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PCT/ CN2004/ 000053 Met hod and Devi ce for Processing
Optical Signals in A Conputer Muuse Technical Field
The present invention relates to electric digital @&T/8N2004/000053

processing, and nore particularly, 5 to a nethod and
a device for processing optical signals in a conputer
nmouse. Background Art Since conputer nouse canme into
bei ng Mgthedhenddievies for femessingOptisal Signplg it duFomputer Mouse
generations, which are divided froma technical view
poi nt, have been devel oped, 10 (1) Mechani cal nouse:

Th j princi ple of the nmechanical nouse |ies
[ n%ﬁ%@ﬁﬁ:@%ﬁ%{h the rotary ball at the bottom of the

nD 1 . A . i . [
TP s A P B0 T i

to dinfefledd A%, delvice dbi PHBEesERE opti@S Sighdls 04 i Rahbssel N
different directions to rotate. These rolgary shafts

are connected to a circular coder on which contacts

are arranged in 15 a circle. The rotation of the

r otBaojkghand Axt transferred through pressure shafts to

enasfbl e the contacts to be in_contact w.th_ contact .

st TP SOMBYICE MNQNSEREe o ofeingsialyihg $ndnelcHo@tethe following four

further ,.transf.or into 0-1.signal.s., These data are
sepdtpiahSy b AR PET o & el P RS v Speen day ot
di ?lgl\fl‘&: BRI sdpal s by nmeans of a special chip to

I
gur de the cursor to nove accordingly. Because this

t YPRe SperfRHSSincipl® bf theRHE@NicABAHRRI 1R lin Ble/ 146 I# MR rotdry ball at the
has the inherited 20 di sadvantages of | ow precision

boasrd of thenaoade] 1.¢.twhenahel rdtiryi ballphvsibalyddontdcathd sefiadelt the table and
market. (2) Optical -nmechani cal nouse: The nechani cal

rotatesi $@ diferentbditactions dt Haivashibe quesseml rotaey shafic al diffevae directions to
This type of nouse is of a simlar structure of the ]
rotptsc hagst edhryrbatie arcpeanestgd todi difculas peder patwitieth cariiegts ftg arranged in

a c&r?:ﬁ:i ﬁge %lg{gfggﬁ ¢ h]éec g(%%’&r]i)@sigé’?q%ﬁt[egﬁg etltzrgﬁ;;h tp?eessur}g Vsﬁgitpsn‘gosenable the
co:ﬁ;{a)c%}i? b e ﬁ%‘ap?gggﬁtgﬁ%%@gggg%gt ‘rfqd{ggdqac&g)ggff Wehdls vhich are further
traddred S {)Jln%g&iz{lﬁ gﬁigséj HSRAEE §/ Bg{lﬁgﬁllrl%fgl{ﬂ; g\ﬁ&g ensional X-Y

e novenent I SC cause

dstBsplREAEN Hal aQbkcifl ingly.
- cut tp:l ng of fsg)%{fa St l%gﬁlg%gs ﬁ{f a%@%ﬂa %ﬂoﬁgﬁ)éﬁ%? gﬁtgagﬁgs%l&gen%ccordmgly

Betduge thisr §pe 06 sEike 1i9sdfde firelymaksiemival |stiubRie, it has the inherited
cal cul ate the distance and direction of the novenent
disadvahtagesafise poarsdon anl tirgebikityganal is isandy hdvdlySavd srgthe market.
thereof. 30 Since the kernel positioning nechani sm of
t h® Qniisel-ofechavicadmoussi sts of photo conponents, t

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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PCT/ CN2004/ 000053 it is characterized by a | onger
service |life (as conpared with the purely-nmechani cal
nouse) and hi gher positioning precision. However, PEECN2004/000053

the basic positioning nechanismof this type of nopuse
is still the mechanical rotary ball, just |ike the
conventi onal nechanical nouse, it wll cause the
it tsurhetscterigedrby @ lohgawisprviee lifiartps eammpdred mithi the oty mechanical mouse)
sitioning. This js mainly due to 5 the dust attached
anﬁ %lﬁhﬁ’ép‘?%%qlﬂ‘é% PIEEisiop. BRAWPYS, asithe pasiceesiioning meehapisgref this type of

it t bef qr e It sed
miue S dasionSen o b dyet Hn Rt SR kB b Aplggkmovse, it wll
ca{é%rt@?éﬁerlswk Zﬁ&gﬁ: op ra?[mo%fésﬁl %'il# +r{éﬁao@g§§g .?Hrts is mainly due to
thd@fst bt RQAENSN MESTham Ritm{i{%ﬁw 11G8he@hdany fdm&ad it tna%ugﬁﬁﬁ%fore it can
therein any 10 nore he photo nouse of the first
begeaibprapérdnagath.used with a special nouse pad having a
reflecting surface and very regular grid |lines forned
by (B) Blako miaves obithe fivstigendraties. Two | i ght-emitting
di odes are arranged at the bottom of the nouse, wth
onePhein mopsryis pation|aghisuperivs dn Pavitiening prsciston, persise difpjand operation
emtting. infrared |ight absorbable hy bl ac
ha@ff‘éﬁng Recaiie ﬂ%@‘%&%‘%}ﬁ el mecleaica; REHeeds apweﬁ therein any
%rranged anot her group of photo tubes used to receive
Yie reflected lights. The photo nobuse determ nes the

