1 13 FEB 2007 COORDI NATES DETERM NATI ON METHOD AND APPARATUS FOR

NAVI GATI ON AND SI TUATI ONAL APPLI CATIONS Field of the Invention [0001] The
present invention generally relates to nmethods and apparat us of

coordi nates determ nation, and nore particularly to a coordi nates
determination apparatus using a free rdtating sphere and tol hethds of
coordi nates determ nation using the free rotating sphere apparatus.

Background ofcORDINATES DETORVAN DI TGN VMEBTHHYP AND AFFARATYSFORI cal for
many activities including navigation and exploration. The nost

conventional instrufehYIGATIO RS G ATIONAL. ABPLACAdENPESs  t hat
functions to detect and neasure the magnitude and/or direction of nmagnetic
fields. Both mechanical and el ectronic conpasses enploy a Cartesian

coordi nate systemto give direcFieihef the Iavéidionzont al pl ane. However, there
are situations in which the spherical coordinates are needed to be

determ ned. For exanple, a pilot shall know the spherical coordinates of
his pl anelo@tli ng t hEh¢ Ipregent i 0o0Bh Fereraiomrelates Her methodarandnprnazatiy @fneed
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di scl osi ngsiAg far & FoRdtilg SHBeRPHRT © RRMBERLISodriRates ARtdPRINsSOH Usig the free
coordi nates determ nation, especially the spherical coordinates

det er ni natdt@mg sphererappereliit ages of this invention will be apparent with
reference to the detail ed description. Summary of the Invention [0004] The
present invention provides an apparatus for determ ning coordi nates,

especi al | y spherical coordi natlgkgldumdceftheilianeidondet er mi nati on appar at us
in accordance wth one enbodi nent of the present invention conprises an
inner sphere having a first surface, a second surface and an inner space
surroundefPoB3l t he sdRiseriionant decationes aitival fir sproy agtivitiehingludig 1aVH&HOYpace

2 et chubhAlh, SAUES BB hEDaRRRTSufnR ARG s RS o

that functions to detect and measure the magnitude and/or direction of magnetic fields.
Both mechanical and electronic compasses employ a Cartesian coordinate system to give
directions on a horizontal plane. However, there are situations in which the spherical
coordinates are needed to be determined. For example, a pilot shall know the spherical
coordinates of his plane during the flight.

[0003] - Therefore, there is an imperative need to have an apparafus and method for
determining coordinates, especially the spherical coordinates. This invention satisfies this
need by disclosing a free rotating sphere apparatus that can be used for coordinates

determination, especially the spherical coordinates determination. Other advantages of this

invention will be apparent with reference to the detailed description.

Summary of the Invention

[0004] The present invention provides an apparatus for determining coordinates,
especially spherical coordinates. The coordinates determination apparatus in accordance
with one embodiment of the present invention comprises an inner sphere having a first
surface, a second surface and an inner space surrounded by the second surface; wherein
disposed within the inner space are at least a light source 1 and a light source 2, a magnet

and a weight; and a fixed shell having a first surface and a second surface; wherein the



2 13 FEB 2007 second surface of the fixed shell is spaced fromthe first
surface of the inner sphere to form an interspace that is filled with a
liquid so that the inner sphere can freely rotate in relation to the fixed
shell; wherein the first surface of the fixed shell is with grids with
photo- sensitive cells so that when the4 nner sphere freel y1gd:tEBt2HH, t he
coordi nates can be determ ned at any point. [0005] The advantages of the
present i swentisafadernd thed@xddehel éashaned fofmahe fistpufaee of thednes sphrge priounded

by the free.rotating s he. tr efre rotation of the sphere nsured
by the us@nbtfeW?célﬂgaéégﬂﬁ%fﬁ‘é’“ﬁ‘ IFCI‘JngFO H’&t ef%‘éﬂﬁ’rfé%‘iy TOLae 1t freation
det er m naké gt Bfed fR1L; WHeRGhH RO firdtQr BV Pﬁet d 11 lel/lﬂpgrl&ksmﬁ fol)-ngl e

devi ce. [0006] The obj ect'i ves and advant ages o e inventifon wl Il becone
appar ent fewmtive hells ob Ithati when éhaiihed ghdsor frpellyonmta:cés pthe famordidatesrbad ibeent s
t her eof ?ii connegtl on wi.th the acconpanying draw ngs. Brief Description of
the Drawi SGSTRHE0?20BREYr r ed enbodi ments according to the present

