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sii'I!ET!I!IOII)) OE ",IIAVII(('AT&II(" A VEI! III!CILE AND SYS'll EM

TIIERE OE

TIK pi'es»ntly dis»los»d subject n)atter r"lat»s to umnanned vehicles, and.

morc partlcularl». to navigation of unmanned vchiclcs.

BACKGROLI!&ID

Ail in»Banned gro&ulul vchlcic (UGV). 1)lso I'cf fred t&'s Hn uilcfc»vcd 1»'luc!c

ls B I'nofol)zcfl nlachinc I'hat tl'a)'cls b)'n&»I.;I'Bring s!.'Usoiy»&RER rv! dl colripU1cf-I)a»cd

d clsion If!akin!& fol'lc pUI'pose 0! Hun)nonloUsly driving Elle vehi»le

Onc issue rclat»'d to I!GV opt!rat:on is autonom»)us navigation. When

navigating thc )chicle. h)foun&)EI»)n )»ith rcspc»t to ob taclcs ivh ch arc lo»atcd )» lth n

thc trave!'s'*fl Hf»ii ls user! tof rl»!»I!HI!ling Ii route that avoids thc ObstiK!cs 10 &fuiblc

»lfc Efaicl )1 thc vebic!e 11l!'ough th" Hi'ca A!) obsI&3»I» can bc Bny ril") i3i'olcct

11 hich sb»»uld b»'voided. For esamplta an obstacle can bc &01 object or area )vhich

15 cithcr blocks or cndangcrs thc vel»el»& e g slopes, holes in thc ground, 11)tcr

reservoirs, )rags& big rocks, oierhcad obstacles ».g. bridges& ctc. Obstacles can also

In»hi»IH any area vhich is dos!rod to be avoided (C.g nosious areas, habifat areas

ivhlch should b»'i olderl tof »'cologlcal 01'nnn)I conscl «stion m&ssons. pop»IRtcd

areas 1»lricli should bc avoifled t'or sapctv reasons. etc ).

20 GE!v)ERAL M;SCRlfPT!Ol!v&

Tile disclosure relates to nai igation of a ) chi»l» (».g GGV) uithin an are I,!n

Ehe'fcs&&ncc of obst&l»les lt has bc&„'!I kf!&»Sl'I mi thc aft Eo navlg;itc uilhln;ill;li'ea in

thC pmS'*!ICC Of 0!)StHC CS bv gCIICI'Billlg R i)IRp Of Ihe areal ef)nlpi1Sing nldlCatiolls of

obstacles Blld 013110nall»' i&)fg!'t Ioc&)E)on. mlfl Elacklllgthe locatlol'I of tive ly(.IV

25 )I ithnl th&„')Bp Hs thc L GV Bdi'anccs. 1ccol'Elnlg 10 Infllcatlons I'&„ccl)&„d f!'onl H

positiol»ng syst'm& such as a Ci!obal Positioning S»stem (GPS) Hov;ever. GPS

mcasurm))en!a may be inaccurate and mav suffer from j it!»r and dc!a» ed up»bate. In

an area dens» i»1th obstacles. such maccurac&cs mav be harint'ul as thc» mav caus" a

UCIV to get to dang»foil» pf&)xnnlty or cv»ll collide )virh B!I obsti)cic. Fol csl)lrlplc

!0 GPS based loc&itl011 fnR» cfff I'lcousiv 11'idlcai» a safe dl'lta!Icc ffcnl an obstacle. »bile

thc I'cai Ehs)BI)ec n)H» b» IUU»h sinai!el) Tl'B»ku g !.)'ica!Ion of thc (i(iV Us!i ga
sd!-c»)lnanicd fuu igatioil s»'»tein (such Ils a&1 I!»IS) iloiie nuly ilc»cunt fof slgiutlcallt
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c.'TOIs fcsulting .foul Rcculnulf!1 d df!1E asthc UGV;ldi';Aloes, »vl'lich AIR)'lso lcai to

dang»!Ous ol other unde n'cd situations

A common navigaiion technique is based Em tbe integiation of (iPS and JXS

data output. Aherc thc hxIS provides ctYectlvc rlavigation data iof 3 sholt time, in

5 order Eo compensate f'r Gf'S disiontinuit Ho)!i",'cr, abd)ough this tcchniquc

provides some rcn!cdv to GPS discontimiitp it still suffers from th" inaccuracies and

Eiggif that Cha.'"ICE»I'IBC GPS ARV!gatlon Bald is d)irctore like!1!SC i)ficn insufticicntl;:

Bcculatc Iol obstacle 3voldBncc

AACEhcf disadva. Ea)gc Of GPS nailgBEIOA is thRE !E cannot b" used 1!hcl'c

10 satclht» comimm!cation is unava!Iablc. For example. GPS ls mani tunis inapphcablc

vvhCI'i: thC ii!h!CIC IS tl av" I!Ag n)dool'S 0! Enldcfg!fo!Ald.

According to some examples ol'he disclosed subject maticr. die (JGV is

tlvlckc)I using B. Inap of I'hc 'vlfonl'Aci)t Tlc niap c3A bc gcncl'Btcd BAI! !cpcatcdlv

upiJBtcfl bg sc lnfnng tbi, Brea sanvoi!Ai1!Ag rbi UGV !Ising onc of moiu sclnnnlf.

15 devices opcralcd fr.m onboard !.':!c IJGV. The resulting map is Elms generated

relative to ihe E.!GV Isometi!Aes!Oferred to herein as 3 "relative A)ap"k c.g Ehc map

I'cpfisc!'!ts RA. Bfca sul oln:dnig dlc UGV hl solnc cxanlplcs the nlap Is gincfRtirl

such tha! th*'(IV Is RE Iis center

hl arid!tion Io avoiding ob)staclcs, iu some cases thc UGV mav receive or

20 clrtc!mine a destination or a path from a current location to a target location

Edcstulatlon) Tnc L(!V can Rd'nce Eov.ards the distination m accordance v.itb th"

p!ith Ioptlofial!11 Iril! I!Ct EIcccss ullp usulg GPS), 1»bile using lbc generated I'il It!i c

mitp lof'!1!Cking IES IOCREA)n !'Cl.;n)vi'3 thC SCBI!AC!I CnvifonmCAI Anil Avoiding

obstacles

F!)c position of the UGV relative to the scarulctl environment I! ithin thc Al'!p

Iinclu!hng bct)1'ccn si!cc'sivclipdBEcs of tbc A1ap pcffonnid basl d on fcaxhngs

received from the .»cannnig device) is tfa»ked ba» d on readings r ceivcd trom fn)

IX!'S. L'pdating the rekitivc location betvveen the U(JV Rnd an element in the

suf!'ouiifling Clii'if) All!0!H (O.g, obst'Role) 'thBE ICBS detected nl 3 p!'01'IOAS SCRA lait ls

.',) not scen in a current scan is )Iso pe!fonncd in accordance ivith advancemrnt of thc

IJGV. based On It» S drita

As Inc ltloncd above. JI»IS sot!cia tn un Bfl;lccunlnkiting dntt thBE leaders IXS

position detem)inauon severclp unreliable over time. The presm)llv disclosed subject



wo znzn/na~3zs PCT/IL2018/050966

! nat!er includes a method ol mapping an «rea us!!!g a sc uming device and nai igating

dic UGV 11 iih!n th" Jnapp('ci i"a using« INS )chile ol'i)CO!1 !11«« thi pioblenl of INS

driA.

Ti«c {relative! map can comprise a grid of'regs« ivhcrem each cc! I represents

5 part of thc mappcrl mua. According to rs«unplcs of the, prese!)EIS d!ccloscr! cnbicct

matter. the siize of th" cells is selected to be "qual or lar««cr !ban ih maxima! INS

drift over a certain prude!!ned iraversed dist;z»ce Fur!hermorc« the n!ap advances

n fth thc I i'bte!c such tliBE «is ti«c vehicle pl'ogi'«'sscs ncu Blc««s afi nicludcd ai oi)c cnd

of th('')1ap 111 thc dlinrtlon of Jtc progi's 1n(f or!ter'l'I'Bs at thc oppo'ltc ind of th"

10 niap are excluded fiom the map.

'I'hus ivhilr) adv l)ring nnaiirds thc Eaigct location. po sible along a

prcdet!ncd path !eadmg, thereto« the UGV navi««ates throu««h the trn,ersed area and

avoids obciiiclcs bv Icpca.cdl'' ccaunlng tl)c '-'I'i.*a. si'in'oui)ding th» UGV«gcl'Jinliing «I

relarive map of'he are;! bas' upon tl)c scanninv, outpi!t data. and usmg an INS for

15 updating Eh«.'osit!oil of t'hc UGV I'c!B11!c to thc )napped cnvii'oninci)i Bnd iuivlg«ltlng

ilic UGV Bccoi'ding Io Eilc il t)pp!Jlg d? tt1

OJ)c aspect of thc cn«sclosial sub!Oct Enattci Iclatcs to a nlcthod of I'iavlgatlilg B

1'ch!clc„ thi vchic!e con)pi)sn!g;.I scant!nlg dcvlcc and B self-con!BIJ)cd navlgatlo!I

spstr'ii) {S(,NS) brillg opeiativeIT co]li!ected to;i co«'nputeii Elle nieihod conlpfisik'!g.

20 opci I'tillg di«) scanJMig dc) ic« fol''«'peat«'d! I'x(ccu'ting B scaillling «apcfaEI(tn, )Il!!)i'c

EBch scanrlii)g opcmuoll Incli'ides sc«uii)nlg an Brea siilroiiiidint'hc 1'ciuclc« to

thereby gcneraic respective scanning ontput data. operating the compnter t'or

generating, based on ihc scanning output data from Jnultiplc scanning operations, a

rclat! ve map rcprcsentulg at leact a pan of'hc area. dlc rclat! ve miip havulg 1(no(in

ZS dmicnsions and bring relative to a position of tbc vehicle. (vhcrem therchtive map

comprises cells. each cel! being classified to a class selected (ion! ai least t)io

classes, coinpl'ising tl"Ivc!'sab'I and non-tr«ave(sable. Bnd cha!Bct('ll«'cd b !11!ncnsions

cqilal or larger thi!n ai'I Bee!I!i)lllalcd rlnf1 value )f 1fic SCNS ovci a. plv'dct)I)cd

distance. «a(herein non-E)nvers«able cells corrcspond io obstacles idm)tified in ihe

30 scannnig output diat; iucciving S(.NS data Emd updating a position of thc velncle

I"latlv«'o ill" ce!Is based itn Ehc SCNS dalai
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ln addition ro the above features. the meihod according to th!s aspect ol'he

prcscntl& disclo»ed»Abject man»r can optionally compris'ne or morc of 1'eatums (ij

Io ! & alii) hsted bclovv. Bl ally! cchtI Iccill && possiwc conllnna tron of pcnBtitatunl.

i). VVhcl'cin th&e &c lative Inap Ii!cludcs Bon-tfavcfsablc ctills that

5 con'cspotld to ctbstc)clos de!ceto&i in sca!!E1!ftg CU(pBt dcua of 3 pic»!oi!s seal!1113&?,

operation from the multiple seamiing operations and not detected in a scanning

output data of a later scanning operation from the mull!pie scanning operations.

uh!le stIII b&u!g located (E!thir& th» scanned ar&3.

iij &vhefcm updatmg a position of thc vehicle relative ro th» cells based

10 ou. thc SCXS data lrleludes updatin&'hc posnlon Of thc vchlC!C ndativc to obstacles

dc(cur»d In scan!'Ung output dat'I of 3 plui'!Cus scanning opciatioft fio."B th» multiple

scanlltngc opcfatlons;IBO Bof. d»f»cted iB scalIBIBg CU!pn! da!3 of 3 cBIT»nt scanning

ol&etc!!Ion tf&uri Htc BIUI&lple sctmllirtg opcfations, E&hllc thc obsiclcle is still located

u fthln thC S»IUBICII;!rect

15 ln) g»iicratin&c instr&,cti(ms for eonlrolling th- vchich. movement Evithin

rhe area based on dic relative map to ther»bi avoid non-travcrsable cells, Evh»rein

ih&'115tl'llCtlun al'e gC!IC!'at((l. Rut»&noir!»USIS by 3 ilaV!gcatlon SE'StCBI &?Ir-board th(.

1 cluclc, or by an operator contro! Iin- lhe 1 chicle

XVhcr»BI thc SCEIS is any ouc of Incrt&al nav igarion system.

20 Simultaneous localization and Mapping (SLAM}. Knd odomet&u navigation systems

v) Wherein the vehicle is any one o! urunanned ground vehicle. inanned

ground vehicle; unmanned acnal vcluclc. manned acnal veluclc. unrnann»d mann»

1 chic!c. and nianncd mannc 1 chicle

IVhtcf»II! thc relative map Is generated by acciunularing scanning

25 ()utput dat'I ffoir! 'I ph!! Rl! !E'f SCRI'Ullflg OpCnrtloBS

viij wh»Tenl lhC TCiat!E»e lnap IS g 'BCTR (.'d bs')CC!tlTnilatlng setulnlng

outp!3 d&IK! In an advRAccAlcll!. difcctlt)B of thc i&chicle tisthc veh!cje advaiices IAto

th('!'cRc culel 031 ltd!'Ig fcpf»'scut(A!Ctl 0: afcaa ln RB opposite dlmctu)n,

v

in )

1Vhcfcl!I Ihc n!Cthod fuflb&'I'olTlnnses, BavlgKtlfui th» I &.h!clc along a

00 global path leading to a target destmatuxi and updanng the path based (n thc rclatn

nl'ip!Il order to avo!.l Obstacle»

IR). Whercui navigation a!ong th» global path is cxecutcd using CIPS



wo znzn/0JJ3zs PCT/IL2018/050966

Wheteul navigar?on along the global path is executed using conipu[er

vision

Wherein the method flit[her composes, aligning be[&veen a global map

conlpt'ls!ilg thc global path leading to a rles[ination Bnd the relative nlap [bert brv.