di "l h oP LD ?st enérgﬁ%muﬁs%do@ﬂﬁ tﬂespeggfhl%u&f pad having a

t he s' ghal s re?l ecte er the two groups-o

reﬂelc‘utﬂgnsﬁﬁ“&& Sl ey %gavsﬁ%namlﬁé@efonﬁw%? nask: 1iAss hﬁu %lue lines. Two

type of photo nouse has to be operated on a speci al

ligheemsetingadioded afe arredgeld at hebistdinvay shechease, with ose aaitting red light
convenient to use the nouse. Therefore, it has not

abgselable BOblue hintwatidAbel othetemitting infraraddight pbrogkablf byt black lines. At the
second generation; The photo nouse of the secaond

botiein & #hq wASEs thees i %ﬁb@rwed\gmtbﬁt growr Ahphasg ifehes @ged to receive the

ht - e ttin i odes ar.e

refl}:gfgg I{gg 91 it &1@1 Ip?uaég? I@g{l)qlés e@qgmpn%g éheo iregtiop %]ng @tlstance of the mouse on the

bagi SRSt ROEEEE b MR PO LR AEng af Ky aves on the
mcﬂ%@ﬁf&s z@sdthtlsopggto?%o{dq H&Vﬁdggodderaﬁe}dt&{] Rﬁ“ﬁdsp\é@ihyﬁloﬁge pad which

ordi na I'n or eter

nedlls St@'b@‘%ﬂm cledn, ihR KR USBvenidnt kS uBCARSHBAE. TheRERE it R8s not been
pictures, ~ theréfore scanning frequency becones an

popmqazreaaﬁaelpar aneter for assessing the photo nouse.
CGenerally, as a mninmumrequirenment, a scanning
f r ¢dpuitinty mohisclof3hOsd¢contk gerpeationecond is  required. The
scanni ng frequency of sonme of the J)roducts made b_ly i
M dhepbpto @onssorfahe 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
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30 reached 6,000 tinmes per second. Another paraneter
that shoul d not be neglected is the 2
PCT/ CN2004/ 000053 resol ution power of the npuse. PHI/EN2004/000053
paraneter is indicated by count per inch (cpi).
Generally, the resolution power of the nouse is 400
cpi, i.e. coordinates values are transmtted for 400
regolyiion mogier ef heymenseehin par@metrr isriadicgteh by éomt st ihepi). Generally,
! heol,rugglg lﬁg‘tglgrgofcg)p;,n\g&ge Ay O};ﬁ%, gglgrgg of th};f.grare %rglllsmlﬁed for 400

h b
o5 S AR TRH O PSR B0 oL o mous o
beﬁé ﬁllgﬁﬂlg}pllegcﬁgmp cone, such as low positioning

I si“on,” unsnoot i ‘oper ati on hand-feeling and
f Un&i h%tlﬂl@édeﬁb(ﬁfé AtheQRrdlinfichh@b8 mb$R; hasreRdPbEen eliminated; the
nmouse of the first generation has not been popul ari zed
opticadehgchhsic uasusef hashdisadehghgasewhich are diffcdloko us&tome, such as low
neverthel ess the photo nouse of the second generation
pobitiening poscasien mmsmbethdipseativa handrdecbihg iand dwwaion gletasioration after long
use of the photo mpuse of the first generatijon, . and
us¢;fhe photaanapse A dhgfirst génwtgw has ot SeanpaRarized gwdely because of the
therefo

highy EE Rl e, Rerarbeloss i phivto gtiss gF ifi, selond” Generation has

oV r%ErIElL) d?aglvgﬁt%i% C{:Iﬁ La&rn%t%teﬁc{el 1%%1%% ?Flihﬁ gh? ft-: Iﬁ{(:égfirgtsgeneration,
an@fbdch%féﬁerlfzé&t) htS hléth edififh tahc[‘gang%eﬁr?& 1ifs, 1ﬂ€’1tef0re has occhled a place

sufficient. nts of the Fnvention The obj ect
in fHRehigH- eﬁ@ﬁﬂoduay QRirkRHoweled, dhieqV itkicanpIRaRaGrabibldand structure, its
devi ce for processing optlcal signals in a conputer
costrernains hizhaand dustl the lintitatipn ob thenschoblagivab andk cose fiaxeors,nts reacting
use, conplexity of technol ogy and high cost of the
spgsdiipnotauflici®® The net hod for processing opti cal
signals in a conputer nouse according to the present
invention is: a method for processing optical signals

corrpu r usg, characterized in that, the
reI ‘1;%38 g}ﬂé’{'g'@?r%‘?ﬂ bvect or be]tc ween the nouse device
t .
andy g LA RLSER, s SYDKRTE PRBLEE 4 BSRE for processing
opﬂé&ﬁ @{gﬂﬁfs'lﬁrh &m ﬁt@tsﬁ'%usceo% l%%% %bﬂf@%@ preblentd 6f 'ir?oﬁﬁénY&ce in use,

I splracenent vect or et ween t nouse devi ce an

cotipleifty HedeithoRRiyas Hh@i’d{fsﬁ&ﬁh@pﬁ&w&t ng | aser speckle
interferences 1s reflected by neans of collecting
- noVigeeindthod fok provassipoptical sigails inpeokipatdr nidrsé accerdirg to the present
‘signal s.
invention is: a method for processing optical signals in a computer mouse, characterized in

that, the 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 relative displacement vector between the mouse device and the iHuminated object
surface producing laser speckle interferences is reflected by means of collecting movement
information of laser speckle interference signals.

