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بلوک دیاگرام سیستم مخابراتی نوری

طلاعات در فرستنده ، خبر تولید می شود و به شکل قابل انتقال  توسط کانال ا

.در می آید

اطلاعات از فرستنده به گیرنده توسط این کانال ارسال می شود.

در گیرنده خبر از کانال دریافت می شود و به صورت نهایی آن در می آید.



اجزای یک فرستنده نوری



اجزای یک گیرنده نوری
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ساختار فیبر نوری
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انواع فیبر نوری
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فنآوری های ارسال و دریافت  اطلاعات  

به وسیله فیبر نوری

شبکه انتقال

Transmission   Network

 شبکه دسترسی

Access Network



جلسه ششم

switching-Ghader 21

فیبر نوری در شبکه های مخابراتی

رضا قادر
 WWW.YEKHA.NET

 r.ghader@yahoo.com

 +989120876890



فنآوری های ارسال و دریافت اطلاعات

شبکه انتقال

Transmission   Network
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فنآوری های ارسال و دریافت  اطلاعات

 شبکه دسترسی

Access Network



مفهوم شبکه دسترسی نوری

What’s optical access network



Access Network

26

Transmission 

Equipment

SPC 

Exchange

Transmission 

Equipment

End 

Users

Access 

Network

Central 

Office

Soft Switch

RouterRouter

Access 

Network

End 

Users

Data Carrier Network

Core Network

Transmission Network

L2 Switch
L3 Switch

Central 

Office

Access Network is between the end users and the exchange networks,  

provide channels for the end users connect to the core network.



Catalogue of access network
Access network 

EHTHERNET

PDH

SDH

Power line

Cable

SHDSL

VDSL

ADSLPassiveActive 

copperFiber 

Wireless accessWired access

PHS

WLAN

MMDS

LMDS

WLL

fixedmobile

EPON

APON

3G

GSM

Other media

Dial-up

GPON

ADSL is the most commonly technology in copper access network, and 

GPON is the most commonly technology in fiber access network.
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Online Experience Evolution

before 2000 around 2005 around 2010 next

64k 2M

Cloud

100M10~20M

تحولات تجربه دسترسی آنلاین    



Bandwidth Demand

services Bandwidth

Data Download 10Mbps

VoIP and videoconference 1Mbps

Music ,multimedia contents 2Mbps

On-line gaming 1Mbps

SD Digital TV 3Mbps

HD Digital TV, Additional TV channels 8Mbps

30
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DSL influenced by distance

 ADSL2+ can 

provide 15M bandwidth 

within 1km and 12M 

within 1.5km.

 With the experiment 

test conditions, VDSL2 

can provide more than 

25 M bandwidth within 1 

km distance. 
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Distance and Bandwidth
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Solutions for Optical Access Network
 P2P Method--ETTH

 N pieces of fiber, 2N sets of optical 

T/X modules 

 Each channel is respectively 

manageable

 Suitable for non dense area or gray 

field.

 PON Method--FTTH

 One or two backbone fiber to 

district

 N+1 sets of optical T/X modules 

 Save Exchange Office space

 No active devices between end 

office and subscribers

 Ease manageable

 Suitable for dense area or green 

field, especially good solution for 

large broadband access deployment.

33



Splitter

LAN

user

user

0～20km

Internet

PSTN

DDN

CATV

GE

V5

STM-1

1550nm

NGN FE

The advantage of PON technology

1.Bandwidth

2.Low CAPEX

3.Manageable

4.Full service

5.Low OPEX

PON Network Service Operators’ Philosophy
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Moving to Full Service Providers Using PON

