APPARAIUS AND METHOD FOR M NI M ZI NG UNDESI RED CURSOR NCMENENT Fiﬁ%ﬁ?ﬁNEUTER
CONTROLLED DI SPLAY SYSTEM Background of the Invention 1. Field of the

. I nventiion The present invention r&l dt s to cursor. control devices 5 for
computer control Imlmhrwhw METHEE erms Mamhtmls emnmkancmdaamﬂ yquMEmHnnappar at us
and Méthod for ninj ' : Quput er
controlled dlsplwwtﬁdon of t he Related Art 10 I'n
many conputer controlled display systens, it is desirable to allow the user
to control the position of a cursor, or the like, by neans which are

external fromthe naig cogﬁuégr Eeﬁbogrd. ﬁor exanpl e, a user may be
required to repetitiverl ons di spl ayed on a 15 cathode
ray tube (CRT), or na&ndep%erseneowmuiox@%aat& %ol caPdAchORE FBY delliled N
conput er 'system In such situations, traditional keyboard input systens are

not as effect i5ve fas canmmercomudndé\dmaay enstens A impre gfaxtiedlaxiyas a

"nouse" or a "trackball". one cursor, control devices utilize
cont acti ng encodé:t"sa"dmraﬁlﬁﬁlﬂ’%i’r '“EE'?%F°EO‘P\‘(‘PS‘F“H%H/|“€€§3H?4 CRES®HL i cal
encoders. In eit Qg,;, ehfit AXCEuch L' %ﬂgﬁi&ﬂ& ydqu S sor novenent
whil e the cursor devi-ce is statlona 'S un e5|re cu so novenent is
commonly referred to as 25 "jitter". Mst optical encoders presently in
use-utilize at |éast gne |ight en1tt|ng di ode (LED) in conjunction with at
| east two open col | ector transmtting photons to

the bases of jghe phot ghraliy) Fgas&e:ahsmoaaeah&siqaypwst:%sanﬂ §s0rs to

conduct at a certain t
desirable to allow the user to control the position of a

(v cursor, or the like, by means which are external from the
main computer keyboérd. For example, a user may be required
to repetitively choose software options displayed on a

15 cathode ray tube (CRT), or.may desire to input data in a
diagram format into the computer system. In such situations,
traditional keyboard input systems are not as éffective as
cursor control devices, each commonly referred to as a
"mouse"” or a "trackball®”.

20 Some cursor control devices utilize contacting encoders.
Other popular cursor control devices utilize optical
encoders. In either instance, a problem exists in undesired
cursor moﬁement while the cursor device is stationary. This
undesired cursor movement is commonly referred to as

.25 "jitter®.

Most optical encoders pfesently in use utilize at least
one light eﬁitting diode (LED) in conjunction with at least
two open collector phototransistors, the LEDsS transmitting
photons to the bases of the phototransistors, allowing the

30 phototransistors to conduct at ; certain threshold.
Typically, an encoding disc (i.e. aperture wheel) is providéd

with radially spaced slits to alternately provide or



Typically, an encoding disc (i.e. aperture wheel) is provided wth radially
spaced slits to alternately provide or -2- interrupt passage of light to
the phototransi stors as the encoding di sc noves in association with ’
novenent of the cursor control device. h% a schene is created to eij, U)er
provi de the dual phototransistors |n duaf' f'f stat es, off-on 5 states,

on-of f states, dual on state r| at &S provi de

i ndi cations oft %’\fe’ﬁgktp%ﬂ‘s‘tgﬁe ?:ulr1 or Qt ev :(‘:"e‘s;'% pro %gém exi sts when
the cursor conéhdddifgvaLsc imoves aid aeab«yimdmt Qe MoVehéit @ESendappens to be
di sposed such 10 that an edge.of the encoding disc which forns a slit is
di sposed on t heugaaz contxde devier. hahug & 2638MQ tiad creafrchtol EbheF

phot ot ransi st or art cu

phot ot r ansi st o?%"‘%ﬁ’% gﬁ “ i °ta°tc§8nféﬂ‘ iy grgt{ual g?élr ‘?l;eesv\hgﬁter t hey

are of f or ©n. seahluss, ohiofmtséae b2 dﬁél% bbetdd Ohtnoadriatienspaci fic
phot otransi stor, the phototransistor m ght recei ve enough photons to report

on, or it may these sEates@roAde niddeationshof ceevwamentingt jtihet enreaen t hough
the cursor control gew C | S substantially stationary. Exanples of prior.
art cursor contPHTS QFE utilizing 20 optical encoding means are

provided in U S. Pg ¢bpiem 3stsuHed3thé Shui@drt SoddrolodéViceeati t! ed
"Cursor Control ‘Device" and U-S. Patent No. Re. 32,632, issued to W D.

At ki nson, enti stawicndrypand t8psercrdingBiise happemgXonhe digE®spdisuvhs are

assi gned tOOt hth r[ easnegtdgéle Soé %ge encoding disc which forms a slit is

disposed on the path of the_light being t:ansmitted from én
1LED to a phptotransistor. Ih many prior art cuféb: control
devices, the phototransistors are sampled at a certain time
to determine whethe:-they-are'off br on. Thus, if the edge

15 is on the light path of.a specific photct:gnsistdr, the
phototransistor might receive enough ph¢t6ns_to.feport on, or
it may not. In such an 1nstance, the cursor may jitter even
though the cursor control device is stbsﬁahtially stationary.

Examples of prior art'cursor control devices utilizing

20 optical encodipg means are provided in;U;s; Patent No. Re.
32,633, issued.to D. Hovey;.entitled""Cu:sor'COnttol Device”
and U.S. Patent No. Re. 32, 632, issued to ﬁ. D. Atkinson, o ;_y

_ entitled »"Display System®. Both the '632 and 1633 patents
are assigned'tp'ﬁhe ﬁiesent assignee.

25 : In the case of a gontacting encoder, contacting'meaﬁs
are provided on an encoding disc to alternately provide of
interrupt:con&uctibn'of an electrical Curfént. - Similarly,
when the cursor control dévicé is suhstahtially.ﬁtationary
and the encoding disc is on an edge, there can also exist

30 such a ”jitter“ of the cursor oh';he_computer display.

As will be disclosed beloﬁi-pte#gdt.applicAn;s have

developed a novel apparatus and method for minimizing
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25 -~ |In the case of a contacting encoder, contacting neans are

provi ded on an encoding disc to alternately provide or interrupt conduction
<of an efectrical current. Simlarly, when the cursor control device is
substigptial ly stationary and the encoding disc is on an edge, there can

al so exist 30 such a "jitter" of the curs®dr- on the conputer display. As

w il be dlsclosed w,, present applicants have devel oped a novel

appar atus and net ﬁo%l foe;d Ef’ﬁ??ﬁ FPeRgment "Biliulﬁ!’GSF‘l‘@’(PrcGPB'@)l’omEMtiwml | e
t he cursor cont rehbgleaﬁtqqn% ﬁglgg_gggw al )e d‘gtsggga{ ent e piresent
invention is applicable to both optical encdders and con actlng encoder s.
-4- Summary of t BEPligablei bo buthappticiluenesdbrscalid Gohtast ftigliedtbers.
undesi red cursor novenent in a conputer controlled display systemare 5
di scl osed. A cursor control device capable of generating an electrical
signal indicative of a position of the cursor control device is provided.
At least two tenporally spaced portions of the electrical signal are.
sanpl ed. Each of the sanples is taken within a designated period of tinmne.
The 10 period of tinme designated is a function of the predicted rate of
nmovenment of the cursor control device. The sanpled portions are conpared
wi th each other and to an electri cal



si gnal preV|oust sanpl ed. The conpari sons are analyzed for det erm ni ng
whether the cursor should be signaled to nove on 15 the display of the
conputer controlled display system Use of this digital |ogic hysteresis.

techni que mni
i s subst.anti al

mzes "jitter" of the cursor when the cursor control devi,gg -,
|y stationary. 20 -5 iBri ef Description of the Draw ngs:

Figure 1 is a flom/diagranlillustrating the steps utilized by the present
invention to ment of '‘a ‘cursor in a conputer
controll ed display system 5. Figure 2 is a schematic top view of a

cursor contro

devi ce which may be used to inplenent the jitter mnimzing

scheme il lustratedannappardts land imgthéd of miAlhiingi GiaediradCelsmwr control
devi ce, illustrating the mechanical aspects of such a device. 10

Figure 4 |s a

“al i gnnent

encoder. Flgu

mdmgpamm mwmmﬂqspmtmiﬁedp#qnlam §ySLem akey, of the
hot t k
SRRSO ol tied Sl £GP koot o

produced by thadtesest di@ﬁ&ﬂtiﬂ?ﬁcatﬂﬁéwil agpéatiauadfa:tmreuewaouts of the:
present invention, indicative of X positions on a conputer display system

Figure 6 is a

10

15

20

mmhldﬂmﬁiaquqvédp@pl iMadpast Sﬁ@ct—ﬂ@%ﬂtgﬂe&%& Circuit

(ASIC) which moy BS,8S6F ¢hQ LIDLSTRAL I{khal" §38 anbD¥&M 580 of tne

samples is taken within a designated-period of time. The

period of time designated is a function of the predicted rate

of movement of the.cursor control device. The sampled
portions are compared with each other and to an electrical
signal previously sampled. The comparisons are analyzed for
determining whether the cursor should be Signgled to move on
the displaf of the computer controlled display system. Use
of this digital loéic hysteresis technique minimizes "jitter"
of the cursor when the cursor control device is sﬁbstantially

stationary.



