SHI P COURSE OBSTRUCTI ON WARNI NG TRANSPORT BACKGROUND The field
of the disclosure generally relates to systens and net hods for navigation
and hazard avoi dance. More particularly, the disclosure relates to renpte
vehi cl es operable to provide information relating to navigation and 5
hazard avoi dance. SHIP COURSE OBSTrgecwabRr WARNENGeRANSPORTUCh as crui se
ships, cargo ships, mlitary vessels, and the like are difficult and sl ow
to maneuver. Narrow passageways and restricted waters can exacerbate the
naneuveﬂﬂgb#gggdﬁanties by 10 restricting the operable or navigable area
of the vessel. In sonme instances, |arge ships may take up to several
kilometers (i.e., &@hwmufieaddl nifl eher dbdse)osurer denetreldgnpledtaeess tuon or

cone to a stop. Due to these difficulties in maneuvering such | arge ships,
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driven of f course, thereby running aground or into other hazards or 5
obst r uct ikdienmeters (i.e., a nautical mile or more) in order to
complete a turn or <come to a stop. Due to these
difficulties 1in maneuvering such large ships, every year
15 many ships run aground or make contact with hazards, which
cause damage to the ship. In some cases, the ship, crew and
cargo may all be lost if the ship sinks. In other instances,
damage to the ship may cause environmental damage, such as
0il spills or other pollutants being released to the air,

20 land and water.

Further, in developing countries, waterways such
as ports, harbors and rivers may be poorly maintained for
large ship travel. For example, surveying and dredging 1is
sporadic, and currents, tides and waves can cause rapid

25 changes in the bottom contours of the waterways due to
sedimentation and moving sandbars. Despite such conditions,
many large ships still frequently travel on these poorly
maintained waterways. As such, these ships may run aground
or make contact with the bottom of the waterways, which

30 causes damage to the ships and risks environmental

destruction.



In other areas, marine life is also a concern for ship traffic. For
exanpl e, in sone areas, endangered species, sleeping or nursing whales and
the like may be injured or killed if they are run into by a ship. Further,
10 inpacts with such |large mari ne mammal s nay cause danmage to the ship.
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In order to avoid collisions, ships typically rely
on navigation charts to set up routes to avoid hazards and
stay in waters deep enough for the ship’s required draft.

15 However, in many instances, the data on the navigation chart
is inaccurate, incomplete or non-existent, thus requiring
ships to enter some areas with extreme caution (e.g.,
excessive slowing of the ship’s speed). Excessive slowing of
the ship’s speed may further reduce the maneuverability of

20 the ship, and make the ship more vulnerable to attacks, such
as by pirates.

In major ports, large ships are typically greeted
outside the port by a local pilot who boards the ship and
takes control for navigation and docking in the port. In

25 some locations, the navigation and docking are further
assisted by local tugboat operators. However, at many
smaller ports, such assistance 1s not available and the
ship’s pilot must navigate and dock the ship without
assistance. Such is often the case for restricted waters not

30 associated with a major port, such as coastal areas, lakes,
rivers and channels between islands. In order to navigate in
these areas, most ships measure water depth directly below
it using an echo sounder. However, few ships are equipped

with any device that can measure the bottom contours ahead



rivers and channels between islands. In order to navigate in these areas,
nost ships nmeasure water depth directly below it using an echo sounder.
However, few ships are equi pped with any device that can neasure the bottom
contours ahead of the ship. In either instance, the effective range of the
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15 In some areas, international laws place
regulations on ships to comply with low speed requirements
in certain areas, for example in seasons and areas known for
whale feeding and breeding. However, such restrictions do
not always prevent ships from colliding with the whales. In

20 some cases, ships do not comply with the speed requirements
because of operational limits such as maneuverability,
engine, or time constraints, thus placing the ships and
wildlife at risk for collisions.

Thus, a need exists for a navigation and hazard

25 avoidance system that addresses the above issues.

BRIEF DESCRIPTION
In one aspect, an unmanned aquatic surface vehicle
for detecting and locating hazards is disclosed. The vehicle
includes a propulsion system configured to impart a
propulsive force to the vehicle and a steering system
30 configured to impart a change in the direction of travel of
the vehicle. A hazard detection system 1is configured to

detect and locate at least one of a subsurface, surface or



i ncl udes a propul sion systemconfigured to inpart a propul sive force to the
vehicle and a steering system 30 configured to inpart a change in the
direction of travel of the vehicle. A hazard detection systemis configured
to detect and | ocate at | east one of a subsurface, surface or above-water
hazard. Alsorumnitcat i aasadevi & confiugiced ibast rasmshi¢ hazdridudatda to
associated with a detected hazard to a renpte receiver. OL anot%er aspect,
a met hod OrRHIVlgdtd fRr @ Sebenranacyessel Witha anstedrSidy? 3? WAndnned
aquatic suface yehigle is disclosed. The nethod i ncI udes commndl ng the
aquatic surface vehicle to follow an intended route of the command vessel.
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data i.s recel ve 10 .t he _conmand veh e. .Navi %%tl on_dat a of the comand
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In yet another aspect, a system for detecting
hazards is disclosed. The system includes an aquatic surface
vehicle having a controllable propulsion system and a

15 steering system. A hazard detection system is coupled to the
aquatic surface vehicle and configured to detect at least
one of a subsurface, surface or above-water hazard. A
communications system 1is coupled to the aquatic surface
vehicle and configured to transmit hazard data associated
20 with a detected hazard to a remote receiver. A power source
provides power to the propulsion system, the steering
system, the hazard detection system, and the communications

system.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates an implementation of a system
25 for detecting hazards.
Fig. 2 1is a schematic view of a command vessel of
the system of Fig. 1.
Fig. 3 is a schematic view of an unmanned aquatic
surface vehicle of the system of Fig. 1.
30 Fig. 4 is a block diagram of an implementation of
navigating a command vessel in a waterway using an unmanned

aquatic surface vehicle.



Fig. 1 illustrates an inplenentation of a system 25 for detecting hazards.
Fig. 2 is a schematic view of a command vessel of the systemof Fig. 1.

Fig. 3 is a schematic view of an unnmanned aquatic surface vehicle of the
systemof Fig. 1. 30Fig. 4 is a block diagramof an inplenentation of

navi gati ng a commarngh yesselsid @l ek e Wayrasi 6f anrunganseda agsabrcaaur f ace
vehicle. | , Fig. 5 is a block diagramof further details of an
i mpl ement HiR BHIFIE 2 e ot o PEpefalb F6AL of SR ukRnmdd  4§Gat FEM&DPEECce
vehicle. jquatic surfacdi®nH-18, a block diagramof further details of an 5
i npl ementati on of the system for providing information about hazards,
alerts, and evasi veFiartionis DETAICED DESCRUPTOONfurther detailfigf an

illustrates an i nplenentation of a sysfem 100 for detecting and | pcating
hazar do. P AU I BT, O HO'E o7 Hat Fhrs B, POBELALTS, BHarBR5CPUcEPOH ‘mmy be
used 10 ipderchangeabiys, ldhd heyddiustysat gshi npl enentation, the system 100
i ncl udes a conmand vessel 102 and an unmanned aquatic surface vehicle 104.

The unmanned aquatic surface vehicle 104 nay be referred to as a ship

cour se O?%'lgfﬁéﬂ)rbm '%%I&\;ansport (SCOM). In one inplenentation, a

signal 1 ay device such as a satellite, radio tower or the like
may be part of the Bixst e 100 uksarbaeisl idrat empdemunteat bons.f o apsther
i npl enentation, one or nore of the command vessel 102, unmanned aquatic
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20 external datangcentgr 122shar supplyidg HByEgatt opndata., Ong or ygepe of
the command vessel 102, unnmanned aquatic surface vehicle 104, signal relay
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aquatic surface vehicle 104. The unmanned aquatic surface
vehicle 104 may be referred to as a ship course obstruction
warning transport (SCOWT). In one implementation, a signal
15 relay device 106, such as a satellite, radio tower or the
like may be part of the system 100 to facilitate
communications. In another implementation, one or more of
the command vessel 102, unmanned aquatic surface vehicle 104
and signal relay device 106 are in communication with a
20 external data center 122 for supplying navigation data. One
or more of the command vessel 102, unmanned aquatic surface
vehicle 104,signal relay device 106 and external data center
122 are in communication by way of communication channels
120. As used herein, a communication channel 120 is any form
25 of wired or wireless data communication.

