APR PROTECTION METHOD AND DEVICE, AND

COMPUTER STORAGE MEDIUM

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present disclosure claims the priority of a Chinese patent application No.
202010209910.6, filed on March 23, 2020, the disclosure of which is hereby

incorporated by reference herein in its entirety.

TECHNICAL FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to the technical field of optical communication,
and in particular, to an APR protection method, a device, and a computer storage

medium.

BACKGROUND

[0003] In the optical communication system, the upper limit of the optical power in
the optical fiber communication line will cause harm to human eyes. If the optical
power in the system is very large, once the optical fiber is accidentally broken or the
connector is pulled out, the leaked light will directly hurt the human eyes, which will
generate a great danger. Therefore, an automatic optical power reduction (APR)
mechanism is required to be activated to reduce the optical power in the optical fiber
line to a safe range, so as to play the role of eye protection.

[0004] Most of the conventional APR function implementation solutions use the
optical amplifier (OA) unit to detect optical power and send activation pulses as an
activation method of the APR function. However, the activation method has the
following defects:

[0005] 1) If the user accidentally closes the output of the pump laser in the OA unit,

the APR function can be directly triggered, thereby causing misexcitation.
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2) For a multi-stage OA unit system, if the APR function of a certain stage OA unit is
activated, since the OA unit has the characteristic of amplifying the received light and
then sending the same, the activation pulse received by the current stage OA unit will
be transmitted to each stage of OA unit downstream, thereby activating the APR
function of each stage of OA unit downstream, and generating a linkage reaction,
which causes many inconvenience to the state management of the whole system.

[0007] Therefore, it is an urgent problem to be solved in the present technical field to

overcome the above-mentioned defects in the prior art.

SUMMARY

[0008] On that account, embodiments of the present disclosure provide an APR
protection method and device, and a computer storage medium to solve at least one
problem existing in the prior art.

[0009] In order to realize the above-mentioned purpose, the technical solutions of the
embodiments of the present disclosure are implemented as follows.

[0010] In a first aspect, the embodiments of the present disclosure provide an
automatic optical power reduction APR protection method. For two optical amplifier
units at both ends of a transmission line, a pre-Amplifier PA of each of the two optical
amplifier units is connected to a booster amplifier BA of the other optical amplifier
unit by means of an optical fiber, and the method comprises:

[0011] in a case where a reception state of the PA of at least one of the two optical
amplifier units is a loss of signal LOS state, and a switch chip of the present optical
amplifier unit detects a link interruption signal, activating an APR protection state of
the present optical amplifier unit, wherein the APR protection state is to turn off
output of the BA of the present optical amplifier unit;

[0012] in a case where the switch chip of at least one of the two optical amplifier units
detects a link conduction signal, deactivating the APR protection state of the present
optical amplifier unit, so as to make a state of the BA of the present optical amplifier

unit be restored to a state before the APR protection state is activated.
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[0013] In an optional embodiment, N relay optical amplifier units are further provided
between the two optical amplifier units, where N is a positive integer;

[0014] in a case where a reception state of a first optical line amplifier (LA) of at least
one of the N relay optical amplifier units is the LOS state, and a switch chip of the
present relay optical amplifier unit detects the link interruption signal, activating a
APR protection state of the present relay optical amplifier unit, wherein the APR
protection state is to turn off a second LA output of the present relay optical amplifier
unit;

[0015] in a case where a switch chip of at least one of the N relay optical amplifier
units detects a link conduction signal, deactivating the APR protection state of the
present relay optical amplifier unit, so as to make a state of the second LA of the
present relay optical amplifier unit be restored to a state before the APR protection
state is activated.

[0016] In an optional embodiment, after the activation of the APR protection state of
the present optical amplifier unit, the method further comprises:

[0017] triggering the BA of the present optical amplifier unit to send an encoded pulse
signal with a lasting time of a first duration to the PA of the other optical amplifier
unit according to a preset period; in a case where the PA of at least one of the two
optical amplifier units detects the encoded pulse signal, marking the reception state of
the PA of the present optical amplifier unit as a non-LOS state; in a case where a light
state of the PA of at least one of the two optical amplifier units lasts for a second
duration, deactivating the APR protection state of the present optical amplifier unit;
and/or, in a case where the first LA of at least one of the N relay optical amplifier
units detects the encoded pulse signal, marking the reception state of the second LA
of the present relay optical amplifier unit as the non-LOS state; in a case where a light
state of the first LA of at least one of the N relay optical amplifier units lasts for the
second duration, deactivating the APR protection state of the present relay optical
amplifier unit;

[0018] wherein the second duration is twice the first duration.



[0019] In an optional embodiment, the method further comprises:

[0020] in a case where the reception state of the PA of at least one of the two optical
amplifier units is the non-LOS state, triggering the BA of the present optical amplifier
unit to reduce output power to be below preset power; and/or, in a case where the
reception state of the first LA of at least one of the N relay optical amplifier units is
the non-LOS state, triggering the second LA of the present relay optical amplifier unit
to reduce output power to be below preset power; and

[0021] in a case where the reception state of the PA of at least one of the two optical
amplifier units is the LOS state, triggering the BA of the present optical amplifier unit
to control a pump laser according to the preset period of the sent encoded pulse signal,
and/or, in a case where the reception state of the first LA of at least one of the N relay
optical amplifier units is the LOS state, triggering the second LA of the present relay
optical amplifier unit to control a pump laser according to the preset period of the sent
encoded pulse signal.

[0022] In an optional embodiment, the method further comprises:

[0023] in a case where the PA of at least one of the two optical amplifier units detects
an optical signal with a lasting time of a third duration, deactivating the APR
protection state of the present optical amplifier unit; and/or,

[0024] in a case where the first LA of at least one of the N relay optical amplifier
units detects an optical signal with a lasting time of the third duration, deactivating the
APR protection state of the present relay optical amplifier unit.

[0025] In an optional embodiment, the switch chip is a chip with a remote fault
notification function;

[0026] in a case where the switch chip of at least one of the two optical amplifier units
detects the link interruption signal and/or the switch chip of at least one of the N relay
optical amplifier units detects the link interruption signal, the link interruption signal
is converted into an optical signal and then output the optical signal to the other

optical amplifier unit or other relay optical amplifier units unit via an optical



supervisory channel (OSC) module of the present optical amplifier unit, wherein the
link interruption signal is an electrical signal.

[0027] In an optional embodiment, the encoded pulse signal is generated in the
following mode: switching a pump laser according to the preset period so as to make
the BA generate the encoded pulse signal.

[0028] In a second aspect, the embodiments of the present disclosure provide an APR
protection device, comprising: two amplifier modules, a logic control module, an
OSC module and a switch chip; the logic control module, the OSC module and the
switch chip being located between the two amplifier modules; wherein the amplifier
module comprises a pre-Amplifier PA and a booster amplifier BA, or a PA, a BA and
a line amplifier LA;

[0029] the PA and the LA are used for detecting an optical signal and then marking a
reception state based on the detected optical signal;

[0030] the switch chip is used for detecting whether a link interruption situation exists
or not;

[0031] the OSC module is used for converting an electrical signal output by the
switch chip into an optical signal and then outputting the optical signal;

[0032] the logic control module is used for performing logic processing based on a
reception state and a link interruption situation of the PA and/or the LA, and
triggering the amplifiers in the amplifier module to complete the APR protection
method described in the first aspect.

