NORTH FI NDI NG DEVI CE, SYSTEM AND METHOD FI ELD OF THE | NVENTI ON Sone

enbodi nents relate to north-finding (or north-seeking) devices, systens and
met hods, which may be inplenented with gyroscopes or gyroconpasses, such
as, for exanple, fiber optic gyroscopes (FOG or mcro el ectronechani cal
system (MEMS) gyroscopes. 10 BACKGROUND OF THE | NVENT ON gr ound- based
navi gati on applications require directional know edge. Exanples of such
appl i cati ons incImﬂéRathHﬁDﬂﬁﬁdEEthEt&ESWE@@éﬁNQé3@11ﬂ3Br
nmortar/artillery), navigation 15 of autononous ground vehicles, and
surveying techniques. An inportant piece of information for use in

ground- based navigation is know edge of one's direction relative to the
desired path of travel along the surface of the earth. Conventi onal

t echni ques for obtaining difé&d:d SHAIHMBW E&JdOMcl ude using magnetic 20
conpasses, the d obal Positioning System (GPS), gyroscopes, and radio
signals. These techniques all present certain di sadvantages. Magnetic
conpas $esel@idirBed 9 €adte Cahbivli-ahiloRS of oObtaikmggenicemrgittral aat aurtady, The
GPS requires supporting el ectronics and cannot be used underground. The GPS
al so r edigly ey phemptearentesl WEh FHTASAYPCS OF FYHEOBINGSEht BRAAS sEp&FAPPSntiPE

needed LR ABUIRH HGEGUIRRY ce Al fechin SUSERAIEDLS L oclocal ar ca

j anm ng. ventl o gyroscopes are typic ge and expensive
gi ven accuracy needs. SUMVARY OF THE | NVENTI ON Thi s sunmary section is
intended to provide an overview of sone enbodi nents, and shoul d not be
condtrued as limting to any features described in this sumary section.

Some enbodi ments provi dg g EUSD HITALIINYVENTEHORY. | n sone enbodi nent s,
a north finding device nay conprise: a gyroscope adapted to be
Many ground-based navigation applications require directional knowledge. Examples of
such applications include aiming/targeting techniques (e.g., for mortar/artillery), navigation
15  of autonomous ground vehicles, and surveying techniques. An important piece of information
for use in ground-based navigation is knowledge of one's direction relative to the desired path

of travel along the surface of the earth.

Conventional techniques for obtaining directional knowledge include using magnetic
20  compasses, the Global Positioning System (GPS), gyroscopes, and radio signals. These
techniques all present certain disadvantages. Magnetic compasses require local calibrations
to obtain even marginal accuracy. The GPS requires supporting electronics and cannot be
used underground. The GPS also requires the user to be moving, or the big antenna
separation is needed for achieving accuracy. Also it is susceptible to local area jamming.

25  Conventional gyroscopes are typically too large and expensive given accuracy needs.



nounted to a gonioneter such that the sensitivity axis of the gyroscope is
essentially 10 perpendicular to a rotation axis of the gordoneter, wherein
the goni aneter is adapted to be | evel ed and wherein the gortioneter is

further adapted to provide at least a first gonioneter azinuth reading (Al)
at a first azimuthal direction and a second gani oneter azinmuth readi ng (A2)
at a second azinuthal direction; and the gyroscope is adapted to provide at

| east a first gyroscope apgMMARROF TEAIINGENGADN at the first azi mut hal
direction and a second gyroscope l1l5angular rate reading (to2) at the second

azi muthal direction. In sonme enbodi nents, the gononeter may conprise a
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di r ect horbeandstriel Secondg azimuichalesdicsetied onthandinwheyeedidnhe fir st
goni oi neter 20 azinuth reading (Al) is the angle between the novable part
and®t he stationary part at the first azinuthal direction and the second

goni omeh ek, cAfloMlhdhe! SRV % ikl forbBRn ARGl bet veen the movabl e part and

the stationary part t he second azi nut hal “direction. The novable part may
be nmanual |y novable. 25In some embodi nents, the device may be further

adapted to cal cul ate azinutgtfq€se% at least on: the first ni enet er
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azi mut bziheadidgingAd)]) at a tike aseeond dztnait fial a dicoed pbeomand atineitls ecdahg
gyroscope angul ar rate reading (To2) at the second azinuthal directjon. In
some efdauriercand pravthal §iregipne deb e HRYGPRT SrapBter daarade @Ilrgst adyst
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mays coapgulseratutidipt év)eadicngsondwhicinhatedircbeoaver aged to provi de a single
val ue 10i n sone enbodi ments, the device may conprise a fiber optic
gyroscope (FOG, laser ring

In some embodiments, the goniometer may comprise a stationary part and a movable part,
wherein the movable part is adapted to rotate along the rotation axis between at least the first
azimuthal direction and the second azimuthal direction and wherein the first goniometer
20  azimuth reading (A1) is the angle between the movable part and the stationary part at the first
azimuthal direction and the second goniometer azimuth reading (A2) is the angle between the
movable part and the stationary part at the second azimuthal direction. The movable part

may be manually movable.

25 In some embodiments, the device may be further adapted to calculate azimuth, based at least
on: the first goniometer azimuth reading (Al) at the first azimuthal direction, the first
gyroscope angular rate reading (wl) at the first azimuthal direction; and the second
goniometer azimuth reading (A2) at the second azimuthal direction and the second gyroscope
angular rate reading (»2) at the second azimuthal direction.

30
In some embodiments, the device may be functionally associated with a computer adapted to

calculate azimuth, based at least on: the first goniometer azimuth reading (A1) at the first



gyroscope, MEMS or any conbination thereof. in some enbodi nents, a spirit

| evel may be used for |eveling the gonioneter. 15In sone enbodi nents, an
azinmuth finding systemnay conprise: a gonionieter having a. rotation axis,
wherein the gonioneter is adapted to be |leveled and further adapted to
provide at least a first yonioneter azimuth reading (Al) at a first

azi nut hal direction and a second goni anicter azinmuth reading (A2) at a

second g@zhiHilhakedioheetd an: @nekcapgyhOseopee haxiing (a1 sensihd ifivitt yziaxihel
wherein the gyroscope is adapted to be nounted to the goni onmeter such that
20 t he Bispsir japil the weped gniphetcyysioedopading (Adsanhp arqopd perprndiCGraen t o

t he rotati.on axi f th ionieter: rein it 0 i s adapted
to pr oV BERarty o opE RN e B0 IR ELG DBUINATREIRR 3, e
first azinmuthal direction and a second gyroscope angul ar rate reading (ca2)

at the second azinuthal direction. 25in some enbodi nents, the system may
f ur fherln COMBra IENHH o dBS §TH GYIRTFEPadtie date geal & (i Rt B A sy RIEY MBRYED at
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first aztandthabscdps ecdulanatearddinhéndenandogonsomnétpés radingst Whickadiynige ( A2)
at the secoqg azi mut hal gir ction and the second gyroscope angul ar rate
readi ngVERETLYC HPVILRE S “Gzi mut hal direction. 30 a first gyroscope
angul ar rate reading (ual) at the first azinmuthal direction; rotating the
goni oi neter to a second azinuthal direction which is different than the
firlét deisomehahbplosetts.ohe deeick onasi agnerisecohd gom grret@pe POt hsereadi ng

(A2) at the se§§§g§a§inutga idhrﬁggkgﬁ; and perform ng a second gyroscope
angul ars/Fat&s g (825 RN §6Chd 5azi muthal direction. The second
azi nmut hal position nmay be approximately 90 degrees fromthe first azi nuthal
position. in sone enbodi nents, azinmuth may be cal cul ated based at |east on
t he fi rlssogeembetinenes aapitiavel maabe Agpd(al eveling the 2ppip8etcazi nut hal
direction, the first gyroscope angul ar rate readi ng
15 In some embodiments, an azimuth finding system may comprise: a goniometer having a
rotation axis, wherein the goniometer is adapted to be leveled and further adapted to provide
at least a first goniometer azimuth reading (A1) at a first azimuthal direction and a second
goniometer azimuth reading (A2) at a second azimuthal direction; and a gyroscope having a
sensitivity axis, wherein the gyroscope is adapted to be mounted to the goniometer such that
20  the sensitivity axis of the gyroscope is essentially perpendicular to the rotation axis of the
goniometer; and wherein the gyroscope is adapted to provide at least a first gyroscope

angular rate reading (1) at the first azimuthal direction and a second gyroscope angular rate

reading (®2) at the second azimuthal direction.

25 In some embodiments, the system may further comprise a processing unit adapted to
calculate azimuth, based at least on: the first goniometer azimuth reading (A1) at the first
azimuthal direction, the first gyroscope angular rate reading (w1) at the first azimuthal
direction; and the second goniometer azimuth reading (A2) at the second azimuthal direction
and the second gyroscope angular rate reading (w2) at the second azimuthal direction.

30
In some embodiments, a method for finding north may comprise: leveling a goniometer;

performing a first goniometer azimuth reading (A1) at a first azimuthal direction; performing



10 (0)1) at the first azinuthal direction, the second goni oneter azinuth
readi ng (A2) at the second azinmuthal direction and the second gyroscope
angul ar rate reading (wW2) at the second azi nuthal direction, in sone
enbodi ments, at least the follow ng types of sensors may be used: Ring

| aser gyro; 15fiber optics; MEMS. Sonme enbodi ments may provi de ot her

and/ or additional benefits and/ or advantages. BRI EF DESCRI PTI ON OF THE
DRAW NGSfikarggostpbt cinpylaande ckading Yoof ai lthaisirstatdionthablderentss showy the t he
figures have not necessarily been drawn to scale. For exanple, the
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be repeated anong t 8 flgures to indicate correé’pon i ng or anal ogous

el enentdreciitve fridgpedsmang d isstoad pebowpe angulaFirgur eadingcighatti dal bacosthows,
in perspective Vview, north findin NF) device, in 10aCCOJd nce with sone
de nsta\ZHfl'i"il?@] EHSBER mehtes eC e 9‘?“}1?1’81 OLHeRAY PE4PPY ERWY, 7Y TP TS W ew, a
et hod of fiushngh@hNFodeyvice, in accordance "wth sone denpnstrative

enbodi nents, 15Figure 3 is a schematic flowhart of a nmethod of using a NF
device, in. accordance with sone denonstrative enbodi ments. Figure 4 is a

schemat,i ¢ di agr dllustrating so r ters . whi.ch may,be. used .in
accor dz; c&"i ?ng%wgnﬁe%%utﬂ? geayvgggﬁ%‘gﬁﬁeﬁﬁssﬁi aﬁdegﬁf B_r%le (gflrl‘gtsg%lmgrcl:l Ehati c
bl ock dizagii@mefina(Aprd: hd findhNeusis iRmt, 8eaREdaRce Pt hili8@NRLe reading
denonstrative enbodi nents. . , _
10  (wl) at the first azimuthal direction, the second goniometer azimuth reading (A2) at the
second azimuthal direction and the second gyroscope angular rate reading (»2) at the second

azimuthal direction.

