What is fiber optic
communication?
Fiber optic communication is a method of transmitting information
one place to another by sending pulse of light through an optical
fiber.

What Is Fiber Optics ?
• Transmitting communications
signals over hair thin strands of
glass or plastic
• Not a "new" technology
• Concept a century old
• Used commercially since 1980

Why Fiber Optics?
Fiber is the least expensive, most
reliable method for high speed
and long distance
communications

Fiber Technology

A glass optical fiber is about twice the size of a human hair.

How Fiber Works

Classification of Fiber Optic
There are two type of fiber used widely
Single mode fiber.
Multi-mode fiber.

Single mode & Multi-mode fiber
Single mode fiber
Carries light pulse along single path

Multimode fiber
Many pulse of light travels at
different angles

Limitations of OFC

There are some limitations for OFC
1. Difficulties in Joining (Splicing)
2. High skilled staff would be required for maintenance
3. Precision and costly instruments are required
4. Tapping for emergency and gate communications are difficult
5. Special interface instruments required for block working

Fusion Splicing
A fusion splice is a junction of two or more
optical fibers that have been melted
together. This is accomplished with a
machine that performs two basic functions:
aligning of the fibers and melting them
together typically using an electric arc

Element for a traditional fiber Network

Traditional Fiber Connector

Connector termination
Joint closure

Joint closure

Media Converter

A fiber media converter is a simple networking
device that makes it possible to connect two
dissimilar media types such as Ethernet with
fiber optic cabling

Fiber media converters support many different
data communication protocols including
Ethernet, Fast Ethernet, Gigabit Ethernet,
T1/E1/J1, DS3/E3, as well as multiple cabling
types such as coax, twisted pair, multi-mode
and single-mode fiber optics

Media Converters for Ethernet to Fiber Links
The copper transceiver used in an
Ethernet-Fiber Converter transforms
the signal from a UTP / RJ45 Ethernet
link to one that can be used by a fiber
optic transceiver. Media Converters can
connect to various optical fiber cable
such as multimode, single mode or
single strand fiber cable

Fiber Optic Network Test and Measurements

Three instruments are widely used for Test and Measurements

1. OTDR - Optical Time Domain Reflectometer
2. Optical Power Meter
3. Laser light source

OTDR - Optical Time Domain Reflectometer

• An Optical Time Domain
Reflectometer (OTDR) is an
important instrument used by
organizations to certify the
performance of new fiber
optics links and detect
problems with existing fiber
links

An OTDR Helps two thing Mainly

1 Certifying New Links
2 Detecting Problems

Certifying New Links
An OTDR trace is a graphical signature of a fiber's attenuation along its length
which provides insight into the performance of the link components (cable,
connectors and splices) and the quality of the installation by examining nonuniformities in the OTDR trace. More advanced units can provide easy to
understand Event Maps and loss values for individual components as well as the
link

Detecting Problems
OTDRs are also used for maintaining fiber plant performance. An OTDR maps the
cabling and can illustrate termination quality and location of faults that may hinder
network performance. An OTDR allows discovery of issues along the length of a
channel that may affect long term reliability. OTDRs characterize features such as
attenuation uniformity and attenuation rate, segment length, location and
insertion loss of connectors and splices, and other events such as sharp bends that
may have been incurred during cable installation or afterwards.

OTDR Graphical result

Optical Power Meter
The most basic fiber optic measurement is optical
power from the end of a fiber. This measurement is
the basis for loss measurements as well as the
power from a source or presented at a receiver
• Measurement Units: "dB" and "dBm"
Whenever tests are performed on fiber optic
networks, the results are displayed on a meter
readout in “dB.” Optical loss is measured in “dB”
while optical power is measured in “dBm.” Loss is a
negative number (like –3.2 dB) as are most power
measurements.

Laser light source
• In fiber optics, a source of light
(laser, LED, etc.) is used to emit
electromagnetic radiation in
order to perform a specific task,
whether detecting faults, breaks
and microbends, characterizing
link-loss or certifying LAN/WANs.
As recommended by the ITU-T
(G.983.3), light sources are also
used to test PON networks at
three different wavelengths
(1310/1490/1550 nm)

Passive Optical Networks (PON)
A PON is a fiber network that only uses fiber and passive components like PON splitters and
combiners rather than active components like amplifiers, repeaters, or shaping circuits. Thus
PON network costs significantly less than those using active components, but it has a shorter
range of coverage limited by signal strength. An active optical network (AON) is able to cover a
range to about 100 km (62 miles), while a PON is typically limited to fiber cable runs of up to
20 km (12 miles). PON is also called FTTH (fiber to the home) network.

