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Skilling is building a better India.
If we have to move India towards 

development then Skill Development 
should be our mission.
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Indiais currentlythe world'ssecond-largesttelecommunicationsmarketwith a subscriberbaseof 1.20

billion and has registeredstrong growth in the last decadeand a half. The Industry hasgrown over

twenty times in just ten years. Telecommunicationhassupportedthe socioeconomicdevelopmentof

Indiaandhasplayeda significantrole in narrowingdown the rural-urbandigital divideto someextent.

Theexponentialgrowthwitnessedby the telecomsectorin the pastdecadehasled to the development

of telecomequipmentmanufacturingandother supportingindustries.

Overthe years,the telecomindustryhascreatedmillionsof jobsin India. Thesectorcontributesaround

6.5% to the country's GDPand has given employment to more than four million jobs, of which

approximately2.2 million direct and 1.8 million are indirect employees. The overall employment

opportunities in the telecomsectorare expectedto grow by 20% in the country, implyingadditional

jobsin the upcomingyears.

ThisParticipantHandbookis designedto impart theoreticaland practicalskill training to studentsfor

becomingan OpticalFiberTechnician. OpticalFiberTechnicianis responsiblefor maintaininguptime

andquality of the network segment(both opticalmedia& equipment)assignedto him by undertaking

periodic preventivemaintenanceactivitiesand ensuringeffective fault managementin caseof fault

occurrence. He is also required to coordinateactivities for installationand commissioningof Optical

FiberCable(OFC)asper the route plan.

This Participant Handbookis basedon Optical Fiber TechnicianQualificationPack(TEL/Q6401) &

includesthe followingNationalOccupationalStandards(NOSs):

1. TEL/N4137: CoordinateInstallationandCommissioningof OpticalFiberCables(OFCs)

2. TEL/N6403: UndertakeConditionbasedMaintenanceandPlannedRepairActivities

3. TEL/N6404: PerformCorrectiveMaintenance/Restorationof OpticalFiberFaults

4. TEL/N9111: Followsustainabilitypracticesin telecomcablingoperations

5. DGT/VSQ/N0101: EmployabilitySkills(30Hours)

TheKeyLearningOutcomesandthe skillsgainedby the participantaredefinedin their respectiveunits.

Postthis training, the participantwill be ablemaintainuptime and quality of the network segmentby

undertakingperiodicpreventivemaintenanceactivities& effective fault management. We hope that

this ParticipantHandbookwill provide a sound learning support to our young friends to build an

attractivecareerin the telecomindustry.

About this book

Symbols Used
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1. Introduction to the 
Sector and the Job Role 
of an Optical Fiber 
Technician

TEL/N4137

Unit 1.1 - Introduction to Telecom Sector and Role of an 

Optical Fiber Technician 



By the end of this module, the participants will  be able to:

Key Learning Outcomes

2

1. Explainthe importanceof TelecomSector.

2. Discussthe role andresponsibilitiesof anOpticalFiberTechnician.

Participant Handbook
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By the end of this unit, the participants will be able to:

TheIndiantelecomindustryhasbeenone of the fastest-growingsectorsin the country,strivingto tap

almosteverypotential customerwith its services. Today,owninga mobile deviceis a basicnecessity,

andthe demandfor seamlessconnectivitycontinuesto rise.

With the rapid expansionof the InformationTechnology(IT)sector,the telecomindustry in Indiahas

experienceda major boom, leading to continuousmarket growth. Sincethe Indian population has

becomehighly dependenton telecom servicesτand with severalcompaniesoperatingboth in India

and overseasτthe sector often faceschallengesin maintainingsmooth operationsamidst growing

customerexpectations. Thisstudy aims to provide insightsinto the current telecom sector and the

measuresbeingtakento enhancecustomerrelationships.

Post-1991liberalisation, privatisation, andglobalisation, the Indiantelecommarkethasbecomehighly

competitive,with multiple playersoperatingsimultaneously. In suchan environment,companiesare

keen to understandcustomerperceptionsof mobile servicesto refine their strategiesand capture

marketshare.

India remains the ǿƻǊƭŘΩǎsecond-largest telecommunicationsmarket. As of March 2025, the total

telephone subscriberbasestood at around 1,200 million, with an overall tele-density of 85%. The

internet subscriberbasereachedapproximately944 million, while broadbandsubscriptionsgrew to

over935millionwirelessandabout45millionwiredusersbymid-2025.

Å Sectorgrowth and infrastructure expansion: Telecominfrastructurecontinuesto expandrapidly,

with the number of towers and mobile basetransceiverstations (BTS)steadily increasing. This

expansionhashelpedimproveconnectivityandservicequality,especiallyin urbanregions,though

rural areasstill facegaps.

Å Policytargetsand initiatives: TheGovernmenthaslaunchedthe NationalBroadbandMission2.0

(2025ς30), aimingto provideopticalfibre connectivityto all GramPanchayatsandkeyinstitutions,

with at least95%uptime, and to raiseaveragefixed broadbandspeedsto 100Mbpsby 2030. In

parallel,the Draft NationalTelecomPolicy2025setsambitiousgoalssuchasachieving100%4G

coverage,90%5Gcoverage,80%tower fibreisation, broadbandaccessto 100million households,

andthe rollout of 1 millionpublicWi-Fihotspotsby2030.

1. Explainthe significanceof the telecomsector in the installationand maintenanceof optical fiber
networks.

2. Elucidatethe keyskillsandtechnicalexpertiserequiredfor anOpticalFiberTechnician.
3. Describethe challengesfaced in splicing, testing, and troubleshooting optical fiber cables in

telecomnetworks.
4. Determinethe impactof precisionandquality control in optical fiber installationandmaintenance

for reliabletelecomservices.
5. Discussthe rolesand responsibilitiesof an OpticalFiberTechnicianin ensuringefficient and high-

qualitynetworkperformance.

1.1.1 Introduction to Telecom Industry

UNIT 1.1: Introduction to Telecom Sector and Role of 
an Optical Fiber Technician

Unit Objectives

Optical Fiber Technician
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Subscribertrendsandmarket dynamics:

ByMay2025,LƴŘƛŀΩǎtotal telecomsubscriberbasereachedabout1,207million. RelianceJioandBharti

Airtel together accountedfor nearly all new subscriberadditions, while VodafoneIdea and BSNL

continuedto losemarketshare. ByJune2025, the total wirelesssubscriberbasestoodat approximately

1,171million,drivenlargelybyurbangrowth,thoughrural subscriptionsshowedaslightdecline.

Fig. 1.1.1: Telecom Industry 

1.1.2 Various Sub-Sectors of the Telecom Industry
Telecommunicationisa multi-dimensionalindustry. It isdividedinto the followingsubsectors:

ω TelecomInfrastructure- It is a physicalmediumthrough whichall the data flows. Thisincludes

telephonewires,cables,microwaves,satellites,andmobile technologysuchasfifth-generation

(5G)mobilenetworks.

ω Telecom Equipment - It includes a wide range of communication technologies, from

transmissionlinesandcommunicationsatellitesto radiosandansweringmachines. Examplesof

telecommunicationsequipment includeswitches,routers, voice-over-internet protocol (VoIP),

andsmartphones.

ω TelecomServicesςA serviceprovidedby a telecommunicationsprovider or a specifiedset of

user- information transfer capabilitiesprovided to a group of usersby a telecommunications

system. It includesvoice,dataandother hostsof services.

Participant Handbook
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Fig. 1.1.2: Telecom Sub-Sectors

Themajorsegmentswithin thesesub-sectorsincludethe following:

ω Wirelesscommunications

ω Communicationsequipment

ω Processingsystemsandproducts

ω Long-distancecarriers

ω Domestictelecomservices

ω Foreigntelecomservices

ω Diversifiedcommunicationservices

1.1.3 Broadband Industry
Telecommunicationplaysa major role in economicandsocialdevelopmentandhasits scopeacrossall

technicalfields. It integratesall telecommunication-relatedservicesin Indiaandactsasa backbonefor

digitaltransformation.

The rapid improvementof internet and mobile technologieshas had a significantimpact on LƴŘƛŀΩǎ

economic growth. Recognisingthis, the Governmentof India has placed strong emphasison the

developmentof the telecomindustry. Indiacontinuesto be theǿƻǊƭŘΩǎsecond-largesttelecommarket,

after China.

However,broadbandpenetrationand fixed broadbandspeedsin Indiastill lag behind thoseof China.

Strengtheningbroadbandconnectivityremainsa key driver for digitalisation, economicinclusion,and

innovation. Thegovernmenthastherefore prioritisedexpandingboth mobile and fibre-basedinternet

servicesto bridgethe gap.

Optical Fiber Technician
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Amajor focusison enhancingnetworkconnectivityin rural andsemi-urbanareas. Theprimaryaimis to

providebroadbandaccessto everycitizenof the country. Under the NationalBroadbandMission2.0

(2025ς30), the Governmentis targeting optical fibre connectivity for all Gram Panchayatsand key

institutions,ensuringat least95%uptime. Themissionalsoaimsto raiseaveragebroadbandspeedsto

100Mbpsby2030.

In line with this, rural and village-level networksare beingupgradedto support high-speedinternet,

includingthe rollout of affordable100Mbpsconnectionsin villagesthroughPanchayat-level initiatives.

Bydoingso,Indiaisworkingtowardsnarrowingthe rural-urbandigitaldivide.

TheDraft NationalTelecomPolicy2025 further outlines ambitiousgoalssuchas 100% 4G coverage,

90% 5G coverageby 2030, 80% fibreisationof towers, and 1 million public Wi-Fi hotspotsacrossthe

country. Thesestepsnot only aim to improveconnectivitybut alsoattract foreign investmentinto the

telecomsector,therebycreatingnewavenuesfor employmentandskilldevelopment.

5Gadoption andeconomicimpact:

Indiahasalreadyrolledout 5Gservicesacrossmajorcitiesandindustrialhubs,with rapidexpansioninto

smallertownsandrural regionsunderway. Theadoptionof 5Gisexpectedto driveinnovationin sectors

like smartmanufacturing,healthcare,education,transport,andagriculture,enablingapplicationssuch

as IoT, automation,and AI-driven services. Accordingto projections,5G technologycould contribute

around USD450 billion to LƴŘƛŀΩǎeconomybetween 2023 and 2040. Thistransformativeimpact will

strengthenLƴŘƛŀΩǎdigital ecosystem,enhanceproductivity, and support theƎƻǾŜǊƴƳŜƴǘΩǎvisionof a

digitallyempoweredsocietyandknowledgeeconomy.

With theseinitiatives,Indiaispositioningitself stronglyin the globaltelecomspaceandaspiresto move

closerto the top rankworldwide.

1.1.4 Optical FibreTechnology
Optical transmissionsover the fiber cablesneed immensestrengthentechnologyassociated. Optical

cablesinner coreglassis madein a way to propagatecompleteray travellingby givingzeroresistance

and losses. To achieveconnectivityover long distanceoptical medium proven to be the best even

though it is laying and maintenancetakes more economy. Unlike in copper cable electrical signal

convertedinto light andit is transmittedover fiber cables. It beganabout 40 yearsagoin the R&Dlabs

(Corning,Bell Labs,ITTUK,etc.) and was first installedcommerciallyin Dorset,Englandby STCand

Chicago,IL,USAin 1976by AT&T. By the early 1980s, fiber telecommunicationsnetworksconnected

the major citieson eachcoast. Bythe mid-80s, fiber wasreplacingall the telecom- copper,microwave

and satellite links. In the 90s, transoceanicfiber optic cables replaced sate llites between most

continents.

Over the period fiber optics took over the entire major serviceprovider favorite as its effectiveness

ruled out the cost. DTHand CATVare few servicesmostly relied on fiber network. Addingon the

Researchprove that the network will be the reliable to provide Internet services,mobile services

networkdevelopment.

Participant Handbook
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Slowly the fiber placed in the small networks and then tried with LAN,WAN, MAN, and most of

implantations is taking place with fiber network in ǘƻŘŀȅΩǎdata . As the cablescould be routed

fascinatinglywithout disturbing the infra, moreŎƻƳǇŀƴȅΩǎshowedinterest in havingfiber network.

Fiber is effective in hugedata transfer and connectivitywith reliability. Fiber is implementedin most

Multinational companieswith fiber LANsbackbones,connectionsto systemsfor employeesor design

workstationswith manywirelessAP(accesspoint).

Somemore applicationsfor considerationare: mobile - cell network connections,Ship & aircraft,

automationandautomobileconnectinglines,securitylike CCTV,& digital stereosfor consumers. Fiber

opticsusersin current time zonesare systemswho useit for connectingsocialblockslike Educational

institutes,stores/departments,transport&traffic lights,securityaddon like CCTVsurveillancesystems.

Fiber to home is another upcomingbig businesswhich providesthe best connectionsto their users.

Opticalfiber iseither predominantmediumor choicemadelogicallyfor mostof communicationsystem.

With reducedCostsfiber to the home is most likely acceptedby userends,the fantasycometrue for

usersasfiber to homeprovidesall meansof dataandserviceswhichother mediumfailsto provide.

Fig. 1.1.3 An optical fibre

Fiber optics would be usedas a channelfor communication& networkingas it is easyand flexible.

Plasticor glassmanufacturesfibers, it is s usedin long-distanceapplicationsof telecom. Opticalfibers

mostly prefer glassinner core medium than plastic as glassprovide low absorption. Optical fiber

principallyusestotal internal reflectionphenomenonfor the light transmissionwithin the material. Due

to total internal reflection angle Eliminatesdistortion, leakage,reflection, signal crosstalkbetween

fibers within the cable and allows the cable routing (supportingtwists and turns). Infrared Light is

mostlyusedfor communicationin caseof telecomapplications,aswavelengthsprovenbestfor the case

(minimumabsorptionwith fiber).

Optical Fiber Technician
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1.1.5 Types of Optical Fibre
OpticalŬōǊŜtechnologyisassociatedwith datatransmissionusinglightpulsestravellingalongwith along

ŬōǊŜwhich is typicallymadeof glassor plastic. Thesefacilitate the propagationof light alongwith the

opticalŬōǊŜdependingontherequirementofpoweranddistanceof transmission.

Multi-modeŬōǊŜis used for shorter distances,while single-mode ŬōǊŜis used for long-distance

transmission.

Fig. 1.1.4: FibreOptics

/ƭŀǎǎƛŬŎŀƛƻƴ based on the refracive index:

¶Step Index Fibres - It consists of a core surrounded by the cladding, which has a single uniform 

index of refraction

¶Graded Index Fibres - The refractive index of the optical ŬōǊŜ decreases as the radial distance 

from the ŬōǊŜ axis increases

/ƭŀǎǎƛŬcaion based on the materials used:

¶Plasic Opical Fibres - Polymethylmethacrylate is used as a core material for the transmission of 

light

¶Glass Fibres - It consists of extremely ŬƴŜ glass Ŭōres

/ƭŀǎǎƛŬŎŀƛƻƴ based on the mode of propagaion of light:

¶Single-Mode Fibres - Used for long-distance signal transmission

¶Muli -mode Fibres - Used for short-distance signal transmission

The mode of propagation and refractive index of the core is used to form 4 combination types of optic 

ŬōǊŜǎ as follows:

¶Step index-single mode Ŭōres

¶Graded index-Single mode Ŭōres

¶Step index-Multimode Ŭōres

¶Graded index-Multimode Ŭōres

Participant Handbook
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1.1.6 Role and Responsibilities of an Optical Fiber Technician
An OpticalFiber Technician(OFT)is a skilled professionalresponsiblefor installing,splicing,testing,

repairing, and maintaining optical fiber cables used in telecom, internet, and data transmission

networks. They play a key role in ensuringhigh-speed connectivity, minimal downtime, and safe

handlingof delicatefiber infrastructure.

Roleof anOpticalFiberTechnician

ω Toensurereliableandefficient fiber opticnetworkinstallations.

ω Tocarryout splicing,testing,andtroubleshootingof fiber opticcables.

ω Tomaintainsafety,quality,andcompliancewith industrystandardsduringfiber operations.

ω Tosupporttelecomoperators,ISPs,andenterprisesin providinguninterruptedservices.

KeyResponsibilitiesof anOpticalFiberTechnician

1. Installation

ω Lay,pull, androute opticalfiber cablesthroughducts,conduits,andaerialroutes.

ω Terminatefiber cablesat distributionboxes,patchpanels,or customerpremises.

ω Followstandardlayouts,blueprints,andinstallationplans.

2. Splicing& Jointing

ωPerformfusionsplicingandmechanicalsplicingfor connectingfiber cables.

ωEnsureminimalsignallossandhigh-qualityconnections.

ωUseprotectivesleeves,closures,andenclosuresfor safesplicing.

3. Testing& Troubleshooting

ωUseequipmentlike OTDR(OpticalTimeDomainReflectometer),power meters,andlight sources

to test fiber quality.

ωIdentify faults,breaks,bends,or signallossin the cable.

ωCarryout correctivemeasuresto restoreconnectivity.

4. Maintenance

ωConductpreventiveandcorrectivemaintenanceon fiber networks.

ωReplacedamagedfiber cables,connectors,or equipment.

ωDocumentandupdaterecordsof fiber routesandmaintenanceactivities.

5. Safety& Compliance

ωFollowelectricalandopticalsafetyguidelines(eyesafetywhilehandlinglasersignals).

ωUseproperPersonalProtectiveEquipment(PPE)whileworkingon-site.

ωDisposeof fiber scrapsandwastematerialssafely.

6. Documentation& Reporting

ωMaintainlogsof installation,splicing,andtestingresults.

ωPreparereportsfor supervisorsor clientsonnetworkhealthandrepairs.

ωFollowtelecomindustrystandardsandorganizationalSOPs.

7. CustomerService

ωAssistcustomersduringfiber installationsat homes,offices,or industrialpremises.

ωExplainbasictroubleshootingstepsto end-usersif required.

ωEnsureminimalservicedisruptionduringrepairsor upgrades.

Optical Fiber Technician
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1.1.7 Skills Required to be a successful Optical Fiber 
Technician

OpticalFiberTechniciansneedthe following skillsin order to besuccessful:

ω Technicalskills: A technicianemploystheir technicalskillsand knowledgeto carry out tasks. To

installandfix fiber optic cables,splicefiber optic cables,troubleshootfiber optic cableissues,and

performother jobs,fiber optic techniciansemploytheir technicalexpertise.

ω Communicationskills: Sincefiber optic techniciansfrequentlyoperatein teams,they mustbe able

to describetheir job to othersin a clearandstraightforwardmanner. Theymustbe ableto explain

technologicalprocessesandproceduresto clientsbecausetheyworkwith themfrequently.

ω Problem-solvingabilities: Fiberoptic techniciansemploytheir problem-solvingabilitiesto diagnose

equipment problems,pinpoint the sourceof network outages,and fix damagedcables. These

abilitiesare alsousedto choosethe best tools andequipmentto employandto choosethe most

effectivemannerto executejobs.

ω Attention to detail: Tomakesurethey are installingthe equipmentcorrectly; fiber optic specialists

needto paycloseattention to everydetail. Beforethey departa project site, they mustalsomake

surethe equipmentis in goodworkingorder. Thisis crucialto guaranteethe client is happywith

the job andto stopanypotentialproblemsin the future.

ω Teamworkabilities: Beingapart of a teamcanhelpyoulearnmoreaboutyourcareerandadvance

your talents. Byparticipatingin a club or volunteerorganizationat your school,you candevelop

your teamwork skills. Working together with your co-workers to complete tasks and solve

difficultiesisanotherwayto learn.

1.1.8 Fiber Optic Infrastructure Growth

Fiberoptic infrastructureexpansionis a trend that is

becomingmore andmore popularall over the world.

The demandfor experiencedprofessionalsto install

and maintain these systemswill increaseas more

homesand businessesadopt fiber optic technology

Becausethey possessthe knowledge necessaryto

install, test, and troubleshoot fiber optic systems,

fiber optic techniciansare in highdemand. Therewill

be a risingneedfor thesespecialistsdue to the fiber

optic infrastructure'scontinuingexpansion.

Fig. 1.1.5: FibreOptics

Participant Handbook
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1.1.9 Public Switched Telephone Network (PSTN)

ωIt isastandardtelephoneservice. Someof the examplesareBSNL,Airtel andMTNL.

ωPublicSwitchedTelephoneNetwork,operatedthrough"SWITCH"devicesto openor closecircuits,or

it canbreakthe electronicor certainpath.

ωThisintegratesthe world circuitof telephonenetworksthat areperformedbyna

ωIt consistsof the fibre optic cable,telephoniclines,communicationwaves,networks,satellitesand

telephoniccables. Theseare interconnectedwith eachother to communicatewith anyonearound

the world.

ωThetelephonesystemnetworkconsistsof mobileandtelephonesaroundthe world.

ωTheprocessof PSTNςDiallinga personwith whomwe want to connect. Thereceivergetsthe signal,

picksthe call,andexchangesthe information. Thecircuitcompleteswhentheytalk to eachother.

Fig. 1.1.6: Public switched telephone network

1.1.10 Tradiional Forms of Retailing in India

In telecom terminology, a transmission medium is a physical path between the transmitter and receiver, 

i.e., the channel through which data is exchanged from one place to another. Transmission Media can be 

broadly ŎƭŀǎǎƛŬŜŘ into the following types:

Optical Fiber Technician



Fig. 1.1.7: Types of Transmission Media

Twisted pair cabling refers to wiring type. This consist of 

two conductors in a single circuit in which the conductors 

are twisted to cancel the electromagnetic induction from 

external sources.

Fig. 1.1.8: Twisted Pair Cable

Coaxial cable was invented and designed in 1880 by the 

English engineer named Over Heaviside. It has a conductor  

which is layered by a tube insulator and a shield. Most of 

them have an outer jacket. This term coaxial is used as the 

inner conductor and jacket share the same geometric axis. Fig. 1.1.9: Co-Axial Cable

Optical ŬōǊŜ cable consists of one or more than one optical 

ŬōǊŜ. These are coated with plastic plates and contain 

protective tubes which are stable in all climatic conditions.

Fig 1.1.10: Fibre Optics

A microwave is an electromagnetic wave. It has a 

wavelength in the range of 0.001 ς0.3 m, or sometimes 

shorter than that of a normal radio wavelength. They are 

larger than the IR. These wavelengths are used in 

microwave oven and other industrial processes. These are 

also used to carry the telecommunications.

Fig. 1.1.11: Microwave Antena

A satellite is a system that receives signals from any part of  

the earth and transmits them to a receiver on earth. The 

main function is communicating and transmitting the 

signal from the sender to the receiver.

Fig. 1.1.12: satellite system
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ShortQuestions:

1. Explain the significanceof the telecom sector in modern communication and economic

development.

2. ListthreekeytechnicalskillsanOpticalFiberSplicermustpossess.

3. Describeonemajorchallengefacedin fiber opticsplicingandhow it canbeaddressed.

4. Howdoesfiber optic technologyimpactinternet speedandoverallconnectivity?

5. Outlinethe mainrolesandresponsibilitiesof anOpticalFiberSplicerin networkdeployment.

Fill in the Blanks:

1. AnOpticalFiberSplicerisresponsiblefor __________and__________opticalfibers.

2. The telecom sector contributes to economicdevelopmentby enablingfaster __________and

__________transmission.

3. Precise__________of fiber coresiscriticalto reducesignallossduringsplicing.

4. Fiberopticcablesprovidehigh-speeddatatransmissiondueto the principleof __________.

5. One challengein splicingoptical fibers is ensuringproper __________alignment to maintain

signalquality.

Multiple ChoiceQuestions(MCQs):

1. Thetelecomsectoriscrucialfor moderncommunicationprimarilybecauseit:

a)Generateselectricity

b) Facilitateshigh-speeddataandvoiceconnectivity

c)Manufacturesopticalfibers

d) Regulatesgovernmentpolicies

2. Whichof the followingisakeytechnicalskillrequiredfor anOpticalFiberSplicer?

a)Weldingmetalcables

b) Precisionfiber cleavingandsplicing

c)Installingelectricaltransformers

d) Designingsoftwarealgorithms

3. Onemajorchallengefacedin opticalfiber splicingis:

a)Highvoltagecurrentin fibers

b) Aligningfiber corespreciselyto minimizesignalloss

c)Excessivefiber flexibility

d) Overheatingof fiber jackets

4. Fiberoptic technologyprimarilyimproves:

a)Electricalpowertransmission

b) Internetspeedandconnectivity

c)Radiosignalquality

d) Cabledurabilityfor plumbing

Optical Fiber Technician



5. Theresponsibilitiesof anOpticalFiberSplicerinclude:

a)Designingnetworkrouters

b) Installing,splicing,andtestingfiber opticcables

c)Manufacturingtelecomhardware

d) Draftinggovernmentpolicies

14
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Scan the QR Code to watch the related videos

What is Fiber-Optic Cable with Full Information

https://www.youtube.com/watch?v=77dOO5hvd58

https://www.youtube.com/watch?v=77dOO5hvd58
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2. Coordinate Installation 
and Commissioning of 
Optical Fiber Cables

TEL/N4137

Unit 2.1 - Site Visit and Route Inspection

Unit 2.2 - Choosing the Right Type of Optical Fiber

Unit 2.3 - Fiber Optic Tools and Tool Kit

Unit 2.4 - Installation of Fiber Optic Cable

Unit 2.5 - Safety, Quality, and Environmental Compliance 

in Optical Fiber Installation



Key Learning Outcomes
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1. Explainthe keystepsinvolvedin inspectingthe route planfor opticalfiber cableinstallation.

