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1.1 Abstract

In the past, the parking administration used to be manually, and so it has some drawbacks such as:

large time consuming, loss of accuracy, and people recently tend not to hold money in their pockets to

pay for a parking ticket.

Today we notice that it is necessary to automate the parking process, which will decrease the needed
time for parking, increase the accuracy of the payment process, and reduces the role of a human

administrator at the park.

we look forward using this project to automate the parking process, by designing a system consists of
sensors and counters that monitor the state of the spaces at the parking and feed back the
administration center with data about the parking spaces, and this administration center communicate
with the driver and opens the gate if there is a space and if this driver is permitted to enter this
parking. In other words the driver communicate with the administration center and ask it to enter the
garage , the administration center check the identity of the driver and the park status , and then sends

a signal to the gate to open .

From the above explanation the project consists of major parts, the software that controls the
administration center, the gates, and the sensors, the mobile station, the software that controls the
communication process between the driver’s mobile station and the administration center via a
communication technique which is Bluetooth, and the electrical circuits that connect the whole

project together. Figure 1.1 shows a main block diagram of the project parts.

Communication
Driver Channel

Interfacing Sensors & Gates
circuit

Administration
center

Figure 1.1 Block diagram of the project.




1.2 Aim of the Project

The project main idea is to introduce an automated parking system that can control the whole process

and collects the fees of the parking service.

So the explanation of the idea is to enable the driver to communicate with the administration center
which will control the gates and get the fees from the driver when he is leaving the parking, all of that

is done automatically.

1.3 Review of literature (related projects)

1.3.1 Parking garage project [1]

This article by Smith and Roth (2003), talks about how advanced Park techniques are being implemented
using SMS services available on cellular phones. It describes how useful these advanced car parking
systems are in providing drivers with information about the structure of the car park system and the

spaces available for them to park their cars.

The availability of vacant parking spaces is calculated by means of sensors installed in the parking areas,
which count the number of cars that enter and exit from the parking spaces, also the number of parking
tickets issued at the ticket counter can be used to calculate the vacant spaces. All these information are
used to update a central database which stores all the information about the areas of parking space which

is vacant or occupied.
These advanced car park systems also provide advanced, electronic payment options for customers.

Smith and Roth, in their article, cite examples of mobile parking facilities that are being used in Vienna
(Austria) .under the mobile parking technology, customers initially register their mobile number, the
license plate number of the car and their credit card number with the car park authorities, to create what is

called a “virtual parking ticket account” this completes the initial, one-time registration process.

Whenever the customers need to park, they would send SMS message would consist of the license plate

number of the car, the location code of the parking area where they want to park and the time duration (in




minutes) for which the customer want to park the customer would then receive a text message from the
car park message center, with the confirmation and expired time of their electronic parking ticket. The

customer would be sent a reminder SMS, 10 minutes before the parking time expired.

The bill for parking ticket would come up on the customer’s mobile.

Advantages:
e REasy to implement
Disadvantages:

e Not suitable for our area

e Security is low: you give the credit card for unknown person.

Different from our project in:-

e Registration done by SMS.
e Payment done using credit card.

e Identification using license plate.

1.3.2 Cartooth Project [2]

Car payment system

Team member: Michal Kowalski, Michal Rien , and Lukasz Szajkiwski

Project mentor: L jan kniat Ph. D.

The key part of Car Payment System is CarTooth(CT). It implements an internal electronic account. Money from it can be
spent by making transactions, via Bluetooth, with various stationary devices called Outside Units (OU). The account can be
recharged in special OU - Cash Box Unit. It is not required to integrate CarToorh with a car. So there are no installation
costs and it may be used in every car.

Paying parking fees in city parking zones can be realized in two ways (one automatic. the other semi-automatic). In the first
case, CarTooth contacts Parking Meter Unit (PMU) and makes periodic transactions. Together they are able to monitor a car

and fire antitheft alarm when it is moved or vibrates suspiciously. The other way of paying must be used when there are no




PMUs in a parking zone. in that case CT continuously decreases its internal account while parking. In order to check which
cars pay their dues an inspector must come with his own unit (with Bluetooth as well). He queries Parking Meter Units or
CarTooths to retrieve a list of paying cars and give a ticket to other cars.

The system allows paying with CarTooth for any kind of product or service. For example it can be used to pay for gas at

gas stations.

Outside Units from all over the city are connected to the Administration Center (4C) by some kind of computer network
(cable or wireless, e.g. GPRS). Its role is to supervise and coordinate the whole system. It authorizes, gathers information
from Outside Units and sends managing data to them. The collected data is analyzed in order to detect frauds and create
statistic for marketing use. AC is also responsible for notifying a driver (by sending SMS) or the police after receiving
antitheft alarm, Thanks to the Administration Center it is possible to pay with the use of Parking Credit Account. In this
case CarTooth works like a credit card - a client makes payments monthly with banking transfers instead of recharging the

account using Cash Box Units.

Advantages:

e Cover large area

e very usefull in finding a free place to park
Disadvantages:

e Hard to implement it
e High cost for the vendor

e every driver pays over 100§ for cartooth

Different from our project in:-

e cartooth needed in every car
e it used in parking place in the street

e payment done from a cartooth balance




1.3.3 Smart car parking system

Smart car parking system , R.Zallom, J .Khamayseh, and M.Al-mohtaseb.

graduation project 2007.

This project is involved in design and implementation of a smart parking system. The system will direct
the driver to available parking spaces in each floor when entering the parking. Then ,from the floor the

driver will be derived to the parking available slots.

The project will be implemented with the 8051 microcontroller for all the necessary controlled hardware

components are used such as sensors display and motor for the system.

This project gives a guidance parking system.

Advantages:
e very useful for controlling the parking hardware part
Disadvantages:

e no payment system

Different from our project in:-

e no payment system

e no identification




1.4 Assumptions and Dependencies

The following assumptions are considered in our project
o The physical parking will be built with multi sections
e The cars that will use the park do not exceed the van’s category size.
e Each driver has a mobile (cellular) which has an imbedded Bluetooth technology, and so it

will be supplied with a software for registration.

In order to accomplish the project goals we depend on the choice of the Microprocessors, sensors, and the
motors that will be used in our project. For example we will be able to determine the required control
signals and information after we are supplied with the datasheet of the Microprocessors, sensors, and the

motors that we will use and know how to control their process. Dependencies can be summarized in the

following points:

e Type of communication between the mobile of the driver and the administration center.

e The method of payment (agreement with cellular provider)

e Type of the microprocessor that controls the gates of the parking and their controlling signals.
e Type of the sensor that senses the existence of the car and how their signal change.

e proper and suitable range of Bluetooth covering area.

secured line connection between a cellular operator and the system server.




1.5 Development process

1.5.1 Software design

This system will be developed using the evolutionary development process, which develops an initial
implementation and exposing this to user comment and refining this through many versions until an
adequate system has been developed, rather than having separate specification, development and

validation activities, these are carried out concurrently with rapid feedback across these activities.

Evolutionary development model is chose rather than other software process models such as waterfall
since it’s more effective in producing systems that meet the immediate needs of customers and the
specification can be developed incrementally. As users develop a better understanding of their

problem, this can be reflected in the software system. Figure 1.2 shows the evolutionary approach.
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Figure 1.2 Evolutionary approach




1.6 Time Schedule

The following table explains the expected timing plan.
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1.7 Report overview

The following chapters will be included in this report:

Chapter Two: a theoretical background study covering the Java2ME,Micropcontroller, Sensors, GSM,

SMS, Bluetooth, VPN, and Motors.

Chapter Three: system design, dissecting the complete system into a group of subsystems, describing the

functionality of these subsystem, interfaces between them, and finally giving a complete overview of how

the system works

Chapter Four: Hardware system design, in this chapter we discuss hardware design options and justify

those chosen , design the circuits of each part, and start simulation.
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CHAPTER TWO

THEORETICAL BACKGROUND

2.1 GSM

2.2 Bluetooth

2.3 Microcontroller
2.4 Sensors

2.5 2ME

2.6VPN

2.7 SMS

2.8 AT commands
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This chapter will illustrate theoretical background for this project applications , and its related topics.

2.1 GSM [3][4][5]
2.1.1 Introduction:-

GSM (Global System for Mobi_le Communications: originally from Group Special Mobile) is the
most popular standard for mobile telephony systems in the world. The GSM Association, its promoting
industry trade organization of mobile phone carriers and manufacturers, estimates that 80% of the global
mobile market uses the standard. GSM is used by over 4.3 billion people across more than 212 countries
and territories. Its ubiquity enables international roaming arrangements between mobile phone operators,
providing subscribers the use of their phones in many parts of the world. GSM differs from its
predecessor technologies in that both signaling and speech channels are digital, and thus GSM is
considered a second generation (2G) mobile phone system. This also facilitates the wide-spread

implementation of data communication applications into the system.

The ubiquity of implementation of the GSM standard has been an advantage to both consumers,
who may benefit from the ability to roam and switch carriers without replacing phones, and also to
network operators, who can choose equipment from many GSM equipment vendors. GSM also pioneered
low-cost implementation of the short message service (SMS), also called text messaging, which has since
been supported on other mobile phone standards as well. The standard includes a worldwide emergency

telephone number feature (112).

Newer versions of the standard were backward-compatible with the original GSM system. For
example, Release '97 of the standard added packet data capabilities by means of General Packet Radio
Service (GPRS). Release '99 introduced higher speed data transmission using Enhanced Data Rates for
GSM Evolution (EDGE).
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2.1.2 Cellular radio network:-

GSM is a cellular network, which means that mobile phones connect to it by searching for cells in
the immediate vicinity. There are five different cell sizes in a GSM network—macro, micro, pico, femto
and umbrella cells. The coverage area of each cell varies according to the implementation environment.
Macro cells can be regarded as cells where the base station antenna is installed on a mast or a building
above average roof top level. Micro cells are cells whose antenna height is under average roof top level;
they are typically used in urban areas. Picocells are small cells whose coverage diameter is a few dozen
metres; they are mainly used indoors. Femtocells are cells designed for use in residential or small
business environments and connect to the service provider’s network via a broadband internet connection.

Umbrella cells are used to cover shadowed regions of smaller cells and fill in gaps in coverage between

those cells.

Cell horizontal radius varies depending on antenna height, antenna gain and propagation
conditions from a couple of hundred meters to several tens of kilometers. The longest distance the GSM

specification supports in practical use is 35 kilometers (22 mi).

Indoor coverage is also supported by GSM and may be achieved by using an indoor picocell base
station, or an indoor repeater with distributed indoor antennas fed through power splitters, to deliver the
radio signals from an antenna outdoors to the separate indoor distributed antenna system. These are
typically deployed when a lot of call capacity is needed indoors; for example, in shopping centers or
airports. However, this is not a prerequisite, since indoor coverage is also provided by in-building

penetration of the radio signals from any nearby cell.

2.1.3 GSM carrier frequencies:-

GSM networks operate in a number of different carrier frequency ranges (separated into GSM
frequency ranges for 2G and UMTS frequency bands for 3G), with most 2G GSM networks operating in
the 900 MHz or 1800 MHz bands. Where these bands were already allocated, the 850 MHz and
1900 MHz bands were used instead (for example in Canada and the United States). In rare cases the 400
and 450 MHz frequency bands are assigned in some countries because they were previously used for first-

generation systems. Most 3G networks operate in the 2100 MHz frequency band.
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Regardless of the frequency selected by an operator, it is divided into timeslots for individual
phones to use. This allows eight full-rate or sixteen half-rate speech channels per radio frequency. These
eight radio timeslots (or eight burst periods) are grouped into a TDMA frame. Half rate channels use
alternate frames in the same timeslot. The channel data rate for all 8 channels is 270.833 Kbit/s, and the

frame duration is 4.615 ms .

2.1.4 Network structure:-
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Figure 2.1 GSM network structure

The structure of a GSM network :

Figure 2.1 shows the GSM network structure which can be divided into a number of discrete sections:

o The Base Station Subsystem (the base stations and their controllers).

o The Network and Switching Subsystem (the part of the network most similar to a fixed network).
This is sometimes also just called the core network.

e The GPRS Core Network (the optional part which allows packet based Internet connections).

o The Operations support system (OSS) for maintenance of the network
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2.1.5 Subscriber Identity Module (SIM):-

One of the key features of GSM is the Subscriber Identity Module, commonly known as a SIM
card. The SIM is a detachable smart card containing the user's subscription information and phone book.
This allows the user to retain his or her information after switching handsets. Alternatively, the user can
also change operators while retaining the handset simply by changing the SIM. Some operators will block
this by allowing the phone to use only a single SIM, or only a SIM issued by them; this practice is known

as SIM locking and is illegal in some countries.

2.1.6 GSM service security:-

GSM was designed with a moderate level of service security. The system was designed to
authenticate the subscriber using a pre-shared key and challenge-response. Communications between the
subscriber and the base station can be encrypted. The development of UMTS introduces an optional
Universal Subscriber Identity Module (USIM), that uses a longer authentication key to give greater
security, as well as mutually authenticating the network and the user - whereas GSM only authenticates
the user to the network (and not vice versa). The security model therefore offers confidentiality and

authentication, but limited authorization capabilities, and no non-repudiation.

GSM uses several cryptographic algorithms for security. The A5/1 and A5/2 stream ciphers are
used for ensuring over-the-air voice privacy. A5/1 was developed first and is a stronger algorithm used
within Europe and the United States; A5/2 is weaker and used in other countries. Serious weaknesses
have been found in both algorithms: it is possible to break A5/2 in real-time with a cipher text-only
attack, and in February 2008, Pico Computing, Inc revealed its ability and plans to commercialize FPGAs
that allow A5/1 to be broken with a rainbow table attack. The system supports multiple algorithms so

operators may replace that cipher with a stronger one.
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2.2 BLUETOOTH [6]

2.2.1 Introduction:-

Bluetooth is an open wireless protocol for exchanging data over short distances from fixed and
mobile devices, creating personal area networks (PANSs). It was originally conceived as a wireless

alternative to RS232 data cables. It can connect several devices, overcoming problems of synchronization.

Bluetooth uses a radio technology called frequency-hopping spread spectrum. Bluetooth is a
standard and a communications protocol primarily designed for low power consumption, with a short
range (power-class-dependent: 1 meter, 10 meters, 100 meters) based on low-cost transceiver microchips

in each device.

Bluetooth provides a way to connect and exchange information between devices such as mobile
phones, telephones, laptops, personal computers, printers, Global Positioning System (GPS) receivers,
digital cameras, and video game consoles through a secure, globally unlicensed Industrial, Scientific and
Medical (ISM) 2.4 GHz short-range radio frequency bandwidth. The Bluetooth specifications are
developed and licensed by the Bluetooth Special Interest Group (SIG). The Bluetooth SIG consists of

companies in the areas of telecommunication, computing, networking, and consumer electronics.

2.2.2 Use of Bluetooth Technology:-

Bluetooth is designed for low power consumption, with a short range (power-class-dependent: 1
meter, 10 meters, 100 meters) based on low-cost transceiver microchips in each device. Bluetooth makes
it possible for these devices to communicate with each other when they are in range. Because the devices

use a radio (broadcast) communications system, they do not have to be in line of sight of each other.
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2.2.3 Bluetooth classes:

Class Maximum Permitted Power.m_\;/@’)m b - -
(approximate)

Class 1 100 mW (20 dBm) ~100 meters

Class 24’ 245 mW (4 dBm) - - M ~I_0 ;;ters .

Class 3 1 mW (0 dBm) ~1 meter

Table 2.1 Bluetooth Classes

In most cases the effective rangé of class 2 devices is extended if they connect to a class 1
transceiver, compared to a pure class 2 network. This is accomplished by the higher sensitivity and

transmission power of Class 1 devices; see table 2.1 for Bluetooth classes specification, And Table 2.2 for

the data rate for each version.

Version Data Rate

Version 1.2 1 Mbit/s

Version 2.0 + EDR | 3 Mbit/s

Table 2.2 Versions Data rate
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2.2.4 Working Mechanism of a Bluetooth:-

Bluetooth uses frequency hopping in timeslots. Bluetooth has been designed to operate in noisy
radio frequency environments, and uses a fast acknowledgement and a frequency-hopping scheme to
make the communications link robust, communication-wise. Bluetooth radio modules avoid interference

from other signals by hopping to a new frequency after transmitting or receiving a packet.

Compared with other systems operating in the same frequency band, the Bluetooth radio typically
hops faster and uses shorter packets. This is because short packages and fast hopping limit the impact of
microwave ovens and other sources of disturbances. Use of Forward Error Correction (FEC) limits the

impact of random noise on long-distance links.

The Bluetooth radio is built into a small microchip and operates in a globally available frequency

band ensuring communication compatibility worldwide.

2.2.5 Switching:-

The Bluetooth baseband protocol is a combination of circuit and packet switching. Time slots can
be reserved for synchronous packets. A frequency hop is done for each packet that is transmitted. A

packet nominally covers a single time slot, but can be extended to cover up to five slots.

2.2.6 Bluetooth Components:-

Any Bluetooth device consists of four major components: antenna/RF component, Bluetooth
hardware and firmware (baseband and Link Controller), Bluetooth software protocol stack, and the
application itself. Each of these components is a product in itself, and companies exist that have entire

business models based around solving only one of these four areas.
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2.2.7 Device discovery (inquiry) and service discovery:-

Due to the ad-hoc nature of Bluetooth networks, remote Bluetooth devices will move in and out
of range frequently. Bluetooth devices must therefore have the ability to discover nearby Bluetooth

devices. When a new Bluetooth device is discovered, a service discovery may be initiated in order to

determine which services the device is offering.

The Bluetooth Specification refers to the device discovery operation as inquiry.
During the inquiry process the inquiring Bluetooth device will receive the Bluetooth address and clock
from nearby discoverable devices. The inquiring device then has identified the other devices by their
Bluetooth address and is also able to synchronize the frequency hopping with discovered devices, using

their Bluetooth address and clock.

Devices make themselves discoverable by entering the inquiry scan mode. In this mode frequency
hopping will be slower than usual, meaning the device will spend a longer period of time on each channel.
This increases the possibility of detecting inquiring devices. Also, discoverable devices make use of an
Inquiry Access Code (IAC). Two IACs exist, the General Inquiry Access Code (GIAC) and the Limited
Inquiry Access Code (LIAC). The GIAC is used when a device is general discoverable, meaning it will
be discoverable for a undefined period of time. The LIAC is used when a device will be discoverable for

only a limited period of time.

Different Bluetooth devices offer different sets of services. Hence, a Bluetooth device needs to do
a service discbvery on a remote device in order to obtain information about available services. Service
searches can be of a general nature by polling a device for all available services, but can also be narrowed
down to find just a single service. The service discovery process uses the Service Discovery Protocol

(SDP).
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2.2.8 SECURITY

Basic security elements need to be considered to prevent unauthorized usage and eavesdropping
in Bluetooth system though it is mainly intended for short-range connectivity between personal devices.
Security features are included at the link level and are based on a secret link key that is shared by a pair of

devices. To generate this key a pairing procedure is used when the two devices communication for the

first time.

The central element in the security process is the 128-bit link key. This link key is a secret key
residing in the Bluetooth hardware and is not accessible by the user. The link key is generated during an
initialization phase. Once the initialization has been carried out, the 128-bit link keys reside in the devices
and can from then on be used for automatic authentication without user interaction. In addition, methods

are available to use the same encryption keys for all slaves in a single piconet.

Bluetooth provides limited number of security elements at the lowest level. More advanced

security procedures can be implemented at higher layers.

2.3 Microcontroller [7]

Microcontroller is a highly integrated single-chip microcomputer. Microcontrollers include a CPU to
process information, program memory to store instructions, data memory to store information, system timing,
and input/output sections to communicate with the outdoor world.

A microcontroller can do the work of many different types of logic circuits. Discrete logic circuits are
permanently wired to perform the function they were designed to do. If the design requirements are changed
slightly, an entire printed circuit board or many boards may have to be redesigned to accommodate the change.
With a microcontroller performing the logic functions, most changes can be made simply by reprogramming the
microcontroller. That is, the software (program) is changed rather than the hardware (logic circuits). This makes
the microcontroller a very attractive building block in any digital system. With a microcontroller-based design,
the designer can simply add a feature set to the product with minimal software/hardware changes.

Microcontrollers can also be used to replace analog circuitry. Special interface circuits can be used to enable a

microcontroller to input and output analog signals.
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the general microcontroller architecture contains the following main components:
o Central Processing Unit (CPU): CPU is the core of a microcontroller where all of the arithmetic and
logical operations are performed. This is the calculator part of the microcontroller. CPU gets program

instructions from the program memory figure 2.2 shows the CPU construction. =

| registor1 |

| registor2 |

| regsters |
L . »
/ Addrebses l__l\

\IDa[a I/

< Cantrol lines CPU

Figure2.2 CPU construction

e Memory: memory is part of the microcontroller whose function is to store data. Memory components are
exactly like that. For a certain input we get the contents of a certain addressed memory location and that's
all. Two new concepts are brought to us: addressing and memory location. Memory consists of all memory
locations, and addressing is nothing but selecting one of them. This means that we need to select the desired
memory location on one hand, and on the other hand we need to wait for the contents of that location.
Besides reading from a memory location, memory must also provide for writing onto it. This is done by

supplying an additional line called control line. We will designate this line as R/W (read/write),see figure

2.3 for memory operation.

e A S

I mem locatlon D ]
3 “memlocationd | |
- memlecation 2. ']",

Figure 2.3 Memory operations
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o Bus: it represents a group of 8, 16, or more wires. There are two types of buses: address and data bus.

The first one consists of as many lines as the amount of memory we wish to address and the other one

is as wide as data.

o Analog to Digital Converter This converter built inside PIC. the PIC has 10-Bit ADC (ND)
Module, 13 pin (PIC 18F4550) for analog input with multiplexer. This module allows conversion of
an analog input signal to a corresponding 1 O-bit digital number. The module has five registers which
are : A/D Result High Register (ADRESH) , A/D Result Low Register (ADRESL) , A/D Control

Register 0 (ADCONO) , A/D Control Register 1 (ADCONI) ,and The A/D Control Register 2
(ADCON2).

