; ABe3eO $OF~~, <"6T$. 01 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 methods and apparatus of coordi nates
determ nation, and nore particularly tgf a coordi nates determ nation
apparatus using a free rotating sphere'and to nmethods of coordi nates
determ nation using the free rotating sphere apparatus. Background of the

| nventi on [ COOQRIBNATESIEEEBRMBUATION MESTHODIANBIARRARAINS BOR vi ti es

i ncl udi ng navi gati i S ' | instrument for
showi ng directi ons%"?ﬁgﬁ@%§@ ?ﬁ@@ﬁﬁ?@nhﬁ?@ﬁﬁfﬁ?and measure the
magni t ude and/or direction of nmagnetic fields. Both nechanical and

el ectroni c conpasses enploy a Cartesian coordi nate systemto give
directions on a horizontal planBieldpfi#bednyentiosre are situations in which

t he spherical coordinates are needed to be determ ned. For exanple, a pilot

shal | know t he spherical copordinates of his ane dur,i the flight. [0003]
Ther ef or 00fher o 1 LhSHFIBbABIRNEBarl Feblesan TSRS arREat itda 1 or
det er m npAGIHARE AeRAhRRti0 L R Thke Ip¥rticNRrISRPArdobAlinerd dimahffon apPhditus
invention satisfies this need by disclosing a free rotati ng sphere

appar at ussing atfresarotimguspberef d oovetpdapkeoutdinetesidetaringration s the Ifiget he

spherical _.coordinates determ nation. O her advantages of this invention
will be ﬁoﬁgg}gesﬁ’be%apﬁar?é‘ﬁer ence to the detailed description. Sunmary of the
| nventi on [0004] The present invention provides an apparatus for

determ ni ng coordi nates, especially spherical coordinates. The coordi nates
det ermi nation apparatus in adiaskgeovad ofithe\ Inyiatienbodi ment of the present

i nvention conprises an inner sphere having a first surface, a second

f i . ded d.surf . Wh i
i <posed PN n t naoFon e ettty o e maY AR LR MRLES g

source 2andexfeiagbn. e thoddddRtnticAHingtrimX@dos it ing aittdibng is the sbmpawsf ace
and a second surface; wherein the 2 second surface of the fixed shell is

spaced f theinfnedions i tetgelr frdlcmessurg e mpgnituds ghdios dirgcion af magnsficehiedgace
IS . o 808 . .
torati on P8 ERgMpICIL And b 6hi6 Balhfiied 1BolpPACCa BRI Dot i L BNELE, |

is Wth gdirednddnha hbAkentalsglagd.t Hoeveved, lthers @ré btiativhe rin twitch thresphsribar e

freely rotates, the coordi nates can be_ determ ned at ang poi nt. [0005] The
advant ag&orgmates @rg pessied tto ibg\Astrmiiedi nar rramplee arkilodishals knew the sfsticaly

pr ocessi i : : .ot ating sphere, the true free rotation of
t he sphe?gorg{?g%é?ggﬂlﬁyﬁnﬁ?ﬁﬂég@%ﬂl bl oos moans. 1o light up the Iight

sour ces, [(@03 t he d&herfiraaherens af irhpratilier et ito have dreappavatugpartdahethodiforol | by

using a single. deviceg. [0006].The objectives and adyant ages of the ..
i nventi oﬁetﬁxmumq_@eceerfﬁn%%b5mﬁﬁfa£f/rt%wﬁhﬁecilc9ppmaﬁﬁ- RN atl%%ﬁﬁe&ttbﬁn_ of
preferr eﬂe&?@f%m% LheLePdtalifly SRS GhhARWY thit EAL LRGRIRBNYHAMifAEaWM Ngs.
Brief Description of the Draw ngs