2. Elucidatethe processof coordinatingcablelayingandpullingto ensurecompliancewith industry

standards.

3. Discussthe importanceof adheringto health and safety guidelinesin optical fiber installation

projects.

4. Explainthe significanceof reporting and recordinginstallationactivitiesfor project trackingand

fault management.

By the end of this module, the participants will  be able to:

Participant Handbook
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By the end of this unit, the participants will be able to:

1. Demonstratehow to obtainandreviewthe OFCroute planfrom the planningteamor supervisor.
2. Showhow to verify the proposedroute, ensuringcompliancewith manufacturer-specifiedbend

ratiosandindustrystandards.
3. Demonstratehow to identify dependenciesandcreateaneffectiveinstallationwork plan.
4. Showhow to determinethe requiredstatutory permissionsandliaisewith relevantauthoritiesto

secureclearances.
5. Discussthe different types of clearancesand municipal approvalsrequired for optical fiber

installationwork.
6. Demonstratehow to supervisetrenchingto ensureit is carriedout asper the route planandsite

terrain.
7. Showhow to usespeciallydesigneddispensersfor accurateductplacementin trenches.
8. Demonstratehow to checkpipe/duct depths for compliancewith laying standardsand rectify

collapsedor twistedducts.
9. Show how to confirm ducts are clean and sealed with appropriate end plugs to prevent

contamination.
10. Showhow to confirmthe useof protectivematerialssuchasGIor RCCpipeswherenecessary.

2.1.1 Site Visit

UNIT 2.1: Site Visit and Route Inspection

Unit Objectives

Sitevisit is essentialbefore makinganyplanof action. Thevisit givesthe necessaryinformation about

the changesto be neededfor the ideal plan. Sitevisit alsoemphasizesthe action list with necessary

competencyneeded. Bydoingeffectivesitevisit onecouldmakethe bestplanof installationandavoid

ambiguities. Obstructionwhichmaypreventtransportationof variousequipment'sto the sitecouldalso

betakencare. It isnecessaryto note downall the pointsobservedstart from layoutviewwhilesitevisit.

While in the site datacollectedwill equipinformationsothat proper,complete& accuratepackagefor

the samecouldbe estimated. Sitevisit will makeusunderstandactualequipmentlocations,routing for

conduits,and proper elevations. It will help you to apply methods to overcomethe challengesby

applyingthe architecturaldrawings/layouts. If foundSitedrawingdetailsincomplete,then updateit by

siteactualdata. Notedownthe physicalstatus,changesneededandplanfurther.

Fig. 2.1.1: A site visit in progress

Optical Fiber Technician
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2.1.2 Route Inspection and Its Benefits

RouteInspection

Routeinspectionwill giveyou an insight into what may confront you while performingyour job. You

may see obstructions,issuesor gapswhich you would have not known unlessyou conductedthis

ΨƛƴǎǇŜŎǘƛƻƴΩ.

RouteInspectionBenefits

Followingarethe benefitsof adetailedroute inspection:

ω Routeinspectionwill giveyouaninsightinto what mayconfrontyouwhileperformingyour job.

ω Youmayseeobstructions,issuesor gapswhichyouwould havenot knownunlessyouconducted

thisΨƛƴǎǇŜŎǘƛƻƴΩ.

ω Planis verifiedwith the actualphysicallocationto identify gaps. Helpsin meetingƳŀƴǳŦŀŎǘǳǊŜǊΨǎ

specificationsregardingΨōŜƴŘǊŀǘƛƻǎΩ. Plan is designedkeepingin mind the health and safety

standards. Anyre-work dueto lackof properplanisavoided.

ω Accidentsareavoideddueto properplanning.

Fig. 2.1.2: Effective route inspection

2.1.3 Steps ςRoute Inspection

Followingarethe stepsfor route inspection:

ωStep1ςObtainanOFCroute plan

ωStep2ςVerifythe planthroughaRouteWalk

ωStep3ςTakecorrectiveactions
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2.1.4 Step 1 ςObtain OFC Route Plan

ObtainaΨƭŀȅƻǳǘΩdescribingthe proposedOFCroute from the planningteamsoasto identify the:

ω Physicallocations(premisesor outside plant) alongthe route. Other utilities, cablesetc. so that

damagesareavoided.

ω Departmentsinvolvedςelectricity,water,municipality,etc.

ω Permission(s)requiredto carryingout the entireactivity.

ω Physicalobstacles& healthhazardsalongthe route.

Fig. 2.1.3: OFC route plan

2.1.5 Step 2 ςVerify Plan ςΨwƻǳǘŜ ²ŀƭƪΩ

ConductaΨwƻǳǘŜ²ŀƭƪΩalongwithΨCƛōŜǊOptic¢ŜŎƘƴƛŎƛŀƴΩandanexperiencedΨCƛōŜǊOptic{ǇƭƛŎŜǊΩsoas

to:

ω VerifytheΨǇƭŀƴΩfor accessibilityandavailabilityasper design. Verifyconstructionmethods,special

tools,splicelocations,etc.

ω Verify ground characteristicsincluding subsurfaceinvestigation; it helps allay fears related to

trenching/ ploughing

ω Drawandmarkbends,conduitsize,splicelocations,manholes,etc., soasto beginanypreparatory

or co-ordinationwork (Ref. nextpage).

ωMark the proximity to AC power areas to avoid possibility of damages/ accidentsCheckfor

materialstorageareas,ventilation,etc.

Optical Fiber Technician
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Fig. 2.1.4: OFC Route Walk

Avoid proximity to AC power areas to avoid any accidents. Although the fiber does not conduct

electricity yet, fiber could be meansto conductelectricity, installer shouldtake precautionswith live

electricalwires in working when closeto ACpower. Mark other utility lines so as to avoid damage.

Thereaftermakeasketchasper the route walk. It iscalledtheΨwƻǳǘŜWalk{ƪŜǘŎƘΩ.

CƛƎΦ нΦмΦрΥ hC/ ΨwƻǳǘŜ ²ŀƭƪΩǎƪŜǘŎƘ
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2.1.6 Step 3 ςTake Corrective Actions

Preparethe sitesothat it isreadyfor installationby takingcorrectiveactionswith the helpof laborers:

ω Takepermissionsfrom other departments,etc., if required. Reviseroutesςbends,splicerlocations,

etc., if required.

ωArrangefor the availabilityof anyspecialtools if required. Removeor circumventanyobstruction/

conflict alongthe route. Preparethe site thoroughlyand properly for better productivity. Protect

opticalfiber cablefrom hightemperature.

ω Takemeasuresto preventopticalcablesfrom directstress.

ωDeterminelocationswherereelsareto bepositionedduringthe installation.

Fig. 2.1.6: Take corrective actions

2.1.7 Benefits of Route Inspection

Route inspection, especially in contexts like optical fiber installation, logistics, construction, or

transportation,playsa critical role in ensuringthe efficiency,safety,and effectivenessof operations.

Herearethe keybenefits:

1. IdentifyingObstaclesandRisks

ω Detectsphysicalbarrierssuchastrees,poles,undergroundutilities,or difficult terrain.

ω Helpsavoidpotentialhazardsthat coulddelayor complicatethe project.

2. AccuratePlanning

ω Allowsproperassessmentof distances,materialsneeded,andequipmentrequirements.

ω Helpsin preparingadetailedprojectplanwith realistictimelinesandbudgets.

3. ImprovedSafety

ω Identifiesunsafeareasor zoneswhereaccidentsarelikely.

ω Ensuresthat safetyprotocolsarebuilt into the planningphaserather thanbeingreactive.

4. CostEfficiency

ω Preventsunnecessaryexpensesby identifyingthe bestpathsandreducingredundantwork.

ω Helpsavoidcostlyreroutingor redesigningafter workhasstarted.

Optical Fiber Technician
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5. ComplianceandDocumentation

ω Ensuresthat all inspectionsmeetregulatoryor industrystandards.

ω Providesdocumentationrequiredfor permits,audits,or safetyreports.

6. EnhancedCommunication

ω Providesstakeholderswith aclearunderstandingof the route.

ω Ensuresthat teams,contractors,andclientsarealignedwith expectationsandchallenges.

7. ResourceOptimization

ω Helpsin selectingoptimalpointsfor equipmentsetup,accessroads,or stagingareas.

ω Reducesfuel, labor,andtime wastage.

8. EnvironmentalConsiderations

ω Identifiessensitiveareasto avoiddamagingecosystemsor violatingenvironmentalguidelines.

ω Helpscreateroutesthat minimizedisruption.

9. ImprovedQuality Control

ω Ensuresthat routesmeet technicalrequirementslike signalstrength(for fiber optics)or gradient

levels(for roads).

ω Preventsinstallationerrorsandincreasesthe longevityof the infrastructure.

10. Better EmergencyPreparedness

ω Identifiesalternateroutesor accesspointsin caseof emergencies.

ω Ensuresquickresponsetimesduringincidentsor breakdowns.

2.1.8 How to Verify a Proposed Route Ensuring Compliance 
with Standards

Wheninspectingandverifyinga proposedrouteτwhether for optical fiber installation,transportation,

pipelines,or other infrastructureprojectsτyou needto ensurethat the route complieswith technical,

safety,regulatory,andenvironmentalstandards. Belowisa structuredapproachto verify the proposed

route:

Step1ςReviewApplicableStandardsandGuidelines

1. Identify relevantstandards:

ωLocalgovernmentregulations(e.g., roadsafetynorms,utility clearance).

ωIndustry-specificstandards(e.g., telecom,electrical,mining,or environmentalcodes).

ωSafetystandardssuchasPPE,trenchdepth,accesscontrol,etc.

2. Documentrequirements:

ωRight-of-waypermissions

ωMaximumgradient,curvaturelimits,andallowablematerials

ωEnvironmentalimpactassessments

ωUtility protectionprotocols
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Step2ςConducta DetailedSurveyof the Route

1. Physicalinspection:

ωWalk,drive,or dronesurveythe entire route.

ωNotenaturalobstacles,unstableterrain,or erosion-proneareas.

2. Mapping:

ωUseGPStoolsto createaccuratecoordinates.

ωComparewith existinginfrastructureandutility maps.

3. Cross-verification:

ωEnsurethe proposedroute matchesthe layoutandengineeringdrawings.

Step3ςEvaluateSafetyandAccessibility

1. Accesspoints:

ωConfirmavailabilityof safeaccessfor equipmentandemergencyservices.

2. Identifyhazards:

ωLookfor unsafeslopes,waterbodies,wildlife corridors,or other riskzones.

3. Workersafetymeasures:

ωEnsurePPErequirementsarepractical.

ωEvaluatewhethertemporarysignageandbarrierscanbe installedwherenecessary.

Step4ςCheckUtility andEnvironmentalClearances

1. Consultutility providers:

ωAvoidinterferencewith powerlines,undergroundcables,waterpipelines,etc.

2. Environmentalassessments:

ωAvoidprotectedareas,wetlands,andforestboundariesunlessproperclearancesareobtained.

3. Mitigationplans:

ωPreparestepsto handlepotentialspills,wastedisposal,or habitatdisruption.

Step5ςConfirmTechnicalFeasibility

1.Designvalidation:

ω Confirmthat gradients,bends,andterrain featuresconformto engineeringstandards.

2.Load-bearingcapacity:

ω Evaluatewhetherthe groundsupportsmachineryor installationswithout risk.

3.Signalor serviceefficiency(for telecomroutes):

ω Ensurethat bends,reflections,or interferenceǿƻƴΩǘdisruptthe servicequality.

Optical Fiber Technician
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Step6ςObtainApprovalsandDocumentCompliance

1. Prepareinspectionreports:

ω Includephotographs,measurements,andtechnicalassessments.

2. Engagewith stakeholders:

ω Getwritten approvalsfrom regulatorybodies,clients,andsafetyinspectors.

3. Maintaindocumentation:

ω Storeall permits,inspections,andenvironmentalcompliancereportsfor future audits.

Step7ςFinalChecklistBeforeExecution

ω Routealignswith all mappedinfrastructure

ω Safetyhazardsareeither avoidedor mitigated

ω Technicalparametersmatchengineeringstandards

ω Allnecessarypermissionsandclearancesareobtained

ω Emergencyaccessandevacuationroutesareverified

ω Environmentalconcernsareaddressed

ω Documentationiscompleteandaccessible

2.1.9 Identify Dependencies in a Route Inspection

Dependenciesare factors,resources,or conditionsthat needto be in placefor a projector taskτlike a

route inspectionτto proceedsuccessfully. Identifyingtheseearlyhelpspreventdelays,avoidconflicts,

andensurepropercoordinationbetweenteams,vendors,or authorities.

Howto systematicallyidentify dependenciesin a route inspection:

Step1ςUnderstandthe Scopeof the Route

Ask:

ωWhatisthe purposeof the route?(e.g., installation,transportation,surveying)

ωWhatarethe startandendpoints?

ωWhatarethe technicalandregulatoryrequirements?

Thishelpshighlightthe elementsthat mustbereadybeforeinspectionstarts.

Step2ςListAll ActivitiesRelatedto the RouteInspection

Forexample:

ωSurveyingthe terrain

ωVerifyingutility lines

ωObtainingpermits

ωSafetyaudits

ωEquipmentdeployment

ωEnvironmentalassessments

Eachof thesemaydependonsomethingelse.
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Step3ςIdentify Typesof Dependencies

ResourceDependencies

ω Availabilityof surveyequipment(GPStools,drones,measuringdevices)

ωQualifiedpersonnel(engineers,safetyofficers)

ω Transportationor accessvehicles

RegulatoryDependencies

ω Permitsfor digging,trenching,or accessingrestrictedzones

ω Environmentalclearanceapprovals

ω Localauthoritypermissionsfor workingin publicareas

TechnicalDependencies

ω Existingmapsor infrastructuredata

ω Communicationsystemsfor coordination

ω Datafrom utility providers(e.g., power,waterpipelines)

EnvironmentalDependencies

ωWeatherconditions(noheavyrain, landslides)

ω Seasonalrestrictions(wildlife protectionzones)

ωGroundstabilityandwaterdrainagepatterns

Inter-team Dependencies

ω Coordinationwith operationsteams,safetyteams,andcontractors

ω Schedulingsurveysaroundother ongoingactivities

ω Clearhandoverbetweeninspectionandexecutionteams

Step4ςCreateaDependencyMap or List

Dependency Type Impact if Missing Who Provides It

GPS equipment 

available

Resource Survey accuracy 

compromised

Equipment supplier

Local authority permit Regulatory Inspection cannot 

proceed

Local government

Utility data map Technical Risk of damaging 

pipelines

Utility provider

Weather forecast 

clearance

Environmental Safety hazards increaseMeteorological dept.

Survey team 

availability

Resource Delay in execution Project manager

Optical Fiber Technician
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Step5ςValidateDependencies

ω Areall dependenciesconfirmedor planned?

ω Arethere fallbackoptionsif adependencyfails?

ω Whoisaccountablefor eachdependency?

ω ²ƘŀǘΩǎthe deadlinefor eachdependencyto beready?

Step6ςDocumentandMonitor

ω Recorddependenciesin projectmanagementtoolsor checklists.

ω Setremindersor alertsfor criticaldependencies.

ω Ensurecommunicationlinesareopenbetweenstakeholders.
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By the end of this unit, the participants will be able to:

1. Showhow to selectthe appropriateoptical fiber mode(SingleModeor Multi-Mode)basedon the
project locationandnetworkdesign.

2. Elucidate the basics of network design, including LAN/WAN integration and patch panel
management.

2.2.1 Choosing between Single Mode vs Multimode Optical 
Fiber

UNIT 2.2:Choosing the right type of Optical Fiber

Unit Objectives

Themanneranopticalwaveistransmittedisoften referredto asthe mode. Astheyreachthe optical

fiber, uniformly frequenciesopticalwavesaredispersedalongseveraltransmissionroutes. Mode is the

namegivento the specificpath that eachindividualopticalwavetakes.

The Helmholtzequation for wavesis usedto compute the number of modesin a fiber optic cable.

Applyingboundary conditions to Maxwell's equation results in the actual Helmholtzequation. The

projectilesolutionsof Maxwell'sequationarethe fiber opticmodesasaresult.

Themodaldispersionphenomenathat occurinsidethe fiber opticcablecausesthe modes.

Note: Thequantity of glassfiber strandswrappedinsidethe claddinghasabsolutelyno bearingon the

modaldispersion.

Optical Fiber Technician

2.2.2 Overview of Single Mode Optical Fiber

Singlemode optical fiber is a specifickind of optical fiber made for the transmissionof singlemode

light. This indicatesthat this particular type of optical fiber allows the transmissionof various light

waveswith various frequenciesalong a singlechannel. The preferred abbreviationfor these single

modeoptical fibers in the sectoris SMF. Transversemodeoptical signalsare carriedvia the SMF. This

indicatesthat althoughthe electromagneticoscillationoccursin a perpendicularor transversedirection

to the lengthof the fiber opticcorestrand,the pathof the opticalwavetransmissionisparallelto it.

Characteristicsof SingleModeOpticalFiber

Thefollowing featuresof singlemodeoptical fiber (SMF)makethem exclusive:

ω SMFfeaturesa microcorediameterof sizesrangingamid8 to 10.5µm. Thediametercladdingof

SMFisapproximately125µm

ω Laserraysbeingthe basisof opticalsignalsin SMF,the categorizedopticalwavelengthsfor SMF

is1310nmand1550nm

ω Ideally,SMFofferslimitlessbandwidth,asit offersasinglelight transmissionmodeat a time

ω Accordingto TIA-598C,the industrialcolor-codingor sheathcolourfor anSMFisyellowfor non-

military uses
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ω Owingto higherfidelity for all pulseof light wavecoupledwith smallerdiameters,these

ω SMFsareappropriatefor long-distancetransmissionwithout excessivesignal/dataloss

ω TheSMFscantransfer the opticalsignalover hundredsof kilometresat a transmissionspeedof

40Gbpsand above thousandsof kilometres at the transmissionspeed of 10Gbpsby using

dispersion-compensationdevices

ω Dependingon the variation in features,the singlemode optical fiber (SMF)is classified. Let us

discussthe classificationof SMFfurther

Typesof SingleMode OpticalFiber

Thegeneraltypesof singlemodeSMFarelistedbelow.

ω OS1: Thefirst type of SMFdescribedin ISO/IEC11801is OS1. Thecorediameterof this kind of

optical fiber is between 8 and 9 m. Thisfiber, however,experiencesa greater attenuation of

roughly1dB/km. Thesignalweakensfrom one end to the other due to increasingattenuation.

Becauseof this, this SMFis utilised for interior fiber-optic connectionsand relatively small

distances.

ω OS2: OS2 is anSMFvariantthat is generallysuperior. In ISO/IEC24702, it is described. Although

it has a similar diameter of 8 to 9 m, the signalonly experiencesa slight attenuation of 0.4

dB/km. Lowerattenuationmeansthat the transmission'ssignalstrengthisconstant. Installations

of outdoorandlong-distanceopticalfibersfavourthiskindof SMF.

2.2.3 Overview of Multimode Optical Fiber

Atype of opticalfiber createdfor the propagationof severallight signalsis the multimodeopticalfiber.

MMFis the abbreviationusedin industryfor multimodeoptical fiber. Accordingto the different optical

signalwavelengths,modal dispersionoccursin MMF. TheMMF hasincreasedmodal dispersionas a

result. Dependingon the refractiveindexof the glasscorematerial,the opticwavepropagationroute in

the MMFiseither zigzagor semi-ellipticalin shape.

Characteristicsof Multimode OpticalFiber

The following characteristicsof Multimode optical fiber (MMF) make them ideal for certain

applications.

ω Thecore diameter of MMF is greater,rangingfrom 50 to 100 m. Thetypical core sizesfor the

basictypesof MMF, however,are 50 mm and 62.5 mm. Thecladding'sdiameter staysat 125

meters.

ω Theclassifiedopticalwavelengthsin MMFremain850nm and1300nm sincethe light sourcesare

either vertical-cavitysurface-emittinglasers(VCSELs)or light-emittingdiodes(LEDs).

ωModaldispersionlimits the MMF'srangeof operation. MMFbandwidthhasa theoreticalvalueof

28000MHz*km.

ω Theindustrialcolor-codingor sheathcolourfor MMFisanorangeor aquajacket,perTIA- 598C
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Typesof Multimode OpticalFiber

Refractiveindex and signalbehaviour, alongwith a classificationscheme,are the major two criteria

usedto dividethe multimodeopticalfiber (MMF)into two categories.

ω Basedon Systemof Classification: Both the ISO11802 and the TIA-492-AAADclassification

methodsare usedto categorizemultimode optical fiber. Let'sunderstandabout the following

categories: OM1: Accordingto ISO11802, OM1 is a categoryof MMF. It hasa corediameterof

62.5 mm. TheseopticalfibersprovidemorebandwidthandareFDDI-gradecablecompatible.

ω OM2: Accordingto ISO11802, OM2 hasa core diameter of 50 mm. It is intended to provide

usersmorecontroloverhow light signalsspread.

ω OM3: Thecorediameterof OM3 is 50 m, and it is alsodescribedby ISO11802. Thisparticular

MMF,however,ismadefor laser-optimizedpropagationoverVCSELs.

ω OM4: It isanMMFtype that isspecifiedby TIA-492-AAAD. Althoughit hasa50m corediameter,

it is madefor high bandwidth, long-distancetransmission. It supportstransmissionratesof 40

and100gigabitspersecondovera125meterdistance.

ω Basedon the RefractiveIndexand SignalBehavior: Thebehaviouror courseof a signalvaries

dependingon the refractive index of the material that makesup the core of the glass. The

followingtypesof MMFareestablishedbasedon the same.

ω Multimode GradedIndexFiber: Thiskind of optical fiber hasa coremadeof a substancewith a

graduated refractive index. This indicates that the refractive index of the core gradually

decreasesduringsignaltransmissionacrossa cable. Thesignalbehaviouror path of propagation

in this typeof cableissemi-ellipticaldueto the gradedrefractiveindex. In this cable,attenuation

andopticaldispersionarereducedbecauseof the sametypeof propagation.

ω MultimodeStepIndexFiber: Thisvarietyof MMFhasacorewith adiameterof 100m. Thereisa

variationin the refractiveindexthroughoutthe fiber asa resultof the bigdiameter. Completeor

partial refraction insidethe core is causedby a randomlyfluctuatingrefractiveindexat various

refractionangles

2.2.4 Difference between Single Mode and Multimode 
Optical Fiber

In additionto the features,there areseveralwaysto describethe distinctionsbetweensinglemodeand

multimodeopticalfiber. Thehighlighteddistinctionsbetweensinglemodeandmultimodeopticalfibers

arelistedbelow.

Impactof OpticWavePropagation

Aswassaid in earlier sections,it is understoodthat the modal dispersionand refractive indexof the

codeglassmaterialaffectshow opticalwavespropagatein different ways. Theinput andoutput signals

sentby fiber opticsareimpactedby this variationin the propagationpath.[ŜǘΩǎtalk aboutthe effectsof

opticalfiber cablesthat aresinglemodeandmultimode.

Optical Fiber Technician
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SingleMode OpticalFiber

Sincemodaland light dispersionare negligiblein single-mode optical fiber, the light wavepropagates

linearly. Asa result, there is lessattenuation and the signalstrength is constant. Asa result, acrossa

great transmissiondistance, the input signal and output signal are of equal strength in SMF.

Additionally,all of the data packetsarrive at the output end of the optical fiber sincemany optical

waveswith different frequenciesmay Communicatevia SMFbut they all take the samepath. As a

result,the securityof datatransferfrom the sourcedeviceto the receiverismaintained.

Multimode OpticalFiber

Let'sunderstandabout how both of the waysthat multimodeoptical fiber cabletransmitsinformation

affect the input andoutput signals.

ÅZigzagLightPropagation: Dueto increasedrefraction,light dispersionandattenuationarehigherin

the zigzagform of light propagation in the MMF. As a result, with this kind of MMF light

propagation,signallossoccurs. Additionally,becauseoptical waveshavezigzagtransmissiondue

to refraction at various angleswith variable frequencies,each optical wave follows a distinct

transmissionpath. As a result, light signalsare transmitted at varyingspeedsusingMMF. As a

result, there is a chancethat certain optic data packetswill arrive at the recipient later than

expected. Dataislostasa result.

ÅSemi-elliptical LightPropagation: Becausethe light beamdoesnot hit the core wall during semi-

elliptical propagation,there is lessrefraction and optical dispersion. Thesamecausesjust slight

attenuation. Additionally,all light wavesthat propagatein this mannerhavea point-to-point semi

ellipticalshape. Asa result,eachwavearrivesat the samelocationand is then transferredto the

receivingdeviceasawhole. Becauseof this,there isaverysmalllossof datapackets.

