MINIATURIZED HYBRID FEEDBACK CONTROL METHOD AND SYSTEM Field of the Invention This
invention relates to a feedback control system. More particularly, this 5 invention relates to a motion
control system having a magnetic encoder and an optical encoder for a miniature multi-axes drive
train. Still more particularly, this invention relates to a hybrid feedback compact arrangement including
magnetic encoder and ﬁ)tical encoder. 10Prior Art TraditionaII#(Ho tical encoders are used with

r

motors for motioN YAt 3&%‘85&5?!%5@5%?&%9@5@9&%? Rr{eNR Mt being larger in

size and difficulty in miniaturization. Recently, use of magnetic encoders for feedback has become
more popular for motion control feedback for small motors for two reasons. First, magnetic 15
encoders are available in smaller sizes. Sgernéhth@agretitancoders offer greater precision than
optical encoders for very small size encoders. It has become a trend nowadays that manufacturers
attach magnetic ditodevensteadetdtepticalee fieetizskiarosinall systors. 20armampnetidaglycotier consists
of a rotating gear made of ferrous metal and a magnetic pick-up that contains a permanent magnet
and tHe seRYAYXiplaiRs Tha daalfolBRINY S¥SiRTeAaiNthe MatNRYSRARCHRsINE SR FRIchined
teeth that provide the code i{)attern. As the disk rotates, these teeth djsturb the m@?q%inetic flux emitted

by the perRERE IREE R EHISIAY e RS CHERIE explh M ArRRETIGHGEY THESR GRURBEE RiThe 25
feld are sep=gch il adsing elsment whishasasraifa asarasRRana ol appulss sona

output. The use of magnetic encoder typically Creates a magnetic which may Interact with any
nearby magnpegliefields. This magnetic interference is undesirable and will interfere with other nearby
magnetic fields from other magnetic encoders or DC motors in the vicinity. However, tests reveal that
while magnetic encoders perform consistently and accurately at normal and slow speeds, they lack the
precision of optical encoders for position measurements at extreme high speeds. 5
10 Prior Art
Traditionally, optical encoders are used with motors for motion control feedback.
These optical encoders suffer from the drawback of being larger in size and difficulty in
miniaturization. Recently, use of magnetic encoders for feedback has become more
popular for motion control feedback for small motors for two reasons. First, magnetic
15 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

nowadays that manufacturers attach magnetic encoder instead of optical encoders for

small motors.

20 A magnetic encoder consists of a rotating gear made of ferrous metal and a
magnetic pick-up that contains a permanent magnet and the sensing element. The gear,
which is mounted on the rotating shaft, has precisely machined teeth that provide the
code pattern. As the disk rotates, these teeth disturb the magnetic flux emitted by the
permanent magnet, causing the flux field to expand and collapse. These changes in the

25 field are sensed by the sensing element, which generates a corresponding digital or pulse
signal output. The use of magnetic encoder typically creates a magnetic field which may

interact with any nearby magnetic fields. This magnetic interference is undesirable and



Thus, those skilled in the art are constantly striving to design an improved motion control feedback that
works for a miniature drive system for moving an object. Summary of the Invention 10The above and
other problems are solved and an advance in the art is made by a motion control system installed on a
driver assembly for moving an object in accordance with this invention. A first advantage of a motion
control system in accordance with this invention is that the motion control system is in a

highl
compact affAngEHers. WEhathet Qe dppYBsiin B‘?@éﬁsfmbﬁﬂlﬁéé?ﬁ‘ﬁj‘ﬁ%llﬁ?%‘lﬂﬁﬁa?rré%ﬁi/c arenas

where minjalyie, 1 GRMRENGRIS Ho BosIred. s segendpdvantade, ol apotian Ganio) system in
accordance with thIS inven IOF},IS t a¥vﬁ1e rmotion control system pI‘OGaLﬂ)eS minimum magnetic

interference, faakagy afecethatRirtRmAriceSich Bk advaRirgRIOhR MRS REem in

accordance with this invention is that the motion control system incorporates both optical and magnetic

encoders bangiesangsskitiod ariislitaiasfiguapdnretiathigh s implemented in a compact space. A
fourth advantage of a motion control system in accordance with this invention is that the motion control
syster caters for the designs of highly precise and compact robotic end-effectors which may have
potential applications in precision engineering and surgical robotic fields. Further, the motion control
system in accordaRes WIaserKiiedantibn Brfels SQPRAREYSTIBe 1P ACRIM AthENRERES HRHTGRIY
25compact multj-axes driving system. _In accordance with_an aspect of the invention, a motion
control sy BT EE IR (A ATKRGR BB RO AU EI S R B AR Bl system meludes
a magnet holder, a magnetic encoder and an optical encoder. The magnet holder has a first open end
and a second open end. The first open end is coupled to a shaft of the drive train 5 and the second
open end has a cavity. The magnetic eggafRhINC¥des R VBAGPRt secured in the cavity and a sensing
element position apart from the magnet and facing the second open end. The optical encoder includes
a lightoemitting elgmeab ardaad ensingrelgenen hpposdivsdapar b eavtiediaghetidkiendsdiesing a
surface defined between the first and second open ends. The surface of the magnet holder includes a
10numberrobtinarkimge! systemdosiaiieanor avittivan assgoliyniennaiving @ivehiteh inracensdanseis a
permanent axial magnet having a north pole and a south pole. Further, the permanent axial magnet is

secured in'{i@ EAR/iV 80t HPGRASANAIRChBIPCARR SBRHRIsYRIS Bf thacseriRaRgyith this

invention is that the motion control system is in a highly compact arrangement. Hence, it
can be applied in precision engineering and/or surgical robotic arenas where miniature
15 components are required. A second advantage of a motion control system in accordance
with this invention is that the motion control system produces minimum magnetic
interference that may affect other adjacent devices. A third advantage of a motion control
system in accordance with this invention is that the motion control system incorporates
both optical and magnetic encoders being arranged in a certain configuration that can be
20 implemented in a compact space. A fourth advantage of a motion control system in
accordance with this invention is that the motion control system caters for the designs of
highly precise and compact robotic end-effectors which may have potential applications in
precision engineering and surgical robotic fields. Further, the motion control system in
accordance with this invention offers supreme solution that fulfils the needs of highly

25  compact multi-axes driving system.



