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ABSTRACT

This project presents the design and construction of a short moessage service (SMS) based
consuner load monitoring and control system. s operation i3 cemtered on an ATEDROSS
microsonitoller programmed in sssembly language. A dedicated GEM medem with 2 5IM card
i imerfaced 10 the pors of the microcontroller through an MNPN transisior {(BOISTY and &
normaily closed {NCY relay. The G5M modem is nostrolled by the microontrolier o send g
stticabion alert vis BME (o the user's moblle phowe upon the restoration of power supply in
histher premises and whenever the energy consumed by the load exceeds the maximum value set
e ARW as used) This enables the user o respond prompdly by cutiing off power supply 1o the
boad wmt when not nesded. With this, a great deal of energy is saved and the consumer ERIOYE
wsisman satisfaction of the electrics] envrgy paid for, bence an bnprovement and siability in the

supply of power is achieved.
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{HAPTER ONE

GENERAL INTRODUCTION

£38  Introduction

As vommercial sctivities in the slectrical industry increanes, it became increasingly important {o
develop wnart electric ensrgy meters to properly measure and bill customers for the amount of
energy consumed, instead of billing for & fixed amount of energy per wonth. To a«:i‘;iéve this,
saanyy experimental types of muter were developed, An clectrochemical metoring system, which
used an elevtrolviic cell fo winlize the amount of energy ronsumed, was first developed {11
Advancements i mchavlogy kel © the development of more sophisticated mgters like the
electromechanical, Blectronic and prepatd meters that can measurs and display the gnergy used
on an LOD e LED display, transaut vesdings 1o remote pleces, record other parameters of the
toad snd supply: such & maximum demand, powsy factor and reaciive g}ggss,%«‘er; support ame-nf-

day billing =i [2].

The design and implementation of this project work helps in the functicnal improvement of the
prepaid snergy meter and makes i move useful o the user. By definition, the prepaid energy
meter system does not use the classival form of billing {i.e wie now and pay afterwards) tap
cotbents money upfront. Hs operation is similar to filling a zar at the petrol station; the car wosld

siroply stop when the fuel tank s empty.

This project work therefore presents the design and construction of & short message service
{SR4R) based consumer load mpnitoring and control aystem, that will operate via S8MS fapitity to

help the user manage, save and reduce the amount spent on elecirical energy consunmed. it can




remotely monitor, control, snd notily the user on histher mobile phone shout the load stans. It
can slso cut off supply to the Toud woit when it s not needed, on request by the wser. These sre
possible beoause, 2 dedionted GSM modem Is imerfaced with an ATSRC52 microcontroiler 1o
sepeive the command from the wer's mobile phone The mizrocontrolier then scls on this

sormmared o carry out the user’s desired fimction.

128 AIME AND OBJECTIVER

Thiz project work iz shmed 8t saving cost on the elsctrical energy consmed and reducing the
amonnt of energy belng wasted. This provides & means of enhancing the present prepaid energy

metey used by the Power Holding Campany of Migeria (PHUN) with the following objectives:

i To belp the user to remotely monitor and control the energy consumed via histher
mobile phong,
. To alert the user oo hislher mobile phone vig 3MS upon the restoration of powsr
supply to histher promizes and when connected load exvends maximuun value set.
#. To sopble the wser disconnect and reconnect the pover supply 1o the load unit from

histher mubile phone 2t any distence when not needed and vice versa,

136 METHODOLOGY

The sieps coploved in the degign and construction of this system wre stated as follows:
#® The complete vircutt diagram of the syster was first geoersted on ¢ paper.

¥ The vomponents contained in the cirouit dlagram were sourced for in the ocal slectronic

market in Minm metropohis.

T
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The sysiem hardware was divided into units and each unit was separately constructed on

e brondboard and tested.

b The software was then wiitien, using assombly lsnguage on 3 notepad application and

transferred o the microcontraller through zn BDSIM simulator,

k<)

The entive bardware unite were assembled together and soldered onte the verohosrd.

# Finadly, the progranuned chip wos mounted onte iy socket 10 the board and the system

was then tosted again.

148 OPERATION OF THE BYRTEM

The destgned wsterm domonstraies one of the soerging applications of the GBM echnalogy. B is

ivided it sectiony the bardware and the software. The hardware sention I mede up of four
basic units the migroventroller uuit, te GEM merfhace unit, the powerflosd monitoring uolt and
the power supply wiit while the software sention 15 doveloped using an interaciter Assembly
fanponge platform. The operation of the systom v contered on the ATSHIS2 mivroconiroller
progranueed in ssscmbly lanpuage. Whenever powsr s restored to the user’'s premises, the
pownr supply ualt takes power from the autput of the prepaid energy meter and provides power
s the system; the msiorocontrodler unit senses the prosoncs of power and sends wigaad {0 the GSM
interfane wnit, The (SM Imterface unit then notifies the user o histhey mobile phons vis SMS

the supply o cut it off i not neoded, by sending 3 call alest 1o the dedicated G3M modem.

Alsw, whenever the connected lead exveeds the mexinum preset value {Le, TKW an used i this

degign), the microcontroller unit senses i, snd sends signal to the GBM interface anil. The GEM

w




interface uoit agsin, notfies the user i histher mobile phone vie SMS that maxizmem load wales
6 bown suceeded. The sysier then, waits for one mimue to slapse and sutometicslly cuts off
supply o the load unit #f the condidon is still meintsined. The consumer can disconnect and
revonnest the supply 1o the losd unit whenever hedshe wants by stmply sending 2 call slert to the

dedicated $5M moden and will rooedve an SMH in returs o9 scknowledgment for the command

redpoed, Hence s reduntion in smount spent on energy consumption and prompt payment of bills

2 sohievahle
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g
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Figure 140 Block Diagram of the System
1.5 JUSTIFICATION

I vecent years, mobile phone techaologies sre becoming commeon day- by- day and acoessible.
The mamber of people with cell Phones is on the increase becanse Land line efephones have
become less popular and people now prefer communicating while on the move, sapecighly in the
devtloping counmries [6] When people have 2 good connectivity a1 their disposal, with
sremendons power of mobile computing to supplement the same, they cas think of conpecting

dhwir home sppliances 1 s mobile Phone wirelessty, With this, people would be able to turn OFF




and O, and to some extont comtrol the appliances at thelr hames from any distance. One of the
very basic exampdes of the uiility of tig is that prosonted in this woject work snd alse the
switching ON of the sir conditioner in the room just some e before reaching home 3t a
- distawe 3o that the room will be sfficiently cool. The usefulness of the long range remute

contred 1o home sppliances has no mits,

.68 BUGPE OF THE PROJECY

This project covers the bistorivs! development snd types of electricnd energy msters, operations
of the prepsid encrgy wuter snd the application of e G3M wdhuology in wonitoring and

gomtrolling the smount of slectrived energy consumed by the user,

178 LAMITATIONS

Thiz project i5 & pro®wiype that is limited to smaell dlecwrivel loads conswmdng power less than
HOOW. To be uned for higher slectrical lvads shove 1IW, the rating of the tramsformer, relsy

i, sheould be inoreased.

