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1 GUI DANCE OF MARI NE VESSELS FlI ELD OF THE | NVENTI ON
5The present invention relates to guidance of narine
WO29%846887 More specifically, the invention rel BEEH.20¢/000248

gui dance of unmanned mari ne vessels. BACKGROUND CF THE

I NVENTI ON An unmanned naripe vessel was described in

PCT/ 1 L20051001329 io fromthe sane 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 (NeE 9P mARINE VESSHILgad on board

vessel s may include subsystens that relate to
positioning of the vessel in relation to either a
geographic grid or to a |l ocal object. 15

FIELD OF THE INVENTION

The present invention relates to guidance of marine vessels. More

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.



2 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1
is a flow chart describing an exenplary sequence of
WQsEP8I6BS7H| enent ed by a vessel which foll ows aPGEHGERT/000248
boat and instructed to keep a 5specific distance from
the target; Fig. .2 is a flow chart descri bing
an exenpl ary sequence of steps inplenmented by a vessel
instructed to follow a specific course guided by a
subsystem of the payl oad; Fig. 3is a
bI ock di agram describing the data flow from payload to

|0 VERAEF DESERIPTRIN I THE DRAWINGS1S 20 3 DETAILED

Fig. 1 is a flow chart describing an exemplary sequence of steps
implemented by a vessel which follows a target boat and instructed fo keep a

5 specific distance from the target;
Fig. 2 is a flow chart describing an exemplary sectuence of steps
implemented by a vessel instructed to follow a specific course guided by a

subsystem of the payload,

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

10 vessel's guidance control system;
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The invention is typically inplenmented in an unmanned
mari ne vessel, but the invention nmay al so be

W 1907/6968%7t ed i n a manned vessel. Such a vessel RCBIIZ607/000248
di scussed above, can carry a variety of payl oads, sone
of which or sonme subsystess of which can be used to
aid in the guidance of the vessel. The payl oad
utilizable in accordance with the present invention is
any appliance useful in providing |ocational data,
|- ¢ pEYNLEBPESSRIPTIGN F THECPRESENT IVENTIORC!
relative to an accepted geographical grid or to a
local grid. Inthe art, to optical and el ectronagnetic

o SO A Bl RS 1o e e
ot By e b SR BLE ) v, g el

categories. The first type relates to a vessel full
as disaussel Iab9vBy can et & Vadelyref| Paipadss seme RaWhighsor Some
control signals are initiated in 15 the control unit
subsysterhbefrelsiphreem parusest ter sidainethieeguitanke wof théeesaple The
unit. The second type relates to an aut ononbus vessel

paylbttl | ilizasiBoRs hededhnce iwitht ihat prenbamngationnissany appliance
paraneters as required by the changi ng circunstances.

usefli P%Ji&*n%%@ﬂ[dﬂa@ﬂ%?a,ti%. YarE Heahing BistABce Mforrphtion to a
control over t

e Crul se gui dance, tor exanple, at
[t al arts 1SS C [l ab |
oroBE B B Sbactig P Bb R BAHCOTIE Alobs, i tho
.occasjgns the mssion is fully controlled by th .
Ot 251 SO AR PSR SRl i, 18 L e
algorithmstored on board the vessel or sonewhere
the inveationgemaexgmples\ase giventinitiie follewling.t hat a conbi ned
control is practiced, nmeaning a supervi sed autonony
keepi ng sonme control over the vessel. 4 Examle ],
gui daheeontrohoverrthetpaslaadsansd vessel Mmaygbe rategorized in any of
-el ectromagnetic radi ati on detection system uses
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 controi

over the vessel.



10

15

20

5 the payl oad for guidance purposes. Systens for

| ocati ng and geol ocating radi ati on sources are known
WO 00T/088887rt , such as the system di sclosed i n USTHR2847{000248

5,719,584. Ceolocating a radiating source may require

several receiving stationg, which may require

cooperation of nore vessels or a vessel and a

stationary station, or a conbination of such stations.

