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ABSTRACT 

This  project provides an overview of the basic principles of transmission  of 

optical information, it examines how to install an optical network and the termination 

of the optical fiber to the home (FTTH). 

Finally, actual measurements are presented with OTDR (Optical Time Domain 

Reflectometer), which checks the quality of the already installed optical fibers or of 

those which are about to be installed.
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• .

•

.

 ODFs 

 (modularity) ,

(module/panel/shelf/tray) .

 (Fiber Distribution Frames - FDF)  19”, 

ETSI 300-119 :  900mm 

,  300mm  2200mm. 

.

 pigtails. 

 ODFs ,

 5 ,

.

 ODFs 

,

.

 ODF  12. 

 3.31:  24 



 3.32:  192 

 pigtails , ,

,  , 

 ( ). 

, .

.

 3.33:Pigtails



3.2.12 

 FDH 

.

.

 ODF. 

 (splitter) 

PON (Passive Optical Network - )

.

.

 (

, .). ,

.

.

 3.34: FDH 

3.2.13 Indoor/outdoor termination box 

,  (

 HDPE 

),

, :

•  8  < LC/APC>. 



•  19’’ 

 rack-mounted UPS. 

• Rack-mounted .

, .

3.2.14  Ethernet (Ethernet Switches) 

:

3.2.14.1

Gigabit Ethernet uplinks  UTP 

 FastEthernet (10/100Base- ) .

 : Ethernet, Multicast Management, Network 

Management, Link and Path Protection, ,, ,

,

 media-

converters 

,

.  « »

 (QoS). 

3.2.14.2  ( )

 Gigabit Ethernet 

 SFP-Based). 

 Gigabit Ethernet 

 SFP-Based) 

.

,

 (Virtual Circuits - VC)  point-to-point 

 multipoint-to-multipoint transparent sevices.  

 (per-port-pervlan service). 

 (QoS)  SLA ’ .

 traffic flows 

 (Service Mapping)  VLAN tag, 

,  802.1p priority,  TCP  UDP port,  DSCP field, 

 (Service Levels). 



3.3

.

.

:

3.3.1 ,

.

.

.

.

,

.

,

.

,

.

.

.

/ .

.

.

.  “

” .

.

 « » .

.

.

.



,

,

.

,

.

,

.

: .

3.3.2 

.

,

.

 (  3-5 ).

 20 .

.

 (Minimum Bend 

Radii - MBR) .

 MBR 

).  MBR 

.

 ( , N, , Kgf) 

.

’

.

,

.

.

3.3.3 

, , .

 IEC (International Electrotechnical Commission) 60794-1-

1  C.3.6 ‘Installation of buried cables’ ( ).

.

.



.

.

.

. .

.

3.3.4

:

 (

)



4. FTTx-FTTH (Fiber To The Home) 

4.1  FTTx 

 «Fiber to the x (FFTx)», 

.

, :

FTTN/FTTCab/FTTS: Fiber to the Node (Fiber to the Neighborhood) / Fiber to the Cabinet / 

Fiber to the Street 

FTTC/FTTK: Fiber to the Curb ( ) /Fiber to the Kurb (

)

FTTB: Fiber to the Building 

FTTH/FTTO/FTTA/FTTD:  Fiber to the Home / Fiber to the Office / Fiber to the Apartment / 

Fiber to the Dormitory 

FTTP:  Fiber to the Premises:  FTTB 

FTTH. 

4.1.1  FTTx 

FTT Node  1500 

.  cabinet ( )

,

.

FTT Curb  150 .

FTT Building , ,

.

FTT Home  / .

 4.1:  FTTx 



 4.1:  FTTx 

4.2 Fiber to the Home-FTTH 

 FTTH Council,  “Fiber to the Home” 

. ’ .

4.2.1  FTTH 

.

, .

 (bandwidth) 

, .

 (broadband access) .

.

. ,



 FTTH 

,

.

 ( ) :

.

, .

, , .

.

FTTUser, : .