i




{CHAPTER TWO

LITERATURE REVIEW

218 Hwerical Background

An slectnicity mebry v 2 device thet measures the smount of electric energy consummed by a
sesidence, business, or sn dlestrically powersd dovice. Blentricity metors are typivelly celibeated
in balling units, the mnst conunon one being the kilownnt hovr. Poniedic readings of dlectsie

meters eotablich billing cyoles and vporgy veed during aovcle {1}

1o the 188, Bdison st fiest worked on & DO electromechanical meter with ¢ direst rogding
register, bt instead developed an dectrochemingl metoring wystom, which used sn electrolylic
celt to totalive current comsumption. At peredic imervals the plates were romoved, waighed, and
the custosmer Billed. The eleotrochemival mster was Iabor-intensive 1o read and not well rocatved
by pustomers. In 13RS, Ferranti offered & mercury motor sister with 2 register stmiler o ges
pieters, this bad the sdvanisge thet the consunwy conld easily read the meler and venly
consumption {21 The first scouraie, recording eleciriclly consumption mster was 2 D meter by
Dr Hermann Avon, who patented i in 1883, Hugo Hirg of the British Genersl Bleotnic {ﬁiesmp&my
introduced # sonunercistly into Grest Britgin from 1BB813] Metsrs had beoon used prisy to this,
but they messured the mie of energy consumption w tha particular moment, Le the slectric
power. Aron's meter reoorded the totel energy used over ime, snd showed it on 8 series of clogk

dials.




The first specimen of the AU kilowsit-hoor meter produced on the bashs of Hungarian (o
Blathy's patest and named after bl was presenied by the Gang Works 2 the Fraokfunt Fayr o
the gobumn of 1888, end de By induction kilowati-howr meter was shready marketsd by the
faciory st the end of the same year. These were the first alternating-current walt msters, knowa
by the nawe of Bldthv-metors 141 The AL kilowatt bowr meters used a8 present operate o th
sasme peinciple a3 Bldthy's orighmel tnvention [7] Alse around I188% Ebhu Thomsen of the
Assesionn Generdd Eleviric company developed g reccrding watt mwter fwatt-hour meler based
o un brondess oommutster motor, This meter overcame the dissdvantages of the dlectrochemicad

type and could opeeate on either alternating or divent current {81

In 18%4 (Hiver Shellenbergsr of the Westinghouss Bleetriy Corporation applied the mduction
privviphs previopsly wsed 1107 poly in AC ampere-howr metors to produce g wati-howr meler of
the modern dectromechanicsd form, using an induction disk whose rojationad speed was made
propostionsl to the power in the cireuit [11]. The Bléthy meter was stmilar to Shellenberger and
Thomsos meter in the they are two-phase motor meter [12] Although the induction meter
wendkd only work on alternsting curvent, it shininated the deliome and troublesome commutator

of the Thomson Jedyn.
220 TYPES OF ENERGY METER

Flecticity metors operste by continuously messuring the instantansous voltage {volts) and
purrent {amperes) and finding the prodoct of these lo give nstantanecus glectrival power (walta)
which s then integrated against ime to give snergy used {Joules, kilowatt-hours eto } Meters By

soraller services (such a5 small residential customers) can be connected divectly in-line between

souree and customer. For larger leads, more than about 200 ampere of foad, current transformers

~d




are used, so thet the mster can be located other than in line with the service conductors, The
seters fall into two basic categories, electromechantcal and electronic,

3231 Flevwromechanical Meters

The mod coamon type of electnioty meter is the slecummechamcal mduction wati-hour
mstierf’ 151 The electromechanical induction meler operates by counting the revolutions of an
slumimium dige wineh Is made to romie ot 2 speed proportional to the power. The number of
revolutions i thus proporiional to the energy usage 1t consumes a small amount of power,
pypacally woonend 2 watts. The metallic dise i3 acted upon by two cotls. (ne onil i3 connscted in
é,m:sis‘s #way that it produces 2 magnetic flux in proportion o the voltage and the other produres &
magnetie Sux o proportion to the current. The field of the voltage coil is delsyed by 90 degress
using # hag vodl [15] This preduces eddy currents m the dise and the effect 15 such that 2 foree is
srevted on the disc in proportion 1 the product of the instantangous current and voltage. A
peranent magned sxirls an opposing foree proportional 1o the speed of retation of the dise. The
pouilibrium bevween these two oppesing forces resulls in the diso rotating at & speed proportional
to the powsr being used. The dise drives a register mechanism which integrates the spesd of the
dise over time by counting revolafions, mach like the odomster in a car, in order 1o render g
messwrement of the totad energy used over a perind of time. The type of meter desoribed above is

used on @ single-phase AC supply. Different phase configurstions use additional voltage and

gurressd poals,




ar  Blevironiy Molers

lepteanic mavters display the energy used on an LOD or LED display, and can also wansmit

reatings 1o remote places. In addition to measuring energy used, clecironic meters can also

secord other parameters of the losd and supply such gs maximum demand, powsr factor and
active power wed oo, They can also support tme-of-day billing, for example, recording the

smeunt of pnergy used during on-pesk and oifpeak hours {11

243 BMultiple Torifl {Variable Rale) Maters

- Electricity retsilers may wish 1 charge customers differsnt tartfls at different times of the day 1o

hotter meffent the costs of generation end transmssion, Since 31 is typicelly net cost effective to

steve sipnificant ameuns of electricity during a perind of low demand for use during & poviod of

- high demand, costs will vary significantly depending on the time of day. Low cost generation

- capacity (base toad) such ag nuslesr can teke many hours 1o dtart, mosning 8 swaphes iu times of

- leow demmand, whereas high cost b flexible generting capactly {such 85 gas twrbines) must be
fept available  respond 8t 3 moment's notine {spinning reserve) to peak demand, pachaps being
used for ¢ fou minutes per day, which s very expensive. Some multiple tant meters use

Silforent trtffs for different amounts of demand. These are wauslly industrial moters.