[0033] In a third aspect, the embodiments of the present disclosure provide an APR
protection device, comprising: a memory, a processor, and a computer program stored
in the memory and executed by the processor;

[0034] wherein the processor is used for executing the computer program to
implement the APR protection method described in the first aspect.

[0035] In a fourth aspect, the embodiments of the present disclosure provide a
computer storage medium storing a computer program which may be executed by a

processor to implement the APR protection method described in the first aspect.



[0036] The embodiments of the present disclosure disclose an APR protection method
and device, and a computer storage medium. For two optical amplifier units at both
ends of a transmission line, a preamplifier PA of each of the two optical amplifier
units is connected to a booster amplifier BA of the other optical amplifier unit by
means of an optical fiber, and the method comprises: in a case where a reception state
of the PA of at least one of the two optical amplifier units is a loss of signal LOS state,
and a switch chip of the present optical amplifier unit detects a link interruption signal,
activating an APR protection state of the present optical amplifier unit, wherein the
APR protection state is to turn off output of the BA of the present optical amplifier
unit; and in a case where a switch chip of at least one of the two optical amplifier
units detects a link conduction signal, deactivating the APR protection state of the
present optical amplifier unit, so as to make a state of the BA of the present optical
amplifier unit be restored to a state before the APR protection state is activated. In the
embodiments of the present disclosure, whether the link is determined to be
interrupted by means of the switch chip, and whether the APR protection state is
determined to be activated based on the judgment information of the switch and the
reception state of the amplifier module, and such compound activation condition may
avoid mis-activation and linkage activation of the APR protection state caused by

module fault in the optical amplifier unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a schematic diagram showing an implementation flow of an APR
protection method provided by an embodiment of the present disclosure.

[0038] FIG. 2 is a schematic diagram of an open optical transmission line system
having only optical amplifier units at both ends.

[0039] FIG. 3 is a schematic diagram of an open optical transmission line system
having only optical amplifier units at both ends.

[0040] FIG. 4 is a schematic diagram of an open optical transmission line system, in

which an intermediate optical amplifier unit is also provided between the optical
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amplifier units at both ends.
[0041] FIG. 5 is a schematic diagram of an open optical transmission line system, in
which an intermediate optical amplifier unit is also provided between the optical
amplifier units at both ends.
[0042] FIG. 6 is a schematic diagram of a specific hardware structure of an APR

protection device according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0043] Exemplary embodiments as disclosed in the present disclosure will be
described in more detail below with reference to the accompanying drawings.
Although exemplary embodiments of the present disclosure are shown in the
accompanying drawings, it should be understood that the present disclosure may be
implemented in various forms and should not be limited by the specific embodiments
set forth herein. Rather, these embodiments are provided to enable a more thorough
understanding of the present disclosure, and may fully convey the scope of the present
disclosure to those skilled in the art.

[0044] In the following description, numerous specific details are provided in order to
provide a more thorough understanding of the present disclosure. However, it will be
apparent for those skilled in the art that the present disclosure may be implemented
without one or more of these details. In other examples, in order to avoid confusion
with the present disclosure, some technical features well known in the art are not
described; i.e. all features of an actual embodiment are not described herein, and
well-known functions and structures are not described in detail.

[0045] In the accompanying drawings, dimensions of layers, of regions, and of
elements, and their relative dimensions may be exaggerated for clarity. The same
reference signs throughout refer to the same elements.

[0046] It should be understood that spatial relationship terms such as "under”,

"underneath”, "lower”, “below", "above", "on", etc. may be used herein for

convenience of description to describe the relationship between one element or one
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feature to other elements or features shown in the figures. It should be understood that
the spatial relative terms are intended to include different orientations of the device in
use and operation in addition to the orientation shown in the figures. For example, if
the devices in the figures are turned over, then the elements or features described as
"underneath other elements” or "below™ or "under” would be oriented as "above" the
other elements or features. Thus, the exemplary terms "underneath” and "under" may
include both an orientation of the above and the below. The device may be otherwise
oriented (rotated 90 degrees or other orientations) and the spatial descriptors used
herein are interpreted accordingly.

[0047] The terminology used herein is for the purpose of describing embodiments
only and is not intended to be limiting of the present disclosure. As used herein, the

singular forms "a," "an," and "the/said" are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It should also be understood that
the terms "compose" and/or "comprise”, when used in the present description, identify
the presence of the described features, integers, steps, operations, elements and/or
components, but do not exclude the presence or addition of one or more other features,
integers, steps, operations, elements, components and/or groups. As used herein, the
words "and/or" include any and all combinations of the associated listed items.

[0048] An embodiment of the present disclosure provides an APR protection method,
and FIG. 1 is a schematic diagram of an implementation flow of an APR protection
method provided by the embodiment of the present disclosure. For two optical
amplifier units at both ends of a transmission line, a preamplifier PA of each of the
two optical amplifier units is connected to a booster amplifier BA of the other optical
amplifier unit by means of an optical fiber, and the method mainly comprises the
following steps.

[0049] At step 101, in a case where a reception state of the PA of at least one of the
two optical amplifier units is a loss of signal LOS state, and a switch chip of the
present optical amplifier unit detects a link interruption signal, an APR protection

state of the present optical amplifier unit is activated, wherein the APR protection



state is to turn off output of the BA of the present optical amplifier unit.

[0050] In an embodiment of the present disclosure, a transmission line may include
two optical amplifier units at both ends, and N relay optical amplifier units between
the two optical amplifier units at both ends, where N is a positive integer. For two
optical amplifier units at both ends of the transmission line, the PA of each optical
amplifier unit in the two optical amplifier units is connected to the BA of the other
optical amplifier unit by means of an optical fiber. For N relay optical amplifier units,
each relay optical amplifier unit includes two line amplifiers LAs. It should be noted
that the two optical amplifier units at both ends of the transmission line may also be
referred to as terminal optical amplifier units.

[0051] In an embodiment of the present disclosure, for the two optical amplifier units
at both ends of the transmission line, in a case where the reception state of the PA of at
least one optical amplifier unit in the two optical amplifier units is a LOS state, and a
switch chip of the present optical amplifier unit detects a link interruption signal, an
APR protection state of the present optical amplifier unit is activated, wherein the
APR protection state is to turn off output of the BA of the present optical amplifier
unit. The switch chip is a chip with a remote fault notification function; in a case
where the switch chip of at least one optical amplifier unit in the two optical amplifier
units detects a link interruption signal, the link interruption signal is converted into an
optical signal and then outputs the optical signal to the other optical amplifier unit via
an OSC module of the optical amplifier unit, wherein the link interruption signal is an
electrical signal. It should be noted that the switch chip in the embodiment of the
present disclosure may determine whether the reason for the fault of the transmission
line is that the pump laser is turned off or the link is interrupted (optical fiber
breakage).

