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Abstract

Today, the wireless Global System for Mobile Communications (GSM) in our country, has
a very wide range and coverage large number of users .And this system provide many

services that can be used in different applications like controlling and alarming.

The car is a very important thing in our daily life, and on the other Hand it is very

expensive so we need to keep it safe and secure it from stealing.

In this project we will design and implement a GSM based security system for a car that
it includes one or more sensors , which will be placed inside the car that will be able to
sense a person who enter the car, and the system will give the car owner a warning by
dialing his phone number then he can shut down the car and catches the intruders using

other controlling signal called Dual-Tone Multi-Frequency (DTMF) signal.
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1.1 Overview

Today, the wireless communication system like Global System for Mobile
Communications (GSM) in our country, has a very wide range and coverage,
which makes it available to build wireless security systems, one of these systems
is a GSM based security system for a car.

The car is a very important thing in our daily life, and on the other Hand it is
very expensive so we need to keep it safe and secure it from stealing.

In this project we will design and implement a security system that it includes
one or more sensors , which will be placed inside the car that will be able to sense
a person who enter the car, and the system will give you a warning then you can
shut down the car and catches the intruders .

1.2 General Idea about the Project

The General idea of the project is to design a security system to prevent the thief
from stealing the car. This system work when the thief breaks into the car and trigger
one of the sensor so this will set up a call alarm.

When the alarm arrives to the car owner he can shut down his car engine and
catch the thief using his phone.

1.3 Project Objectives

e To design a security system for a car based on GSM wireless communication
system this provides a wide range for the alarm.

e To design a system that can be used to sense the surrounding area status and
set up call alarm.

1.4 Project Schedule

The time planning includes two time estimation schedules, the first one show what
has been done in the first semester, and the second shows the scheduling time of
the second semester .




This time management clarifies each step of the project and guarantees of the
overall system. The timing management divides the system hierarchy according to
the following tasks:

T1: Preparing to the project : this stage of the project primarily aims at
identifying the contents of it , discussing the initial information , and evaluating
the project tasks and levels.

T2: The project analysis: the analysis process includes extensive study for all
possible design options of the project .

T3: The project requirements analysis: tasks have to be implemented, equipments are
needed to be provided, and data should be processed.

T4: Studying the basics of GSM network.

T5: Studying the PIC and sensors :it was necessary to study the datasheet of
the PIC to ensure that it would meet the requirements of the project .

T6: Writing the documentation: the writing began from the first phase to the last one
in parallel.

T7: Constructing the circuit and connections: hardware implementation of the
circuits that represent the system and subsystem of our project . It was started by

building prototypes.

T8: Sub- system testing : at that stage , we tested each component of the project
and also each subsystem.

T9: Software implementation: it was started with installing the program of the PIC.

T10: Software testing : after completing the whole software , it was tested to check
if the hardware was running appropriately.

T11: Overall system testing: we tested the project and implemented it to adjust the
problems and errors and maintain it.

T12: Final documentation writing: the writing process  and implementation of
different stages of the project were done in parallel , in order to keep track on
What had been done.
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1.5 Estimated Costs and Budget Breakdown
This section lists the overall cost of the component that is considered in
implementing the system .

The hardware components, there are many electrical chips and equipments
Have to be provided are listed in table (1.3).

Unit/task amount cost
Mobile phone 2 300
cable 1 20
PIC microcontroller 2 90
MT 8870 1 20
Printing and library 70
Relay 2 16
Test board 2 30
Transistors, crystals 5 20
Total 566 NIS

Table (1.3) Estimated costs
4




1.6 Project Risk Management

During the implementation of the different phases of the project , many
problems and risks have to be identified and solved in the early time of the project
designing and manipulation. This should be done in order to operate the project in
efficiently and effectively manner.

Hardware Risks

Device failure: the microcontroller may crash because of high voltage supply
or other problems . The device operates differently from what expected.

Group Risks
e Illness of one or more of the group members
e Group meeting difficulties
Project Risks:
e Inaccurate schedule
e Insufficient budget
e Supervisor change

e Latency of devices arrival

Recovery:
e Demand device at earlier time.
e Start working on the implementation earlier.
e Use alternate devices with the same functionality and less cost.

e Try to build our own circuits that can replace unavailable devices.

1.7 Report Contents

The documentation for this project is divided into seven chapters. Each chapter
concerns with a logical or physical part of the system. The followings explain briefly
the contents of each chapter.




Chapter 1: Introduction

This chapter presents overview , literature review , group dependency , project
scheduling and estimated cost .
Chapter 2: Theoretical Background

This chapter discusses in details the basic components used in the project and
theoretical back ground .
Chapter 3: Project Conceptual Design

This chapter explains the design concept , introduces project objectives shows
the general block diagram of the system , and explain how system works .
Chapter S: Software System Design

This chapter handles the software related to our system.

Chapter 6: System Implementation and Testing
This chapter manifests the implementation procedures to be done integrate the

project. Then a sequence of procedural testing will be listed the testing comprises both
software and hardware testing.

Chapter 7: Conclusion and Future Work

This chapter provides the conclusions that will be concluded after working the
system, and suggestion for future work.




CHAPTER TWO 2

Theoretical Background

2.1 Theoretical Background related to the main idea of the project
2.2 Hardware Related to the Project
2.3 Project Integrity

2.4 Theoretical Background about Project Components




Introduction:

This chapter provides an illustrative theoretical background for our project
application in general and for its each component in particularly.

2.1 Theoretical background related to the project

As mentioned in the previous chapter the project is fully constructed over a
communication between the mobiles installed in the car and the user mobile ,and the
SMS and other information GSM network is used to establish the communication .
Now, we will introduce the all theory which related to the project.

2.1.1 GSM network

System Architecture

GSM is very complex system architecture with many entities and interfaces
Figure (2.1) gives overview of GSM system.

A GSM system consists of three subsystems, the Radio Subsystem (RSS), the

Network and Switching Subsystem (NSS), and the Operation Subsystem (OSS). Each
subsystem will be discussed in more detail in the following sections.

e Radio Subsystem

The radio subsystem (RSS) comprises all radio entities the mobile stations (MS)
and the base station subsystem (BSS).

Figure 2.1 shows the connection between the different GSM components.

I:%?isteg
EIR “° HLR

—

\\ sud F ] vir
——mMsc GMSC |

Interfaceto the
landline network

MSC

The mobile phone ‘//
broken down into its

SIM card and device { r3| l=l
components t\ F L =
X
Base stations with its components, the Switching nodes with
transmitting station and the control unit registers

Figure (2.1) GSM components. [1]
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Base Station Subsystem (BSS):

The network comprises many BSSs, each controlled by a base station controller
(BSC). The BSS performs all functions necessary to maintain radio connections to an
MS, coding/decoding of voice, and rate adaptation to/from the wireless network part.
Besides a BSC, the BSS contains several BTSs.

Base Transceiver Station (BTS):

The BTS do many functions like frequency hopping channel coding and
decoding and rate adaptation and encryption and decryption and paging and uplink
signal measurement and it comprises all radio equipment, i.e. antennas, signal
processing, amplifiers necessary for radio transmission.

A BTS can form a radio cell or, using sectorized antennas, several cells and is
connected to MS via the Um interface and to the BSC via the Abis interface. The Um
interface contains all the mechanisms necessary for wireless transmission (TDMA,
FDMA etc.) and will be discussed in more detail in the multiplexing section The Abis
interface consists of 16 or 64 kbit/s connections. A GSM cell can measure between
some 100 m and 35 km depending on the environment (buildings, open space,
mountains etc.) but also expected traffic.

Base Station Controller (BSC):

The BSC do many functions like management of radio channels and frequency
hopping and management of terrestrial channels and encryption and decryption and
paging and traffic measurement and authentication and location registry, location
update the BSC basically manages the BTSs. I t reserves radio frequencies, handles
the handover from one BTS to another within the BSS. The BSC also multiplexes the
radio channels onto the fixed network connections at the A interface. In which these
entities support other entities in the network.

Mobile Station (MS):

The MS comprises all user equipment and software needed for communication
with a GSM network. An MS consists of user independent hard- and software and of
the subscriber identity module (SIM), which stores all user-specific data that is
relevant to GSM While an MS can be identified via the international mobile
equipment identity (IMEI), a user can personalize any MS using his or her SIM,
device specific IMEL. Without the SIM, only emergency calls are possible. The SIM
card contains many identifiers and tables, such as card-type, serial number, a list of
subscribed services, a personal identity number (PIN), a PIN unblocking key (PUK),
an authentication key Ki, and the international mobile subscriber identity (IMSI). The
PIN is used to unlock the MS. In such cases, the PUK is needed to unlock the SIM.
The MS stores dynamic information while logged onto the GSM system, such as, e.g.,
the cipher key Kc and the location information consisting of a temporary mobile
subscriber identity (TMSI) and the location area identification (LAI).




e Network and Switching Subsystem

The “heart” of the GSM system is formed by the network and switching subsystem
(NSS). The NSS connects the wireless network with standard public networks,
perfo.rms handovers between different BSSs, comprises functions for worldwide
localization of users and supports charging, accounting, and roaming of users between

different providers in different countries. The NSS consists of the following switches
and databases.

Mobile Services Switching Center (MSC):

MSCs are high-performance digital ISDN switches. They set up connections to
other MSCs and to the BSCs via the A interface, and form the fixed backbone
network of a GSM system. Typically, an MSC manages several BSCs in a
geographical region. A gateway MSC (GMSC) has additional connections to other
fixed networks, such as PSTN and ISDN. Using additional interworking functions
(IWF) An MSC handles all signaling needed for connection setup, connection release
and handover of connections to other MSCs.

Home Location Registers (HLR):

The HLR is the most important database in a GSM system as it stores all user-
relevant information. This comprises static information, such as the mobile subscriber
ISDN number (MSISDN), and the international mobile subscriber identity (IMSI).
Dynamic information is also needed, e.g., the current location area (LA) of the MS,
the mobile subscriber roaming number (MSRN), the current VLR and MSC. As soon
as an MS leaves its current LA, the information in the HLR is updated. This
information is necessary to localize a user in the worldwide GSM network. All these
user-specific information elements only exist once for each user in a single HLR.