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



[ 0007] Preferred enbodi nents according to the present invention will now be
described with reference to the Figures, in which |ike reference nuneral s
denote like elenments. [0008] FIG1 is the diagrammatic view of the free
rotating sphere coordi nates deterninat%on apparatus in accordance with one
enbodi nent of the present invention. [6009] FIG 2 shows the spherical

coordi nates represented by x (Pitch), y (Roll), and z (Yaw). [0010] FIG 3
shows t heecord surbst ofitie fhedishdhisabagpdifoian dievirdi sugfache! the inger sphefetodoon t he

fixed shell .in accord wi t h..one enbadj nent of the present .invent.ion.
[Oo11]  FRETESHEE R R Yiib A LAGR-OdRaRe Sats M e fireRadiet BUTaroRl & s

i 11 ustraiemetfd@dChoReRheRin Bt @ishkitadeNsr We i@l ishell angli® drdds WithpHoto-when a
| i ght position noves from one spherical coordinate to another spherical

coor di naseasitivet edlisesd thas ovhant theninger shlere nyealy iretatgsoohs Foqudengieses@hbe

i nvention may. be understood nore readily by reference to the foll ow ng

det ai | edde&%ré%wi%tiagg%(%lfn&'certai n enbodi nents of the invention. 3 [0014]
Throughopbogihi s apphé edtantiges WRE @rault inc@itioanscladeethe eéH RS &t cohtpater

di scl osures of these (gubl i cations are hereby incorporated by reference, in
t hei r enprioeessingproyidepby tiedreggplating sphsre ithe Bygigee rodatipnrad thdnhgregaswel be t he

or ovi des?B b el Bl e 3 BETAR Rmoce M lne A BRRRR o T 0"
t he di agdiacotiehj the yawypich antieoll beasinghatnghgdespleer e coor di nat es det er m nati on
apparatus in accordance with one _enbodi t of the present inventipon. It is
to be apBPei ated ThaPLIGHIYCE apﬁédwqt%&?ﬁgf ﬁge igyentioa vEitldsspme RDURRG 5 wi | |
be il usky i [ 'ﬂg@%ﬁ ' LonhB8iosGoRemef the
pr esent fhﬁ\alfge)%?iv%ﬁ #?ﬁlﬁggé%aﬁ%&(tgﬁe)%y t (ei%gg’g?l [ (tzé ﬂgen%ggllnrrgnt . 1Igurt her nor e,
for the sakmpefyingdalsstgsucti on of the invention, well-known operationa
procedures and conponent nmaterials suitable for the present invention wll
not be described in detail. [0016] Referring nowto FIG 1, the coordinates
determ nation apparatus 1 Wﬁ&@ﬁpﬁpﬁbp&gma@‘tihg@ sphere 10, a weight 11,
a magnet 12, a light source 1 13, a |ight source 14, a fluid layer 20, a
fixed shell 30, and a radio frequency (RF) source 40. The coordi nates

det er mi nfDOTIN appaPaifersed embbdimentnpedosdiag do dhgipradenprmeessomwitlhatw ibs not
shown. di.scussed later, the digital ocessor will be re nsi bl.e for
ooorvi ndeSTBRARAT reliteRitncr fecetivar o B BRI e T TR COUF dikRar es.
The di gi {ighepicocessor suitable for the present invention may be any product

that can receive the signals and performthe determ nation. For exanple,

PC, PDA, [0898] not ebbBBk Inmsythbaliaggemmatict hewdifgthe dreeprotasimgssphefocoardmagpsesent
invention. [0017] The free rotating.sphere,10. ha first surface and a
second S PRRER g ch et Pr e SifRAE sPATEETE REhe PP PS80 and ¢ he
second sppoégice f or FRG 2rshbMi8he SHtRERal ddvRdingied RéprdskntEaYbybe (PREG, 9f(RaNY, et al
or ot her heaé%/ materials. It will be disposed within the inner space forned
by the sebadawkface of the free rotating sphere. The weight 11 is
preferab ocat ed t t of, 1 i.nn ) i i.nensi on
o t e wiBbHle 11 i ERharhger e AP i BP L BHAY Bvithl oR AR S e ¢
can pr ovihddixed e hinst@tiindeavitirdry edhbodifentfof e predeat invgntimhere 10 in its

position while allowing the free rotating sphere to freely rotate to
provi de 814t ve nblefshews ena¢fdhe pighteasRbiectiarmd sph@eswei ght 11 s

appl i cab or the nvent | I oplr Ge- SH
i Sposed i he bRy TRardi e doRlkos B poldill uRMHiIch dubibire Bt
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.