5 prov!din!) J con!bin!&[i nmp !OQ&hng [A &'br'cstl!11[ml& BI[ca&r?, thc I!pdJ[cd gl!IMI path

)vhich has been Upda['*d bas' rm [hc I'elative UIBp

xiii.

corn pri ses

Whcrem Bhfp&iug bct&veen d)c global map and d& relative map

xln)

usiu! assirrncd tin& tags !bt temporally aligning bcttvcen an instance ofth'ioba!

map Bnd an mstanr c of rhc relative map:

spa[NII'hrgr!ill~ Oe[)leon thc glob[!i Inan and thc fr'IMIVI; tnaP by Ina[Clutlg

bv[)iccu thc position of 'rhc UC)&r ul thc global Ii)ap and thc posuloli of thc

F&O v m the relative map.

Displaynlg B graph!OBI representation ol th" coli)grilled UIBp ulci[Khnrg

15 m& md!cation of'I non-traversable cells. pos&tro» ot'the vehicle. Bnd th" Updated global

path.

xi&I, Whcreu& thc predefined distance is Selected to exceed a maxunal

d)stanc[I cxpcctc!1 to bc tr 'el!cd bv'hc vch&clc bct&veen consecutive Updates of thc

rc!ativc inap.

20 xv). Wherein [he picdefined distance is equal ro a dimension c!f the area

rcprcscn[c[l by thri rclatil c !Uap.

Whcrem the ptcdcfu&cd distance !s equal to halt of'a dimension of the

part of th[ area rcpr[ son[cd by thc relative map.

xvii!. Whcrem thc predeimed dis[ancc is equal io B diagonal conncctmg

25 eppes!tc vcltcxcs o!f tile!"!mlle Inap

xvi ii I [vq&crcu& thc predefined dis[ancc is detennmcd m secor[bmoc &vith a

rela[ion bet&veen IU& upd:te rate ot'he reL&[ive map„and a maximal or expecteri

v[Iocitv of d&c & chicle

Wherein the area itin&COSionS JrC rie!Cl'iri!UCd In JcconiauCr &Vlifl a

30 scannuig distanc" of th» scanning device.

IVl&Clou&;hc area IS B Square !\anting Nl CdgC r)t Up U) double [hC
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scanning distance of the scanning device. 

xxi). Wherein an obstacle detected during a scanning operation is indicated 

on the relative map as a non-traversable cell, and wherein a non-traversable cell 

representing an obstacle that is detected in a scan and is not detected in at least one 

subsequent scans, is indicated on the relative map as non-traversable, for at least, one 5 

further map update. 

xxii). The method further comprising, generating a graphical representation 

of the relative map and displaying the graphical representation on a display device, to 

thereby enable an operator to control the vehicle while avoiding obstacles based on the 

graphical representation.  10 

xxiii). Wherein the graphical representation is a 2.5 dimensional or 3 

dimensional representations of the relative map.  

According to another aspect of the presently disclosed subject matter there is 

provided a system mountable on vehicle, comprising: 

a scanning device for scanning an area surrounding the vehicle, to thereby 15 

provide scanning output data providing information about distances between objects 

in the area and the vehicle in a multiplicity of directions; 

a self-contained navigation system (SCNS) for providing data indicative of a 

current position of the vehicle relative to a previous position; and at least one 

processor; 20 

the scanning device is operable to repeatedly execute a scanning operation, 

where each scanning operation includes scanning an area surrounding the vehicle, to 

thereby generate respective scanning output data; 

the at least one processor is configured to:  

generate, based on the scanning output data from multiple scanning operations, 25 

a map representing at least a part of the area, the map having known dimensions and 

being relative to a position of the vehicle, wherein the map comprises cells, each cell 

is classified to a class selected from a group consisting of traversable and non-

traversable, and characterized by dimensions equal or larger than an accumulated drift 

value of the SCNS over a predefined distance; wherein non-traversable cells 30 

correspond to obstacles identified in the scanning output data;  

receive SCNS data and update a position of the vehicle relative to the cells 
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based on the S(:NS data.

Accordmg To another aspect of thc prcscnt! ~ disclosed subicct mQNcr there is

provide a t chicle, coinprising a svstem co!Tlprisi!ig.

a scanmng fir)if" for scannint» mt area surrounding th )chicle, iio thereby

S prov!dc scanmng output data providing infoim;ltion abonl distances bet)scen objects

10

in th" arc«and ti)c I chi" le ill ii \BUI.Iphc«) of dircciiolls.

3 self"co«f3!I!Ictl Bwlgat!0« systcl'n (SCNSI tetr p!01'iduig Clata I«cheat!i'c of 3

cili!Tent posit!0« ot 0!c vct«clc:ciatli»c to ii prci'lt&us posftlon: mid «I !cast onc

PIOCCSSf&i",

tbt'cBBA!Bg dt'vlcc ls operable to mpeatcdly t.secute 3. scaTUIA)g t)puli!Ut&n»

))here each scanning oper-tion incl des scanning Bn Qre«surroundmg the vehicle» to

dlcfcb't gc«CTBTC!'Cspcctlvc scannlilg ou+u; data!

thc 3! Ic«s!. Olio pfoccssol' cimflgmvn)

A)'cAC!tate.

based t&fl fht.'eal'«ling OUtput tlatR fi'o«1 AI«it!pic scanning

15 oper»a!Ious. «. Biap I'Cpf'eilililg Rt !cast 3 palY Ot tlC 'fca. tl'IC !Y!Rp haling IOIO))II

dliflens!oils 3!)cl bc«lt» I'diitlve to 3 pi)sllion of the vchiclc. 'A»hcfc!Ii ihe map

coinpnscs cells» each CCII s class!lied to a c!Qss select d fiom a group consisting of

travcrsablc aml non-trtavcrsablc. and ch iactei!scil bf dmicnsions equal or hargcr dian

RB BCCI!n«IIRted Jnti vaiile Of th" S( vtS ovcl'. pleJCtl«Cd distance.'vhl I'eln BOYI-

20 iravcrsablc cells colft'spond to onslslcics Identified m the scanni«g» output dat«,

I't ccivt SCNS daia. «Ad UpCIR!c 3 posiuon of tbc vchlclt iclativt'o thc cells

ITBSCd On tile S(.,NS tlata..

According to vct another aspect of dl presently discloscdsubicct matter

thcTc Is pic»videri 3 co!Bin!!el pfogl", lu i)rorltlct conlpnsing!i co!111)u!c!'eadable stol'»! 'c

Ale!in«il !'et»I!!ling ping!«lu lnstnictloils. Iv!lich progI lin ills!I'uc!Ious ivhcn fend hi a

processor, cause il)e processor io perform a me!bod of navigaiicn a vehicle, comprising:

rccclv!Bg scanning output data, gcncratcii «I multiple scannnlg opcratious

executed OY R scaA«lrig dcvIcc locatctl on-board t! c vchlclc anci. opc!'able to scan Rn

Bfc»i s«IYCU«ding thc vt'bicic,

1!slllg thc set«In«lg 0UtpU» data lof gcnci'R'ting. Q ft'Iativc IIIRp I'cpfcscllt1«g Qt

lc!ISt 3 pal t rtf tbc BTCB tbc I)clatl '" n lap hQVlng !alon B d) BKBSIOAS Rncl bC!Bg IYIQtn» C

to a position of th" vehic!", )vhcre!n the re!Rtivc IYIRp conipl)scs Cells. erich cell bi'111g
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cl[!ssitlcd h! R c!Jss sMccted fioln at least tlvo classerc coniprlsIBg ti JversJbfe !i[Id

Boil»mavcrsab! i.', Roil ch;u 'lcten Red by' ln! cBslons eq! Ial or larger than an

Jccumula!cd diif[ vahlc of the SClvS over 0 predcfincd d!stance: uherrin non-

»ave!sable CCHR corrcspond [o obstacles:dent!fled ul the sc[ulning outpu[ data;

receiving SCIS'S [lau! and updating a posnion of the vehicle relative to thc ceHs based

on th» SChIS data.

Tnc UOV. the szs[c!n al'Icf thi'. cofnpu[cl'l'ogfalri p!C)dilcts cllscloscd in

accordance ivith thc presently disclosed sub[cot matter can optionally compos[ onc

or »lore of fi:atures Iil to (@xiii) listed abo;"'. mutatis»!Bbundis. Hl mv; desir'd

10 combina1ion or pennutalion

According 1'0 fu!the!'spect's of 1'hc picsentlv disclosed subfcct Blotter thole Is

prov!dcd a mctll[id. a svste!n and a computer program produc1 of I!Cncraung a

rolauvc map based on sc;mnuig output data, th» method compos;ng operahng thc

sea!loin!? de! Icc Ioi I'COOR[e!HS'xccut»nl a. scan»lug o'!era[in!i. !vhcfc cRch sc'1»BIBg

15 operation includes scanning an area surroundmg the vehicle, to thereby generate

respect» c scannmg output data. operating thc compilter for gcncratin", based on thc

scannii!g! outpu[ da[a from multiple seta!ning operations. a relative !nap repiesen[ing

at least a pait of the arcs. the refat!vc map having knovvn dimensions and being

rclauvc to a position of thc vchiclc. !!herc!n [h 'clativc map compnsos CCHS. I;ach

ccH bein! chssif!Cd [o a class selected from at fcas1 uvo classes, comprisnig

tmvelsabfc R"lcl non-ti'avc!saMc„a[id characteidi~cd bf dime»sions equal or hrger than

an accumulated dnf[ value o: thc SCh!S over a predefined distance: lvhcriun non-

[ravcrsaMc ccgs corrcspond [o obstacles identified ul the scanning outpn[ da[a,

receiv!r!g SClv'S da!a and updating ': position of the vehicle relative to the cells based

on the SCNS rlata.

BRIKIF DESCRIPTIO!!I OE TIIE ORAXVPIGS

fn order to understand thc inl" ntion anil to sec boll it ian bc carried

out. In plac[lci', I'Blboo!Blcn[s AIH bi: dcscnhcd, by'av'f Bon-hinl[ulg csalnplcs

ivith refhrence to ihe accon»ianying draivmgs. iu 'vhich:

Fig. I illustrates a schon!atic Mock dfagranl ot a navigatfo» sv stem of a UCiV

»1 accoid&mlco ivi [h ci'I'ialn cxainp!Cs of the plcsentfy disci[!scil subfcct »latter!

Elg. Z sioiv's R schematic!Hustration ot an cnviromn nt in vvhich ri 1J4V has

lo BR[:!gale.
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Fig. 3 illustrate«a generalized!Iou -chart of a method t'ol A'lvlga!)Ag a I/EIV

1!l tl'le prcscAC" of cbstaclcs )n Bccoifiancc rv)th «et!Bin csa!1!plea of tbc p)cscntlg

(Nsck)scd subject matter:

Fig. 4A Bnd Fig. 48 illustrate visual r«presentations of a !nap ol'n
.i en)11'onnlcnt at tv 0 points !n dole, in accol'd&ulc«'iv)th c«'isa)A CM!n!pjcs of thc

pf«s('ntlv d!Sclosed sub!«'ct nlBtt'!

Fig. 5!«a schcnmtic iih!Stration dcmonsrraring principl«s of the reiarivc map,

in accordance n, ith ce)tain C.;ampies of the prescn! Iy disclos d subject indtter.

Fig. 6a is a schematic illustlutlon of a global path, in Accordance lvitb certain

t() csa!nplcs of tbc prescntl; disclosed subject matter;

IF!'g. 6b Is R sc !cn!Ruc !!h!stfat!On of Bn llpdated globa! parr!, ill f!ecol'daflc"

A!th ccl'tBln csdu:plcs of thc pfcscntl; disclosed subicct A)atter; Bnd

F'ig., i: a '10wcha)t of operatl(«ns ca!ried out for gfu)cmtmg;ind d)spjw,:ing a

conlluncd Inap. Al Bccol'dane«'(1th COABA) cxalnplcs of thc pfcscntj«(hscloscd

15 sub! ect matter.

DETAILED DEEICRIPYI0".({

In thc tiolloiving «Inta!lcd:!«s(.nptualh Aun)«ious spccif!c details arc sct toith

m order to prov!dc d thoro!Igh understanding of thc invfention I k)lvcier, it «vill b

undcrsn)od, bv tin)sc shlilc(i iu th« irt thiit tl'ic prescntl disclosed subJect fnatlcf IABY

20 bc prac)!«cd with iuf d)csc spccif!c dctai!s. hl other instances, i«cll-known methods.

pioccdurcs, components Rnd c)rcuits hale not b«cn dcscnbcd ul detail so as not to

obscure thc pr "scnIIZ d;sclosed subject matter,

Unless spcclflca!I sta)lcd oth«Arise, Bs RppRlunt f)'Onl thc follow'lni'iscnss!ons.

it is appr."cidt«d that throughou! tb(,'p«clficltlon discussions!Iflhaulg

25 Iel'iris such Rs processing, coifiput!Ag . de!Cfmining . I'epl'csenling

!.,OulpRAng, generating, dssc:ss!Ag, fnatchulg . updatlf!g, ci'«'ltulg or the

lil«c. rcter to thc action{sl and!or process{esl ot a computer that lrianipnlatc and/or

transform dain into other dais„said dam represented as phvsicaj„such Rs Icctronic.,

quantities aud/or sa!d data rcprescn!ing th- phi =.ical obiccts,

Thc icnns "computer". "processii)g unit', "comput "rized de)ice", or the like

shouid bc cxpdf!sivclg construed to lnciud«an«kind of elec!rorno hard)«are dc!ice

ivlth a processing circuifr/ that includes a conlputcr processor as d!scloscd herein
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be!o»» {- g.. a Central Processing Diu! (CPU). a niicioprocessor, au elecironic circuit

an lnteirmtcd Circuit (IC). firn)»vere u:rien for or portci! to a spccitic processor such

as digita! signal processor (DSP). a microcontroller, a field progrmnniablc gale array

{FPGA), Rri Bppllcmioil specific iritcgl'a!ed cunult (ASP.). Ctc ) RI)icl capRble of

6 cxc:curn'lg cf)!apl ltcl !Ilstl'Uctlol)s {C.g Ioaclcc! 0!I 3, con'Iputcl'ien!cry)

The operaiions in a-ordmice»»ith the teachings herein may b" perfomlcd by

11 co 1'putei'peci«Ill»'oBslnlc!Cc ol'he clc.'sited pufpos»s of b»'l gellcfal-pU)'pose

co!nputcr specially con!igurcd Ibr th» desired purpose b»'i comput»r progmm stored

I!1 a. COBIputcl'e%lab!0 Stolage I'iii:diiim Ill rhC fc!10»»in&&. dCtail 'd CleSCriptiOnc

10 numerous specitic details:lre se! fo)th in order!o provide a!horoug!i understanchng

of th» nlvcntlorl. Ho»ie» el» lt u'iil b" U!ldcistood bv those sk!I!cd il'1 Hl&'I't that thc

piusint!y disclosid snb!»ct manor can 110 practiced»»)thou! thcsc specific details In

0th'*f Nstaiflciis, »»c)f!-kilo»in Bint'hoJsc pi'oci'dill»sc colTlpoilel)ls «1!ii cifcmts have Bot

been descllbc'll I 1 detail so as 110 0 obscure the pfcscnti» disc!os»c! sub!»ct IBR!tcf.

ll)C ICBB Siianfuiig din&)CC'S USCJ hclcalll ShoUI J bC CXpm)SIVC!v COBSt)UCJ

!c& mclnde;m» kuid cif dcv)ce coilfigurcai !o identify !ha!. Rn objcm is prcscn! at a

specific distan»e mid at 3 spe»ific direction rela!i»e to the de»ice Examples of

sc&IBB1111', clcvici's Ii)ci«idix but cmc not hIBI«cfd to: Iasc.'I scRIulci's (iilcludiilg LIDAR).