15 axial magnet are being exposed and facing the sensing element of the magnetic encoder. Still
further, the permanent axial magnet has a longitudinal axis running through the north pole and the
south pole, the magnet holder and the sensing element of the magnetic encoder share a longitudinal
axis that is perpendicular to the longitudinal axis of the permanent axial magnet. Preferably, a portion
of the cavity is adapted to mate with a 20portion of the permanent axial magnet. In accordance

with an embodimBhEIAEMGMIOAN R SAhE R ITHBES: MARNINGRPEF IS8 HeafiotRer.

Preferably, each o;.the umber Pf markinnqs exten(ilﬁ betv\{een th fi[st apd sec?nqd open end§. 25
frain confiqure i e oll wing manrier, The Motion control syster cludes g magne
In accordance with an émbodiment of the invention, the motion control system is impleméented on a

picomouse, QHENICIGMBNERC encolfe PSR ARBER A EHRBGLRE TRRPRSLALIMHG MENLOR. RsMGydng object is

provided in the following manner. The moving object includes a base, a first driver, a second driver, a

first motior @Rl £¥siENd FEc M MHE M O Biseh MIsdaR canslaal goniretialt. Jihaditrive daiver is
arranged on a first side of the base. The first driver includes a first wheel, a second wheel, a motor,

and ageanadsimbipamaneptngetitk hastar wathig. firdthanthaecetd eviteds. iNckides anadrnagvet is
identical to the first driver and arranged on a second side of the base. The first motion control system
is coupled@cHrSHAT BT YiFstaNA e FBRTHY RSERNEPOT HesBRAM A ATDHDA CH96! P6téasing coupled
to a shaft of the first wheel of the 10 second driver, The controller controls a movement of the moving

object. Thglﬁrss[eﬁﬂmjor? F&%t?gfjsys-{gﬁ'u BPHW&e@g%%’dEﬁ &F tﬁe"ﬁr@t 8?N}HP90%|‘?£‘885t?8fi‘ePand the
second maqtion. DIOVi dhac d_driver e ller Brief
%‘ég\,@t.ﬁg’gfé%%}ﬁ?tg%%e hgﬁashaf&?r% %%h'ﬁn%%%‘? Rofdd? aﬂg RLIRghe Santral ‘gefﬁéﬁ

Descriptio rawing ove and other features and advantages In accordance with this

invention gwescriRedis hirifolevnbpetrlrddesrEnifmandait ShayHkihbigeoR RS drawings:

10  number of markings.

In accordance with an embodiment of the invention, the magnet is a permanent
axial magnet having a north pole and a south pole. Further, the permanent axial magnet
is secured in the cavity such that a portion of the north and south poles of the permanent

15 axial magnet are being exposed and facing the sensing element of the magnetic encoder.
Still further, the permanent axial magnet has a longitudinal axis running through the north
pole and the south pole, the magnet holder and the sensing element of the magnetic
encoder share a longitudinal axis that is perpendicular to the longitudinal axis of the
permanent axial magnet. Preferably, a portion of the cavity is adapted to mate with a

20  portion of the permanent axial magnet.

In accordance with an embodiment of the invention, each of the number of
markings is parallel to one another. Preferably, each of the number of markings extends
between the first and second open ends.

25
In accordance with an embodiment of the invention, the motion control system is

implemented on a picomouse or micromouse.



Figure 1 illustrating a perspective view of a motion control system in accordance with an embodiment
of this invention; 20Figure 2 illustrating a top view of a moving object having two motion control
systems in accordance with an embodiment of this invention; Figure 3 illustrating an exploded
view the motion control system in accordance with an embodiment of this invention; Figure 4
illustrating a magnet and its magnetic field in accordance with an 25embodiment of this invention;
Figure 5 illustrating a first arrangement of the magnet to a magnet holder in accordance with an

embodiment of this invention; Figure 6 illustrating a second arrangement of the magnet to the
s Jnen Elwe S llustaling. S hy

magnet holder in acc%:rc{aﬁ?:gbwvyt'ﬁhan ambodiment o i@YﬁUé%’o%;r%%dn g El%tu'?ep 7ilte rz'ﬂing a

working PrifoRteyfat Rasre e THBRIEMARSH St NG EH PR SONRLPERIGER I Qsidiance it an
embodiment of this invention. 5 Detailed Description
a first motion control system, a second motion control system, and a controller. The first
5 driver is arranged on a first side of the base. The first driver includes a first wheel, a
second wheel, a motor, and a gear assembly connecting the motor to the first and second
wheels. The second driver is identical to the first driver and arranged on a second side of
the base. The first motion control system is coupled to a shaft of the first wheel of the first
driver. The second motion control system is coupled to a shaft of the first wheel of the
10 second driver. The controller controls a movement of the moving object. The first motion

control system provides a feedback of the first driver to the controller and the second

motion control system provides a feedback of the second driver to the controller.