Visitor Location Registers (VLR):

The VLR associated to each MSC is a dynamic database which stores all
important information needed for the MS users currently in the LA that is associated
to the MSC (IMSI, MSISDN, HLR address). If a new MS comes into an LA the VLR
is responsible for, it copies all relevant information for this user from the HLR. This
hierarchy of VLR and HLR avoids frequent HLR updates and long-distance signaling
of user information.

e Operation Subsystem

The third part of a GSM system, the operation subsystem (OSS), contains the
necessary functions for network operation and maintenance. The OSS possesses
network entities of its own and accesses other entities via SS7 signaling.

10




Operation and Maintenance Center (OMC):

.The OMC monitors and controls all other network entities via the O interface
typ‘lc.al OMC management functions are traffic monitoring, status reports of network
entities, subscriber and security management, or accounting and billing. OMCs use
the concept of telecommunication management network (TMN).

® Authentication Centre (AuC):

As the radio interface and mobile stations are particularly vulnerable, a separate
AuC has been defined to protect user identity and data transmission. The AuC
contains the algorithms for authentication as well as the keys for encryption and
generates the values needed for user authentication in the HLR. The AuC may, in fact,
be situated in a special protected part of the HLR.

e Equipment Identity Registers (EIR):

The EIR is a database for all IMEIs, i.e. it stores all device identifications
registered for this network. As MSs are mobile, they can be easily stolen. With a valid
SIM, anyone could use the stolen MS. The EIR has a blacklist of stolen (or locked)
devices. In theory an MS is useless as soon as the owner has reported a theft. The EIR
also contains a list of valid IMEIs (white list), and a list of malfunctioning devices
(gray list).

Alarm Design options theory:

1. Short Message Service (SMS) alarm
2. Calling alarm.

2.1.2 Short Message Service (SMS):

Is a communication service component of the GSM mobile communication system,
using standardized communications protocols that allow the exchange of short text
messages between mobile phone devices. SMS text messaging is the most widely
used data application in the world.

2.1.2.1 Implementation of point-to-point SMS in the network

Figure (2.2) show the message flow in the GSM system, the first component of the
network is (SME) the short message entity which is the device that originates a short
message, which is the mobile phone in our project; the point to point SMS make clear
the transmission of message between two mobile station.
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Service Center (SC):

Which receive the message from the mobile and forward it to the destination
address, if it cannot reach the address, it stores the message to maximum time
specified by the operator. actually the SC is integrated into the MSC and it is not part
of the PLMN and the PLMN may contain Several SC according to the number of
application for (SMS), and one SC may serve more than one PLMN , this would be
the case if two operators in the same country share an SC .

The Short Message Service-Gate way Mobile Services Switching
Center (SMS-GMSC):

Is a dedicated function within a MSC that allows it to receive a short massage
from the SC , using the related (HLR) home location register in order to find out
where the recipient mobile station is currently located , and then deliver the short
message to the visiting MSC and , eventually , to the mobile station.

The short message service —interworking mobile service switching center (SMS-
IWMSC):

Is another dedicated function within a MSC that allows the SC to receive short
messages from the MSC ,this will be the case if the mobile is the originator of a short
message and then the SC will transfer it to mobile station.

The (HLR) stores all the identity and user data of all the subscribers belonging to the
area of the related MSC, for SMS ,the relevant data in the HLR is

e The current location (MSC) of the recipient mobile station .
e Whether it is switched on and available to receive messages .

The Mobile Services Switching Center (MSC)
Is a complete exchange system. With all of its registers, The MSC has connections

to other entities of the PLMN, which allow it to gather information about the current
whereabouts of a mobile station; the location is needed in order to forward messages.

The Visitor Location Registers (VLR):
Contains all relevant data on visiting mobile stations of the serving MSC.

The Base Station Subsystem (BSS)

Is used as a transport vehicle for SMS over the radio (Um) interface.

The mobile station (MS)

In the particular case of SMS, is either a sender or a recipient of a short message.
The mobile station would also inform the network about abnormal (erroneous)

situations, such as memory overflow.

12
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2.1.2.2 SMS mobile-originated case:

Ff)r the SMS mobile-originated case, the message flow is in a direction opposite to
that in the mobile-terminated case:

e
I7
(i
=
s, )

. 'Ijhe short message is generated in the mobile (or transferred to it from an external
device). Some details need to be attended to, as explained below.

2. The short message is sent from the mobile station to the MSC.

3. The MSC passes the short message on to the SMS-IWMSC of the addressed
service center.

4. The SMS-IWMSC hands the short message over to the service center. From here

onward, it is the responsibility of the service center to handle the short message.

SMS-MO message frame figure (2.3) shows the structure and format of a short
message-mobile originated (SM-MO) message.

Bit No. 76543210
OctetNo. 1[JO[ ] J0[ . ] RP SRR,VPF,MTI

....... Message Reference

N -

max. 12 /\//—'—*—’—'
oottt

n

1 ; T Protocol Identifier
1 ‘

1

Destination Address

Data Coding Scheme

1or7 /\/"' Validity Period

n
1 User Data Length
1 : )
2 —t—t —t
max.140 - ~__ | UserData
al | :

figure (2.3) structure and format of SM-MO [3]

e The message type indicator ( MTI) is a 2 bit value describing the kind of
message contained in the frame . the message type is related to:

a) Delivering a short message from the network to the mobile station
and corresponding confirmation from the mobile station.

b) Submitting a short message from the mobile station to the network
and confirmation of the network.

c) Status report from the network to the mobile station about the
whereabouts of the a previously sent message .

d) Issuinga command from the mobile station to the network.

13




o The validity period format (VPF) describes weather the validity period
1s present in this message, and if it is present, whether it is represented as
a relative or an absolute value.

e The statues report request (SRR) indicates that the sender of this short
message wants to have a confirmation that the message was delivered.

e The user data length (UDL) ,indicates the length of the following data
Characters, the length is therefore, dependent on the coding scheme if the 8-

bit coding scheme is used, then the UDL is identical to the number of octets.
If the default (7-bit coded).

e The user data (UD) contains the actual encoded message with a maximum
length of 140 octets.

The message reference (MR) allows the mobile station to number the short
Messages that have been sent. This MR is used when a status report is issued to
the mobile station by the service center.

e The destination address (DA) indicates the recipient of this short message
the address is entered as a normal phone number, the PID and DCS are, again,
identical to the mobile terminated message.

e The validity period (VP) indicates how long a specific short message is
valid, and how long the SC should, therefore, tries to deliver the message.

2.1.2.3 Classes of SMS

There are four classes of messages according to there importance and location
where they should be stored these four cases when the recipient is a mobile phone:

SMS Class 0:

Short messages of this class are to be displayed on the screen of the mobile station
immediately, and an acknowledgment to the service center will be sent as well. This
message must not necessarily be saved in the mobile station or on the SIM card.

SMS Class 1:

Short messages of this class should be stored by the mobile equipment in the
memory of the mobile station. If this is not possible, perhaps because there is no
memory available or all available memory is already full, then the message may also
be stored in a different place such as on the SIM card.

14




SMS Class 2:

This message class is reserved for mobile equipment and carries SIM-specific data.
The moblle- station must ensure that the message is transferred to the SIM data field
before sending an acknowledgment to the service center.

SMS Class 3:

Messages of this class are meant to be sent so that they can be forwarded to an
external device such as a palmtop device or personal digital assistant.

2.1.2.4 Problems that can occur while sending SM'S
The permanent problems with no solution are these:

e Unknown subscriber (no such number);

e No SMS subscription (you get only what you pay for); » Illegal subscriber

(authentication for delivery failed in call setup); » Illegal equipment (IMEI
was blacklisted).

Here is a list of temporary problems that have solutions:

e Call barred (while barring SS and during operator-determined bar ring, the
recipient MS has no access to service).

e Absent subscriber.

e Error in MS (e.g., no memory available).

2.1.3 GSM Voice Call

2.1.3.1 Mobile Originated Call

Request Access

The MS sends a Channel Request message on the Random Access channel RACH.
The BSS responds with a radio resource assignment on the Access Grant Channel

AGCH.
The MS sends a Service Request message to the BSS on the SDCCH.
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Authentication

Before the network 'will provide any services to the MS, the network will require the
MS to authenticate itself. The BSS sends an Authentication Request message to the
MS. The RAND serves as the "challenge" for authentication.

The MS calculates the proper SRES based on the RAND that was given and sends the
SRES to the BSS in an Authentication Response message.

The BSS verifies the SRES. If the SRES is correct then the MS is authenticated and
allowed access to the network. The BSS will send a Service Accept message letting
the MS know that the service request was received and processed.

Initial Call Setup

The MS will immediately switch to cipher mode and send a Cipher Mode Complete
message.

The MS then sends a Call Setup message to the BSS. The message includes the
address information (MSISDN) of the called .

The BSS assigns a TCH to the MS by sending an Assignment Command message.
This message includes which Transceiver (TRX) and which Time Slot (TS) to use.

The BSS does not actually assign a TCH to the MS until the MSC sends a Call
Proceeding message to the BSS indicating that the IAM has been sent.

The MS immediately switches to the assigned TCH. The MS sends an Assignment
Complete message back to the BTS on the FACCH.

Call Setup

The MSC sends an Initial Address Message (IAM) to the GMSC. The IAM contains
the MSISDN of the called party as the MS dialed it.

The MSC will also send a Call Proceeding message down to the BSS and this is when
the BSS would assign a TCH to the MS, as described in step 10 above.
Based on the dialed number, the GMSC decides where to route the IAM within the

PSTN.

The PSTN will continue to route the IAM until it reaches the correct Switching Center
and the call routing is complete. The PSTN will then establish the call circuit and send
an Address Complete Message (ACM) back to the GMSC.

The GMSC then forwards the ACM back to the responsible MSC indicating that the
call circuit has been established
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Call Establishment

Once the MSC re§eives the ACM, it sends an ALERT message to the MS indicating
that the call is going through. The BSS sends the ALERT message on the FACCH.
Once the MS receives the ALERT, it will generate the ringing sound in the earpiece.

The BSS sends an alerting message the subscriber will hear the line ringing.
Once the called party answers the phone, the PSTN will send an Answer message to
the MSC. The MSC forwards this to the MS in a Connection message.

