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ABSTRACT

Pre,cnlly in Bangladesh, mobile phone service plOvider, are playing a vital role in the

telecommunication ",,,';ees which is ultimatc1y helping in total development of the \:ountry. Si~

operators arc in service now and more than 30 million sub,criber\ arc using this serv,ce. So It Is

imporlant to maintain good qualny of netwurk for the.le operalor, to Jllake ilS customers happy,

Brief discussion hal !leen Jone on the different network elements through which lllol\ile phone

network is established. Different type' or faull., or CJS\l ntlwork system has bccn disclilled lor

better unr.!cr>landing. All the faults have been calegc)fi/ed in 5 major lype,_ Bc\idc" [ault

management proces, ha,>!leen ue'l"i!lcu,

Different TOlal Quality Management {aol, h~vc hecn ,(udied here. In control chan. 8 type' of

different <;ham are there. It has been identified that all the cOnLrol charls arc not applicable for the

analY:;ls of lhi" type or dala,

Regiooal 0&1\1 department of Grameenphone i,; rc.'pon;;iblc lor mainwining the acce:;:; netwOlk

througb {, region;;, Aulhor of tlli:; tileSI' " tile head of Dhaka region, Two major KPI, of th"

department - one i, the rcduclion of number 01 faul!' and anoliler i, the re,IOnlliorL 01 faults wirh In

the ,honest I",,,ihle time (\lTTR)

An~lvsis ha, been d'me on lhe oUlage reports 01 this region for the period of \" 10 30LhOctober,

2()()7. Through Parcto analysIs, major foc\IS area' have heen found which will help tile department

for ,etling lhc aclio[l plan to ~cllie\'e the target with fewer l"fforh. Tile lwo major !<PI:; have been

allaly,ed hI' C-chart analy,i,. 'j"his ,hoIVcd tile ,'lalli' of the proce,,- ".,hclh~r thc .\\'stem is in

control or not. for [h~ oul 01 contl'ol proces>, through delail invc,ligalion, root cause has been

found.
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CHAPTER!- --~
INTRODUCTION

1.1 BACKGROUI\D

Td~communica(ion is plaYlIlg a vital role in th~ developmen( of Bangladesh tor the last

one decade. Mobile phon~ ,~r,iee i, playing the most viml role in this secwr. "I"" mohil~

phone services have reacl1ed e,~n (ho"" par(s of the country where e1ect[lclty il' not

availaol~ y~l. People arc solely dependent on mooile phone, for fulfillment of their

eommunica(ion facility.

Grameenphone 1Sthe leading mohile phone .\erVICCprovider among (he all mooil". I'S"IN

~nd Intemel S~rviee Ptoviders In B~llglade,h Il h~, the Wilkst ne(wotk coverage, l1lgheol

number "f ,uh,eriber:<,and very good quali(y "f ne(wurk and cus(omer service. Expa",ion

of ill network OCCUlTedhugely in (he last 3 years among it,ll ycars in operation. At

pr~,ent, i( has b~se station, al more than 6000 location:; all (lver lhe country.

Regional Oper~lioJl and M~illtellance d~p,,,trnent of Gmmeenphone i, re'pon,ihk for

kceping (he b~'e ,latio", working as well ao provide bencr network for it.' cu,\(}m~r.,

Cm(omers' s~l1sfactiondep~nd, on the availabill1}'and quali(y of network. It's a huge and

challenging (ask for this depanmen( to meet lhe mrget.

To achieve (he mrget, the "hole OP network is being mainl;tinct! from 6 regional offices

comidcring (he geograpllical si(ualio" and number of ba,e ,w(i,,", ill every region.

Regional O&M M~nagement ha' ,et ,orne Key Performance Int!ic;t!ors (Kl'l) and warklng

procc," 1Omaintain the t~rget Two major KPls are _ Reduction in number of faults and

r~,(ormion of faults (MTTR) within the ,hor\es( possible time,

Au(hor of (his thesIs is l1eading one of (he 6 regions-Dhaka Analy,i, has been done here

on (he ncmork oumge repm( for (he period of j" \0 30'" Octoh~r 2l)()7,Source of the d~m

i, lh~ daily outage reporh puhli.lhcd by Network Manag~menl dcp~r(ITIent Df

Cr~mecllplj()Ile durll1g II", period. All (he ou(age events ot {1l~,~30 day' have 1Obe

compiled under one sheet.

•



Fault, ha\'e bel'n calegorized in 5 lypeS-BTS Hmdware. Extemal and Inlerml Power. High

and U:lWcapaCllymicrowave. From the oulage reporls. all the fault, haw bccn distributed

to the,e 5 calcgorics as per process, Similarly, re,loralion lime (M'ITR) has been

caicuiated from Ihe evem and clear time,

High network availablhty is one of the major larget, of a mobiic operator. ThIS ISpossIble

if number 01 laulls can be limIted to Q cenain level On the olhl'Thand, since tllere arc lot,

of equipments and factor, for which nctwork outage m,'ldem' arc inevilahk. BUI

availahility will be Increa,ed if fault, a, well a, [tetwork can be restored w,ithilllhe ,hork't

possible of time,

Aim of my thesis IS to ,ee lhe Matu\ and analyze the pelt'ormanee of thi, deparlment

regarding these two KPls. Differenl methods of Italislical procesi>control have !leen ",cd

tor thi" purp",e.

1.2 ORJECTIVE WITH SPECIFIC AIM AND POSSIBLE OUTCOMF.S

The main objectives ofthi, "tudy are,

• Study and analY7e the two m,~or KPL\ of Regional Operalion and maintenance

deparlment.

• Develop statistical Proces, cont",l 'y,tem for thISdeportment.

• Idenllfy and Mlgg:csllor removing tile root cau,e, of ditfcr~nl l;,'pe.,of rrohlem"

The main ouleom~s of this study are:

• Check whether the system i, under comrol or not regarding no, of fault, and period of

fault restoration.

• Find Olltroot calise in ca'" of oul of control and recommendation.



1.3METHODOLOGY

To reach a well defined dcslination thu; research will follow the 'kp-hy-slep approach as

stalcd bellow:

• Cullect daw of all fault, and re'loral;on time of Dhaka region fol' lhe month of Octoher,

20()7
• Dislribute the faull.' in 5 calcgories. BTS HW, E~lernal and Inlern~1Power, Lo" and

high capacity Inicrowave.

• Analyze different methods of :'!ali,tic-alpnlCcI, control

• Analyze the sy:;tcmby Pareto principle, fish bone di~gmm, C-charr

• If the 'Yotem i, out of control, try 10fmd (lui lhe mol eau,e

• RCCOnlinendation,for improvement.

- 3 -



CHAPTER 2

PROFILE OF A MOBILE OPERATOR: GRAMEEN PHONE

2.1 OVERVIEW

Grameenph"ne i, now the leading telecommunications ,en'ice prmider in the eoulllry "ith

more than 20 lllillion suh,erihers a, of June 2008, Presently. tllere are about 30 million

lelephone users ln the country. of which, U lillie 'l'er Onemillion arc fixed-phone users and

rest mobile phon~ s"bscriber,. Sml'ling it, operation< on March 26. 1997, th~ indep~n,b,~~

day of Banglade,h, Gram~enphone has come a long way. It I, a Joint v~nlllre enterpri,e

between Telenor ((>1%),the larg~st telecommunications serYlce p,oYlder 111Norway with

mobile phonc operations In 12 other countries, ami Grame~n Telecom Corporation (389c),

a non-profit ,istcr concern of the intelllutionally aedaimed micro-credit ploneer Grameen

Bank.

Ovcr thc years, Gmmeenphone ha, alway\ been a pIOneerIn introdllClngnew produds and

sen'iccs in the local market. GP was the rim company to introduce GSM technology in

Banglade,h wh~n illaunched i(s services in March 1y<)7The lec'hnological know-how and

managerial exper(ise o[ Tel~nor h31 becn instfllmental m setling up ,uch an intenmtional

slandard mobile phonc opera(lon ill Bangladesh Being one of (he pIOneers In developing

the GSM service in Europe, Tclenor has also helped to tran,fer thil knowlcdge (0 thc local

cmployee' over the year"

TIlCcompany hal '0 tar in,esled more than HDT 10,700 crore (USO 1.6 hillion) to build

(he network intra,rructure sinc~ its inception in 1997. It has in\'e.<tEdover BOT 3, I00 crore

(uSO 450 n"llion) during the first three quartel's of 2007 while BOT 2,I(X)crore (USD 310

million) wa, im-ested in 2006 3loIlC.Gmmeenphone I.,also one the largest La,'payer, in Ihe

country, having conlributc(l nearly BOT 7000 crore in direct and i"dirl'ct la,\eS to (hc

Government Exch~'-tueTovn the' yc31'S,01 tllis amount, over BDT 20(JO<Torewa, p"id in

20()(,alone

Sillcc its inccption on Mmch 1997, (,ram~enpho,,~ Ims built tile largcst cellular network in

th~ ~()untr}'with over 10,000 ba:;e stat!ons in lllore than 5700 locations, Presently, ncarly



98 percent of the country's population i, ,.ilhin lh~ coveragc area 01 tbe Grameenpilone

ndwork.

Grameenphone wa:; ~I:;othe fir,! operalor to introducc !be pre.paid service in September

1999. Il e,t:lbli:;hcd the tlm24.hour Call Center. introduced .aluc-addcd \crviccs such ~s

V;\1S, 5MS. fox und dal" tram;JTli\lion\crviccs. inlernaiioll~1roaming 'erVlee. WAI', S~IS-

based pu,h-pull 'ervice" EDGE, p~r,onal ring back tone and lllallYother productl and

The emi", Gramcenphone network is ai'll EDGEIGPRS enabled. allowing ac<:el' to bigh-

,pced Internet and data ,eni~~, from anywhere wllhin the cover~ge arCa. There ~rc

currently ne~rly 3 million loDGEJGPRSuscrs m the Grameenphone network.

Gramccnpbone ne~rly douhled it, ,uh,~rihcr bale dunng the mitlal ye~rl while the growth

wa, much faster dunng the later year.,. lLemkJ lhc inallgur~1ye~r wltil IS,ODOcUltomer,.

30.000 by tile end of 1998. 60.000 III 1999, 1'J3,O()Din 2000, 471,000 in 2001. 775,OO()Ln

2002.1.16 mLilionin 2003. 2.4 million in 2004. 5,5 million in 200S. 11,3 million m2006.

and it ended 2007 with 165 million customcrs,

Prom tbc vcry beginning, Grarnccnphone placed empha,i.' on proVllling good nfter-;ale~

service,. In rcccnt years, the fcX'u~h"I hc~n I()prol'idc after-sale' wilhin a ,hurl di\tancc

from where the Cu,lomcrs hvc, Tbere are now more thnn 600 GP Service De,b ano,S Ihe

country co\'ering nearly ~II upazilas of 6 I dl<tri<;t'.In addition. there are 81 Grameenphone

Centcrs in all the di"i,ional eilies and they remain "pen from 8am-Spm every day

.neluding all holiday',

GP has generoted direcl and indirect employment for a large number of people over the

years. The company prc\cntly has more tban 5,I)(M)full. pnrt-lime and contractu~1

employees. Another 100.000 pcople are directly dependent on Gramecnphone for tbeir

li,clihood, working for the Grame~nphonc dcalers, retailer<, scratch card outlet,_ supplicr>,

ycndors, conti actor, and othe,s,

In addition, Ihc Village Phone Program. al", ,tar1ed in 1997, provide> u good inc'omc-

earning opportunity 10mo'e than 2g0,lJ{){)moslly women Village PI",ne operator, living:in

rural area,. 't IK" Vlllagc Phone Program i, a uni4lLcinitiatlvc 10pl'O\'ldeun;ver",l ace,"" lo

telecommunicJlion, ,cni~e in remote, lural arca, Adminisicred by Grameen Telecom

- 5 -



Corporation. it enables rural people who normally cannot afford to own a lelephone lo avail

the oer,ice while providing (he VP operators an oppOl'tunltyto eam a living.

The Villuge Phon~ initiative was given the "GSI\1 m the Community" award althe global

G5M Congress held in Canne.', I-'mn~e in February 2000. Grameenphone wa' ai,,,

adjudged the Best Jomt Venture Finterpri,e of lh~ Year at the B~ngladesh Busmess Award,

in 2002, Grameenphone wa" pre'ented "iLh LheGSM Association's Globalll-1obile Award

tor 'Be,l '''" of Mobile for SOCIaland Economic Development' at (he 3G5)'1 'Vorld

Congress held in Singapore. in Oclober 2006. for It, Communily lnforrnalioll Center (CIe)

project, and for Its HeahhLine ~crvice project at lhe 3GSM World Congre" hl'id in

Ban;e1ona,Spain. in february 2007,

Grameenphom: considers its employee, to be onc' of its mOlt Important assets. GP ha, an

eXlensi\'e employee bcndit scheme in pl~ce Including GraLuily, Providenl Fund. Group

Insurance. Pamily HealLhIn,mance. Transp0rlation Facility, Day Care Cenlre, Children's

Iodu~alion Support Higher Edu~alion Supporl for employees, 'n-hou'e medical "'ppml

and olher iniliali yes, riO]

2.2 GRAMliENI'HONE CORPORATE GOVliRI\'ANCE

In the fast-pKed world of tcleeOll\ll\UIlleations.\,Ibrant und dynamic Corporate Govern~nce

pracli~es arc an essential ingredienl 10 ,uccess. Gra'neenpllOne helieve, in lh~ continued

improvemenl 01 corporate govemanl'e. rhis in tllrn has led the Company 10 C'O[]UJlIt

con,iderablL- rcsources and Implement inlernationally a~ceptel1Corporate Standard, in iL,

day-to-dayoperations.

Reing a pri,'ate limilcd company. the Board of Direl'lors of Gramccnphone have a pi'otal

role LOpl~y in meetmg all ,lakeholde,,' inleresls. The Board of Directors and lhe

Management Tenm 01 Grameenphone are cOJl\J1\ined10 mnilllaming effecti,e Corporate

Govcrnancc lhrough a culture of accountahility, Lranlpareney, weli-understood pol ,cie, and

procedures, The Board of Director, and LheManagemcnl Te~m also persevere to maintain

compliance of alllaw< of Bangladesh ~nd nil Internally documenLed rcgul~lions. policies

Qndprocedure"

Grarneenphone" a truly trim'parenl company that operates at the highe.,tlevcls of inlcgrily

and ~ccountability on a glohal ,wndard.
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2.3 GRA1\IE:F.NPIIO~.: ORGANOGRAM

" grameenphrne

-.•.•_,-_."-
_.~~._.
-•••••--

GP 0rvanogram & Managtme:m

Figure 2.I; OT~t:J1ll1l. of Grnmocnphone

2.4 StlARt;1I0Lm:RS

"Theshareholders of G!llll1«nPhone colllribule their unique. in-depth e-;pcri= in both

telecommuniQlions llnd del-clopllX'lll.

"The inlerrwiolllll shardtolder brings lCChnological lind business IIIIIJIllllcmcnlc.~pcnisc

,\hile the loc.aI slwcboldcr pro,.idcs a pr= throughout BlInsllldcsh and a deep

understanding of ilS econom~.. Both lll"ededicated to Bnngllldcsh IlIld ils struggle for
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economic progress and have ~ deep (:ommilment 10 GramcenPhonc and Its mission to

provide affordable telephony 10the entire pop\ll~tion or Han~iade,h

• Telenor

• Gramccn Telccom

2.4.1 About TC!cllor

Tclenor AS i, the leading Teiccommllnieations Company of Norway li,l~d in the Oslo ~nd

NASDAQ Stock Exchange,_ Il own, 62% shares 01 Gr~meenPhone Ud, Teicnor ha,

played a pionccl'lng role In developmenl of cellular eommunicnllons.

It has i>\ll"tamial intcmauonal operation, in mohile lelephony. s~tdlite operation> und pay

Tclc,'lsion service" In additi()11lONorway and Bangladesh. Telenor Ownl GSM eomp~nie,

in Denmark. Austriu. llungary_ Ru\\ia. Ukraine. l\1onlenegro. Thailand. :\1alaysla and

PakiMan.

Telenor "'C' lhc cxpcnise It \10' gained in its homc and international market> 1'01'the

developm~nLof cmerging mal ket, like Banglade,1oGroup re\'enue, fm 2005 reach~d ;\10K

68,9 biliion • a growlh "I' t4 per cent eompured to 2004. At ycar-cnd 2005, Telenor

employed 27.600 people (man-year,) - 16.700 of whom were employcJ olltsidc Norwny.

2.4.2 Almut Gram",,,, T~lecom

Grameen Telecom Corporation. which own, 38% of lhe share, of GmmcenPhone, is a nOl-

tor-profit company and works III ch;e collaboration "ilh Grameen Bank. The

Internatlonally repuled bank for the poor has lhe most exlensi,,~ ruml b~nking network und

experli'e in minofinancc. It undersmnds the economic need, 01 lhe rural poputati(>n. in

par(ieular the women from the poorcst households.

(,ramecn Telccom. With the help or Gmmeen Bank. ndmllli,leL' thl' Villagc Phone

Program. lhrough which GrameenPhone provides ItS scrVlces to th~ fa,t growing ruml

l'ml()Jn~r\. Gmmccn TeleC011l1raimIhe op~mtor,. supplies them WIthhand,el, and handles

all ,ervicc-rcialCd issues.



Gmmeen Bank currently covcrs more [han 67,000 villages whieh nre serviced by 2121

bank I"anche, all over the eouillryslde, As of may 2006, the hank had 6,33 milli()n

borrower" 97 percent of whom were women,

Grarneen Teleconl"s objel:ti\'e' are to provide ea.1Yae~~" to GSM (ell ular ,en I(e\ in rural

Rang-Iade,h. cr~ating new oppol1unitle\ for inl:ome generalion through ,dl- ~mployrnclll

by providing villager, with aeees\ to modern intormalion and communicalioTlha'ed. [10]

2.4.3 CSR at Grameenphonc;

GramccnPhone staned iI' journey 10 year\ back with a belief that "(,ood deveiopmenl i\

good business", Since iti>inceplion, Crame~nPhone has been dm'en to he in'piring and

Icading by cxamplc, when it (orne' to hcing invol;cd in thc commumty, At GromeenPh,me

\\'e helieve lhal, ~>ustainnbledevelopment call only hc achievcd through long tcrm economic

gro\\,th, Therdore. as n Icadlllg corpomte llOusein Bangbde.\h wc intcnd to deliver the best

to Ourcustomers, busille" parlnerl, ,takcholdcrs, employeeI' and "Kiely atlargc by 'bdng

a partner in dcvelopment.

Grarneenl'honc dcfines CSR a' 'a complimcnlary comblllntion of ethical and rl"polllibic

corporate hehavior a, wcll a\ a commitment t,mard, generating greatcr good in society ai>

a whole by uddressing the dcvclopment need, of the country.

To internet eff~elively and rcsponsibly with the "Kiety and to eonrnbute to the socio-

economic de\,e1opmem of Bangladesh. GP ha' adopted a holistic appro~ch to C5R. I.e.

Strategic and "raelical. Through tillS ~pproach GP aim, lO,on thc one hand IIlvolve It'elf

wnh the larger ,eclion of the SOCICtyand to addre" di'er,c .Iegmcnls of (he stakcholder

demography, and on the other remain focu,ed in its social investment to generate greater

impael for lhc \ocicty.