OpticalResourceRequirement

BothSMFandMMFinstallationrequirespecificresourceslike light sources,connectors,

SingleMode Fiber

If placedfor long-distanceuse,the SMFneedsoptical amplifiersto lessendispersionin addition to a

laserdiodeasa light resource. Toinject the laserbeaminto the opticalfiber, thesecomponentsneedto

becalibratedprecisely.

Multimode OpticalFiber

TheMMFneedsVCSELsor LEDdiodesasits light source. Additionally,if the MMFis installedfor longer

distancetransmission,then the integratedcircuitmayneedsignalamplifiers,connections,andrectifier

Costof Deployment

Despitebeinglessexpensivethan multimode,singlemodeoptical fiber cableneverthelesscostsmore

to installthanmultimodefiber. Thisisdueto the highercapitalexpenditurerequiredfor opticalsources

andintegrateddevicesin the SMFnetworkthanMMF. In general,the equipmentfor laserdiodesis1.5ς

5 times more expensivethan that for LEDdiodes. Additionally,SMFimplementation costsmay be

higherthanMMFdueto the potentialneedfor amplifierupgradesandsystemupkeep.
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ApplicationCompatibility

Oneof the distinctionsbetweenSMFandMMFistheir compatibilitywith variousapplications.

Å Long-distanceoptical fiber networks, where the signal intensity is anticipated to remain at its

greatest,use SMFs. Campusfiber optic connections,submarinefiber optic connections,distant

officeconnections,etc. areexamplesof commonapplicationsfor SMFs.

Å Fiberoptic cablesaremostlyutilisedwith MMFs. Theseareutilisedfor telecomconnections,LANs,

video/audio/multimediatransmission,CCTVoptic fiber connections,etc.

2.2.5 How to Select between Single Mode vs Multimode 
Optical Fiber

Onemust take into accounta numberof criteria while choosingbetweensinglemodeandmultimode

fiber optics for a particular application. Considerableaspectsinclude applicationrequirements,fiber

costs,installationsystemcosts,equipmentinstallationrequirements,transmissiondistanceandspeed,

amongothers. Theseselectionparametersmustbe thoroughlycomparedbeforechoosingeither single

modeor multimodeopticalfibers.

ComparisonChartfor ConvenientSelection

S.No SelectionParameter SingleModeOpticalFiber Multimode OpticalFiber

1 Priceof Fiber Low High

2 Priceof Equipmentand Installation High(1.5-5 timesmore) Moderate

3 Attenuation/Signal Dispersion Low Moderate

4 Bandwidth High Low

5 Transmission Low High

6 TransmissionDistance High Low

7 DataReliability High Moderate

2.2.6 Basics of Network Design

Network designis the processof planningandstructuringhow devicesand systemswill communicate

with each other. A well-designed network ensures efficient data flow, scalability, security, and

reliability. Below is a breakdowncoveringfundamentalprinciples,LAN/WANintegration, and patch

panelmanagement.

1. Basicsof Network Design

Purposeof NetworkDesign

ω Enableseamlesscommunicationbetweendevices

ω Supportdatasharingandcollaboration

ω Ensurescalability,performance,andsecurity

ω Allowfor monitoring,troubleshooting,andmaintenance

Optical Fiber Technician
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KeyElementsof Network Design

1. TopologyςDefineshowdevicesareconnected.

ωStar,bus,ring,mesh,hybrid

2. ProtocolsςRulesfor communication

ωTCP/IP,HTTP,FTP,SNMP

3. HardwareςPhysicalcomponents

ωRouters,switches,cables,servers,firewalls

4. IPAddressingςAllocatesuniqueidentifiers

ωStaticvsdynamicIPs

5. SecurityςProtectsdataandaccess

ωFirewalls,VPNs,authenticationmethods

6. Redundancy& Reliability

ωBackuplinks,failoversystems,loadbalancing

7. Scalability

ωDesigningfor future expansionandincreasedtraffic

2. LAN/WANIntegration

LocalAreaNetwork (LAN)

ω Coversasmallarealikeanofficeor building

ω Providesfastdatatransferspeeds

ω Typicallyusesswitches,routers,andwired/wirelessconnections

ω Example: Computers,printers,serversconnectedwithin acampus

WideAreaNetwork (WAN)

ω ConnectsmultipleLANsacrosscities,regions,or globally

ω Usestechnologieslike leasedlines,MPLS,or VPN

ω Enablesremotecommunicationbetweenoffices

ω Example: Corporatebranchofficesconnectedviathe internet or privatelinks

Integrationof LAN& WAN

1. RouterConfiguration

ω Routestraffic betweeninternalLANandexternalWAN

2. VPNSetup

ω Secureremoteaccessoverpublicnetworks

3. BandwidthManagement

ω Ensuresoptimalusagefor both localandremotetraffic

4. Addressing& Routing

ω Useof subnettingto organizeLANsandefficientroutingprotocolsfor WAN

5. RedundancyandFailover

ω Ensuresconnectivityif onepath fails

6. SecurityPolicies

ω Firewallsandencryptionprotocolsto protectdataasit movesacrossnetworks
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3. PatchPanelManagement

Apatchpanelisapassivenetworkingdevicethat connectsandmanagescableswithin anetwork.

Purposeof PatchPanels

ωOrganizeandcentralizecablemanagement

ω Simplifytroubleshootingandmaintenance

ω Allowflexibleconnectionsbetweendevicesandnetworkports

ω Improveairflow andreduceclutter in serverroomsor datacenters

BestPracticesfor PatchPanelManagement

1. Labeling

ωEachport andcableshouldbeclearlylabeled

ωMaintaindocumentationmappingcablesto devicesor switches

2. CableManagement

ωUsestructuredcabling(Cat5e,Cat6, fiber optics)

ωAvoidtanglingandstressoncablesbyusingcabletraysandties

3. PortUtilization

ωGroupports logicallybasedondepartmentor floor

ωLeavespareportsfor future expansion

4. Maintenance

ωRegularlyinspectconnectionsfor loosecablesor wear

ωEnsurecablesareproperlyseatedandavoidover-bending

5. ColorCoding

ωUse different colored cablesto distinguishbetween types of connections(e.g., data, voice,

video)

6. Documentation

ωKeepupdateddiagramsandcableschedulesfor quickreference

Optical Fiber Technician
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Scan the QR Code to watch the related videos

Optical fiber cables, how do they work?

https://www.youtube.com/watch?v=jZOg39v73c4
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By the end of this unit, the participants will be able to:

1. Describethe importanceof maintaininga properandcompletetool kit
2. Demonstratehow to arrangetools, includingadvancedcable-handlingequipmentandspares,for

installation.
3. Showhow to confirmthe properplacementof the cabledrum at the site.
4. Demonstratehow to test cableson the drum for opticalcontinuity.

UNIT 2.3:Fiber Optic Tools and Tool Kit

Unit Objectives

Optical Fiber Technician

2.3.1 Fiber Optic Tool Kit

Righttools in bestconditionwill ensurethe best result in splicingandconnectorization. It is suggested

to keep the complete set of fiber optic tools needed for splicing,connecting,troubleshootingand

testing. Fiber optic installer requires full list of fiber optic tools (neededstart from installation to

troubleshooting).

Thetool kit primarily consistsof:

ωTestingequipmentandtestingsuppliesandconsumables

ωCablehandlingtools.

ωTermination/splicingtoolsandconsumables

ωSplicingsplices

Fig. 2.3.1Fiber optics tool kitBasicChecks

Ensuretools,equipmentavailabilityfor testing,splicing,cablelaying. Referto the list of toolsneededin

the tools manual. In caseof unavailabilityof anytool, get in touch with logisticsteam. In caseof faulty

toolsandequipment,get in touchwith logisticsteam. Keepyourtool-kit absolutelyclean.

Rememberthat thesetoolsvaryfrom organizationto organizationdependingon their needandbudget

asthe casemaybe.
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2.3.2 Various Optical Equipment 

FibreOpticTools:

It is important to havepropertoolsandfibre for completetelecomcommunication.

Tools for Installer's Toolbox Overview

1. Cable Preparation Tools

Tubing Cutter It is used to cut the cable 
jacket, and armour, cleanly 
without damaging ŬōŜǊǎΦ

Rotary Cable Slitting & 
Ringing Tool

Used for slitting and ringing 
(circumferential cuts) on cable 
jackets.

Cable Jacket Stripper Removes the protective outer 
jacket of ŬōŜǊ ƻǇǘƛŎ ŎŀōƭŜǎΣ 
approximately 2-3mm.

Fiber Optic Stripper Helps to remove primary 
coating from ŬōŜǊ ǿƛǘƘƻǳǘ 
nicking the optic ŬōŜǊΦ It can 
also cut 2-3mm cable jacket.

.ǳũŜǊ Tube Stripper Cuts ƧŀŎƪŜǘκōǳũŜǊ tubes in 
loose tube cables. It is similar 
to UTP jacket cutters and 
prevents ŬōŜǊ damage

Kevlar Scissors Super sharp scissors used to 
cut Kevlar ŬōǊŜǎ in FO cable.
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Tools for Installer's Toolbox Overview

Lineman Scissors Heavy-duty scissors for Cutting 
thicker cable materials.

2. Splicing & Termination Tools

Crimp Tool Crimps ŬōŜǊ optic connectors 
onto the cable. It is used in 
termination.

Scribe Used to score and cleave ŬōŜǊ 
during termination. Sapphire 
or carbide are best.

Needle Nose Pliers Used when accessing ripcords 
or strength members inside the 
ŬōŜǊ optic cable.

Tweezers Used to handle and position 
individual ŬōŜǊǎ during splicing 
or termination.

Fusion splicer Core tool that aligns and fuses 
ŬōŜǊǎ with electric arc.

Optical Fiber Technician



Participant Handbook

1141

Tools for Installer's Toolbox Overview

Fibre cleaver Precisely cleaves ŬōŜǊ ends for 
fusion splicing.

Fusion splice protectors Protect the splice joint from 
stress and environmental 
factors. Use the type 
recommended by the fusion  
splicer, manufacturer

Mechanical splices Alternative to fusion, used for 
joining ŬōŜǊǎ with mechanical 
alignment.

3. Polishing & Connectorization Tools

Polishing Plate Base surface for polishing.
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Tools for Installer's Toolbox Overview

Polishing Pad Soft underlay beneath 
polishing ŬƭƳΦ

Polishing Puck Insert connector into this 
polishing tool, lay on polishing 
paper. Holds the Ferrule 
connectors in place during 
polishing.

Connector Curing Oven Used to cure epoxy in 
connectors. Portables and easy  
handling

Heat Cure, 2-Part Epoxy, 2.5  

Gram

Adhesive for ŬȄƛƴƎ 
connectors. "BiPax" package 
has epoxy and hardener in  
plastic pack-age that is mixed 
in the package. Can be used 
with many connectors at one  
time

Cheap scissors Used to cut corner ƻũ epoxy 
package. Cheap once are 
available which can be used 
and throw.

Optical Fiber Technician
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Tools for Installer's Toolbox Overview

Anaerobic Adhesive + 
Accelerator (optional)

Faster adhesive method. 

Used in anaerobic connector 

termination.

4. Testing & Inspection Tools

Flashlight Continuity  
Tester (MM only) or 
Visual Fault Locator 
(VFL-red laser-SM or 
MM)

Used for Testing purpose-  
bright, visible light source for 
checking continuity or tracing 
Ŭōers, VFL can Ŭnd faults also.

Light source Provides stable optical signal for  
testing.

Power meter adapters Measures optical power at Ŭber  
ends. Can be used on 2.5mm 
ferrules.

Reference Test Cables Pre-tested, low-loss cables for  

accurate measurements. To be  

used based on connector 

Types.

Connector Mating  
Adapters

Connectors with precision  
alignment sleeves 
(ceramic/metal preferred)-

ST/ST, SC/SC, etc, or hybrid ST/  
SC
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Tools for Installer's Toolbox Overview

Connector inspection  
microscope

Inspects end-faces of 
connectors for dirt, cracks, or  
defects.

ST .ŀǊŜ ŬōŜǊ adapter Used in testing and it allows 
direct testing of bare ŬōŜǊǎΦ

Optical Time Domain  
wŜƅŜŎǘƻ meter (OTDR)

Used in OSP cables and 

troubleshoot problems. 

Advanced tool to measure loss,
locate faults, and characterize 
ŬōŜǊ spans.

5. Cleaning & Safety Equipment

Alcohol-saturated pads Used to clean ŬōŜǊǎ and 
connectors before 
splicing/termination.

Wipes & Reagent-Grade 
Alcohol (99%+ ethanol)

For precision cleaning of ŬōŜǊ 
ends and equipment.

Optical Fiber Technician
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Tools for Installer's Toolbox Overview

Lab wipes Lint-free wipes for cleaning 
connectors/tools.

Dry connector cleaner Dry connector cleaner

Trash Bin (with lid) Safe disposal of ŬōŜǊ scraps. 1- 
pint deli container with lid 
works well.

Black work mat Provides contrast background 
to Ŝŀǎƛƭȅ ǎŜŜ ǘƘƛƴ ŬōŜǊǎΦ It 
helps see the ŬōŜǊ scraps to

Clean.

Safety glasses Protect eyes ŦǊƻƳ ŬōŜǊ ǎƘŀǊŘǎ 
and laser light.

Table 2.3.1 Tools and Equipment used in Fibre Optics
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2.3.3 Optical Power Meter (OPM): A Must for Fiber Cable 
Testing

A testingtool usedto preciselymeasurethe powerof fiber optic equipmentor the powerof anoptical

signaltransmitted through a fiber cable is an optical power metre (OPM),also known as an optical

powermetre testeror OPMtester. TheOPMtester,whichconsistsof acalibratedsensorthat measures

anamplifiercircuitandadisplay,canbeusedto install,troubleshoot,andmaintainanyfiber network.

Additionally, it can adapt to different connectortypes like SC,ST,FC,etc. The optical power metre

typicallyhasfive buttons: the POWERbutton, the LIGHTbutton, the dBbutton, the ZERObutton, and

the button. Belowisa list of eachbutton'sfunctions:

Anintuitive wayto measureopticalpower isby lookingat the opticalpowermetre readingon the OPM

screen,whichis displayedin dBmunits. Themilliwatt referencepower is indicatedby the letter "m" in

the term "dBm." Thepower of a sourcewith a power levelof 0 dBmis therefore1 milliwatt. Similarto

how 0.1 milliwatt equals-10 dBmand 10 milliwatts equals+10 dBm. Thelossincreasesasa number

becomesincreasinglynegative. OPMtestsmeasurea negativenumberfor loss,but in everydayspeech,

it is referredto asa positivenumber. Forinstance,the lossis3.0 dBif the opticalpowermetre reads"-

3.0 dB". In addition,different networktypesresult in different opticalpowerranges.

Fig. 2.3.2 Optical Power Meter

Network Type Wavelength (nm) Power Range (dBm) Power Range (W)

Telecom 1310, 1550 +3 to -45 dBm 50 nW to 2 mW

Datacom 650, 850, 1300 0 to -30 dBm 1 to 100 uW

CATV, DWDM 1310,1550 +20 to -6 dBm 250 uWto 10 mW

Typesof OpticalPowerMeter

OPMtesterscomein a varietydue to resolutionsthat rangefrom 0.001dBto 0.1dB. Dependingon the

requirementsof the test, one shouldselectan acceptableresolution for measurement. For instance,

laboratory networksoften require OPMtesters with a precisionof 0.01dB, whereasa few specialist

fiber opticpowermetreshavearesolutionof 0.001dB.

Additionally, the physical limitations of transferring standards using optical connectors result in

measurementuncertaintiesfor fiber optic powermetresthat areessentiallythe sameacrossthe board.

Nomatter what the display'sresolution,mostmetreshaveanerror of +/-5 percent,or roughly0.2dB.

Optical Fiber Technician
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FiberOpticPowerMeter TestProcedure

An OPMtester and a light sourceare two piecesof handheldequipmentrequired to evaluatea fiber

optic system'sperformancefrom beginningto end. A wavelengthof light is transmittedalongthe fiber

by the light source. Thepower metre readsthe opticalpower levelof the light at the other endof the

cable and calculatesthe amount of signal loss. Optical power metres should utilise the same

wavelengthasthe light sourcesinceoptical fiber lossvarieswith wavelength. Forinstance,the optical

powermetreshouldbesetto 1310nmtestingif the light sourcerunsat that wavelength.

Lossbudget(TIA/EIAspecificationlimits)

Element InsertionLoss

Splice <0.3dBat allwavelengths

ConnectorPair <0.75dBatall wavelengths

Theconnectionattenuationallowanceshouldbematchedto test resultsasfollows:

Link Attenuation Allowance (dB) = Cable Attenuation Allowance (dB) + Connector Insertion Loss

Allowance(dB)+SpliceInsertionLossAllowance(dB)
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Scan the QR Code to watch the related videos

Fiber Optic cable splicing

https://www.youtube.com/watch?v=fCX7U2oCWes

https://www.youtube.com/watch?v=fCX7U2oCWes
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By the end of this unit, the participants will be able to:

1. Describethe standardproceduresfor trenching,cablelaying,splicing,jointing,blowing,andback-
filling.

2. Discussthe procedures for sealing joints using heat shrinking, multi-diameter seals, and
mechanicalseals.

3. Determinethe keystepsinvolvedin developinganeffectiveinstallationwork plan.
4. Describethe methods for managinglabor and coordinatingwith third-party vendorsin optical

fiber projects.
5. Demonstratehow to ensureadherenceto manufacturer-specifiedbendradii andmanagetension

duringinstallation.
6. Demonstratehow to overseecableblowing/jettingusingadvancedblowingmachines.
7. Showhow to verifyadditionalcablelength(loop)isavailableat jointing locationsfor future use.
8. Demonstratehow to ensureproperuncoilingandalignmentof PLBducts.
9. Explainthe installation proceduresfor ultra-low loss cablesand their significancein network

performance.
10. Demonstratehow to ensurecompatibilityof ultra-low losscableswith projectrequirements.
11. Explainthe importanceof standardreporting, documentation,and as-built diagramprotocols in

opticalfiber installation.

UNIT 2.4:Installation of Fiber Optic Cable

Unit Objectives

Optical Fiber Technician

2.4.1 Fiber Optic Cable Specifications ςTensile Strength

TensileStrength- is the maximumloadthat canbe setupona link beforeanyharmstrikesthe strands

or their opticalattributes:

ω Themaximumloadthat acablecanwithstandat the time of layingisthe short- term or installation

load.

ω The operating load is the load that impact on cable after the installation and it will be less

comparedto the installationload

ω At the time of installation, the main concernwill be to lay the cableswith minimum load as

possible. ¢ƘŀǘΩǎwhy there will be a definite tensile load value on every cable and the actual

practicalloadshouldnot beexceededit.

ω Thisisthe practicalpermissiblelimit but not acabledamagingload.

ω Themaximumloadthat acablecanwithstandat the time of layingisthe short- term or installation

load. Theforcemaybebecauseof pullingoversharpobjects/cornersor pullingthroughthe ducts.

ω At the time of installation itself, installerswill measuresand control the stresswith which they

pullingopticalfibersto avoidsuddenhardpulling.

ω Theloadwhichwill effect on installedcablewill be lessandthis loadvalueis termedasoperating

loador longterm load.

ω Accordingto the applicationin whichwherewe are layingthe cable,both the tensileloadswill be

indicatedon the cablesheath.
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2.4.2 Fiber Optic Cable Specifications ςBend Radius
BendRadiusis the minimumradiusthat onecanbendanoptical fiber cablewithout damagingit. If the

Bendingismorethanthe permissiblelimit, the fiber losswill bemoreat the followingpoints:

ω Donot bendthe fiber cableoverapermissibleradiuslimit.

ω Liketensileloadsthereare2 bendradiuses,installationradiusandStaticradius.

ω Theminimumbendradiusvaluethat a cablecansustainthe attributes without anybreakageat

the time of installationis calledinstallationbendradius. Thisbendwill be higher(Radiusshould

beminimum)

ω Thebend radiuswhich is acceptableafter the installationof optical fiber without any pulling

forceiscalledlongterm bendradius. Thebendvaluewill be less(Radiusshouldbehigher)

ω Dependson the applicationof cablewhichwhereit isusingthesevalueswill bedifferent.

ω Thecarelessnessin the fiber handlingwill normallymakethe bend radii to exceedpermissible

value. Normallyit will happenat the time of pullingcablethroughduct whenthe bendradii are

too small.

ω Cableshould not bend exceeda permissiblelimit when it is going through trays or when

installing.

ω Optical fibers are very flexible to use in outdoor and indoor applications. Eventhough there

shouldbe chancesof bendingopticalfiber cablesin cornersor at the nearto equipments. These

overbendingcandamagethe fiberspermanently.

ω Anothercauseof damagesin optical fiber is tight wrapsaroundthe cablenormallyat the user

end.

Fig. 2.4.1: Bend radius
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2.4.3 Fiber Optic Cable Specifications - Crush & Impact
Crushand Impacthelpsto makesurehoweverwell an optical fiber canlive through slow crushingor

compressionimpact. Thelive cablewill be crushedor compressedat anypoint to measurechangesin

opticalpower lossasper the test procedure. Foreverycustomerrequirementpermissibleattenuation

will bespecifiedfor aparticularcompressionor impactforce.

ω Tomeasurethe changesin opticalfiber characteristicsandfor the fiber breakagevaluesthe optical

fiber cablesmaybetested.

ω Forthe practicalinstallationthesecrushandimpactmeasurementsareessential.

ω Theductor tray whichisusingto run the heavierpowercablecanbeusedbyopticalfiber cables.

ω It is better to avoid largecompressiveloadon optical fibers,and to makethat optical fiber cable

shouldbe layon the top or sidesof heaviercables. If the compressiveloadismoreon fiber cables,

it canproducephysicaldamages.

ω Thechancesof gettingdamagein installedoptical fibersare more if they are shiftingwith a large

weighton it.

Fig. 2.4.2: Bend radius

Refractionof Light

Thephenomenonof a light raychangingdirectionasit travelsthrougha transparentmediumisknown

asrefractionof light. Therefractiveindexof the mediumsdetermineshow muchthe direction of the

light rayvaries.

Totalinternal reflectionis the only foundationuponwhichopticalfibersarebuilt. Theillustrationbelow

explainsthis.

Fig. 2.4.3: Refraction of Light

Optical Fiber Technician
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A long,thin strandof ultra-pureglass,roughlythe sizeof a humanhair, isanopticalfiber. Tocarrylight

messagesacrossgreatdistances,opticalfibersarebundledtogetherinto opticalcables.

Thecore, cladding,and buffer coatingmakeup typical optical fibers. The fiber's interior, or core, is

wherelight travels. Theentire coreisencasedwith cladding. Lightin the corethat strikesthe cladding's

boundaryat an anglelessthan the critical anglewill be reflectedbackinto the core by total internal

reflectionbecausethe refractiveindexof the coreishigherthanthat of the cladding.

Thecore diameterspansfrom 8 to 62.5 m for the most popularvarietiesof optical glassfiber, which

include 1550 nm single mode fibers and 850 nm or 1300 nm multimode fibers. The most typical

diameterfor claddingis125m. Typically,buffer coatingsaremadeof acrylicor nylon,two typesof soft

or hardplasticwith diametersrangingfrom 250to 900m. Thefiber is protectedmechanicallyandhas

bendingflexibility thanksto buffer coating.

Polarization-maintainingoptical fiber:

In fiber optics,polarization-maintainingoptical fiber (PMFor PMfiber) is a single-modeoptical fiber in

which linearlypolarizedlight, if properly launchedinto the fiber, maintainsa linearpolarizationduring

propagation,exitingthe fiber in a specificlinearpolarizationstate; there is little or no cross-couplingof

optical power between the two polarizationmodes. Suchfiber is used in specialapplicationswhere

preservingpolarizationisessential.

Specializeduses for polarization-maintaining optical fibers include quantum key distribution,

interferometry,andfiber optic sensing. Sincepolarisedlight is neededasinput for the modulator,they

arealsofrequentlyemployedin telecommunicationsto connecta sourcelaseranda modulator. Dueto

its high cost and lower attenuation than single-mode fiber, PM fiber is rarely employed for long-

distancetransmission. Fiber-optic gyroscopes,whicharefrequentlyutilisedin the aerospacesector,are

anothersignificantuse.

Thepolarisationextinctionratio (PER),which is the ratio of correctly to wronglypolarisedlight and is

givenin dB,is commonlyusedto describethe output of a PM fiber. With the useof a PERmetre, PM

patchcordandpigtailqualitycanbeassessed. Extinctionratiosin excessof 20dBareasignof goodPM

fibers.

Polarizationcontrolusingdifferent fiber squeezes.

2.4.4 Fiber Optic Cable Specifications Attenuation

Attenuationis the decreasingopticalpowerwhena

light signal is travelling from sender to receiver.

There are different classificationsof attenuation,

according to the cause of loss in power.

Attenuation can happen becauseof Absorption,

Scattering,Birefringence,and Bendingetc. Optical

attenuationistermedin dB(decibel).

