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NORTH FINDING DEVICE, SYSTEM AND METHOD FIELD OF THE
INVENTION 5 Some embodiments relate to north-finding (or
north-seeking) devices, systems and methods, which may be
implemented with gyroscopes or gyrocompasses, such as, for example,
fiber optic gyroscopes (FOG) or micro electromechanical system (MEMS)
gyroscopegOIOIBARIKBRAY NE AT EHE BN KON MEMHOD
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 nawgatlgméﬁﬁfllg BYYENT I tion relative to the
desired path of travel along the surface of the earth. Conventional
techniques for obtaining directional knowledge include using magnetic 20

Some ophedungrtsirrlatn s Aosbitstingg gy esthr teskiag) glngses persteimyandigethods,
whichSigR®ise TRBREndBRINIGES AbRIGSENE CeliRIFHipaciantiase ssMag @@Hﬁiple, fiber

ompasses require local calibrations to obtain even marginal accuracy

optic %Y{BS@‘FPSS@&%@Q%Bﬁh@t@@@ﬁ%?ﬁ@hﬁ@t&gh%ﬁ% Yggiscopes.
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 BA¢ RXPRONS Y OFTEEELIROYENEION. SUMMARY OF
THE INVENTION This summary section is intended to provide an

overview of some embodiments, and should not be construed as limiting

Manyt%@aﬁdaﬁsa@mgjﬁg@ﬂbﬂchﬁpﬁajaﬁwmqwrgaﬁ&iwti&lﬁqme\mﬁgedirrfam@ples of
prowde techni Bﬂ#es for north flndlngtsln some embodiments, a north finding

@t%% Iggngl %ngé ﬁ%gélast Q> fOr mortar/artillery), navigation

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
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.

Conventional gyroscopes are typically too large and expensive given accuracy needs.
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mounted to a goniometer such that the sensitivity axis of the gyroscope is
essentially 10 perpendicular to a rotation axis of the goniometer, wherein
the goniometer is adapted to be leveled and wherein the goniometer is
further adapted to provide at least a first goniometer azimuth reading (Al)
at a first azimuthal direction and a second goniometer azimuth reading

(A2) at a second azigiuiig AiRscinn and iReygNgIesRe is adapted to

provide at least a first gyroscope angular rate reading (c)l) at the first
azimuthal direction and a second gyroscope 15 angular rate reading (c)2)

This AbthRsesdRzEMithakdite@ienidd SPeeBRosiMgHS R Smiarelsl should

may comprise a stationary part and a movable part, wherein the movable

not beaRsy él&lt&%f&é%p??@% fetatibrdiashietRaat 16548 he first
azimuthal direction and the second azimuthal direction and wherein the
first goniometer 20 azimuth reading (Al) is the angle between the movable

Some sHpaignans fEmdta FepRI U ArithdLdifghal 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

In somgg eRRQGIRERH ARt SRR, 98ViRcsBiRE EXRHUHIFnEh &S WsvRdapted to be

mount®@tdea fushpmadaptediomaictlate-azimuth, haseskatleasirapopeeilirsksentially
goniometer azimuth readin%h(AI) at the first azimuthal direction, the first

perpeRdicidaio s arniRion atds e bR L) aE e MRS EZItG AN IFRTEAS affgpted to be

leveleth@ndeGORER § ARiOFaaIs Rz MthuigRdingaphed) &) hevsecanttaginRloniometer
direction and the second gyrosco%e angular rate reading (c)2) at the

azimudle ehing im it Ra R difst M UHah LSO B MEbATREMS, $Hi fagiee arip frreading

(A2) funciopadyassasaiataddvitbnl semputeyadaiedkadgaicutatprazimiibleast a first
based at |east on: the firs:ftg%oniome er azimuth reading (Al) at the first 2

EYFOSCORFRRAIHiraS BTG fird) GrtRScHEY AHGUAI AR Y st eyroscope

anguldir shtazimdihal oy actionsRoddheisrepndigeniometer azimuth reading (A2)
at the second azimuthal direction and the second gyroscope angular rate
reading (c)2) at the second azimuthal direction. 5 In some embodiments,

In sortheciisbaireaeRReane Bhsaie iRadaeh () MayacempiisRumuiiple 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
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.

In some embodiments, the device may be further 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 (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.

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
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readings, which may be averaged to provide a single value. In some
embodiments, the second gyroscope angular rate reading (c)2) may
comprise multiple readings, which may be averaged to provide a single
value. 10 In some embodiments, the device may comprise a fiber optic
gyroscope (FOG), laser ring gyroscope, MEMS or any combination

azimutReI E@teltiSOMABLMROVMENISp& R deviatanavigaised Yol leNeling theimuthal
goniometer. 15 In some embodiments, an azimuth finding system ma

direetwm%@easwﬂer&@%@é}%‘%@l@m&éﬁ%w@%ﬁéFeﬁnsaeeltjb?ﬁamg%} irection
and trRdapted 19 Redsyelpd andfiwthanadapieddamrevidadatlaasha tiatction.

goniometer azimuth reading (Al) at a first azimuthal direction and a
second goniometer azimuth reading (A2) at a second azimuthal direction;

In sorAOW AUNHRRGAPNAYIRG Sy roeasiiVANANIS r VO SERIRDEIN 886PBEPrise multiple
adapted to be mounted to the goniometer such that 20 the sensitivity axis

readingsuhighJoaypheicedagedidfy pseritndicinglto i rotdiiotP Bacapdiments, the
second YPINSHKY ABAINYNEICIRADR FY(ODCARY afRRteHhiMmIeidRIAbeashidh may be

first gyroscope angular rate reading (c)l) at the first azimuthal direction
averaggdf O RIQX KA NS EH-%Ngular rate reading (c)2) at the second

azimuthal direction. 25 In some embodiments, the system may further

comprise a processing unit adapted tg calculate azimuth, based at least

In sorg. ciRBHEPYYMidhfeter isiMitth SRRANS (A M thE Hr SPYHATRBENEOC)- laser ring

gyros€HfRCIMRMB fitslyuRseRaR AfHatrate reading (c)l) at the first
azimuthal direction; and the second goniometer azimuth reading (A2) at

the second azimuthal direction and the second gyroscope angular rate

In sonigagingdierdn@! ihpisreensd azipbihabdirectianlis tit somemeaodiments,
a method for finding north may comprise: leveling a goniometer;
performing a first goniometer azimuth reading (Al) at a first azimuthal

In sol¥estipodipeshosmindaAnuliistigyrescope anglprc@ipieadingaibndéthenaving a
. first azimuthal djrection; rotating tEgz goniometer 1to as %on azimuthal d
rotatif o U5FReR RS SPERAN (FAARI L EHS R G SS AGRRIF g Provide
at leaSe£ Ot QORioMetar adimidhreaaiingAAL heh thessegondraziaidba@dn 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
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 (w1) at the first azimuthal direction and a second gyroscope angular rate

reading (®2) at the second azimuthal direction.

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 (»2) at the second azimuthal direction.