GrameenPhonc focusc\ its CSR lllyolvement in three main ar~a, - Heallh, Education and

Empowelment. We aim to combine all our CSR initiall\'e.' under the,e lhree core areaS to

cnh~nee the econom;,; and .,ocial growth of Bangladcsh,



\Ve believe th~t Corporate S(Kiall{~'ponsihiliLy i, ajollrncy along which we will create ~

po,ilive dJiTerence IIIthe COllllllunityand lh~ de\'e1opm~nLof lh~ country: thus meeting the

expe<:tati[)n<of our ~uslomcr, and sl~kcholdcrs,

2,5 ABOlJT SPONSORSHIP AND GRAMEENPIIONE

Gramccnphone's objective in engaging in spomor,hips ISto creal~ mutual ocllcfi! for our

partner,. GnlIn~cnPhonc is hoppy to he ahk' to work with a mllnber of important proi~~t$

and evenb alld position thc eomp~ny a; a good corpOra!('Clti7cn,

What make, Grameenl'hone swnd out nom the othe" alld makes it ~ dl,tlllCt market

leader'! 'Ihe anIWe!" probably allicJ wilh lhc vancd aClivitie' (,rame~nPhonc cng~ges III

and for the company"s widc contflbutlon to ,ociely. Sponsor,hip ISone of the mallYv,ings

of CramecnPhonc that ha, heen palroni"ing and ,upporting variou, cntities lor different

noble cause,. Moreovcr. wc recogni7e the re'pon,ibility of a good c[)rporate l'ili"-,,nand are

rcady to attend to .'Lakeholdcrnced, In every way po\\iblc,

2,5.1 ""idest Network Coverage

The Grameenphonc nctwork now em'erl morc than 95 percent oj thc eountlY's population.

up from around 50 pcr~cnl two years earlicr. During the ,ame period, lilc company QI,o

introduced a range of en~bllng ,ervice, and the ~ntire network is now EDGE/GPRS

enahled Glameenphollc ha' greatly benelit,-,) from Tet,,"Ol' Group',. with it, 12 mohile

operation, WOrldWldc,aggregated pureha,ing powe, Thi, h", cll~blcd th~ company lo

rapidly nlelld it, network c()wrag~ and upgl'ade It' nelM"k, Group cost.savlllg illitiativl"

have also allowed Grameenphonc LOreduce tariffs ,uh,tall!ially. thus making mohik

eommunicatioll afford~blc fol' " ",ider community III BQnglude,h. ~'p'-'cially [hose who

have little to 'pend on COmmunication.

Ove' the years. thc ,hareholder., ha\'e re-inves!cd ncarly all of (heir earnings to npand

coverage and in~rc~,c capacity of the nl'twork, Thc clilnulatl\'e in'e.<ilnl'n!l lip to

Decemher 2006 ,tood at about BOT 76 hill;OIl,",~king Grameenphone one of the I~rgest

Pl'lvate ",ctor inVCslmentsIIIthe country.
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2.5.2 Committed C,,~tomer Sen'ice

Grameenphone ha, always been committed to pro, ide qllality afler.salel service to it,

~l"tomers, It was the fim ~ompany to Ict up a 24-hour Call Center in thc eoumry in 1999.

In order to make customer servi<:emore ca,il~ accessible. the Grameenphone Customcr

Service de,k concept w"\ dewlop~d In }()05. There are nOwmorc than 600 G'-ameenphone

Cmtomer Sen'lce de,k< in operation around the COllntr~. Thcs~ ,crviee desks hilve

remarkably rcdueed navel time for culwmcrs from a, much '" eight hour, to a maXilnllin

of one hour for any after-sales service, The flagship Grameenphone Center, wnc also

launched last year to pro, ide a "one.stop ,olution" for all customers. The center, arc

designed lOincrease customer satisfaction by mtegrating all ,ales and after-sales serviceI' in

an open, friendly and comfortahle environment. Presently. there are 80 Grameenphone

Centers in operation around the count!)',

2.5.3 C••ntriblltion to ~rowth

The tciecommuni('ation in(lustry III Ranglade,;h is now eSllm"ted lo rcpresent more than

one pneem of the COllnlry',GOP. SlIlce commercial operatIOns began in Mard, 1997 and

up to December 2006, Grumcenphone has contributed ovcr BOT 67 billion to the country's

National bchcquer in direct and indirect taxel>, Orameenphone's ~llnu~1 revenue\

,;urpassed BDT 45 billion III2006. and the lOtal comriblitlOn to the National Exchequer.

ineiuuing all w\es and VAT from the ser\'ke" "as more than flDT 20 hillion during the

year.

Grameenphonc directly employ.' more than 5,000 pEople and it is estimated that another

[00,000 people are directly depcndant on the bIlSillC". working for the vendoL'.. ,upplicrs

and rctaikrs. In addition, there are nOWo\'er 280,000 Villag-cPhone operators earning- a

living:through the VIllage Phone Program.

A ,;tudy published in l1H)5by the London Busine"" Scl]()olestablJshed a dear link between

economic growth and mohile phonc penetration in developing nations. The swdy ,h'l\\'ed

that for the period tram 1996 to 2003, a developing country with 10 more mobIle phonc,

per 100 people enjoyed per c"pim GOP growth that '"'' 0.6 percentage pomt' higher lhall

in an
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ntherwi.,e identical counlry, Thc bcnefits brought by the nloblle pllone include" reduction

of the n\lmher of middk-men, higher proflWbillty lor buslne«e, ~nd improved COL1lad

bClweenfamlly and friend".

2.6 GRAMEE],;,PHONE AND ITS n;CHNOLOGY

Teleeommunkarion, are an e.\\ential p~rl of a country's infra,lnldure. Gramel'Jl Phone's

Global System for mobile c()mmuni~alioll (OS\1) tcchnology is tile mo,t widely accepted

digital 'y,tem ill lhc world. currently used by approximale 2bn in 216 countnes. OSM

brings the most ad\'~nced dcvelopmenll in cellular tecllllology al ~ rca,unable cost by

spurring ,evcre among manufad\lref' and dri,ing down lhc co,t of eyuipmen( Thu,.

consumer, gel lhe bl"( for the leas!. OSM i, a living, growing lechnology with dltferent

level of adoptLon" patlern of \l,e "nd appro~ches to 'erVlce provi,iom in differenl areas of

(he world

The >ucce" of 051\1 is that Itsdevelopmenl wa\ founded on the delive])' of IIspccifi~ uS"r

hendi! mlernatlonal roaming. Thc dcmands of inlemaliollal roaming h~d profound

ch~nge, OilOSM's ~rchiteclure alld mandated an open future-proof slandard lhat ensured

inleroperabilily. ",ilhoul stifling competition. and inILovalion among "'pplier,. l'his

lowered balTie" to entry. promoted compatibility IJ<,lwoon\y\(cms willeh. 111turn. lowcn;d

development o,ts and ,et lhe slage for better clloi~e and innovation, The unporalteled

economics of scale and competilion lhal rcsulted bmughl c(lnvcnil'nce and falling p[lee' to

manlLfaolurers,nctwork opelators ami COll'UmC".

The adoption 01 a digital 'y,lcm offercd Impro~ed mohilily, .'peelrum cfflelency. betler

qualily tranSl'll«;on and new scr"iecs over the f,r't generation 'y,tcms. T1le use of Very

Large Scale Integralion (VLSI) miel'oproce'"'' technology and Olher low cml 32 Ie

architEclure, paved lhe way for morEefficiem and affordable poekeHi7Ed Illohile phon~,.

This re,ullCd in a profound change in U.,er, mohi1c eOmmUillCalion:.lyle from \'chic\llar-

based In personal, opporlunity-ba,ed cOlmnuniealions. Although GSM is only one of the

pleces in the dusler of current and hllure lcloc()lnmllnie~llons networks. ih ability Ul

providE ~nylimc. and ~Imosl ~n)'wh~re. ('ommu,,;caliolls h~s resulT~d in tremondo\l'

eeo"oml~ and sOl'i"1conscqucnces.
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2.7 SERVICES

GrameenPhone con,i""" ill employees to be one of ilS most imporlanl a"d,. GP has an

eXlemivc employee benefit Icheme in plaee including Gmtut1y, Provident I'und, Group

lnsman(;e, Family Health Insur~nce. Tlan'port~lio~ I'~cility, D~y Care Centre, Children'.'

Education Support, and Higher Education Support for empl"yc'('s, in.how<e medical

,upport ~nd other illltiative,

2.8 PURPOSI~S

Gr~meenphone has dual purpm,c,

• To recei\'e an economic l'eturn o~ iI, i~"eSlmenlS,

• To c(}Imibute 10lhl' economic developmenh of Bangladesh where telecommullieations

can play ~eritic~llole

This is wh~ Gramcen Phone i~ collaboration with Grameen bank is aiming to ploce (me

phone 111ea(;h village 1Oeontl'lbute ,ignificanlly to the economic uplifLIof those vill~ge,.

Gramecn Phone's ba,ic ,lralcgy is coverage of holh urban ~nd rural oreal In contrasl to lhe

lsland Itraleg)' followed by ,ome eompames whi<:hinvolves eonnectmg i,olaled i,land of

urban eoveroge through transml"sicm link, Grameen Phone huild;; continuous coverage eell

afler cell, while lhe inlensity ot co\'erage may vary trom urea to arca depending on markel

condilio"', lhe ha.,ic ,lrmegy ot"cell to cell em eragc is appl ied throughout Grarneen phone

network.

Grameen Phone i, mOrelhan Just about phone, 10 ilSemployee, The ,en,e of purpose glves

lhem the dedication and lhe drive producing lhe biggesl eovemge und 'lLh,criber bale in

[he country, Gramee~ Phone knows that the [alents anti energy of [t, employee, ar<ocritical

to ilSopel'~tion and [rcalSlhem accordingly Gr"mecn Phonc belie,'es Ln,e";ce,, it senicr

lhal 1eod, to good hlL,im'"sand good developmenl', "Ie1ephonyhelp' people work logelher

raismg their producli,ily, Thi, gam in produclivity is developmenl, which in lurn enables

them to afford a telephone ~ervice; generaling a good hu,ine" thl" development and

bu,ine" go wgclher,
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By bringing electronic connectivity to rur~1 lJ~ngladcsh, Gramecn Phone ISdelivering the

digilal revolution 10the doorsteps of ti,e poor and unconnected,

2,9 NETWORK

Mc~nwhile Grumee~ph()m' built ~ he~lthy and robu,t infra'lrudure in terms of

telecommunication netwOIk wilich i, expandc'd "t a record pace every year U' well. The

Radio in term, of coverage ~nd capacity Tramrni"ion ~nd SWitching nel\\'ork in term, of

number of ha.,e 'Lalion, conneetmg lran"TII"ion line. ,,,,ill' hing system (l\lSC) ~nd '0 011

2.9.1 Switching I\ctwork

rhe ",vitchlng capacily has becn slrengthened with n Mobile switchmg center, 42 B~'e

Station Controller ~nd olher equipment, added 10in 06 dlVl,ional <:itie,.Gram<:<:nphoneis

also offering a difkrcnt lype of service, to the "allied subscribe" <:onlinuoll,ly by

lkploYlllg different ,ervicc c'lllipment SMSC, YJ\.lSC,EDGE and so on,

2.9.2 Transmission Network

Ballglade,h i, localcd ~l lhe Ga~ge, delta ba;;1Il.\0 the land,,,apc of Bangl~dc\h IS

dominaled by the rlve" and channel. Therefore all llnportalll parl of th~,intra,lrueture "

b",<:d on radio re,ource, IMi<:rowavcLinks) oWlled hI" (,ralllccn phone, GrameenpilOlle

buill a strong IIlfrastructure by taking lc~se dark f,beL' ["romth~ Bangl~dcsl1 Railway

around 2000 kIll.The second tier backbonc covers appro'"llale 1200 km of new fiber optic

c~t>lewa, laid aparl from le~sed optical fiber from Bangladesh R~ilway 10 enhance lh"

capacity and to emur<:higher redundancy in tran,mi"ioll <:nd,
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2.9.3 Radio net"ork

1rha' builllhe br~~.Il nelwork Wilhlhc widesl coverage. Nemly 80 percent of popublion

ha, now becn broughl under the coverage of the OJ' n~tw",k. which covers morc Ihan 450

lipa7ib, or 61 districts. Aimosl 3600 bale ,ralion' ore operatin~ around th~ ~oLLnlry.
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CHAPTER 3

OVERVIEW OF GSM NETWORK

Grameenphone i, u,ing GLOB"'L SY:'.TEM FOR \lOBILE COMMUI"IC ATION (G5M)

te~hnolog}' for providmg network ,er\'ices to ih <;u.,wmers rhi, tccIlJloIogywas launched

ill Ellrope in 900 :\1Hl Ircquency in the ye~r of 19S5. In the year 1991, 1800 MHz

frcqocncy b~nd of GSM technology "d'S imrodllced,

3.1 GSM NET\-\'ORK CD:\WONEl\'TS

The GSM network is divided into two "y"lem,. Each of (hese systems i> (;ompri,ed or a

Ilumber 01 functional unit" which arc mdi\'ldllal compollellh of (he mobile network. The

(1"0.\ystcms are:

• Swilching 5ystem (55)

• B",c 5wtion System (BSS)

,

" " N'1C and or.1[

,

Itching System " [A~C)

BJ~J ~" =-
'... I ~- -

( other ,/ ,~- -'iJ)]'
n!O~;YQrk., ~~IGI,15C ~ MSC

Base Station System '" ";0 ,,,,
1.,-,,, transmission Jmnnectlons an"
Ing transmiSSion

____ C.• tl co
signal

Figllre 3.1: GSM SYltem model
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3.2 GSM TECHNOLOGY

3.2.1 GCllcrallnformMion

GSl\l is also kn(,,,n as Global System for Mobile Communications. or simply Global

Sy,lcm for Mobile, A technology slarled development in 1985 by a French company

formerly known as Groupe Special Mobile. ItI mam competitor i, CDMA, currently in lise

by Bell Mobility, Teiu, Mobility and Mobility Canacb carriers.

Currenlly. only tWOmain c'lTTier,in Canada are operating (,SM nclwork,. Minocdl (rldo,

Cityfone) and Rogerl \Vireless. fldo w,,' lhe fi"l carrier to "Wrt 1l1ili,inglhi, lcchnology,

followed by ROgE" V\'irclcss mainstream around ~OOl, Several compallLcs in tbe Unilcd

Slales have adopted GSM and it'\ \ptca(ling fast among Al &')' Witcless, T-Moblle,

GSM operates on 4 differenl frequencies world" ide, Howevel. only two are which arC

used in Canada, whleh are GSM-850 and GS:>1-l~()(I.GSM-850and GSM-1900 which

operate at 1.9(;f]L,

GSM calls are either !la,ed on daw or \'OKe. Voicc calls usc audio codec, called half-rate,

full-rale and enhan"ed full-rate. Dam calh "an lum lhe cell phone mto a modcrn operating

at 9600 hpl. An eXlended GSM fcatLLtclS 11Ighspeed c'ircuil sWl[ched datu. ~llowi[]g the

phone to trommilupto around 40 khp'.

Cell hori",nlal tadiu, varies depending on anlenna height, antenna galll and p"'p~~ation

eondillons from a couple 01 hundred melcrS 10 scveral tell' of kilometers, The longe'l

dlst~'Ke the GSM ,pcciflcatioll support, in ptaclicailise is 35 kilomclrcs (22 mi), There are

also ,everal implelllcntalions 01the concEpl of an cXlended cell, where the cell radlus c01,ld

he douhle or evcn more, depending on thc anlenna systelll, lhE lyl'C' of lcrrain and lhe

tinllng advance.

Indoor coverage is also supported by GSM and mny he achieved !ly using an Indoor

p>cocell ha,e ,laliun, or an Lndoorrepealer with dlllflbilted indoor aJlll'nnaS fcd through

power 'plitlcr" 10,Icli,cr lhe radio ,ignal, from an amcnna ouldo"" to lh" '''panllC indoor

di,lribulcd antenna 'y,lem. The"e me lypically deployed wben a lot 01 call capacity i,

needed indoor" for example in ohopping "cntcrs or airpOl\'. Iluwevcr, this IS not a
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prerequisite, since indoor coverage is also pro"ide<!by in-buildmg penetration ofllie radio

signals from nearby cells.

'The modulation used in OSM is Gaussian milllllum-shift keying (OMSK), a kind of

continuous-phase frequency shin keying, In OMSK, the SIgnal 10be modulated onto the

camer is firsl smoothed with a Gaussian Jow-pass filler prior !o bemg fed to a frequency

modulator, wlllch greatly reduces the inlerference 10 neighbormg channels (adjacenl

channel mter[erence). L2J

3.3 NETWORK STRUCTURE

stnICttn Of. GSMn.lt;Qft (!ley .Itlltllb)

--
Figure3 2' The structure of a GSM network
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3.4l\T.TI\'ORK F.LEMF:NTS - AN OW;RVn;W

..• ---_ ....• -'--..•---..•.. -------~-••.•. -_.....-...• '- -- -_.-.•_ .•.•..•_----------.•.•...------.--•• '~ __ T_.-
-----_._~....~,,--

Figure 3.3: DiITerenlElemenlS ofGSM ne1wor\.:

The nctwon behind the GSM system seen by the customer is lllrgc lind <;I)~IlCfl1ed in

order 10 plO\ide all of the ser\'ice:s •••.hich IlI"Crequired. It is di\ided inl0 a number of

sections nod these lire each COlered in sepllrDleonides,

• The Rase SUIlionSubsySlem (the basc stations ami !heir conuollers).

• The Network ond S•••.itching Subsystem (the pM! of the nelwon most similar to a lixed

ndworL), This is sometimes also just called the core network

• lk GPRS Core Nctwor\.: (the optiornll part "'hich allows packct based Internet

connections).

• All of the elenv:nls in the S)"Stemcombine to produce many GSM sen-ices such lIS

loice calls lll'IdSMS

3•.••1Mobile Stlltion (MS)

•

•

MS consists of the. mobile equipment (the terminal) lind a smM! card called the

Subscriber Identily Module (SI~1)

1be SIM plO\idc:s personal mobility. so thnl the user CIIJlhan: IICCCSSto subscribed

sCT\'ices irrespective of a specific terminal. By inserting lhe SIM Clll"dinto a GSM

tcmrinal. the user is able to r«ei,'e Illld lTlllI..ecalls tit that terminal. and recei,"t' other

subseribcd seniccs, Withoutthc SIM. the lCfmin:IJ\Iill not "llrL.
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•

•

•
•

The mobile equipment i, uniquely Idcntifled by the Intern~tional Mobile Equipment

Identlty (lMEIJ.

Th~ SIM cartl contains the International Mobile Suh,cribCT Identity (IMSI) used LO

identify the ,uh,cri!:>c, to the system, ~ secret key for authentication, and olher

inform~tioll_

Th" '''lEI and the lMSI are indepcndc'lll, thereby ~Ilowlllg personal mobility.

The SIM card may be protected agaln"t unauth"';ted uSe by a pa"wonJ or perlonal

identity numher (1'IKj,

MS's main la~k

• In BUSY mode

Tr~nsmit mea,ure reports (0 BTS e\'ery 480 11l'

Measurements from neighbour celts.

• In lULl'; mode

•

•

•

find the strongest cell and liqen 10 lhe system Into in flCel!

Listen for Paging in e(lITCC!Pugll1g group in BCCH

Do localion update

At end of timer (4 hour) - 1'3212

• When MS I:; coming Into a new LA.

Do HO when ordered from BSC.