The analog reference voltage is software selectable to either the device's positive and negative supply

voltage (VDD and VSS) or the voltage level chosen by the user.

After the A/D module has been configured as desired, the selected channel must be acquired before
the conversion is started. The analog input channels must have their corresponding TRIS bits selected as
an input. After this acquisition time has elapsed, the AID conversion can be started. An acquisition time
can be programmed to occur between setting the GO/DONE bit and the actual start of the conversion. In

chapter four we show how our project embedded this module in our work.

Acquisition Time

When an specific channel (ANO for example ) is selected the voltage from that input channel is
stored in an internal holding capacitor. It takes some time for the capacitor to get fully charged and
become equal to the applied voltage. This time is called acquisition time. The PIC18F4550's ADC
provides a programmable acquisition time, so you can setup the acquisition time. Once acquisition time is
over the input channel is disconnected from the source and the conversion begin. The acquisition times
depends on several factor like the source impedance, Vaq of the system and temperature. Can refer to the

datasheet for details on its calculation. A safe value is 2.45uS so acquisition time must be set to any

value more than this.
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ADC Clock

ADC Requires a clock source to do its conversion, this is called ADC Clock. The time period of
the ADC Clock is called TAD. It is also the time required to generate 1 bit of conversion. The ADC
requires 11 TAD to do a 10 bit conversion. It can be derived from the CPU clock (called Tose) by
dividing it by a suitable division factor. There are Seven possible option ,For Correct AID Conversion,

the AID conversion clock (TAD) must be as short as possible but greater than the minimum TAD .refer to
datasheet it is O.7uS for PIC18FXXXX device. .

Inputs/Outputs and Peripherals

The PICI8F4550 have 5 port A,B,C,D, and E, and Each port have three registers associated for its
operation and these register are PORTX ,LATX, and TRISx. The port data itself appears in the PORTX.
The data direction (input or output) is determined by the bit values set in the (control register) TRISx. The
LA TX is used to read the output data back (not input read) .

PORT A: The port can be used for general purpose bi directional digital data. It is also shared
with the analog function. The three register associated with port A - PORTA,TRISA, and LATA.

PORT B: Three primary register PORTB,TRISB, and LATB, The external interrupt can be made
through POR TB pins.

PORT C: Its Three primary register PORTC,TRISC, and LATC, and This port share with serial.

PORT D: Parallel slave itself with 3 bits of port E for handshake.
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Some peripheral such as USART , analog to digital converter, watch dog timer, and low voltage
detect will explain later and other peripheral not need such as timers (our PIC have 5 programmable
timers), capture/compare/pulse width modules. for other information for any part can see the data sheet in

appendix.

Applications

Microcontroller's applications are more or less limited only by the user imagination.
Microcontrollers now reside in our televisions, keyboards, modems, printers, telephones, cars, household
appliances, and every other part of home and work life. The market for microcontrollers continues to
expand rapidly, encompassing a wide range of consumer, industrial, automotive, and telecommunication
applications. The emergence of new low cost microcontrollers offers a wealth of benefits for today's
consumer applications and represents an entirely new profit source for manufacturers. In the past the high
cost of electronics limited the use of microcontrollers to "high tech" applications such as video recorders,
stereo systems, and high-end durable goods such as washing machines. Today, the application base has
broadened to include systems such as coffee machines, irons, shavers, and cleaners, where the
introduction of electronics helps to provide product differentiation and allows the inclusion safety

features.
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2.4 Sensors [9]

Sensors are hardware devices that produce measurable response to a change in a physical
condition like temperature and pressure, sensors sense or measure physical data of the area to be

monitored.

There are many kinds of sensors such as humidity sensor, temperature sensor ,weight sensor .

the suitable sensors for the project are :

e (IR)

An Infrared proximity sensor which is shown in figure 2.4 is an electronic device which
measures the range of an object by sending and then receiving the echo of that Infra Red signal

,and by processing this signal the range can be easily calculated.

Figure2.4 IR sensors.
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e Ultrasonic Sensors [8]

Ultrasonic sensors which shown in figure 2.5 function irrespectively of the material being
sensed. Their design structure is basically the same to that of the IR sensors. They transmit a
sound pulse from an electro-acoustic transducer. This pulse is then reflected off the object and
received by the transducer ,typically the same transducer is used for both transmitting and

receiving which allows a fast damping of the acoustic energy, necessary for detecting objects at

close range.

Figure 2.5 the ultrasonic sensor

2.5 J2ME [10][11]

2.5.1 Introduction

Sun Microsystems defines J2ME as "a highly optimized Java run-time environment targeting a
wide range of consumer products, including pagers, cellular phones, screen-phones, digital set-top boxes

and car navigation systems."

Announced in June 1999 at the JavaOne Developer Conference, J2ME brings the cross-platform
functionality of the Java language to smaller devices with limited hardware resources (PDAs, Cell
Phones, Embedded devices) with less memory (128KB of RAM) & with processors less powerful than
desktop and server machines , allowing mobile wireless devices to share applications. With J2ME, Sun

has adapted the Java platform for Consumer products that incorporate or are based on small computing

devices.




J2ME key factors

o Portability: Write once runs anywhere

» Security: Code runs within the confines of its JVM
» Rich set of APIs

« Huge number of possible users.

2.5.2 J2ME architecture

J2ME uses configurations and profiles to customize the Java Runtime Environment (JRE). As a
complete JRE, J2ME is comprised of a configuration, which determines the JVM used, and a profile,
which defines the application by adding domain-specific classes.

The configuration defines the basic run-time environment as a set of core classes and a specific JVM that
run on specific types of devices. The profile defines the application; specifically, it adds domain-specific

classes to the J2ME configuration to define certain uses for devices.

Configurations

To support a broad range of devices, from the smallest of mobile phones to much more capable
devices, such as a television set-top box, J2ME introduced two concepts: the configuration and profile.

Figure2.6 shows J2ME Platform profile

Configurations consist of the Connected Device Configuration (CDC) and the Connected Limited

Device Configuration (CLDC).

»  Connected device configuration CDC:

The CDC runs the "classic" Java virtual machine (VM). It consists of the same functionality available
for a VM running on a desktop computer. Several megabytes of memory are necessary to support this
VM: 512 kilobytes (minimum) memory for Java runtime, 256 kilobytes (minimum) for runtime memory

allocation. Network connectivity, possibly persistent (always on), high bandwidth
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+ Connected Limited Device Configuration CLDC :

The CLDC is intended for devices with limited hardware capabilities, such as mobile phones, low-end

personal digital assistants (PDAs), and pagers.

128 kilobytes memory for Java runtime

» 32 kilobytes memory for runtime memory allocation

o Limited user interface
 Limited power -- typically battery

» Network connectivity -- typically wireless

Profiles

A profile is an extension, of sorts, to a configuration. It provides a library of code to support a
particular type, or range, of devices. Shown here are the specifics for two profiles, each defined through

the Java Community Process

» Mobile Information Device Profile-- Mobile and voice communication devices:

s 512K total memory for Java runtime and libraries |
* Limited power -- typically battery s
* Connectivity to wireless network |

* Limited user interface

> PDA profile-- small, resource-limited handheld devices:

* No less than 512KB total memory for Java runtime and libraries
* No more than 16 megabytes of memory

* Limited power -- typically battery

s Limited user interface with a minimum of 20,000 pixels

*  User interface supports pointing device and character input
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Figure 2.6 J2ME Architecture

2.5.3 Programs:

A MIDlet is the interface between application statements and the run-time environment, which is
controlled by the application manager. A MIDlet class must contain three abstract methods that are called

by the application manager to manage the life cycle of the MIDlet. These abstract methods are:

startApp(): called by the application manager when the MIDlet is started and contains statements that are

executed each time the application begins execution. Public and have no return value nor parameter list.

pauseApp(): called before the application manager temporarily stops the MIDlet. The application
manager restarts the MIDlet by recalling the startApp() method. Public and have no return value nor

parameter list.

destroyApp(): called prior to the termination of the MIDlet by the application manager. Public method

without a return value. It has a Boolean parameter that is set to true if the termination of the MIDlet is

unconditional, and false if the MIDlet can throw a MIDlet State Change Exception. [26]
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Basic Midlet Shell.

public class BasicMIDletShell extends MID]et
{
public void startApp(){ }
public void pauseApp(){ }
public void destroyApp( boolean unconditional){ }
}
MIDP API classes are used by the MIDlet to interact with the user and handle data management. User
interactions are managed by user interface MIDP API classes. These APIs prompt the user to respond
with an appropriate command. The command causes the MIDlet to execute one of three routines:
e Perform a computation.
e Make a network request.

e Display another screen.

The data-handling MIDP API classes enable the developer to perform four kinds of data routines:
e Write and read persistent data.
e Store data in data types.
e Receive data from and send data to a network.

o Interact with the small computing device’s input/output features[26]

Hello World MIDlet “example”

That's the basic shell. Let's do something with it. It's basically one line, although the lcdui import

is also required since we want to display something on the phone.
The program itself is just nested function calls. Display.getDisplay() is a static method which returns a

handle to the phone's display. The setCurrent() method allows you to change the contents of the display.

This example changes the display to a new TextBox object with the given title and contents. The last two

parameters of the TextBox constructor are the maximum size and optional input constraints (in this case

none),
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import javax.microedition.midlet. *;

import javax.microedition.leduj. *;

public class Hello extends MIDlet
{ :
public Hello() {}
public void pauseApp() {}
public void destroyApp(boolean ignore) {}
public void startApp()

{
Display.getDisplay(this).setCurrent(new TextBox("Hello", "The End", 9, 0));
¥
Code 2.1 Hello MIDlet
2.6 VPN [12][13]

2.6.1 Introduction to virtual private networks

A virtual private network (VPN) is the extension of a private network that encompasses links
across shared or public networks like the Internet. With a VPN, we can send data between two computers
across a shared or public network in a manner that emulates a point-to-point private link. Virtual private

networking is the act of creating and configuring a virtual private network.

To emulate a point-to-point link, data is encapsulated, or wrapped, with a header that provides
routing information, which allows the data to traverse the shared or public network to reach its endpoint.
To emulate a private link, the data is encrypted for confidentiality. Packets that are intercepted on the

shared or public network are indecipherable without the encryption keys. The link in which the private

data is encapsulated and encrypted is a virtual private network (VPN) connection. Figure 2.7 shows the

logical equivalent of a VPN connection.
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Figure 2.7 Logical equivalents of a VPN

Users working at home or on the road can use VPN connections to establish a remote access
connection to an organization server by using the infrastructure provided by a public network such as the
Internet. From the user's perspective, the VPN is a point-to-point connection between the computer (the
VPN client) and an organization server (the VPN server). The exact infrastructure of the shared or public

network is irrelevant because it appears logically as if the data is sent over a dedicated private link.

Organizations can also use VPN connections to establish routed connections with geographically
separate offices or with other organizations over a public network such as the Internet while maintaining
secure communications. A routed VPN connection across the Internet logically operates as a dedicated

WAN link.

With both remote access and routed connections, an organization can use VPN connections to

trade long-distance dial-up or leased lines for local dial-up or leased lines to an Internet service provider

(ISP).

There are two types of Point-to-Point Protocol (PPP)-based VPN technology in the Microsoft Windows

2003 family:
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i point-to-Point Tunneling Protoco] (PPTP)

PPTP uses user-level PPP authentication methods and Microsoft Point-to-Point Encryption
(MPPE) for data encryption. i

Layer Two Tunneling Protocol (L2TP) with Internet Protocol security (IPSec) :

L2TP uses user-level PPP authentication methods and computer-level certificates with IPSec for

data encryption, or IPsec in tunnel mode, in which IPsec itself provides encapsulation (for IP

traffic only) .

2.6.2.Components of virtual private networks

As shown in figure 2.8 the components of a virtual private network connection are:

VPN server
A computer‘that accepts VPN connections from VPN clients.( at the provider side)

VPN client

A computer that initiates a VPN connection to a VPN server. A VPN client can be an individual

computer or a router.(Admin Center)

Tunnel

The portion of the connection in which data is encapsulated. And the portion of the connection in
which data is encrypted. For typical secure VPN connections, the data is encrypted and

encapsulated along the same portion of the connection.
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2.6.3. Properties of VPN connections

yPN connections that use PPTP and L2TP/IPSec have the following properti
roperties:

Encapsulation
Authentication

Data encryption

Encapsulation

With VPN technology, private data is encapsulated with a header that provides routing information

which allows the data to traverse the transit internetwork.

Authentication

Authentication for VPN connections takes three different forms:

I

User-level authentication by using PPP authentication:

To establish the VPN connection, the VPN server authenticates the VPN client that is attempting
the connection by using a Point-to-Point Protocol (PPP) user-level authentication method and
verifies that the VPN client has the appropriate authorization. If mutual authentication is used, the

VPN client also authenticates the VPN server, which provides protection against computers that

are masquerading as VPN servers.

Computer-level authentication by using IKE :

To establish an IPSec security association, the VPN client and the VPN server use the Internet

Key Exchange (IKE) protocol to exchange either computer certificates or a preshared key. In
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either case, the VPN client and server authenticate each ot}
other
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3. Data origin authentication and data integrity

To verify that the data sent on the VPN connection originated at the other end of the connection
and was not modified in transit, the data contains a cryptographic checksum based on an

encryption key known only to the sender and the receiver. Data origin authentication and data
integrity are only available for L2TP/IPSec connections,

2.6.4. Data encryption

The data is encrypted by the sender and decrypted by the receiver. The encryption and decryption
processes depend on both the sender and the receiver using a common encryption key. Intercepted packets
sent along the VPN connection in the transit internetwork are unintelligible to anyone who does not have
the common encryption key. The length of the encryption key is an important security parameter.
Computational techniques can be used to determine the encryption key. However, such techniques
require more computing power and computational time as the encryption keys get larger. Therefore, it is

important to use the largest possible key size to ensure data confidentiality.

2.7 SMS:-
2.7.1 Definition:

The Point-to-Point Short Message Service (SMS) provides a means of sending messages of limited size to

and from GSM mobiles. The provision of SMS makes use of a Service Center, which acts as a store and

forward centre for short messages. Thus a GSM PLMN needs to support the transfer of short messages

between Service Centers and mobiles.

her using text messages via

SMS i : municate with each ot
provid for people to com
€s a convenient means peop L i

i ain at most
Mobile devices or Internet connected computers. Each message can cont
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information stored in mobile phones.
i

A Short Message Service Centre (SMSC), usually owned and rup by a telecommunication operator, i
r, is

responsible for the routing and delivery of SMS. When a SMs message is delivered to the SMSC, a st
, a store-

and-forward message mechanism is implemented, Whereby the message is temporarily stored, then

forwarded to the recipient’s phone when the recipient device s available

272 SMS SECURITY

THE BASICS OF SMS SECURITY [38]

The technical specifications for SMS are laid down in ETSI TS 03.485. Certain options in the technical
specification, such as the Security Parameter Index (SPI), the Ciphering Key Identifier (KIc), and the
Integrity Value (RC/CC/DS), provide specifications for available security parameters. A Redundancy
Check (RC), Cryptographic Checksum (CC) or Digital Signature (DS) might also be used for integrity

verification of the data.

However, these confidentiality and integrity mechanisms are only specified as optional security measures
that can be made available, but they are not mandatory requirements for SMS system implementation.
The availability of SMS services may also be interrupted by the SMSC. Without proper implementation

of these SMS security options, everyday SMS messages transmitted on a network are only protected by

the communication network itself such as a GSM network.

In practical use, SMS messages are not encrypted by default during transmission. A cyclic redundancy

check is provided for SMS information passing across the signaling channel to ensure short messages do

y : : i ing.
ot get corrupted. Forward error protection is also incorporated using conventional encoding

Cryptographic protection on confidentiality and integrity is not available for SMS messages.
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2.8 Serial Port communication

In order to make two devices communicate, whether they are desktop computers

microcontrollers, or any other form of integrated circuit, we need a method of communication and an
agreed-upon language. The most common form of communication between electronic devices is serial

communication.

Communicating serially involves sending a series of digital pulses back and forth between
devices at a mutually agreed-upon rate. The sender sends pulses representing the data to be sent at the

agreed-upon data rate, and the receiver listens for pulses at that same rate.

Communication as defined in the RS232 standard is an asynchronous serial communication
method. The word serial means, that the information is sent one bit at a time. Asynchronous tells us that
the information is not sent in predefined time slots. Data transfer can start at any given time and it is the

task of the receiver to detect when a message starts and ends.

RS232 Physical properties

The RS232 standard describes a communication method capable of communicating in different

énvironments. This has had its impact on the maximum allowable voltages etc. on the pins. In the original

definition, the technical possibilities of that time were taken into account. The maximum baud rate

defined for example is 20 kbps. With current devices like the 16550A UART, maximum speeds of 1.5

Mbps are allowed.
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Maximum cable lengths

Cable length is one of the most discussed items in RS232 world. The standard has a clea
(e maximum cable length is 50 feet, or the cable length equal to 4 capacitance of 2500 pF. The l;t::v::l:;
is often forgotten. This means that using a cable with low capacitance allows you to span longer distances
ifhout going beyond the limitations of the standard. If for example UTP CAT -5 cable is used with a
ypica capacitance of 17 pF/ft, the maximum allowed cable length is 147 feet. table () show RS232 cable

length

Baud rate MAX length(ft)

19200 50

9600 500

4800 1000

2400 3000

Table 2.3 Baud Rate versus maximum length

The USART

USART stands for Universal Synchronous Asynchronous Receiver Transmitter. It is sometimes

called the Serial Communications Interface or SCL

| 3 1 1 Om arl in
S)’IlChlonous operation uses a clock and data line while there 1s no separate clock accompanying
e Synchronous transmission. Since there is no clock signal in asynchl onous operation, P
; ission and reception can
Used for transmission and another pin can be used for reception. Both transmission p

0 : :
"rat the same time this is known as full duplex operation.

when the serial port is

ol : . bled. However,
T e ey purpose I/O when the

al
thableq, the USART will control both pins and one cannot be used for gener
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Maximum cable lengths

cable length is one of the most discussed items in RS232 world. The st d
: stan

5 ard has
e aximum cable length is 50 feet, or the ¢ a clear answer,

ab :

- . able length equal to a Capacitance of 2500 pF. The latter rule

i often forgotten. This means that using a cable with low capacitance allows you to span longer distance
S

yithout going beyond the limitations of the standard. If for example UTP CAT -5 cable is used with a
ypca capacitance of 17 pF/ft, the maximum allowed cable length is 147 feet. table () show RS232 cable

ength

Baud rate MAX length(ft)
19200 50

9600 500

4800 1000

2400 3000

Table 2.3 Baud Rate versus maximum length

The USART

USART stands for Universal Synchronous Asynchronous Receiver Transmitter. It is sometimes

called the Serial Communications Interface or SCL.

Synchronous operation uses a clock and data line while there is no separate clock accompanying

: : i one pin can be
the Asynchronous transmission. Since there is no clock signal in asynchronous operation, p

: issi nd reception can
ed for transmission and another pin can be used for reception. Both fransiissiona ¢

0 : ;
"irat the same time this is known as full duplex operation.

when the serial port is

el 2 . bled. However,
Transmission and reception can be independently ena surpose /0 when the

1
enabled, the USART will control both pins and one cannot be used for genera
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other 1S being used for transmission or reception. The most common use of the USART i

ode i 10 communicate to a PC serial port using the RS- 232 protocol. The USART cln e:y:l(:hmnou_s
and receive, the USART can be configured to transmit eight or nine data bits b thear”]l‘XO9t b'ttra'nsrr;llt
TXSTA register. If nine bits are to be transmitted, the ninth data bit must be placed it)]’ the TX9D blit l:f zh:
TXST A register before writing the other eight bits to the TXREG register. Once data has been written to
TXREG, the eight or nine bits are moved into the transmit shift register. From there they are clocked out
onto the TX pin preceded by a start bit and followed by a stop bit. The use of a separate transmit shift
register allows new data to be written to the TXREG register while the previous data is still being

iransmitted. This allows the maximum throughput to be achieved.

The USART outputs and inputs logic level signals on the TX and RX pins of the PIC micro
MCU. The signal is high when no transmission or reception is in progress and goes low when the
transmission starts. This low going transition is used by the receiver to synchronize to the incoming data.
The signal stays low ,or the duration of the start bit and is followed by the data bits, least significant bit
first. In the case of an eight-bit transfer, there are eight data bits and the last data bit is followed by the
stop bit which is high. The transmission therefore ends with the pin high. After the stop bit has completed,
the start bit of the next transmission can occur. There are two things to note about this waveform, which
represents the signal on the TX or RX pins of the microcontroller. The start bit is a zero and the stop bit is

aone. and The data is sent least significant bit first so the bit pattern looks backwards in comparison to

the way it appears when written as a binary number.

The signals on the USART pins of the microcontroller use logic levels. This means that for a five

volt supply, the signals will be close to five volts when they are high and close to ground when they are

low. In many applications, particularly with asynchronous communications, transmission standards such

as RS-232 and RS-485 require different voltage levels to be used. For example, RS-232 uses a voltage

below minus five volts to represent a logic one and a voltage above five volts to represent a logic zero.

For RS-232, an interface chip such as Microchip's max232 device is recommended to convert the signals

to the required levels.

There are several registers used to control the USART .The SPBRG register a110\.avs the baud rate
o be set, The TXST A and RCST A registers are used to control transmission and reception but there are
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- overlapping functions and both registers are always used The TXR

Y EG :
used write data to be transmitted and to read the received data e

The rate at which dafa 1s.transm1tfed or received must be always be set using the baud rate
generator unless the USAR T is being used in synchronous slave mode. The baud rate is set by writing to
the SPBRG register. The SYNC bit selects between synchronous and asynchronous modesy and tfese
modes have different baud rates for a particular value in the SPBRG register. For asynchronou; mode, the
gyYNC bit must be cleared and the BRGH bit is used to select between high and low speed options for
greater flexibility in setting the baud rate. The formulas that show how the baud rate is set by the value in

the SPBRG register and the BRGH bit can be found in the PIC datasheet .

