, 1 Angul ar Mdtion Measurenent Arrangenent FlIELD AND BACKGROUND OF T

| NVENTI ON 5 The present invention relates to an angul ar notion neasurenent
arrangenent and, in particular, it concerns an angular rate sensor
arrangenment for a seeker head, which is part of a guided mssile A guided
m ssile includes a seeker head, which includes a sensor that is configured
to sense a target. The seeker headlis typically ginbal ed, whereby an 10
actuator is configured to ensure that the sensor always points in the
direction of the target. Measurenents of the angul ar velocity of the seeker
head together w th the seeker’ s:reasurements are then used to guide the
mssile toward the target. The guided mssile generally includes an

i nertial nmeasur epmgulan MdtionMeqshyemdut daramgementes t he notion of the missile
with respect to an inertial reference frame. Measurenents nmade by the 04U
in conjunction wth neasurenents of the rel ati ve angl e between the seeker
head and the mssile bod' al cul ate the angul ar velocity
of the EEHKRANIRBAC FAS28dR provi de nmeasurements which are
accurate with Iom1n0|se 20 and Iong termstability, the I MJ cannot neasure

the d§l gh fr e?féggﬁym%n Riaté 20 s deulEt Shiotien apdadrenageker head

needed for t I1ization of the seeker head- Therefore, a separate
angul ar:ailrleI 21%01% and. s lpJ ic nt el Ehs' angular rate sensor arrangement

for a seeker head, which is part of 4 guided missile.
A gulaed wmissile includes a seeker head, which includes 4 sensor that is
configured to sense a target. The secker head is typ1cally gimbaled, whereby an
10 actuator is configured to ensure that the sensor dlways points in the ditection of
the target. Measurements of the angular velocity of the secker head together
v}ith the secker’s measurements are then used to guide the missile toward the
target. |
The guided missile generally includes an inertial measurement unit
15 (IMU) which measures the motiori of the missile with respect to an inertial
reference frame. Measurements made by the IMU in conjuiiction with
measurements of the relative angle between the secker head and the missile
body could be used to calculate the angular vejocity of the seeker head, Even
though the IMU can provide measurements which are accurate with low noise
20  and long term stability, the IMU cannot measure the high frequency dynamics
of the guided missile and the seeker head needed for the stabilization of the

seeker head. Therefore, a sepatate angular velocity measurement device is



2 needed to neasure directly the angul ar velocity of the seeker head. The
angul ar velocity neasurenent device is typically based on one or nore
gyroscopes. The neasured angul ar v@l ocity of the seeker bead is then used
to guide the mssile toward the target. As di scussed above the

5
gyroscope(s) used in the angul ar yel ocit asur enen V] eed to have
a hi gh bareddéditormesssi diresHy %/%ngﬂli%éy’eﬁél%ﬁ of “&?’%ﬁéﬁuﬁg SR LS wi th
| ow noi se. | nexpensive gyroscopes mai/ have a high bandw dth, but they |ack
*

| ong t er epscityr Measutemdnnaeaicpds ttgpicaliy besedtdreynh gy dnere HTGHFOBFAs such that,
even when the seeker head is not noving they neasure a 10 very high angul ar

vel ocity 4:ha ﬁ%ﬂag@&qog FEaR Rekashednd then nmsed to gBileothd, they have
a bad sca’flgE #rxaeg@g?cf t can r@gch an error of nmore than 20% Therefore, a

gyroscope haying a,l,ow bias, good scale factor, |ow noise and high
frequenc;ﬁnﬁém?j%%@f#hieéarﬁgteded in order to nmeasure the angular velocity of