124 Applisnce Encrgy Melers

Flug i slectrickty meters {or "Plug load” meters) measure energy used by individus! applisnces.
There are & variety of models available on the market wdgy bot they all work on the same basic
srinciple. The meter is plugged into an outlet, and the appliance 1o be mersured is plugged mto

the meter. Soch meters can help in energy conservation by identifying major energy users, of




devices thet consume sxosssive standby power. A powsr meter oan ofien be borrowed from the

acal power suthorities or & local public Bheary [171

3.1E  Swmert Meters

Smart meters go 8 step Ruther than simple AMR (awomatic meter reading). They offer
sddditionsl Bunctonslity including 2 resl-time or nowr real-dime reads, power culage notification,
and power quality monitoring, They allow prive setting agsncies to introduce different prives for

consumption based on the time of day and the season,

These price differences can be nsed to reduce peaks in demand (oad shifting or pesk lopping),

reducing the nsed for alditions) power plants and in particulas the higher polluting and cosily to

apersie nateral gas powersd pesker plants. The foedback they provide 1o consumers has also

been shows 1 o overs energy consumption,

Another tepe of smart mster uses nonintrusive load manitoring to sutomatically detomine the
rassaber ad type of appliances in & residence, how much energy sach uses and when, This muter
i used by slectsic wilities 1o Jo surveys of eneryy use. Bt climinates the need to put Bmers on all

of the appliances in & houss 1 determing how much energy sach uses.

2346 Prepeid Metery

The prepaid meter is being nsed in developed countries and rapidly gaining large secepiance in
pomespt in the Migerian Powsr Supply system. It was first introduced into Afvica in the mud-

nineties by eompanies such as Conlog of South Africa. The aystem has gained a wids acoeptance

bheyond just the power metering to metering of other basic utilities such as water and telephone

14




services. It is not Rurprising that other companies have slso shown inteross i the system anmd ag

such have developed technologies that can support this system. These comparies nchude Unistar

Hitek and Actaris just to mention but 2 fow [31
As the name implie

5. the systom allows electrieity consumers to purchase or muke paymment for

usity of electriclty upfront. Thie system 48 similar to that used by rmemt Telorommunicationy
Metworks popularly kno

W a8 “pay a5 you go” B i IMpOnan o note thet this system of

pRymient ensures bundred perpem prompt payment of slectricity charges as ut when doe by

comsumers. Therefors, this mode of payment iz more suitable thay the bitling and meter rending

techtigue pogulardy known to st individusls. The introduction of the prepaid metering iy

therefore timely at this stego, when the PHON i undergoing a major restructiing in order o

smprove its service delivery {5} Broadly dlassified, the prepaid gystem van he grouped ity three

maor fypes {51

» Magnetic Strp based Prepaid Meters
# ¥ Card based Propaid Muters

*  Btandard Transter Spesification (3T5) based Prepaid Meters
2283 Operationsl Principle

This prepaid system was designed so thet the purchase of slectricity, Bas, o water is pade at g

ventral station such as 2 gas o electricity utility office. The information tegarding the anvau of

the purchased commudity s then communicsted to the consumer site where the utifitios are

consumed. At the consumer site, » metering device is installed which is designed 10 receive the

prepaid comansiostion information and credit the user with the amount purchased st the contral

site. These tvpe of proposed prepaid metering system will reduce the overall services cost of

i1




distribution, by reducing o shiminsting meter reading expenses, bud deby pedlertion,
acerant wanafer supenses wnd sredic department sxpenses, while the same time providing 2

Breater wwareness on the consumer’s it 28 10 Binsher consumption habis {101

tn the magnetic stripe card mistering, there is provided a prepaid system for dispensing utilities

s fmpnetic stripe cards. A sales acooumting computer n the office is used in confunclion

with point-ofosale moechines for BCYpUng & value message which s written on to the magnetic

stipe of the card. The vadue messege containg information relgting to the wnoun of utthition

purchased by the costumer, the wtility rates, the site idensification number, and 2 unigue
password formed by the sige mamber, g hidden mumber, and the transaction sumber. The
magnetic siripe curd is carried by mall or in person to the consemer’s home or office snd insertod
o the magnetic stripe card reader sttached i the microcenirolier based control device, This
control device iz capable of reading and decoding the card and storing the value information inin
mamory for uge in monitoring the ulility usage of the customer and disconnecting or Lommesting

the utility based on the savouny of wtitity purchazed,

The syster provides 2 method o apparatus for the comumer 1o purchase the magnetic stripe
vithue card directly from the utitity uffics by sither mail order, i persan or pre-seranged periadic
bank drafle, or from uranended machines in conveniont nsighborhood locations, These mardines
8% acvessible to the consumer 24 hours per day. These unattended machines will seeaEnize amd
acoept Ioval paper currency in vommon denominations, and provide a properly encoded carded

card v the customer [8],

[
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138 wWiR

CLESS COMMUNICATION

DOne of the greatost invention sver myade to make life easy for man, is the communication over 2
long distance that probable cannat be wired {wireless communicstion). Over time the mode nf

compwnication hes ncloded telegraphy, radio and television broadorst, polnt-io- point mobile

mobile communioation thet iz not dependent on distance. Wirsless communication has been

found 1o be usefl heyond just o comaunicate among individuals but can also be used for

industrial snd domestic purposes 28 8 remete conbraller This proves the faot that
telecommunivation i very crucial to human sxistence. The following situations jastfy the use of

wiretess telscommunication technedogy 161

* Vo span 2 distance beyond the capabilities of tepical cabling,

¢ To provide a backup communiestions link in case of normal network fallure.

¢ Tolink portable or temporsry worksiations.

»  Tosvercome situations where noemal cabling is 4ifficult or Anancislly impracticad.

= Toremetely connect mobile wsers or networks.

A control systerm s one which cwrrties some special Runctions, checks its success snd tudeg up
further action until the ohisctives are achieved. The conteol syster can be used 1o control varions
guantities, electrical sppliances or sven industrial machinery snd provesses. A remots controlier
15 5 oomponent of an clectronie device, most common o a television o cornpater, which is &
ontrol spstem used for operating the devices wirelessly from 2 short ling of sight distance.
Renwte comtrofler will be highly efficient when not dependent on distance. Being shle o controd
and moniter your sppliances from anywhere will rather make its operstion much sagier snd

effective.

e
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& gpplication of the microcontrollers 1o control systeme has now oaused a fremendous

benprevenent in the functionality and performance of the system. The fexibility of the system &
as & remult of the programmable nature of the mivrovontroller which makes i parfore rigorous
and iffioult sk Bhe date analysis, control of physical, electrical or mechanical guantities

effoutivgly 1111

2

A1 The GSM Network

Abenst four (4) billion people in the world use the Global Bystem of Mobils Communicstions
AR family of technology ws at December 2009, GSM is the most widely used wirdess
technology in the world, svailable in more then 219 countries and terriisies worldwide, with a
marker share of more than §9 percent. GEB has becwne the fastest growing wirgless techuology
wortdwide G8M is the legaey network of the evolution o the third generstion (3G} techaologies
Universal Mobile Telecommunivstion Svstem (UMTE, alse koown e WODMA, and High
Spoed Packet Access (HSPA), commonly refured to as the GEM family of technologios. The
oidest member of the GSM fanily of technologies ix the GBM sl 2 dightel or persongl
communications system (POS), 20 technology thar provides voioe and clrcnit-switched dats
services. There are several reasons why G5M iz so populsy among operators and their custonrs