Once the MS receives the Connection message, it switches over to voice and begins
the call. All voice traffic occurs on the assigned TCH.

Call Termination

When either the caller or the called party hangs up, the call will be disconnected.
Either party can initiate the disconnect. In this example, the MS initiates the
disconnect. The MS sends a Disconnect message to the BTS on the FACCH.

The BSS forwards the DISC to the MSC. Once the MSC receives the DISC message,
it sends a Release (REL) message through the GMSC to the PSTN as well as down
through the BSS to the MS.

The MS responds by sending a Release Complete message to the BSS on the FACCH.
The BSS forwards the Release Complete message up to the MSC. Once the MSC
receives the Release Complete message the call is considered ended from the call
control perspective. Although the call has ended, the BSS still has a TCH allocated to
the MS. The MSC sends a Channel Release message to the BSS. The BSS forwards
the Channel Release message to the MS.

The MS responds with a disconnect (LAPDm) message and returns to an idle mode.
The BSS reallocates the channel for other call or releases the TRX.

2.1.3.2 Mobile Terminated Call

Route Establishment to find the MSC/VLR

The calling party dials the MSISDN for the mobile subscriber. The PSTN identifies
the network (PLMN) that the dialed MSISDN belongs to and will locate a GMSC for
that network. The PSTN sends an Initial Address message to the GMSC.

The GMSC forwards the MSISDN to the HLR and requests routing information for it.
The HLR looks up the MSISDN and determines the IMSI and the SS7 address for the

MSC/VLR that is servicing the MS.
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The HLR then contacts the servicing MSC/VLR and asks it to assign a Mobile Station
Routing Number (MSRN) to the call.

The MSC/VLR allocates the MSRN and forwards it to the HLR.

The HLR forwards the MSRN as well as routing information for the servicing
MSC/VLR to the GMSC.

The GMSC sends an Initial Addressing message to the servicing MSC/VLR and uses
the MSRN to route the call to the MSC/VLR. Once the servicing MSC/VLR receives
the call, the MSRN can be released and may be made available for reassignment.

Paging the Mobile Station

The MSC/VLR then orders all of its BSCs and BTSs to page the MS. Since the
MSC/VLR does not know exactly which BSC and BTS the MS is monitoring, the
page will be sent out across the entire Location Area.

Initial Setup

The MS receives the Page Request on the PCH. The MS recognizes that the page is
intended for it, based on a TMSI or an IMSI.

The MS sends a Channel Request message on the RACH.

The BSS responds on the AGCH by sending an Immediate Assignment message
which assigns an SDCCH to the MS. At this point, the network does not know that
the MS is the one that it is paging; it only knows that this MS wants access to the

network.

The MS immediately switches to the assigned SDCCH and sends a Paging Response
message on the SDCCH. This lets the network know that the MS is responding to its

page.
Authentication

Before the network will provide any services to the MS, the network will require the
MS to authenticate itself. The BSS sends an Authentication Request message to the
MS. The RAND serves as the "challenge" for authentication.

The MS calculates the proper SRES based on the RAND that was given and sends the
SRES to the BSS in an Authentication Response message.

The BSS verifies the SRES. If the SRES is correct then the MS is authenticated and
allowed access to the network.
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Once the MSC/VLR has authenticated the MS, it will order the BSS and MS to

switch tco cipher mode using the cipher mode command message. Once the MS in
encryption mode, the VLR will normally assign a new TMSI to the MS.

Establishing a Channel

Once the MS is authenticated and in encryption mode, The MSC sends a Setup
Me§sage to the BSS, the BSS forwards the SETUP message to the MS on the
assigned SDCCH.the assigned SDCCH. The SETUP message may include the Calling
Line Identification Presentation, which is essentially caller ID.

The MS responds by sending a Call Confirmed message; which indicates that the MS

is able to establish the requested connection. The BSS relays the message up to the
MSC.

Call Setup

The BSS then sends an Assignment Command message to the MS on the assigned
SDCCH. The Assignment Command message assigns a Traffic Channel (TCH) to the
MS.

The MS immediately switches to the TCH and responds with an Assignment
Complete message on the FACCH. The MS begins ringing once it has established the
{ICH.

The MS sends an ALERT message to the MSC on the FACCH. The BSS forwards the
ALERT message through the PSTN to the calling party and the caller hears the line
ringing. :

Call Establishment

Once the user answers the call (by pressing the send button), the MS will send a
Connect CON message to the MSC. The Connect message is forwarded back to the
caller's switch to activate the call.

The MSC sends a Connect Acknowledge message to the MS and the call is
established.

Call Disconnect

Disconnect happens the same way as for any other call. In this example, the calling
party initiates the disconnect.

When the calling party hangs up, the calling party's switch initiates a Release
message. The message is forwarded to the serving MSC, which is then forwarded to

the BSS.

The BSS will send a Disconnect message to the MS on the FACCH.
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The MS confirms release of the call b

B adedito the MSC. y sending a Release message on the FACCH,

The MSC sends e Release Complete message through the BSS to the MS. As far as
call control (CC) is concerned, the connection has been terminated.

The MS still }.1as a TCH assigned to it, so the BSS sends a Channel Release message
to the MS. This releases the radio resource on the Air Interface.

The MS responds be sending a final Disconnect message and returns to idle.

i N
BSS {MSC/ i = C/ £
M | VLR (HLR GMSC ii
. 1AM
= SRI (MSISDN;)
PRHN {IMS!)
PRN RR (MSRN)
SRI BR {(MSRN)
o 2 IAM (MSEN)
>, Paging
~ Paging Aequest
Channel Hequest;
= immediate
Assignment
Paging Response )
Complete Layer 3 Info
{Paging Response)
B o Ciphar Mode
" Ciphering Mode Command
Command
Ciphering Mode |
Complete Cipher Mode
i Complete
i Setup
Call Confimned 2
Assignment Request
Asslgnment
Command
Assignment )
Complete Assignment Complete
Alerting . .
ACM ACM
Connect 1 4 i
ANM ANM
# Connact Acknowladna

Figure (2.4) Mobile terminated case [3]
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2.1.4 AT commands:

Definition:

AT commands are also known as Hayes AT commands. There are different views

to undferstand ﬂ:lC m"eaning§ of "AT". Some call it "Attention Telephone", whereas
others interpret it as "Attention Terminal" commands.

A’.I“ commands allow giving instructions to both mobile devices and ordinary
landline telephones. The commands are sent to the phone's modem, which can be a

GSM modem or mobile phone. We will focuses on AT commands on Nokia's GSM
products only that we used in our project.

AT commands can be used for operations that are usually done from the keypad,
for instance calling a number, sending, reading, or deleting an SMS, setting the SMSC
number, reading and deleting phonebook data, reading the battery status, reading the
signal strength, and so on.

In this project these commands are needed to communicate with mobile phones.
Nokia provides an AT command set guide, where we can see the basic command
syntax and the response of the command in various situations.

Basic Commands and Extended Commands
There are two types of AT commands: basic commands and extended 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

Extended Commands are AT commands that start with "+". All GSM AT commands
are extended commands. For example, +CMGS (Send SMS message).

AT commands set for Nokia have many functional purposes each purpose have set of
commands:

Call control
Data cared control commands

Phone control commands
Computer data card interface command

Service commands
Network communication parameter command

SMS command
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In our project we interesting in the AT commands which listed in table (2.1)

command description
ATA Answer command
ATD Dial command
ATH Hang up call
INFRESTA Select type of address
AT+CRC Cellular result codes
ATO Go on-line
ATP Set pulse dial as default
AT+CSAS Save settings
AT+CRES Restore setting
AT+CNMI | New message indication to TE

Table (2.1) Call Control At commands

2.1.5 Dual-Tone Multi-Frequency DTMF signal

The telephone network is designed to carry voice signals, but the improvements in
the telephone and cellular networks result in requirements to other types of signals.
These signal used for user to interact with the phone company to set up a call or other
services. It is also used in systems such as in voice mail, electronic mail and telephone
banking.

Some type of these signals must exist in all generations of cellular systems as
standards in telecommunication systems. One of these standards is Dual-tone multi-

frequency signal.

Definition:

DTMF signal: (Dual-tone multi-frequency) is a signal used in telephones and
mobile for control features such as conference calling and call forwarding. This signal
consists of the sum of two sinusoidal signals or frequencies appeared as a tune.

DTMF is the basis for voice communications control and is widely used worldwide
in modern telephony to dial numbers and configure switchboards.

Generating DTMF signal

When a user press a key from his mobile device a pair of frequencies will generate.
These frequencies were chosen to prevent any Harmonics (no frequency is a multiple

of another. the difference between any two frequencies does not equal any of the

frequencies, and the sum of any two frequencies does not equal any of the
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frequencies) from being incorrectly detected by the receiver as some other DTMF
frequency.

Each pair of tones contains one frequency of the:

e Low group (697 Hz, 770Hz, 852 Hz, and 941 Hz).
e High Group (1209 Hz, 1336 Hz, 1477Hz).

And represents a unique symbol. The frequencies allocated to the push-Buttons of the
telephone pad are shown in the following table.

High™\_Low 1209 HZ 1336 HZ 1477 HZ
697 HZ 1 2 3
770 HZ 4 5 6
852 HZ i 8 2
941 HZ * 0 #

Table (2.2): frequencies allocated to the push-Buttons

There are four frequencies associated with the four rows, and three frequencies
associated with the three columns.

Each key then specifies two frequencies. The DTMF signal for that key is the sum
of two sinusoidal waves, one at each frequency.
For example, the digit '4' translates into a sound with two tones, one at 770 Hz.

and the other at 1209 Hz.

The two frequencies are transformed to a DTMF signal using equation (1).
F (t) = A, sin (27tfat) + Ayp sin (27ft) €))
Where:

fa is the high frequency.
fbv: is the low frequency.

Where the ratio between the two amplitudes should be:

Ab/Aa=K 0.7<K<0.9 2)

So the system is needed must generate an analog signal associated to a number
this structure show in fig.2. 3. It converts sequences of numerical digits into signals

that will easily traverse circuits designed for voice.
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'Ithe internationally standardized way to do that is DTMF signaling, or dual-tone,
multi-frequency.

DTMF signaling converts decimal digits (and the symbols '*' and '#') into sounds

that' share en01.1gh essential characteristics with voice to easily traverse circuits
designed for voice.