inventi ong now ch
l'i ke ref erogr?gie numsgzlese,1 gﬁ%ﬁ%éie@%@lﬂ){kueﬁﬂasééngfggﬁﬁg&? %%8%%&%%%11&??“ i
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appar at us accor ance wth one.eppodi.nme of the e i nventio
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spheri cal acagnighnpiigirdwingfot her spherical coordinate. Detailed Description
of the Invention [0013] The present invention nay be understood nore
readily by reference to the

Brief Description of the Drawings

[0007] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0008] FIG 1 is the diagrammatic view of the free rotating sphere coordinates

determination apparatus in accordance with one embodiment of the present invention.

[0009] FIG 2 shows the spherical coordinates represented by x (Pitch), y (Roll),
and z (Yaw).

[0010] FIG 3 shows the vertical and horizontal grids dividing the first surface of
the fixed shell in accordance with one embodiment of the present invention.

[0011} FIG 4 shows one of the eight equal sectioned spheres.

[0012] FIG 5 illustrates the concept of obtaining the deviation angle for 6 and ¢

when a light position moves from one spherical coordinate to another spherical coordinate.

Detailed Description of the Invention

[0013] The present invention may be understood more readily by reference to the

following detailed description of certain embodiments of the invention.



foll ow ng detail ed description of certain enbodi nents of the invention. 3 1
3 FEB 2007 [0014] Throughout this application, where publications are
referenced, the disclosures of these publications are hereby incorporated
by reference, in their entireties, into this application i 3CF'E81%07t0 nor e
fully describe the state of art to whic® this invention pertains. [0015]
The present invention provides a coordi nates determ nati on apparatus as
shown in ROBL. FI GThréuphbhe thisagppliamione wheew pablitdirkr &@ rdftbced) giehere
coor di nat ﬁs deterni nati on, apparatus in accordance wi.th one enpodi nent of
the preseffiscloiyienof disse publicatiopparschesehyr wepmppwted: tatelarpnacent R sofiféiep| es
of the pr sl ] i i t i : | as
shown in %Iﬁ%@}tils 'a?%lgajéslglgpmewg% 11 %Oﬁlglo%)érfeugl nqegﬁgrgé\%etﬁ%lls%fdﬁ%:fggr%%%ll m ?sfejfé\(?&g{?nt he
speci fi c eattwds.nent. Furthernore, for the sake of no obstruction of the

i nvention wel | - kn oper ational procedures and conponent materials

sui tabl e 1915k he prgfggrﬁrgsephwmm% PW‘PSC%%PO%QID&E%@FHP%@H‘%thcPé’PaﬁaF‘%S 450016]
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source 1 Ugterminhfighéppasuy inecortidnceawith ohelembydimeR®f thee fresemd irsfertion. I0js and

a radio freguency (RF).source 40..Th coardi nates determ pation a rat us
further cgﬁg? iagg%l"c’%@:i Bty 1‘?)}:}501&%‘:6&6? Hg?hei Reseat mVE"I‘f&BnW_ﬂREe H‘E‘?gﬁg’g%
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fromthe fixed shell 30 and determ ning the coordinates. The digital

processor bguhe spsciicfembodithentp fewtetmoney fmtthosakernfnd ebsrwgtipn ofl thet invéngionc an

recei ve the,signals an rformthe eterm nation.. For.e | e, PC,  PDA,
and not ebooelys' Vh &PH, gagésprpﬁga‘ﬁ%ianICOB}IDSJE‘%‘%‘SIB?WH?ISrsuEtﬁ@%p Of S gpresent

i nvent i oninfeBf3d Ivill hex HerRecriteliah idB@ilsphere 10 has a first surface and a
second surface, wherein the first surface faces the fluid | ayer 20, and

t he secon®%Blface ReferingnneWner FdGate thergeordipsiteshetenmirgyiopeanpraddundfl any
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of the weight 11 I ;
cgordmates determination apparatus further comprises a digital processor that is not

shown. As discussed later, the digital processor will be responsible for receiving signals
from the fixed shell 30 and determining the coordinates. The digital processor suitable for
the present invention may be any product that can receive the signals and perform the
determination. For example, PC, PDA, and notebook may be used as the digital processor
for the present invention.

