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PCT/CN2004/000053 Method and Device for Processing Optical Signals
in A Computer Mouse Technical Field The present invention relates tef-T/CN2004/060053

electric digital data processing, and more particularly, 5 to a method and
a device for processing optical signals in a computer mouse. Background

Art Sif“i@lﬁ%ﬁ%& ‘DRPRaTr é@&%%?é?&%ﬁ%ﬁg%&%f 189%5'&% Mouse

following four generations, which are a technical view point,

have been developed, 10 (1) Mechanical mouse: The operation principle of

the mechanical mouse lies in the use of the rotary ball at the bottom of

the rresbisdealdligiden the rotary ball physically contacts the surface of the
table.and_rotates to differe gdirect'ons it drives tlge ressure rotary shafts .

i BT RREer FORE e e o e S e pariutay,

toCARAbE QL8 ATk VYRS Rl e ANGEchiniA 2 BiSiRer theURtation
of the rotary ball is transferred through pressure shafts to enable the
contacts to be in contact with contact strips so as to produce on-off signals
which are further transformed into 0-1 signals. These data are further
tranSBFHREET Mb-dimensional X-Y axes displacement signals by

meaghaf 3 5RBGIRE CHIBIR AR R FWSREIAMAKeACHEINgks BRCAYTEwing four

this type of mouse is of a purely mechanical structure, it has the inherited
g disady avitehasof toidedrfoisi aricahoical InEnalpidityt, dndei bis:n adevhksty,

found on the market. (2) Optical-mechanical mouse: The mechanical

mouse XeshHEGtl B the optical-mechanical mouse. This type of

mo [ -SIM| CLLr, t ' he o0
it bty bl ot e

botRve aTahisabive, inausken e esder bideglnsiba iz ontical theohfmieadlf the table and
mouse consists of a disc with a plurality of narrow slits, and photo tubes

refaksighidesremnigdansetdendish st B arFe st nefare shaf el GUiderrsft directions to

of th sc caused by, the rotation af the rotary ball sends on-off signals .
RS i R e S U R R e amaneea n

es, an
aNIEERProRessainside the mavselishemericedotr igldistansge shafts to enable the
contacts to be in contact with contact strips so as to produce on-off sigﬁals which are further
transformed into 0-1 signals. These data are further transformed into two-dimensional X-Y
axes displacement signals by means of a special chip to guide the cursor to move accordingly.
Because this type of mouse is of a purely mechanical structure, it has the inherited
disadvantages of low precision and vulnerability, and it is now hardly found on the market.

(2) Optical-mechanical mouse:

The mechanical mouse is substituted by the optical-mechanical mouse. This type of
mouse is of a similar structure of the mechanical mouse. The only difference between them is
that a different coder is used to detect the movements of the mouse. The coder used in the
optical-mechanical mouse consists of a disc with a plurality of narrow slits, and photo tubes
and light-emitting diodes disposed on both sides thereof. The movement of the disc caused by
the rotation of the rotary ball sends on-off signals produced by the cutting off of the light path
to the photo tubes, and the microprocessor inside the mouse will then calculate the distance

and direction of the movement of the mouse based on these signals and the skewing thereof.

Since the kernel positioning mechanism of this type of mouse consists of photo components,
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and direction of the movement of the mouse based on these signals and

the skewing thereof. 30 Since the kernel positioning mechanism of thigcwnoo4/000053
YPE Of MOUSE CoNsISIS Of pAoto components, ' itis
characterized by a longer service life (as compared with the

purely-mechanical mouse) and higher positioning precision. However, as

it theshrasitepasiidii mglﬁm@ghgntgmedw 'fﬁi@wggxmalmbué@l ithatpugly-mechanical mouse)
C%anical.rotalf}%)all, just like the conve@i%nal meclganical mouse, it W'%ll hi £

R S B A Lol 7 i TSN TR AR SHORSBER BT OF this e o

mdtNs is Mmainly duetamdiieddst siachedinr the sidaRialysbaftsidiisouse, it will

.necessary to clean it thoroughly before it can be used properly again. (3)
cabmotocroasse tof ey éirdbydy erdtion Ridtng suseosgratitiolng. stipefiomainly due to
in positioning, precision,, service life and operation hand-feeling, becayse i
g ARG S e S PG TR LRSS P AT Before it can
bméﬁ.g]fggﬁ%tgampuse of t_he first generation is used With_a s_pecial
mouse p aving a reflecting surface and very regular grid lines formed
by b{agklinesrandbdlethiadsstlapgetigbiremitting diodes are arranged at
the bottom of the mouse, with one emitting red light absorbable by blue .
lineSTHAP O BIRAT BAFHERNGHNITAIRAING Hi ROSGIIEPEPIRFISIABK Trrdise Afgrnd operation
1 ttom of the mquse, there.is alsq arrapge h of .
S B P bt e e M BRI LOHB B0 Shed thercn any
mi&e direction and distance of the mouse on the basis of the signals
reflected after the two groups of lights illuminate the X, Y axes on the
mous@patiolsiivsypd dipihiosd scocsditmdsdisd opdiatcbetiah Bpwspad having a
ouse pad which peeds to be always, clean, it is not convenient to ys .
ro B AR Al O S HRE (I 96 SRSt 2 M ) Bichue ties. Two
n@%%%h@%%e@%@%%@amﬂh@ phatenmpuse a{dhe SesNEne emitting red light
generation is developed by Agilent Technologies Co., Ltd. USA. In said

ahsotsd)digtbdncitime divtithe atbansed tinglindinwd libbt sbsfrbetdé by black lines. At the
object; .
bottJom of the mouse, there is also arranged another group of photo tubes used to receive the

reflected lights, The photo mouse determines the direction and distance of the mouse on the
basis of the signals reflecied after the two groups of lights illuminate the X, Y axes on the
mouse pad. As this type of photo mouse has to be operated on a special mouse pad which
needs to be always clean, it is not convenient to use the mouse. Therefore, it has not been
popularized widely.