In some embodiments, at least the following types of sensors may be used: Ring laser gyro;

15 fiber optics; MEMS.

Some embodiments may provide other and/or additional benefits and/or advantages.



Figure 6 is a schematic diagramof a battlefield scenario incorporating a
north finding system 25 in accordance with sone denonstrative enbodi nents,
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS in the foll ow ng
description, various aspects of techniques (including devices, systens
and/ or methods) for north finding wit be described. FO the purpose of

expl anation, specific configurations and details are set forth in order to
provi de a thorough undBIEFadHH QRIBTIONOK d¢hn DFUewINKdwever, it will also
be apparent to one skilled in the art that the techniques may be practiced
Wi t hout specific details being presented herein. Furthernore, vvelf-known
feat ur es, BRYIRAY AH Lledy OF iIRisHRd kRt QOHRIinNRY fibReOBSGUNE AddBssarily
description(s) of the, techniques. 10 The term "azinuth" as used heréin is
gener abkgn idrdvrc 4t isaglea Ror iexomplal tiisiddeensoonsi die somefal g eleghut @iy ésti on,

such as_in wh i.recti a star. (.or ]aser-.designated e i s.located,
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pl ane, EPintin toward, (but not necessarily 15 neeting), sonething of

i nt er estemepr Idwdigpres arqlitted bHeWsea as your reference plane, the azinuth of
the Sun m ght he the angle between due North and the point on the horizon
the Sun .is currently over. An inmaginary |ine drawn along the surface of
the se&igurght soémitidalytdewd] riecpdrgiecote thew,Sunnodiut fiting dNI)vilousd, yinnever
meet it. Azinmuth is usually neasured, in degrees ('). The concept is used in
maky pPEOEIEsE VABPIELEIORETUTE CUWMPAESY4Vi gati on, 2.0 astronony, mapping,
mning and artillery, in artillery laying, an azimuth is defined as the
direction of fire. An azinuthal direction may be specified in degrees, with
r ef er eficeirt @ chopassllpohows, in"tOp vorw," 86@thadeqr eesz e d¥lf dsponds asceridahge
north, "90" degrees correip,nds with due east, "180" degrees corresponds
with dié HFHE“&W&““??G“lﬁﬁﬁ?%%% corresponds with due west. 25 The term
"conpass” as used herein refers to a conpass, nagnetic conpass or mariner's
conpass, which is a navigational instrunment for determ ning direction

rellat i Veguro3 tihe sdameht sloghireof € medlodl upingedNE dstise,on age etiithe@msoi nt er
(usualhimn%&g'geon g&gmnsrth end) free to align itself with Earth's

magnet i Pirerd. ?%% ace of the conpass generally highlights the
30"cardinal " points of due north, due south, due east and due west. The

ternfel evation as used,is,generall¥ indicating a vertical (up. and down)
di r ect Fefre Sudh daschisiitin GReaTs tapstipne |sq8er PHaRRRarddch ety fssd in

posi ti gg&qd#gem s%h%é ({?ﬁ%ﬂ}@atfvgfeﬁ{b%ﬁﬁﬁen?sqi nt such as the horizon The

el evation of a geographic location 1s 1ts height above a fixed reference
poktt, often the nean sea |l evel. Elevation, or geonetric height, is mainly

used en referri to ints Onh Mt Earth's surface,. while altitude or
geopot SREGP R HrEmEde Blosh ResFaip it Bolh SOEInE SRt inatheordafivs vl e

ai rcr afgt mbRsifdivobtp9dinRngpacecraft in orbit. The term"FOG' as used herein
refers to a fiber optic gyroscope (FOG which is a gyroscope

Figure 6 is a schematic diagram of a battlefield scenario incorporating a north finding system,

25 1in accordance with some demonstrative embodiments.



sensor that does not have spinning parts. This is a gyroscope that uses the
interference of 10 light to detect. mechanical rotation. The sensor truly
be a coil of as nuch as 5 kmof optical fiber. Two tight beans travel al ong
the fiber in opposite directions. Due to the Sagnac effect, the beam
traveling against the rotation experiences a slightly shorter path than the
ot her beam The resulting phase shift affects how the beans interfere with
each ot her whéilAHdyD arks CRNbI e O gl fRkéidi R R EOf EMABO DOMibiViE®l beam t hen
depends on the rotation rate of the 15device. The terni "gonioneter" refeis
to an instrument that either neasures angle or allows an object to be

rot at eq, iR t%ll%ﬁf?g' c&%uﬁﬂﬂﬁi' f%uﬂ@%ﬁéc&%f té_é?ﬁm}u%i ho9tin ngrzﬁwcxs s§st9:%§ hM@/Qr from
two Greek words, "gonia, nmeaning angle, and hetron, ani ng nmeasure.
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stage plaahf@em mokatesic Rl hisalbk Ypahetttio dnt keed axing aalaMEend ta;ehlﬂawgtmggg
surface of the platform Positioni ng gonioneters typically use a. worm

drive Wetpragliqsdr withputwopasiiwhelelail i ek troesehed uhdeins| PdlethetmoneheV@t lagevn

platformrreshm wth a . worm.i The be .r ted
75manua?alty or’ be Oml{ted “s”i"R" pﬁe %18‘3 rf)%ts?)t P%%Pﬁegﬁg%g%scﬂg%@%of e&rlem

uvro" ashbigeek. her einis short511 cope The term gyroconpass” as used
herein refers to a device that may use a conbi nati on of 30spinning nmass and
peh@jul ous weights to take advantage of three key forces exerted on a

spi nni e W “aztulﬂﬁthr %%E&"ﬂa% }sh n% lghnd@gtﬂ}gp%ymrl?&g ngS[S%Pde left or

precessi on. roconpasses p0|nt geogr pol e
i ndi catight)rduecidir, eath ©nin thmlelrractgy]ramefm$aesd¢mgnabﬂ m@t)emm frnm a

m ni aturj zed and solid state devices, .such and FOG The term
"i ndi r &P PRIGY S lﬁhwﬁgaig beRer et hadiRuthis tﬁ%ﬁlegs {ro8t 2 REIFfeaF e VEeogin 2

artill erdencDhRLaCk, hi ke Mans ah Mgy hbry %9 hp@nghg mweﬁlﬂr&)% Lyt ﬁ‘écegs}aﬁl
target. Indirect fire neans that aimng does not rely on directly vi eW| ng

t héSt angetingh rsomlgﬂnmgwf siights. FoTrmKanmﬁﬂ i el iton sés at h@lur aglierauth péand/ ol
R R o S AT
“firingudad @rremy azbmManhnaRthae} ENea&ﬂaGJﬁ Sbrghhs sﬁmeloammamgﬁteposmghtﬂ%
direction of the Sun, but would obviously never meet it. Azimuth is usually measured in
degrees (°). The concept is used in many practical applications including navigation,
20  astronomy, mapping, mining and artillery. In artillery laying, an azimuth is defined as the
direction of fire. An azimuthal direction may be specified in degrees, with reference to
compass points. "0" or "360" degrees corresponds with due north, "90" degrees corresponds
with due east, "180" degrees corresponds with due south, and "270" degrees corresponds with
due west.
25
The term “compass” as used herein refers to a compass, magnetic compass or mariner's
compass, which is a navigational instrument for determining direction relative to the earth's
magnetic poles. It consists of a magnetized pointer (usually marked on the North end) free to
align itself with Earth's magnetic field. The face of the compass generally highlights the

30  "cardinal" points of due north, due south, due east and due west.



10 The term "l atitude" as used herein, usually denoted synbolically by the
Geek letter phi (tit), gives the |location of a place on Earth (or other

pl anetary body) north or south of the equator. Lines of Latitude are the
hori zontal |ines shown running east-to-west on maps. Technically, l|atitude
is an angul ar neasurenent in degrees (marked with ') ranging fromQ' at the
equator 15 (low latitude) to 90" at the poles (90 N or +90 for the North
Pol e anthe90m S18/atin?@s ufearis therSguhbichel el verfibg (egual aswa) videsn tshen pl anet
into a Northern Hem sphere and a Southern Hem sphere, and has a |atitude of
0". Theéotehighldonigi foudeser-desigiséd! hegedl v, Passivakd yn dendtyedosyntiopiceed Pyinby t he
G eek Cs{llg{’ agéhef{ h(2)197(!1anq%g‘ @eA\‘/’azibnio% (;[ hee S 5%”3&1810 qoq{%dlileri]o tteabto(/i Afixed
comonl’y used i n cartography and gloﬁéh"aV|ga ron for cast-Wwest

measur epfnce pdnt, ionen afe thengich udel. iBe atiberdrieseut-t Bt d amidpdshaherof a
great circle. The term" |IEMS" as used herein is short for nttromechanica
sysP enselergTiwepqiss M Heriisith agir{isedWhes althudrmgr Berrviassdl brickthe ¥sef Ifeni ng

di scussi.on. i 0 - axi " T "1 gi aphic" north is
t he po?ﬁ %ﬁlgﬁg%%#g%8§§§§§%§£l%%x%gagﬁggt%éﬁ%%&%£ﬁ¥HEHEgUator, and t hrough
which the earth's rotational axis nmeets the surface. The spin axis of the
earth is approximately aligned towards Polaris, the "north star". hi
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nmoves around. Magnetic north cah only provi a crude approxinmation of
whébe thighetondated nieshai@rfeptatiechhicgueesqr muc he asodbsersviing: & 5 hadoWwwanl be

nore accurate...The term "Sagnac, Effect.’' refers to an effect_which utilizes
The - phyBrE A b PHATHIS TeR e RanE JLBa PP G LR RERET S HELRE: of
laser lghgBtardrteiveBid abNnQPROSHiaBoflikBELdNRRS 2 afligHNd sBodidrNgath BRGAUSEThBE
speed of the laser Tight is constant, the notion of the optic ring itself,

the | adern. ArdreeHengdeteetor! alffaeiavothefrent idnivrheiihmar Pdaalhen ghy abeans.
An int epf {n%HP%hgfi{lﬁgéiH}e £ @{%g&ﬁﬁﬁé‘%@ﬁW%Eﬁﬁ%gtgn‘rgigg&rneg i gy d 85 beans

are reconpi ned a nmagi ne a I's rotating
cl oekwidseicas seen fromthe top. A solid-state |aser creates a single 10
| aser beam The laser light is split into two beans, one going cl ockw se,

and one countercl ockwi se. After traveling through the fiber optic |oops,

the | / _ , .
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wll have to t arther 1n going fromt aser to t
det ect oo be becadge a hecidetiggiarpdiasnr Ghated awayméirom ddrivedmem tihe (hedm

goi ng count er cl ockw se tr?velg alittle less fromthe laser to.the detector
becausé)votrﬂ% gﬂ)@{aeéqe&pmﬁgélg e, and metron, meaning measure. posmomng gomometer or