Said laser speckle signals or laser speckle interference signals are received by a photo
sensor, and said laser speckle signals or laser speckle interference signals are processed, so as

to calculate the quantity of laser speckle pulses or laser speckle interferences pulses received
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Said | aser speckle signals or |aser speckle
interference signals are received by a photo sensor,
and said |laser speckle signals or |aser speckle PCT/CN2004/000053

interference signals are processed, so as 30 to
calcul ate the quantity of |aser speckle pulses or
| aser speckle interferences pul ses received 3

byrbg pleng ser0 00 Badetgrningthe selative disnlaesmentbeiween the mouse device and
defer.mi ne the rel ative displ ace t between the nouse

ey LB, GO U T HITG SO ENesal 18 B b BFCHAT £ size of the

er lLes on the.hasis of the average size of the

Ia%‘%i%erc k‘?ggﬁ{iﬁfi ero‘cfpef]ﬂg qugrieer?m%'eckl e interferences..
Sad . . i i .
oS PRERSR60SA i, O RN QELRSY LGSR 1B Houpconis

of PR bPRIRCHHO Sel &S icnSing it Saltdnkd 4l 1ihd) After 1438r spRERIB Signals or laser
| aser speckle signals or |laser speckle interference

spaedkimles fefrermmsignelsdbjre the shicdtaaadd llumimaddbly Digel Bea@ls are received,
beans are received, relevanzhghotoelectric signal s

relgyant phefoplevisid signalssiva paglifisd envkbshgpelipy dfe gshap ofpleatoelearic sensing

sensi ng uglts to, calculate the size of the conponent
ungs iq ealelats thegizeibe rremponsateigelapue displacemgnt ypefppbetween the photo
sensor .and the illpym nated obj.ect. surface in.the .
seiieF aud i igrioil PG HRCe O MUrGaPB ot e A of agotoelectc
' s I B, 4 [ [ | T
sl ! T 0 AR) F: bo f S64 LaMpBlert Bt the slaive displacemen
veliBt B MBidRAnd b IR SKOMDEr B dh%ie Eigﬁﬁl.[;' Fodtic8d' By Shese two or more
produced by these two or nore photoel ecCtric sehsing
photdblesiric Seisthgbli@ls0 sensor has at | east two such groups
of photoelectric sensing units, wherein each group
corBaidplotokerisap hay atrtedse tyd etichegroaps ofcpleredéctdc stmising units, wherein
aligned in aline, and at least 15 one of the groups
cadhagroum censisghphyvalor word photefil¢ctie samsing nwits @lignask iner Bne, and at least
T of the groups nmay intersect with each other and
ong, ehthe groRns hapap alignipe direptippediffersat kpm the gihsrs Tuio offhe groups may

R 5 ST R S U5 B B e et
. | i e S . £ .

LS 641 6o AN ST, 158 0 . i
AL Yok B3 DA o i
so aehsehlcalaft thsild AiiinaiRd FtheCbmpbhdACE r@fatitlé"?isplacement vector

respective group. And the relative displacenen

betweei the ghetorapBsortdnd thd illuiniastes objesiwtrfabeof the wedpeati®Oeroup. And the
obj ect surface in the two-dinensional plane is

relatpie clispdceniennvedier tpdwean it phot snze anddheiillesinaed afect surface in
the conponent of said relative displacenent vector

- theafp-dimenpigpelr plape i i ncalgwdated et thse hasin of vibe t izes and gdifegtion of the

COrBp e e SBPRSHIT o) NG SBETErIRang sdhebvsgndhe vectors,
sai@ gi:%g #{I% &ﬁ%ﬁt}?}ﬁ c{f\ﬁﬁedﬁ?%gq%rgﬁt[ K rfahve stpﬁlgé)ntlgn% lveegt%{ ia:rtljd said intersection
angle are calculated by two or more groups of photoelectric sensing unmits in different
directions respectively.

The device for processing optical signals in computer mouse for carrying out said
method for processing optical signals comprises 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,
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directions respectively. The device for processing
optical signals in conputer nouse for carrying out
said nethod for processing optical signals conpri SEFCN2004/000053

a nouse body; inside the nouse body, an anplifying

and shaping nodule, a direction identifying and

counting nodul e, and a conputer 30 interface circuit
chagetefrgbiadhatn spid deyiee fusther inslugegptdeast ane lagersgryinscindagphoto sensor

connected in sequence, . 4 PCT/ .CN2004/ 000053 )
fof AP AEclEs GHOT S SHARS T S o rioniara Namraled hydaserbeams; said

l.ea rdevi n ato.sensor . for ... .

pofEE S Gp G881 1l 2B Fef WoReRIBE URFAINIP gy Fopplitying and shaping

m&itd ace il lum nated by | aser beans; said photo sensor
transfers the received photoelectric signals to the
anpik iffuyho? dnélodess b dwomBski| ®vices lahd faUpRdIE l'sehdds | fB0 B eiving laser
at | east two | aser devices and a photo sensor for

speakdre intérfgenicasegnals fieok e objearduehendhinshgodlty fasanddahs; the laser
object surface illum nated by |aser beans; the |aser

bepraa fitead freraaid bye smmgre legerodevings éllumisete efevie esmore areas of the

i) lum pnate on one or nofe areas of the surface,
surfacs eTUcHa lases ﬁp%&c‘ﬂt‘é{eﬂﬁlﬁ%ﬁs M@lﬁ%@@h ajfcis dlfymisated by at least two
be?z}[r)ea is illumnated by at |least two beans. 10 It
¥ther includes at |east one |aser devi ce, a beam

spl er MGudesPRALSt $R2 Slg:ireg fdfg{/ice r% SEhY | 9&%@2&& Jhoto sensor for

speckle I nterference sign rom i he obfyect sur

redelvVinBa 8@ s BEbIRY inkeRBnc 8RRl frohl e bBRE sRBRMIRMihAES b}fmaser beams;

