKP workshop? YES NO
2) Do you have any difficulty to find the tool at FKP workshop? YES NO
3) Have you wish FKP workshop have the systematic storage system in future? YES NO
4) Do you wish FKP workshop has a system to detect the location of the tool? YES NO
5) Do you want the system that is easy to understand and operate it? YES NO
6) Do you want a system that has detailed information related to the tool? YES NO

SURVEY OF THE DRAWER SYSTEM

7) Do you agree if the item information column will be place on top at the right side of the

drawer system page? YES NO
8) What do you want to be state in the item information column?
a) Name of tool. YES NO
b) Material for the tool. YES NO
¢) Dimension of tool. YES NO
d) The suitable machine that can be used. YES NO

e) The availability of the tool that can be used. YES NO
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f) The location of the tool. YES NO
9) What do you need to be place inside the database control column?
a) Name of tool. YES NO
b) Add new item. YES NO
¢) Edit current item. YES NO
d) Delete item. YES NO
e) Save item. YES NO
f) Cancel item. YES NO
10) Do you agree if the database control column is located below the port setting at your left
side of the drawer system page? YES NO
11) Do you wish to have the drawer control column inside the drawer system page?
YES NO
12) What do you expected to have inside the drawer control column?
a) Button lock for drawer 1 and drawer 2. YES NO
b) Request button for detecting the location of the tool. YES NO
13) Do you need to have the drawer status column for your reference? YES NO

SURVEY OF THE HARDWARE

14) Do you want the cabinet drawer only can be open for the tool you need?

YES NO
15) Do you want the cabinet drawer have its own auto-lock for each drawer?
YES NO
16) Do you need the indicator lamp to be lightening to detect the location of your tool request?
YES NO
17) Do you want every drawer have its own indicator lamp? YES NO
18) Do you agree if the indicator lamp is place at the right side of the cabinet drawer?
YES NO
SURVEY OF THE WHOLE PROJECT
19) Do you interest with the overall project? YES NO
20) Do you think this concept is effective and reliable to implement? YES NO
21) Do you want FKP to implement this system? YES NO
22) Do you think this system will:
a) Give benefits to FKP? YES NO
b) Facilitate the students/lecturers/FKP staffs? YES NO
c) Be user-friendly? YES NO
d) Be anergonomic? YES NO
e) Be asystematic and efficient? YES NO

23) Do you have any suggestion regarding for improving this tool storage system?

FrFAFFIFAXAIAXA*XPThank you for spend time to answer this survey,”**#x ¥ &k kkd sk didkdx



APPENDICE C

CODING OF VISUAL BASIC

Public Class Forml

Dim pc_port As Array

Dim current_dir As String

Dim add_status As Integer = 1

Dim edit_status As Integer =1

Dim rx_data As String

Private Sub Forml_Load(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles MyBase.load

current_dir = My.Computer.FileSystem.CurrentDirectory

If My.Computer.FileSystem.DirectoryExists(current_dir & "\item_data") =

False Then

System.IO.Directory.CreateDirectory(current_dir & "\item_data")

End If

connect.Enabled = True
disconnect.Enabled = False
pc_port = IO0.Ports.SerialPort.GetPortNames()
For i = © To UBound(pc_port)
com_port.Items.Add(pc_port(i))
Next
End Sub

Private Sub connect_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles connect.Click

Try
drawer_control.Enabled = True
SerialPortl.PortName = com_port.SelectedItem
SerialPortl.0pen()
connect.Enabled = False
disconnect.Enabled = True
read_status.Enabled = True

Catch ex As Exception

MsgBox(ex.Message, MsgBoxStyle.Exclamation, "Cannot Open Port")

End Try
End Sub

Private Sub disconnect_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles disconnect.Click
connect.Enabled = True
disconnect.Enabled = False
drawer_control.Enabled = False
read_status.Enabled = False
SerialPortl.Close()

End Sub

Private Sub add_button_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles add_button.Click
If add_status = 1 Then
read_only_ false()
clear_box()
save_button.Enabled = True
edit_button.Enabled = False
delete_button.Enabled = False
search_button.Enabled = False

91



Else

End

End Sub

Private Sub save_button_Click(ByVal sender As System.Object, ByVal e As

System.Event
If N

NameTextBox.