[0052] In an embodiment of the present disclosure, for the N relay optical amplifier
units between the two optical amplifier units at both ends of the transmission line, in a
case where a reception state of a first LA of at least one relay optical amplifier unit in

the N relay optical amplifier units is the LOS state, and a switch chip of the present



relay optical amplifier unit detects a link interruption signal, an APR protection state
of the present relay optical amplifier unit is activated, wherein the APR protection
state is to turn off output of a second LA of the relay optical amplifier unit. The
switch chip is a chip with a remote fault notification function; in a case where the
switch chip of at least one optical amplifier unit in the two optical amplifier units
detects the link interruption signal, the link interruption signal is converted into an
optical signal and then outputs the optical signal to the other optical amplifier unit or
relay optical amplifier units other than the present relay optical amplifier unit via an
optical monitoring channel OSC module of the present relay optical amplifier unit,
wherein the link interruption signal is an electrical signal. It should be noted that the
first LA and the second LA in the embodiments of the present disclosure are not
specified LAs, and the first LA and the second LA are only used for distinguishing
two LAs in one relay optical amplifier unit.

[0053] At step 102, in a case where a switch chip of at least one of the two optical
amplifier units detects a link conduction signal, the APR protection state of the
present optical amplifier unit is deactivated, so as to make a state of the BA of the
present optical amplifier unit be restored to a state before the APR protection state is
activated.

[0054] In an embodiment of the present disclosure, for the two optical amplifier units
at both ends of the transmission line, in a case where a switch chip of at least one
optical amplifier unit in the two optical amplifier units detects the link conduction
signal, the APR protection state of the present optical amplifier unit is deactivated, so
as to make the state of the BA of the present optical amplifier unit be restored to the
state before the APR protection state is activated, wherein the link conduction may be
an optical fiber conduction.

[0055] In an embodiments of the present disclosure, for the N relay optical amplifier
units between the two optical amplifier units at both ends of the transmission line, in a
case where a switch chip of at least one relay optical amplifier unit in the N relay

optical amplifier units detects the link conduction signal, the APR protection state of
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the present relay optical amplifier unit is deactivated, so as to make a state of the
second LA of the present relay optical amplifier unit be restored to a state before the
APR protection state is activated.

[0056] It should be noted that, in practical applications, the OSC module in the optical
amplifier unit or the relay optical amplifier unit is prone to be failed or be damaged,
then in a case where the APR protection state is activated, even when the link is
restored to the conduction state, the switch chip cannot receive the remote fault
notification information sent by the other optical amplifier unit or other relay optical
amplifier units due to the damage of the OSC module in the optical amplifier unit or
the relay optical amplifier unit. As a result, the present optical amplifier unit or the
present relay optical amplifier unit will always be in a state that the APR protection
state is activated, and such situation is referred to as an APR deadlock. In order to
solve the above-mentioned problem, the embodiments of the present disclosure
further provide an APR protection method with an APR anti-deadlock mechanism.
[0057] The implementation process of the method is as follows: after activating the
APR protection state of the present optical amplifier unit or the present relay optical
amplifier unit, triggering the BA of the present optical amplifier unit to send an
encoded pulse signal, of which a lasting time is a first duration, to the PA of the other
optical amplifier unit according to a preset period; in a case where the PA of at least
one of the two optical amplifier units detects the encoded pulse signal, marking the
reception state of the PA of the optical amplifier unit as the non-LOS state; in a case
where a light state of the PA of at least one of the two optical amplifier units lasts for
a second duration, deactivating the APR protection state of the present optical
amplifier unit; and/or, in a case where the first LA of at least one of the N relay
optical amplifier units detects the encoded pulse signal, marking the reception state of
the second LA of the present relay optical amplifier unit as the non-LOS state; in a
case where the light state of the first LA of at least one of the N relay optical amplifier
units lasts for the second duration, deactivating the APR protection state of the present

relay optical amplifier unit; wherein the second duration is twice the first duration. In

11



practical applications, the preset period may be 150s, the lasting time 15s, and the first
duration 15s. However, it should be noted that these times may be pre-written into the
amplification unit by an operator, and may also be changed by an operator according
to actual needs.

[0058] In an embodiment of the present disclosure, the encoded pulse signal is
generated in the following mode: switching a pump laser according to the preset
period so as to make the BA generate the encoded pulse signal.

[0059] In an embodiment of the present disclosure, when it is in the APR
anti-deadlock mechanism, the BA will adjust the pump laser based on the reception
state of the PA. Specifically, in a case where the reception state of the PA of at least
one of the two optical amplifier units is the non-LOS state, the BA of the present
optical amplifier unit is triggered to reduce its output power to be below preset power;
and/or, in a case where the reception state of the first LA of at least one of the N relay
optical amplifier units is the non-LOS state, the second LA of the present relay optical
amplifier unit is triggered to reduce its output power to be below preset power; and in
a case where the reception state of the PA of at least one of the two optical amplifier
units is the LOS state, the BA of the present optical amplifier unit is triggered to
control the pump laser according to the preset period of the sent encoded pulse signal;
and/or, in a case where the reception state of the first LA of at least one of the N relay
optical amplifier units is the LOS state, the second LA of the present relay optical
amplifier unit is triggered to control the pump laser according to the preset period of
the sent encoded pulse signal. In practical applications, the non-LOS state of the PA
or LA can also be time limited; for example, in a case where the non-LOS state of the
PA of at least one of the two optical amplifier units lasts for a preset time, the BA of
the present optical amplifier unit is triggered to reduce the output power to be below
the preset power; and/or, in a case where the non-LOS state of the first LA of at least
one of the N relay optical amplifier units lasts for a preset time, the second LA of the
present relay optical amplifier unit is triggered to reduce the output power to be below

the preset power. Here, the preset time may be 1s, or may be other times. It should be
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noted that the preset power may be eye protection power, and the eye protection
power is a safe power that does not harm human eyes. The manner of reducing the
output power of the BA and the LA is to adjust the output of the pump laser, and to
make the output power thereof less than the preset power.

[0060] In an embodiment of the present disclosure, when it is in the APR
anti-deadlock mechanism, if the OSC module is restored to be normal (in a case
where the link is restored to the conduction state), the switch chip may receive the
remote fault notification information sent by the other optical amplifier unit or other
relay optical amplifier units, then, in a case where the PA of at least one of the two
optical amplifier units detects an optical signal, of which a lasting time is a third
duration, deactivating the APR protection state of the present optical amplifier unit
may also be realized; and/or, in a case where the first LA of at least one of the N relay
optical amplifier units detects an optical signal, of which the lasting time is the third
duration, deactivating the APR protection state of the present relay optical amplifier
unit may also be realized. In practical applications, the third duration may be 1s.
However, it should be noted that these times may be pre-written into the amplification
unit by an operator, and may also be changed by an operator according to actual needs.
In the embodiment of the present disclosure, even in the APR anti-deadlock
mechanism, if the OSC module is restored to be normal, and the link is also restored
to the conduction state, then the PA and the LA can continuously detect the optical
signal, and in this case, the APR protection state may be immediately deactivated. In
other words, the APR anti-deadlock mechanism may be immediately exited and the
APR protection state may be immediately deactivated.

[0061] An APR protection method provided by the embodiments of the present
disclosure will be clearly described below in detail with reference to FIG. 2 to FIG. 5.
It should be noted that, in FIG. 2 to FIG. 5, SW indicates a switch chip, and MCU
indicates a logic control unit.

