
WIRELESS HIGH CAPACITY SUB-SEA COMMUNICATIONS SYSTEM FIELD OF THE INVENTION
This disclosure relates to monitoring systems for subsea monitoring systems
BRIEF DESCRIPTION OF THE DRAWINGS Fig 1 is a graphical illustration of an
exemplary embodiment of a suitable optical interval for subsea
communications Fig 2 is a graphical illustration of the total attenuation
coefficient for seawater Fig 3 is a graphical illustration of an exemplary
embodiment of the communication pathways used in the subsea zones in a
system for monitoring subsea devices Fig 4a is a schematic illustration of
an exemplary embodiment of a system for monitoring subsea devices Fig 4b is
a schematic illustration of an exemplary embodiment of the communication
network of the system of Fig 4a Fig 5 is a schematic illustration of an
exemplary embodiment of the sensor nodes of the system of Fig 4a Fig 6 is a
schematic illustration of an exemplary embodiment of the optical
transceiver of the sensor node of Fig 5 Fig 7 is a schematic illustration
of an exemplary embodiment of the optical transmitter of the optical
transceiver of Fig 6 Fig 8 is a schematic illustration of an exemplary
embodiment of the optical receiver of the optical transceiver of Fig 6 Fig
9 is a schematic illustration of an exemplary embodiment of the optical
transceiver of the system of Fig 4aFig. 10 is a schematic illustration of
an exemplary embodiment of the central controller of the system of Fig. 4a.
Fig. 11 is a flow chart illustration of a method of operating a system for
monitoring 



subsea devices. DETAILED DESCRIPTION In the drawings and description that
follows, like parts are marked throughout the specification and drawings
with the same reference numerals, respectively. The drawings are not
necessarily to scale. Certain features of the invention may be shown
exaggerated in scale or in somewhat schematic form and some details of
conventional elements may not be shown in the interest of clarity and
conciseness. The present invention is susceptible to embodiments of
different forms. Specific embodiments are described in detail and are shown
in the drawings, with the understanding that the present disclosure is to
be considered an exemplification of the principles of the invention, and is
not intended to limit the invention to that illustrated and described
herein. It is to be fully recognized that the different teachings of the
embodiments discussed below may be employed separately or in any suitable
combination to produce desired results. The various characteristics
mentioned above, as well as other features and characteristics described in
more detail below, will be readily apparent to those skilled in the art
upon reading the following detailed description of the embodiments, and by
referring to the accompanying drawings. Drilling for hydrocarbon deposits
in deep water, production of hydrocarbon deposits in deep water, and
maintenance of the subsea facilities related to the drilling for and the
production of hydrocarbon deposits in deep water has become an important
business and a strategic necessity. The art and science surrounding this
activity is profound. As an example, the vertical physical structures
typically used in hydrocarbon exploration and production may extend for
miles in length and typically these physical structures must be
manipulated, interconnected, and monitored in seawater. 



Furthermore, in hydrocarbon exploration and production, there are also
typicallysensors and other plant equipment deployed on the seabed floor and
it is desirable, and often essential, that the health or condition of these
structures and equipment be appropriately monitored in order to quickly
diagnose inchoate degradation or physical integrity problems. In addition,
it is often undesirable to deploy sensors on the subsea structures that are
linked to a surface unit by a cable that would typically need to be
deployed as the subsea structure is built. In such instances, a small
diameter cable would likely incur damage while a large diameter cable would
consume much valuable area and its spool weight might be prohibitive. Thus,
there is a need for a wireless solution to the problem of transporting
acquired deepwater data to the surface for analysis and action during the
subsea exploration for and the production of hydrocarbon deposits. Among
the difficulties to be overcome by the present exemplary embodiments are
the optical transmission characteristics of the communication medium of
seawater. In particular, the optical transmission characteristic of
seawater is such that the intensity of a beam of light decreases
exponentially with distance traveled. This decrease in intensity is due to
two mechanisms: 1) absorption of light by the seawater; and 2) scattering
of light by the seawater. As a result, the first fundamental consideration
in the optical transmission of information in seawater is the optical
transmitter frequency or wavelength. Furthermore, seawater has a window of
relatively low absorption at very low frequencies and another window of
relatively low absorption at the bluegreen optical region, from about 400
nm to about 500 nm wavelength, as illustrated in Fig. 1. A second
fundamental consideration for the propagation of optical signals in
seawater concerns the seawater characteristics. In relatively clear
seawater the rate of exponential decrease in the intensity of the beam of
light is less than that in turbid 



