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 HITARINYVENTEHORY. | n sone enbodi nent s,
a north finding device nay conprise: a gyroscope adapted to be nmounted to a

goni oneter such that the sensitivity axis of the gyroscope is essentially

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.



10 perpendicular to a rotation axis of the gordoneter, wherein the

goni aneter is adapted to be leveled and wherein the gortionmeter is further
adapted to provide at least a first gonioneter azinmuth reading (Al) at a
first azinmuthal direction and a second gani oneter azinuth reading (A2) at a
second azi nuthal direction; and the gyroscope is adapted to provi de at

| east a first gyroscope angular rate reading (col) at the first azinutha
direction and a second gy$oSDGIPR YV EENGHIFAINVENGIO@adi ng (to2) at the second
azi mut hal direction. In sonme enbodi nents, the gononeter nay conprise a
stationary part and a novable part, wherein the novable part is adapted to
rotate-alo t. [
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t he st direction. The novabl e part may
be nanﬁghﬁgﬁg%eg@%%%ﬁ%%%%q%%ﬁgﬁgﬁgggPﬁgﬁgghgthe device may be further
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val fie ﬁﬁgﬂmsamﬁeahbpdﬁnamﬂ&seuhdfdenmhdxﬁnyUanpr|se a fiber optic
gyroscope (FOG, laser ring gyroscope, MEMS or any combination thereof. in
sonme enbodi nents, a spirit |level nmay be used for |eveling the gonioneter.

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



151 n sone enbodi nments, an azinmuth finding systemmy conprise: a
goni oni eter having a. rotation axis, wherein the gonioneter is adapted to
be |l evel ed and further adapted to provide at least a first yonioneter
azimuth reading (Al') at a first azinmuthal direction and a second
goni ani cter azinmuth reading (A2) at a second azinuthal direction; and a
gyroscope having a sensitivity axis, wherein the gyroscope is adapted to be
mount ed;ztreuthiledigamioaMetefirs Ushodcbgd agBultihentsepsiifig oty adxhe fioft dA@uthal
gyroscegé is essentially perpendicular to the rotation axis of the |
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direction. 25in sonme enbodi nents, the systemnmay further conprise a

processing unit adapted to calculate azinuth, based at |east on: the first
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the second gfinuthﬁl direction. 30 a first gyroscope angul ar rate reading
(ual) &VCRReT KIFeYIda 2 sMHTH Udi rection; rotating the gonioineter to a
second azi nuthal direction which is different than the first azi nuthal
position; perform ng a second gonioneter azinmuth reading (A2) at the second
azilflut Halsodieredtddonentanidie pevice rmmiyngerapiseco ideigyriosgopecoandtiPay, atreirgeadi ng

(02) at the se 5azinuthgl gir@%g n. The second azi nut hal position may
be apprioXi ‘et GG 6EE YA tHE i rst azi muthal position. in sone

enbodi nents, azinmuth may be cal cul ated based at |east on the first
gortiorneter azimuth reading (Al) at the first azinuthal direction, the
first dyroseepeodimtilarn spiaf &veeady Aguxo fpoleryling the genipiesy. azi nut hal
direction, the second gonioneter azinuth reading (A2) at the second
azi mut hal direction and the second gyroscope angul ar rate reading (w2) at
t he5sedondnazembddiaknd] peckzinonth finding kystSomeayenbagiisent soniateleeasting he
follow ng types of sensors may be used: Ring |aser ro; 15fiber optics;
VENB. rotgatioPll Feixis, wherein the goniorXeter is adapted to beglevelede andg %rt%er adapted to pr Vticlle
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



Some enbodi ments may provi de other and/or additional benefits and/or

advant ages. BRI EF DESCRI PTI ON OF THE DRAW NGS For sinplicity and clarity
of illustration, elenments shown in the figures have not necessarily been
drawn to scal e. For exanple, the dinensions of sone of the el enents may be
exaggerated relative to other elenents for clarity of presentation.

Furt hennore, reference nunerals nmay be repeated anong the figures to

i ndi cate ficargespopdiangular ranakagoysneé) ement sirstThembitgurdesctame rbiasihgdhbel ow.

Figure 1 schematically shows, in perspective. view, a north findin NF)
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accordance ' denonsttati ve enbodi nents gure 3 1s a schematic
f | owchatitecofn;aamiephddmnohg usisagnd NFostepe ceguian. ragc cardadanee)witt hes esvend

demgnstratiye enbadi ts. Figure 4 js a.schematic diagramillustratin
soms. per Ay STeehvEn ey et CUAaUITAl BRLUMLERG 2 i P COHED U atiy
embodi ngOtis 22Tl 9W6&Sy.1 S @ schematic bl ock diagramof a north finding

systemin accordance with some denonstrative enbodi nents. Figure 6 is
a schematic diagramof a battlefield scenario incorporating a north finding

system. 25 in accordance with so denonstrative enbodi nent DETAI LED
bl R S R A AR S T e i T
var i ousizaspectsiigf (A BohmhOues afiinneludirogi cdeweaass gysysbesenangd/ afe wrtihgds)
for north finding wit be described. FO the purpose of explanation,
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speci f izigehal dischei.ng presented herein. Furthernore, vvelf-known features
may be omtted or sinplified in order not to obscure the description(s) of
t he, techniques.

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.



10 The term "azimuth" as used herein is generally indicating a horizontal
(side to side, left or right) direction, such as in what direction a star
(or laser-designated target) is located, froma reference point such as
straight ahead. An azimuth is the angle froma reference vector in a
reference plane to a second vector in the same plane, pointing toward, (but
not necessarily 15 neeting), sonething of interest. For exanple, with the
sea as your referenceBRIERESORIZEIONtE GHE PRSMINGYHht he the angl e

bet ween due North and the point on the horizon the Sun .is currently over.
An inmaginary line drawn along the surface of the sea mght point in the

di r ect ip@Psidfp1{cne aRYRIarip bt RS QD KiaUsIyshReMEh tAE8kulel haf\Z hdllddedsgriysual |y
measured in degrees ('). The concept is used in many fpractl cal applications
i ncl udbegn deawgae isoale. 2F0r astmpisole dmapping, oivsanagfaid elemiehtsemgy tien

artillery |ayi an aziyuth is defined as.the directi of fire. An
o1t Fiteeared B 27 B Opbinf ok X Roh s plSeMelFEL FRBpEmart e Rsmpass
poi nt snufh@f'alsomdﬁ@@"reg@eﬂé@@sao@lgr frespends W thilicue cBﬁéiﬂbndith'ér @ﬁ&bﬁ@ﬁs
corresponds wth due east, "180" degrees corresponds wi th due south, and
"270" degrass Tderitaspansstod PHOWue west. 25 The term “"conpass” as used
herein refers to a conpass, magnetic conpass or nmariner's conpass, which is
a navigational instrunent for determning direction relative to the earth's
magnet iFeupe| eSschdrhatangi Sios/spfin apsragoetd aeev pai nbel fiuBual (NF)nasked on t he
North end) free to align itself with Earth's magnetic field. The face of