Brief Description of the Drawings
15 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 perspective view of a motion control system in accordance
with an embodiment of this invention;
20 Figure 2 illustrating a top view of a moving object having two motion control
systems in accordance with an embodiment of this invention;
Figure 3 illustrating an exploded view the motion control system in accordance
with an embodiment of this invention;
Figure 4 illustrating a magnet and its magnetic field in accordance with an
25 embodiment of this invention;
Figure 5 illustrating a first arrangement of the magnet to a magnet holder in

accordance with an embodiment of this invention;



This invention relates to a feedback control system. More particularly, this invention relates to a motion
control system having a magnetic encoder and an optical 10 encoder for a miniature multi-axes drive
train. Still more particularly, this invention relates to a hybrid feedback compact arrangement including
magnetic encoder and optical encoder. Figure 1 shows a perspective view of a motion control system
100. Motion control 15 sglstem 100 includes an optical encoder 110, a maﬁ%etic encoder 120 and a

magnet holder 13094 RSMYSHRIMHRISPIAH i@ ERRABE T I JaeaMagistioN 6 Med sy B9H6tdP via a

shaft 150. Brlefl(yél as thr?hmotor riyes %{%e?g&ar asse%l:r)]lya rr]1aagnet holder 130 rotates in 20 tandem with

the shaft 150 A The %'agﬁrétefrpo 8g'r Sé'snvt‘?{(]a magnet secured in the magnet holder 130 also

rotates and ge”eﬁtﬁﬁr‘% rOGHRG MAYNS Uklking TS itaeRala s dsteh2 san thsr Qitingdnagnetic

flux. Concurrently, the markings on the surface of the magnet holder will disturb the lights emitted by
the opticalren@sitlesrkid) Satein tharesaanzeptiaal sigivitasihe optioaleiionder 110. This
arrangement of both optical and 25 magnetic encoders 110 and 120 allows both optical and magnetic
encoders 110 and 120 to be implemented in a small confined space. Further details of the motion
control system 100 will be described below. Figure 2 shows a top view of an embodiment of two
motion control systems 100 being implemented on a moving object 200. Moving object 200 is a four
wheels multi-axes control miniature vehic ' ject:200 may be a micromouse or a picomouse.
5Moving object 200 includes a base 210, l?ﬁggﬁgt{%?%g@[ré 60L and 260R, a controller 280, and two

sets of motion cosfigl fyRIBR Yefktes tPaSeRdBS@ Ao, e holdingarians campoRgnts of the
moving object 200 together. Base 210 includes a left side, a right side, a front side and a rear side. A
invention relates to a motion control system having a magnetic encoder and an optical
10 encoder for a miniature multi-axes drive train. Still more particularly, this invention relates

to a hybrid feedback compact arrangement including magnetic encoder and optical

encoder.

Figure 1 shows a perspective view of a motion control system 100. Motion control
15 system 100 includes an optical encoder 110, a magnetic encoder 120 and a magnet
holder 130. The magnet holder 130 is coupled to a gear assembly driven by a motor via

a shaft 150.

Briefly, as the motor drives the gear assembly, magnet holder 130 rotates in

20 tandem with the shaft 150. As the magnet holder 130 rotates, the magnet secured in the
magnet holder 130 also rotates and generate a rotating magnetic flux. The magnetic
encoder 120 reads the rotating magnetic flux. Concurrently, the markings on the surface

of the magnet holder will disturb the lights emitted by the optical encoder 110 and in turn
generate optical signal for the optical encoder 110. This arrangement of both optical and

25 magnetic encoders 110 and 120 allows both optical and magnetic encoders 110 and 120
to be implemented in a small confined space. Further details of the motion control

system 100 will be described below.



10 Printed Circuit Board (PCB) may be provided above the base 210 to communicatively connect
various components of the moving object 200. One skilled in the art will recognise that base 210 may
itself be a PCB without departing from the invention. Two drivers 260L and 260R are provided to
moving object 200. A first driver 260L 15 is arranged on a left side of the moving object 200 while the
other driver 260R is arranged on the right side of the moving object 100. Each of the drivers 260L and
260R includes a motor 261, a gear system 265, a front wheel 262 and a rear wheel 263. A battery 270
s provided on the aee 210 or driing ihe molor 263 Molar 464, Uansiaies eleghiciue fram Gattery 270
to kinetic energy or c[rlvmg the gearpsystem WHIGH I tUrR MOVEs tha front 20 3Rd rear wheels 262

and 263. peinhhe BRAMHSEBh 2P mBVRIdIGS &N YFRP KRl MG RS SRR SIHSERRPIARSIB G other to

transmit rotational motion to the front and rear wheels 262 and 263 to drive the moving object 200
forward orbh@elauatehl @ntaskibadhicias eVl cBRagRise st feanmidrmesebearjisuraige of the

gear system may be implemented without departing from the invention. Hence, for brevity, the exact
confighiratiiouhghebpea 289sienu@8baheseittdd, two s€ismfallare28RGoayahe 260fcracomtroller or a
microprocessor. More particularly, controller 280 is a processing device for controlling the motors 261,
receiving féBRIANk 4G REIS AORPHIE AHITGH VGHRFHP $P%ems 100. One skilled in the art will recognise
that the controller 280 may also perform other functions of moving object 200 without departing 5from
the invention. Two motion control systems 100 are provided to moving object 100. One motion

contol tr 988 A IR ARMHL A RO e i e 2oL

In particular, the motion control's tot earwheel 263 of the

first drivert%é@hqetheaa%eamomame@@taoléwa@ &0Ryis AERNIEHRR ﬁi“t_?e“&%"?sgrﬁﬁieﬁbgpo,ato provide
of the second driver 260R. In particular, the motion control system 100 is coupled to the shaft 150 of

the rear wheeat26 8 infiheBsacd HCB)Yen2¢0ie. foddkillabovet igeaibpd!l 7eCagnisen thatitagvaigtion
control systems 100 may alternatively be arranged to provide a feedback by coupling to a shaft of the
front wheetonnect various components of the moving object 200. One skilled in the art will

recognise that base 210 may itself be a PCB without departing from the invention.

Two drivers 260L and 260R are provided to moving object 200. A first driver 260L

15 is arranged on a left side of the moving object 200 while the other driver 260R is arranged
on the right side of the moving object 100. Each of the drivers 260L and 260R includes a
motor 261, a gear system 265, a front wheel 262 and a rear wheel 263. A battery 270 is
provided on the base 210 for driving the motor 261. Motor 261 translates electricity from
battery 270 to kinetic energy for driving the gear system 265 which in turn moves the front

20 and rear wheels 262 and 263.