the seeker head. Such a gyroscope can expensi,ve, i ely, $3,000
to 1% $5, 000 Asadiscusspérabovg Pfe :‘érf)ﬁﬁoé’eg?r?ﬁfg\félt s an‘R%{ gj\/%:lgeE a system for
measuring the angular notion of a seeker head which has a | ow bias, good
scal e f ack@dsurdneent devitsseartd Haveh highebarsmddthbAddmoarlly-dpeR ¢ 8 pr i ce.
SUMVARY OF TI DE I NVENTI ON 20 The present invention is an angular notion
measur enept. SYShSE s with Jow noise. Inexpensive gyroscopes may have a high
bandwidth, but they lack long term accuracy in two aspects. First, they have a
high bias such that, even when the seeker head is not moving they measure a
\ -
10 very high aingular velocity that can reach 100 degrees per second or more.
Second, they have a bad scale factor that can reach an eryor of more than 20%.
Therefore, a gyroscope having a low bias, good scale factor, low noise and high
frequency bandwidth is needed in order to measure the angular veloeity of the
secker head. Such a gyroscope can be expensive, approximately, $3,000 to
15 $5,000 each.
There is therefore 2 motivation to provide a system for measuring the

angular motion of 2 seeker head which has a low bias, good scale factor, low

noise and high frequency bandwidth at a low price.

SUMMARY OF THE INVENTION

20 The present invention is an angular motion measurement system and

method of operation thereof.



met hod of operation thereof 3 According to the teachings of the present
I nvention there is provided, an angular notion neasurenent system di sposed
on a nmovable platformhaving a first section and a second secti on,

conprising: (a) a first neasurenent arrangenent configured to provide a

first output indicative_ of angul ar ,hotion the first
nmeasur enent arf%%Fﬁ&Eﬁ%FRﬂﬁé%Cﬁg’gé Sg}?d%eiﬁnﬁmvgﬁ%@g%é @?ﬁagﬁgﬂ at | east one
of, a bias above 5 degrees per second and a scale factor ahove 10% (b) a
second meagla mRtiorameasurETEA SySen ditpesestion 8 meyabla PETAR BEYHE 2out put

i ndi cative of angular notion of the second section, the second measurement
ar r angenegfts hawiing aﬁldb%n@wdﬂtihsét@loﬁwc’:?oﬁmﬁrbmgz(a)aabfm 1aHBEBRDS degr ees
per second an a scale factor below 10% and (c) a processor arrangenent

responsive to a %ng‘r% éﬁ[t% rwﬂgtashrs%h@tﬂt ipedade dfhdghiar shotloat put  and

t he seconﬂT?:ﬂrF g a corrected out put having a bandw dt h above

50 Hertz, a bias beI pw 5 degrees cond el tpoel ow 10%
Accor di ngof ﬂleaﬁl‘sﬁrsf’ﬁ@m f@%&ﬂ?ternS? %e’ﬁra&ag ?nv}elnt |% t ﬁ g is also 15
provided a third nmeasurenment arrangenent configured to _oro ide athird

out put i mistiveal0i Hertofand et daastyeneanly @ bins AbRYCon 4 g%ﬁe\%@ﬁr PHr8P¢ i3P€+* section and
the second section, wherein the inputs include the third output. According

to a furthere fa@%gl%gv@io%h@)m esend meanmaminnarrangemehi canii tr ement
arrangenent 1 ncludes at |east one of a potentioneter, encoder and

provide a second output indicative of angular motion of the second section, the

second measuremcnt arrangement having a bandw1dth below 50 Hertz, a bias
10 below 5 degrees per second and a scale factor below 10%; and (¢) a processor
arrangement responsive foa plurality of inputs, which include the first ontput
and the secoﬁd output, generating a corrected output having a bandwidth above
50 Hertz, a bias below 5 degrees per second and a scale factor below 10%.
According to a further feahure of the present invention, there is also
15  provided a third measurement arrangement configured to provide a third output
indicative of relative angular motio‘n between the first section and the second
section, wherein the inputs include the third output.
According to a further feature of the present invention, the third
measurement arrangement includes at least one of a potentiometer, encoder and
20  resolver.
According to a further feature of the present invention the first output is
indicative of a measurement of the angular velocity of the first section with

respect to an inertial frame of reference; and the second output is indicative of a




20 resolver. According to a further feature of the present invention the
first output is indicative of a neasurenent of the angular velocity of the
first section with respect to an inertial frane of reference; and the
second output is indicative of a 4 nmeasurenment of the angular velocity of

t he second section with respect to an_ inertial frane-of reference.