t hé0 conff %anﬁéWé'iha?PWQ%FEHFtFﬁWF§H{m€th%ar di nal " points of due north, due
sout h, due east and due west. The ternfelevation as used is generally
indicating a vertical (up and down) direction, such as how high a star (or
| aser - FesirgAatcbembtanagetshows, ipasp tiioned methadhe sdyg h Moimdavicefierasnedapoi nt
such as .the horizon The el evati on of a geographic location is its height
above ! -ggg&c{eg}og?téﬂhvgemoﬁp}m&.ten the mean sea | evel. Elevation, or
geonetric height, is mainly used when referring to points On Mc Earth's
surface, while altitude or geopotential height is used for points above the
sult§ ac&igusedhs aschematii flopvghart pna frieilghtof ping adpadedrafin apqprénse witheget er m
"FOG' gs ggsp .he&?]%n igne;lgsrs to a fiber optic gyroscope (FOG which is a

gyr osc 513 JERESF at'"40es not have spinning parts. This is a gyroscope
that uses the interference of 10 light to detect. nechanical rotation. The
sensor truly be a coil of as much as 5 kmof optical fiber. Two tight beans
travel Fiusngt dhe selsarte ndigypes ifustging sepsnsarapgers Vhide 1SagRacushf et

t he be%@&o&cﬁ%\ég%ﬁ%oﬁﬁ%%hstw e_ref}{b%.n?éhts‘?Xpe” ences a slightly shorter path
e ot her

than t beam e resulting phase shift affects how t he beans
ing@érfere with each other when they are conbined. The intensity of the

combi ned beam t hen depends. on the rotation rate of the 15devi ce. The terni
P o A g A e N A o Tt R R P
an obj get, oL 98 ERLALgRAN0 a precise angul ar position. The term gonionetry

is derived fromtw G eek

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

25 1in accordance with some demonstrative embodiments.



wor ds, gonia, neaning angle, and netron, meaning neasure. A positioning
goni orneter or 20 gonionetric stage is a device used to rotate an object
precisely about a fixed axis in space. It is simlar to a |linear stage,
however, rather than noving linearly with respect to its base, the stage
platformrotates partially about a fixed axis above the nounting surface of
the platform Positioning gonioneters typically use a. wormdrive with a
partial wor nDiheelL KD 0ah ¢RI R THe) N ke 1'$1 I @ R KGFE R RE DsEBGEO PIEiiNor $n neshi ng
with a wormin the base.. The worm nay be rotated 75manual ly or by a notor
as in automated positioning systenms. The termuvro" as used herein is
Short5%4ﬂ%qgﬁownpxﬁﬁﬂqﬁﬁﬁU%QM&Q%%&E%%ﬁ%aﬁ&ﬁﬁé?@nﬂ%ﬁﬁthQ§£§%§M&ﬂs%mﬂ@y'Ce
that may use a conbi nati on of 30spinning nass and pe%dulous Wwel ghts to take
advant agehafs) tfhr eertkelyndiog ced bxeles@tedn Far spé nnirmge gyfr expletgionotaddiion of

the_eart ravity, an r oscopj c_precessi on. oconpasses oi n t the
Goodr aptie s o B Sa e TF T i e b O Bt gD b o6 iBhss ox
may be dchplqese Nt edeidn, iy akbbi zeghrando sk k1184 8t @e dAVHhS8Bs (cSkGRuasnMEMS
and FOG. The term"indirect firing" nmay be used herein in the context of

war f ar é¢ (eaglicedarithpitepyecifiDideads Bdaire preansdahareng fhougtrea veillghtown
directly at the target. .lndi.rect. fi.re peans that aim,ng.does .not. rely on

ai v ect 1 GruitRo 8T gRe P Bedt BB tO B R Ror T REPiaRY oF

azi nut ecandhbed. el evation "aimng' is done using indirect nethods. En
practice and in the nodern sense it usually neans both. Hence indirect fire
medhs applying 'firing data' to azinuth and el evation sights and | ayi ng

t hese si " e b j tude” used- i Ly (o]
oo SLES AR S pLAIL L e e S o dean gty
on Ear tilgh() alircoidre sugd anetvatay doedyyn mget (or drsesoesi gmaofd ihet)dguater, frbinnes of
Latitude are the hogizonta i nes shown runﬁ%%gnga t-to-west on nmaps.
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rangi ngerff.m Biandto LhecgAVaLas i1 and Lawe hakit ?@ﬁ?m%}%v@egd t hpenRel&s(90 N
or +90 for the North Pole and 90" S or -90' for the South Pole). The
eqliat omediivg)desmtthenpbanetresntior aexNomtdernh HewrisspherneuandcanSo ytdrer nhe

Hem sphere,, a has a.l.atitude of 0". The term | ongitude" as used herein,
uount | 9oagR B oS LBy e R G By wevisb e R o B bl RPN B The
geogr aphh & 6ehdl Bate AllihRsinarERM@MALY USSAhE Butat O gaRhYniand Ghiahahe

navi gation for cast-west neasurenent. .Aline of longitude I's a north-south

meri di dncdivg Halhe o, ugreatd eiiersdy nTre meatnt." AZEMSh lagsugbdmketieihin s
short fdg}gregsc EJ)O%%hégﬁc%S! iSYRLETR- 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.



75 The term "north" as used herein may he based on the foll ow ng

di scussion: The earth spins about an axis. "True or "tutogiaphic" north is
the point on the gl obe exactly 90 degrees north of the equator, and through
which the earth's rotational axis neets the surface. The spin axis of the
earth is approximately aligned towards Polaris, the "north star”. hi
contrast with true 30north, nmagnetic north is the direction where a conpass
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will have to travel a little farther in going fromthe |laser to the
deﬂ@ctd@htbe@ﬁuseanemddnemnon Bmsxmamaneﬂbamapﬂﬁﬁanunmdsmnﬁknthbqﬁeah1

oi n se tr ttle Ies romth o the_detector
DocausdtFhd Hoh B R bt ST bt bbby SreR s SahdEhE
travel ek %Qﬁttﬁﬁeﬁhgﬂagﬁﬁstsﬂﬂb frbta(iAS)exbet RN a t N hﬂmh&e@npmh The ﬂ@gb\tﬂér phase
shift, AS, can he cal cul ated, for exanple, as AS = it n ACo/ 2,
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I's the nﬁ')'gpn%ﬁ (ﬁle 1 rqssuyogf Eﬂec&rﬁgm&?‘lbegﬂl ffitn 8&1{219 &nhﬁqer {dMon rate of the

15 device.