[0018] The nmagnet 12 is preferably disposed in the origin of the inner
space fornmed by the second surface of the free rotating sphere. The magnet
is preferably in a fixed position so that the free rotating sphere 10 has
to rotate to enable the magnet 12 to pQint to the north at all tines. The
light source 2 14 will be disposed witHin the inner space at the position
to which the magnet points. One of the preferred configurations is that the
wei ght 110014lhe maghbtoughout hkis| aghicaiowr véiete pBblicatibnisharel refeienewsliribe 2 14

di I . W.t hi he i f db h d
o, O <Paet Bty 0050 ANGANL DD L eT SRRt ORI O e pecond
be made gfio any aﬁﬁfoﬁﬁ&x@irﬁorﬁ@ﬁfo bR AR abdcaBl ehdtatk RE altro SiHAh S idBshtioht h

insignificant interference to the lights emtted by the light sources. In
one enbogitnamt, the free rotating sphere 10 is nade of plastic. Moreover,

he f [ h 0. .b f Yo Jy| .di.ff .
one. erboliofnt . " nitt peeporiEe eits ThyBeled ERMPUgn PRl 1

heni sphegigsvn HEIGM ddile Dis thbeiedmhsphe R weanthe gredadetinglshite Wbddinates
conpartnments to house the weight, the nagnet, the |ight sources and ot her

opt i onal delermiBaiian appams injageardansg vatsoneeynindiresi of tecrreynbipversiong I sDs
| i nked t i | C. . i i ctors,
et o & BN PSR 1T ORI bt A SPRREH a4
si gnal s usingwiid enktolimesiaistshaivn i BI@ 1] the Rcopdaifahd pbselesovenfibn mooflintited | i ght
sources. After the associ ated conponents _are placed and secured inside the

i nner spl e pseificwnbodhneindiehermepe.dar Begake e elsyriayol the 516REOS pher e.
[ 0020] Thenfy : i : erein
he 1 st b, S omll F1BR e Bt o G R B e
free rot atvenigorsphikene be Bescribed éddegiiél | 30 i s di sposed in distance fromthe

free rotating sphere.10. The dis ce cannot be too far, else the response
time vi | [POB%) oo BRGFTERE W dP BT 11 bEe S AaleandoteFHBa G BBEABE L he

fixed ShebhaRd ol CABersPhating sSRIBKAIL § nfdghleth,willdh: Khutt 19, { e t he
fluid | ayer” 20. The fl ui ayer may conprise any liquid wwth certain

vi scosi t yourba? 14) 4 8wl laper 30, edixedshell 3y andhandiot foeduerey (RIncoutce 40n Thel at i on
to the fixed.shell. In addition, t | uid used in.t resent,invention
Shal | nofS T ieeedsep ot ab PRt dRubpb i Bte gh el s EREPanE Bhur ces
to the fixgeh SASldiscanddaits tid dighalt fi6cdsboreRBY Y rdsporRasts féresditing sigd@Rl] The
fixed shell 30 may be nade of any materials that are penetrable by the RF

si gnal s &oth the fired aldld anddatermining thiegoondivates Theedigitglnracaspartsuideblpfort he

i ght soyrces. Ln one enbodinent, the fixed shell 30 is de, of ~pl astic.

Li e t ne s B2sspl tnfigR IRREPERR b Bl B SR ARl Sl Brr Bl Wi«
two hem ggbehiastion. "F@&a@pRQBCIEDNA, and heebddkembivbe heddl Sphedigialagrecegbared
subsequentlg to formthe fixed shell, a hole can be provided on this fixed
shel | f oforfthg piepiit inyeph@.| i qui d. The hole will be seal ed eventual ly. The
first su e of t i i I Qﬁé Ltd ] ayer.
Phot o- sedeg?{t"]i ve ma?g? {ﬁlzg? g&%t?@e%hﬁ’é‘ fl<0|n}%)a\?v§l fgljcsjtst ogga@k?%ggd ?ﬁ@at%h’e‘k’g‘%? - Any
phot o- setdsi firstivearfied &iceaithetuig biyeb2 0 and tie debend sugtiice $aursemsnne spagel iTdrbl e