[0017] The free rotating sphere 10 has a first surface and a second surface, wherein
the first surface faces the fluid layer 20, and the second surface forms an inner space. The
weight 11 may be made of any metal or other heavy materials. It will be disposed within
the inner space formed by the second surface of the free rotating sphere. The weight 11 is
preferably located at the bottom of the inner space. The size or dimension of the weight 11
is not critical for the present invention. As long as it can provide enough weight to
maintain the free rotating sphere 10 in its position while allowing the free rotating sphere
to freely rotate to provide relative movement to the fixed shell 30, the weight 11 is
applicable for the present invention. The light source 1 13 will be disposed at the top of

the inner space in opposite to the weight 11.



Is not critical for the present invention. As long as it can provi de enough
weight to maintain the free rotating sphere 10 in its position while
allowing the free rotating sphere to freely rotate to provide relative
novenent to the fixed shell 30, the weight 11 is applicabl el ¥ bkB 208k
present invention. The light source 1 1% will be disposed at the top of

the inner space in opposite to the weight 11. 1 3 FEB 2007 4 [0018] The

magnet 12f[dosgjpr ef er dhkymagspddets prefériblyodisgisad dh théerighnef tigpamer spaeemed
by the se%ond surface of the free rotating sphere. The magnet i s preferably
in a fixednsdshtthefeeend sutace 9é the Bee Feeiang sriierp hEreemegndh dspieierally 4t @ t o

a fix | face e th _ _
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magnet poipbins to @ren@th hhall phekerfedigorbiugurat4 ol bedisgobat within theiigidr 11,
the magnet 12, the |i ght SOﬁrcge 1 13, and the Iic%gt source 2 14 are .
di sposed &Pac§rid th BORAUQH tonwhIchke magaet RyIRlse Onsrardhe Bielerkd HEUSDS Sace

of the fr ' S ] tat | made
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one enbodi nent, the free rotating sphere 10 is nade of plastic. Mreover,
the free FYPHRS “Cphere 10 may be manufactured in many different ways. In

one enbodig erh et he Tifefet FoltifddsHRIE R Be LS YRY ﬁﬁat\éﬁﬁl@t ttrlll‘ép are

hem spheres. m ddl e of the hem sphergﬁéé’an be made hol | ow w
conpar t memesettablehoyuthe Rthsiguas gint with lmesignifigane interfdrendeitg kite laghty aaisted byl thet her

optional comnponents. The |ight sources be . constructed by.usi.n EDs
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i nduct or s MéRsVeér! HeStr@dfbtatirdN§Ihet01 6 mal® MesITRGLREYin Hhar QYWEEIeRd walDS DY
using RF signals is well known so that there is no detail ed description of

the |i ght osegmbediment.tthe freg etating splicae sy hsrrpositistes! witle typo hemispheres. sbleur ed
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surface, whemet,thé Nipht isbsices and other optional components. The light sources may be
constructed by using LEDs linked to antennas via electronic components such as
capacitors, inductors, resistors and transistors. The technology of powering LEDs by using
RF signals is well known so that there is no detailed description of the light sources. After
the associated components are placed and secured inside the inner space, the two
hemispheres may be glued and combined into one sphere.
[0020] The fixed shell 30 has a first surface and a second surface, wherein the first
surface is facing the outside and the second surface facing the free rotating sphere. The
fixed shell 30 is disposed in distance from the free rotating sphere 10. The distance cannot
be too far, else the response time will be long and the error will be significant. The gap
between the fixed shell and the free rotating sphere is filled with fluid to form the fluid
layer 20. The fluid layer may comprise any liquid with certain viscosity that allows the
free rotating sphere to freely rotate in relation to the fixed shell. In addition, the fluid used
in the present invention shall not interfere with the transmission of lights from the light
sources to the fixed shell and also allow the RF energy to pass through.
[0021] The fixed shell 30 may be made of any materials that are penetrable by the
RF signals and with insignificant interference to the lights emitted by the light sources. In

one embodiment, the fixed shell 30 is made of plastic. Like the free rotating sphere, the



