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(57) ABSTRACT 
Amethod of locating a submarine cable includes the steps of 
transmitting a toning signal along the submarine cable, the 
toning signal being a superposition of a ?rst signal Wave 
form to be detected and at least a second signal Waveform 
such that the second signal Waveform interferes With the ?rst 
signal Waveform to limit the peak to peak amplitude of the 
toning signal for transmission. Preferably, the toning signal 
is a square Wave. The method provides a Way of offsetting 
the loss of transmission distance due to the use of state of the 
art optical repeaters. Pre-emphasis of high frequency har 
monics in the toning signal enables a detectable toning 
signal to propagate still further. 
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FAULT LOCATION TONING METHOD FOR 
SUBMARINE NETWORKS 

FIELD OF THE INVENTION 

[0001] The present invention relates to a fault location 
toning method for submarine networks and in particular, a 
method of increasing the propagation distance of a loW 
frequency tone. 

BACKGROUND TO THE INVENTION 

[0002] It is knoWn to use a loW frequency tone superim 
posed on the normal Working current at the poWer feed of a 
submarine cable system to enable a cable ship to locate the 
cable for inspection or repair using a submerged narroW 
band detector. It is normal to use a sine Wave of typically 
betWeen 4 and 25 HZ having a peak to peak amplitude of 
around 400 mA. The frequency response of the submarine 
cable is such that the toning signal is attenuated With 
distance and therefore not normally detectable beyond 1000 
kilometers. The effect of attenuation is illustrated in FIGS. 
7A to 7D for a sine Wave toning signal Which propagates 
through a series of four optical repeaters at a distance of 40 
km (FIG. 7B), 80 km (FIG. 7C) and 160 km (FIG. 7D) 
from the poWerfeed, respectively. As shoWn, after the fourth 
repeater the peak to peak amplitude of the toning signal is 
reduced to only around 3 mA. 

[0003] The maximum amplitude of a toning signal gener 
ated by the poWer feed equipment is limited by the electrical 
characteristics of ampli?ers Within optical repeaters pro 
vided at intervals along the length of the submarine cable, 
Which are sensitive to the negative half cycle of the toning 
signal. In future, repeaters Will incorporate state of the art 
ampli?ers Which operate at much loWer currents so that the 
expected maximum toning amplitude Will be around 200 mA 
peak to peak. A toning signal at this amplitude Would not be 
expected to propagate any great distance and still be detect 
able. Since ship time is expensive any decrease in toning 
distance could be costly. 

SUMMARY OF THE INVENTION 

[0004] According to a ?rst aspect of the present invention, 
a method of locating a submarine cable comprises the step 
of transmitting a toning signal along the submarine cable, 
Wherein the toning signal comprises a ?rst signal Waveform 
Which is to be detected combined With at least a second 
signal Waveform, Wherein the second signal Waveform inter 
feres With the ?rst signal Waveform to limit the peak to peak 
amplitude of the toning signal for transmission. 

[0005] Preferably, each of the ?rst signal Waveform and 
second signal Waveform is sinusoidal. More preferably, the 
second signal Waveform is of a higher frequency than the 
?rst signal Waveform. 

[0006] Preferably, the toning signal is a square Wave, 
Wherein the ?rst signal Waveform corresponds to the fun 
damental frequency and the second and any subsequent 
signal Waveforms corresponds to a respective one of the 
harmonic frequencies. 

[0007] Preferably, a number of the harmonics of the square 
Wave are pre-emphasised by a predetermined amount to take 
account of the frequency response of the submarine cable. 
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[0008] According to a second aspect of the present inven 
tion, there is provided the use of a square Wave as a toning 
signal in a submarine communications system. 

[0009] Preferably, a number of the harmonics of the square 
Wave are pre-emphasised by a predetermined amount to take 
account of the frequency response of a submarine cable. 

