AUTONOMOUS NAVI GATI ON SYSTEM AND METHOD FOR A MANEUVERABLE PLATFORM FI ELD
OF THE I NVENTI ON [0001] The present invention relates to navigation. Mre
parti cul aWDRO1XKe786r esent i nvention relates to an aut on®CHAB20AA 00192 | on
system and nethod for a maneuverable platform BACKGROUND OF THE | NVENTI ON
[ 0002] The use of unmanned platforns is advantageous in many situations,
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useful, it is desirable to offer the platform autononous navi gati onal
capability, as otherw se, MANEUYERARIFBhATEORM bet ween a renote
operator and the platformwould be required. Wthout continuous control or
aut ononous navi gation capability, the platformmy collide with obstacles
that were not previously knoyvn%ug Erlﬁ@%lx?ﬂailt he platformand others in
the vicinity. A maneuverable p orm may be assigned a m ssion that
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per f or m fgvetigefrelaed taeniavionpmeus nhggatimagyistem awt msthod fooasmincudatblaed t ask
such as t?atpq_}nrol an area. The route travel ed nust be selected such as to
avoi d obdtHclI'es and restricted zones. Such obstacl es may be fixed, or may
be noving. Since the positions of noving obstacles, such as other

pl atforns, may be constantly changi ng, an aut ononous platform shoul d
preferably be capabl e of %@E%%&VE@BT&&%\@WO&U mating their

ant i ci pat&&loﬂrlo es ang rraneuvdari?n% in.such a manner as to avoid a
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continuous control or autonomous navigation capability, the platform may collide with
15  obstacles that were not previously known, endangering both the platform and others in
the vicinity. A maneuverable platform may be assigned a mission that includes one or
more tasks that it is to accomplish. Such tasks may include, for exémple, traveling to a
defined location, or waypoint, and performing a defined activity at the location, or be a
loosely defined task such as to patrol an area. The route traveled must be selected such
20  as to avoid obstacles and restricted zones. Such obstacles may be fixed, or may be
moving. Since the positions of moving obstacles, such as other platforms, may be
constantly changing, an autonomous platform should preferably be capable of detecting
such obstacles, estimating their anticipated routes, and maneuvering in such a manner as
to avoid a collision. Therefore, in order to complete a task in the absence of continuous
25 guidance from a human operator, a platformn should preferably be able to perform
autonomously such functions as navigation, conforming to a timetable, selecting a route
to avoid known fixed obstacles or other forbidden areas, detecting the locations and
courses of obstacles and other platforms, and conforming to defined rules such as traffic

regulations.

30 [0003] In particular, such considerations apply to an unmanned surface vehicle (USV)

operating at sea, or an unmanned aerial vehicle (UAV). For the sake of brevity a USV is



[0003] In particular, such considerations apply to an unmanned surface
vehicle (USV) operating at sea, or an unmanned aerial vehicle (UAV). For

t he sake ¥ 2BHA7PTY a USV i sconsidered, but this shoul dPREALYEI/PEZHY ded as
limting the scope of the present invention. A USV, in order to prevent
collisions wwth other surface craft, should preferably be able to detect
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programm ng (1vP) behavior functigps. The |IvP functions are. piecew se
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Optimization Model for Autonomous Vehicle Control", Doctoral thesis, Brown
University, 2002) describes a method for autonomously controlling a vehicle using
20  piecewise-defined interval programming (IvP) behavior functions. The IvP functions are
piecewise defined such that each point in the decision space is covered by one and only
one piece, and each piece is an interval programming piece. The decision variables
might be, for example, course and speed. The »behéi/ior functions are typically an
approximation of a behavior’s true underlying utility function. According to the multi-
25  objective optimization method described in US 7139741 (Benjamin), an IvP function is
set up for each individual behavior of the vehicle in each step. For example, when the
COLREGS rules are considered, an IvP function will be defined for each rule in each
step. About 600 linear pieces are used to represenf the waypoint behavior (reaching a
waypoint) ("Navigation of Unmanned Marine Vehicles in Accordance with the Rules of
30 The Road", Benjamin et al, 5/2006). The interval programming problem consists of a

set of k piecewise-defined objective functions. Each objective function (1...k), defined



COLREGS rul es are consi dered, an IvP function will be defined for each rule
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behavi or ng a waypoi nt) ("Navi gatl on of Unnmanned rrne cles in
Accordance with the Rules of The Road"} Benjanmin et al, 5/2006). The
i nterval progranmm ng problem consists of a set of k pi ecew se- defi ned
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function shpul d rmul ated in r to each obstacle and due to the
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descri bed nethods for autononous navigation of a |and 1 cle
not i on ofMichékl R.es methdd mmggnd@tlppmdﬁtlertmgMd Ao tigsIver functinrs stsuldShe h
met hods [%I ot .ou
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Si tuati ORSNARMIME & ref) SRorRE Aaviphtesne proBitngd, QBe ob&d hic@fdt May MR¥&hei N
al nost any di rection. [0006] It is an object of the present invention to

provi de amwigldective and fl exi bl e autononmous navi gation system and met hod
for a rrarf(%JOVS?r a(gtlhgr léporlrl?yg nheage Jeg[rfbgg rpnétﬂoés for autonomous navigation of a land
vehicle, where the motion of vehicles is limited to predetermined roads or courses. Such
methods plot out an optimum course in advance, making adjustments in response to
20  obstacles. Such methods are not suitable for navigation in such situations as on the open

sea, where vehicles may be free to travel in almost any direction.

[0006] It is an object of the present invention to provide an effective and flexible
autonomous navigation system and method for a maneuverable unmanned platform that
enables the platform to accomplish a mission while avoiding collisions or too close

25  encounters with obstacles and abiding traffic regulations.

[0007] Other aims and advantages of the present invention will become apparent after

reading the present invention and reviewing the accompanying drawings.



enables the platformto acconplish a m ssion while avoiding collisions or
too cl ose encounters with obstacles and abiding traffic regul ations. [0007]
O her ai MSO2AW/HEABANt ages of the present invention w || PEEABIAEI/HPIRAY ent
after reading the present invention and review ng the acconpanyi ng

drawi ngs. SUMVARY OF THE | NVENTI ON [ 0008] There is thus provided, in

accordance with sone enmbodgy®ims ref OﬁThH{IE’ﬁ]Q%NTIPWen“ on, an autonated
nmet hod for autononmous navigation of a maneuverable platformthe nethod
conpri si eoog] 00De Ry ik Prdvaddel] iR BéBRARBY! SvithAdh@Adrh Ui D¥RE STk BlesddrC| udes:
[0010] a situation awareness nodul e that receives data fromone or nore
sensors oRVESHENGN awraated methodyfbhautpromaenstnavigatien ef & suntwemtihplagboup of

i denti fyitﬁg?ﬂ g .s.Lhat includes position, course and speed, relating
to the plat gtr?l% gﬁ%ﬁ%%g acles in the vicinity of the platform [0011] a

deci s5on [0y rbtirEAGS MrfANEERLAN SREAMNLARaLE, Pl ai form based on

said one or nore identifying paraneters stacles in the vicinity of
the pl at feo19) angdsituatiosl aivarcaBsst H6dO Sk ireveiveh daldefréth & Qo Q@ARks Bk OVi di ng
t he decision nodule with information on a mssion that includes at |east
one t ask °B& §F gHuel idewtifyiag prespetarpselacied (o1 die genp of ideatifying acpimetary t he
data and i f I [ £SI O dule. ,. sed on
the i dentiforanitd piaRich BALSEREDR, HEL, & Re SRt B Ml BisTisndBE o1

opt i ons, viadty afjthe platfdahj ni ng a di stinct conbi nati on of course and speed, a
grade which is indicative of the desirability of that option with respect
to edeh $W0llhe aodesiven ewdaledfonichhosieg pawrse tnd epeed fof the platfomh iayedobn

obj ectives, for each. 4.0n_sunmm t r.ad assi gned. t o.t hat tion with
ospect | £80ShF o oS Bk BB & e diar s B etk O i dpfion anose
sumred gaRdigR dat i@k pasitive opthetphefopeat est desirability of that option.