; ]
fromsaid | aser device i's split into two or nore bea

theblysdr teamemnitted ot k&1 1aser dbViberinglie if16 tABeIrGho®Me@ms by the beam
areas of the surface producing | aser speckle

splitter &y flememateen onevhiemereraresaoff theerseefacesprotlhaing hatrespediye atterferences,
| east two beans. 15 The principle and benefici al

wherefieeach greatindluprinafedby prieashtwobeagse: when a beam of

| TGRiEREEE SMERCTRGEE] AR S0 dta Bt NI AT SRSl beam of lase
I GOPARE Bl 55 S8 S S8 e v
BB T Sy, i o, O s gy o
spcd. Tis phehbBifefiH i rcﬁll%}o%%t@dﬁ] l&s@ﬁo%'h G F%Xr fglfg g&)%{%‘i@}? not only on

surface 20 of an o um nat ed

thelraegh susAe€ T &n b5jeaC butadldcyinah& bitfte @pack th eHel ﬁ&i@lﬁ? @f the rough surface
phenonenon caused By the construction and destruction

of hedbjexe ilhinhieated &y laweed |1 i ght waves on each area unit of
the rough surface of an object, which can be
expheilased spscklehis gpswadlyak Kiedtofr gerbfrendei phenomenbe caused by the

con%t?{lclzti\g%dand 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
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with the theory of |aser interference. 25 Theoreti cal
study shows that, if the incidence angle of |aser is
fixed, the contrast ratio of the speckles is rel atP6HCN2004/000053

to the roughness of the surface of the illum nated
object. Many objects used in daily life can easily
neet the requirenents of roughness for formng
conidarid dependant peﬂhmﬁhﬂsnaﬁw po0ede ohiget, ¢ ftﬁ:@efQWethmmalong with

of speckl es ca bvi ously. observed when | aser
thy WOMWW&t(gsth%ﬁ wefst Thg peleiive ispippesRers, %e%?@ﬂ ﬂa% Opigsh @d the observer

(O30 B b RRREEL TR beds o RIS p R e £°) s
S pe&éﬂgﬁ:ﬁ nfY tﬂ% I'eS%PF %&N%nge/ 1%9;1?18% élsgfa%?%lerﬁe\%ﬁg)r between the laser

dependent” on t um nat éd sur

signBRdoRFRMA th@YVustNS iRl 80 heVilufhindtdtEoBjBM QUER e Iﬁf)dﬁ laser speckles
object. The rel ative displacenent between the objec

is efldcted by alzagy sfolleftiipiheemenamfhienatien o0 iaaer spockib signals. This purely
basis of this feature of the speckles. According to
photedegmebugytovicrroeres iairthe disedvaptages obthdi rsgrihatieatedwtvice. It has a simple
vector between the |aser 5 signal source in the npuse
stratyriec igh dephpical fepsibibitn atgédnrwl%tané dRayareath igengasafle precision and
s reflect by means of collecting

eckl es
SP?F@\?E %) f’rﬁfnbtr‘ﬁ’gi?‘i?ﬁo@f“lnﬁ fs-speckl e signals. This

purely photo technol ogy overcones all the
di sadvant ages of the nmechanical device. It has a

Si 'ﬁﬂs@rigﬁ&ﬁ Hpgﬂrﬁ"a“hh%’; technical feasibility, high

pr ecl Si may greatly increase the precision and

Spegsl 10k aERMHIRBEY oMabdl speRI@M C et hods. 10
Description of the Drawings Fig. 1 is a schematic view

of Hig<eis aspletdtiessiew sighwidlg ik minsipheoihe pregere\inmsntivn;ng
the principle of the present invention; Fig. 3is a
sc egrdtis @ svlamatichoew al(cpwihg thernirinciphd ef thé preent peestion;
invention; 15 Fig is a schematic_ view show ng the
pr iFig 40 @ sehenaiis vmé gl@:rwmg ﬂwemnmﬂﬁ offthe presentdnyention;

3: tic view of theigﬁg gf t he present

hvi 1A schempticyigy opthg ¢ P weﬁww&wﬁ@n

pr| [ f the cirguit.s gf the nvent.i on

B SR8 sShertalE oot il s PP FRBEH el 2 i P sept invention

[
B om s AR e bBthe GBS TR P‘f%S‘éhﬁW“&‘l

schpgrtit § sMicatiefvidv 6f @ERRBbIRNt § of fhetﬁ@@seﬁerlﬁfeﬁﬁion
i nvention. Enbodi nents

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

- Embodiments

Hereinafter, 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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Herei nafter, the present invention will be described
in details with reference to the acconpanying
drawi ngs and enbodi nents. 25 The net hod adopt ed i n PCREN2004/000053

present invention is: the relative displacenent vector
bet ween the | aser signal source in the nouse device
and the illum pated object surface producing |aser
1llgtpwr@de@bw@ juefere predicng lesingreeklet obgosding g theavaisge size of the
ormation of | aser speckle signals, and the |aser
SP% Bkl e interference S|gnals are received by photo

qua °f$§e e el R SO sl Bfo e e el etween e
adPRBRYrighl: POt b ARKELTORR, INRIdAE] B Y SudlleSBhA YFMer and 1o the

ector S|gna source an
apB&ie @h@@%/ 1RO B onl ﬂrb&ﬁﬂlﬁgaﬂl%ds SENIBCHitE Wish8&&o the plane determining
produci ng | aser speckles accordlng to the average size
thofpetkie fiekpeclshewn i hgg. 8) the sizk ¢ hef thasgrckefonkédon the@cereen AB at a
the statistical average val ue of distances between the
digiatjca ©& bt Whidhgistadsotcalled fabjentie dpeokielt by basen scaiter fr@n dheegircular area
to.the ve length of | aser and to_t 5 apert
of gdligneet teDy ey l?f‘a@ipa%ﬁwparfa@aeﬁefygbﬁ the tt]oslk%'eng
resgec ﬁig 6§e pl ane determnining the speckle fleld As
shown™ F the size a of the speckle formed on