The typical PON arrangement is a point to multi-point (P2MP) network where a central optical
line terminal (OLT) at the service provider’s facility distributes TV or Internet service to as
many as 16 to 128 customers per fiber line. Dividing a single optical signal into multiple equal
but lower-power signals, the optical splitters distribute the signals to users. An ONU (optical
network unit) terminates the PON at the customer’s home. Usually, ONU communicates with
ONT (optical network terminal). The ONU/ONT may be one device

GPON and EPON
• EPON

• GPON

• The Institute of Electrical and Electronic
Engineers (IEEE) developed another newer
PON standard. Based on the Ethernet
standard 802.3, EPON 802.3ah specifies a
similar passive network with a range of up
to 20 km. It uses WDM with the same
optical frequencies as GPON and TDMA. The
raw line data rate is 1.25 Gbits/s in both the
downstream and upstream directions. You
will sometimes hear the network referred to
as Gigabit Ethernet PON or GEPON.

• GPON uses optical wavelength division
multiplexing (WDM) so a single fiber
can be used for both downstream and
upstream data. A laser on a wavelength
(λ) of 1490 nm transmits downstream
data. Upstream data transmits on a
wavelength of 1310 nm. If TV is being
distributed, a wavelength of 1550 nm is
used.

Comparing GPON and EPON

Passive Optical Networks (PON)
• PON consists by following
elements
• 1. OLT
• 2. Splitter
• 3. ONU

Optical Line Terminal (OLT)
• An OLT (optical line terminal), also
known as optical line termination, acts
as the endpoint hardware device in a
passive optical network. The OLT
contains a central processing unit (CPU),
passive optical network cards, a
gateway router (GWR) and a voice
gateway (VGW) uplink cards. It can
transmit a data signal to users at 1490
nanometers (nm). That signal can serve
up to 128 ONTs at a range of up to 12.5
miles by using optical splitters.

The Functions of OLT
OLT is generally employed for terminal connected to the fiber backbone. An OLT
has two primary functions:

Converting the standard signals use by a FiOS service provider to the frequency
and framing used by the PON system;
Coordinating the multiplexing between the conversion devices on the optical
network terminals (OLTs) located on the customers’ premises.

Fiber Optic Splitter
The fiber optic splitter is also referred to as optical splitter, which is an integrated
waveguide optical power distribution device. It plays an important role in passive
optical network (EPON, GPON, BPON, FTTX, FTTH and so on) by allowing a single PON
interface to be shared among many subscribers. To achieve this, it is designed to split
an incident light beam into two or more light beams and couple the light beams to the
branch distribution as an optical fiber tandem device, which has the function to
maximize the performance of network circuits

Fiber Optic Splitter
• Fiber Optic Splitter
can be like as

•
•
•
•
•
•

1:2
1:4
1:8
1:16
1:32
1:64

Optical Network Unit (ONU)
• An optical network unit (ONU)
terminates the PON at the
customer's home.
The ONU usually communicates
with an optical network terminal
(ONT), which may be a separate
box that connects the PON to TV
sets, telephones, computers, or a
wireless router. The ONU/ONT
may be one device

FTTX Network
• FTTC
FTTN

Curb
Neighborhood/Node

FTTH
FTTP

Home
Premises

FTTE

telecom Enclosure

• (Fiber To The X) All possible optical fiber
topologies from a telecom or cable
carrier to its customers, based on the
location of the fiber's termination point.
FTTC and FTTN (curb and
neighborhood) are similar because the
fiber ends outside the building. FTTH
and FTTP (home and premises) are
synonymous, and FTTE (enclosure)
refers to a junction box on a floor or in a
department in a large building. For
more details,
see FTTC, FTTN, FTTP and FTTE.

FTTX Network

Vulnerabilities and Security
EAVESDROPPING IN OPTICAL
NETWORKS
• Although optical fibers are immune to electromagnetic interference and do not radiate
carried signals to the environment, the
exposure of optical networks to
eavesdropping poses a considerable security
threat. Eavesdropping in general is aimed at
gaining unauthorized access to data in order
to collect or analyze traffic.
• Based on the method of realization,
eavesdropping attacks can be classified into
attacks with direct access to the unencrypted
optical channel and those based on breaching
the encryption key in encrypted optical
systems.

SERVICE DEGRADATION METHODS

• The goal of service degradation attacks
at the optical layer is to degrade the
quality of service or cause service
denial, typically by insertion of harmful
signals into the network.

Recent development

There have been many developments occurring in fiber optic
communication field in various aspects, some of them are as follows.