water. The optical attenuation properties of different seawater types are
usually classified by the commonly known Jerlov number. The Jerlov number
for a particular operational environment is useful for setting the
transmitter power relative to a Jerlov reference water type such as, for
example, a Jerlov Type I which corresponds to markedly clear seawater. The
total spectral attenuation coefficient for various Jerlov water types is
illustrated in Fig. 2 . Bioluminescence, sunlight, and biofouling near
thesurface can degrade the fidelity of an optical communication link. On
the other hand, at significant depths, the seawater can be filled with
marine snow, also known as organic detritus, that can also scatter the
blue-green light. Over time, the marine snow may also accumulate on
components near the seabed surface and completely block an optical source
or optical detector. Bio-fouling due to marine growth is less severe when
objects are well below the depth of penetration of sunlight. Acoustic
transmission in seawater also suffers some propagation impairments from
turbidity but requires less energy per bit of data than optical
communications and acoustic communication suffers from a much longer delay
than an optical transmission. Thus, the limitations of optical and acoustic
communication in seawater and the general solutions provided by the present
exemplary embodiments may be summarized as illustrated in Fig. 3 . In
particular, within the euphotic and an upper portion of the disphotic
subsea water zones, acoustic communication should provide the best mode of
communications; however, within a lower portion of the disphotic and the
aphotic subsea zones, optical communication should provide the best mode of
communications. Note, however, that a combination of acoustic and optical
communication may also be provided within each of the subsea water zones
depending upon the specific operating conditions found therein. Typically,
as illustrated in Fig. 3, the euphotic subsea water zone typically extends
from the surface 



of the water down to a depth of about 200 meters, the disphotic subsea
water zone typically extends between a depth of about 200 to 1000 meters,
and the aphotic subsea water zone typically extends from a depth of about
1000 meters to the sea floor. The present exemplary embodiments provide a
hybrid communications technology comprising interoperable equipments in
modes that are specifically useful for subsea exploration for and
production of hydrocarbons. In particular, the present exemplary
embodiments provide optical and acoustic transmission of information
through seawater. In an exemplary embodiment, the communications of the
present exemplary embodiments include optical and acoustic transceivers,
data compression, and optical multiplexing that includes wavelength band
division multiplexing that allows aplurality of optical signals to be
simultaneously communicated in the subsea operating environment. Referring
now to Figs. 4 to 10, an exemplary embodiment of a system 100 for
monitoring and controlling devices in a subsea environment 104 includes one
or more sensor nodes 106 that are operably coupled to one another and to at
least one central controller 108 by a subsea communication network 110. In
an exemplary embodiment, all of the sensor nodes 106 and the central
controller 108 are positioned within the subsea environment 104. In an
exemplary embodiment, the subsea communication network 110 includes at
least one of an optical communication network and an acoustic communication
network. In an exemplary embodiment, the subsea communication network 110
further includes at least one mesh network capable of providing optical and
acoustic communication between and among the sensor nodes 106 and the
central controllers 108. In an exemplary embodiment, the subsea
communication network 110 further includes at least one mesh network that
may utilize one or more conventional mesh network communication protocols.
As will be recognized by persons having ordinary skill in the art, mesh
technology 