If only the direction of the io radiating station is

of consequence, the payload on board the vessel may be

a sufficient source of information for the boat

mai nt ai niSngha predeterm ned direction relative to a

target. Such payload typically detects either optical

or RExampellsguidangeta aganastt he target or refl gct ed

by it. If, however the direction as well as the

di stance to the target are required for fulfilling a

M ssifovgsseheamying eadelectromagnetic radiation detection system uses

the payload for guidance purposes. Systems for locating and geolocating
radiation sources are known in the art, such as the system disclosed in US
Patent 5,719,584. Geolocating a radiating source may require several receiving
stations, which may require cooperation of more vessels or a vessel and a
stationary station, 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 fuifilling 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 &
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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15 on board the vessel may not be sufficient, in such
cases there may be need for an additional data source,

WO 2907/696887pl e from an on shore station and/or fRGHLA007/000248

subsystem of the vessel itself. The use of a payl oad
for electromagnetic radi agi on detection can be

efficiently exploited if,_ {he unmgnngd vessel S o
tafg‘?*oﬁﬁoﬂ?\é{egéycm% paylead a9f i‘l’f? é’@ﬁﬁrae".‘" AEEY cecg%eafnomertlal
_ geolocating the source can be 20 considered of
directisronkher guidingofunetior may heeataeso tder fHNSEPR {I-¢sagpnstant
foll ow and approach the radi ation source. For exanple,
angleh op Rt hightr dielee fariationpaie aedseinmbneauers litseli boSe psiregards
almed at the target. Fromthis point on, the boat is

LoLne Targe . .
velotafg% ﬁa?ﬁ] gﬂ}égt(l:cg? isggwotp% ﬁg@ OptoRRtEdI RlrsERakbvetgpebdtan ith

reference to the distance fo be traveled and with respect to the time scale.

Example 2, guidance associated with velocity control

. A vessel bearing a 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,

gither in a supervised manner or automatically.
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5 target as viewed by the payload of the vessel with
reference to an inertial direction. The guiding

WO WAB096887 nay be a zero order function (i.e. PCECEHAIP|N00248
angle) or a higher order function. The vessel
maneuvers itself both as gegards velocity and

direction sych that the proj ect cour ver ge

bot hE%PmPIS @ﬁ%ﬁﬁqﬂigﬁcdwgﬁﬁ?&gség%g ravel ed

and with respect to the tinme scale. Exanple 2,

gui dance associated with ve|locity contral A

Ves sAlvaseal paEying 6B @RATO-RRIA AT PR SYstem, ueeihg pavioad

radar uses the acquisition systemto guide the vessel.
for glidancesplerposas.i Tt oufputesigngl cfiar kearing finsleg osnalirmcaresiver

to follow a target at a specific range. The event flow
impleaRitse@hi the paylehdcist ysexbro rglidef theheessedsdo explain this,

described in Fig. 1 to which reference is now nmade. In

exa@%fé; Ee%@retn'%‘é ¥ SSafd %d Fief 2V TheArbRBE fetieivRahstristiohuss tooihe

ay at a speciftfic distance Dfroma target. At
step 22 t acgui,si tai t ;
couB AR TR 4Sk SOSHE T, RoPIRE ARE B s no
curranliy paiivg 1ot sirenton o ot 52008 2o Srietfs HRaP st
required D, velocity is decreased at step 28. |f the |
the dargehrinedécisiontstapnl the nelativeDneasurssl byating tndiciaeet is

in step 30. In a next decision, at step 32, the vessel

corﬁfb%rrécfl i8S thth@hBefeceivedP iy Atd dnstrudtiont rifiché omeasured relative
orce. If it is still in force, the distance is

beaﬂﬁ@ééé{n&g%ﬂ?fger;tg%lg E‘Jp? #\%ﬁgg& INGneh tik G634 & $tBefdtPleft in step

usi ng the range finder of
payl oad, on_hoar d i ' . ,
70. e PRsd e R oo KEREL i D"l Voot i to steer righ
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 éystem, also known as polar coordinate system, with respect
to which the vessel is oriented. In such a grid the direction is referred fo as an

angle from the reference axis (relative to the vessel), in this case line of sight to
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Exanpl e 3, gui dance associated with course control

