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PREFACE

Organizations are made up of people and function through peopie. Without
people, organizations cannot exist. The resources of men, money, material,
machinery, and mechanism are connected, coordinated, and utilized through
people. Engineers need to concentrate more on mechanisms and the way in which
things have been made. The need for training arises for doing things yourself,

“understanding its way.

Practical exposure for doing things makes a person conversant tc the
technicalities involved in any job. In view of such benefits, imparting of vocaticnal
training has been made an integral part of any academic structure.

In B.S.N.L., training is given to Engineering Aspirants to secure future in the
dynamic world of telecommunications. Today telecommunication industry is one
of the very fastest growing industries in the world.

In this order | have taken 28 days BSNL training. In my report | try to introduce the
Concepts of OFC (optical fiber communication) B.S.N.L employs use of OFC for

transmission purposes,

ABOUT BSNL

BHARAT SANCHAR NIGAM LIMITED (BSNL) was incorporated on 15th September
2000. It took over the business of providing of telecom services and network
management from the erstwhile Central Government Departments of Telecom
Services (DTS) and Telecom Operations (DTO), with effect from 1st October' 2000
on going concern basis. The company provides telecom services throughout the
country exciuding Delhi & Mumbai. BSNL is a 100% Govt. of india owned Public
Sector Undertaking with an authorized share capital of Rs. 40,000 crore and paid
up capital of Rs. 12,500 crores comprising of Rs. 5,000 crores of Equity and Rs.



7,500 crores of Preference shares capital. Its total income during FY 2020-21 was
Rs.18, 595 crores. '

BSNL is a technblogv—oriented integrated telecom service providing company
which provides complete bouquet of telecom services:

e Wire line Services

« GSM Mobile Services including 2G, 3G, 4G & Value added Services (VAS) «
Internet and Broadband services including Fiber to the Home (FTTH)

e Wi-Fi services

» Data Center services Enterprise Data services such as Leased circuits, MPLS
" VPNetc

» National Long Distance services

e International Long Distance Services

BSNL telecom network therefore, is a part of modern global network, providing
access to countries around the world for transporting information in the form of
voice, data and video.

The company has a vast experience in planning, installation, network integration &
maintenance of switches & transmission networks. BSNL has a world class ISO 9000
certified Telecom Training Institute.

The details of Services provided by BSNL as on 30.11.2021 are as under: BSNL
has modernized its network by incorporating state of the art technology with

100% , |
digital new technology switching network. BSNL has a customer base of 1208.35
lakh subscribers.

Wire-line Services: The vast switching network for landlines comprises of 27,329
exchanges having a capacity of 228.62 {akh lines serving 76.48 lakh customers.

Wireless Services: BSNL has covered almost all the cities, and substantial length
of National Highways, Rail Routes and State Highways. The Cellular services of
BSNL are also providing incidental coverage to the rural areas falling en-route to




National and important State Highways. 1131.86 Lakh mobile connections are
working against equipped capacity of 1142.50 lakhs. BSNL has 84,544 BTSs of 2G
technologies, 62,408 Node-Bs of 3G technology and 8,637 e Node-Bs of 4G
technologies. The 3G mobile facility has been rolled out in 6,272 cities / towns.

Broadband Services: BSNL had launched its Broadband services in January 2005
using ADSL2+ technology. As on 30.11.2021, 23.06 lakh connections are working
with the installed capacity of 100.18 lakhs broadband ports. BSNL has covered
665 DHQ, 5,996 BHQ, 4,524 Cities and 1, 71,476 Villages with broadband
services.,

BSNL is providing Wi-Fi broadband connections. As on 30.11.2021, BSNL has 6.09
lakh Wi-Fi unique users.

In addition, BSNL is providing a host of Value Added Services (VAS) to its landline
and mobile customers. VAS is normally a third party service and is provided on
franchise mode! on revenue share basis.

BSNL VISION

¢ Be the leading telecom service provider in India.

* Be a customer-focused organization with excellence in customer care and
marketing.

e Leverage technology to provide affordable and innovative telecom'services/

products across customer segments.

BSNL MISSION

. Becoming the most trusted preferred and admired telecom brand.

. Providing reliable telecom services that are value for money.

. Generating value for all stakeholders - employees, shareholders, vendors
and business associates. |

. Excellence in customer services-friendly, reliable, time bound, convenient
and courteous service.

. Offering differentiated products / services tailored to different service
segments.

. Developing a marketing culture that is responsive to customer needs.



» Maximizing return on existing assets with sustained focus on profitability.

BSNL OBJECTIVES

N Increase sales revenue with focus on subscriber retention & acquisition
by way of strengthening marketing, quality of service and customer
delivery.

« Accelerate the pace of expansion of mobile & data services with up gradation
of technology.

. Adopt policies and processes to enable transparent, quick and efficient
decision making.

® Developing marketing team with attitude towards customer care.

. Improve customer care by reducing fault rate, upgrading Customer service
and convergent billing.

* Providing a conducive work environment with strong focus on

performance to enhance customer delight towards BSNL services.

. Leverage data services to increase BSNL's customer's base & revenues by
provid'ing higher bandwidths capabilities for wire line and wireless
broadband customers.

* Strengthen company's finances by gainful utilization of its assets through
sharing / monetization of existing infrastructure like land, building and
sharing of passive infrastructure like towers etc. |

s Creating Wi-Fi Hot Spots and replacing Legacy wire line exchanges by Next

Generation Network.

. Expanding the reach of fiber network near to the customer premises

particularly in apartment complexes through FIT I-| in order to meet the
_bandwidth requirement for both data & video applications.

. Leverage the existing infrastructure of BSNL thereby contributing towards
nation building by facilitating the execution of government programs and
initiatives viz. Nationai Optical Fiber Network {NOFN), Network for
spectrum (NFS), and Smart City concept.

. Improve productivity by training and skili development and rationalization
of manpower. |
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» Developing knowiedge pool exposed toc latest technological
advancements.

. To explore opportunities in internationai telecom in developing markets.
« To become preferred service provider to the Government for reliable
and secure service Network and to serve National security interests.

BROADBAND

Broadband Internet- broadband indicates a means of connectivity at a very high
or 'broad’ bandwidth. it is defined as an 'always on' data connection that is able
to support interactive services including internet access and has the capability of
the minimum download speed of 256 kbps to an individual subscriber from point
of presence (POP} of the service provider. Broadband technology will allow for
highspeed transmission of voice, video, and data over network like the internet.

. Broad band speed range-256kpbs-8000kpbs.
Services available through broadband:

. High speed internet Access- This will always provide internet access
service with high speed ranging from 2mpbs to 8mpbs.

e  Bandwidth on demand- This will facilitate customer to change bane as per
his/her requirement. For example, a customer with 2mpbs can change to
4dmpbs during the IP TV session.

® Multicasting- This is to provide video multicast services for application in

distance education, telecom etc.

. Dial VPN service- This service allows remote users to access their private
network securely over the NIB-li infrastructure. _

. Content based services - Like video on demand, Interactive gaming live
and time shifted TV.

Digital subscriber line technology- DSL is the next generation modem like
technology that allows for the transmission of voice, video and data over existing
copper telephone lines at incredible megabit speed.



The copper telephone lines are often referred to as the local loop or the last mile
from the exchange to end user's home or business. DSL provides high speed
internet access using regular teiephone lines.

Some of its functional elements —

Broadband Remote Access Server (BRAS) - This is a device which acts as a gateway.
It offers following services: .

® Internet access

» Broadband acces

e VLAN and gigabit internet services
o VPN

® Multicasting

. Content delivery services

Aggregation switch (LAN switch)-the subscriber connection from DSLAMSs are
aggregated through this before passed onto core router. This again is
implemented in two tiers, with a tier-l switch aggregating traffic from muitiple
tier-2 switches. _

DSL Access Multiplexer (DSLAM) - The DSL Access multiplexer, popularly known
as DSLAM, is employed by the telecom companies to code the subscriber line
with the broadband data content. Once the ADSL copper lines reaches the
customer, some customer premises equipment (CPE) has to be employed to
separate the voice and data signals.

Broadband Applications
-Personal services
1. High speed internet access
2. Multimedia
-Government Public Services
1. E-governance
2. E-educaticn
~-Commercial Services |.E-commerce
1. E-commerce
2. Corporate internet



3. Video conferencing

-Video and entertainment services
1. Broadband TV,

2. Video on demand

3. Interactive Gaming

4. Music on demand

5. Online radio

TELEPHONE EXCHANGE

The main function of an exchange is to process call from a calling subscriber and
make connection to the called subscriber. This connection can be direct or via
another exchange. This requires all parts of the exchange to work as a unit to
ensure this is properly handled.

BRIEF HISTORY:

The Center for Development of Telemetric {C-DOT} is the telecom technology
development center of the government. It was established in August 1584 as an
autonomous body. It was vested with full authority and total flexibility to develop
state of-the-art telecommunication technology to meet the needs of the Indian
telecommunication network. The key objective was to build a center for
excellence in the area of telecom technology.

ORGANIZATION:

The management of C-DOT has a three-tier structure:

The governing Council: provides policy guidelines and approves the annual budget
of the center.

The Steering Committee: has the role of reviewing and monitoring the
performance of the center.

The Project Board: is responsibie for the implementation of C-DOT's project and
the day-to-day function of the center.

ARCHITECTURE

C-DOT switches have distributed architecture .a base module (BM) has 512 port .
which "can provide non-blocking connectivity and can accept concentrated



subscriber lines. The BM, capable of serving up to 2000 lines or 512 trunks, is used
as the basic building block. Each BM is housed in a single Cabinet.