The gear system 265 includes a number of meshing gears interconnecting each
other to transmit rotational motion to the front and rear wheels 262 and 263 to drive the
moving object 200 forward or backward. One skilled in the art will recognise that many

25  types of configuration of the gear system may be implemented without departing from the

invention. Hence, for brevity, the exact configuration of the gear system 265 is omitted.



15 without departing from the invention. More details of the motion control system 100 will be
described below with reference to figure 3.  Figure 3 illustrates an exploded view of the motion
control system 100. Magnet holder 130 may be a rod or tube having two open ends 350 and 355. A
first end 355 of 20 the base element connects to the shaft 150 of the rear wheel 263. The second open
end 350 has a surface defining a cavity 310 for receiving magnet 320. One skilled in the art will

recognise that th& BRIRIGHOMAY RSV 9SBRRAI t SrA I EARNS &1 YRR AREHH 3 ¥nce,

although figyte 5 shoys that e perimeterol e caviby 3105 ecianouler inshape, prisidled n the
art will recognlseeﬂ‘la othef é)eome?rygmay elmpemen{e% 5 Without éparting H T EI8 RS ention as

long as the; FbAAHC ARSIk RsMBaNeS holar-d3R 1MouRr dafalsghibe kayie310 and

the magnet 320 will be described below with reference to figures 5 and 6. Each of the first and

second opeshebiks 389 ang Ibsbdedinamacpesimeaietions figunedndnagset Podditieshageaafiytube
having circular cross section. Hence, the perimeter of the first and second open ends is circular in

shapex Onkeoskithedinwethioart will recognise 5 that geometries other than circular may be implemented
without departing from the invention. However, when implemented to the moving object 200, the
magnet holder 130 is ideally circular in cross section so that lights diffracted by the markings 330 on

the magnet holder 130 can be re&ij by the optical encoder 110. 10A surface is defined between each
of the perimeters SYSHOSHLP £AA! c?cfr%[?@ﬁei)? 88 NPYIRARG 330V PSP on i L9HaRe.

Markings %ﬁgh%lesggtféﬂ‘lc 88 r&ﬁjggpc'%ﬁn F%en%ﬁ@'ﬁa?eﬁ9@%6%&%%@8%%%?‘&%8%9'der will

diffract the ts emitted by the op encoder turn, the optical enco 0 generates optical

signal basgghdifsasliondhr @bt sl H BRI RCQSHRS) Rahe UMraLE6r the markings
330 are straight lines extending between the first and second open ends and are parallel to each
othenmtheetypeascef pe3rbings Mmaydiser SAMpIENeestted wishonicdeparspstérornoheianantea as long
as each of the markings 330 are parallel to one another. 20The magnetic encoder 120 includes a
sensing elemiet fiap\viea dibigth20e &g peaiddéel IS ashog & diven2 e alnedidieneodee iwetionsensing
device that will detect the changes in magnetic field and in turn allow n;z%%netic encoder 120 to

generate £eOFRSYSHINGCHGHAPURGrintinithRE difhal a8 MR 103sY. gAY Eder 120
performs a8 fee Ak, RN IRE R WAV RINSHSL MR OF RIS EAAr Sk Foo may
alternatively be arranged to provide a feedback by coupling to a shaft of the front wheel

15  without departing from the invention. More details of the motion control system 100 will

be described below with reference to figure 3.

Figure 3 illustrates an exploded view of the motion control system 100. Magnet

holder 130 may be a rod or tube having two open ends 350 and 355. A first end 355 of

20 the base element connects to the shaft 150 of the rear wheel 263. The second open end
350 has a surface defining a cavity 310 for receiving magnet 320. One skilled in the art

will recognise that the dimension of the cavity is dependent on the shape of the magnet

320. Hence, although figure 3 shows that the perimeter of the cavity 310 is rectangular in
shape, one skilled in the art will recognise that other geometry may be implemented

25  without departing from the invention as long as the magnet 320 can be secured to the
magnet holder 310. More details of the cavity 310 and the magnet 320 will be described

below with reference to figures 5 and 6.



25The magnetic encoder 120 is arranged with the sensing element facing the second open end of the
magnet holder 130. More patrticularly, the sensing element of the magnetic encoder 120 faces the
magnet 320 secured to the cavity 310 in order to measure the magnetic field. The optical encoder 110
includes a light emitting element for emitting light onto the 5 surface of the magnet holder 130, and a
sensing element for reading the diffraction caused be the markings 330 on the surface of the magnet
holder 130. As the light emitting element and the sensing element are fixed on the optical encoder

110, the magne&hql]defrérl]gr%égttiggglé}%é%c&!ﬁ%r irg grrlggsgggctio g%%tglaﬁ{é%ﬁsgegwt&drbyl r;d}le Iil%ht emitting

element can be directe he surface o magnet Holdersuc Action cadsed by the

markings @%@gd@%@gpg foieeTot 30 aa0 eFRAERYIM e RRISIBEBIEMSAN Q] e QRiiRRERcoder

110. Lines 395 and 390 show the X and Y axes of the magnet holder 130 respectively. As shown in
figure 2, adeongitfiding dxisohdhsehaiidol isralipnadshipethereaxmaiPin elie kit thi reaghatdolder
130. Further, the cavity 310 is defined at the central area of the surface of the second open end 350.
With the |ghgitutioaketies afttiee Sheft ¢iEQ)lx away ofehenplageatdbldéhd B0 dapartiagitir@hotbeing
aligned and sharing the same axis, rotation of the rear wheel in the direction of the arrow 398 causes
the magnen¥RiIieR-1 59 WS YEtatdRNtHBPIMRSGHEOR. "MEE PliecadRp 3o BawmidgiftHsentral
area, the c_hané;es in. 20 magnetic field in the region between the E?c%nd og%n end and the magnetic
tdNfr PR

encoder 150'f é‘ﬁy bgjrﬁ'\ﬁ% AR SEBRRrSP2 |I|I'%55r’r%fiféa§t@& Q@ﬁy%Q’?oO@ defined
in the cen ‘%&8[?%1@1%%%?}?08%3% %%QRP%@%%P e%% 635015’6” near the perimeter of the second
, the ic Tie %

open end changes in the magn etween the second open end and the magnetic
encoder 120 will likely be irregular and the reading of the magnetic 25encoder 120 will likely not be
consistent and in turn the feedback signals transmitted to