Fig. 2.4.4: Cable
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Attenuation:

Attenuation refers to the weakeningof a signaland canaffect any sort of transmission,analogueor

digital. Becausethis is a typical result of a signalwhile it is transmittingacrosslong distances,in some

circumstancesit might be referred to as attenuation loss. This can be expressedin terms of DBs

(decibels)for eachfoot, kilometre, thousandfeet, etc. in somecables,suchas conventionalor FOCs

(fiber opticcables). Whenthe attenuationfor eachunit distanceis low, the cableefficiencyishigh.

A repeater or repeatersmust be addedto the length of any cablewhen it is necessaryto transmit

signalsovervastdistances. Becauserepeatersarecrucialin boostingthe signal'sintensity to overcome

this. So,this improvescommunicationat its highestpossiblelevel.

Therearedifferent typesof attenuationswhichincludedeliberate,automatic,andenvironmental.

ÅDeliberate: Wherever a volume control can be used to lower the sound level over consumer

electronics,this form of attenuationmayoccur.

ÅAutomatic: Bydetectingautomaticlevel to activateattenuationcircuits,this type of attenuation is

usedto stopthe distortionof soundin TVsandaudioequipment.

ÅEnvironmental: This type of attenuation refers to a reduction in signalstrength causedby the

transmissionmedium,whichmaybewireless,fiber optic,or coupledto copperwire.

Fig. 2.4.5: Attenuation in Optical Fiber

Fig. 2.4.6: Attenuation

Optical Fiber Technician
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2.4.5 Fiber Optic Cable Specifications Continuity

Fiberendcontinuity is the testingmethodusingto verify the opticalsignaldeliveryat the receiverside

of the communicationsystem. It isworkingbymeasuringthe opticalsignalpowerat the both endof the

fibersandalsocanbeworksby checkingthe reflectinglight intensity. If the reductionin the intensityof

light pulsesisΨƛƴǎƛƎƴƛŦƛŎŀƴǘΩorΨȊŜǊƻΩthe continuityisgoodandthe OFCisfine.

Fig. 2.4.7: Fiber optics continuity checks

2.4.6 Dispersion in Fiber Optic Cable

Dispersionin optical fibers

Theprocessby which an input signalbroadens/spreadsout as it propagates/travelsdown the fiber is

referred to as optical fiber dispersion. Modal, chromatic,and polarisationmode dispersionare the

typicaltypesof dispersionin fiber opticcable.

In multimodefibersandother waveguides,a distortion mechanismknownasmodaldispersioncauses

the signalto be spreadout in time asa result of the variousmodes'varyingratesof propagation. Asis

commonknowledge,light raysenteringa fiber at variousanglesof incidencewill follow variousroutes

or modes. Asshownbelowwith astep-indexmultimodefiber, some

of these light rays will travel directly through the fiber's centre (axial mode), while others will

continuallybounceoff the cladding/corebarrier and zigzagtheir way through the waveguide. Modal

dispersion(or intermodaldispersion)occurswheneverthere is a bounceoff. Themodeldispersionwill

increaseasthe path lengthens.

The varyingspeedsof light rays causea phenomenonknown as chromaticdispersion,which is the

spreadingof a signalacrosstime. Theeffectsof materialandwaveguidedispersioncombineto create

chromaticdispersion.

Fig. 2.4.8: Chromatic Dispersion
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Thepolarisationdependencyof the propertiesof light wavepropagationin opticalfibersis represented

by polarisationmode dispersion(PMD). The propagationcharacteristicsof light waveswith various

polarisationstatestypicallyvariesslightlyin opticalfibers. Whenconsideredasanenergywaveor area,

light has two axes that are perpendicular to one another, the electromotive force and the

magnetomotiveforce. PMDhappenswhenthe energyin thesetwo axesmovesat a different rate in a

fiber.

Fig. 2.4.9: Polarization Dispersion

Despitethe fact that opticalfiber dispersioncanspreadanddistort information in manydifferent ways

over time, it is not always detrimental to the transmissionof telecom signalsacrossfiber optic

networks. When employing wavelengthdivision multiplexing, it is really preferable to have some

dispersionbecauseit couldlessenthe impactsof nonlinearity.

A technique for multiplexing several services onto optical light lines is provided by the

telecommunicationsindustrystandardprotocol known asoptical transport networking. It was initially

intendedto encouragethe expansionof networksbeyondSONET/SDH.

Technologicalsolutionslike OTNare beingmodified asnetwork serviceprovidersdeal with the ever-

growingchallengeof rapidusergrowth andincreasingdigital traffic, with thingslike mobileapps,social

media,cloudcomputing,VoIP,andvideochatting.

The majority of contemporary networks are packed-based and feature multiple services and

applicationswith varyingdemandson bandwidthandtransmissionperformance,in contrastto circuit-

basednetworksof the past, which frequently consistedof predictableconnectionsbetween pairsof

endpoints.

Theinformationstructureiscalledthe OpticalTransportModule(OTM).
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Fig 2.4.10: Optical Transport Module

Benefitsof OpticalTransportNetworking

Lowercost: OTNprovidesaneconomicalmethodof filling opticalnetworkwavelengthsandeliminating

excessiveexpenditureby transportingnumerousclientsonasinglewavelength.

Performance: OTN enables performance to be managed for each client by allowing individual

configurationof bandwidthto eachserviceor groupof services.

Spectralefficiency: Byguaranteeingconstantfill ratesall throughoutanetwork,OTNoffersefficientuse

of DWDMcapacity.

Flexibility: OTNnetworkslet operatorscustomisethe technologiesthey useat the moment while also

allowingfor the adoptionof newonesasandwhenclientsdemandthem.

Security: OTNoffers a high level of privacyand securitybecauseto the useof hard segmentationof

traffic ondedicatedcircuits.

2.4.7 Signal Strength and Quality KPIs of Optical Fibre

TheThree/Ωǎof anOpticalFiber: The"three C's"arethe fundamentalcomponentsof anopticalfiber in

termsof fiber testing:

ω Core: A carefullytreated glassor plasticthat makesup the fiber cable'scentre. Thismustbe as

pure and clean as possiblebecauseit servesas the conduit for the transmissionof light

throughoutthe entire wire.

ω Cladding: To enableconsistentreflection of the light sourcebackinto the core,an extra layer

madeof materialcomparableto the corebut with a lower refractiveindexisadded.

ω Coating: Thecable'souter layer,whichencircles,shields,andinsulatesthe coreandcladding.
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ω OpticalLossMeasurement: Thepoweroutput of the light sourcedropsasit travelsthroughthe

fiber. Decibelsareusedto expressthe opticalloss,or drop in powerlevel(dB).

ω Fibertesterscanmeasurethe overalloptical lossin a fiber mostpreciselyby injectinga known

amount of light into one end and usingan OLTSto measurethe amount of light at the other

end. Thisapproachneedsaccessto both endsof the fiber becausethe optical light sourceand

powermetreareattachedto different endsof the network.

OpticalPowerMeasurement: Apowermeasurementisa test of the transmitter'ssignalintensityoncea

systemhasbeenturned on or activated. Anopticalpower metre, whichcanbe attachedto the output

of the optical transmitter or to a fiber cableat the locationof the optical receiver,will showthe optical

power receivedon its photodiode. Theunit of measurementfor optical power is "dBm," where "m"

standsfor 1 milliwatt and"dB" for decibels.

TestingFiberfor OpticalLoss

Fibertestersmustbe connectedto a test sourceto provideanoptical light standardanda launchcable

to offer a calibrated"0 dBloss"referencefor testingfiber optic cablesfor optical loss. Todeterminethe

lossin dBof the fiber itself, a powermetre at the other endof the circuit will measurethe light source

with andwithout the fiber undertest.

Launchcablesand "receiving"cablesattachedto the power metre are additionalwaysto verify fiber

optic cableconnections. Thelossmeasurementsat both test cableconnectionendsare includedin this

standardtest for lossin an installedcableplant. Becauseof this,a crucialcomponentof everyfiber test

ismakingsureall connectionsareexceptionallyclean.

Youmayassessopticallossin fiber optic cablesusinganopticaltime domainreflectometer(OTDR). The

OTDRequipmentexaminesthe backscatterof light that is returning to the sourcelocationusinghigh

intensitylaserlight that isemittedat pre-determinedpulseintervalsthroughaconnectingconnection.

2.4.8 Factors Effecting OFC

IncorrectSpecificationof FibreOpticCabling

If the speedyouwishyournetworkto run onŘƻŜǎƴΩǘhavethe correctfibre opticcablinginstalled,it will

neverrun at the desiredspeed. Forexamplefor 10Gigspeedsandlinksthe maximumcablelengthyou

canrun the fibre optic cablerangesfrom OM1 (33metres),OM2 (82metres),OM3 (300metres)to OM4

(400metres). Exceedthis distancesor pick the wrong fibre optic cable and your network will not

Performat the DesiredSpeedandStandard

Considerationbetweensinglemodeandmultimodefibre optic cablechoice. Singlemodefibre cableis a

singlecoreof fibre cablesvsamultimodefibre cablesismadeup or glassmodesalongthe cable.

Singlemodelight transmissionis via a laser rather than a light sourceso although the speedsand

distancesachievablearegreaterthe overallcostof the link andhardwarearegreater.
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PoorConnectorTerminations

Å Theconnectorstarts with firstly makingthe correct choiceof fibre optic connector. The fibre

optic connectorchosenmust match the existingpatchpanelconnectorsas the different types

arenot interchangeableandŘƻƴΩǘfit into oneanother

Å TheSTfibre connectorwasthe connectorof choicefor sometime but hasbeensurpassedby the

SCand LCconnectorswith the LCnow the connectorof choicefor its performanceand low

densitypatchingcharacteristics

Å Additionallyif the fibre optic cablingconnectorendsarepoorly terminatedor the endsbent too

sharply then the light passingthrough will either be limited or at too low a range for the

transmissionto be connected. Lightcouldstill be shiningthrough a fibre optic cablinglinksbut

not haveenoughtransmissionqualityto createthe datalink.

ÅWith fusion splicingand correct terminations, standard optical fibre cabling speedscan be

guaranteed.

Dirty ConnectorEnds

Å If the fibre optic cablingconnectorendsbecomedirty then the transmissioncanbe intermittent

or not work at all. Keepingthe unusedopticalfibre cablingconnectorscoveredwhennot in use

goesa longwayto alleviatingthisproblem

Å Dirty connectorendscanbe causedduring the termination processbut are more commonly

causedduringun-patchingandre-patchingof fibre optic patch leadsand links. Careshouldbe

takento cleanthe fibre opticendseachtime patchingisundertaken.

PoorInstallation

Å Fibreoptic cablinghasa specificbend radiusand pulling tensionguidelinewhen installingthe

main cablingruns. If the cablebecomesstretchedor bent too tightly then the quality of light

downthe cableiscompromisedresultingin apooror.

2.4.9 Factors Effecting OFC ςChoosing Cable

Let us understandhow to choosecableson the basisof variousfactors performancethat affect the

cable.

Fig 2.4.11: Choice of cables consideration factors
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2.4.10 Handling Optical Fiber Cable

Opticalfiber CableHandling:

ωOptical fibers are easilygetting damageat the time of installationbecauseof carelesshandling.

Thesedamageswill largelyaffect the performanceof the communicationsystemand sometimes

cableneedto bereplaced.

ωWe must handle the cable appropriately as described in subsequentpages to avoid these

situations.

CableUnloading:

Followingprecautionsneedto betakenduringthe cableunloading:

ω At the time loadingand reloadingthe optical fiber cabledrum shouldnot drop from height asthe

loadcandamagethe fibersinsidethe cables.

ω At the time of reloadingfrom truck roll the drum from it to floor or platform, whichshouldbe in a

sameheightor otherwiseuseforklifts.

ω Forklifthasto beusedwhenunloadingit from truck.

ω Useinclinedrampsto roll the drumwith control

ωRollcabledrumsoneat a time onramp.

CableUnwrapping:

Followingprecautionsneedto betakenduringthe cablehandling:

ωEverycabledrum hasto be wrappedby woodenlaggingsto avoiddamageby impactsor to protect

from suddenrollingof drumon roughsurface. Soit hasanessentialrole in cableprotection.

ωRemovethe wrappingcompletelyonlyat the time of installation

ωCableStorage

ωThebeststoragepositionof the drumisupright; otherwisewindingeffectscancausedamageon it.

ωIn somesituations,storagespacewill be lessandon theseplacesdrumsshouldbe stacked. Sothe

stackshouldbewrappedwith the flangesedgeof drums.

ωToavoidthe overlappingof flangeswith the cablesafter removingentire wrap the drum shouldbe

alignedasthe flangesshouldtoucheachothers.

Fig 2.4.12: Handling OFC
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EnvironmentStorageIssues

ωWoodendrumsare usingto woundoptical fiber cables. After somedurationof time thesewood

getsdegradeddueto environmentalactions.

Important Wayto Addressthe Same

ωRecommendingIndoorstorageof drumto avoidthe degradation.

ω Thestoringplatform shouldbehardandmoistfree to avoiddegradation.

ω Thewoodenpartsshouldnot be in touch with anymoist soil to avoidthe generationof wooden

degradinginsects.

ωUsepolythenesheetsto coverthe drum stacksin outdoor storageareasto avoiddegradationdue

to rain. Thedrum moisturecontent shouldnot more than 25%.Toprotect the drumsfrom these

situationsin-housestorageprefers.

Fig 2.4.13: Handling OFC

PreInstallation- DrumInspection

Checkthe drumsfor the following:

ω Beforeshifting drums from storagespaceto sitesall the drum shouldbe checkand verified by

continuitybreakageanddamageinspections.

ω The important drum parametersor specificationslike fiber count & type, meter marking,cable

length,manufacturesdetailsetc. Shouldbemarkedon the drumflanges.

ω All theseverificationsshouldbedonebeforetakingit to shift from oneplaceto another.

CableInspection

Checkthe cablefor anydamage:

ω In caseof doubt, removelagging& examinecablethoroughly.
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ω Continuitytest shouldbedonefor everycable.

ω Totallengthandthe total attenuationshouldbemeasuresandmarked

ω At the time of shippingitself,checkthe damagesandinform suppliers.

ω InnerandOuterendsshouldbe locatedfor everycabledrum.

ω Pullinggripsandendcapsshouldberemovedfrom the cablebeforetakingit to sites.

Apart from makingsure that the correct type and quantity of cablewas shippedfrom factory, it is

necessaryto inspect each drum for damage. Before installing cable, test all fibers for their optical

continuity,attenuationandlength; if anydeviationisfoundinform the supplierimmediately.

OpeningDrum

Openthe drumcarefullykeepingthe followingin mind:

ω OpticalFibercablesare protectedby enclosingit with woodenbatten nailingon the flangesof

drum with aluminumor iron strip .It canavoiddamageof fiberswhen it transportingfrom one

locationto another. Forlayingthe cableat the installationsite, it hasto openwithout damaging

the fiber.

ω Stripcutterscanbeusedto cut the aluminumor iron strip safely.

ω Woodenbattenshouldbe takenout safelywith hammers.

ω Nailsalsoshouldberemovedor bendit to avoidinjurieswhilehandlingthe drum.

ω Removethermalwrapperappliedovercable.

Preparationof Drum

ω Thereel or drum mountedon a shaft which canroller payoff. For the easyroll of action, the

pulling direction and the payoff orientation shouldbe sameand take out the cablefrom the

roller from top to avoidcablecontactwith platform.

Fig. 2.4.14: Preparation 
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2.4.11 Installation of OFC

Theactualinstallationprocessbasicallyinvolvespullingcable,terminatingandtestingit. Pre-requisites

to do the sameareto:

ω Keepthe cablepullingplanhandy.

ω Keepcopyof all the permitshandy.

ω Keepall the tools& equipment& emergencyplanhandy.

ω Sharethe cablepullingplanwith all the relevantstakeholders/installationteam.

ω The location of intermediate accesspoints, splice locationsand the specificresponsibilitiesof

eachmemberof the installationteam.

StepsOFCInstallation

Work to convert the designedsystemto operating communicationsystem. A contractor comesin

betweenuserandthe networkownerto establishthe realconnection. Themainrolesof contractorare

design,installation, testing, trouble shooting,documentation,and restoration. The contractor must

have the experienceon the network installation and shouldhave the samelike referenceworks to

submit.

Followingarethe stepsfor installingopticalfiber cable:

Step1ςInstallationthrough

(a)Trenchingor (b)Aerial.

Step2ςDuctingprocess.

Step3ςConductfigure8ΩƛƴƎΩ. Step4ςCablepullingandblowing. Step3ςCabletermination.

Step1(a)- Trenching

Trenchingis a processof makinga narrow excavationon earth along a short distance. It involves

digging,placingcablesand refilling. Trenchescanbe madeby severalmethodslike manuallyby hand

tools, excavationmachineriesetc. After digging,it shouldbe visuallyinspectedand verify that there

shouldnot be any rocks,debrisor sharpobjectsto damagethe cable. Thisprocessneed more man

power andtime to establishand it is the most effectiveinstallationmethod/Layingmethod for shorter

distanceapplications. Most normallyafter dugtrencha conduitmadeup of concreteor plasticwill laid

throughout the trench to make the fiber lay quite smoothly and also it can avoid the repetitive

trenchingto pull againcablebetweenaccesspointsin future.

Ploughingisalsousedfor the cablelay,wherediga narrowchannel,placefiber cableon it andcoverit

with the soil. Therearesomemachineriesto ploughanddirectlyreeloff the cableandthe samesystem

can cover it with mud. Thissystemis quite fast on their work, will reducethe manpowerand time.

¢ƘŀǘΩǎwhy, ploughingis usedfor the long distanceapplicationand it is lesscatastrophicto soil. The

cablewhichlayingafter ploughisdirectlyburiedandsothe depthof channelshouldbe morecompare

to trench to providingmore protection. But againthe actual depth will be varyingaccordingto the

applicationand characteristicsof cablewhich using. So the direct buried processis more beneficial

whenit comeswith costandtime.

ω Trenchesare donewhere the excavationwill be hard becauseof more obstaclesare presentand

normallyat urbanandsuburbanareasto layingopticalfiber cables.

ω Trenchingis a processof excavating,placingcableand refilling. Trenchingis conductedby using

machineryor manually. Trenchdimensionwill vary accordingto the applications. Everycable

terminationpoint will besealedandprotectedbyprotectivecaps.
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ω Route markers and warning tape will be used to protect the undergroundcablesfrom future

excavation. Undergroundcable will be buried under a standard depth to avoid the accidental

damagesbybeingdugup.

ω Thenormaldepthat whichthe trenchesaremadeis3-4 feet from the ground.

ω Thefirst processisdigginganarrowchannelandductplacementalongthe distancewith pullingtape

will beprovidedinsidefor the actualpullingprocessof cablein future.

ω Thereare varioustypesof ductsare availablein market and the duct selectionwill be dependson

characteristicof soil where we are installing. If the dielectricduct is using,normally a conductive

markerwill be placedon the groundlevel to get noticed by workersand pedestriansto avoid the

dangers.

ω Trenchingconductednormallyby machineriesand in someareasmanualtrenchingis alsodoneby

usinghand tools. But the manualtrenchingwill take more manpowerand time. To completethe

trenchingin maximumspeed,trenchingwidth anddepthwill not goesoverrequirement.

Fig. 2.4.15: Trenching

Precautionsof Trenching- WhileusingΨǘǊŜƴŎƘƛƴƎΩfor installingthe OFCfollowingprecautions

mustbetaken:

ω Buriedcableto be locatedin amannerthat it isnot moved

ω Trenchroute shouldbeselectbyconsideringthe future developmentplanningin thoseareas. Road

wideningshouldnot disturbthe installedfiber cable.

ω Route selection of cable trench should consider the natural drainageholes on the particular

location.

ω Needto usearoute markerandshouldbeplacedon the surfacewhereundergroundcableis laid.
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Step1(b)- AerialCabling

Thereisanothertype of cablelayingwhichisgenerallyusingin outdoor siteslike direct buried isAerial

installation. SpecializedAerialcablesare usingfor this pole- to - p o l e installation. Theinstallationof

aerialcableisexecutedby specializedcompanies. Aerialinstallationneedssophisticatedequipmentsfor

the long-distanceapplications. Opticalfibersare lightweightandflexiblebut the cableswhichdesigned

to install outdoorsare madewith high tensilestrength. Aerialcablesmaybe subjectedto high pulling

force becauseof wind, ice,andother environmentalfactors. Thesefactorscancausethe cablesto pull

on the cableor sag. Toavoidthe damageof cablesbecauseof this sagforce,normallyaerialcableswill

be supportedby a specializedmessengercablemadeof steelwith strongtensileforce capabilityalong

the route. So,the aerialcablewill be laidalongwith messengerwire andat everyparticularlengththey

will be tied or lashedtogether. Toavoidanykind of dangersdue to electricalconductivitybetweenthe

conductive cables and messengerwire, they will utilize dielectric threads to lash. According to

requirementsof support on messengerwire, they will select the number of threads in particular

distance. Generally,there shouldbe at leastone lash/tie per foot. Accordingto the application,cable

layingdistance,type of cableusingthe type of messengerwire alsowill vary. Thereisonemethodthat

cablescanbetied or lashedon the existing.

It isanarmorbufferedtube fiber cablewith the followingkeyfeaturesasdepictedin the picture. Aerial

cableis:

ω Supportedby poles(Telephone/electricaltowers)(is tough for the samereason)- is usedwhere

outdoor conditionspreventOFCburialor whereaerialinfrastructureispresentςtelephonepoles

or electricaltowers.

ω Thereare two typesof cableinstallationthat self-supported(no needof messengerwire) and

tied/lashed.

ω Susceptibletoςload,wear& tear etc. asit standsexposed.

ω Messengerwires& hangersareusedto preventit from sagging.

Fig. 2.4.16: Step ςaerial cable
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Fig. 2.4.17: Step ςaerial cable

Step2ςDuctingProcess

Theduct usedin outdoor applicationsis providingan extra protection to the optical fiber cablesfrom

rodent penetrationand other damages. Alsotheseductsare providingan extra easinessin the cable

layingand pulling. Ductsare madeup of rigid, abrasionresistantmaterial. Theseconduitsare buried

directly and cablesare layingthrough it. Byusingseriesof ductsand conduitsunder the cities,where

they laggingthe physicalspacesto accommodatefiber plant, they are utilizingundergroundplant and

accessingit through manholesor accessholes. Oncea duct laid, it will provide a new route for new

cablesandit isveryeasyto removeold cablewithout damagingthe opticalfiber cables. It will alsoavoid

makingfurther disturbanceto streets,footpathsandother publicconstructions. Mostly theseductswill

havea pull tape or rope to makethe future run easy. Sometimesthe duct will be placedwithout any

cablesinsideand it will be usedin future for the upgradation. Inner ductswill alsoplaymajor roles in

the optical fiber cablelaying. It will be in a physicalcondition that, it caneasilyplaceinsideouter big

ducts. Theinner ductscolorsareusingfor the identificationpurposein maintenanceandit will be clear

andcleanfor the newfiber installation.

ω Ductingisdoneeither manuallyor throughmachine.

ω It ismadeof PVC(PolyVinylChloride).

ω Ductdiametermustbeat leasttwice the OFC.

ω Ductshouldhavepull ropesor tapesto easefuture runs.

ω Ductshaveinner ductsor lining to avoiddamageto OFCdue to rubbing; in variouscolorsthey

assistin cableidentificationandmaintenance.

ω Requiredlengthof duct ismeasuredby the installer.

ω Lengthof duct isproperlyunwound& put in position.

ω Ductis fed throughthe pathafter whichrefilling isdoneandpath is restoredwith grassor tilesas

maybethe case.

ω Ensureductsareclean,without twists,collapsedportions,with endssealed- usingendplugs(to

avoidςmud,wateror dust).

ω Ensureduct jointsareairtight.
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Fig. 2.4.18: Ducting process

Followingis the undergroundductςadvantages

ω Ductisprovidinganextraprotection to the optical fiber cablesfrom rodent penetrationandother
damages,but it canprovidefollowingadvantages

ω Conduitsareexcellentfor installingtight bufferedcables.

ω Ductcanavoidthe rodentpenetration.

ω Duct is an economicway of installingoptical fibers where the repeatedploughingand refilling is
difficult or impossibleto carryout.

ω Bundleof Ducts/conduitsare layingunder the street to create undergroundplant and also can
accessit bymanholes.

ω It will alsoavoidmakingfurther disturbanceto streets,footpaths,andother properties.

ω Ductwill haveapull tapeor ropeto makethe future run easy.

ω Sometimesthe duct will be placedwithout any cablesinsideand it will be usedin future for the
upgradation.

ω Inner ducts will also play major roles in the optical fiber cable laying. It will be in a physical
conditionthat, it caneasilyplaceinsidebigducts.

ω Theinner ductscolorsare usingfor the identificationpurposein maintenance,and it will be clear
andcleanfor the newfiber installation.

ω Innerductwill makesurethat the innerpath isclearandcleanfor smoothlayingandpullingwhere
if ductsarealreadyfilled with multiplecables.