[0010] According to a third aspect of the present inven 
tion, a poWer feed circuit for a submarine cable comprises a 
toning signal control circuit con?gured to modulate an 
electrical output of the poWer feed circuit to provide a toning 
signal, the toning signal comprising a ?rst signal Waveform 
Which is to be detected combined With at least a second 
signal Waveform, Wherein the second signal Waveform inter 
feres With the ?rst signal Waveform to limit the peak to peak 
amplitude of the toning signal for transmission. 

[0011] Preferably, the toning signal control circuit com 
prises a digital signal processor Which is arranged to cycle 
through a look-up table stored in a memory and output a 
series of sample values Which are used to control the 
electrical output of the poWer feed circuit. 

[0012] Preferably, the contents of the look-up table stored 
in memory de?ne a complete cycle of a square Wave. More 
preferably, the sample values in the look-up table are effec 
tive to provide a degree of pre-emphasis to the harmonics of 
the square Wave toning signal. 

[0013] The present invention provides a Way of offsetting 
the loss of transmission distance due to the use of state of the 
art optical repeaters. It is proposed to optimise the shape of 
the toning signal so that more current can be launched into 
the submarine cable Without damaging the repeaters and 
thereby extend signi?cantly the useful toning distance. If a 
square Wave is used, the amplitude of the fundamental is 
around 20% higher than the peak of the total Wave. Afurther 
improvement can be obtained by utilising the fact that the 
higher frequency components of the square Wave toning 
signal Will be attenuated more strongly by the submarine 
cable than those at a loWer frequency. In particular, the 
toning signal Wave shape is changed signi?cantly betWeen 
the poWer feed and ?rst repeater and this can be compen 
sated for by increasing the amplitude of the higher harmon 
ics so that by the time it gets to the repeater it has a 
maximum acceptable amplitude square Wave. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] An example of the present invention Will noW be 
described With reference to the accompanying draWings, in 
Which: 

[0015] FIG. 1 shoWs a simpli?ed example of a submarine 
communications system; 

[0016] 
[0017] FIG. 3 shoWs a block diagram of a poWer feed 
circuit of the endstation of FIG. 3; 

FIG. 2 shoWs a block diagram of an endstation; 

[0018] FIG. 4 shoWs a block diagram of a toning signal 
control circuit; 

[0019] FIGS. 5A to 5D illustrate the propagation of a 
square Wave toning signal; 

[0020] FIGS. 6A to 6D illustrate the propagation of a 
compensated square Wave toning signal; and, 
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[0021] FIGS. 7A to 7D illustrate the propagation of a sine 
Wave toning signal. 

DETAILED DESCRIPTION 

[0022] FIG. 1 shoWs a simpli?ed example of a submarine 
communcations system 1 Which consists of a ?rst endstation 
2 located on one land mass 3 and a second endstation 4 
located on another land mass 5, With the tWo endstations 
connected by a submarine cable 6. The submarine cable 6 
includes a number of optical repeaters 7 spaced apart at 
intervals along the length of the cable. The submarine cable 
6 is poWered by poWer feed equipment (PFE) (not shoWn) 
located at each of the endstations. PoWer is required to 
operate the optical repeaters 7 and any branching units (not 
shoWn) in the cable system. 

[0023] FIG. 2 shoWs a block diagram of the main ele 
ments of an endstation 2. The endstation 2 includes trans 
mission terminal equipment 8 Which has a number of I/O 
ports 9 for links Which carry customer traf?c. The transmis 
sion terminal equipment 8 is arranged to multipleX incoming 
data streams to form a WDM optical signal Which is coupled 
by an optical ?bre 10 to a cable termination 11. The cable 
termination 11 also receives and secures the end of the 
submarine cable 6, Which is poWered from a poWer feed 
circuit 12. AWDM optical signal received by the endstation 
2 is coupled to the transmission terminal equipment 8 via the 
cable termination 11, Where the individual channels are 
demultipleXed and directed to a respective I/O port 9 for 
onWard transmission to customers. As Will be described in 
detail beloW, the poWer feed circuit 12 includes a control 
circuit 13 for superimposing a toning signal on the Working 
current provided by a number of series connected 50 V/2.5 
KV poWer converters 141 to 144. 

