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GUI DANCE OF MARI NE VESSELS FI ELD OF THE | NVENTI ON The
present invention relates to gui dance of marine

wo emsobas7 More specifically, the invention rel BEBEE20@7/000248
gui dance of unmanned mari ne vessels. BACKGROUND COF THE
| NVENTI ON An unmanned maripe vessel was described in
PCT/ 1 L2005/ 001329 fromthe sanme applicant. Such a
marine vessel can carry a variety of payloads. Such
payl oads nay be related to any task that the vessel is
to fulfill, civil, mlitary, reconnai ssance, guard
tasks, or any ' ' | @ad on board
vessel s nay ié%?ﬂ%%n§5%§5§?§ﬁ§€¢Eg?ﬁ?%%gte to
positioning of the vessel in relation to either a
geographic grid or to a | ocal object. BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. 1 is a flow chart describing an
exenpl ary sequence of steps inplenented by a vesse
whi ch_fol |l ows _a targgh“boat and instructed to keep a

speci'F'iE&-ijgtHﬂ%éNV he target; Fig. 2 is a flow

chart describing an exenpl ary sequence of steps

i npl ek iﬁvéflﬂgzzg*%%/tggttﬁu&iﬁé’néé)o? M Fessels. More

specitic course gul
specifically, the invention relates to guidance of unmanned marine vessels.

BACKGROUND OF THE INVENTION

An unmanned marine vessel was described in PCT/IL2005/001329
from the same applicant. Such a marine vessel can carry a variety of payloads.
Such payloads may be related to any task that the vessel is to fulfill, civil,
military, reconnaissance, guard tasks, or any combination thereof. Payload on
board vessels may include subsystems that relate to positioning of the vessel in

relation to either a geographic grid or to a local object.



10

15

20

subsystem of the payload; Fig. 3 is a block diagram

describing the data flow from payl oad to vessel's
w@iodayse? control system DETAI LED DESCRI PTI ON EET/ILE07/000248

PRESENT | NVENTI ON The invention is typically

i pl emented in an unmanned, mari ne vessel, but the

invention may al so be inplenented in a manned vessel.

Such a vessel, as discussed above, can carry a variety

of payl oads, sonme of which or sone subsystens of which

can be used to aid in the guidance of the vessel. The

Pay! gt hESEHIPTION G THEBRAGVINGS the present

i nvention 1S any appliance usetul 1n providing

| ocational data, i.e. data bearing distance

i nf orfigt il o8 & Cflowv chadedesceibinig wa éxenplanc sequerte of steps

geographical grid or to a local grid. In the art,

impRPheGBY Y14 VRS WINBRIBIRIVS aakeR Rt afll Sndthrted © REEP a
ends. To ‘better explain the invention, sone exanples

YRl | .om ng. The control over the

Spe%@?f%%éﬁg%ﬁgvgggé%@ﬁ%y be categorized in any of the

three_.follow ossi.ble categories. The first t

el atd: oiSaa JRVEENat feseBiG AB| PR L Spaiics B steps
. control wunit such that the control signals are .
implementge ey ianvesre! dpsttuctad tnifelloyh@ sReCfie SeHIsSeguided by a

paraneters are fed back to the sane unit.
subsystem of the payload,

Fig. 3 is a block diagram describing the data flow from payload to

vessel's guidance control system;
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The second type relates to an autononous vessel fully
responsible for initiating changes in sail paraneters

wa@soorees8T ed by the changi ng circunstances. TheCT/Hi20@7/000248

type relates to a vessel having partial control over
the crui se guidance, for gxanple, at certain parts of
the m ssion the control is fully managed by the
control unit whereas at other occasions the mssionis
fully controlled by the vessel. The autonony is in

such [fE"ﬁﬂLEH B&ﬁghnbwfgg_@érmé Pﬁ@yﬁm AAVENTIOGR! d the

vessel™ or sone e e ypl ca however it is
likely that a conbined control is practiced, neaning a

superyi sed aut an [ . r ih
vossd et e ST IR EMSE i A e e Epife vessel,
carrying an el ectyronagpetic radi ati on detection, system
put e VeRb AP PemglFERES Tha et Vasrel SHehid fesss),
| ocating and geol ocating radiation sources are known
as discussedzahoves gan casryt ayaggyt erpayleadss seme af wbighpepeme
5,719,584. CGeolocating a radiating source may require