ω Ductscanavoidthe further disturbanceon soilby the ploughingandrefilling.

ω Duct without any cableinsidewill alsoestablishin certain areas. It canbe utilized for the future
run.

Step3ςFigure8ΩƛƴƎΩ

Followingstepsto betakenfor figure8ing:

ω Drawtwo adjacentcirclesto createa figure8 patternwith adiameterof 1.5 to 2 meters.

ω If require,usecardboardsheetsbetweenlayers.

ω Createone aboveother layersof figure 8 loopsby takingthe cablefrom drum or payoff trailer and
Putit on the circlemarks.

ω Tocreatefigure8 pattern loopbyheavyopticalfiber cables,requiredat least3 people,oneat center
andoneeachonendof both circles.

ω Figure8 pattern is particularlyadvantagesfor heavyand lengthy optical fiber pulling in opposite
direction.

ω Avoidfree runningandjerkingof cablewhilewingingbyusingcabledrumbrake
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Fig. 2.4.19: Figure

StepςCablePulling& Blowing

Cablepulling

In manysituationswhere the optical fiber cableis layingin short straightenoughpaths,without using

anysophisticatedequipment,the cablescanbe pulled in by hand. In optical fiber cablethe entire load

hasto be subjectedto strengthenmembers. To makeit, at the end of the cable,strengthenmember

will be tied to the pullingrope andthe samehasto be attached/clampedwith the wholecableunits to

distribute the force. If it is not connectedthe entire cablecomponents,there is a chanceof elongation

of the cablesheaths,and this will result damageon optical fibers inside. Thereare so manystandard

equipmentare availableto apply additionalmechanicalforce to pull. With this equipment there are

number of pulling grips availableto lock pulling rope with the entire cable units. Pullinggrips are

tighteningaroundthe cableandwhichwill beattachedwith the pullingto distributethe tensileforce.

Pullinggrip is the attachingpoint of cableto the pullingropesoto makethe attachmentin properway

andto avoidthe fiber damageat the pullingcontactpoint griphasto be fixedon the aramidstrengthen

memberinsidethe outer jacketaroundthe coreof fiber optic cable. Thejacketlengthwhichhasto be

removedwill dependon the lengthof pullinggrip. Therope shouldbe attachedwith core part of the

cablewith the strengthenmember insidecableto avoid the elongationof cablesheathdue to heavy

tensileforce. Tofix the rope with corestrengthenmembera tape or tying mechanismhasto utilize. In

order to avoidthe twistingof fiber, needto useswivelat the joiningpoint of cableandrope. It will avoid

the chanceof twisting of fiber cableby keepawaytransferringthe twisting motion of pulling rope to

cable. Thetotal loadwhichis appliedon to the cablehasto be measuredandanalyzedcontinuouslyto

avoidthe excessforceactingon the fiber. Asper the permissiblevalueof tensilestrengthof the cableit

is better to cut the cable10 feet from pullingside. It will avoidthe generationof largetensileforceon

cable.
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Evenif the optical fiber cable is pulled over alongthe trench length, it is not ready to terminate or

connectorization. Beforedoinganyconnectorizationor termination the cablehasto pull over an extra

length for the future works on either side of the route ends or in between manholes. In outdoor

applicationthe connectorizationor the terminationwork will not takeplaceon the trenchend,for this

purposethe cablewill be laid to a specialcleanareaor a tent. So,the total lengthshouldbe considered

at the time of linkdesignincludingall extracablelengthto the workplaceandfor the future upgrades.

ωhC/Ωǎmaximumtensilestrengthvariesfrom 600 pound to lessthan 1000pounds; lubricantsare

usedto reducepullingtension.

ω Pullingforcedshouldbekept lessthanthe designatedlimit.

ω At the time of pullingoptical fiber cables,especiallywhenusinghighpower equipmentsare using

to pull the tensionmonitoring equipmentsshouldbe used. To avoid the twisting in optical fiber

swivelsshouldbe usedwhen pulling cable. Duct shouldhavepull ropesor tapesto easefuture

runs.

ω DuringOFCde-spoolingavoidςtwisting or sharpbending. Payoff cableform the top of the reel

duringcablepulling.

ω If the cablehasto lay longdistance,pullingshouldbe completedin numberof stagesat leasttwo.

Attachpullingeyedto theŎŀōƭŜΩǎstrengthmember.

ω Adequatecableisstoredon groundin the shapeof figure8. Thecablepullingshouldbe startedat

the middlepullinglocationandgetgoingtowardsend.

ω Onceit reachedat one end of the cable run, the sameprocessstarted at the center again in

oppositedirection. After the entire pull iscomplete,Rackthe opticalfiber cable.

ω Maximumpullingspeedto be3 feet / secif pullingropeisused; it canbetripled for muletape.

Fig. 2.4.20: Duct with pull ropes, tapes
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CableBlowing:

Followingstepsareto betakenfor cableblowing:

ω Cableis insertedin the motorizedblowerheadwith aductandaonewayvalve.

ω Theopticalfiber cablewill pushedthroughthe ductbyusinghigh-speedairflow from asource.

ω Highspeedair currentpushesthe cablealongthe length.

ω Highair drag& low friction causesthe cableto moveforward.

ω It provideshigh installation speeds,with lesscable tension and reducedchancesof damage; it

requireslessmanpower

Fig. 2.4.21: Cable blowing

Step 5: OFC Termination Method

There are 2 methods for terminating the fibre: The first is through the use of connectors that form a 
temporary joint, and the other is through splicing, which is actually connecting two bare fibre ends 
directly. The most common termination methods are:

ω No-epoxy/no-polish

ω Epoxy-and-polish

ω Pigtail splicing

Steps to terminate OFC using fibre boot:

Optical Fiber Technician



Participant Handbook

1170

Put on a fibre boot Measure 14 cm for striping as  
per specifications

Strip the fibre using a wire  
stripper

Use alcohol wipes to clean any
residue

Give the fibre a very slight  
bend

Put the fibre in a cleaver  
holder at the 10.5 cm mark (as  
per specs) and cleave the fibre

Put the fibre in the connector & squeeze the
holder

Slide the boot, and the connection is complete

Fig. 2.4.22: Steps to terminate OFC using fibre boot

2.4.12 Testing and Closing Activities

After installation, splicing and termination of optical fiber it must be 

tested for the following:

ω Polarity testing

ω Total insertion loss

ω If there is any problem, troubleshoot it

ω Ensure marking for identification of route for future maintenance 

and troubleshooting.

ω Appropriate cable marking should be done as per the 

recommended guidelines.

ω Backfill and remove debris and rock to clean the site.
Fig. 2.4.24: Testing equipment



1171

2.4.13 Reporting and Documentation

Documentationis absolutelynecessaryfor future referencesand troubleshootingtherefore we should

ensure a proper reporting and documentation. The whole plant of optical fiber cable has to be

documentedin designpart for the installationandfuture upgradation.

It helpsin:

ω Thelossof time & costcanbereducedby the processplanningat the time of installation

ω Upgradationprocesswill bemore

ω Thecablelayingprocesswill be faster,includingcablepullingandinstallation

ω Tracinglinks& findingfaults

ω Speedup the pullingprocessif the routingandterminationsarealreadydocumented

ω Thetest datashouldbedocumentedwith the previousinformationto get the acceptancefrom end

user

ω After the installation, if there is any repositioningof equipment the documentationwill helpsto

reroutingto the exactendpoints

Informationrecordaboutthe cable,splice,fiber, paths,etc. isamustandshouldbecapturedasfollows:

ω Cable: manufacturer,type,ID,length,anddrumnumber

ω Thedistanceat whichthe Splicesandterminationpoint hasdone

ω Opticalfiber type& size,spliceandconnectorsposition,losses

ω Roteof cablelay

ω Opticalfiber cableroute, lossandtest resultsoncableplantshouldbenoted

ω All thesedatashouldbekeptwith the documentsof Component,connection,andthe test results

ω OTDRtest resultswill be stored separatelyfor the troubleshootingpurposein future. It can be

printouts or in digital format. The digital data file should be stored in databasein an arranged

manner

ω All the cable spool should be marked with type, installation method has to be followed, total

numberof fibersinside,andthe total length.

ω Specialrequirementsshould be specified(type of applicationand installation requirements)to

estimatethe total manpowerandcostrequired.

ω Recordtest dataoneachindividualfiber run.

ω It will reducethe complexityof troubleshooting.

ω Documentationwill tell youabouteverythingthat requiredfor a cableinstallation,likewherecable

go, distancebetween accesspoints, the areasin which where installation take more time etc.

Testinginformationgivesthe wayto find out the degradationovertime.

Merely recordingisnot enoughrecordstorageisalsoanessentialingredient:

ω DocumentationofŘŀǘŀΩǎin plant locationisveryessential.

ω Databaseshasto be stored in different data formats , paperprintouts or digital files, shouldhave

multiplecopiesstoredin severallocationsandmakesurethat the dataisaccessiblefor everyteams

to review.

ω Ensureit isavailableto all the authoritiesfor review.
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Followingreportshaveto be filed regularlysoasto regularlyupdatestatus:

ω Reporton the statusupdate

ω Pendingissues

ω Challenges

ω Faults& Serviceability

ω NOCfor cableintegration

ω FinalClosureof the job

2.4.14 Installation Procedures for Ultra-Low Loss (ULL) 
Optical Fiber Cables and Their Significance

Ultra-LowLoss(ULL)opticalfiber cablesaredesignedto minimizesignalattenuation,whichiscriticalfor

high-performance, long-distance, or high-bandwidth networks. Proper installation is essential to

maintaintheir performancecharacteristics.

1. InstallationProceduresfor ULLCables

Step1: PlanningandRouteSurvey

ω Reviewthe route planprovidedby the planningteam.

ω Ensurecompliancewith bendradius,tensionlimits,andenvironmentalconditions.

ω Identifyobstacles,existinginfrastructure,andclearancesrequired.

Step2: HandlingandPreparation

ω Transportcablescarefullyto avoidphysicalstressor bending.

ω Storecablesin aclean,dry areato preventcontamination.

ω Usespecializeddrumdispensersto preventtwistingor kinking.

Step3: TrenchingandDuctPlacement

ω Supervisetrenchingto follow depthandalignmentstandards.

ω Placeductsusingproperdispensersandcheckfor uniformdepth.

ω Ensureductsarecleanandsealedwith endplugsto preventdustor moisture.

Step4: CableLaying

ω Maintainthe minimumbendradiusthroughoutthe installation.

ω Avoidsharpbends,pullingstresses,or compressiveloadsthat coulddamagefibers.

ω Usetensionmonitorsduringpullingto avoidexceedingrecommendedlimits.

Step5: CableBlowing/Jetting(if applicable)

ω Usecableblowingmachinesfor microduct installations.

ω Ensureproperalignmentof ductsandadequatelubricationto reducefriction.

ω Monitor the processto maintaintensionwithin safelimits.

Step6: SplicingandJointing

ω Usefusionsplicingfor minimallossjoints.

ω Protectjointswith heat-shrink,mechanical,or multi-diameterseals.

ω Ensuresufficientslackor loopat joint locationsfor future maintenance.
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Step7: TestingandDocumentation

ω TestopticalcontinuityandsignallossusingOTDRor powermeter.

ω Recordas-built diagrams,cablelengths,andjoint locations.

ω Documentcompliancewith industrystandardsandmanufacturerspecifications.

2. Significanceof Ultra-LowLossCablesin Network Performance

1. ReducedSignalAttenuation

o Lowerlossper kilometerallowslongertransmissiondistanceswithout repeaters.

2. HighBandwidthCapacity

o Supportshigherdataratesoverlongdistances,makingit idealfor backbonenetworks.

3. ImprovedReliability

o Minimizesthe riskof signaldegradation,reducingnetworkdowntime.

4. CostEfficiency

o Fewerrepeatersor amplifiersrequireddueto lowersignalloss.

o Reducedmaintenanceandoperationalcosts.

5. Future-Proofing

o Suitablefor emerginghigh-speedapplicationssuchas400G/800Gnetworks,5Gbackhaul,

anddatacenters.

Optical Fiber Technician
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By the end of this unit, the participants will be able to:

1. Explainthe importanceof OHSandenvironmentalregulationsin opticalfiber projects.
2. Discussqualityassurance,AcceptanceTesting(AT)standards,andkeysignalqualityKPIs.
3. IdentifyanduserelevantPPEcorrectlyfor fiber opticwork.
4. Recognizeandmanageelectrical,chemical,andenvironmentalhazards.
5. Demonstrateproperuseof fire safetyequipmentandfirst aidprocedures.
6. Followstandardproceduresfor disposalof fiber wasteandhazardousmaterials.
7. Complywith site-specificriskcontrols,OHSguidelines,andenvironmentalregulations.
8. DocumentcableIDs,drum numbers,test results,andobtainsign-offs for auditsandNOCupdates.

UNIT 2.5:Safety, Quality, and Environmental Compliance in 
Optical Fiber Installation

Unit Objectives

2.5.1 Occupational Health and Safety (OHS) in Fiber 
Installation

OccupationalHealthandSafety(OHS)refersto a structuredapproachto protectingthe health,safety,
andwell-beingof workerson-site. In opticalfiber installation,OHSconsiderationsinclude:

1. RiskAssessmentandSiteSafetyPlanning

ω Before starting any installation,a comprehensiverisk assessmentmust be conducted. This
includesidentifying potential hazardssuchas uneventerrain, open trenches,live electrical
lines,andchemicalexposure.

ω Site safety planning ensuresthat work areas are clearly marked, accessis restricted to
authorizedpersonnel,andemergencyexitsareidentified.

2. PersonalProtectiveEquipment(PPE)

ω Techniciansmust useappropriatePPEat all times. Thisincludeshelmetsfor headprotection,
safety boots to prevent foot injuries, knee pads for ground-level work, gloves for fiber
handling,andtrenchguardsto protectagainstexcavationhazards.

ω PPEselectionshouldconsiderthe type of installation(undergroundvs. aerial),environmental
conditions,andpotentialexposureto chemicalsor electricalhazards.

3. ElectricalandEnvironmentalHazards

ω Electricalhazardsincludecontactwith high-voltagelinesor EarthPotentialRise(EPR)areas.
Techniciansshould maintain safe distances,use insulated tools, and follow grounding
protocols.

ω Environmentalhazardsinclude exposureto extreme temperatures, rain, or unstable soil.
Properprecautions,suchasweathermonitoringandtrenchreinforcement,reducethe riskof
accidents.

4. FireSafetyandFirstAid

ω Firesafetyequipment,includingextinguishers,blankets,andalarms,mustbeavailableon-site.
All personnelshouldbetrainedin their usage.

ω First aid training is essentialfor managinginjuries suchas cuts, burns, eye punctures,and
electricshocks. Immediateresponsecanpreventsevereoutcomes.

Optical Fiber Technician
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2.5.2 Environmental Regulations and Waste Management

Fiber optic installation impacts the environment in severalways, especiallyduring trenching, duct
placement,and cable laying. Compliancewith environmentalregulationsensuressustainabilityand
legaladherence:

1. PermitsandApprovals

ω Municipalapprovalsandstatutory permissionsare requiredbeforeexcavationor installation.
Thisincludesclearancefrom localauthorities,utility providers,andenvironmentalagencies.

ω Approvalsmaycoversoildisturbance,watercoursecrossings,tree or vegetationremoval,and
accessto publicproperty.

2. ManagingEnvironmentalImpact

ω Installationteamsmustminimizesoilerosion,avoidcontaminatingwater sources,andprotect
natural habitats. Temporarybarriers,sedimentcontrol, and careful route planningmitigate
environmentaldamage.

3. WasteDisposal

ω Cut fibers, chemicalresidues,packagingmaterials,and other waste must be disposedof
safely. Sharpfiber scrapsshouldbeplacedin puncture-proof containers.

ω Environmentalcompliancerequiresadherenceto guidelinesfor wastesegregation,recycling
wherepossible,andsafedisposalin designatedfacilities.

2.5.3 Quality Assurance and Acceptance Testing (AT)

Qualityassuranceensuresthat fiber opticnetworksperformreliablyandmeetcontractualandtechnical
specifications. Keyconsiderationsinclude:

1. AcceptanceTestingStandards

ω Opticalfibersare testedusingOTDR(OpticalTimeDomainReflectometer)to measuresignal
loss,reflectance,andcontinuity.

ω AcceptanceTesting(AT)validatesthat fibersmeetprojectrequirements,includingattenuation
limits,opticalreturn loss(ORL),andsignal-to-noiseratio (SNR).

2. KeyPerformanceIndicators(KPIs)

ω InsertionLoss: Measuressignalattenuationacrossa fiber segment.

ω OpticalReturnLoss(ORL): Indicatessignalreflectionsthat candegradeperformance.

ω Bandwidth: Confirmsthe fiber cancarrythe requireddatarate.

ω ContinuityandFaultLocalization: Identifiesbreaksor faultswithin the fiber link.

3. DocumentationandReporting

ω All test resultsmustbe accuratelyrecordedandsubmittedto project teamsandthe Network
OperationsCenter(NOC).

ω CableIDs,drumnumbers,andjoint locationsmustbe loggedto enablefuture fault localization
andmaintenance.

ω As-built diagramsreflectingthe installedroute, duct placement,andsplicingpointsprovidea
referencefor operationalandauditingpurposes.
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2.5.4 Handling and Installation of Optical Fibers

Proper handling of optical fibers is crucial to prevent damage,contamination, and performance

degradation:

1. CableHandling

ω Fibersshouldbeuncoiledcarefully,avoidingtwists,sharpbends,or excessivepullingtension.

ω Special dispensers and tension monitoring tools ensure smooth deployment without

exceedingmanufacturer-specifiedlimits.

2. DuctandTrenchManagement

ω Ducts must be placed at proper depths and aligned correctly to comply with installation

standards. Collapsedor twistedductsshouldberectifiedpromptly.

ω Protectivematerialssuchas GI (galvanizediron) or RCC(reinforcedcementconcrete)pipes

areusedwhereenvironmentalor mechanicalprotectionisrequired.

ω Endplugspreventdirt or moisturefrom enteringducts,maintainingfiber cleanliness.

3. ManagingEarthPotentialRise(EPR)

ω EPRhazardscanoccurnearhigh-voltageinstallations. Techniciansshoulduseinsulatedtools,

maintainsafedistances,andimplementgroundingmeasuresto preventelectricalshocks.

4. FiberSplicingandJointing

ω Fusionsplicingensureslow-lossjoints. Protectiveclosures,suchasheat-shrinkor mechanical

seals,maintainthe integrityof splicedfibers.

ω Adequateslackor loopat joint locationsallowsfor future maintenanceor networkexpansion.

2.5.5 Emergency Protocols and Incident Management

Workplace incidents can occur despite preventive measures. Adherenceto emergencyprotocols

ensuressafetyandrapidresponse:

1. EmergencyResponse

ω In caseof accidents,personnelshouldfollow pre-definedevacuationroutesandcommunicate

with supervisorsimmediately.

ω Fire incidents, chemical exposure,or electrical hazardsmust be reported and managed

accordingto siteprotocols.

2. FirstAid

ω Injuries such as cuts, burns, eye punctures, or electrical shocks must be addressed

immediatelyusingavailablefirst aidkits.

ω Properfirst aidreducesthe severityof injuriesandpreventscomplications.
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2.5.6 Maintenance of Cleanliness and Documentation

Maintaining cleanliness and accurate records supports both quality assuranceand regulatory

compliance:

1. CleanHandling

ω Optical fibers must be kept free from dust, moisture, and other contaminants during

installation.

ω Sitecleanlinessensuresfibersremainin optimalconditionfor networkperformance.

2. Documentation

ω CableIDs,drumnumbers,test results,andjoint locationsshouldbemeticulouslyrecorded.

ω OTDRtest reports,acceptancecertificates,andas-built diagramsmustbesubmittedto project

teamsandupdatedin the NOC.

ω Obtainingsign-offs from supervisorsand maintainingall documentsensuresaccountability

andcomplianceduringaudits.
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ShortQuestions:

1. Explainthe importanceof reviewinganOFCroute planbeforebeginninginstallation.

2. What are the key differencesbetween SingleMode and Multi-Mode optical fiber, and when

wouldyouuseeach?

3. Describethe stepsinvolvedin supervisingtrenchingto ensurecompliancewith site terrain and

route plans.

4. Whyisadherenceto manufacturer-specifiedbendratioscriticalduringcableinstallation?

5. List the statutory permissionsand municipal approvalscommonly required for optical fiber

installationwork.

Fill in the Blanks:

1. The__________of anoptical fiber must be maintainedaccordingto manufacturerspecifications

to avoidsignalloss.

2. __________fiber istypicallyusedfor long-distance,high-bandwidthapplications.

3. Before beginning installation, all required statutory permissionsand __________must be

obtained.

4. Patch panels help in organizingnetwork connectionsand facilitate easier __________and

maintenance.

5. Duringtrenching,ductsmustbecheckedfor properdepth,alignment,andbe free of __________

to ensurecableintegrity.

Multiple ChoiceQuestions(MCQs):

1. Whichof the followingisakeybenefitof usingultra-low lossopticalfiber cables?

a)Reducedinstallationcost

b) Enhancednetworkperformancewith minimalsignalloss

c)Easiertrenching

d) Lessdocumentationrequired

2. Whatisthe primarypurposeof apatchpanelin anetwork?

a)Storecabledrums

b) Organizeandmanagenetworkconnectionsfor easymaintenance

c)Measurecabledepth

d) Providepowerto networkdevices

3. Wheninspectingductsin trenches,what isakeycompliancecheck?

a)Ductcolor

b) Pipe/ductdepthandalignmentasper layingstandards

c)Cablemanufacturer

d) Contractorname

Optical Fiber Technician



4. Whichtool isspecificallyusedfor checkingopticalcontinuityin cableson the drum?

a)Splicetray

b) OpticalTimeDomainReflectometer(OTDR)

c)Cablecutter

d) Multimeter

5. Whatisacommonmethodto sealfiber optic joints?

a)Heatshrinking

b) Wrappingwith cloth

c)Paintingwith epoxy

d) Tyingwith cableties

80
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1. Explainhow advancedtoolsareusedto test the effectivenessof a fiber splice.

2. Describethe processof recordingtest results for traceability and performanceanalysisin fiber

splicing.

By the end of this module, the participants will  be able to:
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By the end of this unit, the participants will be able to:

1. Explainthe principlesof opticaltransportmediaandOFCcommunication.
2. Elucidatethe characteristicsof optical fibers, includingrefraction, polarization,attenuation, and

dispersion.
3. Discussthe impactof different wavelengthbandson signaltransmissionin opticalfiber networks.
4. Explainthe working principles of optical test equipment like OTDR,power meters, and light

meters.
5. Determine the optimal valuesfor OTDR,power meter, and light meter test results to ensure

networkefficiency.
6. Discussthe importance of spare part managementand the repair/return processesfor faulty

opticalfiber equipment.
7. Showhow to useadvancedtesting tools like OTDR,power meters,and light meters to validate

opticalfiber installations.
8. Demonstratehow to identify and eliminate cross-fiber issuesusing power source and power

meter tests.
9. Demonstratehow to perform final transmissionloss tests and rectify any issuesexceeding

manufacturerspecifications.

3.1.1 Testing Optical Fiber Visual Fault Locator

UNIT 3.1: Carry Out Testing of Optical Fiber

Unit Objectives

We start the testingwith a visualinspectiontool calledvisualfault locator. Thisis a veryhelpful tool to

trace a path of a fiber, if the fibers are not broken from one end to another with manyconnections,

duplexconnectorpolarity verifyingfor example. It lookslike a pen-like instrumentor a flashlightwith a

LEDor light bulb, sourcethat matesto a fiber optic connector. Connectthe fiber to be tested to the

visualtracerandcheckat the other endof the fiber to identify the light transmittedthroughthe coreof

the fiber. If there'sno light at the end,return to intermediateconnectionsto seekout the badsectionof

the cable.

Fig. 3.1.1: Visual fault locator

A handheldoptical test deviceis to inject a highlyvisiblelaserlight into a fiber to identify faults,bends,

continuity,or port identification.
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Fig. 3.1.2: VFL general specifications

Continuity check with the help of the visual fault locator (VFL):

Fig. 3.1.3: Checking continuity through VFL

It can be used to identify fault location. A highly visible laser light is injected on to a fiber; for

identificationof faults,bends,continuityor port identification.

Youcaneasilyseethe lossof light at fiber damageby the bright red light from the VFLthroughmany

yellowor orangesimplexjacketcables(exceptblackor greyjackets).LǘΩǎmost important function is

finding faults near the connectorsor in short cableswhere OTDRscannot find them. Youcanalso

utilize this gadget to visually test and optimize mechanicalsplicesor pre polished -splice type

connectors. Byvisuallyreducingthe light lost you canget the lowest spliceloss. In fact- no waysto

think of doingone of thosepre-polished-splicetype connectors. No option will assureyou of high

yieldwith suchconnectors.
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LightSource

In fiber optics,a light source(suchasa laseror LED)is usedto generateelectromagneticradiation in

order to carryout aspecificduty,suchasidentifyinglink lossor certifyingLAN/WANsor detectingfaults,

breakage,andmicrobends. Forthe purposeof testinga fiber optic cable,light is injectedinto the wire

usinga fiber light source. Laserdiodesand light emitting diodesare the two main typesof them. The

wavelengththey produceand the kind of cablethey test help to further distinguishthem from one

another

Fig. 3.1.4: Testing fault location through VFL

Fig. 3.1.5: Lighting Source

PowerMeter

Thepowerof fiber opticequipmentor the strengthof anopticalsignaltransmittedthrougha fiber cable

canbe preciselymeasuredusinganopticalpowermetre (OPM),a testingtool. It aidsin calculatingthe

powerlossthe opticalsignalexperiencesasit travelsthroughthe opticalmedia.