RADAR, in.agies sensor. sonar, etc. A scannin&i dc» lc can scan for cxan)pic„36{)" on

ZQ a plane surrounchn„ th * device, or at sonic other smaller sc mnulg aniile (C.g. 100").

Altcmati»el». thc scanning device can scan a sphere or part thereof'around the I!GV.

A scanlluli.*. dcvici.'al) pl'0» idc mfoi«B31)ou fof generating &1 . ihntcl)slonal Bmp of

!hc scRB!leJ Rli"I,!11 solne einbodH1!el!Is. 111 older to save resoUfccs. B 2 6 clio)cllslonal

I)lap Bl;!»'e gellel ateiJ as &Jeullle!I beli)nc

Although «he description predominantly refers to an "unmanned gr»xui)d

» chic!e- IDGV) this is done bi v"a» of non-limitin&i e'»maple onli and shoulcl not be

coils!fUi)d as 11!mtlng. As Usi J I'lcl'i„lii tile Eci'111 GGV ls Inc;lilt to cxpallsivcly iilchldc

any kind of vc!)iclc that can b» opemtcd c,.'&her antonomously. by a te!e-operator. or

Ii)'n Ofi bc&31'd dil Vef »vho eanno! 5»" !h» eilvifoniliCIT! alai SICil s Ii! BCCOI J&ancc lvlth

S0 R !nap ol'ill!h I,'xplic)1 st&'cfilig Ulstruct!ons, Fur!hcnnorcc although )he d»scnptions

refers to a ground vehiclec tl)is is done by»»ay of non-limiting exaniple only tuid

other t;pes of vdiicles are also contemplated»vithin its scope I'or cxamplc. an;. onc

of. manned or unmanned aircraft {C.g, unman!&Cd B»nal »»hicl» also I noi»n as GAS
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or drone), Mmmed or unmanned Marine 1elncle {in»hiding UBd»lv Ricr Rl'ld abote

lister l-.hick:i). cail 1!kcnlse compnsc a itav!gation system {102) conttgur»d to

nnplcnlcnf. the dlscloscu Blap gen»ration 3!!d navigation t."chni(pi" for'loiding

(Ebsta»I»s„(ts disclosed.

AS (I Sp»clf!» CsalllplC. 3, d!011C flv'ing Qt 1011 ahliudC Bl Rn;nio detlSC A Id!,

obstacles (e g in a forest or an urban arcs vvith buildings and other stnlcmr»s) can b"

conligurcd lo auto!!Cult)usll navigat» through!he iravcrscd area and avoid obstacles

accol'dnig to thc pl'n'!»Iplcs dlschEscd hcfi'nl. Llkiavisc. Rn opcf(ttof conti'olhng such 3

dfoilt'all do So b3SCd 011 1 n'IQp t)f ti C»t!V!!ontB»llr g»BC'(Rtt„'d Qs dls»IOS»J hill('Bl A

10 U(IV or Rnv other vehicle»onligured to opeiaie in accordance Evith the description is

c(lulppt;d ivfili 3 scJ".itni'tg dct ice conilgUrcd to scan thc m»R surrounding ilrc vehicle.

arid QA cll'-coi'ttainctl nay!gain?11 sist»M (» t?, Ilvg) conflg!i!'(xl to provid poslilonnl&?,

dais of th» vehicle

Furthcimorc, although thc discrip!ion predominantly rcf»rs lo an Inertial

ts Navigarion System (IEIS) this Is done by Aa; of »sample only and should not b»

»onstrucd as lumung Thc prcscntly disc!os»d subicct matt»r conte!Up(ates ani typ»

ol'elf'.Contain»d navigation system Rnd/0! methodology &!al is noi dependent »n

CXI(.A'la! i'CfCI'inCis ln ot'dt.'i to dct'»iln)lli Aav !gabon !data Suih RS pt)S!(ton. 011!el!tat'lon

or velo»1!E. Yhis is ditTcr»nt fo. CRQIApic fro!A (.iPS nao igat!on that » d»pcndcnt on

20 infonnatior! oh!In!lcd ilonl sRiclliics. Odi»r types o, s»lf-contained navtgat!On

sist»IBs B'Ichidc Ior»Ramp(e, S\Mldnincolts h)c(1!!Sation Rod M'ipping (Sf. AE(() Qnd

odti!A»ti'f n;Ivigattol1. sv'st»ins, SIMllai'o fNS, Othcf self-con(Rlftcd ftavlgation

sisicnls (SC'.iSI also suffc! f oni. 3 dn{t thai ac»A!Alt(arcs rcs thc v hi»le a(hi(Aces.

Tht; t»nn B:ap (1s us»d lief»nl should bc»apansivc(y ct)nstnl»d to !Bcludi

ZS QA)'R(R st'IUctUIB fcpi'cscAtlAg a g(ograpbica! aica A map may b» absolute. i.e..

co!upi'is indi»at!!OAs of absohitc c(EO!'dlnat»s of Rll object or 3 location. or Ielaiiv».

I.» .. ciE!BpAsc nlfotrnRtloQ Rbolit 10(„ations of 01;Icc'ts. f»g;lidless of d'!Cli'ocat!ons nl

absolute coor(Einatcs A n)ap ntay b» represented on a iomputiriacd itisplav devic».

paper or anv other tangtbl m dinm. IIn some embodimcnls of the dis»losure, a E.S

SO dtrncutsional map mal b» gcn»rated a!.d us»d, A ".) dimensional nlap r»la(is to a

map Eihich !ndicates the lov,est height ot an obitaclc above the ground, I "., th(

1 cftlcQI dist'ulcc b»tvlicn tnc gJollnd 3!11 thc obstacle Qt tla»I'I gl'onni1 location. hl

other vlords, ihcri is provided for each gronnd locat!on. Ibi h»ighi of ihc frci spa»c
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Bboie fhe ground Thus. the nitornlai!On in the map indica1es for each location thc

cl&'ural)ce height for the L'GV For esan)pic thc lov&est hrni&ht of a treetop or a budge

at a. certain point.. 11 i)i! I he appreciated dia1 for obstacles ihaf arc on the ground. Such

Bs &I hotlse or B. tl'tl)lk &I+ R tice. fhL& hc!gld may bc ind!cated as zero. Thus, t'or path

6 planlling pu!'poses thc cl&',a!'Bnc&', h&llght !nay bc taken into account v&hen

dctcnn ming. for examplcc &vhcthcr thc UGV can pass under a tree or abridge.

Ffcfcrcn e is nolv m!ide to Fig. 1& shoiiing;! sche!natic block dl&igrRIA of B

)'lru&'igatio!3 ss'stcnl of a vehicle. ca&nap!!13cil bs' UG&V, in iccol'dance 3'th some

vxanuples of 1'hc plcsel)111'i c!Cscd slihlect NR1fcl'lo&V

100 conlprlscs Imvlgatioli svstcl'A 10 lt v&lll. bc Bpjil'ccuitvd flint

navlgafiol) sist'e«102 can compris'omponents. some of v&hich ma& also sci)c

odler PA!poses& al)d 1haf co!))poncn1s of navlgatli)li sys'Ieni llffz Ala\ h" Iocafcd at

illffcrcnt places on UGIV 1.00 Fiufhcr, navigau&ln system 10 can !!iso receive

scl'vices+I'olrl Brlil colrll'nililicBtc vv!)h ethel cofnponcnts of UGV 100

Navigation sysicm !02 can coinprise or be othe!)vise operatively connected

Eo;I scanA!A&'lcvlcc If)4 coiitlgul'&'ll to sc:IA Bli alua. Su!rein!ding ihe vchlc!e Rfld

plovulc sca!'mini& oiitpi!1 dada. fol'c!Icranng a relative n)a!1 Bs flirthir described

bcIovs.

NBvlgBtion ss'stcnl 102 i.BA fulfhil'olnprlsc ol bc othcliv!sc opiratii&ely

20 coi)nectcd to IMU 1118 pioviding, infer A'.&i, accc!cmtion data of thc L GV, and INS

I il0 trackmg the position. Vcloc!t&. Bnd orientation of an obfcct based on fhe LMli

outpui data. 1n some CI& unples, INS 110 colnpnscs IIIVIL) 10g to form a self-contained

!Ulvlg'lficn svsfcnl v'bich Uses !Ai'iisilre!n&'!rts pr" &vided bv IMLI tng to track the

position. velocity. and onentation of an obiect relative to a siarting position.,

zn oricn1afion, and ieloiuty As mcnuoned above, TISS is merely;m example. and other

self-contllii&'il lmvigatlon si'stclns &'m) b&'ised lil addi)!on or A!stead & f!NS

Navigatii&n system 102 "an further «omprisc or bc other&vise operatively

connected io vehicle contre! sub-systems ll1 2 includmg tlor exfunple steering raintr)1

ulll1. gear &,oiltl'oi! !uilt, thiotdc coil'tl'o! Alii), &)tc Vehicle conti'ol suL)-sz'stcnls 112 cai)

30 b" col)f!Qulvd in some cxan)ples to !cceivc and&'ol gcncluf&'&chicle ci)l)tnal

uisfrUctlons (e,g.. Steering& con)mmiidsl and coiltrol L3GV 100 Rccol'dhiglv Tlic

instructi &ns may be abs gute o. relative, fi r example an absolute mstruction mal. bc

"go 2(J nl nortli, tvhllc a relative instmction may bc "continue st!night for 20 in" or
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""as 30'1«. Tali rate 60'&"

Navlgat!on sgsl: Bl. 102 c&nl fm &he! col'Bpnsc dis!Blat!on &3Bd glolx!l path

detem!ina!!on un!i 116 (Anplenien!Cd .'of &.'xanlple iis a tletilcaieil pfoc. Sslng Unit ol

being othcrliisc operatlielv con&nectcd to a piocissing umtl for obtaimng a

.i dost! Banian &a& il'bleb IIGI/ 100 b&ls to afni «mid c'llculatlng '! p&3th to that dcstuiatICII.

or obtanung. tor example receiving. a path kading to a dt.stination A path ma& 1&e

proi!dcd as a senes of liaxpom!s leading from ! curr«n! k&ca!ion of LIG3/ 100 to a

target location Distinatlou and g&lobat path dktcrminatlou unit 116 can comprise or

utilize onc or more of components such as but not limited to

Global Positioning Sgstcnl (GPS), conllriun!cation itnlt fof icccivulg a

location or instnictions from an extrnlal source. camem mid a computenzcd vision

sxfst m tor ap!unng mlages of the emiromne!tt and Idciltifldt!lg m tile images a.

pr«dc!crnun«d sit n t!&chealing a tang«t dcstiria!mn. B&e md!cation can includ« fi&r

ixample v!sIMC ol'n!& Is!hie !!gh! &31 a !3!'ctletei'ifl! Bcd gcstlu'I: pcl'lo!n!cd bl a p«rson

15 i&f a nlachnl&.x ot

tht'kt.'hus.

for example, natigatioil s&stim I02 can usc a GPS for n&ivlgaling the

'vchlclc toil ards a des!& Bated destinatloll Atilk'bstacle avoidal!Oc is cxccutcit hasid

t&n the relattvc map as further disclosed herein beh&lc,

UG3/ 100 can filftl'lc! Oonlpflac conlptltci data stofag&c dcvlcc 120 fof stcll Big

ZO information suMi as onc or mori maps, informauon about obstacles. navigation

Bistfil«t!OAS., Of thi hke,

Nav!gatlon ststcm 102 can further compiisc or be othe!xvisc operatively

conncctii1 Io one ol I'rlofc p!oci'ssnli&? u!Uts tol contn1lhng a!id cxt'cUung va'Acus

opil'itious. Bs &dlsclosctl I'lefeul E&ic I plocisslilg ufni conlpllscs 'I leapt*ctlt'1:

Zn pfitcessil'Ig elf«A!tl& conlpdslng;!! least CAc conlpUEc!'l'oci'sso!'h!eh can bc

i&pcratlv 1'll& conncctt.'d tr& a colnputcf-fcadaMc stomgc dcvict.'at&nlg ct&lnpU!c!

Bls!Ill«tlons stolefl tllefcon Io be cxecuicd bl the cofnputi!'n&ct.'ssol

Accofttlng to on&1 cxa!Apl«. dlflcfiut tiu3ctlonal &'.li'nlents (&nuts. B'iodUlisl ul

navigat&on sistrm ll02 can 13c inlple&nintt.d as a dedicated processing unit conlprisin&?

30 d«d!catcd computer proi?Ossor &nd coniputcr storagi for executing specific

op«is!ions.

