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DIVER MONITORING AND
COMMUNICATION SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to a diver monitoring
and communications systen, and more specifically, to a diver
monitoring and communication system that allows a diver to
communicate with and be monitored by a surface supervisor.

BACKGROUND OF THE INVENTION

[0002] For all SCUBA dives and other types of dives, a
diver requires a dive plan. This plan, among other things,
includes details relating to the length of the dive, and the
decompression schedule. The decompression schedule is
obtained from a dive table. Dive tables are issued by various
entities, and specify at what depths and for how long at each
depth a diver should decompress. A large number of dive
tables existing, specifying decompression schedules for a
range of different dive depths and bottom times.

[0003] For a more complex dive, often the divers are man-
aged “topside” from a dive supervisor. Supervisors are com-
mon in commercial dives where the dives are long and/or
deep and/or involve complex tasks coordinated for one or
more divers. The dive supervisor will set the dive plan prior to
the dive. The dive supervisor will manage the dive by moni-
toring and controlling the actions carried out by each of the
divers, and ensuring the dive plan is adhered to.

[0004] However, dive supervisors have limited information
available to them, and the tools they have available to monitor
and control the dive are crude and limited. They lack flexibil-
ity to adjust to unforeseen events and circumstances.

[0005] Dives can sometimes be monitored through infor-
mation passed via a tether. However, this is not always prac-
ticable. For example, in the case of dives with a large number
of divers, such as in recreational dives, tethers cannot be used
as they will tangle.

SUMMARY OF THE INVENTION

[0006] TItis an object of the present invention to provide for
improved management of dives.

[0007] In one aspect the present invention may be said to
consist in a method of monitoring a diver comprising the steps
of:

[0008] receiving data from at least one diver, the data
being transmitted using an acoustic modem and speci-
fying at least one parameter relating to the diver,

[0009] conveying the parameter and elapsed time of dive
to a dive supervisor so that the dive supervisor can man-
age the dive, the parameter and elapsed time of dive
forming diver information,

[0010] wherein the parameter relating to the diver com-
prises the depth of the diver.

[0011] Preferably the method further comprises the step of
determining a decompression schedule for the diver and con-
veying the decompression schedule.

[0012] Preferably the step of determining a decompression
schedule comprises receiving input specifying one or more
decompression schedules or dive tables, and determining a
decompression schedule based on the received input.

[0013] Preferably the method further comprises the step of
determining one or more alternative decompression sched-
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ules based on the conveyed diver information, the step being
triggered by received or calculated diver information or by
input from a dive supervisor
[0014] Preferably the method further comprises the step of
conveying the alternative decompression schedules.
[0015] Preferably the method further comprises the step of
receiving input for selecting one of the alternative decom-
pression schedules and conveying the selected alternative
decompression schedule.
[0016] Preferably the method further comprises the step of
selecting one of the alternative decompression schedules and
conveying the selected alternative decompression schedule.
[0017] Preferably the step of determining one or more alter-
native decompression schedules comprises selecting one or
more dive tables from a set of dive tables, each dive table
specifying one or more decompression schedules, wherein
the selection is based on some or all of the diver information.
[0018] Preferably selecting one or more dive tables based
on some or all of the diver information comprises the step of
determining which of the set of dive tables specify decom-
pression schedules that can still be adhered to by the diver
based on diver information.
[0019] Preferably the method further comprises one or
more alarms for alerting a dive supervisor of actions that may
be required, wherein the alarms are triggered by the relation-
ship of:
[0020]
and/or
[0021]
states.
[0022] Preferably receiving input specifying a decompres-
sion schedule comprises the steps of:
[0023] receiving input indicating one or more dive
tables, or decompression schedules,
[0024] receiving input indicating at least one parameter
of the dive.
[0025] Preferably the parameter is one or more of:
[0026] bottom depth of dive,
[0027] Dottom time,
[0028] total dive time.
[0029] Preferably the method further comprises the step of
recording dive information related to the dive, wherein dive
information comprises one or more of any dive related param-
eter, data, information or input received or generated prior to
or throughout the dive.
[0030] In another aspect the present invention may be said
to consist in system for monitoring a diver comprising:

diver information to the decompression schedule,

diver information to specified values and/or

[0031] atopside monitoring system on a vessel compris-
ing:
[0032] a receiver for receiving data from at least one

diver, the data being transmitted using an acoustic
modem and specifying information relating to the diver,
wherein the information relating to the diver comprises
the depth of diver,

[0033] acomputer for processing the data, and

[0034] auserinterface for conveying the information and
the elapsed time of dive to a dive supervisor so that the
dive supervisor can manage the dive.

[0035] Preferably the system further comprises:

[0036] one or more sensors on the diver, the sensors for
obtaining data relating to the depth of the diver, and
[0037] an acoustic modem on the diver for transmitting

obtained data to the topside monitoring system
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[0038] Preferably the computer is adapted to determine a
decompression schedule for the diver and convey the decom-
pression schedule via the user interface.
[0039] Preferably to determine a decompression schedule
the computer is adapted to receive input specifying one or
more decompression schedules or dive tables, and determine
a decompression schedule based on the received input.
[0040] Preferably the computer is further adapted to deter-
mine one or more alternative decompression schedules based
on the conveyed diver information, the computer being trig-
gered by received or calculated diver information or by input
from a dive supervisor
[0041] Preferably the computer is adapted to convey the
alternative decompression schedules via the user interface.
[0042] Preferably the computer is adapted to receive input
for selecting one of the alternative decompression schedules
and to convey the selected alternative decompression sched-
ule.
[0043] Preferably the computer is adapted to select one of
the alternative decompression schedules and to convey the
selected alternative decompression schedule.
[0044] Preferably to determine one or more alternative
decompression schedules the computer selects one or more
dive tables from a set of dive tables, each dive table specifying
one or more decompression schedules, wherein the selection
is based on some or all of the diver information.
[0045] Preferably to select one or more dive tables based on
some or all of the diver information the computer is adapted
to determine which of the set of dive tables specify decom-
pression schedules that can still be adhered to by the diver
based on diver information.
[0046] Preferably the computer is configured with one or
more alarms for alerting a dive supervisor of actions that may
be required, wherein the alarms are triggered by the relation-
ship of:
[0047]
and/or
[0048]
states.
[0049] Preferably receiving input to select adecompression
schedule comprises:
[0050] receiving input indicating one or more dive
tables, or decompression schedules,

diver information to the decompression schedule,

diver information to specified values and/or

[0051] receiving input indicating at least one parameter
of the dive.
[0052] Preferably the parameter is one or more of:
[0053] bottom depth of dive,
[0054] bottom time,
[0055] total dive time.
[0056] Preferably the computer is adapted to record dive

information related to the dive, wherein dive information
comprises one or more of any dive related parameter, data,
information or input received or generated prior to or
throughout the dive.
[0057] In another aspect the present invention may be said
to consist in a system for monitoring a diver comprising
[0058] one or more sensors on a diver, the sensors for
obtaining data relating to the depth of the diver, and
[0059] an acoustic modem on the diver for transmitting
obtained data to a topside monitoring system.
[0060] Preferably the system comprises one or more further
sensors on the diver, the sensors for obtaining data relating to
one or more of the following parameters:
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[0061] surface supply breathing gas pressure at surface,

[0062] surface supply breathing gas composition at sur-
face (oxygen concentration, nitrogen concentration,
helium concentration, carbon dioxide concentration,
carbon monoxide concentration and any other gas that is
interest to the dive supervisor),

[0063] surface supply breathing gas pressure at diver,

[0064] surface supply breathing gas composition at diver
(oxygen concentration, nitrogen concentration, helium
concentration, carbon dioxide concentration, carbon
monoxide concentration and any other gas that is inter-
est to the dive supervisor or diver),

[0065] self-contained breathing gas supply pressure at
diver for primary, secondary or tertiary use (compressed
air for breathing, singular or mixed gas for breathing, gas
for buoyancy compensation or driving of underwater
tools),

[0066] self-contained breathing gas composition at diver
(oxygen concentration, nitrogen concentration, helium
concentration, carbon dioxide concentration, carbon
monoxide concentration and any other gas that is inter-
est to the dive supervisor or diver),

[0067] dive parameter sensors for altitude, depth, air
temperature, water temperature, time.

[0068] photographic/video sensors for visual, enhanced
visual, IR, UV,

[0069] water quality sensors for turbidity, suspended sol-
ids, salinity, biological, radioactive parameters,

[0070] environmental sensors for temperature, fluid
movement and particle movement.

[0071] situational awareness sensors, sonar, radar, Dop-
pler tracking of fluid and particles

[0072] positional sensors for absolute position and rela-
tive position

[0073] diver inhaled and exhaled fluid composition
(oxygen gas concentration, carbon dioxide gas compo-
sition or any other gas parameter of interest to the diver
and or diver supervisor)

[0074] diver biophysical condition sensors (ECG, EEG,
respiration rate, core body and/or skin temperature)

[0075] dive supervisor electronic hardware sensors (bat-
tery condition, malfunction, self dialogistic)

[0076] diver electronic hardware sensors (battery condi-
tion, malfunction, self diagnostics)

[0077] diver microphone, speaker and microprocessor
set for converting analogue sound to digital sound rep-
resentation for data transmission.

[0078] dive supervisor microphone, speaker and micro-
processor set for converting analogue sound to digital
sound representation for data transmission.