PRSENY
§
i

Numbers

Function |-, Voice like signal

Figure (2.5) decoder function

Receiving /Decoding the DTMF signal

DTMEF detection is used to detect DTMF signals in the presence of speech and
dialing tone pulses.

The DTMF coding scheme ensures that each signal contains one and only one
component from each of the high and low groups. This significantly simplifies
decoding because the composite DTMF signal maybe separated with band pass filters,
into its two single frequency components each of which may be handled individually.

Analog DTMF detection is done using band pass filter banks with center
frequencies at the DTMF signal frequencies. Analog receivers have wide tolerances to
compensate for distortion caused by aging transmitter variations in keying
characteristics, and transmission line distortion. These distortions compound the
problem of digital DTMF detection.

In digital switching systems is desirable to treat all signals uniformly, bringing all
signals through A/D converters and switching them through the PCM system.
Therefore the need for digital DTMF detection is justifiable to avoid the costs of
hardware and D/A conversion needed to use analog detectors.

It is economically useful to replace analog detectors with their digital counterparts
which are more reliable, maintenance cost effective, and spatially minimal. Several
techniques for digital DTMF detection have been used, but most designers have
settled on either digital filtering or discrete I*jouner transform (DFT). In digital
filtering, DTMF signals are passed through digital band pass filters centered at the
signaling frequencies (shades of analog). The power at each frequency is then

measured repeatedly to detect the DTMF tones.

The DTMF signaling frequencies are Very closely spaced. It is obvious tbat the
bandwidth of the filter used for detection must be narrow enough to avoid any

bleeding of adjacent frequencies.
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2.2 Hardware related to the project

Hardware components of the project are:

1. Microcontroller
2. Mobile Phone
3. Sensors

2.2.1 Microcontroller:

.A microcontroller is a cheap single chip microcomputer. Single-chip
Microcomputer indicates that the complete microcomputer system lies within the
conﬁpe of the integrated circuit chip. microcontrollers are capable of storing and
running the program that was written , complied and downloaded into it. The
main parts of a microcontroller generally consist of the central processing unit (CPU),
random access memory (RAM), read only memory (ROM) , input / output lines (I/O
lines) , serial and parallel ports , timers and other peripherals such as analog to
digital (A/D) converters and digital to analog (D/A) converter.

2.2.2 Sensors:

We classify sensors using two important functional axes: proprioceptive /
exteroceptive and passive/ active.

Proprioceptive sensors measure values internal to the system exteroceptive sensors
acquire information from the environment .passive sensor measure ambient
environmental energy entering the sensor.

Active sensors emit energy into the environment, and then measure the
environmental reaction.

2.2.3 Mobile phone:

This device is used to transmit the SMS message and to receive the DTMF signal
and forward it to next stages. And this phone must have some specifications like At

command support that need it in the project.
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2.3 Project Integrity

Our aim is to have a complete and inte

fﬁén;sitcerl;) ; sgtwi:lwﬂl do our best to achieve this , our proposed design is to use
roller to send a message when a sensor is triggered using the mobile

grated system at the end of this

: fMany' factors went into decision of finalizing our design , after gathering
information about costs and communication between devices , we opted to start

from a simple design » prototype it , and , after evaluation , if we feel confident
about it we could improve it .

2.4 Theoretical Background about Project Components

In this section, we provide a full explanation of each component and each part of
this project.

2.4.1 PIC Microcontroller

A microcontroller is a high integrated chip which includes , on chip , all or
most of the parts needed for a controller . The microcontroller could be called ‘one
chip solution ".

2 v —1 * \J 10+ RB7/PCD
PIC 16F877A features: . e p g
RAI/AN1 ~—[]3 %[ ]+ RBS
o . RA2/AN2/YREF- «— 4 31[]~— RB4
e 40-Pin Enhanced Flash Microcontrollers RA3/ANS/YREFs ~—= [ 5 3 [ ~—r RB3/PON
e Analog Comparator module with: Ly el s s
— H[]e—
- Two analog comparators REQ/RD/ANS +— ]9 L spe—rm
) ohi erence REI/EFS/ANS — s —_ 2 [0+~— Yoo
Programmable on-chip voltage ref i el 5 x| 2
(VREF) module Yoo —= g %[~ RO7/PSP7
i i i device vss —» [ | 23 [ +—» RDS/PSPS
- Programmable input multiplexing from PR = 212 i
inputs and internal voltage reference i 0SC2/CLKOUT +— [ 217 +— RD4/PSP4
ible RCO/T10S0/TICKI +— 15 2 ] «— RC?/RX/DT
- Comparator outputs are externally accessl RC1/TI0S1/0cP2 +—s 16 2 F1e—s ROS/TH/CK
RC2/CCP1 «~—= 17 24 [J+— RC5/SD0
RC3/SCK/SCL «—=[]18 23 [(]+— RC4/SDI/SDA
RDO/PSP0 -— |18 22 [7]+~— RD3/PSP3
RD1/PSP1 «~— |2 21 []+— RD2/PSP2

TOP VIEW

Figure (2.6) 16f877A
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2.4.2 DTMF Decoder

We will use a single chip
the DTMF signal to the co
MT8870 Output Truth Table.

MT 8879) DT.MF as decoder that receives and converts
rresponding binary pattern (4 bits). Table 3.2 shows

Key Q4 Q3 Q2 QI
1 0 [ oo 1
2 e ORJE 1 0
3 0 oE i1 1
4 0 0 0
8] R0 1
6 O o P 0
7 e e e 1
8 I B
9 i [ ED 1
0 gt O [ 0
* o 1
# T T e e
A Ty 0 1
B T 0
C TP | 1
D O

Table (2.3) MT8870 Output Truth table
This table dealing with 16-key devices that generate the DTMF signal.

As an example when the user press number 4 in his mobile he will generate a
signal that converted to 0100 binary .Each bit in this pattern is an output of MT8870

pins.
The MT8870 is a state of the art single chip DTMF receiver incorporating

switched capacitor filter technology and a digital counting averaging algorithm for
period measurement. The block diagram (Figure 3.4) illustrates the internal workings
1

of this device.

S == CHIP BIASPOWER

BIAS
e sl a CIRCUIT
VREF CHIP REF. VOLTAGE

O
253 DIAL TONE
INPUT ¢ AT L FILTER
1
om ....,»,:'-,\- Copmmmmy | ALIASING
SIGNAL } IN- i 3500440 Hz
1 5 [ [ norches |
i , 2" ORDER -
o et L) et 39 ORDER
i CONT-RC 1 | sw.car.
CHIP
CLOCK

Figure @) (a) Input stage Inside MT8870 IC [4]
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GROUP Ir
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Figure (2.7). (b) Output stage Inside MT8870 IC [4]

9 DETECT
AND

The DTMF input signal is first buffered by an input op-amp which allows
adjustment of gain and choice of input configuration. The input stage is followed by a
low pass continuous RC active filter which performs an antialiasing function. Dial
tone at 350 and 440Hz is then rejected by a third order switched capacitor notch filter.
The signal, still in its composite form, is then split into its individual high and low
frequency components by two sixth order switched capacitor and pass filters. Each
component tone is then smoothed by an output filter and squared up by a hard limiting
comparator. The two resulting rectangular waves are applied to digital circuitry where
a counting algorithm measures and averages their periods. An accurate reference
clock is derived from an inexpensive external 3.58MHz color burst crystal.

The following figure shows the pins for MT8870

IN+ ] 1 C 18] VDD

IN-[] 2 171 SYGT
Ggs[] 3 16[] ESt
VRef [] 4 15[] StD
INH[] 5 14]] Q4
PWDN[] 6 13] Q3
osci] 7 1201 @2
0sc2[] 8 110 Q1
vss[] 9 10[] TOE

Figure (2.8) MT8870
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2.4.41C 7442:

The function of this IC is to convert th
active-low which means they become low
We will use 4 pin as input from MT8870.

¢ BCD to decimal. The 7442 outputs are
when selected but are high at other times.

Figure 2.9 shows the pins for 7442

-QOE o U E
@ @
], [
5 7442 E
o] @
ol @
oE [
Figure (2.9) IC 7442
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CHAPTER THREE 3

Project Conceptual Design

3.1 Project Objectives.

3.2 Design Realization Approach

3.3 Project Design Block Diagram

3.4 Project Interacting with the Surrounding Environment

3.5 System Models
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Introduction:

In this chapter, we are goin

general block diagram and explg {0 describe the detailed objectives of the system the

ain how the system works.

3.1 Project Objectives

This project supports many ideas and objectives that can be summarized as
follows:

il Proces:?ing the tune frequencies that generated by key pressing from mobile to
other signals by using specific decoder.

2. Develop a receiver system using a per mobile.
3. To design a security system for a car.

4. Design a system that can dial a number.

3.2 Design Realization Approach

One of the most complicated parts to decide on is how to apply our idea of project
on the real world many approaches was used.

Fortunately, all the needed chips were available with a reasonable price so there
were no problems to get them and to start the hardware implementation.

3.3 Project Design Block Diagram

hows the block diagrams of our system. It consists of

The following figure s .
d integrated to form the final security system

several units are accomplished an:
these units are:

1. Call Module

e Detection unit:

This contains different sensors to detect movement of a person.

e Transmitter unit bil
This contains a PIC microcontroller and a mobile

e Serial Connection:
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Regulated Power
Supply

{ s€nsor |

Mobile
Phone

<Ferial connection

Micro controller

,,.
A7)
®

190 TRk
PN P

Figure (3.1) Call Module

W

Yo

2. DTMF Module

e Receiver unit : which is a mobile
e Decoder

] Phone DTMF
e % Uit Decoder 7442 » RELAY
Car power line |
Figure (3.2) DTMF Module

3.4 Project Interacting with the Surrounding Environment

When someone break into the car the sensor will send a signal to the ?IC which
will setup a call using the mobile connected to it .Then the user can disrupts the

working of the engine.
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3.5 system models

This segtion introduce a number of different t
are graphical representations that de
understandable than detailed natural lan

ypes of system models these models

scribe the system. Models are often more
guage.