By interconnecting up to 35 such BMs through a central module {CM), the switch
can support up to 40,000 lines. The system can suppert up to 4:1 concentration.
Lines and trunks can be intermixed in the same BM. The front-end of the system
consists of an input output processor {IOP) connected to the administration
processor (IOP) connected to the administration processor {AP). -

Each System consist of two IOPS working in duplex mode .10P, based on
Motorola 68040 and supporting UNIX environment, provides interface for the
main machine communication, system initialization support operator features
etc.

OBJECTIVES:

* Work on telecom technology products and services.
* Provide solutions for current and future requirements of telecommunication
- and converged networks including those required for rural application.

o Provide market orientation to R & D activities and sustain C-DOT as center
of excellence.

» Build partnerships and joint alliances with industry, solution provides, telcos
and other development organizations to offer cost effective solution.

* Support telcos and service provides in the introduction of new technologies,
features and services by optimal utilization of installed network.

ELECTRONIC EXCHANGE:

® Ail control functions by series of instructions are stored in memory.
* Memories are modifiable and control program can always be rewritten, For
each call processing step decision is taken according to class of service.

CARRIER ROOM:

Leased line connectivity is provided in carrier room. This room has two parts:
1. Conventional leased line system



2. MLLN

CONVENTIONAL LEASED LINE SYSTEM:

* [t consists of modems and routers that are provided by the company requesting
for that network.

» Connectivity of different ATM, banks etc. is provided by BSNL here.

» For this, we have 4 modems (2 in'Exchange, 1 at sender and 1 at receiver)

* Modems are used for short distances i.e. trans and receive part are received here
and local lead connection is given to the subscriber.

e Local lead faults can be handled here but the trans and receive faults can be
handled by the department meant for it.

» Accept 64Kbps or 2 Mbps.

* For long distance communication we have MUXS and data is sent through optical
fibers. MUXs are present at both the ends.

MANAGED LEASED LINE NETWORK:

* No open wiring.

* Route can be changed by the computer software. » In Agra Gate Exchange, we
have 3 VMUX of type Il.

MDF {(MAIN DISTRIBUTION FRAM E):

M.D.F. is a media between switching network and subscriber's line. it is a
termination point within the local telephone exchange where exchange
equipment and terminations of local loops are connected by jumper wires.



Fig. 1.1 MDF

FUNCTIONS OF MDF:

* All cable copper wires supplying services through user telephone lines are
terminated and distributed through MDF. -

» The most common kind of large MDF is a long steel rack accessible from both
sides. Each jumper is a twisted wire. |

e it consists of local connection and broadband connection frames for the main
Exchange area.

» The MDF usually holds central office protective devices including heat coils and
functions as a test point between a line and the office.

e it provides testing of calls.

* It checks whether fault is indoor or external.

e All lines terminate individually.

POWER PLANT:

* It provides -48V to the switch rooms and 48V to the connections.
» Batteries are artificially discharged once in a year for their maintenance.
e Cooling is provided through fans & AC.

« There is earth region too for protection,




OFCIN BSNL

OFC stands for optical fiber communication. The use and demand for optical fiber
has grown tremendously and optical-fiber applications are numerous.
Telecommunication applications are widespread, ranging from global networks to
desktop computers. These involve the transmission of voice, data, or video over
distances of less than a meter to hundreds of kilometers, using one of a few
standard fiber designs in one of several cable designs.

Carriers use optical fiber to carry plain old telephone service (POTS) across their
nationwide networks. Locai exchange carriers (LECs) use fiber to carry this same
service between central office switches at local levels, and sometimes as far as the
neighborhood or individual home (fiber to the home [FTI-1]).

~ Optical fiber is used by BSNL for transmission purposes OFC being a safer and
faster method of transmission provides efficiency in communication.

The high bandwidth provided by fiber makes it the perfect choice for transmitting
broadband signals, such as high-definition television (HDTV) telecasts. Intelligent
transportation systems, such as smart highways with intelligent traffic lights,
automated tollbooths, and changeable message signs, also use fiber-optic-based
telemetry systems.

'FIBER OPTIC SYSTEM

Optical Fiber is new medium, in which information (voice, Data or Video) is
transmitted through a glass or plastic fiber, in the form of light, following the
transmission sequence give below e

{1} Information is encoded into Electricai Signals.
(2) Electrical Signals are converted into light Signals.

(3) Light Traveis down the Fiber.
(4) A Detector Changes the Light Signals into Electrical Signals.



{5}) Electrical Signals are decoded into information.
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- Inexpensive light sources available.

- Repeater spacing increases along with operating speeds because low loss
fibers are used at high data rates.

A Detector Changes the Light Signals into Electrical Signals.

PRINCIPLE OF OPERATION: THEQORY

» Total Internal Reflection The Reflection that Occurs when a Light Ray
Travelling in One Material Hits a Different Material and Reflects Back into
the Original Material without any Loss of Light.

second material. The angle of incidence and reflection are equal and it is called
Total Internal Reflection.

PROPOGATION OF LIGHT THROUGH FIBER
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The optical fiber has two concentric layers called the core and the cladding. The
inner core is the light carrying part. The surrounding cladding provides the
difference refractive index that allows total internal reflection of light through the
core. The index of the cladding is less than 1%, lower than that of the core. Typical
values for example are a core refractive index of 1.47 and a cladding index of 1.46.
Fiber manufacturers control this difference to obtain desired optical fiber
characteristics. Most fibers have an additional coating around the cladding. This
buffer coating is a shock absorber and has no optical properties affecting the
propagation of light within the fiber. Figure shows the idea of light travelling
through a fiber. Light injected into the fiber and striking core to cladding interface
at greater than the critical angle, reflects back into core, since the angle of
incidence and refiection are equal, the reflected light will again be reflected. The
light will continue zigzagging down the length of the fiber. Light striking the
interface at less than the critical angle passes into the cladding, where here it is
lost over distance. The cladding is usually inefficient as a light carrier, and light in
the cladding becomes attenuated fairly. Propagation of light through fiber is
governed by the indices of the core and cladding by Snell's law.

Such total internal reflection forms the basis of light propagation through a
optical fiber. This analysis consider only meridional rays- those that pass through
the fiber axis each time, they are reflected. Other rays called Skew rays travel
down the fiber without passing through the axis. The path of a skew ray is
typically helical wrapping around and around the central axis. Fortunately skew
rays are ignored in most fiber optics analysis.

The specific characteristics of light propagation through a fiber depends on
many factors, including
.The size of the fiber.

- The composition of the fiber.

- The light injected into the fiber,
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LOSSES IN OPTICAL FIBER

* There are several points in an optic system where losses occur.
» These are: Coupler, Splices connectors and the fiber itself.
» Losses associated within the fiber classified as under:

*Losses due to absorption: Even the purest glass will absorb heavily within
specific wavelength regions. Other major source of loss is impurities like, metal
ions and OH ions. '

* Losses due to scattering: caused due to localized variations in density called
Rayleigh scattering and the loss are: L = 1.7(0.85/¢) * db/km.

» Losses due to geometric effect:

* Micro-bending

* Macro-bending

OPTICAL SOURCES

+ The device that actually converts electrical signals to its optical equipment,
+ Most common light sources:

+ Light emitting diodes (LEDis).




s Light amplification by Stimulated Emission of Radiation {LASER) diodes. e It is
~ particularly required in lasers to maintain stable output power by way of

feedback mechanism.

+ Laser is very sensitive to temperature. Operating characteristics of a
semiconductor laser- notably threshoid, current, output power, and wavelength
change with temperature sensing and control is required to maintain stable
temperature,

TRANSMISSION SYSTEM

In telecommunications a transmission system is a system that transmits a signal
from one place to another. The signal can be an electrical, optical or radic signal.
Some transmission systems contain multipliers, which amplify a signal prior to
retransmission, or regenerators, which attempt to reconstruct and re-shape the
coded message hefore re-transmissicn.

Pulse-code modulation

Pulse-code modulation (PCM) is a digital representation of an analog signal
where the magnitude of the signal is sampled regularly at uniform intervals, then
Wantized to a series of symbols in a digital (usually binary) code. PCM has been
used in digital telephone systems and is also the standard form for digital audio
in computers and the compact disc red book format. It is also standard in digital
video, for example, using ITU-R BT.601. However, straight PCM is not typically
used for video in consumer applications such as DVD or DVR because it requires
too high a bit rate (PCM audio is supported by the DVD standard but rarely used).
Instead, compressed variants of PCM are normally employed. However, many
Bluray Disc movies use uncompressed PCM for audio. Very frequently, PCM
encoding facilitates digital transmission from one point to another {within a given
system, Or geographically) in serial form,
History of PCM

In retrospect, PCM, like many other great inventions, appears to be simple and
obvious. In the history of electrical communications, the earliest reason for



sampling a signal was to interlace samples from different telegraphy sources, and
convey them over a single telegraph cable. Telegraph time-division multiplexing
(TDM) was conveyed as early as 1853, by the American inventor M.B. Farmer. The
electrical engineer W.M. Miner, in 1903, used an electro mechanical commutator
for time-division multiplex of multiple telegraph signals, and also applied this
technology to telephony. He obtained intelligible speech from channels sampled
at a rate above 3500-4300 Hz: below this was unsatisfactory. This was TDM, but
pulse-amplitude modulation (PAM) rather than PCM, Paul M. Rainey of Western
Electric in 1926 patented a facsimile machine using an optical mechanical analog
to digital converter. The machine did not go into production. British engineer Alec
Reeves, unaware of previous work, conceived the use of PCM for voice
communication in 1937 while working for International Telephone and Telegraph
in France. He described the theory and advantages, but no practical use resulted.
Reeves filed for a French patent in 1938, and his U.S. patent was granted in 1943,

The first transmission of speech by digital techniques was the SIGSALY vocoder
encryption equipment used for high-level Allied communications during World
War Il from 1943.1t was not until about the middle of 1943 that the,Bell Labs
people who designed the SIGSALY system, became aware of the use of PCM binary
coding as already proposed by Alec Reeves, PCM in the 1950s used a cathode-ray
coding tube with a grid having encoding perforations. As in an Oscilloscope, the
beam was swept horizontally at the sample rate while the Vertical deflection was
controlled by the input analog signal, causing the beam to pass through higher or
lower portions of the perforated grid. The grid interrupted sthe beam, producing
current variations in binary code. Rather than natural binary, the grid was
perforated to produce Gray code lest a sweep along a transition zone produce
glitches

Managed Leased Line Network {(MLLN)

Leased Line services with flexible access bandwidth. The MLLN is a Managed
Leased Line Network system which is proposed to provide Leased line
COnnectivity. With the State-of-the-art technology equipment, MLLN is designed
mainly for having effective control and monitor on the leased line so that the down
time is very much minimized and the circuit efficiency is increased thus achieving



more customer satisfaction. This mainly deals with data circuits ranging from 64
KBPS to 2048 KBPS.

