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ABSTRACT
The microcontroller based Qudue manager with PC based graphical user intetface (GUI),
is all about the utilization of simple electrical and compuler components and modules to
create a system to manage a tepartmental registration. A programmed microconiroller
connected to an LCD and push buttons {orms the queug manager which performs the
actual queye management, while a computer installed with the departmental registration

sofiware performs the actual registration.
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bring aboul queue management with little or no time delay and a quick response 10 requests and
queries, which also has visual monltoring and control parts. This project presents the design of a

MICROCONTROLLER BASED QUEUE MANAGER.
1.2.0 OBJECTIVES
The objectives of this project include:

1. To dJesign a device that aids management of queues in inslitutions

2. Assjst in {ime mandgement for people on the queue

3. Aid in controlling publi¢ aggressiveness by people on queues

4. Improve the technology of queue management in the country and beyond.

5. To design a demonstrative departmental registration portal (Graphic User

Interface/GUI) on a computer
1.3.0 METHODOLOGY
The different steps involved in the execution of this project include:

a. Design and construction of the electronic circuit
b. Programming of the microcontroller

¢. Design of the demonstrative registration GUI

d. Connection to a PC and printer

e. Testing

The process of the design of the circuit would include the purchase af the adequate, effective and
efficient companents, which according to research must reach a certain ratings of voltage,

current, {requency etc. Programming the microcontroller entails choosing a proper programming



language or assembly language (C++ in this case). The next phase is that of connecting the
circuit to a computer (Registration point) and the graphical user interface. Then linally the last

phase would be the testing of the entire system, using a test-queue.
1.4.0 SOURCES OF MATERIAL
The following are the sources of materials used for this project:

1. 'The internet
2. The school and deparimental library
3, Other external libraries and

4. Purchased book from bookshops and stationeries
The components mainly were obtained [rom electrical components shops
1.5.0 SCOPE OF PROJECT

This project—a microcontroller based queue manager, comprises of two parts; the physical
electronic aspe¢t angd the computer graphical user interface (GUL). It is appliéable in & wide variety
of situations that may be encountered in business, commerce, indystry, healthcare, public service and
engineering. Applications are frequently encountered in customer service situations as well as transport
and telecommunjcation [1]. The scope of this project is broad and ¢an be applied from simple
queues to really complex queues. Some of the areas where this project can be applied are

enumerated below:

1. Registration queues
2. Bank queues

3. Restaurani queues



4. Bus queues

5. Airports

6. Post offices

7. Hospital queues

8. Any organization that has 10 do with ticket issuing

The above mainly touches aspects that are related to the physical electronic aspect, for the GUI

aspect of the project the scope of application are enumerated below:

1. Departmental registration e.g. Electrical Computer Department

2. School library

3. Any other database associated application having to do with queues

From the above description, this project will find relevance acrass extensive areas, covering wide

applications in dilferent types of queues
1.6.0 BLOCK DIAGRAM

The different parts of the project can be viewed in the block diagram shown below

@ Microcont @ @

Power

Supply | Digital - - Computer : : Printer
Unit

LED

Button

Fig 1.0 Block diagram of Project
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The entire project is in 3 parts as is seen in the block diagram above:

A. Power supply unit: supplies the entire project with 5Vdc voltage

B. Controller unit: comprises of the physical design which contains the microtontroller, in
this block there are buttons and LED display to indicate the functionality of the entire
system

C. The Computer Unit: the microcontroller unit is connected to the computer. Also in this
block, the registration GUI is designéd and also a database bank for storing the data of

the registration

D. The Printer Unit: Prints the tickets for the on-button customer i.e. the customer that is

presently at the microcontroller unit end

This project comprises of many electrical power components (e.g. transformer, rectifier,
resistors, capacitors, transistors), digital electronic components (e.g. Liquid crystal display—
LCD) and intggrated circuit or rhicrocomputer components (e.g, the microcontroller—8051,

frequency crystal) and works with basic physical electrical principles such as voltage, currents

and resistance,

The queue manager operates on an input/output basis; centered on a programmed 8051
microcontroller. The system receives the input from the client on the device by the push of the
entrance button. This action then trigger an output from the microcontroller to the computer
system connected together via an RS 232 (Recommended Serial 232) and this input to the
computer system can be used to output a print command to a printet to print a ticket which would
contain a number ar any other form of identification for the client. The client then is at liberty to

wait without being on a physical queue until the time for he/she i3 to be served. This is possible



because the client has been registered in the memory of the microcontroller and these numbers
(alter many other client registrations) are displayed on the liquid crystal display (LCD). The
microcontroller using the FIFO (fitst-in-first-out) approach starts from the number of the first
client that was registered in its memory down to the last client that was registeted (this number is

equivalent 10 the total length of the queue).

Another feature of the queue manager is that it utilizes a simple Compuier Aided design
Graphical User Interface, using java (a 3" generation programming language) and 4 netbeans 6.7
compiler the GUI was designed. Since the focus of the queue manager was (0 manage queues, a
real-ime queuing situation was needed and so a GUI for deparlmental registration was
incorporated in the project. The GUI contain courses data for each level in the department (from
100-500 level); once a client (in this case a student) gets past the queue rha.nager he inputs his
departmental details in the program (GUI) and then proceeds to selecting core tourses and carry-
over courses (if any), the program also monitors the credit load of the courses being selected and
onee they exceed the highest credit load for that particular level it indicates and stops the
registration, it also gives information on the status of the student; ejther ‘IGS’ or 'DEF’. When
the selection ig over the sludent registration data is stored in 4 datgbase and could be retrieved

any time if needed

Java object-oriented programming language introduced in 1995 by Sun Microsystems, Inc,
facilitates the distribution of both data and small applications programs. Java applications do not
interact directly with a computer’s central processing unit (CPU) or operating system and are
therefore platform independent, meaning that they can run on any type of personal computer,

workstation, or mainframe computer [7].