The command vessel 102 may be a cruise ship, cargo
ship, military vessel, other large waterborne vessel or the
like. The command vessel 102 1is shown navigating in a
waterway 108. As used herein, the term waterway refers to

30 any body of water capable of being navigated by the command
vessel 102 or the unmanned aquatic surface vehicle 104, such

as a river, lake, sea, ocean, canal, stream or the like. As



The command vessel 102 may be a cruise ship, cargo ship, mlitary vessel,
ot her | arge waterborne vessel or the |Iike. The command vessel 102 is shown
navigating in a waterway 108. As used herein, the termwaterway refers to
30 any body of water capable of being navigated by the command vessel 102
or the unmanned-apmt i chsunvbaeewwehildise 1d4ddesunbdadya rdntigsdeakel18ea
ocean, canal, streamor the |ike. As illustrated, the waterway 108 is
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and into hazards 114 and/or 116. Referri ng}_now,to Fig. é a schematic
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the like. The waterway 108 may also be affected by visual

impairments 118, such as fog, haze, smocke or the like, that

reduce the ability of the crew to see upstream. Hazards may

also be local surface and subsurface currents or eddies or

15 gusting wind, represented by arrow 117, that can push the

command vessel 102 off course and into hazards 114 and/or
116.

Referring now to Fig. 2, a schematic illustration

of command vessel 102 is provided, which is propelled by a

20 propulsion system 200. In support of the unmanned aquatic

surface vehicle 104, the command vessel 102 includes a

control station 202, a deployment system 216, and a storage

and maintenance facility 217. The control station 202

includes one or more sub-systems, such as a navigation

25 system 204, a control system 206, an alert system 208, a

communication system 210, electronic data storage system

212, a user interface 214, and a display 215. Each of the

sub-systems may be interconnected such that the sub-systems

are capable of communication between one another by way of

30 wired or wireless data transfer. In some implementations,

the deployment system 216 stows or supports the unmanned

aquatic surface vehicle 104 therein until it is deployed

from the command vessel 102. The deployment system 216 also

may include a capability to recover the unmanned aquatic



20 propul sion system 200. In support of the unmanned aquatic surface
vehi cl e 104, the conmmand vessel 102 includes a control station 202, a

depl oynment system 216, and a storage and mai ntenance facility 217. The
control station 202 includes one or nore sub-systens, such as a navigation

25 systemZOhca ¢ORLEDE Syst.enTRO6,stairaafcer snsy shemt208nca coamlhication
system 210, electronic data storage system 212, a user interface 214, and a
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storage and maintenance facility 217 may be configured to
allow maintenance personnel to access all sides of the
unmanned aquatic surface vehicle 104, by utilizing a lift or
hoist or the like.

10 Referring now to Fig. 3, a schematic illustration
of the unmanned aquatic surface vehicle 104 is provided. The
unmanned aquatic surface vehicle 104 1is generally in the
form of a small boat or watercraft 300. Some examples of
suitable watercraft include kayaks, canoes, personal

15 watercraft, WAM-V® (Marine Advanced Research Inc.,
California, USA), rigid inflatable boats (RIBs), and the
like. In some implementations, the watercraft 300 includes
one or more outboard stability devices 302, such as
pontoons, wherein other vehicle components may be located.

200 In the 4illustrated implementation, the unmanned aquatic
surface vehicle 104 includes a propulsion system 304
configured to impart a propulsive force to the vehicle to
move the vehicle in a desired direction. A steering system
306, for example a rudder or jet nozzle or the 1like, 1is

25 coupled to the aquatic surface vehicle 104 and is configured
to dimpart a change 1in the direction of travel of the
vehicle. The propulsion system 304 and the steering system
306 may also be achieved with multiple propulsion devices,
which in some implementations may be installed in the

30 outboard stability devices 302. For example, two propulsion
devices may be installed (one in each of the stability
devices 302) to use differential propulsion for steering as
well as propulsion. A hazard detection system 308 1is

included in the unmanned aquatic surface vehicle, which is



may include a capability to recover the unmanned aquatic surface vehicle
104. The storage and nai ntenance facility 217 may be | ocated with the

depl oynment system 216, or in a separate |ocation. The storage and

mai nt enance facility may be used for long termstorage, or performng

mai Nt enangsh o brddet ynerared agpat sabsuifface wehictds 1046 Agisuchy) § he
storage and mai ntenance facility 217 may be configured to all ow nmai ntenance
per sonnelsuifagicess abovsi-gadesf hheattpannédd Houhti &) surlibdce i vBaTREe 104,
by utili zj L oi .0 .t i 1 ikhg, n I Qs - a
schemat i éécfl%tﬁlsét r%\%lrg%lc%f 'v% hég&ﬁrrgﬁ)ndedggsq%ag nglgér%% agie é\;/)éévﬁrﬁg?g&%ﬁé?g

provi ded.defhecaundannecoafiuat ted surcf aceanehitl endfrd sdgénerassyciateéde form
of a small, hoat or watercraft 300. Sone exanples of suitable watercraft

i ncl ude l?%l‘)fgks? dehesedpBrLaRal M5 at BPRFGT £ ECRANEY( ﬂ)o e Aé@ﬁnced

Resear ch dd¥gnandCakebaeni a; o JSAAL 1 bgbdalrbf | 85 abher boat ssyIBs) 31andishe
i ke. Insonme inplenentations, the watercraft 300 includes one or nore

out boar d sstrebiduned devi dese302thsudhcas ipont derecbiteer eiandtiheieRehpEl e
conponent.s may be Jocated. 20 In the illustrated inplementation,_t

unmanned tzlqeua (?k%:lcslue? f%%]en%e?ﬁ)%if%pibitlengpéaggda Sﬁrn%%tfl%sisélnc%syé}s%]ear‘n ggi

confi gur etk ded vidpar head phopWesisea f oegerentt heneehi,cl endo amventheixehicle
in a desired direction. A steering system 306, for exanple_ a rudder or jet
nozzIl@ omahgatiian isyebeRoupl™éf t ol8REIAHLARI ¢ SHFTRte 9&Ai I’ 104Rand is

confi gur dipanto R change ipothe dinectiban of digvelspf theyvehicle.
The propu snlhgln lsystleom 304 and tﬁ% S 5eFi ng syster¥1s3§6 may al so be achi eved
wi t h nmul tatplesr iprppulysitem déVibcesThahidvigesomme gy tement3dtt ons nmaysbe
installed in the 30 outboard stability devices 302, For exa

| t
propul si 6P e mey b&SEnst'ari-8atiohe \félﬁgéachebiih?ﬁe %f%gg?gfﬁmﬂmggi ces

302) to useididdienrentiagla PEepukal oy f ofh St @RNW iR B elsly sdenPr gpel sben. A
hazard detection system 308 is included in the unmanned aquatic surface
vehi é¢be, nahiigrtiion contigueseiveddefeet the subswrihcechagar ddPA16TLE g.