A vessel carrying an electro-optic acquisition system
WOLR08E096B8Y payl oad for gui dance purposes. The dtﬁﬂﬂt20071000248

signal of a bearing finder, such as a resolver

i npl enented in the payloaa is used to guide the

vessel . To ex jn this, exa eference |

the tageh Ghus, a fargelbsaind §apsatnd o e cigﬁa""f?ﬂ% the
course it should followin step 60, The vessel S

targeth angeany otlrlr degipe; would meanoR dayiation: fr9msﬁlat.di@ctlan A
that direction. In step 62 the payload orients itself

charigdale veurse, Whethicargleted tbra éeresie axistdireddsl tcha target or to
rel ati ve neasured bearing to the target is conpared to

a gle&l DAL APOME dmin tlRferfing tthe Ofsesl 1d Wiffdrentmaaglesest the
relative 1o bearing is not smaller than the required

devigtion Ao tahgl fe?é@&%'ailssﬁﬂéﬁgﬂ ﬁtbrﬂa‘ﬁc%lﬁ@n’cﬁ% ot & HBAual

neasured r 'V earlng I's smal

. ess st eer .
inpuf 633 Be e Br Bt &0 'hﬂ '38@%%” T58cal b@%ﬂ%@%‘. dan dlfe
in force in st ur dat e
in ar@‘éﬂﬁ"@'@d?"'-‘\"ﬁ?g&"'m e {h ApSHQIO (B8, e, & gr§hegiic
the acquisition payload to 15 the target such that a
anglei etsction to the target, (e.g. a boat) fromthe
payl oad is established. This may also be referred to
as a line of sight. The payl oad on a vesse
i mpl ementing the invention is therefore expected to
establish a direction (line of sight) to a target,
once the target is acquired. For a guidance systemin

accogsafififle ! Ryiliant&vasddciated with coombrinedt coorse and
relate to direction as issued by

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 madifications, 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.



20 the acquisition system This may be interpreted in
using the line of sight as an axis of reference. This
WQ 2007/089B%nent ed geonetrical |y by generating a PEEH}2007/000248
circul ar coordinate system also known as pol ar
coordi nate system w th rgspect to which the vessel is
oriepted. In such a agrid the difeectioni.s r e se
as aﬁucihgm?chﬁa'ﬁﬂ hggp'é‘?'tégr eﬁ%ee g&?@"?ré ?\t i@getég t c%e'ﬂ
vessel ), in this case |line of sight, to ;
modifoation bwt e dveleab, mpdiiaian) Pgeter mgrfoming the
target bearing O nmeans cruising in the direction .
neceseanr deanduversirigedcauing angpegiiier calsee el (B8 watala pitper
deviation fromthat direction. A changeabl e course,
momireaielor cintihasudip. I jetfropeliesl wasselsiithectatse control and
target or to a gl obal bearing, would nean referring
| ek LicdfaheSoffe Vdveel, dmicallyi sonalf ormas,
man%ﬁ\ier\rf‘gsa;ﬂ%epn%rg)ra% swj%iﬁt her gn automatic algorithmor a
nyal., i T QniBRNGSH e SHAMPRISY Bf both
emp piacgﬁe{/?%%hé%éssegﬁgﬁe it e P

n'crurse in a constant course

deviating fromthe direction to the target at a
changigVeIpg aq%cr ghanging beafing. g