1.7.0 FELOW CHART OF REGISTRATION GUI:

Under the computer unit, the flow chart for the registration GUI is shown below

A

Input
Surname,
firstname,
middlename,
matric number

Select level

Print 100L

cojlirses

Print 200L .

cOirses

Print 300L

caurses

Print 400L

courees

Print 500L

cORIrsps

Print “You don't

| N— ““‘[ Register & Save J‘

have 3 leval”

End

Fig 1.1 Block Diagram of Graphical User Interface
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1.8.0 PROJECT OUTLINE:

This project is divided into five chapters, chapter one is introductory chapter,
Chapter two deals with literature review, chapter three is the design procedure, chapter four is
connected with the analysis and discussion of results. The last chapter which is five and it

involves conclusion, limitation, recommendations and useful suggestion for futther studies.
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CHAPTER TWO

LITERATURE REVIEW

2.1.0 HISTORICAL BACKGROUND:

The history of queue management goes back to primitive man; even in the days of Noah there

was a need {or queue management in leading all the animals to the ark.

pomiar som

Fig 2.0: Noah’s Ark

The {irst use of the term queue occurred in 1951 in the journa} of the Royal Statistical Society.
David G. Kendall (England, 1918-2007) published an article “Some Problems in the Theory of
Queues”. On page 153, the first line of the third paragraph he refers to a “simple queuing
system,” though there were other articles on the subject much earligr than his—even using the

word “queue”, but not using the word “queuing” or the phrase “queujng system”[8][9].



2.1.1 HISTORY OF QUEUING SYSTEMS

According to Avi Mandelbaurh, Conny Palm was the [irst to consider customer abandonment of
a queue. In 1953, David G. Kendall introduced the A/B/C type queuing notation. “The study of
queues with multiple servers dates back over [illy years to the seminal wotk and Wollowitz
(1955).” (Mor Harchol-Balter) one of the standard ways of seiting up integral equations to
describe certain queuing systetns was to use “Lindley’s integral equation” (Ds V Lindley, 1952)
{8]. “The theory of continuous time storage models was initiated by P.AP Moran, J. Gami and
N.U Prabhu during 1956-63. The book “Queues, Inventory, and Maintenace” by Philip M.
(McCord) Morse, was published in 1958 and is considered the {irst textbook on queuing. The
concept of reneging (or queuihg abandonment) was introduced by Conny Paltn (1937) and was
rediscovered and named by Frank Haight (1958)[8]. Haight also introduced the concept of
bulk_ing and parallel queues (1958). H. White and L.S. Christie were the first to consider severe
breakdown (1958) [8]. Other early researchers in severe interruptions include Miller (1960),
Gaver (1962), Avai-ltzhak and Naor (1961), Keilson and Kooharian (1960).' Cohen (1958) seems
10 have been the firsi to consider relrial queues. It is curios that therg are iwo individuals named
Jackson with Major contributions to queuing networks. They are RRP Jackson (Ray Jackson,
first queuing publication 1954) and JP Jackson (James Jackson, {irsi queuing publication 1957)
(8]. According to RRP Jackson the product rule is Jackson’s theorem (R.R.P.); Jackson’s
networks are dye to Jackson’s (J.R.) [8]. The proof of little’s formula (so ¢alled because it was
first proved by John Little) was published in 1961. The use of queuing for computer performance
began around 1970; D.R Cox introduced “Supplementary variable techniqué” (1965) to analyze
queues, Percy Brill introduced the “Level Crossing Method (1975), Robert Coper did some of

the earliest work on (1969-1970) on Polling Models [8]. In particular the “vacation model” was

10
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introduced (where it was used as a component in the waiting time analysis of polling model), and
a special case of decomposition theorem was given. Richard Larson developed the “queue
inference engine” (1990), Gelenbe (1991) introduced the concept of negative customer and G-
network. Marcel Neuts introduced the matrix analysis method (1981). John Frank Charles

Kingman introduced “algebra of queues” (1966) [8] [9].
2.1.2 HISTORY OF PEOPLE COUNTING SYSTEMS

Major advancements in people counters has been based on the resolution and the sophistication
of the technology employed, the simplest form of human counters hegan as a single horizontal
infrared beam placed at an entrance linked 1o a PC, and counted an ingrement or dectement when
the link is broken. It progressed from infrared based counters to computer versions which
typically used either closed-circuit television camera or an IP camera to count and monitor the
number of customers, It then moved to thermal imaging systems which used array sensors that
detect heat sources rather than using cameras as in computer versions. Modern people counting
systems are referred (o as Synthetic Intelligence Counters; the system employs IR transceivers to

create count zones at ankle heights [10].

Though this evolution affected queuing systems on a quite small level, it was mainly used for
securily and intelligepce crime detection systems, but they can be used {or the purpose of queue

management in gommercial and other related fields.
2.2.0 QUEUE MANAGEMENT CONCEPT
In queuing system, there are basically 6 types of queue models which include [2]:

1. SPF (Shortest processed {irst)

2. FIFO (First In First Out)

11



2.2.1 SYSTEM CONCEPT!
In summary, the concept of this project is to produce a device that can perform the following
function in solving the problem of queuing:

¢ Ability to recognize and identify new comers to the queue

¢ Perception of waiting titme should be managed.

e The process must be clearly Identified; start, present and end points must be visible.

» Should be able to deliver tickets to enhance identification of customer

e The process must include positive feedback of progress.

¢ Achieve communication with a Computer System
In the Queue Management System, many products have been produced according to increase in
the need for effectiveness in queue flow. The following are same of the existing queue
management systems [2]:

1. The Stand Alone Queue System

2. Advance Queue System and

3. Centralized Control Queue System.

2.2.2 STAND ALONE QUEUE SYSTEM

Fig 2.1: Stand Alone Queue System
Fig 2.1 shows the system of a queue processor based solution. This system design is based on the

single service and single counter operation. For the operation of this sysiem, this system operates

13



by displaying numbers in sequential or randomized order. This system is best use in application

of small business, clinic & single payment counter. Fig 2.2 below shows the example of

operation in Stand Alone Quede System [2].