Accor di ngmeasuerhenttdfehe fpgular veloitt nBthsrsssertt sgchivr Witlh FesPeHlorany st

measur enent arrangemnent includes a gyroscope. 5 According to a further
feature of, g FRERSTMfetda¥@nt i on, the second neasurenent arrangenent

I ncl udes a gyroscope. According to a further feature of the present

i nvention, t hSA?cO?%@g toﬁamﬁﬁ rﬁn%nﬁpgseﬁtnggﬁggngmﬁ Mgt i al notion

unit. A netho sure notion of “a first section of a novable
10 platform conprising the,steps of: ﬁggﬁ providing a first neasurenent
ar r angenefMeAIEPer SH2RETRYE HGIYASS AFXESCOF the first measurement ,
arrangenent configured to provide a first output indi c%i ve of, angul ar
moti onsof the Ateosding slect iforthen frature raft theelressns PERENON, 2RgSHEMd having a
bandw dt h above 50 Hertz and at | east one of, a bias above 5 degrees per

second ang.aa$&Ath afrasédient Rateict 2 gy8drofdd) providing a second nmeasurement
arrangenent di sposed oh a second section of the novable platform the

second measur egent ;.al "ANGGIRNL feature of the present invention, the second

measurement arrangement includes an inertial motion unit.
A method to measure angular motion of a first section of a movable
)

10 platform, comprising the steps ofi(a) providing a first measurement
arrangement disposed on the first section, the first measurement arrangemént
configured to provide a first output indicative of angular motion of the first
section, the first measurement arrangement having a bandwidth above 50 Hertz
and at least one of, 2 bias above 5 degrees per second and a scale factor above

15 10%; (b) providing 2 sec;ond measurement arrangement disposed on a second
section of the movable plaiforin, the second measurement arrangement
configured to provide a second output indicative of angular motion of the
second section, the second measurement arrangement having a bandwidth
below 50 Hertz, a bias below 5 degrees per second and a scale factor below

20 10%; and (c) processing a plurality of inputs, which include the first output and

the second output, to generate a corrected output having a bandwidth above 50

Hertz, a bias below 5 degrees per second and a scale factor below 10%.



configured to provide a second output indicative of angular notion of the
second section, the second neasurenent arrangenent having a bandw dth

bel ow 50 Hertz, a bias below 5 degregs per second and a scal e factor bel ow
20 10% and (c) processing a plurality of inputs, which include the first
out put and the second output, to generate a corrected output having a
bandwi dt h abovAc&adingetot z furhdsi fetube 06 WS PErsgRic BYCRan, SBENE dM a scal e
factor below 10% 5 According to a further feature of the present

i nvent i ony hherenk Stepl STbroREmg eskdlheasttepmo krpngeniati eonigirbd el
measur errer?t arrangenent ‘configured to provide a third output indicative of

wherei 1t Ao (R REgh RT3 BEE anp TR WAL ARCRRTT her

wherein tHR 5 According to a further
feature of the present ipvention, the third, SHI t. artangenment
i ncl udes atctioagad IWC%WJ]%GBBQ,éﬁﬁqfﬂﬂélﬁ%}ﬂ}mg‘ﬁ%gﬁg? H‘ﬁﬁg}%&]%@&g'ver. Accor di ng

to a further feature of the present invention the first og;puﬁ_%s
i ndi cafi ve of Aceredingr emenfurtifert feetusnpfl the peaserli #yVesHoRnéG (Y secti on
with 10 respect to an inertial frame of reference; and the second output is

i ndi cat i v egfurdmenRASMEEABR In€iddshe lanponesf apdtantidyeted, entvglesendnd secti on
wWth respect to an inéertial frame of reference. According to a further
feature of the present invention, the first neasurenent arrangenent

i ncl udes 53383'F55c0pe. : _

According to a further feature of the present invention the first output is
indicative of a measurement of the angular velocity of the first section with
\

10 respect to a'n inertial frame of reference; and the second output is indicative of 2
measurement of the angular velocity of the second section with respect to an
inertial frame of reference.

According 1o a further feature of the presemt invention, the first
measurement arrangement includes a gyroscope.

15 According to a further feature of the present invention, the second

measurement arrangement includes a gyroscope.