(4) Photo mouse of the second generation:

The photo mouse of the second generation is developed by Agilent Technologies Co.,
Ltd. USA. In said mouse, light-emitting diodes are used to illuminate the surface of an object;
snapshots are made at predetermined intervals; and then properties of two pictures are
analyzed and processed to detect the moving direction and value of the coordinates.

In order to determine the displacement of the mouse, it is necessary to scan the pictures,
therefore scanning frequency becomes an important parameter for assessing the photo mouse.
Generally, as a minimum requirement, a scanning frequency of 1,500 times per second is
required. The scanning frequency of some of the products made by Microsoft Corporation has

reached 6,000 times per second. Another parameter that should not be neglected is the



snapshots are made at predetermined intervals; and then properties of

two pictures are 25 analyzed and processed to detect the moving

direction and value of the coordinates. In order to determine the

displacement of the mouse, it is necessary to scan the pictures, therefore
resolusisarprimgaddhe noube corresamamiatport anti pasahnbetertor ssesbifipih&enerally,

otp mouse. nerally, as a minimum requirement, a scanning

the re aﬂgwg?&?ggb%mﬁéﬁé? SBLIRE 15° T EQUAFRA TSR sigRd for 400
times Q&S@&E{_PyQﬁ&t}aﬁ&d&cﬁﬁeﬂ%me“éﬁ{%%ﬁﬁéF%%H%Ji‘38\%8r 88 mouse of

6,000 times per second. Another parameter that should not be ne Iectegl
betterigithigty2nesatatiof(fosper of the mouse. This parameter is indicated by

count per.inch (cpi). Generally, the resolution power of the mouse is 400

eptSi BeRGRenAte sy AllieRrt RaFRIAREY FPuBO s ady dyerycliminated; the
opticip%\é%m ?fn'}oﬁg%hh hdlﬁa%;gﬁ?f Gat.g lecreS%Ilg{%?CERV{Ig rocx)/]; c%%%o such as low
b i 56‘6 cpl?). [ thé

mouse O etter quality may reac s mentioned above,

positiphiielyprogishanicalnods o hastirereid eenelisatnatasi thedeterioration after long
optical-mechanical mouse has disadvantages which are difficult to

use; by PrBmBossenadolirshesnianing pasdisiohcumpansitizsgeradidl because of the
high ?ﬁagr%é%ealﬁrt]g %nduféj ncrt{g&egﬁé?éls%r%ﬂg N %tter Ion%Sefil;ng; {("Hg géggﬂ%%%?gﬁ%n has

O N0
eneration nas not been popu arized wi ecau

overchegiBMaNaiiontsR; BEVRIEDSIRESHIR PRotMeuse,of theiseatile of the first

generation has overcome the disadvantage of inconvenience in use of
genergihiephatd mobseaofetiedrby denbightionsasidnsacldalaingesizettbyifts tighefore has
recisipn and long service life, therefore has occupied a place in the o
occug g B R KL DR L B MO Cor bt PRI uincive
and sEUMEHIGSSPSLIRMAIRTAIAhARtdYete RS:miaianal Behnological and cost
technofoglcal and cost factors, its reacting speed is not sufficient.
factor€ atsteratstio thyeddventiosuEimizadiments of the present invention seek to

provide a method and a device for processing optical signals in a
computer mouse, so as to solve the problems of inconvenience in use,

ContSANRISHDN deGhpology and high cost of the prior art. In accordance with
one aspect of the present invention, there is provided a method for

Embodiments of the present invention seek to provide a method and a device for
processing optical signals in a computer mouse, so as to solve the problems of inconvenience
in use, complexity of technology and high cost of the prior art.

In accordance with one aspect of the present invention, there is provided a method for
processing optical signals in a computer mouse, characterized in that, provide a laser beam
which illuminates the surface of an object, laser speckles are produced in the vicinity of the
illuminated object surface; when the mouse is moving, the signals of the laser speckles are
recetved by a photo sensor installed in the mouse, and the signals are processed, so as to
calculate the quantity of laser speckle pulses received by the photo sensor, and to determine
the relative displacement between the photo sensor and the illuminated object surface

producing laser speckles on the basis of the average size of the speckles.



processing optical signals in a computer mouse, characterized in that,
provide a laser beam which illuminates the surface of an object, laser
sneeklas@mi ProdyseekiRitle viaicHy ofdtngs illminatechakieGhsutiacRicording to
when the mouse is moving, the signals of the laser speckles are received
embodiyngnih ofdisepresenhsisiintion they monsesend trtheid fied Prree pringeysia] signals
. so as to calculate the guantity of laser speckle pulses received by the
in & RRBSh B S HRIATIE i AR BB By et voen the
mousPRRIARCRIPRNCIDR;HBY Qﬁ_{&@toglﬁ%%L{Sf%ﬁﬁciﬁ&%‘i‘éé@%#@&&éss@@%?e%ted by
on the basis of the average size of the speckles. 3 The method for
meanpodcefisnmp pticalsignalsoimatcenmpussermpeddeadgoatiing to
embodiments of the present invention may comprise: a method for

proR R O RN SIIAIS S EoRSERenREINSe druicc-tar JBe ivminatgrkobject

relati ispl t t S ' d .
s S e B i ot et
moveokaolleingtioowEtasntptokivdtimniefdasesigpaiekle signals. The relative
displacement vector between the mouse device and the illuminated object
sidib & PO R Fisarls s drrsyfieetie nessirmancp simde A byenigied by a
of coIIecg{l]g Jnov ment infl%msatiggi of laser specclq(efﬁinteirf rence s

ignals.
el’éﬁ)l‘, aser Sch é% 5 Or [a5CT SH{;‘ nteriergnce sr Bgfs may be
aid laser speckle signals or laser speckle interference signals may be