L) SUrTacs, of ARy Q! §lanagandse 4k (i 6, oo e bIRARCHBG0ALH C
surface véhi'dl%e 104 &l <o ifclUdes & conmuni cat 1 ons devi ce 310~ con ighred to
transm t diazard cdgt aaessaectavad bl threv tdst@cbed chazanrd toeessenpt eo

recei ver |located on the command vessel 102. An onboar.d navi ?ati on system

316 i s cofitgitled the dereritt hef | RERROIS 1 r &4, TdRE 55 ofCof thfe

vehi cl e Ygifig1appLopr iRt € Onhoard SensQiss sHichpas an &P Hecehwelye headi ng
sensor, current sensor, and an inertial” 10 navigation system The
navi gét i on reyedtiem 346 isavel comuhicakhdrlw timpard gor dpul siieonssgsrenv304
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navi gati Qrsyst eme346,0ra battery, fuel tank, or fuel cell), is

included in the unmanned aquatic surface vehicle 104 to

provide power to the propulsion system 304, steering system

25 306, hazard detection system 308, navigation system 316 and

the communications system 310. In some embodiments, a power

regenerating system 314 may be used to regenerate power to

the power source 312. For example, the power regenerating

system 314 may include one or more solar cells that convert

30 solar energy into electrical energy to be stored in the
power source 312.

Each of the components of the unmanned aquatic

surface vehicle 104 may be housed within an interior

compartment of the vehicle. For example, one or more of the



15 navigation data received fromthe command vessel 102. The navi gation
data may be used al one or together with | ocation, direction, and notion
data provi ded by onboard sensors, to control the amount of propul sive force
inparted to the vehicle by the propul sion system 304 and the change in 20
directi opdpiramsl Hfstde y@hi cdecd ey tegdstymt hes stieerang Systenidn6. A
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substllnt it419 yeomrerdt vgReel 102 stores fReygamapRedsAdth 1poSreface

det ect | ng, ipzards 19 oparable tolelaeh.and Loeat & hazands Lot qbgprayed
navi gation of the command vessel 102. In one inplenentation, 10 the command
vessel 102csttores the wpramned agfiathe storfreoed vehseké I0X | hnitsates

depl oynen ystem 216 { a desired | ocati,on, an operator of onmand
vessel 1028 %W%H%§O%e€$%yHﬁﬂ?n8? t Y4 ﬁﬁnﬁ@&% anw?p%ﬁ&?aiggvgﬁ?gle 104
from the gpmERthaRs Sl s J02. 1 70r exanptfwp When ik &e eosnasdnyegsebsidlnears

unknown or uncharted wat erways, narrow waterways, dangerous waterways,
wat edRay 19aidn Wdgmawingh oty afihickagteshi gsterwpyetr echedridri netdFvarfFie, or

the |ike. . Lhe oner alor Uay depl oy, L e, pimanned, aguat i g, sur face uehi gke 104,

Once deploy e unmanned aquatic s ace v 1 O 1s configured to
float, sughpdatordt gemdisedt reaste partidlilfe above tthiee wat ekéj netbé t he
wat erway. Upon depl oynment 400 (Fig t he unmanned aquatic surfa

. 4), o]
vehi cl e” RPELFRP he™adt ofombRis, hubhab"Re fAFiHerC cSHEt6ICeact P hgfﬁre

required jQy t he, commnd, yesselhe And el @l Yoo coNtnpkled, vsuebiEhapt he
command vessel renotely provides navigation data to the navigation system

316, 206r by i sswifigudiecectocofaats touthe Pradpulisi orrespsinem 804 apdst
sheer |19 YSLSINPS, e donigal e mned auatic SUIRRYN BLen10%
deployment 400 (Fig. 4), the wunmanned aquatic surface
vehicle 104 may be autonomous, such that no further control
actions are required by the command vessel, or remotely
25 controlled, such that the command vessel remotely provides
navigation data to the navigation system 316, or by issuing
direct commands to the propulsion system 304 and steering
system 306, to control the unmanned aquatic surface vehicle
104.
30 At step 402, the unmanned aquatic surface vehicle
104 is commanded to follow an intended route of the command
vessel 102. In one embodiment, the operator of the command

vessel 102 transmits navigation data from a remote

transmitter, which may be part of the communication system



104 is commanded to follow an intended route of the command vessel 102. In
one enbodi nent, the operator of the conmmand vessel 102 transmts navigation
data froma renote transmtter, which nay be part of the comrunication
system 210. The transmitted navigation data is received at the unmanned
aquati ¢ surd.acenheeht chesd 04t by ahaweicRitviern odatransseineare ikt i att hehe
correspondi ng communi cati on system 310 agnboard the unmanned aquatic surface
vehi cl e 1OWAHRA 5 56V ided S8 fawe nawitgaticon L8yst B 336 FREFEBRT THE

navi gat | 0#%@631\{&1 udeg instryetions £95,£oM4 Oldohh@intiRe tRAPUL $k OB Sy St em
304 and the steering system 306 of the unmanned aquatic surface vehicle
104. The 315t ovbbapds tmey benamnédie afiopmicf GRS aoordehates, Meypodnds, or

ot her .10 | ocatjon or direction and ti on data of i ntended rou t hat
provi 3_es }%‘iﬁ‘f]idc‘? nt EPnf It i Bﬂvf_%aﬂi%nunr?é’rﬁ?ee&l aq%’:ggi cr%ts%lﬁrrfeé’@e' veIIEHE%I e 104
to navi gatsstguisiugh haeat i ans,uddd chnegyuchclude the iganendad imeut enef the
command vessel 102. The propul sion system 304 of the unmanned aquatic

surface ¥ramhisian 104sthus opend ttHe veheerenghifve e sPeedingt8yst em
306 adju§L§n§Hﬁ§§té§@ <%$O %£?%c fv%ﬂ?chhﬁ%hg’ e@giﬁg%%ﬁggE@%Q m&§Psors

in the navigation sysiem 3 et ec ocation, direction and notion of
t he vehi de. iAs the ufvmmned aqgBat i costdfacesyvehivadydiGdt 20 tal | omsethe

i ntended route of the command vessel 102, a searc{1 eration 404 is
condd€t ed TS PR HeF hdLE7Et Het eBPfofoSySfem?368.° nt%geonjen?%‘?% htdtfons,

the unmanned aquati feSWiace vahi cf er 104 Byn be, conmandgdnhoqr a6l ac

predet erm ned di stance ahead of the command vessel 102 25 before initiating
t he sear chimfperaatvein 2G4, 1 0Fhet s eaaclgoperat i oncHOlooatidzes whechr mawr e

Sensors %%éfgaga%gédintended route of the command vessel 102. The

propulsion system 304 of the unmanned aquatic surface

15 wvehicle 104 thus propels the vehicle while the steering

system 306 adjusts directional control of the vehicle, using

the onboard sensors in the navigation system 316 to detect
location, direction and motion of the vehicle.

As the unmanned aquatic surface vehicle 104

20 follows the intended route of the command vessel 102, a

search operation 404 is conducted using the hazard detection

system 308. In some implementations, the unmanned aquatic

surface vehicle 104 may be commanded to reach a

predetermined distance ahead of the command vessel 102

25 Dbefore initiating the search operation 404. The search

operation 404 utilizes one or more sensors of the hazard

detection system 308 to scan for water depth, bathymetric

contours, submerged hazards, floating debris, icebergs,

buoys, pilings, other vessels, and local water currents or

30 eddies, which are more generally referred to as surface or

above-water hazards 114 and subsurface hazards 116 (Fig. 1).