20 .~ Figure 7 is a logic diagramof a portion of the ASIC of Figure 6,
pertaining ‘to the nmechani smfor perform ng pul se generation and pul se
.recapture. Figure 8 is a logic diagramof a portion of Figure 7
sp_eci\U.-.caIIy directed to the nmechanismfor performng pulse 25 recapture.
(This™Togic has general inplications insaddition to the pul se generation

schene il ust ra%ge é’ % Fi gigrﬁ % aEg ]ma¥ beI utilized with contacting
encoders.) Figu ) S ' ation of a contacting encoder
which may utilize thegupdentis/a €06w Ahrah 301050chedlgh@iListepdhe sane

el ements or parts throughout the figures of the draw ngs are designated by
the same ref er epbtliseds by tthes presents ingeatdionctio Drindmipe ivnvapted he Preferred

Enbodi nents |. Ceneral _.System Referring now to .the.drawi ngs and t he
characters of SM‘Fee“feé'rteﬁgeglr%’i’ﬂgﬁ {“hé_r gﬁ‘gﬁ“tﬁfgﬁ?'é“ ?(1135 %ngﬂ W2A§Pam
_d65| gnat ed 9§n¢rf'ﬂl| | Vridnré 02 _id laUstreMale B8 £diE vaLRISE at bhigRd cBYtide present:
invention to mninmze undesired novenent of a cursor on a conputer

control |l ed di spieyiasy yhéchk mhy befuspd boriyplesent shehdittry eloimizisgrti on of

cur sor cont rol BESHe EPnpRsaR I FEHEF 1t ogr ated o roui 1 ecel ves -

signal 11 which- has pigugengtffl of £6P 3N BETa RAEEbP oA rb1GuevaLEYT at ed
circuit, the signal being a clock used for timng sanples. (A specific

i mpl enent ati on d}lestxating the mechanical aspects of such a device.

10 Figure 4 is a diagrammatical illustration, partially cut
away, of the alignment of the photodetectors in relation to
the encoder disc and mask encoder.

Figure 5 is a diagrammatical illustration of sample
wavéforms produced by the present invention, including

15 quadrature outputs of the present invention, indicative of X
positions on a computer display system.

Figure 6 is a block diagram of the Application Specific
Integrated Circuit (ASIC) which may be used to implement the
present invention.

20 | Figure 7 is a logic diagram of a portion of the ASIC of
Figure 6, pertaining to the mechanism for performing pulse

L-/ ' generation and pulse recapture.

Figure 8 is a logic diagram of a portion of Figure 7
specifically directed to the mechanism for performing pulse
25 recapture. (This logic has general implications in addition
to the pulse generation scheme illustrated in Figure 6 and
may be utilized with contacting encoders.)
Figure 9 is a schematic illustration of a contacting
encoder which may utilize the invgntive concepts disclosed
30 herein.
The same elements or parts throughout the figures of the

drawings are designated by the same reference characters.
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15 a cursor control device will be described in detail below.) A period of
ti mg for taking sanples nust be deternined depending on the particul ar
cursor control device utilized. This designated period of tinmeis a = _
function of the predicted rate that the user is expected to nove the sz
devi ce. For 20 exanple if a nouse is used,6 such novenent corresponds to
movenent of the noyse _,th- surface_.on Wi Ch,l S.. Lf a trackball is
used, such noverref ' hand over the
trackball. As noted in DeC|S|on Bl ock 12, a deternlnatlon is made 25 as to
whether it is time, during the present perlod to start the sanpling
process. In the evént tGenexaheSystem i s appropriate to start such a

sanpling, the data input the sane a e s as.shown jn Process
Bl ock 13. During th@eg%g‘l"é’ﬂaf'%ﬂ t[?eFf‘B "tﬁ"IlPP?re'CL‘d:F he ?ﬁr‘ﬁﬁ/ﬁ’%d’é tenporal |y
spaced portigon | el €1 SR Bfody kRcess Bl ocks
14, 15). 5. §e Lr&ﬂ‘gﬁﬂ‘%ﬁé ﬁﬁgﬁ&ﬁgx}ggg&t% whet hg? tr?gag?gnal | evel of
the first Sanp|dés(1§ndeédig%ﬁ§e£ﬁ13{ esrio, d1eqsetatiingt tise sstgpal ut deledof t he

second sanpl e of data saved, [err] (Decision Block 16) I f the two
sanpl es [err] bYaltBerﬁEe%&EaanQq’?éﬁnt% wieéa&wedesﬁrmﬁamvmt iof 8ot to.

the Previ ous I 6caRbUr &g o\ dnghe o Yehe - B0 oA NG BIOESRS BhOGeiblne (TN o

wi || subsequent € conpare com ng si gnal's to deternin et her
the cursor SfKNHdirhEeﬁEhﬂﬂﬁe)logic of a portion of an integrated circuit

10  (or correlative analog device) located within a cursor
control device. This portion of tﬁefihtegrated circuit
receives a signal 11 which has:otiginated'frém’anothér
portion of the integrated circuit, the signal being a clock
used for timing samples. (A specif1c=im§1ementatién of such
15 a cursor control device will be described in detail below.).
A period of time for taking~samples'mus;'be determined
depending on the'par;icular cursor control device utilized.
This designated period of time is a fuﬁdtion'of'the predicted
rate that the user is expected to move the device. For
20 example, if a mouse is used, such movement corresponds to
-movément 6f-the mouse on the surface on which it rests. 1If a
trackball is used, such movement cbrreSponds to the motion of N
~ a user's hand over the trackball. -
As noted in Decision Block 12, a determination is made
25 -as to whether it is tim§,~during the'présént pefiod, to start
the sampling-process; In the event that the time is
appropriate to start such a sampling, the data input is the
' ‘same -as the_signal in,.as-shown in Process Block 13.
'Duriﬁg the designated period of tiﬁe,_at’least two
30 temporally'spaced po;tions of the electrical signal are

sampled (i.e. Process Blocks 14, 15).
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" 10 ,~. As shown in Decision Block 18, if the conpared sanples [err] are
determmined'to be equal, their signal level is conpared to a directly

<. previously recaptured signal |evel, as shown in Decision Block 18. If the
previous recaptured signal level is equal to the:15 sanples [err], then
the récaptured signal level is set equalsto the previous recaptured signa

level (Process Block f)indicbNEY e Hfle §9UBA JrRehllf HecYLoNS hgGapt Ur ed

signal level, then the presé recaptured signal Tevel Ts sel equal to the
opposite of the pfetheusirseCaphplecdfsdapmisabedeliniasi?@quahaen tha Process
Bl ock 19. The previous recaptured signal level is set equal to the present
recapt ured si gnalsi98pd| 1e¥e1lyPE Jehe sepend isgmple rof datR FayeehcHid ng sanpl e

portions of the ngxt [ rocess Bl ock 20). A determination is then
made as to mhethe&éFﬁgE%%%ﬂ°§g ﬂgériod of time has started, as shown in

Deci-sion Blocls 21. |f 1ghehenewbd paigled 0ingl,i Uh:)f aretsdd Rgualymihea the
started, the present period is set equal to the next period, as shown in
Process Bl ock 22 zecgptiared|sdgpabflepedi s @etBtodihel previongarecantaced A
specific inplene

Derow 11 GRS YW of® VBTSRRI BBt Fighte Bade
schematic diagr am&fseeuémyvbewca{?aee& Wes QB:@&E&I&QP §63Ha38, télafeitaraind
generally as 26 is illustrated. he cursor control device is a nouse
design 5 devel opdetber thes entsers shgukd behimevedides a novel optical encoding
nea?s havirmlf% pU|SedAgr;ﬁG%ﬁf95 £QJYSngig¥%cRQ¥§? if the compared samples
. (Ini, Inz) are determined to be equal, their signal level is
\'i_ compared to a directly previously recaptured signal level, as
shown in Decision Block 18.
If the previous recaptured signal level is equal to the
15 samples In;, In;, then the recaptured signal level is set
equal to the previous.recaptured signal level (Process Block
17). If they are not equal to the previous recéptured signal
level, then the present recaptured signal level is set equal
to the opposite of the previous recaptured signal level, as
20 - shown in Process Block 19. The previous recaptured signal
level is set equal to the present recaptured signal level to
prepare the signal for the forthcoming sample portions of the
next .period (Process Block 20).
_ A determination is then made as to whether the next
25 period of time has started, as shown in Decision Block 21.
If the next period of time for taking samples has started,
the present feriod is set egual to the next period, as shown
in Process Block 22 and the guery of Decision Block 12 is
again made. A specificlimplementation of the flow chart of

30 Fig. 1 will be described below.



consunption. The pul sed drive pul ses both the light emtting diodes and
the(phototransistors I n synchroni zation, thereby m nim zing power
consunption. 10 As shown in Figure 2, the cursor control device 26
includes a first optical encoding assenbly 28, for encoding along the «\J/
hori zontal or X-axis, and a second optical encoding assenbly 30, for
optically encoding along the Y-axis. PoSitionable [ight interrupting neans
are desi gnated as %5 ﬁégagéigﬂgm&gﬁiﬂégFggapertufe wheel assenblies, also
known in the art ﬁ ‘e 0l SC_asse I es. The encoder disc assenbli.es
32, 34 are provi degdedor i toh€150YeNE Nt a éclidmatdic stimagram o adtePce 26
into signals indicative of X-Y |ocations defined-on the display system of
the conput eryied 6t 24 cutiscraiconteoli dgvissendesignared genesadilyeasi ghal s
. from and return signals to, an integrated circuit, designated generally as
© 36, in respofgeilhasumatnedt _@heacbasbmg?nﬁ%ﬂm%"‘ﬁ?&issgl gouge gesdan
Referring now to Figure 3, which is essentjally a 25 reprqd i of Figure
5 of U.S5 Padeweloped foy pxesent assigpee(whifh Hsgs Q/é’t"gﬁq ;g’g’é‘&gglt o WD.