[0062] FIG. 2 is a schematic diagram of an open optical transmission line system only

having optical amplifier units at both ends. As shown in FIG. 2, there is no relay
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optical amplifier unit in the transmission line, and only one optical fiber is broken, the
broken place being marked as 1.

[0063] (1) After the optical fiber is broken at the place 1, the optical amplifier unit B
cannot receive the optical signal sent by the OSC1 module, and the switch chip SW1
detects a link interruption signal (OSC2 module LINKDOWN) and the reception state
of PA2 is the LOS state, then the APR protection state of the optical amplifier unit B
is activated, and the output of the BA2 is turned off. It should be noted that the link
interruption signal (electrical signal) detected by the switch chip in the embodiments
of the present disclosure needs to be converted into an optical signal through the OSC
module and then sent out. Therefore, the switch chip and the OSC module can be
collectively regarded as a link detection module, which is used for detecting a link
state and sending a link state signal, wherein the link state signal includes a link
interruption signal and a link conduction signal. In all of the following description,
the optical signal (the link state signal detected by switch chip) converted by an OSC
module is used as an example for explanation.

[0064] (2) Since the output of the BAZ2 is turned off, the reception state of the PAL is
the LOS state, and the OSC1 module LINKDOWN occurs, thus the APR protection
state of the optical amplifier unit A is activated, and the output of the BA1 is turned
off.

[0065] (3) If the optical fiber at place 1 is restored to conduction, and the OSC1
module and/or the OSC2 module are damaged at a certain moment before the optical
fiber is restored to conduction, even if the line is unobstructed, but the switch chip
SW still cannot receive the remote fault notification information sent by the optical
amplifier unit at the opposite end, then the optical amplifier unit A and the optical
amplifier unit B will always be in the state that the APR protection state is activated.
An APR deadlock occurs in the system.

[0066] (4) The APR anti-deadlock mechanism is started 300s after the APR protection
state has been active for 300s, and the BAL sends an encoded pulse signal with a

duration of 15s and with a period of 150s. It should be noted that an operator can
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change the starting time of the APR anti-deadlock mechanism, the period and the
lasting time of the encoded pulse signal according to actual needs.

[0067] (5) After the PA2 receives the encoded pulse signal sent by the BAL, it marks
the reception state thereof as a non-LOS state, and after the non-LOS state of the PA2
lasts for 1s, a pump laser is triggered to be turned on, so that the BA2 sends an optical
signal, but the output power of the optical signal is less than preset power. Since the
BA2 sends an optical signal, the LOS state of the PA1 disappears, and the PA1 also
marks the reception state thereof as the non-LOS state. After the non-LOS state of the
PAL lasts for 1s, the pump laser is triggered to be turned on, so that the BA1 sends an
optical signal, but the output power of the optical signal is less than the preset power.
[0068] (6) A series of controls of the above (5) will make the BAL still be in a state
that the pump laser is on after the BA1 sends the coded pulse signal, therefore, the
LOS state of the PA2 will continuously disappear, and the LOS state of the PA1 will
also continuously disappear.

[0069] (7) After the LOS state of the PA2 disappears for 30s (i.e. the non-LOS state
lasts for 30s), the optical amplifier unit B deactivates the APR protection state, so that
the output state of the pump laser of the BA2 is returned to the state before the APR
protection state is activated.

[0070] (8) After the LOS state of the PAL disappears for 30s (i.e. the non-LOS state
lasts for 30s), the optical amplifier unit A deactivates the APR protection state, so that
the output state of the pump laser of the BAL is restored to the state before the APR
protection state is activated.

[0071] FIG. 3 is a schematic diagram of an open optical transmission line system only
having optical amplifier units at both ends. As shown in FIG. 3, in the transmission
line, there is no relay optical amplifier unit and the two optical fiber are broken, where
the broken places are marked as 1 and 2, respectively.

[0072] (1) After the optical fiber is broken at the broken place 1, the optical amplifier
unit B cannot receive the optical signal sent by the OSC1 module, the OSC2 module

LINKDOWN occurs, and the reception state of the PA2 is the LOS state, then the
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APR protection state of the optical amplifier unit B is activated, and the output of the
BAZ2 is turned off.

[0073] (2) The optical fiber is broken at the broken place 2, then the reception state of
the PAL is the LOS state, the OSC1 module LINKDOWN occurs, thus the APR
protection state of the optical amplifier unit A is activated, and the output of the BA1
is turned off.

[0074] (3) It is assumed that the optical fiber at the broken place 1 is firstly restored to
conduction, and before the optical fiber at the broken place 1 is restored to conduction,
the APR deadlock occurs. The anti-deadlock mechanism is started after the APR
protection state has been active for 300s, and the BAL sends an encoded pulse signal
with a duration of 15s and with a period of 150s.

[0075] (4) After received the encoded pulse signal sent by the BA1, the PA2 marks
the reception state thereof as the non-LOS state, and after the non-LOS state of the
PA2 lasts for 1s, the pump laser is triggered to be turned on, so that the BA2 sends an
optical signal, but the output power of the optical signal is less than preset power.
Since the optical fiber at the broken place 2 is not restored to conduction, the PA1 is
still in the LOS state.

[0076] (5) After the encoded pulse signal lasting for 15s sent by the BAL, the PA2
marks the reception state thereof as a non-LOS state, and the pump laser is triggered
to be turned off, thus the BA2 cannot send optical signals.

[0077] (6) It is assumed that the optical fiber at the place 2 is subsequently restored to
conduction. Similar to the processes (1) to (5) as mentioned above, when the period of
150s expires, the BA1 sends an encoded pulse signal with a duration of 15s. After
received the encoded pulse signal sent by the BA1, the PA2 marks the reception state
thereof as the non-LOS state, and after the non-LOS state of the PA2 lasts for 1s, the
pump laser is triggered to be turned on, so that the BA2 sends an optical signal, but
the output power of the optical signal is less than preset power.

[0078] (7) Since the BA2 sends an optical signal, the LOS state of the PA1 disappears,

and the PA1 also marks the reception state thereof as the non-LOS state. After the
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non-LOS state of the PAL lasts for 1s, the pump laser is triggered to be turned on, so
that the BA1 sends an optical signal, but the output power of the optical signal is less
than preset power.

[0079] (8) A series of controls of the above (6) and (7) will make the BA1 still be in a
state that the pump laser is on after the BAL end up sending the coded pulse signal,
therefore, the LOS state of the PA2 will continuously disappear, and the LOS state of
the PA1 will also continuously disappear.

[0080] (9) After the LOS state of the PA2 disappears for 30s (i.e. the non-LOS state
lasts for 30s), the optical amplifier unit B deactivates the APR protection state, so that
the output state of the pump laser of the BA2 is restored to the state before the APR
protection state is activated.

[0081] (10) After the LOS state of the PAL disappears for 30s (i.e. the non-LOS state
lasts for 30s), the optical amplifier unit A deactivates the APR protection state, so that
the output state of the pump laser of the BAL is returned to the state before the APR
protection state is activated.

[0082] FIG. 4 is a schematic diagram of an open optical transmission line system
which is also provided with an intermediate optical amplifier unit between the optical
amplifier units at both ends. As shown in FIG. 4, the transmission line is provided
with a relay optical amplifier unit and the two optical fibers in the same stage are
broken, where the broken places are marked as 1 and 2, respectively.