In MLLN network conventional PCM primary MUX and subscriber Modems are
replaced by versatile MUX and network terminating units respectively. MLLN
mainly consists of Digital Cross Connect {DXC), versatile MUX (V MUX}, Network
Terminating Units (NTU) and Network Management System (NMS). DXC's and
vMUXIs are inter connected via optical fiber links with alternate routing facility
in case of any route failure. VMUX is in turn connected to NTU 's placed at
customer premises through 2 wire copper pair. At the top of it NMS is suitably
placed at the central location for effective control & monitor.

NTUS are fully managed from NMS. They are prbgrammabie for different data

speeds ranging from 64 KBPS (n x64 KBPS: nx| to 32) depending upon the
customer demand, thus having bandwidth control without changing Modem at

his premises. NTUS operate on 230 V AC.

Features of MLLN

« Control, Manage the leased line network.

« Bandwidth management as per the customer demand.
» Pro-active maintenance, without waiting for customer to book a complaint.

» Self Diagnostic/software loops to check Ei connectivity to DXC, VMUX/software
loops for checking copper pair at NTU point for immediately identifying the faulty
section for trouble shooting. :

« Alternate routing in case of any route failure. Generation of the periodic
Performance reports for self-analysis.

Synchronous Digital Hierarchy

SDH (Synchronous Digital Hierarchy) is a standard technology for synchronous data’
transmission on optical media. It is the international equivalent of synchronOUS
Optical Network. Both technologies provide faster and less expensive network
interconnection than traditional PDH (Plesiochronous Digital Hierarchy)



equipment. In digital telephone transmission, "synchronous" means the bits from
one call are carried within one transmission frame. "Plesiochronous” means
"almost (but not) synchronous," or a call that must be extracted from more than
one transmission frame.SDH uses the following Synchronous Transport Modules
(STM) and rates: STM- (155 megabits per second), STM-4 {622 Mbps), STM-16 (2.5
gigabits per second), and STM-64 (10 Gbps).

GSM (Global System for Mobile Communications)

GSM (Global System for Mobile Communications, originally Grouped Special
Mobile), is a standard set developed by the European Telecommunications
standards: Institute (ETSI) to describe technologies for second generation {or
"26") digital cellular networks. Developed as a replacement for first generation
analogue cellular networks, the GSM standard originally described a digital,
circuit switched network optimized for full duplex voice telephony. The standard
was expanded over time to include first circuit switched data transport, then
packet data transport via GPRS. Packet data transmission speeds were later
increased via EDGE. The GSM standard is succeeded by the third generation (or
"36") UMTS standard developed by the 3GPP. GSM networks will evolve further
as they begin to incorporate fourth generation {or "4G") LTE Advanced standards.
"GSM" is a trademark owned by the GSM Association. The GSM Association
estimates that technologies defined in the GSM standard serve 80% of the global
mobile market, encompassing more than 1.5 billion people across more than
212 countries and territories, making GSM the most ubiguitous of the many
standards for celiular networks.

Introduction to GSM Networks

The various interface labels are the formal names given to these interfaces. More
details about these interfaces are found in GSM TS 03.02 [261.

The GSM network consists mainly of the following functionai parts:

MSC - the mobile service switching centre {MSC} is the core switching entity
" in the network. The MSC is connected to the radio access network (RAN);
the RAN is formed by the BSCS and BTSS within the Public Land Mobile



Network (PLMN). Users of the GSM network are registered with an MSC; all
calls to and from the user are controlled by the MSC. A GSM network has one
or more MSCs, geographically distributed.
ii. VLR- the visitor location register {VLR) contains ‘subscriber data for

subscribers registered in an MSC. Every MSC contains a VLR. Although MSC
and VLR are individually addressable, they are always contained in one
integrated node.

i, GMSC-the gateway MSC (GMSC) is the switching entity that controls mobile
terminating cails. When a call is established towards a GSM subscriber, a GMSC
contacts the HLR of that subscriber, to obtain the address of the MSC where
that subscriber is currently registered. That MSC address is used to route the
call to that subscriber.

iv.

vi.

vii.

wlii.

¥

%

HLR- the home location register (HLR) is the database that contains a
subscription record for each subscriber of the network. A GSM subscriber
is normally associated with one particular HLR. The HLR is responsible for
the sending of subscription data to the VLR (during registration) or GMSC
{during mobile terminating call handiing).

CN- the core network {CN) consists of, amongst other things, MSC(s),
GMSC(s) and HLR(s). These entities are the main components for call
handling and subscriber management. Other main entities in the CN are
the equipment identification register (EIR} and authentication
centre(AUC). CAMEL has no interaction with the EIR and AUC; hence EIR
and AUC are not further discussed.

BSS - the base station system (BSS)} is composed of one or more base
station controllers (BSC) and one or more base transceiver stations {BTS).
The BTS contains one or more transceivers.

(TRX)- The TRX is responsible for radio signal transmission and reception.
BTS and BSC are connected through the Abis interface. The BSS is
connected to the MSC through the A interface.

MS-the mobile station (MS) is the GSM handset. The structure of the MS
will be described in more detail in a next section. A GSM network is a
public land mobile network (PLMN). Cther types of PLMN are the time
division multiple access (TDMA) network or code division multiple access
(CDMA) network. GSM uses the following sub-division of the PLMN:

Home PLMN (HPLMN) - the HPLMN is the GSM network that a GSM user is a
subscriber of. That implies that GSM user’s subscription data resides in the




HLR in that PLMN. The HLR may transfer the subscription data to a VLR (during
registration in a PLMN) or a GMSC {during mobile terminating call handling).
The HPLMN may also contain various service nodes, such as a short message
service centre {SMSC), service control point (SCP), etc. Visited PLMN {VPLMN)

- the VPLMN is the GSM network where a subscriber is currently registered.
The subscriber may be registered in her HPLMN or in another PLMN. In the |
latter case, the subscriber is outbound roaming (from HPLMN's perspective}
and inbound roaming {from VPLMN's perspective). When the subscriber is
currently registered in her HPLMN, then the HPLMN is at the same time
VPLMN.

xi.

xii.

i,

Interrogating PLMN (IPLMN]) - the IPLMN is the PLMN containing the GMSC
that handles mobile terminating {MT) calls. MT calls are always handled by a
GMSC in the PLMN, regardless of the origih of the call. For most operators,
MT call handling is done by a GMSC in the HPLMN; in that case, the HPLMN
is at the same time IPLMN. This implies that calls destined for a GSM
subscriber are always routed to the HPLMN of that GSM subscriber. Once the
cali has arrived in the HPLMN, the HPLMN acts as IPLMN., MT call handiing
will be described in more detail in subsequent sections. When basic optimal
routing (BOR} is applied, the IPLMN is not the same PLMN as the HPLMN. The
user of a GSM network is referred to as the served subscriber; the MSC that
is serving that subscriber is known as the serving MSC.

Mobile originated call - the MSC that is handling the call is the serving MSC
for this call; the calling subscriber is the served subscriber.

Mobile terminated call - the GMSC that is handling the call is the serving
GMSC for this call; the called subscriber is the served subscriber.

Signaling in GSM

The various entities in the GSM network are connected to one another
through signaling networks. Signaling is used for example, for subscriber
mobility, subscriber registration, call establishment, etc. The connections
to the varicus entities are known as 'reference points', Examples include:

a. An interface-the connection between MSC and BSC;

b. Abis interface - the connection between BSC and BTS;

¢. D interface- the connection between MSC and HLR;

d. Um interface - the radio connection between MS and BTS.



various signaling protocois are used over the reference points, Some of these
protocols for GSM are the following:

a. mobile application part (MAP} - MAP is used for call control, subscriber
registration, short message service, etc.; MAP is used over many of the
GSM network interfaces;

b. base station system application part (BSSAP)- BSSAP is used over the A;
c. direct transfer application part (DTAP)-DTAP is used between MS, MSC;
d. ISDN user part (ISUP)-ISUP is the protocol for establishing and releasing
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e. When it comes to call establishment, GSM makes a distinction between
Signaling and payload. Signaling refers to the exchange of information for call
set up; payload refers to the data that is transferred within a call, i.e. voice,
video, fax etc. For a mobile terminated GSM call, the signaling consists of
exchange of MAP messages between GMSC, HLR and visited MSC {VMSC).
The payload is transferred by the ISUP connection between GMSC and VMSC.
it is a continual aim to optimize the payload transfer through the network, as
payload transfer has a direct cost aspect Associated with it. Some network
services are designed to optimize the payload transfer. One Example is
optimal routing.