[0079] Preferably the diver information can further com-
prise one or more of the following parameters:

[0080] surface supply breathing gas pressure at surface,

[0081] surface supply breathing gas composition at sur-
face (oxygen concentration, nitrogen concentration,
helium concentration, carbon dioxide concentration,
carbon monoxide concentration and any other gas that is
interest to the dive supervisor),

[0082] surface supply breathing gas pressure at diver,

[0083] surface supply breathing gas composition at diver
(oxygen concentration, nitrogen concentration, helium
concentration, carbon dioxide concentration, carbon
monoxide concentration and any other gas that is inter-
est to the dive supervisor or diver),
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[0084] self-contained breathing gas supply pressure at
diver for primary, secondary or tertiary use (compressed
air for breathing, singular or mixed gas for breathing, gas
for buoyancy compensation or driving of underwater
tools),

[0085] self-contained breathing gas composition at diver
(oxygen concentration, nitrogen concentration, helium
concentration, carbon dioxide concentration, carbon
monoxide concentration and any other gas that is inter-
est to the dive supervisor or diver),

[0086] dive parameter sensors for altitude, depth, air
temperature, water temperature, time.

[0087] photographic/video sensors for visual, enhanced
visual, IR, UV,

[0088] water quality sensors for turbidity, suspended sol-
ids, salinity, biological, radioactive parameters,

[0089] environmental sensors for temperature, fluid
movement and particle movement.

[0090] situational awareness sensors, sonar, radar, Dop-
pler tracking of fluid and particles

[0091] positional sensors for absolute position and rela-
tive position

[0092] diver inhaled and exhaled fluid composition
(oxygen gas concentration, carbon dioxide gas compo-
sition or any other gas parameter of interest to the diver
and or diver supervisor)

[0093] diver biophysical condition sensors (ECG, EEG,
respiration rate, core body and/or skin temperature)

[0094] dive supervisor electronic hardware sensors (bat-
tery condition, malfunction, self dialogistic)

[0095] diver electronic hardware sensors (battery condi-
tion, malfunction, self diagnostics)

[0096] diver microphone, speaker and microprocessor
set for converting analogue sound to digital sound rep-
resentation for data transmission.

[0097] dive supervisor microphone, speaker and micro-
processor set for converting analogue sound to digital
sound representation for data transmission.

[0098] Preferably the one or more alarms can be triggered
based on one or more of:

[0099] surface supply breathing gas low pressure at sur-
face

[0100] surface supply breathing gas low quality at sur-
face

[0101] surface supply breathing gas low pressure at diver

[0102] surface supply breathing gas low quality at diver

[0103] primary and/or secondary self-contained breath-

ing gas (or one of its components) low pressure at diver
[0104] primary and/or secondary self-contained breath-
ing gas (or one of its components) low quality at diver
[0105] diving parameters:
[0106] decompression commitment
(user defined, default 5 minutes),
[0107] decompression commitment reached,
[0108] partial pressure of oxygen in breathing gas
mixture (user defined, default 1.4)
[0109] accent to fast warning (user defined, default 18
m/min—could be graphical),
[0110] remaining breathing gas warning on self con-
tained supply (user defined default 15 minutes left),
[0111] remaining breathing gas warning on secondary
self contained supply (user defined—drop in pressure
by 30 psi)

approaching
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[0112] maximum planned depth approaching (user
defined—default 5 msw of planned depth)
[0113] maximum planned depth reached (user
defined—maximum 70 msw)
[0114] minimum water temperature approaching
(user defined—default 2° C. of set minimum)
[0115] maximum water temperature approaching
(user defined—default 2° C. of set maximum)
[0116] minimum water temperature reached (user
defined—default 10° C.)
[0117] maximum water temperature approaching
(user defined—default 30° C.)
[0118] dive environment
[0119] low visibility for safe diver operations (user
defined)
[0120] presence of bacteriological activity (user
defined)
[0121] maximum level of radioactivity approaching
(user defined)
[0122] maximum level of radioactivity reached (user
defined)
[0123] current warning (user defined)
[0124] situational awareness warning
[0125] approaching selected target (user defined—de-
fault range 5 m)
[0126] selected target reached (user defined—default
range 1 m)
[0127] unknown target in vicinity of diver (user
defined)
[0128] biophysical warning
[0129] minimum core body and/or skin temperature
approaching (user defined)
[0130] minimum core body and/or skin temperature
reached (user defined)
[0131] maximum core body and/or skin temperature
approaching (user defined)
[0132] maximum core body and/or skin temperature
reached (user defined)

[0133] ECG anomaly (user defined)

[0134] ECG rate high (user defined)

[0135] ECG rate low (user defined)

[0136] EEG anomaly (user defined)

[0137] inhaled breathing gas quality low (user
defined)

[0138] exhaled breathing gas quality low (user
defined)

[0139] In another aspect the present invention may be said

to consist in a diver monitoring and communication system
comprising:
[0140] adive supervisor monitoring system comprising:
[0141] a micro controller for controlling the system;
[0142] adisplay for displaying information on a moni-
tored person; and

[0143] communication means for communicating
between said dive supervisor monitoring system and a
at least one diver monitoring system,

[0144] a diver monitoring system including:

[0145] a plurality of sensors having sensor outputs;

[0146] amicro controller for monitoring a plurality of
sensors; and

[0147] communication means for communicating the
sensor outputs with said dive supervisor monitoring
system.
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[0148] In another aspect the present invention may be said
to consist in a diver monitoring system comprising:
[0149] a plurality of sensors having sensor outputs;
[0150] a micro controller for monitoring a plurality of
sensors; and
[0151] communication means for communicating the
sensor outputs with said dive supervisor monitoring sys-
tem.
[0152] The term “comprising” as used in this specification
means “consisting at least in part of”. When interpreting each
statement in this specification that includes the term “com-
prising”, features other than that or those prefaced by the term
may also be present. Related terms such as “comprise” and
“comprises” are to be interpreted in the same manner.

[0153] As used herein the term “and/or” means “and” or
“or”, or both.
[0154] As used herein “(s)” following a noun means the

plural and/or singular forms of the noun. The entire disclo-
sures ofall applications, patents and publications, cited above
and below, if any, are hereby incorporated by reference.
[0155] Inthisspecification, where reference has been made
to external sources of information, including patent specifi-
cations and other documents, this is generally for the purpose
of providing a context for discussing the features of the
present invention. Unless stated otherwise, reference to such
sources of information is not to be construed, in any jurisdic-
tion, as an admission that such sources of information are
prior art or form part of the common general knowledge in the
art.

[0156] To those skilled in the art to which the invention
relates, many changes in construction and widely differing
embodiments and applications of the invention will suggest
themselves without departing from the scope ofthe invention
as defined in the appended claims. The disclosures and the
descriptions herein are purely illustrative and are not intended
to be in any sense limiting

BRIEF DESCRIPTION OF THE DRAWINGS

[0157] Disclosed embodiments and methods of utilizing
the invention will be further described, with reference to the
accompanying figures, by way of example only and without
intending to be limiting, wherein;
[0158] FIG. 1is a block diagram of a system according to
one embodiment of the invention,

[0159] FIG. 2a is a block diagram of a topside monitoring
system,
[0160] FIG. 25 is a block diagram of software utilised by

the topside monitoring system,

[0161] FIG. 3 is a block diagram of a diver-side system,
[0162] FIG. 4 shows a main screen of a user interface of the
system,

[0163] FIG. 5 shows a monitor screen of the system,
[0164] FIGS. 6a to 6¢ shows an adjustable dive table pro-

vided by the system,

[0165] FIG. 7a shows a selected dive table for a dive plan,
[0166] FIG.75shows amonitor screen of the system show-
ing a decompression schedule according to the dive table in
FIG. 7a,

[0167] FIGS. 8a and 85 show a process for altering a dive
plan,
[0168] FIGS. 94-9d show alternative dive tables for an

alternative dive plan,
[0169] FIGS. 10a and 105 show user login and creation
screens of the system,
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[0170] FIGS. 11-13 show diver registration screens of the
system,

[0171] FIG. 14 shows a setting screen of the system,
[0172] FIGS. 15-18 show alarm setting screens of the sys-
tem,

[0173] FIG. 19 shows an input screen for dive planning,
[0174] FIG. 20 shows an input screen for weather informa-
tion,

[0175] FIGS. 21 and 22 show alternative embodiments of

the top-side and diver-side systems,
[0176] FIG. 23 shows the range of the acoustic modem, and
[0177] FIG. 24 shows an alternative monitor screen.

DETAILED DESCRIPTION OF THE INVENTION
Overview of System, Method and Software

[0178] The present invention provides a system 10 and
method to enable a dive supervisor positioned topside in a
vessel 11 (or shore based location) to manage one or more
underwater divers 12. The supervisor monitors and controls
each diver by advising what actions they should take. This
comprises advising them as to when and how to implement
their decompression schedule.

[0179] FIG. 1shows abroad overview ofa preferred system
10 according to the invention. The system comprises a topside
monitoring system 13 and a diver-side system 14 worn by the
diver at various locations on their body. The topside monitor-
ing system 13 is disposed on the vessel 11. Typically this will
be the vessel 11 from which the divers 12 conduct the dives,
but this is not essential. The topside system comprises com-
munication means and computer systems to enable the dive
supervisor to receive information relating to the divers 12 and
to process and act on that information. The diver-side system
14 generally comprises sensors for obtaining information
relating to the diver and the dive, computer systems for pro-
cessing the information and or conveying it to the diver, and a
communications system for communicating information top-
side.

