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Background 
 
With the submarine optical cable industry continuing to grow at a steady rate and the ever increase reliance on transcontinental 
data traffic, the importance of minimizing optical network downtime has become more critical than ever. 
 
Required data rates will continue to increase but more importantly, the reliance on connectivity is becoming more and more the 
expected norm.  This has coursed several of the latest submarine cable cuts to become not only news within the industry but 
also the wider public arena. 
 
C-OTDR Overview 
What is it? 
The Coherent Optical Time Domain Reflectometer (C-OTDR) is the only way to accurately measure and characterize the optical 
submarine network allowing accurate fault location to within 10 meters. 
 
How does it work? 
The C-OTDR works utilizing the rayleigh backscatter coursed by the impurities inherent in optical fiber to reflect light back to the 
source much the same as a standard OTDR’s.  As the submarine network or “submarine portion” of the network consist of not 
only the optical fiber but also EDFA’s (erbium-doped fiber amplifier) standard OTDR technology isn’t a viable option. 
EDFA’s only amplify in the forward direction and employ components which are unidirectional therefore the backscattered light 
is not able to return via its original path.  The majority of installed and planned systems include an optical feedback path within 
the EDFA enclosure, this feedback path allows the backscatter light to be returned to the C-OTDR on the second fiber of the 
pair. 
 
The Network 
Network overview 
The submarine optical network is made up of several key components, 

- LTE (Line Terminal Equipment), this can be provided from many different vendors normally 10Gig interfaces, 

- EDFA Section, lying on the seabed at depths of up to 3km+ containing several different components, 

- EDFA (Erbium-Doped Fiber Amplifier), Optical amplifier use to increase the optical transmission signal, 

- Optical Feedback Path, part of the EDFA used during testing of the network, 

- Fiber, submarine cable normally consisting of only several fiber pairs, power feed and strengthening material. 

 

 
 
 
 
 
 
 
 
 Fig 1; Major components of a Submarine System 
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Working within the Network 
Each submarine repeater has a path allowing the backscatter signal to pass backwards along the link, this path allows for 
monitoring the submarine portion of the optical fiber using the OTDR method.  The distance between two repeater sections is 
joined by approximately 40 to 90 kilometers of optical fiber. 
A submarine system uses multiple DWDM channels to increase the amount of total traffic between two locations (these DWDM 
signals are today normally at 10Gbps line rate while some companies are trialing 40Gbps).  The C-OTDR probe pulse is 
assigned a DWDM channel. 
The C-OTDR probe pulse and dummy pulse are normally place as far away from the active traffic as possible to minimize any 
chance of interference.  The dummy pulse occupies a second channel commonly adjacent to the probe pulse. 

 
The dummy pulse is required due to the automatic gain control system of the EDFA’s.  In a live system the input to an EDFA is 
at a constant power level across multiple channels while C-OTDR testing is often completed on an unlit system (no traffic).  
When completing testing on an unlit system the EDFA gain control is not able to maintain a stable output due to the pulsing 
power nature the C-OTDR presents to it.  In order to avoid this problem the C-OTDR is able to output on two channels which 
ensures a constant input level to the EDFA.  The test pulse is being generated for a short period while the load pulse is on for 

the remainder of 
time while the 
ratio between the 
two is determined 
by the testing PW 
selected on the 
C-OTDR. 

 
 

 
The C-OTDR works on the same basic principles of an OTDR which is by transmitting a light into the fiber then looking at the 
reflections (or backscatter) from the fiber under test.  It also has the added ability to transmit on an adjustable narrow 
wavelength which allows the unit to be used in a live network alongside customer traffic within the DWDM network.  On the 
receiver side of the OTDR there are server enhancements over a standard OTDR.  The first major difference is the input of the 
C-OTDR is filtered to remove the active DWDM channels as well as extra noise.  While the second and most important is the 
coherent detection, coherent detection is a way of re-injecting the original transmitted wavelength allowing the resultant to show 
only information at exactly that wavelength.  This method removes all other noise allowing for a large signal to noise 
improvement including reconstruction of data from well below the normal noise floor.   
A submarine network is made up of many optical amplifiers to increase the power level to the DWDM wavelengths but this also 
increases the Amplified Spontaneous Noise (ASE) level.  As each amplifier increases the ASE level the coherent detection 
method enables the C-OTDR to see signals which would normally be considered hidden within or below this noise. 

 
Fig 2; Submarine Repeater system showing C-OTDR return path. 

Fig 3; C-OTDR Probe and Dummy light 
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The block diagram Figure 4 offers an overview of the key areas of a C-OTDR. 

 
 
 
Testing a severed network 
A submarine network consists of pairs of fibers, direction A to B and B to A linked by the Optical Feedback Path at each 
repeater.  The feedback makes it possible to for the C-OTDR to receive backscatter from the cable transmitting in the opposite 
direction.  When testing a cable which has been totally severed thus a single cut in a single location the task is relatively straight 
forward however this can become more complicated in either of the following situations, 
 
Single direction if the cable is severed i.e. A to B but not B to A, 

- The distance length will appear different depending on which end of the network you are testing from.  The true fault 
location will only be shown when testing in the same direction as the transmission link fiber.  Testing from the receiver 
end side the fault will show the end location of the repeater directly following the cut location which could be inaccurate 
by as much as the distance of the repeater sections up to 90km. 