The sensors may include one or more of an echo sounder, an

altimeter, a navigation sensor such as a GPS receiver or an

inertial navigation system, an automatic identification
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detection system 308 to scan for water depth, bathynetric contours,
subner ged hazards, floating debris, icebergs, buoys, pilings, other
vessel s, and |local water currents or 30 eddies, which are nore generally
referred to as surface or above-water hazards 114 and subsurface hazards
116 (Fi g.s9terd heaBENSE Se 1RRYr ) NE| ichea ONEr O s 801 € Of (BBresha sodndeng an
altinmeter, a navigation sensor such as a GPS receiver or an inertial
navi gat i oH'3A% ebf dansa@toiadi ¢ PdEREIPNEatSeHIFOay st etR { M )Y r 88RFVEr, a

sonar trapsgelar ({gouerd,scaning andlor side SGANNNG) o BoEULIRTL

sensor, a salinity sensor, a water tenperature sensor, a range sensor, a

proxi mtyssensol, a radasyr,a nrotiontsensosenanranermnetarsmeandt diar onet er

and a_video canera. In one emhodi nent, the s&nsors of tﬂe hazaEd dg%ection
84 GPste

system i RATE 1 edt af edHGSSoulf@8F % prrBxi i'Ey SBREGFTER

recei ver,sah &l desgaNt§eNHaz 8 d e @b ANs M Shecavete Hie seas€hhng
operation 404 may be continuous or intermttent during navigation of 10

t he unmarg@ aprtder sur frcex Vehi ¢ eer19dr, | Chherepdbdt henisS1ER&CsBar ch
operation, 404 may include additignal st of stori r .ng
dat a recé%%gﬁ”byytﬁ%ggﬁnggas?nfgggéfﬁﬁﬁﬁg§?ﬁ é@ﬁ%r% erﬁggé d0§%?§$§§ﬁy
det ect ed 4z angdy By ke pieaessedk onbosedmt heeunmauechgs utd aitga tvedh cbeé 15

104 into hazard data, which nmay contain data related to the size, |ocation

typeVor tHsti oHNBRNNRE det@etetChaZard 2% | ¥°Roted thal’the Hazafa™®
detecti on. 3yst6M308 W%'%AM‘? Sp ¥t Je0oCaph AT gy devi Eeua@ndabif @Rsahl Vi deo

data as all or part 'of the hazard data. In sone Inplenentations, the
navi gat i Gt sypst est3tbngf ambirmedragestiiaosudébee netgicted 104 i she

dt t ticall idh _— h, i.npl tati
et ect | o 1> azard, STHE havi GaPtOn 8y 5t Sh4T6 OF 'tire urhnREd agaat i

surface wehiL® wpMBNGS: & fes HEQPthiSd G St enmpfdnandser rhbe skreeiag
SySt?gls%%i(ﬁnto hazard data, which may contain data related to the
size, location, type, or motion of the detected hazard. It
is noted that the hazard detection system 308 may include a
video capture device, and transmit video data as all or part
of the hazard data. In some implementations, the navigation
20 system 316 of unmanned aquatic surface vehicle 104 1is
programmed to automatically avoid hazards. In such
implementations, upon detection of a hazard, the navigation
system 316 of the unmanned aquatic surface vehicle commands
the propulsion system 304 and/or the steering system 306 to
25 change the direction or speed of the vehicle to make a
maneuver to avoid the hazard. The hazard data is transmitted
via the communication system 310, which may be a transmitter
or transceiver, to the remote receiver located at the
command vessel 102. In some implementations, the hazard data
30 may be first transmitted to the relay device 106, which then
relays the hazard data to the command vessel 102 to increase
the distance the hazard data may be transmitted.
In some implementations, if the detected hazard

meets or exceeds a predefined condition or threshold value,
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25 change the direction or speed of the vehicle to nake a maneuver to avoid
the hazard. The hazard data is transmtted via the communi cati on system
310, which may be a transmitter or transceiver, to the renote receiver

| ocated at the command vessel 102. In sone inplenentations, the hazard data

30 may bedd r shnbhasanm idescio the delayvdavice 1064 whiychtthasmiel ays the
hazard data to the command vessel 102 to i ncrease the distance the hazard

dat a may WetirgnsnPEt edlert signal ton tdenecPipRefentetsns 1 OFft ther
det ect ed t fi it | ue,
Dz MRS Anexfeafsa Predeiliad sandlllforpdhiesholds val ue

t he unma aquatic su e 104 may transmt a warning, or alert
signal tadrwexcommend vessiel 162. Wworemxanpl ejdthe comendayesseédpnmy have
one or. nore performance constraints, such as waterwa i dt h, water

depth? 5“Rateriaey Petght 6F tHE | Hee™ R %e%*&%aeﬁa%&f&ff%ﬁf%gﬁ%e of
the perfoyjmnge NI & g & g:onétfx_eam;r?/@yg.d,epértbI@a@@m&ye@e@@hbe too
shall ow), the unmanned aquatic surface vehicle may transmt a warning

si gnal td hieteorheahd ovéssdlodOghalol ater ttheheropammdrasiathe afezced

performance .10 constraint (e.g., an alert .that the te i al | ow
for the é’c?%%é%(f vnéas%etfr?%srgﬁja%iaga?%fmrf’ﬁeS\%/gpﬁilnécosit\s%algo\,}n@a (%‘I;él’)l% %ged

wi th the lazard datiartor theanspethedri Nnod separ ai ef eotaani gat f ormdncs he
command vessel 102, which may ulti mateI\t/ initiate a visual or audijble
war nilflg gordterdings <t om PDsaterhl eRetaflEpdratEvagt tthd Lontedt! Y8ssel

102 that . QYASiceuBNEWEI-Shoul d, e pardior methd o 0l thehazardy The

alert may al so 1 nc e recomren the operator of preferred evasive
maneuver ¢ hahcacdednodate t tige commndd velsssl,' s ok02tpenforifarde in a

traints. 20At st 406, th d |, 102 [ t.he .h d dat
(and or SR 1S GhdI3 Fhe" hasar doGaEa Hay “CHEN JONi SUed by the

comand vVasselatk02, opgrat 90 t hesdhsplay 3LaigneuseirdMer bacea 2d4; and
updat ed 408 into the navigation data of the navigation system 204 of the

commafd 2¥atesse?08020 Rderdxanpl epeupbarr edei ViipgCcphBandz &tk st al @

that an evasive maneuver should be performed to avoid the
hazard. The alert may also include recommendations to the
operator of preferred evasive maneuvers that accommodate the
command vessel’s 102 performance constraints.

20 At step 406, the command vessel 102 receives the
hazard data (and/or the warning signal). The hazard data may
then be viewed by the command vessel 102 operator on the
display 215 or user interface 214, and updated 408 into the
navigation data of the navigation system, 204 of the command

25 wvessel 102. For example, upon receiving the hazard data at
the command vessel 102 from the unmanned aquatic surface
vehicle 104, the hazard data may be used to modify the
intended route of the command vehicle 102. For example, 1if
the hazard data indicates that the waterway 108 contains a

30 potentially dangerous condition or an impassable hazard, the
command vessel 102 may change its intended route to avoid
the detected hazard. Accordingly, the hazard data may
provide the command vessel 102 with advanced warning of the

conditions of the waterway 108, such that the command vessel
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t he command vessel 102 fromthe unmanned aquatic surface vehicle 104, the
hazard data nay be used to nodify the intended route of the command vehicle
102. For exanple, if the hazard data indicates that the waterway 108
contains a 30 potentially dangerous condition or an inpassable hazard, the

comand viessehad02ufBycehange iks donteneedanoute st @ecavirk e det egt pd
hazard. Accordingly, the hazard data ngX €FOVIde the command vesse|l 102
with advdnded weedieR sPeehe Adoriditllonshb ¥ hePRatéPfay-"POg askeht tHat t he

command MSpTd cpente1) oot 0 kS AAYASL Ye anauer fe. 0.

A
turn, reduce speeg or st At ter updatin e navi gation ata of
comand vessejatHI?,addwerciorgignd vessel 102 i s navi gated accordingly. 5At

any time during the de onnent f t he upmanned aquati c rface vehicle 104,
the cémmand vesselpﬁayf B?l?ﬂetgﬁngﬁﬁgﬁy§&G§ti5§§UV?a%%m%%%?%le
104. aquatic sdﬁmvéﬁpéﬁémm@t | ens, cohgauanarned 1aGua) | Comtshdce

vehicl e 104 may be commanded at any time after
402 the unmanned aquatic surface vehicle 104.