[ 0014] Furthernore, in accordance with enbodi nents of the pr esent

i nvent i of0012he pietibing theidedision imeluledwith prifoxthstiongorfia phigdib® tm dehideslat nodul e

for maneuverin he .
east oneQasH( assigned to the platform; and

15 [0013] periodically obtaining the data and choosing a preferred option using the
decision module, based on the identifying parameters, by assigning, for each option
from a set of options, each option defining a distinct combination of course and speed, a
grade which is indicative of the desirability of that option with respect to each of the
obstacles and with respect to each of a plurality of objectives, for each option summing

20  the grades assigned to that option with respect to all obstacles, wherein the preferred
option is the option whose summed grades is indicative of the greatest desirability of
that option.
[0014] Furthermore, in accordance with embodiments of the present invention, the
method further includes providing a platform control module for maneuvering the

25  platform and commanding drive controls of the platform to apply the course and speed

of the preferred option for the platform.
[0015] Furthermore, in accordance with embodiments of the present invention, the
method further includes planning said at least one task.

[0016] Furthermore, in accordance with embodiments of the present invention, the

30  method further includes planning a mission plan for the mission.



pl atf orm and commandi ng drive controls of the platformto apply the course

and speedWBfZD{%rlb%,ggeferred option for the platform [Ogég]mng%b{q%@ﬁ?%ore, in

accordance W enbodi ments of the present invention, urt her
i ncludes planning said at |east one task. [0016] Furthernore, in accordance
wi th enbodi nents of the present invention, the nmethod further includes

pl anni ng [8017]s SFathdndte, fif ractdi@anBeSwitk eniHd@ikddntd of HREPIBBER  inbéhtidEC Hedance
wi t h enbodi nents of the Fresent. invention, the step of choosing a preferred
option i ri¢grueieehogaing arrrpierrgd WREEH dtcludss determinings whether 3dpt least onsttaske
acconplis I : (WaJo -option. [0018]
Furt her m‘{ag?lo?ﬁgg%gg&ggﬁ@ea%\%m&?hﬁgm% %ﬁ??hg(%n{i%e @?’%&‘2‘?}0{ géj[h()\?lg ntion, the

step of dghes)M PhERMBRS KB Tacsiish@! Witk @8iboRiReri A 8K 1HfaPrefd: iRFeri®ROMR! | shed
according to plan includes, for each obstacle, calculating projected

posi t Sonsstegf oft deterplizing ovhethenshid ft teasttone iaskaah @ot be asomphished acherddisstoance

bet ween the pl atform and t,h bst ac at_t.h | osest int approach and
oot | mat ecPie TSP Foh otitache coRlelof Prufied BRIk Bk piSlea RGH nf o,
Wi t h respRgt oBstacBNtECaétbinin€akd dxfarice MRtvided @8 platfirahaaae thdi Sistdede asthet abl e

for that obstacle and the platform whether that distance_ is smaller or

greater tdesest paintefcanprosch apd sstimated tpmolpggTive F e clased point of@pBradghce wit h
enbodi nent f. the. pr nt...J tjo i,ngludes L Ol a

ver ont |t o Bageb R SR Lesb Y 38" drk Bt} Peac B 1R oBF A ERARRL AR,

t hat 10bj egithMe,fontat bbsthdle asd eige phtfohnowhetyert thet gisehes isesal e icorgredtaki ng
into account the weights assigned to the objectives. [0020] Furthernore, in

accor dandbapfherpveidaes HEAE: of the present invention; the step of assigning

a wei ght ac f the objectives is canried ou sing.an :Lnput dgvi ce.
F0021]  FUPBKEF mhredhermafen dR GFcRIfRe s o i iU rEh L U5t PR iy the

I nvent i 0Npethb® iRMRE ls¥iBfing laOwSighe®! &dhfof el abjectbuep indficaiveastimpesance
including: conforming to traffic rules, avoiding collisions with ather
obst acl esattribaledttaithdtpicstivp ad inithenstep af ghosgiagitheprefearrgoptighofaliinggnto
substanti al speed ch e V.ol dj tantial course changes, naking a
not i plgaplaé:‘:%‘gﬁ?l%eewglﬁgﬁgés,slg%%rtgégém ge; h% task according to plan and
fulfilli %Oiﬂe Fﬁ’ﬁllﬁermore, in accordance with embodiments of the present invention, the

step of assigning a weight to each of the objectives is carried out using an input device.
[0021] Furthermore, in accordance with embodiments of the present invention, the
objectives are selected from a group of objectives including: conforming to traffic rules,
20  avoiding collisions with other obstacles, maintaining a speed within a predefined range,
avoiding substantial speed changes, avoiding substantial course changes, making a
noticeable course change, performing the task according to plan and fulfilling the task.
10022} Furthermore, in accordance with .embodiments of the present invention, the
platform is selected from a group of platforms that includes: manned or unmanned
25  aerial, ground and maritime platforms.
[0023] Furthermore, in accordance with embodiments of the present invention, the
method includes choosing an option that is not the preferred option.
[0024] Furthermore, in accordance with embodiments of the present invention, there
is provided a computer program comprising computer program code means adapted to

30 perform the method steps when said program is run on a computer.



[0022] Furthernore, in accordance with enbodi nents of the present

i nventi onw theéiﬁl atformis selected froma group of platforns that
i ncl udes: WHEAWAHS®Y unmanned aerial, ground and nariti mECHEAYYPHE2O [ 0023]

Furthernore, in accordance with enbodifments of the present invention, the
met hod i ncl udes choosing an option that is not the preferred option. [0024]

Fur t her npo@25]i FuatheaheR GLadtbtdanedThadi siiddsméts bheheDsresedninveRath@l, there
is provided a conputer program conprising conputer program code neans
adapt ed toPpwidedrsemputaiterdable meggmyEeRr i eICOmpIYeragReratablg ingrictons,

[ mvent | on ot KRR LB bt AERARIRASE Mo BoRRAMOREThRIN | 15 Comput

re 1s provi um cont al hi ng conput er

execut abligolgpStruiehRSS,; if ARbrddhEN Witk SetoRn&s Bf HRPH fn%ﬁé&{, hfﬂiae?é eps of

t he abovenenti oned net hod. [0026] Furthernore, in accordance w

enbodp nent provided he aptoasmnts nawgtion systern Her manaivpring 2 dedewrrable platfomu s

navi gatign s %tem f or .maneuvering a maneuverable platformthe system

conpri si ﬁlbes% Bb‘ﬂm%flsér?g'uati on awareness nodul e that receives data from one

or o e AR S, SRaABF QAR EnbARE bk KL LAAIEL Al he S5 5GL Sl OB L

e
group of yl ng parameters I'ncl'udes poSition, course and Speed,
rel at i ng ohe ok meorpliddrtibyiny pachnedtat aclkesd ifront e grioap wif igentifyihy aphatdror m  and
[ 0028] a decision nodule for choosing course and speed for the plajform
based on EAIREIARS RASIIRBY EOUTERo AR FRﬁCng"gﬂé’rﬂ&n‘@t‘gP Slagforprandopstastasds the, t he

vici phty .E}f]@“ﬂégfgﬁfgé‘ﬂ%md the data on the position of the platform the

deci ston no e ad o0 periodically obtain the data and determ ne a

preferr e_cﬂnm?i QNded2AGie thadiild fo? dhoesthg Ly aR@IspEdat F She PMtfoaHitaden for
each option froma set of options, each option defining a distinct

conbi nat iseid agt or oners ddentidlying pagmeiery phthe abstasles i thenriaiy jof éheoplatfpran
desirabi | j of .t J L e . £ac t acl d wth
respect tag(ti élaeciat%?r?gmgﬁ%%;}%f}ioweg?lgtg ] églﬁei é/egés?&)f I(;}Pglgelgéﬁﬁ)é%}btl%o%%so g%ﬁ] g the
grades asbiagned daa bidhtctephinon prefehred @ppiont based ah ltheohishtifyirgsparmietess, n t he
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combination of course and speed, a grade which is indicative of the desirability of that
option with respect to each of the obstacles and with respect to each of a plurality of
objectives, for each option summing the grades assigned to that option with respect to
all obstacles, wherein the preferred option is the option whose summed grades is
20  indicative of the greatest desirability of that option.
[0029] Furthermore, in accordance with embodiments of the present invention, the
system further includes a platform control module for maneuvering the platform by
commanding drive controls of the platform to apply the course and speed of the

preferred option for the platform.