Anopticaltime-domainreflectometer(OTDR),on the other hand,provideslengthandlossby exploiting

backscatterreflection,whileanopticalpowermetremeasuresthe incomingopticalpower

A cheapmethodof certifyingoptical fiber is with a power metre and light source. Thesetwo test tools

areusedto gaugethe opticalsignal'sactualpoweraswell asthe fiber optic light'scontinuityandloss.
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Fig. 3.1.6: Power Meter

3.1.2 Testing OFC ςInspection Microscope
TestingOFCςInspectionMicroscopeVisualconnector inspectionwith the help of microscope. To

inspectconnectorsfiber optic inspectionmicroscopesare usedso asto confirm proper polishing; find

problemslike scratches,polishingdefectsand dust and alsochecktermination quality procedureand

diagnoseproblems. A goodconnectorwill havea smooth,scratchfree,polishedfinishandthe fiber will

not showanysignsof cracks; chipsor areaswherethe fiber iseither protrudingfrom the endor pulling

backinto it.

1. Theamplificationfor surveyconnectorscanbe30to 400powerunits,howeverit isbestto utilizea

mediumamplification.

2. The best Microscopeinstrumentsenable you to investigatethe connector. From a few edges,

either by tilting the connectoror havingpoint light to get the bestpictureof what'shappening.

3. Checkto ensure the magnifying instrument has a simple to-utilize connector to append the

connectorsimportant to the microscope.

4. Make sure to watch that no power is availablein the link before you take a ganderat it in a

microscopeto secureyour eyes. Themicroscopewill focusandconcentrate,anypower introduce

in the fiber, into your eyewith possiblydangerousoutcomes. A few magnifyinginstrumentshave

channelswhichexpelinfraredlight from sourcesto beprotected.

Fig. 3.1.7: Inspection microscope
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Followingtools arerequiredforΨ±ƛǎǳŀƭConnectorLƴǎǇŜŎǘƛƻƴΩ:

Fig. 3.1.8: Tools required for visual connector inspection
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3.1.3 Steps - Visual Connector Inspection
Followingarethe stepsto be followed for visualconnectorinspection:

Fig. 3.1.9: Steps for visual connector inspection

Fig. 3.1.10: Connector end views

Connector end views as observed by microscope:
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3.1.4 Testing OFC ςConnector End Cleaning Procedure

Weneedto learnthe connectorendcleaningprocedure.

1. We need to learn the connector end cleaningprocedure. Continuouslykeep clean tops on

connectors,bulkheadgrafts,fix boards,or anythingthat will haveanassociationmadewith it.

2. Utilize build up free cushionsand isopropylliquor to cleanthe connectors. A few solventsmay

assaultepoxy,so just liquor ought to be utilized. Cottonswabsandmaterialdesertstrings. Some

opticalcleanersleavebuildups. Buildupsasarule pull in soilandmakeit stick.

3. All "cannedair" now hasa fluid force. Quite a while back,you couldpurchasea jar of plain dry

nitrogento blow thingsout with, yet not anymore. Thepresentairbornecleanersutilizenon-CFC

force andwill leavea buildupunlessyou hold them at consummatelevelwhensplashing. Splash

for three to five secondsbeforeutilizingto guaranteethat anyflui d fuel isoustedfrom the spout.

Thesejarscanbe utilizedto blow tidy out of bulkheadswith a connectorin the oppositesideor a

dynamicgadgetmount. Neverutilizepackedair from ahose(Thisradiatesa fine splashof oil from

the compressoror blow on connectors. Trynot to utilize your breath,your breath is loadedwith

moisture,alsoeachoneof thosegerms.)

4. A superiorapproachto cleanthesebulkheadsis to removethe two connectorsand cleanwith

alcoholpads,at that point utilize a swabmadeof a similarmaterialwith liquor on it to wipe out

the bulkhead.

5. Indicatorson fiber opticscontrol metersshouldbe cleanedwith the alcoholpadssometimesto

removedirt. Takethe connectoroff andwipe the surface,at that point air dry.

6. Ferruleson the connectors/linksutilized for testing will get messybecausethey scrapoff the

materialof the arrangementsleevein the splicebushing. Someof thesesleevesareformedglass-

filled thermoplasticand sold for multimode applications. Thesewill give you a filthy connector

ferrule in 10 inclusions. Youcan seethe front edgeof the connectorferrule getting dark. The

arrangementsleevewill developan inner edgeandmakea hole betweenthe matingferrules(a

1ς2 dBattenuator). Utilizethe metalor fired arrangementsleevebulkheadsjust in the eventthat

you are expectingrehashedadditions. Cleaningthe aboverequiresaggressivescrubbingon the

ferruleswith the liquorcushionandhurlingthe bulkheadaway.

7. Fewcompaniessell fiber opticscleaningkit. Theseare better solutionsbut perhapsnot ascost-

effectiveasmakingyourownto meetyourneeds.

Fig. 3.1.11: Connector end cleaning procedure

Optical Fiber Technician



Participant Handbook

1192

3.1.5 Tools Required for Bare Fiber Test

ω Knife

ω Armorstripper

ω Kevlarshears

ω Alcoholandwipes

ω Fiberstripper

ω Fibercleaver

ω Barefiber adapter

ω OTDR

ω Heatshrink& cableties

Stepsfor BareFiberTest

Tworeasonswe maywant to test barefiber i.e., fiber that hasnot beenterminatedin connectorsbut is

simplyplainopticalfiber:

Toensurethe fiber or cablewe makemeetsits specifications.

To test cableon the reel to ensureit is in goodcondition before we install it (or evenpurchaseit or

acceptit ondelivery).

Followingstepsareneededto perform the tests:

Step1ςCheckthe cableandrecordanyvisiblesignsof damages.

Step2ςStripcableendat leastof 2 ft, strip andcleanthe fibers.

Step3ςConnectthe fiber usingabarefiber adapterto anOTDRthroughapatchcord.

Step4ςSwitchon the OTDRandselectthe properwavelengthandrefractiveindexfor the test. Record

andprint the OTDRtracesondisk. Mentiondirectionof measurementandloosetube - fiber color.

Step5ςComparethe test recordsto the specificationsofƳŀƴǳŦŀŎǘǳǊŜǊΩǎ

Step6ςTakeout barefiber adapterandRemoveexcessfiber from the cableend.

Step7ςInstallheat shrink/ protectivecoveringsleeveto the link end to keepthe sectionof dampness

or different contaminants.

Fig. 3.1.12: Steps for bare fiber tests
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3.1.6 About OTDR
Telecommunicationcharacterizationof opticalnetworkscantestedby fiber optic tester calledOTDR; it

actslikeaone-dimensionalradarsystem. Theuseof anOTDRisto detect,locate,andmeasureelements

at any locationon a fiber optic cableOnlyone end accessis needby OTDRfor the link and actslike a

one-dimensionalradarsystem. Byprovidingpictorial tracesignaturesof the fibersunder test, graphical

representationalsopossiblein the entire fiber optic link.

What anOTDRMeasures?

OTDRmeasuresopticaldistanceto:

Å Elements: splices,connectors,splitters,multiplexersFaults

Å Endof fiber

OTDRalsomeasures:

Lossof splicesandconnectors.

What anOTDRMeasures?

ω OTDRmeasuresopticaldistanceto:

ω Elements: splices,connectors,splitters,multiplexersFaults

ω Endof fiber

OTDRalsomeasures:

ω Lossof splicesandconnectors.

ω ORL(opticalreturn loss)of link or sectionReflectanceof connectors

ω Totalfiber attenuation

Fig. 3.1.13: OTDR block diagram and OTDR trace
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Whydo I needanOTDR?

Fiber testing is essentialto provide confidencethat the network is optimized to deliver reliable and

robustserviceswithout fault.

Telecom,video,and data wirelessserviceprovidersand network operatorswant to ensurethat their

investmentsinto fiber networksareprotected. In outsidefiber optic plant, eachcablewill be testedfor

end-to-end lossandwith anOTDRto ensurethe installationwasproperlymade. Installerswill be asked

to use losstest sets(sourceand power meters)aswell asOTDRs,performingbi-directionaltests and

providing accurate cable documentation to certify their work. Later, OTDRscan be used for

troubleshootingproblemssuchasbreaklocationsdueto dig-ups.

Many contractors and network owners question whether they should perform OTDRtesting for

premisescabling. Theyalsowant to knowif OTDRtestingcouldreplacethe traditional losstestingwith a

powermeteranda light source. Premisesfiber networkshavetight lossbudgetsandlessroomfor error.

Installersshouldtest the overall lossbudgetwith a light sourceand power meter (Tier1 certification

requiredbyTIA-568Cstandards).

OTDRtesting(Tier2 certification)isa bestpracticethat canidentify the causesfor excesslossandcheck

that splicesandconnectionsarewithin appropriatetolerances. It isalsothe onlywayto knowthe exact

location of a fault or a break. Testinga fiber link with an OTDRalsohelpsdocumentthe systemfor

future verification.

UnderstandingkeyOTDRspecifications:

Wavelengths

In generic,Thesamewavelengthis usedto test the fiber whichis usedfor transmissionthat is usedfor

transmission.

ω 850nmand1300nmwavelengthsfor multimodefiber links.

ω 1310nmand/or 1550nmand/or 1625nmwavelengthsfor singlemodefiber links.

ω Filtered1625nmor 1650nmfor in-servicetroubleshootingof singlemodefiber links.

ω CWDM wavelengths (from 1271 nm to 1611 nm with a channel spacing of 20 nm) for

commissioningandtroubleshootingsingle-modefiber linkscarryingCWDMtransmission.

ω 1490 nm wavelengthfor FTTHsystems(optionalτ test can be performed at 1490 nm, but a

commonrecommendationisto test at 1550nmto minimizeadditionalinvestments).

Testing at a single wavelength will only allow fault location. Testing at dual wavelengths is

recommendedduringthe installationphaseandtroubleshootingasit detectsfiber bends.

DynamicRange

Thedynamicrangeis an important characteristicsinceit determineshow far the OTDRcanmeasure.

Thedynamicrangespecifiedby OTDRvendorsisachievedat the longestpulsewidth andisexpressedin

decibels(dB). The distancerange or displayrange sometimesspecifiedis usuallymisleadingas this

representsthe maximumdistancethe OTDRcandisplay,not what it canmeasure.
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Fig. 3.1.14: Key OTDR specification table

DeadZone

Deadzonesareimportant characteristicssincetheydeterminetheh¢5wΩǎability to detectandmeasure

two closelyspacedeventson fiber links. DeadzonesarespecifiedbyOTDRvendorsat the shortestpulse

width andareexpressedin meters(m).

ω Theevent deadzone(EDZ)isthe two consecutivereflectiveeventsof minimumdistance(suchas

two pairsof connectors)canbedistinguishedby the OTDR.

ω Theattenuationdeadzone(ADZ)is the minimum distanceafter a reflectiveevent (for instance,a

pairof connectors)that anon-reflectiveevent(for instance,asplice)canbemeasured.

PulseWidth

Therelationshipbetweendynamicrangeand a deadzoneis directly proportional. To test long fibers,

moredynamicrangeisneededsoawidepulseof light isrequired. Asdynamicrangeincreases,the pulse

width increasesand the deadzoneincreases(closeeventsǿƻƴΩǘbe detectedby the OTDR). Forshort

distances,short pulsewidths shouldbe usedto reducethe deadzones. Thepulsewidth is specifiedin

nanoseconds(ns)or microseconds(˃ǎ).

Fig. 3.1.15:  A typical OTDR
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Chooseyour OTDRasper your applications:

Widerangeof OTDRmodelsavailablein the market,addressingdifferent measurementneedsandtest.

A solidunderstandingof keyOTDRspecificationsaswell asthe applicationwill usefulfor buyersmake

right choicefor their specificneeds.

Thesearethe questionsto answerbefore lookingfor anOTDR:

ωWhichkindof networkswill youbetesting?LAN,metro, longhaul?

ωWhichtypeof fiber will youbetesting?Multimodeor single-mode?

ωWhatisthe maximumdistanceyoucouldtest?500m,20km,125km?

ωWhichkindof measurementswill youperform?Construction(acceptancetesting),troubleshooting,

in-service?

Fig. 3.1.16: Choosing OTDR as per application

Choose your OTDR asper your applications.
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Fig. 3.1.17: Various OTDR

Other Important ProductSpecifications

OperatinganOTDRisnot difficult, but it doesrequirefamiliaritywith fiber testingbestpracticesin order

to measurecorrectly. OTDRtraces can only be analyzedand correctly interpreted by trained and

experiencedtechnicians.LǘΩǎdifficult for a less-qualifiedtechnicianto operateanOTDRandmakesense

out of the results.

An intelligent software application,integrated into the instrument, canhelp techniciansusean OTDR

more effectively,without the needto understandor interpret OTDRtraces. It schematicallyshowsthe

fiber link tested and automaticallyrecognizesand interprets eachOTDRevent and representsit as a

simpleicon for easyunderstanding. However,it is mandatoryto be ableto correlatethe resultsto the

originalOTDRtraceif needed.

Fig. 3.1.18: OTDR trace
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Factorsto considerwhenchoosinganOTDRinclude:

ω Sizeand Weight: vital on the off chancethat you need to scalea cell tower or work inside a

building.

ω ShowSize: 5" ought to be the baseprerequisitefor a showestimate. OTDRswith littler showcases

costlessyet makeOTDRfollow examinationmoretroublesome.

ω BatteryLife: anOTDRoughtto beusablefor adayin the field; 8 hoursoughtto bethe base.

ω Followor resultsstockpiling: 128 MB ought to be the baseinward memory with alternativesfor

outsidecapacity,for example,outer USBmemorysticks.

ω Bluetooth and additionally Wi-Fi WirelessTechnology: remote network empowers effortlessly

sendingout test resultsto PCs/portableworkstations/tablets.

ω Measured quality/Upgradability: a particular/upgradablestage wills all the more effortlessly

coordinatethe developmentof your test needs; this maybe costlierat the seasonof procurement

yet ismoreaffordablein the longhaul.

ω Post-ProcessingSoftwareAvailability: in spite of the fact that it is conceivableto alter and record

your strandsfrom the test instrument,it is significantlylessdemandingandmoreadvantageousto

examineandarchivetest comesaboututilizingpost-handlingprogramming.

Acceptancetestingof fiber optic cablewith the helpof OTDR

Fiber optic acceptancetesting guaranteesthat any new link coordinates the optical and physical

necessitiesof the arrangedapplication. Thistestingought to be endlesssupplyof the link, precedingits

establishment.

Alwayscarefullyexaminethe cablereel for physicalsignsof shippingdamage. Lookfor evidence that

indicatesthe cablehasbeensubjectto unacceptableamountsof stress. Thereelwill includesomeform

of cabledocumentation. A copy of this information shouldbe attachedto the acceptancetest form.

Thesedocumentsgenerallycontain traceability information, as well as optical test data difficult to

acquirein the field. Forexample,a multimodefiberǊŜŜƭΩǎdocumentationwould includeinformationon

the ŦƛōŜǊΩǎbandwidth, while a single-mode fiber reel would provide test data related to the various

typesof opticaldispersion.

This documentation form also lists the ŦƛōŜǊΩǎindex of refraction, as documented by the ŦƛōŜǊΩǎ

manufacturer. Thisnumbershouldnot be usedfor the indexof refraction in the OTDRbecauseit does

not includetheŎŀōƭŜΩǎhelix factor, which is a measureof the differencein fiber versuscablesheath

length. The technicianmust compensatefor the extra fiber slackby adjustingthe h¢5wΩǎrefractive

indexsettingsothat OTDRdistancereadingsmatchthe sequentialmarkingson the cablejacket. Thetest

of acceptanceis the best opportunity to make these adjustmentsprior to cable installation. One

important considerationin testing is to ensurea good launch condition that couplesthe maximum

amountof light from the OTDRinto the fiber. Poorlaunchconditionsresult in greatlyreduceddistance

to measurementcapability,and possiblemeasurementerrors. Beforeany testscanbe madewith the

OTDR,it mustbe properlyterminatedto the fiber to be tested. Forinstalledspans,linkingthe OTDRto

the spanunder test requiresa hybrid patch cord. Most OTDRshavean internal ultra-physicalcontact

(UPC)sphericalpolish, but some reflection-sensitivesystemsuse the angledphysicalcontact (APC)

polish. Thehybrid patchcordaddressesboth connectortype andconnectorpolishissues. Alwaysclean

the endfaceof the plugprior to matingto the OTDR.
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Thereare two strategiesfor endinga fiber. Theprimary techniqueutilizesan exposedfiber connector,

whichcomprisesof anattachmentbodythat holdsthe fiber to be tried. Theoutline of the exposedfiber

connectoris with the end goalthat the fiber cango totally through the connectorbody and harm the

optical port. Along these lines, the exposed fiber connector should never be associated

straightforwardlyto the OTDR. Rather,the connectorought to be utilized with a short fix rope and

matingconnectorsleeveto disconnectharmfrom OTDR'sport.

Thesecondtechniqueutilizesa ponytailwith a reusablemechanicalgraft, whichenablessimplemating

of the filamentsto betried with the OTDR. TheNorlandreusablemechanicalgraft hasbeenutilizedfor a

considerablelengthof time for testingexposedstrands. It highlightsa glassbodythat insideholdsand

adjuststwo filaments. Thejoin isloadedwith a refractivelist coordinatingliquid to decreasereflections.

Tomakethe association,strip and severboth strandsto be tried, at that point embedand focusboth

into the mechanicaljoin to finishthe end. Forthe link to betried, setup the finishof the link bystripping

ceaselesslythe externalcoats,reinforcement(if present),and cradletubes to a separationof roughly

one meter. Cleanthe greaterpart of the strandsandsort out them consideringthe businessstandard

shadingcode. Strip,clean,andseparatethe principaltest fiber andembedit into the other sideof the

mechanicaljoin.

We will utilize the manual technique for OTDRoperation. Begin the OTDRand select the right

wavelengthandrefractivelist for the test. Setthe OTDR'sestimationmodeto "TwoPointAttenuation".

In this mode, the OTDRenablesyou to set markersat any two focuseson the backscatterfollow and

show the constriction of the locale between the markers in either dB or dB per kilometre. For an

acknowledgmenttest, set the primarymarkertoward the start of the follow the underlyingtail of the no

man'slandandthe secondmarkertoward the finishof the follow. Theoutcomeswill showasdB/kmat

a wavelengthbeingtried. Setthe OTDRto "ConstantMode" andalter its range,beat width, andzoom

settingssothe wholefiber traverseisnoticeableon the screen.

Forthis situation,alter the filamentsin the brief mechanicalgraft. Makecertainthat the dividelengthis

right andthat the filamentsarefocusedin the join.

In real-time mode, the trace may appearnoisy. Start theh¢5wΩǎaveragingmodeto reducenoiseand

cleanup the trace. After averagingis complete,the event table will showreflectiveeventsat the OTDR

port andat the endof the fiber. Thetraceshouldappearlinearwith no abrupt interruptionsthat would

indicatea breakor other fault in the fiber. After the deadzone,the straightline will havea verygentle

slopeindicatingthe attenuationof the fiber span.

Fig 3.1.19: An OTDR trace showing a linear attenuation/
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Markerplacementisextremelyimportant whenmakinganyOTDRmeasurement. Selecttheά!έmarker

and usethe arrow keysto placeit immediatelyfollowing the deadzoneat theh¢5wΩǎconnector. The

tail of the deadzoneis shapedsomewhatlike a skislope. Theexactpoint where this slopebecomesa

straight line is the point where the marker will be placed. The far Fiber end could be a spike

representation,or lesscommonly,by a roll-off. In either case,theά.έmarkermust be placedat the

exact point where the backscattertrace ceasesto be a straight line. To correctly place the second

marker,usethe zoomcontrolson the OTDRfor increasedresolution.

The OTDRwill displaythe distancefrom the OTDRconnectorto the end of the fiber as well as the

completelossof spanin dBor the lossper kilometer. Usedatastoragefeaturesof the OTDRto savethe

traceusinga uniquefile name. If usinga dead-zonebox,the lengthmustbe subtractedfrom the length

measurement. Whenmeasuringthe other fibersin the cable,the endreflectionshouldbe locatedat the

roughlysamepoint. Thepresenceof shorter fibers impliesthat the fiber is damagedor stressedwithin

the cablestructureandwill requirefurther investigation. It couldalsobecausedbycablestructureswith

inner and outer rows of buffer tubes. The inner buffer tubes would havea shorter fiber length than

thosein the outer rows. In this case,anindexof refractionadjustmentmustbemadefor both innerand

outer rowsandthe adjustmentdocumented.

Foreachfiber, makea note of the total length and dB per kilometer for eachtest wavelengthon the

acceptancetest form. It is alsoimportant to test eachfiber at the wavelengthsdesignedfor the fiber

type. Formultimodefiber, this is 850and1300nanometers, andfor single-modefibers, both 1310and

1550nanometers. Referto the testingspecificationsandnote if they passor fail. In addit ion,makenote

of the sequentialmarkingsat both endsof the cable,aswell asthe adjustedvalueof refractiveindex.

After eachfiber hasbeentested, trim back50 percentof the exposedlength. Thisindicatesthat it has

been tested, but allowsre-testing if necessary. Whenall fibers go under testing, fibre tracesmust be

countedin theh¢5wΩǎmemoryto ensurethat all fibershavebeendocumented. Then,cut backthe left

over lengthsof showcasedfiber andcorrectlyresealthe cableends. All userswill dependon theh¢5wΩǎ

automaticmeasurementfunctionswhichdisplayslength,lossesandreflectionvaluesfor the fiber span

veryquickly. In caseof anacceptancetest, the keypointsto document

are the total lengthof the fiber, the total lossof the fiber in dB,and the lossof the spanfor eachtest

wavelengthin dBper kilometer.

OTDRbestpractices

SeveralbestpracticesensurereliableOTDRtesting.

Useof Launch/ReceiveCables

Launchandget cables,whichhasspoolsof fiber with specificdistances,mustbe connectedto it endsof

the fiber link undertest to qualifythe front endandthe far endconnectorsusinganOTDR. Thelengthof

the launchand receivecablesdependson the link beingtested,butƛǘΩǎgenerallybetween300 m and

500 m for multimode testingand between1000m and 2000m for single-mode testing. Forvery long

haul, 4000 m of cablemay be used. The fiber length highly dependson the OTDRattenuation dead

zone,which is function of the pulsewidth. Thelargerthe pulsewidth, the longerthe launchcableand

receivecables. Launch/receivecablesmustbeof the sametypeasthe fiber undertest.



ProactiveConnectorInspection

A singledirty fiber connectioncanaffect overall signalperformance. Proactivelyinspectingeachfiber

connection with a fiber microscope probe will significantly reduce network down time and

troubleshooting. Alwaysuse it in practice to ensure fiber end terminals are clean before making

connections. A dirty OTDRport or a dirty launch/receivecable connector will impact the OTDR

measurement. It needsto be inspectedandcleanedbeforethe launchcableisconnected.

An optimized fiber optic ƴŜǘǿƻǊƪΩǎinfrastructure deliversreliable and robust servicesto customers.

Positive customer experiencedrives loyalty, enabling a fast return on investment and sustained

profitability. AnOTDRisakeyfield tester for maintainingandtroubleshootingfiber optic infrastructures.

BeforefinalizinganOTDR,relookinto the applicationsthat the instrumentwill be utilizedandcheckthe

h¢5wΩǎspecificationsto ensurethat theyaresuitedto yourapplications.

3.1.7 Insertion Loss Test
All measurementin fiber opticsbringsnotice to optical power measuredin dB. Thepower output of a

transmitteror the input to receiveris "absolute"opticalpowermeasurements,that is,youmeasurethe

actualvalueof the power. Lossis a "relative" power measurement,the differencebetweenthe power

coupledinto a componentlike a cable,spliceor a connectorandthe power that is transmittedthrough

it. Thisdifferencein power levelbeforeandafter the componentiswhat we callopticallossanddefines

the performanceof acable,connector,splice,etc.

Insertion LossTest: An insertionlossverificationconductedby light sourceandpower meter is a easy

test that resemblesthe principleof fiber optic link operation. A light iskept on oneterminalof the cable

andapowermetermeasureslossat endterminal,aslikea link transmitterandreceiverusethe fiber for

communications.