In some implementations, the unmanned aquatic
surface vehicle 104 may be commanded at any time after
10 deployment to return to the command vessel 102 for stowage.
For example, once the command vessel has reached safe open
waters, its port of destination or other desired location,
the command vessel 102 may transmit a command to the
unmanned aquatic surface vehicle 104 to initiate the
15 unmanned aquatic surface vehicle 104 to return to the
command vessel 102 or to a desired recovery point. Once the
unmanned aquatic surface vehicle 104 is recovered, it may be
stowed 412 in the deployment system 216 or otherwise brought
aboard the command vessel 102, for example to storage and
20 maintenance facility 217.

In another implementation, the unmanned aquatic
surface vehicle 104 is autonomous. In this implementation,
the command vessel 102 is not required to transmit commands
to the unmanned agquatic surface vehicle 104 after

25 deployment. Rather, in this implementation, the unmanned
aquatic surface vehicle 104 is pre-programmed with a
complete or substantially complete set of commands or
instructions for navigating, searching, avoiding hazards,
self-rescue, and or returning to the command vessel 102 or

30 desired recovery point.

With reference to Fig. 5, further detail of
implementations of command operation 402 1is provided. During
the command operation 402, an operator accesses the controls

500 in the control station 202. There are three general
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10 depl oynent to return to the conmand vessel 102 for stowage. For exanpl e,
once the command vessel has reached safe open waters, its port of
destination or other desired | ocation, the conmand vessel 102 may transmt
a command to the unmanned aquatic surface vehicle 104 to initiate the 15

unmanned ragisd | €f soipd agei ¥yehkeke the4 nmareledr iedua dihe sonmans vessele102 or
to a desired recovery point. Once the unmanned aquatic surface vehicle 104

i s recovet®ly, Itcfine atmanaa? T9A¢ hed deph GyPEnt S8t 6 2161 orode
ot herw se; &y tmﬁﬁ%ff d-4.he- commmpd y@é.se#%elg%%ﬁ&{of&@ | 8.1 0.5t 9pgge and

20 mai ntenance tacility 217. er 1nplenentation, " the
unmanned affuatdic sutdpcalamdniding 104 tlse aut@nonbus. ehni tbmsenpbeneneat i on,
t he command vess]\ed 102 is not required to transmt commands to the unmanned
aquat Pc sUrTEde Vehicle 104 after 25 depl oyment. Rather, in this

i npl enentation, therunpranedageabiue sidacsoyehicgke ke dr qhs09Eamred
with a conplete or substantially conplete set of conmands or instructions
for navi galiingle st ¢ nigh 1wl |y g dovanaed 5@ fwidscuevigadionr @etarni ng
to the cq d..vessel,_ 102 or. 30 desired_ recovery_poi : Wth
reference to 1I—cllget%‘%S, Ourt%oer}d%ce% ai 1-of ?err% %n’ent%?i o%éss%¥l%%%m%308%ér ation
402 i s prawidded:, Dut i signd hensoanead, opar abieen t402 magn ropet atorwvaccesses t he
contrgls SOO in the control station 202. There are three general npdes of
oper aPi o §6rS& heleinAinhéda ladiiati e ST apeCYERTRIRI 1048 /i "N LdRRgTPLe

aut onomoys, Moden204 é}éoeaxénggﬁxdcgwa%&vgsr%Qéea%r{mt@l 16@ntdpl ;mode

506. The operator may sel ect any of such nodes, depending on the operating
envi r onnehtt wfr t heo&styistrem 400. searching. Alsn tshechaut onfosrouspapaeo 502

t he unmanned aquatic.vehicle 104 is initially progranmed ith

navi gat| Qrf AT Ut P ot €6 06RtucEFEg e iPEn Y88 8hscr i Hed” AbobBS
However, |rn-S5008R | RSLARGRS, vahieper atoy, mynhnerd prowapkst oslbrievése the
initial navigation progranm ng 508, for exanple to command the unmanned

aquatlPc Srviged Wrehi datal04a o &l Bet ourhe ocetMamMedr 3¢ar BhF ngSuASasach,
the opergf riﬁtlreant(s)cm kgn2dge2 Et%}/ldﬁleed @%@’é@?t h oA EEBW am 10, 19,4 e pgmanned
Shicle 1 4, wh es s 7

aquatic ve I'ch provi uffrcrent navi gation data to all ow
t he unmanred Aguarhe spefratervetmd ¢l éntia imapreweretovehe detrowemd ogakj on and

conduct its search. The operator may initiate a recovery command 512, which
ey be t PRASH FEEU K514 T THe: Wfmnhed: QiR | &R ate YoRT bF 65 1643 EH

initiate Jhg unmned aquatd G surdace, e ol e 20,104 toureidEnyERithe
conmmand vessel 102, as discussed above.

20 104 to return to the command vessel 102, as discussed above.

In the supervisory control mode 504, the unmanned

aquatic surface vehicle 104 1is initially programmed with

navigation data sufficient to conduct at least a portion of

its search. For example, the in the supervisory control

25 mode, the unmanned aquatic surface vehicle 104 1is

substantially autonomous, but the operator transmits 514

supervisory commands 516 for execution by the unmanned

aquatic surface vehicle 104. For example, a supervisory

command may be a command to initiate a secondary, or

30 additional, search of a particular location or a command to

utilize an additional sensor to conduct the search operation

404. At any time desired during the operation of the

unmanned aquatic surface vehicle 104, the operator may

initiate a recovery command 518, which may be transmitted
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In the supervisory control node 504, the unmanned aquatic surface vehicle
104 is initially programmed with navigation data sufficient to conduct at
| east a portion of its search. For exanple, the in the supervisory control
25 node, the unmanned aquatic surface vehicle 104 is substantially

aut ononouslL4 b the opeaahed thaasAtt $urtdceupeices YlO’JDnTIKB.nd1515i§téOI‘
execution by the unmanned aquatic surface vehicle 104. For exanp

superV|sdﬁyacﬁﬁﬁﬁﬁﬂeﬁa@qﬁétéCcdﬁﬁﬁ%ﬁ“%oVPHFFﬂﬁtéQ§ s oRB&HY d%’Bbhe

add!t!onq%mﬁ%%gcggégefil | arsd da}pHfe 2 command to utilize an
addi ti onal sensor to con ct the searc operatlon 404. At any time desired

during the operatidmlofyehe wmanreed aguat ecestaf ace, vehihed e a@mannhé

oper at.or initiate a rec command 518, ich may be trans
o T st Bt MRS e b 2est 16T A et TR e

aquatic sdacesyghi cte 104i50 rebdrn et he Lommd viesseta 1easof
di scussed above. In yet another |nplenentat|on the unmanned 5 aquatic

surface\ﬂﬂﬁﬁﬁQihﬁngtﬁh©la@@énhﬁdaaﬁﬂﬂkﬂcc@@¥f®¢enﬁ@él§@@ 1G4 t heslnode,
L oper at gf, | 5,6aPghl e 0L cQRtrald g 4he nEEnAGd Agualig, sprlags: yehi ol

104 real exa I'S” node e operator ransm t
manual caommnaant20 t@omﬁan@@nﬁnnﬁdtaquamec1ﬁumﬁa&ﬁi1@qmehuclesoﬂface

frequent basis to substantially control all of the aqperations of_the
vehi dPe iiehigdle t9her EBPIRRARPPE S 1Ehé onarthait adriPeds B0 TRy Fhel 9le one

or nore GopTRpls 10 santyol fhe, dnnenned, agquat 1 € gUrfage yehhsle, 104eto

change speed, ‘change direction, utilize one or nore sensors, or 15 initiate
t he unnamn&dudquabmmasdsfdﬁélvehwclenQDudeoaniupm tmox@e<xxmnﬂmd$ vessel
102, as dis ed abov nual nnde e that the

b
2 e e Y B B P e TR g B L PLEL T02° e BBt

sensors, swtdraaﬁah ed dinea-ifiead otltmd@@ haek be trﬁl@r@p%realts(@fns t 0020
facilitate control of the vehicle. Qt her oper at i ons, suchascheckout and

i nitilali Zaiitem s dgranaipynsed ﬁayabéCpéwréua@@d vehicHe tithe ther ahHaRANed
aquatic %Hgf@ﬁg %Hﬁﬁh§i194s§§lb%_ dggl (%us% gr gﬁQgéaanpgm§9&aﬂay be

used to turn on, or activafe ync t e vehi comruni cat i ons
syst ens widde,t hiee cent rod ;sﬁgaftemb}z@Zthaﬁt cﬂ:ieskumuﬁma@kdi esqlma\age pupfaaam ng

522 may be transnltted 514 to the unmanned aquatic surface vehi cl e at a
Ui et he Ve od. Ro dbe vaHitte FOTEFanEreried €6 the TGty and™d

mai nt enanGe fR/Gid 1 by 2l/e e St grage 3 PHAGAMbNg: 22 oy ahldd, udeo
programming to test or self check one or nore conponents of the unmanned

aquakPc dwdidddarehiaingrk04. 0f the vehicle.