surface is facing the outside and the second surface facing the free
rotating sphere. The fixed shell 30 is disposed in distance fromthe free
rotating sphere 10. The di stance cannot be too far, else the response tine
will be long and the error will be significant. The gap bet\,\fﬁﬁB@ fixed
shell and the free rotating sphere is folled with fluid to fo he 't | ui d

| ayer 20. The fluid |l ayer may conprise any liquid with certain viscosity

that al | ofized bigell hag8e Cotdtucitd withe#e hemisphert.y I Sledibddimesd, afitahie two t he
fi xed shell In addition, the fluid used in the present i nventl on shal |

not i nt er ERISPhFTEHATE tg@e@rsahwgrgtim f@fmlth@ﬁt(@ shrsld)m htle can hprovidsdoadys t o
the f d h t h
fi iedI )s(ﬁe ?chg{e#aafgpggin%a e CWH& %hgfﬁerl a l% Wi ?Cpegvfegman%et rggﬁritggl%&]e -f e

signal s arg ﬁ»‘tddrsh‘elm Siily be fdi@aﬁlid d pmcﬁbiseﬂmuweelay@ Ph@toLdeﬁﬁhSe ﬁﬁtetrffafschré)wdl he
| i ght sou&g one _enbodi nent, the fixed shell 30 is nade of plastlc
Li ke the Kpewn F‘bfhz%? ﬁ@ll% Hethe art hAng phote-sepntippuateria} sarapaiibla Withale ght
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rotatings unyr e rotating, while t etwoll rces
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will ber ng, RE._ener ward The .gn y fromthe RE
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art. Thus REouraes {hpeweremdhe pelioeuess inproidedhgstioyment of RF sources to
power up t[(;])‘is]l I ght T ﬁt%%ldeﬁ i9 5%’&9 ﬁgtan&{ géscﬂptlon of the method of using the free

rotating sphere coordinates apparatus to determine the spherical coordinates. As shown in
FIG 2, the spherical coordinates are represented by x (Pitch), y (Roll), and z (Yaw). The
weight 11 allows the free rotating sphere 10 to be always in a stable equilibrium state so
that the light source 1 13 is shining upwards and it acts as a reference for vertical plane
(Yaw). The magnet and the light source 2 14 provide reference for the horizontal plane
(Pitch and Roll).

[0024] As described above, the fixed shell 30 is coated with photo-sensitive
material to receive the light signals from the light sources. The fixed shell 30 is divided
into grids described hereinafter. By monitoring of the light-activated grids, the coordinates
and the directions of movement can be derived.

[0025] The spherical coordinates can be derived from the light beams of the two
light sources shone on the photo-sensitive material. The light source 1 13 is taking
reference of the vertical axis (z-axis). The light source 2 14 is taking reference of the north

direction. The degree of deviation of these references can be used to calculate the

spherical coordinates.



[ 0023] Now provided is a nore detailed description of the nethod of using
the free rotating sphere coordi nates apparatus to determ ne the spherical
coordi nates. As shown in FIG 2, the spherical coordinates ar present ed
by x (Pitch), y (Roll), and z (Yaw) The weight 11 allows tﬂg é@e@m
rotating sphere 10 to be always in a st&ble equilibriumstate so that the
| ight source 1 13 is shining upwards and it acts as a reference for

vertical moasle (Yaws.shdWe inBIGE, i@bfe bh®olin®it, tiOGIsE Qurfacd 4f Hicofikedieshell
reference _for the horizontal plane (Pitch and Roll). [0024] As descri bed
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be deri ved. [OOZ%%FThe spheri cal coordi nates can be der.ived fron1th§
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of devi at ph«stoesfenmheaseemm‘ ma;ebe esnreatedie audigithl peocesbe (e @f idré® ordpdidrical

coor di nat FEB 2007, 6 [ 6] shown in FIG 3, in one, enbodi nent,
the first %@Eﬁnr hed! ggf epged frﬁga&@ﬁéght sogrep diitejanagey T e/ S tEvg] ceﬂ fe

hori zont a h » ﬁr%dae 1 ed in
t he mamnelrC Olgléérﬁ@ ﬁglrngt ngg’étnug:%tu e angl lln?(arglealugﬁ%tf ﬁlféeé gquqicfﬁ%ﬁsegr?}gggare
partiti ondigiiahtpoocessypnt Hmmgltslemtopmed waj hhere saltwdate rtbel derectnote pad delrecigali n

signal read o%% 0%3@1 o o- sensitive cells are placed within the
i nt er sect CEHIIgFesy q - of the grids. At each intersection of the

grids, a pdeeyp- sensigy Mleﬁg‘ét B8 intSrsRbRGLSK thD 85 & thaf 195 10864 8t, FRNSokdiNBes
devi ce may be connected to a digital processér (e.g., mcro-P or DSP) pin.