for the present invention. [0022] The RF source 40 provjdes the power to
li ght up"erat dhanay *gqﬁnag%a# %réfsme‘g?h?rsota@qI&W%erfa?%éwbiﬁwogﬁﬁ‘&t@nt o be

truly frag iﬁﬁr%b&&gfbrﬁ’i@d Ef e Rcd uHaPé‘?f l?x@lﬁre%%étaﬁﬁé (E;Irﬁw?@ Tﬁ@w@i@ﬁ@ f1is

sensitive cells to provide the digita nf ormat |1 on conput er “processi ng.
|t does puwdgralliytldratddent tlectrsint ¢f thé inmier smce.oThapiz¢ biedisiegsiah sf thiivedigivi 111

hi nder the free.rotatjon of the sphere ence it is able to ovi.de

Coor d naenfimEGIHRC o e Prosn TGISHERST s JSHEnEs HeoaoRrpgite BB aVaiEtH 8t i ng
RF ener gyatAuanes frbd otk Sghere TR irCREp @i df WAL Qx%ﬁlﬁgScQéJfr@@rd@atidlgF ere
received by the antennae of the |ight” sources wirelessly. This ener gy

wi || be twiigelyt wiate go girevideirekitive meevpyneando e dixed shelh R0, die wiseghtilghis

o1 ur ¢ natv e PERCReaRN e RS BYMahreb i RE by B0t o Prlas (e

| i ght sotHeGfSerisfadelif b chetriweightG@23] Now provided is a nore detail ed
description of the nethod of using the free rotating sphere coordi nates
apparatus to determ ne 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
equilibriumstate so that the light source 1 13 is shining upwards and it
acts as a reference for vertical plane (Yaw). The magnet and the |ight
source 2 14 provide reference for the horizontal plane (Pitch and Roll).

[ 0024] As described above, the fixed shell 30 is coated with

phot o-sensitive material to receive the light signals fromthe |ight

—— r - ~rN " o Y —~



[0027] By looking at the intersection of the grid that it is |ocated at,
the coordi nates can be obtained and expressed as a function of r, 0 and ~.
The r is the radius of the sphere, 8 the deviation angle fromthe z axis
and ~ is the deviation angle fromthe x axis. The |ight source 1 13 gives
l'ight position 1, which is a function B r 1, 81 and ~ 1. Simlarly, the

| i ght source 2 14 gives light position 2 and can be characterized by r2, 82
and ~2. Jootfit Posi Th@magnct ﬂﬁ i6 rdrefe@bly dis)poéeki) ir_ihghorigosoft ih@ninzer—sgane(rz

Used tb SRV FAL sHond g Powe (keI DAGHA BIec G Ist SRR TF Cher e

is a rot ﬁké@ﬁoﬁt’ﬁ%’éo th?th)é f?é&' &tatf&@%bﬁer@"l'()' hak% ?&at@% %H?cﬂé tﬁ@mhgﬂ%tlm@S' tion
2 and 02 =0 and _~2=0. For light source 1, -~ 1=0 and the 01 will give the

devi at i opOInhtOpihbmrth[@@ﬂg]mFﬂ Glle Sgbinspunree? dft w%lebeedgposeéthmstb@tlmr@ned

T O b A S e B

equal |y gRaardwsBANE], ﬂhéQﬁ&gﬂé?lﬁnﬂkh@ght sblﬁtcE|IQ34 ahb&h@lﬁ@m §30r&f 2 tilaearphot o
sensitive cells is higher towards t he up ggr and | ower poles as the space

bet ween @i6possdgétoge dllansevithimhby innes sppres Enmed ta(sthausw@wemrfa@@@iutbmﬁ&@u ons
t hat the(%{ Q §_n5|t|ve cells can be arranged. FIG 5 shows the grids of
FIG 3 or géfpﬁ D nension) on a planar view (2-Dinension). FIG5 is used
to illuspoede the Thadegpt raﬁu@gatsphéﬂeng()trh@y devinatié @f @yghetdrinls Shande~ when
a light position npves fromone spherical coordinate to_another spherl cal
coor di nap@etrple bythgRF signals apgd émthi lgﬁgmé'l@@mtlm@ffe%%@ the Hghts gmifted byt the (e 3