[0024] FIG. 3 is a block diagram of the poWer feed circuit 
12. The poWer feed circuit includes a digital signal processor 
(DSP) 15 for generating a series of set point coefficients 
(arranged in a table of output current against time) Which are 
used to control the current output of What is effectively a 
DC-DC 50 V/10 KV poWer converter 14 and so provide a 
square Wave toning signal on the submarine cable 6. The 
DSP 15 is shoWn in more detail in FIG. 4 and Will be 
described in detail beloW. 

[0025] Each set point coef?cient generated by the DSP 15 
is a digital value Which is converted to an analog signal by 
a digital to analog converter 16. The analog signal is input 
to a pulse Width modulator (PWM) 17, the output of Which 
is converted to an optical signal at an optical interface 18 of 
the poWer feed circuit. The optical signal (a series of pulses) 
is subsequently used to control the output of the poWer 
converter 14. In particular, the optical pulses are converted 
back to an electrical signal on board the poWer convector 
circuit and used to sWitch the converter transistors so that the 
output current from the poWer converters is the same as the 
value entered into the control loop as the DSP 15 steps 
through the table of set point coefficients. 

[0026] The output of the poWer converter 14 is monitored 
by a current monitor 19, a signal from Which is passed to the 
optical interface 18 after conversion by an analog to digital 
converter 20. The electrical output of the optical interface is 
fed back in a positive feedback path 21 Where it is combined 
With the set point coef?cient output of the DSP 15. 
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[0027] The DSP 15 is arranged to output a series of values 
Which is periodically repeated to generate a loW frequency 
square Wave toning signal. As Will be described beloW, it is 
also possible for the DSP 15 to output suitable coef?cients 
Which apply a varying degree of pre-emphasis to the har 
monics of the square Wave to compensate for the knoWn 
frequency response of the submarine cable 6 and thereby 
increase the propagation potential still further. 

[0028] FIG. 4 shoWs a block diagram of the DSP 15 for 
generating the set point coef?ceints used to derive a square 
Wave toning signal. The DSP 15 comprises a control system 
Which receives inputs (peak to peak current and frequency) 
from a user interface 23. The control system 22 controls a 
counter 24 Which operates at a rate corresponding to the 
desired frequency of the toning signal. The control system 
22 accesses a look-up table 25 stored in a memory Which 
holds a number of sample values and is operative to output 
each sample value in sequence as the set point coef?cient 
output for the system. The complete sequence of samples 
de?nes the coef?cients for generating one complete cycle of 
a square Wave. In this eXample, the coef?cients shoWn are 
for a 200 mA peak to peak square Wave (nominal 1100 mA). 

[0029] Asquare Wave is de?ned by the folloWing function: 

F(Sq.)=F1+‘/3F3+1/sF5 . . . l/nFn 

[0030] Where F1 is the amplitude of the fundamental 
frequency component and F3 to En are the amplitudes of the 
odd order harmonic components. 

[0031] Each of the fundamental and the harmonics of the 
square Wave can be considered as a separate sine Wave. The 
amplitude of the fundamental in a square Wave is typically 
20% higher than the peak of the total Wave so that a 
fundamental of, for eXample, 250 mA peak to peak, Would 
be obtained from a square Wave of 200 mA peak to peak. 
This is because the amplitude of the fundamental in a square 
Wave is suppressed by destructive interference With the odd 
order harmonics. This means that the fundamental frequency 
component can propagate further. The effect of the harmon 
ics tends to diminish With propagation distance until only the 
fundamental remains. This is illustrated in FIGS. 5A to 5D. 
The square Wave toning signal propagates through a series 
of four optical repeaters at a distance of 40 km (FIG. 5A), 
80 km (FIG. 5B) and 160 km (FIG. 5D) from the poWer 
feed, respectively. As shoWn, the toning signal after the 
fourth repeater is substantially a sine Wave With a frequency 
corresponding to the fundamental of the original square 
Wave generated by the poWer feed. The peak to peak 
amplitude is attenuated to around 3.5 mA, Which is still 
detectable. As mentioned above, a further improvement can 
be made at least over the ?rst link from the endstation to a 
?rst optical repeater. It is possible to adjust the sample 
values in the look-up table 25 to give some pre-emphasis to 
the higher frequency harmonics to enable the amplitude of 
the fundamental frequency component to be increased still 
further Without any apparent increase in the peak to peak 
amplitude of the square Wave by the time it reaches the ?rst 
optical repeater. This alloWs the toning signal (the funda 
mental) to propagate further. 

