METHOD OF M NI ATURE TWO AXES FOUR- WHEEL DRI VE CONTROL W TH PRECI SI ON
MAGNETI C ENCODER DESIGN Field of the Invention 5This invention relates to a
magneti c encoder. Mre particularly, this invention relates to a magnetic
encoder for a mniature two axes four-wheel drive control. Still nore
particularly, this invention relates to a single platformthat houses a

mot or wi t h METHOD @FRaMINJATURETDYG AXES dF QURMMEBEL ORIVE SNTRGEWIHEK system
for noving an object. 10Prior Art In a conventional nethod of
driving a two axes four PREGSIONMAGNEHEENCODER RESIGH i nvol ves using two
not ors pl aced back-to-back, with each notor driving two gears through a

pi nion nounted on the nmotor as shown in figure 1. This conventional nethod
suffers fromseveral drawbacks. As. a_sin inion is required to drive two
gears placed on opposing 15 si fiedd gf thed Vﬁmﬁ‘? there exi st great

opposi ng forces on the pinion and al so | arge frlctlon betm$en t he glnion
and Phe gear sThig fwentign gelates; fo @n’@?‘%”f"‘?h?'ﬂﬁ?&ﬁrfr'w%ﬁel 8?1”'9\51"? w‘@?ul”ﬁ’ PN ower
power transferred fromthe notors to the WheelfO There |s al so aS imtation

as to hd®amsrte AwmpgrRetis encrdes fof ﬁén'ﬁ@mrﬁ@vv%sr%% U&%es'ed@'w@@t@'he Wi P8 st

at | east be greater than the | ength of two notors placed pack-to-back.
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f eedback. These optical encoders suffer fromthe drawback of being | arger
in size and difficulty in 25 mniaturization. Recently, use of nmagnetic
encoders for feedback has beconme nor oRuI ar for nmotion control feedback
for ¥mal| notors for two reasons. §§g FFagneti c encoders are available in

opti cal Z'niﬁira,essc?c?r&?%aymg%gﬁféfgnﬁﬁé PRy R T
involves using two motors placed back-to-back, with each motor driving two gears through a
pinion mounted on the motor as shown in figure 1. This conventional method suffers from
several drawbacks. As a single pinion is required to drive two gears placed on opposing

15  sides of the pinion, there exist great opposing forces on the pinion and also large friction
between the pinion and the gears. Loss of kinetic energy through friction will result in lower
power transferred from the motors to the wheels. There is also a limitation as to how
narrow the width of the moving object can be since the width must at least be greater than
the length of the two motors placed back-to-back. Thus, those skilled in the art are

20  constantly striving to design an improved configuration to a two axes four-wheel moving

object.

Traditionally, optical encoders are used with motors for motion control feedback.

These optical encoders suffer from the drawback of being larger in size and difficuity in

25  miniaturization. Recently, use of magnetic encoders for feedback has become more
popular for motion control feedback for small motors for two reasons. First, magnetic
encoders are available in smaller sizes. Secondly, magnetic encoders offer greater

precision than optical encoders for very small size encoders. It has become a trend

1



nowadays that manufacturers attach nmagnetic encoder instead of optical
encoders for small notors. A magneti c encoder consists of a
rotating gear made of ferrous nmetal and a 5magnetic pick-up that contains a
per mmnent magnet and the sensing el enent. The gear, which is nmounted on the
rotating shaft, has precisely machined teeth that provide the code pattern.
As t he diosladays theemanifaetseers etiadh magnaliclencoder insdeast dfopticaleneaders éof smallt he
per manent magnet, causing the flux field to expand and col | apse. These
changes matotshe field are sensed by the sensing el enent, which generates a
corresponding digital or pulse signal 10output. The use of magnetic encoder
typically creates a nagnetic field which nmay interact with any nearby
magnetic fields. This magnetic interference is unde5|r?ble and wil |l
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above an pro ens are sol ved and an advance in the art is nade by a

magnet i GaRBANURY thendidkalotek, Afes? tdéth\tisturbae rzignefiofiuxnaniittad bathepgretnenn
accordance with this invention. A first advantage of a magnetic encoder

i nst al | edagretacaisingetheaisefitit o faxpand) andvdoligpsen  dbpes changesciodhddisteawd t h
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third advigndtagenedropmagaetet fietdssfsrndeier nizghalid @ttodersaordC wetoragsetvignifyor
movi ng an object in accordance with this invention is that the magnetic
encoder Thussthosadkillgd imvhe bdisre compiinsiriving to desige @bli@praved sragnetic preaggst
efficient to build the magnetic encoder. A fourth advantage of a magnetic
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Summary of the Invention

The above and other problems are solved and an advance in the art is made by a

magnetic encoder installed on a driver assembly for moving an object in accordance with

this invention. A first advantage of a magnetic encoder installed on a driver assembly for

20 moving an object in accordance with this invention is that magnetic encoder is a highly
compact arrangement. Hence, it can be applied in precision engineering and/or surgical
robotic arenas where miniature components are required. A second advantage of a
magnetic encoder installed on a driver assembly for moving an object in accordance with

this invention is that the magnetic encoder produces minimum magnetic interference that

25 may affect other adjacent devices. A third advantage of a magnetic encoder installed on a
driver assembly for moving an object in accordance with this invention is that the magnetic
encoder uses readily available components to assemble. Hence, it is cost efficient to build

the magnetic encoder. A fourth advantage of a magnetic encoder installed on a driver
assembly for moving an object in accordance with this invention is that the compact twin-
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gear drive system devel oped offers suprene solution that fulfils the needs
of highly conpact nulti-axes driving system |n accordance wi th enbodi nents
of this invention, a magnetic encoder for a driver 5 assenbly is configured
in the followi ng manner. The nagnetic encoder conprises a permanent axi al
magnet having a north pole and a south pole, a magnet hol der having a
cavity tgear en systenhdeystonedmdiets suprethe salghet thabfulfistheewetingf igkireampact
positioned apart fromthe magnet hol der and facing an exposed portion of

t he nor tnhulésagesdniving psters. of t he permanent axial magnet. Preferably, the
per manent axi al magnet has a |ongitudinal axis 10 running through the north
pole and the south pole, and the magnet hol der and the sensing el enent
share a longitudinal axis that is perpendicular to the |ongitudinal axis of
t he per manentin accerdaneegwith entdodinent obthisr isfentiobl g, magnetie enoedasffot adlrivervi t y
is adapted to mate with a portion of the permanent axial magnet. 15In
accobdaraseemblyhisecdrdigurednins thef fdllbwingi maener o heamagnégticgendsidet tcompripes\d ded
whi ch includes a base and a nmagnetic encoder being arranged on the base to
nmoni t or pehmanevenxiahtmageehbhanisgraoforthheolerand mgsaith eoke, almagnst dolen beving tah
enbodi nents of this invention, a mniature two axes four-wheel 20 drive
control dagity fnreobive the parm@anent aidal reagnieblandvwsserbing elemeet pasitoned apadifiodes a
base, a first driver and a second driver, and a controller. The first
driver ithelroagret dolder stndwlaciol ars sapdded, pertige ©bribe wiodh| angs sewth| golesa ofvitheor
assenbly for driving the second wheel assenbly, an encoder assenbly

ar r angedbemanesraxidiendgnest Prefdrabbe dred peimasienhosishtrbgess, hagral langitueingl @dy
hol di ng the first wheel assenbly, the second wheel assenbly, the notor
assdifbl yrunaingd trdugth theemarthdeale asd dmbsguth Phie, sed dredmaginetdoldes anddhe serding o
the first driver. The controller is provided for controlling a novenent of
t he obj exléementnshare, a tibrgitwdinel azisstabliy pernendisulando sibe dpagiveenal axiss efidhey

whi ch causes the encoder assenbly to cause the first wheel assenbly to
nmove. Prrevaabhtyaxial ireagnehmStit omgre insefsradlypai porion of thectayity by adanted tnmatee
frame to the base Still preferably, the first driver and the second driver
ar e di agwittad pgrtian chtigarerapagnt akisbmagaeth ot her .

