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WD 2004/ 079400 PCT/|1L2004/ 000198 PASSI VE TARGET DATA
ACQUI SI TI ON METHOD AND SYSTEM Technical Field The
w@r@amend400 nvention relates in general to the fPet/tL2004/000198
navigation digital map wutilization. Mre particularly
the present invention refers to a nmethod and a 5
sy s PABSIVE PARSETEDATAFEC QUASH IOBMETHOD AND SYSTEM
respect to a digital map, and furthernore, to the use
TeehnicAeFigrt hod and system for finding the
accurate-north direction. Background Art 10 Sightin
me i Prasent invgetiortealatea daerenal tortharfieldvel navigation digital map
se . Th i st g
uttiof Wcte; PRigbBlY P PeSERL FyBhlol HERs DR IBHCY End
systenp &lslabéssnt@ targeh eatolctjgisition twitm seipewrtpa@ﬁ@tal trhap, and

turntable tin atelescopetovva
FUrRARSMO&P. 19, th § L@srafatg %heérﬁ%’t%is ten dfar fzmdr'@@% geSlirate-north

dlréb‘tng.ng conmputer programs, an [/Ounit, a nmenory, and

I splay 15 device, or sinply dlsplay, are incl uded.
Tilt and yaw angles from an observation site to a
t et neasured with a vernier. Mst often, an
g’%&V d%fﬁg nmeasuri ng device, such as an LRF, is

al §%{1tlﬁ@|rh'é’&% fdrttat tt@étérlad‘q%fsnﬁinaafeed/eﬂ h@fowmﬂéf @e These

ing devices all include an optical device,

Opac en%tmp@tsareMSﬁddw geedesigis and\ay a@llw@t@mwnhlp Such

oS oSihpaleiR iR A Rk HeF S sBfEss Hitn Hmippl for

po&mmgm lidlesdtpyecfowerd otarget. Mpicaliped obmﬁd?,e de@cﬁﬁplmbr YWith a
bel ow Al so known in the art is _the acronym DITM

CRUifgr running r¢anpUtab dspgramsy aneMO uitgie eneneeryy andoa display
de\%&g h sﬁﬁaﬁlg s §g% b= el 'Tﬁ‘?gn& gg\%gér%@t fofPS§ observation

representati on on o
sité efor ai targetr fiec eneasmt@w rwﬂ:l‘n a herriar riviodt oftéd an active range-

t hr ee- dj nensi onal it map. Partjes perform ng
MEGRYRE eéflcevﬁ'i‘%@% g 4% BSPAGNFRA i t h respect to

t hl?l n‘eﬁ)rt éﬁf@dnthaﬁ"ﬁ?@dé?hym%ﬁ'@eé@ﬁcég aft qﬁ&u@e awgbtical

en the DIM stored in a co menory
deus:ede@ aatelgsicope ror kinaadaraj and diaabde de ﬁdmemblemrednﬂ)‘lf@ﬁeled

Tet &V I@'dgzqoté"liﬁﬁ?ﬁbﬂa%'?é 'g‘?%ﬁ%gf?g% 1Si$gl%%w %ng Wés practics in
th@@ﬁgquhéfe?@@ el mehfbr?eop;ﬁrfﬁ@td@éc@mn%é}&ﬁp uter

mam)ry Varl ous engineering, mlitary and
NESB eé&“n@ﬂné*@&‘dn&ﬁ{ Dﬁrﬂf? (é:{;ﬁél%@%ixyn{o%ﬁ of BEM
for sur ace or spatialf cal cul'ations. graphi c

(dlgltaluetavatlonnmﬂet) EeTMrlng tp veendigitizéd gtopagrapthic whoddl, which
prcg\ﬁggsf gr}gSrels%npa%onn? a portion of terrain surface contour in the form of a
three-dimensional digital map. Parties performing surface or volumetric
calculations with respect to the modeled terrain, possibly make use of such a
DTM. When the DTM is stored in a computer memory, it can be used as a unit in
a terrain database. The stored DTM then provides the basic data for running
surface and volumetric calculations implemented by a computer program
associated with a computer and a computer memory. Various engineering,
military and environmental related applications frequently refer to DTMs for
surface or spatial calculations. A graphic illustration of a DTM is given in Fig. 1,

to which reference is now made.
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WO 2004/ 079400 PCT/1L2004/000198 Fig. | shows a DIM
surface S derived froma DTM dat abase, associated with
w@pooga7aspe) Cartesi an-coordi nate system havi NRCHIZV@®0198

of grid points with (X, y) coordi nates in the x-y

I . ht oor te s def for each .
P11 Sl oSS RS SR G S R e Rasocitec
wﬁﬁaéﬁ’b@? z?@érfé%lérﬁéé@rumaﬁél %i/ﬁéﬁl fhaQFH@t §$flahé of grid p%'nts with
repr esen a junction of [ines™ n

(x.gr p@ordméeehm glm Xe¥ plange :éanmlghtl—gmrdmat@ igyidefinedfor each
st Bl B0 o D eorfite s e St e st

com@qursa@pr@éemésce b&i jahétionsfa ahd oY linds inaRs g$|arrwhs¢henght of
poi nt end aon several factors, for. exanple,

eaaﬁu aﬁamgbeé;ﬂooggrlﬁ &iveshby d@k’&ﬁh@‘ow e dhaws. The rﬁa&utm of the
saﬁ"{pﬁﬁ@i Sﬁths 5P the DR Pﬁ‘&ﬁé‘?(t g Igng 8?1'1&3 We a gﬁuﬁﬁ DY height

oses "an aircra ion sy
meascrerdemtgof eachi smnpledlpon"&‘degehd tmn seyvetal Ifactersm&pr elanyple, on
err evatiop infarmgtion stored in
the i St Phatoatabn Rer Whch s BeRwanbIcRatedpi cal
ener%mana ged of narrow (radar or |aser) beam

allpi et dratet e pP:186.396:t ¥Yaruszrwvskyc Jht dicigsesc e qipraft
.Ni i « t.
vl BB PYSIRANG 4RI ks 75 B g
wimaa{é@ﬁtlf]tdnomﬁdhrmamnmtsml m%ldtgﬁmd?iog'rl?é\t asffuntﬂtﬂ obbcatlcSn a
that "T sition o e aircr W
typ?@i ;?élﬁ?gx mme?egc%ﬂr QF e 3' irapak h lpRarmbeaph alt @r@f@r,a@ tdisplay
sy$tBnengRgeal Benfrﬁl” ébsstH | Qiit" GorP lp‘i’c?é’tads‘é\’r&S dﬁé NgcWMihg to

the difficult to detect Itltude ange
prmtmt@i PEOGBIMS. éEFthCIe amﬁempleaﬂtlm ese obad@'ﬁﬂtfncnawgatlonal

PulFl e it Br SRSaYs ot e T ot et SHhe cpiakt Besifor of the
airg@iftl Wih %@@ﬁé&ts’to !h'é éﬂgltﬁé& §Rhp Nain @er%%?tﬁ@éwc@ﬂ"ﬁféngége in

al . divul ge of automated scan conpensat i
terrain Hfollewiget pm@du@a iusings pelyetnef chifficwtiiei dejeat alfbuds range

._pot ent i threat _surro nd| ireraft. The targ

ndhcnuidteys 85 of snbitie: phanuREh Hecicniadhasic dofatlh  Bhreby.

Wadseala &. sesdhy ﬂelf@r%ioftl@é pPRSLAEE R sacieRY Wil t 8atchion of
the vicinity of the aircraft.” In their invention,

actiyend@NS0Es. al . nmake use of adjustable scanning linits
to define a scanned area. In the published US Patent

Appl Ve dtatent No, 62024348 0d3e! At al. LdimulgejﬁAamethmhgﬁ agibmated

t hod ..
sodth som BRATR TS torErt IR, SRS s RS ais et
thragsaaidireiihg A kicrgdt. qeettaRjet @@Mu@ﬁién%‘ygteﬁ’ﬁddﬂés a scanning

i ntegrated navigation system so as to produce three

deicaatt] adiastabie Sran dmitsriar seamiing ya desimcharaaoin b vcinity of
thd 8lr8&k:” Tﬂqhgﬁslﬁvé/rﬁm[naqul@g et a?%é?@ use of adjustable scanning

limits to define a scanned area.

In the published US Patent Application No. 20020180636 A!, Lin, Chian-
Fang, et al. teach a passive ranging/tracking processing method that provides
information from passive sensors and associated tracking control devices and
GPS/IMU integrated navigation system, so as to produce three dimensional
position and velocity information of a target. The passive ranging/tracking

processing method includes the procedure of producing two or more sets of
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processi ng nethod i ncludes the procedure of producing
two or nore sets of 2 WD 2004/079400

WAL TRMO4/ 000198 direction measurenments of BCT/H20@000198
with respect to a carrier, such as sets of elevation

AT BRI o R i Pt fo S BSEPTLFSH 43508k o
elé\R:tiof esnd eami@hlér@ém febirh ftRb s mofs 8yneHitenizell dei€ pf passwe
carrier utln t he range vect or neasur enent OF

semap@eandmasssp%atedgpas&ng eontiel c@wceswﬂﬂed P disferens (oradions
of?ﬁreecéﬁlte? 85m?hf|ﬁ tha" @S?&?o Hicasut eeP{1 é)lftt%' {¥get with

Frange vec asur

respact¢o menemepnahg tihe 6l oo mare detedidireiction mhedswméments, and
of th tar e i s nade of passiyve sensor

filteFing ethgr &2 d@%% PnEneSURINENS A c AFRRiEe dNe e{?‘ge%-ﬂlmensmnal
po%ﬂ%%' A 5618 .3{3 gﬁ%ﬁfatt@nsw ReUsRyelf ULd R MHAGEH ;%spaes nsors,

probl ens so resent” i nvention are two
butthere are mesded bvo pr pidre synchrpaized setsr afppssivedsemsbes.

acquisition of a sighted target, wthout emtting

radi ati ons. The second problemis that of starting

W th a cg% fenrth direction to quickly obtain an
Digeleshrgtat tha VeIl cati on, where accurate i s defined

é 35/Ttﬁ§ V\K??{)jl %fn%esdl\ﬂad E')Y H%o% 'gres-g?\? |rfi}9e?198tq s ARSPM. | First ‘&h?‘h%@ the

ferent ne The st nmet hod uses
prefias af padsivel dinge landclataedcyuisitioacefi aesighteshsanget] without

erhfenr i | B esdor e obRRES M startifg 39 6 Ccarse nortn
dn@éﬁb#?d L @iek9 fobesh RinGictirdta inefthandlcaRas Whefe d8édralels defined

deriving accurate north. 20 The second nethod achi eves
assprgeiseitagi Umilbrt h finding (SRNF) based on the

t af Deroere E PRREl 5"Sotfoq bl g deElE Mfnis et shpethod
usfesrtﬁé PaAcbhe B Bl dingUsio&lofeRionith BEtivieRy @@ésg@dera\ﬁrgéfm& toward
emtting signals, such as those radi ated by RF or

a refsencgetasl. A9 peewala naeh dindingn petcedhes ozé\llél?g&mp@g:s the
e\}%}’ua%ﬁ%f hé&tht 65&!#@?} ﬁﬁél \é'ﬁ?éﬂﬁ'e&'cfa?é B¢ Q8| |\ﬁﬁp é&?ﬁigsgorth

nventil on use acquisitiron
The sbcanidy h'cem@d rmhm/es appeatasid frrcnrm ﬁmdmgt(sﬂ’i\u%l)t b@ged on the

t for accepting as
in t%'gt E%ﬁr:]%bllpt@@aqf, 15@ ﬁ"ﬁ@\sﬂfﬁé‘%gﬁm%@r @Eg@d% ,ﬁ\mllable as will be
de%'cﬁH b9RwANgl e and azinuth angle to the target, and
further nean for processing the obtained input data in
ass$beifasi problemhisathDE Mo3acquiliegtarget mlailarmthomtodleﬁt)mg Bignals,

DTM DT a aba DIM sur.f ace .are us
st 85 LRGP OB Pl 182 Tap e dOEHEN detection of the

SIGHFR MAbIHRR patiicd. TRPSSVY #d ARt problem, the invention uses a target
data acquisition system (PTAS) with sighting means, operated from an
observation position, with further means for accepting as input data, the location
of the observation point, elevation angle and azimuth angle to the target, and
further mean for processing the obtained input data in association with a DTM
(digital terrain model). The terms DTM, DTM database, DTM surface are used
interchangeably below, and so are the terms observation site, observation

position, and observation point.
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position, and observation point. 3 WO 2004/ 079400

PCT/ 1 L2004/ 000198 The PTAS processes the input data
w@na4od40ul at es an i ntersection point of a |i nECDIL2004/000198

sight (LOS), also referred to as sighting vector or

sippl ctor nating.fromgthe observation int .

AP TAS Bepcesses ieanpUp gaie ang: Falnuiales & SierseBHon point of

a R o g@ﬁig ais%eréféﬁéﬁ't@nagfs@ﬁlﬁw YeeR) - ?rsbfﬂﬁyﬂyt\F&tor

target Ts known point on TM surface
emmaftmgdfrownoim msemtldat poiat @nd ldarecfadgéxwardaa atam@ which

iS5 EusT PRt BRGioR B SFodtParuths Trgrl STRe, ¥ rrdéi € Row o
kne®AI gt orl tAe IDENREGFades dBFvsE oAt thd DT\ dﬁt@tsés@( th@ftarget
the DITM on which the target is pointed out, and over

daigh peh alsipekrpwinging ayailaple maglgltelr fopmat forelirigy Phecessing and
evéH{i’cg{ t"é&éﬁlﬁig&on 2)??%8&?@ Hfg?i'ée’(f "THE arg?nrtlfBF%ref\@U \?nth % diSplay
of trepD TVhen tndhiatsthiel taegetfis ﬁblgtdd mﬂtL@Sd over vyhtchrtgwe/@cmore other

and vector are used interc % bel ow. |s t ak
AR oL Pl MiaaPS SUPBNERESS LEN AL [ &yobTPIS Al RGP, a

safEnfs! gn gﬁh IPWO‘F?':‘ e(ﬂ'téﬂ é@ﬁl??\o%og?tﬁbﬁ?’ mdpe TeleStefiAis ki’.gﬁe? of Sight

gr aphi ¢ anuner i associ at e
(LOSﬁ cmgiﬁlngomctcarl an@dechor acs usesl mtmrclgﬂrmaabd}abelow

4 B L4 el A SRS S HRPBATERbER, or
pr@é&tﬂf&ﬁ@ﬁttﬁéplav refBRs RPBbM Qfa;ﬂ‘%él sideshbRuverivalt 84ta, or
i nformati on desires as both or either only

asg@@p@dclaformatlﬁum@iat@d\lormt do the graphycal infareatiom darget data

o e oA, o peFTA 4 AR AEE B8 i s
anurméﬁeﬁteﬁd;n | TR ope@cdranay Beleet m@wan@ mfarrﬁammhe @!@sures as
gle, which are, shown on the d as an are

bO@lh@'éellﬂ’WrﬂlW aeaprhigel oF naﬁ‘@ﬂcalr@tat iéy:lh@ atifee IEREr @‘ﬁ”@d to

ap@lethe target, in addition to the calculated target
0cation. This feature is achieved by defining the

meTise PITAS) bilsorsweptsaas #pubtheavarousshapeuracies ofi i rmput data,

the sjghting vector, where fhe term envel gpe i s used
sugh ag @%Heme% t ABRReUrRsies, b ezimisth 2 fPeﬁL%VBH‘gP apglg, avhich are

t f
SRR SR04 ISHEP SRR TAED STIBRENER) S ofd B fedo e
locatioh ad éhe dergetrin efidiiios tDThe calcu@ih@nwtarget lohatiati. dilisafesdisre is

achevE ool R BReSirR et nbobiiGri s Bochis oft £iirgunding
thé 'sigfﬁtanQIéc't&n wherd @hd drfn entalpd i§ ius8l dsO0h]fdrfit Hﬂirhé ,for a
partially obscures a second background hill

thmeilwsmel ghaps gpeessntiog aneasuremest @accwgcwgcﬁalculatlon of
marks tl['le D}'%terral

the intersection of the énvelope with the terrain surface contour of the DTM is

shown on the display as an error area associated with the designated target.