CUSTOMER
COUNTER

( CUSTOMER 1 } [: CUSTOMER 2 ] [ CUSTOMER 3J

Fig 2.2: Operation of Stand Alone Queue System

In the Stand Alone Queue Sys1em,' one counter operates. The entire customer will be managed at
the same counter with the single service operation. The mode] used is the FIFO (First in First
Out) queue madel. With this coﬁcept, the entire customer will be treated equally. The Stand
Alone Queue System is best described with a single department servige opération.

2.2.3 ADVANCE QUEUE SYSTEM

Dot Matrix Display

7 Segment Display § S

Fig 2.3: Advance Queue Systemn

Fig 2.3 shows g system of queue processor based solution. This systgm design can support up to
32 service points. It provides useful queue features and comprehensive reports; it also provides

14



information concerning other service points that are in the system and assigns customers to free
service points. The application of this system is best used for service cenier, bank, hospital,
pharmacy, or any organization with multiple counters. It also provides real-lime status
monitoring . for the queue management analysis. Fig 2.4 below shows the example of the

Advance Queue Management Systems operations [2].

CUSTOMER
COUNTER 1

CUSTOMER
COUNTER 2

CUSTOMER 2

CUSTOMER 1 CUSTOMER 2 CUSTOMER 1
OPTION B

OPTION A OPTION A OPTION B

Fig 2.4: Operation of Advance Queue System

The Advance Queug System is the system that consists of multiple service operation and
multiple counters. In this system, the customer will be arrapged according to their service
operation. This system operation is efficient when it has {0 manage many cuslomers with many
service operations. This system operation is best described as the single departmental operation
with multiple counters.

2.2.4 CENTRALIZED CONTROL QUEUE SYSTEM

English Writing Display

DEPT 3 Chinese Writing Display

; %f, SN
p,':?l’.i,v \:\"
P ) : -v,_ . ? i
L DEPT2%
Xtﬁ’g_&[

Fig 2.5: Centralized Control Queue System
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Fig 2.5 shows a system of a high-end PC-based solution. This system queue server will be able
to support up to 20 departments (containing several systems). Each of the departments can have
up to 32 services and 60 counters. The system is network-compatible; this means each
department can be located at different building or even different geographical atea which is
connected through LAN or INTRANET. This system also provides real-time staius monitoring
[2].

23.0 REVIEW OF RELATED WORKS

MOHAMMED FAZLI BIN ALIAS, of the Faculty of Electrical and Electronics Engineering,
University of Malaysia Pahang worked on a Front Desk Customer Setvice for Queue
Management System. The Queue Management System was designed to manage 18 customers
with single department and multiple counters, with two operatiops and four cuslomet counters in .
this system. He used a Seven Segment Display to display the related informatioh from the system
and a Sound Module (Buzzer). Th\e major component of his project was a PIC microcontroller
that was programmed using P1C Basic Language for programming the systeh of Queue
Management System 10 achieve the entire project objective. The major drawback of the project
was that it couldn’t attend to more than 18 clients/students, but I have used a AT89C52
microcontroller which can be used for a larger number and also jt utiljzes a PC based GU1 |2}
OJEKUNLE PETER, of the faculty of Electrical and Computer Engineering, Federal University
of Technology Minpa Nigeria worked on an automated pepple counting system, using a
programmed AT89C2051 microcontroller triggered by light sensors (LED and LDR) station
before and after a dopr (which could be used as a service door), the incremént in the number of
persons passing through the door helps perform the counting, this increment is displayed on a

Liquid Crystal Display. It employed a 240V ac main source stepped down and regulated to 5V

16



dc. The major drawback is that it cannot be sufficiently used 10 manage queues because the

system does not have any allowance for identifying the customers/students altet couhting {10]

17



2.4.0 COMPLETE CIRCUIT DIAGRAM

240/12 Step-Down

Transformer

COMPUTER UNIT

2

449
e

C

C1 ‘
[113 % 16x2 LCD
u3 POTENTIOME[TER
. = AR
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Fig 2.6: Microcontroller Based Queue Manager with PC Based GUI Circuit Diagram
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CHAPTER THREE

DESIGN AND IMPLEMENTATION

3.1.0 ANALYSIS AND DESIGN

The block diagram of the system is shown below. The system consists of 4 basic units; the power
supply unit, the controller unit, the computer unit and the printer unit. This chupter gives a
thorough and ¢lear analysis of the design of each of the modules that make up the Queue

Manager and the Registration Graphical User Interface.

@ Microcontr @ @

Power

Supply Unit == LCD e CO?::iter e Printer Unit

LED

Button

Pig 3.0: Block diagram of Project

A: Power Supply Unit

B: Controller Unit

C: Computer Upit

D: Printer Unit

3.2.0 THE POWER SUPPLY UNIY

Power supply ¢an be in the form of alternating current or a direct current. Since the system

requires a steady dc power supply, an AC source had to be converted 1o dc for the system to be

19



powered efficiently. For an alternalely current power supply to becomeba direct current power
supply, it must undergo some processes which include voltage transformation, voltage
rectification, filtration and regulation. The power supply unit supplies the whole system with the
appropriate regulated biasing voltage. The power supply circuit comprises of a step-down
transformer to step down the source voltage, a rectifier which converts the alternating current
signal into direct current, a filter capacitor, a 5V voltage regulator IC which regulates the direct

current to an exact value of 5V

ip op—0% ‘:/oltage

' —n
AC COIm
nains T output g - —»
lime
Transtormer  Rectitier Smoothing Regulator Output! regulated DC