According to a further feature of the present invention, the second

measurement arrangement includes an inertial motion unit.




15 According to a further feature of the present invention, the second
measur enent arrangenent includes a gyroscope. According to a further
feature of the present invention, theé second neasurenent arrangenent

i ncludes an inertial notion unit. 6 BRI EF DESCRI PTI ON OF Tl E DRAW NCS The
I nvention is_herein described, b ﬁir gxarrpl e only, with reference to
t he acconpBhitng JPREON (I ¢ Y is a cross-sectional schematic
view of a guided missile having an t;P 5 angular notion nmeasurenent

system that is 19@nghekGdds aRekiAPRIsabe, ibgcmoaﬂaemggétomﬁ witaf erred
enbodi nent of the 1 nvention. DESCRIPTI ON THE PREFE D EMBODI MENTS The

present invention .S an a . ]gg)'] urement system and nethod of
operation ¥ ?rggfo%a, cﬂ‘ﬁggﬁjﬂﬁ]e. plfé%%e{{r?ﬁﬁ'perat ion of an angul ar notion
measur enent system  according tqQ the present .inventjon he better

under st ood wi t Kig-el @rf’e?f@é‘-"%%%‘”ﬂfﬂécm%‘ﬂe‘ﬁr?g at&’r%&‘éic@&ﬁ%ﬁgﬁ?ﬁlﬁ% #Bescri ption.
Fig. 1 is a cross-sectional schematic view of a guided mssile 10 having

an angyl arangolar onotimaSuessEEmens yeystem 1att Isaconstructsds endicapgtabdmdnoper abl e in
15 accordance with a preferred enbodi nent of the invention. Guided mssile
10 accordance with a preferred embodiment of the invention.

BRIt DESCARAE

DESCRIPTION. OF THE PREFERRED EMBODIMENTS

The \present invention is an angular motion measurement system and
method of éﬁeraﬁon thereof.

10 _The principles and operation of an angular motion measurement system
according to the present invention may be better understood with reference to
the drawing and the ac¢ompanying description.

Fig. 1 is a cross-sectional schematic view of a guided missile 10 having
an angular motion measurement system 12 that is constructed and operable in

15 accordance with a preferred embodiment of the invention. Guided missile 10
has 2 seeker head 14 with a sepsor 16. Seeker head 14 is gimbaled and includes
an actuator 18, which points sensor 16 toward a target (not shown) during a
flight of gnided missile 10. A line of sight 22 defines the line between
sensor 16 and the 'target. Actuator 18 is configured to move sensor 16 in the

20  direction shown by arrows 20. Angular motion measurement system 12 is

configured to measure the angular motion of seeker head 14 with respect to an

inertial reference frame.



has a seeker head 14 with a sensor 16. Seeker head 14 is ginbal ed and

I ncl udes an actuator 18, which points sensor 16 toward a target (not
shown) during a flight of guided m’%sile 10. A line of sight 22 defines
the Iine between sensor 16 and the target. Actuator 18 is configured to
nove sensor 16 in the 20 direction shown by arrows 20. Al I noti on
measur ement sy #iey ©f iptsoducan, M I’E‘WQ’FE%‘&?PE"HP% Sgﬁtﬁﬁllng#joﬁg}ei on of
seeker head 14 with respect to an inertial reference frame. 7 By way of
i nt r oduct piesent dmemtien protidesna highsbandwddih, foyys seale facter, leYyebiap laWent

I nvention provides a high bandwi dth, |ow scale factor, |ow bias, |ow noise

nmeasure ”Eﬁliisé%éﬁ ot Y94t&e vyhesimiithewutd ofién ieopRgisd Measmremnente nent
arrangenent 24 such as a cheap gyroscope having a high bandwi dth and | ow 5