Else

name"
End

End Sub

Private Sub search_button_Click(ByVal sender As System.Object, ByVal e As

System.Event
Try

search_input

Catc

"No item fou
End

add_button.Text = "Cancel”
add_status = 2

read_only true()

clear_box()

save_button.Enabled = False
search_button.Enabled = True
add_button.Text = "Add New Item"
add_status = 1

If

Args) Handles save_button.Click
ameTextBox.Text <> Nothing Then

92

Dim text_writer As New IO.StreamWriter(current_dir & "\item_data\" &

Text & ".txt")

text_writer.WriteLine(NameTextBox.Text)
text_writer.WriteLine(MaterialTextBox.Text)
text_writer.WriteLine(DimensionTextBox.Text)
text_writer.WritelLine(Suitable_MachineTextBox.Text)
text_writer.WriteLine(Compatible_MaterialTextBox.Text)
text_writer.WriteLine(AvailabilityTextBox.Text)
text_writer.WriteLine(Drawer_NumberTextBox.Text)
text_writer.Close()

MsgBox("Data Saved", MsgBoxStyle.OkOnly, "Saving Data")
save_button.Enabled = False

add_button.Enabled = True

edit_button.Enabled = False

search_button.Enabled = True

read_only true()

edit_button.Text = "Edit Current Item"

add_button.Text = "Add New Item"

MsgBox("Please insert item name", MsgBoxStyle.Exclamation, "No item

If

Args) Handles search_button.Click

Dim text_reader As New IO.StreamReader(current_dir & "\item_data\" &

Text & ".txt")

NameTextBox.Text = text_reader.ReadlLine
MaterialTextBox.Text = text_reader.ReadlLine
DimensionTextBox.Text = text_reader.ReadlLine
Suitable_MachineTextBox.Text = text_reader.ReadlLine
Compatible MaterialTextBox.Text = text_reader.ReadlLine
AvailabilityTextBox.Text = text_reader.ReadlLine
Drawer_NumberTextBox.Text = text_reader.ReadlLine
text_reader.Close()

edit_button.Enabled = True

delete_button.Enabled = True

h ex As Exception

MsgBox("No item on specific name was found", MsgBoxStyle.Exclamation,

nded")
Try
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End Sub

Private Sub delete_button_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles delete_button.Click
If My.Computer.FileSystem.FileExists(current_dir & "\item_data\" &
search_input.Text & ".txt") = True Then
MsgBox("Are you sure want to delete the selected data?",
MsgBoxStyle.YesNo, "Confirmation™")
If MsgBoxResult.Yes Then
Try
System.IO.File.Delete(current_dir & "\item_data\" &
search_input.Text & ".txt")
MsgBox("Data Deleted", MsgBoxStyle.OkOnly, "Deleting Data")
delete_button.Enabled = False
edit_button.Enabled = False
clear_box()
Catch ex As Exception
End Try
End If

If MsgBoxResult.No Then
MsgBox("Cancel Delete", MsgBoxStyle.OkOnly, "Deleting Failed")

End If

Else
MsgBox("Data did you try to delete was not found",

MsgBoxStyle.OkOnly, "Deleting Failed")
End If
End Sub

Private Sub edit_button_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles edit_button.Click

If edit_status = 1 Then
read_only false()
NameTextBox.ReadOnly = True
delete_button.Enabled = False
save_button.Enabled = True
add_button.Enabled = False
search_button.Enabled = False
edit_button.Text = "Cancel"
edit_status = 2

Else
read_only true()
delete_button.Enabled = True
save_button.Enabled = False
add_button.Enabled = True
search_button.Enabled = True
edit_button.Text = "Edit Current Item"
edit_status =1

End If

End Sub

Private Sub read_status_Tick(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles read_status.Tick
rx_data = SerialPortl.ReadExisting
If rx_data.Contains("A") Then
drawerl_status.Text = "Drawer 1 : Unlock"
End If

If rx_data.Contains("B") Then
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drawerl_status.Text = "Drawer 1 : Lock"
End If

If rx_data.Contains("C") Then
drawer2_status.Text = "Drawer 2 : Unlock"
End If

If rx_data.Contains("D") Then
drawer2_status.Text = "Drawer 2 : Lock"
End If
End Sub

Private Sub request_button_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles request_button.Click

If Val(AvailabilityTextBox.Text) > @ Then
If Drawer_NumberTextBox.Text = Nothing Then
MsgBox("There is no item selected", MsgBoxStyle.OkOnly, "No item

selected")