It sometimes happens that the sighting vector hits a first portion of terrain,
say a first forefront hill, which partially obscures a second background hill,
whereby the envelope shrouding the sighting vector marks the DTM terrain
surface contour on both the forefront and the background hill, forming two

different separated apart error zones of the same target. To the operator this is a



10

15

20

25

30

surface contour on both the forefront and the

background hill, formng two different separated
wW@parn7enr or zones of the sane target. To the PEEH20@K000198

this is a 4 W 2004/079400 PCT/1L2004/000198 warni ng

wappghating taiat MaLresiaHEeT Ohe OF PRl Rk grass; g it the
raﬁggérfb’tﬂériﬁrl n ég\id??[aﬁ%r@m giren the envel ope

roundi t sighting vector |eaves nore than one
tr Euréheimcm,e whenr tien envielopée rayiriosingingv thee sighting  eectereleaves

méfrniine fapd o1 i B mBlo f b PR el oG dppg one” or

“hiddem.gréusd?, kpaverapefdie s@f)arﬂté&aﬂlownmcbénhl@ilﬁgJeﬁﬁr@rwﬁfaces
parties, both for the rescue of survivors and for th

from viewe Ssichdioydedassis digraatimpriancaée spaich pasties both for the
reé&%défr&rvﬁor%w %grlgﬁgj{%oc{ i n@glePJAS is instrunental

as a basic socCi ation with an
acObtaiting ret abcurbfe friontthi regdingoised usezoNERrobtam t ke fRIBAS is

. determ nation of enorth |reC|on Int
m%waentapa%aﬁ @@S&Lmﬂ' Q@O&fm.aaseﬁka 'b@@vﬁacgﬂag% horth
fln'dﬁ'g%rogé&?reqfl Fibhor thd fet d@’tgrrrﬂ?btféﬁtdf‘{ﬁe BbaB@@te north direction.

renent device, such aser range finder
In (thiER)ases ar eapuse edim@hsie csufifmienttvdeerc pm\@dedaas rioput data of the
reference

PSS biica S BGe LS PR et AR SishaT § Bagrrange finder

(LFR) & Ritfefredd BfaQéGQI_PdnSthéaéd“d#é@bﬁ%LhM rbﬁ@m TdRl adBd selected
stored in menory r ead |ngs to e same

ref%@mtar@etsamﬁosr@tebr chasen, omtheobdMh @ tangeh@ erghareference

it 5 oAb Gt e s BT et itEliprMcry. B EREY Rhits o

thii dalfnd P@‘ef@ﬁ:@e@tge@ Meligkémtftof@h@ e nise datd @alculated by the
ranges. Next, the NFP is operated to find a common

PHASI aueoastazimyin end: elarationajspinec tefatenge dgraaismand stored in
|

R o A

NERris esgerateds tcfind ascdninaonode\mttdnofadtmtlmt \blyen \atpiptied as a

t he coarse azinuth readjn as to he rrec
CQIAPE ETostio Fagter. il adilish tg@c%?-‘i"BHﬁ“ shihee ﬁagﬂ%fﬁ&nd of the
e es&n e I
mEdShel Bhapo THE CGefindr ¥aRELRA fck %‘o.ffﬁé“ Birpclion factor by
wihigh dhdesade muib'omdm@lnaéa’m imee cowectbd 4@ dhdicatesgraoeste north

ically, a stabilized platformis advantageous for
d'f%?g PBrentations that are operated when in notion, on

| anfle A&Rodidhd ﬁfsté\hroﬁﬁé‘ phdbchP RIS YR Qﬁgﬁb‘le contmuously
prot ot ypes of the PTAS have been successfully operated

from arf chaerggiioni aint, whithdis Iemdbpeefétsaabornanelrb)ome or based in
sptarc%”ﬁ&{:é t, Iaos[,j’cabrl‘ﬂzI ' t?at?’drmpgraam anf eoxs f&ngnplementatlons that
are operated when in motion, on land, sea, in the air and in space.

Development prototypes of the PTAS have been successfully operated in
four specific fields of operation, namely transportation, military, paramilitary, and
search and rescue applications. In relation to transportation systems, specifically
for navigation, collision avoidance, and coastal navigation use. With the military,
as add-ons for hand held items such as personal binoculars and light weapons,

manned and unmanned airborne vehicles, including missiles and observation
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30 search and rescue applications. In relation to
transportation systens, specifically for navigation,
wa@eiokiozd40n avoi dance, and coastal navi gati on UuBET/INAQ4M00198
the mlitary, as add-ons for hand held itens such as
ersonal, bi nocul ars and |.i ght apons,. .manned an
el Aol e B oS et S oS PiEEIngdeffdrols, and
cuﬁ@f"r\ehﬁﬁé'%e Qdmeao@é/ PTAE) tndift]/ fok 2SHANUHSROBurposes and
_ balloons, and also for target deSignation and
intiusiok ipnepentiohj orherbas der $earclnl and aetcue adtivitieanirasge and
have, adopt ed..t he PTAS mminly for observati on purposes
Waé{ﬂ‘a'"t %‘Ffmmagﬂnweé%%ﬁt%n, whereas for search and

I esrUiandWdsedt fiedd . useanbe thngl nesdrl OofoR tdepiiyenentnaft temmonly
were tested. 5 For | and-based field use, the tine

use@ sysigmorangss bstwesn dto dmiBwies fremeTivglsaleie phgguation
t _ . o ; j

pofl P BefibRaf F BbAcad Mgy upind BRBBE g o

mdré¢hqiT eseniinitevenecessarymot  nore than one mnute is

necess .. The fgollowng results, were_collected for )
155 ol reudso feRy cRISHRA Gl el BRmERS artied Pt with
deﬁéé:‘n\éﬁt UARY Gof BASINE HiTYe MBQ@&reH@rg AHAeLPHUS QBIRditidrs: In

cases, representing about 92% of 1 nstances, range
142masesdeprasgotinglabaut@e of instancese thnge wias and dargey data was
or _ran

0 b 00 d,_10000m - Si .
calptefi icop 5EREERY AEL 5P IR howRet Tagp Fao "BisBom. six
motBeaRRE ddi8 rebaimasNoRdk waededresct W € Ohf 50 angevHYeas the

more than 100 m 15 It is an advantage of the present

remainéng $ seadingpwers eférangebnawra a0 st em f or

035445, PG RSO 1Rt A UBE B and
systeme o mssivéom%@tv ezt Ngbguldition, olitiagt emidstornedfgbéiectable

t he vol une and the mai ntenance costs of the LRF
radjggnge. 20 Another advantage is the presentation on

di f , ' :
di SRl ep th%rér%%ﬁ'[ﬁfﬁ%ﬁﬂorp %ﬁcaﬁég gvg@w@sﬂ%gb@h £33, the weight

i naccur aci es. er nor e,
theawoluthesarghthieadainéenasige lvosisnofabld iLRFodaliceadvant age of

S BhE" Sohah BAEIRIGE caotaighen i) i R e o
e P oo et s e
asatichr ate north, even though a coarse azinuth input

TEAR Saci!dsltigﬁc’a(?dadvantage of the present invention is the ability of the
PTAS to operate continuously, in contrast with the intermittent operation of a
LRF.

Still further, there is implemented a NFP for quickly pointing to the accurate
north, even though a coarse azimuth input means is used.

A further advantage is the ability of operating when handheld, and in
motion, on land, sea or in the air, where motion relates to both motion of the
PTAS and of the target. In other words, the system can derive accurate farget
data with great efficiency, both when the PTAS is in motion and when tracking a

moving target.
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A further advantage is the ability of operating when

handhel d, and in notion, on |and, sea or in the air,
woh@re7aod i on rel ates to both notion of the 3PCPIAB4/000198

and of the target. In other words, the system can

derive accurate target data with great efficiency,
SURIPAYMahen the PTAS is in notion and when tracking a

gglmmsn%} Blﬁ{e%%f tHe M@s@ﬁHMegmﬂQQ pr&hdé bFREHAUNES system for

I's an ‘'obj ect of the present 1nvention

papsiveitdrged data anduisittbrasysteme (R TAB) frapassively sigidingdattarget

acqui sition system (PTAS (Y sightin .
frof, A B AN s (e BRTEt 5 Pl il Bssociated
infohaRSn. dPaiget RIETiE Ot a@niss aahgé &8 thel Birgeedivath angle,

Target data is for exanple range to the target, N
eleyatigntangiagaed tagesacation. Hagoeiatech dnfoanalian liveayi additional
: o [ r EQn . L el (PR} ti
rORRRRE S5 ot TP el erf SRR, dotar TR 48R anc
as$acigeid daformatich sissaciai el dighlay nint igraplsiooand oalphanumeric

di spl ay i n graphic, and al phanuneri ¢ .. representat,jon
repegeniplion agre Avalabla dor Ul ght sloiteb  fematad: dsagy for
trdn@hisdigh.transmssion. It is thus an object of the

present invention to provide a nethod using a passive

t altdethuknta cljgch sf theopresgnt Bve(HIAS) popddata methodmusing a

oSS0l DL, |08 251 KBl 4oL 0011 00,21 298k cion
pGinfY badtivaly sigthPa tildet THRZPTNELordfried el evali on

angl e measuring deviceS a conputer nodul e operatively
copassive tsighiingTviedasateupedniad @ @avigation rdevi¢eglandnp azimuth

ans,...and t di.spl ay, .The net hod conprises the
a'ﬁg%ﬁﬁ?'? aﬁg%sﬁlelaﬁﬂﬁrl‘%ggw% data of the observation
pohNdom@Biter adbAlE Nopatdiivelp) couplert toa BTY eattizaet modbke, to
target, and feeding neasured data to the conputer

theoleniingameape caeh {9 adisMat-ne di splay both the

[ [ .target on a correspondi ng
T%%Wétéﬁéﬁgwgggﬁbggg?&@gﬁ t he DTM dat abase. The net hod
| SRIABUAAY eldcation baompr ihei phsthatishepsingf and5azimuth and

directing a vector toward the target and defining an
elenglienpadledata dadismtpraehendect or originating at the

ODELINAY L ARLA2iBNE HR ESMBLRPEMBBAEL! Snd presenting on the
display both the observation point and ihe target on a corresponding DTM
surface derived from the DTM database.

The method is characterized by comprising the steps of:

directing a vector toward the target and defining an envelope surrounding
the vector originating at the observation point, and an envelope mantle
distanced away from the vector proportionally to errors of measurement,

running a PTAS computer program on the computer module for
calculating intersection points of the vector and of the envelope with the DTM
surface, and

presenting the intersection points and associated information on the
display,

whereby target data is acquired passively to avoid emission of radiations.
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di stanced away fromthe vector proportionally to

errors of neasurenent, running a PTAS conputer program
woeootlg4enput er nmodul e for cal cul ati ng i nt er BED1L2004/000198

points of the vector and of the envelope with the DTM

2<% MRG0 iR R AT ORI o SoPBAL ot Y0P Ber oS ar ot TAS

Get idisthiicd Segaratidg HERE
clibtel progis %@é\%ﬂé%%ﬂ blicd SemiGiig AEhAoLE N iBlecction points

semtadd:rf the PIM sunface sang derieingta: pangd measwirergenheeparating

theoPhRiREToR Sl 7R o wEE: SioBolh BR°FrdfBRi A Yetem

fusthef agsmpassl her istepiy of bpeGtingeaninemEstediefer adontiiuously
t he observation point fromthe target. Moreover, the

dwnmmeasur%i/gnéﬁawa;ed Hata, @ospr ioperating sttmeapptedly to
ccﬂ‘ﬁﬁlhﬂhélgg p rEVgL e’fa{rpgﬁ ergh%ef PArgef nIBbQH&‘I’S&é(ta dghd Vi&ébciated
nd cal curate 't a,

neasur e and operat|
infm'matlenrupt edly to continuously provide target range,

| Ik e oBBch et i Prirentpushfiin fopiaide s Tor defecting

thidl BXistihce! OPSaday zféa%?éo)t Ui%&nbdté’d tA8n§*ine! GBER, Ofbeﬂﬁé’@h the
zone(s) distributed al the vector, between t

olsseaticn paint pod ihe target, laedt avapping athe ne@ad ngona(@) dead the

th d
R @B 2libR oo RSl greBeBe o ilins. B aRbor i PTAS
cohplites prefrantwithts Q8P datd 6EMPASIhY| pvsutldmcl@bamsn LL(§§ vector
vector length, azinmuth and el evation an

lepgiin |aﬁ@mﬂﬂa1eaerﬁevaB% anglesnaad renning the B q’ﬁcﬁ ﬁ?meétﬁi module
tof@@@%goéeé LoRAd oﬁgﬁré}ﬁ %}%' AL, s[tﬁé ?ﬁfg@ﬁecﬁnb@&{q‘g@%% the

ected d i 856
s¢leesd@ndatanventi on to provide sighting a target from
an observation point |ocated above the DIM surface and
si ttuataneteer ghiechiof iae rRifeWrEt inYenith to Akevidgtsighiing adfarget

frbiea ?bbs@&gilgnmﬁpc?@ﬁ agdbqjgothéﬁﬂglnstﬁfacéoaﬁ%%ﬁhéﬂea% an

platformi IS yet an object
almmaemlaﬁfmm amdt at peaylrd’dneaalsmtnempand and reeippoded on a