ot heAsS%f %bj 954 %t ifthe %%‘ti%ﬂ%%{)d’ég the sé’éii%lcg @t& 5o a  spreen by a lens,

cal'le i've spec aser scat romt
a ‘ShtE4 VR spke2 willl bedoHhedTeinakr s[rlch @H«Yun@ﬁa&’é? rtﬁ‘él%@éi‘lonshtl)p between the

approxumtely by the followng fornula 1: .
sizé 0o ASf the @idiviilial perkiedandi the tffiectivadinaibtion apér@lre NOA. éfhBe lens may be

scatter is focused onto a screen by a lens, a
expresusil g the/follopgkdostula2t | be formed. Under such

ci rcunstances, the relationship between the size a of

t heo A0l 64 dUdIA. speckl e and the effective numerical

aperture N A he |l ens nmay be expressed

f ol AEhgugh ﬂ?%‘i*%ﬁﬁfé{’? spesklen el Tae stahBoal s @ ﬁwtql?eve formula 1or 2,

si.ze he.statistjcal rules

e HE A Per PR l‘i)"“% HbeigfeSe o alsceasifoript data cannot be
obtgﬂl%ﬁkllrgm' S?Iglli:l%gg&‘}%ltng Ci{ugsr%s 2091? eﬁgaggﬁ%%ﬁ&? nt%lﬁ é)hoto sensing

a canno
coﬁgé)rfe'ﬁ% ?RM%%II Sl nf Wge Eﬁecﬂ%@ FONRHOthe SRk rules, the sum (or
mponénts. However, since the size of the spec

avér@%é e o eheSdiad fsd plﬁﬁ'ht)f M* $ock N @bEUIb By adiVR @ﬁl%rahty of pulses
va

ue) of the size of a'plurality of speckles

togethet ai Dakdgindthemdl damglaivplylicahrately @nfgul w6k tROstatistical average size.
toget her or averaging them can relatively accurately

Mareoiegrundai typitdhepplicatios tdonditiony expegdessazevery 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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Mor eover, under typical application conditions,

speckl es are very small, ranging generally from

several hundred nanoneters to several nicroneters, PCT/CN2004/000053
therefore the integrated precision reflected by the

sum (or average value) of the size of a plurality of

speckl es is much higher than the precision

(appF e Mt §, weerasdntigauantity odpulsismf daser speshles.

reguyi r.eq by nouse of the 25 prior art. Hence, the sum_
(o?llfef{)gﬂ%@é%m n gpoglimensional Plangt issigebs macagred exgcording to the

POt Dte o e et PRGERERATt g S taer beams

shAl fotu8f eXahlelidfenat e the object at the same angle,
nore precise asurenent results nmay be obtained at

OneAdRAGHeAtboS vaReW sthiFAlFormdof dihglé BEam, double (multiple) beams
di spl acenment in the direction of the surface of the

mdyl beinsadaineldsedBpecke hashrethbiftfovvneadfingate diglaten@ntSwitiin a plane.
PCT/ CN2004/ 000053 d = n A /2 sin O, where n is the

Theseafiertns wilbbe distusessd wbpdctively hepmeltbres. |1 f di spl acenent
wi thin two-di nensional plane is to be nmeasured
accorbrdigeriol:t he principle of formula 3, at |east

t hree..l aser a re needed and all of the three.
| adBiFifgonfad Hn e, BpViER achrding € tieogpegh vesipg includes a mouse

' [ t.r al_for 0 ingle .
o BRSPS SR Mgl Sl and shaing
| . - r: . | i . .
BB AREREH AR ind 85 RS ALY S PLARRARS bt ciri
ard SREd indedonnbRE®inRbh@ice, MaRdddBaRt futther iAclii€s a s Wvice 4 and a
Fig. 6, the device accor di ng to the present invention

- photocbnsde$S far reoeismg ldfer bpatkle stpmlsaforn hloasbjeat shiface iPluaighted by laser

Fig. 6, inside the nouse body, an anplifying and
beayhg atdgphote seniser 3 frapsiedistbe taceived ghotbelestiingiganald to the amplifying and
counting nodule 2, and a conputer interface circuit 3
shaping @pdPeded and connected in sequence, and the device
and a . phot.o sensor

519K PRRLE; G 1 Bee Bos GUIRDOGEI 1S st WHE: Jofrest cach group
co. BF By o e DBt SbingcRa PR g iafia®, ARERBer speckie
s e 0 RS8R0 BRI oD IR o R0 e beams
are€A%Bived OkflevasiP PhbfkRcRic §10Ral9rarBOmEpIERAt )] QRifedChy the group of
sensing units aligned in a line. After |aser speckle

phatbgleatis Rhsihgs@iitssReckd ol gil@ildter @B cszs iofnkscédmpifehhef relative
obj ect surface illum nated by | aser beans
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

8
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are received, relevant photoelectric signals are
anplified and shaped by the group of 20 photoel ectric
sensing units, so as to calculate the size of the PCI/CN2034/000053

conponent of relative displacenent vector between the
photo sensor 5 and the illum nated object surface in
the directi-on of 'the alignment of photoelectric i )
begwgeq thgseuHpatars, PRighharenealeitlated byt e grove o | Rhiotesiectrig sepsing units
conmponent of the relative displacenent vector is
reﬂ’g{g{g‘fe&'ned by the skewing of the electric signals