Other operations, such as check out and
initialization programming 501 may be performed at the time
the unmanned aquatic surface vehicle 104 is being deployed.
Such programming 501 may be used to turn on, or activate, or

25 sync the vehicle’s communications systems with the control
station 202. A check out and stowage programming 522 may be
transmitted 514 to the unmanned aquatic surface vehicle at a
time the unmanned surface vehicle 1is transferred to the
storage and maintenance facility 217. The stowage

30 programming 522 may include programming to test or self
check one or more components of the unmanned aquatic surface
vehicle 104.

With reference to Fig. 6, further detail of the

receive data 406 and update navigation data 408 operations
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Wth reference to Fig. 6, further detail of the receive data 406 and update
navi gation data 408 operations are described. The display 215 is turned on
at step 600. However, in sone inplenentations, the display 215 may al ready
be on, and an operator need not turn on the display if already on. At step

406, the LLmasdcyessel 102 recepveg Sithei hazardedaten (and/sared heOdar ni ng
signal) fromthe unmanned aquatic surface vehicle 104, The hazard data may
then be JIVITEB02 ih eI r oHiIRI PR BT R aYe sHRT endtDiRLaThe? t @celF¥d

hazard dajadipy, then.ge anal ygedpohat it ey GRATURLEA o ORS ea080iafr

ot herwi se processe 4 Tnto a usab ata format. At this tineg,
processed fdad ar &0y nay. t Aensbeps#o0ted tH@2 damntarel etesctalonl @2 dataesvesage

system 212 if desired the o ator. The processed, data is_then djsplayed
606 t _tﬁé“eop_é?aaztao‘?(? orfsj%/q?e dﬁ%‘gf/;%/f 2151€ m‘i’%ﬁ“%@ p%%%i@_th%f%%ergft%r Wi th
an audi o QmMisal aghgticonufacks adrréisysvem 208 heeathomLbat an@f the

hazard or other information related to the detected hazard(s). At step 604,

t he data tn bleepssoessed Guchnt kdieatheorgperdtor ssoapeet eV iten akéZeor
| npl ement,,an evaSivedaggi%pro 2 08 %%?mégéglg O%ﬁ%gy%efyskgpﬁggge In yet
% 20 y be n (cji

The' recelye L
anot her |rrpﬁ enertat i on, € data used or ¢ idured to update 610
a navi gatdrafr hadd, ocogbeekkedi, C tavicgaidren sthaptodespkdy @ iimftar mat i on
system (ECDL.S). One or nore of the navigation system 204, control sgst em
206, 181 ertsaRist i o ognuiedtit oh SRt ent25 @&@?@%@%&?%@&@éﬂa ¥t or age

system Zi%learynﬁ dLard ag®) 204, hazar d-det el i 90: §YSt 8713085y SeaRup gat i on

device 3 avigation 316 may include a conputer procCessor or
processi ng deeiscee@nobyshdwn) opEretproce$ber psogeneeadl |datany igi etbenf

hardmare(}J§g15§géxy%%plgoothrggg%S%gg on the display 215, which may

provide the operator with an audio or visual alert on the

15 alert system 208, location data of the hazard or other

information related to the detected hazard(s). At step 604,

the data may be processed such that the operator is alerted

to take or implement an evasive action 608 on display 215 or

alert system 208. In yet another implementation, the data

20 may be used or configured to update 610 a navigation chart

or electronic navigation chart display and information
system (ECDIS).

One or more of the navigation system 204,

control system 206, alert system 208, communication system

25 210, electronic data storage system 212, user interface 214,

hazard detection system 308, communication device 310 and

navigation 316 may include a computer processor oOr

processing device (not shown). The processor 1is generally

any piece of hardware that 1s capable of processing

30 information such as, for example, data, computer-readable

program code, instructions or the like (generally “computer

programs,” e.g., software, firmware, etc.), and/or other

suitable electronic information. For example, the processor

may be configured to execute computer programs or commands,
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30 informati on such as, for exanple, data, conputer-readable program code,

instructions or the like (generally "conputer prograns,” e.g., software,
firmvare, etc.), and/or other suitable electronic information. For exanple,
the processor may be configured to execute conputer prograns or comrands,

whi ch mayiecist efzd gabogtdréhe PiOsLessortiy olrbeewisse sber edtharabse
associ ated nenory (not shown). In yet another exanple, the processor nmay be
enbodi ed HHA ot hepi SESAFdlatGs Iy nbRet appPIRati di sHielci fpether

i ntegrated ¢i it (ASI ield-pr raegmabtg-ee ate apraysifEPGAs) or
the |ike. chllLfgsl,céj’al ftﬁ%ugﬁio%)sp’sﬁ%ceég%r k?r%y e céLpa | e of executing a
conput er jpraigrdem droe per frosne omep bt caot @n f sinet i Dis, ithegprbeeéssorcoftwari ous

exanpl.es may_ be capabl e of perform ng one or nore tions without the aid
of a éorrpiﬁ%?csl)o b%]rda‘rﬁ%gp{%@ﬁa T eJh-e e?%ﬁY%ni‘%E‘glgSLo%u%? ﬁéi‘rﬁry i's
general | yrialy, ph e€8o06n hardway e dhatlo i su£pPeb! eaphnstord Mgetdd @ i@y i gn such

as data, conputer prograns and/or other suitable information either on a
t enpor ar ycdigsi s 0r perogeremanént basfsrm| ume @xamre, thHackeepsy nafebe 15

configured to store various informtion in o I r.e d

mermory ndy 1 ncl ude (\%I IET I SN G S SV ol aY | % (r%éﬂ@og?)yl% aﬁ%daﬁ%%%]émg?ged or
removabl esndExaipl g0  stihi @bl engrenpr yhowme! udiee r antlom access aempuye(RAM ,

read-only menory (ROM), a hard drive, a flash nenory, a thunb 20 drive, a

r enoVAbl @ XSHRARR €S dUSREL t ST AR optFICATTATSIE 8T e TR e f afe™R  Ys o

conmbi nat i t ve. tigaly, di sks, Lpclud Lomact [ ;

r ead- onl f?érbe%oarlyﬂﬁcﬁqgo%ﬁ?%oﬁp%:c}%%l sk érrgg%(l/igw il!téeecnenor%(%% %W}ngi gi tal
vi deo di sikn firemoertyi (rDVBuchor as heldtiske. cbmpuékeirousrogisarancesid/tdre athery 25

may be referr to as_a canputer-readabl e storage nedium which, as a
non-tr ansciutjd’ﬁiﬁogoeevi]tf’cafoc}%fij"‘atbll9§1 ofelsttef'b‘?‘? ng"i nfor %%fnip(?ﬁ,ar%ayw%«gls o 4
di sti nguisthab! e ft onpgonput ernr eadabl ect4@psd) ssikad NMe@dind SUChaS  be

el ectronic transitory signals capable of carrying information from one
| ocatlbon aanBonarest hélo. SoepeEt evareadabl enhednatl1as descrdtfed Oker BPES may

gener 8| EaLsd 0 2 AATPYLTsPREN ¢ SLALSRS TBTAMY suputer ygacan! o
may al so,vdlt MeethandrPe, acannact e tfd xene ar ranevamier f Bgespies of
suitable memory include random access memory (RAM), read-
only memory (ROM), a hard drive, a flash memory, a thumb
20 drive, a removable computer diskette, an optical disk, a
magnetic tape or some combination of the above. Optical
disks may include compact disk read-only-memory (CD-ROM),
compact disk read/write memory (CD-R/W), digital video disk
memory (DVD), or the like. In various instances, the memory
25 may be referred to as a computer-readable storage medium
which, as a non-transitory device capable of storing
information, may be distinguishable from computer-readable
transmission media such as electronic transitory signals
capable of carrying information from one location to
30 another. Computer-readable media, as described herein, may
generally refer to a computer-readable storage medium or

computer-readable transmission medium.