112h

Chear voice quality, which helps to make GEM 3 viable alternative to wire line telephony

oy

for pustomer and buginesses.
B Internations) roaming with service gvsilable in more than 21% countries,
i, Bpects) Hexibility, with setwork infrastructure and user devices available for the 430,

R56 N, 1800 and 1900 M bands,




v, Tight seounty, including inherent protecion from eavesdropping and hacking This belps
1y make ORM voics and dety an gltractive gltcrmative 1o analoy celluder and Wi Fl in the
eyen of users, partivulorly enterprises.

v, Subsoriber blemtiy Module (5IM) cards, which sllow customers {0 buy 2 sew or

sidittondd phoss, oy ¢ GSM PO card ausdem,

i Plots suppornt, including BME and web browsing

2,32 The Shart Message Servies (3MB)

I is g hnows fsct thas M8 is indoed welevant in the advancement of GEM technology, which

gnes beyond volce communivstion. SMS has beoome 3 phenomens! success that has besn 2

marprise o many both innde snd outside the commumications industry {141

The engin of the lext mwssaping servives in GSM Hes in the histoneel development of
tdevommunication services. 3MS was oreated by 2 small group of people. The work on the
standardization of services and the wohnical reslization wes spproved by the CEPT group spectsl
mobile. Text messaging was a known telecommunication servics years before the development
of G5M stared in 1982, Propossls for text mesaaging as 8 seyvice in G8M wers made by Nondie,
Cerman and Fronch operstors, who were afl co-nperating in the task. The Nosdic operatoss
forused thely work on tend messaging by using an access 1o 2 message handling syatem, 8 servics
similar to e-mail, This servics was standardized by the GSM commitiee and led o 3 technicsl
report on the technical vealization of the sccess o message bandling systems. The Germen and
“ronch operators focused thelr wark on “Short Message Trassmission”, This service uses a
dedicated service contre and transmits the text messsge pver oxisting signeling paths of the G8M

telephony system on & lower priosity basis. This sransmission method obviously constraing the




messape to be short the madmum length, initislly estimated s 128 ootsts, Inter optimized 1o

180 characters, 1e still suffiviently long for most persenal or prodessions] purposes {141

The Srxt phase of work, from Febrogry 1983 to the end of 1986, saw the GSM committes

spenifically e service features of SME, with nost contributions coming from Germany and

-
7

Prance. Prom 1987 oowerds, the wehnioal realizaton of 8ME was standardized in g small growp

catied Dy

witing Group Message Hendling The first Chalrman of this group and the sdiver of the

key technival speoification wers provided by Nopway (later roplaced by UK, and techoical work
wag mostly provided by Finland, Francs, Morway sml the UK. The first phase of the 585
sperifivetivg compised Homs thet indduded service definilion, nebwork architecture, topology
and protovols, ackaowledgerent vapebilities, functionality for slerting on messages waiting,

ione stamping and cepabilities of dentiBdng spplication protocols.

The further svohution of the SME was standardized in the same smell group, led by the UK
{where the technical work wes mostly provided by the UR) Examples of enhancements from
vis period ar sutconatic replacement of messages, so-called “flash SMEY and voicemail foons,

follewnd by celor and picture capabilitios, and long SME.
25 Subseriber Mdentity Maodule (S1M)

The phone v oot sctive without the SIM card inserted imbe 3t 3IMs gre used o activete o fur
network recoption from the GSM operator. The 8IM s & detachable smart cord containing the
nwer’s subseription information and the phone book. Bvery operator has i unigue 8, which

differs from ofher operators, the pser can change pperater by changing the 5IM in the handset,




248 THE ATS880% MICROCONTROLLER

At the muders stage of Scientific and technological development, microelectronics 13 rapidly
gaining ground and is sdvances today largely Jetermine progross in many branches of industyy.
The need for lghter, compact, flexible and more reliable radio electronics expsipment capable of

performing the Bmctions of growing complexity bas ted to the rezearch into the ways and means

of schieving the set goals. Since discrete wansistors vould not meet the above requirement,

systern has bronght about the concept of producing circuit in only one tiny die or ehip {121

The ATER0OSY Microcomcaller i3 2 single ohip microprocesssy systemy which contains
information and program memery, input and oulpst, snalog to digiial convener, trernal g

exteenal intery

spt wsed for vontrol purposes. fisa lowevoltage; high performance CMOS 2-b

microcompater with 4Kbytes of Flash programmsble and erasable vead only memory (PEROM).
The device is manufactured using Atmel’s high density non volatile memory technology. By
contbining o versatile &-bit CFL with Flash on a monolithic chip, the Atmel ATBSUSZ 18 2
powerful microcompater whick provides 2 highly flenble and cost effective solution to many
smbedded comrsl apphications. It included as mstruction set {opoodesy, 32 oput end cutput

fines, 3 user comrollable fimers, an integrated and sutomatic seriad por, and 256 byte of the o

chip RAM.
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Figure 2.40 A pletorial roprosentation of an ATES0S2 sricrovontroller
2.58 HELAYR

A relgy is an electricslly oporsted switch, Current flowing throogh the cotl of the relay creales 2
magnetic feld which sttracts 3 lever snd changes the switch contaets. The ooll corrent can be ON

or OFF g0 that the velay can have two switch positions and most have doubde throw seatches.

éw«mﬂ TS,
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¥

Figuwre 2,50 A Symbolical representation of g relay

Relays ars preducessors 1o transistors. Solenoids are relays also but the very large types cury
fosge smount of current. Refays are the smaller types. Reloys come in thive types: RMechanical,

Sutid-siate and so-cattod hybrids,




{CHAPTER THREE

DESIGH AND CONSTRUCTION

The design snd construction of this project is presented here. It involves the actual assembly sl

fimal civewst The entire work is divided into two seotions: the hardware and the software.

318 THE HARDWARE SECTION

The hasdware soetion of this systerm is subdivided inte four units that enable the achiovemen of

the degiresd results. Thess unlts sudbdivision ase

i The Power Supply Unit
#, The Power Monttoring Unit
#.  The Microcontrolley Unit

W, The G5 Moderm lnterface Unit
3.1.1 The Power Supply Unit

Crenerally, most of the electronic devices and clrouits vequire sloctrical energy o the form of
diveet current (D) for their uperations {9, This unit supplies the entire piragt with the required
power needed for operstivn. The batteries which sre the main sources of the divect current canm
e nged for this design because of their Himited ife span and most of them cannot be rechurged.