proceSSEIVS Y daRiRie SRNGEMAIbMelaSRICRREFKISSIGNRAlEOEJa8EE interferences
speckle interference signals may be processed, so as to calculate the

pulsegppgatitsclof laser speckle pulses or laser speckle interferences pulses
received 3a by the photo sensor, and to determine the relative
displacement between the mouse device and the illuminated object
surface producing laser speckles on the basis of the average size of the
laser speckles or the laser speckle interferences. Said photo sensor may
have groups of photoelectric sensing units, wherein each group consists
of two or more photoelectric sensing units aligned in a line. After laser
speckle signals or laser speckle interference signals from the object
surface illuminated by laser

photo

3a



beams are received, relevant photoelectric signals may be amplified and
shaped by the gr f photoelectric sensing wnits to calculate the size of . .
by g AR 7 0 BT IE Se  C p BE B RSB tS Bty device
and th@nddheniminaied.abiedt swdacminibe draationdsf dher AgBMAPLE rage size of
photoelectric sensing units. In the meantime, the direction of said
the lassospeohbntoofihth byl ativektlispledermentsvector may be determined by the

skewing of the electric signals produced by these two or more .
pﬁaidéa%%wi SCLSGTRAEY UHRES. %gmﬁ%maﬁie&m S5 R o SUFY saeh group

consiSHOPERS BPRAIRRIESHICRARANG s, WAL £AGD FURCONSIRS REMY Qpeckie
i

or more photoelectric sensing units aligned in a'line, and at least one of
signalthergiasspssheck Bniatigiinachiretiensdiftere nihdrobjdiiesothiess iTwniedttde by laser
groups may intersect with each other and use common units. After laser
beamsprelaectighals! sYarh dbeigsdestricintenadsdnay Wonanifiedriadesbapedtby the group
I Jiluminate ser beams are_received, relevant photoelectric ‘
o P 0 B Sl AR I B racemen

vectorSBasIRGURItS photastaealanipiadnasizaasd eectionpkbihacoRaReMbn of the
of relative displacement vector between the photo sensor and the

alignmppinii ateef ejeti sserabie smitelredisangoatareuicalieHerrefasihid component of

the re?&{%?la emlent vec%or bletween he photo.sensor gnd H?e .|IIunf#2 ted object ,

UH e T AR i R ST a5 AR A B attt RES Y8R %%ﬁl'gc c signals

produtR@ @&ﬁe@@%@ﬁﬁﬁﬁeﬁiﬂ%&@&l@@@&&iﬁ gaid relative displacement
vector and the intersection angle between the vectors, said size and

ditestiphabdthensanmpaonbatohtdtativedispldcement vEptortaridesaddsensing units,
intersEction angle may be calculated b t\éio or. more.groups of

y . . .
wheret G368 BERHR COSERPTANS B BIRETERCRFSHIGRS FRYBE HvE Rl dEidine, and
at leag@ro?l@%?%ﬁg]%}%QBQ?A&?%%@&WHH%E&% GRIEY i%o&héﬁi.dl“wo of the

method for processing optical signals may comprise a mouse body; inside
groupthavayonss feodwidnec arhplibngrandsshapimgom aditke  fdiréatiorspeckle signals or
identifying and counting module, and a_.computer interface circuit for

laser speellsitrHRERAetaRsidRms te difdstttany tbrmasted by laser beams are
L G T T o
photobletiribeabjegt swiface ibynineidkdbyelasershbeamd, saidtion of the component of
relative displacement vector between the photo sensor and the illuminated object surface of
the respective group. And the relative displacement vector between the photo sensor and the
illuminated object surface in the two-dimensional plane may be calculated on the basis of the
size and direction of the component of said relative displacement vector and the intersection
angle between the vectors, said size and direction of the component of relative displacement
vector and said intersection angle may be calculated by two or more groups of photoelectric
sensing units in different directions respectively.

The device for processing optical signals in computer mouse for carrying out said
method for processing optical signals may comprise a mouse body; inside the mouse body, an

amplifying and shaping module, a direction identifying and counting module, and a computer

interface circuit for processing photoelectric signals are disposed and connected in sequence,



photo sensor transfers the received photoelectric signals to the amplifying
and shaping module. It may further include at least two laser devices and

chara@RDRIDiIEaRSOLIN RealViNgtlRsan Reckie itertgrence Sigor!s /M Meto sensor
object surface illuminated by laser beams; the laser beams emitted from

for regejeingdosemnsoeebssigdayifesil ihminkissosofecol lmoieatrd dy ddstrebeams; said
surface %rod cin%g?ser se%kl interferences, wherein each area is
t I ed

photo; SeRSRE HATSIFLY 1055660 ORGHILF rsHEBISHALE 2rMe4EYBReb haping

moduflevice, a beam splitter and a photo sensor for receiving laser speckle
interference signals from the object surface illuminated by laser beams;
the tage fintiam ieohitde difioast Said laserddeides dadplithoto tevecrforareeiving laser
beams by the beam sg,!itter to illuminate on one or more areas of the

speckis IEH PrIAE G Hsdiosh dbkIBVIRTETEFEtEC L itERsH Sxckssrelepns: the laser
beamgllglmi@f%eﬁpo g#ﬁ R)% tx\fon?&@ rpa%e;r Q@\R&@C{mﬁaﬁﬁgebgﬂ e(ﬂl%l lrelg];%%% I?Jeas of the

embodiments e present invention may be that, when a beam of laser

surfadiyidadas daeugheskidasedtanebjedictbm iuninatet diemaars Mokt least two
become bright continuously. On the contrary, there are many disorderly
beamgjternating bright spots and dark spots. This phenomenon is called