SleBlisrd DAl SR ithg at | east & coarse norih
S PELINef kAo B PR e € RO 56k o <

method for rapidly finding accurate north direction, comprising: obiaining  at
least a coarse north direction reading for input into the computer module, and
characterized by comprising the steps of:

running a north-finding procedure computer program on the computer
module for determining an observation zone sector, dividing the observation
zone into sub-sectors and defining reference targets,

using an active range measuring device to actively measure range from
the observation point to at least two reference targets,

feeding the at least two actively measured ranges into the computer
module, and

running the NFP computer program for calculating deviation in azimuth

data to the at least two reference targets by respectively associating range as
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25 running a north-finding procedure conputer program

on the conputer nodule for determ ning an observation
waQemwe/0%=ed or, dividing the observation zone iPECDIL2004/000198

sub-sectors and defining reference targets, using an

ctive ran suring device to ac ivel
calciigleds by QI JBNGR 3% FRtVElY [Hedsuied WRoderiving a
an%Sh ﬁluﬂ?rd%@ onslgcfcﬁeﬂ‘o(}ﬁilﬂgﬂ% édrré&%ﬁt fatc‘&?r for |nd|catlng

act |ve y measured ranges into the conputer
tharmdcurat@inoght he NFP conput er programfor cal cuI at| ng

- oHR el iy 15 dhaePvAp SbuscAlbridiRaty Jato, sub-
se%tcyt‘@ aﬁ@%éna?c%goraﬁ%hw%%%@é}‘éﬁa@ tagfet ovledth oy of Beleast

PTAS and range as actively neasured for deriving
tweonemadigcent sHbgeetaisi and fdefinig 9r&ﬁl¢@e%g’ef@r§a¢¢ é@ﬁgﬁéﬁs a

Ioé FHwiligh 'agﬁ g?ﬁéli %% mut) ﬁe%\fiyﬁ o ‘ﬂﬁé‘gi@h ﬁ)lr ggcpynters

nprises IVI observati on zon

alaﬁg@chalbgeﬁmme@bors and sel ecting randomy one
reference tar ch one of ast

no-ﬁh%é}’%tggh@né] Utﬁté%‘fﬁ g ker Wrﬁt}]ﬁl %ogel ect ed
r erfu‘?\hﬁﬁ;‘:ﬁet IQFgeéorﬁﬁl#t%tr #e%?ﬁhfd?rca‘ﬁm ogf@ﬁ@tr%?'aéd ustment of

deviation o ting vect encount a
theaolysereatiorg@oint loaatien r@decesjstlu@mamaj oﬁéheo@brﬁmmhdeviation
f ﬁ’ %{ine the steps of: 10 running the NFP conputer
ARt for calcul ati ng whet her adjustnent of the

Obédi[léiﬁﬁ e Bﬁbéﬁvaltléﬁ %dlﬁlnlobaﬂéw ¥hdrehe/ élrs]é&dﬁfgl)ff Ralculated

comion deviation factor, and adjusting t
adjusterenireducesdhetvalug af thercammentdeyiationdeataig| y

cal cul ated adjustnent reduces the value of the comon

deviation factor. 15 Brief Description of the Draw ngs

Brich D@gdﬁpudrpgmﬁggrgwm the invention and to see how it
be carried out in_ practice, a preferred
néb@idﬁém ungersianeing dnvestienianedo e hayy iteray be carried out in

prQ&[&e ?réfé"r%d Slﬁagﬂln?erﬁ'\}vm quo‘()@ hg d'fgtslﬁ_ﬁ&?c@l Ev%yt&%on limiting

draw ngs,

emdﬁ@ahiycwﬂﬁthdedb tbé aac@iﬁb’hkying\/dravmngﬂen avmch Fig.
21is schematl ¢ architectural_schene of a ?tassive

t af 'gei‘ iHR e e@éﬂ%%ﬁ‘%ﬂp@'ﬁnéﬁfﬁ@-ﬁ'}/‘d@%ﬁ‘e‘nmﬁ

Fig. 2 is a schemaiic archiiectural scheme of a passive target daia
acquisition system of the PTAS,

Fig. 3 is a scheme describing data flow respective to the computer module,

Fig. 4A is a schematic illustration of the elevation angle as measured by the
system of the PTAS,

Fig. 4B is a schematic description of the azimuth angle as measured by the
PTAS,

Fig. 4C is a schematic description of the imaginary envelope shown as a
cone surrounding the sighting vector, demarking measurement imprecision
associated with the system,

Fig. 5 is a schematic description of the geometric basis for searching
intersection points as defined with the PTAS,

Fig. 6A is a side elevation showing two error zones,
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Fig. 3 is a schene describing data flow respective to
the conputer nodule, Fig. 4Ais a schematic

WO bdoustred i on of the el evati on angl e as neasurkCI/mzoa4n®0198
25 systemof the PTAS, Fig. 4B is a schematic

description of the azinmuth angle as neasured by the
P, SRy an dlystratian oA SIRRACSI RS Fyo FERT &onese

i nﬁ%'t f3sYa ?IBV\PH%@E@& NiRe BticBesSIN®f %%Hsﬁ%\? HHich e pggsive

si ghting vector, “demar ki ng neasurenment I ecl sion
tagget dataaeqlisitiom of the inyantiom is pegorred,s a schemati c

descripti f. th [.C. basis f hi
6 & 70w aprara SR MR ioliasteh nictadlee. o

| SFig. giilﬁ@t@t@va;ﬁdaédammr ASfihing ofY HuUra8HRvth pr8cdire,
2004/ 079400 PCT/ 112004/ 000198 Fig. 6B is an

i | FigstlOaptasents stepsi ©Op| aspessingideyiations awitlh respretdo selected

' ' fl ow di agram of the succession of steps by
re\%{lggﬁg{ekge assive target data acquisition of the

| NFignt fl @epicts AscEnar®@fbr réflegend® tasyet sbleetionli gt am of

the, DIM surface i ntersection procedure, 5 Fig. 9

i | Figsil¢ iy adelaileddlavydiagrans of aR AcRiiate BRrta SpdingiiosRAYTS.

procedure, Fig. 10 presents steps for assessing

deviations with respect to selected reference
BéstrMedes foFiQarrylig defthetisvemtisnenari o for reference

target selection, and Fig. 12 is a detailed flow

di Agrseencih Fig. 2cRUWAlch refsrbRcé i dbRomadecaditseive thlget data
Best Mbdes for Carriéng out the I nvention As seen in
()

agquisition systam dhr AR the inyenlinn aefainsaa sagwiuter module 20,

a R b R AR AR 20 Tk T A A Gebloekd®a phraty of

pispRobarhbeRlisifon Bidduied ahase ahd, 287 aid ki dikplb9 RoglleaB0, or
database, a plurality of 15 passive data acquisition

digplay| ¥k The geserahgeh®, desasibad dickpmajicaibtin 1802 indicates the

oA 30 g S REEBER s AShAR, 57 8 RE ACHRRRAR Ll wi
tHeo aeioRiBH Ccorbubp stodunsl of which Pastively collecied dpbitsl, data is
with the associated conmputer nodule, to which

fusaishediepsy Wi he explaingsabelow. s stated ghave; sighlinga@eans are
. . L o ; el

Sehde B B DI P AL TP (3g gyt

irar erinThe demn¢ iWFd, BTG enodllé, RMMWatabase, topographic database

are used interchangeably. A DTM surface and DTM surface contour are derived

from the DTM module.

Passive data acquisition collected at the observation point contrasts with
active data acquisition, which relates to radiation-emitting means. Sometimes, it
is desired to conceal the location of the observation point and to avoid the
emission of radiations. The advantage of passive data acquisition means is that
they are practically, or at least much more difficult to detect than are active data
acquisition means, which generally emit some kind of radiation, possibly
detectable by other parties. Another advantage is the low cost of the system,
when compared to the cost of an active range-measuring device such as an
LRF.
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the art. The terns DITM DTM nodul e, DTM dat abase,

t opogr aphi ¢ dat abase are used interchangeably. A DTM
waeotazeoeand DTM surface contour are derived PCDmM2060W000198

DTM nodul e. Passive data acquisition collected at the

oo Tt SRS o oGt Sb8 it Bl Pae fined by an
eXIEMYSDTRPERIabEBS, by lusel 6F 4l esrherdatatadiMigeH w&ss TAP. The
| ocation of the observation point and to av0| t he

infarmnedp whirined diyatheo passiven dated aaaiisifen dﬂO@iéi@%leetth?EAS is

2R A P i Bontoh LIoaBh & Bl orjhe Foctor

v §tha obsefsatish toioirt Witphe, P'MS Chhigh reigr logaon Ears BBBneasured
ki nd of radlatlon possi bly 30 detectabl e by ot her

by taigation datar davicantyRiedlysat 88 d@lqh%tP@:'pltI@meg System)
re§¥l%?n&s |¥"‘b%{blaﬁﬂ a\K/‘?ﬁj e %rl?c,ee %’Sﬁlg ?f‘w@%@‘,’ethe computer

nmeasurirng ev ce sucn as an

mBE!OIé/ 21)7 Qa@@ﬂte@qﬂééﬂdﬂ@éltéﬁﬂﬂﬁ%BnavTledF\Td’éSnd:@GﬂHa& gource such
tar in the three di nensional space defined by an

a%ﬁu E’Srr@cgwf 44 elexation Bpgleste the taraek e ageuitable measuring
c?b“'s?}ch é’snapfht%fbaaﬁte-rf? A4 Szinhd Boé fo%f%qpciﬁ éﬁegn@ftatlon

passi ve data ac U|§| ion nD

meaﬁmhrtgp dete npoSéiBlyOa | @infpa5Rd48, hbutd preféitabhn adbetter-resolution
vector v. The origin of_the vector 5 v is the

orspdatiana MeRsYsHgn ax/loseh 1he temselavatien isriused @scat igeneral

s ,@%h nd v
et yplég(g-f Ingyg a @g GI o%aasln osﬁg Pg% ngﬁ@?slﬁe%%rtrl%acle‘?leréer', The
elagation argleaisndéaken @8 pesitvengevard & @. h8rizohtal pldrley passing
t ter .nmodule 20 receives |oqcation data froma
thipphGBE RUReeUPR oo St 85 DRUFEe 193en oPRGSTE. disgton
recei ver 44, el evatlon angle to the target from

sul b b TASresides ahtheookrarvation reibhiakenas ﬂﬂ@o@rdgmtOé ta DTM
foi"”ﬂ"?e ?Efd&[ehofa%%&ﬂaﬁ&ﬁsa fﬂeoghgfétcgrréfeﬂgaﬁTﬂg n@ﬁ%? r8&nt in

0SSi a conpass referab

s:tmecbrt ﬁtuateds at atremte etdtiont The veclrasierthe gmé&)fl sight (Ts) from
termelevation is used as a Peneral expr essi on

theepseniaign eintiadbe taigshtAvalrearapeinted aut-aleye; ftdataken for
gr&h@&e nd h&ssﬁﬁ@df IR gltﬁe' BThaKRas a@’gf’t‘?ﬁ e Vﬁ%sewbled, if
rough the

upvvar of a hortzont aI pl ane passi ng
nafesezyathieersigiingtmeans, Bspmegative snd leheledp pefirt decoming

dir ct| on. The PTAS resides at the observation point
ORE[R™F-as the origin of the DTM for the purpose of

cal cul atigns. The ogperator of the PTAS is either

pr ERe glevation anglg isillus trﬁt%i_tlécflﬂt‘%ttq whishgefaranceis naweade.
Fi A BLpb Bl LA S5 i Bl Wt o sion
lireus4abpVife oft sight (E®SN doAhecting between the observation point 56
where the PTAS resides, and the target at point 58. The straight line 54 and the
horizontal line 60 form an angle &, which is the elevation angle. The azimuth a is
depicted in Fig. 4B which refers to a topographic map. Azimuth a is the angle
between the north N, designated by an arrow marked N, and the LOS to the

target at point 68, as seen from the observation point 56.

Once the passively obtained spatial information, namely the position, or the

location, of the observation point, the elevation angle, and the azimuth angle,

11
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20 granted and assuned bel ow that the PTAS has first

to be assenbled, if necessary, has sighing neans, is
weomenzdeup and | evel ed, before becom ng operBtT/H2004/000198

The elevation angle is illustrated in Fig. 4A to which

f de. Fi
ey logert Satered e gormiien medle Cam chictipte, e Tudspction,goint of
thé LVealop k}twntr?@é H e éﬂfac@rdérkléé fidhn DM d4f8base. This means:

connecti ng between the observation point 56 where the
th@Tmsseeﬁdm pel,nt ahthet vestorar yéh the DIdA cont®8r chitve @‘tthaltqmln in

thlg\,h{%gqlpS %é@,lgt ecgzﬁ1 ¥ reqlﬁggg§§r}%%tmwagD?‘§P is a dlscrete
mS@él' Witﬁda 'tﬁ)ldzdl Qilstéﬁi:éf\’ﬁf §§y r19f|ﬂéfer§ ‘beﬁNéé’fP@%ﬁl%Ehﬁ-‘phﬁQFbmnt
a’ls the ang bet ween the north

thel elselglm'rataew ragy dar aaacmsampledd paint da dtypigally_ m5t to t19e meters.