At ki nson and of U.S. -9- Patent No., Re. .. i , - et
al . I Znt i t | egnceding Means r’%ﬂ"iﬂ&ri‘é@“,lsﬁgt 8%%?3"%@?1@&%% iog}g?fey ©

features of a nouse 38 are.il |l ust ( 0 ' : ' iggiagar e
assigned to Fﬂ@swgggﬂ?' aggﬁégi?elﬁgigﬁgq%vgu%?é%?gn%ﬁ%r% lti%g%eﬂggt entg i s

her eby incoraggagsdaha {fifﬁﬁﬂﬁa%:ansistors in ayhchrdnizétion, thereby .

minimizing'power”bonsumption.
10 As shoﬁhﬁin Figure'z, thé ¢u¥59r:éontrol device 26 \/
inclhdes a'firSt optical.encddihg aséémbly 28, fo; encodihg' |
along the hbriiontal or x—axis; and &”second_oétical encoding
'assémbly 30,_fo:.obgica11y encoding along the ¥-axis. |
2ositionabie';ight ipterrﬁpting-means are designated as
15 32, 34 and repreéentfaperture wheei.assemblies,-also known in
the art as encﬁder;disc assemblies. The encoder disc
assemblies 32, 34 are provided to convert the movement of the
cursor control device 26 into Siqnals indicative of X-Y
locations definédfon.the-displayﬁsystem'of the computer. The -
20 optical encoding assemblies 28, 30'recgive sighals'frpm, and '.K?j
| return éignals to, an integritgd'ci:cuit, design#ted.
generally as 36; in.response to movément_of_a ball 39, as
will be disclosed below. R |
'.Referiing'noﬁ £§ Figure 3;_yhich is essentially a
25 reé:odnction of Figure 5 of U.S. Patent No. Re. 32,632, |
entiﬁled "Display SYstem“ issued to W.D. Atkinson and of v.s.



‘Briefly, referring to Figure 3, each encoder assenbly includes an aperture
wheel, or encoder disc 40 coupled to a roller shaft 42. In addition, each
.encoder-disc 40 is 10 provided with a plurality of radially disposed slots
(described bel ow) which interrupt the |ight beans generated by the LEDs or
phot OEmi tters 44 which are bei ng transm ¢t-ed to the photodetectors 45 which

collect the ligh 8€?’c‘j"’ qq%co B eﬂﬁﬁéytf}?slgle#dCtong?g{‘é‘\éegf\;r@gngﬁ '}[ gxr‘gfttloeldd | evel

is reached. 15 T rame 46 of con provi ded

with a donmed houstigsdhd doaviel) Deli&ér,Clat topltvilewCat itHeS mebharfiéaland 54. As
illustrated, cut-outs 50 and 52 are di sposed substantially at 90 degrees
with respect to &maturss ofra mguse 28 targudilbstzered. oBothtthe Jéderand y

' ' i cal l | h h - . |.i ndri cal mb
56 Sur rounds cacheRBIRARER TS ASLEER TR FReEt SBat PR | BB on, o

illustrated. Eacl,Bfead@latees CirAsASid phceft 4 &snnamamaeoi;t&a_tear%% in a

manner allow ng rotation of the roller shaft 42 and encoder disc wth a
m ni mrum of 25 fr refexencel.n operation, a ball is disposed within the done 48
of the frane 46, and reta}i ns such that it.is rT%i ntained in contact. with

[

both cylindrical cont Bk ﬁé‘hbﬁ’rff_’ﬁ ng 'ﬁ?er#!)‘f%ﬁ onSBE ERECRSH ASRFPRIh t he
dome 48 in turn Gausssed BR %@ﬁ%ﬁgr‘uﬂeleafmrf&hhgrdﬂlaﬁb cbupded ¢4 %

respective encoder 30 disc . beaminterruptions fromthe rotation of

each encoder di seolDeprabadditedai gianl aduiltios, rearheencrudergdise rddndat s of

nDtion’ whi | ?oth§x85§§2& LQtﬁwﬂ‘gluiﬁfiJJ %Qtrggﬁiquagf;pcsea gf%fé
(described below) which interrupt the light beams generated
by the LEDs or photoemitters 44 which are being transmitted
to the photodetectors 45 which collect the light and become
electrically conductive when a threshold level is reached.

15 The frame 46 of the cursor contreol device 38 is provided with
a domed housing 48 having three cut-out locations 50, 52, and
S4. As illustrated, cut-outs 50 and 52 are disboséd '
substantially at 90 degrees with respect to one another, with
cut-out 54 being oriented generally symmetrically opposite

20 the other cut-outs. A cylindrical contact member 56
surrounds each roller shaft 42 at each respective cut-out
location, as illustrated. Each encoder disc assembly 58 is
mounted on the frame 46 in a manner allowing rotation of the
roller shaft 42 and encoder disc 40 with a minimum of

25 friction. 1In operation, a ball is disposed within the dome
48 of the frame 46, and retains such that it is maintained in
contact witﬁ both cylindrical contact members 56. The
rotation of the ball within the dome 48 in turn causes the
rotation of each roller shaft 56 and its respective encoder

30 disc 40. The beam interruptions from the rotation of each
encoder disc 40 produce signal pulses representing increments

of motion, while the order in which the light beams are



interrupted indicates the direction of notion of the cursor control devi ce
38. (n the nost current versions of the nouse used by Apple Conmputér, Inc.,
the aperture or encoder disc is positioned 5 behind a stationary board or
mask encoder having two openings, one for each LED photodetector '
conbi nation. Referring now to Fi gure_4, §uch an arrangenent is |Ilustrated

-Thisfigureis romthe of view hot oem, t.t er The ht
travel s t hrough :étﬁr[rfagae &éﬁiiﬁ@'éeﬂ(f’h%gir if’ﬁ %{%Faﬂ%rﬁfsﬁé‘sk" der 62.
The encoder di Sgoftdo1Sa@@fdd i3gned to receive the light transmtted through
t he openings 60, 61 and to either transmt the light through slots 66 to

the photodetectors 6@, thHé mystt currenss vepsianseofi hin moiihe yeesk bynhprler 62 i S
provided to allow light to be 15 transmtted: throu Iy one,slif 66 at a

time for each pHW ectRf-r t’?ﬁe‘&ﬁf&?ﬁﬁe‘f‘e@f‘ﬁ?@"%g %upé’s i d such
that if one gletggioly bSe f.éij.io\‘xa Weay sk e;.c&ﬁzoi.&gﬁ gaooder disc. 64,

" the other detector 1s only partia xposed, i1deally h ‘exposed. Thus,
in addition to épenidgs, i owms eﬂwnescmfu:mnm&tetm combimatdont.r ol devi ce
over a surface, the. direction of notion WS%; al so be determ ned. Assune, for

the sake of exaRPFEFTipg oy ko Eigurs 4¢ Pycihanjatrangessnt dg)0i ng rmved over
a surface at a Eg@:&ﬁkeépe%ﬁ' efﬁl.]:tehfﬁ(fz‘ymr ehl | ine REE G Qe '

Figure 5, a sanple out put fromthe I ntegrated CII‘CUIt |p 36 to
the LEDs [err] phstoemitsérst ed'he Bgghit tEdvels spsowgh alieted @beﬁﬁﬂgs [err]
with a pulse width of [err]. The graphs, desi gnat ed X1 and X2 aperture

openi ngs, tHereflr 15 A8 PHARIOPATY Jpaske gRCoRiar #splTeclncRiRm dian €4 dsed
regions, w th 39031§?%B@8tt5(}éikgsé-the light transmitted through the

openings. 60, 61 and to either transmit the light through
slots 66 to the photodetectors 68, 70 or to interrupt the
light. The mask encoder 62 is provided to allow light to be

15 transmitted through only one slit 66 at a time for each -
photodetector. ' The photodetectors 68, 70 are disposed such
‘that if one detector is fully exposed by a slot 66 of the
encoder disc 64, the dther'deteétér is qnly partially
exposed, ideally half exposed;' Thus, in addition to the

20 increments_ofrmotion of the éursor control device over a
surface, the direction of motion may also be determined.