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
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direction; and performing a second gyroscope angular rate reading (c)2)
at the second 5 azimuthal direction. The second azimuthal position may
be approximately 90 degrees from the first azimuthal position. In some
embodiments, azimuth may be calculated based at least on the first
goniometer azimuth reading (Al) at the first azimuthal direction, the first

a firsOWRSCORS andiak rale reading dficlh) atdhedirsianmuthalidiEgeHoRotieng the
second goniometer azimuth reading (A2) at the second azimuthal

goniopFictilh AndhtRYSe BN HioSEspdoan Yilichrateidiaing (e42) Retdlsst azimuthal
positiSECPRHoARIMUhALANREtINi dheRMaAmRadisaants. @deast dne followingimuthal

types of sensors may be used: Ring laser gyro; 15 fiber optics; MEMS.

directigm@ndnisatTAkAEs tnafFpRovise B RACarREBIaA ddifo bR itd)aRd/be second
azimuAtHantages, 4 BRIEEIAE 25RHhRIQNsPbn ik BRAWING PPy SONMRIGHYs from
~and clarity of illustration, elements shown in the figures have not
the i Euln) PRsiRrawn to scale. For example, the dimensions of some of
the elements may be 5 exaggerated relative to other elements for clarity
of presentation. Furthermore, reference numerals may be repeated

In'som, SR AHLMGNe 4BNHGICREY durredsBlaidgbaishalofatisORIEhReHtSL gpRiometer
azimullg WeSi e Astes BelawsthiguieHasanesttically Shewsidicbpéseliverate reading

view, a north finding (NF) device, in 10 accordance with some
(o) %%ﬁ%ﬁ%@&%%&#ﬁ?@ﬂfg% Fiurs PR RABQTRE aRBNKhimeRsingdw 24 at the
second@ihipetiof Wi id i\ denica ctthagseudanse anviilas oane rd MmN Ativethe second

. embodiments. 15 Figure 3 is a schematic flowchart of a method of using a

azimuihal fitGeloR, accordance with some demonstrative embodiments. Figure

4 is a schematic diagram illustrating some parameters which may be used

in accordance with some demonstrative embodiments. 20 .
In some embodiments, at least the following types of sensors may be used: Ring laser gyro;

fiber optics; MEMS.

Some embodiments may provide other and/or additional benefits and/or advantages.
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Figure 5 is a schematic block diagram of a north finding system in
accordance with some demonstrative embodiments. Figure 6 is a
schematic diagram of a battlefield scenario incorporating a north finding
system, 25 in accordance with some demonstrative embodiments. 5
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS In the
following descjtpoy YRHIQURFPTEON @ FCEHHRA VRG] devices,
systems and/or methods) for north finding will be described. For the
purpose of explanation, specific 5 configurations and details are set forth

For silﬁ;ﬁ[@i@% iadPrayidle artharquathHnderstandine i terteghnlisiieradaweYietessarily

it will also be apparent to one skilled in the art that the techniques may be

been drawficdel Without EpecifienetaildseHEpreicanted nemin O thnhetprals may be

exaggWalnewnviegiwsarmaymaantited aisivpified it.atder Fatde ARSRURference
the description(s) of the techniques. 10 The term "azimuth" as used

numeglyefR3K GEnETRRYSHAREBARY AKoltEdtal [SidBAS RIS RSB M) or analogous
elemediteCtipnfigUeR afinswaaiglrgction a star (or laser-designated target) is

located, from a reference point such as straight ahead. An azimuth is the

angle from a reference vector in a reference plane to a second vector in
Figurdhe saimeiianiglypQIiing tawvasels et not viegesgaribthd MAGEIINAINE) device, in

something of interest. For example, with the sea as your reference plane,
accorqgpcewith e demneRi A HE BRI SRk between due North and the

point on the horizon the Sun is currently over. An imaginary line drawn

. along the surface of the sea might point in the direction of the Sun, but

Figurg, 2 S eBorsly SRR ko, A m At Rhesugliy sittad iEudRV igegtdgqgrdance
with sbhR aercrptrigivsethbbaasytpractical 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
FigurdBdegreesniib rRfetdasetn sRmMpass ponis NI a¢vidélindrgieesce with some

corresponds with due north, "90" degrees corresponds with due east,
demongigfive HPROdIIEAE honds with due south, and "270" degrees

corresponds with

Figure 4 is a schematic diagram illustrating some parameters which may be used in

accordance with some demonstrative embodiments.

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

demonstrative embodiments.

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

in accordance with some demonstrative embodiments.
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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
gepgeMNEDIDRSERPI ORGP HI PREFERR BD IDVBIO S RVENTLS
east and due west. 6 The term "elevation as used is generally indicating a
vertical (up and down) direction, such as how high a star (or

In thel @RSFGSI ABAIGHHIGHIPAHISUR ASIRRESK iRk EhEi §HYs (TR RITRIRISNEEs PAIBIems and/or
such as the horizon. The elevation of a geographic location is its height

methogighfara iRy faringnddlp it dttatPede FttathscRl@vss Efe%ﬂlﬂ’i‘?an’ specific

confi IRAMRYIEnHeIghil {Sareaipfsise ddiaer g Eﬁﬁ‘ﬂ?iﬂg toReIBES PRARS EATERS of the
surface, while altitude or geopotential height is used for points above the

technigyp, cBoR(RiTad Y hitseabeiAmMISRbIc:oss akEled annthe it e dhe prghniques may
be pracRed asiteRe RpeeindeirRgilo adiher pRisedorsrRe (FRBEMNEY i$/8ll-known

gyroscope sensor that does not have spinning parts. This is a gyroscope
featurgy iy e RaHAMHE e AEBRITIEH YTt Qn@%%%?calp?o@gﬁ%ﬁaptﬂ@ of the
techni®@B§0r may be a coil of as much as 5 km of optical fiber. Two light beams

travel along the fiber in opposite directions. Due to the Sagnac effect, the

beam traveling against the rotation experiences a slightly shorter path

The téhanRaatherabessn. laarasutingahaseirhifinaltesis:houcdhedeamside, left or

interfere with each other when they are combined. The intensity of the

right) direiRBASHER AT ek b JERELSF AT RAIA Trs 8RR PERREVRICRigd: from a
referetREpOYANGFACICE iR R AN InsirumenhtiaiiRIthelieasuiasfeRgle:Glector in a
allows an object to be rotated to a precise angular. position. The term )
referephidiiny iS DS RIAT Al rEe Rhifs, RIS SNty BRGRS dfgessarily
meetiMREIrQGMOAEARIRY MEASH EFAy RISIIPINGvABNiReNetar 4 2ougaBiereettCplane, the

. Stage js g device used to rotate an object precisely apaut a fixed axis jn .
aZlmu&‘bé)é%Lﬁaﬁgnsm}ﬁBF N %t%ﬂ&%ﬁﬂ&%é??ﬁﬁ&f}:ﬂé%%%ﬂﬁ m?eg?rgzon the

Sun isitiRreagResicio A Raseinti® line drawn along the surface of the sea might point in the
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,
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.

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

"cardinal" points of due north, due south, due east and due west.
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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
The @Y A2 HGESNRERIN I8 Skt {omaWRSEORS e NQIBIP ARV ISGANERSKIAS such as
used herein refers to a device that may use a combination of 30 spinning )
how Hghsa siah (sEratRbds iRt s SeiRdsaBvaHease bt thregkieljaBrdeteference point

such SXeRtedQiyan SPINRING QYIRS rotation glitlelsaitionofavity nafdllt above a fixed
gyroscopic precession. Gyrocompasses 7 point at the geographic (north)

referepigepoiiy 9hG e MERNdFALEHH: MBuitngPFcompaisBs ghhys peainly used when
referriiﬂgpiﬁf’ﬂsﬁi@do'm m&nﬁéﬂﬂ%eﬁlﬁﬁé’eis%iqlétﬁlﬁtd@é/i6?%%%6&@%%/'%@&@%5% for

~ FOG. The term "indirect firing" may be used herein in the context of
pointsphprat e syriagtiiR)) 25 PREEHFMBEMOE MR TG dh A Right directly
at the target. Indirect fire means that aiming does not rely on directly
viewing the target through the sights. The implication is that azimuth

The tefy/5O Rt d AirkmRy b AULhey IRdr e setRsdE QR brdtiRdshayipscope
sensotBN@ERMSERSR Hpsuallypneanshiethy HepesdogeriditgoneaNmterference of
. applying “firing data' to azimuth and elevation sights and laying these .