Mobile Core

NGN

FE/E1/POTS

Mobile Backhaul

FTTH Triple Play

FTTB Triple Play

FTTC Solution

Home Network

SFU 

ONU

GE/FE/E1

LAN

Copper

GE/FE/POTS/WIFI/

Bluetooth/USB

SBU 

ONU

MDU OLT

PSTN

TDM

Internet

Video/VoD

GSM/3G

ODN

PSTN

SS/IMS

Metro-E

IPTV/CATV

Transmission 

Network

RG

MDU

PONکاربرد فنآوری های 



FTTe²： Optics access networks pushed into the most economical, 

the most effective place

Page 37

Difference Mode

FTTB

FTTC

FTTH Same Goal：FTTX

According to the actual situation of FTTX deployment

Fiber to the most 

effective point

• Rapid deploy service

• Make full use of  
network resources now

Fiber to the most 

economical point
• Optimization of 

CAPEX/OPEX

• Enhance the 
competitiveness of 
enterprises

FTTH

xDSL CO
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GPONمفهوم فنآوری 

Concept of GPON



• OLT－－Optical Line 

Terminal

• ONU－－Optical 

Network Unit

• ODN－－Optical 

Distribution Networks
ODN

POS

OLT

ONU

ONU

ONU

ONU

ONU

Passive Optical Splitter

Voice

Data

Video

PON

Passive Optical Splitter

The composition of the PON network

40

 PON network is a P2MP Passive Optical Network

 PON network comprised by OLT,ODN,ONU. Network structure is very clear and 

simple。



Medium

Access

Logic

TX

RX

WDM

Data to 
transmi
t
Data 
receive
d

OLT ONU

1:N 

λ1

λ2

1：32coupler

structure

1：32coupler inside structure 

Single mode 

fiber

Medium

Access

Logic

TX

RX

WDM

Data to 
transmi
t
Data 
receive
d

Optical split technology



Working principle of POS

Manufacturing method

tensiontension

heating

Optical path

No reflection 

shading

We take two fiber close and heating a point ,the two fiber will fuse 

together. The light from a branch into fusion point, is divided into two 

parts, carefully,it is light power, and not be signal



How to make different split 

ratio

We can cascade this kind of “x”type fusion point, We can get 

1:2,1:4,1:8, 1:16,1:32 split ratio POS…

If we do not blocked the other input  port,we can get 2:N splitter,so 1:N 

and 2:N splitter have the same structure.



Real splitter example

size：128×78×15mm

size：482mm x 160mm x 43.5mm 
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GPON Standards

46

ITU-T G.984.3

• Specifications of TC layer in the GPON 

system

• GTC multiplexing architecture and 

protocol stack

• GTC frame

• ONU registration and activation

• DBA specifications

• Alarms and performance

ITU-T G-984.1/2/3/4

Simple development process

Powerful compatibility

ITU-T G.984.1

• Parameter description of GPON 

network

• Requirements of protection switch-

over networking

ITU-T G.984.4

• OMCI message format

• OMCI device management frame

• OMCI working principle

ITU-T G.984.2

• Specifications of ODN parameters

• Specifications of 2.488Gbps downstream optical 

port

• Specifications of 1.244Gbps upstream optical port

• Overhead allocation at physical layer



GPON Principle---Data Multiplexing

 GPON adopts Wavelength Division Multiplexing (WDM) technology, facilitating bi-direction 

communication  over a single fiber.

 To separate upstream/downstream signals of multiple users over a single fiber, GPON adopts 

two multiplexing mechanisms:

 In downstream direction, data packets are transmitted in a broadcast manner;

 In upstream direction, data packets are transmitted in a TDMA manner

47

OLT

ONU/ONT

1490nm

1310nm

ODN



GPON Principle----Downstream

 Broadcast mode

 38880bit/s*8000=2.48832Gbit/s

48

Data for specified ONU

Data for specified ONU

A B CA B CA B C

A

B

C



GPON Principle----Upstream

 TDMA (Time Division Multiplex Address) mode

49

A

B

C

Data from specified ONU

Data from specified user

C

B

A A
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Basic parameters of GPON

51

 GPON rates ：
1.24416 Gbit/s up, 2.48832 Gbit/s down（most used）

 max logic distance：60km

 max phy distance： 20km(The coverage of G.984 recommended with 1:64 splitting ratio)

 max differential distance：20km

 splitting ratio 1：64，support upgrade to 1：128

 

ONU OLT 

ONU 

Maximum differential 

distance  between the farthest and the nearest  
ONU

s 

from the OLT: 20km 

Logical reach : 60 km 

Logical split ratio: 128 

• Ranging based on  
synchronous framing 
• 8 kHz clock transport  
or recovery 
• Survivability using  
PST bytes 
• Security based on  
encryption 

UNI SNI 

  



PON protection

52

IFpon

IFpon

IFpon

1：N splitter
OLT

ONU#1

ONU#

N
Backup 

fiber

Type A  fiber backup

IFpon

IFpon

IFpon

2：N splitterOLT

ONU#1

ONU#

N

Type B  OLT port backup

IFpon





 Type A protection 

protected backbone 

fiber

 Type B protection 

can provide 

backbone fiber and 

OLT PON port both 

have backup one.