10 A surface is defined between each of the perimeters of the first and second open

ends. Markings 330 are provided on the surface. Markings 330 are diffraction grating
lines. The markings 330 on the surface of the magnet holder will diffract the lights
emitted by the optical encoder 110. In turn, the optical encoder 110 generates optical
signal based diffraction of the lights. One skilled in the art will recognise that although the
15 markings 330 are straight lines extending between the first and second open ends and
are parallel to each other, other types of markings may also be implemented without
departing from the invention as long as each of the markings 330 are parallel to one

another.

20 The magnetic encoder 120 includes a sensing element for reading the magnetic
field. Sensing element of magnetic encoder is any sensing device that will detect the
changes in magnetic field and in turn allow magnetic encoder 120 to generate a
corresponding signal and transmit the signal to the controller 280. Magnetic encoder 120
performs as a feedback to monitor the movement of the gear systems 260L and 260R.

25  The magnetic encoder 120 is arranged with the sensing element facing the second open

end of the magnet holder 130. More particularly, the sensing element of the magnetic



the controller will not be useful. The optical encoder 110, magnetic encoder 120 and magnet
holder 130 are arranged such that all three components can be implemented compactly. In particular,
the optical encoder 110 is arranged along the Y axis 390 which is 90 degrees from the X axis 395. In
this arrangement, both optical encoder 110 and magnetic encoder 120 can 5 be arranged in a
compact space. Figure 4 shows a cross section of magnet 320. Magnet 320 is a conventional
miniature S%EA9RRJAGRSTTE'E REIATI0T8% EBCHRALR SltnBuIY £26. TnQurRt $200f@s sk &hape
magnet. Lirﬂesnégl% ﬁILLatrate the magnetic field of magnet 320. Magnet 320 10has a longitudinal axis
440 runningafﬂroug € north and south poles.  Figure 5 illustrates a method of arranging magnet
320 to cavity 310 of magnet holder 130 where the longitudinal axis 440 and X axis 295 are aligned.
Markings 330 are omitted from figure 5 in order to show the arrangement of the magnet 320 and the

cavity 15 310 clendywpiictinenedaeeavityiddiQdesci tiglardmihape dmerdesiteditimagnet 32t Disection
510 shows the rotation of magnet holder 130. Lines 520 illustrate the magnetic field of the magnet 320.
As shéwn surfigeeeos thtee mragettioiieidd 30e axteadiegsing clehendgneehditetiEaifrttiowards the
sensing element of magnetic encoder 120. This arrangement of magnet 320 being secured to cavity

310 createESBigRentBg gt mas 380npickmayiase Kt HRMagp e ARNEMARPetibSidngs igtis

magnetic interference is undesirable and may interfere wjth other pnearby magnetic fields from other
magnetic GHUBErS5TISE B YAE 1 A R B RS S CORHEP SR Bbrki Sl AJtem 100

would still [ ' . t [ ity f n q I . Figure
6 iIIustratePsNg%lﬁg?n%% I%ggﬁ%g tﬁg%m%%%%éﬁs? eg ?%ﬁéﬁu%iﬁ%@a@sﬁ%ﬁ% %nga%é#ef%%é%ﬁ?g arranged
perpendicglmﬂur@ HemeaxisA0pOf dnestagtishioldes 13PraMorsr RREIGH R theIHRIIEYHN ] AXis 440 of
the magnet 320 Is 90 degrees apart from the X axis 295 of magnetic holder 130. As shown in figure 6,
a porton diitheittioortaypele 8 arenchakinhgesn 4100k theagnagmeidz013expbsadandyanimng the
sensing element of magnetic encoder 120. More patrticularly, a portion of the circular edge of the
magnet 5326ioomktsnenf of thetlmisaheanddsslttpoles of the magnet 320 is exposed and facing the
sensing element of magnetic encoder 120. This gives a high concentration of magnetic field, shown as
lines 620, towards the sensing element of magnetic encoder 120. Magnetic fields away from the

magnetic holdef 130 11he1 AGeions e MaRK S LIetPIRES SayRg Filasrass magaslgfprerference
As shown in figure 2, a longitudinal axis of the shaft 150 is aligned with the X axis 395 of
15 the magnet holder 130. Further, the cavity 310 is defined at the central area of the
surface of the second open end 350. With the longitudinal axis of the shaft 150, X axis of
the magnet holder 130 and cavity 310 being aligned and sharing the same axis, rotation
of the rear wheel in the direction of the arrow 398 causes the magnet holder 130 to rotate
in the same direction. Since the cavity 310 is defined in the central area, the changes in
20  magnetic field in the region between the second open end and the magnetic encoder 120
read by the magnetic encoder 120 will be more accurate. If the cavity 310 is not defined
in the central area of the surface of the second open end 350 but near the perimeter of
the second open end 350, the changes in the magnetic field between the second open
end and the magnetic encoder 120 will likely be irregular and the reading of the magnetic

25  encoder 120 will likely not be consistent and in turn the feedback signals transmitted to

the controller will not be useful.