A flow chart model is illustrated in fi

Involved in the transmitting gure (3.6) which shows the steps

Initialize
input/output

[

A

Check sensor or
switch status

TSIV

IsOV

/ Set up call/

Figure (3.3) Call flow chart

DTMF input

v

Decode to 4 bit

change Relay status

Figure (3.4) DTMF flow chart
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CHAPTER FOUR

Detailed Technical Project
Design

4.1 Detailed Description of the Project Phases
4.2 Overall Systems Design
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Introduction:

4.1 Detailed Description of the project phases

The detailed description of the project phases as follows:
e Sensory Phase:

Sensor used to gather the status of the surrounding environment. We will use

sensor that be hold on the car so any one sit down will trigger a high voltage
whenever anyone try to steal the car .

e Processing Phase :

A PIC microcontroller is used to continuously check the status of the sensor .then,
based on that it will produce the appropriate code to be sent, so it's needed to combine
signals from various sensors.

e Transmitter phase :

When the sensor is trigged the PIC will serially communicate with the Mobile
which will send the alarm message.

e Receiving phase:

mobile of a number that we program it on the

The receiver of the alarm will be the :
t to shut down the car we will use

PIC microcontroller .in the other hand vxfhen we wan
the DTMF and a peer mobile in the receiver.

4.2 Overall System Design

s. characteristic, features, and the specifications
2

i i schematic
In this section the 11 be presented.

Of each component and subsystem Wi
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Figure (4.2) DTMF circuit

This circuit schematic shows the main component in DTMF receiver which are listed
as follow:

1. MT 8870:

We will use a single chip (MT 8870) DTMF as decoder that receives and converts
the DTMF signal to the corresponding binary pattern (4 bits

2. 7442:

The function of this IC is to convert the BCD to decimal. The 7442 outputs are
active-low which means they become low when selected but are high at other times.

We will use 4 pin as input from MT8870.

3. Relay (Common)
: 1ly Open
Is an electromagnetic operated switch that (Normally Open)
connect two different circuits. (Normally Closed)
Table 3.3 shows the relay pins. Drive Voltage
Number of Contacts
Contact Capacity

Table 4.1 the relay pins
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CHAPTER FIVE

Software system design

5.1 Software needed for the project.
5.2 How software system works.

5.3 Code listing.
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Introduction:

; st ; :
gorithms usedy S rom o Programming point of

in the syst
he stages of the prograrills.em and flow charts

That explains the sequence of g]] t

5.1 Software needed for the project

PIC programmer was used to program the P : :
Assembly language must be translat IC 16F877. Program written in

; ed into "hex code" i :
o understand it ." Assembly langu In order for a microcontroller

age “and "assembler “are two di i
ifferent ;
The first represents a set of rules used in writing a progr zoupns

: am for a microcont
the other is a program on the personal comp B

: : uter which translate assembly language
into zeroes and ones .physically, program represents a file on the computer disc (or in

the memory if it is read in the microcontroller), and is written according to the rules of

assembler or some other language for microcontroller programming translator
interprets each instruction written in assembly language as a series of zeroes and ones
which have a meaning for the internal logic of the microcontroller .

Figure (5.1) represents all the phases of programming of the PIC.

Regulated Power
Supply

gl
)
l

sensor .
Serial connection

Micro controller
trasmitter

Micro controller
Controller

Figure (5.1) PIC communications
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5.2 How system software works

In this section, flowchart wi]] be

o 4 intI‘OduCed to d o
The PIC, flowcharting is a tool for 5 0 descri

. be the programs of both
nalyzing process, 5

Initialize
input/output

[

Y

Check sensor or
switch status

Is1V

IsOV

/ Set up czil/

Figure (5.2) set up call flow chart
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5.3 code listing

5.3.1 Controller Pic
PRO
#include "p16f877a.inc" CESSOR 161877,
CONFIG _DEBUG_OFF & _CP
_OFF
XTOSC& WDT OFF & LVP OFF & PWRTE_ON & BODEN ON &
BOOLEAN
tmpl :qu 0x20
) qu 0x21
s un 0x22
tmp4 equ 8X23
tmp5 eqlli 0x§4
tmp6 equ Oxzé
rut DAT egu 0227
rut TMP1 equ 0x28
#define portDAT TRISB, 4
#define DAT :
#define CLK
#define I
#define H
BANKO0 MACRO
bef STATUS, RP1
: BANK 0
bef STATUS, RPO
ENDM
BANK 1 MACRO
bef STATUS, RP1
: BANK 1
bsf STATUS, RP0O
ENDM
BANK?2 MACRO
bsf STATUS, RP1
: BANK 2
bef STATUS, RPO
ENDM
B CRO
ANK3 e bsf STATUS, RP1
BANK 3
bsf STATUS, RPO
NDM
PAGFE MACRO 3
GEQ BCF PCLATH,
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BCF
ENDM TCTL A Y

pAGEl e
BSF
BCF PCLATH, 3
ENDM PCLATH, 4
PAGE2 o2
§§§ PCLATH, 3
PCLATH, 4
GE3 ENDM
PA s
gg? BEIATH " 3
PCLATH
ENDM w4
oG 0x0000
bef RELATH = 3
o PCLATH, 4
nop
i GOTO  Init
Init o
movlw b'00000111'
movwf ADCON1

clrf OPTION_REG

movlw b'11111000'
movwf TRISA

movlw b'01011111"
movwf TRISB B
movlw b'10111111'
movwf TRISC
movlwb'11111111°
movwf TRISD
movlwb'11111111'
movwf TRISE

BANKO
bsf Hx

clrftmpl
decf tmpl, ]

E’E}I;s STATUS,Z do if not zero
GOTO $-3

clrf BOOLEAN

clrf PORTA : debug

leds off
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BCF

PCLATH
1 ENDM e
pAGE v
BSF
BCF PCLATH, 3
E PCLATH 4
AGE2 NDM ,
: MACRO
BCF
BSF REIFAMIS o
POUATE: 4
GE3 ey
. MACRO
ESE REIVATEL - 3
PCLA
ENDM THL
i 0x0000
bef PCLATH, :
nop
I GOTO Init
[nit L
movlw b'00000111"
movwf ADCON1

cltf OPTION_REG

movlw b'11111000'
movwf TRISA

movlw b'01011111"
movwf{ TRISB B
movlwb'10111111'
movwf TRISC
movlwb'11111111°
movwf TRISD
movlwb'11111111"
movwf TRISE

BANKO
bsf Hx

clrftmpl
decf tmpl, 1

E’?fgs STATUS,Z do if not zero
GOTO $-3

clrf BOOLEAN

clrf  PORTA ; debug

leds off

42




prog

Main

javi_se

GOTO

bsf

43

Main

.. 80t0 main

PORTA,

btfss PORTC, ¢
goto sendsms
btfss |
8oto  javi se
bsf E
movlw a'H'
CALL rut TX
btfsc IRQ
GOTO $-1
CALL rut RX

bef PORTA, 1

PORTA, 1

GOTO Main

call rut RX
bef
bef PORTA, 2

btfsc rut DAT, 0

bsf PORTA, 1
btfsc rut DAT, 1

bsf PORTA, 2
goto Main

movlw a'S'
call rut TX

: now number
movlw a'9'
call rut TX
movlw a'7'
call rut TX
movlw a2’
calll ¥ mut TX
movlw a'0'
call rut TX
ovilwa's'
2;1 rut_TX
movlw a9’
call I'u;—
oviw 2’8’
1;1111 rut TX
viwa'8’
ol TX
movlw a5’

PORTA, 1




rut TX

rut TX1

rut TX?2
mt TX3

movlw

movlw

btfsc IRQ
GOTO $-1
CALL rut RX

GOTO Main

movwf rut DAT

BANK 1
bef portDAT
BANKO
bef H
btfsc IRQ
GOTO $-1
bsf H
movlw h'08'
movwfrut_ TMP1
bifss rut DAT, 7
GOTO rut_TX2
bsf DAT
GOTO rut_TX3

bef DAT
bef CLK
rlf rut DAT, 1
bef CLK
monW d3 0
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53,2 Transmitter code:

PROCESSOR 168772
#include "p16£877a.inc"

tmpl
tmp2
tmp3
tmp4
tmp5

mt DAT
nut TMP1

TP DCS
RESTART

temp_status
temp_pclath

dec]
dec10
dec100

BOOLEAN
ATD

Ckerrl

ckerr)

Ckerr3

CLIP ' DATA
RAM

MSGIDz

2 SGIDEND,
ELNRDATA

€qu
equ
equ
equ
equ

equ

equ

equ

equ
equ
equ

equ
0x7C
equ
equ
equ

equ

equ

equ
equ

0x22
0x23
0x24
0x25
0x26

equ 0x30
0x31

equ  0x33
equ 0x34

0x75
equ 0x76
0x77

0x78
0x79
0x7A

0x7B

0x7D
0x7E
0x7F

0xA0

0x110
equ 0x110

equ 0x111
0x112
0x113
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drEtmpg
decfs; tmp, |
GOTQ nut Rxo

rut
GOTO rut_RX3 ‘DAT, 0

endif




BEG_RAM?2
END_RAM2

#define

#ifdef SMD_
#define
#define
#define
#define
#define

#else
#define
#define
#define
#define
#define

#endif

#ifdef SMD
#define
#define
#define
#define
#define
#define

#else
#define
#define
#define
#define
#define
#define
#define

#endif

#define
#define
#define
#define
#define
#define
#define
BANK0

BANK 1

equ  0x19¢
equ  OxIEF
DAT PORTB, 0
CLK PORTB, |
HEY PORTB, 2
IRQ PORTB, 3
portDAT  TRISB, 0
DAT PORTB, 0
CLK PORTB, 1
IRQ PORTB, 2
HEY PORTB, 3
LEDBSY  PORTC, 0
LEDGSM  PORTC, 1
LED4WR  PORTC,2
LED4RR  PORTC, 3
LEDSER  PORTD, 0
LEDERR  PORTD,2
LEDBSY  PORTC, 1
LEDGSM  PORTC,2
LED4WR  PORTC,3
LED PORTD, 0
LED4RR  PORTD, 1
LEDSER  PORTD,2
LEDERR  PORTD,3
HINTER BOOLEAN, 0
bNEWSMS BOOLEAN, 1
bCLIPNR  BOOLEAN,2
bINT 1 BOOLEAN, 3
pINT 2  BOOLEAN.4
bGSMIN ~ BOOLEAN.>
bAlDO  BOOLEAN,
lg/(I:?CRO <TATUS, RP (1)
bef AT, IEE
ENDM
MACRO
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BANK?2