25 [0030] Furthermore, in accordance with embodiments of the present invention, the
decision module is designed to calculate projected bositiOns of the platform and of that
obstacle to determine the distance between the platform and the obstacle at the closest
point of approach and estimated time to arrive to the closest point of approach, and
determining, with respect to an early reaction time and an avoidance distance suitable

30 for that obstacle and the platform, whether that distance is smaller or greater than the

avoidance distance.



[0029] Furthernore, in accordance with enbodi nents of the present

i nvention, the systemfurther includes a platformcontrol nodule for
maneuver i WG 20H7p184t f or m by commandi ng drive control s offCTAB2009/841R%r m t o
apply the course and speed of the preflerred option for the platform [0030]
Furthernore, in accordance with enbodi nents of the present invention, the
deci si on jepqy! FurtheASStEINE a 0f.ect L&l OF . 1

pl atform[ar]d_‘]of thgt ob’s?gg(llégig‘%aglé%gﬂehr %R@lgﬁg&d&g}%ﬁgg&gg%gﬁ%’ﬂge

pl at f or niemision meodetin@dapted to Heke ids etowpni stweddht agpigned ho aach e$ttherat ed
time to arrive to.the cl@sest point qf roach, .and determ ning, wth

r espect ? @egh\?eéaﬁpvaﬁ%ea i‘BiRor 4H, ué‘?aﬁlogilgl?a&a‘?'l’d%ct’diest perhopsipgshe for

t hat obspagedadpiiohne pl atform whether that distance is smaller or greater
t han the avoi dance di stance.[0031] Furthernore, in accordance with

embods me{(1032pf Fuhtheqicesehit adcovdanté avith ¢fBodlgehsi OMtheDptebt ligveadaRl & t o
take into ac&ount, a wei ght assi gned to each of the objectives indicative of
i npor t anEWuLEFVIea, PERY 4 enbeerddhs Blatipre, when choosing the preferred

opti on. ] t hernore, in, accordance with e di rents, of the present
Chvent olf 0337 FRHhtREEET ecseb ey, PUB oML S AnpIFTFBE IRvertua e

Fur t her mev@ronhiénfB 6ER0FAAMCEscldctdd RO ifRp 8f 9énsbREIBRRASRA radd?y BREHAN. T he
envi ronnment sensors are selected froma group of sensors including: radar,

ext er nal caamaRthandeniod AYsien, dscitocenticalaplond end putomapia jdentificatioh systeomat i c
i denj fi ﬁ,?lrsi)on system (Al'S). [0034] Furthernore, in accordance wth
enbodi nent's”of the present invention, the navigation sensors are selected

froma gy OFuRRASRES ndcHiaRg: Wg}]%od Stk i&f}h@g,rés\éﬁé ﬁ%ﬂtgﬁi?é% f

receiver, 1nertial measurement uni ro, accel eroneter
sensor s, naugat@e ssensorsl agpsdettédh ffiomat graup] @0RBorklintlhdingoglepali positmiigdance
i nventi.on, systemis further ﬁéﬁ\/i ded

wth enbodj[ me:z& of the pr es.ept , EI
with meahs' e B%\fﬁc&}vﬁb nRfgt P BmEH WHeUEHOL SV BperSiFeBeE g
oper at Or sensors, compass, and speed indicator.

15  [0035] Furthermore, in accordance with embodiments of the present invention, the

system is further provided with means for providing information on the chosen option to
a human operator.

[0036] Furthermore, in accordance with embodimehts of the present invention, the
means for providing the information include at least one of a display, a speaker and a

20  printer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] In order to better understand the present invention, and appreciate its practical
25  applications, the following Figures are provided and referenced hereafter. It should be
noted that the Figures are given as examples only and in no way limit the scope of the

invention. Like components are denoted by like reference numerals.

[0038] Fig. 1 is a block diagram of an autonomous navigation system for a

maneuverable platform in accordance with embodiments of the present invention.



[ 0036] Furthernore, in accordance with enbodi nents of the present

i nvention, the nmeans for providing the information include at |east one of
a di spl ayWoa20gEalér and a printer. BRI EF DESCRI PTI ON ORPCTHERZIDRMARNGS
[0037] In order to better understand t8he present invention, and appreciate
its practical applications, the follow ng Figures are provided and
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of the pfebepiesérivdrhiion. [ 0042] Fig. 5 illustrates an exanple of behavior
of a maneuverable platformw th an autononous navi gati on system in
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cont i nuijRgerdi®nchoose | ocal optimum options which cause the platformto head
away fromits destination and prevent it from acconplishing its designated
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description, numerous specific details are set forth in order to provide a
t hor ougPTefsHE HECANRRR rFBe Grtonpmops ARt sysssme v forced teystop ¢patinuing to

choose local optimum options which cause the platform to head away from its

15  destination and prevent it from accomplishing its designated task.

DETAILED DESCRIPTION OF EMBODIMENTS

[0044] In the following detailed description, numerous specific details are set forth in
20  order to provide a thorough understanding of the invention. However, it will be
understood by those of ordinary skill in the art that the invention may be practiced
without these specific details. In other instances, well-known methods, procedures,
components, modules, units and/or circuits have not been described in detail so as not to

obscure the invention,

25 [0045] A system and a method for autonomous navigation of a maneuverable
platform in accordance with embodiments of the present invention are hereby disclosed,

aimed at allowing the platform to accomplish a predetermined mission.

[0046] An autonomous navigation system of a maneuverable platform is assigned a
mission, which the platform is to accomplish and which, in the context of the present

30 invention, is comprised of several tasks. A mission may include tasks such as, for



understood by those of ordinary skill in the art that the invention may be

practiced without these specific details. In other instances, well-known
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i nventi on. 049] Maneuverabl e platform 20, for exanple a sea-going USV, is
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[0049] Maneuverable platform 20, for example a sea-going USV, is equipped with
autonomous navigation system 21, which controls the steering and speed of

maneuverable platform 20.

[0050] Instructions defining a mission for autonomous navigation system 20 may be
20  provided before the mission commences.

[0051] Autonomous navigation system 21 may include fone Or more computer

processors. Autonomous navigation system 21 may be divided into several functional

modules. The functional modules may be, for example, separate computer hardware

components, or separate software functions that share the same hardware components.

25 [0052] Platform control module 14 may receive instructions which are input directly
or communicated from remote station 10. The instructions may define the mission of the

maneuverable platform and constraints on the maneuver of the maneuverable platform.

[0053] Platform control module 14 may communicate instructions to platform drive
24. Platform drive 24 can change or maintain the course and speed of the maneuverable
30 platform. For example, when the maneuverable platform is a seagoing USV, platform

drive 24 may include steering and throttle control.



[ 0050] Instructions defining a m ssion for autononous navigation system 20
may be provided before the m ssion comences. [0051] Autononpbus navi gation
system 2 WORBIp/47ATude one or nore conputer processors. PAHIBHONBIZ20
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and on other programred instructions. The instructions that platform
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alae(ggge' . - | | ast ruct
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may be pspaeddddhd platfarnh acmndiapes giese instuctanst Tiee msung®nanty be provided

in audio or visual form, such as for example, on a display screen, a printer for printing a
printout, a speaker for providing an audio message, or other audio or video forms.