light t&g%é?%”ﬂ%“t‘éﬂ#%ﬁ%@*@?ssﬁ%ﬂ Rergibe sty bah Bl Smbbitafiyptical

fiber. Iyt 8 dafeRkitienRN(O)e Bivasiied AN RPIRER . APuE A6thEOs QMG effect,

planetary body) north or south of the equator. Lines of Latitude are the

the b JEHAI MRS HITLINING L SSRESIDEST AnsHEpY, TaeiehdiRy, (afkibe other

beam ITROBOGHIRT PREGSUKEMERICEH HeQeeDemacked Math \iangioy Staes WiRh they are
the ei, ator 15 (low |atitude) to, 90 at the poles (90 N or +90 for the North

combigegh A SYEGY-96 1BF thiem8Gth ¥818) e GRS Avides A e of the

devicdnto 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 (A,), is the geographic
The te@OrginatenRnest casmnonly Lisecifeaartagebby asgsaiobahgle or allows an object

to be rotated to a precise angular position. The term goniometry is derived from two Greek
words, gonia, meaning angle, and metron, meaning measure. A positioning goniometer or
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

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

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
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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

point SEGELESBRAIAIOfdhens PRICInaRsLTBARUGHVINER e aapdtereiabienabasses may
axis meets the surface. The spin axis of the earth Isﬁﬁﬁé(é‘%t%ﬁh

be implemeaietindriRisprizsd and solitHatedevipes otttrlsts
magnetic north is the direction where a compass points to. The magnetic
north pole is near the geographic north pole, and moves around.

The timgnidgreerdirtien SN grovidedahergte 1B disproRifdtith Wrilie e Bueartillery).

Direc@féMiSaftHeiRCIMILES: SURDEROIPFaIViIRGA ShadeNYCafRaNnBAAE]hat aiming
accurate. The term "Sagnac Effect" refers to an effect which_utilizes the

does et yelx AndinesHie visatinseths Wsaeidtupighths sittahbermelirasion s firatagimuth

and/oteRbaiRSenhit SPRAfHR: disREtiRSasOAthad{ing PRRIRYSMING SRERD®m sense
the laser light is constant, the motion of the optic ring itself, the laser, and

it usugly JEERH PNy &15BE RS L HE SRR st Rifei e i sn Hakre iR rzipuith. and

elevaffegbifs GirRISEAWHREENEAWE counter-rotating laser beams are
recombined at the detector. Imagine a FOG sensor that is rotating

clockwise as seen from the top. A solid-state laser creates a single 10

The tdasenfaae hafagalclignt isenliy dadwe HeaRasicone BPRg GrRekWisRr phi (D),
and one counter- clockwise. After traveling through the fiber optic logps,

gives {he o WAL e (FEEABIEE AP HRREIP O TR BER R GG ©F the equator.

Lines @pehinisganitehaventpidanel adittiefarhauimaeirgsiramitbe @satape. thechnically,
detector, because the detector has rotateg away from it some; the beam

latitudgi A AR BSRRIFER I Ve S & L TELK S oiitbhel FAB8IS s d&iaLige equator

(low leeaRISEotedataRi Yo AF tated teoit 1NN shifiiePercenth F)stage-90° for the
traveled creates a phase shif%A ) between the two heams. The Sa}f;nasg

&Y %r e and” a Southern

Southppolel shirfeaRgUuakiy B8 ik ek WA hphertgm Hemispher

Hemisphere, and has a latitude of 0°.

The term “longitude” as used herein, usually denoted symbolically by the Greek character
lambda (A), 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.

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
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
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AS =8itnAw/c? 20 where A is the cross-sectional area enclosed by the
fiber optic coil, nis the number of turns of the optical fiber around the ring,
co is the angular rotation around the sensitive axis, c is the speed of light,
and 25 k is the laser light wavelength. Because n, A, ¢ and k are all
known, the FOG sensor can translate a measured AS into the angular

approk%?ét% IsievBerenexemple, adleviceHaubararssss (Shé‘e%gg@%ﬁiﬁ%% can be
is the ring Laser Gyro (RLG). In an 30 RLG, a laser beam is split and sent

more f¢@¥H§site 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

The t%‘”ﬁ%ctsﬁfélﬁ’i‘grﬁfﬁ‘éénf%&ﬁa 891tﬁ%egraweavﬂg}hwrnéh%mexwlugwle that the
speedrﬁﬁﬂﬁ"ﬁec@fli%tdemeﬁ% iptarierencs RALtes i BppRsHEed R tions around a

determine angular rotation. Another gyro device utilizing the Sagnac Effect

ring. Regauseitisy Bt Byhs (BSE) S BoenEa8 s HfIRMORMS pPticatRg itself, the

laser, 4RE9IR @s8EdiodaverHOEELBINIAE $EENI AlIAUB AS BagNIN SORIGReralenBffect is
with cour?lers polarizers and a light detector. The major difference in the

creategyhetathe, B Gern s htHng LARE SRR AR HRIP BRI ht Uas et gk pagine a

FOG &aGruagsiarenitiabemsigalifibes {esitronticalippin kEsare1ividedatelo single
two types: (1) Closed-loop using an Integrated Optical Chip (I0C) to

laser peapIARe (RS RbithisPHh Bt CACCREAHS afRe (B BR &P T5Sp Alryg counter-

clock@i@@%@i@ﬁtﬂﬁ/éﬁﬁg ul@&@fgfﬁzéf htsttﬁgpﬁtem@ﬂfse ehly e B&ﬂb@f@&%rﬁ@tﬁbd at the
The terms "spirit level" or "bubble level" as used herein refer to a

detectpisF i BFBSIRISd W HifcxtE Binseravsladtdadieder ot %ﬂ%bfr om the laser

to thdidteeeitrlypes@fesphit l@yelsoaradssestyd Carpeniess S&O@@rﬁea&ﬁs%eam going
bricklayers, other bU|Id|n trade workers, surveyors, millwrights 15 and

countgi Bk tera IRErd, HAB BSR LR HSCERp o Ee RSB ST Jpretetor has

rotatedEiftbif @@ erence in distance traveled creates a phase shift (AS) between the two

beams.

The Sagnac phase shift, AS, can be calculated, for example, as

AS=8nnAw/ch

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,

o is the angular rotation around the sensitive axis,

c is the speed of light, and

A is 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
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
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eye level: 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

the gl [@FEIGNOR KR A HEBWHIQIBAING AHAREARCAFALRY aving dB&BRRS ference pattern is
precession about its own axis of rotation which naturally aligns parallel to

measyfed e RIS BRFBLALEHAARE- 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

Anothep g¥erdis¥ire ditiraectisedasmatid s trie BartHRSr eRinGY ineUSHentidOG is

similakROWRRT TR iHSR 21 UeGESFI08 afdBE SRINRNISRIBYAsCAREL AlAhe VB ource,
the gyroscope housing is fixed relative to a host vehicle and the

along Widh GRHBlSFhsRYHG s Ak a thdtsiess digumavspsiesirpradp e devices,

howe @8NBEQIR iRRMIgatiENahsianaisciStRSRoENkRARWR3D Whendha@xiscefiaf optical
spinning rotor is torqued around an axis normal to the spin vector, or a

fiber foivitoRBHEthdraBY, iFQGvars dHuidish IMaChYs BiPatie tdnyGeossduiven fsing an

IntegrRRYE R AIEUTE (LYW aiHRNLENRY | tRanvieig e 6ptRABBIR-VRCIAN (2) Open-
recesses. This occurs, for exam,ﬁ))[l,e, when the gyroscope is mounted

p { .

loop usipg iRl i TS AR THE Bltdrig e UeCtNdREL Nt R RID
polar axis and a component of the rotor spin axis, or spin vector
component, is parallel tq the et%uatorial plane, The gyro rotor and inner

The AT BRHECB D RIBNG hratie  GEFRNHE Sl ABrAETER ehgned o

indica%0IW NEBLIr LauFREaPlang eprpRerenDae-éhe eparidllypidpnlieels are used by
polar-axis torque vector resulting in precession of the rotor axis around an .

carpeigrs it g ‘é‘&ﬁ%&ri@i‘%‘ﬁ&ﬁoﬂ%‘ﬁ‘t@ﬁ giﬁ'ﬁ‘gﬁ' VOEKSTS: g5 theliy wrights

and ofhénenaxiBrirkaes apnlieeti sasaviadsdrgsheas tadhe feriar Snie \geinre9eRis the bull's

component thereaf, the axis of precession. movement (output motion) is
eye leP{S ne ?i[l& BEP%ﬂHBﬁ?OGELE&%“%) with the 11qu?g under zg slflght}y CODVG?( 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.