When t he Kighe oklgined end xmwnssedas & fyistios ofir.Seandi. t Sher isdha fadivisai the sphere,
phot o- sen tude” and 'latitu

ot or mat | Qv R pREinele fom iR E S8R0 oy rarhion tala Top b ety I raght
digital pse&es3an sMdd1idhhensiash FUlvaicR it Reuiliibe oF H0B13RE ¢3PSRLil#B! the light
source 2 14 gives light position 2 and can be characterized by r2, 62 and ¢2.
Light Position 1 = fn (r1, 61, ¢1) (1)
Light Position 2 = fn (12, 62, ¢2) (2)
[0028] If r1 and r2 are constants, 61, ¢1, 62 and ¢2 can be used to determine the
yaw, pitch, roll and direction. For example, if there is a rotation about the x axis, there will
be no movement to light position 2 and 02 =0 and _¢2=0. For light source 1, _¢1=0
and the 01 will give the deviation in pitch.
[0029] FIG 4 shows one of the eight equal sectioned spheres. It has been arranged
in different configuration as compared to FIG 3. FIG 3 shows that the photo sensitive cells
are being located in an equally spaced manner from one another. In FIG 4 the density of
the photo sensitive cells is higher towards the upper and lower poles as the space between
cells gets closer. They are presented as different configurations that the photo sensitive
cells can be arranged. FIG 5 shows the grids of FIG 3 or FIG 4 (3-Dimension) on a planar
view (2-Dimension). FIG 5 is used to illustrate the concept of obtaining the deviation
angle for 6 and ¢ when a light position moves from one spherical coordinate to another
spherical coordinate. For example, if the light position moves from (a,1) to (e,3), the

deviation angles can be calculated accordingly. In this example, the light moves 4 steps



coordi nates of the object. [0027] By |looking at the intersection of the
grid that it is located at, the coordinates can be obtai ned and expressed
as a function of r, 0 and 0. The r is the radius of the spher% 0 the
deviation angle fromthe z axis and O |s the deviation angle T kbt Wle x
axis. The light source 1 13 gives light/ position 1, which is a function of
ri, 01 and 01. Simlarly, the light source 2 14 gives light position 2 and
can be chawsetmally tftorhyat 20 “O23 and@ @é}ns \tdr‘@diﬁllyRﬁShI t1omo 133, fmfte(rrdahbﬁmon 01)
(1) Light Positi on 2 =1fn (r2, 02, 0028] If rl and r2 are
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and direc ation about the x axis, there
will be %%Hﬁgggﬁgﬁs%?gﬁr&Eﬁ%%négﬁ?%éﬁﬁﬁﬂl "02 =0 and _02=0. For Iight
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i nvention may include navigation systemwhere the information about yaw,
pitch, roll and direction are inportant; robot navigating and bal anci ng;
and wall tilting (angle neasurenent with respect to horizontal). [0031]
Wil e the present invention has been de8cribed with reference ta particular
enbodi nents, it will be understood that the enbodi nents are il F&@tzﬂiﬂti ve
and that the invention scope is notcggited. Aternative enbodi nents of
the present invention will becone apparent to those having ordinary skil
in the art to which the present invention pertains. Such alternate
enbodinenéilﬁ%e coqiidered to be enconpassed within the spirit and scope
of the pr¥o8HE lAT9edhiS on. Accordingly, the scope of the present invention
is described by the appended clains and is supported by the foregoing
description. 8 13 FEB 2007 CLAIMS What is clainmed is: 1. An apparatus for
coor di natks defeeppataits & cooustipatéssdeteymination momprispiger e having a first
surface, a second surface and an i.nner space surrou?ded by the second
surface; wher ea}nnnmegpsgggr& aﬂlﬂgr‘? fif ﬁ“ﬁ%ﬁ?’ asgemndyprtage pad, ap 1gner sRIGE