15 In accordance with embodiments of this invention, a moving object is provided which
includes a base and a magnetic encoder being arranged on the base to monitor the

movement mechanism of the moving object.

In accordance with embodiments of this invention, a miniature two axes four-wheel

20  drive control for an object is provided as follows. The drive control includes a base, a first
driver and a second driver, and a controller. The first driver includes a first wheel assembly,

a second wheel assembly, a motor assembly for driving the second wheel assembly, an
encoder assembly arranged between the first and second wheel assemblies, and a frame

for holding the first wheel assembly, the second wheel assembly, the motor assembly, and

25 the encoder assembly. The second driver is identical to the first driver. The controller is
provided for controlling a movement of the object. In use, the motor assembly drives the

second wheel assembly which causes the encoder assembly to cause the first wheel



5In accordance with enbodi nents of this invention, the encoder assenbly

i ncl udes a permanent axial magnet having a north pole and a south pole, a
magnet hol der having a cavity to receive the permanent nagnet, and a
sensing el ement secured to the base and position apart fromthe magnet

hol der and facing an exposed portion of both north and south poles of the
per manenrssarblato mageePreférablyetrelftame tdreprisesreppenef eyrledd fomagneinghibs frame0

| ongi tudi nal axis running through the north pole and the south pole, and

t he magnethehbasder Stihprefanablg ethsifire) deivenand thehsecend diigergire wiiigoaallyaarirangedat i s
per pendi cular to the |ongitudinal axis of the permanent axial nmagnet. Still
nor e pr ebpertdlohyeach gileert i on of the cavity of the magnet holder is adapted to
mate with a portion of the permanent axial magnet. 15In accordance with
enbodi ments of this invention, the encoder assenbly further includes a
bearing having a bearing nechanism a flange and a through opening, and a
pi ni 6n havi ngn actdrdanmphwittpembodimehts afdiisimie@nten, whe hneasier assemkly inshides af
this enbodi ment, the nagnet hol der has an extension having a first portion
f or receaiennagertt exial ragnghhayiemn amgribf pdidendh @asautiy paled azmagned Mdldgo havioa & or
receiving the through opening of 20 the pinion. Preferably, the second
porti on cakity lkereeriverise prrrodnenh enagagh end obelwing sledieaheequredtd thestasel and t han
the first portion of the extension of the magnet holder. Still nore

pr ef er aljogitioa dpartsfrorh db& irmagnet hloker sindifacipg ani ekpdsed podivoref hdte resthrandy,

pi ni on, and magnet holder to the franme. 25In accordance wi th enbodi nents of
t hi s i nweath poles bhibefdersanediealal asgeetb| Rretevalpy.i the peemdveat gl magineidras a
beari ng mechani sm a flange and a through opening, a gear having teeth

ar oued domgituidimat axis adnrirgethgreah thedodh pelet ansihersouth palen anghvthagnagnet heldet
adapted to receive the extension of the gear, a flange and a through

openi ng adaiheernsiog redareentesshiatrea bemitudigal axisl that depemdndiodRi tegthedengividingl f or
securing the bearing, the gear, and the rimto the frane. 5l n accordance

W t h enbads nkittespemankntsaxiaveagnen, Stilheore paferably e atpogtiaroaipiteseayity of the

magnet holder is adapted to mate with a portion of the permanent axial magnet.

15 In accordance with embodiments of this invention, the encoder assembly further
includes a bearing having a bearing mechanism, a flange and a through opening, and a
pinion having a through opening. In accordance with some embodiments of this
embodiment, the magnet holder has an extension having a first portion for receiving the
through opening of the bearing and a second portion for receiving the through opening of

20 the pinion. Preferably, the second portion of the extension of the magnet holder is
diametrically smaller than the first portion of the extension of the magnet holder. Still more
preferably, a first locking mechanism is provided to secure the bearing, pinion, and magnet

holder to the frame.

25 In accordance with embodiments of this invention, the first wheel assembly
comprises a bearing having a bearing mechanism, a flange and a through opening, a gear

having teeth around a perimeter of the gear and an extension, a rim having an insert



notor having a shaft and a pinion connected to the shaft. In
accordance with enbodinents of this invention, the second wheel assenbly
conprises a bearing having a bearing mechanism a flange and a through
opening, a gear 10 having inner teeth engagably connectable to the teeth of
said pinion of said notor assenbly and outer teeth engagably connectable to
t he t eetadaptedttbeeqsive e ofterddion ehthedysar,as §amds gnd a thiawgh awening sasdaptesietot
adapted to receive the extension of said gear, a flange and a through

openi ng rackie the tearingcand/e sesendmkinggnechadisan faniseduringclerganaghhiai aa@rf or
securing the bearing, gear, and rimto the franme. 15 Brief Description of

t he Dr awnddise findo dieoivamend ot her features and advantages in accordance with
this invention are described in the follow ng detail ed description and are
shown in the follow ng drawings: Figure 1 illustrating a top view of a
drive systemknown in the art; 20Figure 2 illustrating a top view of a

nmovi Bg obj ectlnlkavordgnee witmeenbodimenisoofdRissniantion, thia erdtoassembbioeampyises a
assenbly in accordance with an enbodi ment of this invention; Fi gure
3 i || ustmaibr nayiry & spafvamha pinien chnineeted &xthersbiit. i N accordance with an

enbodi nent of this invention; Figure 4 illustrating a
perspective view of a frame in accordance with an enbodi ment 25of this

i nvention; Figure 5 illustrating another perspective view of the
frame in accdndasvoedanice hwitn esrdoditienisiof dhistinventiony &t seepnd wheel assembly

comprises a bearing having a bearing mechanism, a flange and a through opening, a gear
10 having inner teeth engagably connectable to the teeth of said pinion of said motor assembly
and outer teeth engagably connectable to the teeth of the pinion of the encoder assembly, a
rim having an insert adapted to receive the extension of said gear, a flange and a through
opening adapted to receive the bearing, and a third locking mechanism for securing the

bearing, gear, and rim to the frame.