The network is structured intc a number of discrete sections:

» The Base Station Subsystem (the base stations and their controllers).
-« The Network and Switching Subsystem (the part of the network most simijar
to a fixed network}. This is sometimes also just calied the core network.

Network Switching Subsystem

Network switching subsystem (NSS) {or GSM core network) is the component
of a GSM system that carries out call switching and mobility management
functions for mobile phones roaming on the network of base stations. It is
owned and deployed by mobile phone operators and allows mobile devices to
communicate with each other and telephones in the wider Public Switched
Telephone Network or {(PSTN). The architecture contains specific features and
functions which are needed because the phones are not fixed in one location.

The NSS originally consisted of the circuit-switched core network, used for
traditional GSM services such as voice calls, SMS, and circuit switched data calls.
It was extended with an overiay architecture to provide packet-switched data
services known as the GPRS core network. This allows mobile phones to have
access to services stich as WAP, MMS, and the internet.

All mobile phones manufactured today have both circuit and packet based
services, S0 most operators have a GPRS network in addition to the standard
G5M core network.

Mobile switching center (MSC)

The mobile switching center (MSC) is the primary service delivery node for
GSM/CDMA, responsible for routing voice calis and SMS as well as other services
{such as conference calls, FAX and circuit switched data). The MSC sets up and
releases the end-to-end connection, handles mobility and hand-over
requirements during the call and takes care of charging and real time pre-paid
account monitoring. In the GSM mobile phone system, in contrast with earlier
analogUe services, fax and data information is sent directly digitally encoded to
the MSC. Only at the MSC is this recoded into an "analogue" signal {although



actually this will almost certainly mean sound encoded digitally as PCM signal in
a 64-kbit/s timeslot, known as a DSO in America). There are various different
names for MSCs in different contexts which reflects their complex role in the
network, all of these terms though could refer to the same MSC, but doing
different things at different times.

The Gateway MSC (G-MSC) is the MSC that determines which visited MSC the
subscriber who is being called is currently located at. It also interfaces with the
PSTN. All mobile to mobile calls and PSTN to mobile cails are routed through a
GMSC. The term is only valid in the context of one call since any MSC may provide
both the gateway function and the Visited MSC function, however, some
manufacturers design dedicated high capacity MSCs which do not have any BSSS
connected to them. These MSCs will then be the Gateway MSC for many of the
cails they handle. |

The visited MSC {V-MSC) is the MSC where a customer is currently located. The
VLR associated with this MSC will have the subscriber's data in it. The anchor MSC
is the MSC from which a handover has been initiated.

Mobile switching centre server (MSCS)

The mobile switching centre server is a soft-switch variant of the mobile switching
“ntre, which provides circuit-switched calling, mobility management, and GSM
services to the mobile phones roaming within the area that it serves. MSS
fUnctionality enables split between control (signalling) and user plane (bearer in
network element called as media gateway/MG), which guarantees better
Placement of network elements within the network. MSS and MGW media
gateway makes it pbssib!e to cross-connect circuit switched calls switched by
using IP, ATM AAL2 as well as TDM. More information is available in 3GPP TS 2205.

The MSC connects to the following elements:

+ The home location register (HLR) for obtaining data about the SIM and mobile

services ISDN number (MSISDN; i.e., the telephone number).

« The base station subsystem which handles the radio communication with 2G
and 2.5G mobile phones.



+» The UM TS terrestrial radio access network (UTRAN) which handles the radio
communication with 3G mobile phones.

+ The visitor location register (VLR) for determining where other mobile
subscribers are located.

« Other MSCs for procedures such as handover. |



CONCLUSION

The final conclusion is the study of basics of TELECOMMUNICATION system
installed and operated in BSNL will help us understand the practical variaticns in the
theoretical concepts studied in our course plan. The study also helps us to have a better
understanding of the current technology being implemented and also the scope of -
further research in the field of communication. As we are moving more towards the

software and IT sector, even communication sector ist evolving itseif into a software
based hardware sector. So the further scope for iresearch and development is vast.
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CHAPTER-1 . o
' : INTRODUCTION
ThemostbasicdefinitionforEmbeddedSystemscanbewrittenasahardwarésystema[ong
w1thasoftwarepartembeddedtmttoperformvanoustasks AnEmbeddedSystemscanbe
defmedasanmdependententltyorasystemthatlsapartofamuchlargersystem ltcanbe

con51deredasam1crocontrotleroramlcroprocessordesrgnedtoperfo rmvarrousapphcatlon

basedtasks.

Embedded Systems comprise of three hwain componepts -
. Ha.rdwarecomponents
« Softwarecomponents

» RTOStosupervisethefunctions.

mechanicalorelectricalsystem, frequentlywithreal- tfmecomputiﬁgconstraints mostf‘requehtly
'afteracichnghardwareandsoftwareitlsamedlcmecompletedewce Dallyweareusmgembedded
systemtocontrolmanydewces Anembeddedsystemlsatypeofcomputersystemmthmscnbed
functmnwrthrnahugemechamcalorelectr}calsystem frequentlyw1threal—tlmecomputmg

constraints.

Embedded systems are generally classiffed into two types. They are
. Generalpurposeembeddedsystéms '

. Reqltimeembeddedsystems --

Examples for-general purpose embedded systems:

. Lapfops

-+ Mobilephones

Examples for real time embedded systems:




ArrcondltlonerAnembeddedsystem1sac0mputersystemwrthaded}catedfunctlon

WTth]ﬂ alarger
- Traffic lightcontrollers

The major difference between these two embedded systems s that the general purpose

system uses m]croprocessor while the other one uses

M1crocontrollerNowletushavea[ookonthedifferencesbetweenamicroprdcessdranda :

microcontroller.

MicroprocessorisanIthic_hhéson‘tytheCPUi nsidethemi.e.onlytheprocessin'gpgwers‘
suchasintel’sPentium1,2,3,4,core2duo, i3, i5etc. Thesemicroprocessorsdon’thaveRAM,
ROM,andotherperipheratonthechip. Asystemd951gnerhastoaddthemexternallytomake
themfunctional. Apphca’monofm1croprocessor1ncludesDesktopPC s,Laptops,notepadsetc.
Butth_151snotthecasewnhMrcr-ocontrollers.MlcrocontrollerhasaCPU,madditio‘nwitha
ﬁxedamounfofRdM,ROMandotherperipheralsal[embeddedonasingleéhip'.Attimesi'pi_s_
alsotermedasamTm'cdmputeroracomputeronasinglechip Todaydifferentmanufacturers -
producemicrocontrol[erswwhawaderangeoffeaturesavarlabtemdrfferentversmns Some

| manufacturersareATMEL »Microchip, Tl,Freescale, Philips, Motorolaetc

M]'crocontrollersarédesignedtoperformspecifictasks.Speciﬁcmeansapplicationswherethe
' relationshipofinputandoutputiselucidated.Dependingontheinput,someprocessingneedstobe _
' doneandoutputisdelivered.Forexample keyboards, mouse w'ashingmachine digicam, perdrive,
remote, microwave, cars, bikes, telephone, mobﬂes watches, etc. Smcetheapphcahonsarevery

specific, theyneedsmallresourceshkeRAM ROM I/Oportsetc.

Mlcroprocessorsusedtoﬁndanapphcat1onswhereasmgnmentsareunspeaﬁchkedevelopmg
software,games,websites photoeditmg,creatmgdocumentsetc fnsuchsituationstherelationship
betweeninputandoutputisnotdescribed. TheyneedmoreamountofresourcesllkeRAM ROM,I/0

portsetc




Thec[qckspeedoftheMicroprocessorisqujtehighascomparedto’themicrocontroller.
Whereas the microcontrollers operate from a few MHz to 30 to 50 MHz, today’s

microprocessoroperateabover GHzastheypefformcomplextasks.
. Examplesbfmicroprocessor:8085,8086, Intelcore?.

+ Examplesofmicrocontroller:8051,PIC, Arduino.