OS OS



PON protection
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IFpon

IFpon

IFpon

1：N splitter

OLT

ONU#1

ONU#

N

Type C  full backup

IFpon

IFpon

IFpon

1：N splitter



 Type C protection  is full protection, OLT ,backbone fiber, splitter, 

branch fiber and ONU PON port, all can be protected. But we 

must construct double ODN.



PON protection

54

IFpon

IFpon

IFpon

2：N splitter

OLT

ONU#1

ONU#

N

Type D  mixed backup

IFpon

IFpon

2：N splitter

1：2 splitter

1：2 splitter

 Type D protection can avoid two faults as follow in the same time, 

backbone , branch fiber and splitter ,any two point fault ,the PON 

network can still work. But we must construct double ODN than 

type C.




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PON develop roadmap



FTTX technology deployment roadmap

 Access  Network technology develop so fast, but however the construction cost is much 

high, so the operator should consider the risk of their investment, make every period  

technology life cycle up to 10 years.

 Users and Service demand  drive bandwidth increasing，fiber to the home is a trend, and 

wavelength to the home is ultimate goal.

FTTN/B/H FTTH λTTH

PSTN dial-up ISDN/ADSL xPON/+ADSL/VDSL/LAN xPON/10G PON 10G PON/λPON

IP/ATM

MxU

Modem
Modem

ODN

ONT

ODN

ONT

Core office

Terminal

Outdoor 
cabinet

User

λn

IP IP

NG-OLT

100M bps100K bps 2M bps 20~50M bps

1990~2001

2000~2010
2007~2015

OLT

DSLAM ODN

ONU

OLT

1G bpsbandwidth

2011~2020 2018~

λ1 …

IP



Pure Data Solution

GPON ONU

OLT

EMS

ODN

Metro-E10G/1G

Ethernet Port

GPON ONU

2.5G

GPON ONU

2.5G

1G

Intra Network

P2P Ethernet



Voice Solution

Built-in IAD voice 

process module

QoS for Voice

H.248 MGC

Gate Keeper

ONU

ONU

MGCP/H.248/SIP

EMS

GPON

ODN

Metro-E
Gateway

PSTN

PLMNGateway

10G/1G

Ethernet Port

OLT

SIP MGC

IAD is a equipment that transfer analog voice 

signals into digital voice signal , IAD can directly 

communication with SS , GPON system just carrying 

IP packets.

GPON system has many method to ensure the  

voice traffic QOS.

Layer 2 and Layer 3 priority level

VLAN

T-CONT



IPTV Solution

EMS

IPTV Server

TV

Video Content 

Provider Server

Terminal Box inside 

House

ONU

Internet

Metro-E

VDN

Telephone

ODN

ODN
10G/1G

Ethernet Port

10G/1G

Ethernet Port

Video Vision 

Network

OLT

OLT

OLT

GPON system can support  some feature 

to carry IPTV:

IGMP V2/V3

Broadcast and multicast

Controllable multicast

Hierarchical QOS



TDM Service Solution

GPON is a choice for Mobile backhaul!

TDM over IP/ 
Native TDM

Fiber

FE

Optic 

Splitter

E1/155M

ONU EMS

FE

FE

E1

Metro-

E

TDM

ONU located in each building

E1
SOHO

ONU

ONU

10G/1G

Ethernet Port

OLT

Mobile 

Core

BSC/RNC

E1
BTS/ Node B



Mobile Backhaul Solution over GPON

ONU

OLT
BSC/RNC Clock Ref

Network Syn

BTS/ Node B

BTS/ Node B

Node Syn

NE

OLT:1 PPS

10MHz TOD
ONU:1 PPS

10MHz TOD

•Time transport via PON link

•BTS/Node B can also receive syn signal from local GPS ref

•Mobile backhaul solution over GPON will support smooth upgrade from 

2G mobile system to 3G or NG mobile system.