10 greatly improves and provides accurate feedback to the controller 260. Further, a feasible compact
and miniature motion control having both optical encoder and magnetic encoder feedback system with
very low cross magnetic interference is achieved. One skilled in the art will recognise that the
longitudinal axis 440 of magnet 320 may also be arranged at an angle between 70 to 110 to the X axis
295 of magnetic holder 130 15 without departing from the invention as long as a portion of both north
and south poles'8fe FRUSHY tﬁ'écggﬁéiﬁé%léﬂ?@ﬁ‘?%? RAGPETC St 1aRpnet RpMRdivESR ARy reveals
that while magnelc.encoders periorm consistenty and aseuiately ainarmal and slow speeds. they
lack the precision o?op iCAT encoders for 20 position measdoremen%s at extreme high"speeds
(approximgtely FRAPMERR-ARHARRIJRISRIAGURE 1oRALIofMItieRY g RRReHSHSPI Magnetic
lines may be missed and not captured by the magnetic encoders, resulting in Inaccuracy in position
measureMmems3Fn It yrreei@saitg i aagHrepaeats fiesiRINIACCHRatth ey etz cORSIREENCY) iBaihe errors
in the position measurements at extreme high speeds. The inaccuracy of the position 25
measé@remangsrabgeghrspesdpatapiEEeompensated by scaling but the amount of scaling depends on
the speed of rotation at extreme speeds. One possible solution is to use optical encoders for feedback
control. However, optical encoders that can give the same accuracy as the miniature magnetic
encoders are large in size and therefore are too Pigégg be fitted onto miniature structures, On the other

hand, optical e QY HrRPAR RIS O %tryo’ﬁRN r%ﬂﬁbﬁ%&ftﬁeﬁowgf)‘fﬂﬂ%s are too
low to pro%%a?ﬁ%%ﬁ 190 %ﬁ’rﬂ\;ﬁﬁ?&%ﬁgﬂiﬂg lﬂ‘fgyaﬂadaas%ﬁﬁb%&' .Qiﬂ?%gé%@%ﬁ Syrrently, 5

miniature optical encoders nave resolution o Ines per revolutio ile miniattre magnetic

encoders Q@Remqﬂaar@ﬂ?@ﬁwgg%ﬁﬁdﬁmwﬂ%MB@H&Xi@IﬂHRﬁbﬁ RS2 q@ggn@*ﬂg@@curacy
for speed and acceleration measurements would be very low. As speed is the change in distance over

the timoe takana dorhRcdiataratio 49 ehiaing thbyughl chdaiorgh thedahanigedtespeed over the time taken, if
the position measurement is of 10 limited accuracy, the first order (i.e. speed) and second order (i.e.
acceleration) changes will have far less accuracy. Hence, using optical encoder will therefore be
unable to provide accuracy in speed and acceleration measurements at all speeds. In the motion

control system Tifg"the W4 BRISSHR JPREGAERIENINY dRa%TRigRERidO18P4 S 220'B8RFide reliable
dund d Kk trol and iSi | at hjgh. d. Whil ingl ti d

cingle mag A drEAETR Ce R OB A AT At Ba R S0e e A KOs ARaiBTof optica

encoder agg, MAGASHE RfFQeH I3 gy Wﬁ@%&%@&éﬂ?@rﬁéwgﬁé%%dénmr@ﬁw r, the

motion control system not only solves the inaccura the magnetic encoders at extreme 20 speeds,
it alsesproddesciesiyndancygpatsl.daeaver,itheimathod iBHaHates sreempast Waytetaghieve

redundancy control and precision control at high speed.  The use of optical encoder provides
position cabitemitias 6hlcal@vctderotdfens oé hadijeq dsikien f86dhacks Baodiushplententeaontitie moving
object 200, the optical
field of the magnet 320. As shown in figure 5, the magnetic fields are extending out of the
magnet holder 130 and towards the sensing element of magnetic encoder 120. This
arrangement of magnet 320 being secured to cavity 310 creates a large magnetic field
20 which may interact with any nearby magnetic fields. This magnetic interference is
undesirable and may interfere with other nearby magnetic fields from other magnetic
encoders or DC motors in the vicinity. Although undesirable, the motion control system
100 would still work with this arrangement of magnet 320 in cavity 310 of magnet holder
130.
25

Figure 6 illustrates an embodiment of this invention where the longitudinal axis 440

of magnet 320 is arranged perpendicularly to the X axis 295 of magnetic holder 130.

10



25 encoder tracks its vector position and coordinates more accurately than using magnetic encoder
alone which tends to miss some magnetic flux lines at high speed. Feedback from magnetic encoder
are used for speed and acceleration control as they provide reliable and accurate measurements.
Missing magnetic lines do not have significant effect on accuracy of speed and acceleration
measurements. Magnetic lines represent lines in finalgosition will cancel out the missed magnetic

lines in inii4PSORMBIHBHN HHFEHAIRA RS A Rng TR Odfo 2Ry ARSITES. 2Rk TERation can
be calculafed 5 aecyatel rom e agsrats velodi valtes, ID btel, 1s, gpUsaL anagder provides
0]

. a
position control w Ile the" magnetic’ encoder prowdes acceleration ¢ontrol. igure shows a

prototype thay Bas B5RA Askelopest andirgied secaesiibystheceTaRing IHERERSHG ehsRdsr and

optical feedback method with ultra-low croSs magnetic 10 interference has been implemented

successfully indgnstivieaebiwoieesnicerpatisalsahot Joadawraressimagnetigdrietierangméom the
magnetic encoder units allows the direct current motors to be driven at their top performance without

any p&oble?as.chnsigiptical boibotwtfeadizrckalionas dfitie pregizsid 32(hid axposateapddriongcietrol at
extreme high speeds. 15  The above is a description of exemplary embodiments of a motion control
system in &eeSdaRCERNHOHRASNRIRIBACIHRS fb7BscBbIBiYRataRIe cRItSAtRAR arTeagnall will
design alternative systems based on this disclosure that infrinrg]e upop this invention ggrset forth in the

following 15ifhsSPEIAMINES R HotBH SRt Dy RIS LEHRVE BhilRgMaHfisHg%e sl gnet

holder haV%ﬂé@f@%%H&’;%%ggk?&ﬁ %%C%ﬂi%aﬁ’&?c“ r%?gen?;%ﬁiﬁto?ﬁeer”o?r%ﬁﬁo%ir&‘?ec%%'l?daﬁ% a shatt of

said drive t and sal open en ving a cavity;
therefore cause little cross magnetic interference to other nearby magnetic fields. This