In addition to the memory, the processor may also,

but need not be, connected to one or more interfaces for
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di splaying,transmtting and/or receiving informati on. These interfaces may
i ncl ude one or nore conmuni cations interfaces (none shown) and/or one or
nore user interfaces. The communi cations interface may be configured to
transmt 5 and/or receive information, such as to and/or from ot her

appar at us{ieslanetgyr ke shnenithenki keandher comausiieahigonsin fibendaten may be
configured to transmt and/or receive information by physical, (by wre)
and/ or withessss InteghrGRScalfBnsi 1§ HkSS BishpPés BPTSui AP totmimiEat i on

10 int erfiart&ﬁe}ﬁ'ﬁn%eyd@l&l@eémm i Qrﬁﬁyéﬁc%ngogtrr A&y N snmbreless NIC

(WNIC) or e user interfaces may include a display
and/ or orheorcommen useriomputniptréntaceny The dbsplgyrady tve tomfisgited to

resepnt or herw se. di spl information to a 15 user,, suitable exanpl es of
i ohoi nAe S FPaGH e ory S Sy SEECDY S | EGhtA i T4 1 10 O oae ol spl ay

(LED), plasymdishley panetwbPERy) orot henki keikdhe rusercamput i dat eshaces
may be by wire or wireless transmssion, and nay be configured to receive
i nf or mat it Enimmca user , beuchoas ipviredo EPOCE%@D%@}tst®@@8@¥ afRiFdEve

di splay. ;Sydaf s gramples ghyusen neuhyl ntgrtases Lhgyyde a,nperophone,
i mage or vi'deo capture devi Ce; "keyboar dr keypad, joystrck,
t ouch- sensirnwe sivifaace (separ at eEkeapiles idf eguated lient coramtoikcdt Scmeen) ,

bi onetric sensor or the_like. The user interfaces 25 na¥ Eirther i ncl ude
one oF nore ST c 8 SRS ofmuth [ g IRtER L5EE pRerarSisGen Sl printers,

scanners or-dihesd i@ (unte) or thdSiidi cated above, program code
instructions nmay be stored in nenory, and executed by a processor, to

i mpl enent functionShef ther systemfagppamstyusesc hinde t heidi 0 aespedi dve

el ements described herein, As mﬂ]l.bg aggreciateﬁ¢ean.Ssggtabl%aprogéan1
code i nst¥ct Pond" ey BaT odd&Y ontd-&" conput er ot héf “prlogr aimabl e

appar at UssorfriGyurdd OB a8 O8Nt ebr eadablie sst ariage aedinfn ink iraduce &
particul ar machi ne, such that the particular machi ne becones
15 user, suitable examples of which include a 1liquid crystal
display (LCD), light-emitting diode display (LED), plasma
display panel (PDP) or the like. The user input interfaces
may be by wire or wireless transmission, and may be
configured to receive information from a user, such as for
20 processing, storage, and/or display. Suitable examples of
user input interfaces include a microphone, image or video
capture device, keyboard or keypad, joystick, touch-
sensitive surface (separate from or integrated into a touch
screen), biometric sensor or the like. The user interfaces
25 may further include one or more interfaces for communicating
with peripherals such as printers, scanners or the like.

As indicated above, program code instructions may
be stored in memory, and executed by a processor, to
implement functions of the system, apparatuses and their

30 respective elements described herein. As will be
appreciated, any suitable program code instructions may be
loaded onto a computer or other programmable apparatus,
e.g., from a computer-readable storage medium to produce a

particular machine, such that the particular machine becomes
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a neans for inplenmenting the functions specified herein. The program code
instructions may be retrieved froma conputer-readabl e storage nmedi um and
| oaded into a conputer, processor or other programmabl e apparatus to
configure the 5 conputer, processor or other programmuabl e apparatus to

execut e opemakhensrdo heperdoried obher fndtieronpptet fipHocesson Or
ot her progranmabl e apparat us. , | npl enent ati ons of the system
100 t hus Tﬂw POGEE | §0§6 sRNES reftyessel Bavi t Readvaheedvfdr nf hghofa

hazar ds 3 i f i 0 ch,
BYo Q) Us e r@a%{&]@a%p%%drﬁ S facesvehicle 4 éomﬁétﬁg,d !

potenti al mage to t the environnment may be avol
This wi tdercaesor i pti ohhesep mxarpired tco apsetosest he ianplfenpnteat tloas

i ncludi ng the best node, and also to .15 enabl e an erson skilled in the
art to praftiteirhe BHSHSH atdons thsel ﬁ%%r?%%ge arftPR&T g any - Yevi ces

or syst et PesHOFAt NGnANY ol NEOT par ab edeEROdS: Bhe that ensabhessgope of
the disclosure is defined by the clains, and may include other exanples
t hat occuTraasI3ags e s kd e RO I HRMed la taPSuet Wi-her exanpl es are i nt ended

to be within the s f ot .cl ai i r r e t hat
do not differ from%gﬁ%}etnétrgilqn}ngﬁfagéh%f #(;(gh\éIelaqsérns%{{;%%j I?%yt%]gﬁ@?%%l ude
equi val entarsfg usi Usal ocel ererks swiwiltH nsdbst@at | abrdi hfewgnces frdm bhe
literal |anguages of the 25 clainms. K WHAT IS CLAIMED I S; 1.
AnundBnnétigquat i E86r FHERERICI @IUgbhpr iSsitdgce vehicle 104. A5 ufefn

system copfdguried t@.hapart aRopy fjvesh 05 Cenlio thite Mehi ifient may
be avoided.

This written description uses examples to disclose

the implementations, including the best mode, and also to

15 enable any person skilled in the art to practice the

implementations, including making and using any devices or

systems and performing any incorporated methods. The

patentable scope of the disclosure is defined by the claims,

and may include other examples that occur to those skilled

20 in the art. Such other examples are intended to be within

the scope of the claims if they have structural elements

that do not differ from the literal language of the claims,

or 1f they include eguivalent structural elements with

insubstantial differences from the literal languages of the

25 claims.
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5a steering systemconfigured to inpart a change in the direction of travel
of the vehicle; a hazard detection system configured to detect
and | ocate at | east one of a subsurface, surface or above-water hazard; 10a
comuni cations device configured to transmt hazard data associated with a
det ect ed whazard tQ.arMENOLE: recei ver 2. The unmanned aquatic
surface vehicle according 15 to claim 1 further conprising a navigation
system in communi catd on At h BREAPRBPUI sPENadyst emBHE ddfe st eRfthtesyst em

the navi gatj Qﬂﬁ% emconfigured to use navigation data to control the
anount of prpopu sive force inparted to the vehicle by the propul sion system
and the change in 20 dpbrepctishoof twyareln ofcdmil yetid| etonpampedtby & he
steering s manned aquatic surface vehicle

stem, 3. The un
accor di né"%loé’“asa?ivrﬁ F I Het té'tﬁwp‘ﬁq?i#ge’a recei ver 25 configured to receive

a congrol signal from@ademm) e fdansmdierqumiere nidhert ecetveigesihn
communi cation with the navigation systemand provides the navigation data
to the naigatimartsymt efi BCe T Uriranieddl Algtrat i ¢ surface vehicle

accor di ng to clai ma2 h%zegre ndettheectnflovr{ gs%}s'toenm Sé’c?ﬁ@f@&?ecﬁ)r&gr&gpggt V\gltlg the
navi gati on dat a.
locate at least one of a subsurface, surface or above-water
hazard;
10 a communications device configured to transmit

hazard data associated with a detected hazard to a remote

receiver

2. The unmanned aquatic surface vehicle according

15 to claim 1 further comprising a navigation system 1in
communication with the propulsion system and the steering
system, the navigation system configured to use navigation
data to control the amount of propulsive force imparted to

the vehicle by the propulsion system and the change in

20 direction of travel of the vehicle imparted by the steering

system.