The term “goniometer’” refers to an instrument that either measures angle 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
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



to is the angular rotation around the sensitive axis, ¢ is the speed of
light, and A is the laser |ight wavel ength. Because a, A c¢c and X arc all
known, the FOG sensor can translate a nmeasured AS into the angular rotation
rate in. For exanple., a device that harnesses the Sagnac effect is the
ring Laser Gyro (RLG. In an 30 RLG a |laser beamis split and sent in
opposite directions around an optical path. The light fromthe |aser
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determ ne angul ar rotation. Another gyro device utilizing the Sagnac Effect
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uses a | 'aser diode or superium ninescent diode as the light source, .along
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path. The tisegifgféﬂ;%tedah?aﬁ%tgege sipybbl e level " as used herein refer to an
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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



20Nor t h- seeki ng gyroscopes or gyroconpasses have been devel oped and are
traditionally characterized by reference to a freely rotating gyroscope
rotor having danped precession about its own axis of rotation which
naturally aligns parallel to the earth's axis of rotation and perpendi cul ar
to the local centripetal acceleration vector due to the effective torque

i nduced by Me horizontal conponent of the Coriolis force. 2.5 The angul ar
space- %h@%kllﬁ&%nca}%ﬁ&é B0k Sbhf 10 fOtHé’rrt%}ﬁf?%?c% glehaaglo»s@elm the 88t LinShe
rotational novenent is known. e use of precession of ﬁe spin axis of a
gyr oscopee notuoste. where t he gyroscope housing, is fixed relative to a host
vehicle and the rotor/ginbal assenbly is fixed to notionless angul ar space
in order to generate navigational signals, is also well known. 30 Wien the
axi s ofrya Rk PRLAGCNARE” Fderk Qb GHETRF QMch emz%xltﬁe RAyIBI Frdctne dapion:
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conpassi ng syste havi ng a spi nning gyro; havi ng a
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hereby incorporated by reference in their entirety, and i ch descri be

syst en®eusi.ng non-spi nni ng gyros. For exanple, sone enbodi nents may he used
in conjunction wth device, systemand 20 net hods described in United
States Patent Nunber 4,945,647, which describes diagrammatic

repr esqrh%fsta%@mphalsé ustr &% i0ag bt Belcoljeadctor vear@plegyr oconpassing, i.e. to
determ ne the angle fromtrue north of the forward direction of the north

fi ndi ngSsy $treps @ /c A
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



At any point on the earth, die earth's spin vector has a conponent
tangential to the earth's surface (known as the "horizontal conponent of
earth's rate", roll) and another conponent (not shown) nori-nal to the
surface (the "vertical conponent of earth's rate nV). For a spherica

earth, infi and roV arc functions of latitude only, and are given by: = m1l
E cos L, and coVl E sin |, 30where corn is the total nagnitude of the
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The terms “spirit level” or “bubble level” as used herein refer to an instrument designed to
indicate whether a surface is level or plumb. Different types of spirit levels are used by
carpenters, stone masons, bricklayers, other building trade workers, surveyors, millwrights
15  and other metalworkers, and serious videographers. One form of the spirit level is the bull's
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 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



RPM =360 deg/ 60 sec = 6 deg/s 1 rad/s =080 degit tad) 1 radis = 57.3 deuls
It is noted that a rate sensor cannot neasure an angle or orientation by
itself. It only neasures rotational notion. The angular rate may be
integrated over tine to get angle as a function of tinme. For exanple: 0(t)
=f co(f) dt' NiflIVIS Rate Sensors 30MEMS sensors are designed to neasure
angul ar rate using the Coriolis force. According to Coriolis, an object

movi ng jdwed dedtrator n@ei H@NEywaUlod spausR @npresesVenis actibefor ekahprgwheane to
see an apparent acceleration of the object. In other words, if an object is
nmovi ng [k garossnedp ghunfadray AR 1t the sagypyidcthe rgtes erppatdomigped Wb the see a
devi at i fr . i.gi_nal rai inc.. For Lgure. how
an. obscrul P s e apRiendle? i b e ks FIRTLE e, b il
obj ect sconmvidagatpenipgindt.clhagyitoordifreatkaiitiar gNabddwar expedi€otd altilang asgee
caused by the earth's rotation Qbjects accelerate to the right in the
Nor therHOHENS gRisreMaPetisthsces \@ﬁ&%‘éqvwﬂﬂéﬂ@@fqommnm@n%dm Repmally

hem sPheﬁ)'i)ﬁed Mﬁy%gt(ﬁaﬁie B r%sdl{i‘ngq)ﬁr ﬂe&%ﬁgﬁ'gk @Protor 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 component thereof, the axis of precession
movement (output motion) is normal to both "input” vectors.
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.

11



10Each class of gyro is faced with its own challenges to its accuracy,
reliability and durability. Mechani cal and MEMS gyros, for exanple, are
affected by inertia, shock and vibration. Fiber optic gyros have a set of
i nherent errors that FOG manufacturers work hard to mtigate. The
transition fromanalog to digital signal processing has all owed FOG

manuf acturers to conpensate for sone of these errors and produce FOGs with
gr eat er doeweaieytandHiapnoviedallbpehisalpith,tyo. thBi @sf@tabilbiltgs bekenany type

of gyro, even en a FOGis stationary .it. can regi ster _sone rotation, even
wher e théh%al?&!,g’ﬁﬁwg?w S RO A oiBieS ORI S var | e wi t h
tenperature. Bias 20 error may be a repeatable error which can be corrected
usi ng an tenperature sensors and an internal table of bias offset val ues
for eactvnECGEb@Ii@snts nadyi e wsgd gie nerjahdtyyncainndtvibe, preediscireldnetand daweldsd t o be

constant during nmeasurenent. e Factor. 25Scal e f.actor, err.o elates to
t he?r at'B lterdogtét(e? gjrs?t%lf ﬁ%beﬁgﬁgﬁ)nﬁ ek deea?nflﬁ‘é tﬁiqrflk’lde%téés t@%ﬁﬁgen

the i npwimp@teoancit hernBasyedingahen differoidder MRrGsngé@éntexanleg, Sthiks t he
user rotates the 1200 by 90 degrees, does it register a 90-degree turn? As

t he ratRatof Nuottat #O¥5i0A¢ neeasesngleeremoontepop éhit inaht fiay of Wergasean 18z al e

dur i ng ‘engd et Toaoct RPE ST e ANl Rows RmEOR L Bt P RS rmy

i ncl udgaas kandemnei senel eaenbnlyAngke tb anadgomandl & (Al M, which is defined
in 1toerms of degrees "ihour, describes the average deviation or error that

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.