2.9 AT Commands

AT commands are instructions used to control a modem. AT is the abbreviation of ATtention.

That's why modem commands are called AT commands.

It is important to note that the starting "AT" is the prefix that informs the modem about the start
of a command line. It is not part of the AT command name. For example, D is the actual AT command

name in ATD, and +CMGS is the actual AT command name in AT+CMGS.

Tasks Performed by AT Commands

Here are some of the tasks that can be done using AT commands with a GSM/GPRS modem or

mobile phone:
SM/GPRS modem. For example, name of the

*  Get basic information about the mobile phone or G : 3
manufacturer (AT+CGMI), model number (AT+CGMM), IMEI mymber (International Mobile

Equipment Identity) ( AT+CGSN), and the software version (AT+CGMR).
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Note that mobile phone manufact

Get basic information about the subscriber. For example, MSISDN (AT+CNUM) and
number (International Mobile Subscriber Identity) (AT+CIMI) e

Get the current status of the mobile phone or GSM/GPRS modem. For example, mobile phone
activity status (AT+CPAS), mobile network registration status (AT+CREGQG), radio signal strength
(AT+CSQ), battery charge level, and battery charging status (AT+CBC).

Establish a data connection or voice connection to a remote modem (ATD, ATA, etc.).
Send and receive fax (ATD, ATA, AT+F*).

Read (AT+CPBR), write (AT+CPBW), or search (AT+CPBF) phonebook entries.

Perform security-related tasks, such as opening or closing facility locks (AT+CLCK), checking
whether a facility is locked (AT+CLCK), and changing passwords (AT+CPWD). (Facility lock

examples: SIM lock ,a password must be given to the SIM card every time the mobile phone is

switched on.

urers usually do not implement all AT commands, command

parameters, and parameter values in their mobile phones. Also, the behavior of the implemented AT

;{ tommands may be different from that defined in the standard. In general, GSM/GPRS modems designed

for wireless applications have better support of AT commands than ordinary mobile phones.
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Types of AT Commands

There are two types of AT commands:

|. Basic commands are AT commands that do not start with "+". For example, D (Dial), A

(Answer), H (Hook control), and O (Return to online data state) are basic commands.
2. Extended commands are AT commands that start with "+" All GSM AT commands are extended

commands. For example, +CMGS (Send SMS message), +CMGL (List SMS messages), and
+CMGR (Read SMS messages) are extended commands.

General Syntax of AT Commands

The general syntax of extended AT commands is straightforward. The syntax rules are provided

below:

Syntax rule 1. All command lines must start with "AT" and end with a carriage return character. In a

terminal program like the HyperTerminal of Microsoft Windows, you can press the Enter key on the

keyboard to output a carriage return character.

Example: To list all unread inbound SMS messages stored in the message storage area, type "AT", then

the extended AT command "+CMGL", and finally a carriage return character, like this:

AT+CMGL<CR>
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Syntnx r
ghould be preﬂxed with "AT". AT commands in the same command-lin

semicolons-

gxample: TO list all unread inbound SMS messages stored in the message storage area and obtain the

manufacturer name of the mobile device, type "AT", then the extended AT command "+CMGL"

followed by a semicolon and the next extended AT command "+CGMI":
AT+CMGL;+CGMI<CR>
An error will occur if both AT commands are prefixed with "AT", like this:

AT+CMGL;AT+CGMI<CR>

Syntax rule 3. A string is enclosed between double quotes.

Example: To read all SMS messages from a message storage in SMS text mode, you need to assign the

string "ALL" to the extended AT command +CMGL, like this:

AT+CMGL="ALL"<CR>

Syntax rule 4. Information responses and result codes (including both final result codes and unsolicited

fesult codes) always start and end with a carriage return character and a linefeed character.

Example: Afer sending the command line w AT+CGMI<CR>" to the mobile device, the mobile device

Sho oo :
uld return 4 response similar to this:
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<CR><LF>N°kia<CR><LF>
| (R-<LF>OR<CR><LF>

The first lin is the information response of the AT command +CGMI, and the second line is th fi
, ond line is the final

<LF> i
esult code- <CR> and <LF> represent a carriage return character and a linefeed character, respectivel
: : s 1vely.
The final result code "OK" marks the end of the reSponse. It indicates no more data ]

will b
mobile device to the computer / PC. i

When a terminal program such as the HyperTerminal of Microsoft Windows sees a carriage
return character, it moves the cursor to the beginning of the current line. When it sees a linefeed character
it moves the cursor to the same position on the next line. Hence, the command line "AT+CGMI<CR>"

that you entered and the corresponding response will be displayed like this in a terminal program such as

HyperTerminal of Microsoft Windows:

AT+CGMI
Nokia

0K

Information Response and Final Result Code

AT+CGMI <-- Command line entered
Nokia <-- Information response

OK <-- Final result code

Result Code of AT Commands

M/GPRS modem or mobile phone to provide you

Result ¢od he GS
e nt from the
S are messages sS€ £ an event. Two types of result

i : ence 0
'"fOrmatlon about the execution of an AT command and the occurT

0des are useful to you when dealing with AT commands for SMS messaging:

44




Final result codes

Unsolicited result codes

final Result Code of AT Commands

j final result code marks the end of an AT command response, It is an indication that the GSM/GPRS

modem of mobile phone has finished the execution of a command line. Two frequently used final result
o Su

codes are OK and ERROR. Only one final result code will be returned for each command line. Thus, you
will not see both OK and ERROR in the response of a command line. ,

The OK Final Result Code

The OK final result code indicates that a command line has been executed successfully by the

GSM/GPRS modem or mobile phone. It always starts and ends with a carriage return character and a

linefeed character.

The ERROR Final Result Code

The ERROR final result code indicates that an error occurs when the GSM/GPRS modem or

mobile phone tries to execute a command line. After the occurrence of an error, the GSM/GPRS modem

or mobile phone will not process the remaining AT commands in the command-line string.
Below are some common causes of error:

l. The syntax of the command line is incorrect.
The value specified to a certain parameter is invalid.
The name of the AT command is spelt incorrectly.

The GSM/GPRS modem or mobile phone does not support one or more

of the AT commands,

i nd-line string.
Command parameters, or parameter values in the comma
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[n this chapter we explain the design concepts, System main components

. » System modeling diagram
flow, the communication Ui

systemmt - dat design  options, and how

system  works.

3. Main block diagram :

As shown in figure3.1 the main block diagram; the main components of the project are :

Mobile station , the cellular operator(service provider ) and Park system which includes ( Sensors

Display screens, Gates, Admin Center, and Section controller).

Park system

{_-"_:; G o : - Section subsystem
Gate sensors - [T : ; on(callar
PRl Server (admin

center)

Cellular operator server
. (service provider).

Figure3.1 The general block diagram of the system
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8.2 Main system components

In this section we’ll describe the role of each component :

3.2.1 Mobile station:

The role of the mobile station (MS) in the project is in the registration process in both entrance

and exit stages.

When the user enters the park, the MS (mobile station or cell phone) sends the ID of the user —
via preinstalled software on the user’s mobile- to the admin center in order to start the registration

process, using a communication technique.

When the user leaves the park the MS connects to the server again, sending the ID, and requests

the Admin to release the user’s car out of the park.

3.2.2 Sensors:

Sensors are used for two purposes in the system:

First is to detect the existence of any car at one of the following: entrance gate, exit gate, section in gate

and section out gate. The second is to update the status of each section informing its controller and the

admin center about occupied location.

The sensor acts as switch which is closed when a car exists and so this signal can be transmitted to the

secion controller and to the admin center updating the status of the park.

And the chosen sensor to be used in the system is Infrared proximity sensor for more information about it

look section2.4 .

48




3,2.3 Display screens:

Display screens are used as interface with the user informing him with the status of the park and

if there is free space and these screens are installed on the main entrance of the park and at each section

The main display screen takes its message from the admin center directly .but each section display screen ’

takes its message from the controller of the section it is connected to.
3.2.4 Gates (motors):

The gates motors are not activated till the signal that opens the gate is activate from the admin

center or from the section controller.

And the chosen motors to be used in the system are DC motor type for simplicity and easy
manipulation.
For our design we decided to have a double gates on the entrance to let only one car get in.
when the user permitted to enter the parking , admin opens the first gate which only accommodate one

car, then it closes and second opens. By this arrangement only one car can get in with its registration.

3.2.5 Admin Center:

Administration center is the core of this project and acts as the brain of the system and it is

responsible for the identification, registration, connection with the user mobile, usage time calculation,

receiving and manipulation of the sensors signals, controls the gates motors.

It monitors all sections ,collect the feedback from each one continuously , updates the status of

the whole system and number of free spaces by a massage on the main screen display on the entrance gate

- connect to the service provider and accounting affairs.

nter (main controller) chose to be a Server or a PC. This PC will have a

e contains the users information (ID , car plate image ;mobile’s
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r parking hi iflas: g
pluetooth 1D, user parking history if exists ),and their registration time to calculate the actual parkin
time for fees or payment process. p g

3,2.6 Section controller:

Simply they are a simple microcontroller which collects the signals of the sensors in its section,

controls the gate of its section, feeds back the admin center with the status of its sensors, and display

certain message on its section display screen.

The section subsystem microcontroller chosen to be PIC 18F4550 it is simply good enough (covers the all
needed operations).although there will be more info in data sheet in appendix A; below some of its

features is discussed:

e High-performance RISC CPU.

e only 75 single word instructions to learn.

e All instructions are single cycle (1 micro second) except program branches.
e operating speed: DC -20MHz clock input.

o 8K bytes Flash Program Memory.

o 368 Byte RAM Data Memory and 256 Byte EEPROM Data Memory.

o In-circuit serial programming.

Special Microcontroller Features.

+  C compiler optimized architecture with optional extended instruction set.
o Self-programmable under software control.
s 34 1\O pins with individual direction control.

* 40 pin DIP.
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3,2.7 Cellular operator (service provider):

Service provider is a third party through which parking fees is collected and it’s role here is to

receive the user ID and checks it before discount the fees and transfer the money back to the park account

The system reach the service provider through a secured line .and the system wait for the

acknowledgment from the service provider before it opens the exit gate and releases the car

But if we did not get this third party contribution ,i.e. if we couldn’t have an access to a cellular
operator server like JAWWAL , we will design a standalone database in the system ; handles the

payment process instead of the cellular operator. through this database we will simulate our project.
3.3 Main flowchart

The whole system operation can be divided into three parts which shown in figure 3.2 ,these parts are:

e Entrance
o Section subsystem

o Exit &Payment

bt Section
~ subsys

Figure 3.2 : main flow chart of the system processes .
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And the description of each part will be as follows :
3.3.1The entrance:

As shown in the following figure 3.3, the entrance part achieved by interaction of all components

together, these components are: the mobile station(MS), front gate sensor , administration center -
s , main

display, service provider and gates (motors) .

nad

zoka
i

MS'

(mobile
station) !
Server (admin
. center)
N~

Figure 3.3 the entrance dataflow block diagram
As numbered in the data flow diagram ,the data flow sequence in entrance part as follows :

1. Sensors on the front gate send the signal indicating there is a coming car.
2. Admin connects to MS via Bluetooth and prompt the ID for registration .

3.MS sends the ID to admin by a preinstalled software (programmed in J2ME).

4. Admin sends the ID of user to cellular operator in order to verify it and notify the user.

5. After checking in database cellular operator sends the notifi

6. Admin open the first gate then the second gate.
7.The admin sends the main display screen the new status of main system changing the number of

cation to user and admin.

free spaces.
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Entrance part flowchart:

o e System operates in the sleep mode waiting for the front gate
sensor signal indicating the existence of a car at the gate |

when sensor signal is sent to the admin,

it checks the free spaces(parking zones) ; if there was no free space the system sends a signal to the main

screen to display a message to the driver informing him “there is no free space (Parking is full , sorry you

can come later)”-for a special case.

Otherwise-normal case-; if there is a free space, the system checks for the mobile station connection ,
when the connection already exists, the system retrieve the identification of the driver(user) which will be
sent to the service provider to notify the driver , and then the registration process is done , at last the

system sends a signal to the motor to open the gates ,the car is in , going to sections (parking zones).
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e Identification
(retreive ID)

7o Fr;ont gate
sensing

e, S

§0pen gates

Figure 3.4: the Entrance flowchart.

3.3.2 Section subsystem control:

In each section there are many components interact which are shown in the Figure(3.5) below ,
and they are Section entrance gate sensor , section exit gate sensor, location sensors , section entrance

gate , section exit gate , section display device and the section controller.

;; [ Section exit
: P ! vy i S gate ;

o Section
enrance gate

i e e
y Section Display ‘i

Location
Sensors

Server (édmin ‘
- _center)

Figure 3.5 section subsystem dataflow block diagram
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AsD OW Sequence in section subsystem part as follows :

1. Sensors on the front gate send the signal indicating there s a comin
g car.

9. Section controller open the front gate.

3. After car Is parked location sensor sends its signal informing the section controller the occupied
space or the car location .

4.The section controller sends the section display screen the new status of section subsystem
changing the number of free spaces after a new user entered

5.Section controller sends Feedback to admin about the new status of section subsystem and the
number of free spaces.

6. When user leaves the parking zone to get out of section, exit gate sensor sends signal to section
controller that the car is on the exit gate.

7. Section controller opens the exit gate.

8. Section controller updates on section display the new status and number of free spaces or zones.

9.The section controller sends the section display screen the new status of section subsystem

changing the number of free spaces after the user leaving,
Section subsystem part flowchart:

The process can be understood through the following flowchart which shows that the controller is
idle waiting for a signal from one of the exit or entrance sensor , if the entrance signal is exists the
controller checks for free space if there is no free space then the controller sends a signal to the display

device to inform the driver there is no free place in this section (you can try another).

Otherwise if there is free space the controller opens the gate and waits for the location sensor status

Update and feeds it back to the administration center and to the display screen.

Else if the signal is from the exit sensor the controller open the exit gate and sends a feed back to the

administration center.
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Figure 3.6 section control flowchart

3.3.3 EXIT

: These are the components interact to finish the parking process as shown in the following Figure 3.7

the mobile station (ms) , exit gate sensor , service provider (cellular operator ), administration center and

the gates( motors).
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; céllular
operator(service
- provider)

(mobile
station)
» i Server (admin
Exit Gate | oo genter)
- sensor. ! 1
~

- Main display

Figure 3.7 Exit and payment dataflow block diagram

As numbered in the data flow diagram, the data flow sequence in Exit part as follows:

T T O RN 12

Exit gate sensor send the signal informing the admin that user is on exit gate.

Admin connects to MS and prompt the ID to calculate the fee according to the actual time.
MS sends the ID to admin via Bluetooth.

Admin sends the user ID to cellular operator .

Cellular operator after discounting the fee sends acknowledgment to user MS and admin center.

Admin opens the first gate then the second gate.

The admin sends the main display screen the new status of main system changing the number of free

spaces.

51




it and payment part flowchart:

The exit and payment part is described as shown in flowchart Fj
cha 1gure 3.8

m keeps monitoring the exit gate s il i
The syste ensor status till it detect the exi
€ existence of a car so the system

continues trying to connecting the mobile station, and when the connection is established th

retrieve the identification of the user in order to calculate it’s time and fee, then the adfnin se S;,St:lm
information (the identification and fees to be paid ) to the service provider(cellular operator) andevrs]/a?t fle
the acknowledgment (notification to ensure discount is complete) from the service provider , when t:t:
system and user also receive this acknowledgment , system sends a signal to the gate motor t,o open the

gate and the car is released.

Section control | |

v

/’ Admin sends cell N
operator the info needed

y N
A to discount fees from
N RN e

- MS connect admin center Y
iR e g ks Sending the ack(notification)
_to ensure payment is

\ 4 done(for both user MS and |
‘ * i - .admin)
©.Identification process
+ Sl > >
; ( " - Release )

~Time calculation - N
- &fees determination .

Figure 3.8 EXIT process flowchart
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3,4 How system

works:

: ill stay listening ti i
o Our system will stay listening till the front gate sensor sense the existence of a vehicle and
‘ a vehicle and when
the sensor detect a vehicle the system changes state to the on state; we need to do th
; eed to do that to avoid

< re 5 . 3 . L
errors when there is no car in front of the main gate and a someone create a connect] ith th
ction with the

sl ol e Is full, the system will display :“the garage is full now, please come later”
s me later

il he screen at the’ entrancotofithe garage informing the driver that there is no space

Blse the system will start checking for a connection with the mobile station

Now the driver press a hotkey associated with the software on his mobile which is running in the
background, the software will create a connection with the system through Bluetooth and send
the ID and the registration information automatically. in order to do that: driver mobile should
have a Bluetooth and special software installed on it, and the system should able to make a

Bluetooth connection through Bluetooth module or direct through Admin (PC).

After receiving the data the system will open the gate, save the information (ID, entrance time
....) in database. When the vehicle enters, the driver chooses a section to park the vehicle in it, in
our project; we divided the garage into sections, each section is handled by a PIC
(Microcontroller), the PIC is connected to a group of sensors distributed on the parking places
and on the section entrance gate, the PIC is also connected to a screen to display status of the

section and it is connected to the administration center (PC) to update the status of the section.

When the driver arrives the section front gate, the section gate sensor detects the vehicle, if there

is no free space the gate remains closed, if not, the gate opens, then the driver parks his car in a

location within the section ,and after a small period the section processor checks its locations by

checking the sensors and updates the driver’s status on database by adding his location. The

processor will refresh the status of the section and display it on the screen.

] : it gate, the
The exit process is done as follows, first the driver leave the section and goes to the exit g
: g inistration center to
exit gate sensor listens and when detect 2 vehicles sends a signal to the adminis

ini ion center wait the
change it state (payment status) from idle to the on state and so the administratl
connection with the mobile station to be created.
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Bluetooth technology is cheap for Ccompanies tg implement whj h
Ich results in lower overall

. 1 ' 1, 3 .
E. foturing Costs, it doesn't require you to think aboyt setting up a con
nec

jt autom

tion or to push any buttons,

atically begins to communicate without you having to do anythi
ing.

When two or more Bluetooth dev1ces, sharing the Same proflle(s) come in range f h
: h > Of one another, the
&qtablish a connection automatlcally. SO, the user dOCSI’l,t have to press any butto ]
ns or

. set anythi
ce the Bluetooth devices are all connected, a network is created ek

On
3,52 Wi-Fi:

Wi-Fi network uses radio technology to provide secure, fast, reliable, wireless connectivity.
JEEE802.11 defines the physical layer and media access control (MAC) sublayer for communications
across a shared, wireless local area network (WLAN). At the physical layer, IEEE 802.11 operates at the
radio frequency of 2.4 or 5 gigahertz (GHz).

Wireless LANs are popular due to their convenience, cost, efficiency, and ease of integration with other
networks and network components. Wi-Fi allows users to access network resources from nearly any
convenient location within their primary networking environment. Wireless networks can serve a

suddenly-increased number of clients with the existing equipment.

Wireless networking signals are subject to a wide variety of interference, as well as complex propagation

effects (such as multipath fading).

J531R:

Infrared (IR) communications are fairly reliable and don't cost very much to build into a device, it
Infrared is a "line of

sight" teChnOlogy. The second drawback is that infrared is almost always a
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3'5,4 SMS

ghort Message Service (SMS) is the text communication service com f
ponent of phone, web or

ication systems, usi odi 2
mobile communication sy Ing standardized communicatjons protocols that allow the exch
: - e
port text messages between fixed line or mobile phone devices 2] exchange of
S L=).

For further theoretical background about SMS you can see section 2.7

SMS can be used as communication method for sending the driver’s ID and the information about
aoou

the registration process to the Cellular operator , and as the acknowledgment will be received from the

operator through it.

1.5.5 Communication technology selection

After we investigate the previous options we found that the Bluetooth and Wi-Fi are suitable to
be implemented in the project , but as Bluetooth is more available as a communication technique in the
mobiles and it is automatically begins to communicate without you having to do anything and starts

sending data automatically ; we chose it to be the communication technology in this project.

3.6 Cellular operator connection

3.6.1 SMS

S0T. : hone, web or
Short Message Service (SMS) is the text communication service component of p

i R the exchange of
Mobile communication systems, using standardized communications protocols that allow g
g : ;
horttext messages between fixed line or mobile phone devices.[2].

R :
O further theoretical background about SMS you can €€ section 2.7
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S can be used as communication method for sendip
g the dr]Ver’S

registration process

operator through it.

to the Cellular operator v '
ular opela and the information about the

> and as the g
cknowledgment Will be received f;
rom the

362 VPN

A virtual rivate network (V i i k
(VPN) is the extension of a private network tl
p 1at encompasses links

Jorss shared or public networks like the Internet. With a VPN, we can dd
g send data between two
computers

shared or public network i
4cross @ p rk in a manner that emulates a point-to point private |
-point private link. Virtual privat
e

ing is the act of i :
petworking creating and configuring a virtual private network. F
background about VPN you can see section2.6. i i e eoostical

VPN can be used i i i

to vn‘tually build a secured and private line between the administration cente
h iver’ r
and the cellular operator to send the driver’s ID and the registration information without paying line

reservation costs.

VPN can be applied using the Cisco VPN client and server program which can be downloaded

f s . .
tom the internet or can be used applying Microsoft Windows built in VPN server .