20  goniometric stage is a device used to rotate an object precisely about a fixed axis in space. It
is similar to a linear stage, however, rather than moving linearly with respect to its base, the
stage platform rotates partially about a fixed axis above the mounting surface of the platform.
Positioning goniometers typically use a worm drive with a partial worm wheel fixed to the
underside of the stage platform meshing with a worm in the base. The worm may be rotated

25  manually or by a motor as in automated positioning systems.
The term “gyro” as used herein 1s short for gyroscope.
The term “gyrocompass” as used herein refers to a device that may use a combination of

30  spinning mass and pendulous weights to take advantage of three key forces exerted on a

spinning gyro: the rotation of the earth, gravity, and gyroscopic precession. Gyrocompasses



15rotated into it. The difference in distance traveled creates a phase
shift (AS) between the two beans. The Sagnae phase shift, AS, can he
cal cul ated, for exanple, as AS =8 it n ACo /c. 2, 20wWicre Ais the
cross-sectional area enclosed by the fiber optic coil, n is the nunber of
turns of the optical fiber around the ring, to is the angular rotation
around the sensitive axis, c¢c is the speed of light, and A is the |aser

l'i ght \ﬁ%@tﬂggboglalﬁﬁ@ xb?ﬂu@oleAanccmanﬁtexlwareahbn kMMa],n gmecd;mssasnsm can
transl e a measured |nto t he angul ar rotatlon r r example., a
devi cebt Inaplehanméssesnrtahléllsilgwh@@fsﬁfé%fie‘ilgestﬁb‘ @?%E @? (RLG. In an
30 RLG a laser beamis split and sent in opposite directions around an
optical path. The light fromthe |aser travels through a mxture of inert
hel i uMNE QR gasnMetNiifing” PhBS BenisZedeeaviit yhotospecoamayapold. gheﬂﬂ]g,l)ass

" g? r %flleif ’[t‘llevrlnézzls r;r;{ncértlslro%rg}? aLSIlS g%(tjdltrgctl?/l art ?}get ta;glgte fndg'gét flt%g ?'nrgar?'g t%ap aiming
does not rely on directly viewing the target through the sights. The implication is that azimuth
and/or elevation ‘aiming’ is done using indirect methods. In practice and in the modern sense
it usually means both. Hence indirect fire means applying ‘firing data’ to azimuth and
elevation sights and laying these sights.

10
The term “latitude” as used herein, usually denoted symbolically by the Greek letter phi (D),
gives the location of a place on Earth (or other planetary body) north or south of the equator.
Lines of Latitude are the horizontal lines shown running east-to-west on maps. Technically,
latitude is an angular measurement in degrees (marked with °) ranging from 0° at the equator
15  (low latitude) to 90° at the poles (90° N or +90° for the North Pole and 90° S or —90° for the

South Pole). The equator divides the planet into a Northern Hemisphere and a Southern

Hemisphere, and has a latitude of 0°.

The term “longitude” as used herein, usually denoted symbolically by the Greek character
20 lambda (1), is the geographic coordinate most commonly used in cartography and global
navigation for east-west measurement. A line of longitude is a north-south meridian and half

of a great circle.

The term “MEMS” as used herein is short for micro-electromechanical systems.
25
The term “north” as used herein may be based on the following discussion: The earth spins
about an axis. "True" or "geographic" north is the point on the globe exactly 90 degrees north
of the equator, and through which the earth's rotational axis meets the surface. The spin axis
of the earth is approximately aligned towards Polaris, the "north star". In contrast with true
30  north, magnetic north is the direction where a compass points to. The magnetic north pole is

near the geographic north pole, and moves around. Magnetic north can only provide a crude



the glass cavity. Wen the |ight beans reconbine at the detector. the
interference pattern is neasured to determ ne angul ar rotation. Another
gyro device utilizing the Sagnac Effect is the Fiber Optic Gro (FOG. A
FOGis 5 simlar to an R1.,Gin that it uses a |laser diode or
superium ni nescent diode as the |ight source, along with couplers,
polarizers and a light detector. The major difference in the devices,
however, ot i [ i Y ses a
Mone Skt L4 8, TREUTAL QWL i G 9T N Bluioh FETD
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in order to generate navigational signals, so well known. 30 Wen the

axi s ofbeamspi nning rotor is torqued around an axis normal to the spin
vector, or a

The Sagnac phase shift, AS, can be calculated, for example, as
AS=8nmnAw/ch
20  where
A is the cross-sectional area enclosed by the fiber optic coil,
n is the number of turns of the optical fiber around the ring,
® 1s the angular rotation around the sensitive axis,
c is the speed of light, and
25  Ais the laser light wavelength.
Because n, A, ¢ and A are all known, the FOG sensor can translate a measured AS into the

angular rotation rate .

For example, a device that harnesses the Sagnac effect is the ring Laser Gyro (RLG). In an
30 RLG, a laser beam is split and sent in opposite directions around an optical path. The light
from the laser travels through a mixture of inert helium/neon gas within a pressurized cavity

of specially polished glass. High reflectivity mirrors are used to direct the light beam around



conponent thereof, in a given direction, such as by the torque required to
power an electric power generator, then the gyro rotor spin vector
precesses. This occurs, for exanple, when the gyroscope is nounted anywhere
on the earth with the outer ginbal axis aligned with the earth's polar axis
and a conponent of the rotor spin axis, or spin vector conponent, is
parallel to the equatorial plane. The gyro rotor and inner ginbal wll

exper i ehcelass tavityi nyhtorhguehabeamdrachebaxi s tnodatadton thebiothferdyee ppiternvect or
equatori al planﬁ cornponen and the externally applied polar-axis torque
vect or MFEYGH LS AYCIH TP AREEESPBHOBf the rotor axis around an axis in the
equatorial plane normal to both "input" vectors. in gyro theory, if the

axis of the applied torque is normal to the rotor spin vector, or a
conponétothdieryeoflevichatiaxing thf Spgrecdséicons rovidhenPpioGyputF ot i 6MOG ss

norpal to. both "jnput” vectors, 10.There are basically two kinds, of
ConassTREnSY dp P e EG A dioitige 85 PR Ek 2 dild R IRuRbssst nni ng
gyro. AIRRNwSRIANbRE:, GYIeizeensiad liyhConiibsesha nsensiffeefncanguh@teMedsoci ty.
Sonme ernbodi nents may be used in conjunction with devices, systens andfor
met hodSiorgveeser wbedhd mednint eavigehthes!ipaberins Nurmers 40945¢6470nbLBIC2UNI t ed
St at es . Nunb. 60 ,..bot.h \Whi he L. NC ed by
refer enfl(?%% ?ﬁlt tltﬁgﬁ;?l%éln? ?tg'et §é%§nﬂgv$?lgﬁé é@cmgp%/st 1?rrstb’ll(}gsﬁlra(rzllggﬁg{r@'F ?I}mi ng
gyr os. Iepraexaopliel SorelCarnbodha@nits tmlgheyidsednidpticanjitentt reh(QMQden-

devi ce, system and 20 nethods described in United States Patent Nunber

4, 945, 8% UsiRg & RICARsEEise8odi algr drinatiieerEpr BEahy 4t 51t 1h9 P04t PAL ng t he

obj ective of gyroconpassing, i.e. to determne the angle fromtrue north of
the forward direction of the north finding system At any point on the

eart h, Tdiegecear tdist lspilil ovebtidrle has! aascowp drent refangent iralrumontt deigead th' s
surface (kno s the "horizontal conponept of earth's. rate", roll nd
ot herUSHBARES: (hat LRy Shat EIRED. L5IERE SeT AbaDel He oy ars i B
conponentychferatdld’ Sadodt oM aycROlh iR HRNEMizCaldce@blidys, 'siﬁfvla{(ﬁg,dmﬂﬁMi t&
functions of latitude only, and are given é . =mlEcosl, and coV | E

si A5l , aBOwher engdrnTlicss,tahe sttt videagrirhade Ofc tohe @dhe hgriateecl 35hohull's

degr eese/yg Q&el: a circular flat-bottomed device with the liquid under a slightly convex glass face
which indicates the center clearly. It serves to level a surface in two perpendicular directions,

while a tubular level only does so in the direction of the tube.

20  North-seeking gyroscopes or gyrocompasses have been developed and are traditionally
characterized by reference to a freely rotating gyroscope rotor having damped precession
about its own axis of rotation which naturally aligns parallel to the earth's axis of rotation and
perpendicular to the local centripetal acceleration vector due to the effective torque induced
by the horizontal component of the Coriolis force.

25
The angular space-stability characteristic of gyroscopes relative to the earth's rotational
movement is known. The use of precession of the spin axis of a gyroscope rotor, where the
gyroscope housing is fixed relative to a host vehicle and the rotor/gimbal assembly is fixed to
motionless angular space in order to generate navigational signals, is also well known.

30
When the axis of a spinning rotor is torqued around an axis normal to the spin vector, or a

component thereof, in a given direction, such as by the torque required to power an electric

10



L is latitude. Conveniently, rol-1 always locally points North, so the
pl at f orm cal cul ates headi ng as the angle between cull and the horizontal
projection of the platform X axis. Some enbodi nents may he used in
conjunction wth devices, systenms and nethod described in United States
Pat ent Nunber 5,060, 392; which may be simlar to United States Patent
Nunmber 4,945,647, with the follow ng main differences: The arrangenent of

Uni t ed [Slvadr@gndatoe nthe N gfro 4o A IpBAvecus ese@ssisNghie @y, Mpurtiediesohthe
input axis of the gyro can rotate to any direction in the XY plane of the
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are al so used by thenselves to track rotati onal nmotion. Angular rate is a
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i nt egr aheekQyelodhiBndiRnI&inARal @ s anpitnctiion. of time. For exanple: 0O(t)

=f co(f) dt’
10

There are basically two kinds of compassing systems: 1) having a spinning gyro; and 2)
having a non-spinning gyro. A non-spinning gyro generally comprises a sensor of angular
velocity.
Some embodiments may be used in conjunction with devices, systems and/or methods

15  described in United States Patent Number 4,945,647 and/or United States Patent Number
5,060,392, both of which are hereby incorporated by reference in their entirety, and which

describe systems using non-spinning gyros.