10 greatly improves and provides accurate feedback to the controller 260. Further, a
feasible compact and miniature motion control having both optical encoder and magnetic
encoder feedback system with very low cross magnetic interference is achieved. One
skilled in the art will recognise that the longitudinal axis 440 of magnet 320 may also be
arranged at an angle between 70° to 110° to the X axis 295 of magnetic holder 130

15  without departing from the invention as long as a portion of both north and south poles

are facing the sensing element of magnetic encoder 120.

Intensive testing reveals that while magnetic encoders perform consistently and

accurately at normal and slow speeds, they lack the precision of optical encoders for

20  position measurements at extreme high speeds (approximately 3000 mm/s and above for
picomouse robots). At extreme high speeds, some magnetic lines may be missed and

not captured by the magnetic encoders, resulting in inaccuracy in position measurements.
Fortunately, velocity measurements remain accurate due to consistency in the errors in

the position measurements at extreme high speeds. The inaccuracy of the position

25 measurements at high speeds may be compensated by scaling but the amount of scaling
depends on the speed of rotation at extreme speeds. One possible solution is to use

optical encoders for feedback control. However, optical encoders that can give the same

11



a magnetic encoder including: a magnet secured in said cavity; a sensing element position apart
from said magnet and facing said second open end; 10an optical encoder including: a light emitting
element; a sensing element position apart from said magnet holder and facing a surface defined
between said first and second open ends; and a plurality of markings on said surface of said magnet
holder. 15 2. The motion control system according to claim 1, wherein said magnet is a permanent

axial magECHEANGS B HBi aMera G HOESTS 2 EIAGHO R 2D ARGl BFSPH RNy %o claim 2

wherein sqid periianentaxial, 20 /agne ipsecuied i sl caviy such ot Anortian pt sgid north and

e [
U
south poles of said permanent axial magnet are being éxposed and facing said sensing element of

said magngfic ANePHPSiZA: Al MAYORE LRl BYRSRAHA FNDIRIGHRINTE. BhRNSHbRgEmanent

axial
accurate and useful feedback for velocity and acceleration measurements. Currently,

5 miniature optical encoders have resolution of 32 lines per revolution while miniature
magnetic encoders have resolution of 256 lines per revolution. If only optical encoders
are used, the accuracy for speed and acceleration measurements would be very low. As
speed is the change in distance over the time taken, and acceleration is obtained by
calculating the change in speed over the time taken, if the position measurement is of

10 limited accuracy, the first order (i.e. speed) and second order (i.e. acceleration) changes
will have far less accuracy. Hence, using optical encoder will therefore be unable to

provide accuracy in speed and acceleration measurements at all speeds.

In the motion control system 100, the use of both optical encoder 110 and magnetic

15 encoder 120 provide reliable redundancy feedback control and precision control at high
speed. While a single optical encoder or a single magnetic encoder is sufficient for
motors running at normal speeds, such combination of optical encoder and magnetic
encoder is highly useful for running motors at high speeds. In particular, the motion
control system not only solves the inaccuracy of the magnetic encoders at extreme

20  speeds, it also provides redundancy control. Moreover, the method illustrates a compact

way to achieve redundancy control and precision control at high speed.

The use of optical encoder provides position control as optical encoder offers

reliable position feedback. When implemented on the moving object 200, the optical

25  encoder tracks its vector position and coordinates more accurately than using magnetic
encoder alone which tends to miss some magnetic flux lines at high speed. Feedback

from magnetic encoder are used for speed and acceleration control as they provide

12



25 magnet has a longitudinal axis running through said north pole and said south pole, said magnet
holder and said sensing element of said magnetic encoder share a longitudinal axis that is
perpendicular to said longitudinal axis of said permanent axial magnet. adapted to mate with a portion
of said permanent axial magnet. 5 6. The motion control system according to claim 1 wherein each of
said plurality of markings are parallel to one another, 7. The motign control system according to claim

6 wherein EABRIBFAMIASRHANE BFIBHEMGRESs eMiSHY HBARBETFtHESH HAR'sBRYh S 8P ds. 8.

The motlogfgontrol sgstem a&cordln(%; toa:lalm wherein saldeolurn lity of marllﬂn%s areédlffracpon

grating Iines.e%&]l'ﬁecr%%%n CONtro g{/]stgr%cgceé%llrg?ngr}n ¥ elaim 1 |rsﬁpﬁe}zl?lrcr’enrﬁ"ttecdItoe(%nr Y Bel%%%ouse. 10.

The motiof£ANH @h3Y BEMGAHRA SN AP SRt TiSYe MERHRA IR thITHEERHONRS: fok-vRIGRRYING object

comprising: 20a base having a first side, a second side, a front side and a rear side;
calculations, resulting in accurate velocity values. Acceleration can be calculated

5 accurately from the accurate velocity values. In brief, the optical encoder provides

position control while the magnetic encoder provides acceleration control.

Figure 7 shows a prototype that has been developed and tested successfully. The

combined magnetic encoder and optical feedback method with ultra-low cross magnetic

10 interference has been implemented successfully in four-wheel two-axes picomouse robot.
The low cross magnetic interference from the magnetic encoder units allows the direct
current motors to be driven at their top performance without any problems. The optical

encoder feedback allows high precision and accurate position control at extreme high

speeds.
15
The above is a description of exemplary embodiments of a motion control system 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.
20
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a first driver arranged said first side having: a first wheel; a second wheel; a motor; 25a gear assembly
connecting said motor to said first and second wheels; a second driver arranged on said second
side, said second driver identical to said first driver; a first motion control system coupled to a shaft of
said first wheel of said first driver; a second motion control system coupled to a shaft of said first
wheel of said second driver; 5a controller for controlling a movement of said moving object, wherein
said first ntd@control system provides a feedback of said first driver to said controller and said
second motion control system provides a feedback of said second driver to said controller.