3.63 Leased line

elephone connection between two points set up by a

A leased line is a permanent fiber optic or t
dedicated line. They can be

telCCOm S

Munications carrier. A leased line is also sometimes referred to as a

useqd f :
or telephone, data, or Internet services. Oftentimes businesses will use a leased line to connect to

h for network traffic.[37]

8¢ograph; . .
Phically distant offices because it guarantees secured and bandwidt
ween the administration center and

Leased [irac s
lines give us the highest security level at data exchanging bet

the el
u ;
lar operator but the main problem for us is it’s too expensive.
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: the hardware design i ;
This chaptel illustrate gn 1ssues and the mterfacing between the project
€ct components,

41 Main park Control Unit:

It is the key part in our project, and it is responsible for controlling the main park gat d
: ; ] ates an
qonitors the Processes of the section PICs and it consists of hardware components, which are the

followings:
41.1PIC

Here , we used the P18f4550 PIC to be the heart of the controlling and monitoring process and
the specification of this PIC was introduced in chapter two and now we will illustrate the work principle

of this PIC is as follows:

o The PIC initializes the process, and then starts defining the ports as input and output ports.

o Checks the spaces available in the entire system and gives a feedback about the spaces on the
Main Park Display.

o Waits the sensor signal which indicates the presence of a car.

o Investigate through which sensor the signal arrived to decide whether the car leaving or
entering.

* Ifthe car is leaving ,Open the gate .

* Ifthe car is entering ,check for spaces and waits for the identification process to be done and

: i of
then open the gate if there is space ,else sends another conforming message to the display

Park indicating there is no free spaces .

is is done

: ts and th
And to do this the PIC has to be connected with the entire hardware components a

& g ‘
shown i figure number 4.1
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5V

R (2nd Gate)

L (2nd gate) <K REO

L1 ( Section A)
L2 ( Section A)
L3 ( Section A)
L1 ( Section B)
L2 ( Section B)
L3 ( Section B)

Reset Button =

Mein ‘P[C

\

OSC1/RA7 —q
0SC2/RAS ———0

MCLR/VPPIRE3 RAS [——a
K=+ sg Sensor 1
RA4 ——0
o—uo
RA3 ——p
RDO Sensor 2
RD1 G
RD2
RD3 O——0
ggg RA1
RD6 Sensor 3
O——— RD7 RAD M
RC7 —10O
——0
O—— RB7PGD D+R/Si6=

en wepy) K
rscpy K
pe7(LcD) <K&
pBs (LcD) <&

DB5 (LCD) <K—

DB4 (LCD) <K

O—— RB6PGC

D-/\VM ——O
VUSB ——O

Figure 4.1 PIC connection circuit

RC2 ——0O
RB5/PGM RC1 >> L (1st gate)
R s >
R (1st gate)
NC —DO sy i
RB3 12
VDD —5
RE2 VDD
AVDD
RB1 AVDD 0O
AVSS >
RBO VSS
PIC18F4550- S vss 41

We used a 5V regulator to operate the PIC and this 5V is applied using the 1780 regulator which

gives us an 5V at its output terminal and its circuit is shown in Figure 4.2

Vin

@

1UF ¢C2

+5V

Vo

1780 "regulator”

2

Figure 4.2 Regulator connection
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412 5eS0rS:

The sensors here are used for sensi !
sing the existence of the car on the |
€ leaving or enteri
ring gate and

factured by Sharp and it’s model

dhjct in TENEE from 10-150 em and this is shown in table 4.1 wh; s it for detecting the presence of
; ICh we

used to decide the appropriate

e the car have to be apart the sensor to be detected and the threshold v Ita
oltage that we have to use

Figure 4.3 Infrared Proximity Sensor

The Distance (cm) | Output voltage (V)

4-6 cm 1.2-14V

6-8 cm 1.3-1.5V
8-10 cm 1.5-1.9V
10-12 cm 1.9-22V

12 cm 2.0-2.15V
12-14 cm 9325V
14-16 cm 25V
e Ty
18-20 cm //2”3_2_5____7/

Table 4.1 Sensor Readings
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o connection of the sensors With the PIC is shown in iy, 4 o

pd !
el
Reset Button = M?ib ?IC
5V
0SC1/RA7 f—0n
0SC2/RA6 [——n
gCLRNPP/Rea RAS ——0
E2
R (2nd Gate) K&— RE{ o y Sensor 1
/ —'R ——0
L (2nd gate) << 50
RA3 ——0O
n—
O— 28(1) Sensor 2
O—— RD2 RA2
D—— RD3 O O——0)
00— RD4
O0—— RDs5 RA1
00— RDs Sensor 3
B
RD7 RAO M
RC? 1O
RC6 DO
0—— RB7/PGD DHVP
D-IVM [—O
O— RB6PGC VUSB 0
| RC2 1
RB5/PGM RC1 ) L(1stgate)
RCO
(i LD P
R >> R (1st gate)
NC i 55V,
O— RB3
12
VDD 32
G===| R&2 VDD
AVDD
O0—— RB1 AVDD 0
AVSS B
REd PIC18F4550- S ¥§§ 31

.|”

Figure 4.5 Sensor connection

413 Motor and H-Bridge:

They are used for opening and closing the section gate . and the used motor-in the prototype lxs a
"imple rotatory DC motor supplied with a 5v driving signal and connected‘ to a P.I-bndge IC to cor;trf ltz
Mation direction . The H-bridge circuit consists of a set of four transistors in IC packages that ar

. ircuit thus
imanged in an "H" op : : for current to flow bidirectional through the circuit t
H" orientation. This layout allows gnals can be used to determine

ovin fo directional control for our motors. Additionally, logic inputs signa i ‘
paired combination ot 108

| is another feature of the h-bridges, when
gth of the duty cycle, the speed
-bridges will act as interfaces

hich direction the motors are spinning. Depending on the
"f0t0r shaft can turn left, turn right, and brake. Speed contro
%¥ena pulse-width-modulated (PWM) input signals, depending on the len
" varied accordingly. H-Bridges that will be used are 1.298. The H
*h microcontroller and the motors.
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Figure 4.6 DC motor pins

of motors.

(ates:

Gate, The combinati
ination of our proven and reliable electric motor with a lever system represents a

- simple and ext i i i
3 remely reliable drive solution. The lever system which is shown in figure 4.7 locks the
er boom at both end positions.

Them i
otor at each gate is used to open and close it.

Figure 4.7 Lever System
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Figure 4.6 DC motor pins

The DC motor connector uses two male pi :
pins on 0.2 inch spacin :
.6; We will use DC

otor because it is g
m is give good speed for open the gate, on the other hand, its pri
of motors. and, its price cheaper than other kind

(ates:

Gate, The combinati :
- bination of our proven and reliable electric motor with a lever system represents a
e and extre i i :
mely reliable drive solution. The lever system which is shown in figure 4.7 locks the

barier boom at both end positions.

The m !
otor at each gate is used to open and close it.

Figure 4.7 Lever System
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g motor with PIC through H-bridge (L298)
et !
: tor with tt
To interface t};e m: ; rec}d he PlIC We used the H-bridge a5 an interfacing o
i cection commands are directly supp ied to the motor via the Binsin shor acing circuit through which
Wi in figure 4.8

+vee ©
310 46Y DC
4
IC1
ven G LZos

st 1

Figure 4.8 Motor and H-bridge interfacing
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q nciple .
dge P"
B

0 ;
flnother 1S d
j Table e

three pins which are V, , R and L and b
ybridge hes ich are Rotate Left, Rotate Right and Braye
The o states Wh;langing the inputs of the H-bridge pins . and th
one by ¢

Y using thege three pins we can d

and the changin
€ truth table of th

rive the motor
g from one state to
e H-bridge is shown

!

i 1

Vi R L

Rotate Left 1 0 1
Rotate Right 1 1 0
l

Brake 1 1 1

|

Table 4.2 H-Bridge Truth Table
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14LCD pisplay
4' '

The LCD module is used to show messages to the d
jon ark and s modul.e i the-LCD llb.rary and functions to be built in orq
et i function was built as we will show in chapter 5 | b er to be used and this

; ut to u i
jore pIC which controls the LCD output and this is s se the module we have to interface it

e - ¥ connecting the LCD module to the PIC as
gown in figUre

riv i it wi
er and inform it with the status of the

Matn PIG

5V Reset Button =
0SC1/RA7 —=0
0SC2/ RA6 —0
— RAS —0C
MCLR/VPP/RE3
80— RE2
RE1 RA4 —=C
O—— REO
RA3 [——C
00— RDO
B ow= | IRD1 RA2 —0O
w X mN—O 2 @) 8—— RD2
5 8 2 0 oood S o 5 Qe | e
ol O fa) 0000 W & © > S5 > x« = B Bl
00— RDS
Sl . = Llojoln] © w| < ) - o— RDS
4 X O—— RD7 RAO —C
= — = RC7 —0
? i RC6 —C
5V O— RB7/PGD D+/VP ——
D-/VM 3
O—— RB6PGC vusB —=C
RC2 —20
RB5/PGM RC1|—=C
RCO—F
sk NC —FL sV
RB3 :
e —
RB2 VDD
AVDD
RB1 AVDD —=C
AVSS 7
VSS
RBO  pic1gFass0-S ygg |20

I|ll

Figure4.9 LCD connecting circuit
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(D DispaY

10 ShoWw-aiit :

e LCD module is used
and this ‘nOdU]C n‘\(\\{ l:\u‘ L.\ 1) IFYRLE 1

Th

jon ark N
:’ld function was 1"‘.\1';._ as We Wit
' .

NP

hral

the PIC which contr
o in figure 4.9

o

s
1S TIX

Qo




5V

En (LCD)

RS (LCD)
DB7 (LCD)

DBS (LCD)

DB5 (LCD)

DB4 (LCD)

C—
R (2nd Gate) <K
L (2nd gate) <<’

L1 ( Section A)
L2 ( Section A)
L3 ( Section A)
L1 ( Section B)
L2 ( Section B)
L3 ( Section B)

Figure 4.10 Entire connection circuit
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Mein
Reset Button = GPIC
OSC1/RA7 |—0
0SC2/RA6 —0
MCLR/VPP/RE3 B =l
RE2 Sensor 1
RE1
RA4 ——O
RED o—00
RA3 ——0
RDO Sensor 2
RD1
RD2 a2 — o030
RD3
RD4 RAT
RDS Sensor 3
00— RD6
00— RD7 RAD L
RC7 0O
RE6H ==t
O—— RB7/PGD D+VP ——
D-/IVM —3
O— RB6/PGC VUSB —3
RC2 0
— rB5PGM RC1 F———» L (1stgate)
RCO
— Rr&4 > R (st gate)
NC —=3 sv
VDD [35
R VDD
AVDD
{—— Rt AvDD 08
AVSS 13
KRB0 picisrass0-S  vas [
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it

In our
INS s three

gcvis 6P

(LT T T TTTITITT T el Ve

ggction 'A" Plc

4cing the sections PICs with the Main Park PIC

prototype We did the interfacing by connecting the two
for each section and this connection is done and she
0

VvSS R

VvSS 89

AVSS

A"Bg RB1

AV

P RB2

vDD RB3 0O
NC RB4 |—O
RCO

nea RB5/PGM [0
RC2

Juss RBE/PGC [—0O
D-'VM

DVP RB7/PGD [—0
RC6

RC7

RAO RD7 ——

RA3 REO [——=
RA4 RE1 —O
RE2 —-1—-0
MCLR/VPP/RE3 [0
RAS5
0sC2/ RAB
0sc1/ RA7

Section "B" Pic

wn in Figure 4,11

ctions PIC directly to the main

3 ves
—= vss RBO
AVSS
G—— AVDD RB1
53] AVDD
55 VDD RB2
—= vop i 2o e
B3
O— NC
RB4 0
50— RCO
B——1 RC1 RB5/PGM —O
G—— RC2
G—— vuss RB6/PGC [—O
G—— D-/VM
C—— D+/VP RB7/PGD [—%
O— RC6
O—— Rc7
O—— rRA0 ROZT =0
RD6 (—4
RDS 38
O—— RA1 RD4 04
RD3 2
RD2 O
O—— RA2 RD1 |23
RDO [—F
O—— RA3
REO O
O—— rA4 RE1 —2
e
MCLR/VPP/RE3 [
G—— Rras
G—— osc2/Rras
O—
LOSC1/ RA7

Figure 4.11 Interfacing

the sections PIC's with t
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Moatn PIC
OSC1/RA7 —=C
OSC2/ RAS ——=
p—1 e RAS |—0
| r;gzmlvpmﬂes
S| IRES RA4 ——0
O——— REO
RA3 —=C
RDO
—=0
RD2 RA2
RD3
RD4 R l——o
RDS oL
O—— RD6
= RD7 RAO ——0C
RC7 |—=a
RC6 —C
©—— RB7/PGD D+IVP f—
D-/VM O
B—— RB6/PGC vuss —0C
RC2 —C
O——— RBS/PGM RC1 —O
RCO —C
O— RB4
NC —C
O—— RB3 12
VDD (35
O—— RB2 VDD
AVDD
O—— RB1 AVDD —C
AVSS 55
S—— RBO vss 55
vss

he main PIC




T

ich are:
g qeveral parts whig el

n pIC:

Here, the PIC role is similar to the one that was discussed in the main
| dthe difference here is when the car is sensed by the sensor the gate i
4 for the Identification process.

nonee

In order to enable the PIC to do its work , we have to connect the entire section hardware

i part is responsible for controlling and monitorin

omponents to the section’s PIC and this is done as shown in Figure 4.12

ot e
—1  Section PIC
Reset Button +
N
q Vee
0SC1 IRAT p=——01
05C2/R46 2
—
= s RAS out senscr
— 0 EEERETE
o— 2e1 RM 1
= Geis Ssusue
g 0— YR S——v Sensor 3
i n sensor ,
_[_-N—i( P 381 RA2 Gensg;z_‘
- 0—1 302
o— 203 —o
0 RAL 2 Sensoorl—‘
D—— 35
[ 306 : —
= G 07 RAD 0
Re7 p—2 X
o, (TP B e —
x B-Bridge Pins B—12671PGD D
e~ 1 -1} VYen {¢=— =S
0— 2e5m6¢ o)
e RC2 a
B 3B5/PGM ROI™ 5
2 3tztus 1 <6— i
:LSCE e Location  fotas ) (e 5 e _j-
e (gees ¢o main RE3 __
ie) 18F4550 - € o -
falus 3 {1 {ég 3 Azﬁng a
Dt 2B1 AP
AV%SS
0— :
B0 VSS| e
g circuit.

Figure 4.12 Section PIC interfacin
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m the previous interfacing circuit , we can see that
In our

simplici : sectio
o LEDs, for simplicity and commercial reasong s Bittiwe o ‘: Prototype we replaced the
€ 10 mention th
at we used an

Fro
m'th tW

ng 3 e Main park COﬂtrOl and used the LCD library and circuits
L 3

ith the Power we used the 1780
ly the PIC w1 regulator which we ;
TosupP Ch we introduced in the Ma:
Main Park part

The sensors used here used for sensing the existence of the car on the leavi
0 V1

o that we used an Infra Red long ran.ge Proximity sensor which Manufactured by Sharp and it’
et 5 (GP2Y0A02YKOF) and we introduced this Sensor in section 4.1: but in theri,;;iolt ;“:del
ey n rart we

sedatoggle switch replacing the sensor for simplicity and economy reasons. i i
Jbout these switches and there principle. G e eory

ng / entering gate and

Toggle switch

A toggle switch is a class of electrical switches that are manually actuated by a mechanical lever
handle, or rocking mechanism. J

Toggle switches are available in many different styles and sizes, and are used in countless
aplications. Many are designed to provide, e.g., the simultaneous actuation of multiple sets of electrical
wntacts, or the control of large amounts of electric current or mains voltages.

The word "toggle" is a reference to a kind of mechanism or joint consisting of two arms, which
are. almost in line with each other, connected with an elbow-like pivot. However, the phrase "toggle
svitch" is applied to a switch with a short handle and a positive snap action, whether it actually contains a
oggle mechanism or not.

Output of the toggle switch

constructing a de bouncing
and out of contact several
gnal, this can result
r than one. A de

The most important consideration with the output of a button is

Circu' ] A
A When a button is pressed, the metal conductors actually come 1n

tlmes : < - 1
. Oamicro-scale before settling into a static position. Depending on the use of si
ogical events rathe

1 sty ,
unc‘nge or noisy attack transients, or be registered as several |
o cirer:
speciﬁng cireuit compensates for this by allowing current to pass only afte
Camount of time (for instance, 20 ms).

r contact has been made for a
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4Moto” and B-Bridge:

v

and
Connected tg g H-bridge IC to control its

ple 1013 !
1Scussed in section 4.13.

jirection - and the motor and the H-bridge where 4

rotaﬁon
“’4 LCD Display

The LCD module is used to show messages to the driver and inform it with the statu§ of the
ion park and it is same to that used in the main park part which introduced in section 4.1.4 ; but in

e vie used @ simple 2 LED ; Green and Red; for simplicity and economy reasons and these LEDs
| omected directly to the PIC as shown in figure 4.13

-n?_:l_ Sectlon PIC

Pecet Butn +

q Vee
035G 1RAT =0 %
0SC2/RAS [—H

i Ris U
WCLRIV2PIRE3 e
B—3p
0—3F1 RA Lo
0—238 Gate Ssneors
Breen RA3 ——c/o-—a Sensor 3
N <ensol /
—K— D1 300 A
.[ﬂ D101 RA2 Sensoor-i—' e
— o0—, ;0 Locetion
i o— 03 3 o 0—d | Sensors
s B RA&1 Sensor 1
b—23p5
04 306 An/ [o
T R D— 307 RAD "
RC7 =8
i ; ; R &— RCE ——U_
OérH~Brlgge Pins < O— 3B7PGD l[)m
plIE =R =T \en ¢
O e —2
s W\HIPGE e B
E— 265PGH RG1 "‘g
Stats 16— ¥ RCO
Ctarye ox < . D__ )|
‘:ER o tte Tocaion Siaius 2 {6 KC i
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Figure 4.13 Led's connected to the sect
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jce provider:

s
service provider is considered as 4 3% -
he whol® except that we have to ment; Party and all it's pargs gre discussed in the
e Chapter excep ention here that we ¢ PUt In our minds that the 3+
| Soﬁ‘should have a server ;

(4 obile Part

This part is fully described in the Software Design Chapter but here we

have to remind the reader
(e mobile should have a Bluetooth module in it.
fhat the

45PC sAdministration Part "'

This part will be covered in the Software Design Chapter but here we will talk about only two
lings which are the followings:

451 Camera

USB camera
Itis used to capture an image of the license plate of the car and to do so we & o
tiththe following Specification

* Definition : 5000K pixels.

* Hi-resolution:640*480.

* Interface: USB.

Built in image compression.
Automatic white balance.

Automatic color compensated.
Driverless.

79




lPm-t(Serial Communication)
Seria

15

T stands for Universal Synchronous Asynchronous Receiver/Transmitter. It is simply 4
USIledata communication.

o of st

T is very common, and a clear understanding can easily lead you to other form of
USAR

jerface’

: ded version of USART. The encoded s;

RS23218 ﬂ;isnggmce. Some article may have d§ﬁn§ a

g l;lelcggnal You can try pulling the communication
Df RSZ .

e 11(;/r 15m is only a general g}lideline.
gofuall):

gnal allows the data to be deployed for
maximum communication distance of
distance further, it should still. works

the data transmission rate is low, the distance can even go furthe
If the

r. There are reports from the
me users have achieved 50m to 200m without any problem.
at so

ntemet th

en i Yy many factors. The factors include the
issi h of the cable can determine b f:

[ransmission lengt

fOIIOWng’

issi eed
data transmission speed :
quality of the cable, noise (unwanted signal)
transmitted voltage
receiver sensitivity

i is of better quality, a shield
ion distance using RS232 can be increase further if the cable is of better
Communication distan
ircoaxial cable for example.

jon i i 43"
e and cable length and this relation is shown in table

v 15m :

"~ 19200bps
150m
9600bps O
300m
4800bps .
900m
2400bps
L .
i ]ation
Table 4.3 Baud Rate and Distance 1€
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And a3 mentioned in PIC USART configuration the selecteq baud rate {5 9 :

i [nterfacing Circuit

The physical cpmmuni.cation standard defines the signal voltage of -10V fo

jogic (. However in practice, thfe voltagg can be ranging from +/-3V t0 +/-

fozasure 4 voltage is not +/-10V. Typical receiver is able detect the incoming si
m

43V,

r logic '1', and +10V
25V. Not to worry if the
gnal with voltage as low as

A microcontroller like PIC18F4550 uses USART (5V system). The PC that we have in the
fcelome uses the stan.dard R.SZ32. To enable a microcontroller to communicate with the computer, a
L3210 TTL converter is required.

IC chip maker has come up with the integrated circuit for interfacing RS232 with TTL logic
Vfor logic 1, (OV) for logic 0. MAX232. is one of the many IC in the market which helps to convert
wiween RS232 -/+10V and TTL +/- 5V. It is a simple voltage level converter in short. The charge pump
design allows the circuit to generate +/-10V from a 5V supply, with the help from the four capacitor.
With charge pump to double up the supply voltage for RS232 transmitter, there is no need to design a
power supply for +/-10V.

Figure 4.14 shows the schematic of the MAX232 IC circuit. It consist of only 4x IuF 16V
electrolytic capacitor, and the MAX232 IC itself.

+5V INPUT cs
“OF VIEW - 3 5t
— T |
; 1 Voo vl 2 oy
c1+ [1] 18] Vee o E A svi0a0v the=it
¥ [15] GND = 31- VOLTAGE JCUBLER _
+E 15 _Eicb nc\,'m.:g't/ V- _9:],:5\4
o-[5] smmana [ on el veitice s\ e

~

e
V.

2
&

. TLEMO3 : GUPUTS
Toour [7] [10] T2 N2JTS o 1
Rew [£] <] R2our
g R'w |1
DIP/SO A b
TLLMOS NPLTS
R
Q.

k,,

C2+ |4 IAAX220 13| Ry -5¢
S e ] _ oxa
c-[E] muoss 2l Ron g Tiour |12,
v-[&} [11] T { j FS-232
21

lu-‘

3
CAPACITANCE (uF) OUTPUTS 2 =
[DEVICE __Ci_C? C3_Ca GCb
MAX220 0.7 045 022 Jee )% 5
1

i

MAX232 10 10 1D 10 10
MAX232A 031 01 01 01 G1

e

Figure 4.14 MAX2321C circuit
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ter receives and transmits asynchp.
pe compu 3 - ynchronous ¢ .
Te al port cable which shown in the figure 4.15 The :te?i :1t Suitable speeds for microcontrol]
o port er

i
g it an only accept words of length 5 or 7 bits. Jt Pects asynchronous data; the

. also expect
sl 6 1o be used to connect the computer with the Circl]fit ; Start and stop bits. The seria] port
wblewntrollel' oard and Joad programs into the
qicr0

Figure 4.15 Serial Port Cable

The serial port is an I/O (Input / Output) device. An I/O device is just a way to get data into and
ot of a computer. Most PC's have one or two serial ports. Each has a 9-pin connector (sometimes 25-pin)
on the back of the computer. Computer programs can send data (bytes) to the transmitting pin (output)
ad receive bytes from the receiving pin (input). The other pins are for control purposes and ground.