adds robustness to a system by providing path diversity. This allows nodes
to communicate to any other node which is in range creating a mesh of
opportunities or paths for which data can flow. Any one path can become
obstructed or a failure can cause a single path not to function but the
remaining paths provide redundancy thus increasing the reliability of end
to end data delivery. Mesh nodes act both as repeaters and routers, they
can both extend the range of the system as well as route data through
finding the best path to delver data from the source to the sink. In an
exemplary embodiment, the subsea communication network 110 includes
pathways 110a in the horizontal direction and pathways 110b in the vertical
direction. In an exemplary embodiment, the pathways HOb in the vertical
direction provide communication between one or more of the sensor nodes 106
and/or central controllers 108 and a communication pathway HOc positioned
at or near the surface of the subsea environment 104. In an exemplary
embodiment, the pathways 110b in the vertical direction are predominantly
acoustic communication pathways while thepathways HOa in the horizontal
direction are predominantly optical communication pathways. In an exemplary
embodiment, the communication pathway HOc is operably coupled to a network
11Od that permits communication between the network 110 and other
communication networks such as, for example, conventional satellite
communication networks. In this manner, the operation of the system 100 may
be remotely monitored and controlled. In an exemplary embodiment, each of
the sensor nodes 106 include a housing 106a that houses and supports a
controller 106b that is operably coupled to an acoustic transceiver 106c
and an optical transceiver 106d that are both also housed within and
supported by the housing. In an exemplary embodiment, the controller 106b
is a conventional programmable 



controller such as, for example, a microprocessor and memory. In an
exemplary embodiment, the acoustic transceiver 106c is a conventional
acoustic transceiver. In an exemplary embodiment, the optical transceiver
106d includes an optical transmitter 106da and an optical receiver 106db.
In an exemplary embodiment, the optical transmitter 106da includes a light
emitting diode ("LED") 106daa that transmits light that received by an end
of an optical waveguide 106dab and then conveyed through the optical
waveguide to a narrow band spectral filter 106dac. The light received at
the narrow band spectral filter 106dac is then filtered to substantially
eliminate all light having wavelengths outside of the passband of the
narrow band spectral filter. As a result, only light having wavelengths
substantially within the range of wavelengths within the passband of the
narrow band spectral filter 106dac are permitted to pass therethrough. In
an exemplary embodiment, the narrow band spectral filter 106dac includes a
passband of about 20 nm. The light that is permitted to pass through the
narrow band spectral filter 106dac then is received at an electro-optical
shutter 106dad that controls thepassage of all light therethrough into the
subsea environment 104. In this manner, the electro-optical shutter 106dad
provides an optical control valve that controls the passage of light out of
the optical transmitter 106da into the subsea environment 104. In an
exemplary embodiment, a controller 106dae is operably coupled to one or
more of the LED 106daa, narrow band spectral filter 106dac, and
electro-optical shutter 106dad. In an exemplary embodiment, the controller
106dae may also modulate the data signal before transmitting the data
signal to the driver for the LED 106daa. In this manner, the optical data
signals transmitted by the optical transmitter 106da may be encoded. In an
exemplary embodiment, the optical transmitter 106da may include a plurality
of 



matching sets of optical waveguides 106dab, narrow band spectral filters
106dac, and electro-optical shutters 106dad that provide parallel optical
pathways for transmitting optical data out of the optical transmitter. In
an exemplary embodiment, the optical waveguides 106dab, narrow band
spectral filters 106dac, and electro-optical shutters 106dad may then be
used to divide up the available optical spectrum into N spectral ranges
thereby permitting the optical communication channel to provide N
simultaneous optical data channels. In this manner, the system 100 may
provide wavelength band division multiplexing ("WBDM"). In an exemplary
embodiment, the LED 106daa is a conventional LED such as, for example, a
visible blue or green LED. In an exemplary embodiment, the optical
waveguide 106dab is a conventional optical waveguide such as, for example,
a optical fiber. In an exemplary embodiment, the narrow band spectral
filter 106dac is a conventional narrow band spectral filter such as, for
example, an interference filter. In an exemplary embodiment, the
electro-optical shutter 106dad is a conventional electro-optical shutter
such as, for example, a Kerr cell, a Mach-Zehnder interferometer and/or an
electro-absorption modulator. In an exemplary embodiment, the controller
106dae is a conventional programmable controller such as, for example, a
microprocessor and memory. In an exemplary embodiment, the optical receiver
106db includes a narrow band spectral filter 106dba that receives incident
light from the subsea environment 104.The light received at the narrow band
spectral filter 106dba is then filtered to substantially eliminate all
light having wavelengths outside of the passband of the narrow band
spectral filter. As a result, only light having wavelengths substantially
within the range of wavelengths within the passband of the narrow band
spectral filter 106dba are permitted to pass therethrough. In an exemplary
embodiment, the narrow band spectral filter 106dba has a passband of about
20 nm. The light that is permitted 