1:32/1:64

NMS/EMS

Internet

Bill 
System

Application 
Server

SS

SDH

Operation 
Platform

1:16/1:32 MDU/ONU

Security Monitor

Multiple Internet 

User( DSL/Ethernet)

FTTO

Residential Users in green filed

Video

Monitor

CATV

FTTH

IPTV

PSTN

IPTV

Video 

Conference

Internet Telephone

WLAN

Service Platform

OLT

CATV

MSTP

OSS/BSS

PBX

PBX

WLAN

10GE/GE/

155M/E1

1550nm

FE
FE

FE FE

STB
IPTV

STB STB

Triple Play Service Solution

Business Users in gray filed

Residential Users in gray filed



1:32/1:64

NMS/EMS

Company/Office

Bill 
System

Application 
Server

SS Operation 
Platform

1:16/1:32

Public Area

MDU/ONU

FTTO

Residence/ Office

Video

Monitor

FTTH

Video 

Conference

WLAN

OLT

OSS/BSS

FE

FE

FE FE

Value-added Service Overview

Video

Monitor

Video 

Conference

Video

Monitor

Video 

Conference
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GPONمفهوم توسعه فنآوری 

 Proposal of  GPON deployment



Shang Hai：FTTx deployment solution 
depend on the different residential 
areas.

Page 67FTTC

FTTC

FTTC

FTTC

FTTC FTTC

FTTC

FTTC

FTTC

FTTC

FTTC

FTTC
FTTC

FTTC

FTTC
FTTC

FTTC FTTB

FTTB

FTTBFTTB

FTTBFTTB

FTTB

FTTBFTTBFTTB

FTTB

FTTB

FTTB

FTTB

FTTB

FTTB

FTTB

FTTH

FTTH

FTTH

FTTH

FTTH

FTTH FTTH

FTTH

FTTH

FTTH

FTTH
FTTH

PON+FTTHGreen field/Business

Gray field FTTC+ADSL2+/VDSL2

Green field PON+FTTB+LAN/VDSL2



Internet

NGN/IMS

CO HomeCurb Build

OLT

ONU

NT
FTTB+LAN

FTTC+DSL

Fiber

ETHERNET

Twisted pair 

SNI UNI

Fiber To The Home

Fiber To The Building LAN

Fiber To The Curb xDSL

CATV

NT

ONU

ONU

FTTC+EoC

Cable

Fiber To The Curb EoC

NTONU

FTTH+WLAN

WLAN

GPON deployment mode

Fiber

Fiber

Fiber

NT
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Solutions



Option I—FTTH Solution

1:32/1:64

NMS/EMS

Internet

Bill 
System

Application 
Server

SS

SDH

Operation 
Platform

Residential Users in green filed

Video

Monitor

CATV

FTTH

IPTV

PSTN

IPTV

Video 

Conference

Internet Telephone

WLAN

Service Platform

OLT

CATV

MSTP

OSS/BSS

10GE/GE/

155M/E1

1550nm

FE
FE

FE FE

STB STB

GPON/EPON

BW per 
PON 

Split 
Ratio

BW per 
Sub

Service 
Type

Approx 
cost

GPON 2.488G 64 38.9M IPTV/HIS 
/POTS

270~300 
USD

EPON 1.25G 32 31.25M IPTV/HIS 
/POTS

260~280 
USD

10G PON 10G 128 78.1M IPTV/HIS 
/POTS

450~500 
USD

Turn to the Most Advanced 

but Mature Technology

Service Provision



Option II-FTTB Solution

Feeder fiber

Cabinet

ONU

Distributed Cable

LAN
TDM

DSL

MDU ONU

Copper Cable

10G/1G

Ethernet Port

OLT

May save the existing copper source

in buildings

POTS



Option II-FTTB Solution--Large Scale FTTB Solution

This application is used for optimizing the existing copper network 

architecture by providing subscribers 2M~8M bandwidth Internet services.

EMS

Metro-E

OLT

MDU ONU



Option III-FTTC Solution

Feeder Cable

Outdoor Cabinet

Existing Copper Cable

DSL MDU

Exchange Room

10G/1G

Ethernet Port

OLT



Option III-FTTC Solution

AN5116-06B

Splitter

AN5006-20

Phone PC

IPTV

AN5006-20

CPE

Phone

CPE

PC

ANM2000

IPTV

Server

Soft

Switch

PSTN

V5 interface 

(AN3300-C1)

Voice

Data

IPTV



FTTC Solution compare with MSAN 
Two 

Benefits:

Coverage;

Capacity
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