Addltmna!li or alt«ma!A«ll, onc or mori il«m&nits can be opcratnrelv
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connected to 3 colnnlo?I process!Ilg u!Ill conligured to execuie operations secor»hug

to nl tniit'if?its stored In thc functional el 'm nt

Fol'xJIBple„UGV 100 can conipfise ploct ss!Ag clrcultfy 124 le 8? 4! in»i, pafl

of a computer m processing umtl 1»hich can bc configured to execute several

5 functional modu!Cs in accorrlancc v?ith computer-rcadablc Insn&!ct!ons stor»d on a

non-transitory conn&uter-readal&le mediunl opemtively connected to proc: ssing

circuitr» 124. such Ius memo!» dev!c'" 120 1=or illustrative lmrposes such t'unctional

modules a!'c!'cferrcd ti herc!!latter as comprised!n thc processing clrcultr». Notably,

ln si&BIc ixan?Ipte at'east pait of thc pmcesslng O'0'I bc pclfonncd 4y 'I con!putcf

to located remotely I'roni the UGV an»1 contimired to recei»e input dam lrom the UGV

31'ut pfovidc to tlm U& iV thc pfoccssnlg outpl'I ovci'l colfu'A»IA!cata&n hnk.

hhlvigatlon si'sten1 102 cRB con1pt!sc 4»'vi&?'f »xan1pli.'clatlvc Blap

generation and updating !nodule 128, updiatcd local!on ialculatu&n module 132, and

path updating nioib.ilc 236

Updated location i ilculatn&B fBodulc 13 Is con ligufefl to updaic the locauoB

of UCTV Il 00 base»i i?\1 ila(3. RIKh as ctiai!gc It! tl'Ie Io? !Bol'I I't UGV 1100. Rs

dctcfl'ABied L&'' Ii»18 t10 lhc loiano . AIRS bc fclat!ve to 3 pfevli&us k?»'Itir'n, lol'xample
20m m a spccifc d fccli»&A, nd is tin!3 uscfu! m assessing the updated

loci&lion ot L/GV 100 inl the niap. Ieiritive to IIK uon-lra» ei salde cells in the map

R»'iativc Blap generlili)n an»l updat'Ing IBodu!e 128 Is configured to rcceil c

read!ngs from scanning dcuic» 104 and. from updated loiauon calcuhtlon modul

13". and generate or updat" a fclaiivc !nap of the LGV sum&undmgs as disclosed

fulthcr helot» includulg updating thc position of elements in the scanned

environment rdativ to th - vci&idc,

Pari! iipilanng AIodulc II 36 Is»'onliu?iuucl to dctcmlme 'I pfogressnlu? path

»itbin th» isrca of th» !Blativc mnp for dir»iting thc vchiclc and mo!ding obstacles.

Path updaung nu&dulc 136 can bc further configured Io update a global path obtained

I?y destina?t!Cn/global path obtalrlin&? unit 'I 16, based on ihe relati» e map generated by

!1!Rp gcncintion mild updaung B!Oilulc 128, such that thc updated path circumvcms

30 ncal'L» 04staclcs

Fig 2 Sho»»s 11 SChCnirltlC Illllstflitlon Of Iul Cxiunpli.* Of In in»'ifonnli'nt. Bl

uhich L GV 2(10 bas to r!avig1ti fron1 a culvmlt loc1tiorl 8& tarifct location 212 Thc

environment may compose obstacles such as positive obstacle 204, 1» hich is abol e
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gmund level, or nec/alive obstac!e 208 vvhich is belo!v ground level, overhead

obstacle Z05 re»cnc Bs B. Aec ol 3 '&ntlgc', steel& tcualrt Z06 Ah!eh IAB»'e for cxantpli 'I

back. s!dc or front sk&nc„uhercin all obst»clc» arc non-traversablc for L'GV Z00 and

have to be avoided. It 1» tli be apprcctcmccd that some objects pi'cm ml obstacle &chen

5 accc'sscd front oni sltle. but nc&t tvhcn Bcccsscil f!0!T! Bnothe! siilc. Fo! Cs'AT!pic. 3

ramp mav present an obstacle Ivhcn acccsscel from thc. side. bm not uhcn accessed

fmm thc fmnt or baclv

According to some cxaruplis o!'thc prcscntl I dtscloscd sublcct !natter, v,lulc

3 vt'h!clc (eg UGcV) adl'u'leis ln 3. Cc!'!3!n a!ca!1'cl'!crates M !'Cal-twAC 3!clathc

10 Al'lp t&t thc Bma surroiuII!l!ncf the UGVc b» repeatedly scar!A!A!8 die area and

detcfftltn!tlcgc ilsulg cl self-contmncd II!tvlgc!I!01'I systcnl {e.g INS), thi; position of

c!clrlcnts in thc scmmcd i'm!ronmint rrlat;vc to thc L!GV. Fbi map is contmuoush

being updited to!Tcdhcr ui+h tl&e advarlcenlent of!he UGV Bnd prov!des 3 Ical-ilute

plctu!0 ot thc sufroufldtt&g Cavil'onnlctlh uhlch etlclb)cs to nr!vlgrltc, tlu; U(&V ul thc

15 tl"lvcl'sc arc.'3 ivh! Ic 3! Clihng obstacles

AccoTccnlg to onc eaa I!&!c. Acn lgatlon ot lhc Ut.&V cau be pcrtoITAc,'tl b& BA

operator t&t'he UGV. In some e:»amples. the operato! can be located onboard the

vchicic Ivhcic in oticicr iismuplcs dlc operator controls dlc UGV from a remote cc&!Itic&l

station, h! et!her case. !hc operator can control tl&c UGV based r&n thc relat!ve nmp

ZO {generated For exmnph: by nlodulc 128) &»hich is dlspla) ed on a dlsplav device Ie g

compiltc„'I'c!Ccn ott-board thc vehicle opcmtlvclv'ot!Aectcil K& Am'Igattcu! svs'tc!n

10Z) Bnd p!ovidcs real-t!mc p!ctnri. oi thc traversed area Ac&Br the UGV

Aicol'ding to;int&iht I'aanlplc. Ihc LGV Is conf!gilmd Io Baton!&ITlouslv

navigate to&!aids il tat'ccc'I dcstl!IBtlon, optiiHiaII) along 3 pl'idi fiuid !global) p'lth

25 using for evan&pic (ZPg, to usc the tchsnve map for detecting nearby t&bsmc)es and

generate mmleui e! ing insncuctir&ns for avoiding the detected obstacles.

Ri'fcfcucc ls rio&v ITIRdc to Flg 8 shovvlng R florvchart of c&pc!'Rtfot! for

nav!gatlon»!!hm an arr:3 according to examples of thc prcscntlv illsch&sid sub)eel

matte! Operations are described helot& vvith refermlcc to e)crnerlts in Fig 1. hot&ever

So this!s done by »Bay ot caamp!e on)) and should not bc construccl as limiting

hl so'lr!c.'BRITlplcs, tnfol&nc&t!On ulclud!Ag data cbar3ctcria!Ag thc Bl'ca to bc

tl'!Are!'»cc!.;Is nell Bs thc c&pel'3'ttonal paf mete!'s of UGV 100 RAd Aat Igatlotl s) s'ti!!I

102c is rccciicd {block 300) For instmlce, proccssincc circu!try )24 can receive such
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!fifo!7Batlof! !t tht: elise( ol ve)1;c)e uav!gat!ofi For example, this infofillatior! fna'&

includ', Lout is not limited to, thr siz': location of the I"a tli bc tiav( Ised. Obstacle

density, UGV max!ma! or aver&ige velocitv vdthin thc terrain, scanning distance,

sctmnn«g an«/le (360" or less) tmd scar!nu!g rcsohit!on (ct«cry I", 2", ctc.) of onc or

more scannin!f devic(',» comprised by th& UGV, size of d!e relatn&( map, size o! COILS

dividing the!nap& or thc like hi some example, pro(cssmg circuitry 1.24 can b(.

configured t(& dctonnmc map parmnt:ters of tl!e rclattvc map, such as tlfc s!zc of thc

area represeftted by th- map. size of the ce!Ls dividni&«(he map. or the like, as detailed

helovv. It vi i)1 be app!Cciated that 'ii! Son!'vafnp!Cs. thc rcl«ativ e Bl;!p lup!'csea(! Ilg thc

10 area surrounding the l,{3V. is square or substantial lv square (i.c, vvnh some dispanty

bet!teen the lengths of the different edges of the niap. C.g less than 10"4» d! ffcrence

ol less th tn s'/&l dlffctence or less than .. 5".» dilfe!"!icc. Ctc.) Hovi&vcf, iti othe!

cxa!nplcs. dhc !el&»t!ve map mrq bc rectangle. or have som( other shape

At Mock 302 data !s rccc!ved I'n;m a scanner«{c,g. scamnu!g dcv icc 104

15 depict(d Fig 1) Ihc scanner is op(rated to sc«&uf an «area around the !eh!clc (perform

a sc'lniiilit««&i!!clat!i»i!) as thc vchl&h: ft'af" s through the& a!(&a nd get!crate scatlifiuig

outpu( da(a. Con.pnsmg readm&«s of distmices fron& the I/GV to ob)cits in different

(hrt!ctions»1'c«ul!d the vch&!clc ai!d trai!5!Bit thc scuff!ling output dat"t to a cola!pate!'foccssoi'F:.t'l'ocr

sslng c!I'cufti"\'24), Th('cant!Cl's )'icrat('d. t ) provide I'he

20 readitlgs repeatedly. at a rat - depending on the device capabilities, user setungs. or

tht; hkc. Tlie rea(hngs ma; b" recc!Ved for a full cycle (360") rtrouiid th" device, or

for a sma!Icr miglc. st!ch as I 0tt"«220'. or tlic like. Tlic i'cadnlgs illay bc i'ccc!vcd at a

predefined r(solution. such as cvc«"«0.S'very I "«cv(ig 2"& oi thc lil C. horizontally

and vclticaHvs lt'i!11 bc appreciated tliat scan!7!Bg outpllt data 17!av'c fccc!Vcd fle!11

25 !flu!!!pic sea!!fiefs opcfailvcly'ofirlcctcd +o !hc L!G)V. (vh!ch may be combined for

generating thc map.

At block 304. readings ar" received from a sdf-contained navigation system

such as O'g 110 (c g. rc(civcd at process!ng ci!cuitO 1Z4). !Bdic'!ting a cufl(!it

locat!on i f thc UGV r(lauvc to a previous location. Thc rcadu!gs ma) bc provided by

so UUg 110 at a rate olepending on the capahihues of LNg iI!0, user settings. etc

At block 305 a rclati(c map of'thc area of thc UGV is generated or updat(d

bast.'d of'i tbc scanning oiltpltt data and on tli" I sg dan! {C,i«bv pl'oc&.'ss!!'!g cit'cu!tl 2

124 executing relative map g«cnerahon/updatuf» !nodule I Zg). It v.!I! bc appreciated
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that the map i» iniiially gene!aiedi ha»eil. upon scanninu output data receiled front

scanner 104 and INS dain rccrived fmni LNS (uhich incluiles location anil

ori niaiion of ihc UGV at fhc time of scanning) after ivhich it can be updated based

on furdlcr scmrnng ouu&ut ilala or on UGV positlomng data calculaled based ou data

6 fl'oin AS )hus, the aap Inay bc upd itcil uhei'i nerv T'0'!clings a!i luce!i'cd fronl

scrnu!Cr II)4. or !Vhen the m)ativc loiation oi thc L!GV has changed in rcsponsc to

nial dais recoil ed from thc p»IS.

'l3!c Tclahvc Aiap l» acci!B:uhltli'c mid co!nb!!les set!in!Big output ilata froB! a

plurality of »canning operations In add:tion to orientation Of thc UGV obmincd from

10 ihe INS, posiiioiung da!a ol the vehicle obtiuned I'roin INS is needed in order io

dctcffnlnc thc cu!T"nl. poi'it!on of thc L!()V re)alii c to lircvlous !nag!! (e g relative to

thc l)orth) rnid ci'Qbdc t!!c ace!i!Tnllailoii 0f scaunms olupnt Tlat'1 '1clicmtcil or cf'ine

m different (e g conscraltivc) scrumin 'peranons

Tnc scanning device rcadin!1 (seconding output data) generated bi the scanner

15 is proccsscd to iikniify obli'cis and tel rain Outiini and a corrcspondmg map!refined

hcrcm al»o as "miual map») is generated based on lhc procc»sing output Accordmg

io some euample», ihe heigl!t ol various objects in ihe scanned area sulu!unding the

UGV 0'lay bc deter!Blued basiil on 1'hc rcaclings in ial'lolls lcrtlcal ihl'»'ctions thlls

providing 3-fhnicnslollai informaiio!1 for giitlelainlg a . -din!!ill»lollal Blap hl other

20 esa!Ap)cs. C.g In or!le!'o !aire Tcsourucs, i 2 6 dimcnsii)T!al lrl ip lnav bc ger!of"!teil

anil ilseih as Alcntlioneil above The geAcnued iriap (O.g 3-13 or 2 S-)3 mrip) provides

a ical-time pictnre of tb" environment su1rouniling thc UGV fiom thi'»an!age pi»mt

of ihi scruu!crs located on-board thc (.JC!V.

Accord!l'lg tii »ol!ic c:»rilnplc». !Ilc inap can bc go!!crated aud llpilatcd such th'lt

ZS it is centred aiound the UGV and dlc locations of obstai-Ics in thc area of dlc L GV

are indicated !elative io the (!O'O'. IIi ivil! be applecialed thai map genenition may

also ut!I!zc inforniation obtiuned lion! odhcr sources. such ns ca!sting mads, areas

thai can or cannot b" travcr»cd. information obtained Irom imag anah sis.

infomlaiion indicating lvhether ceirain obj -cts arc obstacle» or nok or th" like.