(odel decode! modu IaIeIdem (,dub lClei pher Idec Ipher :;pee ch!da la

3.4.2 Ila,e Station Subsystem

The Bale Surlon Sub'y:;tcm (BSS) is the _,eellon of a lraditional cellular telephone nel work

WlllCh is respon,iblc for handling traffic ami signaling oclween a mobile phone and thc

~etwork Swih:hing Subsyslcm. The BSS carrico' (lut lramcoding of speech ,-"hannd,.

aliocation of radiO channcl., 10mobile phone:;. paging. qualil y managemem of tfan:;nm,ion

and receplion ovcr [he Au Imerface and many olher talks related to the radio nl'lwork.[3]
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Figure 3.4: A typical GSM Ba:;e Siahon

3.4.3 BTS (Ba.., Transceiver Stalin ••)

The Base Transceiver Station, or Bl'S, contams the equipment fDr transmitting and

receivmg of radio signals (transceivers), antennas, and eqUlpmenl for encrypting and

decrypting comrnumcalions "llh (he Base Station Controller (I~SC). Typically a BTS for

anything other than a picoccJl will have 5c"era! transceivers (TRXs) which allow it to serve

severa! different frequencies and dIfferent seclom of the cell (m the case of scctoriscd base

stations), A ill'S is conlrolled by a parent BSe '111 the Base Station ContrOlI Function

(EeF). The BeF is implemented as a discrete unit or even inoorporated in a TRX in

compact bru;c slatlOns. The BeF pro\'ides an Operat.ons and Maintenance (O&M)

connection to the Network Management System (NMS), >11K!manages operational slales of

each TRX, as well as sofuvare handhng and alarm collecholl-

- 21 -



Figure 3.5: Base Transce!ver Station Antenna

'1be funchons of a BTS var)' depending on the eellular technology used and the cellular

telephone provIder "tbere are ,endors III \\ihich the IUS is a plam Iransceiver whIch

receives information from the MS (Mob!le Station) wough the Urn (Air Interface) and

!hen converts it to a TPM ("peM") based mterface, !he Abis, and sends it towards the

BSC "tbere are ,endors which build their BTSs so the informahon is preprocessed, target

cell lists are generaled and evell intracell bandover (HO) can be fully handled. The

advanlage In !his case is less load on !he expensive Abis interface,

The BTSs are equipped Vv1lhradios that are ablc to modulale layer 1 of inlerface Urn: for

GSM 20+ Ihe modulahon type ISGMSK while for EDGE.cnabled nell\iorks il ISOMSK

and H-PSK,

Antenna combmers are implemented to usc the same antenna for several TRXs (earners),

the more TRXs are combined the greater the combiner loss 1"111be Up to 8' I oombmers

are found in micro and pico cells only.

Frequency hopping is often used to increase overall Ins performance; Ihls invohes the

rapid switching ohoice traffic belween "fl{)(, in a seclor. A hoppmg sequence is followed

by the TRXs and handsets USlll~the sector. Several hopping sequences are avmlable, and

!he ooquence in use for a particular cell is continually broadcast by that cell '0 !hal il is

known to Ihe handsets
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A TRX transmit, and receives according to the GSM ,tandard,. "hid ;;pecify eight

TDI\IA time,lots per radi" fTcyueney, A TRX may 10se wille of this capacily as ,()Jnc

information i, reqllircd 10 be broadca,t 10 hund,cl' in lhl' area th~l lhe BTS ,er\'es. Th"

information allow.' lh~ handsets to identity the nemork and gain access to ,t. Thl\

\ign~lIing m~ke5 lise of a ~hannd known as the BCCH IBroadca.slConlrol Channel).

• TIle BTS con-"'pond, 10lhe tmnseel\'ers ~nd anlenna, u,cd in each eell 01 the net"ork

• ILhandles the radio-link protocols wnh the Mobile Station.

• A BTS may be placed in lhe center of a eell (omni-diredional) or shooling in one or

more specific direclions (sectorizecl]. U, trammiuing power define.s the ,izc of a cell.

o Each BTS has lypically belween one and ,ixteen lransceivers depending on Lheden,ity

of u,ers In lhe cell.

o In a large urban urea, there will potentially be a large numb~r of BTSs deployed. thu,

the '-"yuirclllel1tslor ~ RTS are ruggedness, reliabilily. porlability. ~nd minimum co,1.

r4]

3.4.4 Brief Description nl' a Base Station

A lypical b~:.e,J;Jtionconsists of following eqllipmeOl'

• Sa," ,lation cahinet

• Pov,er system eq\lipmcnls like - Rectifier, MUll and BllShar

• Tran"mi"ion equipment>,- Indoor and omdClorunit

o Battery for backup power

o GSM antenna

o Mlcrow~ve antenna for point to point air connection with olher base slation
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CHAPTER 4

FAULTS ANDMANAGEMENT PROCESS

4.1 TYPES OF FAULTS IN NEHW)RK

t\'ctwork clements of a base >tatilm are running for 24 hour" Thclc arc mainly electronic

device,_ Bu! thcrc arc cleetl'leal and mechanical element, abo to rUIl thc basc station.

These network elements havc diftcrcnt lifc time. Moreover, regular prewnti.e

mallltenance and health checking i, performcd to avoid any foult. But impite wme

hardware faults occur.

Besides the hard,,'~re faultl, therc arc dependency on some external parameter, also like

thc extcrnal power fmm differenLulility ,on'ice provider, environmental mndition etL

Con,idering lhc,e things, total tall It' happening in thc base Itationl can bc categomed Into

5 major categoric" Thc,c al'c-

I. Bu'e ,tatio)] hardwal'c faults

2. External power prohlem

3. Intcrnal powcr problem

4. L,w, c~pal'ily microwave

5. High ('''paci!y microwave

4.2 SHORT DESCRIPTION OJ<MAJOR }'AULTS

4.2.1 Base Transceiver Station (BTS) h"rd",are 1~1ults

Wc know that there i, a ha,e ,tali()n cabinct V.hlChISmainly re,pomihle for handling the

major pal'! of GSM technology, Thi, cabinet con;ists of different repluceahle unit" ('ables.

connectors etc,
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Following faulh may happen for Lhecabinet

• BTS Hardwarl' Problem- hardware may gone fallily al any lime or malfllnl"lion

• BTS Software Pwblem- uifbem unil, of the BTS cabinets are operaled by ;ofl,,'~re

"hich may be corrupted at any tllne

• BTS Configuration Problem- lhil is also one kind 01 software probleln. Rut here the

difference is configuration of the <:abinetmay he changl'u fur 'Olll~ rca'OIiI which result

faults.

• BSC-BTS SY[lchrollilation Problem. we know lb'll tbe BTS i, controlled by remotely

located Base SWlion Conlroller (BSC). Timing synehrollizalion b~N'een BSC ~nli B'IS

may happen resultmg BTS faull",

• AULomalicReset- the eablilet may take resel due [0 variou, ll'cbnical rcasons which

results outage or malfunclioning for a short period,

4.2,2 External P",,'er Problem

• Maim F~il- If exlcrnal power ISnot aVQllablefor a long I"'riod, ,iLc may go down due

lOthis problem Normally battery backup ISavailable for around 8 hours in ~v~ry ,ite. Also

aulOgenerator ISthere in !>Ornevery remOleor critical Slles.Bm IIIsome <:ases,power i, nOi

available for longer penod, al"o generaLormalfunclions in some cases.

• Power Problem al the link slte- E\'ery lite i_,C()nne('[l'ulO a remote or lmk lite tor

lransmli>lion connedi"ily_ So if power problcm ocon, at IhJI ,ile ami go down for thai

rea,on. 11msile will abo go dowJI.

• Generator problem- Tnsome site', no commercial power i, available and solely depend

on generatur. This is a mecnanlcal device and may go falilly for various re~sons. Moreover,

aulomalic Lransfer SYSlem(ATS) IS leqllired for power ,witching oclween battery and

generator. Sometimes, tllis ATS malfunction whi~h cau,e sile down. Moreover, to stal'!

the gen~ralor, a battery is required which sometime, don'l function properly_ A., a re,ull.

(he generator fails to Staft

• Low fllel pf()bl~m- GerlCralOrsneed fucl to run and tllis needs to be refueled befc>re

being empty, i'-Ionnally Lhegener~lO" arc fuelled matntaining a sclledule. RUl sc>metime,

high <:c>nsumplionof fuel may occur which brings abnormal sl1uatioll.As a result. Site Illay

go dc>wnfor failure of running lhe generator,
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4.2.3. Internal Power l'roblem

• MDB Breaker Trip- Somelimes due to high ,"ohage problem, lran,ient current or circuit

braker:, internal problem, Main Distribution Brakers went tl'lpped, Thll cause commen:lal

powcr unavailable for the .Iiteuntil anyone a((end and reClify the faliI!,

• COnLroliercard problem- Rectifier ii>IIled in aha," ,mtion to pro. ide DC power to the

telecom equipmenL'. These rectifier consists different component" COnLroller('ard i\ Oneof

the basis component ••••.hieh ,0metimcI don't work for WhlCl1power i, not red to lbe

e4"ipments which cause SItedown.

• LVn prohlem- U)W .oltage disconnec! (LVO) I' a 'y'tem

• Module fail- Main pan of tbe reetifier \ystem is its modules, Function of the module,

i, to cbarge lbc batteries when external power is available-.}Jut ,ometimes, these modules

don'l ,,,,,,k ror which batteries are not bemg charged properly, For thi\ reason, proper

backup power i, not obmincd when mains fail occur" for I(mgerperiod.

• Ballery Breaker Tripped- This i, one kind of ;"lDB tI'lp, Ditference i, thi, the DC

hraker for the bauer}', TIlis wmetime' g(}t tripped dUl' !O abnormal situation. for this

'eason, ,ile goes down immediately when main" rail occur.

• Load Brcaker '!ripped- DC power" ted to the e4"ipmcn!> Ihrough differen! cireui!

hreahr>, Somelimel, these CBs also got tl'lpped <:au,illg ,i Ie down inlJm't1illlci}',

• lligh Temperaturc- 'll'ie~om equipments are temp~ral\Lre ,en,ili'e and perionn

efficiently until certain temperature, These equipment generate heal ",hi~h in,'rea," the

temperature in,idc the room, To ensure cooling, all' c()nd,tioner i, pla~cd in cvery sitl", But

due to dirferent realOn.l. these LlllJtlgo faulty which make higb krnperature. f<or tbi,

rea.,on, CSM or tr"nsrni"ion cquipmclll goes down,

- 26-



4.2.4. High Capacit}. problem

• EnvironmenLal Problem- High capacity microwave trammil,ion link< are normally

uscd for long distance tranlmi"ion Link i, designed is such a way [hat i( can sllltmn thc

~l(eJlua\ion due (0 a cel'lalll rainfall or fog. If r~inf~11or rog dcnsily i, much delller lhm, lht

delign yulue, link d,,,,,n'l function properly which causes a good numl:>er of sitel dowll or

poor performing.

• CablelWllneClOr faully- Indoor unllS of the microwa\'e link> (r>.1W) links are conn~Lled

W the olltdoor units or antennu, throllgh eable. conneelOrs. Performance of these cable.

conncclors may deterior~te in time of period or due 10 poor workm~nship dUTIng

imlallalion, Also w~(cr may cnter inside tbe cable. conneLlor if laping i\ not done properly.

• AD:M Card FaullY- High c~paeity microwave links and ()ptic~1 fiber, are l~nTlillat~d

througb Add Dl'op Mulitiplexing or ML'X ~quipmellls, It con,i'h 1"1' or dif[erenL card,.

Any or lhe,e c'ard, may go fault at any lime ",hkh e~ll,\e huge impact on the nel\\'OI k,

• AP;>'1 Pigl~il hmlly- Cards of the APMs are (.'onnecled (0 lhc i"door unllS or Opneal

Di\lribution I'mme (ODF) of fiber oplic through cables which are known as piglail" The",

piglail, may go faull)' which disrupt the <:{)nnel"li\,ilyl'aming ,ite down.

• fiber Cut- Opli<:~1fiber passes (hrough the railway lrack, or high" a}', LOIs of activities,
arC alway:; going on along lhe,~ rolltC\. Though flbel' I, laid main(~i[]ing a cenain depth

under lhc ground level, fiber ",metime, !,O!lCcut. In most of the ca,e,. tl'~ffie i, prolhclcd

providing ring Wllltiol1, In lbal <:,,'~. no cuSlomcr I, stJffe' ed But in ",mc C'''''.'. ring: I"~"'t

provided Whlel1cau"", ,il~ down. No, of site down due (0 [,her <:ut i, "o[mllily huge.

• Configunllioll Problem- High capacity lmk, ~nd VIUX equlpments arc needed to

conligured by ;o[t""re, Swl(ching j:; done au!omatic"lIy ~I", depending oJ lhe

eonflguration file. Sometimes lhi\ configuration file may go ~OlTupled "hich may Lll\c

:;,tedo"'ll. I
• 001': Port Paully- Oplic~1 fiber is tcrminated in tile "pt;<:al di,lribulion frame (ODF).

Port:; ofthe'e 001'.1 may go faully for various rea:;on,. Thele al,o ~au"e di,ruption Jf lhe

rc:;peetive 1mb cau,ing lraffie oulage.
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number of sites dO"'ll 01'poor performing.

going on which Illay dilruptlhe LOS,

4.2.5 Low Capacity MicmWll\'e

• Cable, connector Problem- Indoor unils of the 1ll1crowaVe links (MW) links are

connected to LheouLdoor umts or antennas through cable. wnnl'elors. Performance of these

cable, connectorI' may deLt'riorate in lime of pel'lod or due to poor workmanlhip during

imLaILuion. Also water may enter imide Lhe~able, eonnec(or If laplng ISnot done pl'Operly.

• Environmental Problem-Low cap~~ily microwave link are designed il ,u,h a \\'ay thaI,
II can ""l~in lhe allenuation due to a certain ruinf~11or fog, If rainfall or fog denSity IS

much dell,er than the design value, link doeln't fun,'lion pl'Opcrly which causes a good
I

• IDlJ Pl'Ohlern- Indoor units of the link, may go faully 1'01'different reasons at any time

whkh <:aule outage of the links causmg site down conneeled to that links.

• ODV Problem - Outdoor uniL, of the links may go fault}' 1'01'differenL re~,on, al any

time whi<:h<:aule outage of the Iinks cau,ing ,itc down conneclcd to that Iinkl.

• Tritnllary pon probkm- Any fiTS ISconnected 10 ihe ",'ill'h,'s (ESC) through 1I'Iblilary

ports or peM connec[m" Thes,' have 10 be Ill,ode manually where "orkI1tall\hip in

imolvcd. Also quality of the cable and connectors playa vitall'Ole. So lhe re'redive port

conneeled by lhese c(mnectonJcabtc, may gu faully which witl caUle "Ie down.

• Interference Problern- hequcncy imcrfcrence ll1ay occur if any neighbouring link i\

c(mfigureJ ",ilh the same frequency. In lilat ca,e the link may g:{)down or performance

1l1aybe affecled ,evcrciy,

,
• LOS Break ~ Line of ,ighl belwcen lwo endl of a microwa\'e link ha, to he <:Iear! Hut

norma II}' 111tile big: cilie, c'J'l'ciaily Dhaka. always ConStnlCtlon oj h1gh ri,e builJink.1 i,
I
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4.3 FAULT MANAGEMENT PROCESS

We can ICCthat the GSM comll11ll1ic~tiQndepend, on huge number of cquipment\ and

hetors fQrwhich differenLtype, of laults are happening ar eyely Illoment. So ~ proper rault

m~nageJT\en!process is required tQ be m~inlaineJ to re,tor<; Ihe fault, within the shol'1est

p""ihle time tQminimize cusromer suftering'.

Gmmeenphone ha, a ,Irong management process tor thll pllrpo'e. For managing thl' a~tL',;;

nctwork fallll, ReglQnal Operation and maintenance (Cam ISresponsible with tIle help of

Network \1anagement team, Engineers of NM are nwniloring the "hole network on 24x7

ba,is. If ~IlYaccess network related fault appears. they communicate it to the re'pecti,e

ROM cngineers through differenl channel, likc over phone, SMS, e-mail etc The

eocalation period and mode depend on the severnI' of the faul!.

Afler getting the nOlifieation from NM, field engineers take nece"",y action to rc,\or<;the

f~t1Il,Flow diagram of the faull munagcmen! process i, given in the following page:
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r Fault Management Process
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Fault Management Process

" grarneenptme

Figure 4,2: Different lerminnl~ for fllUll monitoring

4.4 FAUI.T ESCAI"ATION FROM NM TO ROM

From the abo''C two figures of Fnull Mtmagernent p~ we ClllIsee Ih.aIfrom IIcentrlll

monitoring point, whole network is being n1Qnitored. (10 24.~7 basis using different

lenninab for different ')'PC' of flll,lllS.If lin)' faull occur.;, lint is being reported llIId

displ~'c:d in the termi~ls. Nl:lworl MlIn:IgclTl\:'l1\ (NM) engineers immediately inform the

field Cllgineers about the fflU!t lhrough different crumnels lil;.e o\'er phone, SMS mid e-mail.

This is CIIl10dTrouble Report (TR). A TR is iSSlJe(l for eu~y fault where il is oUUlgeor

quality issue.
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4.5 FAULT CLEAR

Regional O&M engineers immediately TU,h lo the ,ite normally, Before leaving for the

,ite, both Nl\l and ROM engineers want to be OUl<' "b;,Ul the f~uil for which ,ilC d(}wnh~\

heen occurred, TIlis is required because ROM engineer., have to call)' 'pare hardware,

portable generatoL nece"ary tools etc. with them before leaving to rectify the fault ASAP

but within thc SLA.

After rectifying lhe faliit. field englneer\ inform i>-IMlo bl' confirmed about (he status of

the fault. If NM confirn" (hal the I~lIllhas been cleared. then the TR i, clo.l~d, tim il lhe

fault slill exists, then the faull may be e,calated to 2"" Ime eXi:>erti'eteam or vendor The

flow chan is mentioned in flgme 4.3.
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F~ult ~ppe~red;md [))spl~yed al NMS

ISSH~l1ceofTR ~nd Inform 10 responsIble
Regional Teamleadel' by SMS and/or Phone c~lJ

AHend the fnnlt at site by Field Engineer

NO

Rectification
done

YES

NM monitors ~t~t\lS
orthe f~\llt

OK
(' onfirm "illl

NM

YES

NO

Vendol

F~\llt
CkJred

YES

TR Closed

Figllfe 4, 3: Fault monitoring, escalation and clear work flow
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CHAPTERS

STATISTICAL PROCESS CONTROL (SPC)

5.1 D1~nNIT[ON OF SI'C

Slalistical Process Control (SPC) is an effe<:tivemelh",j of monitoring a proCCSIthrough

lhe mc' of conlrol charts. By collecllng dato from sampb at vuriou.' point, within lh~

pr(){:~", variatio~, in lhe process that may atfecllhe quality af the end produd or ,en'ice

can be detected und correcled. thu.\ reducing waste and as well as thc likelihood th~t

problems will be pa;:,ed an ta the eu,tomer. With ib emphasi\ on early uetccliall and

preve~lion of problems, SPC hn, n distinct advantnge over qualily method" ,uc.h a,

In:,pecti(}~.thm apply re,ourees to detecting and eal'reetlng problem, in the end producl or

sen'lce.