For example, some embodiments may be used in conjunction with device, system and
20  methods described in United States Patent Number 4,945,647, which describes diagrammatic
representations illustrating the objective of gyrocompassing, 1.e. to determine the angle from

true north of the forward direction of the north finding system.

At any point on the earth, the earth's spin vector has a component tangential to the
25 earth's surface (known as the "horizontal component of earth's rate", ®H) and another
component (not shown) normal to the surface (the "vertical component of earth's rate
@V). For a spherical earth, ®H and @V are functions of latitude only, and are given by:
oH=wlEcos L, and
oV =I1EsinL
30 where
olE is the total magnitude of the earth's rotation rate (15.041 degrees/hour), and

L is latitude.
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NifllVIS Rate Sensors 30MEMS sensors are designed to neasure angular rate
using the Coriolis force. According to Coriolis, an object noving in a
rotating frame woul d cause an observer on the rotating frane to see an
apparent acceleration of the object. In other words, if an object is noving
ina straight line, and it is subject to a rotation, you will see a
deviation fromthe original straight :inc. For exanple, Figure 1 shows how
an obser @mvenicttie widtaawihysgloeait hoiwmisl Noskecscappar @htrmacdellecaticahsg of

obj ect s vin erpendicular to.the Earth, ted arc: 3Coriolis force
caused bgll’)? W@q%g?tﬂ’ﬁe%mmr’éltt};‘6 ORI PEOIg 08 o it A T %eaxr“i'ght in the

Nort hern hem sphere, QObjects accelerate to the left in the Southern
hem sphere. ACcUMCY and Errors in Gyro Technol ogy 10Each class of gyro is
f aced Widnke érhisoddnwnts madyl lenges i oonjtisctaocuitladsyicasedysaid andymethdd descabed i ty.

Mechani.cal .and_ MVE r f or le, .are affecte Lnertia ck and
Vi boat 1§ iSRS g Qg : r?amé’ihl Frefet ST o B e A
manuf aoyuhes s, wWey duhayith he famcsw%%trﬁain et £ @RS itHefrah @M anal (0gihos ghegi t al
signal processing has allowed F manuf acturers to conpensate for sone of

these diatant Sluardr prgdide UFCGssivelieteyyr satered aedir meyt andof Wprioveekn rotate
1orel| E%(t)) Ialngl tdYr'ection in the XY plane of the platform. When the platform case is level, the gyro
IA is kept in a level plane, and is only subject to components of wh.
10

Operation of Angular Rate Sensors

Angular rate sensors are used in conjunction with accelerometers to make a dynamic
measurement of orientation angle. Angular rate sensors are also used by themselves to track
rotational motion.
15
Angular rate is a rotational speed. It is the motion of a record turning on a record player, a
pure rotation. Angular rate can be specified in various units.
RPM - rotations per minute
deg/s — degrees per second
20 rad/s — radians per second
1RPM = 360deg/60sec =6 deg/s
1 rad/s =(180 deg/t rad) * 1 rad/s =57.3 deg/s

It is noted that a rate sensor cannot measure an angle or orientation by itself. It only measures
25  rotational motion. The angular rate may be integrated over time to get angle as a function of
time. For example:

O(t) = o(t) dt

MEMS Rate Sensors

30 MEMS sensors are designed to measure angular rate using the Coriolis force. According to
Coriolis, an object moving in a rotating frame would cause an observer on the rotating frame

to see an apparent acceleration of the object. In other words, if an object is moving in a

12



Bias Stability Like any type of gyro, even when a FOGis stationary it can
regi ster sone rotation, even where there is none. This is known as "bias
error” and it varies with tenperature. Bias 20 error nmay be a repeatable
error which can be corrected using an tenperature sensors and an internal
table of bias offset values for each FOG Bias stability generally cannot
be predicted, and needs to be constant during neasurenent. Scal e Factor
25Scal errhiakt Bie, @hd Qris kedjadtes atrOratibg, yoateillofee hateatation f@fn thhe kXl andghs
defined as the difference between the input rate and the neasured rate. In
ot her wWoeds, for exanple, if the user rotates the 1200 by 90 degrees, does
it register_a 90-degre : h f.ro i on_jnc ] rror
potentﬁﬁf‘%%?anég%%SéfSP&@£§F§§ géﬁgrﬂégﬁgr% I%ﬁ%% H%rﬁbgﬁgﬁggf%%gg?gand
needs tocdd@aCaRSIfabfecantoKnowarpeiutitng iveasbarenetedard80 Arti zl e Random Wal k
(AWN) The output of a FOG namy include a random noise elenent. Angle random
wal & ( Aloplis yire prused mefhiefadhp roleé?™hs of degrees / 'ihour, describes the

aver agg, eyl Akl £ L3k A NIRKATEHAARA Tesul t of the El oi se;

el enent, “even is at rest and should have 5an out put equal to
zer 0. NHjjais cenlerdtdut tbe &t o thaRdahremaiesespimay. be t he active el enents

Accuracy and Errors in Gyro Technology

10  Each class of gyro is faced with its own challenges to its accuracy, reliability and durability.
Mechanical and MEMS gyros, for example, are affected by inertia, shock and vibration.
Fiber optic gyros have a set of inherent errors that FOG manufacturers work hard to mitigate.
The transition from analog to digital signal processing has allowed FOG manufacturers to
compensate for some of these errors and produce FOGs with greater accuracy and improved

15  reliability.

Bias Stability

Like any type of gyro, even when a FOG is stationary it can register some rotation, even
where there is none. This is known as "bias error” and it varies with temperature. Bias
20  error may be a repeatable error which can be corrected using an temperature sensors and
an internal table of bias offset values for each FOG. Bias stability generally cannot be

predicted, and needs to be constant during measurement.

Scale Factor

25  Scale factor error relates to the rate of rotation of the FOG and is defined as the difference
between the input rate and the measured rate. In other words, for example, if the user
rotates the FOG by 90 degrees, does it register a 90-degree turn? As the rate of rotation
increases, the error potential may increase. (Scale factor generally cannot be predicted,
and needs to be constant and known during measurement.)

30
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in a FOG such as the detector and/or the |Iight source. Sone enbodi nents
may be used in conjunction with devices, systens and net hods for ARW noi se
reduction, for exanple, as described in United States Patent Nunber

6, 836,334, which is incorporated herein by reference inits entirely. For
exanpl e, ARW 10can be reduced by conducting nultiple nmeasurenments and
averaging. It is noted that in United States Patent Nunber 4,945, 647,

3 By {dk (8BaVX hat has a notor that spins it and a tilt

measur i devi ce. contrast, in some enbodi nents, there is.n of a
motor ME SR oredeiPamanb el L TAGE SRHi TGy S ek a0 AR 15

exi sti nghigoen QIBLe n Wain b aanebe tnyuneds kot atetd)ernmnualdiyn andrbt tHas very
accurately leveled (so no need for tilt nmeasurenent). The neasurenents of
par anetrensoandaangisel coftheangrvt demeals eva Whit &d FSi@ies rPytddshafbere

4,945, 647) tend tq he |less .accur I it ot y

i nt odﬁ@é%wﬁﬁgq%?ggggﬂ?oi@ﬂgr%%%@%ﬁ%ﬁéﬁfggﬁglb%g??%pﬁgﬂgég&gééﬁgﬁﬁg%ausing
a | ock.in Ru® @ outhihsiheeasony: atder sy skemeiceUni ted States Patent Nunber
4,945,647 may require a very expensive sensor (laser ring) to conpensate
for thedmfagebedEBynismEhec vees Ur evrewtclion Wie darigse Syssgured Medktemati cal |y
illustr - no - f 1 ndi ng hce us) C i 8l scope
PR ST e e S A R L R LR

er nhodi6, e 3 4s whidh sonerpodbedi et $y rafeparcatiusts 200renpy Fal Exomide, USRI t 0
accEratel find eogra hi.c north; nore sggcif'call , to find the azinuth as
andle &t Re&HEHEDY ?ﬂjﬁ&ﬁ’?ﬁ CUHEET RCAHE P HES %%?‘@Fﬁ %s contrasted with
magnetic north). 30 in sone enbodinents, a fixed platform 130 nay be

provided to support the gyroscope and gortiorneter. The fixed platform 130
may conpisineeedthaige Uregd Stgechatas Munlrar ggup, 613 2adftarorh@sesyisteen tsheepthoni onet er

In so enbodi nents,. the gonj.onieter 120.conpri ses a.support nber, which

may  be 145 pIBeE" DAl apge, Rt b D aTE TS r Gha heerer oHe ABoey oA RS

(rot at iRdre dxh& hiscld2a mbrdremela dinghieatdieht device eint2dhe Sueh aspacapid it | evel
may be nounted to the gonioneter 120 so that it nmay be | eveled. In use, the

gonPor matséng 12oiavesiebehichstaal beduipad Sposed) mappiloxitfatlelsyvparartélclt o t he
ground

‘leveled (so no need for tilt measurement). The measurements of parameters and angles of
a motor (as in United States Patent Number 4,945,647) tend to be less accurate. In
addition, the motor itself may introduce more errors to the measurement due to its noise,
even when using a lock. Due to this reason, the system of United States Patent Number
20 4,945,647 may require a very expensive sensor (laser ring) to compensate for the
inaccuracy in the measurement of the angle.
Figure 1 schematically illustrates a north-finding device (apparatus) 100 comprising a
gyroscope 110 mounted on a goniometer 120, in accordance with some demonstrative
embodiments.
25
In some embodiments, apparatus 100 may allow a user to accurately find geographic north;
more specifically, to find the azimuth as angle between the geographic north and the system