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.

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.

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
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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

poweP &ERENEMIRST (R083 39oP PPl ukish RIQ figtevin e atsd B¥mple, when

reference in their entirety, and which describe systems using

the gysaic iR YYRssAROYhska mbibe sl wilbgirmstsiRrbexisaligppd with the
carth' CpBIANEtioRMIth davieaesystan: andr Mahogsgasculed dbrkfiitRdt, is parallel

States Patent Number 4,945,647, which describes diagrammatic
o theregraleithfIrRCidSE G BB ST SYRbabMPASSIREiFReGq tilting torque
around @8NS S AN I8JIPMe Kb %&B@cﬁiﬁéﬁﬁ\l@rﬁhgiésﬁ{ww{ttmdrtﬁétextemauy

_finding system. At any point on the earth, the earth's spin vector hasa =
applicd pAREHEHT tAIYENFSIB i W2 da R irace (RACRIRTE tharaNar Asnijs in the

equat GHNPRARNH LA DEake"inyht) andtaROthe e rRAENH(RL SRRVET) the applied
normal to the surface (the "vertical component of earth's rate wV). Far a

torqueg i ARERAL AP DGy EP IR PRI KFe P lich S BRI SR T a i il vk Rrecession

moveR¥nt\MIUMERSSn PRV ME] ESHbh Sthplrerawbs is the total magnitude of
the earth's rotation rate (15.041 degrees/hour), and L is latitude. 11

Conveniently, wH always locally points North, so the platform calculates
Thereh@adbag @slithe.anglribevesipatdiand ybehorizpmialinsojeshnmebthisro; and 2)
. platform X axis. Some embodiments may be used in conjunction with
having g AOUsSRPBIAREURY MABRIBEEHL Y BSRIEIE  SRRESP & shpsor of angular
velociyumber 5,060,392; which may be similar to United States Patent Number

4,945,647, with the following main differences: The arrangement of United
Some mpdigichis ¢ KB ri S sle 49VNISSHAR J5YecRiodHile o 1Y Hptethods
describ¥ib @f theigyreaan PRk 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
methods described in United States Patent Number 4,945,647, which describes diagrammatic
representations illustrating the objective of gyrocompassing, i.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
earth's surface (known as the "horizontal component of earth's rate", ®wH) and another
component (not shown) normal to the surface (the "vertical component of earth's rate
oV). For a spherical earth, ®H and oV are functions of latitude only, and are given by:
oH=wIEcosL, and

oV =IEsinL

where

olE is the total magnitude of the earth's rotation rate (15.041 degrees/hour), and

L is latitude.

11
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to any direction in the XY plane of the platform. When the platform case is
level, the gyro IAis kept in a level plane, and is only subject to
components of Ooh. 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

ColRMSRINESIA tRGky I QRUNNBMAL N6 HE APIHIAR ARSI A4RIAHRA cading as

speed. It is the motion of a record turning on a record player, a pure
thegpgiohetisguabrand tiheezerimsaissinltisLd e AIIWBN 2¥étations
per minute deg/s - degrees per second 20 rad/s - radians per second 1
RPM = 360 deg/60 sec = 6 deg/s 1 rad/s =(180 deg/trad) * 1 rad/s =57.3
Some g@PediMe RSB HIE Wedt Sonsytctiannst mdadere skt Birdhdisicribed

in UnR¥dtSRield PRIYIINBRSHEES 535600300 0RA i BROHAR- BSiANGY 8 13iRdnaythes Patent
integrated over time to get angle as a function of time. For example: O(t

Numberr 445 @67\ <he Rl Qo raadh JifEavpacesnsbis a@'&‘g@%&wn@d States

PateniMA@HbHEE A0G6!I64 TR USIEE dREGRT IR ARFER0ARE MMPINARs SakielisrBtan rotate
object moving in a rotating frame would cause an observer on the rotatin

to any,disgeting 4B e pAHBRH CALRS RYUHRSof YRRBUfC P Bt atforidC T hrihe gyro
IA is RYIERE iSIEReVpIghE) andlR SHBIGHEjHE (PBshibisnshIBELN. @ rotation, you

will see a deviation from the original straight line. For example, Figure 1

shows how an observer on the rotating earth will see apparent

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.

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

rad/s — radians per second

I RPM = 360deg/60 sec =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
rotational motion. The angular rate may be integrated over time to get angle as a function of
time. For example:

O(t) =f o(t') dt’

MEMS Rate Sensors

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
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accelerations of objects moving perpendicular to the Earth. Noted are: 5
Coriolis force caused by the earth's rotation Objects accelerate to the right
in the Northern hemisphere. Objects accelerate to the left in the Southern
hemisphere. Accuracy and Errors in Gyro Technology 10 Each class of
gyro is faced with its own challenges to its accuracy, reliability and
straiglgtUiaBilifya Mechanical@RdMEMS @I QRifeEEXINRIRIA eraiaftedDnal straight
) inertia, shock and vibration. Fiber optic gyros have a set of inherent errors
line. that FOG manufacturers work hard to mitigate. The transition from analog

For eladigitalisigngl progsssingasipueddr Qf mandaahiessdh will see apparent

compensate for some of these errors and produce FOGs with greater
accelegpiions o) ahigcihproved Pesprahtile [eihs KtabiPistésny type of gyro,

CorioBY€srwhansa ISShationaiyican register some rotation, even where
there is none. This is known as "bias error" and it varies with temperature.

Objecisigecalerifr& hayigy /s REBRLRTPIMEF can be corrected using an

ObjecteMpRelatitaSanRsRIs Andasoitieinaldatipiibias 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

Accuf {hadate-efsrpiatian eEHhedt&dG and is defined as the difference
between the inPut rate and the measured rate. In other words, for

Each glasiviflieyTPtie! i ‘otatismB FOESBSPOCdEyreey dabet itaaliarapd durability.

Mech2HcdegiRE MFMSASTHRR rate ek satplionrinareases, shamiios, Reeitiahiaybration.
increase. (Scale factor generally cannot be predicted, and needs to be

Fiber eBHSIBHOANG b Auihg e SEars Reht PSora ARG IR ST ki mitigate.

The tARWOnThHewUlRIbEfa FREManIchie aiiandemaneisedetlente itafialeurers to

random walk (ARW), ) .
compensate for some of thése errors and produce FOGs with greater accuracy and improved

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
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

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.)
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which is defined in terms of degrees / 'Jhour, describes the average
deviation or error that may occur as a result of the noise element, even
when the FOG is at rest and should have 5 an output equal to zero. Major
contributors to random noise may be the active elements in a FOG, such
as the detector and/or the light source. Some embodiments may be used

AngldREQMHNOIAR WlRWeVices, systems and methods for ARW noise
reduction, for example, as described in United States Patent Number

The optRaeos 3 QHiEMS IBAS G ARSE MR RMS F FERe N ColBlSLEARB I AFOFAR W),

whicheXalBRiR AR WrdOgraR fededyreek byecomsuiCit, akiplaiaasH 6MertSthat
and averaging. It is noted that in United States Patent Number 4,945,647

may ogGHs Gt LyrdhR ROLISEIeER AR Wit A IHiisat Bibaadishould have
an oufPRASHINGIRYICE. MafONEERSE IO SAMS ARRH iﬁ'&%t%lashséetﬂé p&veeRhnts

motor and a tilt measurement device since the system Is placed on an 15

in a FQGsfiRePqoihsHetertomes/ eai e iabiaed tFotated) manually and it is very

Someaghbiatal¥nieVRIgOSARA NeediRmtitidReAIHIEMRRY. fREMEARHIBINEDES for
of parameters and angles of a motor (as in United States Patent Number