Fig 3.1: schematic circuit diagram for power supply unit

3.2.1 Supply Input:

The supply of the circuit is the conventional Nigerian PHCN rating where Voltage = 240V,
Current = 500mA, Prequency = 50Hz

3.2.2 VYoltage Transformation:

The voltage trapsformation was achieve using 12V — 0.5A step-down transformer to step down
AC mains supply from the normal 240V, 50Hz Nigerian supply

For the transformation of the ttansformer follow the following formuyla [11]:

Where:

Np=Number of tumns in the primary

20



N;= Number of turns in the secondaty

V, = Primary voltage

V= Secondary voltage

I, = Primary current

1 = Secondary current

Readings:

The following are actual readings from the project.
Current rating = 500mA

Primary Voltage rating = 240V¥rms

Secondary Voltage = 12Vrms

Substituting the above circuit readings in the equation below:
Vpeak = V2 x Yrms ..... Equation 3.2

=\2x 12= 1697V

3.2.3 Voltage Rectification:

ﬂ....
4 1
| i
L s 4
L AN
l?"'« ™~ A ' N PR
{ \ /’} - . {;a ;"“"“‘“‘"“*“;
ot ; . RE
! A e
} <o C“_.-
! “
|
i

Fig 3.2: Voltage rectification circuit diagram

Rectification is the process where the AC voltage is converted into DC voltage in this case the

output is the output at the transformer. The process is accomplished by using rectifier diodes

which permit the flow of current in one direction only. Four IN4Q01 diodes connected in the
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bridge circuit is used to accomplish this in this system, though there exist rectifier bridge ICs
(which were actually employed in this project)

Vin = Vpeak = V2 x Vims ........... » Equation 3.3

And the average DC voltage of the bridge rectifier is

Vdc (peak) = Vrms V2 — 1.4... [10] .......... Equation 3.4

Where 1.4 is the forward voltage drop in two adjacent diodes of the rectification

Readings:

Substituting the value of the Vrms teading read from the transformer to the rectifier bridge into
Equation 3.4; we get the following

Vdc (peak) = 1242 - 1.4

=15.56V

3.2.4 Voltage Filtration:

The process invplves the removal of AC ripples from the rectified voltage. It involves the use of
a capacitor to fjlter off the ripples which are embedded on the DC output. The ripples have a
frequency that is twice the frequency of the 240V AC utility supply. The filter tapacitor ripple is
given as [10]:

Vripple = V/fC ...,......... Equation 3.5

Where:

Viipples = peak ta peak voltage

I = Current (DC)

f = ripple frequency

C = capacitance of cygpacitor

Readings:

22



The ripple voltage has a frequency that is twice the frequency of the 240V, 50Hz rating of the
AC utility supply. Therefore:

Frequency f=2 x 50 = 100Hz

Vripples = peak-peak voltage = 15.56V

Current = 500mA

V ripples = V{C

Capacitance C needed to filter the ripple is thus:

C=Utv

C =500mA/100 x 15.56

C=321pF

This is the minimum value needed to maintain a regulated 5V output, but t0 ensure sufficient
filtering of the rectified AC power a4 1000uF is used.in this project

325 Vbltage Regulation:

In this project, a 5V DC supply voltage (operétional) is required for the mz;in circuit, Therefore, a
positive voltage regulator 1C is used which provides a constant 5V, For a 5V regulated output,
the input voltage is a minimum of 7V (at least 2V overhead is needed t(; maintain the output
regulated). Voltage regulator I1Cs are available with fixed (typically 5V, 12V, 15V) or variable
output voltage. They are also rated by the maximum current they can pass. Most regulators
include some autoﬁlatic protection from excessive currept (‘overload protection’) and
overheating (‘thermal protection’). Many of the fixed voltage regulator ICs have 3 leads and look

like power trangistor, This project made use of an LM7805 i.e. g fixed regulator
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3.2.6 Supply Unit Output:

The process of filtering by use of a capacitor is not sufficient to completely elitninate AC ripples
from the DC output of the rectifier bridge; this is because the capacitors used have the ability to
charge and discharge with time [12]; therefore a second capacitor is used across the outputs of the
power supply unit.

After transformation, rectification, filtration and regulation the output of the power supply unit is
now 5V, 0.5A which is suitable to be passed on to the controller unit which utilizes a 5V voltage
rating

3.3.0 THE CONTROLLER UNIT:

The controller unit is where actual arithmetirc counting and display of vélues is done, the main
components of this unit are the microcontroller — which performs the arithmetic counting, and
the Liquid Crystal Display (LCD) — which displays the values sent by the microcontroller. Other
peripheral connections are made to the microcontroller and the LCD which altogether make up
the Controller Unit, The controller unit is made up of the following:

3.3.1 The Serjal Part (RS 232):

Recommended Standard 232, is the traditional name for a series of standards for serial binary
_single-ended data and control signals connecting between a DTE (Data Terminal Equipment) and
a DCE (Data Circuit-terminating Equipment) [14]. This device is the transport device which aids
communication between the Controller Unit and the Computer Unit [14]. It is plugged in to the
computer via the computer serial ports. The standard defines the electrical characteristics and

timing of signals, the meaning of signals, and the physical size and pin-out of connectors.