In addilion to reducing waste. SPC cnn leaulo a reduction ill tk timc required to produce

the product or ,ervice trom end to end. Thi, i, parlially du~ to a diminished likelihood that

the final product" ill haw 10he reworked. but it may also re,ul! from u,ing SI'C dala 10

identify bultlcnceks, wmt times. anu olher ,ourc~.' 01' delay\ within the proees'. Proce"

cycle lime reduclions coupled with Improvement> in yield haw made SPC a valuable toal

from hoth a cosl rcduction ~Ilda cmtolner ,mi,faclion ,wndpoirll.

Slati,tical proc,'ss cantrol (SPC) involve, ll,ing .<tali,lical lcchniques (0 mcasure and

analyze lh~ ,ariation in pl'ocesses. Most often used for manufaduring processes, (he imcm

of SPC i, to monitor produc( qualny and nlOintain pro~e."e, W fi"ed targets, Slatis(ical

qual;ly nlntrol ",f~" 10 using slatistical techmqlle> tor meu",,,ng and impf(}vi~g lhe

qualiry of pruc~\,C\ and includes SPC' In addition W Nher le~hni4ue" .,u~h '" ,,,mpling

plan:" experimenlal de,ign, ,arialion reduc[[on. process capability ~ll~ly,is, ~nd pnx:e"

lmprovement plans.

~I'C is used to mOllltor the con,i,tency of proCCs\~, ustd 10 manufatturc a product a,

d~signed. It ~ims lOget and keep pro,'e"e, under ~onlrol. No m"llcr how good OT bad lhe

dcsign. SPC can en,ure thallhe producl i, being lllan"faCIUTtdas del.lgned and Intended.
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Thlls, SPC "ill nOl improve a poorly designed prod\lcl'> reliubilily, but ~an IJ<,U!,cd10

mamtain the comi~tency or how thc produet is made and, therefore, of the manufadurcd

product il,elf and its as-designed reiiability,

A primary tool lISed for SPC i, lh~ conrro! chan, a graphICal repre,~ntati"n of cerlain

de,eripti,e staUStlcstor specIfic guantilali,e measurements of lhe manufacturing proce,,_

The eonlrol charI is one 01 the se\'en h",ic lO"l, of quality control laklllg wltb the

histogram, Parew char!. cheek sheel, cau'e-and-erre~t diagram, f1owchart, and scatter

diagram), In stalls!lcal proce" control. lhe contl'ol ch:lI'1.aho known a, lhe 'Shewharl chart'

or 'proces~-behavi", chart' is a tool 10 detelmine ",hethcr a manufaclllring 01' h\l~ine_"

process is In a stale of ,talistieal conlrol 01'not. If tbe ,hart indicalc, thai the proce8s being

monitored is not in control, lhe paltern il rne~1s ean help determine lh~ SOurceof "arl~tlon

to he ~Iiminaled to bnng the proce" back into control. A control ebart is a ,pel'iCil' kind of

lUncbar!.

The~e dC>;Cl'iptivcstatistics ure di,played in the control chart in comparison (() theil "in-

con1l'ol" ~arnpling distnbutlOn" The l'omparison detech any \lnu,ual variation m the

manufacturing proce", which could indk'ute a problcm with the pl'oce"", Several different

dc~eriptive slati'tic, e~n be uled in eontlol cbarb ~nd Ihere a,e several dIfferent type, of

control charlS lhat can te,! for differcfll causes, ouch a~ how quickly major vs, rninar \hith

in procc" me~ns are detected. Control chal'ts are abo med with product TlIeo,urernent, to

an~lyze pro<:e~~capabil itl' ~nd for continuou, process irnpio\'ement dforts. [1]

5.2 BENEFITS OF SPC

• Provides surveillance ~nd fcedback tor keepmg proccs,e, in control.

• Signals when u prahlem "ilh the proee" ha' occurred,

• Detccts asslgnahle cau,", of variation,

• Accompli,hc, proces~<:haracleriLation.

• Reduces nccd far ll1i>pedion,

• l\1onilorl pro~css quality,

• Pra\'ide~ mcchanism lClmake proce" l'banges and track etfe<:h of tho,e change"

• Once a pi"ce,_~i, st"ble (a,slgn~ble eal"e, of varialion have been ellmill~ledJ,pn",ide~

process capahilit l' anal~si, with compari,on 10the pwdllct tolerance,
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5.3 BASIC TOOLS OF QUALITY

• Pareto Principle

• S~aU~rPlots.

• Conn,,1 Chart.

• flow Charts/ Proccss M~p,

• Calise effect, Fi,hoone. hhikawa diagram,

• Histogram or Bar Graph.

• Che<:kli,t, & Che~k shccl.

5.3.1 Pareto "rinciple

!I. Pareto (:harl loob likc a cumulallve bal graph. rhe knglh\ of thc b~l's repre,em

frcquGncy01'co!>t(lime or mom'y), and arc armng~d ",ilh longe'l har, on the left and th~

,hortc,l to thc right. The IOllge,1har repr~S~nl\thc most vilal cau,e.

This i.\ graphical 1001 for ranking causes 1'1'0111mosl ,ignificanl to least \ignilicam, II

depi(,'(~a ,eric, 01 vcrtical bars lined up lined up i~ a dcscendmg order - from high lo low-

to rellect frequcnq. imponance, or priority. Thc following is an example crable 5.1

and Flgure 5. I) "f ~ Pareto ~najysis 01 problems lhal "ccuned in product~ from lathe

machinc "'ol'hhop.

Taole 5, I. hCt]ucncy ot area, of compbims

:.. -Aicas:of .,L6tLS 'IIG~-~:.urn,:,~~i,~:~miiE;ijit;g !.FreqUenC '" ~ i:>ercenluge_
Wrong
dimension " " "Surface areas ce, 20 69
Broken 15 15 "'Wl'on~ malerial 10 '0 9'
Other\ 6 6 100

Based on lotStable. a Parelo chan i; pr~pared. as given in Figure 5.1 111

- 36-



'" '"•

". • • ".
i " • "• _p~ent

• " "i ~Cummu\ll!iIoI
, •• ......,.
~ ••
•

~ ~

, ,
,I' ~. ,# # 0'"~./ J-",<f ~~ <$'",-«-

.'
~'" <; ~~

~

Figure 5.1: Pareto diowem for oompillinls regarding 1V dc:li\'cryLOhouseholds

110120",k

1M Pamo prindpl~ (olsa kno"T1 lI$ the M-lO rule, the law of the ,.It.1 r••••.mil the

principle of (ador JpJII'!Iily)Sillies1hllt.for maJ1}"c'-en1s, 110%of lhe clfccts come from

20% of\hl: =1':':. Business lt1llf1agmlCntthinker Joseph M. JUrlIrlsuggested !he principle

and nllJTlCdilllfl..- haliflll economist Vilfrooo Pnrc:w.who ob$enM lruU8()O~of income in

IUIlywenlla 20% of the popula.tion. It is II common ",Ie oflhumb in business; c.g., "110%

of your SllIcscomes from 20"". of )'OUI'clients."

h is wonhy of noll' thai sam<: Il:pplientiomof !he PllJ'C.'Ioprinciple IlP~ to (I pseudo-

sciC1ltific"11lwof nature" 10 bolster non.qunluifillble or non-verifiable I15scrtiOM!hal lift'

'paintoo ,,~th a brotd blmh", The (oct lhnl hedges such lISthe 'JO/l0, 70130, and 9515

"rules" c."isl is sufficielll c,idenee of the non-exlldness of the Plln:10 principle. On the

o1hcr Imnd, Iherc: is .dequate e\;dence that "dumping" of faetors does occur in most

phenomt'll:l
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The Parcw principle is only tangenLially related to Pareto effidency, which was also

i~(rnduced by lhe same economilt, Vilfredo ParNo, Parelo developed bolh n)~CeplS in lhe

contcxt of the di"trihUlionof income and wealth amo~g the population.

The observation wa, in connection with income and weallh, Pareto noliced lhal 80% of

lLaly's wcahh was owned hI' 20't 01 the pO]Jllbtion. He Lhcncarried Ollt ,urvey' on a

variety of other cOl1ntriesQndfound 10hi, ,urprlSe that u ,imilar ui,lribution applied,

It also applies 10a variety of more mundane matter>: onCmight guess uppwximalely thaL

we wear OUT20% most fa"(lreu dothcl about 80'iio of the Limc.perhaps we spend HO,,{-of

the time witl, 2Wk of our acqUaintance', elL,

The Pareto pri~ciplc h~s many applications in qll~liLycontrol. ills the ba,i, for the Pareto

chan, one of the key \0011used in tot"1 'lualily conlrol and ,ix ,igma, The Pareto prin~iple

serve, '" a baseline for ABC.analysis and XYZ-analySIS. widely u,eu in logistics ~nd

procuremenl for lhe PUrp("e of optimizing stock of good,. as well a' co,l, of keeping and

replcnishing lhal stock,

In computer ,eicnce the Pareto pri~eiplc can be applicd Laoptiml7at10n effon>,

Tl1e ParelOprtnciple wa, a prominent part of the 2007 l>est,eller , The 4.Hour Workweek

by Tim I'errisl. Fem" re("()mrnendedbring lhe 80':C ot your cu,Lomcrs who take up lhe

majorily of YOUTlimc and tocu,ing on the 20% who make up the majorily of your profLt'

rnv pracllces the 80/20 rute in all ofib bu<ine.«es. [71

5.3.2 Scatter Plot

A scalier graph or .'<ClltterIllot IS0 type of di.lplay thut conlai", one or more ~Cll!ter plots

each 01 ",h"l1 u,,, Cartesian coordinale, 10 display valuc, for LWOvUl'Ioble, for a ,l't of

data. The data i, di,played a\ a colleclion 01 POll11s.ea,h havi~g tile \'alue of one variable

determining the position on the horilontal axis and the value of the olher variable

determining thc position 011tl1everlical ax;'.

A ,caller plot onty 'pecifies \'ariables or independent variable, ",he~ a variable exi>ts thaI

are u~uer the control of the experimenter. If a paramcler eXI6ts thaI i, 'y,\cmalie~lly

IIlcremenleu a~d!or decremented by the experimenter. il il called the con1mi parameter or
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independent variable and is customarily plotted along lie hori70ntal <L"isThe measured or

dependent variable is CII-,tomanlyplotted along the vertIcal axis. If no dcpondent v:rriable

exists, ",Iher type of variable can be plolted on either axis or a sealter plot will illustrate

only the degroo of correlatJOn(not causation) belween Ilvo variables,

A SCalierplot can suggest various krnds of correlations between variables witb a cerlam

conlldence level. Correla/lOns may be positive (rising), negative (falling), or null

(uncorrela/ed), I[ the paUem of dots slopes from !OI,er len to upper right, it suggests a

posili ve correlation between the variables being studied, If the paltem of dots slopes ITom

upper left to lower right, 11suggests a negative correlahon. A line of best fit can be dra"n

in order to smdy the correlahon between the variables. An equation for the correlation

belween the variables can be delerrruned by established best-fit procedures. For a linear

correlation, the best-jit procedure is known as imear regression and IS guaranteed to

generate IIcorrecl solution in a firute time, Unfortunately, no UIUversal best-fit procedure is

guaranteed to generate a correel solution for arbitrary relalioruhlpS. One of the mosl

powerful aspects o[ a scalier plot, howC"cr, is its abihly to show nonlinear relation,hips

beh,een variables, Furthermore, if the data is represented by a lll1xlure model of simple

relationships, these relationshIps wiJ[bc visually eVldenlas superimposed patterns. [5]

Old Faithful Er-uptions

.5
~ ~~~
"
~ ~

'"
~

"~ ~~ -"m
~

~~
~c ~- ~

"

,,: ..

'.0 '.0 '.0

Eruption DuratJon (Min)

Figure 5.2, Graphical display [or Scaller plot
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5.3.3Co"trol Chart

Different tn"" of control charts c~n be uled, depending upon thc type at datu. The two

broadest grouping" are for variable d~ta ~nd altnb\lte dat~.

o Variahle data are mcasured on a continllOU' ,~ale. For example: time, weight, cti,tun<:e

Or temperature e~n be measured in fractions or decimal, The poslibiE!}' of me~sllflng to

gre~ter preci,ion defines v~riable da1lJ.

• Altribute data are counted and cannot h~ve fra{;tionsor dccimals. Anflbule data ari,"

when you arc dcternllmng only the prc,cncc or absence of .",melhing, SUCCCSSor failure,

accept or reject, correct or not correcl.

Details:

A conlrnl charr consists of the following:

• Points repre<enting averages of meawrcments of <Iquotily chara~tcl'isti~ In ,ample,

taken [rom the proce.« 'cr.llIS time,

• A centre linc. dm" IIal the proccII mean.

o Upper and lowcr ~olllrollimil., ("nalural pro,'e« limih") Ihat imtkatc til<'lluClhold at

whil'h thc proces>OUlputis consldeled "1lJli,,ticallyunlikely.

1l i, expected that the quality charaeteristlcs remain within thcse \\<'0lirnil,.

A center line (eL), wllich I, ha<ically !l,Ctarget mean \,~Iu<:of !he qual itl' ehar~clcri;lies, It

"expeclcd that the valu~,<,,[ '1"alil}' ehQracteri,tic, ".main randomly on b"th ,Iidc of the

mean. or centre I;ne.

Description:

TIle control <:han is a grapll u,ed to ,tudy how a proce", changes aveI' tillle. Da1lJ~re

plotted in time ordcr, A control cllan ~lwa\,1 has a ~eJltral line [or the average. an upper

line for the upper cOnL",llimit and a I""er linc [or (he loweI' controllimil. Thesc lines are

detet'lnlned from hiltol'l~al data. By comparing Cllfrent da1lJlo lh<:lc lines, you can dr~w
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conclusions about "hether the proccss variation IS consIstent (in control) or is

unpredIctable (out of con!rol, alTectedby special causes of variation).

Control charts for variable data arc used in pairs. The lOpchart monitors the average. or the

centering of the distnbution or data rrom the process Thc bottom chart monitors the range.

or the \\idth of the distnbuhon. Ir your data were shots in target prachce, the a'erage is

whcrc the shots are clustering, and the range is how tightly they are clustered. Control

charts lor attribute dllta are used singly.

11.0

ij 10,0

I
'.0 , , .

Sample "

IJCL" 10,860

center II~ •• 11).058

LeL" 9,256

Figure 5.3: A typical control chart

As per theo'y of normal disturhance. if all the plotted fall within the limits, the process is 111

control, stlltlcally 111the 'acceptance' zone, Any pomt plotted outside the limits would

mean, the process is in the 'rejection' Wile, Too many points outside thc limit would mean

the process is out of control When tillS condition occurs, investigation is neceSSaIYfor

Idenhr:~mg (assignable) reasons/causes behind, lor subsequent in!eryenllOn or corrective

achon.
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When to Use a Control Chart:

• When controlling ongoing processes by finding and correcling problem, '" lhcy OcCur.

• When prcdiellng the expeded runge o[ oulcomes from a process.

• When determining whether a pro,e" i, ,whle (in .,lalillical control),

• When analyting palLern, of process "ariation from 'pecial cau,c.' InoLl-coUlinccVl'nh}

or comman cau.,es Ihuih iIllOlhc proCC.II).

• \'I'hen dClcrminmg whether yaur quality improv,'mcnt project Sh(Hlldaim to pre,'cnt

'pecific problems aT 10make fundamcntal chaLlgesto the proce"

Conlrol Charillasic Procedure:

• Choolc the apprOpriale control chart for your dala,

• Delermine lh~ appropriale lime period for collecting and plOTIlLlgdala,

• Collect data, CClnslru,.tyour charI and aLlalY7ethe dala.

• Loak fPT"oul-of-control signal,," on lhe COJllrolchart. WheLlone i, ideJllified. mark il

on the chart and inve,tigale the cause. p(I(:UmeIllho,,, yall IIlveltigared. what you learncd.

the cauSCand haw Itwa, corr~Cled

Out-of-control signals:

• A ,ingle pOlmOlil-lidethe control limits, IIIFigure 5 4. point li~leeLlis uhm-e the UeL

(upper control limn).

• Two out of lhree success!ve points are OJllhc same side of lhe c~lllcrlinc and farther

lhan 2 0' from il. tJl Figurc 5.4. POlnt4 .,end, lhal ,ignal.

• FO\lr(}utof fi,c succcssive POint' are on the .,arne side of the centerline and [anber lhan

I "from il. In t-'igurc S.4, poinl I I ,end, thai ,igll"l.

• A run of ~ighl in a row are Oillhe ,arne ,ide. of lhc ccnterllne, Or I()oul of I I. 12 Olllof

14or 16oul of 20. In Figure 5.4, poinl21 i,cig/llh in a row ahove lhe cenlerline.,

• Obvious cami,!enl or persistent panerlls that .,ugg~sl som~tlling unusual about your

dala and your proc~S\,
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" ,..,.,",.,',.""""".,."""111111111111111•• , II" '''''Il"""""",.''''''tll:l''l'l'--
r-igu~ S.4: Con\J{llCh~n: Out-of-Control Signal,

• ContinUl: to plot daUla, tlN:y arc gcnc'rftted. A. cllCh new data point is pinned. chC'Ckfor

new oUl-of-control signnls.

• \Vhrn you ,tnn n IlCW'control chan. rhr: fI1'OCcssmay be Olll of control, If w. Ill<-control

limit, calculated from the first 20 points n~ comJilionnl limits. When you hn" •. at lu.'\t 20

•••qocnlinl poims from n 1"0',;0(\when the proccs'\ i~OfJ"ruling in control. rrcnlculate control

limils.[6j

5.3.3.1T,.~ of ConlrolChart: II]

Table 5.2: [j" of dirrcR;'nll)'pcs of Control am!

ChaM Prore« Proc-rss Sire of shin 10

"bsen'IIUons oml'n "Iinn~ d••lt'<'t

-'

u.rgc (~ 1.50)

I
l.llr~ ~ 1.5a) j

.-I

Variables

Variables

- - -

lnd"f'C'ndent

Irnlcf'C'rnknl

--,
Xh:rr R chnn Qunlity chnf1lC~ri.lic

n~Il'un:menl wilhin one

subgroup

Xb:u S chllr1 ' Qunlity'chnmclerI,tle . -
IIl<:Il<un:m<:ntwithin 0rK'

,
I subgroup

Shl'1'o1mn Qu~lily ch~=l •••r;,lic

indi\'idual~ rrn:asuremelll fur one
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! control duut ob5.el"'ation

, llltl,'i'-way Quality ch:irncleri,tie - IndoJl<'ndent Varinbles - Large Q: Uo)
I I' chan TTIl:a'UTt"ntcntwithin one

_'ubgroup - .
p-chnl\ Fl'IlClion rKllICooformiog within Indopend<:nt Anrihute, Large e. 1.50)

nne subgroup

np-chnrt Numlier oooconforlning ,,'ithln • Indcpcnd<.'nl Anribulc5 Large Q: 1.50)

one subgroup
- - .

c-chart Number of nonc:onform~ncc' ~ Independent Auribulcs Large e. 1.50)
witbin 0""" _,ubgroup

l.argcQ: I.So) t1u<bart NonconforrtlllllCc's per unit • lndcpcnd<nt •AuribUlcS

within oroe subgroup
• . • -
5.3.3,2 X-hilrfR chorl:

An X-barlH chorl i, a specifIC member of a family of control cham. A cuntrol chan i, a

tool u~d in quality control, spcdfinlly SPC or ,toli,lieal proccss control. 0' nrigin:l.lly

dc,-e1oped by Wallcr A. Shcwhal\ 01 \\'c'lcrn Electric in 192410 impro'e the quality uf

telephooc'.