Accord!Bg to one esampie, thc size ol'the area reprcscnted by the map can bc

ilctcfn1!ncd in accoril,*!Ace 11!th dm Taligi'lid accu!'ac»'l thc scaillnulfi ilcvlci'. IFol

cxiurlplrc i simliling iarlgc of 30!B 111 each dime!loll vv!t)t acclnaci'pplopnzte fol thc

terram and t:sk. provides for a map representing a square having an edge of double
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the scanning disiance. i e 70 m li ii ill be appreciated. hoivevei. Ihal lhe size of the

Brea of thc map r»ai be det'miincd in accoriiancc ivith aclditiional or different

pamnlitcl's. such as dlc siz!'f the afcr 10 be 1TRlefscd. SCNS {C.g Ih"'S) !'Infi., of

other fhctofi'. Aceonhn!z !0 sonic eafinlples lhe size of I it'!!ca ls in lhe ofdci'f
magnitude o!'ens of'meters. Such ai bitviecn ! Om to?!Jnm in each dimension fe g.

longitudma! Rnd lateral).

!Ir rertailgulm {e.g. Sqllaiv) in-p has llii Rcha!113!re of Inore easilv being

chvicfcd into cqlla! size ccl.s Bi eolnpamcl to othcf sliapcs slich Rs R cimu!RI'lap.

llms, as dlustratcd in Pig. 5. ivhil the scanner c!rclcs the vcbiile I00, a circumgon

10 square having a recifmgular shape defines an ouier map (60) The ciicanncircle of an

inner si!uare dcf!ncs an inner !nap (6 l. Iihcrc lhc entire !if»a 0 thc innel'rlap is

Ivithin the mapped area of tbi sc" nned c!rc!i.

In so!ac eaaniplcs. gll'en Ii !.cl'Etna size W of (hi* cclge of ihc inap {Ilssiunlug

for example arnap substantiallh square). thc scaiuicr pfoi!des readings of thc arcs

15 M'01!ad tile h'GV ll00 lib!eh afc used fof ikfI!ling B. clicuinciicic Ri'01'IIIJ Ihc squR!'c of

ihc map (i e. mncr map) A circunlgon square (ouicr map) mai bc dctm d for the

circunlcircle iiiih an edge that eqlmls about I al the edige of'he inner square.

Accorciing ro some examples, the outcr map (ivhich Incluclcs thc inner map»s
oncnted 111th!hc north. The inner map can then bc hun d. vill!un thc area of thc

20 oirl'*r nl lp. sii It is ori'*n'1 i(cd niih lhe heading of lhc ( (rV (c g. !1 horizontal ego-

sp(lem nl'ip of cgo-ioiahzccl I f ii'hc c'nlvcnicllic !f the llicts (e 0 opcfalois of thc

vchic!I or path plmlncrs). P!r csrunplc, an operator vvluch is navigatuig thc vihiclc

lias!Rl on ! I'" I*'tlv!" !nap is provided ivith lhe mner map (innin "integrated !nap )

generated as a lmrizon!ml map orientated iiiih the heading of'he vehicle. (lms

25 rnlab!!ilg 'the opcfRtoi'o cas!1) llniicfst nd tl'ic real-tune picnifc of Eire sluToullchr!g

cni I fonnlcnt rclatil e 10 ihc coITcnt pos!uoil of thc 1 chicle.

According 10 thc sub!cot inahei disclosed hcrtnn. thc nmp!s d!v!dcd into a

!Trid of cells, Iihemin each cell iupriiscnts part of thc map Brea hl one rxaniplc

division of'the map into cells cml bc pert'01'niiJ Rs pait of ihe map generation process

30 (dcscribeJ niih rcfi'rcnee to block 305). In another e.«unple, thc div!sion cmi be

pcrfor!ned as pmt of thc «lassdication proccis described here!n belou (ivith refcreuce

ro biocl, 306). As ea»lained In i.'uoi'c dct II bclovv the si,.i, of thc cills dividing thc

!nap Is ilci! full ace! base dl on Ihi S elf!ft oi CI' c!'11aul pfcdcflni J distrulci,
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At block 306, the mapping data uridergo.s a ctassifi ation process that

nlc)Udcs id!mt!flea)ion of obstac(cs tv!tin'I thc Ifl I peti area {c g. bv'rocessing

circ«i«3 12t) or by some other dedicated processor implementing slim " type of object

ciassificatuln algorithm. Once availaKC, th» intormauon rcgmding obstacles in the

mapped area is used 1'r ciassifymg the cells flividmg the map Various methods for

Identifying obsttaclcs IA a scanned cmtronmcnt based on scanner1 output data are

ktIOVVII «1 the aft.

Ouc csampk ofan ob)cet classifiicatlon algoritbuu is described ui an artie)v by

Procopio, M J, Mu'Ilu)an..)., g: On!die. CJ (200!)). Cntiti)cd "Learning Terrain

10 Seutncntatlou With t( 'assifiet Ense«lb(es Fol'uulnol«CUs Robo( Nav'Iuatioti in

Ltnstnic(ured". Envlionmcnis. Jouiua) (N Fickd Robotics, 26{ ), 143-)26. Ithich ls

Iucotpofated herc«i by reference !n its mitircty) Another csanlplc of an obtcct

chassiiicat!On algorithm is described in an afEic)c by Ribo M and Pine A {200!)

en(it)ed "A coinparison of thme unecrtaint) calculi for bu!Idmg sonar based

15 occttpancv'ilds". huernatlOnal J)vurnal 01'obotics and Auto!nation Sv stems 36

20)-2(!t/ A fi!!ther evrwnp)e of an ob)ect cl ssiftcatlon algor)thm is flescribcii in BA

altlcie bv I.IA J V .. Bnd Lec S I, Ot)3) en(1(lcd Conscctlbve scm!1«ing based obs(BCIC

dctccEion Bill) pfobablhstlc navigatloln !11 Inobt)e fobot lhhh RSJ hlEcfnatlollal

(.Ctlfemllcc otl Itlteiligellt Robots BAEI. Systcnis'o 1(&-3611.

FOI co«vol«ence. tile ifiap gcl'ieflltcfl. b'lseti oil the scBniling oil(put lhila lls

ciesctibcf) al'ove Alth fctefei1ct; fo block 305 CBA btc ff'Icn'cd to Bs iillnal map BAll

Ehc (cnli tntcglvltcd Aiap c'IA I 0 Usctl to ft,fer to tltc Iflltial A1ap Bptcr lt has bccn

divided into c Ils classifi d as tf" versable or noir-tmversab(e cells Thc map data of

both the imtial tnafi mlf1 the imeglnted map and their continuous map updates cmi be

25 stoiud!u data storage device (C.g. 120).

Fo)!Ott!I!g idemification of obstacles llithi« tbe mapped arefi. Cells dividing

thc area afe class!fied to otic etf thc at )east ft'Ih ning chasscs: noil-tral ersablc cells

(I.e. rcprescnung an a!'a compnsing an obst1clc 0! I!art dtcfeof). a!101 tfavcfsab)e

cells (i.e, represenung an atua not eolftprislng Bil obsiacl" or pan thereofk Cells

30 eficonlpassl ig ObstBclcs Blu classllied as Aon-tfavi:I'saMC vvht)e ct'lls v~hich arc empty

of obstacles Bfe ciasslfict) as tlavels'lblc h! 5('Ale cxatnplcs 11 ctlll ma) BLvo be

classified as Unkno»n

It n(11 be appieciated that initially a)l cells can be classitied as unkttovtn. As
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the IL;GV gets c!oser to areas repiesented by unknovvn cells. their class mav becon!e

c!iar ru!d thcv can then be classified into trio ersable or non-travcrsab!» Additionallv.

m som" caamples dclem!ining !vhether ru! area repr "seated by a ce!I!vith unkno!Yn

ciass is traversablc or not. can be based on the specitic,;&regression path, task to bc

8 performed tralersabi!itl of 0&c vch!c!!„ tzp» ot'terrain or thc!i!ic

Thus vvhile i!!fferent L(iVs travel!ing in ih sam" area may g!.nen&ic an

identical or vers sinular mitia! map of the R!Cai "ach IU(i V may generate R different

uuegriatcd inap or maps as it may classif» ditferiult ob!Ccts and &ucas !vithi!1 the

B!apped a!"a as CL!stac!Cs. depcni1inii on its specific prcgressim! path(sl. its

10 irilversilbilitv. aud so tin!i

Refer nce is novi made a! o to Figs. 4A and -!8 that igustratc 1 isua!

rcprcscntauons of n'iaps of an env!ronment ai I!Yo pi&ints m time., io demonstrate ho!v

thc relative niap is gm!Crated audi updaicd as th" IL GV advances. m I!ccordanc» u 1th

so!»c cmbodirnenrs o+'he d!Sclosute As me!Bioncd abo! c. the maps can be

ts gincrated/updated &for csan!pic by proci'ssing mrcmtO ! ..'!. c.g by rc!auve map

gcncratlngh&pdatu!g nil&dlilc I! 281 L&used on scainriilg ouipi!t provide!1 bv'cannn!8

device 104 Rnd Ib!8 ikuii received tri!n! 158 110.

Fig 4A shov.s 2D map 400 represcntnig ih. sciumcd area at a paru«nlar time

t„and F!g 48 shov's 2O map 400', ivhich represents ihe scrumed area ai a later im!e

20 t . As 1!!clitioncr! Rbcivi . Ihc fi„'liliivc !nap ls accunlulatlvc as llclv senna!fig 0!1'tplit

data. ls ci&nlllluous!v !&cnig 1ddcd to thc cxlstuig !lab& such t!Blt the reli!tive nlap

combines scanning output data t'roin a plurahty of scanmng opcratioi!s. Alignmcni

bctn co!'cR!In!Bg on!put I!Rta i'Nrl dlnbrent tc.g, ci!Bsccuilvc1 scrulnBlg opclatlonssls

done baser! oil tht'%8 data. As thc vch!clc pri&coeds l'levv 111"as a!ca 'lddcrl tri thc ntap

25 and areas that!Bach thc cnd of the map arc excluded from h!rther map updates

According to thc lllilstratcd csrunplc. bctui„'cn i, al'id ti!1'le L!GV Blovi'd to thc

north a distance rcprcscntcd b; filo ellis of thc filaps Thusi Alap 400 rcp!cscots an

ai'ca ivhlch has sigmf cant over!Rp but is !Bore norihcrlv rclailvi: to lhe arcR ot !nap

400 Black square 404 i!idica!Cs the UGV aud is located iu both maps ai die center of

30 rhe !nun, bl!I dnc to ihe !'Bove!Aci!t oi lhc UGV ro thc north bctivccn tl Rild tl„ till

obstacles have mol or! sou'ih re!at!vc to rhi UCiV. Thus the obstacles r pres ntcr! in

map 400's areas 408', 412'. 416'Bid 420're shinnn morc southcrll as conq&ared

u& areas 408, 412, 4!!6 and 420 in map 400. Fhc obsiilc!e fepi'eseilied bl area 428 of'
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Iniip 400 Is nol fcplcscfited ul !nap 400 slue it is I(&c Ii d nl the soilihefn RlcJ of nliip

400 lvh!cb is nol inch!dcd in m Ep 400'. Thc obstacle! Cpr sented by area 424 in map

400, on thc other hand is represented by J!&"a 424'vhcre!n a larger part of it is

sho&ln in map 400'. aad area 40Z appears at th" nortllcni part of map 400'. lt v !11 be

appreciated that positive aud ncg tive obstacles arc uot depimed differently since

both rhpcs rcprcscnt Brea ce!Is lv!!!ch arc non-travcrsabl( an(I lvhich the UGV n(cds

to Bv(&ld

Notably, although ob&staclcs remaiu at thc s&ur!e locabons and E!!c UGV mo! es

relative to the (''n ifo!'Iillen&. thc nlaps lie crea(cd rclal'IVC to thc UGV Thc Inn!is I'hus

10 represent the UGV at the same !ocalion lviihin the maps (&bile the obstac!Cs are

ifloved lil tl'ic opposite dirccEi(3n to El'ic (hfccl(ou of nlovcnicil( ot El'ic UGV As

mention(,il nb&eve charlgcs !n the !&os!don of thc UGV !c!RE!v('o dm cnvu'onn1cm !s

dc!cflruf!Cfl 13ased on IN(S datl

As e&plauled abo&c th" map is divided !Cto a grid of cells& uhich arc

Es c!assificd to at!cast onc ofthc at !cast fo!iolving class(s: non-traversablc ccII (i c.

represcntmg ml area comprisulg ml obstacle or part thereof!, &Snd tm&vcrsablc cell (I

represeutiug ml area not c(mlprising Bn obsiacle such that the UGV is unable to enter

rh( ai ca or shou!d a~old it for some other reason)

A cc!I Is clJssllled!n Bccof(hulce (vltb the classitication of Ehe conespondmg

20 urer! It enconlpass! s !vithi!i thc map. In sonic caalllplcs. Bli obstRclc oi'lly pBIt

thereof located &vitbul th" Jiva otccll. rcn(Iers thc ent!rc cell non-trav ersablc. Tbe

entire a!Ca ot' cell mav tin!s 1&c class!tied as «on-iral ersablc even it'n obstacle

dctccic( nlthl! thc af&'J fcpl'(s!.'n(cd bl 1!I(.'&'ll col cls oulv (i palt of thc c 'll's Rr&.B,

c.g, thc size ot th( &Jbstaclv of 01&slaclcs of p&alt thcf(ol locat(d nit!'«n thc Ru'R

zg rcprcscntcd by tbc cc!I is s&n&allcr than thc cntir( ar(a of thc c(11. Ther(fore. a (!.II

c!assit!ed as traversab!e ensures that Ehe area represented by the cell is free ot'bstaclesAs cacmplil!cd !n Figs. 4B and 4b all c&bstacles cover complctc cc!ls& i C.

thc cntiret 'f each c(ll is either an ol&stacle (I" non-travcrsahlel or n!t an obstacle

(i.e tral ersable!.