OOOOOOOOOOODO?
[(D &OOOGOOOGOOGO OJ

Fig 3.3: A 25 pin connector RS-232
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The RS-232 standard defines the voitage levels that correspond to logical one and logical zero
levels for the data transmission and the control signal lines. Valid signals are plus or minus 3 to
15 volts; the £3 V range near zero volts is not a valid RS-232 level. The standard specifies a
maximum open-circuit voltage of 25 volts: signal levels of £5 V, £10 V, £12 V, and 15 V are
all commonly seen depending on the power supplies available within a device. The RS-232
(drivers and receivers) protect the system by its capability to withstand indefinite short circuit to

ground or to any voltage level up to +25 volts and it controls the slew rate (i.e. how fast the

signal changes between levels) [14]

The RS 232 is soldered at the edge of the vero-board with about 50% (the part containing the 25
pins) of the device protruding outside the vero-board this is because it will aid easy connection to

the computer unit, this protruding is visible outside the casing of the project

3.3.2 Max 232

Next to the RS 232 is the MAX 232 IC. It is an integrated cireuit that convetts signal from RS
232 to signals suitable for use in TTL (transistor-transistor logic) compatible digital logic used
by the counter [15]. The drivers provide RS-232 voltage level outputs (approx. = 7.5 V) from a
single + 5V supply via on-chip charge pumps and external capacitors (as seen in the circuit
diagram). Thig makes it useful for implementing RS-232 on the device (the queue manager) that
otherwise do not need any voltages outside the 0 V to + 5 V range, as power supply design does

not need to be made more complicated just for driving the RS-232 in this case [15].

The receivers reduce RS-232 inputs (which may be as high as +25 V), to standard 5V TLL

levels. These receivers have a typical threshold of 1.3 V, and a typical hysteresis of 0.5 V [15].
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The receivers reduce RS-232 inputs (which may be as high as +25 V), to standard 5V TLL

levels. These receivers have a typicdl threshold of 1.3 V, and a typical hysteresis of 0.5 V [15].

C1+ [} 1 - 16{] Voo
Vgi [ 2 15{] GND
c1-[J3 14 TI0UT
c2+ 14 13[JRUN
c2-[I s 12{] R10UT
Ve-fIe  nITUN
T20UT [} 7 10[] T2IN
R2IN [} & 9f] R2OUT

Fig 3.4: MAX-232 Chip
The MAX 232 is a dual driver/receiver that includes a capacitive voltage genetator to supply the
microcontroller from a single 5V supply. Each receiver converts the input to 5V TTL/CMOS
levels. These receivers have threshold of 1.3V, a typical hysteresis pf 0.5V, and can accept +/-
30V inputs. Each driver converts TTL/CMOS input level into TIA/EJA-232-F levels [15].
3.3.3 The Microcontroller (AT89C52 Microcontroller):
There are different and diverse types of microcontrollers with different architectures, the list
given below is of same few microcontrollers: Intel 8051, parallax propeller, Atmel AVR, PIC,
Toshiba TLCS-870, NEC V850, Hitachi H8, Hitachi superH, Infingon Microconttoller, MIPS,
Rabbit 2000, Zilog ¢Z8 etc [13].
The AT89C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K bytes of

Flash programmable and erasable read only memory (PEROM). The device is manufactured
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using Atmel’s high-density nohvolatile memory technology and is compatible with the industry

standard 80C51 and 80C52 instruction set and pin out. The on-chip Flash allows the program

memory to be reprogrammed in-system or by a conventional nonvolatile memory programmer.

By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C52 is a

powerful microcomputer which provides a highly-flexible and cost-effective solution to many

embedded control applications [18].

The AT89C52 provides the following standard features:

8K bytes of ip-system Reprogrammable flash memory.
Endurance; 1000 write/Erase cycles.

Full static Operétion; 0Hz to 33 MHz

Three level program memory lock.

256 x 8 bit internal RAM.

32 programmable /O (Input/output) lines.

‘Three 16-bit ‘I'imer/Counters.

Eight interrupt sources.

Programmable serial channels.

Low-power ldle and Power«tlown mode.
Watchdog Timer.

Dual Data Painter.

Fast Programming Time.

Flexible ISP Programming (Byte and Page mode).
4.0V to 5.5V Operating Range.

Interrupt Recovering from Power-down Mode.
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o Compactable with MCS-51 products.

3.3.4 Functionality in Controller Unit:

The AT89CS52 is the main component in the controller unit, it receives voltuge (SV) from the
Power supply unit mainly at pin 40 (VCC), this voltage powers the microcontroller. Connected
to pins 18 and 19 is the inverting oscillator amplifier crystal operatipg at 11.092 MHz shown in
the figure below, this crystal gives accurate baud rate (data transmission speed) for serial
communication. At pin 9 (RST/Reset pin) a 1uF capacitor is used in place a Schmitt-trigger
circuit usually used to reset the microcontroller [13], (this circuit consists of & IN933 diode in
parallel to 10K ohm resistor, 4 74HC14 NOT gate, a 10pF capacitors and a teset switch). This
project doesn’t require a reset button thus the 1uF capacitor is used which charges up to 5V and

resets the microcontroller unit each time the device unit is turned on or powered up
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Fig 3.5: Inverting Oscillator Amplifier attached to the Micrpcontroller
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Fig 3.6: Schmitt-trigger reset Circuit

The power supply unit also supplies 5V to pin 31 (EA/External access) which must be kept high
since the microcontroller is not booting from an external memory source. The mitrocontroller
gets its input from the computer unit via the MAX 232 1C connected to pins 10 and 11 (P3.0 and
P3.1 respectively). A pivotal function of the controller unit performed by the microcontroller is
the storing of ipcrements on the queue, recognition of the number of the student that is being
attended to at a particular moment and the display of this values on the 16x2 LCD screen; all this
is done by the micracontroller by receiving inputs or signals from buttons connected to pins 21,
22,23 and 24 (ports P2.0, P2.1, P2.2 and P2.3 respectively) and outputting through pins 32, 33,
34, 35, 36, 37, 38 and 39 (ports P0.7, P0.6, PO.5, P0.4, P0.3, P02, PO.i, P0.0 respectively)

connected to the LCD U2 (shown in the circuit).
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3.3.5 Programming environment:

Traditionally most embedded systems and microcontrollers have been written in assembly
language, however due to a variety of reasons most new microcontrollers are now expected to
have a compiler available and are written in C language [17]. The programming language used in

this project is the C programming language

A well written C program has the following advantages and these are the reasons the C
programming language was chosen over the assembly language or any other programming

language

1. It is more readable, they are very close to normal English language

2. It is more maintainable

3. They are non-procedural, it makes use of classes and methads that-can be called at any
point in the program

4. It is movable to other targets

The circuit design and Simulation was performed on Proteys. Proteus is software used for
microprocessor simulation, schematic capture and printed cijcuit board (PCB) design. It is
designed by Labcenter Electtonics. The XGameStation micro edition was designed using

Labcenter Proteus Schematic Entry and PCB Layout tools
The components of the Software include [16]:

1. 1S1S Schematic capture: a tool for entering designs
2. PROSPICE Mixed mode SPICE simulation: industry standard SPICE3F5 simulator

combined with a digital simulator
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3. ARES PCB Layout: PCB design system with automatic component placet, rip-up and
retry auto-router and interactive rule checking

4. VSM: Virtual Sysitem Modeling lets co simulate embedded software for popular
micfocontroller alongsite hardware design

5. System Benefits: integrated package withl common user and fully context sensitive help

Fig 3.7: Proteus IDE

3.3.6 LCD (Liquid Crystal Display):

This is a thin, flat electronic visuél display that uses the light modulatiﬁg properties of liquid
crystals (LCs), it is made up of any number of color or monochrome pixels arrayed in front of a
light source or reflector, each column consists of a column of liguid grystal molecults suspended
two transparent electrodes ahd two polarizing filters, the axis of polarity of which are
perpendicular to each other [15]. The device can receive signals from the countér onf;e any button
is pushed and djsplays the result e.g. the increment or decrement in the line/queue, tiae maximum

queue length allowable etc.
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Fig 3.8: 16x2 Liquid Crystal Display (LCD)

The LCD uses a 16x2 segment display, it contains a power supply pin (VCC), its own oscillator
to drive its segments, a contrast pin (CV) which allows for adjustment for best viewing under
varying light conditions, viewing angles and temperatures, it contains other pins with various

other functions, they are listed in the table below
The LCD also requires 3 control lines from the microcontroller [18]:

1. Enable (E): this line allows access to display through RW and RS lines. When this line is
low, the LCD is disabled and ignores signals from RW and RS. When E line is high, the
LCD checks the state of the two control lines and responds accordingly

2. Read/Write (RW): this line determines the direction of data between the LCD and
microcontroller. When it is low data is written to the LCD. When it is high, a character is
being read from the LCD

3. Register Select (RS): with the help of this line, the LCD interprets the type of data lines.
When it is law, an instruction is being written to the LCD. When it is high, a character is

being written to the LCD
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Table 3.1: Pin Configuration of an LCD

Pin Symbol Input/output Functlon

1 VCC Input Supply voltage
(+5V)

2 cvV Input Contrast adjustment

3 GND Input Signal ground

4 E Input Er}able )

5 RS Input Register select
(1=data;
O=insttuction
registet, busy
ﬂag/ address counter)

6 RW Tnput Read (1)/write (0)
select

7 D7 1/0 Data bit 7

8 D6 /O Data bit 6

9 D5 /0 Data bit 5

10 | D4 1/0 Data bit 4

11 D3 17e; Data bit 3

12 D2 10 Data bit 2

13 D1 e Daté bit 1

14 DO /0 Data bit 0
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3.3.7 DESIGN OF THE DISPLAY UNIT:

The variable resistor used on the 16x2 liquid crystal display LCD is to adjust the screen
brightness (as stated above) which is connected between pins 1 and 2 (the VCC and CV
- respectively). For the LCD to be used, it has to be initialized i.e. some instructions has to be sent
from the micracontroller 1o the LCD 1o set it ready to receive data, afler this initialization then

data can be sent
Sending data in the LCD are in iwo ways [15]:

1. 8-bit mode

2. One nibble mode

The 8-bit mode uses 8-bit of & port in the microcontroller to send data or instruction while the
one nibble uses 4-bi to send data or instruction. In this project, the ane nibble mode is employed
therefore whatever is sent to the LCD is converted into 4-bits each before being sent one afler the

other
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Fig 3.9: Interfacing the LCD with the microcontroller, circyit diagram

3.4.0 THE COMPUTER UNIT:

This unit is made up of the computer used in performing the actual registration of the students
who have passed through the queue manager and the graphical user interface used by the

computer to demonstrate the departmental registration.
3.4.1 REGISTRATION SOFTWARE DECRIPTION:
The Registratiop sofjware posses the {ollowing features:

1. Contains Stugdents data entry points for the various Levels
2. A management portal {or stafl use only
3. Efficient conpection to suitable database, makes use of MySq] database server
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In programming the graphical user Interface, the {ollowing components were used:

1. Netbeans IDE (Integrated Drive Electronics) 6.7. with the following product features

listed below

Product Version: NetBeans IDE 6.7 (Build 200906241340)

Java: 1.6.0_10-beta; Java HotSpot(TM) Client VM 11.0-b11

System: Windows Vista version 6.1 running on x86; Cp1252; en_US (nb)

The netbeans 6.7 is sofiware that can be used to develop deskiop, mobile and web
applications with java, PHP, C/C++ and more. It runs on windows, Linux, Mac OS and Solaris.