15
Brief Description of the Drawings
The above and other features and advantages in accordance with this invention are
described in the following detailed description and are shown in the following drawings:
Figure 1 illustrating a top view of a drive system known in the art;
20 Figure 2 illustrating a top view of a moving object having a miniature two axes four-

wheel drive control assembly in accordance with an embodiment of this invention;
Figure 3 illustrating a top view of a driver assembly in accordance with an
embodiment of this invention;
Figure 4 illustrating a perspective view of a frame in accordance with an embodiment
25  of this invention;
Figure 5 illustrating another perspective view of the frame in accordance with an

embodiment of this invention;



Figure 6 illustrating a perspective view of a notor assenbly and a second
wheel assenbly in accordance with an enbodi nent of this invention,;

Figure 7 illustrating an expl oded view the notor assenbly and the second
wheel assenbly in accordance with an enbodi ment of this invention; 5Figure
8 illustrating a front view of a pinion of the notor assenbly in accordance

with an enbodiigmratt tifistrdiing 4 perspectyr; view of a mbloyaseedblyl| dngsa rsecomdy wheel
perspective view of the pinion of the notor assenbly in accordance with
enbodi messemblytilascordareawitbhrgn embodiment of this [Fivgotics; 10 il lustrating a front
view of a gear of the first and second wheel assenblies 10in accordance
with an enbodiigmat? dfstrdting amespiodeshyiew the moter gasemtlly and| the tsegomchgvhael
perspective view of the gear of the first and second wheel assenblies in
accor dareseemblyhn accosddrwdiwitbran erhbadiingnt af s invention; Figure 12

Il lustrating a perspective view of the arrangenent of gears and pinion in
accobdance wiftigurar8 ibusratingre fronbyiewlof 8 pimereeitthe motdrsssgubly i acédriancerwiti ng a
perspective view of the front wheel assenbly in accordance with an

enbodi mean enoodimiest af fvie invieotion; Figure 14 illustrating an expl oded
view of the front wheel assenbly in accordance with an enbodi nent of this
i nventi on; Figure 9 illustrating a perspective view of the pinion of the motor assembly in

accordance with embodiment of this invention;
Figure 10 illustrating a front view of a gear of the first and second wheel assemblies
10 in accordance with an embodiment of this invention;
Figure 11 illustrating a perspective view of the gear of the first and second wheel
assemblies in accordance with an embodiment of this invention;
Figure 12 illustrating a perspective view of the arrangement of gears and pinion in
accordance with an embodiment of this invention;
15 Figure 13 illustrating a perspective view of the front wheel assembly in accordance
with an embodiment of this invention;
Figure 14 illustrating an exploded view of the front wheel assembly in accordance
with an embodiment of this invention;
Figure 15 illustrating a perspective view of an encoder assembly in accordance with
20 an embodiment of this invention;
Figure 16 illustrating an exploded view of the encoder assembly in accordance with
an embodiment of this invention;
Figure 17 illustrating a front view of a pinion of the encoder assembly in accordance
with an embodiment of this invention;
25 Figure 18 illustrating a perspective view of the pinion of the encoder assembly in

accordance with an embodiment of this invention;



Figure 15 illustrating a perspective view of an encoder assenbly in

accordance with 20an enbodi nent of this invention; Figure 16
illustrating an expl oded view of the encoder assenbly in accordance with an
enbodi nent of this invention; Figure 17 illustrating a front view

of a pinion of the encoder assenbly in accordance wi th an enbodi nent of

t hi s inventi drigurd5F® glustrali®g id |roagneltdandgita pagregdiecliely envaeardsince heitipian on
of the encoder assenbly in accordance with an enbodi nent of this invention;
Fi gur e l@mbddimsniradthisgventimgnet and its nagnetic field in accordance with
an enbodi ment of this invention; Figure 20 illustrating a first
arrangenent dfigureeOntigptrating o fisst aergngamérd lofl e, magret K g magnetihdiddruand at i ng a
second arrangenent of the magnet to the magnet hol der in 5accordance with
an enbodi nentFigéret2i #ustratiogta sacondetr@npedemesfcdheé pagmet to the magriat holdevémt i on
relates to a magnetic encoder. Mre particularly, this invention relates to
a madgnetaccoiaooel with orembodinmgrdofithés inventiares f our - wheel drive control. Still
nore 10particularly, this invention relates to a single platformthat
houses a notor with a twi n-gear drive nodule and a magneti c encoder

f eedback system for noving an obﬂ')etcgl.dD it
etaiie escripuon

This invention relates to a magnetic encoder. More particularly, this invention
relates to a magnetic encoder for a miniature two axes four-wheel drive control. Still more
10  particularly, this invention relates to a single platform that houses a motor with a twin-gear

drive module and a magnetic encoder feedback system for moving an object.

Figure 2 shows a top view of an embodiment of a moving object 100 having a

miniature two axes four-wheel drive control with two magnetic encoders. Moving object 100

15 includes a base 110, two drivers 120 and 130 being secured to the base 110, and a
controller 180. Each of the drivers 120 and 130 is provided with motors 160 and 170 and
magnetic encoders 140 and 150. The drivers 120 and 130 are identical and are placed
diagonally opposed to each other as shown in figure 2. As shown in figure 2, arranging the
drivers 120 and 130 diagonally opposite of each other allows the width of the base, w, to be

20 reduced as compared to the configuration shown in figure 1. Controller 180 is a processing
device for controlling the motors 160 and 170, and receiving feedbacks from the magnetic
encoders 140 and 150. One skilled in the art will recognise that the controller 180 may

perform other functions of moving object 100 without departing from the invention.

25 Figure 3 illustrates a top view of driver 120. Driver 120 includes a frame 210, a motor
assembly 220, an encoder assembly 230, a first wheel assembly 240, and a second wheel
assembly 250. Further details of each of the components of driver 120 will be described

further below with reference to figures 4-14.



Figure 2 shows a top view of an enbodi nent of a noving object 100 having a
mniature two axes four-wheel drive control with two nmagneti c encoders.
Movi ng obj ect 100 15 includes a base 110, two drivers 120 and 130 bei ng
secured to the base 110, and a controller 180. Each of the drivers 120 and
130 is provided with notors 160 and 170 and magnetic encoders 140 and 150.
The drivers 120 and 130 are identical and are placed diagonally opposed to
each other as shown in figure 2. As shown in figure 2, arranging the
drivers 120 Fgute180ludiraigs rabérgpepive siigve tiod frameh2 . hEiguse ISollsstrates anckhar of
the base, w, to be 20 reduced as conpared to the configuration shown in
figure Ilpergmotiveiviewr of1B6 frama 20.o0cEesirame ?d0i indudeasr a dissitaagity 2t a lseconst or s
160 and 170, and receiving feedbacks fromthe nagnetic encoders 140 and
150. Onecayky P12 a first apecturer 213pial decord appriuse 21 hat firstehafid1br asbeandib@ftizd g,
perform ot her functions of noving object 100 wi thout departing fromthe
i nverdt i onfirsReyEile 1€, ahd 4 besnndayelst 218.0p vi ew of driver 120. Driver 120
i ncludes a frane 210, a notor assenbly 220, an encoder assenbly 230, a
first wheel assenbly 240, and a second wheel assenbly 250. Further details
of each of the conponents of driver 120 will be described further bel ow
wi th ref erente first Bngseeandieyelets 217 and #i§areepevidet fot seausing dhe dlenyse2tl ve
view the frame 210. Figure 5 illustrates another perspective view of the
frame 21onto Teebdsedrh® of i@ mndhadbjeckll.r st cavity 211, a second cavity 212,
a first aperture 213, a second aperture 214, a first shaft 215, a second
shaft 216, 5a first eyelet 217, and a second eyel et 218. The first and
second eyel ets 217 and 218 are provided for securing the frane 210 onto the
basel0110 of Theefirabedvity 20bjsgrovided for recrivdng & magnetivdlder of Madnstipensddged49 or
recei ving a magnet hol der of nmagnetic encoder 140 or 150. One skilled in
the art oi130.r Qoeghiled in thetart Wil recognispithat thencasffigutadion iof tte ralveavity 211 i$ s
dependent on the shape of the magnet hol der. Hence, although figures 4 and
5 show tdenendpet dri thetshepe iof {hepmagned holdec.uHence, ailthugiefigures dtandfyshow thet may
al so be configured in other geonetric shape w thout departing fromthe
i nvent i otheafrst emdfy a& 1f israitculeavs shagpel firstscavily €16 onaw éscebe sonfigureg dmether
hol der.

geometric shape without departing from the invention as long as first cavity 211 is able to

15  receive the magnet holder.