A!.'co!'dulg to esa(npies If t'1('!Cseiltlv disclosed s(lbp!Ct fnattci'& thc size of

th('('Ils !n thc fnRp ls sf&ected to equal of cacccd Eb('las uri&31 Bcc!3«1«hi!cd dolt of

the INS over sonic distance

'Ihus& the cell size p!ovidcs a safety threshold that protects against uav !0&at(on
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ciTols fesultlll&c Aonl IICIS dr!A L:irgei cells provide for vvider safe(«(hiesholdsc aud

thu plovld" fol' slilallcr c!Iailcc of lilt('uig ll obs1aclc du" (0 cIToflcou«dctel nlincd

vehIC(e position rcsultuig from 11TC driA. s(0(ably, as thc cdl size is rela(cd (o the

spccdic drcf( ot'hc INS, cell siz" ma) diftbr depending on tbe spicitic () pc of Is:S

6 ivhich I» used and Its correspondin&u drift Given a certain distance. a Inor«accurate

Ib&S alloivs Io nsc smaller cells Bs It bas l«ss dn(t f&vcr the d stance.

The d;stance upon iihich dli masmial accumulated drift is detminiilid& cmi

bc for csamplc. a fhincusion, such as &JIC «dgc slz«ol thc area depicted b« thc map

(e g im&er niap SZ)

Alternative!y.

in B diffvaunt csample thc distance may be balfof'0
(he edge size of tbe are: depic(ed b& the map (e g. inner map). Cvhlch is releian1

nhc&'I thc b CIV Is located ?( tile cci'i(cl'f thc map aui! clul ( uis tl'ave! half (lic iilgc

size & f (hc area bcf& fc cxltulg thc lnappcil Bi i B and cute!lug Bn Blua 0&f B nc&«/'lip(late(1

map g&enerated bilscil on B more rec nt scanmng ontpu( According to anoIlmr

& .;Bmpl» (h&„'lstml'"c'an bc tlic Ic.'ngth of a iliagonal cl'osslng tive cif& I of '(hc nltip

15 from onc point iicrlcx) t» ml opposit" point (i«&t«s)c ivhlch equals In a square

shaped map to about I.-11 ti«es the edge!Cn nh»of thc inner map In another csampl

(hc dis!ance Is iqual (o half the diagolial h;ng(!i. Ivh "re in a fur(hcr examp(c ihe

distance Is equal to a diagonal of a rcctang(c that covers half thc mner inap area.

notablv, othei distances cau bc use(I as ivcH

Wheal selecting the cell size to be Lugcr than the maxufial ihlA. over 1hc

distance ol'balf t'l&c size of th'rcs lcpfcscntcd b; the map ensures that the vehicle

can advance until tb" cd:.0 of the Brea rcpfcsiuit«'d by th» mnp ivithout colliding ivith

an olistacle For cxantplc, assuming thc map size is 70m by 70m, B dnA of onc

degree oi er half the leng(h of (he map (33in) clnioull(s to clbout 61mn.

25 (36 "tan(l)--0,61), 'Ihcrcforc, If a cell size!argcr than 6lcm is sclcctcdc th» Pr«scnce

of an obstacle or par( (h mof m B cell, makes (ha( cell non-trm crsable ccl(c even if

the obstacle or paiT thcl coi's smallef than 61 cm

bi sonic csaunplcs cells nlav ITC c(p!Bise bu( ul &tlicl cnibodinicitts thc«'lBT

have other shapes such as rec(angu(ar& in lvhich case (lvc size of each dimension of

30 lh&'&'lls»la(cs to Li'0 flmauTIBI iulft along lhc fclci ant difcctlon 0«»f 0 dct»ITnlncd

d!stance

Acc(&rding (o one cxaniplc cell siz» is d»tennincd m accordance ivith (hc map

update rate. mid die, masinlal I;r espec(ed velocit, of (he LGV. In such case, a
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distance rvl«c1 thc UGV ttiivc!scs bet«'e n corlsecuiive lrlap Updates ciU) 4c

calmifatcd aild fmm that the drtff of dlc INS over that distance can be deli)cd Tbc

map update rcn rc!Bios ni the scannmg rate of the scann "r Bnd the time required for

gcnerain!U updanng tht: re!stile map based ou th" scam«ng output iiata, keeping In

6 I)'«nil Liat snl Il CCIIS Initli'I fliBV!cr coinpUEationa! 4«!clcn (i'miel"I!ill Bs i'hc !nap

update rate mcreascs or thc vi'loi"itv decreases. smaller veils may be used.

hl further cxanlpies. the cell size inay bc deicrnlincd in acixrrdanci Uidl 3

mtio bet« ccn td!c map size squared cxprcsscd. f'r example, in souarc n)ctcrs. and thc

velocity of it!ie UGV, expressed, for rrmnplc. in meter per s rond. multiplied by the

10 IX!'S driffi. expressed t'or exm«pie in radian per second.

I ilt. tact thai an cut!re t off Is ciasstf1iil 'Is non-iravcrsable irrc spec tiv 'f the

actual size of the obslacicis) located»ithin d)C area Of thc cell together rvith thc fact

that thc size of ihc CCH is greater Id)an 3 nlaximal accumulated INS drift over a gn cn

thstarlic, plott:cts ftoln co!Iis!ol'I rvlth t3bstaclcs rvh!cfi niav l"s«IE I'!'CHI Ifrig dnftovcl'5
il'tc I'll'i'l1. distanic fhc clccul«UI'lied drift over the glvci) ifl'ltance can «lc!Ucc 'I

nav«anon error vvlnch is Birn)!Icr dian Elle size of a cel! biit not greater, Thus. as a

result of such en'or the UiGV mav dei iate t'rom iis actual location onlv rvithin the

boutidailcs of 3 cdi. Smce a travcrsable CCII is complctdv clear of'bstacles.

der!Brit)n rrithin the boi!ndaries of 3 cc!Idocs nitt pos a risk of collision rvith an

Zn obstacle

As mcntionid above. Bcciord!ng to some exan)plcs of thc presently disclosed

s«4)i.*vt matter tile le!3«ve milp ccln be cl'catid 3)nd ilprlatei! In an BccUIU«13iir i

mani«."ri iu Uhich rc-dings are giadiercd as Elle UGV advmlccs into ihc area, I@it!a!Is,

Si.BIU!Ung data t 0 Bless be'1 01'ltl dlt'CKU!Ulg I"ingC Ot tl'IC SCB«nt'Tc i)l'r'it CIOSC to thC

ZS scanni'r. for example in thc rcnlgc of dm from thi sianncr in each direction, is not

avaiklbie for st«ulnnlg. As thc UGV ad" 3nce'3. 3 ITiap of the full area surroundultt the

UGV, and U ithin die scanning range, bccoincs availablc. Once 3 map of thc ful! area

that can bc reprcsentid br: thc map is Bvmilablc. Ehc map is updated as nlnv areas are

f)'*Ing scannedi Bslhc I GV:Idvanccs tirv,miks fht'si BTCBS, Hov;cvel'. pi.'llp4crcll al"as

SO nl cdlc ihiccUI)n opposric thc advtmccntcnt Ehlccnon tiri.'xchidiil fronl t4C nlaps Bs

they are be!Ug upiiated.

hl som siilia!ions. obiccts may app ar or ihsappear betrvcin consecutive «lap

updates. As a result of die accumulative nature of the map that combines scanni«g
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on!put tron! Qiffefent (e.g '"Onseciitive) scaniungi operations. it. Is i rfuiied u& ni;itch

(or aliign) betu 'en lcmcnts!0 g detected obstac(cs} that ar itetectcd in an carli 'r

scan Bind are not detcctcd in ala!Or scan, e; cn v,hen the elements ar" st!11 located

uithui th" area of the map f)Isappcaizuicc Of oblccL& ma; b" du" tor example to the

S iici metr& of thc UGV and die ropography of the sca!uicd areas near th» UGV For

csa!nplc. a linc of sight from thc scanr:hig devi»"c to an obstacle that has been

Idmrtificd 10 ..Ictcrs id!ea»l of the Ui(iV .'. a first scanmng operation can b blocked in

conseculive scanniug or&erat!on due to change m ihe oriernation of lhe U(&V resultn!g

frcim thc topograph». h! i&th''it!!a!ious»iblect disappcaiiuicc mav bc duc to noise.

10 or duc to scannmg ai d!f;erent ang! "s. For csamplc, onc scan may include readiniis

«1»&ng odd imglcs (e g . l'. 3'. etc ) r»la!.:ve to som" d rection. Ivhilc th" follovvmg

scan utay inc!ude th» even angles (e.g . '." 0'. etc ) Neivly appcanng objects cau b"

mdicat»d a» non-travcrsablc cells on thc ncivly generated nmp hi some, situations.

objects that lnie disappeared c&n still be rcprescntc»l Bs non-travcrsablc cegs m onc

25 or more 1'ur!her updated maps. For evan:t&(e. Ivhen obiecbs are scanned from some

distance. aud thea chsappcar as thc UGV gets closer to die objects, thc ob)ccts ma)

bc assmricd to remain at their location and arc Bid!cared on the map. and niay later

reappear oiice the UGV advances h!rihcr The locauons ot'nch objects relative to

ihc UGV ma). be deteimined m - ccordancc v»th!)ie recen ed INS data. indicating the

2'! chang»i ul h&cauo!l Of tb»'CiV sluCC tb»'BSt 111ap BPdat'c. 1!!us. BS !neat!oned above.

1NS is utiliaed for matching bet»veen scanning output data ohtmnccl in different

ac!un!ini'perat!ons includmg»(etennining changes in the position ot'he UCiV

relative to c)cincnts in thc scmlncdeal I!'olu'Bc!it, ui Ich B!"'diin'ttfied ul 0nc scannung

opcl'Btlimi and not id»ntifi»d In «Iu&diei (c g col!»cent!&0) sea!i!Bug opclrdlon u'bile

25 s1illlocated I& ithin ihc «rea ot'the map

Optionall'n or»der to siinc co!uputation time and !csour»cs or due to

scanner! i!mtations or ar».a topographv, pan or all of prcv ious)» scannci) arc,is are not

fc-sci!nncrl. or thi„'cannnlg Iliiofluat!on rc)ared to these Bl'cBs is iiot processed Bs

consecutiv niaps that uichide repfesefitauon ot these a!'Cas Bi'e!iel'Bt d. gather the

30 information related to thcs» areas. obtained during pre» ious scans, is maintainccl and

us»d v. hj)c updating thi. map.

As dctiulcd b»lo»». thc UG'v'dvances ui accordance BIth a map updated

using data rcccivcd fmin 1!NS 110 and froni the scannnig dcv!c», and can thus avoid

obstacles
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Referrhitu novi back to Pig. d. Rt block KN, according !o some examples a

global p'1th to 8 dcsifcd des)&i)ation tc v'bich thc I 'GV has to arn)ie nlav bc Obtmilt tl

Tile g!Obal pa!h lnav be calcula!Cd by processing circuitry 124, or r»ceii»d

!lorn

an cxtcmai scurcc vta a communication module comfnunicatmg for »sat))pic

.i O'I'cl'n RF Bcettofk. A i?101811 padl I'nlv hc mccivcr! ))I thc foun of )va) poll)fs t31'th»IB»cn)cB!B)s!fucflo!)s

Tnc global path determination. If fcqt)i?cd. cai) inclufl! obtaininti 1!Iativc or

absolu!c cooriiinaics ot'he current location ot'!hc I YiV Jnd oi'hc des)i«aiion. and

ci31clila!11'ig J gh&1381 pa!4 tl)ci'ctv'ccn, tisti)g anv'3 I!4 1&lancing tftcthod that 15

10 cuffcntlt knovii3 OI')v)II 4»conic kilo« . In thc Iut!Ifi. II)c glr'481 pctih c&n Inc!«!le oil!

20

ol'lore viay130lnts tl)I'01)irh )vhlci) t'hc UGV has fo p ss alollg th» tiloba! pl)4 lite

global pa!h calculation may!:kc in!o account also da!a such as cvist«iii roads )vhich

al'0 tt) bc tlscd tvr thc 41 " Tbc glol')ai pa!4 cttlcillatioi'I caf) rilsi) take tilt)& a»co!tilt

loca« «)s to 4» avoidctt such as existmg roads vvhich tnat 4» fl tni tgcf! 41'he LIGV

in some»mbodimenLS, dlc global path can bc calculated m assocmtion 1) I!h 8

destination tvhich is relative to!be ratrrcnt hication ol the UGV I bc destination can

bc obtained by inanually or anton)aticallv scar»hing and identifying a pr»dctcm«i)cd

sign mdict)tin-!ht; mrg*t dcstlna!ion Thc prcde!cnnu)cd sign can bc, for estunple, a

pt&intel emitti«g 1 i sible or invisible hiiht, 8 location in tvhich a prede!ermined ges!ure

is pcrfoimcd bi a person or a machine, or thc hkc.

h viil! bc apprt:c)8!Cd that tile »samples mentioned above should not 4»

collstr!ICCI !Is l)ifiiin)g iini! Iui&'iht*,l IBCEhod 0! 04talnnig 8 target i)fltl tl»EI:lin)in)lg !I

gh&bal path t'rom the currei)r location!o the destination ian be usccl instead. For

csatnpl". a global path -an be a colored linc dra)vn or pamted on a floor inside a

s!B)ctlirc {it)fico) !1')vtgattoili, )»i)ere fhc 1""Iticlc conlpnscs 8 ct&tfiputcftzcd 1'is)on

ststcil) conlpi15113ig 8 c'urt!I'8 opci'ativ»II i olul!ctctl To 8 pit)c»5sing circ«)tv {cg.

ticsttnation/globR! pRfhi dcti.'I'Inlllanot) lii)it 1161 cofttti?«l'i)d fo execute I!Tinge

processing, Thc camera cap!urcs image of the colored In)c and !hc obtained images

afe pine»sscti 4v ail IB)Jgi'foccssuiii cifcuiti'y ilsnlg foT cxl)ITiplcvii:Il kno)vn lini'.

00 detection aigorithins {c g cilgc detection, segmentation. ett.)