[0083] (1) After the optical fiber is broken at the broken place 1, the optical amplifier
unit B cannot receive an optical signal sent by the OSC1 module, the OSC3 module
LINKDOWN occurs, and the reception state of the LA1 is the LOS state, then the
APR protection state on the WEST side of the optical amplifier unit B is activated,
and the output of the LAZ2 is turned off.

[0084] It should be noted that the reception state of the LAL is the LOS state while the
output of the LAL is turned off (the working mode of the LA1 is to turn off the pump
laser), which will cause the reception state of the PA2 of the optical amplifier unit C

to be the LOS state; however, since the optical fiber lines between the optical
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amplifier units B and C are intact, the switch chip of the optical amplifier unit C
cannot detect the link interruption signal, so that the OSC2 module LINKDOWN will
not appear, therefore, the APR protection state of the EAST side of the optical
amplifier unit B and the APR protection state of the optical amplifier unit C will not
be activated, thereby avoiding the activation of the APR protection state of one stage
of the optical amplifier unit from affecting the next-stage optical amplifier unit
without the optical fiber broken and avoiding a linkage reaction.

[0085] (2) The optical fiber is broken at the broken place 2, then the reception state of
the PA1 is the LOS state, the OSC1 module LINKDOWN occurs, the APR protection
state of the optical amplifier unit A is activated, and the output of BA1 is turned off.
[0086] (3) It is assumed that the optical fiber at the broken place 1 is firstly restored to
conduction, and before the optical fiber at the broken place 1 is restored to conduction,
the APR deadlock occurs. The anti-deadlock mechanism is started after the APR
protection state has been active for 300s, and the BAL sends an encoded pulse signal
with a duration of 15s and with a period of 150s.

[0087] (4) After received the encoded pulse signal sent by the BA1, the LA1 marks
the reception state thereof as the non-LOS state, and after the non-LOS state of the
LA lasts for 1s, the pump laser is triggered to be turned on, so that the LA2 sends an
optical signal, but the output power of the optical signal is less than preset power.
Since the conduction of the optical fiber is not recovered at the broken place 2, the
PAL is still in the LOS state.

[0088] (5) After the encoded pulse signal lasting for 15s sent by the BAL, the LAl
marks the reception state thereof as the non-LOS state, and the pump laser is triggered
to be turned off, thus the LA2 cannot send an optical signal.

[0089] (6) It is assumed that the optical fiber at the broken place 2 is subsequently
restored to conduction. Similar to the processes (1) to (5) as mentioned above, when
the period of 150s expires, the BA1 sends an encoded pulse signal with a duration of
15s. After received the encoded pulse signal sent by the BAL, the LAl marks the
reception state thereof as the non-LOS state, and after the non-LOS state of the LA1
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lasts for 1s, the pump laser is triggered to be turned on, so that the LA2 sends an
optical signal, but the output power of the optical signal is less than preset power.
[0090] (7) Since the LA2 sends an optical signal, the LOS state of PAL disappears,
and the PA1 also marks the reception state thereof as the non-LOS state. After the
non-LOS state of the PAL lasts for 1s, the pump laser is triggered to be turned on, so
that the BA1 sends an optical signal, but the output power of the optical signal is less
than preset power.

[0091] (8) A series of controls of the above (6) and (7) will make the BA1 be in a state
that the pump laser still is on after the BAL ends up sending the coded pulse signal,
therefore, the LOS state of the LA1 will continuously disappear, and the LOS state of
the PA1 will also continuously disappear.

[0092] (9) After the LOS state of the LAL disappears for 30s (i.e. the non-LOS state
lasts for 30s), the optical amplifier unit BWEST deactivates the APR protection state,
so that the output state of the pump laser of the LAZ2 is returned to the state before the
APR protection state is activated.

[0093] (10) After the LOS state of the PAL disappears for 30s (i.e. the non-LOS state
lasts for 30s), the optical amplifier unit A deactivates the APR protection state, so that
the output state of the pump laser of the BAL is returned to the state before the APR
protection state is activated.

[0094] FIG. 5 is a schematic diagram of an open optical transmission line system
which is also provided with an intermediate optical amplifier unit between the optical
amplifier units at both ends. As shown in FIG. 5, the transmission line is provided
with a relay optical amplifier unit and one optical fiber in each of the two stages is
broken, where the broken places are marked as 1 and 2, respectively.

[0095] (1) After the optical fiber is broken at the broken place 1, the optical amplifier
unit B cannot receive an optical signal sent by the OSC1 module, the OSC3 module
LINKDOWN occurs, and the reception state of the LA1 is the LOS state, then the
APR protection state on the WEST side of the optical amplifier unit B is activated,
and the output of the LAZ2 is turned off.
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[0096] (2) After the optical fiber is broken at the broken place 2, the reception state of
the LA2 is the LOS state, and the OSC4 module LINKDOWN occurs, then the APR
protection state on the EAST side of the optical amplifier unit B is activated, and the
output of the LAZ2 is turned off. The turn-off of the LA1 causes the reception state of
the PA2 to be the LOS state, and the OSC2 module LINKDOWN occurs, then the
APR protection state of the optical amplifier unit C is activated, and the output of
BAZ2 is turned off.

[0097] (3) It is assumed that the optical fiber at the broken place 1 is firstly restored to
conduction, and before the optical fiber at the broken place 1 is restored to conduction,
the APR deadlock occurs. The anti-deadlock mechanism is started after the APR
protection state has been active for 300s, and the BA1 sends an encoded pulse signal
with a duration of 15s and with a period of 150s.

[0098] (4) After the LAL receives the encoded pulse signal sent by the BAL, it marks
the reception state thereof as the non-LOS state, and after the non-LOS state of the
LAL lasts for 1s, the pump laser is triggered to be turned on, so that the LA2 sends an
optical signal, but the output power of the optical signal is less than preset power.
[0099] (5) The continuous light-emitting of the LA2 will make the LOS state of the
PA2 disappear, and the PA1 also marks the reception state thereof as the non-LOS
state. After the non-LOS state of the PA1 lasts for 1s, the pump laser is triggered to be
turned on, so that the BA1 sends an optical signal, but the output power of the optical
signal is less than preset power.

[0100] (6) A series of controls of the above (5) will make the BA1 be in a state that
the pump laser still is on after the BA1 ends up sending the coded pulse signal,
therefore, the LOS state of the PA2 will continuously disappear, and the LOS state of
the PA1 will also continuously disappear.

[0101] (7) After the LOS state of the LA disappears for 30s (i.e. the non-LOS state
lasts for 30s), the WEST side of the optical amplifier unit B deactivates the APR
protection state, so that the output state of the pump laser of the LAZ2 is returned to the

state before the APR protection state is activated.
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[0102] (8) After the LOS state of the PAL disappears for 30s (i.e. the non-LOS state
lasts for 30s), the optical amplifier unit A deactivates the APR protection state, so that
the output state of the pump laser of the BAL is returned to the state before the APR
protection state is activated.

[0103] (9) It is assumed that the optical fiber at the broken place 2 is subsequently
restored to conduction. And before the optical fiber at the broken place 2 is restored to
conduction, the APR deadlock occurs. The anti-deadlock mechanism is started after
the APR protection state has been active for 300s, and the LAl sends an encoded
pulse signal with a duration of 15s and with a period of 150s.