Howewver, for efficient snd effective supply of power, the Alternating Current {AC) from the

IOV, SOMZ Mades supply was converted into the neoded divert current {rectification). A typial

D posesy vectifier consists of four basic stages 45 shovwn in the block diagram below:




¥

Transformer .s Rectifier |.....s; Filter Voltage Regulstor |

Fig 3.1.1n A Typlos! Power Rectifier Block Dingram
30401 The Translormer

The trsnsformer i3 2 stationary piece of apparatus by which slectric powsr i one chrouit i3
sansformed o clectric powsy of wame frequency in apother cireoit It scoomplishes s
aperations by electromagnetic induction [9] It either steps up or steps down the AC supply
voltage to suit the basic required voltage nesded by the sofid state electronic devices. The
wamsformer used 1o supply energy for this design is un shready made step down type that was
hought from the electronics shop and used ©© sep down the 220V from the mains to 24V AL

voliage.
152 The Rectifier

The rectifier Is 2 circnit thet smploys ons or more dicdes o convert AC supply vollage into 3
pulsating DO voltage. The cironit can either be g helf wave or 2 full wave rectifier depending on
she number of diodes used. A half wave utifizes two diodes while » full wave utilizes four diodes
for vectification 121 A full wave block dinde rectifier was used for the rectifiation in this project

design,

The Biter s # viradt clement that is wsed to remove fluctuations or pulsations {called ripples)
present in the output voltage of the rectifier, Capacitors are used o achisve filtering in power

cireuit aud are connected o the rectfier output. The outpst of the filter is almost ripples fres as




that of & de battery 191 For this system design, two papaciions, 3300p8 and 6800y, were used for

Hitering the output voltage as caloulated belaw,
3.1.1.4 The Vollags Repulsior

The wobtage regulator plays an mporiant role in any power supply unit. s primary fumetion 1830
aidd the rectifier and the filter to movide a constant DO voltage to the device, Power supphies
without the regulator have an inherent problem of changing DU voliage values due to variations
i the [oud or fuctumtions in the AC line voltage. With s regulator sonnected, the DL voltags can
be mauintained within s closed tolerant vegion of the desired autput. Three regulaters, 107803,
17805 and IOT812 reguluiors were used for the supply of repulated power to the components in
the cirouit of this systera design thereby providing voltages of +3V, +6V and +12V supply
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Figurs 3,11 A Complete Clropit Dlagram of the Power Supply Ut
The load causes the sapacitor 1o discherge snd if the load current is constant s it will be for
sonall tipple. Thes the foad current will be expressed a8

o Gl
i . Bt




The froguency of the full wave dpnal s double that of the input frequency. The full wave inveris
sach negative half vvole 3o that we get double the number of the posithve half cyele, This effent

2

1% 10 double the frequency in the output,

o

fom 7 By vormonnn | 211 {ie outpul freguency is twice input Frequency}

This tmplies that

AL e 1 Pt .0%%, This is on the safe side stnce the capsoitor marts charging op in loss
Xpee AT - -

than balf s ovele.

The mexunun cusrent that con be drawn is determined by the volisge regulgtors (7805, 7805 and
781 following the fhering capesitor. The standard 7800 senies regulators provide outpu
parent W exeess of 1A whes used with sdeguate heat sink [9) Therefore It can supply 8
sopuimuny carrent of 1A which will be drawn from the supply. The valus of C can be caloulated

A%
s LA Drnastomun)
From squation 3.1.0,
£ ddr/dy

¥y

But generally, dv which is the rippde voltage is chosen to be 10% of the peak voltagelV,) for

most slestronic crouita]Bl

Peak voltage (Vi = W R 332

Where Voo 24Y dnce ansformer of 2224V was uged.

P
Fend




Voo 243 2= 33.94Y

Lad
oo
w

For bridige rectifier output, Vos ™ Vogn — 1.4V - - 3,

Sinse 37V dropped auross 3 diode whenever it conducts and two diodes condocs at ¢ Hme in

this cme.

“The bridge cutpat voltage is then given as
Voo™ 3594 1.4 = 3254V

Ripphe voltags (v} i

dy={2) % 3254 = 3254V

Therefore, the vapaciior value used is thus caloulated from equation 3.1.0 89

st commescial value of 3300gF, 35V was wsed o perfectly remove the amount of ripples
k-4 b3

svailzble in the owtpat to the nearest minbmum because the higher the capaciiance valug, the

tower will the ripple besome

313 The Power/Load Monitoring Unit

This upit is primarily responsible Tor carrving out the following functions:

v Mositoring of the pover restoraticn 1o the 1587 S DICIIRYES,
% Monitoring the load sonsumed by the user.

% Communicating the load statws to the mi crocontroiter unit

23




The unit s pewersd dirently from the 220V AC mains supply of the prepsid ensegy meter's
putpat beause this is the voltage required by the load unit. Thres (33 LED divdes {t Blug snd 2
green serve as exiernal indlewbors, an LM3SE OP-AMP IC with & currest Routing resistor

(ATREYy connecied to its input smainal acts as 2 voltage comparator, 12V and 6V relays topether

with & BOSST rangdsicr (PMP) perform the switching function while ¢ combination of twe ()

LD snd the LEDs iz used as the sensors,
3.0.2.1 Ooeration of the Unit.

Whenever power is sestored to the user’s premises, the unit monitors the load status thiough the

misrocontroller and the relay. The two groen LEDs will come ON; this will cause the resistance
of the LDRI to immedistely drop from fis S00RE) walue to @ value of 40000 This doop in
resistance will cause 2 signdd 1 be sent to the microcontroller unit. As soon a5 the load broumes
sclive, one of the green LED will go OFF whils the other remuins ON 1o indicate avatlability of
power, The microcontroller onit in e, operates the GEM moden accovding o the recsived

sigmal to glest the wser.

When the connected load resches the maximum set value of TEW, this will make the vollage on
e gt {positive) terminel of the voliage comparator o tise tigher than thet &t the negative
terminal (1.27V) by default This voltage rise will cause the blue LED to come U, and this
feads 1o & drop in the resistance of the LI As g result of this, 2 signal is sent to the

deroconiratier unit to sot secordingly.

24
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Figare 312 Clrot Dagrom of the Powser Monltoring Unit
333 The Mioroventralier Uit
This 1 an itelligent vt and the heant of the entire work. B performs she following functions:

3 receives 2l the signals from the power monitoring unit and the G8M interface unit

* Beentrods il the Ractions of the dedicated G8M modem used for the system design,
¥ It decides when the O5M unit will alert the user about the power supply to hivher

premises and the status of histher loads.
B % oalso responids to the command send by the wer through hissher mobile phone and

performs the mauired operstion.