At block 31 2, once an npdat: d r" lativc map is avmlablc. thc m Jp can bc used

for navigating thc vehicle along fi progression) path vvifhin the mapped that avoids

I!et»ctcd t&bstacics processing circuitry IZ4 It is not»d that is not necessary to
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navigate along a global pa!h m)d in various eases the relative map can be used for

ilav)g I!1)g thc vM)I»i» i»it))01! t B global path I" )1 cxai )pic. Bn opclator can !!s» th»

r"lative {e.g inner "in!»grated"I map:or navigatmg the vehiMC. Or in another

cx!rnplc. Q ) chicle "an Eiuionorniaislp navigate based on c»rtani predctui»d rules or

6 othier i"Qta, 'ivliile us)i)Q d)» r»!!!Elvc niap 10! Qi olcliilg Oostaclcs.

It uili be i!ppreciated that if no obstacles exist in the surroimdings of thc

L!GV, for example if dic cc!Is rcprcsentiing;!ress»xpectco to be traversed unt!1 the

next!'eading. Qs rcc»!i cd &om!hc scanning device. arc indicatccl as tiavcrsabl. then

till'ath nlav bc !is!id Qs is, Ev)thou{ iipdat»s

It )'iill b)c Bppf'cciatcd 4)at seine Ob)ccts l'cprcscilt Bil Obstacle uh»li Qcc»ssid

from one side but not 'vhcn accessed from another side. Ilor cxampl, Q ran)p

represents an obstacle Evh n accessed from tlte side of the ramp, bnt not nhen

accessed from thc fmnt or from the back. Tlnis, Qcconhng to som» examples,

ident) t)cati ui of obstacl»s in thc map is d»p ndciu on a spccit)c progression path ot

ts thc IJ{dV. Given R certain possible progression path v,ithm thc arcs of the rclatn

map (rcfc)v d to hi:rein also as "progress)on path" or "local pari)"I, it is dct»nmncd

v,hether the UGV can traverse the nlapped area along that local path Accoreling to

somi'xRlnpl»'s, tile UG)V can silnillatc Q pI)l!Rl)tz 0{ poss!Mc pl'ogl»'sslori paths

1»Rdlilig fro)n its cii)TCnt }x)sit!oil to B iles!fed hocat!011 and iden!!fp )v)th)n thc n)Bpp»EI

20 area, for each simulaicd. path. thc icspec)n e obstacl»s of that p!uh.

Furthcm)ore, )vbcrc!ni!lt)pie pmgrcssmn priths are SI)nulatcd. classificmion

of the cells io non"tlnvelsabic B!)ri tra)ersable can be rcpea!ed for each of the

sunulatcrl paths. Thus. the ideutifici!tion of obstacles and ciassiliration of »elis

Bccordl))gig c!Ili. occur Bs )lie LiGV Qllva))ccs thlcnlgh tlic Rica i)nc»'h»'!egress)0)n

ZS pari) ol'dic silnulRted pro!!Icssion paths Qre knoivn ln ri Bl-tiirle.

As the )dcnlif)cation Of obstacles !aid classificatioii of cells into t)nvc!Sable

cells and non-tra) ersable cells is dependent on tl)c spcmfic progression path of the

IEGV. ni Born!. examples, pronounced obstacles v»hich can b" casilh initiall) dc{ected

{at block 306! i!nd 0E!Eer iibstach:s ivh!cli d»pci!ii on Elic spec!I)c pr'Ogrcssioil 11!ap iue

30 idenrif'iei! togcthcr ivith the genemtioiv'update of'thc piogression map described))ith

I'cfii)clice 43 Mocl 31Z,

As I'urthcr demonstratcr! v)ith ref'cretic» Eo Figs 6!u 6b anil 7. in soli!0

»xar!)ples. »»herc Q globai path to a certaui dcstinatir n is being Folio)v»d. th» global
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paih is updated based on the progiession pa!h de!em! ined )vithin ihe area represen!ed.

by the n11p (c g. by proc!'ssing «ir«iiltly 124 cvccl!nng path upd'lting r!10dulc 136)

Th gh)bal na!h n1B) b«delcmiineJ or upda!cd so as!o avoid obstacles ind!ca!ed by

non-trav«rsabfc cells. The I lobal path dh!crm:nation may also mk" into account

6 «k&ngcl'0!Is 01&)ccts Rs J!tinniiled flu!n 'I 2:&-iliirlcns!O'I! Blap. fo! «)Bin!pic stcipol'the«if!sc«lang«rons slopes Global path d«t«rmination mav also take into account

objccls s«ch as ramps As ment!oneJ abol c rmnps may cons!ibit«a trm «rsablc sh)pc

)shen accessed fn)nl one or nlofe dlfections, fof'a!npfe the Bscellding or descendnig

rfi!c«tion, Bllil B i!of)"t!ave fsabfc iibstai.le )rheo B«cess«fl fmilr! Ihc sl«li'„ Ifi )) hich

10 ibrcclion Ihe ramp constiu!tes a oang«rous slope

A! block 316, )chicle cfmirol sub-s)st«ms 112 can r«peat«dh (au!onornously)

generate steer!ng con)lnalNls 1& steel tlm UGV in Rccofdan«c ivlth thc Bva!lalblc

relative map along the determined progression Iul!h TVhile Rt bio«l 312 th"

mlegrated map (I.«, RA«r cli!ssifica!ion of'«ll to trai ersabfc iu)d non-tniversablc as

15 dcs«fll'iCd iv!!h!'cfcl'Cl!Ci block 306) IS BSCC1 tof g!IICI'Btlilg 0!'pihtlng R. pfogl'CSsion

path. at block 316 the intcvrat«d in«p c n be used during steering of the vehicle in

ord«r!o B)old colhslo!1 )vilh 0!&staclcs )vhile pro«i'I;{ling Bli)!ig !he pfogrt"ssion path

)vhich has been determined.

h! Some csamplcs. )vh n thc UGV is dnv«n b) a drncr iihr& «mmot se«

20 olllslih.* dl«vill!el!*,„ iilsicilil, of pf'0vIJIng slecnl)g coilu11 ult s. R !nap M ilh !Bdl«tilii)ris

ot thc non-traiersable «elis. !hc location of'the, UGV. and the path ro be taken may be

sbov) n to thi. driver. and thc dn)cr can st««r thc I hiclc m ac«or!lance )inth !hc map.

For ex!m plc. the map may b«displayed on ". displa) dc)ice. and iipdated ivhcnevcr

upda!ed readii!gs f'rom die s«annmg devi!:e are available. the GG&V location is

25 updated based on thc IXg reading, or a n«v; path is obtain«d. As mcutioncd above.

thc map can be dispiaycd !0!hc opera!or Rs «horizon!«I map onentatcd )vith tl)c

h admg of ihc vehide (ego-sph«rel. thus enabiing the Operan)r to easily undcrstmld

thc real-time picture of tile surrounding erivironmcnt relative to the current position

of thc vehicle. FBI'«!Rnoln. !11 so!no «Rafuph:s R !nap can b«display«d to lbc

SO operator as a.) dimm)s onal or ' «Innensiona! map )lith a certain field of vielv m the

direction ot'!'r!e heading !hule provi!hng the operator )vith R firaphical simuhition of

thv sun'iiunding vnvironm«nt

ln son1«e!nnodin1011!s, INg I'I "Biiillgs n1B)'c fc«civcd n)ofc of!cn I'ha!I
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sca»1!cf ICBdl!Igs Sil'Ic Lhe nl ip !s g Aelfdcd based 01'I thc scil»I'lcf lead!Ags. Itic sf»Ac

map may bc vscd a m)mber Of times. v.heivin thc co{IS and thc steering instmctions

«rc updated in accordance 11 ith the IN S rcadiings vvhiich prov idc! ipdated information.

lit ivig bc appreciated that ar0. tivo or mori ot the exiles of obtaining the

5 dost)AQLAQ!1 or thc path. fccc!VAIg thc scannlilg itcv!cc fcail!ngs. Eccc!Ving thc INS

flat«m)tl gc!11 fatnlg 51celing colllnlanils. A)ay of irlav I'i)t b" ski)chron)Bed. Poy vvav? of

a no!3-Iin)iting CxamP!i, th" ilesE»)RtloA Or path may bc obtm»id eve!0 I i)

millisc: onds or niori, i g., '00 mil{IVCCOI)ds. H)JV)ever, ui some tasks. for cxiunplc

uhcii Conn'nu!1!cation IS unavailablc. ti!C dCStln 1101') OI';!th nlfg bc HPEIQECEI i)1'Cfy

10 fcv) n!inutcs oi even less frequcnliy Bv vvay of a non-limltlHg example, '[hc set»)ning

device read!rigs!Aav IJ): i)btanli;d cl cfy 10-600 n»lhscconds, c.g, 26 mlllisciofItis.

Qfld tlm FV!IU madl!igs Inav bc obta3ncd cvc!B ?-60 »1!lhsc).onds c.g „

milliseconds. Steering conunmids may be issued for cx«inplc Qi 2-20FIB

Tnus dic oiilcr in uhich th» steps of thc florvcha!t ot Fiu 0 arc per{0m!cd

ts may change. for exan)ptc the). may bc mtcrlcavcd or executed concnrrcnth. and is

not hm)[td 4) the order as sho))n.

6B !s Q Schci»Btlc dllislfanoB, lu top vie)), ilcnlonstl'Qtlug B. gh'{)Q1 pf!Eh 61

leading veh!cl* 100 from its current pi)sition to a Large[ destination T Thc illustrated

path conlpnses 'I series of lva')'po!Ats II!dicaLed by bpa)ck circles As caii be seen in the

ZO illustration thcrc are vanous obstacks {e.g. trcis. bouldcrsl along the paih that

restrict thc advfinccnlcnt of thc L (!V. As d)scloscd hcr'c[31., Bnd schclr!Cif'icillb

ilhlSAHA))A A) Fig 6b, RS[hi U[iV 13»'3CCedS «omg Ihe gli)bal Pf»13 lt Co)itl!'Alol)SIV'cnv

fa1cs «Afl t!pila[cs B ICIRtlv I !nap basod 0» scan»ing 0»Epiit !1Q[Q B»il IIN S da'[;1. As

lr!t'13[10»cd Qbov i . Lhc Al'!p pl'01 Ides a fcRI-un!c plcturv, of thc cnviromncnt

ZS surrouniling the LI4V and specifically is indicative of obstacle and theii position

rela[ive Lo Lhe UGV. The U(0V is thus enabled Lo determine a progression path {local

Path) A!thin [I!C Ql'CQ. 01 t)ii) ECIEIEIVC inap anil Efavcl Qcccfihng to Ehi dctcf»l»ICd

p»oolcsslo!'I pai!I 313 tl'lc direction 0!f thc tmoct tlcst3B1tlo!'I lvl'ulc Bvo)duio Obstacles.

Thus, as shovvn in F!g, 6b progression paths de[em)i»ed based on the con[inuous

SO updates oi thc relative niap effi;-ct;vcly upd«[c global pad! 61 Rs indicated by the

blok['ll. I»le 63 Fig 6)b„sl'Iovis U(1V 100RBL1 fcspcctlvi'clatlvc {cgo-sphcfi)) IA!!ps It

vanous posi130»s Ioilg thc VV'Qy'l'ol'A Ehc SER!'Eulg po!At 6) thc ra!oct. 1cstu'!anon I .

As explained above in soir!e cxan!pies naviga[ion along a global path leading
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to 3. desigfla[eit desldnaiion is e:&e«uted by GPS (!&)calcu on-bi)afd the UGV) used for

nm»ui ling Bccoldinrg to Bbsohltc 0(&din)ics. &vh!Ic obst'aclc avoidance !s cxccutc&I

bas«&1 on th(." Ielativc Inap 1&hich Is 4«ing contIB[KB&sli'un«I'3&el'1, As fu!'[hcf

if&Cut!oned above. 3 global pilih cai& 4«(tctei)B&ned by othe&'ui:ilns.

Thus. as ment;oned aboic Buh r&fcrcncc to blocks 308 an(i 31Z In some,

cxa!nples. Iv&o maps I&re genera'.ed I'r navigath&g the vehi«le A &ilobal map

indicating a globa! path to;! desired des[ination tlbllov,cd according to absolute

coo&'duultcs 0!'& &nc ogler tech&u(llici Bnd 3 f«L)uvc B13p lof Bltcgiati.d Iuap)

covering 3 ccnain )inedited area around the UGV, and indicating& tb position of

10 obs!soles in the traversed a&ca felatii e to the LCIV.

In order to rnabl navigation of th» &chicle based on thc global path. &vhile

avoidm&i obsiacles according to the rel »I;vc m;lp. [hc global map and rclauvi map are

id&good. FOI'xiinlplc. syslcnl I OZ, 1«.g. B1 lb thc help of 1)a[1'& updil[ing !B&&duic ll36)

ca'll 4" cianfigufcd to I'cccivc GPS data l&uhcative of rhc position 01 thc LGV i&1

15 Rbscihi[c coi)Allo&it«s indlcathlglts pcs!t!on I«lative to 3 gl0431 pRth I«Rduig to 3

dcsir«d d«sunati(&n m)d thc r«la[ vc map indicanng [bc position of obstacles!ulanv«

Io the UGV. align orle »31th [4 iu4ef &IBd pfr&vide the combined info«&nation to

vchicic contfol sub-svsten) to enable ti)c gcA(il'Brio&1 ot Bpp!opnatc navlgat'lon

ms[rue[ious for autonomousl; navi&iaung» [hc vehicle. A)ternati)CI) or additir&nally»

20 the cou)biucd information can b" displayed as a combined n&ap on a displa& device.