Assume, for the.sake ofreiaﬁple) that the cur#dr control . _iyf:

device 38 is being moved over a surface at a constant speed
along rhe-x-dirpction; Referring now to Figure 5, a sample-

25 output..xdziv., from the integrated'circﬁit chip 36 to the
LEDS (Dxi, Dx2) is illustrated. _Each LﬁD pulses at a rate of
160 + 254S with a pulse width bfgiOpS.. Tﬁe.graphs,
designated 81 and xé aperture openings, therefore show
equally spaced, but displaced, open and closed regions, with

30 <respect to time. _

| The.gr&phs. X1 (PTx1ou;).and xzf(fozout), illustrate the

electrical signals into the integrated circuit 36. The



'The graphs XL [err] and X2 [err] illustrate the electrical signals into
t he |ntegrated circuit 36. The electrical signals fromthe
_photodeétectors [err] are then converted to electrical quadrature signals
by integrated circuit 36 shown by graphs X1 (in Recap) and X2 (in Recap).
Such™duadrature signals are utilized by thﬁ integrated 5 circuit inits
counting scheme to detect cursor control novement. Thus, the signals from

each pair of ch&IREFEIGHLy shErdisc Saem %cﬁh??ﬁ.ﬁetﬁﬁ?% PTeper ETx2 AFEOFDOMDL i 0N
be d f h
may be determ ”%@n@@fté&‘%opé‘ﬂétgﬂkg{ ﬂﬁ&@{ gxtﬁh(:idst b?heﬂ;}a}gegd rom eac

channel along an axis evi o

synchroni zat i on cdkctite 3sheheeribiyt gfspmmphrﬂ ade&px:tnusxi otineReétamhannel
results in mnimzed power consunption. Furthernore, in the preferred

enbodi ment t he SHFBGTIAMFATEFS HSPaty arenukitized Ry e ipeeggatedd [err]
whi ch are apgrox %nlﬁgs Oéﬁunginc?%%@me 19 abPELE R Eor péggﬁgogonsurrptl on

is.further mnimzée m Nl m zIng eak power consunpti - 12 -

|11 . Applicati aav&paw Ji chbsyt Qgeayﬁghaﬁ)sr £ tibrh Qeﬁepxﬂmgfbaﬁhnemwm Fi gure
2, it is noted that the integrated circuit 36 utilized is an application
speci fic i nt egr Reedeeoded, ppch Abpag) the ¥r¥ diyection ok motien MY BA- board 5

functions of an 2ocodi NG UBHSGpatt ARKRE! beddld ob" AT Sof Manges

from each channel along an axis.

10 As previously noted, the pulsed synchronization of the
photoemitters and photodetectors for each channel results in
minimized power consumption. Furthermore, in the preferred
embodiment the inf:egrated cizcﬁit 36 generates inputs, Xdrive
and Ygrjve, which are approximately 180° out of phase.

15 Therefore, power consumption is further minimized by

minimizing the peak power consumption.



results over a bus to a controlling CPU. As noted, the |owest practical
power consunption is desired. The ASIC is capable of driving the I|ight
squrce nmeans in a pul sed node to achieve this goal. Use of a pul sed. nmode
limts the current. 10 Pin 1 provides the Y pulse drive (verticak)y
and is connected directly to the collector§ of the Y photoemtters [err]
and [err] The Y pulse drive is also connébt%d to a resistor Ry which feeds
the Y LEDs [err]. Pinikd. Repldcabhiod'Speaifdc JotegratedsClrault or detecting
15 a phototransistor input signal generated durin vertical noyenent of
the cursor control de®eferring hagk noy rq Eigpre; ?npr?tq‘ SFn"%ﬁdcﬁL?E %o used
for detecting a Pfieglch@dldicizBhud 'bepl O 105418 dbeiicalidandpseii
vertical novenent of "the cursor control device. 20 - Pins 4 and 5 are
the X2 input pin fovkgrateKlciirepit (ASIC) @ eSThecASIE (36 pestanisotheqiredornd a
phot otransi stor input signal generated during a horizontal novenent of the

i _ h
cursor control® defHnssions pf\@n engading moyse Qr trackbali And kZapsmifs,fthe 5nqg
is 25 connected dj y he. C & &pt.ph Si rs [err]
The [err] is al sgﬂcsgxﬁ'%c?%% E’osgggés?s{:gé&l%%&\%k?c ) feegi‘%gabh%%égem:t ters
[err] Pin No. 7 ifowwsti ppadtikall pewrd aénsuriptddhabk desiré®si Thera§m il for
the oscillator clock. Pin No. 8 is an 30 output pin connected to a
capaci tor Cc whi ctreablgsef] drdvingcthesdightysppurepineans in 3 puised Modet B n

connected to an exharialehldgdds! Hst' 8F 4 Pullbedl Wfhe’ 2midle cRECHLL AR

10 " Pin 1 provides the Y pulse drive (vertical) and is

connected directly to the collgctors'bf the.Y photoemitters \_)

PT&1=and PTy2. The Y pulse drive is also connected to a
resistor Ry_ﬁhich feeds the ¥ LEDs Dy1, Dy2.
-Pin”No. 2 is thé ¥2 input pin and is used for detecting

15 a phototransistor 1npﬁt signal generated anring'a vertical
movement of the cursor control device. Pin No. 3 is a Y1
input pin which is also used for detectiﬁg a phototransistor
input signal generated during such a vertical movement of the
cursor contrdl device. '

20 Pins 4 aﬁd 5 are thé X2 input pin and the X1 input pin,
fespectively,_used for detecting a phototransistor input
signal generated.during a horizontal movement of the cursor
control dévice.

Pin No. 6 is fo: the X pulse drive:(horizontall and is

25 connected directly to the collectors of the X
photo;ransistors PTx1, PTx2. The Xdrive is also connected to a
resistor Rx which feeds the photoémitterg Dy1, Dx2.

Pin No. 7 is an input pin used as a feedback for
Resistor R¢}l for the oscillator clock. Pin No. 8 is an

30 output pin connected to a. capacitor Cg which is used for the

oscillator. Pin No. 9_13 an output pin connected to an

external timlng resistor Re2 usgd fqr the oscillator.

-~



- 13 - Pin No. 10 is connected to ground. Pin No. 11 is connected to an

i nput fout put line for the data bus, DB, to and fromthe CPU. Pin No. 12 is
.connect®éd to a switch input, currently 5 used. Pin No. 13 is for a second
switch;input. Pins Nos. 14 to 17 are used for test purposes. Pin No. 18 is
used as the power input, Vdd, to the ASIC. A gdecoupling capacitor [err] and
hi gh frequency capacitor Chf are 10 wutilizéd'tor stabilizing the power
input line. Table 1 pPbwiNbtes1D|isisionaéctedl eonguowndtl val ues for the
conponents shown in Figure 2, 1? ierr] K :

[err] Cc Pin No. 11 is F@ppfcqgf to an input/output line foz ghe

. Onr EEL 104 HB 20
%:;H data bus, DB, f%?‘}’{‘efé‘%"}][‘ﬁﬁr&P"' on lerr] [err]

conprise an 800 Khz oBia|Ncat @2 is connected to a switch input, currently cl ock
[err] EETP 104 HB 25 [err] 5V
Pul se Charact @i %8s X [err] pul se width [err] period 160

Lere] 30 It is also ngledd Nah 10GLnPUohg Bitenpipue? 5 | Nl ude internal

[err] pull-down resistors connec _
‘Pins Nos. 14 to 17 are used for test purposes.

Pin No. 18 is used as the power input, Vdd, to the ASIC.
A decoupling capacitor Cd and high frequency capacitor Cnhe are
10 utilized for sﬁabilizing the power input line.