RN SR TR —r
1af2PBL AR Er%trﬁde’ e%lqgrsﬂh@ %[I}Hﬁ‘)' steﬁsor‘@'] 1&ans gl“?d:tgelg&ﬂbl @iL%nals arc transferred
Wo Or S I'ts

consists of t re photoel ectri ensi ng un

to dhd GAPKIfyinE and dHaginganedaé 11 BAptoceRigd bAd Bhdnaheylre processed by the
aligning direction different fromthe others. Two of

ditebtiorgidentffgingamd icotiginganddulé 2 o éatedming thema@nink disection of the speckles
. comon units. And the relative displacenent vector _
in Fetapientwondimsneipnal pdansoso & tambitaihthe movingrlinentiod of Biesnouse device.

TR RRBob i U S E0 WA F F ehoEahl £anstra
o SRR e it B BB 505 Y5EBh Gi modue o
i f
R R S L L A
Fi Embodidbhier: | aser speckle signals fromthe object

surface illumnated by |aser beans are received by

t heaphtaivenh BERRO7 dnd With e¥@fdncd RO TRL | el Hiffesdn@d debradhahe present
transferred 5 to the anplifying and shaping nodule 1
embodinpm6 eed sintipdimerd 1 e that, himy thar gregeno eedbedundmy, 4 Hecusing lens 6 is
direction identifying and counting nodule 2 to
arreiegedrini the lighte path ion gecdiving- lasermspsekle Isignelsdnkihe phoforsensnr 5. As the
entire two-di nensional plane, so as to obtain the

lal - p .
strigiyiien griaeiplsc and (pPperation dnehod g dlie same aphthoss ghthg embodiment 1,
rocessed .py t.he direction identifying and counting
unﬁ%‘aﬁpgc%gaégémilpghg?gy%herpo the conputer interface
Ci nCul t.. 1ich may use the interface and processing
ci r%({dllﬁ%%\ﬁ?e of 10 the ordinary nouse, for sending

OUtA LR Pi'gg@g%]ng With tré@re?@émy Fg. i66 ’ﬁgﬁg&k&%@% rl})ét'we'%ﬁ the present

shown 1 n Fig. wth referenc

emBbdihRICBAE okt e BESRNthe RERAHIIBOHINRM a beam splitter 8 is
enbodinment 1 is that, in the present enbodi nent, a

arrirged Sh bg: ligngath, asd tiey lasgrdeami amittbe by klghlasqraleRick as split into two or
receiving |laser speckle signals in the photo sensor 5.

mo#s bedes b the rhgatnus@ittepr8 trc ilhinginata cdondp enatdramoreetdeasd of the surface
are the same as those of the enbodi nent 1,

prodheiag dasstayppclde inderferendes,) wheseinsachpreenlumdnaied 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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Enbodi nent 3: As shown in Fig. 8 and with reference to
Fig. 6, the difference between the present enbodi nent
and enbodinent 1 is that, in the present enbodi mentPCI/gEN2004/000053

beam splitter 8 is 20 arranged in the |ight path, and
the | aser beamemtted by the |laser device is split

into two or nore beans by the beamsplitter 8 to ' o
(multinled beames hetnsdombanse the ehossnsaof dhe tiglkt sourdeatprove the reliability

roduci ng .l aser. speckle interferences, wherein eac )
an FUSPIFIPY, OficRkeeen u§s g}@ siptye of o5 dsits enfihe, PHPHSE‘ and operation
i nsists of a focusing |ens. 6 d .
el S bl shipBRT i oft s SaGe W enpdimpdd pf gpodiment 2,
PELLW &S ailslw Y | ront of or behind the
Lm?ocusfﬁlg ?lens 61.{0Q$Egﬂ]e}2l%e%enters of the Iight
apermbédimendida:are not in a line. Since the centers of
the light apertures 71 are not in a line,
t woAslslens iroRgy. 9saxiplitin gefofenghot Bigl 6cior the Begnaembafiment, a beam
- displacenment may be conducted. Fig. 8 shows only two
splitteyH ccmp:@?mgj pkbg spastrossope S hend a@mcugm Stihgsddi bhger device 4 forms two

apﬁétur%H n. the other dinensign which is not shown is
laset heamsy throysBar theetinseorq Bl-thhe sphilssstbeams sanyrses on ghe object surface

B A Y
A TP i L b e 356y AR M o e
beligd ity rpphe o Eghliﬂie t eé?:%fgﬁng)ﬁs 89 fintb ek iog h}&g $8F 6&ms to illuminate

|rrproethe retianl precision o tection.

the”6bjed SuiThdel Thu, awdt diflehebnad dhrhplidNef phiRodEMAE kighals ddisplacement
operation nethod of the present enbodi nent are the
is saligedaby spidisieg dic s@obianeby tHe spediresdopeli8einto @pltiple laser beams to
unnecessary details will not be given here. 5
ilheniatgi e mbjert sisfagh olnthienpiesept emntmditnenits ther stfwntwak éortro of double
in the present enbodi nent, a beam splitter 8

Fig. .6, in . :
(mulsiple) deamg isotlsquisde A6 Mg stpjsturg of givgr Rarkpensutha prigeiple and operation
sed. .Laser device 4 forns t | aser beans through a )
melipde of o8 opesent. SRRIEIPY 0y e HEars B flydid Abprgsmentioned

bi.ect. surface after being reflected by the specul um
ennffielys” Yinefian ket il pP Bl e S specul um 9 i
.10 ld i.n..one-di ' Lr.ecti - -
t i SR AL el e B AP 0 iy R e dBron 0 Finthe emission
path WF tRSRs P AepiRt Ul ARGV ISFECY, RS ﬁﬁﬁ?olﬁéct'o@%ﬁaﬁ%iﬁ@ & cBllimation lens
four laser beans to illumnate the object surtace.
10 TO4S redud® 1 (TRMShABA laresasPihie Nibjdet siifade0q] 8€td iffkilitate measuring. A
signals of displacenent is realized by splitting the
diablwsgm ledng bght heerspsctny sdsoplee 8drangetl annthk tanpkson gathr of the laser

beans to illum nate the object surface. In the
deyieeedehhe e dinesinn, meted sifrusageupfithef dinphragmde sishidar 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 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.