The cable is totally severed in two locations, 
- A major course of fiber cuts is due to seabed movement, this movement can cover a large geographical area and affect 

a large section of cable.  A simultaneous cable cut in two locations can adjust the response and repair actions to be 
taken thus fully understanding this situation is very important. 

Figure 5 shows testing from different ends of the network (not completed simultaneously), 
- From direction A the correct fault location is able to be identified while testing from direction B is incorrect. 

By understanding how the OTDR technology and the optical feedback path work together the true fault location can be quickly 
identified. 
In a situation of two cuts within close proximity of each other careful evaluation reduces the risk of badly deploying expensive 
resources. 
 
 
 
 
 
 

Fig 4; Basic internal working of a C-OTDR 
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Fig 5; C-OTDR showing the repeater and break location 
 
C-OTDR resolution 
The importance of a C-OTDR comes from enabling accurate fault location on any length of submarine network.  The data point 
resolution of many traditional OTDR’s 
is normally determined by the km 
range setting of the OTDR. For 
example; 

- An OTDR with only 50,000 
data points will be affected by the range setting, 

 
This becomes an ever more critical issue with submarine networks as the distance of the submarine portion is several orders of 
magnitude larger than terrestrial networks.  Due to this the latest C-OTDR’s are designed with 1.2 Million data points and 
automatically reduces the number of points depending on the distance range setting which has several advantages, 
- Maintain the same 10m resolution irrelative of the km range setting, 

 10m resolution was selected as it ensures the C-OTDR is not the weakest point when locating a fault, 
 10m accuracy is well within the requirements for fault location in a Submarine Network. 

- Reduce the processing time of the C-OTDR while calculating the trace, 
 The C-OTDR can take approximately 8 samples per second Note 1 each sample consisting of up to 1.2 Million data 

points.  These samples are then averaged over time before the trace is displayed, 
 This processing time reduction is due to being able to reduce the number of data points being averaged when a 

range setting of less than 12,000km is selected. 

OTDR with 50,000 data points Range / data points = Resolution 
10km  Range 0.2m  resolution 10,000  / 50,000 = 0.2 
100km  Range 2m  resolution 100,000  / 50,000 = 2 

Table 1; OTDR Data Point resolution 

COTDR Signal from SideA 

Backscattered light from the fiber colored red 

C-OTDR C-OTDR

down link 

up link 

Side BSide A 

Side A to  
Side B 

Side B to  
Side A 

Side B

C-OTDR C-OTDR
up link

Side A 

down link

Note: Trace depicted inverted to simplify drawing 



 MW90010A-E-F-1 
5 

 
Note 1  

The number of samples per minute is dependent on several factors such as, speed of light, Range and Resolution of the 
OTDR. 
To complete 1.2Mil data points (each 10m apart) the C-OTDR would be set to a range of 12,000km, 
The time taken for light to travel 12,000km (there and back) would be approximately 120mS, 
Thus 1second / 120mS = 8.3 scans per second. 

 
Using a C-OTDR with less data points 
can become a large issue if the user was 
required to measure longer links. 
- An example would be if the C-OTDR had 

a maximum of 10,000 data points and 
the range was set to 8,000km, 
 8,000km / 10,000 = 800m (data 

point inaccuracy).  See Fig 6, 
 This inaccuracy could course 

extended delays in locating 
the end fiber fault in turn 
delaying network restoration. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion 
Why the C-OTDR technology  
The C-OTDR offers the best technology for testing submarine fiber optic cables.  The newer generation of C-OTDR’s allows for 
not only extremely accurate distance measurements but also full characterization of optical events.  The combination of the C-
OTDR’s coherent technology and submarine cable optical feedback path ensures thousands of kilometers of fiber can be 
characterized quickly and efficiently.  With some basic knowledge and a simple interface even the inexperienced engineer is 
able to ensure the expensive task of fault restoration is completed as quickly and efficiently as possible.  
 
 
 
 
 
 
 

Fig 6; Data Point resolution of different C-OTDR’s 
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Anritsu Optical Solutions 
MS9740A Optical Spectrum Analyzer 
The MS9740A is a benchtop optical spectrum analyzer covering 600 nm to 1750 nm. The 
MS9740A offers high-performance optical resolution and high-speed measurements to support 
the needs of customers.  
CMA5000a Multi-Layer Network Test Platform 
CMA5000 transmission test modules can support field installers and maintenance engineers 
who require a single tool for data network testing form n x 64 BER and physical interfaces of 
1.5 Mbit/s to 10 Gbps for SDH/SONET.  OTN networks on both 2.66 Gbps and 10.7 Gbps are 
also supported.  Ethernet interfaces from 10 Mbit/s to 10 Gbps (LAN-PHY and WAN-PHY) 
allowing full data network testing abilities.  
 