A control chon i, a plot or measurement, of a product on IWO special scales. usually

located obove and below ellCh olher and running horilOntally. X_HarfR cham eomist of

IWOdlllrts. both with the ,ame horizontal uis denoting the 'Ilmplc numoct.

The vcrtk:d uis on the top chart depicl' the <.nmplc mcan, (X.Bar) for a 5I,'tin of lots or

_'ubgroup sample,. It hal a centerline r~pr~"",nt,'d b)' Xdoublcbar. which i, simpl}' the

o"erall procc" average. a, well a, two horiwntal line,. one above nnd uoc !>clow llw

centerline. ~nnwn lb the upper control limit or un. and lower control limit or LCL

respccthely. The'C' lines arc dmwn at a di,tanocc of plus and minu, th= ,tandard

devialion' (that is. SllIndnrd deviations of the SlImpling di,tribution of samplc lI1cam) from

the proce" avcmgc. In pruclicc. tabulated con'tnnt. arc 1I,'nilnble 10 llc:temtiroe the control

limit<. or they = aUl<>mnticnllycalculated by the SPC 'OftWD'" u,cd .
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TI,e bOllomchart has lhc range (R) of each subgroup plolted on the \'emcal axis. Llke an

X-Bur chan. R charts have a ccnlcrline and two control limits. Howe~er. for ,>amplesi7e,

below 7. the LCL i, Lero.

The purpose ot any control chan ISto help determine if varialion, in mea,urcmcnt, of a

prouucl are caused by ,m~11. norm~1 variations tllal cannot be aded upon ('"common

causes"). or by some larger ""pedal <.-au,c"lhal Call be aCled upon or fixed, The lype of

darllo be used ISbased on the nature of the data.

TIle X-bariR chart is normally u,cd for numerical data thaI is capnlred In subgrollps in

",me logical manner _ for e~ample J producl;on pan, mca"urcu ~\'ery hour. A speci~1

CaU"E"u('h a, a broken tool IVlllthen show up us an ahnormal pallem of point, Oil[he char!.

5.3.3.3 P-chart;

In indus1l'lalstati"tin. lhe p-charl is a Npe of eomrol chart that" "ery ,imilar 10 lh~ X-har

churt except that the .,mli'lie being plolled is (he sample proponion rather lhunlhc sample

mean, Since lhe proporl!on dEal, with the perl'enlage of ,uecesses_ clearly lhe appropriate

data for p-l'hUrlSneeds to be attribute dam where the OlllCOmesfor ea<:h trial can he

clos,ifiEu as cilher a \uceess 01'a failure (collform or non-contorm. yes or no, etc,). The

subgrollp si7e ,hould ideally be equal. although unequal sample sizes can be

aecommodated.

• The "I'"'comESfrom me of the proportion of llon<:onformingitems

• Need a good ddinition of noncontorrni ng item, - u,ually IIc~legorlcal deflilition

• Can he of equal Orunequal subgrollp,

• Normally need largc subgroup> - CUlleven hEup l<JlOla!for lhe period

Control I1mitstor the p-<:hanarCcalculatcd on lhe b~sis of the blnomial di'lrihillion,

The c'onlrol limils for this chort l)'pE('an he determined by the fOnnll!a:
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a, in dcfecli,'cs per IN. n,e C conlrol chart consi,t' of:

5.3.3.4 NP-chart:

]n industl'lai swtl:;tici>,the "p-charl i, a lypc of COJltrolehan that IS very i>lmllarto the p-

chart except lhal lhc Ilatistie being plolled is a number c()unl ralher lhan a sample

proportion 01 items. For example, an np-chart often shows lhe number of nonconforming

item, in ~a~h sample. Since we are ~()unling failurcl or sueees:;e:;,c1eurly the uppf()prial~

data for np-~hart, n~c<1to bc atll'lbute data Th~ ,ubgroup sizc must be constant. a,

eomp~I'I'on, of counb 'Wouldotherwise be meaningle".

It.s Charaderistics,

• The "np" Ilands for the number of ~onr()fJTlingitems. which (."anhe expre,,(."d al n

(,ampk ,ize) times p (proporlion or noneonlorllllllg item,).

• ;>..Ieeda good dcfmitlOllof nonconforming item:;- u,uall y U~at~gOTicaldctllllllon,

• Subgroup ,iLe mUll bc constant.

• Normally need large ,ubgroups - can even be up to \Owllor the period_

Control hmilo for lhe np.chart are cakulal~d on the basis of the hinomial distribution.

The controllimil, for this ehQrttype can be d~termilled by lh~ formula:

--l-' /np(l-J!)
IIfl~ .1\, ---

y "

5.3.3.5 C_Charl:

A C ~hart is a data analy.,i, leehniquc lor determining if a measurement p~o~e" has gone

out (}f ,l~lislical controL The C ~harl is scnSllive 10 changn in the numder (}f defective

item, in [hc measurement proce,_" Th~ "C' in C CONTROL CHART stan~s for .";ounl,",,

Venical ~xis = the number defective for ~ach sub-gmup_

Th~ C chort a"urnc, that each sub-group ha, an equal sample ,i7e (thi, ,ample size does

nN need to be 'pccified), A sub-group i., typically a tlme ,equen~c le,g .. the number of
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defectives in a daily procluclion run where each day is con~idered a ,ub-group). If the limes

arc cqually spaced. tbe horizontal a.\i, variable can be generated a' a ,equem:e

III addition, hori.wntal Imes are drawn at the mcan number of defectives and al the upper

and Icnverconlroilirnils,

The con\roilimits for lhi, dart type can be determined hI' lhc formula

Center Line i, calculated as:

Where In i, the number of group' included in {heanuly,i,.

uo., LCL (Uppel' and I.ower Coml'OlLimit):

UCL = c + 3.)7;

5.3.3.6 U Chari:

U chart general,'s a (Po",,,mj proportion control char!. A U chari i, a data anal)",i,

technique for dct~rrniIlLngIf a mea,urnncm proce" ha, gOllcOuI01 'Toti'li~al conlrol. The

U chart i, ,~n,ilivc to change, in lhc nOl'mali7ed number of defective i\~rn, in the

rnca,UI'cmen! proce". Normall~ed rneam that the IlUlllr.erof Jctcctlve:; 15 divided by thc

llIlit area,), The "U" Nin U chart ,land, fol' "unit," a.' in cldcclives per 1m The U cOlllrol

chari eonsi:;ts of:

Veltical axi, = the normolind number 01detective,

Hormmlal a"i; = :;ub-group cl~.,;gnalion.

The controllimlts fol' this charllype can be detcmlincd by lhe tOrlnul",



'J he average eount oj OCCUl'l'ence,of cl'lteria of in\ere,t in _,umpk "f item,

",
\Vh~rcnj is the sample si~e (numher of units) of grOlipJ.

Center Line i, calculated as:

where nj is the sample ,i7e (number of linus) of group j, and rn i.1the number oj group'

Included in the analysis.

UCL. LCL (l3pper ~nd Low~r Control Llmi!):

UCL =u +3 r;;~;;;

LeL =M4X[ 0,11- 3,~J
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5.3.4 Flowchart

,A t10wchart is one of the se'en ha,i<; tool, of yualily conlrol, which also includes lhe

hi~logrum, Parelo chan, check sheet, control chart, cause-and-effed diagram. and SC~llcr

diagram, The,' are comm()nly u,~d in husinc"leconomic- prelenmtlons to help the a()dien(:e

vi,ualile the content better, or to fmd t1aw.' in lhe proCCS.I,Aiternatl,'Clv, one eall use

"Ia"i-Shneid~mmn diagrams.

A Ilowchart (also spelled flow-chart ami now chart) i, a sc-hematle representatiClnof 011

algorithm Ora proccss. ThlS ISalternatively known as Run chan, Roule shed, Process Map.

flowcharl' are u<~ful tool foe examining how VOrlOU",IeI" are relaled to ~aeh olher. By

,tudying these churls individual!. and leams c~n often unCClverpOlential ,,)ur~Cof lrollblc

und! or idcnlify \lepS 10be taken te>improve or ~rror-proof a process,

Proccss flow chot focu,e.' on the 'p~cific processe> that raw malerial" pari' and sub.

as,cmblies follow a, they move Ihrough Ihe plant. Tlli, chari I, a tl,dLLIuiagno,il 1001and

can he ",cd [()improve the performance, al c~ch stcp in the operatiOIl'. Indeed th~ ,Ianuard

stcp in anal)'ling any producllon lSto map the flo\\',.

A co"'pict.' di~gl1o;ISof U'LLI:>-,y,lem ccrramly requlC~' informalion on ii, iinput side and

outp\lt ,ide, hCl'~lIsc_Ihe ,\l\>-:.y'lem may interaet or may be affe<:tedby thc preccding p~rI

or opemllOlli>and re'lLLircmcntlconstraintl>in the ,tLl'cccding opcratlon. Tntl', a cornple!C

vicw of a process flow help, an ~naj,.st 10 pin polnl the eAact location, or SClUn:eof

A !lowchart I, de"nlhed as "cms,-f\lneIiOnal" wilen lh~ pa,.:c il dh'ided into different

"I~ncs" descflbmg lhe conlrol of different orgallizational unlh. A ,ymbol appeanng m a

parlicular "lane" ISwithin the conlrol of th"l orgunizationalllllLt. Thi.' le~hn;qLL~,,1Iuw, [hc

analy>l [()locate Ihe re.'pon,ibilily for performing ~n action or makmg a del'i,ion ~orr~clly,

allowing Ihc relation,hip hetween different organizational UllltSwith re'pOli.,ibility uver a

~inglc process, The follo\\,ing figure ,hows 11brief ,chcmatlc \'iew "f a proce" "hart.
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---------
Ingredient, • •. MiJ..ing in gradients I••••. , Heating '.-+..
finished good;".•-•.~-~~ -I :.---~ ••.. -_.--! ~

Coolin!; ~-----..
Figure 5,5: Schematic diagram of a process chart

5.3.5 Cause effect, Fi,hbone. Ishikawa diagram

The I~hlkawa dillgrllm (01' I'ishbone diagrnm or allo canse-and-effect diagram) i.1 the

hrainchild of Kaoru !,bibwa. who pioneered quality management processe> in the

Kawasaki .,hipyard\, and In the procel' became one of the founding falhers of modern

management It IS ,imply a diagram that ,ho"" the cauSeS 01 a certam event H ",,<, firsl

,,,ed in (he 19605, and i, considered one 01 the ,evcn basic tools 01 quality management,

along wilh the hi\togram, Pareto charl, check sheet, control chari. flowch~r~ and ,caller

dmgram. See Quality l\lanagement Glo"ur,..1l is known a, a ri,hbonc diagram becau,e of

its shape, ,irnilar LOthe side view or a [i,h skeleton,

Mensch

\

Material

Ursache

Maschlne

Methode

Milieu

7
•

Messung

Wirkung

Figure 5,6, Graphical du;play of Cau,~ dlcc! dwgram
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5.3.6 Hi,togram or Bar Graph

In statisti<:\. a hi~t~ram i, a graphical du;play 01 tabulated frequencies. It ,II","," wllat

prop0rlion of cases fall into eacll of ,everal catcgoric.l. A hi,togram diffcrs from a bar chart

in that it is the area of the bar tllU!denote., the value, not the height, a crllcial distinction

when the e~tegoric, are not of lIniform width (Lun~a,ter, 1974). Thc catl'goric.1arc usually

SPCClfltdas nOll-overlapping intervals of lomc variable, The categories (lIa,,) mu,t lie

adjacent.

TII~word histogram i, deri\'ed from Greek: histos 'allythlllg 'elupr;ght' la, (he masts 01 a

,hip, lhc bar 01 a loom, or the ,'cnical bars of a Ill~togram): gramma 'l1rawing, record,

wTlting'. 'J he hl,togram lS one of the lewn h~llc tools 01 quality control. ",hle'lI al,o

inchlde lhe Par~l() charI. check sheet. conlrol chan. l'au,c-and.cf1cC! dlagrum, f1o",~han.

and scatter diagram, A gcncrallwtion of the lIistogram Is kernel smoothing te<;hnlgu~,.

Thi, will construct a vel)' ,mo()th probability denSity function from llie ,upplicd data
•

Examplc~

As an exampk we consider data collecled b~ tile U.S, Cemu' Bureau OJIlime to (ravel to

work, The <;emu, round lhat lhere were 124 million peollie who work oul,ide of their

homes, Thi, (,()llndln~i, a common pilenomenon ,. hen eolleetlllg data from peoplc.

Ili,togram of travel timE. US 2000 census, Area under lhe Cur\'Cequals tile tolal numbcr of

cases, Thi, diagram lIsesQ/wldth f('(jmthe table,
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Table 5.2: Dam of US I\'OT~erwho lra"eler to go for "'uri<

,Ilutll hiabSOI~f-~U,"?bfrs_
-- -- ---_ ..-., I

.- Widlh Qunn!ll} - <?U.:!!l)l"idlh :l-, 4180 836-, 13681 2737 : I, 18618 3723-, : 19634 3926 1, 17981 3S,. ,,-, 7190 1438 I, 16369 3273 ,
-, 3212 642 ;;j, 4122 824

-'15 9200 613 : I~.

30 646' 215

-", 3435 57 - ,-

. o.
I,"'" '''''' "' ••••••

figure 5.7: Hillogrnm for the wor~",~ who travel to go for work
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Thi, hislOgram shows the number of ca,e, per unit inlerval SO(hal the heiglu at eoch bor i\

equal to lhe proportion of tDtal people in lhe ,uney who fall into (hat c~legoI'Y_The al'ea

under the cune "'presents (hc total number of ca,e.' (124 million). This type of histogram

show, ah'oIUl~ number,. 19]

The eheck sheet i., a .,implt document tlwt lSmed for coll~Clingdala in re~I-lime and at the

location "here the daw i, gener~led, rhe document i, typically ~ blank form thaI is

designed for the quiek, ea\y, and efficient recording of the deslfed information, which Clln

bc either quanlilativc 01'qu~limtlve, When lh~ infonnalion is qllantitall\'e, lh~ ch~chhcel i\

lomclimcs called a tally ,heel.

A defining char~deri,lil' of a cheek sheet j" lhal dala is recorded by making marh

('"checb") 01\il. A tYPicalche<:k,h<:ct i\ divided Illto region,. anJ marks made IIIdifferenl

region, have Jifferel\t signifICance Dam il read by ob,erving the location and number of

marks on the ,h~ct. 5 B~sie lypeSof Check Sheels:

• Classilkation: A trait luch as a def~(:1or f"ilure mod~ m\ht be c'la.\\ifi~d ,1110a

~ategory,
• Location: 'I he physical location of a lrall IS indicaled OJla plclllre of a part or item

being cvaluated.

• Frequencv: Tile pre,~ncc or absence of a trait or combrnation of lrails i, rndic~ted,

Also numller of occurrences of a trail Ona part can be indic"led.

• Ml."sllr~ment Scale: A m~a,uremcIlt scale ISdivided inlo intcrvals, and mea'lL"'ITIenIS

arc indicatcd by ~hecking an "ppropri~te lI11er;al.

• Check List: The ltem, 10 be performcd for a la,k ar~ listed so that, a, each is

accompli,hed. it C~1lbe inJic-aledas having been complcled.[8]

- 53 -



The lable below shows ~ check sheet used to collect data on teleph'me interruption,_ The

lick marh v,ere added as d~ta was collected over several weeks. [I J

Table 5.3: Check sheet tor data colle<:tionor telephonic' interruplioJls

Tel",plJone Interruptions

Re'-l~101l
D~y

Mor, :uet ""';e.j TnJr~ c~i TC:<1:

'''I~CoI',;j'\lnl~er flit II I 4ttt 4ttt II 20
Ir1'c,requ8r.t II II II II II 1)

3c% flit II flltll I IIII 18

":;~ i2 e 10 e n 4'~



CHAI>TER 6

PROCF.sS ANALYSIS I'OR NO. OF FAULTS

6.1 ANAL \'1'11' OF:-;O 01'" FAUI.'J'S U.o;;INGC.CIIART

Jlllhi~ chapter. we will anal}~ ~ prOttS~ for IOtal and all category wiM' fauILs, Oata hal

been lllken and compiled from the daily outaGe repon publi.hcd hy Netwon Managt"llIem

dqxutmcn1. Period of data is In to 30'" October. 2007. As mClltiollC'dbefol'l:, faulL. haw

been takcn for the site.' of Ohka I'l:gion.

Table 6. J: Li~1of uutBgt' related network fDuIL~under Dhaka I'l:f!ionIIII

I
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,
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"

;No.o!f.ult.
In, p.".~,
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•.---r~
'---'--~'--
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~ .._-
,------.-:..' ~ ..,

".---- ,3
I~ L

~S~''-. -
" I~_ f2~

"::'-3
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f'~\"P

••
"~, ,
••,
'"M"
"
. '",
~
N

••
"""••
".-
".,,:: 74

, . 80
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"'""'"••
2131

l,
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~1------ -

No. of bull'
!ITS ItW •---- ,
lr-::!'--'
• • •
. :~:'i..5'
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6.2 AN,\I" '"SIS OF TOTAL FAUI,TS USING C-CH,\MT

It "'n~a chnllen~ing In>~for the nuthor to nnnlyl.l,' tile l.I,'rviee oriented proct'" Ulin~ an}'

ehans from diffen:nt conrrol chan •. E"ery control ch~t~ "''en: look into in detait, hUI only C

control ch~n be.II filled for Ille annly~i,. Now all data will he DllOIly'Cdu,ing C-chan and

find OUIthe >UUll' of the >}'SICmwhclhcr il is under comrol or 001.

Fir-H, 11M:~nDly,i, will Ix- done for 10l~1 fnults. After Ih~l. for all lhe 5 cDlegorie.', 11M:

procc:" will be ch«ked.

Table 6.2: faull Annly~i. U.inll C-<chllrl-Totnl faults
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" 0
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m.~

IS2.2

152.2

152.~

152.2

m.2
If!..~

In.2

152.2

152.2

152.2

152.2

152,2

15U

IS2.r

'""152.1
-152.1

tn.2
152.2

119,43

--119."'43.- - .--~ -,-- ---
119,43

:- "1I9.'1l....,--

CIw ••CL " . Uct...<: h=H 3* ","C
~,

,,
;------119.43- -.

119.~3

1l~.43

•. ~119.4J--

119.4)

~ff9.43- ~

- 1l9_43
-- ---

119.43

IlU3

119.41

119.43~'

119.43
--1i9~3:--,

119.43

.' -.-119:43--
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" 10 I 11'),4) ~ 1$2,2

ill ""
-- - 1$2271J'}"4J, !!it-

- -2'- --117 119H -T51,1" .

" '" ISH
- -,.. H~ . =---

Calrulatlonorpa~ml'll flf C.OuIl1 for.1I fRUltSoflht: lI)'$trm:

Cnlcull1lion of 011lhe plllUlTlcu:n of c:-ehart for IlIl 5 types of foults has been sho"Tl 'These

ha,'c been computed lISSileo belo"~

C b.3FCli'" 3583rJO • 119,43

UCI •••119.4J+3.J119.4J • 152,2

LCL-119.43- 3"'119.43 '" 86,64

In this =e, tllrgd of lite department is to reduce the no, of foults lISmuch lIS possible. If

there would be 7,cro fault, then the ~.~to;m"QuId be perfect. For this reason. in this ClISC

study, for IIlltypcs of faults nnd ann1ysi", LeI. h:ls llIWDYSbeen oomidcrro lISlcrn,

All the dll1a has boen plotted l\JId the dWl is liI•.e bel0y,~

Analvsis of Total faults using c chart
,~

r

'00

, __-.___.-.__ __J

.••• TOTAUfOOFFAuln ....•-un -.-Cl --lQ.