ARW g i9ase sreiding ol fé8RleupstelGreTieditith, HE ot s elfaisay Number

6,836 1BNAVER IMQrR &Fpbsatedhe g asurement due fiQ BaReise, FBYeRANIEN ARW
using a lock. Due to this reason, the system of United States Patent

can be\geised by 20aducERg Ty kTR W BIRP PRHAE & R8s or (laser ring) to
compensate for the inaccuracy in the measurement of the angle. Figure 1
schematically illustrates a north-finding device (apparatus) 100 comprising

Itis ngledfRAL 4R hE 3% HthtEi B S GiTometed 202 P BRI EE SR dorfdhat

has a G@mMENEHEEHMASs eMBAdingNiseXbrilSasveceMbpeimens iappatattiatddPments,
may allow a user to accurately find geographic north; more specifically, to

there g5 RpiHe 25im A s il B BB HE B S HIRCR P 3R Thes on an

existif@Sgepnsrastadwitbthmagneticuiash) 3k samaempagitnants, vafix@dcurately
platform 130 may be provided to support the gyroscope and goniometer.
1evele%%°fs&aeﬁ%f%rﬁltf§wa pris tHES B %@%FF%B%?%@%FS 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
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.

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).
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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leveling the goniometer 14 In some embodiments, the goniometer 120
comprises a support member, which may be a plate or disc, rotatable to
various positions about an axis (rotation axis) 122. A level indicating
device 124, such as a spirit level, may be mounted to the goniometer 120
so that it may be leveled. In use, the goniometer 120 may be installed

In soffiSRRSSHhRRRS OHENBtRhbneRAI 28! (B8R roUNG b ROMGAIDAAIRE Ny be a
a mechanism 126 may be provided for rotating (or indexing) the

plate gplismeieitedrtéodivfsient RoMIPRPERBERINSXSUEREER #F difde A level

indicaB@BNR{ACOI aNducRER 2dpu e RS el NAIPARXINGMEL RATHEBohZEBRY PB) so that it

manual, such as a thumbscrew and 10 worm gear. Indexing marks or the
may b depetietr as'® dEntep BvjeBeistolribdnay Braitsialer (Hispeisdingpproximately
parall@OsitignLbtAG goniometer to various azimuthal directions with a desired
degree of accuracy. A compass 128 may be provided to initially align the
goniometer with magnetic north. 15 In some embodiments, a user may

In soREeshtRigRRRMetRediZthithatieashiyadifiesentefztPuthalifieetiangexing) the
For example, one position (or "setting”) of the goniometer 120 may be in

goniomster MOt differanbanputbabdi C&Qﬁ?eég.d%?ﬁ%tiﬁ’e? é@l%sﬁgi?a'aééveen "0" and

"360"RRSFRR. of the BrRBiIgREIREchINiMAY 18 ihg seuihrasielydieatidnnMsafew and
135 degrees, 20 In some embodiments, these two exemplary azimuthal

worm gearsioMISKINSPArKted P dHchBHRBADY SRrakyERY(Pepipyidse) sqrfays a user
may sefehRespandiculahtoacihaiterio Mieibist-pasiienl (dve ARGELRSHIN Wisired degree
example) may be considered to be an x-axis of a reference plane, and the

of accyEagtihg hEIMBH {135 GL0rBESHY Y IHMBILY ANy e EfTaTiey Yy thanagnetic

north.the y-axis of the 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
In sokROvHboditiciRasanakde pracisightnhsomeRMBRIMEMt: sepristiavo different
ngles which are nearly 90
azimu%laq directrllons. For exar%/lple, one position (or "setting") of the goniometer 120 may be
in an north-easterly direction, or at 45 degrees. Another demonstrative position of the

goniometer 120 may be in a south-easterly direction, or at 135 degrees.

In some embodiments, these two exemplary azimuthal directions are separated by each other
by 90 degrees (135-45=90). They are perpendicular to each other. The first position (45
degrees, in this example) may be considered to be an x-axis of a reference plane, and the
second position (135 degrees, in this example) may be considered to be the y-axis of the

reference plane.

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

degrees, or nearly 180 degrees).
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degrees may be more useful than angles which are far from 90 degrees
(such as nearly O 30 degrees, or nearly 180 degrees). 15 In some
embodiments, the gyroscope 110 may comprise a single fiber optic
gyroscope (FOG) or a micro-electromechanical system (MEMS)
gyroscope or a laser ring or any other sensor that may be in the future,

In sorfEnDHBAM I NEEAR APE DRNAMEIEMPAS Ibﬁlgﬁrﬁﬁepgﬁt&@rmpe (FOG)
sensitivity axis 112. The gyroscoEe 'S sensitivity axis 112 may be

or a nygHElRHERY S PaRsehaieta ORBRTSRRESHORASFT 4li8 epenyrsher sensor
that n¥§NKOIANS ARekEhenaqs Ifzfaea@nﬁaﬁﬁt&pta@ﬁ@gaﬁlé%%aiﬁp d?ﬁé?ﬁo@ﬂpe 110

the angle should be constant), and at various azimuthal angles of
has sgpt{iBrfeteri2d Femaihesn R INRERSohiet NS EHally Zarihtha tafprsantially

perpef¥idace @f the &aibmd 48 RS L BROIIMeHs, @h &Ik ROSIOREWBniometer axis

arameters may be measured: angular speed (angular rate); and angle of

do nogaﬁmﬁﬂe{@r Y sEndiHG SRRl shared pe)sorians) ggrdstiopwieypazimuthal

angled&y thE PERYHIRAASISQNBlaRA BOMBUIRS IHiWNicRuBBNAISE reeRMRial to the
signals indicative of the goniometer azimuth readings (A). The computer

surfaceh ths fas-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 nat the "real” azimuth. Figure 2 schematically

In SO‘FH%&P&‘?@Q‘H‘B‘E%&HS‘??ﬁﬂvB%E%HV& DA SHESIBRE id@e&ﬁ‘rﬂ@bré“%ﬁaf speed

(angufaprag glanaenta dromadrigietdr asgipmniiteshimigigure 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),

AnguRPehisd@usIRe. D TRR @PO$CORE:Y BRNSbMAEAXISIS e ReRdicHpata ) which
ma a&}? iometer's ro atlon axis. In some embodiments" measurements of
y

SEEEE SEER AR et RER IR A h UG- The computer

140 ng@rmme@trazmammtmﬁl dhedeitpdinaag R aMpe,iCamBRIgR: between

the following two steps. 30
the moving part o t e gomometer 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

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.
The gyroscope's sensitivity axis is perpendicular to the goniometer's rotation axis.

In some embodiments,, measurements of gyroscope angular rate (o) are taken from at least
two different goniometer azimuth positions.

The method may, for example, comprise the following two steps.

Step 1 may comprise:
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Step 1 may comprise: 16 with the goniometer 120 leveled, and the
gyroscope 110 turned on. (Figure 3, 302), perform the following
measurements: take (perform, make) a first goniometer azimuth reading
(Al) at a first azimuthal direction 121 which may be designated as the
x-axis (Figure 3, 304). The gyroscope 5 sensitivity axis is labeled 112.