noi se. The out put the i I . I nanseneRE 1swffers from

| ong tern?@zir‘&ﬁ’g‘feﬁﬁ S“Fﬁeqseé]gﬁ%?n@r%%rog‘g%tﬁéﬁggﬁ ufJaEc}? t he itrzllel>§<pensi ve
measur ement arrangenment i s generated using apother ”ée%sﬂ?tﬁrra?ﬁbm ar r angenent
26, wHi chneibe HdegputEdeal WSt MEERAESYE JHFFHE BRI s PBhg  term
stability and | ow noi se- This other neasurenent arrangepent is typically 10
the al r eadygexdrsi i supilityl) Diergiviejed womsttcd 0WPEE e dbhemeXREHR gyr oscope,
whi ch provides long-termstability but has a | ow bandwi dth. In addition,

ggot her Pﬁwﬁﬁ@ﬁ&hﬁaﬁg&g&ﬁenk 2§eﬂa§atg@edgﬂ1gt oagahyrensspeurtment he angul ar
gree of freedom whi ch“exi sts befween neasurenent arrangenent 24 and
arrangement 26, which although does not have a sufficient bandwidth, has long
term stabili\ty and low noise. This other measurement arrangezﬁent is typically
10 the 'alreadyl existing IMU of guided missile 16 or another cheap gyroécoPe,
which provides long-term stability but has a Jow bandwidth. In addition,
another measurement arrangement 28 is needed to compensate for the angular
degree of freedom which exists between measurement arrangement 24 and
measurement amangement 26, as will be explained below with reference to
15 measurement arrangement 28,
In general terms, guided missile 10 can be described as a movable
platform having a first section and a second section. The first section being
s;eker head 14 and the second section being the main body of guided
missile 10.
20 Turning now to the details of angular motion measurement system 12 in
more detail, measurement arrangement 24 is typically disposed on seeker

head 14 adjacent to sensor 16. Measurement arrangement 24 is configured to

provide an output indicative of the angular motion of seeker head 14 with



measur enent arrangenent 26, as will be explained belowwith reference to
15 neasurenent arrangenent 28. In general terns, guided mssile 10 can be
described as a novable platform havi31g a first section and a second
section. The first section being seeker head 14 and the second section

bei ng t he ' : | 1SS 0. Turni nowto the details
of angul ar{"ggn%‘%‘!:lt gﬁ%@é@?‘tﬁ%ﬁ? 05%? %h}k%z&qularﬁg?t On&gtiégp?g%%‘}]@nent
arrangenent, 24 is typically djisposed on seeker A head 14 adjacent to sensor
16. Measur SRIACCRYa RPGHERT Volaclty ebnrrgilae Reederaipny i Siacenargmlaut

I ndi cative of the angular notion of seeker head 14 with 8 respect to the
inertial fdisplecarfientefveloeity e and\ngadekerationt iavsn iedatetef byn edhtepsatbong windr

di spl acenent, angul ar velocity or angul ar accel eration. Since angul ar

di spl acenediferepahidd, ihe SRPuBSTRERLAIAGN 2AERedinR bR Lol be inbQQsd foon and
differentiation, the output of measurenent arrangenent 24 can be processed

to 5 provi | I th Lt y Spl acenent
vel oci t5§ %?v@%?%?@?%{eﬁgaﬁ%ﬂ%mﬂ@gﬁ%%ﬁ{ ﬁ'ggt(%{ ﬁ'{}g %%ﬁ%eggﬂﬁé%%ﬁwar r angenment
24 is indicatiye of the angular velocity of seeker head 14 with respect to
the inerti%l ac %ﬁ@r’of]‘ﬂé@g@n . OWRHE (P cHERTMIGRT ngErRESCePR2hals o

bandwi dt h above 50 Hertz, a bias above 5 degrees per second and a scale
factor abdudicatdes oflBe kbgiser estecity of scakeremmdtld2ith yespeet! tbythé ektiales at | east

one inexpensive
frame of reference. Measurement arrangement 24 has a bandwidth above 50
Hertz, a bias above 5 degreés per second and a scale factor above 10%.
) .
10 Measuremgnt arrangement 24 typically includes at least one inexpensive
gyroscope. “

Measurement arrangement 26 is typically disposed in fixed orientation
with the main body of guided inissile 10. Measurement arrangement 26 is
configured to provide an output indicative of the angular motion of guided