IS
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



may occur as a result of the Eloise; elenent, even when the FOG is at rest
and shoul d have 5an output equal to zero. Major contributors to random

noi se may be the active elenents in a FOG such as the detector and/or the
I ight source. Sone enbodi nents nay be used in conjunction with devices,
systens and nethods for ARWnoi se reduction, for exanple, as described in
United States Patent Nunber. 6,836,334, which is incorporated herein by

r ef er eRGghNlihd, Sn@Mtik k&djYot tharroRXample, wiiRW Lorantbe ffoedueeadidyl gemduct i ng
mul ti pl e neasurenments and averaging. It is noted that in United States

Pat ent liNamber 4, 945, 647, autononous systemis used that has a notor that
Spi ns !Ptor aeglcgma]et, Iﬂ]éurrerelassH(';\k/p% q}e\éb P(%'serlvgr %Rntthreal%%atil 'rnea§91nﬁail?r§t39 d g?@lﬁ
there i $ N6 USE of °a motor and a“tilt measurement device since t system
is pl acegl@ni@n otdbpxisshonge gapeahailerowhd Ehtcaideartur ned (rot at ed)
manual ly and it is very accurately leveled (so no need for tilt

measur iy forpheaugpbsuifemert § "9 lYar anet ers and angl es of a motor (as in
Uni t ed -3t her: o he less accurate. In
additi5§$a%§%m§%%%$&pﬁgggﬁ{wgygﬁﬁ?g% ﬁ%g§%%$%'errors to the nmeasurenent due
t o its Owtsescceene whea laisinnge doltbek.heDugphte. t hi s reason, the system of
United States Patent Nunmber 4,945,647 may require a very expensive sensor
(laser ring) to conpensate for the inaccuracy in the neasurenent of the
angl e. Rl.gure.dq sebenetdgahbyhdoiddstrates a north-finding device
(apparatus) 100 conprising a gyroscope 110 nounted on a gonioneter 120, in
acctor dancle clakt hf somes Gendmsithrist ¢we cerlishpdi toreracegacy, nelsmely end odiaveliy s ,

apparatus,100 na a user to accurate find .geographic north;. nore
speci f iCalrPyical ot Wh@’rg%ifrﬁﬁteﬁaﬁgﬁa%el %gf%“é‘?dwgéﬁg‘frﬁg’ %@%‘ér%ﬁh@fﬂ’%&%’%*t h and
the sysyiemobas c¢eRhEASE ed olifHrdRgRetsi (Batf@¢ ManuBQuirers S@TE henbodhikgats, a
fixed platform 130 may be provided to support the gyroscope and

gor ti orlmettensitivherdm xadlopl tatdipians130! reyceoitphissd ThdedOPeganiisuer ay a
tri pOd)col%E%gnsfaPerfok‘ @XI%!: Io?gfle%ggrrgrsoarﬂ'(i%&u%lé 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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I n sone enbodi nents, the gonionieter 120 conprises a support nenber, 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 |evel,
may be nounted to the gonioneter 120 so that it may be leveled. In use, the
goniorneter 120 may be installed (disposed) approximately parallel to the
ground. In sone enbodi nents, a nmechanism 126 may be provided for rotating

(orlnd&&uﬂgﬁ_mhﬁLQﬁﬂkﬁhBﬁﬁer 120 to different azinmuthal directions, such as

my- he TREUA CadRoGaTS PR Ser o AAa S 8 Tk Bekr o dh ”?Skﬁiﬂﬁmorl 26

the |ikenifisuchrasd & cOMBLEU}gBRY/ N ubrQVidled 1soatdate ®vUsieh omayosetat t he
position of the gonionmeter to various azinuthal directions with a desired

degr ee 1ofy @Eeurae yesUA mfelirq)@syse alp@enmyvdewpiolicdédo toatirpittandlishgulapgh t he

h d h
qorororrouh RS0 Fishe RO nruFETE rSBRUDTEN by PRl Bl B ol o

one posh kiFG,(sath a§ﬁ?1%tdkfegto} afd/ot the 1ighi duveret er 120 may be in an
north-easterlg direction, or at 45 degrees. Another dennnstratlveiposition
of the ngﬁ pahedBen 202 hy YA IThCH$HIOR-SEs H8YIFSP, dYy @Bt Poh medodstion 35
degrees,p S y mpt hal ndifiget i ons
are separaté@ﬂby&ggg ﬁ)pBﬁ%ﬁy% %ﬁg@%%@g?1%%?ﬁ®§goﬁaé#heiggrgﬂ

per pendi, &4, &3, ticas hn@ﬁh@nted'lﬂeemﬁ ibystieposttin o egdEtdegoeesymiln ARWS

exanpl e onsidered to be an x-axis of a reference plane, and the
sed6nd CﬁBé’Ff‘?‘E‘ﬁ ‘f'i gonflugi Bl e@ﬁ??@&%?’&avﬁﬁ%ﬂl% considered to he the
y-axis of the reference plane. 25 in sone enbodi nents, the two azi nut hal
directions need not be separated by exactly 90 degrees. I n sonme

enbodi renteedi thaliis, Urhiowevaes Pitapdfunalmr 4Hato4 heilsepariat iofenanglsed gt known,

L A

degr eeshdsUcho as WHoYorQndeﬁgﬁ@Q@aer@ént raiealrcl: ¥ink8hedggicBeS) placdcnorsame
enbodi nents, the gyroscope 110 may conprise a single fiber optic g oscope