BANK3

BIGFSR

LITFSR

PAGEO

PAGE1

PAGE2

PAGE3

INTOFF

ORG

ISR

bef
bsf
ENDM
MACRO
bsf
bef
ENDM
MACRO
bsf
bsf
ENDM
MACRO
bsf
ENDM
MACRO
bef
ENDM
MACRO
BCF
BCF
ENDM
MACRO
BSF
BCF
ENDM
MACRO
BCF
BSF
ENDM
MACRO
BSF
BSF
ENDM
MACRO
bef
ENDM
0x0000
bef
bef
nop
GOTO Init
ORG
bef

STATUS, Rp1
STATUS, Rpg

STATUS, Rp{
STATUS, RP(

STATUS, RP1
STATUS, RP0

STATUS, IRP
STATUS, IRP

REIEATIH]
PCLATH,

PCLATH,
PCLATEL

PCLATH,
PCLATH,

PCLATH,
PCLATH,

INTCON, GIE

PCLATH,
PCLATH,

0x0004
INTCON, GIE
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CHAPTER SIX 6

e

System implementation

6.1 Actual project implementation
6.2 hardware testing

6.3 software testing
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Introduction:

6.1 Actual project implementation

: The implc.:mentation process is synchronized with the testing operation, since each
implementation phase will take many testing steps to ensure that there are no errors.

'[:he. actual proj.ect .ix.nplementation was a hardware prototype. The detailed
description of each circuit implementation will be mentioned in the next section

6.2 Hardware testing

Here are the testing issues. They are not ordered in any manner, rather they
Represent a way of system integrity.

6.2.1 DTMF Module testing component:

ol diSiglp) el N

Figure (61) DTMF circuit é %&; Palestine Pol{y;;ﬁ\;lic University
=25 L The Library  AclSll —.

i Acc. 'Lgo-icl ........ P (ST
..................................... Mlﬁ_g‘j

CI:!SS. .




Testing procedure was callj
? li
answer prosperity then after se:fng;e tl?eumtbter
: State

of :
testing LED . the mobile phone that has the auto

of
the relay changed by switching off a

B

e

6.2.2 Call Module testing component

Figure (6.3) Call transmitter

We test the previous part by pressing the button which turns red and green leds on

And the mobile can set up a call .
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6.3 Software testing

Y MPASM v5.35

Source File Name:
[D:\controller_eng.asm

Options:

Radu)c S | | Warmng Level

(‘ Default ' & Default

e Hexadecimal ' 1 " AllMessages
' ¢ Decimal x ; C Warmings and Errors
‘; l C Octal P i

& Errors Only

""Macro Expansion:——

1 I

;, F‘ Case Sensmve || & Default
P | &
jTab Size: IE—_[ 5 A0

gf“Off

= Microchip Technology, Inc.

| & Default
| INHXBM
j | € INHX8S
r' |NHX32

r Hex 0utput~~~-

The code was tested and simulateq usin
g MPLAB IDE V3§
and MPASMWIN

MICFIBCHIFI

Generated Files:—

' ¥ ErorFile

| ¥ ListFile

| " Cross Reference File
T‘ Object Flle

Processor. IDefault ,l

I~ Extended Mode

Extra Options: I

Assemble source file and exit.

X Exit ' « Assemble | [ Save Settings on Exit

? Help

Figure (6.7) MPASMWIN Assembler

MPASM v5.35 X

Ermrors:

Warnings:
Reported:
Suppressed:

Messages:
Reported:
Suppressed:

| Lines Assembled:

ﬁssembly Successlul
CONTROLLER ENG.ASM

_ 2o |

0
10

766

Figure (6. 8) Assem
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CHAPTER SEVEN 7

Conclusionand future

works

7.1 conclusions

7.2 problems

7.3 future work
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Conclusion extracted during designi

The system implementation achievements anq output
S

7.1 conclusions

many experiences were added to the team cognitive knowledge trough this

project . any conclusions can be stated her , but only significant and important
ones are described :

e the most significant issues on this project were communication , training and
documentations , communicating with each other among the group members is
extremely vital . documentation needed to be available and more complete . the
project took a lot longer than planned to get it up and running including creating
a stable , user-friendly interface .

e This project was a challenge for us ,we learned a lot an use every thing we
Had learned in the classes to solve the problems and come up with the solutions

To make this security system in the better way.

o There is a big difference between the theories and the real world
implementation.

7.2 problems

‘ectives is an tation dependent
its objectives 1s an implementation dep:
g?‘rd tOI;SC(())antering problems and 11m1.tat10n.s is very
hmgic’:ially when dealing with electronic devices .

system completion in re
issue . problems are natural t
common in such a huge project sp

ot team during the system implementation :
e

here are problems faced the proj

: he wrong connections , or
: i e devices due to t. : implementation
o Ll € sornu Jied to the devices during the 1mp e‘t Gl
el o e SPI;E from 12F629 to 16F876 13 ecause 1
o have to change our . t of problems .
o :;12 1::\an of the supervisor which make a lot of p
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7.3 future work

we tried our best the rationa] design to achie ‘ecti
. ve the objectives of i
we also believe that any work can not reach the perfection .J $ of our project

0 still a lot of thought and
ideas can be utilized to enhance the current work achieved . here are some of them :

e providing a camera on the car so we cap make the alarm using (MMS)

e tracking the car using GSM network or the GPS.

o Controlling the car using the DTMF signals.
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PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

+ PIC16F873A
» PIC16F874A

* PIC16F876A
* PIC16F877A

High-Performance RISC CPU:

» Only 35 single-word instructions to learn
* All single-cycle instructions except for program
branches, which are two-cycle
* Operating speed: DC — 20 MHz clock input
DC — 200 ns instruction cycle

* Up to 8K x 14 words of Flash Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM),
Up to 256 x 8 bytes of EEPROM Data Memory

» Pinout compatible to other 28-pin or 40/44-pin
PIC16CXXX and PIC16FXXX microcontrollers

Peripheral Features:

» TimerO: 8-bit timer/counter with 8-bit prescaler

» Timer1: 16-bit timer/counter with prescaler,
can be incremented during Sleep via external
crystal/clock

 Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

» Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

« Synchronous Serial Port (SSP) with SPI™
(Master mode) and [2C™ (Master/Slave)

+ Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

« Parallel Slave Port (PSP) — 8 bits wide with
external RD, WR and CS controls (40/44-pin only)

« Brown-out detection circuitry for
Brown-out Reset (BOR)

Analog Features:

* 10-bit, up to 8-channel Analog-to-Digital
Converter (A/D)

* Brown-out Reset (BOR)

* Analog Comparator module with:
- Two analog comparators

- Programmable on-chip voltage reference
(VREF) module

- Programmable input multiplexing from device
inputs and internal voltage reference

- Comparator outputs are externally accessible

Special Microcontroller Features:

» 100,000 erase/write cycle Enhanced Flash
program memory typical

1,000,000 erase/write cycle Data EEPROM
memory typical

« Data EEPROM Retention > 40 years

« Self-reprogrammable under software control

« In-Circuit Serial Programming™ (ICSP™)
via two pins

+ Single-supply 5V In-Circuit Serial Programming

« Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

= Programmable code protection

» Power saving Sleep mode

» Selectable oscillator options

+ In-Circuit Debug (ICD) via two pins

CMOS Technology:

« Low-power, high-speed Flash/EEPROM
technology

« Fully static design

- Wide operating voltage range (2.0V to 5.5V)

« Commercial and Industrial temperature ranges

 Low-power consumption

© 2003 Microchip Technology Inc.

MSSP

Program Memory Data i cP Timers
Pevice # Single Word SRAM E(EBI;Z(::A /0 A;lg (bcl:‘) (I?WM) SPI Mazster USART 8/16-bit Comparators

Bytes Instructions (Bytes) e

PICI6F873A| 7.2K | 4096 Go2mize 22| 5 2B esives 1| xes o) 2l 2

PIC16F874A| 7.2K 4096 192 128 33 8 2 |Yes| Yes Yes 21 2

PIC16F876A | 14.3K| 8192 368 | 256 | 22| 5 e\ Nes iYes) il YesiHls 121 2

PIC16F877A[14.3K| 8192 368 | 256 |33| 8 2 iesi{iihes | Yes i i 2/] o
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PIC16F87XA