[0180] Thetopside monitoring system 13 and the diver-side
system 14 are in communication 15 via acoustic modems/
transducers forming acoustic transceivers (typically referred
to as “acoustic modems”). The acoustic modems comprise
part of the topside 13 and diver-side systems 14. The infor-
mation from a diver 12 is transmitted via the acoustic modem
to a receiving unit on the surface which forms part of the
topside monitoring system. The monitoring system 14
records, calculates and displays various parameters. The
monitoring system 13 allows a dive supervisor to closely
track each diver’s status. Then, using the system via voice or
data communications, the diver can be given instructions on
aspects related to the dive, including decompression commit-
ment.

[0181] In parts of the present specification, the preferred
embodiment will be described in relation to one diver. It will
be appreciated that the system and method described could be
configured for a number of divers. Each diver would wear the
diver side system herein described, which would communi-
cate with the topside system.

Topside Monitoring System

[0182] FIG. 2a shows one embodiment of the topside moni-
toring system 13 in more detail. The topside monitoring sys-
tem comprises a micro controller 120 for controlling the
system. The micro controller is coupled to an acoustic
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modem/transducer 109 via an data connection. This forms the
acoustic modem transceiver for voice and data communica-
tions, referred to typically as an “acoustic modem”. Acoustic
modems convert electrical signals to tones and back again. In
the present invention, the sounds are transmitted through
water. Suitable acoustic modems include Link Quest Inc:
UWM1000, UWM2000, UWM2200, UWM2000H, Tritech
International Limited: AM100, AM300, Teledyne Benthos:
ATM 885, ATMS887, DSP Com: AquaComm Modem and
Wireless Fibre Systems: RAM300, S5510, S1510. Acoustic
modems have a working range measured in kilometres. The
deeper the modem, the better the range, as shown in FIG. 23.
[0183] The acoustic modem 109 of the topside monitoring
system 13 receives data obtained by various sensors on the
diver 12 that are transmitted via the diver’s respective acoustic
modem. The acoustic modem 109 can also transmit the data to
the diver via the diver’s acoustic modem. Similarly, voice
communications with the diver can take place via the acoustic
modem 109, which will encode voice communications into
appropriate acoustic tones for transmission. Any received
voice or data received via the transducer will be processed by
the acoustic modem and passed to a voice communications
device 106, such as a headset. In an optional alternative, there
may also be an umbilical or tether 108 between the diver-side
system 14 and the topside monitoring system 13. This can
carry transmitted and received data/voice. A communications
switch 107 passes voice communications received via the
modem 109 or tether 108 to the voice communications
device.

[0184] The micro controller 120 is also connected via an
data connection to a computer 101, such as a laptop. The
computer 101 comprises a user interface 111 so that the
topside system 13 can convey information to a dive supervi-
sor and so that a dive supervisor can interact and control the
topside system 13. The user interface 111 preferably takes the
form of a display screen, keyboard, mouse and the like. The
computer executes software 112 that carries out various func-
tionalities of the monitoring system 10, including user inter-
face functionalities, processing and data acquisition/trans-
mission. The software is shown further in FIG. 25

[0185] The acoustic modem 109 and laptop 101 both have
battery packs and/or chargers 110, 102, which are connected
to a suitable power supply unit 103. The power supply unit
provides various voltages as required.

Diver-Side Monitoring System

[0186] The diver-side system 14 is shown in FIG. 3. The
components of this system will be worn on various points on
the diver’s 12 body. The diver will have a number of sensors
208 arranged to obtain data on a number of parameters relat-
ing to diver status. These parameters comprise air pressure,
water temperature, body temperature, water pressure and the
like. Further sensors to monitor stress on the body of a diver
can also be incorporated within the system. These might
comprise sensors for obtaining physiological data on the
diver (ECG/EEG and the like) and/or gasses (inhale/exhale/
blood gasses and the like). A list of further possible param-
eters and sensors is set out in appendix A. FIG. 3 shows a
small selection of sensors 208, for illustrative purposes.
These sensors capture data on water temperature, diver depth,
and pressure of three separate air supplies.

[0187] The diver-side system 13 is controlled by a micro
controller 210, which is coupled to the sensors 208. The micro
controller 210 processes the various parameters obtained by
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the sensors 208 and/or displays them or otherwise conveys
them to the diver. Preferably, the micro controller conveys the
information to the diver via a heads up display 201 that is
coupled to the micro controller 219 via an data interface.
Other means of conveying the information to the diver 12
could be used, such as a wrist mounted dive computer or
display.

[0188] The micro controller 210 is also coupled via an data
interface to an acoustic modem/transducer 207 (“‘acoustic
modem”) for emitting and receiving data/voice in the form of
acoustic signals. The data received via the sensors 208 can be
transmitted to the topside monitoring system via the acoustic
modem 207. The acoustic modem 207 can also receive data
and voice communications transmitted from the topside
monitoring system 13 via its acoustic modem 109. Any data
that is received can be processed by the micro controller 210
and conveyed to the diver via the heads up display 201 or
other suitable means, where appropriate. Any voice commu-
nications can be conveyed via an appropriate voice commu-
nications headset or similar 202. Where, optionally, a diver is
coupled to the topside monitoring system 13 via an umbilical
or tether 206, any data or voice communications can be
relayed to the micro controller and conveyed by the heads up
display 201 or the voice communications head set 202 as
required. A communications switch 205 will switch data/
voice communications received from the transducer or the
tether 206.

[0189] The micro controller 210 is powered by a power
supply unit 203 and a battery pack 204 that provide the
required DC voltages to operate.

Overview of Functionality of the System and Software and
Methods for its Operation

[0190] A dive monitoring module 20 is the main opera-
tional module of the software 112 in the topside monitoring
system 13. There is also a dive plan module 21. Within these
modules 20, 21 the dive is planned, documented, initiated,
monitored and/or recorded. The user interface 111 on the
topside monitoring system computer 101 is controlled to
periodically or continuously display the dive status of the
diver. This status is based on data received from the sensors
208 and other information. The datareceived from the sensors
specifies parameters of the diver/dive. Other parameters, such
as elapsed time, can be generated. Together, these parameters
form dive or diver information, and convey dive/diver status.
For each monitored diver, the dive monitor module 20 will
display (via the user interface 22, 111):

[0191] the time from when the diver left surface (elapsed
dive time),

[0192] the diver’s bottom time left,

[0193] diver depth,

[0194] decompression commitment,

[0195] water temp near diver (and/or elsewhere),

[0196] surface air supply pressure at the surface,

[0197] surface air supply pressure at the diver,

[0198] primary bottled air supply pressure,

[0199] secondary bottled air supply pressure (this will be

the bailout bottle if on surface supply or primary bottled
air expires),

[0200] air remaining warning,
[0201] diver recall.
[0202] This list is not exhaustive. Any information that is

obtained from the diver or elsewhere could be displayed. Not
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all of the above information needs to be displayed. Only the
most pertinent information might be displayed, for example.
[0203] Before beginning a dive, checks can be made for
data communications. Once these tests are complete the sys-
tem will start recording the dive once the diver hits the water
(using a conductivity link and seawater immersion) or when
the diver reaches a nominated depth of 1.0 m or more. The
dive supervisor will be able to select the type of dive being
undertaken.

[0204] The dive monitoring module 20 in the software 112
allows a dive supervisor to select the type of dive being
undertaken and the supply of air available. The selection
choice will include: dive on surface supply, primary and bail
out bottle dive, primary bottle only dive (default), diver
dependant—some may be on SSA others on SCUBA.

[0205] Thedisplay unitis adjustable “on the fly” for bright-
ness.
[0206] The software 112 on the topside monitoring system

13 comprises an administration module 23 allows the dive
supervisor to set the units for each parameter. This will deter-
mine how the units are displayed. The default units (and all
the units used for calculation are to be in metric units. The
displaying of other units will require the units to be converted
just prior to display and/or calculations.

[0207] For each diver 12 being supervised, details are
stored (in storage facility 24) by the topside monitoring sys-
tem 13, these include; name, date of birth, diver qualifica-
tions, divers dive log (software generated and or manually
entered) and a diver identifier. For each diver it is possible to
view all information, print out as required and attach docu-
ments to each diver.

[0208] The topside monitoring system can also automati-
cally update the diver log with every dive that is monitored
with the system.

[0209] The modem will optionally allow other divers to
communicate with and view data on dive buddies.

[0210] Optionally the overall system might allow a photo
link between the diver and the surface. If a photo link is used
the modem may need to be upgraded for greater data capacity,
however the diver is able to take photos that are instantly
transmitted to the surface.

[0211] Before using the system, the dive supervisor logs
into the system 13 using the administration module 23. Prior
to that, they set themselves up as a user. A diver is registered
on the topside monitoring system 13 using the administration
module 23 before a dive can be managed for that diver. Reg-
istering comprises inputting information relating to the diver,
which will comprise at least the diver’s name or other label. It
is envisaged that the diver’s name/label could be entered on
the fly from the monitoring screen.