(as contrasted with magnetic north).
30 In some embodiments, a fixed platform 130 may be provided to support the gyroscope and

goniometer. The fixed platform 130 may comprise three legs (such as a tripod) 132 for

leveling the goniometer
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I n sone enbodi nents, a nmechanism 126 nmay be provided for rotating
(orindexing) the gonionieter 120 to different azinuthal directions, such as
ina full circle. between 10" and 360" degrees. The indexi ng mechani sm 126
may he manual, such as a thunbscrew and 10 worm gear. |ndexing nmarks or
the like (such as a counter) may he provided so that a user may set the
position of the gonioneter to various azinmuthal directions with a desired
degr ee 1afsoaGCthBeYmeftsCARFPAsSSodA8 MRY chepREQVA dethottombmbéd alHidh alaygn 4 he
gordoneter with magnetic north. In sone enbodi nents, a user nmay orient the
gononetdite 120dish Htatidade wReudippiepenebay i aputhalCditactiions22 Forh ésghpl e,
one posi ti.on [asom: ting") of. ojti t i . :
north-é3é¥gﬁEé‘af%%c4i8ﬁ%‘%fb P&ggwgegé%ggﬁmﬁﬁgéﬁgng%wgﬁgéaé |¢€t8§§ftion
of the gonbeameller 1R20usmyhdh@ohidniesolMOhmaasieinkyllel (@eidsed), a@irodmalk3p
degrees. 20 _in sone enbodi nents, these two exenplary azinuthal directions
ar e Ssegurdlcetp By SE3ER- ot her by 90 degrees (135-45-90). They are

per pendi cul ar to each other. The first position (45 degrees, in this
exanpl e) may be considered to be an x-axis of a reference plane, and the
second Iposintd emnb(di8bndegreeshanism thi snexaerpl@)idaajorbetaciopsiodendeditzd the t he

y-axis of . the referen | ane. i.n some enbodinents, .the two azj mut hal
di rect i%’ﬁ?lﬂf‘éj%fdﬁ_r%fo ggeé‘g%éﬁz’a{% E%b r%%a%%lwggés Héarft&@s@f_cs}%b@w@ b and
enbodi mMepY's gedrked S 1Tﬂé0j§ﬁ’§é68ﬁ% @R LAND6L AR bt RensEPaKAL oD 1&NGLrdve aknown,

with reasonable precision. Tn sone enbodi nents, separation angles which are
nedfl y Wondeeareesdanyghearip pe thesléfeulsutthama angltes nwhi lchparveleflap thatoms@0

degrees_(su as nearly 0 30degrees, or nearl 0 degrees)., ln sone
erboa it S o BR AR PR G ey S vaRb ERhihel HereB SR BEF it §5P8s cope
(FOG)  aff ageulth@/. 0A @beehdsomechanhcgloveys temifVNEMBlnIvd 8sGoReePyid rhasefic i ng
or any other sensor that may he in the future, and is fixedly nounted to

t he gorio%itet er 120. The gyroscope 110 has sensitivity axis 112. The
gyroscopes sensitivity axis 112 nmay be substantially perpendicular to the
rionioneter's rotation axis 122 (the sensor axis and the gonioneter axis do
notishavie {@ndenmabddndegr ees, mhutoriche tangbeioshraul h(bén consdsanty), diécknat

various azi muthal angles of the gothonmeter 120 remains in a plane whjch is
subst arViBMY YERHRNY i T EaMPRe OSUPTAER Of "tHeceaPt S SoRISHYE DB Rent s,
at eachnPashbildBaddty RELAIBL G sy Y aBEoREAsHGR: <R RPEeG & RRgYhar
rate); and am de of ‘gonioneter (azinuth reach tig). Angufar rates (efi for
t he gyrmscopecrl D0 maybdm qrooth-dedriasiisicgmalos at Balegomput er 140 whi ch may

al so receive signals indicative of the gonioneter azinuth readings (A). The
conmputer 140 may al so control overall operation of the north finding
devipce.1n"sBmel Snodnanglie-sbelweennpne, Mmviungl Basdiod! athepaanhonrlex oard t he
stationary part of the gonioneter; it is not the real" azinuth. Fi gure
2 schertat Y& drgyed (130st5-abes Tacdermpspeatiiwe wetadsbdtofr. usiengrst hesideviie® 100
of Fi guc{ee 6201ih t}glosnexa%piﬂqelgt Sbf rcorrln idFei:r rtg" 1 a%r)gag rriotft erc(iaf irgncléi urgee 2 t or
illustracive ¢la i?y. |gu?% 3 “S¢hers ichIy y T 10t Fates t he ﬁ@Pgo in

f 1 owchagtoddopimivs: descadgbed, int hes gamhoaphey bk2nsmyrcdaeomuntedaon o the xed

platform (130), and is |evel ed.
reference plane.
25
In some embodiments, the two azimuthal directions need not be separated by exactly 90
degrees. In some embodiments, it is, however, important that the separation angle is known,
with reasonable precision.  In some embodiments, separation angles which are nearly 90

degrees may be more useful than angles which are far from 90 degrees (such as nearly O

30  degrees, or nearly 180 degrees).
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25The gyroscope's sensitivity axis is perpendicular to the gonioneter's
rotation axis. In sonme enbodi nents" neasurenents of gyroscope angular rate
(to) are taken fromat |east two different gonionmeter azimuth positions.
The net hod may, anpl e, conprise the followng two steps. 30 Step i may
conprise:: wth he gonioneter 120 | evel ed, and the gyroscope 110 turned
on. (Figure 3, 302), performthe follow ng neasurenents: take (perform
make) dnfpmsemngodinomet e @zisvuph | Heady ngmeie) a gngla fer spticagirprphalFOG)

direction 121 ich be desi as the x-axis (Figure 3, 304). The
ayr oscope Bt ErETpiRintd DERRERGIE 250 Pakatt sBet BhR LT Rakey il Hised,
gyr oscopg ,ﬁa;gw @rthé atterel 8adisNXelgahdurddd tohge kbiisineaziinut hale dirseebd orp 121
(Figure 3, 304), This neasurenent may be taken a few tinmes and averaged.
Aver agilg shsiaviuniyer 192 medsurerresps s( adisittvakeaxiat | hensake posiapiiahy of

t he.gonj or net reduce the probl f ' ise. .1 oned
e a2 DB A T e RO L SPE0S oRu R gt ored
(rotat b ddi@agon BNet @Y déLea, PEWhazhftshahldBer@etthomn blit,vasuehaAsiuthal
approximately 90 degrees fromdie first azinuthal position 121, which may
ar bi t r aPeley Behgesonpnmied A5 ragiphe g-yxics Whick QOSL@éf@P%@YS EparEtd on hs
recomepded. ) (Ihe, @yroscope 110" (dashed |ines) noves with the gonioneter
and becones re-oriented, and its sensitivity axis 112' al so becones
re-oriented (Figure 3, 306). Performthe foll ow ng neasurenents: - take

ggﬁh{]? ﬁg} sog%lr(é%p(?cgﬁl%g_tgggt ?%%b]?ﬁgg}%lr tv%ﬁz_bgirr‘_éll%l%terrse %ﬁje{ynge %%%urg : ztmr;g%lasres%gg

(angular rate); and angle of goniometer (azimuth reading).

Angular rates () for the gyroscope 110 may be provided as signals to a computer 140 which
may also receive signals indicative of the goniometer azimuth readings (A). The computer
15 140 may also control overall operation of the north finding device. "A" is the angle between
the moving part of the goniometer and the stationary part of the goniometer; it is not the

"real" azimuth.

Figure 2 schematically illustrates a demonstrative method of using the device 100 of Figure

20 1. Some elements from Figure 1 are omitted in Figure 2, for illustrative clarity.
Figure 3 schematically illustrates the method in flowchart form.

As described, the goniometer 120 may be mounted on a fixed platform (130), and is leveled.
25  The gyroscope's sensitivity axis is perpendicular to the goniometer's rotation axis.
In some embodiments,, measurements of gyroscope angular rate (@) are taken from at least

two different goniometer azimuth positions.
The method may, for example, comprise the following two steps.

30

Step 1 may comprise:
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20t ake (perform nake) a second gyroscope angul ar rate reading (i.g2) at
the second azinuthal direction 121" (Figure 3, 310). This neasurenent may
he taken a few times and averaged. Averagi ng of a number of neasurenents
(all taken at the sanme position of the gonionmeter) nmay reduce the problem
of the sensor's noise as nentioned above in conjunction wth Angi e Random
Wal k. LD In sone enbodirrientS, the second goni oneter azinmth and gyroscope

angul ar r atgtlf @agbngse(dreas wenenis) theryrdeofeakenuseden s eegnes3 a02M nut eF,
after taking the first gonionicter azinuth and gyroscope angul ar rate

readi ngs. irarferhér MOPEELE MRSEICAYE: peri od of time such as at |east 10
seconds, ingcluding at | t 2 . c L, mnpute,..2. m es,
after 30t algiﬁ(r(fga%ehe”?i P! sdg g)gsg(%nfi%gtr %gﬁgglgge’rﬁdég?%gs%g%gg Aa{ ud?ednglﬁsttsdé{ﬂa{lmglfter
rotating taitbhéserondicazhmubhaksipasid homy befioregtakd, g4y he'hs egandope

gyr oscope neasurenent. (]Fi ure 3, In some enbodi nents, generally, there is
no 3ignifi ¢atlVieaEon st 1'%t o take the gonl oneter measurenment, but the

gyr oscope i i . . d t j ed to
Phe second Tk ERRR Lo S EpeeBl wh BBl PeabliE OB R e )
and angul adirat@e (0i l(Figno2)p, Beadi Ngss arees\provitdedytte tadhen cofrputieres(4d0)

and calcul ations ale perfornmed (Figure 3, 312) This enahles the extraction
of the gyr dStape: orsliiuol RaVrt Bl FoediPERTY L0 KARAr Slcneaie WS Wh h' s

rotation spgedodismkROWRay thRicEd hroBldnPbRtHORn@KisShoi@nd NentRel Rgonomt h can
be determ ned. Cal cul'ations may be perfornmed internal to the device, using

a $tral | enbeddediconplutiegledtantiompVedessor or controll er which al so receives
t he goni orneterigyro readi ngs, optionally using other suitable hardware
conponents, software nodul es, nenories, storage units, input units, output

units, sesp 1 hey kbkgriscConput er 140 may be inplenented, for exanple, using one
or nore processors, controllers, 15nenory units, storage units, hardware