Pin Diagrams

28-Pin PDIP, SOIC, SSOP
NCIR) ° "/
MCLRNPP—“E 1 28] <— RB7/PGD
RAO/ANO - 2 27] -~ RB6/PGC
RA1/ANT =—[] 3 26[] ~= Res
RA2/AN2/VREF-/CVREF =—[] 4 < 25[] < RB4
RAB/AN3/VRer+ =[] 5 2 24[7] = RB3/PGM
RA4/TOCKI/C10UT =L 6 = 23[] = RB2
RA5/AN4/SS/C20UT ~— [] 7 35 22[] = RB1
vss—[] 8 5 21[] =—= RBO/INT
osci/cLki —=[] 9 = 20[] =— vop
0SC2/CLKO =—[]10 5 19[J =— vss
RCO/T10SO/T1CKI <[] 11 = 18[7] =— RC7/RX/DT
RCA/T10SI/CCP2 =[] 12 17[] = RCB/TX/CK
RC2/CCP1 =13 16[_] =—= RC5/SDO
RC3/SCK/SCL = [|14 15[_] =— RC4/SDI/SDA
o & oo
28-Pin QFN 22299
co|AN OCWw <
< < ’0 mmomm
re|lSreo o
oRR&LIRY
RA2/AN2/VREF-/CVREF <— i 1 <— RB3/PGM
RA3/AN3/VREF+ =—» I 2 ~—>RB2
RA4/TOCKICIOUT =—13 p|cqgFg73A 19 +— RB!1
RAS/AN4/SS/C20UT <—> 4 o g ecasen 184 <—= RBO/INT
Vss —s 115 174 <— VDD
OSC1/CLKI —= 1 6 ~—Vss
0SC2/CLKO =— § 7 ~<~— RC7/RX/DT
o coes
TN JLOX
8 SEBB280
] IND 4 EQQOR=GBE
44-Pin QFN 52 030G oa
< T ©ls POR3FEQ
2 [0 —e@D=7Y cE of
Solpazeirss el
ROQDDDNO O+ = SQ
EopaaaanOkE D
88353583858 g
g 8 8 oo o
TRAT g ~owY
RC7/IRXIDT ~— j1@ = =~ 0% 77231 —» OSC2ICLKO
s e e sscwcu«
RD5/PSP5 = |3 allfi== VY
RD6/PSP6 =—> |4 U
RD7/P§/P7 -— g PIC16F874A gg B3 o
Vos —~ |7  PIC16F8TTA 57| <~ REDGSIANG
. 26| =—— RE1WR
L e 251 =—= REO/RD/AN5
i Sd e 241 =— RA5/AN4/SS/(1:881TJT
<— RA4/TOCKI/C
RZ = o vnorooggy® i
sSoxwo0e9os i
oZpERRzz<sY
@ g o= g < L\? s
2 i L
23
sz
3
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
MCLRV/PP —» &
SN g 40 [0 <— RB7/PGD
—=|0\2 391 < RB6/PGC
RA2/AN2/VREF-/CVREF <—»[] 4 370 R
RA3/AN3/VREF+ -~ E 5 36 ] ~ Rgg/PGM
RA4/TOCKI/C10UT <—>E 6 35 ] «—s RB2
RAS5/AN4/SS/C20UT <—»[ 7 < 30
/C2 N ~— RB1
REVIRDIANGESSS = El8L IS 33l < ‘RBO/IN:
REIIRAND S lBI0) L D) a
RE2/CS/AN7 =——>[]10 & 310 <— vss
VOD— 11 & 30 0~—s RD7/PSP?
Vss —» 12 Y% 200 <—» RDEPSPE
OSC1/CLKI —[] 13 &S 280~ RDS/PSP5
OSC2/CLKO =——[] 14 & 270~ RD4/PSP4 &
RCO/T10SO/T1CKI «—» ] 15 26 ] «—= RC7/RX/DT P
RC1/T10SI/CCP2 =—»[] 16 25 []<—s RC6/TX/CK t%
RC2/CCP1 <—»[] 17 24 [] <—» RC5/SDO zy
RC3/SCK/SCL =[] 18 23 [1<=—» RC4/SDI/SDA S3-cf ao
RDO/PSPO0 <—» [ 19 22 []<~—» RD3/PSP3 23325 20
RD1/PSP1 ~—» [ 20 21 [ ~—» RD2/PSP2 222 2'8 ob8830
rere|lSZeeree zZ
44-Pin PLCC e
OOOO00OOo0oO0n;
OWULITONTTTONTO
RA4/TOCKI/C1OUT <—» ] ; o T ¥ ¥ ¥ ¥39 - RB3PGM
RAS/AN4/SSIC20UT < » [ g 380 < RB2
REO/RD/ANS <— [ g 370 =— RB1
RE1/WRI/AN6 <— [ 10 36 <— RBO/INT
RE2ICSIANT ~—>E 11 PIC16F874A 35% . xDD
DD — [] 12 4] | -— Vss
Vss —»[]13 PIC16F877A 330 <« RD7/PSP7
0SC1/CLKI —= [ 14 320 = RD6/PSP6
0SC2/CLKO =— [ 15 311 <—= RD5/PSP5
RCO/T10SO/T1CK1 =— [ 16 300 =—= RD4/PSP4
NC [:17mm0‘_N c'Nlmm\ngih-—— RC7/RX/DT
o~ v ONANN NN ANNNN
% I | O O | |
e EERRRRR Y
S0lp8zr2253
ROReoBBBSE e T
DL L S S = 8838ppeReax
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n Diagrams (Continued)

40-Pin PDIP
MCLR/VPP — [ 1 : : 40 [] -~—» RB7/PGD
RAO/ANO «—s ] 2 39 [0 <= RB6/PGC
RA1/AN1 <—>E 3 38 :],_, RB5
RA2/AN2/VREF-/CVREF -—[]4 37 :] <—» RB4
RAS/ANS/VREF+ <—»-[] 5 36 [1<— RB3/PGM
RA4/TOCKI/C10UT <—» [ 6 35 =— RB2
RA5/ANA/SS/C20UT ~—»[] 7 < 34[0<— Rt
REO/RD/ANS ~— [ 8 NN 33 []<—s RBO/NT
REMIEARG Sl S ) A RS
RE2/CS/AN7 =——=[]10 &  31[] < vss
VOb— 11 & 30 0~ RD7/PSP7
Vss 012 5 2900 <— RDB/PSPE
0SC1/CLKI —»] 13 5 28[0~— RD5PSPs
OSC2/CLKO =———[] 14 & 27 [0<— RD4/PSP4 i
RCO/T10SO/T1CKI «—— ] 15 26 [] =—= RC7/RX/DT 3
RC1/T10SI/CCP2 -——» [] 16 25 [] <—s RCB/TX/CK £
RC2/CCP1 <—»[] 17 24 []<—» RC5/SDO g 2 %
RC3/SCK/SCL ~—»[] 18 23 [] <— RC4/SDI/SDA 3 §§ sS85
RDO/PSP0 <[] 19 22 []<— RD3/PSP3 <<< 5’5 ER
(2] = O
RD1/PSP1 =—» [ 20 21 [ <—» RD2/PSP2 é%ééﬁgg@@%
44-Pin PLCC NO0000000000
OCUTONTTONTO
RA4/TOCKI/C10UT <[], o T ¥ Y390 < RBIPGM
RA5/AN4/SS/C20UT «» [ g 380 ~—= RB2
REO/B%QSS ‘_’E 9 32% RBO/INT
RE1/WR - 10 B
RE2ICSIANT —— [l 11 PIC16F874A gi%‘— ‘\jgg
ves — =12 PICI6FB77TA 330 = movpser
LK & 320 <= RD6/PSP6
e — L114 310 == RD5/PSP5
0SC2/CLKO <~— [ 15 Sof RDAPSE4
RCOT10SOMICK] +— E 16 o S e
P2V RIRERE
o I
—i] O
e ARNAREEE
X poaro@l-n
Oo=Zndaaoaxog Nr JoO-NOCOXO
IO ool on0Z
EGBEEEEG0E 89222020s%
o Tm gl =] SRS = S<d&s0
0O N Y=gk
SESEERRRRRS 8028505228
. ! E 19 g
s4-PnTQFP | 5
o%’%’ﬁ;%%%&?%%%wm R
RC7/RX/DT ~—=CT 1 32 <~—= RCO/T10SO/T1CKI
RD4/PSP4 <—=CI4 2 31— 0SC2/CLKO
RD5/PSP5 *—* E’é 3 303 <— OSC1/CLKI
RD6/PSP6 ~—* 29T 1<— Vss
RD7/PSP7 =—=LCI0]5 PIC16F874A 28 ~— VoD __
Vss —=CI6 PIC16F877A  ,7bm—<— RE2/CSIAN?
Voo —>CI7 26[L1=—+ REVWR/ANG
RBO/NT =—=CTh8 25[T0 =< REO/RD/ANS
RB{ =—=CIT 9 24[T1<— RA5/AN4/SS/C20UT
RB2 =TI 10 231 <~—= RA4/TOCKI/C10UT
RBIPCGM =—EM My vworoo g5y
ooxTwvwoNn e E i
2zpRo9s35sy
arnl52z9<2
ndpSsis
Gl
s B
<
ze

DS39582B-page 3

©® 2003 Microchip Technology Inc.




@mrrsu.@

X7

A AR ST R E R
AN G AR A R A AR s

et

1ISO%-cMos MT8870D/MT8870D-1

Integrated DTMF Receiver

Features

Complete DTMF Receiver
Low power consumption
Internal gain setting amplifier
Adjustable guard time
Central office quality
Power-down mode

Inhibit mode

Backward compatible with
MT8870C/MT8870C-1

Applications

Receiver system for British Telecom (BT) or
CEPT Spec (MT8870D-1)

Paging systems

Repeater systems/mobile radio
Credit card systems

Remote control

Personal computers
Telephone answering machine

ISSUE 3 May1995

Ordering Information

MT8870DE/DE-1 18 Pin Plastic DIP
MT8870DC/DC-1 18 Pin Ceramic DIP

MT8870DS/DS-1 18 Pin SOIC
MT8870DN/DN-1 20 Pin SSOP
MT8870DT/DT-1 20 Pin TSSOP

-40 °C to +85 °C

Description

The MT8870D/MT8870D-1 is a complete DTMF
receiver integrating both the bandsplit filter and
digital decoder functions. The filter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting
techniques to detect and decode all 16 DTMF tone-
pairs into a 4-bit code. External component count is
minimized by on chip provision of a differential input
amplifier, clock oscillator and latched three-state bus
interface.