5 b e oD B TP GRS R of e

areif ormatl on, narrely t he p03|t| on, or the | ocation, of
t he observatl on point, the elevation angle, and the

aZBlﬂh@éP BPHubic alé'or‘ﬂ@ngoébﬂ'l $E948Ed R@Téélleﬁ@%/tﬂ@%@polatlon

has been entered,” the conputer nodul e can cal cul ate
painis. Bilineag mterpolatlpmgﬂnemteStaw‘@rmsurfave veprasentatioruilt as

f d, f T,
gy BfifaRElai ISt Baer Bafifh X Sorigh Rt 8 Bammon =
covRdlihatel ofctHevBTII Thtseﬁfeghs ahat twd opptitessiddscat thel @mlnlaterm
wherein the vector v resides. Since the DTIMis

elgmept arecalipnasiwith the xraxis Wpe due @@t%ﬁf@@n@puléawdﬁ thereof
FRETRPAT B ReLLAAPEGURR: RRPhaoh S FisP8L ty,cqpgno -

gmarlsally lcohtinypmlsatplare atgerihthawoardinatep! foe@ppooximate the
define nore dense coverage of the area. Bilinear or
V%@Hﬁ@W@&'W@ﬁﬁsﬁ@@W%p ©to calcul ate the
interpolation io points. Bilinear interpolation
gehle ameastrareeitajimpeisionse asseeiaietht with othep date gsquisition

T

védigi v.tinahemgs| e emisspedis ifliidraieddsid sdiRl édne fdrah@ake of
are aH%@ed with the x-axis while two ot her

sipghyiedihedescriglien g dop sidg elevalion pea cresageciipoput in a
vérﬁ%y%gﬁ%g?roﬁg @\;‘ Cgrﬁ/{ RAHALL %,% for2 ﬁﬂb&dﬁ‘%réé?yu_ééf’éha %hus

PhUoUS I ane
througdo tre ra:ahes The anallerxﬂhm%neoﬁshmtrodaceduw fhElVblamf atguisition

madule: RecAPe M EET B AR BTG o s g clSes das mantie o
th%ﬁt{bﬁw%‘utp] fe W%'Aé L6 MAFPMRCOIhePeotd s WRhwR Y 8YARfetry around
the vector 70, or LOS, which it envelopes. Vector 70 joins between the origin O,
marked as the observation point 56 supporting the vertex of the cone, and the
target T designated as point 58. From the observation point 56, here the origin
O of the system of coordinates of the DTM, the vector 70 points to target 58.
Lines 62 and line 64 mark the, respectively, upper and lower generatrix of the
cone cross-section. The envelope depicted as a cone in the Figs., intends to
represent a volume contained between the lines 62 and 64.The lines 62 and 64

reside in the cone mantle, or envelope mantle, enclosing the envelope.
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vector v. In the Figs., the envelope is illustrated as

a solid cone for the sake of 20 sinplifying the
waele®enig@vo on. Fig. 4C is a side elevation of apPCT/IL2004/000198

cross-section cut in a vertical plane through the DIM

£ hIo 3618 Bt Joien, b, efHve ERIB IR on R RSRES Sy abhlith @mploying
mﬂ:abam@éi@ uhﬁdlémeﬁtedméh&cﬁﬁuaﬁﬂbepshﬁm Rﬁfntbh Ei-na\%st 6ﬁ the DTM,
angl e of the cone, thus the closer the mantle of the

h@mealpag tthﬁé cun®: ofthesterain urkcg. com,oum el cwl“eCh is thne:awﬂlcal

ARSI, 5 GBS Gl i R B the

pantéﬁ%tbr&sfrbh\eth@b@@jembhcm tR@IoNYIrPO &1 RS DTMIakdlProceeds in
vertex of the cone, and the target T designated as

theclirectier of theomeasdresazimut: Astecehr moigsr meyes alang the vector

700k ol 0 b B Sho SBRI) DG e, il e

nuil’ﬁbkr éﬁmraﬂic&Sﬂ@pkl Mﬁth)pomtétsﬁrheéln at trevaterggdtidnadfthe vettor 70
the 30 cone cross-section. The envel ope depicted as a

aRd ﬁfethenD?thqn'agy% cononf eHEYe: then thegaeasd i isdovad yhiais is further
offhel IFFi 8185MIch Aefeldrd8Ss Rowifidadd. The |1 nes 62 and

cone nant or envel ope mant | e,
12 V\D.2004/ 0
%ﬁfﬁ%ﬁ&%@@l@%ﬁ Do EATE Pl gRsion.fndiog Prpeess: any
otﬁéf GHétabd Ofdr Pthat &3ené SpLﬁ'@cE’é.e & pradiRiaPYFoe ekampho| ah edritirely
npl emented concomtantly. A first pointer noves on

amaiﬂlqgtﬁplutlmﬁw kg angllqdnwh@mﬁh@DaM swdagesisrdafined arahdieally,
t f
@%36;@ *étﬁ%ea#ﬂoﬁﬁn o PR B peiiahe on t ne

first 5 starts.fromthe p ection of
Ol B B Baaine RPN ISinaved it sdetessiveepafon £8Ps On the
h&*lio%tél'w \Mﬁlch he JrRased fW tﬁ’é'd’i‘é&fbn A7 IRE UHnBM BhE vertically
noves al ong the vect or . h pointers are

c@piamarrtbawe\mm Aheach nueratwln step cwgbrmaldzofthe drorigontat €@ passing

Af f t , baqt ' .
thl pRint e MiregrisebBhoMeo VegthE hh and, oD hhaobing ferrain
c&TMurt éﬁr&é'ﬂ:@ O?ﬁélﬂffrst%ﬁlm%r Py ABt Hﬁké@bﬂqflgTS' aﬁ&@H&%s the

his is further o0 exp l'al ned I n Fi g
mi:@rSmi@nce‘f itise mowm@hde. ihenhmmmmtajf@msmm'g iiwnm:kwsm ognd the

s%ﬁgg&%ﬁﬁrvﬁﬁggtﬁﬁ}@%éﬁ? i fEndls ,pmﬁgrg%, %sa?he gﬂérsecilon of the

SRR RugR R eIy YRR cqtftodt R R g DT i

a et itengtiont $tep, point Rk encymar loXocatidnoTe nsatthedwolrlzoaﬂasa() Since
point P is noved

usef |._15 I.n Fi i magi nar in
@9@%?@@ LR eﬁ@?@ﬂ@lfbﬁorﬂtﬁér CHiyRi betit Reintses Pv and Pd
r
d@’@?fﬁ”@? AHED o sEPalaie B} ARftte Slorktio JelEd! 2ARor the
DIve, heafacbthailb(rcb poiirdersoPV aodtRd déhgiasdnaide, or do not match,
means that the target T has not been detected. Therefore, the iteration process

continues.

In a next iteration step, point P on the horizontal 60 moves from position 76
to position 78. Accordingly, Pv on vector 70, and Pd on the DTM terrain contour
curve TCC, progress to a new location. Both pointers reside on the normal to

the horizontal 60 through position 78. Still, no match is found, since both
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t hrough point P, intersects both the vector 70 and the

DITM or the terrain contour curve TCC. The first
w@eimvenoPy, not marked on Fig. 5, designates PECEII2004/000198

intersection of the normal to the horizontal 60 with

t he v§ctor TO and the second, pointer Pd, not .
painigrschy énddrd areymutpally sgparated in werticaldistapee ogthgr copenon
R u ' AN t in; o
LIS Ry lar o S ARG R BB GRS posir
8 biastthE sameoresdlt} sincecByiammd Pal do s$tillenbbmatoint ahe6ieration
Since the vector 70 is above the DIMterrain contour

PrecRSfe CORMUSSEI KiSePAMByMERACPIN Juthel $iEPSnieMm PasitioRS0 to

PR FaRT oI TSI RAY SIFLUCAGIEA BEAEYS both
Pwnaindc Bdncoideide o Haleveqt thimttalyet poistnis tHearetidad siacgedue to
T has not been %t%ie ted. Therefore, the iteration
SYSIESL e 8HOTS 0 16 niRSL. Ergety Mak. resids a?'i‘Wﬁ"'%’?ep&E‘ ABi AToEarea
cirtlmiseAb&d bg&ﬁé‘ﬁrﬂérs@_@ﬁmw&é EGHB RiztIE \Ath the DPMI, Rtually the
position 78. Accordingly, Pv on vector 70, and Pd on
tetrain somiaces contotir.c dhisoelror-aigavis deinitent dyr astarges areaehorder

folrsc bl fe rgts 2cficty B Hecmefiie 8 tREobr By o @i of thet
mastiE) dvithsthad®Tiot h - 13 WO 2004/ 079400 PCT/ | L2004/ 000198
pointers Pv and Pd are nmutually separated in verti cal

di P& HPizORkal 1801 s GOSAR6Y tqegeaﬁé of LblMatRn 8niluih 18&t, the

iteration step of point P om position 78 to position
patteh&dl is idispiaced itarativaly, andithe painten®PvHdllews sccordingly on the
nmat ch.,. T i teration rocess .continues in the sanme
ST artiooh The HeEol] steBs FRofet R0k ey gl §nd HBsonable

capeetlitivenufifps dibSy e DAV, ThO8 akrt1B. téRainSsurfad@! dohtour curve

found at position 86 where both  Pv and Pd coincide.
TGowd e crosaisectien, gay ipstaps afeachddram, s degirege due

to systemerrors, the real target may resi de anywhere

I nSlhwith referamesato Fig. @)ret pashied &4, thbdowat dirsetrix iof thetone

the cone mantle with the DITM_ actually the terrain
mage. deeresemaslias lingi €4.ewilloproyideathestagasti priledic jogest to the
oH BTN 5085 Lo SEIBE the B LABBE bl Ty gies o
linees1, Ivmkicwsgthetiﬁ?wdéwflredihﬁ Qll‘l thd czm‘fe; @théﬂpd?]iﬁtmeme‘ i@lrgeg area

t he sake, of ex nation oply. In fact, the pointer )
bqrgeﬁiaé@%eé%ramng%r i't@@tv,eg’aﬁemiwqaéh%t%?'“tﬁfr”ﬁﬁ?'ﬂ esrching
proEESY Gedtiibd UbovBEfor SANEY c?ﬁ%ac:c]ﬁ Hes IR 'ntlﬁqt? PRSIt is

are set to ascertaln snal r easonabl e
urctensteodt that thengrealidrotiye tshysteBT Mrrars,u thealsomaler hhe error-area.

terrajn surface contour curve, . TOO of  the
SIE(?LBgibget@frith Fog@wibﬁ & g%gngqnceggjﬂe,lgw%theolerrgg—area would
b&t@Phd §%eometrical cone section, thus an ellipse for a plane slant to the LOS,

or vecior 70.

In reality, the error-area is displayed to an operator on the display module in
the shape of a trace, or a closed curve defining the uncertainty area wherein the
target resides. However, depending on the convolutions of the DTM surface
contour and of the angle of incidence of the LOS thereon, more than one closed
curve may define the uncertainty area for a single target sighting. With |

reference to Fig. 6A, there is shown a cross-section cutting the DTM terrain
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Still with reference to Fig. 5, at position 84, the
| ower directrix of the cone mantle, represented as
WO pove/0®490 Wi | | provide the target point Tc cl oOBEHIL20©t/000198
the observation point 56 on the target border. The
f rthes target oi nt Tf Sld on, 20 line 62,
rgoe lym coneqiny acvartisel yiane dhiogig t?"en%cftobapnt@eowrraln
cotn'&ﬁlr.t awétrége&r thBOD A teif aﬁ’h%ﬁﬁéénrgﬁr‘ésgﬁts' 5§habhdeiing hilly
conti nui ng the polnter-mat sear ch cess
cuthess wiith [peshkabemck valfeys. Ak lshowdi indtigsi BAI anthBothet bector 70 will

e E5sPl e fidicate retaghy T ﬂwe?%%"@ﬁn}%ﬁf‘%no@g? andiibe pper
geriaPathigsy, %Qpéiﬁﬂ%@/%f %ﬁd 82 giﬁféi@éc!té %?n cbR0r EliGe TCC at

error-area wou one a eorre r| cal cone séection
pditty sespectively 99earfd92 aPpihbae aablqmﬂnttmz tasidd 65, respectlvely, the

R o {0 W S A e
s\%ﬁ@ﬁ@hc & ik dePBF RilCH Y Veﬂ t' 1‘)}011 %nHrﬁits“ﬂﬁl 945 i S)tog r;c‘e!{ he

rein t target resi dependin
areamfujrwer‘tanﬂy @b definelTy shﬂ tone \AﬂDdemnttcanlmmjrdnfaréMQG on
angl inci dence of the LOS thereon, m)re t han one
thay %@Ea‘ﬁ v i Tordl)e 4ot thrsephand ries Pasanapd srea-argn 98 on the

I rget sighting. Wth reference to Fig. 6A,
Setzﬁgggﬂllﬂéshom a cross-section cutting the DTMterrain

oo A ol e it cEPRAR BotR B rRRBE QB

mfbﬁ'ﬁétﬁjm suePNa® Uhe clispigy BECrr-dré(sPere o Adth grapiesl and
represents a meandering hilly curve with peaks and

numrncayéataA@ngHtlfﬁwmqtq%e@cw@ad gﬁqrrmts)n tehated dbersito, 7nd that
th%éérat&’ hm}ﬁ%lédtt G tv & bbb 6 éF gl'a?pgﬁ‘cél %rr%‘?‘lﬁnej;lcal data.

OV\BI‘ and™t generatri ces,

Tor mpmetdgéalrglaﬁ@e aamn?&)onmtrﬁmcﬁ@?t bﬁgigb&m%;ﬂg% athg dpyn&t@u uses
ve TCC at oi nt, respective an oi nt
the, 9 bt Acceptack s eing aValaRe @S %@nyaﬂi ﬁEU'PmﬁfEfW'ﬁhﬁightmg
delicest hill H and a background second hill H2. The
vector 94 is asynptotic to the top of hill H at
pobtilt with tefenehde tosFﬂgisL BAP&@GBpmilmtthﬁhﬂe t@passmély sight
[ i.ned by the cone delimt

nc r ai nt d
& HHE RN IR PRENgn RPeReR MATESNERiae HItsigntoerse. In
f
sub %aégge& ?ﬂgéﬁigl qf s%z%rﬁéiﬁg@dé@@ﬁﬁ%g%ﬂé% r??éiey%ﬁi %%h%rbperator
oncﬂascdlsmay orocods, all am’aace$®|eclesmréctwedlamghegt atbng the d|rect|on

of i Brelon b Bk oo redTarv e (R ShpWR i K10- S depicted
o4 9 Sl 51 AR BT i 895 oor
thenpgradon Abe tgrgehAi isdhdioatedworehill did bubithe. uncertainty area covers
a first patch 96 on that hill, and a second patch 98 on hill H2. Fig. 6B illustrates
more than one mutually separated uncertainty area, which is indicative of a
“dead zone” between each couple of uncertainty areas. Although not shown in
the various Figs., numerical data, or associated information related to the
graphical information is also shown to the operator. It is taken for granted in the
description that reference to a display, or presentation on display, refers to both
graphical and numerical data, or associated information related thereto, and that

the operator may select to view both or only either graphical or numerical data.
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To receive data relative to any point selected on the

di spl ay, the operator uses the |I/O unit accepted as
wheing7avai | abl e as standard equi pnent w th siPgEL/ingo4/000198

devices. Still with reference to Figs. 6A and 6B, it

| Sl BORS Pkl BESSIAELY P Lihtn (R0 SURILS view of an

opéﬁﬁt%ﬂl\#ierhtéi RérRfthe Birgtitng BeL08. B é”té'tlhé Y)R@Fator to decide
separate uncerta| nty areas 1s displ ayed

in gyhieh tiaeertaimty wtiea th%targ@t mayi mS&de dlhe @gstenae of aatead zone is

o GRS B P o rs. or

th&i lgenedifs dethée@pérbﬂﬁ tHees FH'AS) Riifedreniite®bdtWebht d@Be mantle
which re resents the display 88 as appearing to 25 the

intepgclionrdelimiing apgairorizane andiiac¥edtar ¥rintarsectian mdtcatln@ the

h 96 h
tatﬁ%‘feéﬂo%ﬁbgagggggggag iftich o &éhi atch 98 on Lhat

B —

imppasisioRs innslevatiAtand IaZim e attNgigfefehit i Yaldkeefius bound by an
Al t hough not shown in the various Figs., numerical

enyglope lart ashger afa fouirsiteshpyiamid of sestion themsthrgagh, normal
to%éﬂf@? atnll' f%?r?érr@{dvp g/ r@ét?rﬁ%lé nétoa% Beq; ératgé)ge in the

rante escrip |on

casef ef ea csiralghtacmms [@saysed fop ease rifadeswription. dirs mdac&y the term
ers to h| cal _.and nuneri cal, data

erlyBla s 880 B 'T‘%I%&%H"??lé‘i"@?%sm'aﬂcﬁhaﬁgtrw'th #Rapex
at IRELBLEN aliY p8fit Ydssiely YveHiePPIchAG 188 4arg8H, Hiff broportional to