(FOO) oristingi enorediecthorechahi éeme@;ﬁsqteﬁﬁix wweaﬂywmcbstcep‘eerﬁracauqa ring
d t
Che” oudPUnEl 7 F3RLa HR3h TRKuRGLR, CRR LMMES R bl sady oL to

gyr OSCQpﬁﬁat(ﬁ’e(ﬁ§I1ﬁIUthey1 Bxies PJaiéi]t maymie sodst4nticad lky bpeependcud.ar It o t he
rionionmeter's rotation axis 122 (the sensor axis and the gonioneter axis do
not haxﬁédtt@nb@earflotgoltéf'é’@fr%gntrwceehcée 3ﬁ@r8et0§H%meaS%enewrfg1@éﬁﬂ5s NO4Kd at

vari ou S r ichis
subst ant Ay ainsat feErDRL 1 SOk RETRL Sty T Sipkel EatcBl Al ot s

at 26acht %ﬁs@éﬁ onyt wojupar ameterespamyvehecmyeasusedringhgul @mspeed pangul ar
rate); .and am de_of %Pnlonet E]E(eazumth reach tig). Angular rates (efi for

t he gyﬂB@EBﬁ@yflﬁwﬁ% SHETSPOY Bed @S signals to a conputer 140 which may

al so regeiue) %cﬁ&ﬁht?ca!l?dﬂﬁ%ét&e aofloﬁtllil%ngﬁh@' @é{@éeer(a@éfm higeadinp@singA - The
conputer 140 may al so control overall operation of the north finding

devi ce.gyt@tops 1t hemangbeé dmetawgempmﬁer nevi ny apardarst vhe gori dpmeesiragnd t he
statlonaﬁ¥ ﬁﬁrt of the gonioneter; it is not the real"” azinmuth. Fi gure
2 scher&ti¢ ?V illustrates a denonstrative nethod of using the device 100
of oki gure 201. Sone elenents fromFigure 1 are omtted in Figure 2, for
illustrative clarity. Figure 3 schematically y illustrates the nethod in

f 1 owchdptsoferombmsimdagerappadiust We rganibrretadisen 2oageaiatde fwguispsdrbs @ xed

platf Or%léjsﬁgélﬁcﬁf}? td ﬁn!i ilcs &z%guth 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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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) anfdohrst c:gBii ORBk etheaginihhies e20chBplifs)a alppartf hksbeziiut hak be a
direction 121 which may be designated as the x-axis (Figure 3, 304). The
gyr oscdpéesendipt i wialgblaky svajisuy apslied ALt aakes (petfor wiishbke) & figest
gyroscope .angul ar rate r i.ng. i i i{ect.i 121
CF gur e g Rer 2B Oy e bt robbteds B ithle P EE g
Aver agimgy of lavaninbeln afe, neasunierRdrsi A0aby thaki@mantd {diep@adeapestitiaany of
t he goniorneter) may reduce the problemof the sensor's noise as nmentioned
above ifraABEBhPaAEXI"en with Angl e Random Wal k. Step 2 may conprise: - nmove
(rotate) the gonionttcr to a new azinuthal direction 121', such as
approximately 90 degrees fromdie first azinuthal position 121, which may
ar bi t r dni doyncbemtlesingnat edndaasnt heo yraxbs pr{vAdQ0fdlegreegsepandatximn ths
recommended.) The gyroscope 110' (dashed |lines) noves with the gonjoneter
and becOREE e kg &ﬂgff,rerﬁﬁalmwtealsgﬁflmiStl Axi’s 2155 gl egigednms
re-orienged fFLaur erd, ind08) ¢ nReRLRIM bReniPbL OMNNG, REAS I eNRNLScrew bAKE
(perform make) a second gonioneter azinuth reading (A2) at the second
azilfut hedrndigeact ingnxibg tharkFog thed ke, (s810)s 2 20trake nierd promdedakeé)ata wecond
ayr Oscorﬁgy & uf! chsitrioant §f tﬁlgagglmrcl)gne{ér'tg% riglgs e'{zri]r%u&lgf:(%p&tions 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 orient the goniometer 120 in at least two different
azimuthal directions. For example, 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.

20  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.

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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azinmut hal direction 121" (Figure 3, 310). This neasurenment nmay he taken a
few times and averaged. Averaging of a nunber of neasurenents (all taken at
t he sane position of the gonioneter) may reduce the problemof the sensor's
noi se as nentioned above in conjunction with Angi e Random Wal k. LD In sone
enbodirrientS, the second gonioneter azinmuth and gyroscope angul ar rate
readi ngs (neasurenents) may be taken sone seconds or MnuteF, after taking
t he fi ristsogoninbnilictests, dri greshopnd! Yyrpseopescangotladibeareiao gadicags (F@@) ot her
words, waitin eriqgd of ti s .at least 10 seconds, including at
east 26 sbionabePentlegis) T AHERD s REPke s TR Saruklis "ThE%: It o
goni or neiteka@dindyE ageePedRasuiemAiEed @ thakb8bmek abd ngried theosecond

azi mut hal position) before taking the second gyroscope neasurenent (Figure
3, | nhgpmengnbiodi sarentld 2. gefer abiojconchep@sityitioasi ghi¥ ingdhtber sdsbRtieldy wai t
to take th I ter me r.ement t I Qsc n I c.time
to Ssentiri TR Aoy BRSHEr Bty b7 Bt o CRE T st B eaRE Sl

di r ect id@mot haves @me: enfipdigrent sut thbeangizishublh HeAlonsiAZ), amcht anguhadzimathel (nil ,
co2) readings are provided to the conputer (140), and cal cul ations ale
per f or galeg mif ghe eosion®te) I 2thranapal) éspliife Waidhr ctibenie v Hecgyirosedpe bi as
and th t jon rate. And since the earth's rotation speed is known,
t he ea??ﬁag(gg%g%ﬁg% axi s, and hence the north can be determ ned.

Cal cul ations may be performed internal to the device, using a smal

enbedded conputer or 10 processor or controller whjch also recejves the

o or MRt OPIoGyH B BaE N BEeAHpR AT TP GEFHEUGE HY B TeBiiEd AR geed
COMPON@RL&larSAL]; WAk &n %F%@ﬁom%@afzﬁrﬁ&h Bi@hAage units, input units, output
units, or the l1iKke. nmputer 140 may be inplenented, for exanple, using one
or nore processors, controllers, 15nmenory units, storage units, hardware

units, software | es, applications erating.System (OS ni.cation
ani t s, Stester Tfs (O 05 R nfBRR T RBpe ot AR SabldalnaEn ¢
Ap, pl i Gatyl ABS rdcetvetshatemilicetive2OMpE Rbhidehekdr abOn@h datdimspei)nt The Bethp@esyst em
installed on a tripod and equipped Wwth a GPS, a |laser rangefinder and a
t elléscdpe. mPorlsescanl everal ofirecers slede hertbilmdimigtdsvicef erfene éha 412 brirvecrs.