CHAPTER-2

'DESCRIPTION OF THE ORGANIZATION

!ndiainfotécﬁan!ndianba_sedﬁ'SoftwaredevelopmentCompanythatspot{ightson

' worthwhile,timelydelivéredand_extrémelyqrua[i tativelTenabledservices. Withaprosperous
andspeckledfamiliarityinsoftwaredevelopmentelucidationthatgivesyourbusinessanew7 _
d}mensmnoveryourcontestants Ourumquesoftwaremodelwﬂlbr]ngutmosttargetedresult ,
toyourbusiness. Th1sSoftwareDevelopmentCompanyw1th1tsHead0ff1ce1nChennalhave
ateamofprofessmnalshawngm depthexpertlsemlatesttechnolog1esprov1desexpert
softwaresolutionsforbusinessofallsizeslike-E- -commerce,finance, travel&tourlsm
youthfulentrepreneurs corporate, ITconsultancyorgamzatlonsetc ~Wedeliverthetop
leve[moblleapphcat]onsforAndrmd BlackBerry,Wmdows Symbian,SmartPhenes,iPhone,
andiPadwiththetouchofi0s. Getweb51teappl1cat10ndoneonvarledplatformshkeJava
PHP,. NETthatlsproductlveEydellveredtovanouspartnersandcustomersglobally At
present, w1thourknowledgeandexpertlse wehavecreatedaworldw1detrallofcllentsand
partners. OurultlmatecustomlzedprofesswnalSEOserVIcesofferedto[otsofentrepreneurs

fac1htatesthernt01ncreaseutmostROIforthe1rbus1nessandmcreasetrafﬁc

BENIFITS

# AssuredReturnoninvestment

s Fastér deve‘lopménfcyc[e

= Increased developmentproductivity
= Low developmentcosts |

» Reducedtimetomarket

s Quality softwareproducts




DEVELOPMENTPROCESS

¢ ProjectKick-off

s SoftwareRequiremen_tsAnalysisandManagement
» Software ProjectPlanning

o _§qftwarePf0jectTracki ngandmranageménf

= Software QualityAssurance

ENGAGEMENTMODELS
» Fixed-Price

s Time andMateriat
« Dedicated DevelopmentTeam
» Offshore DevelopmentCentre

¢ On siteConsuiting

DEVELOPMENT

India Info tech is a software devélopment company which offér Custom Software
Developm_entserVices,includingproductideaanatysis,o-ffshoresoftwaredevelopmentto
out_sourcingsupport,andenhantement.IndiaInfotechémpl‘oysalargepoolofsoftware
engineerscomingfromdifférentbackgmunds.Withlndialnfotechsoftwaredevelopm-ent'

| serviceS,youreduceoutsOurcingsoftWaredevelopmentcostsan_denhancerevenue

growthduetoour:
« Highresponsiveness
® Skil!edandbrganizedpersonei .

e Strongexperienceinprojectsofdi-fferentcomp-lexity




-« Timetestedsoftwaredevelopmentprocess

» On-timeandwithinbudgetdelivery

DESKTOPAPPLICATION

Deskto‘pApplicationsarerobust rich-cliéntapplicationsthatarecompiled'an'd‘runusingthe‘
' proce551ngpowerofamndmdualusersdesktopcomputer Indialnfotechhasexpertiseina

w1devar1etyprogramm1nglanguages tools,andplatformsforclientserverapplication. Our
structuredmethodolog1esandproveanprocesseshelpstoreducecomplemty,nsksandcosts

assocratedWIthcllent/serverdevelppment Wewﬂlhelpyoudevelop

cuétomized 'software applications and assist you thorough out the entire software
developmentheCycte 1ncluchngsystemsanalymsanddeSTgn softwaredevelopment project

management, 1mplementatlonandtrammg

WEB APPLICATIONDEVELOPMENT . .

Applicationdevelopmen.thasundergoneatransitionoVeryears withthemigrationaf .
appllcat10nsfromtrad1t1onalchent/serverde51gnstothelnternet WeutThzecuttmg -edge
technolog1essuchastcrosoftASP NET,Java/J2EE,ROR yAjaxandXMLtomeetourcustomers

var1edreqmrements.

SMART CLIENTAPPLICATION

Uniq tech has developed mahy Smart Client applications which enable Single Click

Deployment, EnterpriseSecurity, ExtensibilityandOnlineandOffli neapplicationaccessetc.




CHAPTER 3

DEPARTMENT OF STUDENT INTERNED
ABOUT EMBEDDEDSYSTEM' |

Thecombinationofhardwareandsoftwareeitherfixedincapabilityorprogram mableisknow
' Embeddedsystem‘,'thatisdesignedforaspeciﬁcfunctioln.Embeddedsystem-s-i_sdeviceuse_d '
tocontrol,monitorthedperationofequi pmént’s‘,machineryorplant. “Embedded”re'fersto the
internalpart. |

These are classified into different steps :

Based on the Periormance and Functional Requlrement
I REALTIMEEMBEDDEDSYSTEMS: typeofsystemsaredeﬁnedasthesesystemsm
which ) -
thetruthfutnessofthesystemdepends'notonlyonthelogicalresultcomputation,but
alsotheresultsareproducedontlme | |

_ > Hardreal-timesystems(e.g. Awomccontrol)
-» Firmreal-timesystems(e.g.,Banking).
> Softreal-timesystems({e.g.,Videoondemand).

2 DETACHED EMBEDDEDSYSTEMS:

» Thissystemsdonotrequireahostlikeacomputer, dependsonitself. .

> Ittakestheinputsfromtheeitheranalogordigitalandprocesses, calculatesandmodifiedthe

- dataandgwestheenddatathroughthehnkdewcewh]che1thercontrols ,drivesanddisplays the
linkeddevices. -

» examples:mp3musicplayers,digitalcameras, v1deogame microwaveovensand
temperature checkupsystems ‘

i NETWORKED EMBEDDED SYSTEMS:

» Thesesystemsarebranchtoanetworktoaccesstheresources.
> connectednetworkcanbeLAN WAN, ortheinternet. Theconnectionmaybewirelessor
wired. Th1ssystemlsh1ghestgrow1ngarea1nembeddedsystemapplrcatlons

4 MOBILE EMBEDDED SYSTEMS:
> Thebasiclimitationsofthesedewce51stheotherresourcesandhmltatlons

» Mob1teembeddedsystemsareused1nportableembeddeddewces likecellphone, mobiles
chgltalcameras mp3playersandpersenaldigitalassistants,etc

b




Based on the Performance of the Microcontroller:
1. SMALIL SCALE EMBEDDED SYSTEMS:

> Thesetypesofsystemsaredes1gnedw1tha80r16 bltsmglemlcrocontroller thatmaybe
- generatedbyabattery..

> Forthedeve[opingembeddedsoftwareforthisembeddedsystems theimportant
programmingtoolsareeditor,assembler, crossassemblerandlDE

2. MEDIUM SCALE EMBEDDEDSYSTEMS:

»  Mediumscaleembeddedsystemsaredesignedwitha16or32-bitMC,RISCsorDSPs.

> Bothhardwareandsoftwarecomplexitiesareavailable.

» Forthedevelopingembeddedsoftwareforthissystem, themaintoolsareC,C++ ,JAVA,
Visual,RTOS,debugger,sourcecodeengineeringtool , simulatorandIDE.

3. WORDLY EMBEDDEDSYSTEMS:

> Thesesystemsaredesignedwith32-bit,
> typeofembeddedsystemshavelargehardwareandsoftwarecomplex1ties
> Whichmayreqmredscalableorconflgurableprocessorandprogramm1nglogmalarrays.




CHAPTER - 4

GENERAL ROLES AND RESPON SIBILITIES

lwasinternédattheEmbeddedDepartmentwhereiwasprovidedexposuretovario_us—
microcontrollerboardsthatwereavéilable'fordeve[opmentofvarioustTapplicationareas
tikeconsumer,homeautomation security,‘suwei[lance healthcare,etc. Themainagendaof
thedepartmenttobondthegapbetweenthecompanyandthestudentsbyprov1d1ngthem
w1thpractlcalexpenencebycon51dertngthevarlousconstraintsthatcome51ntoeffectdurmg

thephysicalimptementationofaproject.

Thédepartmentwherelwasint'ernedhelpedmebridgethegapbetWeentheindustry
and academia by providing the complete experience to on board using the various

m1crocontrollerboardshkePIlecrocontrolter Ardmnonanomlcrocontrolleretc

Thedepartmenth_asanindustryExcellenceExperienceCentertolearn,fnnoVate,and

prototype embedded designs on various Industry standard hardware and microcontroller

platforms AtthesametlmebuﬂdaRewardlngCareertostudent51nembeddedEng1neenng
Domain. TheLabsetupandtrammghelpedmetobecomeacompetentandproductweAnalog
anlegltal,deSIgnEngmeers.Thetramlngenabledmetoacqmreknowledge,sklllsand
practica'lexperienceacrosstheentirefrontendandbackéndFullCustomFlow(Cir.cuitt_otape-.
out).ThetrainingcoverskeyfundamentalconéeptsofPhysicalDesignmefhodologywhichwill
enhancetheemployabilityofthestudents.TheSessions,LabexercisesandlndustryStandard
' Projectsenabledmetogetthroughinstillsconfidenceandtheanalyticalabilitiesrequiredto
workoncomplexindué;try’schallengesinvariousDeepSub-MichnTechnolquProcess.
Exposuret_otheuseofPhysica-lDesigntoolsfa-miliaritywithtimingclosureandreiatedtopic§

arecovered.

CHAPTER 5
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PROFESSIONAL AND TECHNICAL TAKE
AWAY

Embedded SystemArchitecture

Embeddedsystemarthitectureisangeneral-izedformofthesystem.Butthisarchitecture :
doesr_1otshowadetailedimplementatiom'nformationlikesoftwaresourcecodéorhardware
circuitdesign;As.apartofcomposit’ionofi'hterai:tfng’ele'mentsthehardwareandsoftware
elementsafepresentinembeddedsystem.hereelementsareusedtoréprese’ntthehardWare
andsoftware,(eavingonlybehavioralandinterrelationshipinformation- théonepossible
representationofthearchitectureisastructure. Astructureisli kesnapshotofthesysteém's
hardwareandsoftwaredurmgdemgnt]meoratrunt1mehawngaparucu{arenwronmentand
asetofelements, Earllerembeddedsystemarchltecture1susedtoresotvechailengeSIna
prOJect.Arch1tecture‘rstheﬁrsttoolusedtoanalysethesystemwithoutdefiningorknowing
theinternallevelofimplementation. arch1tecturecana[sobeusedasahlghlevelbluepnntm

defmmgthelnfrastructureofade51gn

Designing an EmbeddedSystem .