[0212] The software 112 of topside monitoring system 13
comprises a dive planning module 21 that allows a diver and
a dive supervisor to plan a dive and revise the dive plan as
necessary. This comprise the prediction of the decompression
commitment of the diver using received dive status param-
eters and the DCIEM or other recognised dive tables. The dive
planning module can adjust a dive plan, for example, when
alternative gasses such as Nitrox are used. For such gasses the
“equivalent air depth” method with mixture checks for partial
pressure of Oxygen and oxygen toxicity exposure duration
canbe used. From the dive duration an estimate of the amount
of air needed for the dive will be calculated. The estimation
can be a general estimation or an estimation for the specific
diver, depending on whether there are sufficient dives logged
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for the diver within the system. The dive plan can be printed
out to a printer from within this module.

Detailed Description of Topside Monitoring System Func-
tionality and its Use.

Dive Monitoring

[0213] The topside monitoring system 13 provides an
application (software) 112 and graphical user interface 22,
111 that allows the dive supervisor to monitor the various
parameters and other aspects of the dive, and as a result make
decisions on how to direct the divers.

[0214] Typically, the role of the dive supervisor is to man-
age each of the divers and direct what actions they take. Prior
to commencing a dive, the dive supervisor will prepare a dive
plan, which comprises among other things, the decompres-
sion schedule. A decompression schedule indicates how a
diver should decompress—namely during the ascent, what
depths they should stop at, and for what length of time. Dive
tables specify decompression schedules for various bottom
depths, bottom times, and any other relevant parameters. Of
key importance is ensuring that divers keep to the decompres-
sion schedules. The dive supervisor will plan the tasks thatare
to be completed during the dive. From the depth, time taken
and available air, the supervisor must determine how best they
can achieve the tasks while still keeping to the recommended
decompression schedules as specified by appropriate dive
tables.

[0215] FIG. 4 shows the main screen 40 of the topside dive
monitoring system user interface 111. The screen enables a
dive supervisor to access log in 45 and log out 46 screens, and
access adjust settings 42 screens. The screen also allows the
diver to access air dive limits 43 and DCIEM dive tables 44.
The air dive limit table relates to the table in the DCIEM
manual. The fact we are using DCIEM tables mean that we
will be adhering to the air dive limits. This table assesses the
oxygen toxicity at depth. The screen also provides access to
the monitor dive module 21, 20 main screen for monitoring
and planning dives.

[0216] Once a dive supervisor has logged into the system,
they can prepare a dive plan. Next, they access the dive
monitor module 20, and a screen 50 will be displayed as
shown in FIG. 5. This is the main control panel 51 that enables
the dive supervisor to monitor the various parameters of the
dive, including those parameters that are being received (via
sensors) from the one or more divers on the dive. Further, it
allows for various actions to adjust the dive plan.

[0217] On the left hand side of the screen 51, each of the
divers participating in the dive are shown 52. Each diver is
registered on the system, and the registration comprises infor-
mation pertaining to the diver that is important to plan and
control their dive. In FIG. 5, one diver (who has already been
registered) has been named for this dive—Frank 111 53.
Additional divers 54 can be added to the dive by clicking an
icon and selecting a registered diver. This control panel allows
the dive supervisor to therefore monitor multiple divers at
once.

[0218] In FIG. 5, the screen shows the following informa-
tion (parameters) 56 for diver Frank 111

[0219] current depth (111.9 feet),
[0220] range from the topside vessel (100 ft),
[0221] the deco time—being time left until the diver

must decompress (5:31),
[0222] remaining air (286.0 Bar),



US 2011/0102177 Al

[0223] their elapsed dive time (00:28), and
[0224] status (left surface).
[0225] The diver depth and available air is also shown in

dial form or graphical form 55a, 554.
[0226] As data is captured from the various parameter sen-
sors 208 on the diver 12, the data will be transmitted via the
acoustic modem 207 to the topside monitoring system 13 and
displayed as required to the dive supervisor via the screen 50.
The dive supervisor can monitor the various parameters 56
and advise the diver on what actions to take through voice,
text message or other suitable communications. Only a small
subset of the possible parameters 56 are shown on the screen
in this example. It will be appreciated that other further
parameters could be displayed as and when necessary. Param-
eters such as time remaining at current depth, water tempera-
ture and bottom time could also be shown, among others. In
one embodiment, the acoustic modem on the diver-side sys-
tem will update the data regularly, such as at least every 3-4
seconds.
[0227] An alternative, more detailed dive screen in an alter-
native format is shown by way of example in FIG. 24. Here,
the information for two divers is illustrated. For each diver
701, 702 the supervisor will be able to see the remaining air
pressure 710, the current depth 720, the diver name 701, the
dive time 770, the time remaining at the current depth 740, the
water temperature 750 and the bottom time 760.
[0228] To assist the dive supervisor manage the dive,
alarms are provided. These help warn the supervisor of
changes in circumstances that require action, emergency situ-
ations, or problems with decompression adherence. The
incoming data from the diver and other parameters are pro-
cessed by the software, and alarms will be triggered if an
alarm condition is met for any of these parameters. A large
number of alarms could be configured for a large range of
parameters or combination of parameters. As an example,
alarms can be triggered based on:
[0229] surface air supply pressure low at surface (user
defined, default 140 psi),
[0230] surface air supply pressure low at diver (user
defined, default 120 psi),
[0231] primary bottle air supply pressure low (user
defined, default 50 bar),
[0232] secondary bottle air supply pressure drop (user
defined, default more than 5 bar in 3 minutes),
[0233] secondary bottled air supply pressure low (user
defined, default 50 bar),
[0234] decompression commitment approaching (user
defined, default 5 minutes),

[0235] decompression commitment reached,
[0236] ascent too fast (user defined, default 18 m/min),
[0237] remaining air low (15 minutes left on primary

bottled air supply),
[0238] remaining air low (15 minutes left on secondary
bottled air supply),
[0239] ascent too rapid (user defined, default 18 m/min
+/-3 m/min),
[0240] air use warning (user defined, default 15 minutes
once decompression commences),
[0241] physiological data problems, comprising ECG,
EEG, etc, respiration rate,
[0242] The alarm will be provide via the user interface
through audible or visual cues. A larger (although not exhaus-
tive) list of alarms is set out in Appendix B.
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[0243] A system parameter display modulecan also display
and allow a user to print out various system parameters
including various dive tables. A dive log can additionally be
printed out for each diver.

[0244] Using these tools, the dive supervisor can determine
what actions need taking, and advise the diver appropriately
and/or plan/action an intervention on the dive (such as send-
ing a rescue driver to retrieve the diver)

Dive Planning and Decompression Schedule Monitoring

[0245] Prior to sending a diver on a dive, the dive supervisor
will plan the dive. A key part of the dive planning involves
determining the dive profile, complete with bottom time and
scheduled decompression stops. To do so, the dive supervisor
will select an appropriate dive table from the store of dive
tables available in the topside dive monitoring system. These
will be standard dive tables provided, for example by US
Navy, DCIEM and Buhlmann.

[0246] A generic dive table 60 is shown in FIG. 6a, by way
of example. This can be accessed from a dive planning screen
(see e.g. FIG. 19) in the dive plan module 21. From a drop
down box 61, the supervisor can select the bottom depth that
is intended for the dive. In this case the bottom depth is 110
feet. Once the bottom depth has been specified, a dive table 60
is shown that specifies the required decompression schedule
for dives with bottom times of various lengths. The decom-
pression stops both in time and depth based on the time spent
at the bottom depth are shown. In this case, from left to right,
each decompressions stop relates to 10 feet of depth. As and
when the bottom depth is re-selected in the drop down box,
the displayed dive table will be recalculated and re-displayed,
showing the different decompression stops, as appropriate.
Tables for different depth selections for 60 and 70 feet are
shown by way of example in FIGS. 65, 6¢.

[0247] When the depth has been specified by the dive
supervisor, the dive will commence on the basis of the decom-
pression schedule according to the selected dive table and the
bottom time (in this case 33 minutes). FIG. 7a shows a
selected dive table 72 for 170 feet with a bottom time of 33
minutes. FIG. 75 shows the dive monitoring screen 70 during
adive. In this case, Frank 111 has been diving for 33 minutes
and 11 seconds and his depth and air supply are displayed.
The dive has proceeded on the basis of the dive chart 72
selected by the dive supervisor prior to the dive commencing.
In this case, the dive supervisor selected the chart in FIG. 7a
which is based on the bottom depth being 170 feet. In the
decompression window 71, the topside monitoring system 13
has calculated or determined (from the selected dive table in
FIG. 7a) the various stops and times for decompression.
These are displayed as a decompression schedule in the
decompression window 71. The schedule specifies that the
diver will need to decompress for:

[0248] 1 minute at 40 feet,
[0249] 10 minutes at 30 feet,
[0250] 23 minutes at 20 feet, and
[0251] 45 minutes at 10 feet.
[0252] As the dive progresses, the dive supervisor will

communicate with the diver to indicate when they should
ascend to the next decompression depth, and how long they
should remain there. Information will continually be commu-
nicated from the diver to the topside monitoring system 13.
The topside monitoring system 13 will look at the depth and
time of the diver, and compare this to the decompression
schedule. If the diver is not adhering to that schedule, appro-
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priate alarms will be conveyed to the supervisor and an omit-
ted decompression schedule, as per the dive tables, will be
calculated and displayed to the dive supervisor.