.

.

4.2.2  FTTH 

 FTTH  (central office- CO) 

 (interface)  (Public 

Switched Telephone Network-PSTN) 

 (Asynchronous Transfer Mode-ATM)  Ethernet. 

 (cable television) 

.

 (Wavelength Division Multiplexing-WDM) 

 (splitter).  CO 

.

 (  upstream  downstream, 

) , .

 (Optical Electrical Converter-OEC). 

.



4.2.3  FTTH 

, DSL  (coaxial 

cable). ,

,  2,5 

.

.

.

 FTTH ,

. , ,  (e-mail) 

.

4.2.4  FTTH 

OLT: Optical Line Termination ( ).  CO 

. , ,

.  OLT 

 PON. 

OLT  1490 nm   1550nm. 

Central Office Distributor Rack (CO): 

.  UnderDistributor 

 OLT. 

UnderDistributor Rack (SRO):  Central Office Distributor.. 

ONT: Optical Network  Terminal. 

,  FTTx . T

.  ONT  OLT  1310 nm. . 

:  OLT  ONT. 

: , .

.

.



4.3  FTTH

4.3.1 Point-to-point ( )

Active Optical Network ( ):  Ethernet switches (

),

 (  Ethernet switches), 

 (backbone). 

 (  switches), .

.

 4.2: 

Home Run:  OLT 

.  80  CO (Central 

Office)  OLT. 

,

 OLT. ,

, .

.



 4.3:Home Run 

4.3.2 Point-to-multipoint ( )

Passive Optical Network:  PON .

 AON, ,

,

 splitter ( ).  PON 

 (backbone).  broadcast 

.



 4.4: PON

4.3.2.1  PON 

APON (ATM PON) : ATM-based PON  AT .

 Virtual Circuits (VCs)  APON .  VCs 

 Virtual Paths (VPaths) o .

 APON .

 APON  155.52 Mbit/sec  APON,   downstream 

 OLT   155.52  622.08 Mbit/sec.  upstream 

 155.52Mbit/sec. 

 upstream   downstream ,

.  APON 

 downstream  1480  1580 nm 

 1260  1360nm.  upstream  1260  1360nm. 

BPON (Broadband PON):  BPON  ITU.  APON, 

 WDM.  54 

. ,  FSAN (Full Services Access Networks) 

.  downstream  155 Mbps, 



622 Mbps  1,2 Gbps  1490  1550 nm  upstream 155 Mbps  622 

Mbps  1310 nm.   ITU-T G.983. 

EPON (Ethernet PON):  H downstream  1,25 Gbps  10.3 Gbps, 

 1550 nm  upstream 1.25 Gbps  10.3 Gbps  1310 nm. 

 Ethernet  IEEE 802.3ah. 

GPON (Gigabit ethernet PON):  GPON 

 ATM  TDM. ,

. ,  GPON  Ethernet 

.  downstream  155 Mbps, 622 Mbps, 1.2 Gbps, 2.5 Gbps 

 1490  1550 nm  upstream 155 Mbps, 622 Mbps, 1.2 Gbps, 2.5 Gbps 

 1310 nm.  ITU-T G.984. 

 FTTH,  PON.

 PON 

 AON. 

4.4

 (FTTH), 

, ,

.

4.4.1 

,

 (  Fiber Distribution Hub, FDH)  Termination 

Box, , .

 Termination Box  ONT, .

ONT  Single Family Unit (SFU) ONT 

 4 .



 4.5: 

 ONT .

.

RJ45, RJ11  CATV.  router, 

.

 4.6:  ONT 



 4.7: Wall socket  ONT 

,  ONT 

.  ONT  high speed router 

.

 4.8:  ONT



 4.9: Wall socket  ONT 

4.4.2 

 Termination Box.  Termination Box 

.

.  ONT 

 Multi-Dwelling Unit (MDU) ONT  8  12 

.

 SFU ONT .

4.4.2.1

 Termination Box 

 ONT .