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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In sone enbodi ments, the system may extract a datum point of a renote
target it observes (usually up to 20KM away), by know ng: the systenis

| ocation (by (iPS); the distance to the 25target (by rangefinder); the
north (by using the north finding device discussed herein). Figure 4 is a
schematic diagramillustraung static condnions, x and v-gyros in the
horizontal - plane. In the diagram 30a thin |line passing through the

| ef t - f r ont vet hemveioRRET 100 Idbrdbax hepyeseaies 10hemxaxhs ;(Faushoriey, |ine
extending to the left-front-bottomcorner of the box represents the x-gyro
mea. sur emeretforn thegotlpvingt ot uisasitsh hroutit thebt-b k-hottorn etroer

of t xi pni tt ty--.. att is; @ ter |i [ tit K. -
Cbrmerch YO0 B bk v Mo OOyl LORIEIALAR N b { Db
passi ng t hrdoughort hel khichbaekyt dedipmnet aofhet:hexiboXiggeri,' I0dentlSe thastopex a
shorter line extending io the |left-back-top corner of the box represents
t hed 44- gyr éeeasireneiitabeled 112.

- take (perform, make) a first gyroscope angular rate reading (w1) at the first azimuthal
direction 121 (Figure 3, 304). 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

10 conjunction with Angle Random Walk.

Step 2 may comprise:
- move (rotate) the goniometer to a new azimuthal direction 121, such as approximately
90 degrees from the first azimuthal position 121, which may arbitrarily be designated

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).

17



in ne enbodi ment:: measurenment sequence may be perfornmed, as follows:
integration of the FOG output; when it is placed t cording to X axis during

known time Tx "it) Rotation of the FOGto the Y axis 3)

lt1.3

| ot au on of the

FOG out put, hen. it is;temding to Y axisdurhit known tinme T'. 4) itahnuth
eal culation. In sone enbralit nrs, (e. in an Adeal" se), when the FO
angles are: /1x. toste,att.).- ainf, ntewated A is the angle

bet weeit hith¢ esbpdigieptr Leroflhye flgonisont vigitieeanandisehe §tiatd ohaile gqparmeter

to: proj ections of

rotati

10

15

20

25

30

0.0

t he

e Earth

| i h tati t . ditt US. X LIitY:
SEer bub e gihoidier BB SROBGHAT on e gM Sl Eron b % Ft 1
may be ¢akgw akedc@S azimuthal direction.

In some embodiments, the azimuth (A1, A2) and angular rate (o1, ©2) readings are provided
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
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,
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

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;
- a shorter line extending to the left-front-bottom corner of the box represents the x-gyro

measurement;
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A{Ul)elltS, there 35 UnUOW huts, and U foil in sone enbodiiinents, ft
bias of FOG did nottanf?, the. resui.1 is two equations Wth two unknowns',
bi as and azi tooth, In some enbodi ments., main sources of erro may be:
Axes toisalignink ti :Skis irtstability; 10tott)t.gration error hematite ol
the EDG out put notite (rtuntotn walk) In sone enbodithents, the first two
errors may be ahscn, and thus wit; :requirenments to A ndii. neasureaseins
Were. rel at ine lige passier thi@lg@t ihv etdhi-Bhick-bottom corner of the box represents the y-

axis;
- 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 I) 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 =@, T, =Q-cos(Lat)-cos(Az)- T,

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( Tr J @)

X

30
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hi st)MArnbouuiients, the nlaxintm value ilibet secondiii egtintiOn(3) is
reatdi etk 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 relative etrOF of integrated en-or nay be cal cul ated
as randomwal k (RW, divided by integrated projection of Earth rotation
rate on the horizontal plane. 5According to this, we get: et.1'(,,ttl.n. ,
wher e RWsbise bt ofF@GnrsatdomswakkovbhiObidecor dian@lboitgig@uaticosyskan )nayGt /T

(514(S)
used:

{Ax =Q-cos(Lat)-cos(Az)- T, +b, 'Tx} 2)

A, =Q-cos(Lat)-sin(Az)- T, +b, - T,

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.

AAz

e a (%)

where

(3

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:

AA::%-\/?(SA-

B =

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

20



15The foll owi ng table shows cal cul ati on exanpl es in accordance with sone
enbodi nents: other suitable values or cal culations may he used.

Figure 5 is a schematic block diagramof a north finding system in
accordance with sone )Odenonstrative enbodi nents. A north Finding (NF)
system 500 may conprise: - a gyro 510 (conpare 110), such as a fiber optic
gyro (FOG, which may have a built-i.n angular rate sensor 512; and

goni omet 814520, ,(,6omane |.ndYe M1 ch greyhave an azi nu.ith direction
sensor 122 such as a position encoder. A conputer 540 (e.g., conpare to
conputer 140) may receive signals fromthe angular rate 5 sensor 512 and

the aziputh direction sensor 522, and be appropri at pr.ogr dto
ot ovi a6l BrTSIaHaT G561 S GE LT b P e s RE PR A GOV RURSEE et o)
fromtm&:%ra‘%&ﬂﬁgje%tio@& deaciibed Hhergiinabayenid henconput er 540 may control
operation of the gyro 510, and may al so control operation (rotation,

posidt i ohéaug)ingfo thire wgami:onet er 520 using suitable a servo nmechani sm 524. 10
Appropriate input devices 542 such as touchpad, keyboard, nouse, and the
like, for controlling operation of Me conputer 540, may be provi ded.

Appropri ate pUt: devi ces such as nonitor (screen), tights (LEDs) and
t he Iiké&f:m%w i di i ion to th.e user n@y he provided. A
conr nuni cal<opldns) i Ak 550 Lty e pr ovi ded. Figure 6 is a schematic

di agram of a battlefield scenario 600 incorporating the north finding

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 0171
1mil | 30deg | 180s 0.00513 0.308
I1mil | 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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20devi ce/ systemin accordance with sonme denonstrative enbodi nents. An
overall tactical system 610 for an observer of a target 620 may

i ncorporate, for exanple: the north finding (NF) device 612 for
establishing direction to the target 620; a gl obal positioning system (GPS)
614 for estasblishing |location of ate observer; 25- a |aser rangefinder 616
for determning distance to the target 62.0; and a telescope 618 for

vi sual | y-observibmgtet Be0t(aretre6120), Wwhichimist haves sy ariruih Idresiorme semwbodihent s;
t he system may be used in‘Hany di fferent applications where 30 determ ning
a direction'6f “hHUSHEM 1% nportant, such as navi gation of various nanned
and unmanned vehicles, surveying, targeting, mning, and the |ike. The cost
of the systemmay be quite low relative to even conpasses, given that no
scal e flactopuicabibiati onmpgeregampedr 1) mey heweh enbodilnEntsthe gpeilenedtd vy,
one_or nore asyrenent steps._may be for Ln order. estimate, or
coal 2ul 00 nez and B P Bt R Chie SnBet MNTLy B PBeRlist PP e i on

costs Gasviad s0idecasupSt ant halh Yade@ DB rGMER (Balraea) aeym kisseREsodl | ven
by the change in bias over the tinme north seeking information is collected

and notasplpserined dissanapose bi Ase ge@nrigey40 Aphough! serretidee! deseyreydfentd and

ot 11 area oied nre” O PR ARAERY Bk ke AT SR R Bl

i mpl emeatvednatdbmgma2ri ng | aser gyroscope, or a MEMS device. Instructions
for carrying out the vatious process tasks, calcul ations, and generation of
sidgals and ot her data used in the operation of the device, system and

met hod S § A EALS 5IRY D dsTRIEARIE 8 ybBard OTIRRE € and IhEALE, fo LT
ot her ég%%u erergggable nstructions. These i nstructions are typigéIPy

st or ed contralhyg appropr dviahe ccopput 240, neadakirevidedi a used for storage 15 of
conputer readable instructions or data structures. Such conputer readable
medi a can be any avail abl e nedia that can be accessed by a general purpose

Or  SPeCA o POSSUE AIPUEEFADKUE QRSSO (QiedNY1iPIOIT aMIRALE hogks @evi ce.