units, sof thicerBiduhesEonEEpItFcar Hs7 OpERat Hy o8yt eMCas)APPEGmfivcat i on
XB! ::)Isl, CIaPP?ps&éggeﬁe?{fwgryg{%\%réggiiﬁﬁtha?‘egéig&n ?Eﬂe\{/hial[lHa@bdrﬁitﬁﬁwyﬁ&ﬁélateﬁom c
15 as the y-axis. (A 90 degree separation is recommended.) The gyroscope 110 (dashed
lines) moves with the goniometer and becomes re-oriented, and its sensitivity axis 112
also becomes re-oriented (Figure 3, 306). Perform the following measurements:
- take (perform, make) a second goniometer azimuth reading (A2) at the second
azimuthal direction 121" (Figure 3, 310).
20 - take (perform, make) a second gyroscope angular rate reading (®2) at the second
azimuthal direction 121" (Figure 3, 310). This measurement may be taken a few times
and averaged. Averaging of a number of measurements (all taken at the same position
of the goniometer) may reduce the problem of the sensor's noise as mentioned above in
conjunction with Angle Random Walk.
25
In some embodiments, the second goniometer azimuth and gyroscope angular rate readings
(measurements) may be taken some seconds or minutes after taking the first goniometer
azimuth and gyroscope angular rate readings. In other words, waiting a period of time such
as at least 10 seconds, including at least 20 seconds, 30 seconds, 1 minute, 2 minutes, after
30 taking the first goniometer and gyroscope measurements (or after rotating to the second

azimuthal position) before taking the second gyroscope measurement (Figure 3, 308).
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20Mounting it to a datum point finding systeminstalled on a tripod and
equi pped with a GPS, a | aser rangefinder and a tel escope. For exanple, as
di scussed herein with reference to Figure 6. In sonme enbodi nents, the
system may extract a datum point of a renpte target it observes (usually up
to 20KM away), by know ng: the systemis location (by (iPS); the distance to
the 25target (by rangefinder); the north (by using the north finding device
di scussecbrhe cmbnc)lmeﬁth gererdlyi, §icee soivengtificand r@g@ram Wﬂllt s terka gt @ngler

d int h he di 30
Comn oS 200 B S5 Rk S s e Dy D CLAga R 702

repr esemsd e exaxingazanshardiettidd ne ext endi ng to the left- front bottom
corner of the box represents the x-gyro nea.surenent, -- a thin tole

pasith hroutit thebt- b k-hottorn etroer oftxipnitttenty-- , att is; a

;hog E ®m Isci)rgg en%n&ilme ts, hte atzpmlgtﬁliAletz 20 é:ngrum? at%:'t((otl 0(32) r%%dﬁl&gr ?r%%%w&&e
to the computer (140), and calculations are performed (Figure 3, 312)  This enables the

extraction of the gyroscope bias and the Earth rotation rate.  And since the earth’s rotation
speed is known, the earth’s rotation axis, and hence the north can be determined.
Calculations may be performed internal to the device, using a small embedded computer or
10 processor or controller which also receives the goniometer/gyro readings, optionally using
other suitable hardware components, software modules, memories, storage units, input units,

output units, or the like.

Computer 140 may be implemented, for example, using one or more processors, controllers,
15 memory units, storage units, hardware units, software modules, applications, Operating
System (OS), communication units, input units, output units, and/or other suitable

components.

Some Applications for the device

20  Mounting it to a datum point finding system installed on a tripod and equipped with a GPS, a
laser rangefinder and a telescope. For example, as discussed herein with reference to Figure
6.
In some embodiments, the system may extract a datum point of a remote target it observes
(usually up to 20KM away), by knowing: the system’s location (by GPS); the distance to the
25  target (by rangefinder); the north (by using the north finding device discussed herein).

Figure 4 is a schematic diagram illustrating static conditions, x- and y-gyros in the horizontal
plane.
In the diagram,
30 - athin line passing through the left-front-bottom corner of the box represents the x-axis;
- a shorter line extending to the left-front-bottom corner of the box represents the x-gyro

measurement;

18



gyro neasurenent; -a thin tha'. passing through the kit-backyto "inner of
the box gpri'isentSthe i ix a shorter Iine extending io the |eft-back-top
corner of the box represents the 44-gyre neasurenent. in nme enbodi nent::
measur enent sequence may be perfornmed, as follows: Itl.3 integration of the
FOG out put; when it is placed t cording to X axis during known tinme Tx "it)
Rotation of the FOGto the Y axis 3) lot au on of the FOG output, hen. it

i's;tem ding thon Yin@pksdur hirbudonownidhi-BeckTbottod) chir@hpbitie @ad eptationhe hbn sonme
enbralit nrs, (e. in an Adeal"” se), when the FO the angles are: /1x.
toste, att.)dS:ainf, ntewated

- a shorter line extending to the right-back -bottom corner of the box represents the y-
gyro measurement;
5 - athin line passing through the left-back-top corner of the box represents the z-axis;
- a shorter line extending to the left-back-top corner of the box represents the z-gyro

measurement.

In some embodiments, a measurement sequence may be performed, as follows:
10 1) Integration of the FOG output, when it is placed according to X axis during
known time 7
2) Rotation of the FOG to the Y axis
3) Integration of the FOG output, when it is placed according to Y axis, during
known time 7,

15 4) Azimuth calculation.

In some embodiments, (e.g., in an “ideal” case), when the FOG bias is 0, the integrated
angles are:
Ay =@y T, = Q-cos(Laf)‘cos(Az)-TX

20 A, =w,-T, =Q-cos(Lat)-sin(Az) T,

where:

A is the angle between the moving part of the goniometer and the stationary part;

w, and @, are the projections of the Earth rotation speed on the axes X and Y;
25 Q is the Earth rotation speed;

Lat is latitude.

[f both integration intervals are equivalent, azimuth may be calculated as

Az= arcrg( By J (1

Ay

30
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A is the angle betweenthitiosiing.part ofthe,goniontriter and the
stationary .part; to:projections of IL 1 uih rotation spet 0.01 ditt US X
I1itY; the Earth rotation .1st is "ati.11:10A If both integration

i nequi valent, azi [nutt: may be calculated as .{Ul)elltS, there 35 UnUOW)
huts, and U foil in some enbodiiinents, ft bias of FOG did nottanf?, the.
resui.l is two equations Wth two unknowns', bias and azi tooth, In
sone erboedinaenbsdimeam, hesoiynoksovai bies raodneyfoblewiAxegiation sakdngniagloet i : Ski s
|rtstab|I|ty, 10tott)t.gration error hematite ol the EDG output notite
(rtuntd%ﬁ walk) In sone enbodithents, the first two errors may be ahscn,
and thus wit; :requirenents to A nd|| measur easei ns

JAx =Q-cos(Lat)-cos(Az)- T, +b, - T, } )

1_,4,, =Q-cos(Lat)-sin(Az)- T, +b, 1y

In some embodiments, if bias of FOG did not change, the result is two equations with two

unknowns: bias and azimuth.

In some embodiments, main sources of error may be: Axes misalignment; Bias instability;

10 Integration error because of the FOG output noise (random walk)

In some embodiments, the first two errors may be absent, and thus we may define

requirements to A, and A, measurements errors.

15 2 (s, -a,). : 3)

& ol ()|

where

OA, - relative error of A,

OA, - relative error of A,

20  In some embodiments, the maximum value of the second multiplier in equation (3) is reached

when A, = A, or when azimuth is 45°. In this case:

Azi::az—-«/i-éﬂ-

B | =

25  So the relative error of integrated angle should be less than

20



VWere. relative error or relativetiror hi st)M3rnbouuiients,

t he nl axi nt m

value ilibet secondiii egtintiOn(3) is reatdietk whenwhm.i ,Mnnith is
it-5"..in this ease: So the relatve error of integrated angle should be

less than itVl Let A z =inrad = 0.001 , and we getM= 1.81

The rel ative

etrOF of integrated en-or may be cal cul ated as randomwal k (RW, divided by

integrated projection of Earth rotation rate on the horizontal
SAccor diigab o hHL8 = W80 O8hd we get A =1.8-107

pl ane.

The relative error of integrated error may be calculated as random walk (RW), divided by

integrated projection of Earth rotation rate on the horizontal plane.

S According to this, we get:

RW T RW
NA = — = . “4)
cos(Lat)- Q-7 cos(Lat) Q- T
where RW is the FOG random walk
10
According to this:
RW =cos(Lat)- QT - 5A (5)

15  The following table shows calculation examples in accordance with some embodiments;

other suitable values or calculations may be used.

AAz | Latitude | T [ RW, deg/sqrt(Hr)) | RW, deg/Hr/sqrt(Hz)
Imil | 30deg | 60s 0.00296 0.177

1mil | 30deg | 180s 0.00513 0.308

1mil | 60deg | 180s 0.00296 0.177

2mil | 30deg | 60s 0.00593 0.355

2mil | 30deg | 180s 0.0103 0616 |
2mil | 60deg | 180s 0.00593 0.355

Figure 5 is a schematic block diagram of a north finding system, in accordance with some

20  demonstrative embodiments.

A north finding (NF) system 500 may comprise:

- agyro 510 (compare 110), such as a fiber optic gyro (FOG), which may have a built-in

angular rate sensor 512; and
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et.1'(,,ttl.n. , where RWis the FOG random wal k 10 According to this:
cos(Lat). C1 /T (514(S) 15The foll owi ng tabl e shows cal cul ati on exanpl es
in accordance with sonme enbodi nments: other suitable values or cal cul ations
may he used. Figure 5 is a schematic block diagramof a north finding
system in accordance with some )Odenonstrative enbodi nents. A north
Finding (NF) system 500 nay conprise: - a gyro 510 (conpare 110), such as a
fiber optiat.yMonﬁﬁcﬁﬁQ(ﬂMMQhenﬁ@)hwh@hanuuhhviBnnZ@mgmk@wcmgxeﬂsemé%& 512;
and goni onet er @ﬁ are | 20), which may have an azi nu.ith

di rection §@ﬁ28?33%§“ ?‘a position encoder. A conputer 540 (e.g.,
conpare to conputer 140) nay receive signals fromthe angular rate

A computer 540 (e.g., compare to computer 140) may receive signals from the angular rate
5 sensor 512 and the azimuth direction sensor 522, and may be appropriately programmed to
provide an indication of true north based on the readings (measurements) from those sensors,
as described hereinabove. The computer 540 may control operation of the gyro 510, and
may also control operation (rotation, positioning) of the goniometer 520 using suitable a
servo mechanism 524.
10
Appropriate input devices 542 such as touchpad, keyboard, mouse, and the like, for

controlling operation of the computer 540, may be provided.

Appropriate output devices 544 such as monitor (screen), lights (LEDs) and the like for

15  providing information to the user may be provided.
A communications link 550 may be provided.