Table 1 provides illustrative component values for the

components shown in Figure 2.
IABLE 1
15 Rxs Ry - 1kQE5%
Ce 10pfi5%
Ca 0.1 puf
Che 1.0 uf
Dxir Dx2, Dyi, Dy2 Omron EEL 104 HB
20 Rel 56.2kQ2E1% |
Rc2 22.1k0t1%
L~/ Rels Re2 & Ce comprise an 800 Khz
oscillator clock
PTx1, PTx2, PTyi, PTy2 EETP 104 HB
25 Vad 5v
Pulse Characteristics
X, Ydrive pulse width 10us
period 160 pstl6s
30 '

It is also noted that the inputs to Pins Nos. 2-5

include internal 70kf) pull-down resistors connected to



ground Pin No. 12 is internally connected to a [err] pull- up resistor
and (Is connected to the 5 volts input. Pin No. 13 has an input which is
internally connected to a [err] pull-up resistor. 5 As not-ed, the X
pul se is 180 out of phase with the Y pulse. This conserves power inasnmgh
as both pulse drives will not be high at thg _sanme tine. Referring nowto
Figure 6, a block diagramof the ASICis illustrated. It can be seen that

the chip can beS5AuSfed B 0.t 12 8 dpternallvpeeanesied to @ H30k0 %‘b’e’m fic
portion, desi g ?nggggzcaldyég J&gc&é’?t&etﬁé%ﬂvﬁg d@ﬂq&d b is the

portion used for formng esire ses required for operatlon as

not ed above, aniB \alsl ah iripRtowridie mesﬁteﬂmdlyncdm‘e&téd teoral BBOKLI6 :
illustrates the circuit for 15 the data bus to the CPU and portion 78, to
the left of dasPkid-MPnEesiBtorefers to the clock. Portions 76 and 78 will

t herefore ncg be di ?@ f'?grf:jréf'err] anlg?qzxg Gg?f BRH;G Rath £nd d .f__c_)r

the switch i'nputs, e€stan 1rnverting Schmtt

input 20 and [gixge. P%ﬁt#@obﬁ&tﬁpbqw&aﬁ@ﬁm@&% boENpIBe dpDvdyles an,
inverting Schmtt Input and 70 [err] Pull-Down resistor and is used as an

i nput pad for twlxuot e high)@t |the yame Niil'ﬁnd Y2 I N i nputs. The MFTESTPOR
PR LR | ot P ok PR SRR, o d R AR, L
Gscillator. It i$ 11396tféted) | POWanPbe sé¥n tehe:faﬁplbas;is can be viewed
10 as three distinct portions. The mouse _speeif:l.c_: portion,
designated ggnerally'as:72,ﬁto the_:ight of dashed line 74,
is the portion used for fcming- tﬁh_e _d_es:@ted _puises. required |
for ope'ration,' as noted above, and will therefore be
described in de_i:ail; Portion 76 illustrates the circuit for
15 the data bus to the CPU and portion 78, to the left of dashed _
line 80, refers to the clock. 'Po'rtions.'.ls and 78 will
therefore not be discussed in detail. '
The CDEVQOBI' input pad is used for the switch inputs,
SW1_ and SWZ_.- -'i'he pad includes an inverting Schmitt input
20 and 930kQ Pu11+Up-£esistor. '
The CDEV0062 input pad includes an inverting Schmitt
Input and 70 k2 Pull-Down resistor and is used as an input \.J
pad f_br the XY_, X1_IN, X2_IN, !1_1::," and Y2_IN inputs. |
The -m'.'rzs_'rrdn pad is an input- pad fﬁr Power On Reset and
25 Test Pad. Iﬁ is used for thé ?ADIN 1iiput pin. |
The CDEV0063 Pad includes a 3 Pin Loﬁ Current R-C
Oscillator. Ii; is used as an input pin for the feedback
resistor, as an output pin for the timing capacitor, and as
" an output pin for the timing resistor.
30 The ~15MA-NBIDi pad is a 15 milliamp input/ocutput pad
used for the DB I/0 data line.



‘resistor, as an output pin for the timng capacitor, and as an output pin
for the tinmng resistor. 30 . The 15MA-NBIDI pad is a 15 mllianp
.input/output pad used for the DB 1/0 data line. = - 15 - The 8600 Mpad is
a_non;/i. nverting out put buffer pad with nmediumdrive current used for [err]
and [Errr] The 8600 L pad is a non-invertjng output buffer pad with | ow
drive current used for test pins [err] z'in1(§'[e‘rr] 5 ~ Figure 7 is a

| ogi ¢ di agram of a pofRe R#F0P2Mopad e ARAICipveRting estRutebpLfe Wadcwith

illustrates the qg?ggﬂim‘jéogu;gx%i 0% d t}@rﬂggﬁaﬁ‘%'g‘gg‘se generati on.

Referring to this figure, it can be seen t e nou¥é portion 72 of the

ASI € 36 can be vi ewedThé g6D0NE pdd TRda| mm-GRceHINGCOutPutdBEPLEr Paa Lities,
dependi ng upon function. A clock divider, designated by dashed |ines 82,

functions to di vil@¥ SBiYe cmErent usrd £9x,ERst Pins) Kd¥ldwe a1hXRY¥Miteh i s used

for the [err] cand [er | ses, The 100,Khz clock is used.to create the 10
[err] pulses, Sas il ué%?‘g%ei ?% Fi 89}%."%5’&?1%1’ Péf%%é‘nf’&l t?'tgeﬁﬁ‘éﬁﬁy
fromthe clock dipsrdeenice the AsiDwkbén f112asERResOhe methiaifis foe [err]
and Jerr] period of 160 [err] The [err] nodul e, designated by dashed |ines

84, illustrates tfeamingdHecperessaryr peflascdengratiionk fRefguehng ¢ this. 25
Thi & ciroui try CROIPER” PR ¥ BEepCiTar Khh BIecPert o8 71 e Febft
nmodul e, designat & kjndse RAdwed N8BS t88ms of modules designated by dashed
10 1lines, depending upon function. A clock divider, designated
by dashed lines 82, functions to divide down the 200 Khz
clock to a 100 Khz clock which is used for the Xarive and
Yarive pulses. The 100 Khz clock is used to create the 10 uS
pulses, as illustrated in Fig. 5. The other relevant
15 frequency from the clock divider is the 6.25 Khz frequency
which creates the Xyrive and Ygrive pPeriod of 160 uS.

The Xdrive module, designated by dashed lines 84,
illustrates that _the Xdrive 18 produced by clock frequencies
of 6.25 Khz, 6.25 Khz bar, and 100 Khz; and by the circuitry

20 ilihstrated. This circuitry creates a period of 160uS and
pulse of 10us.

L_/ The Yarive module, designated by dashed lines 86,
illustrates that the ¥Ygrive 18 produced by clock fregquencies
of 6.25 Khz bar, 6.25 Khz and 100 Khz. This circuitry

25 creates a period of 160 US and pulse of 10 US. Yarive is
 identical to Xarive except it is 180° out of ph#se due to 6.25
Khz going into the NOR gate and 6.25 Khz bar going into the
D-£flip-flop. (Xarive has 6.25 Khz bar going into the NOR gate
and 6.25 Khz going into the D-f;ip-flop.)' As noted, this
30 phase difference provides minimized poﬁer consumption.
The fdur pulse recapture modules 88, 90, 92, 94

recapture the output from the phototransistors and form the



|Ilustrates that the [err] is produced by clock frequencies of 6.25 Khz
bar,( 6, 25 Khz and 100 Khz. This ci rcuitry 25 creates a period of 160 [err]
and%ﬁl se of 10 [err] [err] is identical to [err] except it is [err]  out
of phase due to 6.25 Khz going into the NOR gate and 6.25 Khz bar goi ng
into the D-flip-flop. [err] has 6. 25 hz bar going into the NOR gate and
6.25 Khz going _into the Df this_3 hasge difference
provi des m ni & "5‘6 fr%h "‘fﬁé“f cﬁr’bBﬂT‘Se'ﬂ"gggﬁ ug(r%é dul es 88,
90, 92, 94 recggf,g@@,;theegytﬂu,ts fromthe phototransi stors.-and formthe -
16 - quadrat ure waveforns, as described above. Mdul es 96, 98 represent
test pins. The recaiﬁhmmabmmgutpm thQMfm fpe@mpeummH@QGSS 90,

92, 94 are the det efm ne er there 5 cursor
novenent . The ‘% éﬁd %‘gr'ﬁe §\{‘§?|aﬂt |'§‘ 88?1??8‘&‘1"&"?6&&” ggﬂf?at ur e
state machi ge ‘Qﬂb&ih ibe eQPSEL RVehentdN uaécmq &r4IX2¢) -sighle ﬂﬂrai'sn the -
counter is then carried over the data bus to the conputer which causes the

cursor on the conpedted $or&cadoatuxes athtemine n!titca ia ¢immecoediwy. 10

The sanme scenari o, described above, a s to the rr] and [err air of
recaptured si gfal %P;iq?é'f‘eF?W‘nomF’l‘% ‘&Q f’é the go i%e%‘é?ﬂ lﬁ'é""lrffgul_ e,

which may repre3gptei tdh@ﬁ BUY ¢f tﬁb%o%?ﬁ'ere%lﬁgh gﬂxsegzthg%ufsﬁr on
illustrated. 15 - The 1 nput signa DATA) fromthe appropriate

phot ot r ansi st orthe(muieguser_eeﬁ tadnatje i€ tipyei ¢ dara He €Bd Gcounter.