Alternatively, or additionally, the instructions may be transferred to Control module 14.

20  [0056] Platform control module 14 may modify the instructions in response to
conditions, for example wave or wind conditions, that make executing the course
selected by Decision module 18 difficult to execute or non optimal in relation to the

conditions or platform limitations.

[0057] Situation Awareness module 16 describes the current relative positions and
25  velocities of obstacles and other platforms in the vicinity of the maneuverable platform.
Situation Awareness module 16 receives data from sensors (such as, for example,
environmental sensors 26) on one or more identifying parameters which include
position, course and speed, relating to the platform and obstacles in the vicinity of the .
platform. By "position" is meant the absolute position of the platform and obstacles, or
30 the relative position between them. Some of this information may be received from the

remote station (10), before or during the performance of the mission. Environment



speed of the platformaccording to these instructions. The instructions may
be provided in audio or visual form such as for exanpie, on a display
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information from seagoing vessels or objects also equipped with AIS, or any other

sensors that aid in detecting and identifying objects.

[0060] On the basis of the information received from the various sources, Situation
20 Awareness module 16 constructs a picture of the current status. The picture of the
current status includes information regarding the identity, relative location, and course
of each obstacle or platform in the vicinity of the maneuverable platform, as well as the
relative positions of restricted zones or other areas to which constraints apply. Decision
module 18 receives the status information from Situation Awareness module 16, and

25  uses this information in the process of making navigational decisions.

[0061] An operator at remote station 10 may communicate instructions to platform
control module 14 via communication link 12, such as, for example, a wireless
communication link or input the instructions direétly using user interface 15 (when the
operator is onboard the platform). These instructions may include, for example, mission
30 information, such as new tasks, added or changéd tasks, changes to the mission in

progress or a new mission, changing or adding of waypoints, information regarding new



sensors may include a G obal Positioning System (GPS) receiver, an inertial
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identification and navigational information from seagoi ng vessels or

obj ect s @nSteaif Wr peEcM, tiRfolfn@tiobn &Y MR timansIer ﬁl_sfrbéﬁon@iré’gdr&lng%t ecting
and identifying objects. [0060] On the basis of the information reéceived
f r om t heVaapins RAydbeikde geoggnhitaeqosdingigm adhneibledefiniag vhen tmatriveat thea

ict ' d f 1.h t . stat i ncl ud
Ut or mat T ORL B FOPRL bifope B Bt Qe P Shienbotmreesdl ' cach

obst acl evaypojritaprefermedi ordérhia which 0 tiyivefat tievarowe Wahathe apl akd Rlafiveas wel |
as the relative p?st'gei ons of restricted zones or other areas to which
consPr aiMPertanss 91 hecfask o ﬁ?ﬂ?&“@ e eyepings Insyacyenst mayi erebleatieon from

Si tuat i %tq%wa{oﬁgﬁﬁﬁgsﬁ?&yg&te}@m fégglg‘l‘fﬁig*%é f M&&&m&&%%ﬁe}leE *aﬁ?lﬁ{cﬂcess of

maki ng navi gati onal “deci si ons. perator at reno station 10 may
comuni aatdoigat’).riarteixemplet msphetidns mayceqtire thenmandueerbblevplatfeantousdekat i on

link 12, such.as, f | i r el i cation [ink or input th
not ruclorbS Aheb LRy Gs RROEn bt Faih S ARAS MEbFBEa: BPEt onboar d

i nstruct

the pl atdbpictand THasstohdshk EM&E%e@E‘ﬁndMaﬂd&ﬁ'Nﬁ%xarﬁﬁl’é, LUGBRLE objRLSWHARR
information, such as new tasks, added or changed tasks, chariges to the
m sdPon size pdsgeakaregrithin pesdefinerstanaes ishiahgiapgrosehesdtdi wighinfa wedgsiedt s,
i nf or matj. re dj traints:-or .obstacl e information on the

n ssi on Cf[lél%ér%\:l@c at%ﬁ%é‘.é ﬁes e‘rﬁ\é\%ﬂa?)rﬁ%ndrnéglg?tgfcﬁlan% mvﬁy%%? n na{’r%ytg?na@l??}’(ﬁ’gm&éogr aphi ¢

coor di nakeigatien tsystemal) geldaf ithigven \wo@e Withial [dosely adefided Yst¥R@nAL ,Fdaow
closely to approach the wayEioi nt, direction fromwhich to approach
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located on the maneuverable platform itself (15). By means of station 10, it is also

possible to remotely control the maneuverable platform manually and in real time.

20 [0063] In addition, an operator at remote station 10 may enter instructions regarding
constraints on the maneuver of the maneuverable platform. For example, the operator
may define restricted zones, which are areas that the maneuverable platform is
instructed to avoid. In the case where the maneuverable platform is a seagoing USV,
such a restricted zone may include, for example, an area with shallow water or

25  underwater obstacles, a region surrounding a fixed buoy, areas in which boat traffic is
not permitted, areas of heavy boat traffic and mined areas. Instructions regarding a
restricted zone may include coordinates defining the boundaries of the restricted zone
and a weight factor that reflects the relative importance of avoiding the zone.
Instructions may also indicate a preference for a certain roufe, for example, a'sea lane or

30 road, by assigning a weight that indicates the relative desirability of following that

route.



size and speed are within predefined ranges is to be approached to within a
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[0066] While carrying out its mission, the autonomous platform employs sensors, or
information received from a remote station, to determine its own position, and to detect,
and to determine the relative positions and velocities of, other platforms and objects in
20  its vicinity (Situation Awareness). Velocity is defined by a speed, and by a direction of
motion or course. "Objects" may include, for example, stationary obstacles as well as
other platforms that may be in motion, all of with which collisions are to be avoided,
restricted zone-s;, naval pathways and shore "lines. At predetermined intervals, the
autonomous navigation system generates a set of possible actions that the autonomous

25  platform is capable of executing. Each possible action is generally characterized by a

specific course and a specific speed.

[0067] Autonomous navigation system 21 may include one or more computer
processors. Autonomous navigation system 21 may be divided into several functional
modules. The functional modules may be, for example, separate computer hardware

30 components, or separate software functions that share the same hardware components.
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11§ course 1n oraer 1o avold a coliision. hen prograinming an autonomous nav1gat10n

system on a seagoing USV, each rule may be assigned a weight in accordance with the

deemed importance of that rule. In this way, the autonomous navigation system is

capable of conforming to the COLREGS rules.
20 [0072] For other types of platforms, or for a USV in port, the traffic rules are

different. An autonomous navigation system in accordance with embodiments of the
present invention may be programmed with any defined traffic rules. In addition, the
autonomous navigation system may be programmed to conform to one set of rules when
located in one area, and another set of rules when located in another. For example, an
25  autonomous navigation system of a USV may be programmed to conform to the

COLREGS rules when at sea, and to other rules when in a port.

[0073] "Obstacles" are considered. Obstacles may include, for example, other
platforms in the vicinity of the autonomous platform, precluded or forbidden zones,
mined areas, physically limiting obstacles (such as, for example, shallow waters, shore

30 lines).
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include one or more tasks which are to be accomplished by the maneuverable platform.

[0078] The Decision moduie then automatically plans the mission (202). The mission
plan may include determining the order in which the tasks are carried out, and setting

one or more routes.

20 [0079] The algorithm then checks whether the mission is complete (204). If the

mission is complete then a "mission complete” flag is issued (206).

[0080] If the mission is not complete, then Task Planning is performed (208) on the
first task to be carried out. Task Planning may include, for example, planning the best
route to the target, according to predefined criteria, or according to the given

25  instructions with respect to that task.

[0081] The algorithm then goes on to periodically determining the position and
projected positions of obstacles in the vicinity of the maneuverable platform (210). This
typically may be carried out at equal intervals of time (e.g. every few ininutes, every
few seconds, every second and so on). The time intervals may depend on the nature of
30 the maneuverable platforms and the obstacles, may depend on the nature of the task,

may be determined by the programmer of the Decision module, or may be selected by
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15  hereinafter.