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

10
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15 (nmultiple) beams is also used. As the structure of
ot her parts and the principle and operation nethod of
the present enbodinent are the sane as thgse of theCT/CN2004/000053

above-nentioned enbodi ments, unnecessary details wll
not be given here. In each of the enbodi nents, a
Co ens 10 nmay al so be arranged in the

limation |
m g nTﬁﬁéﬁSﬁr Beamsanittgd &y thr e er moreNaserrdavices i iltiginate one or
9, the i.h object of,arrapging a,collinmation |ens, 20 .
myy g8 Gl LEts, PRodine iatroapek ea it pRs oL PEERin cach area is
: LI . [ A di aphra .
ORISR 88 00 e S PR ARHR ks, e ARE e mouse device
an@ AhSHlufiinR&d Hviedt shttsed ﬁ%eim@ﬁ&’ér“s@e&l%i-ﬁtﬂﬁfe?&ic@s is reflected by means
function, nethod of usage of the diaphragmis simlar
of tcolldchiog enavkmichieinfaitlationef lagh sgﬁﬂ@e ihthrfekdRE SfeBAI8. As the principle and
unnecessary details will not be given here. 1n
meshdsbefi usegs arg therrdmerds deti abeme, whne@ssagpdetsipd will i@t b8 ghvén here.
used. The laser beamemtted 25 by the |aser device
is split into two or nore beans by the beamsplitter 8
to illumnate one or nore areas of the surface
produci ng | aser speckle interferences. The relative
' enment vector between the nouse device and the
Wﬁ%t?saér%%%ﬁqg% obj ect surface producing | aser speckle
interferences is reflected by nmeans of collecting
novenent information of |aser speckle interference
Si gN@ fethdd bAplodGssRICPRCAI §ighafiThl Lo mARer! Iﬁ&gse?&aracie ized in that,
coherence is ensured, two or nore | aser devices 4 6
theRElRtiCAABPILENEAS3ctorBytwieen tafoustlievicaard tHeglMinated object surface
emtted by the two or nore | aser devices 4 illum nate
pragiveing rlasermspaskbes s sefteitetiy mearsafecofieaihgemnygerhas énformation of laser
speckl e interferences, wherein each area is
spgcklesigmalst ed by at | east two beans. The rel ative
l,ace t. vector, between the nouse device and the

di , . .
| Pufs 6] TobRLtssia PHED BB A TIRE T aysecsaEcterized in tha,
o AR SRR e G -8R e Ry BRHLRSHR vt st
' I LG th .th
208 B LR, BAEERLE, RO nELD S, Wil Gl v

inf&Hn48Bn BETa8er sPEAle [ferfrélciRgnks: 10 1. A nmethod for
processing optical signalsin a conputer nouse,

char Aahethod €6k procdskiag optiédl Qigh@lsah aMBnPutl InfGREBY laimed in claim 1
vector between the npuse device and the illum nated

or hljhettesimed acthat, griddeser BpeckRsdgnadpeckb@speckls @itdréat®d signals are
by neans of collecting novenent information of |aser

recgipety @ photgreghsor, and said laser speckle signals or laser speckle interference signals
are processed, so as to calculate the quantity of laser speckle pulses or laser speckle
interferences pulses received 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..

4. A method for processing optical signals in a computer mouse as claimed in claim 3,
characterized in that, said photo sensor has groups of photoelectric sensing units, wherein
gach 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 photoelectric signals are amplified and shaped by the group

13|
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15 2. A nmethod for processing optical signals in a

conputer nouse, characterized in that, the relative

di spl acenent vector between the nobuse device and t PET/CN2004/000053
il lum nated object surface producing |aser speckle
interferences is reflected by nmeans of collecting

movenent. information of | aser speckle interference

of ghgieglestricsensingranitile calsulate Bz afgho pemperient pirelatiye displacement

a c ut er use as clajned,.in,claim1 20 or. 2, . L.
VeEIRE PSSR thrclP it et ands HiegIaringfedsshicat surtase fatiesinghe direction of

i ence. si.gnal . ived b
AR AR oL LS RSE QBB AT B componen
ofstﬁsqgllaﬁ'vé @isﬁfa@@xﬁ@tﬁc’?ecﬁirgf?an{léemﬁﬁe% By Eﬁ@%% ng 3 A2 818tric signals

cal culate the quantity aser speckle puls
prodised by RSKive orlide phebereEe strtifamifkecei ved by the
photo sensor, and to determne the relative
di shléaoettedtfor petesing dptiealmignaly id avdoaeutst Anduse as claimed in claim 4,
il lum nated object surface producing | aser speckles on
chafeterizzd ipdkdtssapd phdie senser hepeatdeasbtvef grohps dfshetoelectric sensing units,
speckles or the |l aser speckle interferences.. 4. A . )
whegaim saehs grpup pnsistsolriyyooptnesIphetoglesiris sepsing upitsyiligaed in a line, and
se as clained.in.claim.3, ,.characterized in th
at [ERlcpog ain Bhseoening Gieglip RN SRuE Msr s briithe eroups may
. ' . ei r C L t |
B S O G0N LIRS 4 AL YL PR o tser sec