10 The same scenaric. described,ebove, ebplies-to the Ylyn and
Y21a pair of recaptured signals.

Referring now to Figure 8, a pulse recapture module,
‘which may represent either any of the-modules 88, 90, 92, 94,
is illustrated. | '

15 : The'input signal (DATA) from.rhe.appropriete'-
phototrensistors (see Figures 6 and.ﬁ) is applied to the 1310
Inverter, the output therecf being applied to the D input of
a firstlkca 4080 D-flip-flop and the D input of a second RCA
4080 D-flip-flop. These flip-flops are utilized to save the

20 data at the appropriate sampling times as uill be disclosed
below. _ _

" The 200 Khz_ signal from the clock divider, hereinbefore "fo
. descr;bed with reference to Figures 6 and 7, is coupled as an |
input to the 1620 AND gate, and to the Cn input of the RCA

25 4090 D-flip-flop with inverted clock. |

The output of the clock, also described uith reference
to Pigures 6 and 1, is coupled as an input to the C input of
the second RCA 4080 D-flip-flop and as an input to the RCA
1620 AND gate. The output of the RCA 1620 AND gate is

30 applied to the C input of the first D-flip flop. The Q
inpurs (Inl,-Irz) from the.D-flip-flops:ere coupled to three

RCA 1220 NAND gates, the outputs of which are coupled to the



“Inverter, the output thereof being applied to the D input of a first RCA
4080 flip-f lop and the D input of a second RCA 4080 D-flip-flop. These
_flip-fTops are utilized to save the 20 data at the appropriate sanpling
times as will be disclosed bel ow The 200 Khz signal fromthe clock

di Vi &ér, her ei nbef ore descri bed with referenge-to Figures 6 and 7, is

coupled as an in 9 the ndto he Cn in eRCA25
4090 D-flip-fl opg'\l;lmpf’% [ nverte 3‘?%?13%{%3’ plﬁ to? % uenf% {l T"é%‘
described with raherRnipute &f GHeC$060 AAd the 14D800DHIIAG-2S0pd) ar@PUt tO the

C input of the second RCA 4080 D-flip-flop and as an input to the RCA 1620
AND gate. The o@PﬁB%e‘bfﬂ’t khe I@SEIGM%NDQQQQG 9“307’ apEMeQiOPGP'@the C

i nput of the f | h D-fLiR.f!
o oupl ed to 1 migBal e the Ofon B'F1ip-leBY | SienihberdddO UG 42 Fad g PP
to the -17s5 | Rt &£ @neamzma&BB%MNDnsa&ﬁo uﬂpﬁdﬂ%seﬂywewo RCA

illustrated. The R inputs of the 40 and Lhe 4080 D-flip-flops are coupl ed
to the RESET (seéSPngnfeféne ipnerrers Th&he QouiRpnt Sighal i6f covrled)yo the

f: i p- floptwltth |3v OCke_qua"i‘G‘f g&fﬁé m/o of éf' he 12%2#@? D gaz estand
al so input to on VRAEEr 5. T0f, Sout pu
signal is coupl e(iibﬁaii‘eéi npid f ab@enee peosedtay ié%t'u%&réfénaﬂb@vel,

resulting signals, Q are the presently recaptured signal |evel, and
the presently reaagt tlhed:a:ssgmly Fecaptrugedesignadl bar(respectivelybl e |1,
bel ow, shows 1'bhe desi red tr%nsformatlon of

t he
Table I below, shows the desired transformation of the

data In2 and In3, performed by the transformation logic

— illustrated in Figure 8.
JIABLE 11
15 '
Iny Inz Q Qnext
0 0 o 0
20 0 0 1. 0
0 1l 0 0
0 1 1 | 1
- 1 0 0 0
~ 1 0 1 1
25 _ 1 1 0 1
a 1 1 1

From this table, it can be readily seen that the
recaptured signal switches only in the occasion tﬁat both In;
30 and Inz are identical and the present recaptured signal level
is different than the identical Ini, and Inz. This feature
prevents undesited jitter of the mouse. As previously noted

in the description regarding Figure 5, the LED pulse



da_t'a [err] and [err] perforned by the transformation logic illustrated in

Fig%i? 8. TABLE Il 15 In [err] [err] O 0

0 - 0 20 0 0 1 00 S

0 00 1 - 1 11 0 0 4 -
01 0 1 25 1. 0 11

1 : . | 18 - 1 _ |
1si gnafe_.gwx%a;rgf% bgs t2RlaGe Jvi‘fi@natbﬁaa]{s%agét%[rﬁ%gnléﬁ@t the

recapt ured _ sonly 1'n the occasion bot err] 30 and
e[rr] are identiwgn anfeiit peeseojis.r ecaptured signal level is different

than the identical [err] and [errl.'This feature prevents undesired jitter
of- the nouse. As prevPoBEesentoAppliGanthd errEept piaR)}SmERERLIAMEt RRire 5,

the LED pul se prestif 2 rﬁ;&lmpr:%cissfmw@xs 15V B¢ Cakddl € §y@1ahd of

[err] with a period n preSent Applicants’ current inplenentation
of . the presery inws,i gy 19WERkEced Ahr Fiqurd 51 I iNotecthatk gulae length,and 5
7.5 [err] as illustrated in Figure 5. (Note that pulse length, period and
sanmpl e times couberiegy andisamplentimes gould havecdifferrpt ovalnes &t 3inc8anges
substantially ingtéﬂﬁi%@$£%§¥§£ogng§§nges subStantiglly‘ins;ahtaheously once
it receives enough photons, it change§~a lot faéter than
2.54S. .A change of state (from a 'l toa '0' or Vice-verséf'
10 of the phototransistor is reported if both the samples at SuS
and 7.54S are of the saﬁe state (i.e. a:'l' and a '1' or a
'0' and a '0') and the previous puls§ is~diffé£ent (i.e. Sps-
and 7.5 §S are both a '1' and the prgvious_pulsé state, 160pS
‘earlier is a '0'). Thus, there is no "jitter"” on the screen.
15 Referring now to Figure 1, it may readily be seen how
this f;dw chart is implemented by the apparatus described ih'
Figures 6, 7, and 8. &as desc:ibgd'in-becision.block 12, |
there is first an inquiry as to whether a sampling should be
performed. In the case of the pulse drive illustrated in
20 Figurés 6-8, thig sampling would take plice after‘the pulse
drive has been high for SuS and 7.518 pf'its pulse width.
This function is performed by the clock being input into the
4080.D-flip-f16ps illustrated in Figure 8. The In; signal
level corresponds to a 5US sampliﬁg, And the Inz level
25 corresponds to a 7.54S sampling. The 1620 AND gate, in
conjunction with the 200 Kh;_'clock provides the desired
2.5is delay-in sampling. ' ' _
' Process Biock 13, shbﬁn in Figure 1, Qh1Ch refers to a

data input, correlates; for example, to X1 bar in Figure 7.

30 This, in turn, correlates to DATK-shoﬁh in Figure 8.

\J



"it receives enough photons,

st at

. repor eﬁ if both the sanples at [err]
(i.e.

(froma

a'l and a '1l or a'0 and a '0") and the previous pulse is

different (i.e.

state,
15

chart s 1rpl ereqy edsbyyd A AP0 2 i APRBLLDGLd DoFLANES fiuy o

described in Decidion’B

It changes a | ot faster than [érr] A change of
"1l to a'0 or vice-versa) 10 of the phototransistor is
and 7.5[err] are of the sanme state

[err] and 7.5 [err] are both a '1' and the previous pul se
[err] earlier is a '0"). Thus, t het d%i%s no "jitter" on the screen.
Ref erri ng Faghteamplguie then|savedy peAkowp ir Prosmshiddockss fl ow

8

d
‘here 1s an rnqurry o whet

As
a

sanpling should Jzatngri@g(myifup.ﬁbgspase of the pul se dr| ve I 11 ust rat ed I n

20 Figures 6-8,
been high for [

perfornmed by
in Figure 8.

this sanpling woul d take place after the pul se drive has

err] anaqmg] ag#in to Pigure i OB fqueTHi & Mmadetdn ko s

conjunction with the 200 Khz clock provides the desired [err] delay in
sanpling. Pr ocesiﬁvslloeﬁ ti psavigusi nemgwedmumu &4 ther gpme tas Ingandd

i nput,

correl at

correlates to

as shown in Pro

[err]

and [err]
1

15

. 20

25

30

h | t th 0.Dfl f | | ustrated
hg h[ceé: g E‘gl ﬁ#ef" oﬂ%r esgo g‘% ?n"erl Rfe*'?%%s?:mprlsngr;a :nd
the [err] Ilevel a?éuﬁefwépanésmﬁ&iao&efsr hadéndy kBOwhethee theGighkh gate,

in

en ssaved

5o i, By et oy il S YA pp e b

3 Bbogks stédps ]&lihead:éﬁ'iherﬁoceszhﬁf@ckcsoﬁﬁel B,ah@ Yt puts

of the 4080 D-flip-flops.
are accomplished by the state machine comprising the three

1220 NAND gates, the 1230 NAND gate, and the 4090 D-flip-flop
with inverted clock, all illustrated in Figure 8.

Decision Block 21, as that block is applied with
relation to the present implementation, entails an inquiry as
to whether the 160US period has begun. This function is
provided by the clock signal illustrated in Figures 7 and 8.
Process Block 22 is a shift for designating'the”hext period
to become the present period when, in fact, a new period has
started. )