Tnus crmb!ing an operaror to visualli monito~ thc»rogr«ss cil'n»nitonomonsly

navigating vihlc!e and/or ro inablc an opirator to control thc &chicle based on tbc

combmcd maps v& 11 «4;lr" d&sp!aycd

Systclu tn !s fiat.'lcf coniiglifcil to di'BBnuc,'ill&'!pdati dl&'. coi'nbinid n&ap

zS according to updates in tbe global map and th&, relative map that occur as d)c vehicle

advances along [he global path and disphay [he

Fili Z is a f!olvchait of operauons carried out foi'cnciut&Ag» npi1R&4)&? BAd

ihspla) mg a combined map. according to semi examples of thi pr sin)tl» disclos d

sub)«ct &Butler. Opcfi)L&ons d«scnl'&ed v 1th fefc&«ucc !0 Fig. ? carl 4&: executedfi)I'0

exalt!pic O' Jcd&c3tcd nfc»«casu)g cn'cui'tO'!A Aai?m'itlofi svstcm 102 Accofdn)g to

other examples. thisc opi.rations can bc executed at a rcmfitc computcnacd divicc

loca[cd for xample al a control stal&on As the UGV ad& anccs throu&»h lhi: area the

fele'«RA[ B13pping dR[u ls roman!it[ed:0 'the «outl'i)! sta[ioll. Pespous&v to f c &1 &!'Ig
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from Lhe LGV the mappn!8 data. the con!bined n!ap is ge!»crated aud of Updated aud

d)spfavcd o!'I a rhs;&lav dmmc at th» contr»»l dcv)c»'L

block:02 data indicati«e of the cuireni posi)ion of Lhe LCIV relat! ve!o a

gk!bal !nap that compr'scs at least a global path lcadmg to R target dcslination !s

.i I'cccfvct! Ih!s n)tt&ituilrloi'! can bc ob(xncd foi'cxruuplc. fron) dcstina)10B/gloltal path

rl»icflruBRtion iu)it ll16 Tllc opt'lail(MS d"sc!&b»d «vith !»fc!t'Uce to block .01

overlaps «vi!h the ', p "rliuons d»s»nb "d abt&v" «vith reference Lo block 308.

At b!Ock 703»inta:tndi att«c of recent updat s to!he relative map Is received

fc.g, at module 136). This infom)ation can oh)sine»i for example., from r»lativc map

10 gcncfat!On/Up!late ulodul» 128. The opci'1dons dcsc!'Ibccl ««1th!'cf»'fence to ldock 703

o«erlaps «vith th 'perantons d'scribed abovt'«ith reference to block 3Ni

T)e mapping dais «»ith respect to the»tlobal map m!d die relalive map is

ft)pcRLCLH)''eccl«. crl fis thc vch)c!c i&fo', fcsscs and thc IBRpp!Bg d;ltR Is Lipdatccl

f»fot'Ibl»H since the update mtc ot thc relative map ntag bc different than the

15 update I»ILc of Ihc tth»i»ill n)ap Rhgrlnlent bct««cc)I LI'!c t««o nlaps fcilu)fcs spec!fle

spnchre!Blast!On Fo)'»H!r!p:c. Hssu!ning thc GPS LIRt'I !s Updtatcd tu!cc If! cvc!'«'econd
{2 Ffe!ta) aud the relati«e inap is updated ! 0 umes in evevt second {10 f leita)t

IL!s iliredt'd!o sguchrouizc bct«veer! rcla!i) e map Updates Hnd global map updates

lzuls. Rccorrling to some examples R first time»tamp!s added ro each update of the

20 relative map Rnd a second ttmc stamp is adrled to each uprlatcd of thc global map.

Tnc first Rnd second tln)c s!Hmps indict»LC thc un)c Lh» data used for updabng thc map

«vas obtiuncil froIrl thc I'elc«,'Hni sensors {n!clLILhng fof cxan!f&lc. Lh» scanning device

anrl fbtS for thc relati«c map. Hnd GPS or i!nagc sensor ti»r lh» global map). Time

tat s can be added u) t!ie tklta:is part of ti)e da!0 geircration process For example»

25 time tags can be Hdd»d to the relet vc nlap bp pfocessulg cifcuftrv 124 as pa!t of Lhe

relative map g»ncration or update proces». Tune tags can b» added to the global map

bv'it.'stlnR)!on/fflobRI path obtau1 nit! Ui)it 116

A'L block,'05t Len!pofal aligtnn!Cni 8 'tn'cci« tin Lipdatetd of the relative nirip find

au update of thc global map is pcrformcd based on thc tiinc tags assigned to the

3',) rclanvc map m»d tb" !tlobal map For example, data indicative of thc absolute

coord!nates of thc UGV fe. t as rcccivr»1 from G!PS) is match "d Lo the respective

rellilive nlap baserl on El!e tin)»'talnp gn'»Ii to thc Rbsolu't» ct&o!'dinates readings and

thc tinlc s)HB1p g!«t'n t»t thc scatuling dcvlct'eading and TNS rea»hngs used for



wo znzn/na~325 PCT/IL2018/050966

gellciatliul lhc le!alive Bl lp

Ai block 707. spatml alignment biclviircn thc!'clailvc nllip (c g. IBBcl n!Bp) anil

!I'lc gioba'i map is evecuted by inatcliing hei)veen the global coordhlaies (detemuned

bl'hc GPS) i!KllcatI ig thc posit'ioi) CE thc UGV in thc glob)al nlap iuld local

5 coordmat«'s (dctcm)lncd by tb«'NSI lnd!cating thc position of thc UGV ul thc

relative map Thus th" position of ihe L)GV in tbe tvvo maps ls used as a ref rencc

point for spatialky llhgB!Ag thciv 0 maps and Ehcfe42" gcnefllE!Bg a co!B41Acd Blap.

ln s.me es lmples. ihc operahons described lvith reference to blocks 705 and

70, can 4» csccutcd as pa)t ot thc i&pcf lions dcscnbcd abolc v,ilh reference to

10 block 312.

In some evan)plcs. at Mock 709. tbc combmcd map is display«d on a d)spin)

devic, e g. a «hap!ay device Ilia contlol station lo na4k Incr!!Io)lng ihe vehicle Iis lt

pfogl'csscs along th'adi !0 its «k'stinat!00. As thc vchlclc '1«lvallccs the to 0 nlapsair'l)iuntanl«ld

B) a.lgn)neat anil tbc displliyc«l «lata )s 4culg cont)nuouslv an«1

15 dy)Ianucally updated ni acco:dance vvilh the nclilv generated mappmg dain

lt )s. 1)otc«1 that thc t«&ac!Bugs oi'hc prcsci)tlv «llscloscd su41cct A)alt«I'uc not

401!nd 4y !4ai descr(bed nith refefcncc to Fig 3 and th" colriponcnls «lescribed v;ilh

reference tr) Fm, !. Eouivalcnt and/or, odilicd fun tionalitv can bc cimsohdatcd or

«livl«lcd ul anothe! manner and can bc mlpknlemed in inly appropriate or«ler or

20 combination of softlvarc, firmlvarc and lmrdn are and esccuted on a suitable device.

IE is to be understood lhai ihe invention is not linlited i!I iis apphcaEion to the

details st t 1«)l di ili llic «h)scnptlo)il contained lmf«.n! of lllusEratcd in thc «4'alv! Bgs. Tl'ic

mvcntion is capaMc of other cmbodin)cnts and of heing prlct!ced and carried out in

vafious li ivs. Hence, lt ls lo be iindefslood B't the phlcuseologv laid iefnunologv'5

emploied herein are I'r the purpose of «l«scripiion and should not be regarded as

him!i'ing, As such, Ihcsc sk)lied ln d)c al, le!i! app!"elate ihnt Ebc conccpi'IOB I!pon

lvhich this disclos!11 c ls based !Bay !en)Illy be unhzcd as a basis f'r designing other

sil'uciures. meihods, and syslerns I'0!'arrying out ihe several purposes of the

presently «liscloscd subicct ir!atter.

It v"111 a!so 4» understood thai Eh system accordmg to Eh» mlccniion may b,
ai ieasi parilv. !ng&lerntniied on a suitably programmed computer. Likeuise, ihe

nll c!rtum'I contcn'ip!«lies «1 coniputi'.! Ploglnnl 41'.! I'!g A:ada4lc 4y a coirlpiit"I to!

esc«Biting the method of th" invention. Tnc mvm)lion further contemplat's a non-
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transitory co!!! pater"B ad lbfe alen]ori' Jag]bi y e!Bbodylng 'I plogran] of !Bstn]ct]ons

exccntabte by dlc colt]pate]'ol exec]]nag thc I]lethe!d of thc ]B'vendon

Tilose skllied nl Ihe art ]riil read]l! appreciate that varions modifications and

changes can bc apphcd to thc crnbodnnents oi the intent]on as hereinbefore

5 described lrathont dopa]tlllg front Its scop]c. dcfnlcd in and by Ulc Jppcnded ctanns
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CLAIMS 

1. A method of navigating a vehicle (100), the vehicle comprising a

scanning device (104) and a self-contained navigation system, SCNS (108) being 

operatively connected to a computer (124), the SCNS providing data indicative of a 

current position of the vehicle relative to a previous position, the method comprising: 5 

operating the scanning device (104) for repeatedly executing a scanning operation, 

where each scanning operation includes scanning an area surrounding the vehicle, to 

thereby generate respective scanning output data; operating the computer for 

generating, based on the scanning output data from multiple scanning operations, a 

relative map representing at least a part of the area, the relative map having known 10 

dimensions and being relative to a position of the vehicle, wherein the relative map 

comprises cells, each cell being classified to a class selected from at least two 

classes, comprising traversable and non-traversable; the method is characterized by: 

each cell is characterized by dimensions equal or larger than an accumulated drift 

value of the SCNS (108) over a predefined distance, wherein the predefined distance 15 

is derived from one or more of the known dimensions of the relative map; wherein 

non-traversable cells correspond to obstacles identified in the scanning output data; 

receiving SCNS data and updating a position of the vehicle relative to the cells based 

on the SCNS data, enabling to generate instructions for controlling the vehicle 

movement within the area based on the relative map, while avoiding non-traversable 20 

cells. 

2. The method of claim 1, wherein updating a position of the vehicle

relative to the cells based on the SCNS data includes updating the position of the 

vehicle relative to obstacles detected in scanning output data of a previous scanning 

operation from the multiple scanning operations and not detected in scanning output 25 

data of a current scanning operation from the multiple scanning operations, while the 

obstacle is still located within the scanned area. 

3. The method of any one of the preceding claims further comprising:

applying the instructions for controlling the vehicle within the area based on the 

relative map, to thereby avoid non-traversable cells. 30 

4. The method of any one of the preceding claims, wherein generating of

the relative map comprises: continuously accumulating scanning output data from a 

plurality of consecutive scanning operations and combining the scanning output data 
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obtained in the consecutive scanning operations into the relative map using SCNS 

data and not GPS. 

5. The method of any one of the preceding claims further comprising:

navigating the vehicle within an area represented by the relative map while avoiding 

non-traversable cells based on the relative map and the SCNS and not GPS, while 5 

navigating the vehicle towards a target destination along a global path, using at least 

one navigation means other than the SCNS. 

6. The method of claim 5, further comprising:

aligning between a global map comprising the global path leading to the 

target destination and the relative map, thereby providing a combined map leading to 10 

the destination, wherein the aligning comprises: 

using time tags for temporally aligning between an update of the global map 

and an updated of the relative map; 

spatially aligning between the global map and the relative map by matching 

between the position of the vehicle in the global map and the position of the vehicle 15 

in the relative map. 

7. The method of any one of claims 1 to 6, wherein the predefined

distance is equal to any one of: a dimension of an area represented by the relative 

map; a half of a dimension of the area represented by the relative map; and a 

diagonal connecting opposite vertexes of the relative map.  20 

8. The method of any one of the preceding claims, wherein the SCNS

(108) is an inertial navigation system.

9. A system (102) mountable on vehicle (100), the system comprising:

a scanning device (104) for scanning an area surrounding the vehicle, to 

thereby provide scanning output data providing information about distances between 25 

objects in the area and the vehicle in a multiplicity of directions; 

a self-contained navigation system, SCNS (108) for providing data indicative 

of a current position of the vehicle relative to a previous position; and at least one 

processor (124); 

the scanning device (104) is operable to repeatedly execute a scanning 30 

operation, where each scanning operation includes scanning an area surrounding the 
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vehicle, to thereby generate respective scanning output data; 

the at least one processor (124) is configured to: 

generate, based on the scanning output data from multiple scanning 

operations, a relative map representing at least a part of the area, the relative map 

having known dimensions and being relative to a position of the vehicle, wherein the 5 

relative map comprises cells, each cell is classified to a class selected from a group 

consisting of traversable and non-traversable; the system is characterized by: 

each cell is characterized by dimensions equal or larger than an accumulated 

drift value of the SCNS over a predefined distance, which is derived from one or 

more of the known dimensions of the relative map; wherein non-traversable cells 10 

correspond to obstacles identified in the scanning output data; 

receive SCNS data and update a position of the vehicle relative to the cells 

based on the SCNS (108) data, thereby enabling to generate instructions for 

controlling the vehicle movement within the area based on the relative map, while 

avoiding non-traversable cells. 15 

10. The system of claim 9, wherein the generating of the relative map

comprises: continuously accumulating scanning output data from a plurality of 

consecutive scanning operations and combining the scanning output data obtained in 

the consecutive scanning operations into the relative map, using SCNS data and not 

GPS. 20 

11. The system of any one of claims 9 or 10, wherein the at least one

processer (124) is further configured to: navigate the vehicle within an area 

represented by the relative map while avoiding non-traversable cells, based on the 

relative map and the SCNS, without using GPS, while navigating the vehicle towards 

a target destination, using at least one navigation means other than SCNS. 25 

12. The system (102) of claim 11, wherein the at least one processor (124)

is further configured to: align between a global map comprising a global path leading 

to the target destination and the relative map thereby providing a combined map 

leading to the target destination that comprises a global path which has been updated 

based on the relative map. 30 

13. The system of any one of claim 9 to 12 wherein the predefined

distance is equal to any one of: 

MCSLLP



36 

a dimension of an area represented by the relative map; 

a half of a dimension of the area represented by the relative map; and 

a diagonal connecting opposite vertexes of the relative map. 

14. The system of any one of claims 9 to 13, wherein the SCNS is an

inertial navigation system. 5 

15. A vehicle (100), comprising a system (102) according to any one of

claims 9 to 14. 

16. The vehicle (100) of claim 15 wherein the vehicle is any one of:

unmanned ground vehicle; manned ground vehicle; unmanned aerial vehicle; 

manned aerial vehicle; unmanned marine vehicle; manned marine vehicle. 10 

17. A computer program product comprising a computer readable storage

medium retaining program instructions, which program instructions when executed 

by a processor, cause the processor to perform the method according to any one of 

claim 1 to 8. 

15 
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