[0104] (10) After the PA2 receives the encoded pulse signal sent by the LA1, it marks
the reception state thereof as a non-LOS state, and after the non-LOS state of the PA2
lasts for 1s, the pump laser is triggered to be turned on, so that the BA2 sends an
optical signal, but the output power of the optical signal is less than preset power.
[0105] (11) The continuous light-emitting of the BA2 will make the LOS state of the
LA2 disappear, and the LA2 also marks the reception state thereof as the non-LOS
state. After the non-LOS state of the LA2 lasts for 1s, the pump laser is triggered to
be turned on, so that the LAL sends an optical signal, but the output power of the
optical signal is less than preset power.

[0106] (12) A series of controls of the above (11) will make the LA1 still be in a state
that the pump laser is on after the LAl ends up sending the coded pulse signal,
therefore, the LOS state of the PA2 will continuously disappear, and the LOS state of
the LA2 will also continuously disappear.

[0107] (13) After the LOS state of the LA2 disappears for 30s, the EAST side of the
optical amplifier unit B deactivates the APR protection state, so that the output state
of the pump laser of the LA is returned to the state before the APR protection state is
activated.

[0108] (14) After the LOS state of the PA2 disappears for 30s, the optical amplifier
unit C deactivates the APR protection state, so that the output state of the pump laser

of the BA2 is returned to the state before the APR protection state is activated.
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[0109] It should be noted that the broken place 1 and the broken place 2 are located at
different stages, and since the two stages do not interfere with each other, there is no
necessary sequence to firstly restore the broken place 1 or firstly restore the broken
place 2.

[0110] Based on the same technical concept as the aforementioned APR protection
method, the embodiments of the present disclosure provides an APR protection device,
and the APR protection device comprises:

[0111] two amplifier modules, a logic control module, an OSC module and a switch
chip, wherein the logic control module, the OSC module and the switch chip are
located between the two amplifier modules; wherein the amplifier module comprises
the following amplifiers: a pre-Amplifier PA and a booster amplifier BA, or a PA, a
BA and a line amplifier LA,

[0112] wherein the PA and the LA are used for detecting an optical signal and then
marking a reception state based on a situation of the detected optical signal;

[0113] the switch chip is used for detecting whether a link interruption situation exists
or not;

[0114] the OSC module is used for converting an electrical signal output by the
switch chip into an optical signal and then outputting the optical signal; and

[0115] the logic control module is used for performing logic processing based on the
reception state and the link interruption situation of the PA and/or the LA, and
triggering the amplifier(s) in the amplifier module to complete the aforementioned
APR protection method.

[0116] Each component in the embodiments of the present disclosure may be
integrated in one processing unit, or each unit may physically exist separately, or two
or more than two units may be integrated into one unit. The above-mentioned
integrated units may be implemented in the form of hardware or may be implemented
in the form of a software function module.

[0117] When the integrated unit is implemented in the form of software function

module and is not sold or used as an independent product, it may be stored in a
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computer-readable storage medium, and based on such an understanding, the
technical solution of the embodiments of the present disclosure, or the portion that has
contributed to the prior art, or all or a portion of the technical solution, may
essentially be embodied in the form of software products. The computer software
product is stored in a storage medium, including instructions to enable a computer
device (which may be a personal computer, a server, or a network device, etc.) or a
processor to perform all or a portion of the steps of the method described in the
embodiments of the present disclosure. The aforementioned storage medium includes
various media that can store program codes, such as a USB flash disk, a mobile hard
disk, a read-only memory (ROM), a random access memory (RAM), a magnetic disk,
or an optical disk, and the like.

[0118] Therefore, the embodiments of the present disclosure provides a storage
medium, and the storage medium stores a computer program for implementing the
steps described in the above-mentioned embodiment, when executed by at least one
processor.

[0119] Referring to FIG. 6, what is shown is a specific hardware structure of an APR
protection device 600 provided by an embodiment of the present disclosure,
comprising: a network interface 601, a memory 602 and a processor 603; each
component being coupled together through a bus system 604. It can be understood
that the bus system 604 is used for implementing the connection communication
between these components. The bus system 604 includes a power bus, a control bus,
and a state signal bus in addition to a data bus. However, for clarity of description,
various buses are labeled as the bus system 604 in Fig. 6.

[0120] The network interface 601 is used for receiving and sending a signal in a
process of sending and receiving information with other external network elements.
[0121] The memory 602 is used for storing a computer program capable of running on
the processor 603.

[0122] The processor 603 is used for, when running the computer program, executing:

[0123] in a case where a reception state of the PA of at least one of the two optical
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amplifier units is a loss of signal LOS state, and a switch chip of the present optical
amplifier unit detects a link interruption signal, activating an APR protection state of
the present optical amplifier unit, wherein the APR protection state is to turn off BA
output of the present optical amplifier unit;

[0124] in a case where a switch chip of at least one optical amplifier unit in the two
optical amplifier units detects a link conduction signal, deactivating the APR
protection state of the present optical amplifier unit, so as to make a state of the BA of
the present optical amplifier unit be restored to a state before the APR protection state
is activated.

[0125] The processor 603 is further used for, when running the computer program,
executing:

[0126] in a case where N relay optical amplifier units are further comprised between
the two optical amplifier units, where N is a positive integer, a reception state of a
first optical line amplifier LA of at least one of which is a LOS state, and a switch
chip of the present relay optical amplifier unit detects the link interruption signal,
activating an APR protection state of a present relay optical amplifier unit, wherein
the APR protection state is to turn off a second LA output of the relay optical
amplifier unit;

[0127] in a case where a switch chip of at least one relay optical amplifier unit in the
N relay optical amplifier units detects the link conduction signal, deactivating the
APR protection state of the present relay optical amplifier unit, so as to make a state
of the second LA of the present relay optical amplifier unit is restored to a state before
the APR protection state be activated.

[0129] The processor 603 is further used for, when running the computer program,
executing:

[0130] after the activation of the APR protection state of the present optical amplifier
unit, the method further comprising:

[0131] triggering the BA of the present optical amplifier unit to send an encoded pulse

signal, of which the lasting time is a first duration, to the PA of the other optical
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amplifier unit according to a preset period; in a case where the PA of at least one
optical amplifier unit in the two optical amplifier units detects the encoded pulse
signal, marking the reception state of the PA of the optical amplifier unit as a
non-LOS state; and in a case where a light state of the PA of at least one optical
amplifier unit in the two optical amplifier units lasts for a second duration,
deactivating an APR protection state of the present optical amplifier unit; and/or, in a
case where the first LA of at least one relay optical amplifier unit in the N relay
optical amplifier units detects the encoded pulse signal, marking the reception state of
the second LA of the present relay optical amplifier unit as the non-LOS state; and in
a case where the light state of the first LA of at least one relay optical amplifier unit in
the N relay optical amplifier units lasts for the second duration, deactivating the APR
protection state of the present relay optical amplifier unit;

[0132] wherein the second duration is twice the first duration.