10Exanpl e 4, gui dance associated with conbi ned course
and di stance 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 i nplenmented in the water by applying control over
both the drive and steering systens. In Fig. 3 15 to
which reference is now rfade, a schematic bl ock di agram
is shown describing the data fl ow between subunits in
a vessel inplenenting the invention. Signals 86 from
t he payl oad subsystem which contain |ocational data
are fed into navigation processor 88 of the vessel. In
the vessel, task nmanager 90, a programthat cal cul ates
the course and velocity nodifications, is to be 20
CLiaignent ed by vessel cruise control 92 in order to
achi eve a desired naneuver with respect to the target.
The instructions are interpreted by a vessel cruise
control into nmechanical paranmeters of the appropriate

1. vesged bt%m%@&ﬁfﬁioﬂﬁif tBYIDMRE b & veddD comprising;
2007/ 096887PCT/ 11, 2007/ 000248 8 Such

. nmechani ca Lub%ygéfﬂ :gtfﬁ ﬁgﬂga& é’@aﬁia\;els%é(l) gﬁ?g&%ﬂ gﬁen&%ﬁﬁ% f’];‘e ’

nodi fication) and t ngi ne (ve I'ca

t oget k.m the necessary maneuvers to acquire
a sgoecgtlﬁﬁagg%%gerlésgé}%?%att%%am%r{d;, ei ther nonentarily or

continuously. In jet propelled vessels, the couyse

* control Brarteotieh b tuiolie i orikol By, teed on
steering. Sone, vessels, typically small ones, enploy a
st egk"a‘iﬁ’gaereé%f’"éjr fram 1@a prriead, getesmining besaingmad ﬁ@]ogt%éd

for both changing velocity and changi ng beari ng.
of said vessel.

2. A system 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 the signals to be

accepted by said controller.

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

said vessel is an unmanned vessel.

4. 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.



CLAIM5 1. A systemfor controlling the cruise of a
vessel conprising: a subsystem of a payload of said
vessel functional in generating |ocational data
relating to a target; and a controller for
controlling the cruise control units, based on the
data received fromthe payl oad, determ ning bearing
and velocity of said ved8el. 2. A systemfor
controlling the cruise of a vessel as in claiml
further copprising an interpreting systemof said

3. vesdelystegyto e%vaélrgwh%wyﬁa|0§wssgiaﬁsw gyt bad of said
vessel and for noderating the signals to be accepted
by Sdiewinced palisedontroluniia ass salestads fiem aogrovpbdnisistng he
cruise of a vessel as in claim1l wherein said vesse
i s aha jatveemegisubesis ein.endine And ws xetambbstecrali¢ edihd, og t he
cruise of a vessel as in claim1 wherein said cruise
conunptombihdtnskdreset ed from a group consisting of a
rudder and an engi ne, and any conbination thereof. 10
5. A systemfor controlling the cruise of a vessel as
in claiml wherein said cruise control units are

6. Sel achedlod f ﬁ_ir%é@%&rgl%é}gﬁﬁ@%ih \g of a jet steering

subunit, an éengi ernal steerabl e engine,

. Or any Cﬁgﬂ?é gastu'b%gtewgf‘ %ogayload of said vessel for obtaining

locational data; and
. using a controller to determine at least a course of said vessel

in relation to satd locational data received from the payload.

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 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.



6. A nmethod for guiding a vessel conprising:

usi ng a subsystem of a payl oad of said vessel for

obtai ning | ocational data; and using a
controller to determ ne at | east a course of said
vessel in relation to said | ocational data received
fromthe payload. 7. A nethod for guiding a vessel as
in claim6 wherein saidlVvessel is guided relative to a
reference axi s of a polar coordinate system mherein

réé nce XisS 1S a line of ght to a tar .
Retiod 5t eyisfing hyessel pe HsEpimye W e S&MrYeése\l\ﬁengHY n
sald vessel |s guided relative to a distance froma

t ar gapote gont®llgdt hod for guiding a vessel as in claimé6
wherein said vessel is autononous. 11 10.A nethod for
guiding a vessel as in claim®6 wherein said vessel is
fully renpote controll ed.

O