to pass through the narrow band spectral filter 106dba then is received at
an end of an optical waveguide 106dbb and conveyed therethrough to an
optical detector 106dbc. In an exemplary embodiment, a controller 106dbd is
operably coupled to one or more of the narrow band spectral filter 106dba
and optical detector 106dbc. In an exemplary embodiment, the controller
106dbd may also demodulate the data signal received by the optical detector
106dbc. In this manner, the optical data signals received by the optical
receiver 106db may be decoded. In an exemplary embodiment, the optical
receiver 106db may include a plurality of matching sets of narrow band
spectral filters 106dba, optical waveguides 106dbb, and optical detectors
106dbc that provide parallel optical pathways for receiving optical data
into the optical receiver. In an exemplary embodiment, the narrow band
spectral filters 106dba, optical waveguides 106dbb, and optical detectors
106dbc may then be used to divide up the available optical spectrum into N
spectral ranges thereby permitting the optical communication channel to
provide N simultaneous optical data channels. In this manner, the system
100 may provide WBDM. In an exemplary embodiment, the narrow band spectral
filter 106dba is a conventional narrow band spectral filter such as, for
example, an interference filter. In an exemplary embodiment, the optical
waveguide 106dbb is a conventional optical waveguide such as, for example,
an optical fiber. In an exemplary embodiment, the optical detector 106dbc
is a conventional optical detector such as, for example, an Si detector. In
an exemplary embodiment, the controller 106dbd is a conventional
programmable controller such as, for example, a microprocessor and memory.
In an exemplary embodiment, a marine snow shield 106e is coupled to a top
portion of the housing 106a of the sensor node 106 for preventing marine
snow fromattenuating the transmission if light into or out of the optical
transceiver 106d. In an exemplary embodiment, a vibrator 106f is further
coupled between the housing 106a 



of the sensor node 106 and the marine snow shield 106e for controllably
vibrating the marine snow shield to at least reduce the accumulation of
marine snow on the top surface of the marine snow shield. In an exemplary
embodiment, the marine snow shield 106e may, for example, be cone shaped
structure. In an exemplary embodiment, the vibrator 106f may be a
conventional vibrator device. In an exemplary embodiment, other devices may
be used in addition to, or instead of, the vibrator 106f to at least reduce
the accumulation of marine snow on the top surface of the marine snow
shield 106e such as, for example, a rotating propeller and/or a water jet
that may be operated continuously or intermittently. In an exemplary
embodiment, the sensor node 106 further includes an anchor 106g for
anchoring the housing 106a of the sensor node to a structure 104a within
the subsea environment 104. In an exemplary embodiment, the anchor 106g may
be a conventional anchoring device. In this manner, the sensor node 106 may
be affixed to a known and stable location within the subsea environment
104. In an exemplary embodiment, one or more sensors 106h and/or actuators
106i are operably coupled to the controller 106b of the sensor node 106. In
this manner, the sensor node 106 may monitor one or more operating
conditions of the structure 104a within subsea environment 104 and/or
control one or more operational aspects of the structure within the subsea
environment. In an exemplary embodiment, the sensors 106h and actuators
106i are conventional sensing and actuating devices and the structure 104a
may, for example, include any aspect of a exploration and production system
used to explore for and/or produce hydrocarbons within the subsea
environment 104. In an exemplary embodiment, the controller 106b may
process data signals received from the sensor 106h by, for example, scaling
the data signals, filtering the data 