Recent development
Material used in fiber optic cable
• Though silicon dioxide (Sio2) is the key
material in fiber optic, but some time the
core of the fiber is made of phosphorus
oxychloride (Poc13). Fiber can also be made
of germanium tetrachloride (Gecl4). The
material that we us is determine the degree
of attenuation, which is the most important
characteristic in the fiber optic
communication. Higher the degree of
attenuation will be resulting in transmission
of discrete light wave signals.

Sensor development
• Extrinsic sensors are used to transmit
modulated light from either electronic
sensor or non-fiber optic sensor. They can
reach the inaccessible places. They can also
measure internal temperature. Extrinsic
fiber optic sensors are very popular due to
its capability of measurement signals
without noise corruption. They are mainly
used to measure velocity, acceleration,
rotation, vibration, displacement, and
temperature.

What is SDH
• Synchronous Digital Hierarchy
• In synchronous signals, the digital transitions in the signals occur at exactly the
same rate. there may however be a phase difference between the transitions of
the two signals, and this would lie within specified limits.
• SYNCHRONIZATION - In digital transmission, “timing” is one of the most
fundamental operations.
• Synchronization Hierarchy - digital switches and digital cross-connect systems are
commonly employed in the digital network synchronization hierarchy. the
networks organized with a master-slave relationship with clocks of the higher
level nodes feeding timing signals to clocks of the lower-level nodes.
• The basic format of an sdh signal allows it to carry many different services.
• In brief, sdh defines synchronous transport modules (stms) for the fibre-optic
based transmission hierarchy.

Some MUXs used in F@H

Advantages of SDH
The basic format of an SDH signal allows it to carry many different services
in its Virtual Container (VC) because it is bandwidth-flexible.
Increased configuration flexibility and bandwidth availability.
The primary reason for the creation of SDH was to provide a long-term
solution for an optical mid-span meet between operators; that is, to
allow equipment from different vendors (multi vendor networking) to communicate with each other.
Because SDH is synchronous, it allows single-stage multiplexing and de-multiplexing (all the equipment are
synchronized from same network’s clock).
This single-stage multiplexing eliminates hardware complexity, thus
decreasing the cost of equipment while improving signal quality.

Formation of E1

Nyquist–Shannon
sampling theorem

64000 bit
=64 kb
64 kb X 32 Channel = 2048 Kbps
= 2.048 Mbps
= E1 (Speed)

8000Hz

8 bit/sample

How E1 is Calculated
• Audible voice frequency is of range 3.5khz to 4khz. as per
sampleing theorm, rate of sampling should be twice the max.
freq. i.e. 4x2=8khz which means you require 8000samples per
second to quantize the analog voice signal.
as a fact, one sample requires 8-bits.
therefore, 8000 samples would require - 8000x8=64000bits
i.e. 1 voice sample will need at least 64kbps to travel.
now, e1 is designed as such to have 32 time slots, each
with a bw of 64kbps.
thus, e1=32x64=2048 kbit i.e. 2mbps

SDH Frame Structure
• The STM-1 frame is the basic transmission format for SDH.
• There are 8000 frames per second so the frame lasts for 125
microseconds.
• The STM-1 frame consists of overhead plus a virtual container
capacity.
• The first nine columns of each frame make up the section overhead, and
the last 261 columns make up the virtual container (vc) capacity.
• The vc plus the pointers (h1, h2, h3 bytes)is called the au
(administrative unit).

SDH Frame Structure

VC capacity, has its own frame structure of nine rows and 261 columns. The first column is for Path
Overhead; it’s followed by the payload container, which can itself carry other containers.
The STM frame is transmitted in a byte-serial fashion, row-by-row.
Virtual Container
SDH supports a concept called virtual containers (VC). Through the use
of pointers and offset values, VCs can be carried in the SDH payload as
independent data packages.
Virtual containers can also be concatenated to provide more capacity
in a flexible fashion.
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SDH FRAME STRUCTURE

The Regenerator Section Overhead

The Regenerator Section Overhead contains only the information
required for the elements located at both ends of a section.
The Regenerator Section Overhead is found in the first three rows of Columns
1 through 9 of the STM-1 frame.
D1, D2, D3
RS Data Communications Channel (DCC) bytes – These three bytes form a 192 kbit/s message channel
providing a message-based channel for
Operations, Administration and Maintenance (OAM) between pieces of section terminating equipment.
A1 and A2- Indicates beginning of STM-N frames.
J0 - Regenerator Section (RS) Trace message.