ToolsςInsertionLossTest

Followingarethe toolsrequiredfor measuringΨLƴǎŜǊǘƛƻƴ[ƻǎǎΩ:

Fig 3.1.20: Tools for testing insertion loss
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Steps- InsertionLossTest

Followingarestepsto test the insertionloss:

Step1 - Connectorend-facesareto beverifiedandcleaned(alcoholwipes)beforematingviaadapters

Step2 - Set-up light source,powermetere.g., adapters,powersupply,dataentry,etc.

Note: givenlist of entitiesneedwarmup periodto stabilize.

Step3 - SetupάƭŀǳƴŎƘŎŀōƭŜέfor calibrationbeforeactualtests.

Step4 - Connectactualleadsto theάƭŀǳƴŎƘŎŀōƭŜέin orderchecklossat oneend.

Step5 - Connectthe third leadto theέƭŀǳƴŎƘŎŀōƭŜέandthe actualleadto checkthe lossat the other

end.

Fig 3.1.21: Steps for testing insertion loss

3.1.8 Optical Return Loss
Reflectanceor optical return loss(alsocalled"backreflection") of a connectionis the amount of light

that is reflectedbackup the fiber toward the source,by light reflectionsoff the interfaceof the polished

endsurfaceof the matedconnectorsandair. It isalsocalledFresnelreflectionandiscausedby the light

going through the changein index of refraction at the interface between the fiber (n=~1.5) and air

(n=~1). Reflectanceisprimarilya problemwith connectorsbut mayalsoaffectmechanicalspliceswhich

containanindexmatchinggelto preventreflectance.

102



Fig 3.1.22: (a) Return (b) Return Loss

StepsςOpticalReturnLossTest

Followingarestepsto test the insertionloss:

Step1- OpticalReferenceLoss(ORL); referencing: countthe output power levelat the fiber jumperwith

helpof powermeter

Step2- Measurethe ORLof the front connector(jumperto test equipmentconnection). Requiresuseof

connectors

Step3 - Connectto the fiber undertest:

ω ORLismeasuredin dBandisapositivevalue.

ω Higherthe number,smallerthe reflectionςyieldingthe desiredresult.

ω ORLismostcommonlymeasuredat 1310, 1550and1625nmsingle-modewavelength.

Fig 3.1.23: Optical return loss test

3.1.9 Miscellaneous Test
Followingarethe other checksthat shouldbedone:

ω Verifythe fiber joint byOTDRto assuredconformanceto designneeds.

ω Sealingoff joint closureviaheatshrinking/multi-diameterseals/mechanicalsealsasappropriate.

ω FRP- FiberReinforcedPlasticisutilizedto strengthenthe joint asneeded.

ω Verifythe fiber at both terminalsfor instancesof crossfiber usingpower sourceandpowermeter

testsandensuretheir elimination

Optical Fiber Technician
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Weneedto makesurethat:

ω Jointiskeptproperlyin chamberproperly

ω Additionalcable(loop)iscoiledasneeded& kept insidethe joint

ω Sandis filled in the chamberto the brim and the chambercoversare placedproperly Connected

indicatormustbeplacedright 1 m behindthe chamberlocation(awayfrom road)

ω Aspecificcolorusedfor paintingindicator(for e.g., yellowfor joint)

3.1.10 Identifying and Eliminating Cross-Fiber Issues and 
Performing Final Transmission Loss Tests in Optical Fiber 
Networks

Ensuringthe integrity of optical fiber networksinvolvesmore than just propercablelayingandsplicing.

Testingthe fiber after installationis critical to detect faults suchascross-fiber connectionsand signal

lossthat couldcompromisenetwork performance. Thischapterexplainshow to identify and eliminate

cross-fiber issuesusingpowersourceandpowermeter testsandhow to conductfinal transmissionloss

teststo ensurecompliancewith manufacturerspecifications.

IdentifyingCross-FiberIssues

What areCross-FiberIssues?

Cross-fiber issuesoccurwhen signalsintended for one fiber path unintentionallycouple into another

fiber. This can lead to poor signal quality, increasederror rates, and even complete failure in

communicationbetweenendpoints. Cross-fiber interferenceisoften causedby:

ω Impropersplicingor connectorinsertion

ω Physicaldamageto the cable

ω Looseconnectionsat patchpanels

ω Faultyor dirty connectors

ω Incorrectroutingor labeling

Identifyingtheseissuesearlyensuresthe networkoperatesat peakefficiency.
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UsingPowerSourceandPowerMeter Teststo DetectCross-FiberIssues

1. EquipmentOverview

ω PowerSource: Adevicethat generatesaknownopticalsignal,typicallyat aspecificwavelength.

ω PowerMeter: Ameasurementtool that detectsthe strengthof the opticalsignalin a fiber.

2. SettingUpthe Test

ω Connectthe power sourceto one end of the fiber link, ensuringa stableand calibratedlight

output.

ω Connectthe powermeterat the receivingendof the fiber link.

ω Confirmthat both devicesare set to the correct wavelength(typically1310 nm or 1550 nm,

dependingon the fiber typeandprojectspecifications).

3. Performingthe Test

ω Sendthe test signalfrom the powersourcethroughthe intendedfiber.

ω Measurethe receivedsignalusingthe powermeter.

ω Comparethe measurementto the expectedoutput.

4. IdentifyingCross-FiberInterference

ω If the powermeter readssignalsonunintendedfibers, this isasignof cross-fiber issues.

ω Multiple unexpectedreadingsacrossdifferent fibersindicatecouplingor leakage.

ω Asuddendropor risein signalstrengthmayalsosuggestsplicingerrorsor connectorfaults.

5. EliminatingCross-FiberIssues

1. VisualInspection

ω Checkconnectorsfor dirt, dust,or misalignment.

ω Inspectpatchpanelsto ensurecorrectfiber labelingandport usage.

2. Re-Splicing

ω If the issuearisesfrom poor splicing,carefullyremovethe damagedsectionand perform

fusionsplicingagain,ensuringprecisefiber alignment.

3. CleaningConnectors

ω Usefiber optic cleaningtools to removecontaminantsfrom connectorsandensureproper

mating.

4. Re-routing

ω Ensure cables are correctly routed according to the documented layout to prevent

accidentalcoupling.

5. Retesting

ω After adjustments,perform another power sourceand meter test to confirm that cross-

fiber interferencehasbeenresolved.

Optical Fiber Technician
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3.1.11 Performing Final Transmission Loss Tests

UnderstandingTransmissionLoss

Transmissionlossrefersto the reductionin signalstrengthaslight travelsthrougha fiber. Everyfiber has
an acceptablelossthreshold,definedby manufacturerspecifications,which ensuressignalscantravel
longdistanceswithout degradation.

Commoncausesof transmissionlossinclude:

ω Poorsplicing

ω Bendingor stresson the fiber

ω Dirtyor faulty connectors

ω Incorrectinstallationdepthor ductplacement

Stepsto PerformFinalTransmissionLossTests

1. Calibration

ω Ensurethe powersourceandmeterarecalibratedbeforetesting.

ω Setthe appropriatetestwavelengthaccordingto fiber type.

2. TestProcedure

1. Connectthe powersourceto the transmittersideof the fiber link.

2. Connectthe powermeter to the receiverside.

3. Measurethe input powerat the sourceendandthe output powerat the receivingend.

4. Calculatetransmissionlossbysubtractingthe receivedpowerfrom the transmittedpower.

Formula:

TransmissionLoss(dB)= Input Power(dBm)ςOutputPower(dBm)

Interpreting Results

ω Comparethe measuredlossagainstmanufacturerspecifications.

ω Atypicalsingle-modefiber lossat 1550nm is lessthan0.35dB/km.

ω If the measuredlossexceedsthe threshold,correctiveactionsmustbetaken.

RectifyingIssuesThatExceedSpecifications

CommonCausesandSolutions

1. ExcessiveBending

ωCheckfor sharpbendsnearsplicesor connectors.

ωEnsurethe fiber bendradiusisnot lessthan the recommendedlimit (usually30mmor greater).

2. ConnectorContamination

ωInspectconnectorsusinga fiber inspectionscope.

ωCleanconnectorswith lint-freewipesandapprovedcleaningsolutions.

3. SpliceErrors

ωReviewsplicingproceduresandrepeatfusionsplicingwith better alignment.

4. ImproperPatchPanelTermination

ωConfirmfiber routingandproperport usage.

ωReinsertconnectorsandsecurethemto preventmovement.

5. EnvironmentalDamage

ωCheckductsfor crushing,water ingress,or physicaldamage.

ωReplacedamagedsectionsand ensureproper protective materialslike GI or RCCpipesare in
place.

106



DocumentationAfter Rectification

ω Recordinitial andfinal transmissionlossmeasurements.

ω Documentanycorrectivestepstaken(re-splicing,cleaning,re-routing).

ω UpdatecableIDs,joint locations,andtest reports.

ω Obtainsign-off from the projectteambeforecommissioningthe fiber link.

Importanceof TheseTests

1. EnsuresNetworkIntegrity

ω Detectingcross-fiber issuespreventsdatalossandnetworkfailures.

2. ImprovesSignalQuality

ω Accurate transmission loss measurement guarantees the network meets performance
requirements.

3. ReducesDowntimeandMaintenanceCosts

ω Earlydetectionandresolutionpreventfuture disruptions.

4. Complieswith Standards

ω Adhering to manufacturer guidelines and industry best practices ensures regulatory
complianceandlong-term networkreliability.

Optical Fiber Technician
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Scan the QR Code to watch the related videos

VFL(visual Fault Locator)

https://www.youtube.com/watch?v=wnCOnzGc0iU

How to test the insertion loss of Fiber Optic Cable 

https://www.youtube.com/watch?v=jML7kgQ-MjA

https://www.youtube.com/watch?v=wnCOnzGc0iU
https://www.youtube.com/watch?v=jML7kgQ-MjA
https://www.youtube.com/watch?v=jML7kgQ-MjA
https://www.youtube.com/watch?v=jML7kgQ-MjA


UNIT 3.2: Optical Fiber Testing, Documentation, and Predictive 
Maintenance

Unit Objectives

By the end of this unit, the participants will  be able to:

1. Describethe compatibility requirementsfor advancedconnectorsand protection sleevesin OFC
installations.

2. Explain the different types of OFCconnectors based on equipment specificationsand their
applications.

3. Determine the functionality and usageof optical equipment like cleavers,fusion splicers,and
mechanicalsplicingkits.

4. Discussthe operation and importanceof fiber strippers,protection sleeves,and fiber-reinforced
plasterin fiber optic installation.

5. Describethe useof advancedtools like multi-joiner fusionsplicersandcableblowingmachinesin
opticalfiber deployment.

6. Demonstratehow to verify the availabilityand proper operationof advancedmulti-joiner fusion
splicers.

7. Showhowto supervisemulti-fiber splicingto ensureproperalignmentandminimalsignalloss.

8. Demonstratehowto useadvancedprotectionsleevesandconnectorsduringfiber termination.

9. Show how to follow step-by-step splicing and termination techniques to maintain quality
standards.

10.Showhowto ensuresplicequalitymeetsestablishedqualityassurancestandards.

11.Showhowto checkfor properbackfilling,crowning,andthe installationof route/joint markers.

12.Demonstratehow to update as-built documentationwith accuratejoint locationsand installed
fiber routes.

13. Showhowto ensuresitecleanupandproperdisposalof debrisafter fiber optic installation.

It is a process of connecting two optical fibres permanently.

It is commonly used in long cable runs, which need more than 
one cable connection. This can connect different cables and 
can interlink various locations. It is used to terminate the 
single Fibres. It is commonly used in OSP applications because 
cables are pulled and terminated. There are two types of 
splicing:

3.2.1 Splicing of OFC

Fig.3.2.1:Typesof splicingof OFCWhy do we need to splice optical fibres?
Following are the reasons for carrying out 'Splicing':
ω It is used when a long fibre cable is required
ω It is used to connect two or more small fibre cables, which are bound to make a single connection

using small cables
ωCut-off fibre links may need splicing to join them
ω It is used in terminating the optical fibre to network and fibre panels

Optical Fiber Technician
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As already discussed above, optical fibre splicing is of two types ς Mechanical and Fusion. Let us discuss 
both types in detail.

Mechanical Splicing

This splicing technique comprises the precise alignment of two fibre optic cables, held in place by a 
self-contained assembly rather than a permanent bond. A mechanical splice is used to hold two fibre 
optic cables, allowing the light to pass through seamlessly, with a typical loss of around 10% (or 0.3 dB).

In this process, you must use an alignment device along with an index matching gel. The gel used must 
have a similar refractive index to enhance the light transmission across the joint, with minimal back 
reflection.

Steps to perform mechanical splicing:

Step 1: Prepare the fibres

The first step is to precisely strip the fibres of their protective coatings, jackets, tubes and strength.

Fig. 3.2.2: Preparing fibre for mechanical splicing

Step 2: Cleave the fibres

After stripping, the next step is to break your cables using a fibre cleaver. Now, use the cleaver to create 
a small, clean cut on the cables with ends perpendicular to the fibre axis.

Step 3: Mechanical joining of fibres

In this step, you just have to place the fibre accurately ends together in the mechanical splice unit. The 
index matching gel inside the equipment will do the rest, like linking the light to the ends of your cables. 
If using an older unit, you may have to use epoxy instead of the index matching gel to align the fibres 
correctly.

Step 4: Securing united fibres

Once done with these steps, place the fibres in a splice tray and then inside a splice closure. Now 
the completed mechanical splice renders its own protection for the splice. Ensure to seal the cables 
carefully, as this will prevent your cables from experiencing moisture damage.

Fig. 3.2.3: Mechanical Splicing

3.2.2 Types of Optical Fibre Splicing
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Types of mechanical splicing 

V-Grooved Splicing

This technique takes a V-shaped substrate, and the two fibre ends are butted in the groove. Once 
the two are properly placed inside the groove, they are bonded by an index matching gel. This index 
matching gel provides proper grip to the connection. The V substrate can be composed of ceramic, 
plastic, silicon, or any metal.

Fig. 3.2.4: Mechanical Splicing (V-Groove Splicing)

However, the fibre losses are more in this technique as compared to the fusion technique. These losses 
are due to the core and cladding diameter and core position with respect to the centre. Here, the two 
fibres do not form a continuous smooth connection as the joint is semi-permanent.

Elastic-Tube Splicing

It is a technique of splicing the fibre with the help of the elastic tube, which majorly finds its application 
in the case of multi-mode optical fibre. Here the fibre loss is similar to that of the fusion technique. 
However, the need for the equipment and skill is slightly less than the fusion splicing technique.

Fig. 3.2.5: Mechanical Splicing (Elastic-tube splicing)

Here, the elastic material is rubber, inside which a small hole is present. The diameter of this hole is 
less than the diameter of the fibre to be spliced. Tapering is done at the ends of both the fibres to allow 
easy insertion inside the tube.

When the fibre with a slightly larger diameter than the hole is inserted inside the hole, then it ultimately
gets expanded. Due to this symmetricity, a proper alignment between the two fibres is achieved.

Fusion Splicing

Another method to join fibre optic cables together to form a permanent connection is fusion splicing. 
Here, a machine or an electric arc is used to produce heat and fuse/weld glass ends that are precisely 
aligned together for seamless transmission of light. It has a much lower attenuation of around 0.1 dB.
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Fig. 3.2.5: Fusion Splicing

Overview of Fusion Splicing 
Stripping the Fibre:

ω It is a process of removing the protective layer, which is a polymer, from around the fibre.

ω This process of splicing begins by fusing the two ends together.

ω It is done by passing the fibre via a mechanical stripping device. We can also use a special procedure 
for stripping, which can be done using sulphuric acid.

ω Sometimes, hot air is also used to remove the coating.

ω There is also a method which uses chemicals under a defined time. It is called as solvent capture
method.

ω This procedure also helps to get rid of coatings and claddings.

ω Tools used in cleaning the stripping and cleaving are very important.

Cleaning the Fibre:

ω It is a process of cleaning the Fibres with alcohol and wipes like alcopad.

ω Use of IPA is not advisable, as it attracts impurities.

ω IPA is hygroscopic in nature, which is why it absorbs moisture.

ω So, most aqueous-based cleaners are used in cleaning.

Cleaving the Fibre:

ω The fibre is cleaved using the score and break method to make it flat and perpendicular to its axis.

ω A microscope is used to analyse the quality of the fibre.

Splicing the Fibre

ω Using core or cladding alignment, the fusion splicer automatically aligns the two cleaved fibres in 
the x,y,z plane; then, the fibres are fused together.

ω Proof-test is done to confirm that the splice is firm enough to tolerate handling, packaging and 
prolonged use. Then, it is removed from the fusion splicer.

ω Recoating is done, or a splice protector (heat shrinkable tube with strength membrane) is used to
safeguard the bare fibre area.

Optical splicing procedure

ω Placement of splicing process. Inspecting fibre optic splice closure content and the supplementary 
kits.
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ω Cable installation in the oval outlet.

ω Cable preparation.

ω Organisation of the fibres within the tray.

ω Installing heat shrinkable sleeve and testing it.

Fig. 3.2.7: Fusion splicing process

Fibre Spliced Still Unprotected

ω The basic fusion splicing apparatus has two fixtures (sheath clamps) for mounting the fibres and
two electrodes

ω An inspection microscope is used to place ready fibre ends into the fusion-splicing apparatus. The
fibres are then aligned and fused together

ω Nichrome wire was used earlier in fusion splicing as the heating element to fuse fibres together

ω Carbon dioxide (CO2) lasers, electric arcs, or gas flames are used to fuse the fibres.

ω Electric arc fusion (arc fusion) has become a popular technique for splicing due to small-sized and 
automatic fusion splicers.

ω Optical fibre connectors or mechanical splices can be used but have higher insertion losses, lower 
reliability and higher return losses than fusion splicing.

Fig. 3.2.8: Basic splicing instrument

Cable Preparation for Splicing

Following are the checks to prepare OFC for splicing:

ω Check the installed cable and whether it has all the parameters as per the plan.

ω Look for the damage or any issues

ω Make sure those bend ratios are as per the measurement.

ω Make sure that the cable is placed on a stable joining pit.

ω Secure the cable properly to avoid damage.

ω Check that the fibres are joined as per the colour coding and sequence.
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Material and Equipment Used for Splicing

Fibre optic cable
Pig tail (2 in number)

Stripper

Mechanical splice
Fusion splicer IPA cleaner & wipes

Cleaver

Table 3.2.1: Equipment Used for Splicing

Steps for fusion splicing 

Step 1: Prepare the fibres

The first step is to strip the fibres of their protective coatings precisely.

Fig. 3.2.9: Prepare the fibres

Then, similar to mechanical splicing, strip the protective coating around the optical fibre using a 
mechanical fibre stripper until you reach the bare fibre cores. Clean the stripping tools before starting 
the process.
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Step 2: Clean and cleave the fibres

Clean the bare fibre using an Isopropyl Alcohol wipe. Do it twice using a different part of the wipe.

Once cleaned, avoid touching or contaminating the surface.

Now, use the cleaver to create a small, clean cut on the cables with ends perpendicular to the fibre axis.

Fig. 3.2.10: Clean and cleave the fibres

Step 3: Fuse the fibres

The fibre is now ready to fuse using the fusion splicer. It involves the alignment of the fibres and heating
to melt the fibre ends and fuse them.

Alignment can be manual or automatic, depending on the fusion splicer you are using. Once the end 
faces of the fibre are flawlessly aligned and centred on the electrodes, the splicer unit uses an electric 
arc to melt the two fibre ends and fuse them together.

Fig. 3.2.11: Fusion of fibres

If the fusion splicer stops the process in between, it may be due to the following issues:

ω Poor alignment of the wires on their guides

ω Fibres are not cleaved at a perfect 90-degree angle

ω Due to the presence of some residual plastic cover or dirt on the end of the fibre

Step 4: Protect the fibre

A fusion splice usually has a tensile strength between 0.5 and 1.5 lbs and will not break during normal 
handling. Even then, it is advisable to provide protection from bending and pulling forces and ensure 
the fibre doesn't break during routine use.

After the fibres are successfully fused together, it's time to either re-apply a coating or use a splice 
protector.

You can use silicone gel, heat shrink plastic, or mechanical crimp protectors to secure the splice from 
external damage and breakage.
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Fig. 3.2.12: These flaws do not affect optical transmission

3.2.3 Tips for Better Splices
1. Tips 1: Thoroughly and frequently clean your splicing tools. When working with fibre, keep in mind 

that particles not visible to the naked eye could cause tremendous problems when working with 
fibre optics. Excessive cleaning of your fibre and tools will save you time and money.

2. Tips 2: Properly maintain and operate your cleaver. The cleaver is your most valuable tool in fibre 
splicing. Within mechanical splicing you need the proper angle to insure proper end faces or too 
much light escaping into the air gaps between the two fibres will occur. The index matching gel will 
eliminate most of the light escape but cannot overcome a low quality cleave

3. Tips 3: For Fusion splicing, you need an even more precise cleaver to achieve the exceptional low 
loss (0.05 dB and less). If you have a poor cleave the fibre ends might not melt together properly 
causing light loss and high reflection problems. Maintaining your cleaver by following manufacturer 
instructions for cleaning as well as using the tool properly will provide you with a long lasting piece 
of equipment and ensuring the job is done right the first time.

4. Tips 4: Fusion parameters must be adjusted minimally and methodically. If you start changing the 
fusion parameters on the splicer as soon as there is a hint of a problem you might lose your desired 
setting. Fusion time and fusion current are the two key factors for splicing. High time and low 
current result in the same outcome as high current and low time. Make sure to change one variable 
at a time and keep checking until you have found the right fusion parameters for your fibre type.

3.2.4 Evaluating Splices

Good Splices

You can look at the splice after the installation using both X and Y views. Some of the damage does not 
have any effect on the optical transmission. These are acceptable, and the examples for good splices 
are shown in the image given below. Some Fibres can cause white and black lines in the splice but are 
not considered faults. These are shown in the following figure:
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Bad Splices

Splicing black spots or lines are known as bad splices, and these can be corrected. But they cannot be 
corrected more than twice. Other bad splices' identities are core offsets, bubbles and bulging splices.

Fig. 3.2.13: These flaws require a redo

Splice Problem Troubleshooting

Some common problems and their likely causes are shown in the following figure:

Not fused through 
Fusion current too 
low. Pre-fusion me 

too short.

Contaminated electrodes. 
Fusion current much too 

high. Pre-fusion me much 
too long. Pre-fusion current 
much too high. Auto feed 
too small. Gap too large.

Current too high.
Feed rate too slow.

Pre-fusion me too long.
Pre-fusion current too high. 
Gap too wide. Contaminated 

electrodes.
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Enlargement 

Auto-feed too fast. 
Incorrect current.

Bubble or Inclusion 

/ƻƴǘŀƳƛƴŀǘŜŘ ŬōŜǊ end 
faces. Poor cleave. Fusion 

current too high.. Pre-fusion 
current or me too low.

Fusion splicers generally have stored programs for 

most ŬōŜǊǎ and the user can modity those program 
parameters or create new ones. Refer to the 

instruc on manual or ask the manufacturer is 
there is any ques on about using the splicer with 

the ŬōŜǊ you are installing.

It is some mes necessary ǘƻ ǎǇƭƛŎŜ ƻƭŘŜǊ ŬōŜǊǎΣ 

either in restora on or modifying networks. Older 
ŬōŜǊǎ may become bri le and hard to strip.

Addi onal problems

Fig. 3.2.14: Splice Problem Troubleshooting

Keep all food and beverages out 
of the work area. If ŬōŜǊ 

par cles are ingested they can 
cause internal hemorrhaging

Never look directly into the end ƻŦ ŬōŜǊ ŎŀōƭŜǎ un l you are 

posi ve that there is no light source at the other end. Use a 
ŬōŜǊ op c power meter to make certain the ŬōŜǊ is dark. 

When using an op cal tracer or con nuity checker, look at the 
ŬōŜǊ ŦǊƻƳ an angle at least 6 inches away from your eye to 

determine if the visible light is present.

Always wear safety glasses with 

side shields and protec ve 
gloves. Treat ŬōŜǊ op c 

splinters the same as you would 
glass splinters.

Only work in well 

ven lated areas.

Keep all combus ble 
materials safely away from 

the curing ovens.

Contact wearers must not 

handle their lenses un l they 
have thoroughly washed 

their hands.

Do not touch your eyes while 

working with ŬōŜǊ op c 
systems un l they have been 

thoroughly washed.

Do not smoke while 
working with ŬōŜǊ op c 

systems.

Put all cut ŬōŜǊ pieces in a 

safe place.

Thoroughly clean your work 

area when you are done.

Wear disposable aprons to 

minimize ŬōŜǊ par cles on your 
clothing, Fiber par cles on your 
clothing can later get into food, 
drinks, and/or be ingested by 

other means.