As noted above, the present invention requires the
designation of a period of time associated with the predicted
rate of movement of the cursor control device. 1In the
presénﬁ-implementation, such period of time has been deemed
to be 160uS. - The period specified for sampling should be
based, in part, on the speed.required for the cursor on the
computer to move and counts per distance required of the
input cursor control device. aAn example of such a
determination is explained below with respect to the Apple
Computer Inc.'s Desktop Bus (ADB) mouse. The mbﬁsé”is
required to count at 200 counts per inch in 4-count
quadrature, is able to travel at 10 inches per second, and

still maintain 200 counts per inch. When the mouse moves 1 -



Referrting again to Figure 1, a query is made as to 5 whether [err] is equa
t0'[@rr]. If the answer is in the affirmative, a conparison is nadé as to
whet Her the signal |evel of the previous recaptured pulse is the sane as
[err] and [err]. The queries perforned by Decision Blocks 16 and 18, asg
well as the steps delineated in Procegs-Bl ocks 17, 19, and 20 10 are

| as the st ! -B .
1230 NAND gat o, ‘R84 PPE FoBBETirtRr O Rs"ublh  Rabs Tpe pecpdtiippsics, The

illustrated i n Hnglide the Mecssirvtaténak 281times.t hThe Mrrolding dimel had with
relation to the present .inplenentation, entails an”in_uirg as 15 to
whet her the [er AP PeeR Flokis EIn. thermuabey, R iséﬁtfssqepﬁ"o Yd®d by the clock

' | illust | ' 7, PLOCESS,, ' A
Gesi gnati ng « ho St PERAlREF, YuCRE oo e ERbaTeBnciion, AR 0T

' new peri od hgs oz’ leihch?0f travel.ASFdu eduste\comptise o €akbt i nvention
: requires the designation of a period of tinme associated with the predicted
rate of novementuafratirecur 3protdent Yexdsdethexe arg - f heoyntssErem one slot

i mpl enent ati on, &sﬁgﬁgﬁgﬁr’gi&o% g;bctef’ gEeh sxtbg?gtgemg#&eb'teﬁ{,‘gg ]a.r&ng0 peri od

specified for s ‘base I par on e speed required

| for the cursor QRuhbE P MHER'£d:0 50DY IR0 ERUbKiuEhPES tHeSkagfrdacdpeésed of
. the input cursor control device. An exanple of such a determination is
expl ai ned bel owiasi 18 inchescrer sechadAgiiis Cormriases|tr.2,900cedunss Bes ( ADB)
nouse. The npuse is 30 required to count at 200 counts per inch in 4-count
quadrature,lls-zilff’gn b travel at 10 inches per second, and still maintain

200 counts per inCh-Tﬂ*“%be%ﬁeof“¥ﬂ§eaﬁﬂ%ﬁﬁielwhgel, to go 2,000 counts per o
: second, is qeﬁg;mined by the circumference of the encoding N~
wheel and the pﬁmbe? of-slots in the wheel. The
circumfe:gncg is equgl to ¥ timeﬁ;diamé;er, is equal to &«
15 times .646 iﬁches,_ié equal to 2.3 inches. The distance of a
slot to an adjgcent slot is 0.05 inches. The distan¢e the
apertu:e_uhee1 tu:ns i§.2.5;inches.per every inch of travel
of the mbuse. 'Thus; aperture distance turned for 10 inches
of mouse travel is 25 inches for evéry one second at maximum
20 allowable speed; Therefore, the fastest a slot to the next
slot has to move (for 200 counts_per.ihch at 10 inches per
second) is 0.05 inches times 1 second divided by 25 inches is g;)_
equal to 0.002 seconds or 2 milliseconds. _ i
For the_slét to sldt_cyclé (Zﬂmillisecond_cyclg) it can
.25 Dbe predictéd_hcw long the period of time should be in which.
samplgs are taken.' During # half cycle of the cycle
described.abbve, the speed of 1 millisecond must be met. It
is good design:practice to have greater than 2 sample periods
for this 1 millisecond. Thus, a desired designated period of
30 time should be in the orde:_of.iess than S500pSec. Utilizing
th;s tiﬁe'f:ame, present Applicants sgt'a period of 160iUS and
the sampling times at 5US and 7Q5us.-'




-20- inch (by displacenent of the user's hand) the encoding disc inside the
nmouse{ rotates 1.25 tinmes. The encoding disc has 40 open slots. Thus, the
.nunber”of slots seen by a phototransistor, in an optical encodi ng net hod,
woul d be 50 5 for 1 inch of travel. Four counts conprise a ful

quadrdture. In other words, there are 4280unts fromone slot to the

begi nning of the ne | Q. h ) 0. t s..nar Lhch for
50 slots. | nasnuch)i‘gg&t %tet fgg{}ﬁ %%Qégtehe‘g ?ég 0 ﬁqﬁca;hg%zcggrg gae or%al,g this
correl ates to Ziepefdscomithepaizel @f she antodiie dipecahdfthe hsumtper b8r e wheel |
to go 2,000 counts per second, is determ ned by the circunference of the
encodi ng wheel 349%st iR thensarodinasdise. | dnt pRAdkiert suchhd circunference is

cual Lo 23 | ARG BE el pRRYAL £of piElitag andcl BERendy B PG s ©

i nches. The 5di stegjudeed heounperper dnvhcst niovémént B£2tite icaebes duntreyery inch
of travel of the nouse. Thus, aperture distance turned for 10 inches of
mouse travel i deyiceantspeed of mpyemsnt 9EcHhrl carsex qontinellevdcrovabl e
speed. Therefore, the fastest a slot to the next slot has to nove (for 200
counts per inch at 10 inches per second) is 0.05 inches tines 1 second

di vided by 25 i-nches is equal to 0.002 seconds or 2 mlliseconds. For the
slot to slot cycle (2 mllisecond cycle) it can 25 be predicted how | ong
the period of time should be in which sanples are taken. During a half
cycle of the cycle described above, the speed of 1 mllisecond nust be net.
It . -

N



is good desi gn

i lif'second. Thus, a desired desi gnated peri'od of 30 time should be in the
.arder~of |ess t han [err]. Wilizing this time frame, present Applicants
set a period of [err] and the sanpling tiges.at [err] and [err]. -2y

practice to have greater than 2 sanple periods for this 1

-Thus, it can be seen that the period for the sanpling depends on the S|ze
_of ‘the encodi nMMM%| ots in the encoding disc.

‘addition, such
the 5 require

48! ehphagdded t?x far! Pfie pﬁwﬁqﬂﬁ&r Rg@@i&i&é‘%i‘hﬁﬁ’e@& on

counts™ per I nch o novenen cursor control-device

and speed of nasAmPle, OlitNORcAL efEHAIRY ndAnisCRhich ddhot HMcich@er
Preferred Enbodiments It is enphasized that the invention has broader

wutility, for exmdpﬂeg oft theLEDsal Additiorpallyantheiprésent duwenntbmdmay
‘pul sing of the LEDs. Additionally, the present invention may 5
‘utilized §ith & 36Alized withopraes m"e'FP]tJ?G"é-SﬂFa!l!i@hé@GeF%EﬂEﬁES

WTI Ty of Che chfinsREr ihaned Tieng Br <R, SPRaRbRY PaREC SOPIRE
application inyg \ehagasow'ﬁ&u BRdhaes WKLy Ol YR et idnd BOlwill

limting in 10
the

-10

15

20

nature. Specifically, wth réspect to contact encoders,
be understood that the aforementioned application involving a

pulsed input is purely illustrative and not limiting in
nature. '
Specifically, with respect to contact encoders, the
reader's attention is directed to Figure 9 which illustrates
an encoder disc, designated generally as 100. An encoder
disc or encoder wheel 100 for a contact encoder works
similarly in many respects to the apertufe wheel for opticel
encoders. However, the encoder wheel 100 inclﬁdes a "common"
or central portion 102 which has equally spaced radially
extending arms 104 extending therefrom. Each element has an
offset end 106. Stationary pick-off brushes 108, 110 are
disposed so as to contect_the-radially extending arms 104 at

offset locations, as the-enceder wheel 100 rotates, as shown.