SDH FRAME STRUCTURE

A1
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SDH FRAME STRUCTURE

A1
B1

A2
E1

J0
F1

Framing (A1,A2)

D1

D2

D3

Start of the STM-1 frame.

Section Trace or Future Growth (J0)
J0 carriesSection
section BIP-8
trace message.
(B1)
Section
User
Channel
(F1)for
Local
Orderwire
(E1) is used
Byte interleaved
Parity-8
(BIP-8)
Asection
64kb/s
usermonitoring.
channel.
Channel
for voice communications
between
any (DCC_R)
regenerator
error
Data
communication
channel
two aNEs.
Provides
single 192 kb/s channel for Management

Multiplex Section Overhead
The Multiplex Section Overhead contains the information required
between the multiplex section termination equipment at each end of the
Multiplex section. The Multiplex Section Overhead is found in Rows 5 to 9 of Columns 1 through 9 of the
STM-1 frame
D4 to D12
MS Data Communications Channel (DCC) bytes – These nine bytes form a 576 kbit/s message channel
from a central location for OAM information
(control, maintenance, remote provisioning, monitoring, administration and other communication needs).
B2
Multiplex Section (MS) bit interleaved parity code (MS BIP-24) byte – This bit is used to determine if a
transmission error has occurred over a multiplex section.
K1 and K2
Automatic Protection Switching (APS channel) bytes – These two bytes are used for MSP (Multiplex
Section Protection) signaling between multiplex level entities for bi-directional automatic protection
switching and for communicating Alarm Indication Signal (AIS) and Remote Defect Indication (RDI)
conditions. The Multiplex Section Remote Defect Indication (MS-RDI)

SDH FRAME STRUCTURE
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SDH FRAME STRUCTURE

B2
D4
D7
D10
S1

K1
D5
D8
D11
M1

K2
D6
D9
D12
E2

Data Communication Channel (DCC-M)
Line BIP-24
(B2)a single 576 kb/s channel for
Provides
Byte interleaved Parity-24 (BIP-24)
is used for
Management
multiplex section error monitoring.
Line Remote Error Indicator (M1)
Synchronization statusOrderwire
or Future growth
(S1)
(E2)
Remote
error
indication.
Conveys
the
BIP-24
error
count
Automatic
Protection
(APS)
(K1,K2)
5-8 bits
of Switch
thefor
byte
defines
Orderwire
channel
voice
communication
between
back to the Used
source
for
APS
signaling
Synchronous status
message
two
NEs

SDH Pointers
When there’s a difference in phase or frequency, the pointer value is adjusted. To accomplish this, a process known
as byte stuffing is used.
H1 and H2 Pointer bytes – These two bytes, the VC payload pointer, specify the location of the VC frame. It’s used to
align the VC and STM-1 Section Overheads in an STM-N signal, to perform frequency justification, and to indicate
STM-1 concatenation.
H3 Pointer action byte – This byte is used for frequency justification.

Higher-Order Path Overhead

The Path Overhead is assigned to, and transported with the Virtual Container from the time it’s created by path
terminating equipment until the payload is de-multiplexed at the termination point in a piece of path
terminating equipment.

The Path Overhead is found in Rows 1 to 9 of the first column of the VC-4 payload(10th column).

SDH FRAME STRUCTURE

J1

Higher Order Path
Overhead

B3
C2
G1

F2
H4
F3

K3
N1

Path
Overhead

SDH FRAME STRUCTURE

J1
B3
C2
G1
F2
H4
F3
K3
N1

Path Trace (J1)
Path BIP-8 (B3)
J1 byte carries the trace information at path
Path error monitoring
level
Path Signal Label (C2)
Indicates the type of payload in AU
Path Status (G1)
Indicator
byte (H4) information
Provides status
and performance
Path User Channel (F2)
to the remote
end
Carriesback
multiframe
information
User data channel at path level
Path User Channel (F3)
User
data channel
at path
level
Tandem
Connection
(N1)
Bits 1-4
for APS. Bits
5-8 are forat TCM
IECare
for allocated
tandem connection
monitoring
future use.
source.