[0253] Forexample, the dive monitoring system will detect
when the diver has reached 40 feet, being the first decompres-
sion stop. If the diver does not spend at least 1 minute at this
depth, namely the dive system notices that the diver ascends
beyond that depth sooner than 1 minute, then the system will
provide an alarm. A similar event will occur for the other
decompression stops. The alarm alerts the dive supervisor to
the issue, in case they need to take action. Further, the infor-
mation will be recorded for later analysis if necessary. If a
decompression schedule is not adhered to, the system may
also sound alarms or create lock outs for future dives for that
diver.

Dive Plan Adjustment

[0254] Traditionally, prior to a dive for a particular diver, a
dive supervisor would select the required dive table that is
appropriate for the diver and tasks at hand. Throughout the
dive they would ensure that the diver is keeping to the decom-
pression schedule. However, if unforeseen circumstances
occur, the selected dive table may no longer be suitable, or it
may not actually be possible to adhere to the dive schedule
specified by the dive table. There is no flexibility for the dive
supervisor to readjust the dive plan. This can result in loss of
productivity, and worse can endanger the diver’s safety.
[0255] The functionality of the topside monitoring system
and software enables the dive supervisor to prepare a dive
plan and then revise the dive plan throughout the dive, as
necessary, based on unforeseen events. This can be done by
way of a combination of the data received from the diver and
elsewhere, processing done by the topside monitoring system
and experience/knowledge of the supervisor. Together this
information along with functionality of the topside monitor-
ing system allows the dive supervisor to alter the dive plan in
an appropriate manner. This enables more productive dives
and also improves diver safety.

[0256] The process as conducted by the dive supervisor and
the topside momnitoring system is shown in FIGS. 84 and 8.
Referring to FIG. 8a, the dive supervisor pre-plans the dive,
which comprises selecting a decompression schedule in the
usual manner, such as shown in respect of FIG. 6a. The dive
supervisor then sends the diver and monitors the dive param-
eters in the usual way, step 80, using a screen such as shown
in FIG. 7b.

[0257] If the dive supervisor determines some significant
change in circumstances, step 81, from the received dive
parameters that requires an adjustment of the dive plan, they
will then operate the monitoring system via the user interface
to indicate that a new dive plan is required, step 82. The
topside monitoring system will then convey alternative
decompression schedules, which can be reviewed by the dive
supervisor, step 83. Based on experience, the parameters and
their understanding of the situation, the dive supervisor will
select a suitable alternative decompression schedule, step 84.
Based on the selection, the topside monitoring system will
update the decompression schedule and convey this to the
dive supervisor. The dive supervisor will then continue man-
agement of the dive in accordance with the new decompres-
sion schedule, step 85.

[0258] In this process, the topside monitoring system oper-
ates in the manner depicted in FIG. 85. The system conveys a
decompression schedule according to the original dive plan,
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along with parameters received from the diver. At some point
it may receive input from a dive supervisor via the user
interface indicating that a revised dive plan is required, step
86. The topside monitoring system will then run an algorithm
to parse the available dive tables, and filter out those that are
not appropriate or not possible under the current diver status,
step 87. The algorithm will comprise the computer utilising
the various diver parameters such as the available air, bottom
time, bottom depth, elapsed time and any other suitable
parameters, to determine which of the dive tables specify a
decompression schedule that can still be adhered to by the
diver based on their current situation. The dive tables that still
can be adhered to will be conveyed to the dive supervisor via
the user interface, step 88. The topside monitoring system
will then receive input from the dive supervisor indicating
which of the alternative dive tables should be used, step 89.
Upon receiving a selection, the topside monitoring system
will update the decompression schedule according to the new
dive table and convey this through the main user interface to
the dive supervisor, step 90. Any alarms will be triggered
based on the new decompression schedule.

Dive Plan Adjustment—FExample Scenario

[0259] An example of a revised dive plan scenario is
described with reference to FIGS. 9a to 94. Using the monitor
system via the user interface, the dive supervisor initially
determines a dive plan for a diver. The dive plan specifies the
intention to descend to a depth of 30 metres with a bottom
time of 45 minutes. Using the interface 111, 22, a dive table is
selected from the available tables by selecting the bottom
depth of 30 metres. In this case, DCIEM 30 metre table is
selected. as shown in FIG. 9a (dive table 1). This table speci-
fies standard “in water” decompression commitment stops of’

[0260] 1.3 minutes at 9 m,

[0261] 2.8 minutes at 6 m, and
[0262] 3. 23 minutes at 3 m
[0263] Foradiveat 30 m with a bottom time of 45 minutes.

[0264] Thediveis commencedasper the plan with the diver
descending to the 30 metre bottom depth. At arrival at that
depth, the topside monitoring system 13 receives data from
the diver 12 indicating the water temperature and it records a
water temperature at the bottom of only 6° C. This low tem-
perature was unexpected.

[0265] At this stage, only 6 minutes of the planned 45
minute dive has passed, but given the low temperature, the
dive supervisor then considers a more conservative decom-
pression routine would be appropriate for the diver to com-
pensate for the colder water temperature. Using traditional
methods, trying to adjust for this would be ad hoc, prone to
errors and potentially dangerous. However, the topside moni-
toring system ofthe present invention assists the modification
of the dive plan, and in particular the decompression sched-
ule, for this unexpected change in circumstances.
[0266] Upon the dive supervisor indicating via the user
interface 111, 22 that they want to change the dive plan, the
topside system 13 then determines and presents various
options to the supervisor taking into account the recorded
constraints. At this point in the scenario the constraints are:
[0267] 1.Bottom time must be more than 6 minutes (as 6
minutes has already passed).
[0268] 2. Minimum diver depth must be 30 m (as the
diver has already reached 30 m).
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[0269] Thedive supervisor also makes the decision that the
dive task will continue and the diver will be on task for the full
planned 45 minutes.

[0270] Based on this set of information, the monitoring
system 13 can then run/offer various scenarios to the dive
supervisor for alterative decompression schedules. The
monitoring system 13 does this by using its software 112 to
compare the desired bottom time, elapsed dive time and bot-
tom depth to the available dive tables, and selecting those that
are still available/appropriate based on these parameters.
Some will be excluded as not appropriate. For example, if the
dive time is 45 minutes, any dive tables that require a decom-
pression schedule of over 45 minutes bottom time will not be
appropriate. As another example, any dive tables that corre-
spond to depths of less than 30 metres will also not be appro-
priate, as the diver is currently already at 30 metres. The
monitoring system software 112 can be programmed with
rules to eliminate inappropriate dive tables based on the cur-
rent parameters of bottom time, elapsed time, bottom depth,
current depth, available air, and any other relevant param-
eters. Any dive table that has a decompression schedule that
cannot be adhered to based on the current information will not
be provided by the topside monitoring system 13.

[0271] Inthe current example, the topside monitoring sys-
tem selected dive tables resulting in the following possible
alternative scenarios/decompression schedules.

Scenario Option #1

[0272] Dive on the next table down using the “in water”
decompression schedule to compensate for the colder than
expected water temperature. That means using the 33 mtable,
for 45 minutes (see dive table 2, FIG. 954) giving a decom-
pression schedule of:

[0273] a. 6 minutes at 9 m,
[0274] b. 9 minutes at 6 m, and
[0275] c. 31 minutes at 3 m.
[0276] Using this table would increase the total decompres-

sion commitment for the diver from 34 minutes to a total of 46
minutes.

[0277] Given the exposure potential of the recorded water
temperature it may be prudent to look at another option to
limit the diver “in water” exposure by switching to a surface
oxygen decompression routine.

Scenario Option #2

[0278] Minimise the “in water” exposure and switch from
“in-water” decompression to a surface O, decompression
routine using the 30 m table for surface decompression (see
dive table 3, FIG. 9¢), giving a schedule of:
[0279] a. 3 minutes at 9 m in water,
[0280] b. no more than a 7 minute interval on the surface
for transfer to a hydrobaric chamber,
[0281] c. 27 minutes in the chamber at an equivalent
depth of 12 m while on oxygen.
[0282] This scenario presents an aggressive decompression
strategy, but minimises the “in-water” exposure for the diver.
This is beneficial as it would reduce exposure to cold water.
With the scenario the in water time is shortened by 31 min-
utes.

Scenario #3

[0283] Use a more conservative scenario of surface O,
decompression to limit “in water” decompression time but
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use a deeper table to compensate for the colder than expected
water temperature by switching the dive plan to the 33 metre
surface O, dive table (see dive table 4, FIG. 9d). This now
gives a decompression schedule of:

[0284] a. 6 minutes at 9 m in water,

[0285] b.no more than a 7 minute interval on the surface
for transfer to a hydrobaric chamber.

[0286] c. 30 minutes in the chamber at an equivalent
depth of 12 m while on Oxygen with one break breathing
air for 5 minutes.

[0287] This plan limits the “in water” exposure (28 minutes
less than original dive plan) for the diver, but gives a level of
conservatism to compensate for the lower than expected
water temperature.

Scenario #4

[0288] The dive supervisor could decide to stay on the
original dive plan knowing that they can switch plans “on the
fly”.