[0032] An eXample of a suitably modi?ed square Wave 
function is as folloWs: 

F(Sq.)m(,d=F1+O.664F3+O.37F5+O.363F7 
[0033] This can be approximated to a function of: 

F(Sq.)mgd=F(Sq.)—(O.54 simp) 
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[0034] An example of this is illustrated in FIGS. 6A to 
6D. The square Wave toning signal With pre-emphasis propa 
gates through a series of four optical repeaters at a distance 
of 40 km (FIG. 6B), 80 km (FIG. 6C) and 160 km (FIG. 
6D) from the poWerfeed, respectively. As shoWn, the peak to 
peak amplitude of the toning signal is around 4 mA after the 
fourth repeater, Which represents a signi?cant improvement. 

[0035] The present invention provides a Way of off-setting 
the loss of transmission distance due to the use of state of the 
art optical repeaters. The ability of a ship to detect a toning 
signal greatly speeds up repair and maintenance operations. 
Since ship time is enormously expensive, any increase in the 
effective distance from shore Will result in a cost saving. 

We claim: 
1. Amethod of locating a submarine cable comprising the 

step of transmitting a toning signal along the submarine 
cable, Wherein the toning signal comprises a ?rst signal 
Waveform Which is to be detected combined With at least a 
second signal Waveform, Wherein the second signal Wave 
form interferes With the ?rst signal Waveform to limit the 
peak to peak amplitude of the toning signal for transmission. 

2. A method according to claim 1, in Which each of the 
?rst signal Waveform and second signal Waveform is sinu 
soidal. 

3. A method according to claim 1, in Which the second 
signal Waveform is of a higher frequency than the ?rst signal 
Waveform. 

4. A method according to claim 2, in Which the second 
signal Waveform is of a higher frequency than the ?rst signal 
Waveform. 

5. A method according to claim 1, in Which the toning 
signal is a square Wave, Wherein the ?rst signal Waveform 
corresponds to the fundamental frequency and the second 
and any subsequent signal Waveforms correspond to a 
respective one of the harmonic frequencies. 
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6. A method according to claim 5, in Which a number of 
the harmonics of the square Wave are pre-emphasised by a 
predetermined amount to take account of the frequency 
response of the submarine cable. 

7. The use of a square Wave as a toning signal in a 
submarine communications system. 

8. The use of a square Wave according to claim 7, in Which 
a number of the harmonics of the square Wave are pre 
emphasised by a predetermined amount to take account of 
the frequency response of a submarine cable. 

9. ApoWer feed circuit for a submarine cable, comprising 
a toning signal control circuit con?gured to modulate an 
electrical output of the poWer feed circuit to provide a toning 
signal, the toning signal comprising a ?rst signal Waveform 
Which is to be detected combined With at least a second 
signal Waveform, Wherein the second signal Waveform inter 
feres With the ?rst signal Waveform to limit the peak to peak 
amplitude of the toning signal for transmission. 

10. ApoWer feed circuit according to claim 9, in Which the 
toning signal control circuit comprises a digital signal pro 
cessor Which is arranged to cycle through a look-up table 
stored in a memory and output a series of sample values 
Which are used to control the electrical output of the poWer 
feed circuit. 

11. ApoWer feed circuit according to claim 10, in Which 
the contents of the look-up table stored in memory de?ne a 
complete cycle of a square Wave. 

12. ApoWer feed circuit according to claim 11, in Which 
the sample values in the look-up table are effective to 
provide a degree of pre-emphasis to the harmonics of the 
square Wave. 