15 missile 10 with respect. to the inertial reference frame. The output of
ﬁneasurement arrangement 26 is typically indicative of a2 measurement of the
angular velocity of guided missile 10 with respect to the inertial frame of
reference. Measurement arrangement 26 has a banc.iwidth below 50 Hertz, a
bias below 5 degrees per second and a scale factor below 10%. As deseribed

20 above measurement arrangement 26 is typically an IMU if there is one on

guided missile 10, otherwise, measurement arrangement26 is a cheap

gyToscope.



gyroscope. Measurenent arrangenent 26 is typically disposed in fixed
orientation wth the nmain body of g#ided m ssile 10. Measurenent
arrangement 26 is configured to provide an output indicative of the
angul ar notion of guided 15 missile 10 with respect to the inerti al

reference framg dhe iPU.ofl oFPASSETRALISE BASREE Gl rbscky/Pl Cal |y

I ndi cative of “a ne ngular vel ocity of qul mssile 10

with respect to The inertial flame of reference. Measure ar r angenent
26 has a mwe@%&ﬁm%m%%@%%&t eI‘&v&SSH%fgﬁﬁa@égggéﬁvesecond and a
scal e factor below 10% As described 20 above neasurenent arrangement 26 is
typi cal | yanathet Moeasiirdrivext earragementdd8 whicll quownides i dne ontput owhishwisse, '
measur enent arrangenment 26 is a cheap gyroscope. 9 As there is a degree of

angul ar fipeedorn bet Waen rBeasdr SNRIMr 1BbGN IBEMREn 24hantheaBBamesment
arrangenment 26, it is necessary to have another neasurenent arrangenent 28

whi ch provid u t | ' galell kv alrMBegnaul ar

notio bmgﬁn&%ﬂﬁéﬁgﬂﬁ%ﬁ%@%ﬁ%@%ﬁﬁ%ﬁ%ﬁ ﬁ?r%gfscurene%t ar r angenent
26. The out put of neasurengnt. _arr.an nt 28 is,.typical j.ndi cative of

t he angulWﬂ?@ﬂtﬁeﬁewlgﬁi’v@@ﬁam&gﬁgﬁe ﬁé&ﬁlaﬁﬁlﬂﬁ%e?}?&{ ry‘?ﬁ#“ﬁeeﬂody of

gui ded m ssile 10. Measurenment arrangenent 28.g<.aneralll\4y i ncludes a

pot ent i orsetler, hemicbtemdother gsaifivbedy of guided missile 10. Measurement

arrangement 28 generally includes a potentiometer, encoder or resolver..
Angular motion measurement system 12 aiso includes a processor 30,
\ .

10  which is part of a control unit32 of guided rmissile 10. Processor 30 is
responsive to the ouipluts of measurement arrangement 24, measutement
arrangement 26 and measurement arrangement 28, generating a cotrected
output having a bandwidth above 50 Hertz, a bias below, 5 degrees per second
and a scale factor below 10%. It should be noted that measurement

15 arrangement 24 is not reset or calibrated by the combined outputs of
measurement arrangement 26 and measurement arrangement 28. Instead, all
the outputs of measurement arrangement 24, meastrement arrangement 2§ and
mn;asu:;ement arrangement 28 are analyzed to produce a measurement of the
angular motion of seeker head 14 with respect to the inertial reference frame

20 withahigh bandwidth, low noise and good long-term accuracy.

It will be appreciated by persons skilled in the art that the present

invention is not limited to what has been particularly shown and described

hereinabove. Rather, the scope of the present invention includes both



Angul ar notion neasurenent system 12 al so includes a processor 30, 10
which is part of a control unit 32 of guided mssile 10. Processor 30 is
responsi ve to the outputs of measur elbnt arrangenment 24, neasurenent
arrangenment 26 and neasurenent arrangenent 28, generating a corrected