The serial port is much more than just a connector. It converts the data from parallel to serial and
thanges the electrical representation of the data. Inside the computer, data bits flow in parallel (using
many wires at the same time). Serial flow is a stream of bits over a single wire . For the serial port to
aeate such a flow, it must convert data from parallel (inside the computer) to serial on the transmit pin
and conversely.

Data flow

Data flows in and out of the serial port. Flow rates (such as 56kbits/sec) are (incorrectly) called

2 " ' "
peed". But almost everyone says "speed" instead of 'flow rate”.

i . Waits (or
Its important to understand that the average speed is often less than the specified speed. Waits (

e me) result in 2 Jower average speed. These waits may include lqréig ‘z?rlri)o
0::] ntrol. At the other extreme there may be very short waits (1 'tea écept
%0 bytes. If the device on the serial port (such as 2 modem) can

®average speed must be reduced.

f perhaps a second due to
of several micro-seconds
the full serial port speed,
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1t - EIA-

. 4 574 RS-232N.24 pin out op 5 DB-9 pin useq fi
Or asynchronous datg shown in

1 2 geaing 5

Pin__— Signal D Pin ignal

1 Data Carr er Detect 4] Data Set Ready
—3 ___ Receivad Data 7 Re { n
A Transmitted Daia 8 Clear to Send

4 Data_Terminal Ready g Ring Indicator

5 Signal Ground

Figure 4.16 PC Com port
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Software implementation

;1 PIC microcontroller software

;3 Mobile software

3 Computer software
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S -

o’ L

s chapter, the detailed description for the Project software Software i :
- v : - . Ssue includes PJ
g c language with MPlab IDE ,PC programming the GUJ (graphical user interf: i
‘ . . . interface
4 ionme ot (VB.NET) which handles PIC interfacing with serial connection and B| t) 0:
uetoot

also mobile programming with J2ME which create a Midlet f;

wnnecnon, le to install on mobile to run the

application 5

¢1.PIC microcontroller software

n this section we want to create a software to control and monitor the PIC ,and this is done by
sigthe C language to program the PIC through the MPlab , and using the VB.net which will handle the
)0 and PIC interfacing .

| :11.C programming on MPLab IDE.

Mogramming the PIC in our project is done using the C language and by using the MPlab IDE and so the

blowing sections describe the MPlab IDE and the C language codes used under its environment

SLLL The MPLab IDE

your PC to provide a development environment

: MPLAB IDE is a software program that runs on e
: cotis:
"Your embedded microcontroller design. The design cycle for developing our Pre)

L. ‘ ! e
Determine design based on the associated hardware circuitry

oftware. We use 2 compiler

) : . ite the s
Knowmg which peripherals and pins control hardware, writé
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allows 2 more natural language for creating Programs, With ¢
tha :

: hese
¢ and edit code that is more or less understang Language Tools we can

wl'i able; With con

Structs that help organize ouyr
code.
.15 or assemble the software using a Language Tool t
ComPlle & 0 convert code into machi
Ine code for

e PIC Micro device. This machine code will eventually become firm

2 ware, the code
programmed in

to the microcontroller.

Test code. Usually a complex program does not work exactly the way might have imagined, and
spugs" need 0 be removed from design to get it to act properly. ,

5 pownload the code into a microcontroller and verify that it executes correctly in finished

application.

MPLAB environment ;as show in figure5.1; first it éontain untitled workspace which contain needed
fis after create project ,every needed file contain main four part Header file (p18F4550.h) ,Linker file
(184550_g Ikr), library file (p18f4550.lib) ,source file add file that contain code of project. Output

window for sure that code correctly executes.

W 45110, dald captupe ¢ MPLAB IDE vi,15.03 ‘
Fu EUl Vo Fiopict Debu;_mf» wog RIS Toob cow.i;mr-mw. Hvb

g = 17 w0 @ m&@

3 (3 CALeat\ 15§10 data caplurey ) 5510_al
5 {3 Sourca ez
[£] cypestiis)10 dats copturelfASIN.C
i [ eandar Fies
[ caBccigpapienssson
[’:l Object Fins
-0 Lbrary Fles
[ tinber Sty
D s Flas

e bl
!

Fonzitis
FALTRIBIDN

| 8 (B0 smermrsnesrmsees :
i 51| ::mgl lcgtp; 0§¢mec1ed
= 32 i Target Dewede

: ; ?sZiﬁs-e 1 Revisica = 10003001

!

tlﬂs-l;"i: 5’"’1‘1‘_".] :

Iy
!
RIDS TS PICIIAEL

’:Stmartf R w0 Saiwie L

Figure 5.1 MPLAB Environment




ram into Pl
4 dO\\'nload the progt C we can use one of the programm
ers reference j
in MPLAB wh;
ich is

CKIT 2.

i

jisd PC
g features:

mer which we u w ;
progra sed to download the code into the pjC d
and this program
mer has the

glovin

; m_cgrcuit-Debugging with MPLAB IDE
, Debugin the application circuit

. 3upported Device Families: PIC10F, PIC12F, PIC16F, PIC18F, and PIC
2 > an 24,

{112, Sensor interfacing with PIC

fswe described i i
cribed in the conceptual and hardware design; we use a sensor to detect the car, and we choose

sinprevious cha imi it i
pter the IR proximity sensor, it is an analogue sensor and we need digital decision so we

1t ADC analogue to digital converter :

Arelog to diei ;
o digital converter library can be found in "ADC.h " .and figure 5.2 shows the main functions

tedin ADC:

il

1
—START—pdi openADC()

A
; ND->

~
HETETTEELT LEET

conyertADC() While(busyADC()

closeADC()

s in PIC.

.

fig 5.2: the ADC main function
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Jis will supply us with two level output signal ac d
or ing to a
Ppropriate

g U

plymg |
WP sl case of our sensor and it was 1.9
jinthe red * - .
i old which we

hreshold = LD
go the thré o o

g pisplay data on LCD

1 PIC displays on LC i
A play D when there is no free space in Park, after checki
Jere WS 10 free spaces PIC sends message on LCD “sorry come,b k :}eCkmg D
| : ac at ti]
ot 1CD code is generated by Mystro in MPLab IDE, then used the gener. te; L e
ated code in main functi
on,

ifate then write on.

{
XLCDInit();

XLCDPutRomString("PARK is FULL");
} ’

$L14, Open the gates :

ate then have a delay to let car get

flowchart that shown in

After . S
message is received from PC the PIC open the first g

lereq bet
ween t
he two gates, then close it, then open the second gate. And the

Rlre 53 D )
escribes the steps of opening the gates.
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third
sensor is
afetr the
second

second
qensor i
hetween
the two

&mk‘iﬁﬁr

!-ngig-qi' i

peration

Fig 5.3 the flowchart of main PIC opening gates 0
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e 85%°

=

FoSC
gpeﬂ:EF v DD_VS S

aie(?)
{

{

if (sensor_in==1)

opengatel () ;
count=count+1;
while (1)

count=count+1;
SetChanADC(*IADE CHI ") ;
ConvertADC () ;

while (BusyADC());

chl = ReadADC() ;

if (ch1>390)
sensor=1;
else
sensor=0;

if (sensor==1)

{
DelaylOKTCYx (40) ;
closegatel ()
opengate2();
DelaylOKTCYx (250) 7
closegate2();

break;

Jiated PIC code for this process (OPEN gates) is g5 follow

e —

64 & ADC_RIGHT JUST & ADC 2 Tap
ADC_3ANA) ; T

ADC_CHO & ADC_INT oFF ¢
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ystem controller:

! sub$

e the car is in parking zones, the car enters a section, then section PIC 1
control the processes.

nPlC works as shown if figure 5.4 which show the flowchart for this process secti

ection gate s
dgaSlgnal ndicating a new car existence, if there was a free location the PIC opens gat i 1y
] ate;
st free Spaces it displays Red light. o

Enter the section

After registration on
PC, then entrance
with main PIC

C enter the section

fig 5.4 section PI
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i when the car goes to leave the section, section EX|T gate se
e

er hen it updates the loca ion ¢
’ to open section gate, t it o i) atl hange, ang feedb
C g
on P ol owchart in Figure 5.5.

&

in th
ated 1
“

nsor sends signal 1o

ack to main PIC as

Leave the section

EXIT process with
PC and main PIC

Figure 5.5 section PIC leave the section
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ication with PC:

octing PIC 10 PC needs to be programmeq in PIC

Conn
stands for Universal Synchronous Asynchronoys Receiver T
Veér Tran

side using USART

smitter. It ig sometimeg

T which
8 o sail communications Interface or SCI.
;J“ed“e

s for USART is to open the USART function and then check the USART status and th d
€n sends

ytaand then close the USART as shown in figure 5.6

k

STARTi openUSART()

| readUSART()

Figure 5.6 USART main functions

And the USART is opened using the following code

OpenUSART(USART _TX_INT_OFF & USART_RX_INT_OFF & USART_ASYNCH_MODE &
USART_EIGHT BIT & USART_CONT_RX & USART_BRGH_LOW,12);
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B e prog 2™

il

we receive and send data from or to PIC M prooe
: m Written b
Y VB.net

in PG ‘
g system has Microsoft HyperTerminal already use fo; s l

uch serial commyp;

1

ows opel‘atm

o e f y
ji the configuration of Hyper terminal which start ip the com
Mmunication nam
_ e as

i gauld shOV

ﬁs\ure 5.7

Loy “ Cancel |

Fig 5.7 HyperTerminal connection name.
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language,

cation; so

shown in




reach the Port and Baud Rate configuration part which is sho
“, Wn in figure 5
8

i

| e o by

] Ll Ly

J e IR

e (M EERT

[ olalmey Soteswt |

NI I P | e

Figure 5.8 Configuration of port

kfault 9600bps.

Label Button Control
Control {binConnect)

ComboBox Controt
(cbbCOMPorts)

Button Control
(bmDisconnect)

Available COM Pots

| Label Contro!
(IbiMessage)

p

| RictiTextBox Contrdl
(umamnecelved)

Fig 5.9 serial communication program in VB.NET
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fire we have to remember that the Baud rate should be selected to same rate in PIC and we use the

i : : 3
ure 5.9 shows the elements of our VB.net program elements associated to its programming names.




nts
fdescription for these eleme

: ﬂbfie
[elS

lists the available COMPorts
X

-button connect makes the Connection by opening the
comboBO

. ened.
-l porifit wes OP
sel'lﬂ

M C

i ived data
shows the sending and receiv
. next DOX
nchtet\
]

d the data in textbox ready to send to the serial port assigned.
forwar

4 button

(] an

i 5 ing to the
lecti f4 the COM port number ;as shown 1gures.10; corresponding
tion selectin F
he connec
westartt

i erating system, we can
d to as in HyperTerminal which would be selected by op g
i cted to a
-1 oort that 1S conne
gﬂﬂl pOl't

| vice manager.
he comm Port selected from device g

Available COM Pots {v‘l

L s o
5.10: Choose the serial port No to sta
Fig 5.10:

5l

in figure
hart 1n
: ‘bed in the flowc
e Connection between PIC and PC is described 1
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Serial connection flowchat

PIC side

Open serial port

to prepare
receiving message
from PIC
Informing the PC
car existance
Described
in
section....

ides :PIC an PC)

Fig 5.11 serial connection flowchart (two S
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onnection software
¢

e
)

obile connection software handles the Bluetooth connection b

parts: J AVA programming, and VB.NET programmi R
Ing;

1 establishment, and VB.NET handles the Bluetooth
co

C and mobile,

nlbt of tWO JAVA pr
Program handles the

ectlo |
Mmmunication to get the IMSI

.\,:oolh con

Pl
LIAVA programming

JAVA programming has two sides, PC programming (J2SE) and mobile programming (J2ME)

ution establishment prepared by JAVA program as mentioned before, and this function is described

3t section:

{111Client / Server Communication

Each connection is serviced by new thread between client and server; since server use a dedicated

tdfor each one of these servers.

Server is identified by a Bluetooth UUID and a service name , the stream connection between a

“tland handler is created using Bluetooth’s RFCOMM protocol.
ich shows how the clients

The threaded nature of the application can be seen in Figure 5.12 whC

i\
MEct o the server ,
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Service handler

client

Fi i
figure 5.12 Client/Server connection

0l connection Type Options

fibBluetooth connections there are two basic use cases which
ich are:

|, Static connection.

1. Dynamic connection.

1 .
013 Static Connection

n the user wants to synchronize data or send

Aco
mmon y
S
e for Bluetooth communication is whe
ow this kind of conn

ection.

ﬂh‘betw
®ena per,
personal computer and a mobile phone , figure 5.13 Sh
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Phone

Computer

Fi
igure 5.13 Static Connection

i, e Suatic connection is a simple w
powing the Bluetooth add ple wireless Bluetooth radio frequ
1Koy h addre enc
t ss of the connection nodes, so each y connection and established
now the addres
s and

Jswenot changing ; not the case of our project

14Dynamic Connection

This ¢
ype of Blueto
oth ¢
onnections involves finding devices according t0 the services they

Mish, I
may nOt be 1
mportant of
which devices connection is established, but it is important to have the

jon about each other. The first

rmatl
then the second task is to pair the

In this
case, th
e computer and mobile phone do not know info

S l() enabl
¢ the com
pute
ey g mob; r and mobile phone to find each other,
ile devices.
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.+ done, the connection
0 ° e can be opened and daty
pection case- ransferreq

» figure 5.14

0N
0 oot shOWS the

phone 1

service

Phone 2

Service

Dynamic
connection

Phone 3

Service

Figure 5.14 Dynamic Connection

vice link , not

based on the service type and the ser
blished

| . ;
nthe Dynamic connection the connection is
hoice for the connection that esta

1le B]
uetooth address of each node, and so it is the best ¢

"t the prev
previous knowledge of the full information of both nodes , and this is our case.

s
Bageq Solution Connection

COM-based solution which used for

They
] v i i
a solution for each one of these connection types,

s{lc%
Mnectiq .
nand JSR-82 based solutions that used for dynamic connection.
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M Bﬂsed Solution

COM- pased solution is based on virtual COM ports creat b
ed by both com
mu

The
mer’s point of view, using a virtual nicati _
ogram COM port is similar to Ating devices,
USlng an

| fonis s best for static connections use case. ormal COM port
\O |

L JSR,gz.Based Solutions
ol

This solution iS based on JSR-82, which is the Java API defined for using Bl
uetooth in Java ™

, ™ :
s, J2SE™ used in personal computers does not support the JSR-82 API by default; this soluti
, this solution

—

iginble for dynamic connection.

Jm.s Architecture of JSR-82

The JSR-82 API implementation has its own component, separated from the Bluetooth software

toperating system.

Vith the JSR-82 based solution ,the programmer must be aware of the possible limitation that

Ay C0mp0nem causes.

U : ;
Sually there are restrictions caused by a device driver or Bluetooth software implementations,
ible in

device driver limitations are vis

ml()ns a
t
the lowest level affect all levels above it, sO

oty
“oftware and JSR-82 levels. Figure 5.15 Shows the overall architecture.
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Computer Phon
e

JSR-82 AP|

JSR-
Bluetooth software s

0s
Device Driver

(O]

Bluetooth Device

Bluetooth Device

Figure 5.15 JSR-82 Architecture

{119 The Needed equipment and software

Implementing the JSR082 based solution, first need a Bluetooth device compatible with the

2oth stack and software at the computer and the device ends such as Windows XP Service Pack 2

e

!:d

teooth stack and Widcomm Bluetooth stack.

tseond needed software component is JSR-82 implementation; there are two free JSR-82 API

Sementations for the Windows XP Service Pack 2 Bluetooth stack :

' Blue Cove.

' Blue Sock.

es is dynamic

ection between the devic
te at different

Here
ISR-82 —based solutions are used since the conn :
satelli

ity ) . ith the receiver
o 1o allows different mobile phone to be communicated with

\ﬁ..
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52.1 10 Client/Server Activities

In this project the Computer Administration center * acts the server and mob 1

. : r and mobile phone is a
(e, 50 10 connect the client with server several steps must be done from each ide , the fi
| side , i
fowcharts display the steps for each one. gl

52.1.11 Client

First mobile phone will start it processes to discover Bluetooth devices to be communicated with

it, after founding it , then next step which is services search will be started, then client chooses the desired

server which is the desired Computer.

After that the server should be examined to see if it has a desired service, then a server will send

data and client will accept this data , else the process will be terminated.

After client accepts data, the client connection will be closed, figure 5.16 Illustrates the client

activities.
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ient/Server Activities

5.2.1.10 Cl

In this project the Computer “ Administrati 5
istration center “ acts the server and mobile phone is a

client, s0 1O connect the client with server several steps must be done from each sid the followi
e , the following

flowcharts display the steps for each one.

52.1.11 Client

First mobile phone will start it processes to discover Bluetooth devices to be communicated with

g it , then next step which is services search will be started, then client chooses the desired

it, after foundin
server which is the desired Computer.

e if it has a desired service, then a server will send

at the server should be examined to se

After th
this data , else the process will be t

data and client will accept

erminated.

5.16 1llustrates the client

ection will be closed, figure

After client accepts data, the client conn

activities.
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//set up the bluetooth connection:

Loc i
alDevice local = LocalDevice.getLocalDevice();

5
iscoveryAgent agent = local.getDiscoveryAgent();

S:ring connString = agent.selectService( new UUID
( 10203040607040A1B1C1DE100", false),
ServuceRecord.NOAUTHENTlCATE_NOENCRYPT, false);

conn = (StreamConnection)
Connector.open(connString);

InputStream is = conn.openlnputStream();

OutputStream 0s = conn.openOutputStream();

Figure 5.16 Client Activities

~ 52.1.12 Bluetooth Device discovery

d in the traditional

As shown in figure 5.17 which is a flowchart that illustrates the stages involve
device discovery, first the discovery agent will be initialized, t n its search

luetooth to be connect

hen the mobile will begt

process for the computer B ed to .

e its search process {0 discover if there are

obile will continu
mber of devices tha

e the maximum nu

as found, then the m
t allowed to be

ated with it. Sinc
£ mobile doesn’t

If the device W

or number of devices that are found

other devices to communic
find other devices

co H . .
nnected with mobile is seven- 1
evices gearch process will be terminated.

I 5
each to the maximum number, then d
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More devices

Figure 5.17 Device Discovery Flowchart

52.1.13Bluetooth Service Search

cover the gervices in this device

Aft : : .
er the desired device was discovered then the processes to find and dis

will be started.

the desired one

ce founded and it’s
as the first

puter, if the servi
in the devices then

rvices in the Com
re is no services

Th .
e first step is to search for the s€
ated, and if the

the servi
ervice search process will be termin
106
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¢ process will be terminated, but if
there are other services the device
continue to search for tl
he

ase the

qervices and &

amine it, figure
gure 5.18 Illustrate the services search pro
cess steps.

i

Not found and
the time is out

No more services

Figure 5.18 gervices Search Flowchart

5.2.1.14 Server

r will wait for the connection t0 be

serve
not established then t

itialized »
e sent , €lse if it

e services is in
he server

ing data will b
hows the serve

For server side, after th
established , so if it established then the str

Wi :
ill return to wait for new connection, figure 5195

r activates.
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//define the service URL

static String ServiceUrl =
btspp://localhost:10203040607040A1B1C1DE100;name=rfco
mmtest;authorize=true";

// define the connection parameters and turn the device into

the discoverable mode.

LocalDevice local=LocalDevice.getLocalDevice();

local.setDiscoverable(DiscoveryAgent.GIAC);
// create a server connection

StreamConnectionNotifier notifier

=(StreamConnectionNotifier) Connector.open(ServiceUrl);

// wait and accept client connections

StreamConnection connection = notifier.acceptAndOpen();

//start an input and output channels

‘InputStream is= connection.open|nputStream();

OutputStream 0s = connection.openOutputStream();

//close the connection

Connection.close();

Figure 5,19 Server activities.
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522 vB.NET program

me Bluetooth servic imi c

¥ es similar to serial communication; which can be handled- aft i

i - i PR - after c

_siablishment by HyperTerminal, it is used for mobile commands lik o onnection
s like commands.

Bul we will use VB NET program to communicate with Bluetooth to get the IMSI number for the mobil
obile

1o start the registration step.

What is IMSI

IMSI (International Mobile Subscriber Identity) Number. Within the memory of the SIM card is

the mobile number, which is held in the form of the International Mobile Subscriber Identity (IMSI) - 2

qumber consisting of up to 15 digits. The IMSI number is different to the dial up number of the mobile

phone, and the mobile phone network translates between the dial up mobile phone number and the IMSI.

The IMSI uniquely identifies the mobile phone owner on any GSM network in the world, so is very

important for international roaming.

e Mobile Carrier Code (MCC), the Mobile Network Code (MNC)
te of the HLR and the

The IMSI is constructed from th
(MSIN) which is itself, a composi

and the Mobile Subscriber Identification Number

Mobile Number. The layout of the IMSI digits are as follows:

dentifies the country in which a mobile

digit number that i
MST) number.

e (MCC) : A3
i 3 digits ©
abile Subs

Mobile gubseriber 1D (

f the lntemational
n Number (MSIN) - A composite of the

criber ldentiﬁcatio




I com[‘latlds are ns n u :t‘ ons used to n e l

command line starts with "AT" or "at". That'
ry at's why modem commands are called AT commands.