The second cavity 212 is provided for receiving the motor assembly 220. One skilled
in the art will recognise that the configuration of the second cavity 212 is dependent on the
shape of the motor assembly 220. Hence, although figures 4 and 5 show that the second

20 cavity 212 is circular is shape, second cavity 212 may also be configured in other geometric
shape without departing from the invention as long as second cavity 212 is able to receive

the motor.

The first shaft 215 is provided to receive the first wheel assembly 240 and has a
25 longitudinal axis, X3. An opening 215a is provided for a locking mechanism (not shown) to
secure the first wheel assembly 240 to frame 210. The locking mechanism may simply be a

threaded screw, or other quick release device capable of securing the first wheel assembly



The second cavity 212 is provided for receiving the notor assenbly 220. One
skilled in the art will recognise that the configuration of the second
cavity 212 is dependent on the shape of the notor assenbly 220 Hence,
al t hough figures 4 and 5 show that the second 20 cavity 212 is circular is
shape, second cavity 212 may al so be configured in other geonetric shape
wi t hout 2¥péar framg Rt@mwithoet idapantitg dronaghd amgnéisn.s eltwtigr aieldilsyof2frat ivéhegbl e
to receive the notor. The first shaft 215 is provided to receive
t he fir sdsseimbil 249ssit bbldes@it@ddetbvhaih ef@Bhonty flgud: &dl aadi1®;13X3. An openi ng
215a is provided for a | ocking nmechanism (not shown) to secure the first
wheel assenbly 240 to franme 210. The | ocki ng nechani sm may sinply be a
t hreaded screw, or other quick release device capable of securing the first
wheel assenblhe s&x$@dtsbaft adnis @blided tdmeeive dpmsedond WheeshassembinRehanahas
Further details of first wheel assenbly 240 will be described below wth
r ef erfenca langitdidigal reais9X10 Aanapehihg123 6a T proviled ior = logking Pkgharispriogeewd the
recei ve the second wheel assenbly 250 and has 5 a longitudinal axis, Xl. An
openi ng $ibad i whesl @ssavtllyf 260 o fraoiei AtP. neBtealuicking troecr@gisne mayesiswiohd aheel
assenbly 250 to frame 210. The | ocking nmechani sm may sinply be a threaded
screw, othrezdedrsaewc kr rodheragecideslease dapiad| @peblesefc seduniggtthe sasoohdvivdebel
assenbly 250 to franme 210 without departing fromthe invention. Further
det ai | s adseswhyoRsD tohfeahe 248 avithbyt &fa@rtinigl frorh éhediosentiope d-unibbodetails of sasbad ence
to figures 5-6 and 9-10. 10 The first aperture 213 is provided with
t he firswheehassgmBly 250 avill bodessribed helofv witherefarenateto figeresfsh gn@840. Bot h t he
first aperture 213 and first cavity 211 has a |longitudinal axis X4. Further
detald s of the encoder assenbly 230 will be described below with reference
to figures 14-21. The second aperture 214 is provided with the second
cavity 212 f ®he Tstcapareics 208 ief protidedrovithr thes estrisiayity? 201 8o chnngstior exf dhel
aperture 214 and second cavity 212 has a |ongitudinal axis X2. Further
det ai | s eficauet esseastse 28Dy R0 thi filst bpertize &1Blard fivel eawitwit1h hasfaloaaideding
figures 5-6 and 9-10.

axis X4. Further details of the encoder assembly 230 will be described below with reference

to figures 14-21. The second aperture 214 is provided with the second cavity 212 for
15  connection of the motor assembly 220. Both the second aperture 214 and second cavity
212 has a longitudinal axis X2. Further details of motor assembly 220 will be described

below with reference to figures 5-6 and 9-10.

Figure 6 illustrates the motor assembly 220 and second wheel assembly 250 in

20 accordance with an embodiment of this invention. Figure 7 illustrates an exploded view of
the motor assembly 220 and second wheel assembly 250 in accordance with an
embodiment of this invention. The second wheel assembly 250 has an axis X1 and the

motor assembly 220 has an axis X2.

25 The motor assembly 220 includes a motor 160 or 170 and a pinion 222. Pinion 222
has a through opening 226 and teeth 227. Figure 7 shows a front view of pinion 222 and

figure 8 shows a perspective view of pinion 222. As shown in figure 8 and 9, pinion 222



Figure 6 illustrates the notor assenbly 220 and second wheel assenbly 250
in 20 accordance with an enbodinent of this invention. Figure 7 illustrates
an expl oded view of the notor assenbly 220 and second wheel assenbly 250 in
accordance with an enbodi nent of this invention. The second wheel assenbly
250 has an axis X1 and the notor assenbly 220 has an axis X2. 25The notor
assenbl yndaddes sighutkesh 2270t laewdveDd, one EKilledind tige prtnwitl re2dghisePthat @ny 2&tRethas a
t hrough opening 226 and teeth 227. Figure 7 shows a front view of pinion
222 and fdungher of eahovwy e pesiepestet wathoutdemdrting fidrarth@ 2&enfien. s Maoter 160 &1 gur e
8 and 9, pinion 222 includes eight teeth 227. However, one skilled in the
art w | [170a¢ agnhgentivhalteleoiye obloe that domairts @lectrivat énergy tdoaechgpicaiemérgg. In

wi t hout departing fromthe invention. Mdtor 160 or 170 is a conventi onal

el ect ri chisOhstandd)atte aoitrers0sorel #Cis rused foreréatipy the pmkrha2zd. c Motarn@0gyr. 110h
this instance, the notor 160 or 170 is used for rotating the pinion 222.
Mot o5 16Aclodesld aly of rohnektsrsa23Baand aP4 darmeeeivioyg o8 flanda 2ddvel aourcec@bt/i ng
power from a power source (not shown) that is provided on the noving object
100, andcshtewshahat &2prévided bantheationtngnebjbeinii 0@l arhea gshafto225h dopitransiatikp?2.
Shaft 225 of motor 160 or 170 is inserted through the through opening 226
of the phatchamicalénabp fothaxirdorX222. TBhaftra2®of mste bl pr 220isi issartesldhtolugd then t he
foll owi ng manner. Mdtor 160 or 170, is inserted into the second cavity
10212 ofthfaughreobihgni2et dfhthes piafon 225 ghagsiarig XAr oliigh rhdter sssemblyt 20 ugyh
opening 214 of frame 210. Pinion 222 is then securely inserted into shaft
225 al onapsamibiedXd. the followirihmaseeonblowhel®l astnid ins@déd ine thedsescoadgeaity 251,
a bearing 252, and a rim253. The gear 251, bearing 252 and rim 253 are
conmact ezl 2abboirgmend1e with thEhshaft 2a52p3ssirg thfougghr tha gedorxk threegh ofpenigean4 251
and bearing 252. The rim 253 includes an insert 253a, a through opening
253b andframé RadgPinks3222 iF ltreenr secu@hBinadrtanl intocdhafte25afonguedés X2ur f ace 253d f or
receiving a tyre (not shown). The gear 251 includes outer teeth 25l1a, inner
teeth 251b, extension 251c, and a through opening 251d. Figure 10 shows a
front view of gear 251 and figure 11 shows a perspective view of gear 251.
As shown i n Thegse@snd Mheshdsseinbly280 irthities a gear 251, a bearing 252, and a rim 253.