MeEUrer2od 4hac0.rasy, Andeedvaoplegl thaldfQ8ediomg dtsr &mgmm For
f

G § P PRl P i chas e sagare; Biaygybhs Macauracy in

azRRePARY int éle@&:ﬁdrﬂ% rééllt;)’\ﬁ%lcllﬁe‘@%’iél%a%)bf%rn%\}é"@pe a Cross

target nmay reside. The existence of a dead zone i's ‘
section ingsperivicdan to theol@S nectorsll Dm\élm@l shanp ehelosed within

e f r5tebenef|to
o3RS (B ARy T Tallh BEABo SybBEe of e
envelipee Eacntmnﬁ it thercreksd-tdhtionng b@ﬂenedémfedzlﬁr@@%b@dlnates

vector v intersection |nd|cat|ng t he target

Wehpharigls onnhg 1Pt vaséen enragivisdregpagnd Rt @ngier@efmveach
snﬁ% ékgﬁﬁ BthE %Fdfs%%‘{;'uSﬁ of 'tH'e L&y @ééa' zed that the

ment nprecisions 1n e tion and in a2|rruth

arﬂieﬁié{eﬁﬁé{gnfa&& SEYR: oS g5 i ek e Bt target is
rebERIET BitOK0Set PICHRtinte® ARy l‘el@sa‘ﬁ‘lé 'vebﬁ)trh\?raﬁf'%hé antle

rect angl e and not as a circular base, in the case o
dirgcliicesi il aceetordengibeandt isreachasl. dhisteantor lsngtimis seba priory

by R opelt 1 RasflE P I ¢ h e apex o T

In practice, not only the intersection points with the DTM are valuable, but
also the surface they delimit, as well as the distance between the delimited
surfaces. The first created intersection point is that of the vector v piercing the
DTM, and designating a target point. When the contour of the DTM presents a
succession of aligned hills along the vector v, then, vector v may intersect the
DTM at more than one single point. One of those intersection points is the
target. Other intersection points with the DTM are those of the mantle of the
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at the observation point, possibly divergent toward
the target, but proportional to 15 neasurenent

w0 p@gomacy, and envel oping the LOS al ong its PEnyi2004/000198
For exanple, a four-sided pyramd, not necessarily

erdRliey | afhich ninersbeta B @h@@hi‘%@?‘feg@&‘a@w s#ea. Each
.n@mé/@dt.eﬁmrﬁ &rtﬁé%ectaﬁow.mhegw@a&éa Iedﬁog%ntmertamty

vect or provi de a shape osed orders
argaecone mirwhich sugpusde the targehdlitdre is dnusealvfayeomne target, but
surface of .the 20 envel o Eac poi t on
pHIRUE T A oBe, BRI 79 't S JBp fehasaiion hafuen the

uniietairt ear@hsgItﬁu@rthbhaustéa@evgét\@éen achéagélﬁﬁlté/cﬁcéuﬁfacégdthat
an angl e define each single point on the

indicatestheduresenca of derd zenes. d; ;51@ deteetian efrdead,zones igeery often
ofséa%%lal kh 8ﬁ§|*?cé Sfof%%al‘ﬁ@ ?\I nugngl oJ éﬁ{ls @g%ﬁ}ll %riqna?ermg,

r&ach 1S'se
and mrwbrmme mantl e 25 directrices, unt|I a vector
length end is reached. This vector length is set a

PrTiesE Yentity prbSestpef %@éweﬁﬁfge@%ﬁ@ﬂnﬁ:orﬂ% Ja@clsmanbé with the
practice, not only the intersection points with the

pr@smtanéeMmmlabie@crﬂbeﬂ schergatiatiy i Fig.acto whieh retarenge is now
di st nce bet en t heHﬂYel i m

mp 1 Gisted A0hatd soBFEgy B RS A L shd slstion angle to the

taffet! BAdVi8Sditdn \of ther shdegvdtion BeinP oW tr@mms'm@ehas 8 an
target point. Wien the contour of the DITM presents a

0@%\&#@@. minblocatngawaﬂha BTM, suightascelor et airbametmatform, is

t C T
5 0o Tt 525 e v FTM Bl R nhfg, 0 bt e
olisahgtion difiesind atdiresitat o defieadbyp thi adimiuiie all Midvation angle.
those of the nantle of the 16 WD 2004/ 079400

Alrgiep 110808 £ooe 0ty dhe salie 106 sEnphgiy cis dafinedhainda vyeslental the

(e U r ' Shse ' [ n¢
olEhidoh R30S Fb g ROt RS b St
inuekgibhabrthg d=Aa ekquighienahodties hAB Bigpo¥I8l the b eta%tg@éfmes a
There is thus always one target, but possibly nore

mengRl sretiomnathiontthe: ﬂ@ﬁ@r v o be sepechedfar ktersaction with the

O Y55 ] AR K1 1 A% o st o e

sghne sfon esanfplelead 10ame song e slep eidiz e |@éraﬁ@@'ﬂm Mg rdedtion
very often of cardinal 1nportance, for ex le in

f'ﬂ%@@c@ﬂéfeaﬁ w&emem{e& whe indeRgeAtQn Peigts, Lahwivestor point and
c frﬁ‘érﬁ ;EJ%: i€ Nhid e?o c‘i’%?%ﬁéﬁs'o\ﬁe tlllé"rcﬂggglgy module, for

acqul SI I n accor ance Wt I 0O presen

insp‘ac.&inhlbgn’the&péﬂﬁor,lnbetépSMnatl cally in Fig. 7 to

which reference is now nmade. In step 100 data is

fﬁ'\é h& R, intélebeifbin @raveidiie s JRdcr&Y athematibdlyeirt Fig. 8 to
which reference is now made. In step 110 the allocated section is divided into
segments. The first segment is selected in step 112. If desired, there is only but
one single segment. Next, in step 114, intersection calculations are performed
on the first segment, to find matches, or coincidences between the pointers on
the vector line and on the generatrix of the cone envelope relative to the pointer
on the DTM. Then, in step 116, the system tests for the finding of at least one
match between pointers. If not found, control passes to step 120. If a match is

found, then, by step 118, the at least one match point is stored in memory and
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target, and position of the observation point on the
DTM Reference to an observation point |ocated above

W0 b@4DTD0 such as for an airborne platform i sSPCTH®R@04/000198
bel ow. At step 102 a vector v is defined as having an

ot 1Bty iR T2 o S bt osh SeaGeB orathepal single
@, BRI the Foct,el?ﬁjr tedSEm%J ifididp 122 geﬁdéﬁ%%gmem is

aving a vert x % servatl on poi nt,
femhedeﬁoatwgl returns rt@smpn'mmgmda:addwatmnsmre oafnédmut for the next

&t seaiet For % porsiblr AN eidreRn TRk RaiNesadF Hesirad, the
whaeﬁift he@rrhiﬁ%dwmtﬁr?f‘bebfbr%s%%ﬁé@@?éﬁ £§bné%ﬁrf‘q|é 8ELIAL. In

e maxi mal section
ottief Mmds dhedirshagd anly sagmbot) |sntinenglamfmalhsectt lepgthf on the
exa as 10, kmJ on At .ste 8 i.terative DIM .
ety 8 e Searenel dph BBl Fin 08 Ef i Babroped has is
advainfigegct i on points, LGS vector point and cone mantle
poi nts are found and di spl ayed on the display nodul e,

f Oft is IPRIBRGEOPIhEY célhélggﬁsé A cFgatch nofsfh%[’ 83@9&5 25q q?'\%inv is

DTM I ntersection procedure is describ emat| ca
adoepfady to 8extist whienc theireneutaalc sertisah Mtamte Ilebn bsetwegenl pbeset

R BT 400 P4 4T e s Bt

bdth? tbis, 80k alfhall SBSre‘b'aﬂgy faysHTBMsidd¥eyta as A '&orﬂcﬁi%nce of

I ntersection calculations are perforne
paintess, thusyae achievingfa validraiched pointersoi nci dences
bet ween the pointers on 30 the vector |line and on the
gehnegeﬂerrahlxmdmbntrbﬁaremealsernadé beow & atmatehtor doreidence, there
poi nter ,on the

T te 6, th
s Rt S TR00R: ST folRsaBr, N ge s ot e “P%’?Sﬁs%bﬁa)é%’ﬁage to

reﬁ@iré‘iaéﬁéct H‘nétﬁé%aifc%%ctlﬁgﬁ.m' passes to step 120.
Is found, then y step 118, the at | east one

TR A BOPyisS 3REMER it P tiefibtagh EndRiad 18 cikdiPand
mapideadezanes dfatetramaghﬂmln therplaﬂnﬁng) Btagacofn@ Ingissiergwelhbefore

then the pro rel ended. Else, in ste 122a_next )
a !é%jn%?fﬁcutlgn fer Eﬁeen HOMCPBIP U BHOGEA Pls PIAD isqleg with
I t
OSSR PAS RS AR Ty BR scefihed DK tn, BRBENhe) outts.
Anleperater, me en&wmmagppmbd‘éa elamined cbdsengttiongiointe defime v LOS

i onsj der as o l e segnent 0
vacfor BRay aadngR specs aBlion B Eonishpily defing e Bzimuth
anccal/Bticiah§ies a\éeiSélﬁFné{er%oAQ% T3t §iAgle fe%mple when a single

intersection with the DTM Thi s approach has it
amuﬁhaa@@_ssmgle elgvamaegle@etamredothan dead eooes abotnghonly
thg{ LH%GVQ&JOP & %al qjlgtgg :fvd d%played To obtain information about a
longitudinal section through the terrain along one vertical azimuth plane, the
same calculations are repeated but for a succession of elevation angles within
given limits. To cover an area of terrain, both azimuth and elevation parameters
are entered as variables, within a chosen range of angles. Other combinations
of observation point position, LOS vector length, elevation, and azimuth angle

will serves numerous additional purposes.
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i 0o accepted to exist when their nutual vertica

di stance |ies between preset tolerances. For exanpl e,
we@a/ovhen a few centinmeters still separate beP@EHIR004/000198

both pointers, such a small discrepancy may be

co d red s a c¢oi_nci dence of inters hus as
ﬂfs" ﬁsfvé%ampthW fbs|'°nT/§§ &S operaiRehisnat negggsarly a
stéﬁé £ SR, | ButTRAg eégfédogsteos’as,.m?téhnes.fecgio%moﬁeﬁﬂ% PTAS is

ere 15'is consideréd a range of tolerance, since i'n
pneé@rlablyl mountes eni 3 siabilizadh pladigemt when dopleraeptedf agta device

oo BUBNIR MiBBHora A 5o A oo Ratbin &7 use on a
pleifofn Ztags ot mbbild, abm 1A, | £ dea, tikehe!Anbi ﬂﬂsﬁé@éleV\ernabunt
m ssi on, well before actual execution. To this end

agqesding i Bresenh aBqirasticss and avhenastegsated avith @xisting skstems, the

l.e [ e
PRAST It 1ta®r BETF SRIERRR el S R BN Bt for
asgendbly Mﬂhhriwdbieti?pmabnalrblpocmars aref wegpend, @nd witls Liifmanned
| ength, apd then select a region to be searched by

aifRane VRBIclESe azi nuth and el evation angles as
paranmeters. As a nost sinple exanple, when a single
azVYhem opemtadsfrag @ anailg: plaiornglsaichr as efferr én, unmanned

aitiifle KRR, AdRBna o Tpoekid CobplEF hRoardhfs aie nassspary to
talte ihionagdoudt tred pa’¢|Cd>n tna]ebﬂmry) ofithd platiben) and tiad epgtialngttitude
verti C&O@Ei W%E’ | ane, the sane calculations are
ml°¥ﬁ@§f‘ 14 -successi on of el evation angles
given limts. To cover an area of terrain,

NBGFW'%”W(WW @NERhti on paraneters are entered as

vari abl es, wthin a chosen range of angles. O her
colbe reapebiliieg ©f dhe FHEAS \axd the rmplameptmml afnth@.@rget Data

AEFBn BEAES, of SRR e Bc0 BRS04 B0T hudbes o e
prB@ééé L2 Qagid0RS A dind e pRIBEUKATINPP) RPiMplehicHibaMbyChsing the

the PTAS Is operated Is not necessarily a static
PhoSi dassribes herginakpue in @@soc@u%wh wnaciivegange finder, typically

a H?%ﬁ f S ﬂ?ﬁerp F‘-or o {/&%ﬁ i m‘g#@ﬁ%@%&eg@wﬁ @ rough north

m@aeummiom@ wbb@lmd By Bm’hagmetld dorgsaNsy, &b antdithzREAS high-
IS, conp ble for use on_a 5 atform static

PiRSISIANe nOH- ingicgtion TB@:NFPnUw% sightingy tp ﬁeﬁqsﬁeéé tovests RT,
aBilng GG At BIGRAEH ARLe Ut 5l FENED rane o
cd>mpgbratdmmnansangjdlarhm‘rnhﬂbd faeioer and \napidly olstatfeaa adcurate
oSS of B s BSR TAE sty SR S PR
Ve'r}loctlneegm with, the NFP uses a data input procedure (DIP) as explained
below, with reference to Fig. 9. The DIP 160 accepts the input of a rough north
measurement at step 162. The target data acquisition process, or TAP, is then
operated to calculate the range, or the distance to a reference target A as
defined by the operator in step 164. At step 166 the DIP accepts the input of an
actively measured range to the reference target A, as measured by help of a
laser range finder LRF. At step 168, the deviation between the range calculated

by the TAP and the range measured by the LRF is used to calculate a common
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10 When operated froma nobile platform such as from
an unmanned airborne vehicle, additional data input
W@pe40TpUt er prograns are necessary to take PEI/L2004/000198
account the path or trajectory of the platform and ]
e.spatial attitu venents of the platform Nort
aifiﬁ“HEh ﬁa"ﬁ%%é%ﬁt%r dFNFﬁ)n?ﬁ'dn?@ ebsauRlion zere gectards defined

al*fi:lTﬁlo%@IQn@“u%-ééB%r%”EBFeﬁféd%boéeét&% 2 ér&‘éh?é@tt@detect a match

Acqui sition Process,
b@tW@enltbﬁadalqwmtpdmd the actlvelykmeasmedcmge ta a sgferbnce target