Eve

The starting "AT" is the prefix that i
P at informs the modem or mobile about the start of a command

ine. so the VBNET program will send “AT+CIMI” which gets the IMSI numb
er.

I

Why MSI

The IMSI uniquely identifies the mobile phone owner on any GSM network in the world, s0 it

can be considers an 1D fo

r each driver like the dial up number MSISDN, but MSISDN cannot be retrieved

because most mobiles do not save it in the mobile memory.

am GUI that we used.

Figure 5.20 Shows the VB.NET progr

sl Bluetooth communication -

‘asslﬁn pluetooth com Eort l

ommunication GUL

he Bluetooth serial €

figure 5.20 t
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After connection 15 established on a specific port number; the VB.NET pro
. gram opens that port to send

and receive datd-

sending AT+CIMI order the IMSI number from the mobile, which is received in the textbox1( labeled
abele

JMSI No-) -

hen program save the registration time by function code :

‘ TextBoxB.Text = DateTime.Now.ToString() J

The main functions in VB code

configure the various

parameters  of the serial  port

If serialPort.IsOpen Then
serialPort.Close()

End If
With serialPort

.PortName = cbbCOMPorts.Text
.BaudRate = 9600

.Parity

.DataBits = 8
.StopBits

End With

= IO.Ports.Parity.None

IO.Ports.StopBits.One

I

after configuration it opens the port to send AT command,

Try

serialPort.Open()

'---update the status of the serial port and

1blMessage.Text = cbbCOMPorts.Text & " connected.”

btnConnect.

Catch ex As EXC
MsgBox(ex.T

End Try
serialPort.Writ
End Sub

Enabled = False

eption
oString)

e ("AT+CINI" & vbCrLf)
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: we get the IMSI we save it i .
it in the data base and build the XML file t
ile to send it to service

Afte
p[OVider’

The program waits the servi :
ice provider server acknowledgment associated witl
ed with the MSISDN

er to save it in the datab i
qumb ase, when ACK is received; the start time i d
5 is saved in database.

geis sent to
ibed in flowchart shown in figure 5.21

the mai
Then messa e main PIC to open the gates (as described in 5.1.2)

This procedure is descr

[ Bluetooth
.cm_inectldn
| | establishme |

 Send XML

' Save MSISDN

Send-méssaﬁé to
" PIC to open
. gates

s st

gram of entrance pI'OCCSS 5

w chart of VB pro

Figure 5.21 the flo
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3 PCSOWTE

531 camerd program :

goftware Description of Cameras: We use visual basic .NET for programming and =
connect to

(ide0 devices; initially the video devices are connected to USB port as shown in figure 5.22

S S i e A S g oo

Here we will explain some Steps to connect video devices to our program

1. Creating a Capture Window

A capture window interfaces with the video capture driver and displays @ plevtew of the video data.

l Declare Function capCreateCaptureW1ndowA le
\AS Integer

wayicap32- dll" ()

i
l‘%‘an‘,.;,._‘ v B 4

2. Send Messa i
ge Function - d
n calls the win ow
Sends the specified message to a window OF windows. The Send Message e h sed the
; : dure has proces
procedure for the specified window and does not returnt until the window procedt p

message.
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goftware Description of Cameras: We use vistal basic NET
Jide0 devices; initially the video devices are connected to USH port as ol

Figure 5,22 USB Webceam

Here we will explain some Steps to connect video devices 10 our program

1. Creating a Capture Window

A capture window interfaces with the video giap

¢ (
SV

-
Declare Function capCx
Elnteger

2. Send Message Function
Sends the specified messag-
procedure for the specifice
message.




i ' Function SendMeSSa B
Declare e THL s - ‘
..SendMessageA" (ByVal hWnd As Integerr?’éy\]l;]l-la;
4 wMsg As

ByvVal wParam As Sh
integer ort, ByVal :
As Integer ’ Y lParam As Strlng)

e

This function send message (WMsg) to specific window (hWnd).

3. Video Capture Messages
[ const 4t CAP_START = &HA00S
| const {M_CAP_DRIVER_CONNECT = WM_CAP_START + 10
| const {iM_CAP_DRIVER DISCONNECT = WM_CAP_START + 11
B e =En PREVIEW = WM_CAP_START + 50
| const {M_CAP_SET_PREVIEWRATE = WM_CAP_START + 52
| const WM_CAP_STOP = WM_CAP_START + 68
Const WM_CAP_ABORT = WM_CAP_START + 69
Const WM _CAP_SEQUENCE = WM _CAP_START + 62

Const WM_CAP_SET_SEQUENCE__SETUP _ WM CAP START + 64
Const WM_CAP_FILE_SET_CAPTURE__FILE — WM _CAP_START + 20

Right, so you have a capture window. At this stage the capture window appears as a black rectangle in
your program. Before it can capture video you need to connect it to a device using
WM_CAP_DRIVER_CONNECT message -

The WM CAP_DRIVER DISCONNECT message disconnects @ capture driver from a capture
window.

The WM_CAP_SET_PREVIEW message 18 used to enable and disable preview mode. The -1 in this

call enables preview mode, a 0 in its place is used to disable preview mode.

sage sets the frame rate. In our program We set the frame

The WM_CAP_SET_PREVIEWRATE mes

rate to 30 frames per second.

114




[3
f
!
!
n
E

AP ABORT message
- WM_CAP_ ge stops the capture operation. In the case of step capt
p capture, the image

the point of
e couected up to the pot of the WM_CAP_ABORT message will be retained in th fi
e capture file

 The WM,CAP_STOP message stops the capture operation.

The WM__CAP__FILE_SET__CAPTURE_FlLE message names the file used for video capture

The WwM_C AP_SEQUENCE message initiates streaming video and audio capture to a fil .
11€.

53.2 Database

tl
k Our project requires a local database for parking users, and we require service provider data base, but
1\ we will use for simulation a simple virtual database represents the service provider database.
|

Database can be prepared by many programs like SQL , MS access, and ASB.net. but we made a
simple SQL file database in VB.NET .

Figure 5.23 represent a sample of parking table, which includes: the IMSI field which is the

der database, start time field

\

\ The database consists of one table for parking, and the virtual database have also one table for users.
| Primary key of this table, MSISDN field which is brought from service provi

|

having the parking start time, end time field when car leaves the park, elapsed time which is calculated to

send payment amount to service provider, and image file location which has the car picture with its plate.

\
I
L
\ jowwal s, el Q"EW‘**“E"P‘V‘M”Z&?E;,\;Eéléé’%éaﬂﬂqgff
| & e e chpseitine mansfe ot
' 425050527919517 0599523563 22 May-11500 . NULL NULL CAUsers\Agei...
NULL NULL CAUsers\Agehh...
425052003894258 0597999948 22-May-11 8:02. iy e
22-May-11 9:40 NULL :
§ |aasosao0as3o0es 0597513 y e b s
: | 425062160131142 0569811886 22-May-11 3:00 e e
425062160052127 0568123100 22-May-11 2:48 NULL
NULL NULL

v |NULL NULL

cal database.

figure 5.23 the park




po virtual Jatabase table for users includes: IMSI filed, MSISDN field, and the balance of the user.
! A 524 shows a sample of this table.

o }awwal vitual db: Query(aqel- pc\...\...\

¢p | IMSINo MSISDN balance
425050627919517 0509523563 455
425052003804258 0597999948 25

7 |425052003830048 0507558113 @ 203
425062160131142 0569811886 1203
| 425062160052127 0568123100 25

% |NULL NULL NULL

Figure 5.24 the virtual database table of service provider (subscriber table).

il i h
The interaction between the two databases is made by an XML file from each table; this file modifies the
e in

database fields.

We use the VB.net program to handle the database and build the XML file.
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6.1 Motor and H-bridge testing
6.2 LCD Testing

6.3 Sensors and switches

6.4 USART communication

6.5 Bluetooth Connection

6.6 Get IMSI Program

6.7 White Box test table

6.8 Overall System Testing

Testing
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Chapter 6

and procedures used for testing and exami
xamine the syste
m operation.

6.1 Motor and H-bridge testing

ors and h-bri i
ridge are implemented by connecting them as shown in

Testing the mot
e from the PIC.

figure 6.1, We test and control the motor by sends a signal to h-brid
-bridg

LN N N RN e
. -----,m...,,/,.

EANRESEA <
WAL, 1

_bridge and motor testing circuit.

Figure 6.1 H

e motor movements. See

the PIC in order tO control th

We use a C program on

appendix A code one for the code.

VWA




6.2 LCD Testing

We tested the L i
CD by connect it to the PORTB on PIC and d
and downloading a C

rogram on the PIC to Displa o Parki
program . play a string "Parking System Project" and
as shown in figure 6.2 and when we test the circuit

it works

Figure 6.2 LCD testing output

We use a C program On the PIC in order to control and interface the LCD. See

appendix A ‘code one’ for the code.
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62 LCD Testing

We tested the L i w
CD by connect it to the PORTB on PIC and d
and downloading a C

) qm ON the PIC to Display a stri " 5
progr play a string "Parking System Project" and when we test th
e test the circuit

it works s shown in figure 6.2

PRRK EWSTEN
FROJECT

Figure 6.2 L.CD testing output

We use a C program on the PIC in order to control and interface the LCD. See

appendix A ‘code one’ for the code.
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63 Sensors and switches

In our project we have
analo
g sensors and switches, and foll
> ollows the testin
g of each

one.

¢3.1 IR Sensor

in order to test the analo
g IR sensor we need analog to digital convertor. And
or. And we used

the ADC buil
show the status of the
sensors on a Predefined Pins connected to LED. As st
. As shown in figure6.3

Figure 6.3 gensor Testing

used in testing the sensor is written using the C language, and

The ADC and the code that was

can be found in Appendix A ‘code one’

AR




632 gwitches

We tested the switches b
c
y connect them to the power supply and ch
check the output pi
pin

witch by con ing it di
of the sWi . y connecting it directly to a LED and check tt
£ N e S he output of the switch on that

Figure 6.4 gwitch testing circuit
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4US ART communication

HypefT erminal We

he Baud Rate We use

| leraname and choose an icon for the connection:

In PC we receive data from ;
e test the serial 1 usi RIC M Bmeratiwrittert using VB
. hould port using the Microsoft HyperTermi inet language, before
should configure i 1 rminal, before usi
gure it as shown in figure 6.5 ,here we h g
§ ave to mention that

di :
is 9600 bit per second which is the default val
alue.

_ﬂ ol Sy

e O

st

Figure 6.5 Hy

perTerminal configuration.

\YY

[ Sl clolse)
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In Vb:
pear it in Rich Textbox as shown in figure 6.6

code ,first do i
et : nterface to read from serial port, Data R
» Data Received fro :
m serial

port ﬂnd ap
[ ‘_"“
m COMS4S5 connected.
Figure 6.6 Serial Port chat interface
The circuit to which the serial port is connected is built b

TTL232 dongle, USB to serial cable and a PIC and this circui

y using the MAX232 to

t is shown in figure 6.7




The client part is also written using the Net Beans IDE
and is a J2ME M;
Midlet and

% C “\Ob“e a“toma .(:a

qarehing f0r (0 service and connect o it , as shown in fi
8 2 n ]gure 6.
as the two pairing arrows are appeared. 9 and the connection is done

e server

Figure 6.9 Mobile connected to th

\Ye




The serial interface
code wa :
§ written using the VB.net
et and it can b
e found in

Appendlx A ‘code two’. But the PI
C USART code was written in C
n C language and
can be

found in Appendix A ¢ code one’

6.5 Bluetooth Connection

The Bluetooth conn ion i
ection i
is done using a software written in Ja
va using the Net

Beans IDE and this software
W
as tested and when we run the serve d
r code the service is

broadcasted over the Wi '
idcomm Bluetooth dongle using the Bluecove as sh
shown in figure 6.8

—__—__——‘.-‘-———7
(©server -NetBeans I0E 10
Fle Edt View Navioate - Source Refactor R Run  Debug P Profile Team Tools Windon Hep

mj g8 @ [eetate -] T BB @

———— I
s >

& Serverjova

R @ :u fd%:&?ﬂ%%won & 3

e the service

Figure 6.8 Server initiat

'Y ¢




,] -}m] ‘ ‘wt 55 ;‘l\{\) WERLOR Wasiig \
. \ ¥ AN Wil 13 | i
wii (RS}

jpen We =5 this Midlet on & mobile phoiw v ‘
! \ YA @ ) i 8

search

as#twopmnng' - ng ALTOWS A APPet vy .

.o for the service and connedt Wl
. A YA W LR 1)

Fippre .3 Monls romeEesl U




o=

wh

e

The client part is also wri :
thi l\i'dl written using the Net Beans IDE and i
o we test this idlet on a mobi : nd is a J2ME Mi
e for th ! ile phone with a Bluetooth . the mobil =
i r the serv : ’ ea ]
searching (o) ice and connect to it , as shown in figure 6.9 utomatically start
s the tWO pairing AITOWS are appeare d .9 and the connection is done

‘H””‘»’xf‘ﬂ,‘,g“’» W 3 . ) KN

v

Figure 6.9 Mobile connected to the server
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The client part is also wri :
e ritten using the Net Beans IDE and i
e test this Vi1 etona i ; and is a J2ME Midlet ¢
when W mobile phone with a Bluetooth . the mobil pitib s
’ obile automatically start

se l Or the SerVice and connect to .l as Sho\)\/n 9
arch g1 1 ) in ﬁgule 6 1 d
n . an thc COﬂI]CC“()H 'i.‘l (‘l’mf;

as the tWO pairing arrows are appeared.

B T . i antiaiaaci S
’ oy I TR
. b

Figure 6.9 Mobile connected to the server




SI Program

This program Was written in VB.net and used for obtaining the IMSI number of the

oM card and when we test it on the previous Bluetooth connection it work probably and

gives US the IMSI as shown in fig 6.10

rver NetBeans IDE T4
Refactor R Debu Profile Tear
Etl VIW ngato SWW 9 vQBluetoothtnmmunica\ion

@s:; @I [Tdefa.k config>

T ——

RGH| v

COMS connected.

IMSI No,

1, iserver is running..
;} eCove version 2.1.0 on widcomm

Blu
. 00164128BSE7 - e —
| s [

g the VB.net

Figure 6.10 The IMSI number obtained usin

Y1




6.7 White Box test

This section includes the table that illustrate the testing process ; Table 6.1 shows th
white boX testing process. ¢ LSOV

Part Test procedure Expected Output Testing Result
Notor and H-bridge Provide a series of known | The h-bridge will drive the | The motor work and rotate as
input to the h-Bridge motor according to the h- | expected
bridge truth table
LCD Write a code that display a | The LCD will show us the | The LCD show the Phrase as

certain phrases on the LCD predefined Phrase

expected

Sensors and Switches Put an object on different The output voltage will The Sensor output voltage

distance and watch the sensor change and exceed the | change exactly as expected

output voltage threshold at the threshold

distance

USART communication Send a certain character and | The PIC must response The PIC responded exactly as

watch the PIC response according to the character
The ph

the Server on the defined Port

expected
The

Bluetooth Connection Install the client software on one must connect to phone connected

different phone and run it correctly on the predefined
PORT

The

IMSI  was extracted

correctly

Run the VB.net software on | The computer must extract
the IMSI of the SIM

the PC

Get IMSI software

Table 6.1 White Box Testing
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68 overall System Testing

This section shows th
e overall System testing result . we have t
5 e tested the overall

m 50 times and the result is shown in fig 6.11

syste

Overall System Testing

@ Pass (49 time)

m Fail(1 time)

all system testing results

Figure 6.11 The over

s correctly for 49 times and fails only for 1 time

n fig 6.11 the system work
th the Bluetooth

to the Phone that was us
And so the system works correctly for a perce

As shown i
ed is not supported wi

ntage of 98% .

and this time was due

connection software.

VYA




Figure 6.11 The overall 5ys
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puture work and Recommendatio
n

Tl [ntroduction
7. System Achievements

73. Real Learning Outcomes

74. Recommendations and future work
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71 Introduction

nd reducing the human role in the parking process; we have some re
; > com i
and suggestions for the future work. e

7. System Achievements

Almost all the goals of our system have been achieved. In this point the main

achievements of the system are discussed and the ways of achieving it.

We build an automatic parking system that makes parking process more easy
and accurate and reduces the needed time; because its done automatically:

registration, and getting the fees.

73. Real Learning Qutcomes

After the implementation of the project We have an experience and skills in the
following:

o Learn how to use and program 18F4550 microcontroller.

e learn how to program video devices using visual basic.NET

e Bluetooth pro gramming.

o Mobile programming.
o Solving the many problems emerged 1 hardware and software

. S . : i amming.
implementation, interfacing and with the mobile progr g

o VB.net programm'mg.

\YWe




After our

14. Recommendations and future work:

work on this project and facing many problems duri h
uring the

implementatlon, we as a project team, see that the following points may b
ay be a good

i mprovement for this project for future work in order to make it more reliable and
reliable an

quitable for real life application:

Expand the idea of collecting the fees of the parking service through the third party

like mobile service provider , for more things like supermarket instead of VISA card

Expand the number of sections.

Use a micto web server PIC which has more peripherals and especially
Ethernet port; which gives us an Ethernet network, each section PIC has an IP
address and connected to PC, also it gives us an address location for each
parking location.

Provide a guidance system.

Make a monitoring systems for more security.

Make an automatic mechanical system to move and park the car.

To provide a backup system for more reliability.

To provide a booking system by another communication technique like

internet web server or SMS.
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in PIC code

8f4550 h>
e]ax -
adc.n>

ude<usart h>

#

config WDT=OFF

config LVP=OFF

config FOSC=INTOSC_HS

int =03

int count=03

ipT Sensor— An=0;

int sensor=0;

ipT SenserT— DUJ=D'

imz 5T=0, TAX=0;

jmt loC = 0;

imt ch=0,ch1=0 ch2=0;

void :;:::a:ell.:iif

p poRTCH1ts -RCO=1
comTChits RCI=D
DelaylOKTCYX (70)
PORTCOITS RCO=1L
poRTChits .RCI=1

}

¥éid cTosegateTCVQid}
DOR"'CbT s RCO= =0;
PORTCHitS- rCi=1;
DeWaleKTCYx\ 70);
PORTCb‘! €S s.rCO= 13
PORTCDIitS- rC1=1;

)

void opengateZ(vo id)

'}“‘1 ts. REO’;l’

PORTE
ts.- Pﬁ,,o,

pOR'T':D , (o
DeWay‘“K*CYx(70),

.re0=1;

pORTEDILS
gel=1;

PORT gbits-

MAIN CODE




e —.

MAIN CODE

4g WDT=OFF

C LVP'—'OFF
config FOSC=INTOSC_HS

jnt =03

int count=0;

void opengatel(void)

{
PORTCb1ts.RCO=1;

PORTCbitS.RCl=0;
Delayl0KTCYx(70);

PORTCbitS.RCO=1;
PORTCbits.RC1=1;

}

zoid c1osegate1(void)
PORTCbitS.RCO=0;
PORTCbits.RCl:l;
De1ay10Kchx(70);

PORTijts.RCO=1:
PORTCb1ts.RC1=1;

}
%oid'opengateZ(void)

P0RTEb1ts.REO=1;
P0RTEb1ts.REl=0;

De]aleKTCYx(7O);




MAIN CODE

wD
LVP= FF
9 FOSC=INTOSC_HS

void opengatel(voi d)

{
PORchits.Rc0=1;
PORchits.Rc1=0;
DelaylOKTCYX (70);
PORTCb1ts.RCO=1;
PORTCbitS.RC1=1;
}

void closegatel(void)

PORchits.Rc0=0;
PORchits.Rc1=1;

-e

De1ay10KTCYx(70)

PORchits.Rc0=1:
PORchits.Rc1=1;

}
‘{01' d ‘ opengate2 (void)

P0RTEbits.REO=1;
PORTEbits.RE1=O;

De1ay10Kchx(70)




void c1osegate2(void) MAIN CODE

{ PORTEbits.RE0=0;
PORTEbits.RE1=1}

DelaylOKTCYX(70);

PORTEb1its.REO=1;
PORTEbits.RE1=1}

pid main (void)

{

PORTD=0;
TRISD=2 553

pORTC=0}
TRISC=03

poRTB=0}
TRISB=0;

PORTE=0;
TRISE=0;
PORTA=0;
TRISA=255;
ADCON1=14;

0penADC(ADC_FOSC__64 & ADC_RIGHT_JUST & ADC_2_TAD, ADC_CHO & ADC_INT_OFF

§ ADC_REF_VDD_VSS , ADC_3ANA) ;
OpenUSART(USART_TX_INT__OFF & USART_RX_INT__OFF & USART __ASYNCH_MODE &

(SART_ETGHT_BIT & USART_CONT_RX & USART_BRGH_LOW,spbrg);

while(1)
lloch= 0b00000000;

if(PORTDbits.RDO==1)

loc = locC | 0b00000001;

{6 PORTDbitS.RDl==1)
; loc = locC | 0b00000010;

il PORTDbitS.RDZ==1)
; loc = l1ocC |1 0b00000100;

i -+ .RD3==1)
1f(PORTD?$ES= 1oc |1 0b000010005

i its.rRD4==1) :
1f(PORTD?ng= loc || 0b00010000,

i its.RD5==1) _
1f(PORTD?EES=R1oc || 0b00100000,

v il

B



MAIN CODE

//entrance sensor
setChanADC( ADC_CHO );
ConvertADc(); ]
while(BusyADC(Q)) ;

ch0 = ReadADCQ);

if (ch0>390)
sensor_in=1;
else
sensor_in=0;

//mid sensor
SetChanADC( ADC_CH1 );
convertADCQ);
whi]e(BusyADC());

chl = ReadADCQ);

i (ch1>390)
sensor=1;
else
sensor=0;

//exit sensor
SetChanADC( ADC_CH?2 )
convertADCQ) ;
whi]e(BusyADC());

ch2 = readADCQ) ;

if (ch2>390)
sensor_out=1;
else
sensor_out=0;

1f(sensor_in==1&&BT==1)