The gear 251, bearing 252 and rim 253 are connected along axis X1. The rim 253 is
15  arranged between the gear 251 and bearing 252. The rim 253 includes an insert 253a, a
through opening 253b and a flange 253c. The rim 253 also includes an outer surface 253d
for receiving a tyre (not shown). The gear 251 includes outer teeth 251a, inner teeth 251b,
extension 251c¢, and a through opening 251d. Figure 10 shows a front view of gear 251 and
figure 11 shows a perspective view of gear 251. As shown in figures 10 and 11, gear 251
20 includes thirty-one outer teeth 251a and twenty-four inner teeth 251b. However, one skilled
in the art will recognise that any other number of inner and outer teeth may be implemented
without departing from the invention. The bearing 252 includes a bearing mechanism 252a,
a flange 252b, and a through opening 252¢. The second wheel assembly 250 is assembled
in the following manner. The bearing mechanism 252a is inserted into through opening
25 253b of rim 253. The flange 252b of bearing 252 abuts an end of through opening 253b of
rim 253. The extension 251c of gear 251 is inserted into insert 253a such that flange 253c¢

abuts outer teeth 251a. The second wheel assembly 250 is secured to the frame 210 by a

10



20 includes thirty-one outer teeth 251a and twenty-four inner teeth 251b.
However, one skilled in the art wll recognise that any ot her nunber of

i nner and outer teeth nmay be inplenmented without departing fromthe

i nvention. The bearing 252 includes a bearing nmechani sm 252a, a flange
252b, and a through openi ng 252c. The second wheel assenbly 250 is

assenbl edleasatild dodkivigl mesheyisma gme rshoWh i thet ag insgried fhanihsonghs5@ezening 25%eot ed
into through opening 25 253b of rim 253. The flange 252b of bearing 252
abut s arbeanidg @62titip dbglopeniegi2ifa 253bcatd shafih 230f fldnee @40 etmigoaxiX1c Tfe gear
251 is inserted into insert 253a such that flange 253c abuts outer teeth
25l1a. THeckirr medhadisre mayssmplylbe 2 Bleadedsseoaw, el otfeertobick frelaase @d\icehgapmble

rel easabl e | ocki ng mechani sm (not shown) that is inserted fromthrough
openi ng d5&wudifig biearsenond Sheehassantidy (356nion frade621 biwitbegtodepastiag fropi gheof
frame 210 along axis X1. The | ocking nmechanism may sinply be a threaded
screw, dnvastther quick rel ease device capabl e of securing the second wheel
assenbly 250 to frane 210 without departing fromthe 5invention. The
axis X1 and X2 are sel ected such that when the notor assenbly 220 and
second wheel assenbly 250 are secured to the frane 210, teeth 227 of pinion
222 i s engagHid gxis¥hmedudre seteciadrauich tiwd minepShd motorgsaembly R28sindrseannd n
figure 12. 10 Figure 13 is a perspective view of first wheel assenbly
240. Fi guineel b4sérsblyr250xqre ceedredi tevthe frantee21Q, risethvd?dedf rigior @2Ryis 2agagatie
first wheel assenbly 240 has an axis X3. First wheel assenbly 240 is

i dent i catonnecigbledn ihnghteeth 25Weofigepr 250as St infigurentidel assenbl y 240

i ncludes a gear 241, a bearing 242, and a rim 243. The gear 241, bearing
242 B¥nd rim 15 243 are connected along axis X3. The rim 243 is arranged
bet ween the gear 241 and bearing 242. The rim 243 includes an insert 243a,
a t hrough opeguneg! 324 3peasrbctived Viawgd fipsd 3deelfdssembin 243 Fgwe Tidris langxploded
outer surface 243d for receiving a tyre (not shown). The gear 241 incl udes
out er tedew of dieafirst wheel assemhly240b, Thextirshwheesl azgambly34@ hastan axigX3ogarst ng
241d. Figure 10 shows a front view of gear 241 and figure 11 shows a

per spect wheel 28sembly 240 igédantical 10 speorshebee! iaasdmigui288. Tiheditst vileel gesamizivi 1
includes thirty-one outer teeth 241a and twenty-four inner teeth 241b.
However , 2¢hiockides begar P4t lebearing WUR| andeg ogn2de Theageandd1 oberringrdfi2iand righ

i nner and outer teeth may be inplenmented w thout departing fromthe

i nvetft i 043 aree ceiidclasdaliong tebxis X8t Wiel tima24&bisr ecangedsketveen thergear 24kend nay
be excluded from gear 241 since a notor assenbly is not connected to first
wheel asbearingy24240Thahie 243 nshwdengn2asert Aédaidethreudheepdnng 2edhand erflapgea, a
fl ange 242b, and a through opening 242c. The first wheel assenbly 240 is
assenbl ed43m The rifpRAdwisagnauderean oltes sbdface B43driuransiving 24z (rotishewnt ed

into through opening 243b of rim 243. The flange 242b of
The gear 241 includes outer teeth 241a, inner teeth 241b, extension 241c, and a through

opening 241d. Figure 10 shows a front view of gear 241 and figure 11 shows a perspective
20 view of gear 241. As shown in figures 10 and 11, gear 241 includes thirty-one outer teeth
241a and twenty-four inner teeth 241b. However, one skilled in the art will recognise that
any other number of inner and outer teeth may be implemented without departing from the
invention. One skilled in the art will also recognise that inner teeth may be excluded from
gear 241 since a motor assembly is not connected to first wheel assembly 240. The
25 bearing 242 includes a bearing mechanism 242a, a flange 242b, and a through opening
242c. The first wheel assembly 240 is assembled in the following manner. The bearing

mechanism 242a is inserted into through opening 243b of rim 243. The flange 242b of