VDD  VSS VRef INH
A
| \ |
el Bias
PWDN ol /VRef
Buffer
— > Q1
Chip  Chip Hi igi
A gh Group Digital Code
Power Bias Filter _D- Detection Converter g__, Q
Algorithm and Latch 2
IN + Dial Zero Crossing
;o“n - Detectors > Q3
IN- ilter
Low Group =1
GS Filter Al &—* Q4
to all Steeri
’ Chip = ZtT Ltei.anng ZX
l: Clocks B gl A
—— AN
\j \ ]
0SC1 0SsC2 St/GT ESt STD TOE

Figure 1 - Functional Block Diagram




. ISo2-cmos MT8870D/MT8870D-1
MITEL Integrated DTMF Receiver

‘eatures ISSUE 3 May1995
Complete DTMF Receiver Ordering Information
Low power. Consgmption MT8870DE/DE-1 18 Pin Plastic DIP
Internal gain setting amplifier MT8870DC/DC-1 18 Pin Ceramic DIP
Adjustable guard time MT8870DS/DS-1 18 Pin SOIC
Central office quality MT8870DN/DN-1 20 Pin SSOP

MT8870DT/DT-1 20 Pin TSSOP

Power-down mode -40 °C to +85 °C
Inhibit mode

> Backward compatible with inti
MT8870C/MT8870C-1 Description

The MT8870D/MT8870D-1 is a complete DTMF
receiver integrating both the bandsplit filter and

Applications

* Receiver system for British Telecom (BT) or digital decoder functions. The filter section uses
CEPT Spec (MT8870D-1) switched capacitor techniques for high and low
- Paging systems group filters; the decoder uses digital counting

techniques to detect and decode all 16 DTMF tone-

° Repeater systems/mobile radio pairs into a 4-bit code. External component count is

* Credit card systems minimized by on chip provision of a differential input
« Remote control amplifier, clock oscillator and latched three-state bus
» Personal computers interface.
» Telephone answering machine
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Figure 1 - Functional Block Diagram




MT8870D/MT8870D-1 1s02.cmos

Ll
'B‘;E ] 1811 vbD w1 -
da 1700 svGr IN-[] 2 21 voo
VRef ] 4 1B Est GS[] 3 13 el
e B 151 stD VRef[] 4 17 5
PWDN [] 6 g X N & 1638(0
peieht 131 Q3 PWDN [] 6 15:]NC
7 129 Q2 NC [ L a4
Oosc2[] 8 10 a1 osc1 [ f73 i B EES
vss[] 9 10[] TOE osc2[ 9 }3%02
Vvss[]10 11 %E
18 PIN CERDIP/PLASTIC DIP/SOIC 20 PIN SSOP/TSSOP
20 PIN SSOP/TSSOP

Pin Description

Figure 2 - Pin Connections

Pin #

18 | 20 Name Description

11 IN+ Non-Inverting Op-Amp (Input).

2| 2 IN- Inverting Op-Amp (Input).

SRS GS Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.

4 | 4 Vref |Reference Voltage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

5 | B INH Inhibit (Input). Logic high inhibits the detection of tones representing characters A B,C
and D. This pin input is internally pulled down.

6 | 6 | PWDN |Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This
pin input is internally pulled down.

7|8 OSC1 |Clock (Input).

8 |9 OSC2 |Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

9 |10 Vgs |Ground (Input). OV typical.

10 | 11 TOE |Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pin is
pulled up intemally.

11-[12-| Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to t‘he

14 1 15 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

15| 17 StD Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on St/GT falls
below Vst

16 | 18 ESt |Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause ESt to
retun to a logic low.

17 |19 | SYGT |[Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg detected at
St causes the device to register the detected tone pair and updgte the output latch. A
voltage less than Vrg; frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

18 | 20 Vpp |Positive power supply (Input). +5V typical.

it NC |No Connection.
16

12
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Functional Description

The MT8870D/MT8870D-1  monolithic DTMF
receiver offers small size, low power consumption
and high performance. Its architecture consists of a
pandsplit filter section, which separates the high and
low group tones, followed by a digital counting
section which verifies the frequency and duration of
the received tones before passing the corresponding
code to the output bus.

Filter Section

Separation of the low-group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies. The filter section also
incorporates notches at 350 and 440 Hz for
exceptional dial tone rejection (see Figure 3). Each
filter output is followed by a single order switched
capacitor filter section which smooths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detection of unwanted low-level signals. The
outputs of the comparators provide full rail logic
swings at the frequencies of the incoming DTMF
signals.

Decoder Section

Following the filter section is a decoder employlng
digital counting techniques to determiné the
frequencies of the incoming tones and to venfy that
they correspond to standard DTMF frequencies. A

complex averaging algorithm protects aga_inst to.ne
s signals such as voice while

1ISO2-CMOS MT8870D/MT8870D-1

Vbp 2
Voo 6
SUGT v
ESt —— A —
R
StD g
MT8870D/
MT8870D-1 lcrA=(RC)ln(VVoo’Vrsd
terp=(RC)In[Vpp/(Vpp-Y7s)]

Figure 4 - Basic Steering Circuit

providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
(ESt) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see “Steering Circuit”).

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred
to as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes V. (see Figure 4) to
rise as the capacitor discharges. Provided signal

simulation by extraneou
— PRECISE
i i, DIAL TONES
e ", | X=350 Hz
7| Y=440 Hz
o | e—
DTMF TONES
|
| — A=697 Hz
. S
=8 z
ATTE%%’;\TION e D=941 Hz
30 |— E=1209 Hz
F=1336 Hz
—— G=1477 Hz
H=1633 Hz
40 }— N

50 4

FREQUENCY (H2)

l,—— _—"__ Figure 3 - Filter Response




MT8870D/MT8870D-1

ISO%.cmos
condition is ma;nt?tined s high) for the
validation period (tgrp), v, reach =
(V10 of the steering logic Cto regis(ta:r ttrllz tt:l:ZSho!d H'gut TOE | INH | Est Q | @3 | @, | q
latching its corresponding 4-bijt code (see Tab|pa;r' ﬂ; X H Z Z Z Z
~ into the output latch. At this point the GT out et b SR X H 0 0 0 1
~ gctivated and drives v to V. GT continues topc?ri = 2 H X H 0 0 1 0
| high as long as ESt remains high. Finally afterve TT‘T
) a L H 0 0 1 1
short delay to allow the output latch to settle, the B e
delayed steering output flag (StD) goes high TT\ - : ° -
signalling that a received tone pair has been W T : 0 : - 1
registered. The contents of the output latch are mage Lol s €8 kM 0 1 1 0
available on the 4-bit output bus by raising the three UG L . 4 2 L ! L
state control input (TOE) to g logic high. The 8 H X H 1 0 0 0
steeriflg circuit works in. reverse to validate the I H X H 1 0 0 1
interd.lglt pause between signals. Thus, as well as 0 H X H 1 0 1 0
rejecting signals too short to be considereq valid, the = H X H 1
receiver will tolerate signal interruptions (dropout) # H - 1 :
too short to be considered a valid Pause. This facility, 2 - : : : .
together with the capability of selecting the steering 2 2 s . a ! ) :
ime constants externally, allows the designer t 2 30 Ll ECH ! / . g
tailor performance to meet a wide variety of system c H L H 1 1 1 1
requirements. D H L H 0 0 0 0
A H H L
Guard Time Adjustment B H H L undetected, the output code
will remain the same as the
C H H L |previous detected code
In many situations not requiring selection of tone D H H L

duration and interdigital pause, the simple steering
circuit shown in Figure 4 is applicable. Component
values are chosen according to the formula:

trRec=IpptGTP
tip=tpattcTa
The value of tpp is a device parameter (see Figure
1) and tgec is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 pF is

t7p=(RpC1)In[Vpp/(Vpp-Vrsi]

Yoo O | tem(RiCIINVooVrs)
Cq

Rp=(R1R2/(R1*R3)
SteTO

R4

ESt @

a) decreasing tgTp; (taTP<teTA)

torp=(R1C1)In[Vpp/(Vop-Yrsi]

Voo O | to7a=(RPC1)In(Vpp/Vrst)
C4

Rp=(R;R2)(R1*R2)
SIGT(O)

Ry

ESt O

e

b) decreasing tgTa: (laTP” teTa)

Figure 5 - Guard Time Adjustment

4-14

Table 1. Functional Decode Table

L=LOGIC LOW, H=LOGIC HIGH, Z=HIGH IMPEDANCE
X =DON'T CARE

recommended for most applications, leaving R to be
selected by the designer.

Different steering arrangements may be used to
select independently the guard times for tone
present (tgTp) and tone absent (tg7a). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters
such as talk off and noise immunity. Increasing tggc
improves talk-off performance since it reduces th_e
probability that tones simulated by speech will
maintain signal condition long enough to pe
registered. Alternatively, a re'Iativer short tgrec wﬁh
a long tpp would be appropriate fc?r‘e.:xtrenjely noisy
environments where fast acqunsmor? time apd
immunity to tone drop-outs are reqwred. De3|gn
information for guard time adjustment is shown in

Figure 5.
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Power-down and Inhibit Mode

A logic high applied to pin g PWD i
the device to minimize the E)owerNgoﬁlgu?:“;‘;g down o ke i
nina =,

standby mode. It : MT8870D/
y stops  the oscillator anq the Ry IN+ MT8870D-1

functions of the filters.
>
p—
|r'1hibi5t nzmig) is Iiznabrl‘ed by a logic high i IN- >
pin - It inhibits the detecti OH —~Aan
representing characters A, B, C a,fcftg)n-”?é otl?tr;)est C; Ry
) . u

code will remain the same as the :
code (see Table 1). Previous detected

Rs GS
Differential Input Configuration R3§ R
: VRef

The input arrangement of the MT8870D/MT88700-1 . T
provides a differential-input operationa| amplifier as Diffge-']1tial e

: SN 1=C2=10 nF
Yve” asa b'_as source (VRef) Which is used to bias the R1=R4=R:=100 kQ All resistors are +1% tolerance.
inputs at mid-rail. Provision is made for connection of Re=oic il Al PSS el ol
a feedback resistor to the op-amp output (GS) for R= R2s
adjustment of gain. In a single-ended configuration, Ro*Rs
the input pins are connected as shown in Figure 10 VOLTAGE GAIN (A, diff)= o
with the op-amp connected for unity gain and VRef R
biasing the input at '/,Vpp. Figure 6 shows the INPUT IMPEDANCE
differential  configuration, which permits the 2
adjustment of gain with the feedback resistor Rs. (@npiFr) =2/ Ry2+ (—a:—c)

Crystal Oscillator

Figure 6 - Differential Input Configuration

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is

normally connected as shown in Figure 10 (Single- To OSC1 of next

]
Ended Input Configuration). However, it is possible cl MT8870D/MT8870D-1
to configure several MT8870D/MT8870D-1 devices v/ X-tal w4
employing only a single oscillator crystal. The 0SC1 0sC2

oscillator output of the first device in the chain is -1

coupled through a 30 pF capacitor to the osciII_ator |

input (OSC1) of the next device. Subsequent devices 0SC2 _'l;_” 0sC1
are connected in a similar fashion. Refer to Figurg 7 e

for details. The problems associated —with

i cern with the =
::rt;ilsgr;e;it loasilg\i\;/n,a rei.en.,Ot Srez?sr;on balancing x-ta1=§.579545 MHz

S Figure 7 - Oscillator Connection
Parameter Unit Resonator

R1 Ohms 10.752

[ mH 432

C1 pF 4.984

(010] pF 37.915

Qm = 896.37

Af % +0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2ITfR1C1.
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