[0083] If the platform may carry on executing the task (214), then it is determined
whether the task is complete (216) in which case the algorithm returns to the step of
mission planning (202) to start the next task. If the task is not complete then the
algorithm goes back to determining the positions and projected positions of the platform

20 and obstacles in its vicinity (210), and following the next steps.

[0084] If, however, the projected positions of the obstacles are such that the platform
may not continue executing the present task according to plan, then the algorithm goes
on to select new (changed) éourse and speed (218). This is described in Fig. 4 and the
corresponding explanation hereinafter. The new course and speed are executed (220),
25  and the task plan is examined to determine if it is still optimal (or acceptable) given the
new course and speed (222).This step may be carried out occasionally and not for each

iteration of the algorithm.

[0085] If the task plan remains optimal (or acceptable) then again it is determined

whether the maneuverable platform may execute its task according to plan (212).

30 [0086] If, however, the task plan becomes unacceptable or not-optimal as a result of

the new course and speed, then the step of Task Planning follows (208).
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[0090] When at least one obstacle is identified (300) the following procedure may be
carried out with respect to each of the identified obstacles. Depending on the type of the
task (302) — information which is provided from the Task Planning (208), and
20 depending on the obstacle type (304), retrieved from the Situation Awareness (211), an
algorithm which may be run by the Decision module considers a database of COLREGS

parameters (308) to determine the avoidance distance and early reaction time (312).

[0091] The "avoidance distance" is the minimal distance for the platform to keep
away from an obstacle in order to prevent collision. The "avoidance distance" may
25  relate, for example, to the type of the obstacle and the type of the task. The "early
reaction time" is the minimal reaction time needed before the anticipated moment in
time in which the piatform and the obstacle are too close, so as to allow sufficient room

for safe passage of the other platform or sufficient room to maneuver safely.

[0092] The type of the task is important in determining the avoidance distance and
30 early reaction time. For example, in a case of a task that includes following an obstacle,

where it is important that the obstacle will not detect it is being followed, it may be
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to plan (318). If it is determined that the platform cannot continue to execute its task
according to plan in regard to at least one obstacle, the flag of 212 is set to 'no’".
[0095] When determining a new course and speed for the platform a weighted "grade"
20  is calculated for each option in a manner which is described hereinafter, and a preferred
option is selected accordingly. The Weighted grade of an option is indicative of the
desirability of that option with respect to the considered obstacles and objectives.
[0096] The grade of an option is a sum of all the grades calculated for that particular
option with respect to all objectives and obstacles. In order to find the preferred option a
25  three dimensional matrix of grades may be generated, where each element of the matrix
is a grade relating to particular option, objective and obstacle.
[0097] A grade in the three dimensional matrix may indicate the desirability of the
associated option or the level of risk involved in performing this option, with respect to
an obstacle and a given objective.
30 [0098] In the context of a USV, objectives may include, for example, performing the

task according to plan, conformance with various traffic rules (e.g. COLRGES rules),
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and a pr bald §fically be defined and embedded in the system by the system programmers,
weights would typically be assigned to each objective by the mission Supervisor.
Typically the weights would be different for varied mission types. For example, for the
20  confidential mission of following or approaching an object, the objective of following
the COLREGS rules may be assigned a smaller weight than the same objective for the
missien of-patrolling a predefined area. The weights would typica]ly_ be aSsigned before

the mission commences, yet may possibly be changed as the mission progresses.

[00102) The mission supervisor may regard certain objectives as more important for a
25  specific mission than other objectives, and indicate their level of importance by

assigning them weights that represent their level of importance as the mission

supervisor sees it. Different missions may require the mission planner to assign

objectives with weights differently.

{00103} For example, the mission supervisor may find the objective of collision
30 avoidance much more important that maintaining a speed within an allowed range, or

avoiding speed changes, and assign weights that reflect that. The grading function for
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[00106] Fig. 4 is a flow chart of an optional algorithm for selecting preferable course

and speed of an autonomously navigated maneuverable platform in accordance with

embodiments of the present invention.

[00107) A grade is calculated for all possible combinations of obstacles, options and

20  objectives. This may be carried oﬁt, for example, by using for-loops, as demonstrated in
Fig. 4, where at first counters for the obstacles (obsNum being the number of obstacles

in the vicinity of the platform), options (optNum being the number of options
considered) and objectives (objNum being the number of objectives defined) are reset to

1 (402). ObsNum counter (404), optNum counter (406) and objNum counter (408) are

25  each advanced at their turn in the loops (412, 416 and 418 respectively), and grade
function (410) is used in calculating a grade for each obstacle, with respect to each

option and each objective. The weights are taken into account (414) for each objective.

[00108] Then OptNum counter is reset to 1 (421) and a grade for each option is
calculated, using a loop (between 421 and 432) to sum up all grades for that options
30  with respect to all obstacles (430). When all option grades are calculated, the chosen

option is determined to be the option whose grade is maximal (424). The parameters for



wei ghts woul d typically be assigned to each objective by the m ssion
supervisor. Typically the weights would be different for varied m ssion
types. FOVORUMIPB7 for the confidential mssion of fol PORIRYOYHP01220
approachi ng an object, the objective &f follow ng the COLREGS rul es may be
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[00111] Fig. S illustrates an example of behavior of an autonomous navigation

platform in accordance with embodiments of the present invention.

[00112] Maneuverable platform with an autonomous navigation system 50 (indicated
20 by the diamond symbol), located at point 50a, is assigned a mission that includes a task
of reaching to way point 58. A planned pathway (indicated by dotted line 507 is
determined at the Task Planning stage.(see-208 in Fig. 2), taking into.account restricted
zone 52. The far presence of moving obstacles 54 (indicated by the triangle symbol) and
56 (square) — traveling along pathways 54' and 56' respectively - does not at that time

25  affect the planned pathway, since the obstacles are very far.

[00113] Platform 50 travels from point 50a to point 50b, and then to point 50c. At that
point the environmental sensors (26, see Fig. 1) of the autonomous navigation system
onboard platform 50 cannot ignore the presence (location, course and speed) of
approaching obstacle 56, which appear to be crossing the planned pathway in a collision
30  course towards platform 50, and the autonomous navigation system selects to perform a

change in the course (and perhaps the speed) of the platform towards point 50d, at



reference to Fig. 4. [00106] Fig. 4 is a flow chart of an optional
algorithm for selecting preferable course and speed of an autononously

navi gat edVORAWN/E18Ebl e pl atform in accordance with enbod@Ckdh2089/6f122he
present invention. [00107] A grade is2Zalculated for all possible

conbi nati ons of obstacles, options and objectives. This nmay be carried out,

for exanphgn MY pisdee (18EatloRORSurs@andlSPRVAS oF 3bprdatiinE i patftm W @&a8d first
7

counters for the obstacles (obsNum being the nunber of obstacles in the
vi ci ni t yarwither rebapgeainf thengoursspiand pessitlytsheed)badi platferre SO dowands poindfidieons

consi dered) and.objectives .(qbj Num bei he nunb 0 bj ecti,ves defi ned
are res e‘tlp({'"o"eic DBy sﬁd%ngﬁ%mlp‘é‘?ﬁlagg%&o‘%f)%ﬁﬁﬁj% (af%% ﬁgg{eelte&% AHd obj N?Jm
count er 4f0Shtfeme 50 ehdssbiaagedyfowald® poitlB0f, iwhidNE WRePSway#diat 541H and
418 respectively), and grade function (410) is used in calculating a grade

for dachlogted.acie, with respect to each option and each objective. The

wei ghts are_ taken jnto account (414) for. each objectjve. [,00108] .Then
Opt Num c 9 Y Fig érgb@fraqeg apsipugtiey Where, 4n giceepdan ngié(?ﬁl@h{ql%mS }Og the