Figure 6.1: Analysis orlOtnJ f!IUllSusing C-dwt
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Comments: Prom fig\ll-e 6, I, it i~ clear that lhe '>y,lem i, Oul of conlrol. On 710Oct, 10lal

nO, of faults was ovcr the UCL. If we see the corresponding mhle, we ~an ,>celhat On lhiq

panicular day_ lolal2t8 nO, of faults occurred which is abnormal comp~rc to olhcl day's

tallll:;,

If we exclude the foulLI of thi" day, C--chart parameters arC calculatcd a:;

C harooCL= 3365/29 = 0.Q75

llCl--=O 075+3:;"0.075 (l-0,075}1l51O = 0,099

LCL", 0

Calculation lor the whole month excluding the ahnormal high fault:; ot 7'" Od IS given in

TahlE 6.3 in lhc rlC"t page,
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6_3ANALYSIS 01<'TOTAL FAULTS EXCUJI>INC 7'TH OCT

Hen: nn3J~sis has bttn done for tOOlIfnuth bUl e ,eluding all tile fnults of 7110 Oct. Thi, i~ to

see whelher the process wns OUIof eonaol only for lhi~ dnfs nbnormnl number of fnult~ Or

then: an: [Jlber r<'nlom al,o for tating the process out of eontrol.

Table 6.3: Analysis oflO1nl fnull usin~ e,e1udin~ abnormal high fault of 1" o. .•t

SL DATE 1'01al Fault C b:ll = UCL=C bar-+- I.Cl.
Je~e1uding 7th o.:t CL 3' sqn C bar

1 I-O<.:H)7
,

'" 116.03 148.35 0
2 : ~ 2-Oet-07 123 '116.03 148.35 0 I, 3-O<.:t-07 '" lt6.03 148.35 0, 4-Qet-07 611 116m 148.35 0 I, 5-Oet-07 71 116.03 148.35 0
6 6-Oct-Q1 S8 116.03 148.35 0 I
7 S-Qet.Q7 ,OS 116.03 148.35 0

9.Oct.07 " '116,03 1411.35 - " -1, -9 100Qet-01 130 116.03 148.35 0
10 -.--,. -d=07~ '28 ~~TI6.03= 148.35 - 0" :::l._II-Oct- ~ -11 12-O<.:t-01 I2l 116.03 148.35 0
12 13-o.-t4}7 :: 136 • 116m ...: 148.35 ._. _0__ :I-
13 14-(Xt-07 7S 116.Q3 148.35 0
14 .• ~ 15.Qc1-Q7 -: '" ~ 16.03 • 148.35 " ,

•
15 16.<Xt-07 '" 116.03 148.35 0

" 11.Oct-OO _; 122 116.03 148.35 0 ••
17 18.(Xt.07 136 116.03 148.35 0

" '19_Qc1.07 117 .116,03 . 148.35 - , I•
19 20-0<.:1-07 '" 116.03 148.35 0
20 . '2i-Qet:m-' " ~fI6,(Jf:": 148.35 ':' 0" 1
21 22-O<.:t'()7 Il2 116.03 148.35 0
21 :: .23-(xt.()7 150 J 16.03 ...: 148.35 • • 0 _:1•..

" 24-Qet-07 122 116.03 148.35 0

"
.. 25-Oel-07

..
13' ''li603 ~ 148.35 0 l. .

25 26--Oel-07 14' 116.03 148.35 0
26 . 27-0-1-07 • 113 Jl6,03 148.35 • 0 I
27 28_<Xl-07 '.7 lt6.03 148.35 0

" 29_0...1-07 127 116.03 148.35 0
,
•

29 30-0<.:1-07 12' 116.03 148.35 0
Sum 3365

If we plollbe nbnve n:sult in l!>to,han. we ,nn!ICC mat the S)'stem is quite under eonlrol
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Analysis of Total faults using c chart
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Figure 6.2: AnnJrsis of toW faults using C.tto;u1 excluding the high fll11llsof7!lo Oct
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6.4 ,\NAI.l'SIS OF fiTS II\\' FAULTS USI~G C.CHART

In lhis chaptcr. annlysh ha. been done 10 'iCC(Ile ,lalUS of llle proccss for !he 'lIid period in

rcSptttlo Bas.c:Trnns.c:civcr S(nlion (BTS) hnnl wnre (l1W) fnult •.

1"nblc 6.4: ,\nal)'sis of BTS IIW faull' using C<h3n

t SL l)ATE :'\0. (If 81'5 CWr= UClA b:u+ LCL
~ fnulls CL _ 3. sqn C 00r, 1.OcI.m , 3.37 8.87 0

2 2.Oc(.()7 2 3.3'7 8.87 0
3 3-Ocl-07 6 3.37 8.87 0, 4-Oct-Q7 6 :i.)1 8.87 0, ~-Ocl-Q7 6 3.37 8.87 0

16 6.Qct..Q7 ~ 6
,

3.3""- 8.87 O.
J 7-Oct-Q7 S 3.37 8.87 0
8 ~g.dclii1_ 3 ~-j.3i'-0 8.87 O~ i9 9.Oct-Q7 2 3.37 8.87 0

" 1(}..Oci-07 . 6 3.37 8.87 0
,

" II-Ocl-Q7 2 3.37 8.87 0

" 12-Oct.()7 J 3.37 8.87 0 ,
" I3-OcI-Q7 , 3.37 8.87 0

" 14-0",1-07 I 3.37 8.87 0 1IS 1~-Oc1-Q7 I 3.37 8.87 0

" 16--O..:t.o1 , ,3.37 - 8.87 .- 0' 1" 17.Ocl-Q7 \ 3.37 8.87 0
IS

0 18.6.:1.07 - . J 3.37 .- 8.87
0' n 01

19 19-Oct-07 I 3.37 8.87 0

120 2/).()c1 ..07 • J 3.37 1(,1(7 0
21 21-Ocl.07 J 3.37 8.87 0
22 .22.Ocl-Q7 6 3.37 8.87 0 1
2J 23.Ocl-07 J 3.37 8.87 0 •

" 24.OcI.ij7 2 3.37 8.87 0 j
" 2~.Oc(-07 \ 3.37 8.87 0
26 '26.OcI.07 \ 3.37 - 8.87 0
27 27'0.:(-01 , 3.37 8.87 0
2S U.Oct.Q7 2 • jj1 8.81 O' -

0

29 29.Ocl-07 2 3.37 8.87 0
30 3o..Oct.o1 3 ':1.J1 -. 8.87 -0-
Sum \01 •

C bar=Cl.o= 101130", 3..37

lICI..=3.37+3,13.37= 8.87

lCl;=O

.61 •



A1llhe dma has been plotted lIJldthe chart is like belo,,~

Analysis of BTSfaults using c chart

" ." " "-"-" ,".." " " . "-"-"-"-"-"-"-"-"-" "••,
•
>
•,,,
o .~.~.~ .•.••~.~ .•.••~~~~"._---_ ••

_TO' ••••NOOfF••UlT'S_.ttCl __ Cl _eCl

Figure 6.3: Anal~1is or BTS HW faults using C-ehart

CommnlU: From !he above gruph. it is cle~ that the system is under to\lJ.1eonlrol, In no

days under this sample period. no. or raulls related tl) the HTS hardwnre problem wen!

b~"OndUCL.



6.5 ,\NAI. \'SIS OF EXTERNAL POWI-;R "AUI.1'S USING C-CIIART

E.,lemal JlO",orris lilt' higllt'~t~onlribulol among all lhe S major ~nlegories of {nulls, In lhis

~haplt'r. nMlysi, ha, bttn do"", using C<hart to sec lhe: ,btu' "r 1m: proce" for lhi, lype:

of fauh.

Tabk 6.5: Analy~i, ofBTS HW rnull' u,ing C<hart

,

,

J ' I'-"~-ll
J

-,
I "'_(I

j ,,-,
1 ,
;po-- (I

I ,,
. ",,

"• ---,,
I ,

! ,
'__ 0

0

I,,-,
. , ::::J~-o
. , I

100.24

100.24

100.24

100.24

10024

100,24

100.24

100.24

100.24

100,2,\

100,24

100.24

100,24

100.24

100.24

\00.24

- 100.24

Cbor •• ("L,

1 74..17 •

;:-7U7 -'.; -- ..---.
17U7r:ri4J7-:~_
J 74.37 : .
~,.. 74J7 .....,'~---1 74.37 i.
~-74.37--',"
~ 14.37
'-,4.)7 ..,.-'-. ----l 74..17 ~

--74.37 -'-~.-~. , 74.37 ~
--74.37 _.

J 74.37 •

:C?~j7-=:J 74..17 r"
"r"''1J.37....,t
.'~ ---_ •••1:

1 74.37 i
.:L:.~j7-=:
, 74.31 • -- 100.24

.- 1~.37 -, 100.ZJ,..., .'--
14." 100.24,

leU7-= lOWJ 74.37 I loo.~4

;C 7~.37 -.. 100,24

I 74.37 ,- 100.24

'-.,-4.37 - IW,24>~,'--~--J 74.37 r _.. 100.24
""""" 74.37 -' 100.24

___ I l

" f
PAm 1. E>..ttm:>1I'o>ou

i'r.uh
0 "I 1.0. .•007 f ro, lr;:~:=i ,m, "• '~ 4.(Xj.07 ~'
~, I ~.0...•'{)7 r • .~

,~- &Q:l.07 ",",,' •• •, I 10(><••-07 I '"• .- &.0<-1-07 -~ ~

• i \1.0..,007 "
~

" '-IG-O<t.{)7 ~ ~,--_. "i1" i 11.Qcl'{)7 '"•eJ " -12..Qct.G7 ••••, "._"~---'
~ " t 1).0c!-0'7 f ~

" :C 14.0:1-iY7 :]; .,
" I tSoO:1.{)7 i "'•16 "J""-Ro.;.Q1-" '74"'-
_:tt Ill.

17_1 IHkt.(J7 J ". 1& ':- r8'.O<t.(l7 ,ro-~~---..
19 'L 19.0:1'()7 I "20 2lI-0<,.(f7 ,",e ~,I-., _._--.-----....;._

" 1 2l.0<'.()7 f "r. - 22'0. ..,.Q7 -, "_. _.
" , 2:>.0<,.07 'ro

" i!"", Z4.b< .•-iY7 _; ~_.
"1 2S.0" .•.07 I n
26 ~l::Zi>-O"'.•.07 -: "" J 27.0. .•-07 I "
" ,- ig.o..'1.Qf-' M,----- _., .-
~ J 29-0<1.(17 r- S6'-

'" 'r)!r'O:1.{!7 , •..- AA,~ J 2231
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Calcullllion of pnrllllleters of C-CIw1 for c:\;tcmal power faults:

Calculzuion of all the pnrarnete:rs of C.OUlr1 for e.'demal power faults has been shown in

the table abo, e. "These have bccn computed lISgiH:n below:

C bsr=C[''' 2231f.lO~ 74.37

UCL-74.37+3-h4.37; 10024

LCL-O

All the data hils been plotted IUIdthe c:han isHle belo",~

Analysis of External Power Problem using C-
Chart

"!.-
"-.'-._ .•.•.-.•.•.•.•...•--_ .•.•.•.•....•-.-'..•.•-.-.-. .•.•.•.•--------

,M,M
'00
'00
m,M
00
M.,
roo '- ..•..•~

••••• [](T£RN••••.F'OWt~p'loeJ.(M - ••-ua. __ a. _uo.

Figure 6.4: AnaJ~'Sis of extem31 power flll1ltsusins C-dwt

Commml: From thc Ilbove dwt, we CllJlsee thlll the s~'Stem ,\cot out of the UCI, hugcly

on 7"' (Xl. Tollli number of fnults On this pll1lieular d.1y was 182 which is relllly abnormal

compare 10 other days. It's ne:nest no, orraults oecurrcd on 2" Od which Wl'lS104.

,
In''t'Stigating this da~"s po"~ Sill1lltion of Dh:al..a region. it was found th:u huge load

shading OCCUlTeddue to low production of the power genem1ion authority (PDO) On thaI

day. Thll1's "'h)', for long time, the$e 1510 sites had to dcpmd on auto gmcf1llor and

batter)". We ha\e some portable generator.; to pro\'ide bacl-...p power durins this 1}lJC'of

siluation. lIut the number of auto generator lIS \\'1:11lIS the manpower is limited. r:nginc:c:'S

put priori!}' on the hitth prioril)' sites liLe the criticaltlllllSlllission points. con:nJgC sites dc.

Durins thc analysis for all faults, we found thai system wenl out ofoontrol on !he same day

i,e, on 1'- Oct. Though "e "ill do !he lllI3lysis for other remaining fllUlts, III this molTlCJ1t,

.(,4.

,,



W~cnn n.~u""" thaI the ~hnormnl number of e\lem:l1 power rnult~of Ih;, day is re~pon~jhk

for laking 11M:,)',ICm OUIof conlrol.

6.6M"',\!. YSIS or li'oTERN,\L I'OWER FAUI.TS U<;li'o'GC-Cll,\W'l'

In Ihi, chaplcr, C-ch:ut an~I)"i, hn' been done fur Ih!' jntcm~1pown fnull~.T~«: nn" tIM:

fnulu; w'hichoccur in,jd~ 1M=tir ocror Ille air condil;unt'[1;.

Table 6.6: Lisl of jntcm~1pow-crfnull' with C.Chnn pnmmelc",

SL DATE No. of inteCIl3.1Cbar::: UCL--e 00r+ 3. sqn C LeL 1
powcr fnult 0. b" i

I-Ocl-07 9.30 18.45 0 1", 2-0;1-07 3 '9.3U 18.45 0, 3-Ocl-07 13 9.:'0 18.45 0, 4.Oct-07_ " 9.:'0 18.45 0
5 5.Oct.07 " 9.30 IR.45 0
6 6.6ci.of" " 9.3Q 18.45 0
7 7.OcI.07 " 9.30 18.45 0
S T 8-Oct.07'. l 9.:'0 18.45 0

9.Ocl.07 9.:'0 18.45 0
,

9 10
10 10.Ocl.()7 7 9.30 18045 0

.,,
II II ..o.:l.()7 , 9.:'0 18.45 0
12 12--0::1.07 . 10 9.30 18.45 . 0 ,
13 13-<>':1-<l7 5 9.30 18045 0

,
" 14..Oct-07 7 -9.30 18.45 11 j
" 15..Ocl-07 7 9.:'0 18.45 0

" H;:Ocl:u7- . 12 9.30 18.45 0
11 17..Ocl-07 " 9.30 18.45 0
18 ~ is.Ocl-fi'1 10 9.:m 18.45 0::-
" 19.Ocl-07 , 9.30 18.45 0

'" M20.oCF07- " 9.30 18.45 0
21 21.Oct-07 2 9.30 18.45 0
22 22.OcI-07 7 T 9.30 18.45 0

,
•

23 23.Ocl-07 " 9.30 18.45 0
24 24.Ocl-m . 10 9.30 18.45 "0 ,

" 25-Ocl.07 " 9.30 18.45 0 1• 26 . -:2~Oct.07 IS "9.30 18.45 0
21 27-Ocl-07 , 9.30 18045 0

," '28.o.:dn , 9.30 18.45 ,!
29 29-<>':1-<l7 7 9.30 18.45 0
30 :ID-O:t-<l7 13 9.30 18.45 0
S,m 279 -~ . ..-
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Cuh:ulution orparuneters orc-chun ror imemul pow~ rlJlllts:

Culculntion orull the pltrWld= orc-Clwt ror inlm13l power raults has bca1 $00"" in the
llIblenbo. e. These hne bca1 computed as given belo,,~

C bnFCl.F 279/30 '" 9.30

UCI."'9 .3013-19.30 '" 18.4S

LCiFO

All the di1lahas been plotted and the duu1 is lil;:ebelo,,:

Analysis of Internal Power Problem using C-Chart
~':;::';::;;;;;;;:;_;;;",;;;_;;;.;.:_;_:. ;.:.:e:' .:,;;.;]!

•,'" ~•• •
"••
""•••,, , •

•••• ll'lTtRHALPOW[~PII081['" __ 00 -.-0. --lCl

Figure 6.S: Anal~'Sisofinlemul power flUllLJusing C.chan

ConunmlS: From figure 6,S, il is clear ih:lIlhc s)"stem is under IOta!COntrol.In no dn)'S

under this 5llll1pleperiod, no, or fnults relaloo to the inlemnl power problem watt beyond

UCI,.

."" .



6.7 >\:,\,,\1.rSls OF I.OW CAI'ACIT\' ~1W FAUI.TS USI:'\'<; C-CII!lKT

Low capxily mlcm,,'tI"C
"

allO'''''' major calc~ory of faull comribulOr
"
". GSM

•.•...Iwork. In lhis chaplcr. analysi, ha< bren done 10 ("m'd l"" Slatu, of lhe"proc("\s for Ihi,

Iy!", of faull.