subsystemnal ofr whiehvéary bet udddotus aidnini the gaiganeewif tbe vessel. The
cooperation of nore vessels or a vessel and a

payRhal iffzabl R abtstHanes vathc tiebprstenlindntisHCls aiyatipplishce
If only the direction of the radiating station is of

usefUP s PIHRERG lobRforRM a8 d LR Ve rihg &idaRes infeRMatish ® a

target relative to an accepted geographical grid or to a local grid. In the art,

optical and electromagnetic equipment are used to such ends. To better explain

the invention, some examples are given in the following.

The control over the payload and vessel may be categorized in any of
the three following possible categories. The first type relates to a vessel fully
controlled by a remote control unit such that the control signals are initiated in
the control unit and the response parameters are fed back to the same unit.
The second type relates to an autonomous vessel fully responsible for initiating
changes in sail parameters as required by the changing circumstances. The
third type relates to a vessel having partial control over the cruise guidance, for
example, at certain parts of the mission the control is fully managed by the
control unit whereas at other occasions the mission is fully controlled by the
vessel. The autonomy is in such case directed by an algorithm stored on board
the vessel or somewhere else. Typically, however it is likely that a combined
control is practiced, meaning a supervised autonomy keeping some control

over the vessel.
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sufficient source of information for the boat
mai ntaining a predetermned direction relative to a
wao argevessSuch payl oad typically detects eitherPOplL20@i000248
or RF signals originating in the target or reflected
by it. If, however the dirgection as well as the
distance to the target are required for fulfilling a
m ssion, the payload on board the vessel nay not be
sufficient, in such cases there may be need for an
addi ti onal data source, for exanple froman on shore
station and/or froma subsystem of the vessel itself.
The use of a payload for el ectronmagnetic radiation
detection can be efficiently exploited if the unmanned
vessdixampled, pylidaneetagdardate radi ati on source. In
such case, geol ocating the source can be consi dered of
secondary i nportance, since the main mssionis to
f ol | dwessel appyingeEn ¢lretromdpaciioradiationedetesiion eysieml uses
an optical detecting payload on board the vessel is
the apapshchtiot R@idamcgepurposes) Systenpifot loatingheand ogéolosating
to continue followng a course functionally dependant
radidB6R sobfedsOs@t kRbwifin tthetdH, dfichags the \Wystey didifosed in US
payl oad of the vessel wth reference t0 an inerti al
. | . .« .
Patphf £7148¢, CaBiogHlf Btalishnl oBlrdeihal ot e EeRaHBening
function. The vessel maneuvers itself both as regards
Statiplo ST JHRY (FOWE PRPPRIENET (R TORoRTY S5 2 eRen ik @

converge both with | ) L
stationary sfation, or a combination of such stations. If only the direction of the

radiating station is of consequence, the payload on board the vessel may be a
sufficient source of information for the boat maintaining a predetermined
direction relative to a target. Such payload typically detects either optical or RF
signals originating in the target or reflected by it. If, however the direction as
well Aas the distance to the target are required for fulfilling a mission, the payload
on board the vessel may not be sufficient, in such cases there may be need for
an additional data source, for example from an on shore station and/or from a
subsystem of the vessel itself. The use of a payload for electromagnetic
radiation detection can be efficiently exploited if the unmanned vessel is to
follow a specific radiation source. In such case, geolocating the source can be
considered of secondary importance, since the main mission is to follow and
approach the radiation source. For example, an optical detecting payload on
board the vessel is aimed at the target. From this point on, the boat is to

continue following a course functionally dependant upon the location of the
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reference to the distance to be traveled and with
respect to the tinme scale. Exanple 2, guidance
was®ooaased with velocity control A vessel bearP@niL2807/000248
target acquisition system such as radar uses the
acquisition systemto guide the vessel. The vessel is
instructed by wireless conmmunication to_follow a . .
targeh ageviewedaby fbe i ravioads afdhe essely With refesgnee to an inertial
representing a velocity control of the vessel is
diredtiare r The guidingrifgnctiont mayHie . zerbeprdet dunaionaven@deonstant
step 20 the vessel receives an operational instruction
angle) crtaphigher ardarefandtion. dinetasssel Maheavers itsalf geth astregards
step 22 the acquisition payload on board the vessel