 4.10: 

4.4.2.2.

 Termination Box 

 ONT 

.



 4.11: 

 ONT’s 

 4.12: 



 4.13: 

 4.14: MDU ONT 

4.4.3.

. ,

,

. .

,

, .

 (LSZH - low smoke zero halogen). 

.

 pH. 

,

, .

 (patchcord) 

.  250 m



 0.8-1mm. 

.

.

 . 

. .

,

 (‘multi-tight’). ,

 24 .

 4.15: Patchcord 

, (  24 

)  144 ,  rack 

.

 (LSZH) .

4.4.4 

.

:

, .

  > 65mm. 

.

.



 4.16: 

4.4.5

4.4.5.1

 4.17:



 4.18:

4.4.5.2.

 4.19:



 4.20:

.

. ,

.

. ,

, , ,

. ,

, .

4.5  & 
 FTTH 

 FTTH 

, , .

,

.

 FTTH. 

.



 FTTH. 

.

,

.

.

.

.



5. OTDR 

5.1  OTDR 

 OTDR (Optical Time Domain Reflectometer, 

)

,

.

,

, .

:

,

 ( ,

)  ITU.

,

 ( ).

 dead zone 

.

, ,

.

,  OTDR, 

 pigtail, 

.

,

5.2  OTDR 

 OTDR  laser  laser 

.

 ( , ,

).

.

.

,

. ,

.

 (  pulse), 



. ,

,

.

,

,

ORL (Optical Return Loss) .  OTDR 

.

,

,

.  laser, 

.

 ( ,

, )

 Rayleigh .

 (Avalanche Photodiode, APD). 

.

.

, .

 5.1:  OTDR 



5.3  OTDR 

5.3.1 

 OTDR 

.

:

 «Rayleigh backscattering» 

 «Fresnel reflection». 

 «Rayleigh backscattering» 

 (  dB/km) 

 OTDR. 

.

.

.

 5.2: Rayleigh 

 OTDR (Fresnel) 

. ,

 Fresnel 

 Rayleigh.  Fresnel 

 OTDR. , ,

.



 5.3:  Fresnel ,

.

5.3.2 

: L=  c/n * t/2 

:

c=

t=

n= .

            To OTDR .

.

5.3.3 

 Fresnel  «

». : .

 Fresnel 

) .

 OTDR « »

 – ,

.  OTDR ,

 «

».



5.3.3.1

 OTDR 

 Fresnel. 

.

,

.  OTDR 

.  OTDR 

.

 5.4: 

 OTDR ,

. ,

 OTDR 

patchcords .  « »

.

5.3.3.2

 OTDR 

.  (

)

. ,

 OTDR 

.



 5.5: 

5.3.3.3

 OTDR 

. ,  patchcord 

.

. ,

.

.

.

1 nsec 0.15 m ( )

10 nsec 1.5 m ( )

100 nsec 15 m 

1 sec 150 m 

10 sec 1.5 km 

100 sec 15 km 

 5.1: 

5.3.4 

 OTDR .

 OTDR 

.

.  (  dB) 

.

.



,

 OTDR. 

.

 OTDR  5  8 dB 

.

 100 ,  0,35dB/ ,  50 ,  0,1 

dB , ,  40 dB .

 45 dB .

5.3.5 

 laser  . 

 OTDR 

.

.

. ( , ).

. ( .  >1 s  >40 

)

 5.6: 

 ( )

.

.

 OTDR 

.

 . 

 (SNR) 

.



 SNR ’ .

 ( ).

.

 ( , .).

ghost images 

.

 ( ).  700 

.

 5.7: Ghost image 

.

 (  10 nsec) ,

, .

 5 .

,

.



 5.8: 

 100 nsec 

 15 .

5.3.6 

 OTDR 

.

.

 OTDR 

.

,  4cm .

.



 5.9: )  5 )  15 .

5.3.7  ( )

 OTDR 

 – .

 ( ). , ,

, .

, y/ x

 (dB/Km) .