Table: 6.7: Lilt of Low cap:tCilv MW fault< wilh C.Ch,rt pal1lmctcrs

" DAlE N" of LCM\'" C Ioar.CL UCLoCIw' 3" LeI,

111IU1l "1ftC Nr

1-Oo.,.qJ , JI," .~ 0, ~..().,.ar • • '''' ••• 0
,
•, ,~~ " ,.., ••• 0

• ,b.,,e, •• 11.i'1 ..~ 0 •, l'(>',.qJ •• 11 ., ''''0 0

• 1r'O.,-Ql " 'lAl ..~ 0 •, ,.o.,.m )' ., ..~ ,
" 0

• $.().,Cl " ".. ..~ 0

• '.(>.,,qj , "" .c. 0

" ,~m , -1\"'-- '~JO ~

" ",~,.m " " ., .jJO 0

" n.fu,qj " 'll,.fl ..~ - -G-'

" Il-O.•.•7l " ",011 .~ •
" l-l-r",-ID' " 11,<1 ,,~ - 0-

" 1l--U-'.{pJ ., "" ';'0 •
" U:o..,(n' " " ., ••• • i

" 17••• ,-(1'1 " JI," ••• 10 0

" ,..- •• JU' <;)0 •
" I'I-O.,,qj " JI," ". 0, ~~ " ,,~ ". • •
" l,.o.,Ul " ),., ••• 0

n -~• " ~-11~- ••• 0 1", ll--<"''''' • JIA' ••• 0,. ~-1<'>.,~------: , )1 ., ••• 0- =-1
" l.1-O;1,qj • )1," ••• 0, ~,m " ,,~ ••• 0 I
" ::7-Cl<.1,qj , J", ". 0

" ~ " ". .,. 0

" :11.(>.,"" " 11," ••• 0

• ~,:(Il " ". ••• 0

l - - - --
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CllIeulalian afparamelers afC-C1uu1 for l..owcnpacily MW faults:

CllIculalion or all the panunctcn ofC..-Qwt far Low capaeily MWJauilS 1m bccI1shown

in the lable abow. 'l1lese ~\e been compull'd lISgil'en Nlal\~

C har-'CV. 944/30 - 31.47

UCLo=31.47+3-f.n.47 -48,30

LCLa 0

All the dllla Ins been plotted and the chart is like bda •••~

Analysis of Low Capacity Microwave using C-
Chart

00
00••
'""", •._ .•.~---...". ....•-

••••• lOWW •••QTYl'ROBL[M __ U(l __ Cl -~-t(l

l'i~'lIre6,6: Analysis of l..ow CilflacilyMW raullSusing C-cMTt

CammCl1ls:From the nbo,-e lllble, it is clellJ lhat the s~~lem is under lalal eanlroL In no

dll)~ under this sample period, 00. af fnulls rdnled 10the law capllc:ityMW problem •••en!

beyand UCL.
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6,8 ANAl.l'SIS OF HIGII CAI',\CI'I'\' l\1W F,\UI.TS USIl\'G C-CfMRT

ImpllClof hillh capacity MW fault, i. hug~. In Ihh ~hnpl(r, C<hnrt nnnl>'~i,hn~!lttn dOfl(

for Ihi~ type of fnull. I),ing tho:'~quation. h<:n:CI•••4,20, UCL=10.35 nnd LCI..=O,

Tnble 6.8: U.t of High cnpxity MW rnull~wilh C<hnn P:HlImcl~",

-- .•',LeL
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No. of Ho.lW r."I,

11.0<1.01

--lr-6: .•.;:i1-

25 25.0..'1.01

2(;Oci.m

27.0.,,07

25-0..'1-07-
-

29-0<1'{!1

30 ' )(l.O.,:m

"

IS IS.0<\..()1

II> -ii;:n<..-:o'(

""

11..0..,-<11
12 -----n:o.,-:m,

~.. -- -.....:;,
13.0..,.01 I

14 - -ra:o<i":01

n

•

51. DATIO
1 •.. 1.0<1.07 '-'j
2 :--'2:o;;;.m-',
3 }-(),.,.(l7

-. '---4:0.;-.0'7"'""'1
~ " i

5 5..o..,.o7!
6 PJa:O;~'
7 7.{},;t.m

B S.0<\.{I1~

9 9.0<\.{!7

10 '1\'l-<li:1-ll7'-

S"m'

19 19.0<1'{!1~ :_.~.m-:-:' .
21 21-O.:r-<l7: ..,
-' -. 22' -:U:OL'r:07~ 1

- - _.-
23 23.0...,.07

24 2-\:0;:".07-



ClIlcullltion of plll'8ltlC1ersof C-Ch4rt for high ClljIllCityMW fllUlts:

CaleuliUion of 1Il1the parurm:tCfS ofC-Chan for high captICit~.MW_fllults has been sho"n

in thc IIIhlc llbo,c. 1bese In,l.' been Cl:lmputed lISghen belo\\~

C h3f""'CL- 126J 30 '" 4.20

UCI,-"4.2lH-3v4,20" 10.35

I.C"'"' 0

All the dlllDhas been ploued lllld the dJ:u1 is like belo,,~

Analysis of High capacity Microwave using C-
Chart

"10 [8_1l_1l:JiJJ:::R:::A:::R:::R=IL:Il

.I
: I
,L
, I

FiIlUrt' 6,7; Analysis oflligh CD~ty MW fllUt15using C-<:!urt

Comments: From the ahem: bblc. i1 is clear tMt thc 5)'5tem is under total control. In no

d!l).s under this sample period, no, of faults related to the high CIIp3city MW prohlem went

beyond UCI,.
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CHAPTER 7

PROCESS ANALYSIS FOR MTTR OF

VARIOUS TYPES OF FAULTS

7.1 DEI,'IMTION OF nvo OPERATI()~AL KPI: SLA ANDMTTR

Sen;"" 1.1','1'1Agreement (51,:\): When a faul! occurs In the network. it need, \0 he

c1e~redwithin a 'pccific period of tIme by the concerned dcp~r(mcnt. This amount Clftime

has been ~et CClmideringthe imp~et Clfthe fault. practical rC{luiremen!Clftime, preVIClU\

history etc, An agreement is prcp~r~d Wilhthe stakeholder, for all lyp~' of faulls Slating

how much lime ISreqUired lOredify the \pccific- t~ults, Thii>time i, mentioned a, lhe 5LA.

I'or example. if a fault for low e~paCllymicrowave occur, inlhc nelwork, 1"),11"111notify

lhe RO?>1engmeer, and RO:\1 engineers has to rectify lhe faull "ilhin 6 hours Clf

nCltificalion If ROM engineer fUllto rectify il wilhin lhis timciine, 5LA for h~ndting lhi,

fault will be treated '" f~i1cdothcf\'!lse achieved. SLA r~porl on different frequencie' i,

published to see the organizati()nal performances.

Mean Time To Restore (\1TTR): From lhe defmltlOnofSLA, "c can see that ~ fault has

to dearl'd within ~ tirneline. Aclual time required to clear a fault ii>kmmn as {he I\lean

Time To Re,lorc (MITR), Norm~lly in Manag:em~m,(his KPI ISknown a, Mean time to

repair instead of re,tore. Bul in lclecomrnunicat1011.net'.ock Or servIce reSl0r~tl{m" the

.,ame ui>rcpair for lhe f~ctol)' rroce". Report on MTTR i, ~l,o ruhli,hcd Oil different

frequen~i~, 10measure the org~nizati()nalperfGrmances.

• Time lequired to "'.,lore ~ f~ul!

• MTI'R largeltiml' varies for different laults

• Unit of MTTR IShour

• Value ofMTTR ISnleawred hy the Juralion of faul! (clear time-e\'enltime) di\,id~d

hy no. of faull,



7.2 ANALYSIS OF B1'S HW M.T.T.R USING C.CHART

Dala for MTTR ot BTS IIW faulls are shov,n Table 7,1. Here total rew)rali,," lime has

been c,akuialcd by mulliplymg lhe no. of faull, or eacb day Wilhthe MTTR 01 lhat day for

all faulls. Toml re~toration time is the cumulative reswralion lime for lhe whole period I.e,

from I" to 30,hOctober. C bar ha, been c.alculated by total restoratIOn lime divided by the

wtul no. of faultl for lhe sample period of O~r07,

HweeChar= CL=92.94/IOi = 0.92 hour\

Then UeL ~(lJnesfrom the equali,," t!CL = C bar + 3,le har

»{JeL;= J,80 hours

,
LCL bal been eOni;idereda, few ,ince the target i,110dear any fault within the ,hortell

p""ible lime whieh means Lew lime,
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Table 7.1: Ust of .\1lTR for BTS IIW f~ul~~111J

-!. .
No.of Ml1lt <1, ,~,C 1>••.• Cl ••• ,,,,,,I, Sl. DATE m D1'$ f.utt:. ~ •••.•,Im ft!lO<>llon tJCL ,n.
. f.u1" -

"" ,imo (hoor) 'I ••.•••JNo,of r.ul,
- -, 1.0<1..07 • '" 'J' 0,92 -??- 0, " -, 2.o.~..07 , '" '"' (1,92 ,. ,, 3.0<1.(17 " '5' '''' 0.92 " ,

• 4.0<1.07 • II.)~ 2.10 11,92 '-" 0, H><1-Q7 • '5' . 'J' 0_92 " 0'-'

• (,.0cI007 • O.~ ,.~ 11.92 '-" ,
, . 7 ., 7.0..-1..07 - -, - - 0,)3 I.b7 _. -- 0.92 _.- , ,.. 0 .

• 8.0<1.07 , O.SS 2.63 0.\12 " ,, 9.O<1.{17 ,
. Ul 1.62 . . --=-- 0.92 . " 0

" IlI-O;,.(17 • ". 2,'4 o.n ,.. ,
" 11.0",-<17 , - 0.2& - ,.~ ,." ,.• 0

" 12.0<,.(17 , lAB 4044 0.<r.2 " ,
" 13.o..~.(17 • .n 2.26 ''" " ,
" 14.0<,.(17 , OS, O.~2 0.112 ).8 ,
" IS.o.'1-07 , ,.~ ,.~ o,n .

" ,
" Ib.O<1.(17 , ,~ '" 0,02 " ,
" 1;.0<1.(1, , 0,17 0.17 ,." '-" ,:t lS.On-07 , 11,46 'SO 11,92 '-" 0

19.0<1.(17 , 1.63 1.63 0.92 . -" ,-+ .
10-0<1.(17 , 1.11 'S' 11.92 '-" ,

"'2l~ -11.0<1..07 , O.bS -"1.96- - 0.92 - - 3.S • 0 _.

22 22.0<1-07 • '.M '" 11,92 " ,
" 23.o.~-07 - , 1.14 . ,." 0.92 " 0

" 24.0<1-<17 , 0-" ,~ 11.92 " 0

" . 2S.Cb.07 .. , .
0.02 0.02 - 0.92 " ,

" 1(,.0-..,.07 , ". OS, 0.92 " ,
"- t7.o..~.07 • ,.~ 12.24 0.92 - " ,
~ 28.o.~.(17 , '" 6.80 0.92 .U ,
-" - Z9-Oct.07 . , ,.•. '" 0.92 " II = .

'" )lI.(kt.07 , 'M 1.9~ 0.'12 " ,
S.m '" 92.94



.m
• ,~
• ,m, l~••• lm
• ,~•• ,m•• O~

om

Figurt: 7.1: Gruphienl presenUllion C-dlllrt for M1TR ofBTS HW fnulls

From the gruph alton:, il seems Ih:u MTTR ."lIlue ofnl! days ofOcf01 for 81'S IIW fnulls

fall ",ilhin the UCL mid LCI~ It also \"l\1ie'l in both part of the controllir>e. This me.'IIISIIUI

the system is lI'ell under control for this CMe.

7.3ANALYSIS 01' 1\IlTR fOR .:xn:RNAI. rOWER RE1.ATf,D fAliLTS USING C-

eIlART;

D;l1a for M1TR of e."lemlll power faults ore shown in Tnble 7.2. Hero lo1.lllrcstllllltion time

has been calculated by mu1tipl}ing the no, of fnults of each day \,ith the M1TR of Ibtll do~'

for IlIl fnulu. C bar h:ls been calculated by totnl reslomtion time by the totnloo. of faults for

the smnple period ofOcl'01.

Then UCL comes from the cqu.mon UCL" C bM+ 3"e bM

» UCI.F 3.94 hours

LeL h:ls been considered lI$ 7.etO since the l:lrgel is to clear any fault within the shonesl

po!!ible time I,flich mean-; 7CTOtime,

_14.



Table 7.2: l.i~1of M1TR ror e ,Iernal po""r fallll~[ill

. - . -
; Ihl("rlUl

MTIRDf ;~ Cb.u. a... ,,,,.1
Sl. DArn HXf'f,uh, re!llnnl'lon rnt<nlJ..m'itn<fT •••1 . "" It'L, P""'t. font' (M, li•••• (br) flO."," f.uh, I.On-Cli _ . " 1.26 . IOO,~O 0.91 '" :::g:, 2.Qc1-07 ,~ ,.'" 145,6(1 '" '" ~, H"'''' "

. 1.:12 129.:16 0.97 3.9-1 +• 4.0<1-07 I , 0,24 0,24 '" 3',.1
~, S.o..,.m • 0.24 1.91 0.97 '" i• P>-0c1-ll7 , l.J) 5..12 ''" 3!,.1

; 7.Qc1-07 '" 0.91 IM.46 ''" '" ~• 8.Qc1007 M ,W 50,61 ''" '" ~• Y-()."l-07 " 'm 16.6S 0.97 3.94 -
~" 10-0<1.07 " 0.41 :I6,M ''" 3.\1-1 ,

" 11-0..'"1-07 103 • 1.73 IJa.GI ''" . '" .
,-

" 12.0<1.()J " 0.74 W'"' 0.97 3.94
~,,- . 13.()."I.07 " . 0.s7 ~5.()J - 0.97

.. 3.94 -
~

" 14.0ci.()J •• O,gS )8.94 I 0.97 3,94 ,
" U.0:1.07 "' '.00 ".n 0.97 3.94 - ,
" 1!\-0:1.()J " ,.W 4-I.U 0.97 3,94 ,
" 11.0<1.07 "' . ". "'.~ 0.97 - ),94 ,
" 18.0<1.07 '" ''" I Sg.S6 om 3,94 ,
" 19.(kj.()J " 1.17 9S.17 . .. ''" '" ,
m 2O.UC"1.07 % 1.11 106,'14 0.97 '" ,

. 21 11.<k1-01 -"
. - - 1.s9 33.3S ,." 3,9-l ,

tl 11.0<1-01 " I 1.67 m,J7 0.97 ).94 ,
" 2H)'''I-01 " ,•. ,~ 0.97 3.94 - ,,., 24.0<1.07 " 0.72 S7.0-I 0.97 ,." ,
B ll.Oc1-01 n - 1.12 "" 0.97 . ,." ,
" 2,,"0<1.07 " 0.97 ,,~ 0,97 '" ,
" 17.o.."I.QJ " ,.W 76,81 0.97 - ..3.~~ ,
" lS.O<1-07 ~ '" ,,~ 0,97 ,." ,
N- . 19.<k1.(J7 --86- _ 1.13 97.IS 0.97 - ,." ,
" """'" •• '" IJUO 0,97 ,." ,

Sum 2131 1173.8) I

•



.~

.00,~
'00,~
'00,~
'00
O~
000
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Figure 7.2: Gnphicll1 prcscntlltian afC-eh;tn far MT1ll. af~emal po"er fauilS

From \he gTIlph llbo,'e, il seems thlll MTI1l. \'llIue of Bli days of Oct'07 fllr e.~em.a.l power

fnull$ filii wilhin the VCl, lind tCL.. 11nlso .-aries in both part of lhe control line. This

~s thllt the $)"5\= is well under conlrol fnr this=.

7.4 A:'\ALYSISOF j\llTR ~"()RINn:R~AL POWF,RRH.An:n FAULTS USING C-

CHART

Data for MTTR ofintcmal power fauJIJ Ill'Csho"n in Table 7.3. Here loW reuoration time

h:r; hem ealculllted by multipl~ing lhe 00. of fnulls of elldl day "iih lhe MTI1l. of Wt day

for 1lI1faull$. C bllTh:Js been ealeulntcd by tllta! restomlion time by the lotm no. offtwll$ for

the wnple period ofOd'07.

Then UCL COmt::5from the equation VCL. C bll1+ 3"C bm

» VCL.- 3.14 houl1i

I.CI. Iw becor coMidered ll.'l7DO since the Il1Tgetis 10 det\J any faull within the mOncsl

possible time which metIIl$ 1CtOtime.
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Table 7.3: US1 of MTIR fOTinl~ffi:ll po"~r f~uhs rill

~O. of ~fl.T~ of~ _ TOllll C b:lr ='Q..=
.. .• "SL . DAlE imtm11 Inltrnlll pow~r reS1i!~~n 10Iai resloflltion UCl. I.CL, .. OO"""tTfnull fauk~ (hr)- "iimi'-(hi" limclNo.of fnull.

I I.Qct'{)7 14 0.01- ~ , 0.14 ' 0.67 3.14 0,
2 2.Oct'{)7 J 1.27 3.8] 0.67 3.14 0
. J

. _).Qct'{)7 Il 0.54 un - 0.67 3.14 0, 4.Oct.07 " 0.16 2.40 0.67 3.14 0
, , 5.Qct'{)7 " 0.38 4.18 --'0.67 3.14 0~
6 6.Oct'{)7 " 0.31 3.72 0.67 3.14 0
7 7.Oct.()7 " 0.31- , 4.85 -"0.67 3.14 0
8 8.OcJ.{17 J 0.41 1.21 0.67 3.14 0
9 9.Oct.()7 10' , 1.07 - .

10.67 0.67 3.14 0
10 l1J..0c1.(J7 7 0.67 4.69 I 0.67 3.14 0

" II.OcI'()7 , 1.37 5.46 , 0.67 3.14 '0

12 12.OcI.()7 10 0.35 3.50 0.67 3.14 0
Il 13-Clo.'1.()7 . --y. , 0.53 2.64 0.67 3.14 0
14 14.OcI.()7 7 0.48 3.38 0.67 3.14 0
- 15 . J5-OcI.(J7 7 . . 0.72 5.02 _ 0,67 3.14 ' 0
16 I()'OcI'()7 12 0.62 7.39 0.67 3.]4 0

:~ 17:'" 17.OcI.{)7 " , 0.'15 6.75 . 0.67 3:14 0

" 18.OcI'()7 10 ..'" 14.38 0.67 3.14 I 0
• " 19-Oc1.{)7 , 1.75 13.96 _. 0.67 3.14 0
20 2o-OcI.()7 12 0.61 I 7.31 0.67 3.14 0
21 21-0,:1.()7 2 :0.52

, ,.'" 0.67 3.14 -I 0.
22 22.OcI.07 7 1.31 I 9.14 0.67 3.14 0

• 2J 23-Oc1.()7 14 0.81 ]1.28 0.67 3.14 0

" 24.().'I,07 10 0.87 8,68 0.67 3.14 0

" 25-O:1.()7 . " 0.58 6.41 0.67 3:14 - 0 :

26 26-o.:t.()7 " 0.19 2.1\ I 0.67 3.14 0

" 27-0<:1.07 - . 4.:. - --.;0.40 -1.60 0.67 ... 3.14 '0, .

28 28.Ocl.()7 J 1.27 3.81 0.67 3.14 0
2'J 29.();:1.()7 " 7 ' 0.]8 .-, 1:26 0.67 ~3.14 0.
3D 30-o.:t.()7 " 2.28 29.64 0.(,1 3.14 0

Sum 279 ISS.17 •
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AnDly$bi of MTTR of lntomal Power faults using C-<:Illll1

,~,
• '00 -+-UrTlI 01tI ••••.•_!autI M,, ,~• __ c tlIII • a.. latlI mtOlltion
0• '00 """" ...•, ,.~,,

'00-0
• O~••• 000

~###:######.##:#'#:#
••.'" ~ .::r •.•'" ~ ••.<:1 ~ ,$f -$1 ~ •••<:1 -l't ,!! •..'" ~",,,' <if \t>' ,s.: fl" •••••.•••.'!I ~ ~: .,.. ~. <fl' {>' ~. ~.

~"

Figun: 7.3: GTBphical p=entlltion C-chllr1for MTfR ofinlem:11 po"~faults

From the graph abll\"c, it Seent'l WI MlTR ,-clue of all da)'s ofOc1'07 for intemlll power

faults fiUI within the Uel, w>d. LCL II llIso "arie.<: in both p:lrt of the coltlrol line. This

me:llls thlll the s,-slern is well under control for this cme.

7,5 ANALYSIS Of :'tIlTR FOR LOW CAPACITY MW REloATED fAULTS USING

C.CIIART ,
Data for MTIlt orlo\\' capacity MW flllll.$ nre shown in Tobie 7.01. Here lotal restoration

time has been ClIltulated by mullipl}ing the no. of fllllll'5 of each day "ith the MTfR of

!hal day for 1lI1faults. C b:tr has bren ClIlrulllled ~. IOUllrcstonltion time 1>:0-the tollll no. of

fllUll'l for the sample period of Ocf07.