- 13k8 (REUBRBNIRKELA AR QY TRARFARESNGYLHI 1@ (AN G C) rakihe Firsh2),

azimuthal direction 121 (Figure 3, 304). This measurement may be taken
RIER RS fRHE AR PAGRTSANEHEging of a number of measurements (all

- takenpddbensamexepsitisR obdhe SeriometnMAYdRIUCR thadroBI’RMBfmuthal
the sensor's noise as mentioned above in 10 conjunction with An

|
PR (AR B I R deigBRSE: asrifer & trotatEawe &oé%e%ﬁﬂftogxroswpe

ReNasiutalidirgetion 421’ such as approximately 90 degrees from the
first azimuthal position 121, which may arbitrarily be designated 15 as the

" PRI AHE dagkee &5 SHERT ISR ABRHRE ARSI 5FHE Girbstiothe fi1gy azimuthal
(@ashra lines)mewes withvihe goRiIOMRIBLAMEREERIESeaRERNedwaMies and

its sensitivity axis 112" also becomes re-oriented (Figure 3, 306). Perform

e THving TRl RInMeB bRk sas B AR Rtk Eerahdhgoridimensition of
AWM IRREINONA } e (5E GROBl caz BT UHIA HiEB L9132 bs (MEMIBn3d above in

310). 20 - take (perform, make) a second gyroscope angular rate reading
@aracia dttbnasletantea didktion 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

Step Bm6ratBHSMay reduce the problem of the sensor's noise as mentioned

- ahexeidtaeNHE A WERARMe Randenm e kirddibh 90mesasnbadipieoismately
B B o e e A R o b P P e iR AN designated
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).

- 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.

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
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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(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

In sorfZ KHPH@RIRTIQRh bafprediaking ﬁﬁ%i%%m%%&%‘ﬁ%%@@&%I%éﬂﬁ@tgoniometer
(Figure 3, 308). 17 In some embodiments, generally, there is no significant

measyigRGH, (B4R EERECRRS gBmoRsEtk P Oome détifeiRentc bt tREcGyRss&gpiometer is
movedB¥mnegd srneitimedrdisstilen after the goniometer is moved to the

second azimuthal direction. 5 In some embodiments, the azimuth (Al, A2)

and angular rate (c)l, co2) readings are provided to the computer (140),
In sorfERBYIHRIESR @ AGTHIANAY, (KU1 ndhiak TAllS (@ﬂ@@@?ﬂ&ﬂings are provided

extraction of the gyroscope bias and the Earth rotation rate. And since the

h
to theecRMPUIRALARN: JeERISIRABNS, e ResFiaGdiigRaxis, 34Rd hehbls fables the

extradiobEaik RS detepyinad afdaks Biiensinavbearerfopnedinterinal dathe rotation
device, using a small embedded computer or 10 processor or controller

speed icknQNB: rdbeivEtthe GBIiRe Ry e diitgs, BptBARRy (iinge offtsrmined.

CalcufititaRenhanewEGaBRonenial soiwalevioediias mamoriesbstRiageomputer or
units, input units, outﬁut units, or the like. Computer 140 may be

procesgh|ametEalles RS AlES tenily BhierarisiEEELEy FS2dEistofBH N ity using
other FORAMMEhBRIEaStQEREISLHANS, BaridwAY endBitfesSaibNERQEBHES units, input units,
applications, Operating System (OS), communication units, input units,
outputuhifst RS, Id/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
Compaiel i3y B?ﬁ&“&%%é‘&?ﬂ@?ei?%ﬁﬁ?‘?&’r@réﬁb‘@tB“ﬁiahPéoré.HW%WS’ controllers,
mema@{NBAMeRigCthe Sy siedwaray el A6t@ deltibdNiR! Qipsiceidate Gygetiil
S e o s A R s o

components.

Some Applications for the device

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

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,
- athin line passing through the left-front-bottom corner of the box represents the x-axis;
- ashorter line extending to the left-front-bottom corner of the box represents the x-gyro

measurement;

18



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 - a
thin 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

- RoxePERSENS MRerQVER (MEASHIPNEEIB A WIMENSPAISHI Q¥ hts the y-
the right-back-bottom corner of the box represents the y- axis; a shorter
it extending to the right-back -bottom corner of the box represents the y-

- QYSROMEABHESRRAHIR: & HNE HBRARSRINENGRHEGHRE MR ftHoAGK< IO RQMEYS the y-
of the box represents the z-axis; a shorter line extending to the

IS DEIIHSBERYer of the box represents the z-gyro measurement. In
- 90m8 pRedimentsoadNeRSIIRRRR SRAUPRGEMAY BExRePRIAAS (1RSz-axis;
follows: 10 1) Integration of the FOG output, when it is placed accordin%to
- R BNEUIRG RSN P I5TRBISEIARFIRBEOGHS e veakrsegys the z-gyro
IntegiatigeRf the FOG output, when it is placed according to Y axis,
during known time T. 15 4) Azimuth calculation. In some embodiments,
(e.g., in an "ideal" case), when the FOG bias is 0, the integrated angles

In sor¥R@nfbodaRnty % TRdsaRSHeat) seqabNad h4y2 Pt forhed, s follows:
=S2-cos(Lat)-sin(Az)YTy where: . ] ] )
1) Integration of the FOG output, when it is placed according to X axis during
known time T
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,

4) Azimuth calculation.

In some embodiments, (e.g., in an “ideal” case), when the FOG bias is 0, the integrated
angles are:
A, =, T, =Q-cos(Lat) cos(Az) T,

A, =, -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;

Q) is the Earth rotation speed;
Lat is latitude.

If both integration intervals are equivalent, azimuth may be calculated as

Az = arctg (j—yj ()

X
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A is the angle between the moving part of the goniometer and the
stationary part; cox and co, are the projections of the Earth rotation speed
on the axes X and Y; 25 Q is the Earth rotation speed; Lat is latitude. If
both integration intervals are equivalent, azimuth may be calculated as
AZ:- arctg Ay (1) AX 30 19 In some embodiments, there is unknown bias,

In sor@EnBEIRHENVINEhERURIRR RKP IR @Y P Y8BHwing equation system m
Ax=Q.cos(Lat).cos(Az).Tx+bx.Tx ~Ay=S2.cos(Lat).Sin(Az).Ty+by-Ty } é

sed: 5 |n 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

{A friegetténrereos Hedalise 6k tHE FOG output noise (r@?dom walk) In some

t

A, £mb&q,|(mgr)t%,1ﬁl(lng)rstynwgyeq9rs may be absent, andthus we may define
requirements to Ax and A. measurements errors. 15 AAz = (&x -a') Ax (3)

Az Afl+(Ax/ Ay )2] where Mx - relative error of Ax MAY - relative error of A.

In sorf O dRSRNE S bl?%‘lmse Bedrﬂ%[%‘t‘l%"g'%e LI & Con%dq{ﬁ 1&%);1[135“%%1!;' two
eq uatlon 3 IS reac hen aZ|mut 4 n this case:
unknq&wnz bigd\vard a21muth

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

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.

RN

where

OA, - relative error of A,

OA, - relative error of A,

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:

So the relative error of integrated angle should be less than

A=Az

V27
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4 2 25 So the relative error of integrated angle should be less than A =
AAz 8 20 Let AAz = Imrad = 0.001, and we get 89 =1.8.10-3 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. 5
According to this, we get: RW 7 _ RW (4) cos(Lat) - Q - T cos(Lat)-Q.
Let Ngh:e[%@w :'SOFBGIEQn% fan é)[r%v@l_%,]l%ﬁ\ccordl_ng to this: RW_: cos(Lat) -
- 89 (5) 15 The following table shows calculation examples in
accordance with some embodiments; other suitable values or calculations
The réﬁﬁwaﬁ%@iﬁ/’gm rHtYds; iy edcaﬁfﬁﬁ%(&'al)rﬁi}é’oﬂ%%lif(aiqﬁggﬁbﬂma' by
' 30deg 60s 0.00296 0.177 Imil 30deg 180s 0.00513 0.308 Imil 60deg
integra@dmPonos o EanthaniiBoukie60stinedusgemd pEemil 30deg 180s
5 Accorgi%%t%i?,]\@e %g?!l 60deg.18.0s 0.00593 9.355 Figure 5 is a schematic
lock diagram of a north finding system, in accordance with some 20
demonstrative embodiments. A north finding (NF) system 500 may
comprise:=- a gyro 510 (compare 110), such as a fiber optic gyro (FOG),
oA = Whﬁ;@ [ﬁ( 2[ have a built-i , 4)
cos(Lat)-Q-T cos(Lat)-Q-ﬁ

where RW is the FOG random walk
10

According to this:

RW =cos(Lat)-Q T - A (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
Imil 30deg 180s 0.00513 0.308
Imil 60deg 180s 0.00296 0.177
2mil 30deg 60s 0.00593 0.355
2mil 30deg 180s 0.0103 0.616
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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angular rate sensor 512; and 21 - a goniometer 520 (compare 120), which
may have an azimuth direction sensor 122 such as a position encoder. 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

- hassd andbe s28dings (ReaSWICMAENE) HATMIRRSESeNaalth @regssriathr 122

hereinabove. The computer 540 may control operation of the gyro 510,
aHeh AT\ PR ALRRFGISPeration (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

A COTpRRFARAY &F the CORRILREP SHTRRISY HEOproMECRSpHEPAEBRHLE angular rate

sensofSYILaaPAR sahAR MR (Saiea2ighiR ({6} apgiRilikeyfYrobPaimmed to
roviding information to the user ma?{ be provided. A communications link

providsegn inslicgiqey 8Yidee neigubessds pesdizgrIMcar s fiieReipose sensors,

as deREHIAIRRIBBAPOBHINGARB IS tHUINAIRG 3R AR \dpelaNsteDT ithe gyro 510, and
accordance with some demonstrative embodiments. An overall tactical

may g5RreAn 620 1BFTAH W SEIEPB BUHHISIED0%h HFisOOIBBIEHEE, 6P xcigpfyitable a
servo niB&h gk finging (NF) device 612 for establishing direction to the target

620; - a global positioning system (GPS) 614 for estasblishing location of

the observer; 25 - a laser rangefinder 616 for determining distance to the

Apprdpfael Gaputaadvictelsroprb 1R fesudspally ebariming thsuiergaidbafe like, for
Applications for the system In_some embodiments, the system may be

contrq}ipng GREFALIN AHEFTRERYFE AN DPHRF L Y fetermining a direction of

movement is important, such as navigation of various manned and

unmanned vehicles, surveying, targeting, mining, and the like. The cost of
Apprqmaé@&g%u}ngglvb@s 544 such’'as monitor (screen), lights (LEDs) and the like for

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

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;
- aglobal positioning system (GPS) 614 for estasblishing location of the observer;
- 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
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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quite low relative to even compasses, given that no scale factor calibration
is required. In 22 other embodiments, optionally, one or more
measurement steps may be performed in order to estimate or calculate
the scale factor In some embodiments, gyroscope bias calibration costs
can also be substantially reduced given that accuracy is only driven by

other EASERARSRINPESHANGT SHE SMEoROHR SERKING:  RPOrFUAIS CRIRESS order to

~and not by the absolute bias accuracy. Although some devices, systems
estimafp @rRakHYHS e YakcHSES herein in the context of a FOG, some

In soRBBRMSAGRAIHAIEHRIJPed I Uattviba TOR. For SX8MRI8utRS®MS reduced
embodiments may be implemented using a r_ina@!aser gyroscope, or a

given \feaf 8cqeRAey. 1 0OMtriENBh PO rBar ANMRES LtHEATa At BirodEes Kk seeking

inforntaierl lienfandaaniaiicmehsignalshardQigefata used in the
operation of the device, system and method of some embodiments may

be implemented in software, firmware, or other computer readable

AltholRIIHO RIS IR SG sRRIEUGHP ARSIy RIC Al §1eEacheRANY ARPEGRIEKEOS a FOG,
computer readable media used for storage 15 of computer readable

some HERVUHHY I A& Litdrios  SueH8hpiteri¥aate indbraseal isgnbodiments
may b3hphaahiel medicathat carbeyaseepsedrbyMIdsealalperpose or special

purpose computer or processor, or any programmable logic device.
Suitable computer readable media may comprise, for example,

Instrub@hy e RPN HRVIGEDUEHIDEHIS Gk CPAicOREYat0AILFBAEYHBNI6ESignals
such as ROM, EPROM, EEPROM, or flash men;rlgiog devices; magnetic

and offeqdaiy, Bheg il PRPFAFRNRL KRS P Fo TE BRI TG tbs Wt cabodiments

may B¥Sk§pleRstRVRS Fvathe rRpticalestor agrediskeipnai-valaigeRAMuanshs. These
other like media; or any other media that can be used to carry or store

. (0]
Ins QG PRI CORte L APREPYEH R, BB R feysed Tor storage
of confjsittecterBISIE datenstneei e sdAnyeidhectorsgaingmpydier@lable media can be
supplemented b%/, or jncorporated in, specially-designed |
any a%?ﬁ%%&%ﬂb#—%@% fiéin 8@?&%&%#&%&%&@%&5‘?8?%8fcflb‘?8‘§}é’ﬂﬁ$%§8|8°mpmer ot
procegate @riaypfbaaAehbhesidrfermaation is transferred or provided over a
network or another communications connection (either
Suitable computer readable media may comprise, for example, non-volatile memory devices
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
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
properly termed a computer readable medium. Combinations of the above are also included

within the scope of computer readable media.
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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. 23 In the description and

In the(a@mﬁBWQﬁnﬂgﬁﬁgi%@ (RRePpPLHiR VIR dTampPhieads MPHPeis@ndinclude” and
"have", and forms thereof, are not necessarily limited to members in a list

“haveyigdyHRERHBETTEFdaTm AN X SESSBEINENIE S dnB eRRSE T i antis hakibadhch the
wordsdgagniRedeeingyarious detailed descriptions of embodiments  thereof that

are provided by way of example and are not intended to limit. The

described embodiments may comprise different features, not all of which

Some &R B6GIHKEHAsIM A/ LN RRAITBISus A ME-RIMP asimentaddtilipe QR SeMBIAiments
the features or“#issible combinations of the features. Variations of

thereof {16 diin d¥ey igrst Brevimsefissampls enbgimntaterirpiiligio diterdsicribed

embod@feRinatipns eddgatieqineied: inddhrifescikiedienypodimantawilk@aguidoin all
ersons with skill in the art. It is intended that the claims be interpreted to

embosieRfs AHUNERTRAHRAYS ZHUZoMRbIsalne! 8% FriiicieerPossHlgicembinations

of theCRIBFIRINYaAGURS6ORMBOGFREHIANE O WBteH BedgaNiRB&daheats comprising
wherein a sensitivity axis of the gyroscope is substantially E)erpendicular to

differept SRmBH AR I Yo Witetens tRELRRRMARRER 1S Wdhpred> persons

with sRiQMvidenatleast & isteenigmeler azimythe padingtddM) atadishaznythaliations
direction and a second goniometer azimuth reading (A2) at a second

and copbi#idfidirection, 10 wherein the gyroscope is adapted to provide at
least a first gyroscope angular rate reading (c)l) at the first azimuthal
direction and a second gyroscope angular rate reading
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(c)2) at the second azimuthal direction, wherein the device enables
measurement of a tilt angle. 15 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 20 first azimuthal direction agq tRgyg§cond 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,

A\A&@Q,ﬁ@g)cg}ﬁpsgwgd goniometer azimuth reading (A2) is the angle
between the movable part and the stationary part at the second azimuthal

A GYERGORS 299pteeHO Be MV HEL I ZOMUMBFER the movable part is

wRaBHAHYsBRMARI- &id BE GRVISRRESRIM LuvdaigiMIngAR¥i8R I%ar to a rotation
adapted to calculate azimuth, based at least on: 30 the first goniometer

i U IRANMBEER at the first azimuthal direction, and the first

wiiesC aReBAMHREdALE J@asiladphhatdba: firsk egimyithaheinstionz angi? seading
the second goniometer azimuth reading (A2) at the second azimuthal

(giteAidnt s d R St S Gind Sedpd sRghfarPateELIAG YY) Hadiag (A2) at a

seasrng agimaihal digestion. 6. The device of claim 1, wherein the device is
functionally associated with a computer, 5 adapted to calculate azimuth,

“hSEHR HhGeXIBHORAE! fir YYD P YL B T in §TEA IR REt O RG sfngular rate
rédingthaldirert onseadbhenfirirenioscRe asestardnie cepding it ate reading

the first azimuthal direction; and the second goniometer azimuth reading

(R PP hercrdb A Bo i ¢ dif¥etion, and the second gyroscope
wigiaheade viea dind (&) At thenretond ariayseal direction. 10

The device of claim 1, wherein the goniometer is adapted to be leveled.