, the d a an C d y- S e, the
R L S R R TR A b e S
verti cal Morédvref;rthe Teetrotatifg kphodé tlermai,}abe hraatifaoturedaimghenyc Hefegent peaysstiep can

be known acco en the tofal angul ar cha es.in hoth horizgontal and
verti cal O% ‘?‘E‘é‘?‘{ ’6‘%9} E@rf] ?Feroéf’é‘tnérsﬁfl‘?{@cﬂnay([g%‘éwm’m IWEQFFB%‘%?F t e
coor di natesidet @k mﬁﬁs&)h&% ahpe fngefrd\%%oﬁéw%% & en'tsnt\S%h'sé)ﬂ‘leWgﬂtnﬁl:Ude

navi gati on system he in t1on about yaw, pitch, rol
di rect i omagna, ihepbghtasuurces cindt othew bptcnah gospantres. aﬁﬂlengghtamdlrmlmay bkt i ng

| th hor | tal). 1] Wile th t
vent i orbtbchaeny asing LEDR e 1eeldREk i chsR kPSR PRBG HEheS | ¢
wi |1 be updeksts,aRsudiAredifiBrseMB¢hSBIRES BieQedhnbléd ng@bbw&u@QEDB@& ubing

i nvention scope is not so limted. Alternative enbodi nents of the present
i nvent i oRF\MgnIaISb&mHé(nawpaﬁmtheme tSh@s@tmbdldng?rmﬂdn oéthe light bquries. tAfeerart to

whi ch thg present .inventio ert uch alter enbodi ment s, are

consi der@’& ?’Sgoﬁlg%eéln%oﬁ%oa{%eggdg taﬁlg sseﬁ}lrred 1 ﬁ% @80‘8 “t fSp%Cﬁe 15 &¥8nt

i nventi onem@pmégh@gbygluwgn@&gmnéﬁ inthénd¥psent i nvention is described by
t he appended clains and is supported by the foregoing description. 8

CLAI M5 \W820]j s c| alhefix¢dshell OAraS@pfgatrsaﬁage ansk a asORQIPirAtces WHRReEY e BTt on,
conpri si {ffface 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



an inner sphere having a first surface, a second surface and an inner space
surrounded by the second surface; wherein disposed wthin the inner space
are at least a light source 1 and a |ight source 2, a nagnet and a wei ght;
and a fixed shell having a first surface and a second surface; wherein the
second surface of the fixed shell is sﬁaced fromthe first surface of the
I nner sphere to forman interspace that is filled wwth a liquid so that the
i nner spfiredestednmiy bekynstocetdevitntwehahispherto Irhend ¢mbalimbed, hfterthertedn t he

first surface of the fixed shel] is with grid i th photo-sensjtive cells
so that QHBIEPRGES 3R ﬂé%edssaﬂw&eﬂyet&fg}rm Grediied S%Fl\tf:é Rl6 e h@a?@glcfeéﬁnﬁ@s
det er m ngd. AthATYr ROIBlin (1% licglti'tﬁ PRPRSI8GHE b@fs?a%@%\{%ﬁbiall;ﬁﬁ'ﬂ@ﬁfst SHREloTES @

radi o frequency source that provides energy for I ght sources so that
t he | i ghthedingd sbell walh bbdispowdragghotip sanisitive dssiry Phato-stheti apparcanlgsuoiveld] ai m

2, wherejn the |ight .sources conprises a LED em ft.i th i

ant enna. KBk 1 Sy 8 s HamRe Qe dp e Raietil Srdiplsin Bie Bt 1 or
converti aeirddigs ABplRAGE W the pRsdMienaptieina into el ectric energy for being

used by the LED.” 4. The apparatus of claiml, further conprises a digital

processof002at r ec&hyBE sphese $) greviddsiibarpeiietto lighhen theveo dighi wureesi Shissed at
ne. ! 1 CRRGE PN Shel el S B! e aR RS b WGl o
wher ei N {HRhBIHACASsiE PN fsity Broi@ld the dig@h Ein€RMAL6H & cdinpakt biocedsighdt dast |y to
the digital processor pins. 6. A nethod for determning the coordinates by
enpl oyi ngvehwith tisanresessily of witeaimiep thesagrplynwhicbavill dinsier Biedpetrnationpf &&i ng
steps of éphere, hence it is able to provide coordinate information in all dimensions. The RF source
will be radiating RF energy towards the Sphere. The energy from the RF source will be
received by the antennae of the light sources wirelessly. This RF energy will be converted
to electrical energy and used to light up the light sources. The RF technology is well
known to those skilled in the art. Thus, no further description about the employment of
RF sources to power up the light sources is provided herein.