It is an open source product, free and can be downloaded from the internet from any of the

following websites: www.netbeans.org, www.sun.org, www.java.net and any ORACLE
corporation website, Other IDEs that can be used in compiling the GUI include JCreator,
Notepad ++ ete,

Advantages of Netheans 6.7 IDE:

The following are the advantages of the Netbeans 6.7 IDE; the reasqn why it was chosen for the
purpose of this project:

a. Compatibility with java codes: the major programming langudge used in the
programming of the GUI is java language; a 3™ generation, objeci-otiented, high level
language. This IDE is very compatible with this language

b. Wider range of third party APIs: a wider range of more ¢complicated and interesting
projects can be carried out using this IDE. an important third party API used in this
project js the java communication API used in establishing communication between the
computer unii and the controller unit

¢. Advanced database features
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d. Drag and drop features
¢. Object created on other graphics déQelopfnent software can be imported into the IDE e.g.
button created on Photoshop and aniniatigdns from KoolMoves and Adobe Flash
2. The programming cotnputer: In programming the graphical user interface, due to the
wide range of use of the IDE and programming language used many choicé of computers
can be used. In this project the computer system used was a HP 6735s model computer
with the under listed features:
a. Processor: AMD S«;:mpmn(lm)1 S1-40 2.00 GHz
b. RAM: 2.00 GB
¢. System type: 32-bit Operating System
Requirements:
The following are the requirements needed in order to make the Graphical uset intetface:
1. Netbeans Iniegrated Drive Electronics (IDE)
2. Java development kit
3. Java Runtime Environment (RVM)
4. A Computer

These requirements were downloaded from the internet (from the above listed websites) they

also come in updates and can be found in these websites
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Fig 3.11 Netbeans 6.7 Integrated Development Environment (IDE)

3.4.2 INSTALLATION REQUIREMENT AND PROCEDURE
The software should be installed on a computer running on a 32bpg or a 64bps speed, anything
less than these may ¢ause abnormalities in the running of the software.
The procedures for ipstallation of the software are enumerated helow;
1. Inseri the CD into the CD-ROM of the system
2. Open the ECE REGISTRATION SOFTWARE folder

3. Install the MySQL server by following the instructions of the insjaller
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4. Install the MySQL Adntinistrator by following the instructions of the installer
5. Restoring the software backup: MySQL Administrator > Restore > Opeh Backup File
> Go 1o directory on the CD > Select SW Backup > Restore.
6. You can now run the registration sofiware.
NB: for any passwords during instdllations use database
3.5.0 THE PRINTING UNIT
The printing unit is the last part of the project, connected to the computer; it réceives instructions

from the computer tp print a ticket for a person student who jus{ joined the queue
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CHAPTER FOUR
TESTING AND RESULTS

4.1.0 STAGES OF TESTING:

Different stages of testing was carried out on the project; the preliminary simulation and testing
of the circuit on a circuit simulation sofiware (Proteus) was the {irst stage of the tesling — carried
out even before actual construction of the circuit, then testing was done on bread board belore
being transferred 10 the Vero-board, the next step was to case the project and another process of
final testing was carried out on the project. The graphical user injerface of the demonstrative

departmental registration was also tested all through its design

4.1.1 SIMULATION, AT89C52 PROGRAMMING AND DEBUGGING:

The Intel AT89C52 microcontroller was programmed according to the requirements of the
project; the soyrce code was carefully written to avoid logic eryor. The hex file [rom the source
code was generated and transferred or burnt into the chip with the aid of a programmer. Before
the burning of the hex file was burnt in the microcontroller, appropriate testing and debugging

was carried oul using the Proteus simulation application and due corrections were made to the

coding

4.1.2 BREADROARD TESTING:

The next staga of testing was cartied out on the breadboard; this was also done before the
burning of the hex fjle into microcontroller in case there were modifications 10 be made on the
circuitry of the project. The main aim of the breadboard testing was to test the continuity, to

calculate the ratingg of the circuit and to fine out faults that are present in the circuit of the
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project; the instrument used in this stage is the multi-meter. Corrections were made in areas were
faults were found. It was aller this stage that the project was soldered and cased

4.1.3 SOLDERING, CASING AND POST-CASING TESTING:

Alter the breadboard tesﬂng was carried out the next stage was to solder the project on a Vero-
board and cased, but before casing the project was also tested using the multi-meter 10 ensure
appropriate current and voltage rating, at this stage no corrections were made because it was in
accordance 10 the corrections and results gotten from the breadboard testing of the previous
testing stage. Finally alter the project had been cased it was fested with time successions this
time around; to ensure proper workability of the project, this concluded the entire design process
of the project.

4.1.4 GUI TESTING:

The demonstrative departmental graphical user interface (GUI) was also tgsted, due to the nature
of the design of the GUI constant testing always required all through its design. The connection

between the GUI and database bank was also tested.
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4.2.0 PRECAUTIOQON:

)

T RO iewal BOO Lewel  EOO Lozl

Fig 4.0: GUI during testing

Throughout the design of this project the following precautions were taken while carrying out his

project:

1.

Proper and neat soldeting was carried out to avoid unnecessary short circuiting on the

board

Compopents soldered on the Vero board were spaced from each other to avoid

corﬁplications
Appropriate {esting of the project was carried out throughout the project work
The appropriate current and voltage rating was fed to the system

Appropriate ventilation was given to the casing frame ip order to prevent overheating of

the componepts
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CHAPTER FIVE

CONCLUSION

5.1.0 PROBLEMS FACED:

The following were the probléms ficed while performing this project:

1. Liquid crystal display funclions abnormally with breadboards, this contributed to delay

during the breadboard stage

2. There was insufficient khowledge on how io Pragram the microcontroller, this
contribyted to delay

3. Creating communication belween the device and the printer ynit was a teal challenge

4, Connecting the queue tmanager to a computer and establishing commuhication was a real

challenge
5.2,0 RECOMMENDATION:

Since the project requires a lot of programming more time should be spent on this, creating
communication between the device and computer GUI is a very vital part of the project and
requires more galteniion, a suitable third party AP1 should be applied in this area. As for the
printing unit; communication is practically impossible to be estgblished between it and the
device except with the use of a computer, this should be looked intp. Generally communication

between the device and the computer should be established before final casing of the project
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5.3.0 CONCLUSION:

The project was a successful one 4nd in spite of the problems encountered, the ptoject was an
avenue for me 1o gain more khowledge on the issue of solving queue related problems with the

aid of electrical, electronics and computerized means
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APPENDIX