Figure 6 is a schematic diagram of a battlefield scenario 600 incorporating the north finding

20  device/system in accordance with some demonstrative embodiments.

An overall tactical system 610 for an observer of a target 620 may incorporate, for example:
- the north finding (NF) device 612 for establishing direction to the target 620;
- a global positioning system (GPS) 614 for estasblishing location of the observer;
25 - alaser rangefinder 616 for determining distance to the target 620; and

- atelescope 618 for visually observing the target 620.

Applications for the system

In some embodiments, the system may be used in many different applications where
30  determining a direction of movement is important, such as navigation of various manned and
unmanned vehicles, surveying, targeting, mining, and the like. The cost of the system may be

quite low relative to even compasses, given that no scale factor calibration is required. In
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5 sensor 512 and the azinuth direction sensor 522, and may be appropriately
programmed to provide an indication of true north based on the readings
(measurenents) fromthose sensors, as described herei nabove. The conputer
540 may control operation of the gyro 510, and nay al so control operation
(rotation, positioning) of the gonioneter 520 using suitable a servo
mechani sm 524. 10 Appropriate input devices 542 such as touchpad, keyboard,

mouse, ARG iR dlhkes, ohasnLQNL O hDg ARELRKAN:Ofs VB SOPRULEld240 iy be

provi ded. Appropri at e out put devices 544 such as nitor (screen),
ti ght s SUEBS)orandutahetht skeée fagror 1. 5provi ding i nformation to th.e user may he

rovided. A contnunical.ions link 5 may be provi ded. Figure 6 |s a
D henmti oI SETARBETS: BYPCTeR! Bt OuNaT S8b6t ABrHordeieale PheHErd b
findi ngyivQdevi GeLs¥sE eMonly AECAH dange Wiahbe S@MBadenanster atieveoemediinent s.
An overall tactical system 610 for an observer of a target 620 may

i ncér por@r@atigror cefemipl @rd nchdy oy athouiatding cNFY. devi ce 612 for
establishing direction to the target 620; a gl obal positioning system (GPS)
614 for estasblishing |ocation of ate observer; 25- a |aser rangefinder 616

for detifiduahngmdidstiangeyiiomt hed hafiget a62dcridgdtheraintiglies capet®ts Fo,
visual Is%m%be?nego\éiirrqgntg 21% rfo?ﬁi?nei}ed?g ?fse @?tglai I*EOIE}I %?)? %:?(lz;r;}-)lre,nthe some embodiments
may be implemented using a ring laser gyroscope, or a MEMS device.
10
Instructions for carrying out the various process tasks, calculations, and generation of signals
and other data used in the operation of the device, system and method of some embodiments
may be implemented in software, firmware, or other computer readable instructions. These
instructions are typically stored on any appropriate computer readable media used for storage
15  of computer readable instructions or data structures. Such computer readable media can be

any available media that can be accessed by a general purpose or special purpose computer or

processor, or any programmable logic device.

Suitable computer readable media may comprise, for example, non-volatile memory devices
20 including semiconductor memory devices such as ROM, EPROM, EEPROM, or flash
memory devices; magnetic disks such as internal hard disks or removable disks; magneto- |
optical disks; CDs, DVDs, or other optical storage disks; non-volatile RAM, and other like
media; or any other media that can be used to carry or store desired program code means in
the form of computer executable instructions or data structures. Any of the foregoing may be
25  supplemented by, or incorporated in, specially-designed application-specific integrated
circuits (ASICs), or field programmable gate arrays (FPGAs). When information is

transferred or provided over a network or another communications connection (either

hardwired, wireless, or a combination of hardwired or wireless) to a computer, the computer
properly views the connection as a computer readable medium. Thus, any such connection is
30  properly termed a computer readable medium. Combinations of the above are also included

within the scope of computer readable media.
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I n sone enbodi nents; the system nmay be used in many different applications
where 30 determining a direction of novenent is inportant, such as

navi gati on of various nmanned and unnmanned vehicl es, surveying, targeting,
mning, and the |ike. The cost of the systemmy be quite lowrelative to
even conpasses, given that no scale factor calibration is required. in

ot her enbodi nents, optionally, one or nore neasurenent steps nay be
perfordbdhddv@ﬁdéwnnml@shmmwhbuopm@ahouhatEUfH@‘gwdbécmanﬁwf“hwhsbﬁsnd
enbodi nent s, ¥rosco éas cal |brat|$ .co§¢s can Eyso b%'i“bﬁtaPtj HLy
reduced g Ved™t AR alEliPAcY e "8t Bhiy™d Y VERCHy O Re eHAAG S N BB EDerCt he
tinme no&&ﬂﬁgﬁ@qug“kn@grnatlon is collected and not by the absol ute bias
accuracy. Although sone devices, systens and nmethods are described herein
in the context of a FOG sone enbodlnents are not limted to use with a

| g.er Fgr}ﬂg blb }{Iét?iu&tunehzi%% gé‘v’[ Iglé(l l.!‘&l]'l“ \Hrrlaio I‘i gtﬁlslllt;:r})tltﬁrmp[tlt)elg 0 t.Hn|?)L|a{1]b] [R

vat i oushpeecess ateaskside€ alycuhabi eﬂﬁmplaﬁdd glemmammm =0fo $ungnarra¢, androther
data used in the operation of the device, system and nmethod of sone

enbodi riertaslifays beay nplngeat edierent s BR{WRT elotf g piNargiiclyrargt Werirgbnputler
readatl Gyl AThEHC! S0RS LR LASHIACHCOmAEN YALGA! LYp LRI A Ahs
approprlate conputer rea ed for storage of conp
readabhﬂth@$$nme¥|%msumnxdatmbsmnuohumesmeSmghwmdnmd&@ﬂaﬂ@adabkempnﬂna can
be any avail abl e nmedia that can be acce sed a general purpose or special
purlPos ¢ EBiBLEERPIBRIPY 6E 454 BiS N8I ARy epj‘dg‘r"é\‘?‘r%%ﬂ}'l"é"!“b@‘f’é**Qé‘%‘é‘ (0 PSEIPADbI e
conput &gt %ﬁﬁ%{? ik ABdi & ARAAE IR HRlaifR e S XRARLE lmﬁnmgl Gl luLlevm?»nmy
devices 20 1 nc ing sem conductor nenory devices such as ROM EPROM
EEPROM andrcofribasiionenory devi ces; magnetic di sks such as internal hard disks
or renovabl e di sks; nagneto-optical di sks; CDs, DVDs, or other optica
storage disks; non-volatile RAM and other |ike nmedia; or any other nedia
that can be used to carry or store desired programcode nmeans in the -form
of conputer executable instructions or data structures. Any of the
foregoing may be suppl enented by, or incorporated in, specially-designed
application-specific integrated circuits (ASICs), or field programrabl e
gate arrays UPGAsj. Wien infbrrnaticmis transferred or provided over a
net wor k or anot her comruni cations connection (either hardw red, wreless,
or a conbination or hardwired or wireless) to a conputer, dic conputer
properly views the connection as a. conputer readabl e nmedium Thus, any
such connection is 30properly ternmed a conputer readabl e nmedi um

Combi nations of the above are also included within the scope of conputer

readable nedia. in the description and claints of the application; each of
the worth "conprise "includtit' and and nitans thereof, tut not necessarily
limted ro menbers inilist with VilliCh the words tnay he associ at ed.



5Soni ¢ enbodi nents has been described using various etaileti descriptions
O enbodi nents thereof that are provided by way of xanple and are not

law. tided to limt. The described enbodi nents may conprise different
features, not id.1 of which are required hi all entaglinents Sone

enbodi nents ntdri.e oaly sone of the featortis or possible conbinations of
the MittotN Vartigions Of enbodiments Ong tire deseribed and enbodi ments
Conprising | O different i:.tinbinations of features rad in the desoci bed
el ;at:edit-itens Ne8; al occur to persons with skill in the art. it is
intended that the clains be interpreted to include all such variations and
conthinations. CLAIMS What is clained is: A device conprising: a gyroscope
adapted to be nounted to a gordornet élAIMi¥erein a sensitivity axis of the
gyroscope i sysuhstanial |y perpendicular to a rotation axis of the
gornoneter, wherein the gonioneter is adapted to provide at least a first
gonionteter azinuth reading (Al) at a first azinuth& direction and a second
goni oni et er laziamstibe woemdiimg (A2) at a second azinuthal direction, wherein

the gyroscope LEyré‘éQ!S’ﬂ%taﬁgtJon B Qvinde t@&gdnﬁﬁﬁiera first gyr Oscope angul ar rate

D_

reading (cal) a thal directi a sec ope
angul ar rate r&’ﬂ?ﬁdSﬁﬁéﬁtyéPsnE@e§@@8ﬁaegf?%%rhgf recf'IH g mﬁ%#gﬁn t he
devi ce enabl esayeaSwrenenttenof a tilt angle. 2. The deV|ce of claim1l,
wherein the gOQhé?&H %%mexﬁetéq@masgd Eooprglﬁdé £vLad.firstRenislemeceivih eaainm |,

wherein the gom 8 ata %rst az; nEtLalllSd?rSect%n cr?l Ex Ise?:Qx?‘J é/onp ometer amglu% rrerg)d\{nagb&AeZ) ?r t,
second azimuthal direction,
wherein the gyroscope is adapted to provide at least a first gyroscope angular rate
reading (@1) at the first azimuthal direction and a second gyroscope angular rate reading
(@2) at the second azimuthal direction,

wherein the device enables measurement of a tilt angle.
2. The device of claim 1, wherein the goniometer is adapted to be leveled.

3. The device of claim 1, wherein the goniometer comprises a stationary part and a

movable part,

wherein the movable part is adapted to rotate along the rotation axis between at least the
first azimuthal direction and the second azimuthal direction,
wherein the first goniometer azimuth reading (Al) is the angle between the movable part

and the stationary part at the first azimuthal direction,
wherein the second goniometer azimuth reading (A2) is the angle between the movable

part and the stationary part at the secand azimuthal direction.
4. The device of claim 3, wherein the movable part is manually movable.