out put havi ng.a_bandw dt h.abo Her ez vpdrﬂ%l b A per second
and a scalcgmf%éﬂﬁtltgps b&f V\f%&mﬁ{'ag%gulo t’%eanote Stﬁgaﬁwﬁgaggsfgéﬁgﬁt 15
arrangenment 24 is not reset or, calibrated hy the c ined outputs of
measur enefereingbeneearevel Q%Vﬂﬁllloﬁﬁé@%@ﬁié&ﬁmép? ﬂ’ﬁ&éﬁgﬁzﬁ 25N 1rlnlsT;J‘Sad, al |
the outputs of measurenent arrangenent 24, neasurenent arrangenent 26 and
measur enepriofrarandéshenouBoarue tarpersans dskiltedpitothecart ApeBasadBEele of the
angul ar notion of seeker head 14 with respect to the inertial reference
frame 20 A th; L ndw dt h, | ow noi se and good | ong-term accuracy. It
w il be al%‘f;e%%n tdg%&@;t/igg'er sons skilled in the art that the present
inventi.on is not limted to what has been particularly shown and descri bed
her ei nabove. Rat her, the scope of the present invention includes both 10
conbi nati ons and sub-conbi nati ons of the various features described

her ei nabove, as well as variations and nodifications thereof that are not

inthe prior art which would occur to persons skilled in the art upon
readi ng the foregoing description.



5 11 WHAT IS CLAIMED I'S: 1. An angul ar notion neasurenent system di sposed
on a novable platformhaving a first .section and a second secti on,
conprising: (a) a first measurenent 4 rangenment configured to prOV|de a
first output indicative of angular notion of the first sectiion, said first
measur enent arrangenent having a bandw dth above 50 Hertz and at |east one
of, a bias above 5 degrees per second and a scale factor above 10% (b) a

second nea ent configured to provide a second out put

i ndi cati veégi‘igﬁgttﬁl‘%f@ggﬁgﬁ of the second section, said second

measur enent arrangenent having a bandw dth below 50 Hertz, a bias below 5
degrees per second and a scale factor below 10% and (c) a processor

arrangeent 1 esponaignghthedniid Meblellad QAL GLER opl NEldESAl d T st

out put and sai secon out pu generatlng cortr ed o ving a
bandw dt h a_bi as be rees per second and a scale

factor bel Wgﬁ@ﬁ?inﬁﬁﬁ%ﬁ%‘iﬁgﬁl%fi aéF%{‘?% Sfcn‘?’grcpﬂ@ﬂ" S¥&nprising a third

measur enent arrangenent configured to provide a third output indicative of
rel ative angul 4%) a first measurement arrangement configured to provide a first

output indicative of angular motion of the fitst section, said first

measurement arrangement having a bandwidth above 50 Hertz and

at least one of, a bias above 5 d;agrees per second and a scale factor
" above 10%;

(b) 2 second measurement arrangement configured to provide a second
output indicative of angular motion of the second section, said
second measurement atrangement having a bandwidth below 50
Hertz, a bias below 5 degrees per second and a scale factor below
10%; and

(¢) a processor arrangement responsive to a plurality of inputs, which
include said first output and said second output, generating a
cotrected ontput having a bandwidth above 50 Hertz, a bias below

5 degrees per second and a scale factor below 10%.

2. The system of claimi 1, further comprising a third measurement
arrangement configured to provide a third output indicative of relative angular
motion between the first section and the second section, wherein said inputs

meclude said third output.



noti on between the first section and the second section, wherein said
inputs include said third output. 1% 3. The system of claim2, wherein
said third nmeasurenent arrangenment i ¢l udes at |east one of a
potenti oneter, encoder and resolver. 4. The systemof claiml, wherein: (a)
said first output igei gehGat iye a,ie - 10kt he . velocity
of the first seétionevm h&?egﬁeg@%ozéng@h%???%df&%% lgggg#%arﬁér%tence; and
(b) said second out.put ,is indjcative of a neasurenent of the angul ar
vel oci ty ATPEEMSRUBRNISTR (Fi5TOMR 917 BAUSHRME o RISV ane of
reference. 5. The systemof claim1, wherein said first neasurenent
arrangenent includes a gyroscope. 6. The systemof claim1, wherein said
second neasurenent_arrange t. includes a gyroscope. 7. The systemof claim
1, wherein sai ¢ se@%ﬂ’smg‘ﬁ?r]@ﬁbﬁtwh?rﬁ&hgenent i ncludes an inertial notion
unit. 8. A nethod to nmeasure angular notion of a first section of a novable
pl atform conprd)si sed tiiret swtepts isoindigatiye pyfos i mieasyreaent raft theeagula ment
arrangenent di sposed on the first

velocity of the first section with respect to an inertial frame of

reference; and
(b) said second output is indicative of a measurement of the angular
velocity of the second section with respect to an inertial frame of

\
" reference.