[0289] In this case the supervisor chooses scenario #4. The
dive continues and the diver finishes the task and leaves the
bottom after 48 minutes (some 3 minutes over dive plan). At
this time, the software is on the 30 m “in water” decompres-
sion schedule, which calculates the following decompression
schedule (see Dive table 1, FIG. 9a):

[0290] a. 4 minutes at 9 m,
[0291] b. 8 minutes at 6 m, and
[0292] c.29 minutes at 3 m
[0293] But, on the way up the diver might complain about

the cold and the diver now has to spend some 41 minutes in
subsurface decompression. To remedy this situation, the dive
supervisor decides “on the fly” to limit “in water” exposure,
but also wants to run conservative decompression routine to
compensate for the less than expected temperature. There-
fore, the dive supervisor switches to the 33 metre surface O,
table (see dive table 4, FIG. 94), which will now give a
schedule of:
[0294] a. 7 minutes at 9 m in water,
[0295] b.no more than a 7 minute interval on the surface
for transfer to a hydrobaric chamber, and
[0296] c. 35 minutes in the chamber at an equivalent
depth of 12 m while on Oxygen with one break breathing
air for 5 minutes.
[0297] Therefore the diver’s “in water” exposure is reduced
by 34 minutes, reducing their time in the cold water. The dive
plan still has a level of conservatism even though the dive plan
has been changed mid-dive.
[0298] These are just four scenarios that the monitoring
system selects and offers to the dive supervisor. The monitor-
ing system provides these available scenarios to the dive
supervisor, who can then select one that they deem appropri-
ate. Once the revised dive plan is selected, the monitoring
system will update the display to show the new decompres-
sion schedule based on the revised scenario/dive table. The
system alarms will trigger based on the new scenario.
[0299] The monitoring system 13 will not allow a decom-
pression schedule less than the safe minimum decompression
schedules to be selected, but gives the dive supervisor flex-
ibility to switch between dive tables in order to select the one
that best suits the dive conditions. In the scenario above, the
dive took some 3 minutes longer than planned and the water
was colder than expected. However, with the scenario build,
the topside monitoring system was able to present options to
the dive supervisor “on the fly” that allowed the in water
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exposure to be limited to a safe level that effectively reduced
the in water exposure by 34 minutes, but lengthened the total
decompression to 55 minutes from the minimum of 41 min-
utes.

[0300] Inthe above example, the dive supervisor is offered
options that are selected by the monitoring system 13. The
dive supervisor has the ultimate control to decide on and
select which decompression schedule should be followed.
This decision will be based on their understanding of the
situation, the parameters being received from the diver in
questions, and the supervisor’s experience.

[0301] In an alternative, the topside monitoring system 13
itself might automatically select an alternative decompres-
sion schedule using its software 112. It could do this based on
the parameters being received from the diver. The topside
monitoring system 13 would be programmed with rules to
make the adjustment. For example, it might be programmed
to select the most conservative alternative decompression
schedule if any one of the dive time, bottom depth, tempera-
ture, available air change such that the current decompression
schedule is not suitable, or is no longer possible.

[0302] The above dive plan revision was based on unex-
pected water temperature. Dive planning and revision, and
diver management can be based on a large number of events
that might occur, which are triggered by various dive param-
eters. For example, adjustment of a planned dive could occur
for one or more or for the following reasons:

[0303] diver hypothermia or hyperthermia,
[0304] diver hyperventilation,
[0305] equipment fault,
[0306] unforeseen difficulties in the task,
[0307] sub sea currents,
[0308] weather/temperature changes,
[0309] diver biomedical/physiological events,
[0310] diver entanglement.
Recordal of Dive Data
[0311] Traditionally, aspects of a dive are recorded in paper

format by the dive supervisor. This record comprises risk
assessment forms, diver forms, and dive plans. If dive plans
change, these should also be recorded. These recorded details
of the dive can then be analysed later, for example in the event
of a dive accident. Traditionally, their have been issues with
inaccurate or doctored dive information, or incomplete dive
information.

[0312] The present invention records all the data received
from the divers during a dive. The data can be recorded in a
storage device 24 in the topside monitoring system computer
101, or in another separate local or remote storage location.
Further, the system records all information, decisions and
actions carried out by the dive supervisor and the monitoring
system 10. This provides a full accurate record of the dive and
all the decisions made. This allows the dive to be replayed for
analysis at a later date. Further, the reported data can be
encrypted, and the decryption keys obscured. This means that
data can be viewed, however it cannot be altered. This step is
important for integrity of data to allow accurate post analysis
of any dives. It provides confidence that the information has
not been doctored. In effect, the recorded data provides an
audit trail that can be used in a variety of ways.

[0313] A further benefit of recording all the information, is
that the information can be used to make decisions and pro-
vide restrictions on further dives. For example, where a par-
ticular diver has already completed a dive and the results of
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that dive were that they should not complete another dive
within a set period, the monitoring system will not allow a
dive supervisor to plan a dive or carry out a dive for that diver.
Prior to allowing a dive, the monitoring system will review
historical data relating to the diver in question. If a dive
supervisor attempts to plan a dive for a registered diver or
send them on a dive within the disallowed period, the system
will provide an alarm. Further, the monitoring system 13 may
prevent the dive supervisor from utilising the system for that
diver—thus preventing them from initiating the dive. In
another example, if a diver’s medical data indicates that they
should not attempt the planned dive, again an alarm may
sound or the monitoring system 13 may lock that diver out
from a dive.

[0314] The system 10 also allows for control and supervi-
sion of recreational dives, or other dives where there are a
large number of divers 12. Supervision of recreational divers
is very important, as many may lack experience and require
significant guidance. However, presently there is no way to
accurately know the parameters relating to their dive and
therefore guide them. Tethered dives cannot be used for rec-
reational diving, as the number of divers would prevent this
due to the danger of entanglement. The present invention
allows parameters relating to each diver 12 to be sent topside
13 via the acoustic modem 207. A dive supervisor can moni-
tor key parameters of each of the divers, and then communi-
cate with them via communication channels via the acoustic
modem to guide them as to decompression, breathing and
other aspects of their dive. This opens up the ability to control
dives more carefully and improve diver safety.

System/Software Administration Functions

[0315] The administration module 23 provides administra-
tion functions. FIGS. 10a to 13 show the settings in the log in
procedures for the invention. Referring to FIGS. 10a and 104,
each dive supervisor is preferably registered with a user name
91 and password 92 before using the a registration screen 95.
Whenever the dive supervisor takes control of a dive they
login using their details. The system will record all of the
actions and datarelating to dives for which they are the logged
in as dive supervisor. This assists in analysing decisions made
by particular dive supervisors at a later date. FIG. 10a shows
alogin page 90 listing registered dive supervisors 93 that can
login. Referring to FIG. 10, a new dive supervisor login can be
created by completing the required fields 91, 92, 94 on the
registration screen 95.

[0316] Referring to FIGS. 11 and 12, each diver who will
perform or may perform a dive also is preferably registered.
New divers can be added, or existing divers can have their
details edited. FIG. 11 shows a screen 96 with registered
divers, and gives options for creating new or editing old diver
registrations. Referring to FIG. 12, upon clicking to register a
new diver, a screen 97 is displayed where qualifications,
medical and other details can be added to the diver registra-
tion profile 98. This information can be used in dive planning
and also for generating alarms and for diver management over
multiple dives. Decisions can be based on their medical
details and qualifications. For a particular dive, a registered
diver can be configured as shown in the screen 99 in FIG. 13
according to their hardware details.

[0317] Referring to FIG. 14, various settings for the moni-
toring system can also be specified using the input screen 140.
These comprise the units used by the dive monitoring system
and various other formats.
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[0318] Alarms can be configured for various events, by
completing the input fields shown in FIGS. 15 to 18. For
example, as shown in the screen 150 in FIG. 15, if acoustic,
RF or USB communications are lost for the time specified
151, an alarm will be provided. Referring to the screen 160 in
FIG. 16, if air pressure drops below or goes above a specified
threshold 161/163, or if remaining air time drops below a
threshold 162, an alarm will be provided. Referring to the
screen 170 in FIG. 17, if a maximum depth 172 is reached or
if a depth greater than the specified plan depth 171 is reached
or a maximum ascent rate is reached 173, then an alarm will
be provided. Referring to the screen 180 in FIG. 18 if the
water temperature reaches a max or minimum threshold 181/
182, an alarm will be provided also. Other alarms could be
specified, as will be appreciated by those skilled in the art.
[0319] Referring to the screen 190 in FIG. 19, prior to a
dive, various details 191 relating to the diver and the plan for
the dive can be set by completing the fields 191. Further,
weather and water conditions can be specified as shown in the
screen 195 in FIG. 20.

[0320] FIGS. 21 and 22 show alternative topside and diver-
side systems respectively. These are the same as the systems
described in FIGS. 2 and 3, except they do not provide tether
communication.

[0321] FIG. 23 illustrates the range of the acoustic modem.
[0322] FIG. 24 illustrates an alternative display screen.
[0323] This invention may also be said broadly to consist in

the parts, elements and features referred to or indicated in the
specification of the application, individually or collectively,
and any or all combinations of any two or more of said parts,
elements or features, and where specific integers are men-
tioned herein which have known equivalents in the art to
which this invention relates, such known equivalents are
deemed to be incorporated herein as if individually set forth.