SG?Ckelle%’ gesrhgg\fndnal? : g’t’ (’gfr}e Isaggip lae\f’?cee Xeil%enOt (s)nlli)(tgrn gge ro#gt% sensor for
surrace or an objec ,%U also In (fhe en we-sp’ace I%nfh VICInIZ%y O? e

receiviedOhsiriaeRIol aneRiechibusiinate dikynlagrr obhr dasprretkitifated by laser
actually a kind of interference phenomenon caused by the construction

beamgrifalmstubtion beiiedirde sedteradyitewavelionteduie aremeniboims by the

the roug rface of an object, which can be.explained and the general
boam SRRty HIEH 2t B O i o POt St 1HTBHORDRcer speckle

interfRRQIEUILAL RIS OWS At hinewdanre.anale wilaser is fixed, the

contrast ratio of the speckles is related to the roughness of the surface of
thélidupmimarde objduindftainy «ifjectd asdddintaily bietbameasilyimeatitiemay be
requirements of roughness for forming speckles. Experiments have

that, Yﬁ:&g

UFRR ' BIRE MOTURRSGT i ristesh Hero bisHs e Bluwieatskaa does
not bé%ﬁe%?éﬂt 'Hb'ﬁﬁ'fﬁﬂ;ﬁsﬁyo et 959{%9,/ &%L%chﬁ'e ﬁ%‘@ ﬂ?s@@é?l)?‘ ﬂt@t%%ting bright

paper, textile,
spots and dark spots. This phenomenon is called speckles. As shown in Fig. 1, the speckles

exist not only on the rough surface of an object, but also in the entire-space in the vicinity of
the rough surface of an object illuminated by laser.

The laser speckle is actually a kind of interference phenomenon caused by the
construction and destruction between the scattered light waves on each area unit of the rough
surface of an object, which can be explained and the general features of which can be derived
with the theory of laser interference.

Theoretical study shows that, if the incidence angle of laser is fixed, the contrast ratio
of the speckles is related to the roughness of the surface of the illuminated object. Many
objects used in daily life can easily meet the requirements of roughness for forming speckles.
Experiments have proved that the phenomenon of speckles can be obviously observed when
laser beam illuminates on most ordinary objects, such as table surface, paper, textile,

common metal, plastics, pottery and ceramics surfaces, and glass. The laser speckles may be



common metal, plastics, pottery and ceramics surfaces, and glass. The
. laser speckles may pe .5 cansidered dependent on the illuminated surface
consiq e BEIORE ThErerbto NS At b SHSAG: G e M o RGP IS BCE. Wone
with a&eezﬁelaéma@I%@la&emeé@egfﬁ@@a&heeoﬁisﬁfa@%ﬂ@b&were(%éd@g{@&) and the
can be measured on the basis of this feature of the speckles. According to
obseremdingnimdicthepnesdnnitivehiion pthbisclatives difplacpenkivk vector
between the laser signal source in the mouse device and the illuminated

objeEttiftai cprRRAiElE fRleNEpuERT RS s benefiecidathy isalagearent vector
betwe%ﬁllﬁ{%ti@ éEOY ﬁg?ryblm:%r%atﬂﬁ@ g‘lf?l.ll%g egewgg\cl lggds @1@% i Tli]ﬁ%t@gr(e) %ect surface

photo technology may overcome all the disadvantages of the mechanical
produdieigidasdi bpsrlsimple birugleteedhighrdrahpicakigasibiiimbighpresisi®mation of
and_may greatly increase the precision and speed of measurement with

laser gashbnfiembthobls. Deekriphve ofdbre Dexwings migicomre sl dherdisd vaatmees of

of laser speckles: Fig. 2 is a schematic view sfl?:)wi the. principle of the .

e o 1S MR s SR DR B on: and

may dPERESRHHRVRRNRA piigkidd SRl sphematiaMelrshawinaihe PuRciPiaohias
present invention; Fig. 5 is a schematic view of the embodiment | of the
present invention; Fig. 6 is a schematic view showing the principle of the

D cirguits g}f the present invention; Fig. 7 is a schematic view of the
escriphion fh e Bratiies resent invention: Fig. 8 is a schematic view of the

Fig. 185Wegdiment3.afdhe preseptiygation; Fig. 9 is a schematic view of the

embodiment 4 of the present invention. Embodiments Hereinafter, the
Fig. 2psessritcimadntivevndlidemieseripaatiple efaie withasfarentiato the
E: accompanying drawings and embodiments. The method adopted in the
1

- SpRESEMERTER IR TSN P8 S B eI HENRTFEERS BN the laser
43ondiraniee NIBSMaRe evinndang tedluninatad djeshsurtace

producing laser speckles is reflected by means of collecting movement
Fig. Sitfarsohtiontf {éserof the embodiment 1 of the present invention;

ae

g

Fi

as

Fig. 6 is a schematic view showing the principle of the circuits of the present invention;
Fig. 7 1s a schematic view of the embodiment 2 of the present invention;
Fig. 8 is a schematic view of the embodiment 3 of the present invention;

Fig. 9 1s a schematic view of the embodiment 4 of the present invention.

Embodiments
Hereinafier, the present invention will be described in details with reference to the
accompanying drawings and embodiments.