AT S T R R S

calgulates thanmgdlamdémaué:y @bsaﬂdtuug tﬁe'a”éﬁhtﬂ wgﬁ%fRﬁ%eEnd the
LRF. The systemis used for perfecting a rou nort

azZiufte i arlepatinn withch malching dangel He aiema%an'ular deviation is

S e g R F——

refereged taigéts Aashosariin WifepeithpRdstritfhed sab%eciire dHowever,
e and actively neasured ran%g to conpute a common
thﬁﬁ@:ﬂ? greaies well ieyan malkrsinglerRT Papi dl y obtain an
accurate north reading at the site of the observation
polnnthe proceduisedescrivedhn Fige 10He whick refalenee isnpow made, a

othiJ6RHEFaiol 12 4L B Sevar” SRSt o PumARBR M is
cai@astet anep #90.5066 é8lkctethehd Géﬁﬁﬁoﬁ@éé AESHLEY 'irLQt‘ép 192.
process, or TAP, is then operate to calculate t

Thl&nlgeacwmplrséle@ ferapsample Hyr detiningce permjted Aokesance, and

164, 166 ¢
SAFITES i 15 LR i DLied s it LBHER e
st fode Iir wésrama@!yt diatet atoverthalPAsIehREg &Y cHiRbBiRS radate fo a
| aser ran%e finder LRF. At step 168, the deviation

Preglicrd Bre mipag sanga efiflerareshgnd iendtapathematically abggiute.
nmeasured by the LRF is used to calculate a conmon 19
WO ﬂwwloué&mcmmqmd@ﬂaﬂmaﬂ is faundushd ¢owithint tolzmances,

th§3 & Rirtpchinidor RireoRfed FusSiBis Be areie qprin, In step 196.
Sl 8eDnfhen YcRiction Taser het BEEIRmMd, fh cﬁ%%*bl@ﬁtr%‘@tﬂ/a’i&?and

cal cul ated and the actively neasufe
OF}@é@@FJé?ﬂ:@ NEXY @@ft of EferencRiErgets/shasepl laldlf@rebﬂy predehzrmined

o e ep L RS TSS oL T ound, e T

ar devi ation separ ating the
az.trruthtot azimuth to a | oca

R S5tk o S o raeaads Wid TR el optiml
refefendd fﬁr@éts' é‘o Heo éZlQevJ E‘fﬁ’e lB'eEt PésénS@eéé&ﬁagf\éﬁk%cement

times for different selected erence targ
Thenowriall seenard ef efierepce darget mleeitbrslsh}esseubed sccording to Fig.
11'% {liich reference is now made. The PTAS observation facility at point 230
looks roughly in the direction of arrow 232. The area of interest is assigned an
observation zone sector 234 having two radii as zone limits, 236 and 238,
respectively. Then, the observation zone sector is divided into several sub-
sectors 239, typically 10, by a procedure possibly carried out automatically by
the computer module of the TAS, or by the operator. Within each sub-sector
239, the DTM is searched for one singular reference target (RT), each being

defined as a locus. Such a locus is a site where each small angular movement
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the NFP operates well even with a single RT A. 10 In
the procedure described in Fig. 10 to which reference

w0 g00n0v4pmde, a conmon deviations factor for PEEIL2004/000198
several selected reference targets Ais calculated in

o e 5 S e Rl e 5 v
as?g%gméw by B abaﬁlﬁ%éaq'eﬁréﬂaﬁ 249 5l Al FBh§Ss in

e valid when e ranges arevmtlnto
rahgei Typically, itme Sﬁb%e’mrést ihtwhiels saRTeaaly sHledted ardapaced

AR aBd diohEsEaTin g NANGBIEH hindas X airiks affian the Sector 234,
wiehhshel C@'al ol MFPhS ¥ FFeﬁed with &Jﬂg oi:lélsﬁr:@1 HAEEFSGRNBR Rarget RT,

deviation factor is found and I tol erances,
althoegh aisualty dureedRTS imcnar-adjacenteiibessatiors 239t sl preferltdde
accurate north, in step 196. Should a conmmon

deTo aperzte tiee NFP, nioérelie feedad .a PTAS dsh@eddriBedsabove, an NFP
reactivated and 20 o erated on a new set of reference

qu’éf?l&@f Pregiase fupping; e e"Ih@nP‘P@ﬂtheéd@PgPﬁ i asu@chye range
m@gétﬂéﬁiggt %éblc%%\‘??fcg a} Sefr@: leWaﬁrHé%fc ib&F |a|b6y§?fé?tgﬁ‘gePTAS is

searc the ects
operatiet mdependently, dnhithiseist het tnestfonpd%iNﬂFe whichr @gyires the
enh overall scenario of reference target

S@QP@%E&%'@’&@%@L}@P?% according to Fig. 25 11 to

whi ch reference s now made. The PTAS observation

f a4ithi rejergpcey & Rig. 2B inpyglala ﬂ%9@|lﬁ0§ed i step 302 decluding the
pc%ﬁ;tiso@: {S/f;}’ﬁezglgserwr?or? fﬁt oé%(%rﬂgee ra?ﬁﬁut ﬁigéwetﬂoég nput data

Ion zone se havi as Zo

arki obtaimed2aé faholv® 3Bor thieestqirfatlbnveﬂ the bbeervatibe point, WhICh is
observation zaone sector is divided into several sub

regaied, a8 E’@gorlglg} @ dBF | GAriRsiam et faudnates Godg By, a GPS
(G?ﬁéél _I_Aslt%‘r'ﬁn% loedlckYs ?Va#alt Bg 18 E?ﬁutﬂ‘)g %ﬁp%fss or

e’ operato thin -secto
a zBoilart Hevick Mrowde&dhe hmbeSsaryonmdmtmg,utcara rcu@'r eot sufﬁclent

aqeQlat oot B iR CtehSly, it BvsienBa foi sl soupes.

W0_2004/ 079400 PCT/ | L2004/ 000198 of a radi al cursor
24bhen, dn stepr 34, 333 to the eprratar te delingih the ahsrnatien zene sector

orfHe D 22 ?i%s&%qclﬁ&eb\)éltﬁ FQ@I%‘P‘#Q léc? Fﬁ@gﬂ@%n%ﬂé) ﬁgﬁéﬁerator

encount érs fianges

nam@em@f &eZ’SBP il Mimﬂiat@aﬁsl'getaa gciaaliebbed=8ba HRacedior
art_and _not adjacent, as highlighted by the X marks
togo0h laekrn'éat@@cqf%e @@@torss yehievegeay defining Bsexigs radius, as the

"

mERFEAbSECH Bl an g Uk (BLTRIE TACESETTor e

cang@utar mopulef, eiilt elmde'lfbe observation henéxl§é’ctot 234 into subesedtals
ﬁ PTAS a? descri bed above, an NFP

239 typically fen.

In step 306, the computer program of the NFP now searches the DTM to
select a singular reference target RT in say three non-adjacent sub-sectors.
Such a singular RT is a locus typified by a sharp change in range for a small
angular deviation in azimuth. The PTAS now calculates RT data for each
singular RT, ie. the calculated range, elevation, and azimuth, which RT
calculated data is stored in memory. More precisely, the PTAS calculates data

for RTs in each sub-sector 239 and stores that data in memory. Then, in step
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conmput er program running on the conputer nodul e, and

an active range neasurenent device such as a LRF. It
weR®4deaer i bed above that the PTAS is i 0 oper ap@CwB.2004/000198

i ndependently, but this is not true for the NFP vvh| ch

ires the ort of the PTAStofun i on.

306 Miicr > Pecters By glosei Ak 1800 R. ASdcNe Bt Bcbalariad dp each
s thetd position of the observation point,
0an tthhe ggélun%tg%&BTypl cally, those input data are

obf.a d I E ahh0 t . g

obﬁsqejlcr"@g't frg%téﬁ)o 3|0? Y"‘Tf\ﬁ” %ﬁ]gél tsi]& %%ﬁeggr %ergévgsnﬂ? ﬁ%‘"&?’r érl“ﬁ time
adtivelyheitiCant ERFaand ettoret] in men@oryatreasmmétlw witith@ ré$fsective

Rk RS mRaWEETS dhialeh BY SeaUSHAIY Ronila e Sianindidevice at
eddMERTE FRARALY, m@ddg@éﬂoPrb Pf)toa\ﬁafe"%e%&aﬁdﬁ bt th T on the

accuracy of somne I onal I nput
reak lifei teaairt ae rae@mhfmmstbarahs@rva”tberpomm asrdel]husomedlstgmdance,

A TR P S O Pl T8 205
el6vdtionlAceddtbPtd 6otriﬁQh@IE€¥Fadeard 'lﬁé RIP WRichtWise ddifetiR step

wll automati calq:%)I set a default observation zone
30 @removt putdisnisedisl guide the operatort Ae astiist oranner.aarows ed the

oGRS HRCIRyeBoh TR i, guide e

oﬁ?&to@pﬁh@twm train theeinstramait antiied féadbatk! Sighal indicatée “on
bservation zone sector 234 |nto sub-sectors 25 239

tafgﬁé’i &I that peint, the eperptasopll “filee theitit andmiiginaarange. This
écCu?nt Asn ;ﬁgréfé?{ ?cgf}éaéﬁ‘q?'PTth&on%e ln‘?ﬂ ace rﬁf&’tﬁ Ufive gears

erence n sa ree non- a

intaginals éxtthes mghﬁng hdeviea rtgutaae ICdirg mfaaumqambl dipethg the
angul ar

h I
boPeil 5 S0 ehale o B B e, "
iR %@?‘%ﬁﬁp&"?f%*%‘%? e e e T8nde SRRy active
ragger gweaisuraraeni ys W@mdecam@‘hgtlcallye AgAS, dhiscskquersce is

dat or RIs ch segtor. 239 and stores.that
refiha, fot oBT RTEAEN (R sBEGEis Sprdhan ssenggon with the
reggg’étl\,@a@ﬁM 000198 306 t hree sub-sectors are chosen
random and one RT is selected in each one of the

t rﬂ@e %Th‘a%%ét@!éﬁ id thel %&a}yr %is%ﬁ Htlﬁ@%@ 1ﬂé‘ t@ﬁlcg%ted by

each I'S now nmeasure ct ve
the RETASnwitht taspect o rthedingciurates smioiuhi mdlcatlorm WIheresult in a

T. LRF t aken . .
SRR crr e, LG AP P oar G, Ry 808 dhe gl is not
add@l\‘@:%re!hgnu?le g‘i’é’ﬁ@étﬁént BlthStigRYeERatf willSof RfEAS kOthePRT but

to another location, in a close-by direction.

Up to now, the NFP has stored passively calculated as well as actively
measured ranges to RTs, as based on a rough north indication, which is
certainly not the accurate precise north direction. Most probably, the passively
calculated range and the actively measured range will provide different values.
This discrepancy results from the fact that the computer program regards the
azimuth as an absolute precise one, while in reality this is but a rough and

inaccurate azimuth, which was measured with say, the help of a compass.
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real life terrain as seen fromthe observation point,
and t hus needs gui dance, which is possibly provided

w0 pooan7d4e@st two di fferent manners. The azi nmut PCHIR004/000198
el evation needed to point the LRF toward the RT, which

were derived i tep 10 306, are n use to
gu(td%nPWe%@ptﬁﬁlgPZrthg,ﬁgnﬁ’“?qrr@?dﬁﬁrﬂ%gp,gLéyﬁg\)@sﬂ?ﬁ Qyfpy how
. ar : : e .
L e
thensearselyg nneastied aziadil baitk the @eatratediart d advantageous to

e Bieyval o % Rk iseriPeRBLafl gl ordne epplinges gn the
D¥RCinalibe rAlozatithNifts. expl oits drive gears 15
integral to the sighting device to take care of

aufp a3p! ¥he i 1gep| B;gel%t& tH HTALSRAL scagﬂghe sub\;\%eecrt]or 239

positioning the crosshairs on the RT, an hen,
cordainingaa geletiedsieference dargebRdpthraugh attgpiask anglé¢ wf inaccuracy

asure.the range. t ernatijvel active range \
of Sita8 0 uifi (VENEE i (e IS bt iBisduraly ot e eiPRASs The scan is
cRAIBICRahsversdP ea tes dir&dtioPastieddh: corsiitet RET.NBAGE b NFP is
stored in association with the 20 respective RT. The
searciing ixtaydisesvardhe ragulee devigtion betwramaicalpulaied peinkpn the

D, S hEh as, eCambgialhe lepdnBE s (it otdhe LFR. Thus
wheed Mmatchpcfoundewhéle thengetivelyameasinedt rangevweVv#IRT coincides
since the azinuth is not accurate, t

he LRF
Witk asReieinaribe respemiive suRsasiet239 on the DEeFMrtbe anguas deyiation

t : ther ks i - :
odfheling St r 18R ASYMBY, sldhids S Biviged s saved
inoaémnatl\goteqaem'sbly, itds ‘éhhﬁ anglé )r{]oet\neamsmmim\}\ﬂﬁ eﬁﬁmint on the

Ts, as base n a rou north i i cati on, ichis
DE@? %’?@ﬁ% VHB&”' ?"ﬁ@ tﬁ%cﬁ??ﬂﬁ BENSCey AR? @ctvely dpeagied by the

g e B e e R ARG 25 the
P3ASTAhsndiheciNERawil yrepestuhissofaraiiorn foe dambtRT leed athibe end, try

C uter program.regards th azi h.as an absolute .
R Somges Senmith Sition fgr. o . OVB3n Hhefed ghelstgssion
id Bage Rt BRI pibligd 2BSmRAs ebREciii Ragay bgt\ﬂﬁich the

hel p of a conpass. 22 WD 2004/ 079400 PCT/|1L2004/000198
coarse srouiit ieicziioh bés tindra enpstast tordadicateothet RecP@ES north
d'tot'fi nd out by how nuch the LRF reading m ssed the RT

'B%C 'gﬂgul arly adjusting the discrepancy of the

ured azinuth with the, accur north

dihaeR I8 bons a6 Sen RRirtRD b5 FaPReteHh il sach R in the
?ﬁ%‘éﬁgy '@dnofm%&é&ér@'sﬂbgecfc{ﬂg ﬁ@ﬁ'i@@bﬁ&h@ﬁ P skp 312,

o g

t e relocated wthin
and if found, it is stored, as by step 314, and used for adjustment.