cal cul at gl enl$hGtiBn Ql‘epatﬁ&ﬁﬁﬂﬁﬁrha@?g%tiél'i@yﬁ%) is [Brc@H o Wio kbntfudf}e s for

that options wth respect to all obstacleS (430). WWen al'l option grades
are cal cehomsedocal heptihas solutagatsi whichs calse ethai pledomy tbehaadeawpy i foym vilose

grade is maximal (,424). The paraneter.s forthat chosen option (e.g. course
and spee%‘ﬁ“%?@“&?%rﬁiﬁ%@&‘tl(}fqngﬁ‘fc(?mpﬁ‘ ngus gﬁ%%’éat%g%%‘ ang t he ((:hogen cour se
and ee 8) car : . i i on,
obj ecti v@oi#)] aélteg\é%éﬁ? g’%@gﬁ“&&ﬁ%% %Jrlté)ﬁ\%@?ﬁ%ga tl)é/m ftz)hesggtfggérq {psra]%ag{r?ogr anmer,
wher eas @ taskeif ghichingoraypaih 60bDbsthele €2iis moyirigea Ithey sanss ¢ qymsedaridyspeébasti ssi on

supervisor, either before the m ssion conmences, possi bl hangi,ng, it
during athetpanenverablsPIpfeg) PEERING BT MINTUYT G St‘iabghéﬁ%/ i6ﬁi ﬁ‘bgﬁdﬁ‘gto

cal cul at { o 6¥.aht BHRARKAR hi‘éffgnn Qhoutd ARRES defouPR £ GHIINA She MBKcDRUL €at ed

i n various namnners. exa , an option whose perfornmance would lead to
a col |'i stoof0Obt et ardihen e6ivoi ded at all cost nmay be assigned a highly

negative grade, regardl ess of the desirability of that option wth regard
to other [09Bj6lc Plarfosm 6smay dind diselé xeneptedly cheosipg opHoneiiawoldicapsedt &y from

e %}olvg Ot 8 sgrrr]lg speed and course, thus effectively increase its distance from the target

waypoint 61 instead of approaching it.

[00117] A local optimal option is the option that appears locally to be the best course

of action to take. Yet, in particular scenarios, choosing the best option at each iteration
20  might not lead to a general solution that would allow successful completion of the task,

because the distance between the platform and the target waypoint increases in each

iteration.

[00118] It may be desired, at such instances, to choose an option that is graded less

than the highest graded option, in order to allow for the completion of the task, yet the
25  option selection algorithm as it was described hereinabove is designed to always select

the highest graded option. This is typically associated with the existence of moving

obstacles, as when only stationary objects are present, route planning algorithms such as

Fast Marching are proven to yield a globally optimal solution.

{00119] One way to deal with this problem would be to take into account more future
30  steps, but this would lead a sharp increase in the number of options to consider, possibly

beyond the calculation power of the Decision module of the autonomous navigation



basis of the change in course or speed that the option entails. For

exanpl e, small changes that are not noticeable by other platforns may be
el i m nat SYORPYMA76BAsI der ati on, while | arge changes may BETIRZOY/8112Ab] e by
the platform Alternatively, it nay b@w se not to elimnate options so as
to all ow choosing an option when all options are bad. [00111] Fig. 5

i 11 ust r agpenpnvRXE MnetHal, BENAYIIAE Jbtadids 3H1y° BRARMESIHER Vi Gak! gformin
accordanc}g w th enbodi ments of.tlhée prgse?lt i}ﬁventl on. [00112 N%legu’verabl e
pl at f or n¢ansing thapraercotratatedssotatiangabeenmeglsolate.50 (i ndi cated by the di anond
synbol ), | ocated at point 50a, is assigned a mssion that includes a task
of reachi®942Qlo Mydssoinhensige that|then meancpyaratieplatforn cuithe @nhgutdpemed | i ne
50') is FIAag t : 0| - - i ... taking
"nth accaubh s al BRI REGRbQRALAT oF WASReech ERERARE, bibomiTish Slies 54
(i ndiscat task, btyistshggesteidan gtaek sty rbbdviorandr Hfie(ts qletet@)ne-if foraygilvém gerdd dosy

pat hways .54' and 56' respectively - does.not at that tinme affect the

pl anned YAf ﬁ‘%ﬁaél?tfme%o%ﬁ%owmé‘é JETSe “\?é‘FWSIﬁ.‘)“_{ %fir:g]:t-lﬂt {5185 50
travel s ha®m Retuatiefdint e RBIUKon APRoe AR séthGiNadaRNaPR! dPrionSCis Atridd'dht PO Nt
the environnental sensors (26, see Fig. 1) of the aut'onorous navigation
syst em ohivongradfew demabems, Sorcngrthe rutogemoes ndwgghoassystem 1l aboase aneptmaur se and

speed) of approachi ng obstacl e 56, .which to crossing. .t he pl anned
oot hny P RERE TS BERUA B e ined PR M ™ AlREE pifuhenes
naviigat i @8 plehaindahe slovidgoiedcicowtuld p;bm%e chadhgt h® 168%Hr PRevepfifly BRI haps
the speed) of the platformtowards point 50d, atwhich the presence

(1 ocat i aratfersufrem Hiea reperiap tefselepind aptiensgthpl wonldr enentmally deask Bdo disot her
change itg tepe course (and possibly speed) of platform50 towards point 5Ce.
upon reach ng point 50Ce it is determ ned that both obstacles 54 and 56 are
headed a0By2 [N A1RHALIQY Mpdh RERdR: BARLAIdnes bl bPMRLASoRRNS thap Brelventthi Ch i s
where wa poiﬁt 58 ié} Ig’ca%%gd.' [00%14] Fig. 6 illgtsi\fﬁratoelg a siat gf'ft frtl)n wher e,
i n accortiamptafonnt fromndzodinpbstisg @6 tashe ther tesle ntayi beveeptanoed, fohexamploynous
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A*, while considering the moving obstacle to be a large stationary obstacle stretching in

the direction of approach of the obstacle.

[00122] In most cases, the option selection algorithm as described hereinabove may
lead to a sub-optimal solution without impeding the mission completion, as typically the
20 moving obstacle would be past and clear after a short while, letting the maneuverable

_ platform to plan a new shortest route to the target (222 and 208 in figure 1).

[00123] Thus, according to embodiments of the present invention an autonomous
navigation system for an autonomous platform is provided that utilizes an algorithm that
is robust, may be accommodated to a large number of platform types and situations,
25  effectively handles situations where a large number of obstacles and other platforms are
present, and effectively handles situations governed by a large number of rules, some of
which are ill-defined and contradictory.
[00124] It should be clear that the description of the embodiments and attached Figures
set forth in this specification serves only for a better understanding of the invention,

30  without limiting its scope.



destination and prevent it from acconplishing its designated task. [00115]
Maneuver abl e platformw th an aut ononbus navi gati on system 60 is assigned a
task of rsQahlgo®aAypoi nt 61. Cbstacle 62 is noving at PRETEXMYOUAUr se and
speed as the maneuverable platform peeventing it from maneuvering straight
to 61. In order to reach 61, the maneuverable platform should make a
detour, @og25]f &l dhpuiat o 0116]