, , ,  events, 

, , ,

.

, ,  A-B, 

,

 35 dB  30 dB. 

 5 dB. 



 5.10:

,

.

 splices,  ( , ).

,

.

,  OTDR. 

,

 « ». 

.  OTDR 

,

,

.



 5.11: 

5.4  OTDR-Start up 

 EXFO  FTB-200. 

 5.12: EXFO FTB-200 



,  OTDR .

 patchcord.  OTDR  

.  patchcord ( ,

).  pigtail. 

 5.13:  OTDR 

.

 OTDR ,

.

 5.14: 



5.4.1  OTDR (Modules) 

 OTDR .

, , ,

.

FTB-200: FTB-7200D-B .

  1310nm & 1550nm. 

35 db .

 1 ,  event 

.

.

FTB-200: FTB-7200D-

12CD-23B
.

  850nm & 1300nm 

1310nm & 1550nm .

:

26 dB (850 nm) & 25 dB (1300 nm) & 35 dB (1310 nm) & 34 

dB (1550 nm). 

 1 ,  event 

 4,5 .

.

 50 m  62,5 m .

FTB-200: FTB-7300D-B .

  1310nm, 1490nm & 1550nm. 

38 db .

,  FTTx 

.

 128.000 .

FTB-200: FTB-7400B-B .

40 db .

 3 .

 52.000 .

FTB-200: FTB-74234C-B .

 1310nm, 1550nm & 1625nm. 

40 db .

 3 .

 52.000 .

.

FTB-200: FTB-7500B-B .

45 db .

 3 .

 52.000 .

 5.2:  OTDR 



5.4.2 Applications 

5.4.2.1 Automatic OTDR 

 automatic ,

.  OTDR ,

 ( ) .

,

. , ,

 “advanced mode”. 

5.4.2.2  OTDR 

,  OTDR 

,

.

.

.

, ,

.

 ghost images.   

.

 (events) 

.

;

.

.

 ( ).

5.4.2.3 Advanced Mode OTDR 

,

:

1.  ( , , )

2.  ( )

:

1.

2.

3.

4.

5.



, ,

,

.

.

 5.15:  OTDR 

,  0.1 

.

5.4.3  OTDR 

5.4.3.1 General Tab 

,

.



 5.16: General tab

5.4.3.2 Acquisition Tab 

, ,

,  ( ,

).

 5.17: Acqusition tab 



5.4.3.3 Analysis Tab 

. .

  «splice loss detection threshold» 

 event. , ,  event 

 0,015, .

  «reflectance detection threshold»  

 ( .  -72,5 ),

.

 «End-of-fiber detection threshold»  dB 

,  ( .

 3 db , ).

  «span start»  event  «span 

start».  «span end». 

 5.18: Analysis tab 



5.4.3.4 Event table Tab 

 OTDR   (threshold) .

 5.19: 

TEST DEFAULT MINIMUM MAXIMUM 

(dB) 

0,015 0,015 5,000

 (dB) -45,0 -80,0 0,0 

(dB/ )

0,000 0,000 5,000

 5.3: O

 OTDR .

.

 event. 



5.5

 event ,

. ,

,

 ( ) .

5.5.1 Events 

 events :

Span Start: .

Span End: .

Continuous Fiber: .  OTDR 

.

End of Analysis: .

Non-Reflective Event: .

.

Reflective Event:  (

).

Positive Event: .

. (  «Non-Reflective 

Event». 

Launch Level: .

Fiber Section:  event. 

Merged Reflective Event:  events .

, .

Echo:

 OTDR « ». 

 (ghost images). 

Reflective Event (Possible Echo):  event 

. .

Event 

Span Start 

Span End 

Continuous Fiber 

End of Analysis 



Non-Reflective Event 

Reflective Event 

Positive Event 

Launch Level 

Fiber Section 

Merged Reflective Event 

cho

Reflective Event(Possible Echo) 

 5.4:  event 

5.5.2 

, ,

 ( )  events 

,

.