[0133] The processor 603 is further used for, when running the computer program,
executing:

[0134] in a case where the reception state of the PA of at least one optical amplifier
unit in the two optical amplifier units is the LOS state, triggering the BA of the
present optical amplifier unit to reduce the output power to be below preset power;
and/or, in a case where the reception state of the first LA of at least one relay optical
amplifier unit in the N relay optical amplifier units is a non-LOS state, triggering the
second LA of the present relay optical amplifier unit to reduce the output power to be
below preset power; and

[0135] in a case where the reception state of the PA of at least one optical amplifier
unit in the two optical amplifier units is the LOS state, triggering the BA of the
present optical amplifier unit to control a pump laser according to the preset period of
the sent encoded pulse signal; and/or, in a case where the reception state of the first
LA of at least one relay optical amplifier unit in the N relay optical amplifier units is
the LOS state, triggering the second LA of the present relay optical amplifier unit to

control a pump laser according to the preset period of the sent encoded pulse signal.
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[0136] The processor 603 is further used for, when running the computer program,
executing:

[0137] in a case where the PA of at least one optical amplifier unit in the two optical
amplifier units detects an optical signal, of which the lasting time is a third duration,
deactivating the APR protection state of the present optical amplifier unit; and/or,
[0138] in a case where the first LA of at least one relay optical amplifier unit in the N
relay optical amplifier units detects an optical signal, of which the lasting time is the
third duration, deactivating the APR protection state of the present relay optical
amplifier unit.

[0139] The processor 603 is further used for, when running the computer program,
executing:

[0140] The switch chip being a chip with a remote fault notification function;

[0141] in a case where the switch chip of at least one optical amplifier unit in the two
optical amplifier units detects the link interruption signal and/or the switch chip of at
least one optical amplifier unit in the two optical amplifier units detects the link
interruption signal, the link interruption signal is converted into an optical signal and
then output to the other optical amplifier unit or other relay optical amplifier units via
an optical monitoring channel OSC module of the present optical amplifier unit,
wherein the link interruption signal is an electrical signal.

[0142] The processor 603 is further used for, when running the computer program,
executing:

[0143] the encoded pulse signal being generated in the following mode: switching a
pump laser according to a preset period to make the BA generate the encoded pulse
signal.

[0144] It can be understood that the memory 602 in the embodiments of the present
disclosure may be a volatile memory or a non-volatile memory, or may include both a
volatile memory and a non-volatile memory. The non-volatile memory may be a
read-only memory (ROM), a programmable read-only memory (Programmable ROM,

PROM), an erasable programmable read-only memory (Erasable PROM, EPROM),
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an electrically erasable programmable read-only memory (Electrically EPROM,
EEPROM), or a flash memory. The volatile memory may be a random access
memory (RAM), which acts as an external cache. By way of example and not
limitation, many forms of RAM are available, such as static random access memory
(Static RAM, SRAM), dynamic random access memory (Dynamic RAM, DRAM),
synchronous dynamic random access memory (Synchronous DRAM, SDRAM),
double data rate synchronous dynamic random access memory (Double Data Rate
SDRAM, DDR SDRAM), enhanced synchronous dynamic random access memory
(Enhanced SDRAM, ESDRAM), synchronous connection dynamic random access
memory (Sync Link DRAM, SLDRAM), and direct memory bus random access
memory (Direct Rambus RAM, DRRAM). The memory 602 of the method described
herein is intended to include, but is not limited to, these and any other suitable types
of memory.

[0145] And the processor 603 may be an integrated circuit chip, which has a signal
processing capability. In the implementation process, each step of the
above-mentioned method may be completed through an integrated logic circuit of
hardware in the processor 603 or an instruction in the form of software. The
above-mentioned processor 603 may be a general-purpose processor, a digital signal
processor (DSP), an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or other programmable logic device, a discrete gate
or transistor logic device, and a discrete hardware component. The methods, steps,
and logic block diagrams disclosed in the embodiments of the present disclosure may
be implemented or executed. The general-purpose processor may be a microprocessor
or the processor may be any conventional processor or the like. The steps of the
methods disclosed in conjunction with the embodiments of the present disclosure may
be directly embodied as that the completion of this step is executed by a hardware
decoding processor, or by a combination of hardware and software modules in the
decoding processor. The software module may be located in a mature storage medium

of the art, such as a random access memory, a flash memory, a read-only memory, a
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programmable read-only memory, an electrically erasable programmable memory, a
register, and the like. The storage medium is located in the memory, and the processor
reads the information in the memory, and the steps of the above-mentioned method
are completed in combination with the hardware thereof.

[0146] It can be understood that, these embodiments described herein may be
implemented by hardware, software, firmware, middleware, microcode, or a
combination thereof. For a hardware implementation, a processing unit may be
implemented in one or more application specific integrated circuits (ASIC), digital
signal processer (DSP), digital signal processing devices (DSP Device, DSPD),
programmable logic devices (PLD), field programmable gate arrays (FPGA),
general-purpose processors, controllers, microcontrollers, microprocessors, other
electronic units for executing the functions described herein, or combinations thereof.
[0147] For a software implementation, the technology described herein may be
implemented through modules (e.g. a process, a function, etc.) that execute the
functions described herein. The software code may be stored in the memory and
executed by the processor. The memory can be implemented in the processor or
external to the processor.

[0148] It should be understood that "one embodiment" or "an embodiment"
mentioned throughout the description means that a particular feature, structure, or
characteristic related to the present embodiment is included in at least one
embodiment of the present disclosure. Thus, "in one embodiment” or "in an
embodiment™ in various places throughout the description does not necessarily refer
to the same embodiment. Furthermore, these particular features, structures, or
characteristics may be combined in any suitable manner in one or more embodiments.
It should be understood that, in various embodiments of the present disclosure, the
size of the serial numbers of the above-mentioned processes does not mean the
sequence of execution, and the execution sequence of each process should be
determined by the function and the internal logic thereof, and should not constitute

any limitation on the implementation process of the embodiments of the present
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disclosure. The above-mentioned serial numbers of the embodiments of the present
disclosure are only for description, and do not represent the advantages or
disadvantages of the embodiments.

[0149] It should be noted that, herein, the terms "comprising”, "including” or any
other variation thereof herein are intended to encompass a non-exclusive inclusion,
such that a process, a method, an article, or a device comprising a series of elements
not only includes those elements, but also includes other elements not expressly listed,
or further includes an element inherent to such a process, method, article, or apparatus.
Without further limitations, an element defined by the sentence “comprising one...”
or "including one..." does not exclude the existence of other identical elements in a
process, a method, an article or a device that includes the element.

[0150] In the several embodiments provided in the present disclosure, it should be
understood that the disclosed method and device may be implemented in other
manners. The device embodiments described above are merely schematic, for
example, the division of the units is merely a logical function division, and there may
be another division mode in actual implementation, e.g. multiple units or components
may be combined, or may be integrated into another system, or some features may be
ignored or not executed. In addition, the coupling, or direct coupling, or
communication connection between the various components shown or discussed may
be through some interfaces, and the indirect coupling or communication connection of
devices or units may be electrical, mechanical or other forms.

[0151] The unit described above as a separate component may or may not be
physically separated, and the component displayed as a unit may or may not be a
physical unit, that is, it may be located in one place or distributed to multiple network
units; and some or all of the units may be selected according to actual needs to realize
the purpose of the solutions of the present embodiments.