The method adopted in the present invention is: the relative displacement vector
between the laser signal source in the mouse device and the illuminated object surface
producing laser speckles is reflected by means of collecting movement information of laser
speckle signals, and the laser speckle interference signals are received by photo sensors, and
then processed, so as to calculate the quantity of speckle pulses received by the photo sensor,

and to determine the relative displacement vector between the laser signal source and the
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speckle signals, and the laser speckle interference signals are received by
photo sensors, and then processed, so as to calculate the quantity oPCT/CN2004/000053

speckle pulses received by the photo sensor, and to determine the
relative displacement vector between the laser signal source and the 6

CT/CN20 4/0000 illum na.ted b ect sur, rod cing laser speckles,
8?:18?(5? SRl S H&S gcgtgt SRR esT %Cg{ ngs g chyerage size of the

grkle, | e., the statistical average value of distances between the
adjacent brightest point and darkest point, is related to the wave length of

laseiThadite tifeht hperipedagle ofthatadiatidmpregaciay¢hd dhenkdes between the
with respect to the plane determining the speckle field. As shown in Fig. 2,

adipsey brightatiareiucmd ket sﬂlﬂtelgerfé@w%b e v tbrat Jaser and to the
agdlGh | ; § § BeHEL R 9!%%'%?088 Eac%(?éss&rﬂ‘i% IJ %; %L‘iﬁet AL determining

area o |ameter may be expr ssed prOX|mate |ng

tﬁewﬁaﬁ&dlﬁé@l{&wﬁﬂﬁ'@sa@m HizEig. Sofftbaepaditditfielionf tescreen AB ata
scatter is focused onto a screen by a lens, a "subjective speckle” will be

digarrsdPiUndehishch elsenpitedn @é@eqﬁ@r@éﬁbmh Bé‘tWeFéﬁt‘tWeffgmeﬂa? @ircular area
e,individual speckle and th effectlve ture the lens
Dﬂaa%/ Be %I;L(Jlél’erép Cg%yﬁ%resfsq?l ﬁ)ﬁr())%}lr%u&% #@ﬁ@ ?‘IOUgh

the size-of the sppckles follows the statistical rules of the above formula 1
or 2, the size of each specific speckle is random, therefore, accurate

- meadursimamt iddfizcanidhdradiam gl omthrapigads ot ontopuistssn by a lens,

PR BN b ISR SRR T i o S HUSRGE beveen the
i@'ue) Sdhesireiala Burlityed speckiesi(QtiainaRie R adding A PHRYens may be

of pulses 20 together or averaging them) can relatively accurately conform
ewpthstied byadisticdloavieiafyerside 2:Moreover, under typical application

conditions, speckles are very small, ranging generally from several

hundfe&HaRdmettrd to several micrometers, therefore the integrated

preCiﬁjRHough the size of the speckles follows the statistical rules of the above formula lor 2,
the size of each specific speckle is random, therefore, accurate measurement data cannot be
obtained from simple counting of the pulses outputted and shaped by the photo sensing
components. However, since the size of the speckles follows the statistical rules, the sum (or
average value) of the size of a plurality of speckles (obtainable by adding a plurality of pulses
together or averaging them) can relatively accurately conform with the statistical average size.
Moreover, under typical application conditions, speckles are very small, ranging generally
from several hundred nanometers to several micrometers, therefore the integrated precision
reflected by the sum (or average value) of the size of a plurality of speckles is much higher
than the precision (approximately between 30 and 100 micrometers) required by mouse of the
prior art. Hence, the sum (or average value) of a plurality of speckle pulses may be used to
determine the displacement value of a mouse device.

In the meantime, if two beams of laser are used to illuminate the object at the same
angle, more precise measurement results may be obtained at one dimension. As shown in Fig.

4, if the displacement in the direction of the surface of the illuminated object is d, then we

have formula 3;
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reflected by the sum (or average value) of the size of a plurality of
speckles is much higher than the precision (approximately between 3Q1/cx2004/000053

and 100 micrometers) required by mouse of the 25 prior art. Hence, the
sum (or average value) of a plurality of speckle pulses may be used to
determine the d_is%Iacement value of a mouse device, In the meantime, if

two Beaiis/dt B8t oSSR RIS i Bisrsatdrifesaarkissangle,

MOrgDIARRMEAPUSIIEN L IRSUIR RGP BRIAINRA L oG AMERSIoN. A;

. shown in Fig. 4, if the displacemenétﬁ}r?tﬁe oilgrectic;%(t) tﬁgqsnl%r%lggab ﬁ?gramg to the_

prhoipiiead€ doatjdat 35 &, lhen thee3asbayeatasariandeded and all of the three laser beams
PCT/CN20041000053 d =na/2sin 0, where n is the quantity of pulses

SWH%&P%B&@I@I@@}F dacement within two-dimensional plane is to be
measur ccording to the .principle,of formula 3, at | t three laser )
bear%Lsé ?r%rﬂr%g%%{géi%r‘{g’aﬁ Frolg %ﬁesﬁlr%%r ;s(e)r Segrfr)n%n%%a FASe gg“?r’?ﬁ%mlﬁple) beams

nRENe ﬁﬁﬂﬁnﬁﬁér@ﬁ@éﬂ@%@'@ﬁ&@mé&ﬁ%ﬂ%r%ﬁb@tiﬁ@ltﬁ@rm%@ic%lﬂgiﬁ within a plane.
beam, double (multiple) beams may be used in laser speckle

Thesedermament terdeusiadgwpre disiideeeneaftonithin a plane. These

formE w[i)légxe disiqssed respectively hereinafter. Embodiment 1: In Fig. 5

and fB ,%H‘S“a vice according to the present invention includes a mouse
10 beglys; and asisPRWR InfeiGievit0d deigafh NG 6 RERAUER A% Aludes a mouse
amplifying and shaping module 1, a direction identifying and counting

bodydabe 25 shavencontiipter anid Fagetcinmide3tiermdispdsely, andanoplifyirigdind shaping
in sequence, and the deyvice further includes a laser device 4 and a photo

MO s FGH i IALI T BRHI EURIRIS TS te SBfeRicompite interface circuit 3
aﬂétﬁﬁéygsggdahx L%%ﬁrecfe@@m%eg%ﬂa%b%a ﬁfé‘&@&iﬁetféﬂﬁé? ﬁ%éggéfggg%%wm danda

phot tric signals to the amplifying and 15 shaping mo

- phbntecpeasdIfor hascprbigohel phothRieiifisl sensingeolikcvdinfale Baghinated by laser

group consists of two or more_ photoelectric sensing units aligned in a
baws afd [pketosisaerleS transfers the received photoelectric signals to the amplifying and

shaping module 1.

