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1. Construction process:

Å Bi-directional insertion loss testing, ORL testing 

Å OTDR measurements

2. Turn up process:

Å Connectors inspection and cleaning

Å Selective power meter at the ONT location

3. Troubleshooting process:
Å Connectors inspection and cleaning

Å Selective power meter

Å OTDR measurements

FTTH Fiber Plant Construction

1:2 1:32



OTDR fundamentals

How does it works?
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How does it work ?  

ÁThe OTDR injects a short pulse of light into one end of the fiber and 

analyzes the backscatter and reflected signal coming back

ÁThe received signal is then plotted into a backscatter X/Y display in dB vs. 

distance

ÁEvent analysis is then performed in order to populate the table of results.

OTDR Block Diagram Example of an OTDR trace
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Optical Time Domain Reflectometer

<1 minute
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Type of Fiber and Wavelengths

Single Mode (SM)

Á1310 & 1550nm are primary 
wavelengths used in SM 
OTDR measurements

Á1625nm is used in trouble-
shooting when testing on 
active networks is needed

Multimode (MM)

Á850 & 1300nm are dominant 
wavelengths used in MM 
transmission & testing
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Wavelengths 

1550 nm

1310 nm

1550 nm is more sensible to splices and macrobendings. 1625nm is even more sensible!

Why 2 or more wavelengths are recommended? 

ïFor attenuation measurement at transmitted wavelengths

- For macrobendings detection
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Dynamic Range & Injection Level

ÁDynamic Range determines the 

observable length of the fiber & depends on 

the OTDR design and settings

ÁInjection level is the power level in 

which the OTDR injects light into the fiber 

under test

ÁPoor launch conditions, resulting in low 

injection levels, are the primary reason for 

reductions in dynamic range, and therefore 

accuracy of the measurements

ÁEffect of pulse width: the bigger the pulse, 

the more backscatter we receive
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OTDR measurement through the splitter?

Type of splitter Typical Insertion Loss

1 : 2 4 dB

1 : 4 7 dB

1 : 8 10 dB

1 : 16 14 dB

1 : 32 17 dB

1 : 64 20 dB

1 : 128 23 dB
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What does OTDR Measure ?

ÁDistance
ïThe OTDR measurement is based on ñTimeò: 

The round trip time travel of each pulse sent 
down the fiber is measured. Knowing the 
speed of light in a vacuum and the index of 
refraction of the fiber glass, distance can then 
be calculated.

Fiber distance = Speed of light (vacuum) X time 

2 x IOR
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What does OTDR Measure ?

ÁAttenuation (also called fiber loss)

Expressed in dB or dB/km, this represents the loss, or rate of 

loss between two events along a fiber span
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What does OTDR Measure ?

ÁEvent Loss
Difference in optical power level before and after an event, 

expressed in dB

Fusion Splice or 

Macrobend or Splitter

Connector or

Mechanical Splice
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ÁReflectance
Ratio of reflected power to incident power of an event, expressed as a 

negative dB value

The higher the reflectance, the more light reflected back, the worse the 

connection

A -50dB reflectance is better than -20dB value

What does OTDR Measure ?

Typical reflectance values

ÁPolished Connector ~ -45dB

ÁUltra-Polished Connector ~ -55dB

ÁAngled Polished Connector     ~ -65dB
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What does OTDR Measure ?

ÁOptical Return Loss (ORL)
Measure of the amount of light that is reflected back from a feature: 

forward power to the reflected power. The bigger the number in dBs 

the less light is being reflected.

The OTDR is able to measure not only the total ORL of the link but 

also section ORL

Distance  (km)
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OTDR Events

How to interpret a trace
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How to interpret OTDR Trace
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Front End Reflection

Connection between the OTDR and the 

patchcord or launch cable

Located at the extreme left edge of the 

trace 

Reflectance:
Polished Connector ~ -45dB

Ultra-Polished Connector ~ -55dB

Angled Polished Connector       up to ~ -65dB

Insertion Loss: Unable to measure



© 2011 JDSU. All rights reserved.    JDSU CONFIDENTIAL & PROPRIETARY INFORMATION19

Two reflective events closer than the EDZ:
The OTDR is not able to separate the two 
events.

Second reflective event after the EDZ:
The OTDR is able to see the two events.