ve@ﬁg U%r'ic?%ir‘e@ﬁoﬁ af @At tha@ﬂﬂeabro'j’e%&@d 2burses doriaeebbt with

arget 1's neasured by payl oad. At decision step 26

refebé’nc%%% L HRRG&% SRS HhcYe é%ngﬁrgll %épéﬁﬁﬂ thd Grictstidiid ed

ocrty s decrease the di stance
is not smaller than D, velocity is increased in step
30. In a next decision, at step 32, the vesse
verifies whether an operational instructionis in
force. If it is still in force, the distance is

measured and so_on. Measur,i ng, of di stance t he
t ar g&aXamplgd 4%@%@?%@%@\@3@“}( F’ﬂﬂﬁf’E of the
payl oad on board the vessel, either in a supervised

manner or automatically. Exanple 3, gui dance associ at ed
wi t h Acwessed bearing @ target acquisition system such as radar uses the

acquisition system to guide the vessel. The vessel is instructed by wireless
communication to follow a target at a specific range. The event flow
representing a velocity control of the vessel is described in Fig. 1 to which
reference is now made. In step 20 the vessel receives an operational instruction
to stay at a specific distance D from a target. At step 22 the acquisition payload
on board the vessel acquires the target, and at step 24 the distance to the
target is measured by payload. At decision step 26 if the distance measured is
smaller than the required D, velocity is decreased at step 28. If the distance is
not smaller than D, velocity is increased in step 30. In a next decision, at step
32, the vessel verifies whether an operational instruction is in force. If it is still in
force, the distance is measured and so on. Measuring of distance to the target
is accomplished using the range finder of the payload on board the vessel,

either in a supervised manner or automatically.
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A vessel carrying an electro-optic acquisition system

uses the payl oad for guidance purposes. The out put
waegnadeset a bearing finder, such as a resol vePCT/IL2007/000248

i npl enented in the payload is used to guide the

Eessel. To explain this, gxanple reference is nade to

ig. 2. The vessel receives,ipstruction as tq the

cour Fxamplerd gudante asporatacyithcourre GAMEY s 1o

change to course Dif it is not currently sailing in

that direction. In step 62 the payload orients Ltsel[

r el afi vessebcamgng angiectra-aplifeasaligiion sygereusasdhe payload

rel ati ve neasured bearing to the target is conpared to
for glidanceepuposes cthe autphtsignatofiecbeanng fiiderheucheassaresplver

relative bearing is not smaller than the required D

impldh®éntel einv Gfs Payicadsiseased tbeftidentrrt epsse). Tof ekplain this,
neasured rel ative bearing is smaller than D, the

exa@ec’? fefe%de%%&% éc% Eg‘.tZ.iﬂes\t/é‘é%eypeceﬁ&siﬁgﬂﬂﬁéﬁo!nyas {e

ssel verifres an operational i1nstruction is
n, ste

in force i 74, .t Q. resune .course update |
coufs Spatla i i <0 ar neBHoG S R RS i Pt et
the acquisition payload to the target such that_a
curignly sailing in ¢hatislirecerydn ster 6¢.the pgylaad enesiis {islf relative to
payl oad is established. This may al so be referred to
the darget.| Inndeci$ioni gop .66Tthe Egtiveanheasuredvbsariig to the target is
i npl enenting the invention is therefore expected to
confpré®! fos the die’ B8ddid in the instruction. If the measured relative
bearing is not smaller than the required D, then the vessel is steered left in step
70. If the measured relative bearing is smaller than D, the vessel is to steer right
in step 70. Subsequently, the vessel verifies whether an operational instruction

is in force in step 74, to resume course update if required.