5. The system of claim 1, wherein said first measurement

arrangement includes a gyroscope.

6. The system of claim 1, wherein said second meastrement

arrangement includes a gyroscope.

7. The system of claith 1, wherein said second measurement

arrangement includes an inertial motion unit.

8. A method to measure angular motion of a first section of a movable
platform, comprising the steps of:
(a) providing a first measurement arrangement disposed on the first

section, said first measurement arrangement configured to provide



section, said first measurenent arrangenent configured to provide 13 a
first output indicative of angular notion of the first section, said first
measur ement arrangenent having a barddw dth above 5 0 Hertz and at |east
one of, a bias above 5 degrees per second and a scale factor above 10%

‘(b) providing a secgn asur nt arrange k SPO on.a ond section
of the movable pl aftﬁb‘?W%&g?ﬁ%ﬁgﬁﬁg%%@%ﬁgﬁé%%agerﬁrgﬁﬁeé:ﬁ@%égagnfi gured to
provi de a second output indicative of angqular nptjon of the_second
section, said secolt meaRIeRenS Arangameah haves e bandyidh abysdileds bel ow 50
Hertz, a bias below 5 degrees per second and a scale factor bel ow 10% and
processing a pl ur adridtat ledst bnevf, 2, biwhaledvei Ndéareks waisdedridratd metabuit and  sai d
second output, to generate a corrected output having a bandw dth above 50

Hertz, a bias bel 9'5‘9; .per second and a scale factor below 10% 9.
The system of cl aiof\r%rgf urete]h%z?’ conprising the step of providing a third

measur enent arpangenent confiqured to _Dprovi I L da: t.lndicative of
rel ative angul Q’S ﬁH?YI@W%& a%cgﬂdtWgaﬁrﬁg%\fsg@?&gﬁﬂ%d&%%&%% section,
wherein said inputs include said third output. 10. The system of claim9,
wherei n said thir deperubsactpieaf the movable platform, said seconc measurement

arrangement configured to provide a second output indicative of
angular motiont of the second section, said second measurement
arrangement having a bandwidth below 50 I-Iertz,-a bids below 5
! .

| degrees per second and a scale factor below 10%; and
() processing a plurality of inputs, which include said first output and
said second output, to genmerate a comrected output having a

bandwidth above 50 Hertz, a bias below 5 degrees per second and

4 scale factor.below 10%.

9, The system of claim 8, further comprising the step of providing a
third measurement arangement configured to provide a third output indicative
of relative angular motion between the first section and the second section,

wherein said inputs include said third output.

10. The system of claim 9, wherein said third measurement

arrangennent includes at least one of a potentiometer, encoder and resolver.

11. The system of claim 8, wherem:



arrangenment includes at |east one of a potentioneter, encoder and resol ver.
11 - The systemof claim8, wherein: 14 (a) said fi rst output is indicative
of a neasurenent of the angular vel éﬁtlty of the first section with respect
to an inertial frame of reference; and (b) said second output is

W th respect ta Eﬁ?fﬁﬁéﬁf??%wﬁ? R s?érerﬁ%‘aféfé%t#}’ g Bt oiaims,
wherein said first a,surﬁr{g arrangene includes a g roscope 13. The
system of clai m 8, YRR&LE© sts¥ctoR sPeGTeRt an é!?‘ Hgameatofi ncl udes a
gyroscope. 14. The systemof claim8, wherein said second neasurenent
arrangenent incl udeferance;ardti al notion unit.

(b) said second output is indicative of a measurement of the angular
velocity of the second section with respect to an inertial frame of

reference.

12. The system of claim 8, wherein said first measurement

arrapgement includes a gyroscope.

5

13. The systemd of claim 8, wherein said second measurement

arrangement includes a gyroscope.

14, The system of claim 8, wherein said second measurement

arrangement includes an inertial motion unit.