Said photo sensor 5 has groups of photoelectric sensing units, wherein each group
consists of two or more photoelectric sensing units aligned in a line. After laser speckle
signals or laser speckle interference signals from the object surface illuminated by laser beams
are received, relevant photoeiecfric signals are amplified and shaped by the group of
photoelectric sensing units, so as to calculate the size of the component of relative
displacement vector between the photo sensor 5 and the illuminated object surface in the
direction of the alignment of photoelectric sensing units. In the meantime, the direction of
said component of the relative displacement vector is determined by the skewing of the
electric signals produced by these two or more photoelectric sensing units. The photo sensor
has at least two groups of photoelectric sensing units, wherein each group consists of two or
more photoelectric sensing units aligned in a line, and at least one group has an aligning
direction different from the others. Two of the groups may intersect with each other and use
common units.' And the relative displacement vector between the photo sensor 5 and the
illuminated object surface in the two-dimensional plane is calculated on the basis of the size

and direction of the component of the relative displacement vector and the intersection angle
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signals or laser speckle interference signals from the object surface

illuminated by laser beams are received, relevant photoelectric signatg:-rcnzo04/000053

are amplified and shaped by the group of 20 photoelectric sensing units,

S0 as to calculate the size of the component of relative displacement

vector hetween the photo sensor 5 and the illuminated object surface in ) )
DSfEeegic 8nV8F%’ar@Hﬂbem%Fﬁha{6@ré&ﬁct§@rﬁﬁ@uﬁﬁé?hﬁt%ﬁl@am sensing units
redieantime, the direction of said component of the relative displacement

vector is determined by the skewing of the electric signals produced by

thesadwhoorminrBipholediecttisesepsildewijisalt Teophaio 68806 E%b@SIRiminated by
least two groups of photoelectric sensing units, wherein each group

logeaesa RS S VRSO RY Sh [T e s s ej wiams phigfaelgdtiia Hismakiare transferred

least .group, has an alignin irection different fr, the others. Two
to?)#ht am %1 1§gnax%.s?1a t#]u% (lj f%liwrocesan&%,eancf) fer %1% fLe Rrr?é;essed by the

€ ay inte Seetwith €ach Other an comrion
diedsiaieaisnlasemeninREiRRRINeR tharhaie 8RNBBYRAARSN of the speckles
_illuminated object surface in the two-dimensional plane is calculated on
infikelsatice dvehdisizasbmahplaticestians 6f dintato thp omeving dinetielatiféhe mouse device.
isplacement vector and the intersection angle 8 PCT/CN2004/000053
B SRR T b AT 36 GHOPEOT BRI e fEamsterred t
tm{ﬁg:dépﬁﬁef%%%e&%fﬁ'ﬁ’3ﬁ§1§&?%&m@gh@ iﬁ%@%dﬁﬁ@&&?iﬁét%?éﬁit module of
from the object surface illuminated by laser beams are received bythe
thehwtbreen sunGe y fdevand jpzaiotteairicl signals arthéramsfertad 5 to the
amplifying and shaping module | for processing, and then they are
proc direction identifying and counting module 2 to determine
the Tving. gt o REeReaKRT I e UL RIRNANERIANGY the present
S0 as to obtain the moving direction of the mouse device. The signals

cpriacisred hydhenbisdétentidendifiling andieopréiegimathoeid@ie a focusing lens 6 is
transferred to the computer interface circuit 3, which may use the

ajFegrscindhe pataathduirtaseivioarssf spodde sinakrinnteripbotorsensor 5. As the

ending out contral signals to the c uter. Embodiment 2: As sélo nin .
SRS B TRT R e i R R Bl 28, e, I, Sbodiment 1
unnecessary details will not be given here.

Embodiment 3:

=‘As shown in Fig. 8 and with reference to Fig. 6, the difference between the present
embodiment and embodiment 1 is that, in the present embodiment, a beam splitter 8 is
arranged in the light path, and the laser beam emitted by the laser device is split into two or
more beams by the beam splitter 8 to illuminate onto one or more areas of the surface
producing laser speckle interferences, wherein each area illuminated by at least two beams.

Here, the beam splitter 8 consists of a focusing lens 6 and a pupil 7, wherein said pupil
7 has at least three light apertures 71 arranged in front of or behind the focusing lens 6. The
centers of the light apertures 71 are not in a line. Since the centers of the light apertures 71 are
not in a line, two-dimensional sampling of photoelectric signals of displacement may be
conducted. Fig. 8 shows only two light apertures in one dimension, and the light aperture in
the other dimension which is not shown is similar in structure. In the present embodiment, a
structural form of double (multiple) beams is used, whereas both in embodiment 1 and

embodiment 2, the structural form of single beam is used. The structural form of double
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embodiment and embodiment 1 is that, in the present embodiment, a
focusing lens 6 is arranged in the light path for receiving laser specklgcrienzoianoooss

signals In the photo sensor 5. As the 15 structure, principle and operation

method are the same as those of the embodiment 1, unnecessary details _

will not be given here. Embodiment 3; As shown in Fig. 8 and with '
(pattipdeickesnsihelps the Rt decralisipthel shedisht spvirsdiimaioyndhe reliability

embodiment 1 is that, in the present embagdiment, a bea litter 8.i5 20 .
o G R e Rl S s TR s e overction
migispdioinie: resentBeNsBRIENS By the Kermshiiiensd daibumirate GRtPembodiment 2,

one or more areas of the surface producing laser speckle interferences,
uppseresare detnidy sdlllnehragddchyrercleast two beams. Here, the beam

splittgr 8 consists of a focusing lens 6 and a pupil 7, wherein said pupil 7
has Eﬂggﬁfﬂ%’f&eingm apertures 71 arranged in front of or behind the

focusingiens Gn e 32rentens REthalight angryres t?ff% 8RRl hddBEnent, a beam

Since the centers of the light apertures 71 are not in a line,
siplvived Breemsistiag oémpliegrofqaiyet8élentric spgndisof dispiadehisat deaicbd forms two
conducted. Fig. 8 shows only twg light apertures in one dimension, and