The four cornerstones of embedded system modelling are big-bang, code-and-ﬁx,water_'fall

! high=level embedded. sysfcm archifectare: ; )
and splral model Most of the many models used in system design are based on smgle maodel.

bangmodel,noplanningisexecutedbeforedevelopingthesystem.Thecode-and-fixrﬁodet
requirements are described but NO processes are prepared before the start of the

development.




Thewaterfallmodelusesstrictprocessfordevelopingsystemi nste.ps,ea'chpa rtofthesystemis
developeds'tepbystep.Spiralmodelisasimilarmodéltowaterfailmodel.Betweenstepfeedbackand
systematicprogressmodelisshowninGraph3 .lntheGraph3waterfallandspiralmodelshavebeen

combinedintoonesystemdesignmodel. (Arduinoz005).

GRAPH 3. Design and Dévelopment Lifecycle Model (adapted from Arduino 2005).

Implementation

Oneofthefinalphase'sofembeddedsystemdesignforimplementingthedesign. Basicallythedesign
andi‘mplementationofcontrolsystemormorefrequentlyseparatedwhi_chproducesdevelopmento_f

embeddedsystemtobemoretimeconsumingandcostly.

thetmpiemeﬂtatlonphase.Thereareseveraltoolsbuﬂttoeasethelmplementatlonofthesystem The
1mplementatmnanddeveiopmentprocessoftheembeddedsystem shardwareandsoftwarelayercan
beposs1bleWIthdevelopmenttools.OneofthetoolsusedonthehardwaresideisComputer-Aided

Design(CAD).CADisusedforsimulatecircuitsatelectricallevei;Inadditiontostudyacircuit 'sbehavior

beforethefinalcircuitandsoftwa reisfmplementedsimulationisusedtotestthehardware.Screen
" 12



captureofthesoftwareisshowninGraph4. IntegratedDevelopmentEnvironment(IDE)isusedforai'd '
theimpiementationofthesoftwaresidepfesentinembeddedsystems.Moreinformationabout‘

IntegfatédDevelopmentEnvironmentisfoundinchapter3underArduinolDE. {ArduinoUNO. }

GRAPH 4. CAD software for circuit simulation

Testing

Thepu rposeoftestingistocheckthequalityofasyst_:em.Thetesteristry_in gtOtestifthesystemi s

operatingaccordingtoitsdesign. Inotherwords, thetesteristryingtotestingtofindtheerroralso




usedtotrackifbugshavebeenfixed. Arduinodescribesinthequotationwhatbugsareandhowthey

behaveinasystem.

During testing, bugs usually stem from either the system not adhering to the architectural
specificationsﬁi.e.,behavinginawayitshouid‘n’taccordingtodocumentation,notbe-'havingina
wayitshouldaccordingtothedocumentation,behavi’ngin awaynotmentionedindocumentation—

ortheinabilitytotestthesystem. (A'rd t1ino2005,563).

Thetypesofbugsencounteredintestingdep_endohthetypeoftesti ngperform.edtothe
System.TherearefourgenerallyUsedmodélstotestthesystem:Staticblackqutesﬁng,static
- whiteboxtesting,dynamicblackboxtesti ng.,ordynamicwhiteboxtesting.Table1slhoWs
techniquesusedfortesting. Blackboxtestingmeansthatatesterhasnoaccesstoschematics
orsoUrcecode.BlackboxtestingisbasedongeneralprodUCtinformationgiventothetester.
Whiteboxtestingatsoknownasclearboxorglassboxtesti ngi’swheréthetesterhasaccess
tothesourcecodeandthesthematicsofthesystem.Statictestingisusedwhenthesystem

isnotrunning, whereasdynamictestingisappliedwhenthesystemisrunning.
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1. Expecting for high-level
fundamental problems,
omissions (i.e., pretending tobe

customer, research existing

guidelines,review and test

similarsoftware,etc.).

L. Low-level specificationtesting
by insuring completeness,

accuracy,preciseness,

[ Black Box Testing White Box Testing
Static Testing producis features Process of methodically revising
Testin by: hardwareandcodetobugswithout
g

.1 executingit,
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Dynami

Testing

relevance, consistency,.

feasibility, etc.

| Requirements of deﬁm’tidn

of what hardware and

_software does, includes:

datatesting, whichis
information of user

outputandinput.

boundary condition

- testing, which is used to

testconditionsatedgeof
planned operational limits
ofsoftwares-

internal boundarytesting,

- which is used to test .

powers-of- two, ASCI
table

input testing, which is |
usedtotestnull,invalid.
data |
staie-testing, which are.
testing modes and
transitionsbetweenmodes
soft-wareiginwithstate

variables

- 1.e., race conditions, repetition

Testingrunningsystemduringseeing

at schematics,code,etc.

Directlytestingofhigh-levelandtow-

level based on detailed operational
knowledge, memory dumps én‘d
accessingvériables.'Lookingfordlata
declaration errors, data reference
errors, comparison errors,
computation errors, control flow
errors,subroutineparametererrors,

170 errors,etc.
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testing, stress (starving software =
tow memory, slow CPU, slow

network), load(feed

17



ARDUINO

Fordeve[opingcomputersembeddedsystemaudln0151susedasopensourcetoolthatrtcan

‘ senseandcontrolbemoreofthephy51calworldthatthedesktopcomputers Irecewmgmput

fromvarletyofsensormtcansensetheenvnronment D1scermngsauaffectedbyordernoby
- itscontrollinglights, motorsandotheractuators !tcanalsosupportstanda[oneapphcatwns

L. It can easily integrated with computer / other process

Brief History of Arduino

In2005 aprmectwasamtIatedtomakeadewceforcontrollmgstudent -builtdesignprojects

thatwaslessexpenswethantheotherprototypingsystemava1 lableatthetime.

‘ FoundersMaSSImoBan21andDawdCuartlellesnamed theprOJectsafterArduinooflvreaand

beganproducmgboardsmasmallfactorylocatedmlvrea

Features of Arduino_ UNGOG:

Micracontrolter : ATmega328

Ollperating\/o_ltag_e ‘ :.5Va-nd3. 3V
n putVolfage | :6-‘20V
Digitall/OPins | 14
AnaloginputPins :6

DCCurrentperl/OPin  : 40mA

18



DCCurrentfor3.3VPin  : 50mA
FlashMemory : 32KB(ATmega328)

Boot Loader requirement :512B

SRAM _ : 2KB(ATmega328)
EEPROM : 1KB(ATmega328)
ClockSpeed : 20MHz.

19



ArduinolDE

ArduinolDE(IntegratedDevelo_pmentEnvironment)is-programmingprototypewhichcan{et
fheusertodi‘af’cvariouski ndofprogramsand loadfhemintotheArduinomicrocont‘roller.
WecanalsobeprogrammedbyusingdtheriDEstoo,likeEch‘ pse.ArduinolDEismoreversatile,
ThisArdui noIDEneed_snospeciatdriversoradditionalcomponents.Thisisavailablefor
Wi ndéWs,LinuxandMac.Crosscompiler-’compilesforadifferenttargetplatformthanth_eone

beingprogrammed.

IDE- SOFTWARE TOOL FOR PROGRAMMING: _

» Fileoperationsandothergeneraloptionsontop.

» Buttonsformostcommonlyusedoptions(Verify,Upload,etc.).
> Mainwindow-Texteditorforwritfngcode.

> MesSagearea-formessagestotheprogrammer.

FermdiE -

T ey

g
Hinmechsrt ., oloes {3 o

P asEEetia T T eme.,. FREE SRITEy e
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OPTIONS BUTTONS:

Buttons on the top have the most common, useful operations
Verify-Compilesthecodeandchecksforerrors.
Uploads-Uploadsthecompiledcodetotheboard. Worksonlylftheboard1sconnected
New-Createsanewsketch,anewprogram.

Open-Opensanexistingsketch.
Save- Savesthecurrentsketchinthedirectoryofyourchome
SerialMonitor- Opensmndowtocommumcatew1ththeboard

‘RequireJavaRuntimeEnvironment. '

WritecodesingeneralClanguage. ‘
Setup()-Initiatesthevariablesandsetsupdeviceinstances. _
Loop()—‘Runsthecodethatcontainsoperationsandmanipulations,iteratesinﬁhitely.,

YV YVYVYYVYYVVYVYYVY

ArduinoDue

‘TheArdui noDuei_soneofthem.icrocontrollerboardreatated'ontheAtr_nelSAM?»XSEARM
_ Cortex-M3CPU,TheﬁrstArduinodépendsdona32-bitARMcoremicrocohtrollerisArduino
due.ltconsistsof54digitali/opinsinthat1 ZCanb.‘eus_e_dforPWMoutputs, 12analog
inputs,4UARTS, a84Mkzclock,anUSBOTGcapableconnection, 2DAC, 2TW!, apowerjack,

anSPlheadér aJTAGheader aresetbuttonandanerasebutton.

FEAT URES OF ARDUINODUE:

Microcontroller :AT91SAM3X8E
OperatingYoltage 3.3V

FlashMemory :96KB(64KBand32KB)
ClockSpeed R : 84MHz

Length » 101.52mm

Width | : 53.3mm

Weight | 36




ArtuinoShiclds

AudlnoSh1eldsaretypeofboardsthatisusedtobepluggedontopoftheArdmnoPCBused

toprotectandprowdeadd1t1onalcapab1htles

There are different types of shields. They are .
Métnr Shield:
Amotorshieldisacircuitboardthatcontainsamotordriverchiptodrivemotorg.ltisused

tocontroltheworkingspeedanddirectionofthemotor. |

_Ethernet Shield: |

It allows the user to easily connect Arduino to the internet with an internet connection.
Wi-Fi Shield: . o

it connects the Arduino to the internet wirelessly.