1. A motion control system for a drive train comprising:
a magnet holder having a first open end and a second open end, said first open
5 end being coupled to a shaft of said drive train and said second open end having a cavity;
a magnetic encoder including:
a magnet secured in said cavity;
a sensing element position apart from said magnet and facing said second
open end;
10 an optical encoder including:
a light emitting element;
a sensing element position apart from said magnet holder and facing a
surface defined between said first and second open ends; and
a plurality of markings on said surface of said magnet holder.
15
2. The motion control system according to claim 1, wherein said magnet is a

permanent axial magnet having a north pole and a south pole.

3. The motion control system according to claim 2 wherein said permanent axial
20 magnet is secured in said cavity such that a portion of said north and south poles of said
permanent axial magnet are being exposed and facing said sensing element of said

magnetic encoder.

4. The motion control system according to claim 3, wherein said permanent axial
25 magnet has a longitudinal axis running through said north pole and said south pole, said
magnet holder and said sensing element of said magnetic encoder share a longitudinal

axis that is perpendicular to said longitudinal axis of said permanent axial magnet.

14



12. The moving object according to claim 11 wherein said first motion control system 10comprising:

a magnet holder having a first open end and a second open end, said first open end being coupled to
said shaft and said second open end having a cavity; a magnetic encoder including: a magnet secured
in said cavity; 15a sensing element position apart from said magnet and facing said second open end;
an optical encoder including: a light emitting element; a sensing element position apart
from said magnet holder and facing a 20surface defined between said first and second open ends; and
a plurality of markings on said surface of said magnet holder.

5. The motion control system according to claim 2 wherein a portion of said cavity is

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

6. The motion control system according to claim 1 wherein each of said plurality of

markings are parallel to one another.

7. The motion control system according to claim 6 wherein each of said plurality of

10 markings extends between the first and second open ends.

8. The motion control system according to claim 1 wherein said plurality of markings

are diffraction grating lines.

15 9. The motion control system according to claim 1 implemented to on a picomouse.

10. The motion control system according to claim 1 implemented to on a micromouse.

11. A moving object comprising:
20 a base having a first side, a second side, a front side and a rear side;
a first driver arranged said first side having:
a first wheel;
a second wheel;
a motor;
25 a gear assembly connecting said motor to said first and second wheels;
a second driver arranged on said second side, said second driver identical to said

first driver;

15



13. The moving object according to claim 12, wherein said magnet is a permanent axial magnet having
a north pole and a south pole. 25 14. The moving object according to claim 13 wherein said
permanent axial magnet is secured in said cavity such that a portion of said north and south poles of
said permanent axial magnet are being exposed and facing said sensing element of said magnetic
encoder. 15. The moving object according to claim 14, wherein said permanent axial magnet 5 has a

longitudinal axis AIfFThGEHILGIURY PeHFHORBIRY £2id Sbath YRt HE st oiaky WSk said

sensing el m/%nt of said magnetic encoder share a longitudinal axis that is perpendicular to said
longitudinal axis of said permanent axial magnet. 16. The moving object according to claim 13 wherein

a portion of said cavity J&q QadRpted 1adNa{R N & RAEIP RO SIS B aaRe Al BagNeLiql /- The

moving object according to claim 12 wherein each of said plurality of markings are parallel to one
another. 16d&hé@rivening object according to claim 17 wherein each of said plurality of markings
extends between the first and second open ends. 19. The moving object according to claim 12 wherein
said purality of nraddnysllarddifbeutigingratimg\eresnt of said moving object, wherein said first

motion control system provides a feedback of said first driver to said controller and said

second motion control system provides a feedback of said second driver to said controller.

12. The moving object according to claim 11 wherein said first motion control system
10 comprising:
a magnet holder having a first open end and a second open end, said first open
end being coupled to said shaft and said second open end having a cavity;
a magnetic encoder including:
a magnet secured in said cavity;
15 a sensing element position apart from said magnet and facing said second
open end;
an optical encoder including:
a light emitting element;
a sensing element position apart from said magnet holder and facing a
20 surface defined between said first and second open ends; and

a plurality of markings on said surface of said magnet holder.

13. The moving object according to claim 12, wherein said magnet is a permanent
axial magnet having a north pole and a south pole.

25
14, The moving object according to claim 13 wherein said permanent axial magnet is

secured in said cavity such that a portion of said north and south poles of said permanent

16



20. The moving object according to claim 11 wherein said base is a printed circuit board configured to
communicatively connect said controller with said motor of said first and second drivers, said first
motion control system and said second motion control system.

axial magnet are being exposed and facing said sensing element of said magnetic

encoder.

15. The moving object according to claim 14, wherein said permanent axial magnet
5 has a longitudinal axis running through said north pole and said south pole, said magnet
holder and said sensing element of said magnetic encoder share a longitudinal axis that

is perpendicular to said longitudinal axis of said permanent axial magnet.

16. The moving object according to claim 13 wherein a portion of said cavity is

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

17. The moving object according to claim 12 wherein each of said plurality of

markings are parallel to one another.

15 18. The moving object according to claim 17 wherein each of said plurality of

markings extends between the first and second open ends.

19. The moving object according to claim 12 wherein said plurality of markings are

diffraction grating lines.

20
20. The moving object according to claim 11 wherein said base is a printed circuit
board configured to communicatively connect said controller with said motor of said first
and second drivers, said first motion control system and said second motion control
system.

25
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