3. The unmanned aquatic surface vehicle

according to «claim 2 further comprising a receiver

25 configured to receive a control signal from a remote
transmitter, wherein the receiver 1is in communication with

the navigation system and provides the navigation data to

the navigation system.
30 4. The unmanned aquatic surface vehicle according

to claim 2 wherein the navigation system is programmed with

the navigation data.
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5. The unmanned aquatic surface vehicle according to claim1 wherein the
hazard detection systemincludes at | east one sensor capable of detecting
at | east one of |ocation, water depth, bathymetric contours, submerged 5
hazards, floating debris, icebergs, buoys, pilings, other vessels, |ocal
water currents or exldi®se anfanhsd. aquatic surfade vidtei dcisraacedraguatic
surface vehicle according to claim2, wherein the navigation systemis

pr ogr ammed® t 81 A0 mai WOSTS ith RehPRFerd PPEGEEEPRT med tdstidcdidhadtof a

command VESSEl. one sepsor. cdpahNE USFBNNGL AqUA T GSURkage VERkCl 6¢
according to claim2 mﬂéreln tﬁe communi cations device is configured 15 to
transmt loawrimmg sigbat tdephe,r ebeithgmetiritthe detteptstl hagabdengetls a

d i ned condition. . .8 Th d ti f
Vehi cPe Reoriang £8oC APt 7Er 21 n {EREbEdet BIH ned Fedndiey on” & based

on a 20 perdUIBNCe GOoNSid@d Ntcfrén commhyasseland wind. 9. The
unmanned aquatic surface vehicle according to claim| wherein the hazard
data includes | ocation data of the detected hazard. 25 10. The

unmanned aquatic sy fage velheheeacaarding Lo, CAM faNer el ftheqhagard
detection systemincludes at Teast one of a navigation sensor, an echo
sounder, t sonafmt Pansteiredn, theunsenyasensosysaesaliisnigyogensosd aowat er

30 tenperature sensor, a range sensor, a proximty sensor, a radar, an
anemdfet R 1l (PBed’ Tuife®. @ predetermineq  daSkgrREd %?eﬁgvfﬁat?ng a
command vesselnd i wat erway using an unmanned aquatic surface vehicle
conpri si ng: commandi ng the aquatic surface vehicle to
follow an intended route .of the command vessel;

7. The unmanned aquatic surface vehicle according
to claim 2 wherein the communications device 1is configured
15 to transmit a warning signal to the receiver if the detected

hazard meets a predetermined condition.

8. The unmanned aquatic surface vehicle according
to claim 7 wherein the predetermined condition is based on a

20 performance constraint of a command vessel.

9. The unmanned aquatic surface vehicle according
to claim 1 wherein the hazard data includes location data of
the detected hazard.

25

10. The unmanned aquatic surface vehicle according
to claim 1 wherein the hazard detection system includes at
least one of a navigation sensor, an echo sounder, a sonar
transceiver, a current sensor, a salinity sensor, a water

30 temperature sensor, a range sensor, a proximity sensor, a
radar, an anemometer, and a video camera.

11. A method of navigating a command vessel 1in a
waterway using an unmanned aquatic surface vehicle,

comprising:
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recei ving a conmmuni cation fromthe unmanned aquatic surface vehicle

i ncl udi ng hazard data; and 5providing information to the command vessel
based upon the received hazard data. 12. The met hod
according to claim 11l further conprising providing an alert to the conmand
vessel based on 10 dédhenaretieiyedhbazajdhtdat asurface vehiclelZo Theliethod
according to claim11 further_ conprising commandi ng the unmanned aquatic

surface VEhi THEIEETHARIYE spled bt SiTertd off St/ 14. The

met hod accor ding tor&é@mr;lg{l vher eidihi e dACkivedsbagar d lat ayhaghydes data
related to at | east one of Tocation, water depth, bathynetric contours,
subner gechertardssuf faat i vehidely | 5ncledbey g3 zdudydatpi |1dmgs, ot her 20
vessel.s, and | ocal water .curren}es egdi es an%tm nd. 15.d The
met hod according t &I HMIL Whe?EFRC Updat Pnd Ehe FEA Ght V67 Ght 328F %t he
command vagsseltidciddes;smdidydng ddes i ntended route of travel of the
command 25 vessel. 16. A systemfor detecting and | ocating

hazar ds, conprising: anaquati csurfacevehicl ei ncludi nga 30 controllable

propul si on system a]hrgi_ a §leer N9 SYStelyrding  to .lei@az@id geLegLion
system coupl ed to the aquatic surface vehi cl ¢ confi gured to detect at | east
one of a culstirdiace,psirfdicey aan abbye: wab ethdazandand vessel based on

10 the received hazard data.

13. The method according to c¢laim 11 further
comprising commanding the unmanned aquatic surface vehicle
to change speed or direction.

15

14. The method according to claim 11 wherein the
received hazard data includes data related to at least one
of location, water depth, bathymetric contours, submerged
hazards, floating debris, icebergs, buoys, pilings, other

20 vessels, and local water currents, eddies, and wind.

15. The method according to claim 11 wherein
updating the navigation data of the command vessel includes
modifying the intended route of travel of the command

25 vessel.

16. A system for detecting and locating hazards,
comprising:
an aquatic surface vehicle including a
30 controllable propulsion system and a steering system;
a hazard detection system coupled to the aquatic
surface vehicle configured to detect at least one of a

subsurface, surface or above-water hazard;
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a communi cations system coupled to the aquatic surface vehicle configured
to transmt hazard data associated with a detected hazard to a renote
receiver; and a power system for providing power to the 5 propul sion
system the steering systemthe hazard detection system and the
communi cati ons SystfMcommunications ldysTbe Sysigred@caeesr dihg togehaim 16
wherein the power source conprises an electrical energy storage device. 10
18. The systf@ficaccirdiinget o ePafiweredf urther tompiidi nghazpsfer data
regener at | Vi ce t. e lectri : 9. Jhe
system acécsrclsr% i ﬁagﬂetag "%:]lr%¥ na1r %%%%%fﬁl%a%cﬁa%r% %Oe%]%%yesﬁl\i%'m?%cl udes
at | east one of a navigatéon sessen dvrechorsoldieyg, aogemar %ta anskei ver,
a current sensor, a salinity sensor, a water te rature s ns$o . range
sensoP, ETHVMITHYY TP, BRFadaFSraRd26YarERo ha a 9{%%€lgﬁnera.
20. The system aGrPHNG I bl @idn s wharaidthe hazard data is configured
for updati'ng a navigation chart or electronic navigation chart display and
i nformation system 25( ECDTS)

17. The system according to claim 16, wherein the

power source comprises an electrical energy storage device.

10
18. The system according to claim 17, further
comprising a power regenerating device that regenerates the
electrical energy.
15 19. The system according to claim 16 wherein the

hazard detection system includes at least one of a
navigation sensor, an echo sounder, a sonar transceiver, a
current sensor, a salinity sensor, a water temperature
sensor, a range sensor, a proximity sensor, a radar, an

20 anemometer, and a video camera.

20. The system according to claim 16 wherein the
hazard data is configured for updating a navigation chart or
electronic navigation chart display and information system

25 (ECDIS) .
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