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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Sui t abl e conput er readabl e nedia nmay conprise, for exanple, non-volatile
menory devi ces 20 including sem conductor nenory devices such as ROM
EPROM EEPROM or flash nenory devices; magnetic disks such as internal
hard di sks or renovabl e di sks; nagneto-optical disks; CDs, DvDs, or other
optical storage disks; non-volatile RAM and other |ike nedia; or any other
medi a that can be used to carry or store desired program code neans in the
-form thh&%'?fﬂié)ﬁﬁﬁerﬁ@‘ %?H&l@a@llyeoﬁ@éilﬁ&%trh%& cHenfatR SL¥ HCPUTGShed A% 14 he
foregoi ng may be supplenented by, or incorporated in, specially-designed
appl|cabh@ﬂuspeekﬁhﬁﬂbnb@@ném@m circuits (ASICs), or field progrannable
gate arfra i nfbrrnati is transferred or OVI d over

ot wor Kl it Rt e NGOG EOMFECE] BT £t ABP WaP BRPLED WOTETbos,
or a cofinnata oRc@hichad Ay edver b\SM hel @ss)e tip BaCompULRS tmﬂ' Eor@P IPUL £F
properly views the connection as a. conputer readable nmedium Thus, any
such cdnﬁﬁ%@m@hwﬁﬁngﬂgi@p@ﬁﬁVYﬁ@?ﬁﬁﬂméﬂﬁéhﬁmvﬁwyreadable medi 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
t he worAlhdugbrpmesevickNehuehi tind anthcapdrdildsansed Reti@ah thd tintwatofneeessarily
limted ro menbers inilist wwth VilliCh the words tnay he associ at ed.

5Soni ¢ SEMSSA iEHESthas WedR T gede MPhedhisiBg: VAF cousPlat @F Isetr caB9ErEts ons
o enbg.gm lérﬁgl{tgd) le Q‘hn?ﬁ% dgﬁ}é%ﬁgg By, ey Of.xampl e and are not

law ti esc i‘'ments nmay conprise different
fedabures, not |d.1 of mh|ch are required hi all entaglinents Sone

enbodi nents ntdri oaly sonme aof the feat rt| ossi bl e conbi nati ons of
the M iDUBERCURIY CETBRE bF DEBBENTRIRESS B alAiale it dancai DR Hont o

Conpri sihAGier QadifsEe 'Ir?(l‘ﬁa dperatibBE RRALIQNS, Qfstefn?%djﬁlgﬁloﬁ%@l sbﬂﬂe LR des9¢! bed
el :at:edit-items Ne8; al occur to persons wth skill in the art. it Is

|ntendé@ﬂthavnphemnkéun§OﬁWanﬁenpﬁex@d0ﬂ®rwnm@u@erakmbbunhnmaonanmms and

cont hi nati ons. Al. What . i s clali evic onpr.isin roscope
adapt ed o HE AT o o oF At Reard el B S G PR I i e
gyrnescepeochpustbstaantciiakihyttipes pensth Gihatirds0SacH @b t@nreaXitse afedt:h@mn be

or nonet er,
J 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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wherein the gonioneter is adapted to provide at least a first gonionteter
azinmuth reading (Al) at a first azinuth& direction and a second goni oni eter
azimuth reading (A2) at a second azinuthal direction, wherein the gyroscope
is adapted to provide at least a first gyroscope angular rate reading (cal)
at the first azinmuthal direction and a second gyroscope angul ar rate
readi ng (ce2) at the second a2|nuthal dlrectlon mhereln the device enables

.....

gonlorn ter, ce of

Ooni omaare i 31’@23%@? P a‘ﬁapyﬂfaa\lt{y Triey ‘Hdt}‘atB\"é‘b‘ér‘ Pt gl gﬁ%‘lt%
movabl eypac tnaydHeadapedito rotate along the rotation axis between at | east
the find azimuthal direction and the second azi nuthal direction, wherein
the first gonioneter azimuth reading (Al) |s t he angle betmeen the novabl e

gg;tgng dlatlhgllrlﬁté(?év.ﬂg f Y'YTJFFIH Ig.é‘st.,talhth(l el.!tlAié)\’ i!l(}{I} Hlltllih l(,%t.bb[t]t)[ S tﬂ t.tIVYh()Ll!{%Clﬂﬁt e
part anﬁc;dmenﬁt atel @oaIdyd panvat of hﬂufﬂﬂ@ﬁmd Az hﬁuﬁtlﬂﬁkkmlttﬁ giedii. Ol'lfhc HescHned
device of claim3, wherein the novable part is manually novable. 5. The
devi ce @fbadimfit Ay wierEise tHETdviceB TS Hilapt etl tohigh dat €dZiithil based
at | eas e I Ne I

azi mut hgtltlpphz}tugt géﬁlqtu ngggmft) n?\ L:i'lﬂ[ﬁ'g@jgg@g’p@elgglg Hnd%tgtzibgggm ﬁt?&ma

t he firdtthazéanmuthaVarditivecbf Omboﬁnﬂ:ntahtdimsme@i&d,tgmdltmﬂaﬁil&f(lltawtﬁubﬂnphﬁadl ng