{
opengatel();

count=count+1;

?hi1e(1)
count=count+1; ;
SetChanADC( ADC_CHL )
ConvertADC(); i
whi1e(BusyADc()),

chl = ReadADC();

i h1>390)
s sensor=1;

se 4
o sensor=0,

if(sensor==1)

{
v il

e



MAIN CODE
DelaylOKTCYx(40);

closegatel();
Opengatez(gz’

DelaylOKTCYX(250);

closegat :
br'eak?a s

1f(sensor_out==1)
opengateZ();

count=count—1;

while(l)
{

count=count+1;
setchanADC( ADC_CH1 )3
convertADCQ);
whi1e(BusyADC());

chl = readADCQ) ;

if (ch1>390)
sensor=1;

else
sensor=0;

1f(sensor==1)

De1ay10KTCYx(40);

c1osegate2():
opengatel();

De1ay10Kchx(250);

c1osegatel();
break;

s doaoll




MAIN CODE

'f(co‘"‘t<6)

e

gls

[he

o dxiall




1f(count<6)

4/LCD

glse

//1CD

MAIN CODE

0 dindll




//the section pic code

ﬁnc]Ude<p18f4550.h>

int 1=0;

int count=0;

int in_sensor=0;
int out_sensor=0;

void opengate(void)

{

PORTBb1ts.RB3=1;
PORTBb1ts.RB4=1;
PORTBb1tS.RBS=0;

De1ay10KTCYx(20);
pORTBb1its.RB3=1;
PORTBbitS.RB4=1;
pORTBbits.RB5=1;
De1ay10KTCYx(120);
De1ay10KTCYx(120);

PORTBbitS.RB3=0;
PORTBbjts.RB4=1;
PORTBb1tS.RB5=1;

Delayl10KTCYx(20)

pORTBb1 ts.RB3=1;
pORTBb1 ts .RB4=1;
pORTBb1 ts.RB5=1;

void main (void)
pORTD=03;
TRISD=0;
pORTC=0;
TRISC=255;

pPORTB=0;
PORTA=0;

ADCON1=15;

TRISA=2553
TRISB=0;

SECTION CODE



SECTION CODE

count=0;

in_sensor=PORTAbits.RA3;
out_sensor=PORTAb ts.RA4;

//location's sensors

PORTBb1 ts .RBO=PORTAb1 S . RAD;
PORTBb1ts.RBl:PORTAbits.RAlE
P0RTBb1ts.RBZ=P0RTAbits.RAz;

//H-Bidge

PORTBbits.RB3=1;
PORTBbits.RB4=1;
pORTBbits.RB5=1;

if(PORTBbits.RBO==1)
count=count+1;

1f(P0RTBbits.RBl==1)
count:count+1;

if(PORTBbits.RB ==1)
count=count+1;

//section full

if(count==3)

il
pORTDbi ts.RDO=1;

pORTDD1 ts . RD1=0;
by

/ not full
4F (count!=3)

{
pORTDbi ts.RDO=0;

PORTDb1ts.RDl=1;

//Entrance

if(in_sensor==1&&count!=3)

{ opengateQ;

exit
1f(out_sensor==1)
{ v dsioll



SECTION CODE
opengate();
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ort

g1

t
gole ystem:
orts
r

ic class

privat

e withEvents ser

9

t
g InT ﬂ'ﬁet socket
Orts InTheHan .Net. S

n.rh(,_Hand.Net.B1uetooth
ﬁﬂwnand.Net.B1uetooth.Attribute1ds

Net.Sockets

Forml

Next
btnD1sconnect.Enab1ed = False

gnd Sub

\___gvent handler for the connect

private

if s

end

Try
'___configure the various param

End

Sub btnConnect_C1ick(ByVa

sﬁmmjvmnﬁrgs) Handles btncConnect.

close the serial port 1
erialport.Isopen Then
s$r1a1Port.C1ose()

I

with serialport

etimsi

button---

1 _sender As system.Object, Byval e As

click
it 1s open---

_pPortName = cbbCOMPorts.Text

.BaudRate = 9600

.Parity = IO.Ports.Parity.None

_DataBits = 8
.StopBits = 10.PoOrts.
End with

stopBits.One

'-——oqen the serial port---

serialpPort.O en()

'___update the_status of the serial por

' enable/disable the buttons-—~
1blMessage.Text = cbbcomports.Tex

btnCanect.Enab1ed = False
btnD1sconnect.Enab1ed = True
catch ex As Exception

MSgBox(ex.ToStr1ng)
Try

SEFia1Port.Write("AT+CIMI" &

End sub

1

--Event handler for th ct
--Event handler for the Disconné

t2$§éte Sub btnDisconnect_c11ck(ByVa1 cender AS
.EventArgs) Handles i

Try

e Disconnect b

btnD1sconne

vberLf)

utton=-=
putton--~

ct.click

'___close the serial port-—"

§er1a1Port.c1ose()

,--—ugdate the status of
enable/disable the but

1biMessage.Text = seri

btnConnect.Enabled = True

btnDisconnect.Enab1ed =

the serial

e
t . portName

ialPort As New IO.Ports.SerialPort

£ and

port and

n discon

system.ob

. ate Sub Forml_Load(ByVa1 sender As S :
| Args) Handles MyBase.Load ystem.Object, Byval e As

ven

BV display all the serial port names on the 1

i As Integer = 0 To MY-Computer.Ports_Serigca1 computer---
cbbCOMPorts.Items.Add(My.Computer.Ports,Ser1

eters of the serial port---

t &" connected."

ject, Byval

nec‘ted : "

TPortNames.Count - 1
alportNames(i))

e AS




¢ TusT prograt code

Ssockets
L. R lee ool } .
xR TueTooTh AT ™
T SOCkOi\
SR RS W SN k(N

-——d1sp ay

- end If
.Eventkrgsgo

ystem.Even

| Catch ex
Msgb,

Ser1a)r
Sub

te Wi fhEvents S®TE \

Handias W

:n-.tArgs) Handles ©T
f———close the seria
, 7fiserialport. IsOper
serialPort. cClose(

all e SR FRe B

ate Sub HIRTOMNAIL ST ST = ~'re“_

oy v

with ser1a19ﬁ"
g Sub _PorthName = chhbCC
4 _Baudrate = 90!

vate Sub RADETA Rece:ved Textchange d(By

P s -
\ < OMRMES

r1AS In .1\1" - ~amniitvernr
chbcoMPaTis .*rc.' R SR he
axt ? L .
btnD isconneci SRRl oo™ WeadeExistin
 sub 5a0¢ Sh -xtDataReceived
andter -fan the O

e ~.\.-

<

TextBoXL. TextcChanged

‘Hand1es txtDataRece1ved

STOPB1"

'SubEnd with

: '---open Lh:
serialpPort. 0L
' —~—ypdate
enable
1bIMess

Sal

“btnConne
5  btnDisct

‘\’&J

= AS SVSE

te sub Forml_Lond (E\\E e
zve W LAY

tn»u cont "07-__

iEme sub 1extBoxL TexLChanged(ByVal sender As Syste

val sender A

tBox control---
.Tostring.Trim)

ng.Ssubstring (0,

.Te xtchanged

m.object, Byval e As

s System.object, Byval




TextBoxl.Text = String.eﬁg¥3m51
catch ex As Exception
MsgBox(ex.ToString)
gnd Try
gnd Sub

+___gvent handler for the DataReceived event---

private sub pataReceived(Byval sender As object, Byval_e As
System.I(l).Por_‘ts.Ser‘1a1DataRece1vedEventArgs) Handles serialport.pat i
. __invoke the delegate to retrieve the received data——: S ceived

TextBox2 .BeginInvoke(New myDelegate(Addressof updateTextBox), Nothing)
gnd Sub

'__-pelegate and subroutine to update the TextBoX cont
) rol---
public pelegate Sub myDelegate()
public sub updateTextBox()
1__-append the received data into the TextBoOX control---

with TextBox2
.AppendText(seria1Port.ReadExisting)
‘Messa eBox.Show(txtDataReceived.Text.ToString.Trim)
' scrollTocaretQ)
TextBoxl.Text = TeX

1extBox2.Text:Lngth - 4) :
Dim imsino As string = TextBoxl.Text

tBox2.Text.ToString.Substring(O,

end with
gend Sub

private Sub TextBoxl_TextChanged(ByVa1 sender As System.object, Byval e AS

System.EventArgs) Handles TextBoxl.TextChanged

end Sub
Received_TextChangeq(ByVa1 sender As System.objec

Handles txtDataRece1ved.Textchanged

i private Sub txtbata
. eAs System.EventArgs)

End Sub

End Class

t, Byval



.-//serﬁa

publ1icC Class Forml

1 communication program

serial comm

private withEvents serialPort As New IO.Ports.SerialPort
. . or

private Sub Forml_Load(Byval sen )
stem.EventArgs) Handles Myﬁase_LOaﬂe" As System.Object, Byval e As

'__-display all the serial
] port
For 1 As Integer = 0 To My.C
cbbcompPorts.Items.Ad el

Next

d(My . Compu

btnDisconnect.Enab1ed = False

gend Sub

1___gvent handler for the Connect button---

private Sub btnConnect_c1ick( o

gyval sender As system.Object, _
Byval e AS System.EventArgs)

Handles btnConnect.C1ick

'---close the serial port if it is open---
1f serialport.IsOpen Then
ser1a1Port.C1ose()

end If
LY

' ___configure the various

with serialport

.PortName = cbbcomports.Text
.Baudrate = 9600
.Parity = 10.Ports.parity.None

_pataBits = 8

.StopBits = IO.Ports.StopBits.One

end with

'_—-open the serial port---

serialpPort.0O enQ

ena
1b1Message.Text =

catch ex AsS Exception

'———ugdate the status of the serial port
le/disable the buttons---

names on the local computer---
E.Ports.Ser1a]PortNames.count
er.Ports.Ser1a1PortNames(1))

parameters of the serial port---

and

cbbCOMPorts.Text & " connected."

btnCanect.Enab1ed = False
btnD1sconnect.gnab1ed = True

MsgBox(ex.Tostr1ng)

End Try
End Sub

'——-gvent handler for the Disconnect button---

private Sub btnDisconnectTc1ick(

Byval sender AS system.object, %
Byval e AS System.EventArgs)

Handles btnDisconnect.C1ick

Try

seria1Port.C1ose()
1

- __update the status O
B1e/disab1e the b
1b1Message.Text = seria

' ena

btnConnect.Enab]e
btnDisconnect.Ena
catchiex As Exception
MsgBox(ex.TOStr1n
End Try
End Sub

'___close the serial port---

f the serial port

e buttons-—-

1port.pPortName &'

d = True

bled =

9)

WL iFVent handler fioh the send button---
private Sub btnSend_c11ck(

) dsioll

and

: disconnected."

i



: seri
As System.Object, _ 1al comm

AS system.gventArgs) uk
Byvfﬂ o5 btnsend.Cl ck

al sender

v__-write the string to the i
seria1Port-WP1te(txtDathOSeigf}ZLtpgrtB__
|T_—append the sent string to the Te vbCrLf)
with txtDagaRec%1ved xtBox control---
.AppendText S & X
"scrollTocaret() tDataTosend.Text & vbCrif)
gnd With
. _clears the TextBox control---
txtpataTosend.Text = String.Empty
catch ex As Exception
MsgBox(ex.ToString)

gnd Try
end sub

+___gvent handler for the DataReceived event---
private Sub DataReqe1ved( L

yval e AS $ystem.Io.Ports.seria1DataReceivedEventArgs)

Hand1es ser1a1Port.DataRece1ved =

___invoke the delegate to retrieve the received data---
txtDataRece1ved.Beg1nInvoke(New
myDe]egate(Addressof updateTextBox), o
New ObjectO {1

end Sub

'___pelegate and subroutine to update the TextBOX control---
public Delegate Sub myDe1egate()

public Sub updateTextBox() :
__-append the rgce1ved data into the TextBox control---

with txtpatareceived e
.AppendText(ser1a1Port.ReadEx1st1ng)
"scrollTocaret()
End With
End Sub

End Class

v dsall
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char recept'ion 3 3
uns-igned int Spbl"gs

usarttestcode

int 15 e -
It 1 oxt_emission[15]= " HELLO AR\ ", U

TRISD=255

10CcoN1=0%00;
05CCON=126
gbrg = 12 5

JNed_initO;

OpenUSART (USART_TX_I NT_OFF & U SART_RX_IN
USART_EIGHT_BIT & USART_CONT_RX & USART_

INcd_gotoyx(1,1);

i{f(PORTDbi ts.RDO==1)

for(i=0; text_emission[il 1= 0;i++) /

ihile(BusyUSART O==1) ;
U= text_emission[il;
guthSART(u) :

‘E°"(1'=0;1'<10;1'++)

While(!patardyusART Q) ;

Bocants
Ception = ReadUSARTQ);

/
Ned_putc(reception) ;

}
}

oseusart () ;

Dq)
b Y0KTCYX (100) ;

T_OFF & USART_ASYNCH_MODE &
BRGH_LOW, spbrg);

/ character by charac



OFF

g =
ma CONc.= | yp = OFF
#Pragm: gg:fc}g FOSC = INTOSC_HS

fine XLCDCursorOnB1 inkon ()
el

0 taXLESecﬁrsorOnm inkoffO
eT1

fike, TS JLCDD1splayoncurso roffQ

g nee LLcoDisplayo offO

giefine o cocurso rmoveLeft O

sef “ee cursorMoveR?- gl'%‘é 8
isplaymoveLe

deg‘;e );tggm sg'\ ayMo\‘(eR'l ht ()

e v char aaall= Hello"

ran const char bbb[]1="Mi crochip”;

yoid xLcppel ay15ms (voi d)
{

N 13 051<10000; 1++)

{
NopQ) 5
}

return;

}

\{oid xLcopelay4ms (void)

e i
1{:0r(1'=0;1'<2500;1++)
NopQ) ;

}

return;

\{m‘d XLCD_Delay500ns (void)

"Oid{XLcooe] ay(void)

int 3
f°"(}—0 +1<1000;1++)

§0p();
geturn;

VOig o
{o]d main(void)

lcd test code

XLCDCommand (OXOF) //the user may refer the

XLCDCommand (Ox0E) //and generate commands

XLcpcommand (0x0C)
XLCDCommand (0x08)
XLcbCommand (0x10)
XLCcDCommand (0x14)
XLcbcommand (0x18)
XLcbcommand (0x1C)

y asaall



cpL2home () 3
- XLCDPUt

>

[ o

0

(w)

o

=
f“\f\f‘\f'\f': _f:f':f'\
dAmu

while(1);
}

Tcd test code
//make PORTA digital as control portpins

//initialize the LCD module
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MicROCHIP PIC18F2455/2550/4455/4550

T
28/40/44-Pin High-Performance, Enh
Microcontrollers with nanéwgtta'}lecfl?nlzbll?);l;USB

E -
yniversal serial Bus Features:

, usB V2.0 Compliant SIE
5 Low-speed (1.5 Mb/s) and full-speed (12 Mbl/s)
. Supports control, interrupt, isochronous and bulk

transfers

, supports up t 32 endpoints (16 bidirectional)

. 1-Kbyte dual access RAM for USB

. On-board USB transceiver with on-chip voltage
regulator

. Interface for off-chip USB transceiver

+ Streaming paralle! Port (SPP) for USB streaming
transfers (40/44-pin devices only)

Power Managed Modes:

« Run: CPU on, peripherals on

+ |dle: CPU off, peripherals on

+ Sleep: CPU off, peripherals off

+ |dle mode currents down to 5.8 pA typical

+ Sleep current down to 0.1 pA typical

» Timert oscillator: 1.1 pA typical, 32 kHz, 2V
» Watchdog Timer: 2.1 pA typical

+ Two-Speed Oscillator Start-up

Flexible Oscillator Structure:

+ Five Crystal modes, including High-Precision PLL
for USB

« Two External RC modes, up to 4 MHz

+ Two External Clock modes, up to 40 MHz

+ Internal oscillator block:

. 8 user selectable frequencies, from 34 kHz to 8 MHz

- User tunable to compensate for frequency drift
+ Secondary oscillator using Timer1 @ 32 kHz
+ Fail-Safe Clock Monitor

- Allows for safe shutdown if any clock stops

# Single-
Word
(bytes) Instructions

PICT8F2550 | 32K
P|C18F4455‘ 24K
PIC18F4550 | 32K

Peripheral Highlights:

High current sink/source:

- Three external interrupts el

» Four Timer modules (Timer0 to Timer3)
Up to 2 Capture/Compare/PWM (CCP) modules:

- Capture is 16-bit, max. resolution 6.25 ns (chl:|6)

- Compare is 16-bit, max. resolution 100 ns (Tey)

- PWM output: PWM resolution is 1 to 10-bit

Enhanged Capture/Compare/PWM (ECCP) module:

- Multiple output modes

- Selectable polarity

- Programmable dead-time

- Auto-Shutdown and Auto-Restart

. Addressable USART module:
- LIN bus support

« Master Synchronous Serial Port (MSSP) module
supporting 3-wire SPI™ (all 4 modes) and I2C™
Master and Slave modes

« 10-bit, up to 13-channels Analog-to-Digital Converter
module (A/D) with programmable acquisition time

« Dual analog comparators with input multiplexing

Special Microcontroller Features:

» C compiler optimized architecture with optional
extended instruction set

+ 100,000 erase/write cycle Enhanced Flash
program memory typical

° 1,000,000 eraselwrite cycle data EEPROM

memory typical

Flash/data EEPROM retention: > 40 years

Self-programmable under software control

Priority levels for interrupts )
8 x 8 Single Cycle Hardware Multiplier

nded Watchdog Timer (WDT):
= period from 41 ms to 131s

rotection e
erial Programming

S e O O O

. Programmable Code P :
. Single-supply 5V Iq-Cnrcunt S

(ICSP“‘) viatwo pins _
. |n-Circuit Debug (IcD) via two ;;ms

wide operating yoltage rangé (2.0Vto 5.5V)

D539617A-Page 1



|C13F2455,2550I4455,4550

MCLR/VPP/RE3— S \_/ T
RAO/ANO=—" 2 27
RATANTI=—L] 3 S

RA2/AN2/VREF-/CVREF =— 4 o

RA3/AN3/VREF+ =" 5 0 o 24

R_lﬁﬂ' 0CKI/C1OUT=—> 6 ﬁ “u?’ 23
RASIAN4ISSILVDINICZOUT = 7 ‘u‘_ E 2
Vss—> 8 © © 21
CRAAR
OSCA1/CLKI/RAT—> 9 [SINY) 20
OSC2/CLKO/RA6 =— 10 o o
RCO/T10SO/M13CKI=—" 1"
RCA/T10SICCP2*UCE =— L112
RC2/CCP1=—>1]13
Vuse=—> L 114

40-Pin PDIP

MCLR/VPPIRE3 — 1
RAO/ANO

RA1/AN1
RA2/AN2/VREF-/CVREF
RA3/AN3/VREF+
RA4/TOCKI/CA ouT
RAS/AN4/SS/LVDIN/C20UT
REO/CK1 SPP/ANS
RE1 JCK2SPP/ANG
REZOESPPIAN?
AVDD

-—[]2

PIC18F4455
PIC18F4550

OSCA/CLKIRA7 ——= [} 13
0SC2/CLKOIRAS =———[] 14
RCOT10SO/T13CK!
RCA/T10SI/CCP2*/UOE
rC2/CCPP1IA =—= 017

Vuse — 118

RDO/SPPO —— O] 19

ro1/sPP1 =— 020

Note: Pinouts are subject to change-
*  Assignment of this feature is depern

dent on device conﬁguration.

<— RB7/KBI3/PGD

<—> RB6/KBI2/PGC

<—= RB5/KBI1/PGM

<—> RB4/AN11/KBIO/RCV
=<—> RB3/AN9/CCP2*/VPO
<—> RB2/ANB/INT2VMO
<—> RB1/AN10/INT1/SCK/SCL
<—> RBO/AN12/INTO/SDI/SDA
<— VoD

<—Vss

«—= RC7/RX/DT/SDO

<— RC6/TX/ICK

<— D+/VP

<—> D-/VM

<— RB7/KBI3/PGD

<—» RBB/KBIZPGC

<— RBS/KBI1/PGM

-— RB4/AN11/KBIOICSSPP
- RBB/ANQ/CCPZ'NPO
-~ RB2IAN8/|NT2NMO
<—» RB1/AN10/INT? ISCKISCL
- RBOIAN1?JINTOISDI/SDA
<«— V0D

<+—VsS

-— RD7/SPP7/P1D
-— RDGISPPG/P‘IC
-— RD5/SPP5IP1B

-— RD4/SPP4
-— RC7/RX/DTISDO

Advanceé Infor




pin piagrams (Contlnued)
w
o
2%
N
<52
. i
PARR =0
gm % & & & 508
sSOLOO O N
S250N=0 8 =1
OXTO0003Q 58
i 1 i ! I 1
TOANTTON
RGTRXIDTISDO =— | 18 QITSBBEREI
RDA4ICCP21P2A =— | 2 —+  0SC2/CLK
RD5/SSP5/P1B = | 3 320 =— oscic DIRAG
> LKI/RA7
RDE/SSPE/PIC = | 4 3 = W
RD7/SSP7/P1D =—= <— AVss
e g PIC18F4455 %g <~— VoD
avop —= | 7 PIC18F4 S = AVDD
Voo —> | 8 550 27 RE2/OESPP/AN7
RBO/AN12/INTO/SDI =—= | 9 26| =— RE1/CK2SPP/ANG
RBUANAOINT1/SCKISCL =—= | 10 25| =— REQ/CKISPP/ANS
O ANGIINTZVMO =—= | 11 21— RA5/AN4/SS/LVDIN/C20UT
aosoer22gay < RA4TOCKIC10UT
Oomgogmowzi
oz wzzu
S25000rLLy
N U:NEQOvQZ
=82 o<
8 Szoozzeyi?
& Exxe™ iz
O xmwng [T
> =oaoo P>
b4 :mmJg S<
s Z Zz
5 < <
B 3 2 8
74 o« )
<5
. [\ &)
. X — ==
44-Pin TQFP 3] ONER o@
éug%%%% 82
RLE2ask
82>28582559
roooe rxe>e 4 z
anon AHBERE
HHHH HAHHHD
<N NT oo o0
RC7/RX/DT/SDO <—=4 ! Syt LR NC
RD4/SPP4 <—> = RCO/T1OSOIT1SCK|
RDS/SPP5/P1B < = — OSC2ICLKO/RAS
RDE/SPPE/PIC +— B4 3o «—  OSCH/CLKIRAT
RD7/SPP7/PID <—=CIH 5 B N
vss —
P Bl
RBO/AN12/INTO/SDI/SDA =~ I 8 R ‘;Eg’,cmsppm
RB”A;;\QSJI/‘\%}IISTC;I/\/SSE Sapd== o 2 — R ASIAN/SSILVDINIC20UT
RB3/ANG/CCP2ZNPO =~ oo 11 S -— RA4/TOCKIC1OUT
<O ~0 9 orqN
SESEELEEL
HEgoooooLU
%) o) o 2 (5} [a) nox w +
9083800 22EE
8%NBE229§
Oz Zmorr 4z
X mmoQ
;Emmz Eé
Z 3
= <
o o
o

Note: Pi
te: Pinouts are subject to change.