A. REGISTRATION SOFTWARE GRAPHICAL USER INTERFACE JAVA CODES

public class MainMenu extends javax.swing.JFrame {
public MainMenu() {

initComponents();

private void jButtonlActionPerformed(java.awt.event. ActionEvent evt) {

new call1Q0L().show();

private void jButtpn2ActionPerformed(java.awt.event. ActionEvent evt) {

new call200L.().show();

private void jButton3ActionPerformed(java.awt.event. ActionEvent evt) {

new call300L().show();

private void jButton4ActionPerformed(java.awt.event. ActionEvent evt) {

new call400L().show();
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private void jButton5ActionPerformed(java.awt.event. ActionEvent evt) {

new call500L().show();

private void jButton6ActionPerformed(java.awt.event.ActionEvent evt) {

new manage().show();

public static void main(String args[]) {
java.awt.BventQueue.invokeLater(new Runnable() {
public void run() {

new MainMenu().setVisible(true);

s

// Variables declaration - do not modify
private javax.swing.JButton jButton];

private javax.swing.JButton jButton2;
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private javax.swing.JButton jButton3;

private javax.swing.JButton jButton4;

private javax.swing.JButton jButtonS;

private javax.swing.JButton jButton6;

private javax,swing.JLabel jLabell;

private javax,swing.JLabel jLabel2;

private javax.swing.JLabel jLabel3;

private javax,swing.JLabel jLabel4';

private javax,swing.JLabel jLabel5;

private javax.swing.JLayeredPane jLayeredPanel;
private javax.swing.JPanel jPanell;

private javax.swing.JScrollPane jScrollPanel;
private javax.swing.JToolBar jToolBarl;

/] End of variables declaration
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B. MICROCONTROLLER CODES
#include<reg51.h>
#include<stdio.h>
#include<intrins.h>
#define lcd_port PO
#define size 8
/Hdefine t_base 250
#define scale 12.333333
sbit inc=P2"0;
sbit dec=P2"1;
sbit enq=P2"2;
sbit rs=P2"6;
shit rw =P2/3;
sbit en=P2/5;
sbit alarm=P1"0;
sbit alarm2=P1/1;
sbit idi=P172;
unsigned int count=0;unsigned int wait=0;unsigned int max=1000;min=0;
void delay(unsigned int k)
{
unsigned int x,y;
for(x=0;x<k;x++){

for(y=0;y<800;y++);
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void serial_send(unsigned char *t)
{

while(*t!=0x0)

{

SBUF=*t;

while(IT1){ }

T1=0,

t++;
1y

void init_serial()
{

SCON=0X50;
TMOD=0X20;
TH1=0XF3;

TR1=1;

EA=1;
ES=1;
}

*/

void write(unsigned char c,unsigned char reg_select)
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rs=reg_select;

led_port=c;
en=1;
en=0;
}
void led_data(unsigned char ¢)
{
write(c, 1);
delay(1);
}
void led_cmd(unsigned char ¢)
{
write(c,0);
delay(1);
}
void clear_lcd(void)
{
led_cmd(0x01);
}

void led_pos(unsigned char row, unsigned char pos)
{
if(row==1)lcd_cmd(0x80+pos);
if(row==2)lcd_cmd(0xc0+pos);
}

void led_string(unsigned char code *p
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while(*p)lcd_data(*p++);
}
void led(unsigned char data *ptr)
{

while(*ptr)lcd_data(*ptr++);
}
void init_lcd(void)
{

led_cmd(0x38);

delay(1);

led_cmd(0x38);

delay(1);

led_cmd(0x38);

delay(1);

led_cmd(0x0c);

delay(1);

led_cmd(0x01);

delay(1);

lcd_cmd(0x06);

delay(1);
}
unsigned int update_count(void)

{
if(linc)
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{

if(count<1000)count++;
clear_lcd();
led_pos(1,0);
led_string("PLS WAIT PRNTING..");
idi=0;
delay(80);
/fidi=1;
}
/lif(lenq)
alarm2=0;
delay(50);
alarm2=~alarm2;
delay(50);
if(count>5)
/! alarm=0;
/delay(150);
// alarm=1;
//delay(200);
return (count);

}

void show_count(void)

{
unsigned char data led_bufter[10];

unsigned int avg;
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unsigned int waiting_cnt;

static unsigned int temp=0xffff;

avg=update count(); .

if((lenq)&(count>5))

waiting_cnt=min+-+;

if(temp==avg)return;

temp=avg;
clear led();
led_pos(1,0);
led_string("ATTENDING: ");
sprintf(lcd_buffer,"%u",waiting_cnt);
lcd(led_buffer);
led_pos(2,0);
led_string("LAST NO : ");
sprintf(lcd_buffer,"%u",avg);
led(led_buffer);
delay(100);

}

void show_logo(void)
{

clear_lcd();

led pos(1,0);

led_string("UDENSI D. EMEKA™);

lcd_pos(2,0);

led_string("2006/24429EE ");
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delay(600);

clear lcd();

led pos(1,0);
led_string("ELECT/COMPT.ENGR");
delay(600);

clear_lcd();

led_pos(1,0);
led_string("SUPERVISED BY...");
led_pos(2,0);

led_string("MR ACHONU ADEJO.");
delay(600);

clear lcd();

led _pos(1,0);
led_string("MCTRLLER. BASED");
led_pos(2,0);

led_string("QUEUE MANAGR&GUI™);

delay(600);

}

void sys_init(void)

{
init_led();
/Ishow_ready();
show_logo();

}

void show_ready(void)
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clear lcd();

led_pos(2,0);

led_string(" SYSTEM READY!..");
lcd_pos(1,0);

led_string(" MAX COUNT=1000");

delay(300);
}
void main(void)
{
/] init_serial();

sys_init();
show_ready();
while(1)
{

// serial _send();

show_count();