Then uet. comes from the equation UeL" C bill"'" 3-JC bill"

» UCL- 3,14 hours

LeL hns bcm considered ~ ~.ero since the: tllrgd is 10 cl= any fllllil within !he shortest

~ible timewhichme.11lS lero time.
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TaMe 7.4: UM ofMlTR for low capacily MW faulls willllhe C ellan pmmelCl'<; rill

.
No. of ,\In'Ruf T~I

Cha,:CJ...<.
UCL--e

Sl. DATH LCMW I.C~1W rc~tonuion
lotal rc,lurnlion !>;u+3. sqrt LeL
limelNo.of'

faull faulls (11,) lirm-(Iu) faull
C I>3r

1 I-Oo:l'{}7 " 0.54 13.50 0.68 3.14 0
2 2-00:1'{}7 36 0.58 20.88 0.68 3.14 0,. J.Q:l.{}7 J9 . 0.46 17.94 0.68 3.14 0, 4.():1.07 I " 0.34 15.30 0,68 3.14 0

" 5-0.:141 " 0.47 18.80 ' 0." 3.14 0
6 6.():1.Q7 " 0.43 15.05 0,68 3.14 0

,_ 7' 7.():1.Q7 " 0.99 13.83 0.68 3.14 0

" 8.():I-07 " 0.61 8.53 0.68 3.14 0, 9-00:1-07 2 0.79, 1.57 0.68 3.14 - 0
to 10-00:1-07 26 LIS 29.93 0.68 3.14 0
1I 1I.():I-07 J7 1.02 37.75 . 0.68 - 3.14 - . 0
12 12-00:1-07 " 0,76 18.33 0.68 3.14 0". 13-0.:1-07 " . 0.53 22.22 I 0.68 3.14 0.

" 14-00:1-07 2J 0.72 16.67 0.68 3.14 0

" 15-00:1-07 " 0.91 41.11
.
0.68 3.14 0•

16 16.0<:1.{}7 " 0.92 43.31 0.68 3.14 0". 17-Oc:l-07 19 0.76 14,47 . 0,68 3.14 0. ..

IS 18.Ocl-07 " 0.58 26.58 (1.68 3.14 0
19 19.OcI-07 19 0,43 8.19 ,0.68 3.14 0
20 20.Oc:1.07 '" 0.75 1.1.47 1 0.68 3,14 0

". 21.Oct.Q7 42 2." __85.66 0.68 3.14 0
22 22.0<:1-07 " 0.59 24.20 0.68 3.14 0
2J 23-OcI-07

.

" - 0.83--- 38.24
.
0.68 . .. 3.14 . 0

" 24.UCI-07 " 0.35 9.72 0.68 3.14 0

" 2j.OCI-07 " 0.36 23.70 ~--- 0.68 3.14 0
26 26-0.:1-07 '" 0." 21.03 0.68 3.14 0
- 27 27-Oct-07 27 0.42 11,40 0.68 --- 3.14 .. ,- 0 '.

" 28_o.:t-07 31 0.35 10.85 0.68 3.14 0
29 29-<Xl-07 ,,- 0.37 9.15

.
0,68 - - 3.14- 0.

30 30-0.:1-07 '" 0,40 7.20 0,68 3.14 0
I Slim
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Analysis of MTTR for LCMW raulls

___ c bat'. a.~ l<a!ltSIlO'.m
lmem> III tw'l

__ UCl.>Cbir+ 3' ~ Cbat'

3~

• 300
"• ""• '00•u
" "",• '00
""• ,,~

"00
#'\#'\.j #:#'.i./ #'.i./ #'#'.i #,.j
~~~~~~~~~~.:ss~~.:ss.:ss

•••••••03" @ ,s.' q .•.-.:.::0' ~ ~. ~. '\.•••. 'C" 11 v" of'"

"'"
Figure 7.4: Gr8phi<:61presentation C-chan for MlTR orlow c:npacil)'MW faults

From !he groph nbO\'e, it s=s thai MTIll. ,'lIlue of all days of Oc\'07 for inlc:m:dpower

fnull! rail \\ithin the ueL rtnd LeL. It also varies in both pllrt of the conlrol line. This

means thiUlhc system u "ell under control for this ease.

7.6 ANAI.YSIS OF MTI"R FOR meH CAPACIT\' MW RELATED FAULTS IlSIN(;

C-CHART

DIl1I fOTMlTR of low capaal}" MW faull! are sho\\l1 in Table: 7.~. Herc lotal restoration

lime h:Is been calculnted by mu1tipl~ing the no of rnults of cndl dny •••ith the MTIll. of

that day for all faults, C bnr h:L'I been adculllted by totn! restoration lime b)'the tow no. or

f\lults ror the sample period orCk:f07.

Then UCL comes from !he equalicn UCl. - C bm + 3"C bill"
»ueL- ).14hours

LeI. has been considllftd DS zero sirn::ethe tllrgd is to clear l1IWf!lUll"ithin the shortest

possible time \\hich means lero time,
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Table 7.5: I.i.t of MTIR for low capacity MW faoh~ "•.ith the C ('hart p:U'llmctcl'!;jl11

.. C b.••." Cl,.:
-- ... -, •

No. of MTIRoF Toml IOUlI UCL--e
SL .. DATE HC\tW HeMW ll',loration n:~oralion baH 3" LeL

fautt fault~ (or) time (ht) timcfl'o.of _~rt C liar, faull
. 1 -1.Oct.u1 1 0.21 0.21 , 0.54 2.73 0
2 2-Oct.()7 , I 0.21 0.42 0.54 2.73 0, . 3.o<:t.07 4 0.23 0.92

---.. ... 0.54
..

2.73 0
4 4.Oct.07 1 0.20 0,20 0.54 2.73 0

" , ' Hkt-07 6 0.30
.. 1.80 _. .

0." 2.73 0-
6 6-Oct-07 1 I,OS l.OS 0.54 2.73 I 0

, 7 • 7-G.:t.()7 2 0.53 l.07 0.54 2.73 0-
8 S..Qct.()7 4 0.84 3.37 0.54 2.73 0
9 9-<kt.()7 4 !.IS 4.61 0'4 2.73 0
10 IQ.OI:l'{)7 , 0.51 U3 0." 2.73 0

" 11.(X-t-07 7 0.39' -- 2.70 0."
.
- 2.73 0.

12 12-Oc\.{)7 4 0.59 2.37 0," 2.73 0

" 13-(X-t-07 , _ 6 -- 0.35 2.12 0'4 . 2.73 - 0 --
" 14.0<:\.{)7 1 0.7/1 0.78 0," 2.73 0

" - 15.(X-\.{)7 , 0," 4.86 1 - 0.54 2.73 - 0 .

16 16-O<:t.{)7 7 0.58 4,01> 0.54 2.7:1 0
.-17 - -17-OcHI7 4 -- 4~3 2.91 0.54 - 2.73 0

" 18-O<:t.{J7 7 I 0.35 2.44 0.54 I 2.73 0
19 19-o.:t-U7 7 0.35 2.48 0.54 2.73 0
20 2Q.Oct-U7 , (l.5S 2.92 0.54 2.73 0
21 21.O<:t-07 6 0,34 2.05 0'4 2.73 0 ,
11 22.O<:t.07 4 0.43 1.73 0," 2.73 0

: 23 2j.(X-t.()7 3 0.32 0.95 0'4 2.73 0 ..

" 24-o.:t-07 , 0.36 1.07 (l.54 2.73 0 1
'.25 - 25-Oct-07 - , 0.55 1.76 0," 2.7] 0
26 26-Oc[.07 3 0.54 1.61 0.54 2.73 0

: 27 ! 27.0<:1-07 , 0,37 1.11 :. 0.54 2.73 0
28 28.0<:[.Q7 , 1.01> 5.31 1 0.54 2.73 0
29 29.0<:[.07 7 1.05 , 7.35 1 0.54 2.73 0-
30 30.0<:[-07 2 0,38 0.76 0," 2.73 0

Slim 126 67.54
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•"• O~•

o.

~'igure 7.S: Grnphical pre$(Illlltion C-ehllr1 for M1TR of high capll(ity MW fawlll

From the gnph ld)o."c, it SC\'m$ lha1 M1TR •.lIIue of nil dll)'S of Oe\'07 for intemnl poll"l.'r

faults fall \\ithin the VeL IIJldLeL. It 0110"aries in both pan of the control ~1lC.11th

mctlJls that the system is wd! under control forlhis =,
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CHAPTERS

ANALYSIS Ol"IJARETO CHART & CAUSE EFFECf DIAGRAM

8,1 l'A1U;TO A:-;ALYSIS FOR ;\IAI~ CATHCOR\'

[n dlaprer 5.3.1, 11'1'learnt aboul Ille l'arl'ro dutn lind 50120 rull'. This i~ a popular merhod

10 find oulllle f",u< Ilrea for any or~ani\:llinal improvement.

Table g.l: C31egOl')' lI'i", lisr of faull, for rile Oct'07 period

,
-=- -?' .:; '-:;.'-= .'" -

23

•126

------- ---------279 10

101 3 1
--- -------~-----------------~,21JJ 60

BTS problem

, I~<remnl PO"'I'Tfaull

, Inrernnl po"'I'r raull

• l.ow Capadl)' mkroll'al't"

fnulr,~ Iligh Cllp:K:ily rnlerowa\'1'

fnull

RIITI'h.1Tlean be plllul'd for lhe above dllillro find OUIrhe f",u< po;nr<,

- 53 '
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H~e~'IJTS prnbbnMW"",,
Low cap:lCly limml
MW &lib po",er Ewt.

••

• %FEUb "' 23 10 4 3

Figure S.l: BllI"dwt for PllI"dOIlMlysis of toW faulu;

COnunenlS: From the Omph il can be concluded that e-.1em:1I power and Lo'" CllpIlC;tyMW

faull are the majOrily orllte faults .

.!I.2PAR~:TO ANAL\"SIS FOR SUB CAn:COR"

No"' "l' "ill do llte Pareto lllIlIlysis for IIllthc $ Cllll:gW;CSof f!lUllS.

lU.l Cnl<'J:ory I: BTS Foults

Table 8 2: PllUto lllIlIlysis for B1'$ faults

Sub ("nlreOI)

ll:lIIIlI lIiIIIIl.'I
Bl'S HaldwlIre Problem 73 73, B1'$ Sofimm, Problem " "

3 ill'S Configumtion l'roblem , " -~
4 BSC-B1'$ Synchronif.lrtion 4 4

Problem

5 AulOTT1.l1icReset 2 -- 2
, .._--
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Data of table 8 2 is plotted in the bdow bar dwt.

-QJ d

" ,
HSC.lns

Spdr...mnilll, ,

Figure 8.2: Bill"dwt for Plll"ctollIIalysis of Irrs fllUl1$

COmmenlS: From the GrllJlh it can be concluded thBl RTS I1:IrdWlIl'eand softwaTC problem';

eontriblrled to the majority of the Irrs fllU!1$,

Table 8,3: Plll"t'lO_lysis for e<lemnl power flDJlts

SI. S"b Cn1l'l:0r) ".0 of fallih .,~ f.lIl.,

, Mllim Filii 11436 ", ....., MOB Bre3kcr Trip '" "
3 - Power Problem lit lile linl.: 278

. " ,

site I.. -_., High To:mperlllure '" 6, Battery " 3 1...
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Data of1.able 8.3 is plotted flIIdthe bill' d13rt is found like be1o",~

am clmt lOrPareto8m~~••ofE..1erlI Power IilUts

".-
'",/

"
MDBT~

24

Lri; lite PO"~
probk:m

"

~_.II'--V
Hijl Gt"(>:8lO1

Terq'lefB!lft blIllcr).problem

6 ,

Fillure 8.3: Bilt chart for PIlte\D llIl3lysls of e.~l )lll\\"eT faults

Comments: From Ihe Graph II CIlI'lbe conclud.ed lh.11Long time Maim foil and Moin

d.iSlribulion breaker trip problems contributed tD the lTllJjOrilyof !he EXP fnults

8." C,.A'I't:GORY 3: Il\Tf:RNAL rOWER FAUI.1'S

Table 8,4: RCIlSOn\\ne DO.of internlll pD"'cr fool15

lllIIl!I lilIIlltIl
Circuil Bre:tler "' "

2 Controller 69 26

3 -- Module Foil -,,--- "
• Battery Arwer Tripped 30 1I, I.Dlld a'ealer Tripped • • 10 •
6 I,ightnins problem , 2
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••••••.-
2"

MDIIlkFd

"
Figure 8.4: Bar chan for Parl'to annIysis ofintc:m.al power faults .

Conunmts: From the Grllph it ClIIIbe eonduded that circuit bTeallor IlI1doontrol1er ecrd

problem; contributed to the majority of lhe internal poy,er f!lUlts

A,SCATEGORY 4: LOW CAPACITY MICROWAVE FAUI,1'S

Table 8.S: Reason y,;se 110.oflo\\' cap:Jcily MW faults

Dt1:mded Qu.,lily 5J2 "-
2 E/wironmenllli Problem '" "
3 Cable Faulty '" "
4 Pon Problem 63 7

15-" Connttll>r problem 41 ---,
, Interference Problem 29 3
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!'nIi•••"o:d Ca~FI~'PortProbm C..- htt,iiCil;l:

"""'" ••••• ""' ..
IS 1J 7 , 3

• -... -f.

Figure 8.5: 8m d>ut for Pareto onnl,'Sil of Low Capncil)' Micco\\ll\'c fm.ilts

Cornrnen1S: From the GBph it can be roneIuded th:It dcgrnded quality, en\'ironmenllllld •

Cable fault arc the llI:ljor roll player for Low cllparity MW fnullS.

8.6 C..ATEGOR\' 5: HIGH CApACln' I\IICROWA W; .'AULTS

Table 8.6: R=n wise no, of high CllJlocitr MW faults

,c

Degraded Qunlily '.3 50
-

J r"luipmenl Problcm 28 23

iJ . Configuration Problem "
c.c ___

"
• En\;ronmcntal problem <0 ,
, Cable Faully -'~5 •---, Pan Problem J J

.88 -
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Bar dmt Dr Pa.eto am~'SlS ofHig/1 Capactl)' llimv.\I;~ fuofu

=- -.-4!lI1-6/1f7
0

Degraded ElJllIJllll:!lt ConllguratJon Fmironrrentlll Cable Faulty PortProbk:m
Qmlity Problem Problem probkm

.~. fuofu 50 23 14 8 4 3

Figure 1l,6, Ber chart for Perelo analysis of high capacity MW fauHs

Comments: From figure 8.6 it can be ooncluded that degraded quality, enVlfomnent and

configuration problem ere the m'ijor roll player for high capaclly MW faults,

8.7 ANALYSIS USING CAUSEEFFECf DlAGRAM

The cause-and-eITeel diagram can help resolve problems by helping us pinpornt the root

cause and stop treating symplOms.

• Ii resembles skelelon of a Ilsh,

• Emphasizes group communication and brainstorming.

• Stimulates diSCUSSIOn

• Leads 10 increased understandmg of oomple" problems,

• VIsual and prc;sentalionai 1001.

• Can be used 10improve any produe~ process, or servIce

Any area of the company !hat is experiencing a problem

Isolales all relevant causes

• Helps bring a problem inlO light
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Group disCUSSlOlland brainswrming.

Finds reasons for quality variation<, and the rcialionshlPS between them,

8.7.1 Creating a Hshbone lliagram

• Ei>tabli~hproblem (effect)

Stale in clear lerm~

agreed upon by entire group

• Problem b<:c(}rn~,the "head" of the fish

dra" lin~ to heal! ("backbone")

• Decide major cau,~, of lhe problem

By bramstorming

If the erfed or problem ISpan of a proee" the major SlepSIIIthe pro<:e" ('an he u,ed

• Connect major causes to backbone of the fi,h "ith slanting arrows,

• Brainstorm secondary e,m,eS for eaeh 01 the major cuu,~,.

• Connect these secondul)' cau,e, to their respective major cau'e',

• Repeal ,tep' 5 & 6 for sub-couses dividing with inerc~sed specificity,

• An~ly,e and evaluate cauSeSand sub-cuuoe',

• Decide ~nd take action,

8.7.2 Crealing Cause EtTectDial!:ram rOT Total fault~

Cau<c enumeration

• Here the Effect i, 'Tolal faults of all Sites", Thi, Became lbe Head of the Fishbone,

• By Studying tile STP data & Brain\lormmg It I' found lbat the Major cau:;es of the

Problem are BTS, External power fault, illlernal power faulh, Low capacity microwave.

high capacity microwave.

• Tl1e,e m~i()fCamCSarc connected to hockhone o[ thc' fish witll slallling arro"'~

• Secondary cau,,-', o[ lhele Major CQU,e,are ident;fi~l! and c'ollllcctcd to tbe Major

Cause~ 111tile Fi,bbone diagram.



~ ~ Uy.tlng I'n1bI<'m .1
:, lI.tt~'Y B••.•.1ccrtrip1

t~ ....l'mbk.••••1
~. C<lnIl5"",li<>n p;b",m]

Int,'mall'll\H"
' ••.••ht, •••

4 Con~o l', - "-"'--

• AulDIIUIlk "'

lAlaI' I'.nd I
• ( M.IiIl> Fan I

C""flli""'tlon
~ 0.••10".

Pm l'robktrn I

(,....,.,I
Icr EndI''''''''''''' '7t

Figure 8.7: CI!U~eenummllioll diagrllm oftot.al faults

8.8 PROO:SS ANAI.YSIS

• Here lite Elrect is "'ToW fllUll:Iof IIll Sites". 1'his Bccmrn: the H=l of the I'ishbonc.

• By Studying the STP dllla k BllIin510rming it is found !hat the ~ locations life RTS,

TlllIISmission &: power. Major causes of the Problem arc IllIfdl'illCe. son"we. Alap end

$itt', opliQl fiber, eencrotor. equipment faulty.

• 'Tllese mBjor ClDJsesmoe ronneeted to blldoonc of the fish "ilh slftllling IIJTO\\'S,

• Serondl1lJ causes of these Mlljor cnuses are identified and CXllllleded10 !he Major

Causes in the Fishbone dizwam.
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CHAPTER 9

CONCLUSIONS AND RECOMMENDATIONS

'1.1 CONCI.USION

Being the Iarge,[ cellular ,ervice provider in Bangladesh. Grameenphonc h~\ the larges!

Ilcl'Work among all the operator,. It i, really challenging (0 keep [hi, huge nelwork "live all

lh~ lime, Bu( it has to be maintained to provide uninlerrupted and qualily nelwork to the

cm!omc[s.

All"lysi" has been done on lhe al'CC," nel",ork faull\ of Dhaka region for lhe period of 1"

to 30'h Octol:>er"07 u~ing different TO:>'1lools. rOLU' h~s rn:en given on lwo major KPh-

no. of fauhs and ;\lTTR, Fault\ have been categorized in 5 major types- External Power.

RTS [lW, L"" cnpndty I\1\V, High cap""ily MW and Internal power.

Prom lhe Pareto Analy,!", \\'c found thai only Z or 3 "au,c, arc r",ponsiblc for lht falliis

which are occurrmg m the network, So if fOell' i, givt'n only on lhnc f"ew" O1ily, huge

reduction in faults can be achieved.

from the C-charl aJlaly,is for both Ilumbet of Inuits nnd MTTR, it i> found that the system

was under connol for mo,t of the ca,e, nc~pl exceeding the number of f~lIlts on a

rat1Jcular day. Hom the root call,e anatysi" il \Va, found tlmt abnormal ntemal power

comiilion for lhat parlieular day was responsible for taking the system out of control,

OJ.2 RECOl\-fMENDATION

Though cellular operators are service providers, Implementation of TQM can be useful and

elilcienl for this type of orgaruzation. Hence it IS recommended that TQM should be used

10 bring down the faults to a minimum level as well as re:;tomtJOn 01 the f~ults within the

,hort~sl po"ible lime, Thus (he mobile opemtots would be ~hle to proVide beller cu:;tomer

service,
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