11



bearing 242 abuts an end of through opening 243b. The extension 241c is
inserted into insert 243a such that flange 243c abuts outer teeth 241a. The
first wheel assenbly 240 is secured to the frame 210 by a rel easable
| ocki ng mechani sm (not shown) that is inserted fromthrough openi ng 242c of
bearing 242 into the opening 215a of first shaft 215 of frame 5 210 al ong
axi s X3.behnng I2d2kdibats amehdruf Smoogly opempg 24Be. dhehexderdhinh 84Toelw, ingertenit intr
qgui ck rel ease device capable of securing the first wheel assenbly 240 to
frame 2li6sest 24Rzusuctidpatrfteingg Z4Bombtiseutantesthi2dia. The first wheel gsseantdy 246 isa
perspective view of the encoder assenbly 230. Figure 16 is an 10 expl oded
vi ew of devaregniodte fraames2tthby a28kasdliie lekingdeectmssseniyiof sPE@N) thel isdieserded
sensing el ement 231, a nagnet hol der 232, a magnet 233, a bearing 234 and a
pi ni on 28%n through Bperiimgn22B5othzEsriag UL dntg hhe peenimgy 2 PBbef fasidshafiei 1y f3Eime
Figure 17 shows a front view of pinion 235 and figure 18 shows a
per spect 2 \ealongaxis X3piThiedockR@Emedkmnsnomay isimply Yea radbreaded Scrawd ongthepduicion
235 includes twelve teeth 235b. However, one skilled in the art wll
recogni sreleehatdeaivg capable nlisbairingfthe dasthwhesgl deseimipyl @dt e ddnd 240 uvithout
departing fromthe invention. Bearing 234 includes a bearing nmechani sm
234a, a ddpmnigy BB be iavehtiant hr ough 20 openi ng 234c. The magnet hol der 232
includes a cavity 232a, an extension 232b having a first portion 232bl and
a second portion 232b2. The dinension of the first portion 232bl is |arger
than the second portion 232b2. Magnet 233 is a permanent axi al magnet.
Furt her det afFigsreof5 imgneerspadivei Viewbef thesendoded absgroly \d30h Figluee dificis an
figures 19-21. Sensing elenent 231 is any sensing device that will detect
t he thanggdoded wagneft the eneddér ageemblyt 230 ZBhec encasiep @sdémblys23hincluged a
transmt the signal to the controller 180. Sensing el enent 231 perforns as
a f eedbasdosing elementd31t Aenagnetimider 232, & nmgneb23s, afgating 234anci Ipigrf 23mgnet
233 and sensing elenment 231 will be described below with reference to
figures 19-21. The encoder assenbly 230 is assenbled in the foll ow ng
manner. The magnetic holder 232 is inserted into first cavity 211 of frane
210. The beaPinfgp Z28hassa thheughmpening235atand daete 28bb.n FRBREDL1 Asltbwses froofvigw r st
portion 232bl. The pinion 235 is then inserted into 5 extension 232b and
rest on ohenise@3h@ngdigtiicod §B8RNs2a patispecting viw of3anips 28D ofsstiowvntrofigures Y
232a. A rel easabl e | ocking nechani sm (not shown) that then is inserted from
t hr otfgh epdi8nirdesL236f ingiudesrtwa®s featho 239b.opdawexsr 2806 3skiledsiouthedyrt ofill
extensi on 232b of magnetic hol der 232 along axis X4. The sensing el enent
231 i s sevogeide thattdng diagreunit@erof teasinmay b jreplemeo@danthout depdrtime oel tbag
axis X4 which faces an exposed portion of magnet 10232.

invention.

Bearing 234 includes a bearing mechanism 234a, a flange 234b, and a through

20  opening 234c. The magnet holder 232 includes a cavity 232a, an extension 232b having a
first portion 232b1 and a second portion 232b2. The dimension of the first portion 232b1 is
larger than the second portion 232b2. Magnet 233 is a permanent axial magnet. Further
details of magnet 233 will be described below with reference to figures 19-21. Sensing
element 231 is any sensing device that will detect the changes in magnetic field, generate a

25  corresponding signal and transmit the signal to the controller 180. Sensing element 231
performs as a feedback to monitor the movement of the gears. Further details of magnet

233 and sensing element 231 will be described below with reference to figures 19-21.
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The novi ng assenbly 100 provides an efficient way of driving four-wheels
with two axes notion control. It also solves the limtation in the

m niaturization of the system as well as, the problem of having a single
pinion to drive two gears into notion. In the configuration 15 of noving
obj ect 100, one notor is provided for each of the two drivers 120 and 130.
The two drivers 120 and 130 are diagonally arranged opposite each other.
This allows the width of the base 110 to be narrower conpared to a

convent i onal Theoefidoglar assemblps23®hisvassembfedginr e 1folld@viag sharreed The triagnatia

wi ||l recognise that other arrangenent of both the two drivers 120 and 130
on the nwlder@3assipebied ib@Ofiratagaviie 21l rpf fearea 4. Whe bearingd23f6is thenigsénteghintche 20
i nvention. Wien in use, the pinion 222 which is nmounted on notor 160 or 170
drives tdwernpisr 2284 anibrestrent firstf potian 232b1wi The génisre 236 nis othe 3Bsartedr vttt e
and in turn causes gear 241 to rotate. Figure 12 shows the arrangenent of
pi ni én 2@@ensipraz3205hd rpstmincthe 28&oraiebrimna232b2]1 Thegragnet 833 8 siditeddnta cavitis s
section of magnet 233. Magnet 233 is a conventional mniature axial magnet
havi ng a23%art A eidasab@3bckingl neechenistn (rot sh@®6P thattigereis IG8rted frgm dhrougshape
magnet. Lines 2334 illustrate the magnetic field of magnet 233. Magnet 233
has a | oomningdR2B%4 ddixpisioX5235umid ran ohewongRI2hd (ebscuredndl syignkiopo?ddb. of
Figure 20 illustrates a nethod of arrangi ng nagnet 233 to cavity 232a of
magnet SmhghatierhoRB? 238 etoagtaxis %dki Shexdersming elsingnt@s 1ds setured kethedase 110 of
direction. In figure 20, cavity 232a is circular in shape in order to fit
magnet 2@8vin@iobject il @hand @0alighedslangeaxisoXawnhiph fa¢emayamosedipgeionxg magdrietes
2334 illustrate the nagnetic field of the nagnet 233. As shown in figure
20, tthe 2¥Ynetic fields are extending towards the sensing el ement 231 and
out of the magnetic hol der 232. This arrangenent of magnet 233 to cavity
232a creates a large 10 magnetic field which may interact with any near by
magnetic fields. This nagnetic interference is undesirable and w ||
interfere wiTie otdving aesentbly e nevidesfaretifisient way of Hayingrigiievheslsewlodwe s or
DC nmotors in the vicinity. Figure 21 illustrates an enbodi nent of this

i nvent i oaxastTeotint ¢tnatraki 16 alxs solvesrttpninnitaiag inl e rginiatyrizatieiofibe sestaincas wellt o
the axis X4 of magnetic hol der 232. As shown in figure 21, the circular
edge congs$,shé ppbtsim bbhdvingoa singlealinion 88drivertdogsarsinisoneti@B 3n teg cenfouratighet
233 are exposed and facing the sensing el enent 231. This gives high

conctimt r aft movingfobjeatyheQ.iamefretodis prhvded fox dach @f thesigw, drivgrg hed ﬁr@@ﬂg@-i dhe
encoder. Magnetic fields away fromthe magnetic hol der 232 in other

di rect i otveo dniversvé2karchd3Q heer didgarally augrgdd appogite eaisothergniiis allows the width

of the base 110 to be narrower compared to a conventional configuration as shown in figure
1. One skilled in the art will recognise that other arrangement of both the two drivers 120
and 130 on the moving assembly 100 may be implemented without departing from the
20 invention. When in use, the pinion 222 which is mounted on motor 160 or 170 drives the
gear 251. Movement of gear 251 will cause pinion 235 to rotate and in turn causes gear
241 to rotate. Figure 12 shows the arrangement of pinion 222, gear 251, pinion 235 and

gear 241.