1 wes designed weing s ATSRCST Microcontroller 10 that operags at 1EMHE Oscillaior

frequency amd powerad by Voo (SVY Thres transistors and relays were conpected 19 the port |




s T of the microcontroller. They are used w connet 2nd disconnect the toad sud also control

the G188 modenm,

§ Ciperation of the Unll

Upon the mestorion of power to the user’s premises, the microcontroller within 10 seconds

initialives the wyatem by switching ON the G8M moderm snd connecting the load. As soon 25 the

Ioad sonmests, the microcontroller wiggery the G8M modum to sond an SME alerd 1o the user’s

mukule phone that power has been restored and lead netive. 1 the sy chooses to out off povesy

ey

sunply o te Towd unit, he/she will send 2 call glert 1o the GBM modem. The microcontroller wndt

senes this oall slent and responds o the veer’s roguest 1o et off the supply 1o the load uniz,

Abso, when the connented losd exveeds the yuosimum sot vahue, the microcontroller reseives
sigral froom the sovond sensor but decides o wait for § seconds o check if the cause was 25 2
result of power suepe. I the cause s not 8 surge, it then Wiggers the G8M moden 1o sowd the
appropriate SMS 1 the weer’s mobile phone. B 1 this micrecontroller that performs slmost gl

the desired Rnctions of thigyyston.
3.1.3.2 The Oseillator Charavtorintios

XTALL and XTALY are the inpot and cutput of the orysial escillator as shown in fpore 314
The miorocontroller sporates based on an external wrystal. This is sn cloctricsd éwisg which
when energy is applied, smite pulses 91 o fxed Bequency, This frequency is uaed 1o keep track of
e 8¢ the micreconiroller uses the vrystal ogcillator 1o synchrouize opgrstions. The most
compmn crestal frequencies are 12MHE and 11 039MHY but the O s more commaon.
Therefore, the 1LOSOMHMZ crystal oscillator was used for the design of this sysiem. From the
duta sheet of ATBOCAZ, it was noted that appropriate capactiance value 1o be used is

25




€1 = 3 = 30p¥ & 10pF.
3.40.3.3 Celvglation of Baud BRate

The mackine oycle Bequency of the ATSRCS2 mivrovanroller ured s 11 0538IMHz. A machine

spede b venlity iy 12 pulses of the orystal pscillasor,

Senerally baud rate = Machine cycle frequency/pulses per aycle

= B$21,583H2

12

Since thmer | of the mivrocontrotier is used and microcontraliers vperate at frequency as low as

Therafore, ﬁziigs w SR B

SRRO0 i the value wed Tor thoer | 1o st the baud rate,
Llsing baud rste constant = 3

Baud rats = 220 = 9600

BE0 is the eppivalent of FIb, this ¥1 will be loaded into the tmer bigh 1 (TH1)




Figare 3.1.3  Clrowst diagram of the microconteoller unit

334 The G5 Modem Interface Unit

The (358 modem is the interface hetween the user and the migrovontroller. I perfurms these

basic funetions:

S Sends SMS zlert to the mobile phone of the user sbout the status of the load and receives
the call alert sent by the user from histher mobile phong o carry cul 8 desived operatics.

from the mizroconirolier o the wer

The SME slert sent to the user is already stoved in the draft of the GEM modem. A Maokia PLIBO
R modem was used. Tt Is interfaced with the microcontrolle’s pont and 2 through the
wransistor and relay a5 shown in figure 1.3 Whenever the microcontrolier triggers the trapsistor
comnecied to the modem, it can either request for the SMS in the drafl t©© be sent 1o the user or 1O

st £30 annd OFF the GSM phone.

28




4 SOFTWARE SECTION

Assernbly language program was used for the purpose of this project. The source vode was
citien on the nolepad applivetion softwars and luter transforred into the micrecantraller chip.
Figore 3.20 shows the How chart of the system’s operation and the soft vode is shows 15

appendix B

330 CONSTRUCTION OF THE BYRTEM

331 CUiroust Conglruction

The cirouit construction of the systen was carried out systematically gs follows:

The ciragt diagram of the systern was used for the step by step constraction of each it that
sakes up the syatem. Bach of the anit was separstely constructed with all the oonstitsent

components wrrsnged on 2 breadboard and tested,

The constructed units were fnslly sssenbled together with the programmed chip b plece to
Sorn the entire chrouit sand then tested to ascenain s conrsainess.
332 Cese Construction

. The casing of the constructed cirouit was made with polished wood because i is stronger and
it withstand more prossure then the plastic. The casing was varefully sonstructed such that i is

Hgble, dursble and can be mounted in user’s pramises without stress.
f
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CHAPTER FOUR

TESTS, BESULTS AND DIRUUSSION

his chapter focuses on the discussion of the various tests carvied out and e rosults obtined,

4,18 TESTING

he testing of the entire worh was earried oul before and afior #s construction acoording o the

oty

(..n

stematic desion of the systers. The frst stop before construstion was 1o lest the components

mgchased using the multimeter ascertain thelr workabde vonditions and identify defoots onoany

of them beftae gre o use. Bach snil of the systom was tested seperetely aller

constrtion, with sppropriate sdiusinenss made o ensure that desired result b3 oigined batore

assemniling them jogether

The second step of the festing was carried out after the completion of the entire virouit, Powsy

was supphiod 1o the systern and an eleotrie bulb of 60W was first connented to the oulpul. A eall

alert was sent 1o the dedicated 083 modem used in the design. Later another load {electric won}

o 1200W was connected 1o the ouput and observations were made for cach aetion carred out.

-

are 430 Plemre of the Constructed Clrordt during Testing and S5 recetved by the user
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| bevan b fadde 4 20 below,

Table 439

sompnary of the results obtained from the teats carried vt after the completicn of the system is

Beprosentation of the results obtained during testing of the gystem

ACTION PERFORMED BY

VSER

BESPONSE FROM THE

| SYSTEM

INTERPRETATION

OF

RESPONSE

‘ower  supphied  from  ihe

socket autiel o the system

i Sends SMS glert o users

mebile  phone

seoends,

Pewer

afler 10

supply  has been |

sestored and fowd s aclive.

Hleetric Badhy

Mo alert sent b user

Mormal sysiem opsrstion

Tond of 12000 connected

{Blectric fron}

Lends SMS alert to user’s |

i mubile phone after § seconds

MaxBniIn pOWer ConsSumRion

| emoesded.

Cull alert sent from user's

mobile phone 1o the system.

Cuts OFF supply 10 load and

Dretwrns acknowledpment e

wser shout load ststus

Supply 1 the load unit hag

heen ot off

Calt alent sent the second tane

7 user to the systen.