Ia3eg hetps peed SHREEHEPgife PRUHI 555 PRADSHBORY 528 P dhsrobiect surface
B PR 00 S TR ST e sncum i

tlenbtdipenta, dhe diusisicalaodieotisingitnbeanvis uFethe TiR eétuedbifidned two laser
form of double 9 PCT/CN2004/000053 (multiple) beams helps to

bewnam thsthehks spbe bf the srasteseree Sinitevhrascordiibilaserdipgms to illuminate

recision of detection. As the structure of other parts and the.principle .
B o S L AT LS RSP S Y cisplcement

i e RBREAM SNt shiand L MEOdiRIeRt2n HPNREARRADLIRIFISVIhROLARIIE hser beams to

here. 5 Embodiment 4: As shown in Fig. 9 and with reference to Fig. 6, in
ithenprretse iceniiedtiratitca Hoathe sphitsents ovhsiltingtofthesggorsebferm of double

(gl%ll%%?e?bseparer?sulg a s% igsgae ,g(s Iiﬁg esgr%g%{igee& %%r&sp%os and the principle and operation
method of the present embodiment are the same as those of the above-mentioned
embodiments, unnecessary details will not be given here.

In each of the embodiments, a collimation lens 10 may also be arranged in the emission
path of the laser device 4. As shown in Fig. 9, the main object of arranging a collimation lens
10 is to reduce the illuminated area of the object surface so as to facilitate measuring. A
diaphragm having light apertures may also be arranged in the emission path of the laser
device 4. The main function, method of usage of the diaphragm is similar to those of the
collimation lens 10, therefore unnecessary details will not be given here.

In embodiment 3 and embodiment 4, a beam splitter 8 is used. The laser beam emitted
by the laser device is split into two or more beams by the beam splitter § to illuminate one or
more areas of the surface producing laser speckle interferences. The relative displacement
vector between the mouse device and the illuminated object surface producing laser speckle
interferences is reflected by means of collecting movement information of laser speckle

interference signals.

In the present invention, as long as coherence is ensured, two or more laser devices 4

10



laser beams through a spectroscope 81. The split laser beams converge

on the object surface after being reflected by the speculum 9. Fig. 9

shows the spectroscope 81 and speculum 9 in 10 the light path BaT/CN2004/000053
one-dimensional direction. One or two of the above-mentioned two laser

beams may further be split by the spectroscope 81 into three or four laser
beams to illuminate the object surface. Thus, two-dimensional sampling

of photoelectric signals of displacement is realized by splitting the laser

maybgwse tHeedpisthsgssprrgtadfoviiatple psepisdarss devitiemdiiheainete one or
moRPIgeLSYfage: 4{1‘&9&%‘?&@&&%%‘%@W&%@Eﬂ?ﬁﬁ%@z‘%@éé@!%}Pérgﬁupé%h area is

15 (multiple) beams is also used. As thé structure of other parts and the
illupyiprinslbsingt dpstaliion Deremsod ot tstapresdis bemseriimastarbehecearthe mouse
devit® iRs R efiiREARAYE ShRAIARAT. L RPOHIME TR oHONREES SARHEIRIANS Wlleflected

not be given here. In each of the embodiments, a collimation lens 10 may
by mewpelerilisgiagmeemenssisprpainbpiHessurcakivdetaimensasignals. As the
prifdid afiemMaiB LIRSk araning:aLolimatina eNinsQ 448 188HY GRll not be

_ the illuminated area of the object surface so as to facilitate measuring. A
giveidisigagm having light apertures may also be arranged in the emission

path of the laser device 4. The main function, method of usage of the

diaphragm is similar to those of the collimation lens 10, therefore

unnecessary details will not be given here. In embodiment 3 and

embodiment 4, a beam splitter 8 is used. The laser beam emitted 25 by

the laser device is split into two or more beams by the beam splitter 8 to

illuminate one or more areas of the surface producing laser speckle

interferences. The relative displacement vector between the mouse

device and the illuminated object surface producing laser speckle

interferences is reflected by means of collecting movement information of

laser speckle interference signals. 30 In the present invention, as long as

coherence is ensured, two or more laser devices 4 10

PCT/CN2004/000053 may be used. The laser beams emitted by the two

or more laser devices 4 illuminate one or more areas of the surface

producing laser speckle interferences, wherein each area is

11



illuminated by at least two beams. The relative displacement vector
between the mouse device and the illuminated object surface producing
laser speckle interferences is reflected by means of collecting movement
information of laser speckle interference signals. As the principle and
method of usage are the same as the above, unnecessary details will not
be given here. 11 Claims 1. A method for processing optical signals in a

Claifi®Mmputer mouse, characterized in that, provide a laser beam which
illuminates the surface of an object, laser speckles are produced in the
Vickningthddhtori Ihnmhﬁ&it@hp@ebﬁguﬁaiwa mfmputhenmemeﬁarammmg imhe

najs of the lgéser Spec kl s are rec oto  Sensor install

e, SREYS 21 00E TS D8 s At R ity

e mouse an

are pbdased ﬁpﬁf&lﬁemu’c?e@‘r@@eiw@ehbaftéhayala@tcs@m%orwmﬂ%dﬁé%wae

the relative displacement between the photo sensor and the illuminated

movigsidee SiFRate oA diFo IERdrSHEdRTEA Merbisio sraner dveried bize
the B580€ SREHIESi At WEPRAIQLRrIGERSINIOR é%%”gﬁ 12 G TRurer