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 (A1) 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 second azimuthal direction.

The device of claim 3, wherein the movable part is manually movable.

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
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10.

11.

12.

7. The device of claim 1, wherein the first gyroscope angular rate reading
(c)l) comprises multiple readings which are averaged to provide a single
value. 8. The device of claim 1, wherein the second gyroscope angular
rate reading (c)2) 15 comprises multiple readings which are averaged to
provide a single value. 9. The device of claim 1, wherein the gyroscope

tHOFRRSIRE S0 R IRREQRIGINIO SRR T at A& AL SRBSARErRtion, and the
MEMS, or any combination thereof. 20 10. The device of claim 1, further

SeeRRhENgSCRSHIgH AV E o AUBE NG That JBnRsAIBG AZIMUthR b diksGieNof
claim 1, wherein the device is a north finding device. 25 12. A system
comprising: a goniometer having a rotation axis, wherein the goniometer

TlReatpitedfohrivide Whrasidt dfirdeyonibnibtstiaatutrsrasiding YA atcpmputer

afirptazioneihal s ectianrnshsgaerndigpniometer azimuth reading (A2) at
a second azimuthal direction; and 30 a gyroscope having a sensitivity

the firsd G PMIRSHNHAE BB S HRmbdhfo st AbiRHEtkdisstion, and the first

cYRIIpEIaus thatasensitivit @dxisiQf thamaxrsaaRedsSwagtantially
perpendicular to the rotation axis of the goniometer, wherein the

sy Pesh 818 amSHe A1 BIBVIIE BRIEAS) At §FroRddpEmantlidistions and the
s6a6ING £63Dopt thefirst ArimuiiRaLdkE iR mand R Sesamsd BWIaEEaRR M.

angular rate reading (c)2) at the second azimuthal direction. 13. The
system of claim 12, further comprising a processing unit adapted to

TeRlerlate azimuth)baseeatl laasieng 1 ibeplirshganiometrinasimut) comprises
reading (Al) at the first azimuthal direction, and the first gyroscope

mplplersadips i @m aethecara pavidiiatagecttiic-and the second

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

e
The device of claim 1, wherein the second gyroscope angular rate reading (w2)

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

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

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

The device of claim 1, further comprising:

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

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,

26



10

15

20

25

30

13.

14.

15.

16.

17.

18.

19.

second gyroscope angular rate reading (c)2) at the second azimuthal
direction. 15 14. The system of claim 12, wherein the first gyroscope
angular rate reading (c)l) comprises multiple readings which are averaged
to provide a single value. 15. The system of claim 12, wherein the second
gyroscope angular rate reading (c)2) comprises multiple readings which

WS Y BHRISUIR PO YidRIA RIDUEHKAMSIRAIYE (Th e Ry StROLPE EIAIMaL 2 sensitivity

wherein the gyroscope comprises: a fiber optic gyroscope (FOG), a laser
Aitg Yy rBScoEOEMEMS, é‘ﬁ?t&ﬂﬁbﬁ?é%‘?fitﬁ‘éilaéoﬁol’fherﬁétéﬁl%rﬁ’%? of the
oblaishd@r wherein the goniometer is adapted to be leveled. 25 18. The

system of claim 12, wherein the system is an azimuth finding system. 19.

WASKERNBY cHISHSRT I rteririhPLarirtidoforiate ralisiudy IRarty Yagplar rate
r@dcﬁ\nﬁgf% O Al lireeHRIMm A ARSHRINIAG & S QY EQRCARB ANUHIR A8 reading

reading (c)l) at the first azimuthal direction; rotating the goniometer to a

(Qé?:éh(%%ﬁ?ﬁﬁ%éfz%@ﬁbﬁ%ﬁ‘imis different than the first azimuthal
position; 27 performing a second goniometer azimuth reading (A2) at the
second azimuthal direction; and performing a second gyroscope angular

ThaeS Y i Q') Bt IHe SHERHISOMPHE HiRiehEH RE2BNH HK3RhdE splculate

adawhesgipdthelsaeend azimuthal position is approximately 90 degrees
from the first azimuthal Eg)sition. 21. The method of claim 19, wherein the

(TS RSB S AR Rt i ()Y BmpF e D8 tHsRe HeRayk the first
oI pramairgad foRTeYEs Rasing ginelemazhal dedeshogmar claim 19,

wherein the second gyroscope angular rate reading (c)2) L
the second goniometer azimuth reading (A2) at the second azimuthal direction, and the

second gyroscope angular rate reading (»2) at the second azimuthal direction.

The system of claim 12, wherein the first gyroscope angular rate reading (o1) comprises

multiple readings which are averaged to provide a single value.

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

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

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

(FOG), a laser ring gyroscope, a MEMS, or any combination thereof.

The system of claim 12, wherein the goniometer is adapted to be leveled.

The system of claim 12, wherein the system is an azimuth finding system.

A method comprising:

performing a first goniometer azimuth reading (A1) 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;

27



10

15

20

25

30

20. T.

21.

22.

23.

24.

25.

26.

27.

comprises multiple readings which are averaged to provide a single value.
15 23. The method of claim 19, further comprising: calculating azimuth,
based at least on the first goniometer azimuth reading (Al) at the first
azimuthal direction, the first gyroscope angular rate reading (c)l) at the
first azimuthal direction, the second goniometer azimuth reading (A2) at

ptrR BRI REBRY S idirRetion: Ath ZAdNR 2SI AXI QARG ARUUIBN direction;
rate reading (c)2) at the second azimuthal direction. 24. The method of
agfhim 23, further comprising: determining north. 25 25. The method of

pSHaiihith furthessoreprisigexelingrargeniemeter user forherteumiagdazimuthal
the goniometer azimuth readings. 26. The device according to any one of
diegH 11 substantially as described in the specification and in the
foregoing claims. 30 27. The device according to any one of claims 1-11
substantially as illustrated in any of the drawings. 28 28. The system

Aecurdhng ©f iy Bhersiciifiscerd a4myiah i Hedpiosinatghe 90 degrees

fepeeHicationAnddmipR riggoing claims. 5 29. The system according to
any one of claims 12-18 substantially as illustrated in any of the drawings.

30. The method according to any one of claims 19-25 substantially as

THesaEMed Bt thanspecilination @pdii thadorsgongdiaimng dAdhe TBE) comprises
method according to any one of claims 19-25 substantially as illustrated in
n&HS}}HP iRdipes Vi o averaged to provide a single value.

The method of claim 19, wherein the second gyroscope angular rate reading (®2)

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

The method 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 (®2) at the second azimuthal direction.

The method of claim 23, further comprising:

determining north.

The method of claim 19, further comprising:

leveling a goniometer used for performing the goniometer azimuth readings.

The device according to any one of claims 1-11 substantially as described in the

specification and in the foregoing claims.

The device according to any one of claims 1-11 substantially as illustrated in any of the

drawings.

28
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28.

29.

30.

31.

The system according to any one of claims 12-18 substantially as described in the

specification and in the foregoing claims.

The system according to any one of claims 12-18 substantially as illustrated in any of the

drawings.

The method according to any one of claims 19-25 substantially as described in the

specification and in the foregoing claims.

The method according to any one of claims 19-25 substantially as illustrated in any of

the drawings.
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