25 Figure 19 shows a cross section of magnet 233. Magnet 233 is a conventional

miniature axial magnet having a north pole 2331 and a south pole 2332. Magnet 233 is a
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20 interference to other nearby magnetic fields. This greatly inproves and
provi des accurate feedback to the controller 180. Further, a feasible
conpact and m niature magneti c encoder feedback systemw th very | ow cross
magnetic interference is achieved. One skilled in the art will recognise
that the axis X5 of magnet 233 may al so be arranged at an angl e between 70
to 1100 digk shrepeanbgneX4 Lidesn2Bpdeitiustrake thdemag@i@aicviicich olimadeqa?33d. nijagnein23he
invention as 25l ong as a portion of both north and south poles are facing
t he sendias@ lehgitueittal 284 X5 running throwdhchanortly ahé souttvgpsleset up to test the
magneti c encoder feedback system A small notor with magnetic encoder
f eedback systemwas used in the test. 2 Volts power supply was used to
drive the notor directly. In a first test, no magnet was used and the
current neastiged 2mdlugttate\a metrmdsefcamahdires magaehBdhde carty 28t ethgnst
shown in figure 20 and 5 the current nmeasured was 84 mA. Notably, there was
an i icr eadderdi32t Wieere the eris X and a3ig) XT atesindthbysanieedirmntjoret il figunee?, magitc e
bet ween the notor and the magnet. As higher winding current in the notor
wi | | usu282ayis rosulbt ini shape én -ohdeatto it meigneh23 3o Directignntl08gghomnsdhe ublatioueht | y
| ead to damage of the notors, the configuration as shown in figure 20 wll
t ypi cal | pagratihglleo 32 hidneea33hilustistethepaagretic fibld aftitrcomagnet 233t Wsistiowadn , an
axi al magnet was 10 used according to the arrangenent as shown in figure
21. The fgure @bt thewsepnetalfieidsraiermderminy onardst tbe peasing ¢lemant 83thendigutdfdhease
wi t hout any magnet attached), indicating that there was negligi ble nmagnetic
i nt er f er @agreticAmdddre?232. e Shisnagangentdnt dof guagriet\28Bviioneavity riid2a oeredtes tee largwi ng
obj ect 100 with magnetic 15 encoder feedback system at an extrene speed.
W t 1& hemagneticg etdnvhich staywinténact ivgilr @angOnearhy magnetignfiglgeed hish amagnietic
novi ng obj ect 100 is capable of running is approximately 20% | ower than
t hat usi interieranceris amdesieabte and sfibinterfane fwithuotber2nearpy Imagestis figldgiftom ether hat
the arrangenment as shown in figure 21 has superior performnce over
convent i vaghetererandermonDCavotoroiwihe Micihitgur e 20. 20 The above is a
description of exenplary enbodi ments of a magnetic encoder for a mniature
two axes four-wheel drive control in accordance with this invention. It is
foreseeabl e that those skilled in the art can and will design alternative
syst ens basebigore 2 hillgstditecarosmbeditrigat ofi thisrinvegéion pharet the sxisnteeoft Megnei@3s et
forth in the follow ng clains. 25

15  is arranged perpendicular to the axis X4 of magnetic holder 232. As shown in figure 21, the

circular edge consisting of both north pole 2331 and south pole 2332 of the magnet 233 are
exposed and facing the sensing element 231. This gives high concentration of magnetic
field, shown as lines 2334, in the magnetic encoder. Magnetic fields away from the
magnetic holder 232 in other directions are weak and therefore cause little cross magnetic
20 interference to other nearby magnetic fields. This greatly improves and provides accurate
feedback to the controller 180. Further, a feasible compact and miniature magnetic encoder
feedback system with very low cross magnetic interference is achieved. One skilled in the
art will recognise that the axis X5 of magnet 233 may also be arranged at an angle between
70° to 110° to the axis X4 of magnetic holder 232 without departing from the invention as

25 long as a portion of both north and south poles are facing the sensing element 231.
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Clains: 1. A magnetic encoder for a driver conprising: a pernmanent axial
magnet having a north pole and a south pole; 5a nagnet hol der having a
cavity to receive said permanent magnet; and a sensing el ement
position apart from said magnet hol der and facing an exposed portion of
said north and south poles of said permanent axial magnet. 2. The magnetic
encoder accoh dibeptery testawan detwipelodest thaimpgpetigancader edhpckeugiase. AostAals a
| ongi tudi nal axis running through said north pole and said south pole, said
magnet hoPgewithrsaanstiel eseorisr frpdbaekrayitersaseused|ip Mg testi Adoltappyet fapply s
per pendi cular to said |ongitudinal axis of said permanent axial nagnet.
2a. The nw@ghesettoediivedibe raetebdiieatly. tlo acliral iest nahmpgnet was esadegfifethen@iriedt and
said 15 sensing el enent share a |ongitudinal axis, and said permanent axi al
magnet h@sagure@dmgst7ddnalln axsesondiiest mgmaenad s isearedrisreewson digdied?& ang
south pole that is arranged at an angle between 70 to 110 to said
| ongi& udihaurani easuredivas §ddnbt Netable theip wasdindnerenss plgthe (cerrapitby P3%The
magneti c encoder according to any of clainms 1, 2 and 2a wherein a portion
of said easpd Pyitlke maaprtisdniedeieace baivegnahgaotar @rd dhe giapaetp dysrhighatwiaging|
magnet . 4. A noving oqiect conprising a base and a magneti c encoder
accor di ngHrent ainy thef neater wdll usgaliywieswdl in sevesthaatitge of cthen®etpsr winglingsr aRged
on said base to nove the anin? 250bj ect . _ _ o _
subsequently lead to damage of the motors, the configuration as shown in figure 20 will

typically damage or shorten the life span of the motor. In a third test, an axial magnet was
10  used according to the arrangement as shown in figure 21. The current measured remained
approximately at 71 mA (same as the case without any magnet attached), indicating that

there was negligible magnetic interference.

Another test was carried out involving running of the moving object 100 with magnetic

15  encoder feedback system at an extreme speed. With the arrangement as shown in figure
20, the maximum speed that the moving object 100 is capable of running is approximately

20% lower than that using the arrangement as shown in figure 21. All tests indicated that

the arrangement as shown in figure 21 has superior performance over conventional

arrangement as shown in figure 20.

20
The above is a description of exemplary embodiments of a magnetic encoder for a
miniature two axes four-wheel drive control in accordance with this invention. It is
foreseeable that those skilled in the art can and will design alternative systems based on
this disclosure that infringe upon this invention as set forth in the following claims.
25
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5. A mniature two axes four-wheel drive control for an object conprising:
a base; a first driver having: a first wheel assenbly; a second wheel
assenbly; 5a notor assenbly for driving said second wheel assenbly,

an encoder assenbly arranged between said first and second wheel

assenbl i es; and a frame for holding said first wheel assenbly, said
second vBieels: assenbly, said notor assenbly, and said encoder assenbly; 10a
second driver identical to said first driver; and a controller for

controlling a novenent of said object, wherein in use, said notor assenbly
drives said second wheel assenbly which causes said encoder assenbly to
cause sai.d fiA stagnbiireéncadsefioba driver compeising56. The mi ni ature two axes
four-wheel drive control according to claimb5 wherein said
a permanent axial magnet having a north pole and a south pole;
5 a magnet holder having a cavity to receive said permanent magnet; and
a sensing element position apart from said magnet holder and facing an exposed

portion of said north and south poles of said permanent axial magnet.

2. The magnetic encoder according to claim 1 wherein said permanent axial magnet
10  has a longitudinal axis running through said north pole and said south pole, said magnet
holder and said sensing element share a longitudinal axis that is perpendicular to said

longitudinal axis of said permanent axial magnet.