MP3 Player Shield:

It is used to play any mp3 file from a micro SD card which is mounted on the board.

n



Features:
» OperatingVoltageis5Vto12V.
» MotorcontrollerL298P, Drives2DCmotorsor1steppermotor.
> Maximumcurrentif2Aperchannel.
> CurrentsensingiSi.éSV/A.
>

Freerunningstopandbreakfunction.

Input and Output
» Twoseparatechannels,calledAandB.
» UsedoftheArduinopinstodriveorsensethemotor.
N > 8pinsfnuseonthisshiéLd.

» EachchannelseparatelytodrivetwoDCmot_orsorcombin'etodriveonebipo[ar

steppermotor,
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Sensors

Therequirementofasensoristoreactfori nputphysicalpropertyandconvertitintoan
el.ectricalsi'gnal'thatissuitablewithelelctroniccircuits(Fraden_2010,2).Sensqrsareelectronic
devicesthatmeasureaphysicalqua_litysuchaslightdrtemperaturean dconvertittoa
voltage.ExampleofdigitaltemperatureandmoisturesensorispresentedinGréth.Ther’e,

aretwotypesofsensors:digitalandanalog,

Theoutpu't‘ofdigitaisensorwhereisbetweenOand1whichtantranslatétosensorsvo[t’age
range.Analogsensor’canoutp'utanyvaluebetweenitsvoltagerangeS.Accordingt_othe
readingfromthesensorchangésitsoutput. DigitalsensoroutputisON(1)often5v,orOFF
(O),Ov.Analogsehsorisusedtomeasureprecisenumericalinformationifketemperatureo‘r
speed;Analogsensorscanoutputalm.ostaninfiniterangeofvalues.Outputpinofsen'sor ‘
connectedtoinputpinaforedeni mshowthedigitalformisobtainedbytheconversi'on of

data.

Somesensorshaveanalogtodi‘gitalconvertere.mbeddedto.thesensorsothedataisoutputted as
digital data. After data is processed to digital form, it can be processed on the

microcontroller. (Karvinen&Karvinen, 201 4.)

IR Y
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ULTRASONIC

Theworkingprlnmp[eofultrasomcsensor1ssameastheworkmgpnnc1plesofradarsystem
ltcanconverttheelectncalenergwntotheacoustlcandwceversa Theultrasonicwaveis -
nothmgbut aacoust}cwavemgnalwhlchcantravelatafrequencyabove18kHz Themost |
famoussensorHCSR04generatesuEtrasomcwavesof40kHzfrequency Forcommunication”
w1thanultrasomcsensoram1crocontrollerisused wheremlcrocontrollersendsatrrgger
s1gnaltou1trasomcsensor ThedutycycleofthetnggermgnahﬂOquortheHC SRO4ultra

- somcsensor.Whe.ntnggedtheultrasomcsensorgenerateselghtacoustlcwaveburstsand

' initiatesatimercounter.Assodnasthereflectedsig'nalisreceivedthetim'erstops Theoutput

oftheultrasonicsensorisahighpulsewiththesamed uratmnasthetlmed1fferencebetween

transm1ttedultrasomcburstsandtherecewedechomgnal

Features

Here’salistofsomeloftheHC—SR04u[trasonicsensorfeaturesandspecs:
fowersupply:ssvoC
QuiescentCurrent:<2mA
Workin.gCu.lfrent: 15mA
FffecthalAngle: <15°
RangingDistance:2cm-—400cm/ 171
Resolution: O.3cm
Measuring Angle: 30 degree
| Trigger Input Pulse width: 10uS
Dimension: 45mm x 20mm x 15mm

| How Does it Work? -

Theultrasonicsensorusessonartodeterminethedistancetoanobject.Here’swhat happens:

25



The transmitter {trig pin) sends a signal: a high-frequency sound.

When the signal finds an object, it is reflected and the transmitter (echo pin) receives it.

SOIL MOISTURE

' .Thevolumetriccontentinsoilismeasuredbythesoilmoisturesensors. Removing, dryingand
weightingofasamplehowtherequi re_mentsfordirectgravi'metricmeasuremento‘ffreesoill

' moisture.Byusingsomeotherpropertyofsoil,soilmoisturesensofsmeasurethe‘volumetn‘c
watercontentindirectly.Dependingupontheenvi ronment'alfactorséuchass_oi ltype,
temperatureobstacletherelationshipbetweenmeasurep ropertyandsoilmoisturemustbe

calibratedandmayvary.

Reflectedmicrowaveradiationisaffectedbythesoilmoistu reandisusedforremotesensin

ginhydrologyandagriculture.Portab[ep_rob’einstrumentscanbeusedbyfarnﬂers.or gardenefs.

Soitmoisturesensorstypi_callyréfertosens_orsthatestimatevolumetricwatercontent.
Anotherc[assofsensorsme.asureanotherpro-pertyofmoistureinsoil,scalledwaterpotential;
these sensors are usually referred to as soil water potent_ial'sensors. and include
tensiometersandgypsumblocks. Soilmoisturecauseseffecttothedefectmicrowave
radiationandthisrefractionm-icrowaveradiationusédforremotesensinginhydrologyand
agricult_u’ral.Farmersandgovemorsareusedtheportableprobeinstruments.Thesenso.rsthat

estimatevolumetricwatercontentisreferredbythesoilmoisturesensors. specialclassof

/
i
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sensorsmeasuresomespecificpropertyofmoistureinsoilwhichisknownaswaterpotential.
Dispenserarealsoknownasandreferredtosoilwaterpotentialsensorswhichinclude

tensiometresandgypsumblock.,

Heartheat Sensor.

Thedesigningofheartbeatsensorishappenedinsuchawaythatwhenfingerisplacedonit
- thedigitalvalueoftheheartbeatisdisplayed. Theheartbeatishappenedwhenthebloodis

circulatedfromoneparttostherpartinthehumanbody.

Two Ways to Measure a Heartbeat

ManualWéy:Heartbeatcanbetheckedmanuallybycheckingone’-spulsesattwolocations-
wrist(theradia{pu[se)andtheneck(carotidpulse).Theprocedureistoplacethetwoﬁngers
(indexandmiddlefinger)onthewrist (orneckbelowthewindpipe Jandcountthenumberof

pulsesforBOsecondsandth.emmultiplyinqthatnumbervatoqetthehéartbeatrate.l-iow—
= _ 27




everpressureshouldbeapphedmmmumanda[soﬁngersshouldbemovedupanddownhli

thepulseisfelt.

Principlé of Heartbeat Sensor

Theprincipleofheartbeatsensorisbasedontheprincipleofphotoplethysmogfaphy.With
eachheartbeat]tcanmeasurethethebloodvolumealtemaUonattheflngertrp Thlssensor
| umtcon51stsofphotodxodeandIRLEth1ch1sp[aceds1deby51de Thephotodiodeisusedto -
sensetheportmnoﬂlghtwh1chlsreflectedbackandlRdlodelsusedtotransm1tan1nfrared
1ightintototheﬁngertip.Bloodvolume-inSidéthefingertipwillrepreSenttheintensityoﬂight.
Eachandéveryheartbeatslightlywhereistheamountofreflectedinfraredlightwhichcan

bedetectedbypho_todiode.

GSM

F ullformOfGSMiSGlobalSystemforMobi tecommunication. GSMmodemisadevicethatis
usedforthecommunication. TheGSMideawasfi rstlydevelopedatBeHLab'oratorjesin1 970.
Now,inthewOrldthemostwidelyusedc_omm unicationsystemisGSM.Thefrequencybands

thatareusedinopenanddi gitalcellulartechnologiesare850MHz, 900MHz, 1800MHzand

i

1QOOMHzforthet.ransmittinqofmqbilgvoiceanddataservices.

~
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TheGSMsystemwasdevelopedasadigitalsystemfofcommunicat_ion_pufposebyusing
: techniqueoftfmedivisionmultip[eaccess(tdma).TheGSMisusedtotodigitiseandredLlce
thedatatheni'twi llsendreducedd ataDon3channé[whiéhintwodiffere'ntstreamsofclient
dataeachoneha51tsownpart1culart1meslot thecapab:lltyofd1gitalsystemtocarryadata

‘ of64kbpsto1ZOmbpsofdatarates

GSM. Architecture

A G5M network consists of the following components.

. AMobi!eStation:ftiSthemobﬂephonewhichconsistsofthetransceiver,thedispiayand
-theprocesso_randiscontmiledbyaS!Mcardoperatingoverthenetwork.
s BaseStationSubsystem:Itactsasaninterfacebetweenth'emobile'stationandthe
networksubsystem.ftcdnséstsoftheBaseTransceiverStationwhichtontainstheradio
, transceiversandhand1estheprotocolsforcommunic.ationwithmobﬂes
. Networkqusystem:ltprovidésthebasicne'twork_connectiontothemobilestations.The
basicpartoftheNetworkSubsystemistheMobileServiceSwitchingCentrewhichprovides
accesstodifferentnetworkstikelSDN,PSTNetc. ltalsoconsistsoftheHomeLocation
Registeran‘dtheVisitofLocationRegis’terwhichp'rovidesthecallroutingéndroamihg
capabilitiesofGSM. ItalsocontainstheEquipmentldentityRegisterwhichmaintainsan
accountofallthemobileequipmentwhereineachmaobil els1dent1ﬁedby1tsownEMEE

number. IMEIstandsforfnternannalMoblleEqU?pmentidenhty
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Features of GSM Module:

. Spectral/Frequencyefficiency.

. Supports Internationalroaming.