Regonnects supply to foad |

Wit

{oad setive

2
N




S8 RBESULT DISCUSKION

The results obtsined met the desived requiremente. The units of the system worked properly as
required. When power is supplied o the aysters, the silcrocontrolier veceives signal from the
power! topd monttoring unil. B switches ON the (35EM modem and connects the losd within 10

seconds. The adoroconirolier then controls the GSM mndem to send an 538 nutification slen 1o

the user.

Az the elentrivel losd of 60W {eleciric tadb) was connested, the sysiem continued s nomal
speration. But upon the conpection of another loed of 1200W {eciric iron}, the microcontrolier
revebves sigual from the poverflosd monitoring unit and waits after 3 secoads before sending an
SME notification glert to the ueey through the G8M modem. Power was disconsecied from the
toud unit afier ons minute olapsed 88 the losd remaingd connscted. The microvontrolier unit alse
cuts off supply o the load ualt when the wer send & call alent sad revonnents the supply if the

ueer send ancther call alent o the system.
448 PROBLEMS ENCOUNTERD
I the crmrse of the desipn and construztion of the svstem the following problems were frosd:

* The inttial microconirafler’s operation was nod in accordance o that which was required,
snnd this was oorreried by changing the microcoatroller,

Prrng the supply of power o the svstem, the live and seutral termingls were
mterchanged and this dunsged the mivrovontrolier by supplving 2 large anwust of
vedtage i

The search for the components nesded for the design posed a challenge to the realization

of the destgn,

{82
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

&

8 CORCLUSIONS

Aer the design snd construction of the systen, it performed the specified functions s sxpected.
Thesefore, the project sligned with the bagie factors embedded in the conveps, With s, energy
can by sweed sinee the user can oontrol supply to hisser boad from aoy distence. Henve stability

of power supply and meduction is the amount spent oo energy is ensured.

This project, when used together with the prepaid energy wwter, will enhance the performance
and wtitization of the prepaid snergy mster, Bwill alep hedp the wser 1o efficiently and effentively

whities the eoprgy hedshe pald for and reduce amount of sooryy that s being wasted.
536 RECOMMENDATIONS
Supplementary tasks should be carvied vt on the systom in the following wees in improve

performunes.

¥ & charging vnit should be built to charge the battery of the GEM modem.
# A displey unit might be incorporsted to display the ampunt of energy consumed by the

user. With this, 2 smart energy mweter is built

RMore pmphasis shoold be placed on the desiyn and fabrication of mint group projecls for
students in lower tevels. As this will make them to be independent during their final year

predect work,
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APPENDIX B
PROGRAM ROURCE CODE

AR P .a%m

LGhLL:. DRLAY

LR BELAY

LA RELAY

Lavadeds DELAY

CEMBROT OLR ?25%, ,,,,,,,,,,,, emmw% YOAD T MAIEE

TR B2 .4

‘“&:&3(1‘2( f’i,}i%b,ﬁ g 32»&?« PL. 0 0RNECT, . .
BE

’*’"f‘ff B2 .85

CLE P13 0N PHOEE
DLE PL.2

BGAIN BOBRLL DELAY

ER¥NE R3S, AEAaIH

SRR P28

. CEATTS POR NRYROEK SERVICE

M@if BE, ;g;s:
BRATEE  LOALL DELAY

BIRE B2, REAIWHE

;:Aﬁz?&gazzarzag

’i’ ERLECT "‘“Q ?3. &
LUALL DELAY
BETE PL.E
LOALL: DELAY
SER PL.B
LOALE DBLAY
SBTE RPL.3
LCRLL DBLAY

..............................

SCLE B 1. §
LOCBRLYL: DELAY

BEETER

5 AUTIVE OB

et sy e e e e R BN OF SYSYEM

e, e ALARTS THAT MAINS IS5 RESTORED




EETE PL.4

HOALL DEBLAY

CLE PL.4

WORLL LAY

SETHR PL.4

LIALL DBLAY

CER PL.4

LB DELAY

SRR PL.4

PEAYPT LOALL BELAY

$2%3€Tw C&R Pi. $ ..... Q?”%ﬁ THE IRapy
LTRLL ﬁﬁ&&ﬁ
SEITE PL.B
LAY DELAY

DEHRULR PL .4 . .. SCROR DOWE TH SM82
LIALL DELAY
BETB PL.4
WALL DRLAY

LR PL .4 .  SUBOW DOWR TO SME3
LOALL, DEIAY
BRTE PL.4
LORLYL DELAY
LR OPL.Ss . ... OPERE 3xd SME OIN THE DRAFT TO READ
LIALL DELAY
SETR PL.B
RO DELAY

CONTINGE:CLE P4
LOBLL z;m;_mf
SETH PL.B
LURLY DELNY

ﬁ@ﬁ§§~$ 373 ?1 4
LRLE DELAY
BETR $1.4
BIALE DELAY
CLB PL.4
BORLE TRLRY
SBTR P14
BORLS BRLAY
CER PR .4 0 e PORWIRD SMS T0 ¥ipER
LOALL DELAY
S¥TE PL.4
LUELS: BELAY

‘ﬁﬁé R PL RPN Qyﬁﬁw FORWORD
b&&g?,ﬁﬁb&g

GETB PL.E

ALY DERLAY

BUH WIMECLE PL.B
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25558 ) %ﬁ&&?
SETR PL.
LOBLL EEQR?
CIE PL.B
LIRLL DELAY
BEYR PL.B
LIALL DELAY

ﬁ-;;ﬁ} CLR PY.
TBLE mmy
SEBIB ¥1.%
LOBLL: DELAY
WY RL, #7

oM LORLL DELAY

DAWE R, COM

COR L3200 anen, cee BETURN T0 BCHEEN SAVER

LB P12

LURLL DRLAY

SETR PL.3

LIMP BEREITION

90%&% CONBUME CHECE (JR P12, CRILE; L GDEBCRE CONEUMPTIOR RATE
I3HE BURGE
G NP POWER OMS
CRLEK IR ?2,¢4§$%R§ DONGUME CHECK, .. . MONITOR'E
IRCOMING 8L
UARL BELAY: ... .. Cigee DELRY BEFOR BENDIRG £ALL
LUREE, DRIAY
LORLL DERLAY
L 2 < A oo EHD CRLL, APTER Isec
DR OPL.3
LIELL DELRY
SEYE BL. 3
BETE FL.3
LORLL, DELAY
SETE BS.4; . . DISCONRECT LOAD
BETE ¥2.4
LUALY DELAY
LORLL COFMTION BMS
I8 BEZ.L.8r.. ... PAUSE RED WAIT FOR CALL
LOARLY BBLAY: .. .. ... N Zese DELAY BEPQER ENDING