- ‘mouse as claiméd in claim 1, characterlzed in that, sai sensor has
speckjro ubsex pho@oekéchyc gengingo usitsowhandinie adtiegning cbasisistiottwo

displgi%rﬂqgéte %&gﬁgg} 88[?er$§é% L ﬁﬁ#s aligned mg 0§e after Iaslleées R%c{ggy

Iaser%@édl@é@Hﬁ%@%ﬁ@@&%ﬂ&%ﬁé%ﬂ&%&p@l@wm photoelectric _signals
are amplified and shaped to calculate the size of the component of the

Pelétipethad fRICRIEATIS ORSIBL EEBEIS tRex oM SENEoRNes tleimed in
clami”lgo ﬁ)gf f ﬁﬁtf %%?d'}éﬁlﬂ Ige}lggrqlgg Ctkg{#gf éhtpec tl(%l?ec eg;%nsmg

toelectric sensing UnItS In t € meantim ono

unitscodrpeinanatbigivep elaiise dbplacaneant yhotoslin e tesine didy Higned
' .Skewing of the electrlc Si als oduced by these two or more

in 2 Jipe; BT e S8Rty RS s Jluamplgbpidatcsibemms in
are BERUPUL HIUREHS %lﬁm%éﬁcmc sensing units, relevant photoelectric

signals are amplified and shaped to calculate the size of the compone_:nf of the relative
displacement vector between the photo sensor and the illuminated obj e:ct- surfacﬁe lying’ ‘.
in the direction of the alignment of photoelectric sensing units; in the meantime, the
direction of said component of the relative displacement vegtbr is determined by the
skewing of the electric signals produced by these two or more photoelectric sensing |
units. |

3. A method for processing optical sxgnals ina computer mouse as claimed in
claim 2, characterized in that, said photo sensor has a’c Ieast two groups of
photoelectric sensfng units, wherein each group consists of two,or more photoelcctr;c
sensing units aligned in a- line, and at least one group has an aligning direction
different from the others, two of the groups may intersect with each other and use
common units; after laser speckle signals on the object surface illuminated by laser
beams are received, rélevapt photoelectric signals are ampliﬁed_and shaped by these
groups of photoelectric séns'mg units to calculate the size and direction of the
component of relative displacement vector betweeil the photo sensor and the

illuminated object surface of the respective group, and the relative displacement

12
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Claim 2, characterized in t mat, said photo sensor i as dt least two groups
of photoelectric sensing units, wherein each group consists of two or
more photoelectric sensing units aligned in a line, and at least one group
has an aligning direction different from the others, two of the groups may
intersect with each other and use common units; after laser speckle

signals on the object surface illuminateq by laser heams are received, ‘
T SAL VLG e N o et e S e
two-afnieRIEpligeSRNEMMMRISIR salaHatedhesizRanddunstionm aifthe:

component of relative displacement vector between the photo sensor and

compegenfy o isridas e dispiprsBe B e sl avd BYdus, Ainuatferetaaa

object surface in the two-dimensional plane is calculated on asis of
diredhensize and direction of the components of said relative displacement

vector calculated by two or more groups in different directions and the

A S TR RSB S R L LR LT P aREe dRBCHEHEE £
the 1HEMSE R HREQESHHING ORI GRINSIRRLS O GRINALERE RAQUSE I iaaRLYIng: OUt

the method for processing optical signals in a computer mouse as claimed
of climah{ nd wpsidting of tomouss heidtingsitesaid meussdend inricenpdifying

_ / mplifying: an | d irection, identifying

ond JH5E AL ET R W e RAIRRE il AR T R
computrcestirfarphotadtaBifosipoatssiig dispmtadrendpednnectéiepiosed and :

seqguence, characterized in that, said device further includes at least one

connegted IR-RAMERSS SRATACHATIRS Lo Hhatly B Ve Sy inchides atlgestRisals
lased"@Mdbes0Rie S ﬁﬁ&i%cgeﬂéwspafsp @aei@,z‘%r REAMS:RRARRALO £6RSEE (5)

transfers the received photoelectric signals to the amplifying and shaping

objechedfnes(@npra e keode/0c065d phbistrgosor (5) transfers the received
photoelectric signals to the amplifying and shaping module (1).
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The present invention discloses a method and a device for processing
optical signals in_a computer mouse, which is related to electric digitacT/cN2004/000053

data processing. The method is that the 5 relative displacement vector

between the mouse device and the illuminated object surface producing

laser speckles is reflected by means of collecting movement information of

laser speckle signals. The device for‘égFW?ﬁé out the method consists of

a mouse body; inside said mouse body, an amplifying and shaping

module, a direction identifying and counting module and a computer
interfaeepoirenit foventooedsing pisctostdetd asigndty arefdigposediagdpiical signals in
connected in sequence, characterized in that, said device further includes

3 SPTRBUFD R YsEe VSN LR RIS Bheles Sisndisirdrdrie anAREs ider Sisetigbiod is that the
r&é@i@@'&@@%e‘éﬂ%ﬂp&%& g@ﬁﬁeéﬁu{ﬂ%nﬁlt&%gydé & 91?(%'@1% | LBQ‘L%E) object surface

sensor transfers the received photoelectric signals to the amplifying and
psidaping medweeckids isvefiiordas amsimplefsislete highdpehnie@rmation of laser

feasibility and high precision. 15 (Fig. 5 for Abstract) 14
speckle signals. The device for carrying out the method consists of a mouse body; inside said
mouse body, an amplifying and shaping module, a direction identifying and counting module
and a computer interface circuit for processing photoelectric signals are disposed and
connected in sequence, characterized in that, said device further includes at least one laser
device and a photo sensor for receiving laser speckle signals from the object surface
illuminated by laser beams. Said photo sensor transfers the received photoelectric signals to
the amplifying and shaping module. This invention has a simple structure, high technical

feasibility and high precision.

(Fig. 5 for Abstract)
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