If desired, to obtain better accuracy, after derivation of a CDF, the NFP also
may also check whether corrections, within predetermined limits, of the input
data regarding the observation point location, will help to obtain a reduced CDF
value. Should this be the case, then the location of the observation point is also

corrected. This last optional step is not detailed in Fig. 12.

Once a CDF is found, the NFP then comes to an end. As described above,

matching is accepted as such within predetermined tolerances.
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In step 310, the NFP operates the PTAS to scan the
sub-sector 239 containing a selected reference target
weIjo4rmough a typical angl e of inaccuracy of PGDIR2OWMN00198

mlls, which is the angle of inaccuracy of the

coppass. The scan is onduct ed transversely

i SRR o COIF B3 ReaHBALE F18er S19hEEN FaMNHFofun g Stop 306,
Wi SR e onf o8 O hrsd BeBRRHA nARBLLAY BRGNS
sedented ranhan RE & clyseadntdaah sub-sdotorl FRtheTtield, thedER wsually

dqlmies & GBI A Sindle Seareh a0t t?@%ﬁﬁﬁ?ﬁwr@aagf: c&lcdlation
Ioéb@a%%‘éééﬁbl@@ dfictiP8omiilibnd he angul ar devi ati on

bet ween the azinmuths to the RT as actively sighted and

asti& E@E& ﬁrﬂ?thé san&s s&?%r’ér'%\gme AOH fan§e Rhé& @mﬂ: yﬁnables

it is evveen Zimuth o poi nt t
th@?ﬁpﬂahmrfiaomuckm fint thaacthmtes aodh iangatiors withea omi I|fe specific

siife Evdt. et Ao irtatiod Ao the Yy Pt e PIAR, Thgrely. the
opbl‘ﬁor F?{E@'S"naﬁhgl(lj‘y cbh@ct'\EﬁcM\raléd fﬁ@@lﬁlélattah‘coS A6 2lckOrite data

for each RT and at the end, try to find a comon
previded by theeDTM i on factor, or CDF. Wen applied in

SRR PRt aed 3rRal T spb 0 S eSS E Sl o e
terraﬂd | sttouPdingRthe BbSsrvatbr positioh 0ahd thead fes NE caamer akifuth
north direction. In step 310 the transverse scan

thespias HittoA sampassetarcrantle cdben e operater treinscthe sighting or
on$GRAIGH hyenhiie Sams SHPSRANE fear, sl B or -
telesapel 1o mmdatmlwl SIT sl usdawend oblsér\mlahrp@int tl@l:atlon and

obt.ai n bett accuracy, after derivation of a
cleyepon pagle, w&qﬁ%ﬁwtwe\ww thecgensse sl reaiag, wetfﬁd rhnto the

PT@L%Q%EH@& %?%réh‘motr Talch ahbh%rfdﬂ:ﬁét%lay qﬁﬁ@td ﬁ%a 1dc rgg cbiiPass

Int | ocation
readings; dble @I‘eulatadi uaia SrdbeS P hiis nb’ead:dwamaarmi thehmsultbef the

f b t 0 is.,als .
calcf bt 86° refhiTed Fage graramy caletiated Sast (Gl iThacdispiay of
thé;PQ'ASlﬁlus(B?é%Iﬁs %thés@ﬁtéddspécﬁ% bt hegseo Bﬁ?thb%d%!ﬂsely
descri bed above, matching I's accepted as such
camtsrh@dw 'i@rleﬂ&@TmTﬁ@dsame@‘waﬁalsozgmm @03 50 7e00where on

L2004/ 00 CDF not be found in step
”"%@JM ?W’g cecgﬁaqagﬁyp Stﬁﬁq%@-rstep 306, where anot her
di [t ih6RttoIRéE opbrdtbf REsSARATMNIERhd iR Sslciicesibhted target SST
sub-sectors is selected, and an RT is chosen in each

ongdhe LEEMssiface shows en theddisplay afitire RIAG, 1and tgeabsain thesfrom
th%g%aj ?{ae{‘?%@%lﬁ‘% fheS88T CBr BNy, M ESTRiYe 15008 SHhe display

near the CCT. When the SST is found on the display, the calculated CCT data
are corrected according to the accurate azimuth of the SST, which is fed into the
computer module of the PTAS.

For those cases when the operator is able to immediately identify the SST
on the display of the PTAS, the process of obtaining accurate azimuth to the
SST is even simpler. The operator just points the PTAS at the SST, measures
the observation point location, and finds the SST on the display of the PTAS
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s loops are possible for difficult conditions. The
second nethod call ed super-rapid north finding - the
WERNFO79mabl es the operator to quickly find tPEI/1L2004/000198
accurate north in relation with a real-life specrfrc
sighted target, or SST,  alsq defect d on t he di sp
wharere ireaaccurater aginuth s rety ‘éﬁcfaﬁr thiga§ aeﬁrrbarcrrgﬁrator feeds-

ba%R%ga&C@?f%é'ﬁfLﬁm %eqﬁf gata to match accurate data

'O provi First the operator chooses a

sphloi only isi thet eeed dorgan LBFTsaved, Haut ribalméthbd deseribad mbove

surroundi the obs vatl n position, and neasures a
m%ﬁ%%%ﬁﬁﬂ'%“?‘ﬁ th a conpass for exanpl e.

hen t he operator trar ns the sighting or observation

"'G‘é'ﬂr@eABP' apditHYTAS (or sighting neans, possibly

bi nocul ars or a 15 tel escope), to aimat the SST a

medbar desmipiipnagbeve Jeavas Ngcdeuldin agntp tee eamlrcahlllty of the

m@@ﬁﬂdﬁ ln%rfbnsfbtr%ﬁﬂ{e@edﬂﬁm&s the coarse azimuth

to the "PTAS conputer program for

i hEé'a"@&%@%‘&ﬂ&f&@éwsﬁ"564"8#“?ﬁgf’ Bt T BNt invention

is ML Wrted tanwhathisad Besh tpartiuldriyeshowH axd Qies@ﬂﬁe@héremabove
referred to as a coarsely calculated tar

Qriexgmale ofarimyst dryigeRsT daiaSopFaasemey n%s%lml@e yﬁgﬂit@@rowde

rn;?lﬁ’terf)' tfme Z‘P(]% %‘f‘&lﬂ toorég ﬁiﬁ%l Iiﬂf‘fhetrrth% &AL FIAS % éb%%ﬁ]?ta%ﬂuwed

pray a [%0 Shows
assmwvunervarlatrle equipriEid] stassembledr fobintdgyatectae vaneuS@iodules

neSgERY B GROIB At TyEaaT St At eEeRASIRAGE tonadd and
in%rétﬁ%ﬂ’i é@éﬁ%@ Sstéris, ﬁgﬁmrﬁﬁﬁ% it bR #@Sfefﬁée%g%ry for

e accurate azinuth to t Pr dba
theidpergitorf ofittee mwventien. oSmﬂratp nmedul@haay:(ﬁe rnWmatedh’m form a

f t he di th | ted
Signo Syt &?Qf‘e@mem?%é e coGpE i G Rig bR Sigbting
syelhn tovBi dinpistef, a8 d &EQI\A% h@ a Wuhﬁrto@%ﬂnﬁa% érﬁﬁto a laser

PTAS. For those cases en the operator is able
rapgediodar iRF)i déhen al) the ee@sarsemodnlqsrweonreper@tyoman talready

oG bR, SRR er R RIS ERL B PY AR bsigiEand
syeterh hig 8§, intRastivresot tHe colfRivatEphicgRinn rdagl@rﬁie Qfiih ihe
and finds the SST on the display of the PTAS

mﬁomrdﬁ ARather. 2be 4cope phdhe @reﬁe@r itenting l%e!efrmed by the
t

aEL AR LA fid s fin Blvbifa s 4itEsQRREMRiqtions, of the

veir'g)us lfeamrmll déscribea hdtBinabues ashwgll & Qaﬁ@ﬂid}@ammdlﬂnmﬁ ions

thgre%¥ewhich would occur to persons skilled in the art upon reading the

foregoing description.
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may require just only sone 30 seconds. 5 Industrial
Applicability The description above | eaves no doubt as
wao eoottlogo4eppl i cability of the invention in varPOIBE.2004/000198
branches of industry. It will be appreciated by
Cﬁ:’\r ons skilled in the art, that the present invention
limted to what has been parti cul arIy shovvn and
descri bed herei nabove. i0 For exanple, var
Tdevi cAsmethashusing A passiverigropbdatameauisition §M3tt3m (PTAS) (18)

oBASHATOHBH T 0 el gn G s, oo

TEdbe PTAS comprigigenbl ed to integrate the vari ous

nodul es necessar erate the invention.
anBefRiYe jglting Img9”$s L{Pl%fiicioaﬁdnawﬁ?@%'ﬂ a‘f'%V'Wt(HA) and to

af¥iuth (&) éFe%Hﬁon& %Ié"rﬁé&léﬂlﬁng%‘& ghigf are

necesgary or I's the operation of the N ehtldn
Separampputen tiddide (29) bpeiativelyreoupted to ddvhdatabgisei(88), to

e m For exa e n couple and integrate a
?'%etg]ggrﬁ‘?iaﬁa an i‘? arﬂoﬁtﬁag%nputer to a display, to

th raBthddédmpliging K@ 8RPBOF: and to a laser range finder

(LRF). VWhen all "the necessary nodul es are present on

anmgastdny losatien | d@tamoét ther wbservationl poinheaadi @zimuth and
S net hod and 20 systemis
ﬁgﬁiﬁ?é@%ﬁ%ﬁgﬁg Q&cg uter application prograns
Wi fdedinte meped afataaeuihe. cﬁﬁgb@’r mbdi'@lesél@@fpr@éeﬁthfg on the
present invention i s defined appended cl ai s

digatayi b J@@solb%ﬁmawPﬁatar&qﬁw%tﬁiggh@n@@@rrﬁappa@ggofDTM
sﬁ#&e eguﬁc,,{ge[ﬂggj-@gl djcfféﬁééebed her ei nabove as wel | as

varla Ions an rons”’ thereof which would
cluareaterized jhgrcoomsrisiig I:hesltepe dfhe art upon reading the
25 fore oi

n ri 2004/ 079400
PCIIreEtETD \@@g% %@ waf ﬁeftar@ﬁ; 3 AgfiaingA% epyelope
| & r
sﬁ‘?‘%%@’%’%%é’?%ﬂ%". S ue URTob o 1Rkt 2R A Efelope
mantler gistaea] &6vay Tiromt hihePTVesiconpropertignally pessewers of
Si ghtl ng .means coupled to a navigation device (44) and
u h (a) and el evation (6) angle measuring

deVL! (48pTHR . cém%f@?“tp?g%lﬁiﬁﬂju%ﬁ fi'?é))ccﬁ‘ﬁﬁﬁ@' Weddble for

coupl ed to a DIM dat abase ( he sightin
caledlating inferssetian gicips af ibewpptou" laednadt theceroehgps mth@he DTM

sﬁnjf'a?ces,’taﬁs of :
presenting the intersection points and associated information on the
display,

whereby target data is acquired passively to avoid emission of radiations.

2. The method according to Claim 1, further comprising the steps of:
running the PTAS computer program to derive a distance separating
between intersection points selected on the DTM surface, and
deriving a range measurement separating the observation point from the
target.
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10 nmeasuring | ocation data of the observation point,

and azinmuth and elevation angle data to the target,
wW@pw40eRo ng neasured data to the conmputer nodedEII20e/000198

presenting on the display both the observation point

and t target on a,correspondi ng DTM surface derived

3t r om the BeMashacaesdivg t?!?'gﬁhf' atirther semPsisingolherstep of

t nouPAE 38 L TAS ARG Broeht forldehiirl artibt AR bmpriing
target rngerangl tasgétrigcationt he observati on point, and an

envel ope nmantle distanced away fromthe vector
proportionally to errors of neasurenent, 20 running a
4PTAS qoRpmbeodPa&braiyad Glarh & Oftithe? CorRiidlRy thersteps of:
calculating intersection points of the vector and of

t heperatisgo peninterriptedy DTr  sontinuoeislyanderprieg e measyretie and
' |0 oi nts and associ ated information on the
Célﬁéﬁéa@?ig%%\wﬁer eby target data is acquired passively

t 0 operdtihge uinfrievopietly adi edntmdusly2 provide n@tdutdrange, target
according to Claim1l, further conprising the steps of:
lqcaian Qgta. irndrasseciaiad INfeFMaliyr am t o derive a di stance
separating between intersection points selected on the
DTM surface, and 30 deriving a range neasurenent

Ssepar dihenmettoel ateoedingtto @laipoil pfurtheo cotipeisirigathgestep 26:
WO 2004/ 0794Q0 PCT/1,L2004/ 000198 . 3. The net hod

ac 61 SHiRg DUEnSE v Y538 GonRE dhied %@ngﬁ*_ée ¥eeloropetween
tHe!ObdedatidP pBihfana WP tHgEt, Rigr am for deriving target

data conprising target“range and target |ocation. 5

4. mapping theodead zone(shgnttbe Gispllay. 1, further conpri sing
the steps of: operating uninterruptedly for

continuously deriving measured and calcul ated data,

6and OpRieAhEftbdiAdtr@ing UBIEIEY 1t RirRAThAIRRRYIHR, R¥pE BT
target range, target location data, and associ ated

i nfesdiagi b, PIAS. campuiest pegramc st sglacted) daten comprising
pbYibATScARAPLOE ebtbengHER=Phath and elevation angles, and
running the PTAS computer module according to the selected data to

display dead zone(s) of terrain and associated information,.

7. The method according to Claim 1, further comprising the step of:

sighting a target from an observation point located above the DTM
surface and situated on either one of both an airborne platform and a space-
borne platform.

8. The method according to Claim 1, further comprising the step of:
sighting a target from an observation point situated on either one of both a

land-base platform and a sea-borne platform.