. Abilﬁytosupportmultiplehandhelddevices.

. Clear VoiceClarity. '

. Lowpoweredhandhelddevices. .

. Usesencryptiontomakephonecallsmoresecure.
. EaseofaccessingtheNetwork,

Themostsecurete{ecommum‘cationstandardofGSMsystemconcurrentlyaccessi blebyusing
securitystrategiesstandardises. Theradiochannelcanshocttheconfi dentiaiOfthecallon

thesecrecyofaGSMsubscri ber.Thisishugestepinathievingendtoendsecurity.

GSM Modem

A’GSMn’éodemisadeVicewhichisverysfmi[artomobi te'phoné,whereasthemobi lephone
isoperatedbyhumanbeingsbuttheGSMmodemisopératedbyamicrocontrollers GSM
modem1salsousedtomakeapersonalcomputeroranyotherprocessorcommumcateover
anetwork AGSMmodemreqmresaSlMcardtobmnsertedlnordertooperatesovera
networkrangesubscrlbedbythenetworkoperator. Itcanbeconnectedtoacomputer

~ throughseriat, USBorBluetoothconnection.

-AGSMmodemcanalsobeastandardGSMmobilephonewiththeappropriatecableand
softwared'rivertoconnecttoaserfalportoruSBportonyourcomputer.Apefsonalcomputer
isconnectedwithUSBtocombconnectorandcompoundDB9connectorisconnectedtoGSM
modem.So,thatthesetuphasbeenformedtochecktheGSMmodembyusinchmmands
thatarecompati bletotheO-pérati ngSystem.TheGSMmodemhaswiderangeofapplications
in-transactioﬁtermjnals,suppl-ychainmanagement,secu-n'tyapplications,weathers_tations

- andGPRSmoderemotedatalogging.

Working of GSM Module:

Fromthebelowcirtuit,aGSMmodemdulyin‘terfacedtotheM(;throught_heleveishifteric
Max232.TheSiMcardmountedGSMmodemupdnreceivingdigitcommandbySMSfromfany
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ce{lphonesendthatdatatotheMCthroughserialcommunication'.Whiletheprogramis
executed, theGSMmodemreceivescommand*STOP todevelopanoutputattheMc, the
conta_ttpointofwhichareusedtodisabletheignitionswitth.Thec_ommandsosentbythe user is
based on an intimation received by him through the GSM modem ‘ALERT’ a
programmedmessageonlyifthei nputisdrivenlow. Thecompleteoperationisdisplayedover |

16x2 LCDdisplay.

05V SERES W'

CONNDOR

Intelligent GSM Device for Automation and Security

Inthesedays, theGSMmobiletermi nalhasbecomeoneoftheitemsthatareconstantlywith
us. Justlikeourwallet/ purse,_kéysoawatch, theGSMmobileterminalprovidesusa
communitationchanneitlhatenab1esustocommunicatewiththeworld .Therequirementfor

apersontobereachableortocaitanyOneatanytimeiéveryappealing. inthisproject,
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Asthetitteofprojectisdependihgontransla_tionofSMS.from_senderto‘receiverbyusingGSM :

Networktechnologyoftransmission. Ubiquitousactressofappti anceand'bridgecontrola't
homewhereusedbytheSMSsendi ngandreceivfng.Twosubsystemsareproposedbythe
system. Tocontrolthehomeapplianceremotelyusingapptiancecontrolsubsystemandfor

automaticsecuritymonitoringyouareusingsecurityalertsystem.

Acco_rdingtotheusemeedsandrequirementsthesys_temiscapableenough_tosend B}
instructionsahdconditionsviaSMSfromaparticuiarcellnumber Onthedetectionof .
mtru51onthesecretanatcanbeachlevedthl51soursecondaspectthoughalertmgtheuser

agarnstsecurltynskthesystemaltowsautomatlcgeneratlonofSMS

Software

TheArduinoDuemilanovecanbeprogrammedwiththeArduinosoftware. TheArduino
IntegratedDevelopment( lDE)isderivedfromthelD‘Efortheprocessingprogramming

lahguageandiswritteninJava. Ithascodeedito-rfeaturessuchasthesyntaxhighlighting

braces matching automatic indentation indentation and is also capable of compiling and

-uploadingprogramstoab,oar-dwi_thasing{ec:l‘ick.AprogramorcodewrittenforArduin‘ois

calleda“sketch".ArduinoprogramsarewritténinCandCH.

Loop():
> Cal[edaft_ercreatingsetupfunction.

» Function loopsconsecutively.

> Al—lows—thepr-ogr-amte@hangeandres:pond:

» ActivelycontrolstheArduino. ‘
COmp-i[ercompi[esthesketchafterwritingthecodeandcheckstheco'deforerrors.Upioad
the‘prog‘ramtotheconfiguredArdﬁinoboard.Checktheboardwhetheritwillworkswellor

- not.Ifanyproblem, thenrevisethecodeorcircuityoubuild.

CODE
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Temperature and Humi_dity:
#include <dht.h> |
#deﬁnedht__apinAO/7AnalogPinsenson;scon.nectedto
dhtDHT;
void setup(){
Serial.begin(9600);
delay(500);//Delay to let system boot
Serial.println("DHT11 H'urm'dity&temperatureSensor\n\n"};
delay(10003;// WaitbeforeaccessingSensor .
}/end
"setup()"void |
toopii
//5tart of Program
DHT.read11(dht_apin);
Serial.print("Current humidity = ");
Serial. print(DHT.humidity);
| Serial.‘print("-"/o ")
Serial.print("temperature = "); -
Seriél.print{DHTl.temperéture) ;

Serial.printin{"C."); delay(5000);

end loop()

"TO BLINK AN LED USING EX-OR OPERATION:

void setup() {

31,



pinMode(2,INPUT);
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pinMode(3,INPUT);

pinMode(4,0UTPUT);
y o

void Joop() {
int a,b;

a=digitalRead(2);
‘b=digitalRead(3);

ifla==b)
{

digitalWrite(4,0);
J
~else

{
digitalWrite(4,1);
}
Y.

TO BLINK THE WORD DISPLAYED IN THE LCD:

#inc]ude<LiquidCrys;tal.h>
LiquidCrystalled(12,11,10,9,8,7);
void setup() {

lcd.begjn(IG,é);
ch;setCursor(0,0);
led.print("NHCE™);

}

void loop(){

lcd.disﬁlay();

delay(1000);




led.noDisplay();

delay(1000});

Alcohol Detection:

#include
<L1quidCrystal.h>#1‘néiud

e <MQ135.h> #include
"MQ135.h" |

void setup()v{
Serial.begin(9600);

} _

void loop() {

MQ135 gasSensor = MQ135(A0);
float air_quality = gasSensor.getPPM(); -
Serial.println (air_quality);

delay(3000);

}

CHAPTER 6
CONCLUSION

Asystematicapproachindesigningasystemformeasurementandalsoforthecontrolofthree

importantrequirementpartsbasedonthemicrocontroller.



Ammetersforplantgrowth ,temperature, humidityandsoilmoisture,hasbeenfo[lowed.The
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systemwhichisproposedhassuccessfullyoVercométheprobEemsoftheexistingsys‘temsby
reduéingtheconsumptionofpower,compl'exityandthecostbyprovidingapreciseform of

maintaining theenvironment.

Arduino micr'ocontrollérs are constantly evolving development platform. Vastly advancing
technologycaneas1lybypasstechno[ogyusedmArdu:noDueandmakethetechnology

outdated Growingopen- sourcecommumty1sconstantlydevelopmg Moreadvancedsoftware

EnVIronment variable momtormg DIY projects are common in open source communities.
Mult1plegreenhouseorhouseholdp{antmomtonngpro;ectscanbefoundonlme Thekey
factor_thatsetsthlsgreenhouse-momtonngprQ]ectapartfromotherD!Ymomtormgsystem

isthesysteminwhichthedataisaccessedeas lybytheuserthroughthewebinterfaces.

Usually web interfacing monitoring systems require multiple hardware to handle hosting
services.Tonarrowdownthecos_tofhostingandmonitoringsystémwascombinedtoo_ne

device.

furtherr’esearch,thesystemcanbedesignedinsuchawaythattooperateinawi reless
environment. .Topr_ovideaccesstouserinierfaceweareconsfderingtheWi -Fitechholbgy.
Andalsowehaveatternateoptionsforwireiessconnectivitymor4Gcellu[arcohnectivity.
Themonitori ngofdataaccessirrespectiveofdistancetolocationofthegreenhousewhich

willhavéleftandconductionandmom‘toh’ngthed'atamqreefficiently.
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ABSTRACT

In the last decade, the open sourie community has expanded
to make it possible for people to build complex products at
home.A modern and efficient controller is the LQR — Linear
Quadratic Regulator. |

Being a state space feedback controller the model has to be a
good representation of reality since the output signal depends
on the model. In this thesis, the validation process was
performed using a Microcontroller. The results showed that the

- model is not yet reliable. The reasons for this are discussed and

recommendations for future development are listed.

One can seek the help of electronic security systems.

- Such a portable security system is described here.

This electronic setup carrying sensor can be auto activated
whenever the motion is detected near by the Sensor and can
auto activate the landiine number and redial the last dialed
number from the conventional telephone. All we need is to do

‘minor changes to activate the telephone as it works as to

become auto dialer circuit.

Thus whenever the intruder enters to the area, it activates the
sensor circuit of either sound activation or infrared light beam
obstruction circuit, the redial circuit become active and gives a
ring tone to the receiving end. It may be a mobile phone or any
landline phone or even police control room.
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