Pl at f or mWGO r%ay find %lk?s%la(?g%ggéeﬁjﬁeﬁls@ sclﬁlg%slln ﬁg&S‘g?ﬁ%E tﬁﬂ%)th\?\ﬁsghgause it
to nove smcrtﬁhetusamld;pebda@nﬁm@r@@nmﬂu@neﬁo dutattached Figurce asé aboe

d f h f hi 00117] A
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course of action to take. Yet, in particular scenarios, choosing the best
option at each iteration night not lead to a general solution t hat woul d

al | ow successful conpletion of the task, because the di stance between the
pl atform and the target waypoint increases in each iteration. [00118] It
may be desired, at such instances, to choose an option that is graded | ess
t han the hi ghest graded option, in order to allow for the conpletion of the
task, yet the option selection algorithmas it was described herei nabove is
desi gned to always sel ect the highest graded option. This is typically
associated with the existence of noving obstacles, as when only stationary
objects are present, route planning algorithnms such as Fast Marching are
proven to yield a globally optimal solution. [00119] One way to deal wth
this problemwould be to take into account nore future steps, but this
woul d | ead a sharp increase in the nunber of options to consider, possibly
beyond t he cal cul ati on power of the Decision nodule of the autononnus

navi gati onsystem Mre then that, the noving obstacles nmay change their
course and speed, causing the prior calculated solution to becone obsol ete.
[00120] In order to ensure that the maneuverable platformw th an

aut ononous navi gati on system according to enbodi nents of the present

i nvention, acconplishes its task, it is suggested to track its behavi or
over tinme to determne if for a given period of



time the platformchooses options that increase its distance fromthe
target. If this is so, than a perturbation in the solution space (the set
of avai |l MPROYATPBAS) is carried out during a few iteralPCdAB2009/8(1820ng t he
aut ononous navi gati on systemto choos@ an option that is not the | ocal
optimumoption. It is assuned that after a while relative positions of the
pl at f orm and t he novi ng obstacl e ‘M?fi‘l/ﬁ obably change no | onger preventing
the platformfromthen returning to selecting options that would eventual ly

lead it {0 itg,tad@Gked h‘%t@ri]o%lﬂor AldoRbRdhi \ﬁ@&igaﬁd%peﬁa%%@ﬁ%rmg Blafdrat i on of

| ocal optinmum options t prevent the platformfrom acconplishing its

t ask, t hbe hethodaynrsingepl anned, for exanpl e by enpl oyi ng a pat hway
planning algorithm such as for exanple, fast marching, Dijkstra, A*, while
consi derpragidingeanaponemays sauention yystge hal elydesst at i onary obst acl e
stretching in the direction of p{)r oach gf %rge obst acl e. &g}OlZZ I n nost
case$, the op?FiB13lCR VRIS I%(Pcb’g‘f OTRERTNS A3t S0P} DREOTHRPTE  SRRIPEY R RN ead t o

a sub-optimal sol ul,i,n ; Yink; JaPREAL Qs ReedTiRH R QJfl RBntifh
typically the novi ng of)st algﬁl'ég v%ul d be Sfoast and cl e%fé?g% er a gﬁgr tg whi | e,
|l etting the maneuvearabéterspllat fioelndeso ppdinon,acvese shdrspesd, retatimg toothehe

target (222 and 208 jn fi 1). .100123]. Thus, di t nbodi t f
thegpregent inventglﬁkg%g%ﬂ‘g%%#ﬁﬁéﬁﬁaxﬁlbﬁi’Pgﬁ‘egéfogﬁ\’:‘2? aﬁ :utgnlogsss 0
latformii rovi.ded t hat i | | j tonid @ D
gc comuod alt Zd p% e\lci%\&?%rrné) 81rel t}érsl‘r‘%féérolséf% 8%?%%@0%%@ ;f/%g}slé E%Bfogﬁ tb E%P;bglnggl, ©

ef faqeti vel y handl esr siokdadendfidngvparagneters aff ghc mbstheles of tinbstcadtyesf drd ot her

platforns are present, and effectively handl situations governed by a
| arge nunber of rupladormyapabthgdatganthe ppgitien Pt-etg‘EPsaﬁéﬁmand contradi ctory.

[00124] It shoul d be clear that. t.he description .of the ' and
at t achedP'RVi§inecthe degisiog r’P‘ﬁd‘itlen Wit 1@%‘8@?9 Plg AR 4 Sré&lg%l%?/d ¢ ?% rgtt (znebet ter
under st andi ng,@f a&{g@;e&w&@tﬂléﬂfbrm%ﬂ&wm limting its scope.[00125] It
shoul d al so be clear that a person skilled in the art, after reading the

present spRAidhil¢albtaningothk diavnlead athousingren peefaredanpticinesing the defisicn t ached
Fi gures and above descri bed enbodj nents that, would.stiJll bg covered by the
presént i nvenmpgwechasedgn the identifying parameters, by assigning, for each option from

a set of options, each option defining a distinct combination of course and speed,
a grade which is indicative of the desirability of that option with respect to each
of the obstacles and with respect to each of a plurality of objectives, for each
option summing the grades assigned to that option with respect to all obstacles,
20 wherein the preferred option is the option whose summed grades is indicative of

the greatest desirability of that option.

2. The method as claimed in claim 1, further comprising providing a platform
control module for maneuvering the platform and commanding drive controls of the

25  platform to apply the course and speed of the preferred option for the platform.

3. The method as claimed in claim 1, further comprising planning said at least one

task.



1. An automated nethod for autononobus navigation of a maneuverable platform
the met hod conprising: providing an autononobus navi gati on systemt hat

i ncl udes:W8 281¥7a187on awar eness nodul e to recei ve data PESH-2MY0PR20nDr e
sensors on one or nore identifying pak@aneters selected fromthe group of
identifying paraneters that includes position, course and speed, relating

to the pjatfo bst . he. v.cinit f.th atforn. a decision
nodul e tJ(l)' cho%égeﬂ’%g]l?(ras% "ggﬁ‘h‘%gp"éeé“t‘ lIral‘olr’ @ﬁ}é&pﬁ%’ﬁr SR @3’2‘&&% En"sAPa pgaﬁ]e or
nor e i defok iteyinisgiopar anet ers of the obstacles in the vicinity of the
platform and the data on the position of the platform providing the
decision nodule with information on a mssion that includes at |east one
task assigned to the platform and periodically obtaining the data and
choosing a preferred option using the decision nodule, based on the

identifying paraneters, by.assigning, faor each option froma set of
opt i ons, >-eachl Bpmedwdyas F%}rﬂif y Bliag’tli“m&’heé%ﬂﬁﬂ‘?\é epof ghooswgra Brefsittdspeed, a

grade wWhighyi S QakiniRify whbfie S84 R hids| bite Qﬁsﬁt&ﬁt nd%Pcfé 2 ofipliBndes pect
to each of the obstacles and wth respect to each of a plurality of

obj ect i vasording togdarhbefpre chnosngrtherpgefetred gptambes assi gned to that option with
respect to all obstacles, wherein the preferred option is the option whose
sumed grades is indicative of the greatest desirability of that option. 2.

The method as_clained in clajm1, further conprisi roviding a platform
control %odul EhgBet ﬁéﬁlﬁ‘é‘??%ﬁ‘ ‘ijlﬂé‘ Dl \gleqrgtp,ﬁlfggtap 8%5&5&&‘?‘% ‘Mli“??k'f‘é S&’Gnt rols
of e PhaldPbi 19k BaPhd: B ebRisiRdaBChrEREH phin bRdRY herkR dbatalik.on for

the platform 3. nmet ho aimed in claim1, further conprising
pl anni ngcadailalingt propast posetidnasi. the platformearntodl dmt ebatapgkedoi determanarthe,

further conprisin |.annj a m,ssio l.an . fpor the mission. 5. The nethod
he ol o rgaRe BroiPe 45 plalBaf ABe ebeBeiBtue (Rt sl ot & wmmassh Hhd
estimated time to arrive to the closest point of approach, and determining, with respect
to an early reaction time and an avoidance distance suitable for that obstacle and the

15  platform, whether that distance is smaller or greater than the avoidance distance.

7. The method as claimed in claim 1, comprising assigning a weight to each of the
objectives indicative of importance atiributed to that objective, and in the step of
choosing the preferred option, taking into account the weights assigned to the

20  objectives.

- 8. The method as claimed in claim 7, wherein the step of assigning a weight to

each of the objectives is carried out using an input device.

25 9. The method as claimed in claim 1, wherein the objectives are selected from a
group of objectives including: conforming to traffic rules, avoiding collisions with other
obstacles, maintaining a speed within a predefined range, avoiding substantial speed
changes, avoiding substantial course changes, making a noticeable course change,

performing the task according to plan and fulfilling the task.