LORALL TELAY

LUREL DBLAY

SLE BL.3; .. o i BEL CALL A¥TER 3ae
ChE BLUZ

LOALL DELAY

EETR PL.3

SETE BL.3

LUALL DELAY




LR ?253 L CRBOONWECTY LO2AD
ChE
N.u‘i‘“’ Qix FER CONEIME CHEDY

c&\

PLER SHECLB P1.3
SEYE PL.3
}Jﬂg’a}u ggisﬁ?f
i pL1.8
LRLYL, DELAY
LOALL DRIAY
13%‘3%?2%’2 {"1&?& PR 4
ALY DELAY
BETE ¥L. 4
Ihll: VELAY
23R L4
LR DELAY
SEYE PL .4
BOREE DELAY
“&R 3.4

... OPENS THE DRAFT

0% Esg &'i %
&C&ais I}SMY
SETE B1.5
LEADL DBLAY
DENE LB m,;;,; . vmamﬁ LOWE PO BMER
LERLE: DELAY
DER OFL R .. ... COPERE IHD SMS I OTHE DRAPT PO READ
BUALL DBLAY
SETR PL.%
LORLL DELAY
“ﬁmmm "‘LE ?1
LIALL QEL»AS‘:
BETB ¥FL.B
LCRLL LAY

Eh&»{f’f

32 Ciﬁi ?1 »&
LOALL DRLAY
£ETE PL .4
LORGE DEIAY
CLR P14
UALL DRLAY
SZEYB RPL.4
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;;;;;;;;;;;

P S S N G S

ER et

"“‘Xm

i?ﬁﬁi‘fitﬁ FE PR

OB DEIRY
5B PL 4. ..
LALL DELAY
SETR PL.s
Lithdds LBELAY

,,,,,,

L T S I T T

33:;5‘:?@43 CLE P
LOREY ﬂgﬁﬁy
SETB PLLE
LA, DELAY

I O T R I I S IV R

ES&&C}? w&z DR PL.B

AL DRLAY
SETB PL.B
LB DELAY
SR PLLB
LUALE: DELAY
ERTH PL.B
LUALL DRLAY

ooooo

BEED 1%.00E PL.B
LCALL THLAY
2pTR P18
MOV BRI &Y
MR s EORLE DELAY
INE BRI O0M2
TERR OPL X
3

.x'.o./

DESTTIONG MOV 3 H0H
JHEF UERC CGRORED
BIGLNE MOV R3, 860

COMIT s LEALL

TRIRT
JEE PR L, DRRUDIONZ

BING B3, COURT
TO_DEAITIVATE: SETB BZ.3: ...

SETR BE.3
LCALL COFWTION SHE
JME WAIT REFLY

ALY BELAY
LURLL DELAY
CLE P13
TLE BL.3
ALY DELAY

PRSI

i, Ez{h%?’éh e e BOBTRORYE X\'E’“O%"ﬁt:s

444444

R B T R T

....... RETURN U0 SCHERN savem

,,,,,,,,,,,,,,,,,,

DEAITIV

L BN CARLL AFTER IZseg

PEFEY

A akosiay
AN A

$E AFTER

SEEORED  LOALL TELBT - v 0 S e v e e Jesc DELAY BEFOR BEDING CALL




BETE PL.3
‘%Evﬁg BL. 3
TUALYL DERLAY
LOME PO ?‘32? CURESUME Cﬁﬁ{ﬁ{
WEYT REPLY IR B2 L, 5.0, . ... MORTTOR ' & THCOMING CALL
ALL DELAY. ... ... . Izec DELAY BEFCR BNDING CRLL
%1% UELAY
TCRLE, THLEY
TR BYL %, .. JERD CALL APTER lseo AWD BRTURW T SURREY

LR OPL LY

LORLL DELAY

SETE P1.3

EETE ¥L.3

LOALYL UBLAY

CLB PE B0 ... .. RECOBNECT LOAD
CLB P2.4

LOND PUMER_ TONSUNE CHEDE

,,,,,,,,,,,,,,,,,,,,,,,

f e e e a s e GUUNTERMATION BME, ... e e b e v ae ke PR
sz? 393 i anECLR PL.E

LOBRYL DRLAY

ZTe PL.E

LURLL DELAY

CLE PL.S

LOALYL DELRY

ZETE PL.8

LAl BELAY

?&344 {;L’Q ¥ u‘%
ECERLL DELAY
LOBLL DELAY
CLEOPL 4
LR, DELAY
LORLE DELAY
B¥E PL .4

IAPTRZ  LORLYL, DELAY

fee e e JOPBEE OTHE DRAFY

BETR xuw
LUARLL DRLAY
CL¥ OFL.B; ., ... JOPERS st SME ¥ THE DERAFY TO REBAD
LCHIL DELAY
SETR PL.S

LUALYL DELAY
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CURPPIRIBLEZ LR PLLS

LUALL DELAY

@8?% PL.5
LUALEL DELAX

: J“%ﬁ%“frvuﬁ L4
LOALL TELARY
SETR PL.4
LOBELL DRLAY
IR PL. 4
LUALL DELAY
EETR PL. 4
LORLL DEBLAY
(e 2 S <5 S 3 SR FORWORD BME IO WIBBER
LOALL DBELAY
EETR PY. 4
ALY UBLAY

SELECT423:CLR P15
LUALL DELAY
SBTE P1.5
LEALL DELAY

O T T 2 T S S

a&&ﬁﬂﬁ ﬁﬁﬁ%”z CLE BL.5
ALY DELAY
SBYE P1.%
BOALL DELAY
LLE FL.B
ILALL DELAY
EBETE $L.8
LOALYL DRLAY

5%§ﬁ 22 CLE RL. §
LOALL DELAY
BRYE P1.5
LRLL, DELAY
BOV BL. E7

TOMRZ RLEL DELAY

IRZ BL, COM3Z

SLR PL Y. o e RETURN T0 BUREEN BAVER

CLE B1.3

LR FL.Z

OALL DRIAY

EETR PL.2

Agmw P13
RETE P13
fuﬁLL DELBY
RET
,,,,,,,,,,,,,,,,,,,,,,,,, isec DELAY
WOV ”“i’fi\.eﬁ $id;,. o0 USING TIMER 1

"l&}‘vj ‘}:ﬁ.'.. , ‘ff./ \»E’g

£IURT Y Moy
MOV TLI, EG




SETE TRL
CLE TR
PEL
O ORE
COWE R, BR20, DELAY
MO B, 808

?‘S{}"J m“ﬁ‘”.ﬁ‘ e e e s LIESTRG TIP’EK &
WY OTHS, 308

KOY TLL, 8

SRR PG, 8

LR PG

IRT BD

TENE RO, 106, BUBRE

Y RG, ﬁ?{}?

GHUBR PY.Z,OE

LOME POWER_CONSUNE_CHECK
BOP

B

BOP

OB T B0

IS

i
o