Fig. 3.2.15: Safety rules

3.2.5 Optical Fibre Safety Overview
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During splicing following safety rules must be followed:

ω It is advised to wear safety goggles at all times of installation and other exercises and activities. You 
must insist the person working without a glass wear it

ω Dispose of the bi-products at the proper disposal area. Make sure they are removed carefully, and
no one gets harmed because of the waste

ω Cover the tools before storing

ω Clean the tools properly for the next use

ω Always make use of FDU. You can replace FDU with the use of water or soda

ω Always have scraps which can be used to pick the diffused products into the skin

ω The objects and wastes are very tiny and can diffuse into the skin, which is very difficult to remove 
with bare hands. So, make sure to wear protective clothing

ω Make use of scotch tape to pick the small pieces of fibre

ω Use dark colour paper while working, because these can help show the small particles that are 
emitted while working

ω Always use IPA, epoxy and anaerobic adhesive while working

ω Always wipe the tool with alcohol

ω Remember that epoxy cannot be removed from clothes

ω Never touch any Fibre with bare hands or fingers

ω Terminators are very hot from the curing ovens. So be cautious while handling them

ω Be careful while handling a glass piece as it can cut the skin

3.2.6 Splicing Safety ς Norms and Rules
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Objective:

Ensure all personnel follow proper safety protocols to prevent injuries, equipment damage, and network 

reliability issues during ŬōǊŜ optic splicing activities.

Key Safety Guidelines:

1. Personal Protective Equipment (PPE):

¶Always wear safety goggles to protect eyes from tiny Ŭōre shards.

¶ Use protective clothing (gloves, lab coats, or long sleeves) to prevent skin contact with ŬōǊŜ 

fragments or chemical adhesives.

2. Handling Fibre Scraps:

¶Collect Ŭōre scraps immediately to avoid accidental embedding in skin.

¶Use scotch tape or tweezers to safely pick up tiny pieces of Ŭōre.

¶Work over dark-colored surfaces to easily spot stray ŬōǊŜ fragments.

3. Chemical Safety:

¶ Handle epoxy, anaerobic adhesives, and IPA carefully; avoid direct contact with skin and 

clothing.

¶Clean any spills immediately using proper disposal methods.

¶Avoid using IPA excessively as it attracts moisture; prefer aqueous-based cleaning solutions.

4. Tool Safety and Maintenance:

¶Always cover tools when not in use.

¶Clean all tools, cleavers, and strippers after each session to remove residue.

¶Inspect fusion splicers and mechanical splicing units before use.

5. Splice Closure and Environmental Safety:

¶Use Fiber Distribution Units (FDU) or water/soda alternatives to safely handle ŘƛũǳǎŜŘ 

particles.

¶Ensure proper sealing of splice closures to prevent moisture ingress.

¶Properly coil and secure spare ŬōǊŜǎ inside the joint closure to prevent bending or breakage.

6. General Precautions:

¶Never touch bare Ŭōre ends with bare hands.

¶Dispose of all by-products and scraps in designated disposal areas.

¶Be aware of potential long-term hazards if safety procedures are ignored.

3.2.7 Safe Handling Procedures for Optical Fibre Splicing
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Exercise

ShortQuestions:

1. Explainhowrefractionanddispersionaffectsignaltransmissionin opticalfibers.

2. Whatarethe differencesbetweenfusionsplicingandmechanicalsplicingin fiber opticnetworks?

3. Describehow the choice of wavelengthband influencesthe performanceof an optical fiber

network.

4. Why is it important to use compatible connectors and protection sleeves in fiber optic

installations?

5. Howdo OTDRandpowermetershelpin identifyingfaultsin anopticalfiber network?

Fill in the Blanks:

1. Thebendingof light insidethe optical fiber core due to differencesin refractive index is called

__________.

2. A__________isusedto removethe outer coatingof a fiber beforesplicing.

3. Excessivesignallossdueto scatteringor absorptionin the fiber isreferredto as__________.

4. The device that helps locate faults and measure distance along a fiber cable is called an

__________.

5. After installation,accurate__________must be recordedto ensureproper network operation

andtroubleshooting.

Multiple ChoiceQuestions(MCQs):

1. Whichpropertyof opticalfiber isresponsiblefor light bendinginsidethe core?

a) Attenuation

b) Refraction

c) Polarization

d) Dispersion

2. Whichof the followingtoolsisusedto ensureproperalignmentduringfiber splicing?

a) Fiberstripper

b) Cableblowingmachine

c) Fusionsplicer

d) Lightmeter

3. Whatisthe typicalreasonfor usingprotectionsleevesduringfiber termination?

a) Toenhancesignalspeed

b) Topreventdustcontamination

c) Toprotect the fiber from mechanicalstress

d) Toreducelight reflection
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4. Whichtest instrumenthelpsmeasurethe powerlossbetweentwo pointsin a fiber link?

a) OTDR

b) Powermeter

c) Fusionsplicer

d) Cableblower

5. Whatisthe mainpurposeof updatingas-built documentationafter installation?

a) Topreparefor warrantyclaimsonly

b) Toimprovesignalstrengthautomatically

c) Tokeepaccuraterecordsfor maintenanceandtroubleshooting

d) Toincreasefiber count
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Scan the QR Code to watch the related videos

Optical Fiber Splicing Safety

https://www.youtube.com/watch?v=A-190m4LvEg

https://www.youtube.com/watch?v=A-190m4LvEg
https://www.youtube.com/watch?v=A-190m4LvEg
https://www.youtube.com/watch?v=A-190m4LvEg
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4. Perform Corrective 
Maintenance/ 
Restoration of Optical 
Fiber Faults

TEL/N6404

Unit 4.1 - Fault Notification

Unit 4.2 - Fault Localization and Restoration

Unit 4.3 - Preventive and Corrective Maintenance



Key Learning Outcomes

1. Explainthe processof handlingfault notificationsin anopticalfiber network.

2. Describethe stepsinvolvedin rectifyingfaultsat Pointsof Presence(POPs).

3. Discussthe importanceof documentingandreportingfault rectificationstatus.

By the end of this module, the participants will  be able to:
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By the end of this unit, the participants will be able to:

1. Discusssignal strength and quality Key PerformanceIndicators (KPIs)used in optical fiber
networks.

2. Describenetworkdesignprinciplesandfiber opticsystemintegration.
3. Discussproper fiber cable termination techniques,including the use of advancedprotection

sleevesandconnectors.
4. Describethe route andcablemarkingconventionsfor long-term maintenanceandidentification.
5. Demonstratehow to interpret fault notifications receivedfrom the Network OperationCenter

(NOC)or supervisors.
6. Showhow to determine Turn Around Time (TAT)for fault rectification basedon ServiceLevel

Agreements(SLAs).
7. Demonstratehow to accessandinterpret as-built drawingsfor fault locationanalysis.
8. Showhow to verify the necessarytoolsandsafetygearbeforeheadingto a fault location.

4.1.1 Fault Notification

UNIT 4.1: Fault Notification

Unit Objectives

Faultnotifications are:

ω Intimations receivedabout fault in link, cable ends,connectorsor tools & equipment from the

customers,contractoror NOC(NetworkOperationsCentre)are relayedto the network operations

maintenanceteamandthe sameisrectifiedandthe informationisrelayedback.

ω Thefollowingpictureindicatesnormaloperationandwhat happensin caseof a fault.

Fig. 4.1.1: Normal operation and failure
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4.1.2 Steps Process of Receiving Fault Notification

Anetworkoperationscenterviewsthe processof receivingthe fault from the customer,contractorand

the stepsareasfollows:

Step1 - An operator zoomsin from a macroview to the areaof concern. Transceiverdetectsa fiber

fault betweenahubandoneof the points(sometimescalledaspoke).

Step2 -Theoperatoris immediatelynotified about theŦŀǳƭǘΩǎapproximatelocationasdepictedinΨwŜŘΩ.

Operatoracknowledgesthe fault andrelaysinformationto the networkoperationsteamof the area.

Step3 -Oncethe fault hasbeen fixed, information from the ΨbŜǘǿƻǊƪ¢ŜŀƳΩis relayedback to the

operatorwho then closesthe issue.

Fig. 4.1.2: Step 1 - Fault Received

Fig. 4.1.3: Step 2 - Fault Acknowledged

Fig. 4.1.4: Step 3 - fault cleared
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4.1.3 Fault Notification Guidelines

Oneshouldadhereto the following guidelines:

ω Crosscheckthe fault.

ω Confirmthe{[!Ωǎκtimelines.

ω Setthe priority with the teammembers.

ω Getin touchwith all stakeholdersinvolvedin fault rectification.

ω Arrangefor permitsor approvalsandequipmentif needed.

ω Document- fault, reasonsandreport; documentresolution.

4.1.4 Fault Notification Process

Oneshouldadhereto the following fault notification process:

Fig. 4.1.5: Fault notification process
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4.1.5 Fault Notification and Response in Optical Fiber  
Maintenance

In opticalfiber communicationnetworks,faultssuchasfiber cuts,signaldegradation,connectorfailures,

or splice errors can disrupt service and affect customer satisfaction. Rapid detection, accurate

interpretation of fault alerts, and swift responseare critical for minimizingdowntime. Thischapter

explainshow to interpret fault notificationsfrom the NetworkOperationsCenter(NOC)or supervisors

andhow to estimateTurnAroundTime(TAT)for fault rectificationbasedon ServiceLevelAgreements

(SLAs).

UnderstandingFaultNotifications

Faultnotificationsare alerts that indicatea problem in the optical fiber network. Thesealerts canbe

generated by automated monitoring systems,NOCtechnicians,or supervisorsbased on network

performancemetrics,alarms,or customercomplaints.

Sourcesof FaultNotifications

ω Network OperationCenter(NOC): NOCscontinuouslymonitor network performanceusingreal-

time datafrom OTDRs,powermeters,andtraffic analysistools. Whenananomalyisdetected,such

as unexpectedattenuation or signal loss,a fault alert is generatedand communicatedto field

technicians.

ω Supervisorsor FieldReports: Techniciansor supervisorsat a location may report issuessuchas

visibledamageto cables,connectorfaults,or servicedisruptions.

ω CustomerComplaints: Endusersor clientsmayreport slowinternet speeds,intermittent signals,or

total serviceoutages,promptingfault verification.

KeyInformation in FaultAlerts

Whenafault notificationisreceived,it typicallyincludesthe followinginformation:

1. FaultLocation

ω GPScoordinatesor sitename

ω Routesectionor segmentnumber

ω Nearestidentifiablelandmarks

2. FaultType

ω Fibercut

ω Highattenuation

ω Connectoror splicefault

ω Wateringressor corrosion

ω Cross-fiber interference

3. Timeof Detection

ω Whenthe fault wasfirst detected

ω Whetherit is intermittent or persistent

4. ImpactArea

ω Numberof usersaffected

ω Criticalityof the fault (e.g., backbonevs. distributionline)

5. PriorityLevel

ω High,medium,or low priority basedonSLAandnetworkredundancy
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b. Interpreting FaultAlerts

Accurateinterpretationensuresthat techniciansrespondappropriately:

1. AssessFaultTypeandImpact

ω Determineif the fault is localizedor widespread

ω Prioritizerestorationfor criticallinesor high-payingcustomers

2. Verifythe DataSource

ω Cross-checkNOC-generatedalarmswith field reports

ω Confirmreadingswith OTDRor powermeter testsbeforedeployingresources

3. EvaluateEnvironmentalor ExternalFactors

ω Checkfor adverseweather conditions, construction work, or vandalismthat may have

causedthe fault

4. Planthe RepairApproach

ω Identify requiredsplicing,testing,or materialreplacement

ω Determinesafetyprotocolsbeforereachingthe site

4.1.6 Estimating Turn Around Time (TAT) for Repair

Turn AroundTime(TAT)is the expectedduration from fault detection to fault resolutionand service

restoration. AccurateTATestimationhelpscoordinateteams,set customerexpectations,and comply

with contractualobligations.

UnderstandingSLAsandTheirRolein TAT

ServiceLevelAgreements(SLAs)define the maximumallowed downtime, responsetime, and repair

time commitmentsbetweenserviceprovidersandclients. SLAstypicallyclassifyfaultsbasedon priority

levels:

ω CriticalFaults: Mustberesolvedwithin 4ς8 hours

ω Major Faults: Shouldberesolvedwithin 24hours

ω Minor Faults: Repairsmaybescheduledwithin 48ς72hours

Failure to meet SLAcommitments can lead to penalties, financial compensation,or reputational

damage.

FactorsAffectingTAT

1. FaultComplexity

ω Asimpleconnectorfault mayberesolvedwithin hours

ω Afiber cut requiringtrenchexcavationandcablereplacementcouldtakedays

2. Accessibilityof the Site

ω Urbanareasmayallowquickeraccess

ω Remoteor disaster-affectedzonesmayextendrepairtime
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3. Availabilityof Resources

ω Tools,spareparts,andtrainedpersonnelmustbeavailableon-site

ωWeatheror logisticsissuesmaydelaydeployment

4. SafetyandRegulatoryConstraints

ω Permitsmayberequiredbeforetrenchingor repairwork

ω Environmentalprotocolsmustbefollowed,possiblyextendingrepairschedules

Stepsto EstimateTAT

1. Reviewthe FaultNotification

ω Confirmlocation,fault type,andexpectedrepaircomplexity

2. AssessAvailabilityof EquipmentandPersonnel

ω Verifyif fusionsplicers,protectionsleeves,andtest metersareon-site

ω Confirmthe presenceof trainedtechniciansandsupportstaff

3. CheckSLAPrioritization

ω Referto contractualobligationsto classifythe fault ascritical,major,or minor

4. Accountfor EnvironmentalandAccessFactors

ω Estimatepotentialdelaysdueto weather,roadblocks,or safetyconcerns

5. ProvideaRealisticTimeline

ω Communicatethe estimatedstart andendtime for repair

ω Includebuffer time for unforeseencomplications

6. Documentthe TAT

ω Recordthe estimatedandactualrepairtimesin maintenancelogs

ω Usethe datafor future performanceanalysisandSLAcomplianceaudits

4.1.7 Route and Cable Marking Conventions for Long-Term 
Maintenance and Identification
Accurateroute andcablemarkingis essentialfor ensuringthe safe,efficient,andsustainableoperation
of optical fiber networks. Well-documentedmarkingsassistmaintenanceteams, prevent accidental
damage,simplifytroubleshooting,andfacilitatefuture expansionsor upgrades. Thissectionoutlinesthe
key principles,types of markings,and best practicesused in optical fiber installationsfor long-term
maintenanceandidentification.

Importanceof RouteandCableMarking

ω Quick Identification: Enablestechniciansto locate specificcables,splice joints, and distribution
pointswithout unnecessarydiggingor disruption.

ω Safety: Preventsaccidentalcutsor damageduringconstructionor routinemaintenance.

ω Compliance: Ensures adherence to industry standards, safety protocols, and regulatory
requirements.

ω Documentationand Troubleshooting: Helpsmap cablenetworksaccurately,allowing faster fault
isolationandrepair.

ω Future Upgrades: Simplifiesinstallationof new lines, reducesdowntime, and improvesnetwork
scalability.
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B. Typesof MarkingConventions

a. RouteMarking

Routemarkingrefers to the identification of cablepathways,ducts, or trencheswhere optical fiber

cablesareinstalled.

1. RouteMarkers/ Signage

ω Installed at regular intervals along the cable path (e.g., every 500 meters or as per site

requirements).

ω Includesinformationsuchas:

o Routenameor ID

o Cabletype(e.g., Single-mode,Multi-mode)

o Installationdate

o Safetywarnings(e.g.,άhǇǘƛŎŀƭFiberςDoNot5ƛƎέύ

2. GPSor CoordinateMarking

ω PrecisemappingusingGPScoordinatesensuresthat cable locationsare recordedin digital

assetmanagementsystems.

3. ColorCoding

ω Routesaresometimescolor-codedto distinguishbetweendistribution lines,backbonecables,

or temporarycables.

b. CableMarking

Cablemarkingrefers to the identification of individual fiber optic cables,splices,and joints for easy

recognitionandmaintenance.

1. CableTagsor Labels

ω WaterproofandUV-resistanttagsareaffixednearjoints,cabinets,andterminationpoints.

ω Informationmayinclude:

o Cablenumberor ID

o Typeof fiber (SMF/MMF)

o Lengthof cable

o Manufactureror batchnumber

2. SpliceClosureMarkings

ω Spliceclosuresarelabeledwith:

o JointlocationID

o Dateof splicing

o Typeof protectionsleeveused

3. MarkerPaint/ Spray

ω Usedfor temporarymarkingsalongopentrenchesor constructionsites.

ω Requiresperiodicrenewal.

4. PanelIdentification

ω Patch panels, distribution boxes, and termination cabinets are labeled to show

incoming/outgoingcables.
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5. EmbeddedMarking

ω In somecables,information is printed on the sheathat regularintervals(e.g., everymeter) to

aid in visualinspection.

C. BestPracticesin RouteandCableMarking

1. StandardizedFormats

ω Useconsistentlabelingacrosssitesfor easiercross-referencing.

ω Example:άw¢9-C-DIST-045έcouldstandfor RouteC,DistributionLine045.

2. DurableMaterials

ω Labelsandmarkersshouldwithstandweather,sunlight,chemicals,andphysicalwear.

ω Usematerialssuchaslaminatedtags,metalplaques,or industrial-gradeplastics.

3. Documentation

ω Maintaindetailedrecordsin networkmanagementsystems,including:

o Mapdiagrams

o CableIDs

o Splicelocations

o Installationhistory

4. PeriodicInspection

ω Scheduleinspectionsto ensuremarkingsremainvisibleandintact.

ω Replacefadedor damagedlabelsduringroutinemaintenance.

5. SafetyIntegration

ω Markings should include hazard warnings, safety protocols, and emergency contact

information.

6. Future-Proofing

ω Usescalablenumberingsystemsthat allowfor future expansionswithout confusion.

4.1.8 Accessing and Interpreting As-Built Drawings for Fault 
Location Analysis

Objective:

To train technicianson how to efficiently access,read, and interpret as-built drawingsduring fault
diagnosisandmaintenancetasks,ensuringfasterandsaferfault localizationandrepair.

Step1ςUnderstandingthe Purposeof As-Built Drawings

As-built drawings are detailed maps or schematicscreated after the installation of optical fiber
infrastructure. Theyrepresent the exact location, layout, and specificationsof cables,joints, splices,
conduits,andnetworkelementsastheyexistin the field.

KeyUsesin FaultLocation:

ω Pinpointingcableroutesandjoints

ω Identifyingspliceclosuresandpatchpanels

ω Verifyingdepthandprotectionlayers

ω Locatingnearbyutilities or hazards

ω Planningsafeexcavationpaths
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Step2ςAccessingthe As-Built Drawings

1. Locatethe Digitalor PhysicalCopy

ω DigitalAccess:

o Login to the networkassetmanagementportal or documentrepository.

o Navigateto the projectfolderor site-specificdocumentation.

ω PhysicalAccess:

o Retrieveprinteddiagramsstoredin the field officeor maintenancevan.

o Verifythat the copiesareup to dateandcorrespondto the fault location.

2. VerifyVersionandRevision

ω Checkthe version number and date to ensure that the drawing reflects the latest field
changes.

ω Confirmthat updatesfrom previousmaintenanceactivitiesareincorporated.

3. ConfirmPermissions

ω Ensureaccessrightsaregrantedif usingasecuredsystem.

ω Obtainsupervisorapprovalif accessingsensitiveinfrastructurediagrams.

Step3ςInterpreting the As-Built Drawings

A. Readingthe Layout

1. IdentifyKeyElements

ω Cableroutes(solidor dashedlines)

ω Jointlocations(markedwith dotsor boxes)

ω Spliceclosuresandpatchpanels

ω Distributionpointsandnetworknodes

2. Locatethe FaultArea

ω Usethe fault notificationto matchthe reportedsegmentwith the map.

ω Example: άCŀǳƭǘreported between Joint 12 and Joint 13Ҧ Tracethis segmenton the
diagram.έ

3. CheckSurroundingInfrastructure

ω Identifyother utilities likeelectricallines,waterpipes,or gaslines.

ω Notepotentialexcavationhazardsor restrictedzones.

B. UnderstandingCableSpecifications

1. CableType

ω Single-modeor multi-modefiber cablesindicatedwith labelsor legends.

2. CableDepthandProtection

ω Notetrenchdepth,conduittypes(GIor RCCpipes),or protectivelayerslikesandbedding.

3. SpliceandJointInformation

ω Typesof splicesused(fusion,mechanical)

ω Protectionsleevesandsealingmethodsapplied.

C. Usingthe LegendandNotesSection

ω Reviewsymbolsfor clarity(e.g., trianglesfor distributionpoints,circlesfor joints).

ω ReadannotationssuchasάƳŀƛƴǘŀƛƴ1-meterclearancefrom powerlines.έ

ω Verifyinstallationstandards,testingcheckpoints,andmaintenancerecommendations.
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Step4ςApplyingAs-Built Information in FaultAnalysis

1. Mark the FaultPath

ω Highlightor annotatethe segmenton the drawingto planaccessroutes.

2. EstimateRepairRequirements

ω Identify required spare parts like splice kits, protective sleeves,or cables based on
specifications.

3. AssessSafetyConcerns

ω Checkfor nearbyutilitiesandplansafeexcavationor repairsteps.

4. Coordinatewith Teams

ω Sharethe drawingwith supervisorsor field teamsfor on-sitealignment.

Step5ςDocumentingthe FaultInvestigation

1. RecordObservations

ω Notediscrepanciesbetweenthe as-built layoutandfield conditions.

ω Documentanyrequiredchangesor updates.

2. UpdateAs-BuiltDrawingsPostRepair

ω Addnotesonmodificationsmadeduringfault rectification.

ω Ensurefuture maintenanceteamshaveaccuratedata.
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By the end of this unit, the participants will be able to:

1. Discussthe functionalitiesof advancedOTDRandhow to interpret OTDRtracesfor fault diagnosis.
2. Describe the techniques for diagnosingand rectifying faults in optical fiber systems using

specializedtools.
3. Determinethe testingproceduresfor duct integrity, includingair-tightnessandkink-free tests.
4. ExplainWavelengthDivisionMultiplexing(WDM)fundamentalsandtroubleshootingtechniques.
5. Demonstratehow to useadvancedtest equipment(OTDR,power meter, light sources,precision

cutters,etc.) for fiber testingandtroubleshooting.
6. Show how to identify fault locationsusing OTDRtraces, signal loss patterns, and Wavelength

DivisionMultiplexing(WDM)analysis.
7. Demonstratehow to interpret as-built drawingsto locate physicalsitesand undergroundcable

routes.
8. Showhow to coordinateexcavation,cablepulling,andpreparationof jointingpits if required.
9. Demonstratethe proper technique for fiber splicing using advancedprotection sleevesand

connectors.
10. Showhow to analyzeOTDRandpowermeter test resultsto assesssplicingeffectiveness.
11. Demonstratehow to securefiber jointsusingcouplers,sleeves,andFiberReinforcedPlastic(FRP).
12. Showhow to evaluatethe needfor additionalduct protection(e.g., RCCpipes,chambering)based

on siteconditions.
13. Demonstratethe correct procedurefor back-filling trencheswhile ensuringstructural integrity

andenvironmentalsafety.
14. Showhow to verify fault rectification by performing final OTDRtests and confirming network

stability.
15. Demonstratehow to monitor and supervisefault rectification activities to ensureadherenceto

SLAsandminimizedowntime.
16. Showhow to escalateunresolvedfaultsor significantdelaysaccordingto organizationalpolicies.

4.2.1 Fault Localization and Restoration

UNIT 4.2: Fault Localization and Restoration

Unit Objectives

FaultLocalizationandRestoration:

To obtain best result from optical fiber, it would be

essentialto find out and make user adoptableand solve

the fiber failures within allowed repair time. The

methodologyappliedto find out andlocalizethe failuresof

fiber is termed as localization. Merely detecting and

locatingthe fault is not enoughandhencethe next step is

to rectify the fault andclose,this isknownasrectification.

Fig. 4.2.1: Fault localization and restoration
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4.2.2 Steps - Fault Localization and Restoration 

Fault localization and restoration steps:

Fig. 4.2.2: Fault restoration steps

4.2.2 Cable System Faults 
Thereare variouscable systemfaults which must be rectified. The various faults , the root cause,

equipmentrequiredfor rectificationandthe remedyisdepictedconciselyin the followingtable:
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Fig. 4.2.3: Cable system faults

4.2.3 Problem Identification Flowchart
Followingisthe problemidentificationflowchart:
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Fig. 4.2.4: Problem identification flow chart

4.2.4 Preparing for Fault Rectification

Understandingandadherenceto the followingismandatoryfor fault rectification:

1. Followingareimportantquestionsto beaskedbeforeembarkingon fault rectification:

ω Fault could be one of the breaksinterrupting service. It could be consideredas losspoint that

couldcheck/verifiesandsolved?

ω Howlongisthe route- 100m or 100Km?Cablingtype?

ω Whatsortof fault locatorisreadilyavailable?

ω Whoisavailablewith whichskills?

2. Followingchallengesareencounteredduringfault rectification:

ω Without link disruption,Transmissionsignalisdifficult to measureandsometimeit is impossible.

ω In caseof locating,ƛǘΩǎdifficult to locateNon-metalliccables.

ω specificdevice/ instrumentsare brought in practicefor localization/identificationof optical fiber

fault.

ω Routelengthscanbeverylonge.g., 100Km.

ω Unavailabilityof skilledstaff.
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