30



option includes determ ning whether said at | east one task can not be
acconpl i shed according to plan before choosing the preferred option. 6. The
met hod asWOI2810486787n cl ai m 5, wherein the step of deter RCATRYOXPHRWer sai d
at | east one task can not be acconpli &hed according to plan includes, for
each obstacle, calculating projected positions of the platformand of that

obstacl ej4.0 detemBinga ab BRiAtPhAISS DIIMBER tdSlaitbt fae-rAddhg Algt acl e at

t he cl osest point of approach and estimated tine to arrive to the cl osest
poi nt of of:plgifmshhat ancdudist mewiadi argnmannesd gesioh @eeundand mashinhg plademis. on ti nme
and an avoi dance distance suitable for that obstacle and the platform

whet her that distance is smaller or greater than the avoi dance di stance. 7.

The nethod as_cl ai inclajml,. c risin ssi.gning a weight to each of
The ob; bk velts Ratioder SeTpRl Mliint rdoit Sooute eb ophon Tabjawt e ang
in the stepnefi ophgesi ng the preferred option, taking into account the

wei ghts ‘assigned to the objectives. 8 The nethod as clainmed in claim?7,
wherein the step of assigning a weight to each of the objectives is carried

out using an input device. 9. The nethod as clainmed in claim1l1, wherein the
obj ecti VES ar& amhmttrepropranmcanpriomg cimpligre ptogvas dode | mensgadapedf ©@r m ng to

traffic rules, avoidi cal|isions W th other obstacles, maintaining a
speed Wi qui*oﬁfnéh‘f)f‘t@ﬁe‘?tlnag‘@d’?lcl%‘@%? t%l\l/mwé’leﬂ @alg PET RS TP Wey R Hehges,
avoi di ng substantial course changes, making a noticeabl e course change,
performng the task according to plan and fulfilling the task.10. The

met I“,](bd ag; cl ap %&pﬁl&r% ame]medm&g&r'n&iﬂm%ggﬁlgﬁtfep ERchBbREISGh&Mnk @M @ group
of platforns that "i ncl udes: manned or unfanned aerial, ground and maritime
pl at f or nwhenlékecdtbé onatchmputes pedfaimrthd staps of anyneficlaiosniptoildi ng choosi ng an

option that is not the preferred option. 12. A conputer program conprising
conput er program code neans adapted to performthe steps of any of clains 1

to 11 when said programis run on a copputer. 13. A corrpue;txﬁé ri@% abl e
medi um chht ai ARAFIOMNUE ARVISREBT SHIFR 1oh SRFNGRYSTHEs2 AN VEIARER B g)éﬁ‘t ed on a

conmput erth9§§sft8£%ﬁlﬁﬂsiﬁé:eps of any of clains 1 to 11.

15 a situation awareness module to receive data from one or more sensors on one or
more identifying parameters selected from the group of identifying
parameters that includes position, course and speed, relating to the

platform and obstacles in the vicinity of the platform; and

a decision module to choose course and speed for the platform based on said one

20 or more identifying parameters of the obstacles in the vicinity of the
platform and the data on the position of the platform, the decision

module adapted to periodically obtain the data and determine a preferred

option, based on the identifying parameters, by assigning, for each option

from a set of options, each option defining a distinct combination of

25 course and speed, a grade which is indicative of the desirability of that
option with respect to each of the obstacles and with respect to each of a

plurality of objectives, for each option summing the grades assigned to

that option with respect to all obstacles, wherein the preferred option is

the option whose summed grades is indicative of the greatest desirability

30 of that option.



14. An autononous navi gation system for maneuvering a maneuverable platform
the system conprising: a situation awareness nodule to receive data from
one or noWe 28¥MN6183 on one or nore identifying paranmet ePSTABI8YPIHEA2f r om t he
group of identifying paraneters that R%icludes position, course and speed,
relating to the platformand obstacles in the vicinity of the platform and
a deci sion nodule to choose course and speed for the platformbased on said
one or nore identifying paranmeters of the obstacles in the vicinity of the
pl atformsand The sgaém & clalifed@siddian 19 fidRr oMdRidp atharsiacicshemn nodul e
adapted to periodically obtain the data and determ ne a preferred option,
based ormpdie feranenquyrigs herniatHaray by c rding dring comtenls efthie pdasfarontof r om a
set of apf.} , [ fi (M |.S¢inct .combi nati on of course and
speed, aa%’;)g%g ﬁg%’?g&efggf@gtﬁ&%ggq Slftgden %égl%rpe{?}?qrfnfy of that option with
respgct to each of the obstacles and with respect to each of a plurality of
obj ectives, for each option summ ng the grades assigned to that option with
respect 1@ al Theofigteas heslainidienilsm NE wHeEiR thede@iibh RIdALR it A8sigRdd @n whose
summed grades is indicatjve of the greatest desirability of that option.15.
The systaalpuipe @reieetad Hopitiongioh the platfarmhard efripat ebstasler toldgterming thent r ol
nodul e f n i i ri ntrol s of, the

pl at f or rﬁﬁ %%ﬁ%pgwgﬁé}% célgr&glgll' %h%qéégeog%wg? %@9 6?)%?% o gng oop%plp(r)onacﬁoafndt he

pl at f or restihéted e 8y atieat@ sheadlGdesegbintofcdpptdach dandvdegdrmmining hwithl eespsdton

nodul e i s designed to cal cul ate projected positions of the platformand of
t hatlOobdP A8 @rlygreaetion, wpaand ke ayeidansr dishaeaswiabis forfhat ebstacleasnd thee

obst acl 1&?0&1‘%%{}&?%% di@%%is%&aﬁ&%r%@ﬁeﬁﬁ& &éfak/Hi‘ﬁElﬁéi dittHeel © arrive to
the cl osest pdint of approach, and determning, with respect to an early
reaction time and an avoi dance di stance suitable for that obstacle and the
platform whether that distance is snmaller or greater than the avoi dance
di st ancel7. 17. ThEhsysteys ae thafsedcinadlaiad 14 nwhdrainnthd 4ecisloarmodulé beaddpridsioon

nodul e i s adapted to ) . e .
take 1ntop account a weight assigned to each of the objectives indicative of importance

15 attributed to that objective, when choosing the preferred option.

18.  The system as claimed in claim 14, wherein an input device is provided onboard
the platform.
20 19. The system as claimed in claim 14, wherein the environment sensors are

selected from a group of sensors including: radar, external command and control

system, electro-optic payload and automatic identification system (AIS).

20.  The system as claimed in claim 14, wherein the navigation sensors are selected
25  from a group of sensors including: global positioning system (GPS) receiver, inertial
measurement unit (IMU), Gyro, accelerometefs, 6dof sensors, compass, and speed

indicator.

21. The system as claimed in claim 14, further provided with means for providing

30 information on the chosen option to a human operator.



take into account a weight assigned to each of the objectives indicative of
i nportance attributed to that objective, when choosing the preferred
option. IO2UHN76383t em as clained in claiml4, wherein EGTIIh}PAY/0HEW ce i s
provi ded onboard the platform 19. Th& systemas clained in claim 14,
wherein the environment sensors are selected froma group of sensors

i ncludi ng: radar, external command and control system electro-optic

payl oad and autonmatic identification system (AlS). 20. The system as

clai med 21 cl @hensjistemvdseclgintedt e clai i Patvwinfeis ahs Ghéansfor I8¢ @sbfadfdnom a
group of. sensors including: global p03| tioning system (GPS) receiver,

i nerti al INARS gt lspstape g afhspyamspeéwr@n aPEBlEr onet ers, 6dof sensors,
conpass, and speed indicator. 21. The system as cl ai med in claim 14,
further provided with nmeans for providing information on the chosen option
to a human operator.22. The systemas clainmed in claim?21l, wherein the
nmeans for the information include at |east one of a display, a speaker and
a printer.