2a. The magnetic encoder according to claim 1 wherein said magnet holder and said
15  sensing element share a longitudinal axis, and said permanent axial magnet has a
longitudinal axis running through said north pole and said south pole that is arranged at an
angle between 70 to 110 to said longitudinal axis of said magnet holder and said sensing

element.

20 3. The magnetic encoder according to any of claims 1, 2 and 2a wherein a portion of

said cavity is adapted to mate with a portion of said permanent axial magnet.

4. A moving object comprising a base and a magnetic encoder according to any of
claims 1-3, wherein said magnetic encoder is arranged on said base to move the moving

25  object.

5. A miniature two axes four-wheel drive control for an object comprising:
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frame conprises a pair of eyelets for securing said frame to said base.

7. The mniature two axes four-wheel drive control according to any of
claims 5-6 wherein said first driver and said second driver are diagonally
arranged apart from each 20other. 8. The miniature two axes four-wheel
drive control according to any of clains 4-7 wherein said encoder assenbly
conpri ses: a peaseanent axial nmagnet having a north pole and a south pole;
25a magnet hol der having a cavity to receive said pernanent nagnet; and

a sensi ng el entimtdriseechavng:t o sai d base and position apart from said magnet
hol der and facing a portion of said permanent axial magnet, wherein said
sensi ng el enent i safirstwheel @ssemipysed porti on of both north and south poles
of said permanent axial magnet. 59. The mniature two axes four-wheel drive
control accordi ng a seandiwheg! adsembiyn sai d per manent axi al nagnet has a

| ongi tudi nal axis running through said north pole and said south pole, said
magnét hol der and amiotbrsessnbly ferl dsivingtsaisheacendwheelgissebiyal axis that is
per pendi cular to said |ongitudinal axis of said pernmanent axial nagnet.
1010. The ni ni at ur ean vimcasters assrmblwhawanggdi betwsent paifl st angi sgcensl avheebf
clainms 8-9 wherein a portion of said cavity of said nagnet holder is

adapt ed t o neassewbties;@ngdorti on of said permanent axial magnet. 11. The

m niature two axes four-wheel drive control accordi ng to any of clains 8-10
a frame for holding said first wheel assembly, said second wheel assembly,

said motor assembly, and said encoder assembly;
10 a second driver identical to said first driver; and
a controller for controlling a movement of said object, wherein in use, said motor
assembly drives said second wheel assembly which causes said encoder assembly to

cause said first wheel assembly to move.

15 6. The miniature two axes four-wheel drive control according to claim 5 wherein said

frame comprises a pair of eyelets for securing said frame to said base.

7. The miniature two axes four-wheel drive control according to any of claims 5-6
wherein said first driver and said second driver are diagonally arranged apart from each

20 other.

8. The miniature two axes four-wheel drive control according to any of claims 4-7
wherein said encoder assembly comprises:
a permanent axial magnet having a north pole and a south pole;

25 a magnet holder having a cavity to receive said permanent magnet; and
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15wherei n said encoder assenbly further conprises: a bearing having a
beari ng nmechanism a flange and a through openi ng; and a pinion having a
t hrough opening. 12. The miniature two axes four-wheel drive control
according to claim 11l wherein said 20 nmagnet hol der conprises an extension
having a first portion for receiving said through opening of said bearing
and a second Psersirgrelément scoiedi tn gadhatetandmoghicopeaitipnosaid magngt holder  13.
The m niature two axes four-wheel drive control according to claim 12
wher ei n adifdciadseodivt qf saidipenmeifiers aixidl mageetsivberef saichsenhsinagglemenios fkoind s
dianetrically smaller than said first portion of said extension of said
magnet hal eposed gorlibe ofibath abdin end wouth yetesfod aaid wegaaneant axiel magnatol accor di ng
to claim12 further conprises a first |ocking mechanismto securing said
bearing, said pinion, said nagnet holder to said franme. 515. The miniature
two axes four-wheel drive control according to claim 14 wherein said first
wheel5 as$enbl The oimatusetvo axdscfaui-whedl alriva goatrbleancordinatecelaim 8whesein| saitye
and a through opening; a gear having teeth around a perineter of said dqear
and an epareaséntraxial magnet has a longitudinal axis running through said north pole and sai

south pole, said magnet holder and said sensing element share a longitudinal axis that is

perpendicular to said longitudinal axis of said permanent axial magnet.

10 10. The miniature two axes four-wheel drive control according to any of claims 8-9
wherein a portion of said cavity of said magnet holder is adapted to mate with a portion of

said permanent axial magnet.

11. The miniature two axes four-wheel drive control according to any of claims 8-10
15  wherein said encoder assembly further comprises:
a bearing having a bearing mechanism, a flange and a through opening; and

a pinion having a through opening.

12. The miniature two axes four-wheel drive control according to claim 11 wherein said
20 magnet holder comprises an extension having a first portion for receiving said through
opening of said bearing and a second portion for receiving said through opening of said

pinion.
13. The miniature two axes four-wheel drive control according to claim 12 wherein said

25 second portion of said extension of said magnet holder is diametrically smaller than said

first portion of said extension of said magnet holder.
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a rimhaving an insert adapted to receive said extension of said gear, a
fl ange and a 10t hrough opening adapted to receive said bearing; and a
second | ocki ng mechani sm for securing said bearing, said gear, and said rim
to said franme. 16. The mniature two axes four-wheel drive control
according to claim15 wherein said 15notor assenbly conprises: a notor
havi ng al4hafThe arciaturgitwb oaxesofonesthed tidves @budtrelhadaording .to THaimildi trthee t wo
axes four-wheel drive control according to claim 16 wherein said 20second
wheel assemdrisgs cofist icoking metemisrmdo Isevinng saithdwaring $aid winidrs rgaich nidgant e
and a through opening; a gear having inner teeth engagably
connect afrldertto sgidifdnteeet h of said pi nion of said notor assenbly and outer
teeth engagably connectable to said teeth of said pinion of said encoder
assenbly; 25a rimhaving an insert adapted to receive said extension of
said gear, a flange and a through opening adapted to receive said bearing;
and 5 15. The miniature two axes four-wheel drive control according to claim 14 wherein said
first wheel assembly comprises:

a bearing having a bearing mechanism, a flange and a through opening;

a gear having teeth around a perimeter of said gear and an extension;

a rim having an insert adapted to receive said extension of said gear, a flange and a

10  through opening adapted to receive said bearing; and
a second locking mechanism for securing said bearing, said gear, and said rim to

said frame.

16. The miniature two axes four-wheel drive control according to claim 15 wherein said
15  motor assembly comprises:
a motor having a shaft; and

a pinion connected to said shaft.

17. The miniature two axes four-wheel drive control according to claim 16 wherein said
20  second wheel assembly comprises:

a bearing having a bearing mechanism, a flange and a through opening;

a gear having inner teeth engagably connectable to said teeth of said pinion of said
motor assembly and outer teeth engagably connectable to said teeth of said pinion of said
encoder assembly;

25 a rim having an insert adapted to receive said extension of said gear, a flange and a

through opening adapted to receive said bearing; and

19



a third | ocki ng nmechani smfor securing said bearing, said gear, and said
rimto said frane.

a third locking mechanism for securing said bearing, said gear, and said rim to said

frame.
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