Event Dead Zone

EDZ

Connector

Pair

Connector

Pair

Event Dead Zone (EDZ) is the minimum distance where 2 

consecutive unsaturated reflective events can be distinguished
ÁIn this case the two events are more closely spaced than the EDZ, and shown as one event

ÁEDZ can be reduced using shorter pulse widths

Connector

Pair

Connector

Pair

EDZ
1.5dB
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How to interpret results?
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OTDR: EDZ/ADZ parameters ïdead zones

EDZ cannot be shorter 

than pulse width itself !



© 2011 JDSU. All rights reserved.    JDSU CONFIDENTIAL & PROPRIETARY INFORMATION22

Connector to splice distance is more 
than the ADZ: 
The OTDR displays the splice.

Connector to splice distance is shorter 
than the ADZ: 
The OTDR cannot see the splice.

ADZ

EDZ

Connecter

Pair
Splice

ADZ

EDZ

Connecter

Pair
Splice

Attenuation Dead Zone

Attenuation Dead Zone (ADZ) is the minimum distance after a 

reflective event that a non-reflective event can be measured (0.5dB)
ÁIn this case the two events are more closely spaced than the ADZ, and shown as one event

ÁADZ can be reduced using shorter pulse widths

0.5dB
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Connector

A connector mechanically mates 

2 fibers together and creates a 

reflective event

Reflectance:

ÁPolished Connector ~ -45dB

ÁUltra-Polished Connector ~ -55dB

ÁAngled Polished Connector     up to ~ -65dB

Insertion Loss: ~ 0.5dB

(loss of ~0.2dB w/ very good connector)
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Effects of High ORL Values

Á Increase in transmitter noise

ïReducing the OSNR in analog video transmission

ïIncreasing the BER in digital transmission systems

Á Increase in light source interference 

ïChanges central wavelength and output power

Á Higher incidence of transmitter damage

The angle reduces 

the back-reflection 

of the connection.

SC/PC SC /APC

IL   = 0...0.5 dB

RL = 0.1 % = 40-45 dB
IL   = 0...0.5 dB

RL = < 1ppm = >60 dB
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How to interpret results?
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How to interpret results?
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How to interpret results?
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How to interpret results?
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Fusion Splices

A Fusion Splice thermally fuses two fibers 

together using a splicing machine

Reflectance: None

Insertion Loss: < 0.1dB

A ñGainerò is a splice gain that appears when 

two fibers of different backscatter coefficients are 

spliced together (the higher coefficient being 

downstream)

Reflectance: None

Insertion Loss: Small gain
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Fusion Splices

Direction A-B Direction B-A
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Macrobend

ÁMacrobending results from physical 

bending of the fiber.

ÁBending Losses are higher as 

wavelength increases.

ÁTherefore to distinguish a bend from 

a splice, two wavelengths are used 

(typically 1310 & 1550nm)

Reflectance: None

Insertion Loss: Varies w/ degree 

of bend & wavelength
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Mechanical Splice

A Mechanical Splice mechanically aligns 

two fibers together using a self-contained 

assembly.

Reflectance: ~ -35dB

Insertion Loss: ~ 0.5dB



© 2011 JDSU. All rights reserved.    JDSU CONFIDENTIAL & PROPRIETARY INFORMATION33

Fiber End or Break

A Fiber End or Break occurs when the fiber 

terminates.  

The end reflection depends on the fiber end 

cleavage and its environment.

Reflectance: PC open to air ~ -14dB

APC open to air ~ - 35dB

Insertion Loss:  High (generally)
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Ghosts

A Ghost is an unexpected event resulting from 

a strong reflection causing ñechosò on the trace

When it appears it often occurs after the fiber 

end.  

It is always an exact duplicate distance from the 

incident reflection.

Reflectance: Lower than echo source

Insertion Loss: None
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Pulse Widths

PW1

PW2

Short Pulse:
ÅMore Resolution
ÅShorter Dead Zones
ÅLess Dynamic Range
ÅMore Noise

Long Pulse:
ÅLess Resolution
ÅWider Dead Zones
ÅMore Dynamic Range
ÅLess Noise
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5s 2mn

1mn

Measurement Time

Longer measurement time means more averaging so random noise is filtered  
and dynamic range is increased

Minimum measurement time recommended in manual mode: 30s!
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OTDR: New icon for splitters

ÁNew icon for splitters in the table of results:

Example with cascaded splitters: 1x2, 1x8 and 1x8 (128 customers)
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OTDR: New parameter ïsplitter dead zone

1x16 (13,7 dB) splitter with 13.8 meters dead zone. 



© 2011 JDSU. All rights reserved.    JDSU CONFIDENTIAL & PROPRIETARY INFORMATION39

OTDR: Which pulse for which splitter(s)?