ElseIf Val(Drawer_NumberTextBox.Text) = 1 Then
SerialPortl.Write("a")
update_Availability()

ElseIf Val(Drawer_NumberTextBox.Text) = 2 Then
SerialPortl.Write("c")
update_Availability()

End If

Else
MsgBox("Item is not available", MsgBoxStyle.OkOnly, "No stock™)
End If
End Sub

Private Sub lockl button_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles lockl button.Click
SerialPortl.Write("b")
End Sub

Private Sub lock2_button_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles lock2 button.Click
SerialPortl.Write("d")

End Sub

Private Sub read_only_false()
NameTextBox.ReadOnly = False
MaterialTextBox.ReadOnly = False
DimensionTextBox.ReadOnly = False
Suitable_MachineTextBox.ReadOnly = False
Compatible_MaterialTextBox.ReadOnly = False
AvailabilityTextBox.ReadOnly = False
Drawer_NumberTextBox.ReadOnly = False

End Sub

Private Sub read_only true()
NameTextBox.ReadOnly = True
MaterialTextBox.ReadOnly = True
DimensionTextBox.ReadOnly = True
Suitable_MachineTextBox.ReadOnly = True
Compatible_MaterialTextBox.ReadOnly = True
AvailabilityTextBox.ReadOnly = True



Drawer_NumberTextBox.ReadOnly = True
End Sub

Private Sub clear_box()
NameTextBox.Text =
MaterialTextBox.Text =
DimensionTextBox.Text =
Suitable_MachineTextBox.Text =
Compatible MaterialTextBox.Text =
AvailabilityTextBox.Text = ""
Drawer_NumberTextBox.Text =

End Sub

Private Sub update_Availability()
AvailabilityTextBox.Text = Val(AvailabilityTextBox.Text) - 1
Dim text_writer As New IO.StreamWriter(current_dir & "\item_data\" &
NameTextBox.Text & ".txt")
text_writer.WriteLine(NameTextBox.Text)
text_writer.WriteLine(MaterialTextBox.Text)
text_writer.WriteLine(DimensionTextBox.Text)
text_writer.WriteLine(Suitable_MachineTextBox.Text)
text_writer.WriteLine(Compatible_MaterialTextBox.Text)
text_writer.WriteLine(AvailabilityTextBox.Text)
text_writer.WriteLine(Drawer_NumberTextBox.Text)
text_writer.Close()
End Sub
End Class
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APPENDICE D

FIGURE OF PIC MICROCONTROLLER CIRCUIT BOARD
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Figure D: PIC microcontroller circuit board
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APPENDICE E

GANTT CHART

Week / Chapter 1 | 2 3 | 4 |5 6 7 8 9 10 | 11 | 12 | 13 | 14
Chapter 1: Introduction P | —

A | —
Project Background P —

A EEEE——
Problem Statement P

A —
Objective P

A e ———————————————————————————
Scope of Project P —

A —
Chapter 2: Literature Review P

A
Overview of Storage System P [

A
Overview of Tool Storage System P —

A -
Example of system that have been P e
used A —
Details explanation on the system P I — —
chosen A EE— |
Software that relate to the system P ] —
G A T
Possibility to link system, interface P I
and hardware A I —

&



Final decision

Chapter 3: Methodology

Method (Flow chart)

Coding step (Flow chart)

Variable chosen

Presentation

> 10> T >V >»TVP>TP>T

E==== Plan E==== Action

Figure E1: Gantt Chart PSM |



Week / Chapter 14 15
Prevision on PSM | P
A
Get the details data (tool information P
detail) A
Create programming for PIC P
microcontroller (PIC 16F887) using microC | A
PRO for PIC.
Revise and redesign P
A
Program the Visual Basic (VB) coding for | P
Graphical User Interface (GUI) A
Simulation analysis on phase | & 11 P
programs (VB & PIC programming) A
Buy the components (Yellow LED 10mm, P
solenoids, USB and other components) A
Installation session: Components assemble | P
to the hardware (cabinet) A
Simulation analysis for phase I, 11 & 111 P
A
Testing and troubleshooting P
A
Final report preparation P
A
Presentation PSM Il preparation P
A
Editing the poster and slide P = Plan Action ==
A =
Presentation poster and slide P — W
A =

Figure E2: Gantt Chart PSM 11
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