Assignment of this feature is dependent on devi
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lowing details of the code protection featur : p
W:;:mchip EIRRISiochip dovices:
|

ip believes that its family of products is
- ¥ i ; C one of the most secure famili i
o g manner an rmal conditions. amilies of its kind on th
e market toda
y, when used in
the

products meet the specification contained in their particular Mi
icrochip Data Sh
eet.

“egal llle\hOdS USed to b|eaC|| the COde plOtechOI! featl" ese meth

| e. All of th r
ods to oul

t '

require using the Microchip products in a m
' ' ‘ anner outsi
Most likely: the person doing sO IS engaged in theft of |:tt:|l:aectt: e‘ e e
S roneny ntained in Microchip'
: p's Data

VicrochiP is willing to work with the customer who is concerned about the int
integrity of their cod
e.

 eiher Microchip nor any other semiconductor manufacturer

' [

o ot guaranteemg e T an guarantee the security of their code. Cod

. . . e protection does not

rotection i constantly evolving. We at Mi i i
icrochip are committed to continuously improving the cod
e code protection feat
ures of our

s, Atempts to break microchip's code protection featu
. re may be a violati igi
stobr: : iolation of i i
3 uthorized ac s to your software or other copyrighted work, you may havetzerig;wgtnta‘ Mllle%nmum CH e
o sue for relief under that A
ct.

e
[nformation contained in this publication regardin i
i ST g device

applications and the like 1S intended through suggestion only TEademarks

andmay be superseded by updates Itis your res it A
el It ponsibility to The Microchip name and | i :
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fo &lhe ;ccure:tt‘:y or use of such information, or infringement of
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Di

! :;Zr:lc.e Mee.:suring Sensor Unit

' ring distance: 20 to 150
nalog output type .

pescription ' EAgency approvals/Compliance
JIAZYKOF is a distance measuring sensor unit, 1. Compliant with RoHS directive (2002/95/EC)
posed ofan integrated combination of PSD

ifion sensitive detector) , IRED (infrared emitting
and signal processing circuit.

yarety of the reflectivity of the object, the

ionmental temperature and the operating duration
wtinfluenced easily to the distance detection

=

mApplications
1. Touch-less switch
(Sanitary equipment, Control of {llumination, etc. )

i Gevice outputs the voltage corresponding to the 2. Sensor for energy saving
(ATM, Copier, Vending machine, Laptop computer,

ion distance. So this sensor can also be used as
LCD monitor)

3. Amusement equipment
(Robot, Arcade game machine)

Disance measuring range : 20 to 150 cm
Auelog output type

Yakage size : 29.5x13%21.6 mm
Cnsumption current ; Typ. 33 mA

Spply voltage : 4.5 t0 5.5 V

g
| No

'm

<on <

Inthe ::b‘esx::,‘of data sheet is subject to change Wwithout prior notice-

devices s}mce of confirmation by device specification sheets, SHARP t2
W in catalogs, data books, ctc. Contact SHARP in 0rdet

1 1

To. EA-A00 0
Sheet N Date Dec0) 2006
©SHARP Corporatio®




GP2Y0A02YKOF

Voltage regulator

Oscillation circuit

(Unit : mm)

Stamp (Example)
SHARP
2Y0AD2 F

488
Model name _[ :
Production month : Jan. to Sep.; 1109
Oct. : X. Nov.; Y Dec.;Z

\!8‘7 3 20VOAZ I‘

Production year : Last digit of prod. year

R, 7

. i i .
= Light detector side

7 pa s
‘./—J—_

R3, 7

Note 1. Unspeci

. Unspecified tole +03 mm. ; is S3B-PH-
Nocs: e s made S;a‘l‘.ts)‘c'r.mo 3 NG COMPANY.LTD: andits pert um0ET

VoAt imensions 1 is for reference- . scal st
Note 4, The dimension l:xgr‘;a;dc%l;‘?‘s']: :\r\eo?:v:l’?sl:r:cc from/to the center of an intemal optica




(T:=25C VeemsV)

Rating \ Unit

-0.3 to +7 \ vV

03toVect03 | Vv

-10 to +60 ¢

oo lL.C

cal Characteristics

(eectro-opti

GP2Y0A02YKOF

(T=257C,Vcc=5V)

[ Symbol |

Conditions \ MIN. \ TYP. \

MAX. | Unit

L~=150cm (Note 1)
(Note 1)
L=150cm (Note 1)

Output voltage difference between
L=20cm and L=150cm (Note 1)

L Distance to reflective object

—

e | : Using reflective object : White paper (Made by Kodak Co., Ltd. gray cards R-

IRecommended operating conditions

—__ Parameter \ Symbol ‘ C

et DR
onditions\ Rating \Unit

Splyvolage [ Ve

27 white face, reflectance; 90%)




e e

GP2Y0A02YKOF

)\
Vec(Power supply) ‘

_ 383ms9.6ms
SN 7z

Second =
. ec
First measurement on ég nth
measur
ement 7 measuremen

. measuring operating

\ \ \ /
Vo(Output) Unstable output First output >< Second output X f> nth
output

MAX 5.0ms

Sheet No-: E4-A0010\EN
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GP2Y0A02YKOF

prample of distance measuring characteristics (output)
12 X b

T
—— White paper (Reflectance ratio : 90 %)
---&- - - Gray paper (reflectance ratio : 18 %)

Je e,

1)
W

| T
- |

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Distance to reflective object L [cm]

1S

Output voltage Vi

—— White paper (Reflectance ratio : 90 %)
---o--- Gray paper (reflectance ratio : 18 %)

0.1
0 001 002 003 004 005 006 007 008 0.09

Inverse number of distance [llcm]

Sheet NoO-- E4‘A00101EN
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GP2Y0A02YKOF

—

Adﬂ'ce for t.hi og:;c:eeds to be kept clean. The
s OF s device. Pl . There are cases that dust, water or of
I eristics of this device. Flease consider in actual application i and so.on deteriorate

B do washing. Washing may deteriorate the characteristics of optical s
ystem and so on

o : i
ﬂcﬁi i resistance to chemicals under the actual usage since this product has not b
. . e . i
grice for the characteristics et aaing,
: hat an optical ﬁltteg is set t;n front 01; the emitter and detector portion, the optical fil
. i i
Jﬁcieﬂ‘ smlttzmceBatth ;aecr:sl ’ fntgh W;\lfte en}%th range of LED for this product (A =8 501ite7r()Whmh has the most
0 ended .to uze- Y G g' ilter should be mirror polishing. Also, as there are S
atbe atisfied accor tﬁ e distance between. the protection cover and this prod e fe e orsties
o0 COVET, ?lease use is product .after 90nﬁrmmg the operation sufficiently ii ac:ftl - th'e th}ckness s
e ot (here isan object near to emitter side of the sensor between sensor and a dete ?i L
cafter confirming sufficiently that the .cha.racteristics of this sensor do not change bc R s this
e the detector 18 exposed to the direct light from the sun, tungsten lamp and so 0%1 tge;he i
: : . ) €a 1
o the distance exactly. Please consider the design that the detector is not exposed to thef edfrisc?l;z; 1ftrcarl no;
om suc

jgptsource:
piance to & DUITOT reflector can not be sometimes measured exactly.

pcase Of changing the rr}ounting angle of this product, it may measure the distance exactly

[ case that r'eﬂ'ecuve object has bgundary line which material or color etc. are excessively éifferem shtordert

eurease deviation ofme'asurmg distance, it shall be recommended to set the sensor that the directio;l of bou;d0 li
nd the line between € tter center and detector center are in parallel. s

(Incorrect) (Correct)

0 —0

ng direction of the reflective object, it shall be

Thorder to decrease deviation of measuring distance by movi
emitter center and

rommended to set the sensor that the moving direction of the object and the line between

tetector center are vertical.
(Correct)

2] ~

(Moving direction)

(Incorrect)

1 (Moving direction)

Vdvi

vi

- m:f tf°r the power supply . ‘
0 stabilize power supply line, we recommend to inse! r of 10pF or MO~

betw
ten Ve and GND near this product.

t a by-pass capacito

W
: t::s i h ive mechanical
are some possibiliti i 3 be exposed to the excess!
possibil ts in the sensor may P <
ities that the internal components e 1 also on the pCB while

3. Ple
Ssemb}; o t.)e careful not to cause any excessive pressure on the se
ing this product.

Sheet No.: E4—A00101EN
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GP2Y0A02YKOF

e 0 pC :tcc(;ntain the following materials.
shall no

: tion process for this product.
e ﬂ;%pr(;?;Z; Czrbon tetrachloride, 1.1.1-Trichloroethane (Methylchloroform)
0 C S, :d

etardants such as the PBB and PBDE are not used in this product at all.
inated flame T s
g in the following materials banned in the RoHS Directive (2002/95/EC),
ontain

uct shall not € Cadmium, Hexavalent chromium, Polybrominated biphenyls (PBB),

s pmgead, Mercury,

d dipheny! ethers (PBDE).
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GP2Y0A02YKOF

S

Product

MAX. 50 pieces per tray




otices
‘mportant N
. olication examples in this publication are
ol P' {ain ;ep;esentative applications of
ex are 1ot intended to guarantee any circuit
intellectual property rights. SHARP
lonsibility for any problems related to any
(0 1 ety right of 2 third party resulting from the use

SI{ARP'S devices:

ARP in order to obtain the latest device specifi-
ot SH before using any SHARP device. SHARP
. sheelS nt to make changes in the specifications,
r\'esﬂl‘etlg; data, materials, structure, and other
: raclensl“fb;d herein at any time without notice in
gents de.i;nwve design OT reliability. Manufacturing
wﬁo;:a;° also subject t0 change without notice.

o the following points when using any devices in this
'Obs.m;-on SHARP takes Do responsibility for damage
bh:;bl h;ﬂproper use of the devices which does not meet the
m]sditioﬁs and absolute maximum ratings to be used specified
':he relevant specification sheet nor meet the following condi-
mfhe devices in this publicgtion are designed for use in
m& dlectronic equipment designs such as:
—Personal computers
Office automation equipment
—Telecommunication equipment [terminal]
—Test and measurement equipment
~Industrial control
- Audio visual equipment
~ Consumer electronics
i) Measures such as fail-safe function and redundant design
fldbe taken to ensure reliability and safety when SHARP
fices are used for or in connection

e

GP2Y0A02YKOF

with equipment that requires higher reliability such as:
-—- ijansportation control and safety equipment i
aircraft, trains, automobiles, etc.) o
--- Traffic signals :
--- Gas leakage sensor breakers
--- Alarm equipment
= Various safety devices, etc.
(ii1) SHARP devices shall not be used for or in
connection with equipment that requires an extremely high
level of reliability and safety such as:
--- Space applications
--- Telecommunication equipment [trunk lines)
--- Nuclear power control equipment

--- Medical and other life support equipment (e.g.,
scuba).

. If the SHARP devices listed in this publication fall
within the scope of strategic products described in the
Foreign Exchange and Foreign Trade Law of Japan, it is
necessary to obtain approval to export such SHARP devices.

- This publication is the proprictary product of SHARP and
is copyrighted, with all rights reserved. Under the copy-
right laws, no part of this publication may be repro-
duced or transmitted in any form or by any means,
electronic or mechanical, for any purpose, in whole or in
part, without the express written permission of SHARP.
Express written permission is also required before any use
of this publication may be made by a third party.

- Contact and consult witha SHARP represen.tative i.f th'ere
are any questions about the contents of this publication.




LM78XX

series Voltage Regulators

General pescription

3 ree terminal regulators is available

The LM78XXﬁiZféeztﬁ;$ voltages making them useful in a

i severe! ¢ applications. One of these is local on card

8o ~paﬁng the distribution problems associated

; ellrr}lf; regulation. The voltages available allow

nge B2 to be used in logic systems, instrumenta-

£ ndrsother solid state electronic equipment. Al-

4on, HiFf: @ ed primarily as fixed voltage regulators these

foush d::,:g:e used with external components to obtain ad-

ices

?:::;e voltages and currents.

ies i ilable in an aluminum TO-3 pack-
Tn LM.7 8X)§“5 :ﬁf:/ |§v2\|fa1“.gA load current if adequgte.heat
age which W vided. Current limiting is included to limit the
Tl prounen{ to a safe value. Safe area protection for
eak 0Utputt gnsistor is provided to limit internal power dissi-
{he{'gzlﬁ? itntremal power dissipation becomes t00 high for the
pation.

National Semiconductor

May 2000

put, glthqugh this does improve transient response. Input by-
passing is needed only if the regulator is located far from the
filter capacitor of the power supply.

For. output voltage other than 5V, 12V and 15V the LM117
series provides an output voltage range from 1.2V to 57V.

Features

@ Output current in excess of 1A

B Internal thermal overload protection

B No external components required

m Output transistor safe area protection

B Internal short circuit current limit

m Available in the aluminum TO-3 package

Voltage Range

g LM7805C 5V
inking provided, the thermal s:hutdown circuit takes Kt oo o,
hs:: ;lreventing the IC from overheating. o ad
: iderable effort was expanded to makg the LM78XX se—f
qonSlf regulators easy to use and minimize the number c;
Zitse:nal components. It is not necessary to bypass the out-
Connection Diagrams
Plastic Package
Metal Can Package B D
TO-3 (K)
Aluminum — <
GND
OUTPUT & i O ';:S$ INPUT
DS007746-3
Top View
- ki Order Number t“h:;88$§g;,
il LM7812CT or s
Order Number LM7805CK, Seo NS Package Nuraber
LM7812CK or LM7815CK

See NS Package Number KC02A

©2000 Nationa) Semiconductor Corporation DS007746

www.naﬁonal.oom
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Schematic

-

INPUT

R16

ouTPUT

R1?

WWw.national.com

an X
R1]
012 B
RN D2
LN R14
230
4 013 0
6.3V v
R12
200
06
R1 ol
30K
R9
B2 pmS o i
1.9k 17k O 20 pF

Vags




Maximum Ratings (Note 3)

! Maximum Junction Temperature E
bso Ut specified devices are required, (K Package) . 3
A Wry"\eroshpe National Semiconc!l.,cto_r Sales Office/ (T Package) 150 .C §
'"l;e contag: availability and specifications. Storage Temperature Range B 2 +1 50.C
%‘:mbutol’s Lead Temperature (Soldering, 10 se c) 0 +150°C
vollage 4 15V) 35V TO-3 Package K 300°C
“ W MBI Note 1) Internally Limited TO-220 Package T .
| (o~ wer pissipation No 0°C to +70°C 230'C
| por gTemperature Range (Ta)
| oratin

i

ea characteristics LM78XXC (Note 2)
“ Electﬂfzs-c unless otherwise noted.
£

o4 Output Voltage \ 5V ‘
TVoltage (unless otherwise noted) \ 10V
u

12v \

15V \

{ 19V 23V | Units
| Inp. ter Conditions \ Min \ Typ \Max \ Min \ Typ \Max \ Min ‘ Typ \Max \
ltﬁm Pa o Tj=25C,5 mA < lo < 1A \ 48 5 52 |115 12 125(144 15 156| V
Vo gt Pp< 15W, 5 mA < lo<1A 475 5.25 |11.4 12,6 14.25 1575 V
Vi € Vin S Viax (75<sVin<20) | (145<V< (17.5< V< Vv
27) 30)
1~ = 500 Tj=25C 3 50 4 120 4 150| mVv
(o]
Wo mA
AVin (7<Vi<25) | 145<Vi<30) | (1755 Vins v
30)
0'C<Tj<s+125C 50 120 150 nS/
8V <20) | (15<Viys27) | (185SVins
AVin ( N ik
g 50 120 150 | mV
lo < 1A Tj = 25°C e y
5<Vpn<20 (14.6 < Vi < (177 <V <
AVIN (7 5 IN ) 27) 30)
60 75 mvV
(16<Vs22) | (0SVms %) | V
12 150 mV
iV, | Load Regulation 75 | mv

5mA< lo < 1.5A

250 mA<lp S

750 mA =
85| mA

\‘o [Quiescent Current \ o< 1A m . '

mA
mA
Quiescent Current | 5 mA < lo < 1A
Change Tj=25C,loS 1A

\Y
Van £ Vin S Vinax

mA
\

lo < 500 mA, 0csTis +125°C

Viin € Vin € Viuax

ny

Output Noise =
Voltage

Ripple Rejection

(185<Vin<
28.5)

‘ :

www_naﬁonal.com

VMIN S VIN S VMAX

Dropout Voltage | Tj = 25°C. lout = 1A
Output Resistance | f = 1 kHz
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Electrical characteristics LM78XXC (o
ote 2) (Continued

oC <Ty% 425'C unless otherwise noted. )
/_M Voltage
/1 Input Voltage (unless otherwise noted) “ SV \ :
parameter c 7 10V 2V \

symbol —— onditions 15v

2T short-Clroutt Tj = 25'C | Min [ Typ [Max | mi D |
current 21 n \ Typ | Max | Min [Typ \M-\ Units
peak Output Tj = 25°C 15 2z ax |
current 24 : A

: : 24

Average TC of 0'C<Tj<+125C, Ip = 24

B - Mz e G 15 &

Voltage )

Vin lnput . ag . 1.8 mvic
Required to Tj= 25'C, lo < 1A
Maintain 75 14.6

3 17.7 v

Line Regulation

Note 1: Thermal resistance of the TO-3 package (f( KC) is typi
- e i Sl e t;lrp:bielmzt C/W junction to case and 35°C/W case to amb
: ambient. Thermal resist
ance of the TO-220
package

Note 2: Al characteristics are measured with capacitor aci i
; har 3 ross the 22 ca
and ripple rejection ratio are measured using pulse techniques (%, l:p1u (§ 022 hjand e conpclorscosaie
be taken into account separately. w < 10 ms, duty cycle < 5%). Output voltageocl:pm 2 Rgsnne pistos s
anges due to changes in i Soptin
intemal temperature m
ust

Note 3 AbSOlUle MaleUm atings indicate limits be! d which m
R on
o = Y ich dal age to the device may occur. For guaranleed f
e speci ications and the te

st conditions, see Elec-

W¥w.national.com 4




v grformance Characteristics
i .
issipation : =
o Power Dissipa Maximu
um pverad m Average Power Dissipatio 2
2% 103 2 w &
‘"”"‘;‘K
HEAT S T0-220
. 0 \ g INFINITE HEAT SINK
: AN g ‘
B 15 wlmw'cl\NMEAT SINK E 15 l \ ‘ \
“ a
; L RRRRRRRAAEE
K s w (LHHHTLETTLT
: N0 HEAT SINK = B ITH 10 CAW HEAT SINK
215 o 5 4 ‘ l ‘. l J
NO HEAT SINK REETEEEE
0 olllliiiii“'\
5 50-25 0 25 50 75 100 125 : E 2l
AMBIENT TEMPERATURE (C) - 7
DS007746-5 AMBIENT TEMPERATURE ( C)
DS007746-6
ek output current Output Voltage (Normalized to 1V at T, = 25°C)
35 _1.010
=
3 w 1.005
- D<— 1
s; 25 §
: , 7 0995
< >
£ £ 0990
o 15 =]
5 S 0.985
= Tj=125°C N
5 l N = 0980
05 =
< 0975
0 = pan l
s 20 25 30 3 75 -50-25 0 25 50 75 100125 150
INPUT TO OUTPUT DIFFERENTIAL (V) JUNCTION TEMPERATURE ( )
DS007746-7 DS007746-8
Ripple Rejection Ripple Rejection
100 1 90
g 80 VgUT=5V g 80
3 3
2 60 =
o o
8 @ 70
) €
E VUUT=15V 'E
= Vin-VguT = B Vpg * 35 Vrms s 6
lput = 1A
Ti=25¢
0 ] 50 10 15 20 25
10 A
100 1K 10K 100K

QUTPUT VOLTAGE v
FREQUENCY (H2) Ds007746-10
DS007746-9

onal.com
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TyPi cal performance Characteristics (continueq)

AT RO

output |mpedance Dropout Voltage

1 "
le = 10V cOUT
vourt =5V

25

S
= aVout =
= IOUT=500NA 'é‘ oUT = 100 mv
&0 Ti=25°c s 2
2 ol = S
< — w
3 Iv ‘ll’ i — :; 1'5
< =)
z Cour = 14F 4 =
S TANTALUM =t
& 001 —] = . %
| o . = ‘
2 f : 2 1 * A
= R 08 [EEEEREEE |
| e
0.001 Zo¥ 1 o o e
100 tk 10k 100k 1M
1 -75 -50-25 0 25 50 75 100 125 150
FREQUENCY (Hz) i
DS007746-11 NCTION TEMPERATURE ( C)
DS007746-12
propout Characteristics Quiescent Current

A reesti 55 .
| Dok e
S i R
5 4 S 45
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