 



Anritsu Corporation 
5-1-1 Onna, Atsugi-shi, Kanagawa, 243-8555 Japan
Phone: +81-46-223-1111
Fax: +81-46-296-1238

• U.S.A.
Anritsu Company
1155 East Collins Blvd., Suite 100, Richardson,  
TX 75081, U.S.A.
Toll Free: 1-800-267-4878
Phone: +1-972-644-1777
Fax: +1-972-671-1877

• Canada
Anritsu Electronics Ltd.
700 Silver Seven Road, Suite 120, Kanata, 
Ontario K2V 1C3, Canada
Phone: +1-613-591-2003  
Fax: +1-613-591-1006

• Brazil  
Anritsu Eletrônica Ltda.
Praca Amadeu Amaral, 27 - 1 Andar
01327-010-Paraiso-São Paulo-Brazil
Phone: +55-11-3283-2511
Fax: +55-11-3288-6940  

• Mexico  
Anritsu Company, S.A. de C.V.
Av. Ejército Nacional No. 579 Piso 9, Col. Granada
11520 México, D.F., México
Phone: +52-55-1101-2370
Fax: +52-55-5254-3147  

• U.K.
Anritsu EMEA Ltd.
200 Capability Green, Luton, Bedfordshire, LU1 3LU, U.K.
Phone: +44-1582-433200   
Fax: +44-1582-731303 

• France
Anritsu S.A.
16/18 avenue du Québec-SILIC 720
91961 COURTABOEUF CEDEX, France
Phone: +33-1-60-92-15-50
Fax: +33-1-64-46-10-65

• Germany
Anritsu GmbH
Nemetschek Haus, Konrad-Zuse-Platz 1 
81829 München, Germany 
Phone: +49-89-442308-0 
Fax: +49-89-442308-55

• Italy
Anritsu S.p.A.
Via Elio Vittorini 129, 00144 Roma, Italy
Phone: +39-6-509-9711    
Fax: +39-6-502-2425    

• Sweden
Anritsu AB
Borgafjordsgatan 13, 164 40 KISTA, Sweden
Phone: +46-8-534-707-00    
Fax: +46-8-534-707-30

• Finland
Anritsu AB
Teknobulevardi 3-5, FI-01530 VANTAA, Finland
Phone: +358-20-741-8100
Fax: +358-20-741-8111

• Denmark
Anritsu A/S
Kirkebjerg Allé 90, DK-2605 Brøndby, Denmark
Phone: +45-72112200
Fax: +45-72112210

• Russia
Anritsu EMEA Ltd. 
Representation Office in Russia
Tverskaya str. 16/2, bld. 1, 7th floor.
Russia, 125009, Moscow
Phone: +7-495-363-1694
Fax: +7-495-935-8962

• United Arab Emirates
Anritsu EMEA Ltd.
Dubai Liaison Office
P O Box 500413 - Dubai Internet City
Al Thuraya Building, Tower 1, Suit 701, 7th Floor
Dubai, United Arab Emirates
Phone: +971-4-3670352
Fax: +971-4-3688460

• Singapore
Anritsu Pte. Ltd.
60 Alexandra Terrace, #02-08, The Comtech (Lobby A)
Singapore 118502
Phone: +65-6282-2400
Fax: +65-6282-2533 

• India
Anritsu Pte. Ltd. 
India Branch Office
3rd Floor, Shri Lakshminarayan Niwas, #2726, 80 ft Road, 
HAL 3rd Stage, Bangalore - 560 075, India
Phone: +91-80-4058-1300
Fax: +91-80-4058-1301

• P.R. China (Hong Kong)
Anritsu Company Ltd.
Units 4 & 5, 28th Floor, Greenfield Tower, Concordia Plaza,  
No. 1 Science Museum Road, Tsim Sha Tsui East, 
Kowloon, Hong Kong
Phone: +852-2301-4980
Fax: +852-2301-3545 

• P.R. China (Beijing)
Anritsu Company Ltd.
Beijing Representative Office
Room 2008, Beijing Fortune Building, 
No. 5, Dong-San-Huan Bei Road, 
Chao-Yang District, Beijing 100004, P.R. China
Phone: +86-10-6590-9230
Fax: +86-10-6590-9235

• Korea
Anritsu Corporation, Ltd.
8F Hyunjuk Building, 832-41, Yeoksam Dong, 
Kangnam-ku, Seoul, 135-080, Korea
Phone: +82-2-553-6603
Fax: +82-2-553-6604

• Australia
Anritsu Pty. Ltd.
Unit 21/270 Ferntree Gully Road, Notting Hill, 
Victoria 3168, Australia
Phone: +61-3-9558-8177
Fax: +61-3-9558-8255

• Taiwan
Anritsu Company Inc.
7F, No. 316, Sec. 1, Neihu Rd., Taipei 114, Taiwan
Phone: +886-2-8751-1816
Fax: +886-2-8751-1817

Specifications are subject to change without notice.

0909

Printed on Recycled Paper

 Please Contact:

No. MW90010A-E-F-1-(1.00)           Printed in Japan  2010-3  PRS 