[0152] In addition, each functional unit in each embodiment of the present disclosure
may all be integrated into one processing module, or each unit may be separately used

as a unit, or two or more units may be integrated into one unit; the above-mentioned
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integrated unit may be implemented in a form of hardware, or may be implemented in
a form of hardware plus software functional units. Those ordinary skilled in the art
may understand that all or a portion of the steps of implementing the
above-mentioned method embodiments may be completed by means of hardware
related to a program instruction, and the aforementioned program may be stored in a
computer-readable storage medium, and when the program is executed, the steps of
the above-mentioned method embodiments are executed; and the aforementioned
storage medium includes various media that may store program codes, such as a
removable storage device, a read-only memory (ROM,), a random access memory
(RAM), a magnetic disk, or an optical disk, and the like.

[0153] The methods disclosed in the several method embodiments provided in the
present disclosure can be arbitrarily combined under the condition of no conflict to
obtain new method embodiments.

[0154] The features disclosed in the several product embodiments provided in the
present disclosure may be arbitrarily combined without conflict to obtain a new
product embodiment.

[0155] The features disclosed in several method embodiments or device embodiments
provided in the present disclosure may be combined arbitrarily without conflict to
obtain a new method embodiments or device embodiments.

[0156] The above description is only specific embodiments of the present disclosure,
however, the protection scope of the present disclosure is not limited to it, and any
person skilled in the art can easily think of changes or substitutions within the
technical scope as disclosed by the present disclosure, and which should be included
within the protection scope of the present disclosure. Therefore, the protection scope
of the present disclosure should be subject to the protection scope of the present

disclosure.
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WHAT IS CLAIMED IS:

1. An automatic optical power reduction APR protection method, for two optical
amplifier units at both ends of a transmission line, a preamplifier PA of each of the
two optical amplifier units being connected to a boost amplifier BA of the other
optical amplifier unit by means of an optical fiber, the method comprising:

in a case where a reception state of the PA of at least one of the two optical
amplifier units is a loss of signal LOS state, and a switch chip of the present optical
amplifier unit detects a link interruption signal, activating an APR protection state of
the present optical amplifier unit, wherein the APR protection state is to turn off
output of the BA of the present optical amplifier unit;

in a case where the switch chip of at least one of the two optical amplifier units
detects a link conduction signal, deactivating the APR protection state of the present
optical amplifier unit, so as to make a state of the BA of the present optical amplifier

unit be restored to a state before the APR protection state is activated.

2. The APR protection method of claim 1, wherein N relay optical amplifier
units are further provided between the two optical amplifier units, where N is a
positive integer;

in a case where a reception state of a first optical line amplifier LA of at least one
of the N relay optical amplifier units is the LOS state, and a switch chip of the present
relay optical amplifier unit detects the link interruption signal, activating an APR
protection state of the present relay optical amplifier unit, wherein the APR protection
state is to turn off a second LA output of the present relay optical amplifier unit;

in a case where the switch chip of at least one of the N relay optical amplifier
units detects the link conduction signal, deactivating the APR protection state of the
present relay optical amplifier unit, so as to make a state of the second LA of the
present relay optical amplifier unit be restored to a state before the APR protection

state is activated.
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3. The APR protection method of claim 2, wherein after the activation of the
APR protection state of the present optical amplifier unit, the method further
comprises:

triggering the BA of the present optical amplifier unit to send an encoded pulse
signal with a lasting time of a first duration to the PA of the other optical amplifier
unit according to a preset period; in a case where the PA of at least one of the two
optical amplifier units detects the encoded pulse signal, marking the reception state of
the PA of the present optical amplifier unit as a non-LOS state; in a case where a light
state of the PA of at least one of the two optical amplifier units lasts for a second
duration, deactivating the APR protection state of the present optical amplifier unit;
and/or, in a case where the first LA of at least one of the N relay optical amplifier
units detects the encoded pulse signal, marking the reception state of the second LA
of the present relay optical amplifier unit as the non-LOS state; in a case where a light
state of the first LA of at least one of the N relay optical amplifier units lasts for the
second duration, deactivating the APR protection state of the present relay optical
amplifier unit;

wherein the second duration is twice the first duration.

4. The APR protection method of claim 3, wherein the method further comprises:

in a case where the reception state of the PA of at least one of the two optical
amplifier units is the non-LOS state, triggering the BA of the present optical amplifier
unit to reduce output power to be below preset power; and/or, in a case where the
reception state of the first LA of at least one of the N relay optical amplifier units is
the non-LOS state, triggering the second LA of the present relay optical amplifier unit
to reduce output power to be below preset power; and

in a case where the reception state of the PA of at least one of the two optical
amplifier units is the LOS state, triggering the BA of the present optical amplifier unit

to control a pump laser according to the preset period of the sent encoded pulse signal;
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and/or, in a case where the reception state of the first LA of at least one of the N relay
optical amplifier units is the LOS state, triggering the second LA of the present relay
optical amplifier unit to control the pump laser according to the preset period of the

sent encoded pulse signal.

5. The APR protection method of claim 2, wherein the method further comprises:

in a case where the PA of at least one of the two optical amplifier units detects an
optical signal with a lasting time of a third duration, deactivating the APR protection
state of the present optical amplifier unit; and/or,

in a case where the first LA of at least one of the two optical amplifier units
detects an optical signal with a lasting time of the third duration, deactivating the APR

protection state of the present relay optical amplifier unit.

6. The APR protection method of claim 1, wherein

the switch chip is a chip with a remote fault notification function;

in a case where the switch chip of at least one of the two optical amplifier units
detects the link interruption signal and/or the switch chip of at least one of the N relay
optical amplifier units detects the link interruption signal, the link interruption signal
is converted into an optical signal and then the optical signal is output to the other
optical amplifier units or other relay optical amplifier units via an optical supervisory
channel OSC module of the present optical amplifier unit, wherein the link

interruption signal is an electrical signal.

7. The APR protection method of claim 3, wherein the encoded pulse signal is
generated in the following mode: switching the pump laser according to the preset

period so as to make the BA generate the encoded pulse signal.

8. An APR protection device, comprising: two amplifier modules, a logic control
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module, an OSC module and a switch chip, the logic control module, the OSC module
and the switch chip being located between the two amplifier modules; wherein the
amplifier module comprises the following amplifiers: a PA and a BA,; or a PA, a BA
and a LA;

the PA and the LA are used for detecting an optical signal and then marking a
reception state based on a situation of the detected optical signal;

the switch chip is used for detecting whether a link interruption situation exists
or not;

the OSC module is used for converting an electrical signal output by the switch
chip into an optical signal and then outputting the optical signal;

the logic control module is used for performing logic processing based on a
reception state and a link interruption situation of the PA and/or LA, and triggering the
amplifier(s) in the amplifier module to complete the APR protection method of any of

claims1to 7.

9. An APR protection device, comprising: a memory, a processor and a computer
program which is stored in the memory and executed by the processor;
wherein the processor is used for implementing the APR protection method

according to any of claims 1 to 7.

10. A computer storage medium, wherein the computer storage medium stores a
computer program, and the computer program is capable to, when executed by a

processor, implement the APR protection method of any one of claims 1 to 7.
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