 5.20:

 5.21:  events 

:

: .

:

: .

: .

Span length: .

: .

: .

: .

: .

(ORL): ,

.



Helix factor: ,  OTDR 

. , .

, .

:  ( )+ Backscatter): 

.

. . ( )

Splice Loss hreshold: 

.

Reflectance Threshold: 

End-of-fiber hreshold: 

.

5.6

 VFL (visual fault locator) (  OTDR, 

)  ( ,

, ).

.

,

, .  (1 Hz). 

 5.22:VFL 



6.  OTDR 

6.1

, , ,

, . , ,

.

6.1.1 

, ,

, ,

, :

,  OTDR  patchcord 

 ( ),

,  patchcord 

, ,

, .

.

 6.1: 



 events 

.

 6.2:  1550 nm 

 6.3:  1310 nm 



, ,

 « »  « » (

Fresnel, ,  « » ).

.

. , ,

, .

 20 .

, , ,  10 .

 6.4:  1550 nm                                6.5:  1310 nm 

 10 .  Fresnel, 

.

, , ,

.

,  1550 nm 

 1310 nm (  10 .).

, ,

. ,  10 .

 patchcord, , .



Events 

 6.6: Events  1310 nm



 6.7: Events  1550 nm 

,  10 ,  900 

,  ( ) .

,  OTDR  3  4 events,   1550 nm  1310 

nm,  (  events ).

 « » .



;

 events, 

 900  event. 

.  events 

 0,01 dB,  « », .

 dB ;

 0,01 dB , , .

,  events, 

 0 dB, ,  events ,

, .

,

.

;

 events .  event ,

.

, .

 0,30 dB. , .

,

 0,1 dB. 

,  events, 

. , .

.

, ,  (reflectance). 

.

,

.

 attenuation, , .

 0,35 dB/ .  1310 nm  0,25 dB/ .  1550 nm. 



 6.8:  1310 nm 

 6.9:  1550 nm 

,

 OTDR. ,

.

.

.

.

,

, ,



, .  1550 nm 

 1310 nm  Fresnel,  1550 nm 

 « »  1310 nm  Fresnel, (

 1550 nm) .  1550 nm 

 1310 nm .  1550 nm 

 275 ns ( ),

 « »  Fresnel. 

 6.10:  1310 nm 



 6.11:  1550 nm 

 events 

,  OTDR .

.

, .

, , 9  900 

, .

 helix factor, ..

,

.

,  10 

, .

, .

:  (1310 Nm). 

:  event   2,2571 .

,  10  9  event  0,8375. 

 1  10  events .

 0,84 . ,

 ( ).

 event. 

:  9  8  event,  1,3915 

.  event  2 .

,  1,4171.  event .

:  6  ( )  5  event. 

 0,9983 . .

:  5  4  even.  1,1668 .

.

:  3  OTDR .

 4.  4 ,  event ,

.

:  2  3  event  2,6477 .

 900 : 2,6477/0,9=2,94.  ( ),  3. 

 events  3 ,  2 ,

900 .

:  3  4  event  3,1303 .

 900 : 3,1303 /0,9=3,47.  ( ),  3. 

 events  3 ,  2 

,  900 .

 3 ,  4 ,

 900 

 10, .

 events, 

 events. 



 6.12:  events  10 

 6.13:  events  10 



6.1.2 

,

, , .

 OTDRs 

, ,

.

 6.14: 



 6.15: 

 events ,

, :

: 1  event : 5  event 

: 2  event,  -0,305 : 4  event,   0,408 

: 3  event,   0,200 : 3  event,   0,199 

: 4  event ,  -0,205 : 2  event,  0,598 

: 5  event : 1  event 

 event  « »

,  ( )  event 

 « » , , .

. ,

, ,  9 m,  MDF (Mode Field Diameter, 

),  9 m, 

.  9,1 m  8,9 m, 

. ,

, ,

. , .

, . , .