signals, sampling the data signals, compressing the data signals, and/or
encoding the data signals. In an exemplary embodiment, the controller 106b
may also process data signals received from other sensor nodes 106 and/or
the central controller 108.In an exemplary embodiment, each sensor node 106
may include a plurality of one or more of the controllers 106b, the
acoustic transceivers 106c, the optical transceivers 106d, the sensors
106h, and the actuators 106i. In an exemplary embodiment, one or more of
the sensor nodes 106 may include a plurality of the optical transceivers
106d. In this manner, the sensor node 106 may transmit and receive optical
data signals to and from a plurality of other sensor nodes and/or central
controllers 108 in an optical mesh network. In an exemplary embodiment, the
operation of the optical transceivers 106d of the sensor nodes 106 may, for
example, be: 1) continuous; 2) periodic with a duty cycle less than unity;
3) initiated by an exception event - e.g., the detection of a problem; or
4) initiated by an external control signal such as, for example, a unique
frequency spectrum waveform such as an ultrasonic pulse, or other
vibrational signal. In an exemplary embodiment, each of the central
controllers 108 include a housing 108a that houses and supports a
controller 108b that is operably coupled to an acoustic transceiver 108c
and an optical transceiver 108d that are both also housed within and
supported by the housing. In an exemplary embodiment, the controller 108b
is a conventional programmable controller such as, for example, a
microprocessor and memory. In an exemplary embodiment, the acoustic
transceiver 108c is a conventional acoustic transceiver. In an exemplary
embodiment, the optical transceiver 108d is substantially identical in
design and operation to the optical transceiver 106d. In an exemplary
embodiment, one or more of the central controllers 108 may include a
plurality of the optical 



transceivers 108d. In this manner, the central controller 108 may transmit
and receive optical data signals to and from a plurality of sensor nodes
106 and/or other central controllers in an optical mesh network. In an
exemplary embodiment, the central controller 108 may also include an anchor
108e for anchoring the housing 108a of the central controller to a
structure 104awithin the subsea environment 104. In an exemplary
embodiment, the anchor 108e may be a conventional anchoring device. In this
manner, the central controller 108 may be affixed to a known and stable
location within the subsea environment 104. In an exemplary embodiment, the
near surface gateway 110c may include one or more acoustic and/or an
optical transceivers that are substantially identical in design and
operation to the acoustic and optical transceivers, 106c and 106d,
respectively, of the sensor nodes 106. In an exemplary embodiment, the near
surface gateway 110c may include one or more optical transceivers that are
substantially identical in design and operation to the optical transceivers
106d of the sensor nodes with the modification of a large optical aperture
for receiving faint optical signals from optical transceivers positioned at
great depths within the subsea environment 104. In an exemplary embodiment,
the transmission of optical data signals within the system 100 using the
optical transceivers 106d and 108d may be made more robust through the use
of error correction techniques such as, for example, forward error
correction coding and multi-band redundant transmission with redundant
transmissions staggered in time with respect to each other to counteract
possible outage correlations in the optical communication channel.
Referring now to Fig. 11, in an exemplary embodiment, one or more of the
optical transceivers 106d and/or 108d of the system 100 implement a method
1100 of operating in which, in 1102, the system determines if the power
level of the optical 



transmission of data from the transceiver will be set manually by an
operator of the system or determined using a look up table. If the power
level of the optical transmission of data from the transceiver will be set
manually by an operator of the system, then in 1104, the system 100 permits
the operator of the system to enter the desired optical transmission power
level and then the corresponding optical transceiver is then operated using
the optical power transmission level in 1106.Alternatively, if the power
level of the optical transmission of data from the transceiver will be
determined using a look up table, then the system determines the Jerlov
number corresponding to the subsea environment 104 in which the optical
communication pathway incorporating the optical transceiver will be
operating in 1108. The system 100 will then determine the data error rate
for the optical communication pathway incorporating the optical transceiver
will be operating in 1110. The system 100 will then look up the
corresponding optical power transmission level in a look up table stored in
memory in 1112 that will permit satisfactory operation in the subsea
environment 104 for the given Jerlov number and the acceptable data error
rate corresponding to the communication pathway incorporating the optical
transceiver. The corresponding optical transceiver is then operated using
the optical power transmission level from the look up table in 1106. In an
exemplary embodiment, the method 1100 may be implemented by the
corresponding optical transceiver 106d and/or 108d, the controllers 106b
and/or 108b, and/or by a remote controller operably coupled to the network
110 through the network HOd. In an exemplary embodiment, during the
operation of the system 100, the optical communication pathways of the
network 110 are operated using WBDM by dividing the available bandwidth of
the optical communication pathways into N different 