What's WDM？
• Wave Division Multiplexing is a technology that utilizes the properties
of refracted light to both combine and separate optical signals based
on their wavelengths within the optical spectrum.
• Different signals with specific wavelength are multiplexed into a fiber for transmission.
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Transmission Modes
• Single fiber bidirectional transmission

O
T
U

M
4
0

DMUX/MUX

O
T
U

M
4
0

MUX/DMUX
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Advantages of WDM
• Ultra high capacity
• Data transparency transmission
• Long haul transmission
• Compatible with existing optical fibers
• High performance-to-cost ratio
• High networking flexibility, economy and reliability
• Smooth expansion

CWDM Vs DWDM
• CWDM uses small amount of wavelengths, fewer channels.
• No amplification required, cheaper hardware.
• CWDM:
• coarse wavelength division multiplex

• DWDM:
• dense wavelength division multiplex
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Wavelength
• To take advantage of the lower loss at 1550 nm, fiber was developed
for the C-band.
Band Name

Wavelengths

Description

O-band
E-band
S-band

1260 – 1360 nm
1360 – 1460 nm
1460 – 1530 nm

C-band

1530 – 1565 nm

L-band

1565 – 1625 nm

U-band

1625 – 1675 nm

Original band, PON upstream
Water peak band
PON downstream
Lowest attenuation, original WDM band, compatible with
fiber amplifiers, CATV
Low attenuation, expanded DWDM band
Ultra-long wavelength
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Wavelength
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Wavelength
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Dispersion
Power
Optical pulses

Transmitting
L1 (km)

Transmitting
L2 (km)

Time
Dispersion in fiber refers to a physical phenomenon of signal distortion caused when various modes carrying signal energy or
different frequencies of the signal have different group velocity and disperse from each other during propagation.
CD(Chromatic Dispersion): Since different frequency (wavelength) components of the light source have different group velocities and
light beams with different frequencies have different time delays in transmission, dispersion arising from which is called chromatic
dispersion.
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Application of Amplifier
OTU

OTU

M
M
4UX
0

Booster amplifier

OA

M
OA
40

Line Amplifier

M
OA40

MDM
UX
4
0

OTU

OTU

Pre-amplifier

BA: Booster amplifier, mainly used in the transmit end.
LA: Line amplifier, mainly used in the amplifier station.
PA: Pre-amplifier, mainly used in the receive end.
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OSC

S
C
C

OTU1
OTU2
OTU3
OTU4

M
4
0

F
I
U

F
I
U

OSC

M
4
0

OSC

OTU1
OTU2
OTU3
OTU4

S
C
C

Operating wavelength should be different from the pumping wavelength of OA.
Operating wavelength should not take 1310nm window.
Available when OA fails.
Suitable for long distance transmission.
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WDM Headers
Client signal
OPUk
ODUk
OTUk[V]

OH

OH

OH

OChr
OTM-0.m

OPUk payload
OPUk
ODUk

FEC

OCh paylaod
OPS0

OPUk: Optical channel Payload Unit-k
ODUk: Optical channel Data Unit-k
OTUk: completely standardized Optical channel Transport Unit-k
OTUkV: functionally standardized Optical channel Transport Unit-k
OCh: Optical Channel with full functionality
OChr: Optical Channel with reduced functionality
OPS: Optical Physical Section
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WDM Headers
OTU4[V]

ODU4

OPU4

ODTUG4

OTU3[V]

ODU3

OPU3

ODTUG3

OTU2[V]

ODU2

OPU2

ODTUG2

OTU1[V]

X40

X16

X4

ODU1

OPU1

Client signal
Multiplexing
Mapping
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WDM Container Capacity
Signal

Approximate data rate (Gbit/s)

OTU1
OTU2
OTU3

2.66
10.7
43.01

OTU4

112

ODU0
ODU1
ODU2
ODU3
ODU4

1.24416
2.498775126
10.03727392
40.31921898
104.7944458
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WDM Basic Architecture
• OTS (Optical transmission section)
• OMS (Optical Multiplexing Section)
• OCh (Optical Channel)

OTU
OTU

OM
M
4
0

OA

OA

OA

OTS

OTS
OMS
OCh

M
OD
4
0

OTU
OTU

WDM Basic Architecture
• OTM (40-wavelength):

OTU
OTU

M
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4
0
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F
SC1

I
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M
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4
0

OA

DCM
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WDM Basic Architecture
• OLA
DCM

OA
F

I

F
SC2

U

I
U

OA

DCM
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WDM Basic Architecture
• FOADM:

F

T

OA
OADM
(East)

OADM
(West)
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ITU References
• G.652

Characteristics of a single-mode optical fiber cable

• G.655

Characteristics of a dispersion-shifted SMF

• G.661/G.662/G.663

Relevant recommendations of OA

• G.671

Characteristics of passive optical components

• G.957

Optical interfaces relating to SDH system

• G.691

Optical interfaces for single channel STM-64, STM-256 systems
and other SDH systems with OA

• G.692

Optical interfaces for multi-channel systems with OA

• G.709

Interfaces for the optical transport network (OTN)

• G.975

Forward error correction for submarine systems (FEC)
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