APPENDIX A

[0324] The diver-side system and/or topside system could
comprise sensors to obtain one or more of the following
parameters:

[0325] surface supply breathing gas pressure at surface,

[0326] surface supply breathing gas composition at sut-
face (oxygen concentration, nitrogen concentration,
helium concentration, carbon dioxide concentration,
carbon monoxide concentration and any other gas that is
interest to the dive supervisor),

[0327] surface supply breathing gas pressure at diver,

[0328] surface supply breathing gas composition at diver
(oxygen concentration, nitrogen concentration, helium
concentration, carbon dioxide concentration, carbon
monoxide concentration and any other gas that is intet-
est to the dive supervisor or diver),

[0329] self-contained breathing gas supply pressure at
diver for primary, secondary or tertiary use (compressed
air for breathing, singular or mixed gas for breathing, gas
for buoyancy compensation or driving of underwater
tools),

[0330] self-contained breathing gas composition at diver
(oxygen concentration, nitrogen concentration, helium
concentration, carbon dioxide concentration, carbon
monoxide concentration and any other gas that is inter-
est to the dive supervisor or diver),

[0331] dive parameter sensors for altitude, depth, air
temperature, water temperature, time.
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[0332] photographic/video sensors for visual, enhanced
visual, IR, UV,

[0333] water quality sensors for turbidity, suspended sol-
ids, salinity, biological, radioactive parameters,

[0334] environmental sensors for temperature, fluid
movement and particle movement.

[0335] situational awareness sensors, sonar, radar, Dop-
pler tracking of fluid and particles

[0336] positional sensors for absolute position and rela-
tive position

[0337] diver inhaled and exhaled fluid composition
(oxygen gas concentration, carbon dioxide gas compo-
sition or any other gas parameter of interest to the diver
and or diver supervisor)

[0338] diver biophysical condition sensors (ECG, EEG,
respiration rate, core body and/or skin temperature)

[0339] dive supervisor electronic hardware sensors (bat-
tery condition, malfunction, self dialogistic)

[0340] diver electronic hardware sensors (battery condi-
tion, malfunction, self diagnostics)

[0341] diver microphone, speaker and microprocessor
set for converting analogue sound to digital sound rep-
resentation for data transmission.

[0342] dive supervisor microphone, speaker and micro-
processor set for converting analogue sound to digital
sound representation for data transmission.

APPENDIX B

[0343] Themonitoring system can be configured to provide
warnings for one or more of the following;

[0344] surface supply breathing gas low pressure at sur-
face

[0345] surface supply breathing gas low quality at sur-
face

[0346] surface supply breathing gas low pressure at diver

[0347] surface supply breathing gas low quality at diver

[0348] primary and/or secondary self-contained breath-

ing gas (or one of its components) low pressure at diver
[0349] primary and/or secondary self-contained breath-
ing gas (or one of its components) low quality at diver
[0350] diving parameters:

[0351] decompression commitment
(user defined, default 5 minutes),

[0352] decompression commitment reached,

[0353] partial pressure of oxygen in breathing gas
mixture (user defined, default 1.4)

[0354] accent to fast warning (user defined, default 18
m/min—could be graphical),

[0355] remaining breathing gas warning on self con-
tained supply (user defined default 15 minutes left),

[0356] remaining breathing gas warning on secondary
self contained supply (user defined—drop in pressure
by 30 psi)

[0357] maximum planned depth approaching (user
defined—default 5 msw of planned depth)

[0358] maximum planned depth reached (user
defined—maximum 70 msw)

[0359] minimum water temperature approaching
(user defined—default 2° C. of set minimum)

[0360] maximum water temperature approaching
(user defined—default 2° C. of set maximum)

[0361] minimum water temperature reached (user
defined—default 10° C.)

approaching
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[0362] maximum water temperature approaching
(user defined—default 30° C.)

[0363] dive environment
[0364] low visibility for safe diver operations (user
defined)
[0365] presence of bacteriological activity (user
defined)
[0366] maximum level of radioactivity approaching

(user defined)

[0367] maximum level of radioactivity reached (user
defined)

[0368] current warning (user defined)

[0369] situational awareness warning

[0370] approaching selected target (user defined—de-
fault range 5 m)

[0371] selected target reached (user defined—default
range 1 m)

[0372] unknown target in vicinity of diver (user
defined)

[0373] biophysical warning

[0374] minimum core body and/or skin temperature
approaching (user defined)

[0375] minimum core body and/or skin temperature
reached (user defined)

[0376] maximum core body and/or skin temperature
approaching (user defined)

[0377] maximum core body and/or skin temperature
reached (user defined)

[0378] ECG anomaly (user defined)

[0379] ECG rate high (user defined)

[0380] ECG rate low (user defined)

[0381] EEG anomaly (user defined)

[0382] inhaled breathing gas quality low (user
defined)

[0383] exhaled breathing gas quality low (user
defined)

1. A method of monitoring a diver comprising the steps of:

receiving data from at least one diver, the data being trans-
mitted using an acoustic modem and specifying at least
one parameter relating to the diver,

conveying the parameter and elapsed time of dive to a dive

supervisor so that the dive supervisor can manage the
dive, the parameter and elapsed time of dive forming
diver information,

wherein the parameter relating to the diver comprises the

depth of the diver.

2. A method according to claim 1 further comprising the
step of determining a decompression schedule for the diver
and conveying the decompression schedule.

3. A method according to claim 2 wherein the step of
determining a decompression schedule comprises receiving
input specifying one or more decompression schedules or
dive tables, and determining a decompression schedule based
on the received input.

4. A method according to claim 2 further comprising the
steps of:

determining one or more alternative decompression sched-

ules based on the conveyed diver information, the step
being triggered by received or calculated diver informa-
tion or by input from a dive supervisor, and

conveying the alternative decompression schedules.

5. (canceled)

6. (canceled)

7. (canceled)

12
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8. A method according to claim 4 wherein the step of
determining one or more alternative decompression sched-
ules comprises selecting one or more dive tables from a set of
dive tables, each dive table specifying one or more decom-
pression schedules, wherein the selection is based on some or
all of the diver information.

9. A method according to claim 8 wherein selecting one or
more dive tables based on some or all of the diver information
comprises the step of determining which of the set of dive
tables specify decompression schedules that can still be
adhered to by the diver based on diver information.

10. A method according to claim 1 further comprising one
or more alarms for alerting a dive supervisor of actions that
may be required, wherein the alarms are triggered by the
relationship of:

diver information to the decompression schedule, and/or

diver information to specified values and/or states.

11. (canceled)

12. (canceled)

13. A method according to claim 1 further comprising the
step of recording dive information related to the dive, wherein
dive information comprises one or more of any dive related
parameter, data, information or input received or generated
prior to or throughout the dive.

14. A system for monitoring a diver comprising:

a topside monitoring system on a vessel comprising:

areceiver for receiving data from at least one diver, the data

being transmitted using an acoustic modem and speci-
fying information relating to the diver, wherein the
information relating to the diver comprises the depth of
diver,

a computer for processing the data, and

a user interface for conveying the information and the

elapsed time of dive to a dive supervisor so that the dive
supervisor can manage the dive.

15. A system according to claim 14 further comprising:

one or more sensors on the diver, the sensors for obtaining

data relating to the depth of the diver, and

an acoustic modem on the diver for transmitting obtained

data to the topside monitoring system

16. A system according to claim 14 wherein the computer
is adapted to determine a decompression schedule for the
diver and convey the decompression schedule via the user
interface.

17. A system according to claim 16 wherein to determine a
decompression schedule the computer is adapted to receive
input specifying one or more decompression schedules or
dive tables, and determine a decompression schedule based
on the received input.

18. A system according to claim 17 wherein the computer
is further adapted to

determine one or more alternative decompression sched-

ules based on the conveyed diver information, the com-
puter being triggered by received or calculated diver
information or by input from a dive supervisor, and

the computer is adapted to convey the alternative decom-

pression schedules via the user interface.

19. (canceled)

20. (canceled)

21. (canceled)

22. A system according to claim 18 wherein to determine
one or more alternative decompression schedules the com-
puter selects one or more dive tables from a set of dive tables,
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each dive table specifying one or more decompression sched-
ules, wherein the selection is based on some or all of the diver
information.

23. A system according to claim 22 wherein to select one or
more dive tables based on some or all of the diver information
the computer is adapted to determine which of the set of dive
tables specify decompression schedules that can still be
adhered to by the diver based on diver information.

24. A system according to claim 14 wherein the computer
is configured with one or more alarms for alerting a dive
supervisor of actions that may be required, wherein the
alarms are triggered by the relationship of:

diver information to the decompression schedule, and/or

diver information to specified values and/or states.