128 customers  ~ 23 dB     300ns       Splitters  1:128; 1:2+1:64; 1:4+1:32; 1:8+1:16; ....

64 customers  ~ 20 dB     300ns       Splitters  1:64; 1:2+1:32; 1:4+1:16; 1:8+1:8; ....

32 customers  ~ 17 dB     100ns       Splitters  1:32; 1:2+1:16; 1:4+1:8; ....

16 customers  ~ 14 dB     100ns       Splitters  1:16; 1:2+1:8; 1:4+1:4; ....

8 customers  ~ 10 dB       30ns       Splitters  1:8; 1:2+1:4;  ....

4 customers  ~   7 dB       10ns       Splitters  1:4; 1:2+1:2;  ....   



FTTH troubleshooting process

Selective power meter measurements

OTDR measurements
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1:2 1:32CO CP

How to perform OTDR measurement?

2)  Through spliter(s) from CO side

Up to 20 km

- Due to huge insertion loss of splitter or two cascaded splitters

measurement through splitters requires at minimum 35 dB (1:32 splitter)

or 40 dB (1:128 splitter) dynamic range; higher costs for OTDR module

+ Access only at CO

- Different OTDR traces which cannot be used as reference traces

for troubleshooting purposes

- Problematic detection of ends of each fiber leg behind the splitter 

- Necessity to  have each  leg with different length (at minimum 35 m difference among each

other leg) and necessity of very short EDZ and ADZ 

Connectorized  splitters have higher insertion loss, dirt sensitive and are more expensive. 

FTTH  optimized OTDR measurements (length, events, insertion loss/km, insertion  loss, ORL) 

at 1310nm and 1550nm;1490 nm is not required.
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OTDR measurement through the splitter?

Type of splitter Typical Insertion Loss

1 : 2 4 dB

1 : 4 7 dB

1 : 8 10 dB

1 : 16 14 dB

1 : 32 17 dB

1 : 64 20 dB

1 : 128 23 dB
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OTDR Trace

Example with splitter 1/8

Zoom

OTDR measurement through the splitter from OLT (CO).

Leg ends
Possible event

Splitter
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OTDR testing ïWork in Progress:

Real OTDR trace with 32 legs !!!

Legs cannot be identified !

Large ñinvisibleò zonesé
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1:2 1:32CO CP

How to perform OTDR measurement?

3)  Through spliter(s) from CP side

Up to 20 km

- Due to huge insertion loss of splitter or two cascaded splitters

measurement through splitters requires at minimum 35 dB (1:32 splitter)

or 40 dB (1:128 splitter) dynamic range; higher costs for OTDR module

+ Access only at  CP

+ Easy detection of end of fiber behind the splitter 

(only one end of fiber); necessity of very short EDZ and ADZ 

+ Identical  OTDR trace which can be used as reference trace for troubleshooting purposes

Connectorized  splitters have higher insertion loss, dirt sensitive and are more  expensive.

FTTH  optimized OTDR measurements (length, events, insertion loss/km, insertion  loss, ORL) 

at 1310nm and 1550nm; 1490 nm is not required.
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OTDR measurement through the splitter from ONT (CP).

Out of service testing: use of standard OTDR

Launch fiber always highly recommended.
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1:2 1:32CO CP

FTTH Troubleshooting 

Selective Power 
Meter

MTS-4057

Selective Power 
Meter

MTS-4057

CONNECTOR INSPECTION TIP PROBE MICROSCOPE

- Check of cleanness of optical connectors (extremely important) 

- Check of 1310 nm and 1490 nm signal level during troubleshooting
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1:2 1:32CO CP

FTTH Troubleshooting 

Á Troubleshooting:

ïOTDR measurements at faulty ONT (length, events,) with 

1625/1650 nm filtered (measurements during live traffic of 

other customers)

OTDR MTS-4000

1625/1650 nm1490 nm

ɚ
1310 nm 1550 nm



© 2011 JDSU. All rights reserved.    JDSU CONFIDENTIAL & PROPRIETARY INFORMATION49

FTTB Fiber Testing ïOTDR at 1625nm not filtered 

1:2
1:4

VDSL2

Not filtered 1625nm does not 

allow properly measure during 

live traffic. 1490 nm creates 

noise due to the trace behind 

the first splitter is not vissible 

(is within noise).
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FTTB Fiber Testing ïOTDR at 1625nm filtered 

1:2
1:4

VDSL2

1625nm filtered OTDR 

is necessary for 

troubleshooting!

Zoom Zoom