spectral ranges to thereby accommodate N different simultaneous optical
data streams within the optical communication pathways. In an exemplary
embodiment, WBDM is provided in the optical communication pathways of the
network 110 of the system 100 using N optical waveguides, 106dab and
106dbb, in each of the optical transceivers 106d such that each optical
waveguide captures approximately an equal amount of the optical power
transmitted therethrough. Each of the N optical waveguides, 106dab and
106dbb, are then operably coupled to corresponding narrow spectral band
filters, 106dac and 106dba, respectively, thereby providing N narrow
spectral band filters, 106dac and 106dba, in the optical transceivers
106d.It is understood that variations may be made in the above without
departing from the scope of the invention. While specific embodiments have
been shown and described, modifications can be made by one skilled in the
art without departing from the spirit or teaching of this invention. The
embodiments as described are exemplary only and are not limiting. Many
variations and modifications are possible and are within the scope of the
invention. Accordingly, the scope of protection is not limited to the
embodiments described, but is only limited by the claims that follow, the
scope of which shall include all equivalents of the subject matter of the
claims.WHAT IS CLAIMED IS: 1. A system for monitoring one or more operating
conditions in a subsea environment, comprising: one or more sensor nodes
positioned within the subsea environment, each sensor node comprising: an
acoustic transceiver for transmitting and receiving acoustic signals within
the subsea environment; an optical transceiver for transmitting and
receiving optical signals within the subsea environment; 



a sensor for sensing operating conditions within the subsea environment;
and a controller operably coupled to the acoustic transceiver, the optical
transceiver, and the sensor; a communication network operably coupled to
the sensor nodes; and at least one central controller positioned within the
subsea environment and operably coupled to the communication network, each
central controller comprising: an acoustic transceiver for transmitting and
receiving acoustic signals within the subsea environment; an optical
transceiver for transmitting and receiving optical signals within the
subsea environment; and a controller operably coupled to the acoustic
transceiver and the optical transceiver. 2 . The system of claim 1, wherein
the communication network comprises a mesh network. 3 . The system of claim
1, wherein the communication network comprises: one or more substantially
vertical communication pathways; andone or more substantially horizontal
communication pathways; wherein the vertical communication pathways
predominantly comprise acoustic communication channels; and wherein the
horizontal communication pathways predominantly comprise optical
communication channels. 4 . The system of claim 1, wherein the
communication network comprises: a near surface communication gateway
positioned near a surface of the subsea environment operably coupled to one
or more of the vertical communication pathways. 5 . The system of claim 1,
wherein one or more of the sensor nodes comprise: an actuator for actuating
elements within the subsea environment operably coupled to 



the controller. 6 . The system of claim 1, wherein one or more of the
optical transceivers of one or more of the sensor nodes comprises: one or
more optical transmitters comprising: one or more light sources; one or
more optical wave guides operably coupled to each of the light sources; one
or more narrow band spectral filters operably coupled to each of the
optical wave guides; and one or more optical shutters operably coupled to
each of the narrow band spectral filters; and one or more optical receivers
comprising: one or more narrow band spectral filters;one or more optical
wave guides operably coupled to each of the narrow band spectral filters;
and one or more optical detectors operably coupled to each of the optical
wave guides. 7 . The system of claim 6, wherein one or more of the optical
transceivers comprise an error correction coding device. 8 . The system of
claim 6, wherein one or more of the optical transceivers comprise a
multi-band transmitter. 9 . The system of claim 6, wherein one or more of
the optical shutters comprise a Kerr cell. 10. The system of claim 6,
wherein one or more of the optical shutters comprise a Mach-Zehnder
interferometer. 11. The system of claim 6, wherein one or more of the
optical shutters comprise an electro-absorption modulator. 12. The system
of claim 1, wherein one or more of the sensor nodes comprise a 