25. A system according to claim 17 wherein receiving input
to select a decompression schedule comprises:

receiving input indicating one or more dive tables, or

decompression schedules,

receiving input indicating at least one parameter of the

dive.
26. (canceled)
27. A system according to claim 14 wherein the computer
is adapted to record dive information related to the dive,
wherein dive information comprises one or more of any dive
related parameter, data, information or input received or gen-
erated prior to or throughout the dive.
28. (canceled)
29. A system according to claim 15 comprising one or more
further sensors on the diver, the sensors for obtaining data
relating to one or more of the following parameters:
surface supply breathing gas pressure at surface,
surface supply breathing gas composition at surface (oxy-
gen concentration, nitrogen concentration, helium con-
centration, carbon dioxide concentration, carbon mon-
oxide concentration and any other gas that is interest to
the dive supervisor),
surface supply breathing gas pressure at diver,
surface supply breathing gas composition at diver (oxygen
concentration, nitrogen concentration, helium concen-
tration, carbon dioxide concentration, carbon monoxide
concentration and any other gas that is interest to the dive
supervisor or diver),
self-contained breathing gas supply pressure at diver for
primary, secondary or tertiary use (compressed air for
breathing, singular or mixed gas for breathing, gas for
buoyancy compensation or driving of underwater tools),

self-contained breathing gas composition at diver (oxygen
concentration, nitrogen concentration, helium concen-
tration, carbon dioxide concentration, carbon monoxide
concentration and any other gas that is interest to the dive
supervisor or diver),

dive parameter sensors for altitude, depth, air temperature,

water temperature, time.

photographic/video sensors for visual, enhanced visual,

IR, UV,

water quality sensors for turbidity, suspended solids, salin-

ity, biological, radioactive parameters,

environmental sensors for temperature, fluid movement

and particle movement.

situational awareness sensors, sonar, radar, Doppler track-

ing of fluid and particles

positional sensors for absolute position and relative posi-

tion
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diver inhaled and exhaled fluid composition (oxygen gas
concentration, carbon dioxide gas composition or any
other gas parameter of interest to the diver and or diver
supervisor)

diver biophysical condition sensors (ECG, EEG, respira-

tion rate, core body and/or skin temperature)

dive supervisor electronic hardware sensors (battery con-

dition, malfunction, self dialogistic)

diver electronic hardware sensors (battery condition, mal-

function, self diagnostics)

diver microphone, speaker and microprocessor set for con-

verting analogue sound to digital sound representation
for data transmission.

dive supervisor microphone, speaker and microprocessor

set for converting analogue sound to digital sound rep-
resentation for data transmission.
30. A method according to claim 1 wherein the diver infor-
mation can further comprise one or more of the following
parameters:
surface supply breathing gas pressure at surface,
surface supply breathing gas composition at surface (oxy-
gen concentration, nitrogen concentration, helium con-
centration, carbon dioxide concentration, carbon mon-
oxide concentration and any other gas that is interest to
the dive supervisor),
surface supply breathing gas pressure at diver,
surface supply breathing gas composition at diver (oxygen
concentration, nitrogen concentration, helium concen-
tration, carbon dioxide concentration, carbon monoxide
concentration and any other gas that is interest to the dive
supervisor or diver),
self-contained breathing gas supply pressure at diver for
primary, secondary or tertiary use (compressed air for
breathing, singular or mixed gas for breathing, gas for
buoyancy compensation or driving of underwater tools),

self-contained breathing gas composition at diver (oxygen
concentration, nitrogen concentration, helium concen-
tration, carbon dioxide concentration, carbon monoxide
concentration and any other gas that is interest to the dive
supervisor or diver),

dive parameter sensors for altitude, depth, air temperature,

water temperature, time.

photographic/video sensors for visual, enhanced visual,

IR, UV,

water quality sensors for turbidity, suspended solids, salin-

ity, biological, radioactive parameters,

environmental sensors for temperature, fluid movement

and particle movement.

situational awareness sensors, sonar, radar, Doppler track-

ing of fluid and particles

positional sensors for absolute position and relative posi-

tion

diver inhaled and exhaled fluid composition (oxygen gas

concentration, carbon dioxide gas composition or any
other gas parameter of interest to the diver and or diver
supervisor)

diver biophysical condition sensors (ECG, EEG, respira-

tion rate, core body and/or skin temperature)

dive supervisor electronic hardware sensors (battery con-

dition, malfunction, self dialogistic)

diver electronic hardware sensors (battery condition, mal-

function, self diagnostics)
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diver microphone, speaker and microprocessor set for con-
verting analogue sound to digital sound representation
for data transmission.
dive supervisor microphone, speaker and microprocessor
set for converting analogue sound to digital sound rep-
resentation for data transmission.
31. A method according to claim 10 wherein one or more
alarms can be triggered based on one or more of:
surface supply breathing gas low pressure at surface
surface supply breathing gas low quality at surface
surface supply breathing gas low pressure at diver
surface supply breathing gas low quality at diver
primary and/or secondary self-contained breathing gas (or
one of its components) low pressure at diver
primary and/or secondary self-contained breathing gas (or
one of its components) low quality at diver
diving parameters:
decompression commitment approaching (user defined,
default 5 minutes),
decompression commitment reached,
partial pressure of oxygen in breathing gas mixture (user
defined, default 1.4)
accent to fast warning (user defined, default 18 m/min—
could be graphical),
remaining breathing gas warning on self contained sup-
ply (user defined default 15 minutes left),
remaining breathing gas warning on secondary self con-
tained supply (user defined—drop in pressure by 30
psi)
maximum planned depth approaching (user defined—
default 5 msw of planned depth)
maximum planned depth reached (user defined—maxi-
mum 70 msw)
minimum water temperature approaching (user
defined—default 2° C. of set minimum)
maximum water temperature approaching (user
defined—default 2° C. of set maximum)
minimum water temperature reached (user defined—
default 10° C.)
maximum water temperature approaching (user
defined—default 30° C.)
dive environment
low visibility for safe diver operations (user defined)
presence of bacteriological activity (user defined)
maximum level of radioactivity approaching (user
defined)
maximum level of radioactivity reached (user defined)
current warning (user defined)
situational awareness warning
approaching selected target (user defined—default
range 5 m)
selected target reached (user defined—default range 1
m)
unknown target in vicinity of diver (user defined)
biophysical warning
minimum core body and/or skin temperature approach-
ing (user defined)
minimum core body and/or skin temperature reached
(user defined)
maximum core body and/or skin temperature approach-
ing (user defined)
maximum core body and/or skin temperature reached
(user defined)
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ECG anomaly (user defined)
ECG rate high (user defined)
ECG rate low (user defined)
EEG anomaly (user defined)
inhaled breathing gas quality low (user defined)
exhaled breathing gas quality low (user defined)
32. (canceled)
33. (canceled)
34. A system according to claim 24 wherein one or more
alarms can be triggered based on one or more of:
surface supply breathing gas low pressure at surface
surface supply breathing gas low quality at surface
surface supply breathing gas low pressure at diver
surface supply breathing gas low quality at diver
primary and/or secondary self-contained breathing gas (or
one of'its components) low pressure at diver
primary and/or secondary self-contained breathing gas (or
one of its components) low quality at diver
diving parameters:
decompression commitment approaching (user defined,
default 5 minutes),
decompression commitment reached,
partial pressure of oxygen in breathing gas mixture (user
defined, default 1.4)
accent to fast warning (user defined, default 18 m/min—
could be graphical),
remaining breathing gas warning on self contained sup-
ply (user defined default 15 minutes left),
remaining breathing gas warning on secondary self con-
tained supply (user defined—drop in pressure by 30
psi)
maximum planned depth approaching (user defined—
default 5 msw of planned depth)
maximum planned depth reached (user defined—maxi-
mum 70 msw)
minimum water temperature approaching (user
defined—default 2° C. of set minimum)
maximum water temperature approaching (user
defined—default 2° C. of set maximum)
minimum water temperature reached (user defined—
default 10° C.)
maximum water temperature approaching (user
defined—default 30° C.)
dive environment
low visibility for safe diver operations (user defined)
presence of bacteriological activity (user defined)
maximum level of radioactivity approaching (user
defined)
maximum level of radioactivity reached (user defined)
current warning (user defined)
situational awareness warning
approaching selected target (user defined—default
range 5 m)
selected target reached (user defined—default range 1
m)
unknown target in vicinity of diver (user defined)
biophysical warning
minimum core body and/or skin temperature approach-
ing (user defined)
minimum core body and/or skin temperature reached
(user defined)
maximum core body and/or skin temperature approach-
ing (user defined)
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maximum core body and/or skin temperature reached
(user defined)
ECG anomaly (user defined)
ECG rate high (user defined)
ECG rate low (user defined)
EEG anomaly (user defined)
inhaled breathing gas quality low (user defined)
exhaled breathing gas quality low (user defined)
35. A method of monitoring a diver comprising the steps of:
receiving data at a topside computer system from at least
one diver during a dive, the data being transmitted using
an acoustic modem and specifying a plurality of param-
eters relating to the diver and/or ambient conditions and
comprising at least the depth of the diver,
conveying the parameters and elapsed time of dive to a dive
supervisor on a user interface of the computer system so
that the dive supervisor can manage the dive, the param-
eter and elapsed time of dive forming diver information,
determining whether a dive decompression schedule can
be complied with by the diver based on the diver infor-
mation, and if not, selecting a further decompression
schedule from a set of dive tables that can be complied
with by the diver based on the diver information, and
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conveying the further decompression schedule to the dive
supervisor on the user interface.
36. A system for monitoring a diver comprising:
a topside monitoring system on a vessel comprising:
areceiver for receiving data from at least one diver, the data
being transmitted using an acoustic modem and speci-
fying information relating to the diver, wherein the
information relating to the diver comprises at least the
depth of diver,
a computer for processing the data, and
a user interface for:
conveying the information and the elapsed time of dive
to a dive supervisor so that the dive supervisor can
manage the dive, the information and elapsed time of
dive forming diver information,
conveying compressions schedules,
wherein
the computer is adapted to determine whether a dive com-
pression schedule can be complied with by the diver
based on the diver information, and if not, select a fur-
ther decompression schedule from a set of dive tables
that can be complied with by the diver based on the diver
information.
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