source 1 sun@buddéd B theSRUSKEswEfacd; VRBRE! dapshed Wili® e innBefRkd aRANARS ot he
light sources copgrlses.a LED emitting the lights, an antenna receiving
[

energy f riégghtsopegi band adighirroyresolira magaetcendna sleights vhersin eaduof thedight

converting,. -1 enna__into electric ener for_hein
oed by ot sBmpEREL 9.2 BIE AOIERGTan peBh LGNt bR, Bhm fradlS' "
surface afiel@nsesainct, atd baekctrofie ciictit fé@ns@6an theSRF fea&@yGforh iR dntosnd
shell is ,sPaced dfromthe first surface of the inner sphere to forman

i nt er spacBta Heqlric gngrgy frdeine ysed by itk ERy andsni ssibl e 1iquid so that the
i h f ] j at i t fi : Ew&r [
I nner sphere C@H%ht c?;aﬁtgth)eém?)% ﬁ)r{dé%s%lgp Fh‘aa{lngg aQdst sﬂrfﬁ&ﬁagxdﬁ%ﬁo%cﬂ%{rface erel n

the first surfac I Xe wth gri o-Sensitlve
cel I s so thhaeconHenrfadeeofi thadixed shall & spaed fyom theafiss surfdve of tlooindemnspher® toan be

gﬁ: :‘Ir giene n?xh@%?l%?g%esr}h%tl 1‘%"%@%& :g{é]thi ?ghrt ?rgilsomifssri‘te)}l% llll%{llfdy sostgelljtrt g in(illiers ?p%%reedcan
freely rotate in relation to the fixed shell; and wherein the first surface of the fixed shell is
with grids with photo-sensitive cells so that when the inner sphere freely rotates, the
coordinates can be determined at any point;
wherein the radio frequency source disposed outside of the fixed shell so as to

provide energy for the light sources wirelessly.”

2. The apparatus of claim 1, further comprises a digital processor that receives the
signal from photo-sensitive devices disposed at the intersections of the grids on the first

surface of the fixed shell so that the coordinates can be determined.

3. The apparatus of claim 2, wherein the photo-sensitive devices are connected

directly or indirectly to the digital processor pins.

4. A method for determining the coordinates by employing the apparatus of claim 1,
said method comprising the following steps of:
powering up the lights sources so that the light sources will emit lights to hit the

photo-sensitive cells;



provi de energy for the light sources wirelessly. 2. The apparatus of claim
1, further conprises a digital processor that receives the signal from
phot o-sensitive devices di sposed at the intersections of the g[)g (F}?B %7t he
first surface of the fixed shell so thg the coordi nates can be
determ ned. 3. The apparatus of claim2, wherein the photo-sensitive -
devices are co i : t ndi ] . i gital precessor
pins. 4. A ot P P g dbafich itoBhen BB ok b pholf hB ol fgsark
appar at usthefintetsactionk of tisairills by tahdigit4l paguessor dgvitdiand ol | owi ng st eps of :
powering up thg ISrin%hts ﬁourc s so that the light sources will emt lights
to hit the phOYEUSBIRG e GROTEBAtES: 13 FEB 2007 9 receiving the |ocation
information of the light-hit photo-sensitive cells disposed at the
intersections of the grids by a digital processor device; and determ ning
t he coor dbnat e$he methidieofhebinod, ohereimilm ehordihgeein deteembedrigi thetfeHowing
determ nedtﬂt))% tI he follow ng steps of: calibrating the angul ar change per
step when® °% i ght noves horizontally or vertically; calculating the
hori zontal cha 1 44 ves
from one posi t?%ﬁ)rﬁ%@gﬁ%f%ggﬂ%g?ét}%gnﬁg?%ﬁtggﬁges\i\%ﬁpfhg%?i%(og%t)rslﬁgyld;% and
cal cul at i weytically; spheri cal coordi nates of the new position based on the
angul ar changegalglﬂaﬁltl)o%h Qori zontal an vertd' cal. directions.

g the

t .
orizontal change steps and vertical change steps when the light
moves from one position to another position on the grids of the fixed shell; and
~calculating the spherical coordinates of the new position based on the angular changes in

both horizontal and vertical directions.