Target acquisition systems require relating the acquisition payload to
the target such that a direction to the target, (e.g. a boat) from the payload is
established. This may also be referred to as a line of sight. The payload on a
vessel implementing the invention is therefore expected to establish a direction
(line of sight) to a target, once the target is acquired. For a guidance system in
accordance with the invention it is convenient to relate to direction as issued by
the acquisition system. This may be interpreted in using the line of sight as an
axis of reference. This is implemented geometrically by generating a local
circular coordinate system, also known as polar coordinate system, with respect
to which the vessel is oriented. In such a grid the direction is referred to as an

angle from the reference axis (relative to the vessel), in this case line of sight to
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(line of sight) to a target, once the target is
acqui red. For a guidance systemin accordance with the

WO pooeH9Es8®h it is convenient to relate to di reck@DIL2067/000248

i ssued by the acquisition system This may be
in#erpreted in using the line of sight as an axis of
reference. This is inplenented geonetrically b
the {araet dPRGa dalost kPadng Ounarns GRg i thesdiadion taags the
known as pol ar coordi nate system w th respect to
targehi arid ahyg othes degiee woukhtresan ardeMifionafrgm thatrdirection. A
direction is referred to as an angle fromthe

chahgé#1s16 @6 arseXivbettictrelatetbtol dréfbrence @ diredted tda sargeter to
ITne of sight tothe target. Thus, a target bearing O

a g@ NBesfi ',S\'waalgi ﬁuefahere%r{riﬁgtﬂqeWés@éﬁtcsi%iﬁé}@nt anget, of the

nd any other degree woul d"nmean a deviation fromthat
I e : r :

el T dmy YSRGS TG G 2P o etE AR SRR B inenual
) eari ng, | d nean referring the. vessel, to different.
inpulcgnds”ine s ToaRAGng SHOR Peass, TBRENEy D vetbel Enditise
~ Either an automatic algorithmor _a manual input can b(?.
in a,seastppl cauisegdeyating from doedirectian o dhe {prastnat gc3nsefic

can cruise in a constant course deviating fromthe
angtd,eéztion to the target at a specific angle, etc.

Exanpl e 4, guidance associated with combined course
and di stance contr ol

Example 4, guidance associated with combined course and

distance control

A vessel is required to change both course and velocity with respect
to a target in its maneuvers in the water. Such changes may be implemented in
the water by applying control over both the drive and steering systems. In Fig. 3
to which reference is now made, a schematic block diagram is shown
describing the data flow between subunits in a vessel implementing the
invention. Signals 86 from the payload subsystem which contain locational data
are fed into ‘navigation processor 88 of the vessel. In the vessel, task manager
90, a program that calculates the course and velocity modifications, is to be
implemented by vessel cruise control 92 in order to achieve a desired
maneuver with respect to the target. The instructions are interpreted by a
vessel cruise control into mechanical parameters of the appropriate vessel's

mechanical subunits.



A vessel is required to change both course and
velocity with respect to a target in its maneuvers in

W bh@702486T . Such changes may be inpl enent ed i nPCTBE.2007/000248
wat er by applying control over both the drive and
steering systems. In Fig.g3 to which reference is now

made, a schematjc bl ock diagramis sho desgri bin

the ddeh Mmeshapicahe eHoWY ngf%mitW' Wegggl fuabeP (Course
i npl ementing the invention. Signals 86 fromth .
modﬁh:gtim)daed:ttggseregmewﬁv@ﬁc@bmdl atléebtﬁOSﬁﬁ]efdﬁrgﬁamg the
fed into navigation processor 88 of the vessel. In the
necesase mahewlersaicageqube, aaspedfic acoursait incdhe uwatass aither
course and velocity nodifications, is to be

mondRhRYESH EshtiRliouSig SR jetrpropelleebuéssels, Hei counseleontrol and
achi eve a desired maneuver with respect to the target.

manggﬁ?rjrilﬁ Erireﬁ;?érjfd?ﬂc%jd%nﬂeit Efe%iiﬁ??é@%@es@eiéeﬁ&ﬁéml?rs%élEones,

0 mechamni cal meters of the appfopriate

essel ' s chan, cal uni t s, .Suc I Lt
empla¥e & Birabiey eﬁ’?@”?'u%ﬁ@f‘e( c@mﬁie%m?ﬁ%@pglrﬁ&gﬁy ttf?éh
engine (velocity nodification), together performng
changirg Meloeibsang Chan@ng 8ea8rNi% acquire a specific course
in the water, either nonentarily or continuously. In
jet propelled vessels, the course control and
maneuvering are perforned by jet steering. Sone
vessels, typically small ones,
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enpl oy a steerabl e external engine, which can be
mani pul ated for both changi ng vel ocity and changi ng