(A2) at .the second azi mut hal direction, and the second oscope angul ar
r atléJ r SHUPIRG frBmpatignsoh dedwed Aaed 2D ARt FRar e "éE'EL?‘BW““‘"gHthLeWp ‘t’d"*b‘g’l”bul at e

azi nut hy;basad, @L ‘Ilﬁaﬁtt fatt:ndt-mmt mes(,ttugﬂrlﬂqn%t SEe@% Mt @adENgalMohs at

the first azinmut direction, and first gyroscope angular rate reading
(rap atantlhembirasibnazi nut hal dlrectlon, and



t he second goni oneter azinmuth reading (A2) at the second azi nut hal
direction, and the second gyroscope angular rate reading (0)2) at the
second azinmuthal direction. 7 The device of claim1l1l, wherein the first
gyroscope angul ar rate reading (coconprises multiple readings which are
averaged to provide a single value. 8. The device of claim1, wherein the
second gyroscope angul ar rate reading (Co2) conprises nmultiple readings
whi ch are averaged to provide a single value. 9. The device of claim1,
wherein the gyroscope conprises: a fiber optic gyroscope (FOG, a |aser
ring gyroscope, a MEMS, or any conbination thereof; 10. The device of claim
further conprising; a spirit level for leveling the gonioineter. Ii. The
device of claim1, wherein the devi c€LiAdME north finding device. 12. A
syst em conpry/sk RQiaiddOni orneter having a rotation axis, wherein the
gonioneter is adapted to provide at |least a first gonionmeter azimnmuth
reading (Al) at a. first azinuthal direction and a second gornoneter

azi mut h readi ng devid2dormatisisg:second azi mut hal direction; and a gyroscope

having a sensi L'Emécype%psedtmls@rmln&dttmg(gs&&&sope i s adapted to be nounted

to the goniorneter such. that- nsitivity a t he roscope.is
substantially P errﬁéﬁcff’tsmvﬁ}‘ %150 ?ﬁ‘é &otar %)/Snsug%ﬁ"gg%f Phe "gxular S cH meter . “wher ei n

t he gyroscope kgs adapoedmttor, provi de at | east a first gyroscope angul ar rate

reading (@) atn&he ki 6§Bmazﬂlma9@!1 tokir @Gt dt %astandst@orsaﬁaaohzgwmsﬁ@;a@
angular rate r

a sec nd az ti The
system of cl ai %2‘ gif f%ﬂ%?tﬂﬂodﬁﬁ?tiog i“Rg® &Pt o%oemsoérferfégﬂrﬁl??‘ e AR € D el
cal cul at e azi nercnd abased! @tectioeast on: the first goni onneter a2|nuth r eadi ng

(Al) at the figgleiaziemit-habpedi ra@&hédoﬂ, 8nek thadi iar ﬁrtst EMbRSSOPp@uaRgrtar rate
reading (cal) ?étadntlgh(%lg zlatrtEetﬁrst amg]lilnhaﬁ élrecnon ané a sec:bncl‘a 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 (w2) at the second azimuthal direction.
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t he second goni oneter azinmuth reading (A2) at the second azi nut hal
direction, and the second gyroscope angul ar rate reading (02) at the second
azi mut hal direction. 14. The systemof claim 12, wherein the first
gyroscope angul ar rate reading (col) conprises nultiple readings which are
averaged to provide a single value. IS. The systemof claim 12, wherein the
second gyroscope angul ar rate reading (0)2) conprises nultiple readings

whi ch are avenged to provide a single value. 16. The system of claim 12,
wherein the gyroscope conprises: a jibe- optic gyroscope (FOG, a |aser
ring gyroscope, a MEW or any conbination thereof 17. The system of claim
12, wherein the gonioneter is adapted to be | eveled, 18. The system of
claim12, wherein the systemis an azinuth finding system 19. A nethod
conpri sing: derhouiiRGrahh NS vhgoni BLRE iAZhdsbdiyreadiarg viM J cabpuerf i r st

azi mut haL direction; rformn fjrst roscope angular rate reading (to
t) at the firSP&E?HﬁﬁgﬁEFm&FW%@¥?ﬁﬁ%m§%¥g¥in the goniorneter to a second
azi mut hal di r e6tifon gahipotted =indith feadien Al hhthe thhe afippde! HFriam Aal hedstt i on;

- p_erfoer: ng_ a $e6006 eg,giég}ir%?h%mé (AZ bl fsraeia@dinagiifeADh; atl t he second N
azi muthal direction; and perfarm ng a seco r r readi ng
(re2) at the sEESH “%%?ﬁ%@ﬁ%ﬁ”&??bcdﬂﬁﬁggb%g”%%%gﬁégﬁﬁﬁéggg%gé“a e?gin t he
second azi nut hadcopbsidsion aigsiaapproadingded) ) tho eecaezeeshd fisifitthe fir st

azi mut hal position. 21, The nethod of claim19, wherein the first

ver aged to or O s oLPAG) b et 950 pmeSar kel oF -ErRE RO ARG

averaged to ‘pr [ ; arm 19, rein the
second gyr oscopeltahgeddaes whitlear esdicagto(Pee Ry a¢aPrées mul tipl e readi ngs
whi ch are averaged to provide a single val ue.

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

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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23. The nethod of claim 19, further cam cal cul ati ng azi muth, based at /east
on the first gonioneter azinuth reacting (Al) at the first azinutha
direction, the first gyroscope angular rate reading (col) at the first
sziartutisal direction, the second gonioneter azinuth reading (A2) at the
second azinmut hal direction, and the second gyroscope angul ar rate reading
(02) at the second azinuthal direction. The nethod of claim23, Furtha
.-orn determting north. 25. The nethod of claim 19, further conpri sing:

| eveling a gordonettr used for perform ng the goni oneter azinuth readings.
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>is a the gyroscope is substantially pezpendieulzu to a rotation iixia
of thntiotther ehd sihen gaidai nef erthk adapiie at@odpsson initkadaptell eashicalafei r st
goni onxi ter tuiinut r%aglqggt Al at a first aziiinuthal direction and a

second goniona???? Tt en readingﬁéAz) id a second adatut-Lial

di ntoti Ont Wheteifinst heongteicatespeaiiss ga st B 9 2prgtrpdlreston aadthedingy st
gyroscope 10 t aededpe anpllhdrhie rda@ingicn( @l thefisktheinfuitabdireaminmitihal . direetion
itrid a sociond gyroscope é’i‘{#%u' al Jaagatm%c(éﬁf‘ﬂ' sl @A2)inRthat ﬁ?ec?t@&%? the

. . QILLOIM Z1mu .
azi nut hal di rection, §y erein the Vi enables 1tt asurernent of a tilt
angl e, second gyroscope angular rate reading (©2) at the second azimuthal direction.

14. The system of claim 12, wherein the first gyroscope angular rate reading (1) comprises

multiple readings which are averaged to provide a single value.

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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Figomia suggested for publication,

2.

22.

23.

24,

25.

The method of claim 19, wherein the first gyroscope angular rate reading (®1) comprises

multiple readings which are averaged to provide a single value.

The method of claim 19, wherein the second gyroscope angular rate reading (w2)

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 (w2) 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.
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