9 The method according to Claim 1, further comprising the step of:
supporting the PTAS on a stabilized platform.
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detecting exi stence of dead zone(s) distributed al ong
the vector, between the observation point and the

wo 200g01940eand mappi ng the dead zone(s) on the dPGPIIR2Y04/000198
15 6. The nmethod according to Claim1l, further

187 oo AMeREREL A ERTp8 1 GREE T MRellE posi tion

| ogaéasuted LddtaVasd tissbeRESd inforhBHoN ABJaRAiRbA I8P output in
angl es, and runni ng the PTAS conputer nodul e accordi ng

digital femabland ed data to 20 display dead zone(s) of

e PRV et By S e Feisiion. (g PRBERR grom the

disptgy i ng a target from an observation point |ocated
above the DIM surface and situated on either one of
both an airborne platformand a space- 25 borne

| at f g 4N [
. 1 RGPS SRRt Ay, MR o
deelion; somprising:nt  situated on either one of both a

| and: base tform and a sea-barn latform_ 3Q 9 The

BRIz g B deaed L oRIsE ST rdlidtioh Eaddg dPhdnbWito the
céinPBtetfrhodglgpporti ng the PTAS on a stabilized

[atform 27 WO 2004/ 079400 PCT/|L2004/000198 10. The

chatastized dvr epmprising thesieps, ofiher ei n: neasured dat a

j ienf ' e A or out put in
o OE b REn TRl B6 QD) ABBLL AN O tne
compaterahbdoleafor detémniairgbhr dbsemdtion zéndlsedlory234)L - dividing
The net hod according to Claiml, for rapidly finding

thecehresyationzene ine ﬁgEﬁe@’W,rS ¢&Hprang efiniapreferenng targets (X),

PSSl 38408 (ARGS nAARE IR O Bl KGR rom
thehebsaregtioropoint tonal legsistweorférehtadhmetsyr ocedur e ( NFP)

et g S st dmeagrbie Y dHEsSuBtorarEs o dihe: gomguter
module, and

running the NFP computer program for calculating deviation in azimuth

data to the at least two reference targets by respectively associating range as
calculated by the PTAS and range as actively measured for deriving =
common azimuth deviation factor providing a correction factor for indicating
the accurate north.

12. The method according to Claim 11, further comprising the steps of:
selecting randomly one reference target in each one of at least two non-

adjacent sub-sectors.

13. The method according to Claim 11, wherein running the NFP
computer program further comprises the step of:

dividing the observation zone automatically into sub-sectors, and

defining a selected reference target as a locus for which each small

azimuth deviation of the sighting vector encounters a large change in range.
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the observation zone into sub-sectors (239) and
defining reference targets (X), 15 using an active

w0 a0vge79B@suri ng device to actively measure raPQEIE2001M0M00198
the observation point to at |east two reference
targets, feeding the at |east two actively neasured
ranges into the conputer nodule, and running the NFP

140NPUtTRe MERHPERIRAING3d Clhitd H;]‘qu%\éir %g'n?:gisir@ t@\éiéfé‘ﬁg‘of:

20 data to the at |leaSt two reference t et _
r e§Wting leg WRR somipatermyogeany domealculating ivatetbiebgdjustment of

. £ f [ -
i, OB BRI G B libh o oo Re e o es obtTit deiation
fdcéart andf or indicating the accurate north. 25 12. The

met hod .according to Claim 11, further conprising the
st @E&JSHFQ the cahseryation: peigbacatisnavhen dhe mesordingl¥tcaleulated

> - ' 4 2 Sectors.
St el M e e S8 AR RAR Sn ng

the NFP 30 conputer programfurther conprises thﬁ

te . dividing the observation zone aufomatica
1"ntg 3{5‘& @'@X‘?er é,gC%{ngd %ﬂﬁlﬂ‘wa Yerapidly dindid: pegwate north
dmgﬂgﬁﬁcgﬁwﬁSh@ﬁus for which each small azinuth

devi afion of the sighting vector encounters a |arge

chahtgining atateast 28coarseQTerio ZeelioPQEadIrROGdr MOREOMto the

T t,hod according to Claim111l, further
C%%ﬁr@ﬂ I?’ne steps of: running the NFP conputer

chiraeteized Oy fapthérésthpsinghiré BRipsastt ust ment of  the
observation point |ocation reduces the value of the

coffindiedi Beitbdindmgr areeedurandNER) userpygterhprogram on the

at oi [ when the accordingly ,. ..
AP arhgug g EL il SR BREE oty dbditngn the
olosmrivaioroporieirt sub-sd&iorsTaied aefihiag rareenet fggér, G aim 1,
for rapidly finding accurate north io direction,
coHPPPSEThEClivh rangs measuringdavice toactivelyeneasure range from

thel dméﬂbn@ﬂ%%tﬂ%# dh%“rtefél%%ett%@{eﬁco”pm er nodul e,

characteriz er conprisin e steps of :

r ufesiditgg dheoat fedst notierqaativelye g utdd-Rhangeniptd &he computer
proogramon the 15 conputer nodule for determ ning an
Hul, 2287 on zone, dividing the

running the NFP computer program for calculating deviation in azimuth
datia fo the at least one reference target by associating range to the reference
target as calculated by the PTAS, and range as actively measured, for
deriving an azimuth deviation factor providing a correction factor for indicating
the accurate north.

16. The method according to Claim 1, for passive super-rapid finding of
accurate north direction, comprising the steps of:
defining a specific sighted target on the terrain surrounding the
observation point and taking a coarse azimuth data reading thereto,
measuring location of the observation point, and both azimuth and
elevation angle data to the specific sighted target, and feeding measured data
as input data into the computer module,
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observation zone in sub-sectors and defining reference
targets, using an active range neasuring device to

W@eaoswed4go measure range from the observati on POI/Ni20040000198
at | east one reference target, feeding the at |east

ti | intpo th t 20
B fasRtZelhy camATsOs BYIPRRER Ut o progr am f of
calrgnthing ithe PRIEASaddnputen pPadraHt for %E@agﬁ’g :v{i)]ﬁwt ﬁfepdt WA and

one reference target by associating range
displayintheasults angbe RIEMcairiage siscal cogrselyecaidistedsiadgetange

< g B Sy DELSBRT A o pec
sightéc-irgetlatd ast dveusste zih athPitthe IV HieragBt Bad

according to daim1l, for passive super-rapid finding

of adyisting athe neparselyi caloulaiad tasast i azimyth heitkt s adcurate

: [ & sipe [ : .
2SR, Wit “BLied 4§ Bleebbuel WP, S el A acimutn
deviatisr factorptdviding @ cemedtion factorefor inditathguthengccurate north.

| ocati on of the observation point, and both azinuth

and el evation angle data to the specific sighted

target, and feeding neasured data as input data into

the conputer nodule, 29 WO 2004/ 079400
1BCT/ | Fopassive target deteacquisition eystem (BWAS) i 8ppobsitiohed and

: ing. t he .PT t ogJ. f
S S S e Nk s e N STE
alohg OSSUGACES4230av); eafmpeisingeal cul ated target,
finding the sighted singular target on the display,

anBasg¥@sightiopdpeans compysigotaenavigatien devica (44) for measuring

s ' . . DT, f , d usti
450 85 B YT A BTN 51 T8 2t 9
messuring eleviazs W8 M6)Wor atedseirihg dizirAuthend erRtieh angle data to

nodul e, for deriving an azinmuth deviation factor

th&rt@{}@%i ng a correction factor for indicating the
SeuREErie H ShrPAESS 1 876 e 22, 0 e

sightingit ineanat amd dbsar displayn (p0), nthe( MPuier pasduNelr¥ceiving

Rl iAo e 20 Shn Mo g St eh e et for

PASSALIEA, PRUIRHY T 4 Sk R TR 5 g om e

DEMeingdiuln angl e (6)

characterized by comprising:

an envelope radially surrounding the LOS vector length which originates
at the observation point, and an envelope mantle distanced away from the
LOS vector proportionally fo errors of measurement,

a PTAS computer program running on the computer module for
calculating intersection points of the vector and of the envelope with the DTM
surface, and

presenting the intersection points with associated information on the
display,

whereby target data is acquired passively to avoid emission of radiations.
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nmeasuri ng devices (48, 46) for neasuring azinuth and

el evation angle data to the target, a conputer nodul e
W@ 2@)/omer ati vel y coupled to a DTM nodul e (22) PCT/TL206%000198

sighting nmeans, and to a display (30), the conputer

duI e W D ed-location of. the
1ggser el%ﬁAgo"f‘ oréﬁg@ﬁ%%h??do&p CHEOMRESINGr get for
pr @$ fsHstionertafjet@rplasa 390 aezaogﬁo@ﬁp@ﬁdhe%daw fHadsefation
derjived fromthe DTM nodul e, characterized
WHBHpeitaiosl: an envel ope radially surrounding the LCS
vector length which originates 25 at the observation
poi nt, and an envel ope mantl e di stanced away fromthe

100S vadteolPTASmmmordmg% Cyaitro1 B rfuether edmpHEsipgr enent,  a
PTAS ca n the conputer rmdul e

?%ranlrunm
f o ASSEEIAl torMAtoR peeed mp@srw%mprﬁm
of the RaY.offFoMhkeodsapyZabM o‘thfér?cFFortﬁé‘?arg

presenting the intersection points wth as
i nf or Parange olmdlca’mg dine distanceteorabihet axbgetvadiahapomt to the

ass, ve to, avagid em ssion. of radiations.
t%é%‘ggb 93(%49"@58?9%“ d18. The PTAS
ac é@éé’cﬂé@dt lﬁfdﬂrﬁtﬂh Jolbtputqh td’%t‘al ‘F&ﬁpéft'c%'nﬂ?ﬁre@ for ‘Fr%%mlssmn

one target error-area shown on display In
aaéwcpreﬁeawﬂowqmthewbsnlayget s 19. The PTAS according
to daim1l17, further conprising: associated
i nformati on processed by the conputer nodul e,

28.0npr Thier@TASaceeyding ke Cldier 19, ffartﬁbﬁécﬁmpﬁslﬁg poi nt and
i st ance

for the targe andaranelndlcatln

fr@m%ﬁg e rdRIETiaN ARRBIIN PR dechriyetthand TAS | Remputer
?@ﬁ' @ne target error-area, and 10 associ ated

|nfo tion output in digital format configured for

farrderiing she mistancs sEparaimgsbeimenomrg@t ther-drexfd, ayhen more
1 20. 'll'he PTAS acc rdi n %&asn m é9 further
hen Al eastrne éa@g 8"96 Ee%l'@t ¢8R @3fhabi | i ty provi ded

by d688--BhAP BRE-BFea %%s@é@@damforn%loﬂeéu 'u[‘% H\%ﬁtal format

di stance separating between target error- a
configaired for transmission, and for presentation of dead- zone and error-area

associated information on the display.

21. The PTAS according to Claim 17, further comprising:

a system configuration implemented as an aggregation of readily available
modules integrated with added complementary modules and appropriate
computer programs.

22, The PTAS according to Claim 17, further comprising:

a platform for operably supporting the PTAS, the platform being selected
from the group of static and mobile platforms consisting of platforms based on
land, in the air, at sea, and in space, and

the selected platform being implemented as either one of both a stabilized
and a non-stabilized platform.
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than at | east one target error-area is detected, and
dead- zone and error-area associated i nformati on out put

w0 poodiogiad@l format configured for transm ssi oPCT/HI2004/000198
for presentation of dead-zone and error-area 20

ssocCiat ed-i [ i (o) e, di ay., 21. The PTAS .
2§.C cor (ﬁ' tﬁgﬁ?@@ﬁg&ﬁb T%?tof g‘ﬁﬁ'ﬂeﬁj cfffﬁ'b?? chaigcteyized by, gperating
irc askogiatiehi @ithi BPherANfiedings prited b)0 '
avai | _alblle nmodul eg i nt elgrlgtgeg Wi t%%g%gjp)cggmpggﬁiﬁg%ram,

- CHPRIPBE: and appropriate 25 computer programs. 22. The

PTAS r g ; [ f . risikng:.a
ol 2 Toreer Ao difeciol fBabing MEAHEH FETRRUEHIE 8 computer
meidaitef, or m bei ng sel ected fromthe group of static and
I_r‘mbi{e. Eldﬁé/f ornms consisting of platfornms based on 30
ChYRGC 7RO Ye air, at sea, and in space, and the

seheabaf- 0 ' [ e i r f

Both e e (N Bl er Drbrellf i jon the
CopPatEy4ANnodylecior REEMIRINY44r0 00408 atias . zohkesdeTAS(234), which is

di ' , i zed
RERREIT 8 2ot Db =i RGREL 5t nea therei,
pr anedtive rafg® memimgedeid<OBERE) usé_bofHPr%c‘ﬁbél?:méasure range
coarse north direction reading Obtained for input 1nto

fromdhe alser@tionspaiptiiol af leastdwadetareneaitargetsa
ot P .
onat Hest o AR B Bl tarioen Phifie, ek L b nomRuter

modoke, @adt or (234), which is divided into sub-sectors
(2&9&29 ith reference targets (X) bei n? defined
th Nﬁ?’ QYMBHISARIPYE@M HRHY TRkl Caleylating deviatiomin azimuth
f i 1 rvation
A 8 ot A6t dRorefBALE Frb ROy resrRINOT REPERES e s
czlctlatesl yoyntizs PBUST andemnigei By &eitla\ntracafisredofubefiving a

modul e, .and, the.NFP conputer program being_run for, =
QB g gh AR o B 5 eoraskan fasiphirandicating

theersurdtdhdr@f erence targets by respectively
associ ating range as calculated by the PTAS and range

as actively neasured for deriving a comon azinmuth
Zflev' aibgﬂla{'ﬂgt gcr;coprcr:ll%él %‘ &gair% %9r ng Ifgp r;&gitr?cgrtr]: ?irnding and

I'ndi c
further comprising:

a specific sighted target chosen on the terrain, toward which a coarse
azimuth angle reading is taken together with the observation point location
and the elevation angle as measured with the sighting means, for input into
the PTAS computer program and calculation of a resulting coarsely calculated
target,

the PTAS computer module being run for display of the DTM surface
showing the coarsely calculated target and surrounding terrain containing the
specific sighted target, and

the specific sighted target is visually detected on the surface of the DTM
on display, from which DTM azimuth data to the specific sighted target is
retrieved as a true azimuth for input into the PTAS computer program,
forcorrection therewith of the azimuth of the coarsely calculated target.
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the accurate north. 20 24. The PTAS according to Claim

17, used for rapid north finding and further
w@ormnredng: a specific sighted target chosen PCT/A2004/000198

terrain, toward which a coarse azinmuth angle reading

Is taken together with the observation point |ocation

and the elevation angle as neasured with the sighting
25eans TheOPTAS ka\t:ccbraﬁr@1 # dldifm H’TAﬁséa ni’BHtrﬁPldpﬁSﬂﬁ FRdMY! and

cal cul ation of a resulting coarsely cal cul ated

epMpPrisgTAS conput er nodul e being run for dlsplay

e ul at e
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10 north finding and further conpr|3|ng: operating the

: PTAS for obtaining observation point |ocation and
pointing 5 sighting neans in the direction of a
specific sighted target for display of a DIM surface,
identifying the selected target on the display and
retrieving therefroman accurate azinuth to the
sel ected target, and feeding the accurate azinmuth into
the PTAS conputer program 1o 15 33

15

33