intb@&8fice s?@ﬁ@‘ﬁ@m%@ BEe& s%ffa!:@ﬁﬁlhliﬁe&i?cg t%r Fasieﬂ‘!'&e%frfs%%% Rckived, relevant

signals Tromthe object surface I nat ed by

phbtaslestrib eRfiBls e al!h?_ﬁﬁéd/ﬁfﬂ sHaEécﬁM;ames@ BRiups bephdtbélectric sensing units
signals are anplified and shaped by the group u

to BXITUlERZRNOLL0 afd 8Rectmh qilthd cahpatent of sbmist Midsplatkingnt vector between
calculate the size of the conponent of relative

thegphoe senspipand thedHuminatedt obieah sutfecepfche respetive gienap, tahd the relative
i]lum nated object surface lying in_the direction of

dispiagement g¥rstswt beSwesim Bicophale t septor sais thg gillyprinaged joRegh gurface in the
antinme, the direction o ai d anent, ,of the
o g RIa0n GBialaed et i bepts of dResir AushdBptiR ot the components
of S8 PR eCliad ol o BB By o BCHE BrouR jh Rent airectons
: [ L&Akt Si LB B . ppuse as
o e T ol e LB B B R B oD Pt o
SepsSH dBAge Br prodsbink \WptiBA RRIOn PRemMPel edusé for carrying out the
sensing units, wherein each group consists of two or
method goppotasingadptical S@add Mo cothpierahbgires dldimad lih BRim 1, consisting
and at |east one group has an aligning direction
of glinfduss body; finsade theenatsh dody, anvwnmifyingeandrshagsg meodulie0(1), a direction
. intersect wth each other and use common units; after )
ideptiying sk erymting medile @ dndsercompuisk [interfhen eir¢ust éhcéor processing
s%anaLs frog1the_oqu£t surface jllumnated by |aser . )
Phofeeieriric signalsc e Eepose 28¢ enneqiith ith p@Enes, chafagierized in that, said

devg%gﬁigtggrleib{:]iuﬁgs %gg%s? E}Sg Eagmiertb %ev}clg%i)ear%r a? gﬁ)dc’to %tfansor (5) for receiving laser

speckle signals from the object surface illuminated by laser beams; said photo sensor (5)

transfers the received photoelectric signals to the amplifying and shaping module (1).

7. A device for processing optical signals in a computer mouse as claimed in claim 6,

 characterized in that, said device further includes at least two laser devices (4) and a photo

sensor (5) for receiving laser speckle interference signals from the object surface illuminated

by laser beams; the laser beams emitted by said two or more laser devices (4) illuminate on

12




to calculate the size and direction of the conponent
of relative displacenent vector between the photo

sensor and the illum nated object surface of the PCT/CN2004/000053
respective group, and the relative 15 di spl acenent
vect or between the photo sensor and the illum nated

object surface in the two-dinensional plane is
ong A enfireareds oh thehwirhas pedoting ases ppesklgriticdferences, rhersfn each area is
the c nts f said relative displacenment vector
IHE%F@EﬁgE ?ﬁgm@Psnore groups in different
and ect i et ween t

di t
cortpdhefie R HipdehEpk Apica Sent gnd OgPuRs iR e flgpmed in claim 6,
ch%@t@ﬁ?&l’ H9h4 pgakcf aévi%é ﬂﬂhﬁlgb%ﬁg@s SPRUb& 1a§é}%&@1cé gﬁ) a beam splitter

carrying out processing opti
(Sﬁwalﬁotws@s&om Ube Eec@'ﬁ&&?la@é% gaeatigﬁ&efmreﬁé@b@hals from the object
consi sting of a nouse i nsi de the nouse body, an
suefaqel il i nege doloyd | s apdants; ﬁ’(edlukee Wedmn, engitted be Ghidolaser device is split into
identifying and counting nodule (2) and a conputer
twp ot grofrabeants by thictbead)splitier (8) sxdlsiinge oploe oehwet aiegs of the surface
signals are disposed and connected in sequence,
predysingdaser sseldciipferfergncessuhereingach aea fsdflvmaatadriy ai drast two beams.
at | east one |l aser device (4) and a photo sensor (5)
for receiving | aser 25 speckle signals fromthe object
surface illum nated by | aser beans; said photo sensor
(5) transfers the received photoelectric signals to
the anplifying and shaping nodule (1). 7. A device for
processing optical signals in a conputer nouse as
.claimed in claim®6, characterized in that, said
device further includes at |east two | aser devices (4)
~and a photo sensor (5) for receiving | aser speckle
interference signals fromthe object surface
illumnated 30 by | aser beans; the |aser beans enmtted
by said two or nore |aser devices (4) illum nate on
12 PCT/ CN2004/ 000053 one or nore areas of the surface
produci ng | aser speckle interferences, wherein each
area is illumnated by at |east two beans. 8. A
device for processing optical signals in a conputer:
nouse as clainmed in claim®6, characterized in that,
said device further includes at |east one |aser device
(4), a beamsplitter 5 (8) and a photo sensor (5) for
receiving | aser speckle interference signals fromthe

object surface illum nated by | aser beans; the | aser
beamemtted by said | aser device is split into two
or nore beans by the beamsplitter (8) to illumnate

on one or nore areas of the surface producing |aser
speckl e interferences, wherein each area is
illumnated by at | east two beans. 13
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