[0023] Now provided is a more detailed description 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.



9 powering up the lights sources so that the light sources will emt lights
to hit the photo-sensitive cells; receiving the location information of the
light-hit photo-sensitive cells disposed at the intersections of the grids
by a digital processor device; and determi ning the coordinates. 7. The
method of claim6, wherein the coordin@tes are deternined by the foll ow ng
steps of: calibrating the angul ar change per step when the |ight noves

hori zont@ab28] or veAs sloabn W1 FIEAB cinl @itei emgpddiveertpthic Ansit surfach afithe fsted pbeland

vertical jchange.sfeps when the |ight ves from onpe position ta another
posi t i o3& ﬁﬂvéd@ﬁ R VS71Gah @nf i RgsORAL BFIAS.a S B FaY gIPhe Ogﬁlﬁé? PEaI

ﬁoo!' di nag gRuelord BalpeWiRRd HafRe2a58d:r NIdnBRUANSY BRinGRANDER %\'}Bbebmfﬁg

ori zontal and vertical directions. .As.Ay.As.A|l.A Y. AL .As3 ALI. A $]t
grids are partitioned into eight equal sectioned spheres to ensure independency in signal
read out. The photo-sensitive cells are placed within the intersections of the lines of the

~ grids. At each intersection of the grids, a photo-sensitive device is placed there. The
photo-sensitive device may be connected to a digital processor (e.g., micro-P or DSP) pin.
When the light emitted from the light sources hits a particular photo-sensitive cell, the
corresponding “longitude” and “latitude” information of the cell will be sensed by the
digital processor. The digital processor will then calculate the direction and spherical
coordinates of the object.
[0027] By looking at the intersection of the grid that it is located at, the coordinates
can be obtained and expressed as a function of r, 8 and ¢. The r is the radius of the sphere,
0 the deviation angle from the z axis and ¢ is the deviation angle from the x axis. The light
source 1 13 gives light position 1, which is a function of r1, 61 and ¢1. Similarly, the light
source 2 14 gives light position 2 and can be characterized by r2, 62 and ¢2.
Light Position 1 =fn (r1, 01, ¢1) (1)
Light Position 2 = fn (r2, 62, 02) (2)

[0028] If r1 and r2 are constants, 61, 01, 62 and 02 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 0 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
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horizontal and vertical directions can be determined.

[0030] The applications of the coordinates determination apparatus of the present
invention may include navigation system where the information about yaw, pitch, roll and
direction are important; robot navigating and balancing; and wall tilting (angle
measurement with respect to horizontal).

[0031] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.
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CLAIMS

What is claimed is:

1. An apparatus for coordinates determination, comprising:

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 second surface
of the fixed shell is spaced from the 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 the inner sphere freely rotates, the coordinates can be determined at any point.

2. The apparatus of claim 1, further comprises a radio frequency source that provides

energy for the light sources so that the light sources can be powered up wirelessly.

3. The apparatus of claim 2, wherein the light sources comprises a LED emitting the
lights, an antenna receiving energy from the RF source, and an electronic circuit for

converting the RF energy from the antenna into electric energy for being used by the LED.

4. 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.

5. The apparatus of claim 4, wherein the photo-sensitive devices are connected

directly or indirectly to the digital processor pins.

6. A method for determining the coordinates by employing the apparatus of claim 1,

said method comprising the following steps of:

aVK@
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7. The method of claim 6, wherein the coordinates are determined by the following
steps of:

calibrating the angular change per step when the light moves horizontally or
vertically;

calculating the horizontal 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.