:

,  OTDR ,

 events, .



:

 6.16:

,  events :

1  event: . .

2  event: (-0,305+0,408)/2=0,0515 

3  event: (0,200+0,199)/2=0,1995 

4  event: (-0,205+0,598)/2=0,1965 

5  event: . .

:

 6.17: 



 6.18: 

 6.19:  events 

, .

6.2

6.2.1 

, ,

, , ,

. ,

 ( , ).

. ,

 1625 nm  1,299 dB,  1550 nm  0,699 dB  1310 nm 

0,100 dB. ,

.

  6.23  1625  nm , 1550

nm  1625 nm  1310 nm  1310 nm 

.



 6.20: /  1310 nm 

 6.21:  1550 nm 



 6.22:  1625 nm 

 6.23: : 4  event  (1310, 1550, 1625) 



6.2.2 

.

,

.

, ,  1550 nm 

0,166 dB  1310 nm  0,242 dB.  0,076 db, 

1310 nm,  (0,300 dB).  

, ,

, .

, ,

. , .

 6.24:  1310 nm 



 6.25:  1550 nm 

6.2.3

 1550 nm,  ,

, .

1310 nm. 

,  event  1550 nm, 

 (1,104 dB).  1310 nm 

 event.  



 6.26:  1310 nm 

 6.27:  1550 nm 



6.2.3 

 Fresnel, 

. ,

Fresnel,  dark fiber .

 349,6 

, .

 6.28: 



7.
1.1.

1.2.

1.3.

1.4. :

1.5.

1.6.  ( . )

1.7. .

1.8.

1.9.  LED  (convex lens). 

1.10.  Rayleigh

1.11.  ( )

1.12.

2.1.

2.2 

2.3 Laser 

2.4 Led

2.5 

2.6 

2.7 

3.1 

3.2 

3.3 

3.4 

3.5 Splicer

3.6 

3.7 Splice protector 

3.8 

3.9

3.10  HDPE 

3.11 1/7

3.12 2/4 2/24

3.13 4

3.14

3.15

3.16 1

3.17 1

3.18 2

3.19 3

3.20  mini-trencher 

3.21  micro-trencher 

3.22

3.23

3.24



3.25  FC 

3.26  SC 

3.27  ST 

3.28  LC 

3.29

3.30

3.31  24 

3.32  192 

3.33 Pigtails

3.34 FDH 

4.1  FTTx 

4.2 

4.3 Home Run 

4.4 PON 

4.5

4.6  ONT 

4.7 Wall socket  ONT 

4.8  ONT 

4.9 Wall socket  ONT 

4.10

4.11

4.12

4.13

4.14 MDU ONT 

4.15 Patchcord 

4.16

4.17

4.18

4.19

4.20

5.1  OTDR 

5.2 Rayleigh 

5.3  Fresnel , .

5.4

5.5

5.6

5.7 Ghost image 

5.8

5.9 )  5 )  15 

5.10

5.11

5.12 EXFO FTB-200 

5.13  OTDR 

5.14

5.15  OTDR 

5.16 General tab 

5.17 Acqusition tab 



5.18 Analysis tab 

5.19

5.20

5.21  events 

5.22 VFL 

6.1

6.2  1550 nm 

6.3  1310 nm 

6.4  1550 nm                                

6.5  1310 nm 

6.6 Events  1310 nm 

6.7 Events  1550 nm 

6.8  1310 nm 

6.9  1550 nm 

6.10  1310 nm 

6.11  1550 nm 

6.12  events  10 

6.13  events  10 

6.14

6.15

6.16

6.17

6.18

6.19  events 

6.20  1310 nm 

6.21  1550 nm 

6.22  1625 nm 

6.23 : 4  event 

6.24  1310 nm 

6.25  1550 nm 

6.26  1310 nm 

6.27  1550 nm 

6.28



8.

1.1

1.2

3.1 

3.2 

4.1  FTTx

5.1 

5.2  OTDR 

5.3 

5.4  event 
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