plurality of optical transceivers. 13. The system of claim 1, wherein one
or more of the sensor nodes comprise: a housing for supporting the optical
transceiver; and a marine snow shield coupled to the housing for shielding
the optical transceiver from the marine snow. 14. The system of claim 13,
wherein one or more of the sensor nodes comprise a vibrator coupled to the
housing and the marine snow shield for vibrating the marine snow shield.
15. The system of claim 14, further comprising a propeller device for
removing snow from the marine snow shield.16 The system of claim 14,
further comprising a water jet for removing snow from the marine snow
shield 17 The system of claim 1, wherein one or more of the central
controllers comprise a plurality of optical transceivers 18 A method of
operating a system for monitoring one or more operating conditions within a
subsea environment, comprising positioning one or more sensor nodes within
the subsea environment, positioning one or more central controllers within
the subsea environment, and transmitting optical signals between the sensor
nodes and the central controllers 19 The method of claim 18, further
comprising transmitting acoustic signals between the sensor nodes and the
central controllers 20 The method of claim 18, further comprising
wavelength band division multiplexing the transmitted optical signals 2 1
The method of claim 18, further comprising shielding one or more of the
sensor nodes from marine snow in the subsea environment 



22 The method of claim 18, further comprising controlling a power level of
the transmitted optical signals as a function of one or more operating
conditions within the subsea environment 23 A sensor node apparatus for
monitoring one or more operating conditions in a subsea environment,
comprising an acoustic transceiver for transmitting and receiving acoustic
signals within the subsea environment,an optical transceiver for
transmitting and receiving optical signals within the subsea environment; a
sensor for sensing operating conditions within the subsea environment; and
a controller operably coupled to the acoustic transceiver, the optical
transceiver, and the sensor. 24. The apparatus of claim 23, wherein the
sensor node comprises: an actuator for actuating elements within the subsea
environment operably coupled to the controller. 25. The apparatus of claim
23, wherein one or more of the optical transceivers of the sensor node
comprises: one or more optical transmitters comprising: one or more light
sources; one or more optical wave guides operably coupled to each of the
light sources; one or more narrow band spectral filters operably coupled to
each of the optical wave guides; and one or more optical shutters operably
coupled to each of the narrow band spectral filters; and one or more
optical receivers comprising: one or more narrow band spectral filters; 



one or more optical wave guides operably coupled to each of the narrow band
spectral filters; and one or more optical detectors operably coupled to
each of the optical wave guides.26. The apparatus of claim 25, wherein one
or more of the optical transceivers comprise an error correction coding
device. 27. The apparatus of claim 25, wherein one or more of the optical
transceivers comprise a multi-band transmitter. 28. The apparatus of claim
25, wherein one or more of the optical shutters comprise a Kerr cell. 29.
The apparatus of claim 25, wherein one or more of the optical shutters
comprise a Mach-Zehnder interferometer. 30. The apparatus of claim 25,
wherein one or more of the optical shutters comprise an electro-absorption
modulator. 31. The apparatus of claim 23, wherein the sensor node comprises
a plurality of optical transceivers. 32. The apparatus of claim 23, wherein
the sensor node comprises: a housing for supporting the optical
transceiver; and a marine snow shield coupled to the housing for shielding
the optical transceiver from the marine snow. 33. The apparatus of claim
32, wherein the sensor node comprises a vibrator coupled to the housing and
the marine snow shield for vibrating the marine snow shield. 34. The
apparatus of claim 33, wherein the sensor node further comprises a
propeller device for removing snow from the marine snow shield. 35. The
apparatus of claim 33, wherein the sensor node further comprises a water
jet for removing snow from the marine snow shield. 



36. A method of operating a system for monitoring one or more operating
conditions within a subsea environment, comprising:positioning one or more
sensor nodes within the subsea environment; positioning one or more central
controllers within the subsea environment; and transmitting signals between
the sensor nodes and the central controllers using a mesh network. 37. A
system for monitoring one or more operating conditions in a subsea
environment, comprising: one or more sensor nodes positioned within the
subsea environment; at least one central controller positioned within the
subsea; and a mesh network operably coupled to the sensor nodes and the
central controller. 