5. The device of claim 1, wherein the device is adapted to calculate azimuth, based at least

on:
the first goniometer azimuth reading (A1) at the first azimuthal direction, and the first
gyroscope angular rate reading (@ 1) at the first azimuthal direction; and

the second goniometer azimuth reading (A2) at the second azimuthal direction, and the

second gyroscope angular rate reading (»2) at the second azimuthal direction.
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wherein the novable part is adapted to rotate along the rotation axis
between at |l east the find azinuthal direction and the second azi nut hal
direction, wherein the first gonioneter azinuth reading (Al) is the angle
bet ween the novabl e part and the stationary part at the fist azinuthal
direction, wherein the second goniorneter azinuth reading (A2) is the angle
bet ween the novable part and die stationary pan at the second azi nut hal
direction. 4. The device of claim3, wherein the novable part is manually
nmovabl e. 5. The device of claim 1, wherein the device is adapted to ca
date azinuth, based at |east on: the first goniorneter azinmuth reading (Al)
at the first azinmuthal direction, and the first gyroscope angul ar rate
reading (ne ) at the first azinuthal direction; and the second goni oraeter

azi mut h readj ngpn{ A)ceddr e 1566a8d @zt Ratundioreigtdsoniacandtht heorseeand
gyr oscope angul rate readin (gas%(?at?ta t he second azi mut hal direction.

adapted to cal é‘%lpfﬁié" KRR RS ‘8%

east on: the first gordoneter
azi mut h readi ngpe(fiddt)zomibmethreazfriytis teading if) i the diry et B! Arietihand the dirst

gyroscope angU'g%scBﬁéﬁg&i%%%dlﬁé@n)&tthéft}& afuhru&hl @azttoat al  direction; and

t he second gonioneter azimuth th

di recti on, andthfﬁ‘écog%é?fﬁ?lneé?%’g’é’ read ﬁdA%) ¥ %0%922 Hgl ?Q) %}\t a8l e
second azi nut hadcomli gyestdpe angular Tﬁfﬁere@exm(@@ a@)ﬂleéﬁca'i'drﬁz@“‘%h BHeP-t he first
gyroscope angul ar rate reading (coconprises multiple readings which are

averaged to n,I The devi G &1) n the
second gyr 057203- g‘“ﬁ’bcﬁl a‘?’hf ewq'eéeédﬁh?l?rst% yIE az%uﬁ?rgzétg érzflu ? ¢ f Z’Eilg%sngs
whi ch are aver avgédletrgldpngavhldbaraawafﬁgcﬂ@% ésm cviiHe devi ce of claim1l,
wherein the gyroscope conprises: a fiber optic gyroscope (FOG, a |aser

ring gyroscqpe, a NEVS, o any combi0ation t NEregl wmear rate reading (02

comprises multiple readings which are averaged to provide a single value.

9. The device of claim 1, wherein the gyroscope comprises: a fiber optic gyroscope (FOG),

a laser ring gyroscope, a MEMS, or any combination thereof.

10. The device of claim 1, further comprising:

a spirit level for leveling the goniometer.
11. The device of claim 1, wherein the device is a north finding device.

12. A system comprising:
a goniometer having a rotation axis,
wherein the goniometer is adapted to provide at least a first goniometer azimuth reading
{A1) at a.first azimuthal direction and a second goniometer azimuth reading (A2) at a
second azimuthal direction; and
a gyroscope having a sensitivity axis,
wherein the gyroscope is adapted to be mounted to the goniometer such thata sensitivity
axis of the gyroscope is substantially perpendicular to the rotation axis of the
goniometer,
wherein the gyroscope is adapted to provide at least a first gyroscope angular rate
reading (w1) at the first azimuthal direction and a second gyroscope angular rate reading

(w2) at the second azimuthal direction.
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10. The device of claimfurther conprising; a spirit level for leveling the
gonioineter. li. The device of claiml1l, wherein the device is a north
finding device. 12. A systemconprising: a goniorneter having a rotation
axis, wherein the gonioneter is adapted to provide at |east a first

goni oneter azinmuth reading (Al) at a. first azinuthal direction and a
second gornoneter azinuth reading (.A2) at a second azimuthal direction;
and-a gyroscope having a sensitivity axis: wherein the gyroscope is adapted
to be nounted to the goniorneter such that-a sensitivity axis of the
gyroscope is substantially perpendicular to the rotation axis of the

goni oneter, wherein the gyroscope is adapted to provide at |least a first
gyroscope angular rate reading (@) at the first azinmuthal direction and a
second gyroseopee aﬂgaﬂ{ ar chat a2 eadin@np0)izy aatrodehreizsedtontdpad i rut:kkalate

di rection. IIaZI g%g%%p]ofoglaln112 further conprising a processing unit
adapted to calcupa?e azi nmu % based at | east on: the first goni onneter

azi muth readi nge (GAl Eomemethreazinis reaging A Harhe dicy SEFTOA, dimhidP™ Red fherfast
gyroscope angukabschgdfgkigastt Ebgd.(@@h); aake firkieziuftat di@ziomudddal di recti on; and

the second gonj onet er affortee maer L GAAL) ﬁ((ﬁg ) atithe &b&m&%& @a@cm,u ARk he

direction, and Fhe se o e a rate rea % at the second
azi mut hal di r eetcprgyropeppe ?’Pﬂé‘lasgﬂﬁfé#ﬁ"wf(m@l aéfhﬁ\STQHd Attt r‘tCH%“ first
gyroscope angular rate readlng (col) conprlses nultlple readi ngs which are

averaged to 1Rr ‘PVI d(sn'terfaf 0%0!8.1 tlareuig thelf§ (gy ﬁlg} rgtfe rgaldmtg 3‘ On}%gésel n the

second gyroscope ngular ra e rea rises mul e readi ngs
whi ch are aven@eﬂpbdﬁﬁF@WWBé1QBSWﬁ§$ to\PEIV asmgevﬂue

15. The system of claim 12, wherein the second gyroscope angular rate reading (w2)

comprises multiple readings which are averaged to provide a single value.

16. The system of claim 12, wherein the gyroscope comprises: a fiber optic gyroscope

(FOG), a laser ring gyroscope, a MEMS, or any combination thereof.
17. The system of claim 12, wherein the goniometer is adapted to be leveled.
18. The system of claim 12, wherein the system is an azimuth finding system.

19. A method comprising:
performing a first goniometer azimuth reading (Al) at a first azimuthal direction;
performing a first gyroscope angular rate reading (@ 1) at the first azimuthal direction;

rotating the goniometer to a second azimuthal direction which is different than the first

azimuthal position;
-performing a second goniometer azimuth reading (A2) at the second azimuthal direction;

and

performing a second gyroscope angular rate reading (»2) at the second azimuthal
direction.
20. The method of 19, wherein the second azimuthal position is approximately 90 degrees

from the first azimuthal position.
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16. The system of claim 12, wherein the gyroscope conprises: a jibe- optic
gyroscope (FOG, a laser ring gyroscope, a MEW or any conbination thereof
17. The system of claim 12, wherein the gonioneter is adapted to be
| evel ed, 18. The system of claim 12, wherein the systemis an azinuth
finding system 19. A nethod conprising: performng a first gonioneter
azinmuth reading (Al) at a first azinmuthalL direction; performng a first
gyroscope angular rate reading (to t) at the first azinuthal direction;
rotating the goniorneter to a second azinuthal direction which is different
than the first azinmuthal position; -performng a second gciniorneter
azinuth reading (A2) at the second azi mut hal direction; .and performng a
second gyrostope fa?iéﬂﬂ'l oAelaymat % Whersd lifgirg BEDYCORt NEHE ‘%tééﬁﬁﬂgé‘ﬂﬁrfﬂf“ﬁ%ﬁes
direction. 20.milage@bRAedviath d9avenaer ®ipovidhe sisgieoniek. azi nut hal position is
approximately 90 degrees fromthe first azinuthal position. 21, The nethod
of claim 19, wherein the first gyroscope angular rate reading (oil)
conprises r &l b5 methehdl Agsn MAi Bheraip eha Pl 8UCrer R IR &2 rS"idl‘\‘&I @‘Wal ue,
22. The net hOdcoﬂfprlgés%hﬂﬂpleﬂ'ead\MgeMch atehesrsee andowgieroseopelangul ar rate
readi ng (ce2) conprises nmultiple readings which are averaged to provide a
single value. 23. The method of claim 19, further cam cal cul ating azi muth,
based at / ed&stThgpnethod of claim 19, further comprising:

calculating azimuth, based at least on

the first goniometer azimuth reading (A1) at the first azimuthal direction,

the first gyroscope angular rate reading (1) at the first azimuthal direction,

the second goniometer azimuth reading (A2) at the second azimuthal direction, and

the second gyroscope angular rate reading (w2) at the second azimuthal direction.

24. The method of claim 23, further comprising:

determining north.

25. The method of claim 19, further comprising:

leveling a goniometer used for performing the goniometer azimuth readings.



the first gonioneter azimuth reacting (Al) at the first azi nuthal
direction, the first gyroscope angular rate reading (col) at the first
sziartutisal direction, the second gonioneter azinuth reading (A2) at the
second azi nuthal direction, and the second gyroscope angul ar rate readi ng
(02) at the second azimuthal direction. The method of claim23, Furtha
.-orn determting north. 25. The th l.aj « r conpri sing:

| evel ing a gor dometNQR'ﬁEEINB¥N§é?rEX¥ﬁgﬁrrg{{gﬁ@%gmp@wi mut h readi ngs.
NORTH FI NDI NG DEVI CE, SYSTEM AND METHOD ABSTRACT A device inefutiesi a
gyroscope: ailapted to be nalted to a gottiotheter, wherein a tteositivity
ii>tis a the gyroscope is substant ABSINRAEZpendi eul zu to a rotation iixia
of thntiottherein the gaidaineter k adapted to prov irk at least a first
gonionxiter tuiimuth reading t Al at a first aziiinuthal direction and a
second gom ost Wiok bdsbddet . i \ itd aaosReend, adatut akidlitvi

di nt‘gt i %\rlgtju\%égﬁlgihgesf %{é%dﬁ%%tié%gggﬁg ng{éjglgbgg L?ol Dgr ovi de at | east Lgdnflil%:”st
gyr oscopeis 10 thawot@rcoper tsi tibetanealthi pérabndacitlivetof i rretatia iaprist hlalthe dpnieateiaon
itrid a sociond roscope angul ar rate reading (a>2) at the second .

o1 mat nAT ST Beer BTGy bR e e bR HaeER AR SRR IR B TR 0
angl e, Fi gomid &isugdeatredidhoindoRbiat i@Mometer azimuth reading (A2) at a second

azimuthal direction, wherein the gyroscope is adapted to provide at least a first gyroscope

10  angular rate reading (1) at the first azimuthal direction and a second gyroscope angular rate
reading (w2) at the second azimuthal direction, wherein the device enables measurement of a

tilt angle.

Figure 1 is suggested for publication.
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