wheanriomgsTLAI M5 1. A system for controlling thePCTILE00248

of a vessel conprising: a subsystem of a payl oad of
said vessel functional in generating |ocational data
relating to a target; a controller for controlling
the cruise control units determ ning bearing and
velocity of said vessel. 2. A payload for controlling
the cruise of a vessel as in claim11 further
conprgisAmis an interpreting systemof said vessel for
accepting signals of said payfoad of said vessel and
for noderating themto be accepted by said controller.
3. A systemfor controlling the cruise of a vessel as
in claiml wherein said vessel is an unmanned vessel .

4. AAspstetrefor icontrolting itie biulge bhe vessélsengprisingressel  as
in claiml wherein said cruise control units sel ected

froma grauaysensisit hNgafibad SHESRT vaskh) Aingfididlen and
any conbi nation
generating locational data relating to a target;

a controller for controlling the cruise control units

determining bearing and velocity of said vessel.

A payload for controlling the cruise of a vessel as in claim 1
further comprising an interpreting system of said vessel for
accepting signals of said payload of said vessel and for

moderating them to be accepted by said controller.

A system for controlling the cruise of a vessel as in claim 1

wherein said vessel is an unmanned vessel.

A system for controlling the cruise of a vessel as in claim 1
wherein said cruise control units selected from a group
consisting of a rudder and an engine, and any combination

thereof.



thereof.5. A systemfor controlling the cruise of a
vessel as in claim1l wherein said cruise control units
war@7sedsert ed from a group consisting of a jetPCL/E200MY0248

subunit, an engine and an external steerable engine,
or any conbi nation t her eof 10 6- A nethod for guiding a
vessel conprising: using a subsystem of a payl oad of
said vessel for obtaining |ocational data;

determining at | east a course of said vessel in
relation to said | ocational data. 7. A nethod for
guiding a vessel as in claim®6 wherein said vessel is
guided relative to a reference axis of a polar

coordi nate system wherein said reference axis is a

5. 1ing sybterhdidr dont@Ilngy 8R! crlse /6f”§t\)é%§elf 85 @U&lginﬁ'ﬁh a

vessel as in claim6 wherein said vessel Is guid

5 r e'\%ér\éﬁ\ Qif c‘?i,li%a@&ﬂrélrﬁ’ﬁﬂsag\tré‘r&q%ctﬁg g@@n?;lt ggogﬁ)f ,o;

guiding a vessel as in clai wher
h I
gr;:%&gg?mﬁ ejfg? Aésgﬁ%t&nﬁgss%@pnﬁuan e mae \é%%lsgn ex‘?ernal

steerable engine, or any combination thereof.

6. A method for guiding a vessel comprising:
10 e using a subsystem of a payload of said vessel for
obtaining locational data;
. determining at least a course of said vessel in relation to

said locational data.

15 7. A method for guiding a vessel as in claim 6 wherein said vessel
is guided relative to a reference axis of a polar coordinate

system, wherein said reference axis is a line of sight to a target.

8. A method for guiding a vessel as in claim 6 wherein said vessel
20 is guided relative to a distance from a target.
9. A method for guiding a vessel as in claim 6 wherein said vessel

is autonomous.

25
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is fully renote controlled. 11. A nmethod for guiding
an aut ononous vessel wth respect to a target vessel,

wob@redasssai d aut ononmous vessel keeps a functi peEIL2907/000248

10.

12.

dependent course related to the |ocation of said
target vessel with a constant inertial reference. 12.
A nmethod as in claim 11 for guiding an aut ononous
vessel with respect to a target vessel, wherein said
manoeuvres itself to keep said

aut gnonpus, vesse|. € 2 :
cou sfagﬁlpa'nfef saﬂéﬂ\g 7 \essehawin clapp @ vhereiosaid vesssf
said target.

is fully remote controlled.

A method for guiding an autonomous vessel with respect to a
target vessel, wherein said autonomous vessel keeps a
functionally dependent course related to the location of said

target vessel with a constant inertial reference.

A method as in claim 11 for guiding an autonomous vessel with
respect to a target vessel, wherein said autonomous vessel
manoeuvres itself to keep said course, functionally dependent

upon the location of said target.