'_ Eaeh pick-bff brush 108, 110 provides input signals to the

"~ ASIC or appropriate-microcontrolle:. The two brushes 108,

25

110 ehd the encoder wheel 100 are designed so as to allow
qﬁadrature signals (electrical) as inputs to the ASIC or

microcontrolier.

b



‘reader's attention is directed to Figure 9 which illustrates an encoder
di s¢,; designated generally as 100. An encoder disc or encoder wheel 100
.for:ia contact encoder works 15 simlarly in many respects to the aperture
wheel - for optical encoders. However, the encoder wheel 100 includes a
"tom¥¥n" or central portion 102 which has egually spaced radially extending
arns 104 extending th ref£qg1 Eac as_an .of f

I t t d,106.
Stationary pick-off b sHES fﬁ'§ °H ’8’3 ng ad ﬁfe_syiggégﬁs%ee%é‘i%%&c %Pact the

radial l'y extendi nghcdiae® &Q‘Es’aha?fﬁé%ﬁ:ii%.i ens £ASthé & AeedefonMaaal 100
rotates, as shown. Each pick-oft brush 108, 110 provides input signals to
the ASIC or appropnd ot the Yoddrectdioner . ThuBhcthege Bsudmad 10put tpOthed t he

‘oder wheel 100 desjgned so as t d | gnal
(ol actrical) as IMiSeseb o HEPHeIe Shertitschnty drpar o tna_Rgit.p ipca

optical encodey pP¥LUnpye!do RICASRET, rw@ua_ae%@ap%ﬁessmebfs utilized,
one .for the X direction and one for the direction. Thus, there is an X1
i nput to the ASI Ghexefife itheusane ashdn/SieCpraviting epbhodimenthe ASIC, and a 5
Y2 input to the ASIC. The’f&ul e rec’g_sture schene, is therefore the sanme as

in the previous enbod®RER &¥r Wi FosPeft; o (dnstapees yhene; sedused ner e
reduced power corgd”g}t' | Lr oRk I col chene
still desired, the pul gg%bdg%f?gglfﬁﬁggd%%g?h%tlga esig(rilﬂbg‘gédﬁgée may
not be used. Hovexsheme s$tikllpdeairqd,cshefpulisedpomsieal envcetingometdrod sStil |

applicable. In this case, the photoemtters and phot odetectors are powered
directly by 10 described above may not be used. However, the principles of

. the present invention are still applicable.  In this case,
N~ the photoemitters and photodetectors. are powered directly by
a power line (with a current iimiting resistor), and a
complex pulsing system is not utilized. The pulse recapture
15 scheme, described above, is equally applicable in this
instance. At least two samples should be taken for a
designated period of time so as to allow a cdméarison of the
samples with the previously recaptured signal level, as shown
in Figure 8, thus detecting a valid signal for quadrature.
20 Obviously, many ﬁodifications and variations of the
present invention are possible in light of the'above
T teachings. It is therefore to be understood that, within the
scope of the appended claims, the invention may be practiced

otherwise than és'specifically described.
- 25 -



sysyemis not utilized. The pul se recapture

a power I|ne (with a current limting re5|stihi and a conpl ex pul sing

equatHly applicable in this instance. At Iea

"!Iﬂm[)l bed above, i
I ul d be taken

IS

for. a designated period of time so as to aIIOM/a conparlson of the sanplées

with the previously recaptured signal |evel, as shown in Figure 8, thus

- detecting a val

nodi fi cati ons and varlatlon
of the above teachings. |

id signal for quadrature‘zﬁc Cbvi ously, many

of the prel8IMS i nvention are possible in |ight
therefore to.be understood that, within the

scope of the appended clalns: the invention ggg be practiced othermnse t han

as specifically desérlbétimeZBOd of mpgimizing

egired \CoRaaFoOBI™HREN R zi ng

d d t | =
compr 1 61 g the S eReHRE cobfe Rl RISy b St Slugeny SRR

generating an

control device;
sai d el ectrical
period of tine,

gggctrical signal |nd|cat|ve of a position of said cursor
(b) sanpling at |east two tenporally spaced portions of
signal , Gachpeéviging poFuranFscertinl ApYies caPaels afat ed

rate, of rmv"enﬁ‘l"?’glﬁgt r'&ggﬁ f‘?ﬁ"’ligg?ﬁ%%cﬂ"g di&“?gftép 3 Lsi@ﬁm% dicted

evi ce: conmpar ng sald at

| east two tenpQaall ¥u§§lﬁcﬁgnt:ol device;

10

iS5

(b) sampling at 1east two temporally spaced
portions_of said electrical signal,.each of said portions
being within a qesignated period of time, said period of time
being # function of the predicted rate of movement of said
cursor coﬁt101 devi¢e:-- '

(c) comparing said at least two temporally spaced
portions witﬁ g;dh-othe: and to an electrical signal
previoﬁsly sampled; and _

(d) analyzing said comparisons fox determining
whether the.cursorfshould be signaled to move on the display

of said.compuﬁér controlled display system.

2.,  The method of Claim 1 where#n the step of sampling
includes the steps of:
- (a) saving a first portion, Ini, of said
electrical signél; and
(b) saving a second portion, Inz, of said
electrical signal, said second portion being temporally
spaced'in'subétantially close proximity to said first

portion.

v



port|0n§ W|th each other and to an electrical signal previ ou5|y sanpl ed;
and 16 (d) analyzing said conpari s ng whet her
. the cUFsor shoul d be si gnal ed to:nove on the di m ]1 m}puter

e¥ elsn

control l ed display system 2. The net hod of C a me e step of
sérrpl’“l’ng includes the steps of: (a) _saving a first portion, [err] of said
el ectrical signal; d ( sav C | sai d

el ectrical signal, gﬁi d g%% '?ﬁflhﬁgr?f g'ﬁ‘ g'éd%d'gf ﬁg‘bﬁ&F? ‘iﬂé’@é‘ﬂglﬁ’d '
substantial l'y cé&ﬁﬁ:ﬂhgxsaﬁsyihelm enéifeelpsPoEs i ON. -25- 3. . The

met hod of Claim 2 wherein said anal yzing and conparing steps include the
steps of: (a) deternini n§ahhedetermining vwhethepdnitip Pgral t(‘ib)mzijet erm ni ng

whether [err] and [err] eguyal n.electric n r ctIy
previ ously sanpl ed, vvhen?{’ﬁe %%tegf"%‘r?‘h"eﬁ i"gﬁt’ferf gf‘ép "? )ng‘b |§ %" the
affirmative s angh (&z)ectﬂemlsiaaaf et iy PrevOodie siieTed, hend@tafem nation
in step (a), above, is in the affirmative, and the determnation in step

(b), above, is detedmdnatipn ilncstd® W), aﬂéhem_ts Hod thée eXfdirmagiveemsdn sai d
anal yzing and comparing gteps, | Chude 41§ SLSRS €L 'nd ) wigh SR 1 N9 whet her

determination in step (a), above, is in the affirmative, and

the determination in step (b), above, is in the negative.

10
q. The ﬁethod of Claim 2 wherein said analyzing and
N~ comparing steps include the steps of:
(a) determining whether Ini is equal to Inz; and
.. (p) maintaining the cursor in a stationary
position when the determination in step (a), above, is in the
negative.
5. - The method of Claim 2 wherein said analyzing and
comparing steps include the steps of:
{a) determining whether In; is equal to In3;
(b) determining whether In; and Inz are equal to
Y, the electrical signal directly previously sampled, when the

'determination'in step (a), above, is in the affirmative; and
(c) maintaining the cursor in a stationary
position when the determination in step (b), above, is in the

affirmative.



(b) nmintaining the cursor in a statlonary posi ti rm nation
' |n.§t'ep (a), above, is in the negative. 5. The "[ \E WZ wherei n
sai d anal yzi ng and conparing steps i ncl ude t he s ererm ni ng

whether [err] is equal to In2; (b) determning whether [err] and [err] are .
equal to the electrical signal directly prgw ously sanpl ed, when the

determnation in stgp (dyne FREHE deSchilid Heuﬂéééfmhwest?ldf( C)
e

mai ntai ning the cursor in a stationary position when the termnation in
step (b), aboveroviding theuvasds raoatrok. devicezia:cl@des evigdng el adl aim 1

wherein said step of providing a curs contr devi c Iudes OVIdIn
such a devi ce WeVACaN"IEmAASX RIS gPE ‘Fﬂ:’o&f‘ﬁ éﬁﬁf@’]’r”o OEnE dr’1g al ong

an X-di rect | on GlAe 4 cOPLA ShaCRCFIkAY G3RE) dndnethd agsbyn 2l ong

3
a Y-direction, eac enco I'ng asse f’y including; (a) electrical input

nmeans . f or IOFSDVIfﬂﬂﬁn&p@iﬂﬁ@dgﬁéactx#umé.cuﬂaputem!gleab;:d:(ﬂs) alssghlblysour ce
nmeans connected to said 10 electrical input means for utilizing said
pul sed el ectri ciziclmnpagr si gnal to produce pulses of light; (c) light '

collecting and el ectri c onquggdp‘%lgﬁ_?gcm laAg Edk %@gﬁi@/ ?{lf)gggat i on

with said |ight source ecti ng
Conduct||1g ”Eanéiectricgl input signal;

_ - (b) light source means connected to said
10 electrica}'input means for utilizing said pulsed electrical
input signal to p:oduce pulses of -light;

(c) _Iight'coilecting and electrical conducting
means being'in_pulsed synchronization with said light sourxce
means, said light'coliecting and electrical conducting means

15 being positioned in relatioﬁ-to said 11§ht source means for
receiving and being responéive to light being produced by
said light source me#ns, and for producing an electrical
output signal as an iﬂdication of such a response; and,

| (d) positionable ;ight interrupting means for
20 _opening and closing the optical path of light being |
~ transmitted from said light source means to said light
; ' collecting and electfical cohdncting means sufficiently so as 'iéﬁ._
to affect said glectrical output signal, the position of said h
light inter:ﬁptihg means being affected by a change in

25 position of said_cursor control.device, thé resulting pulsed
output signal of said light collécting and electrical
conducting méans for providin§ indications of locations on
the computer control display system, the device resulting in

" minimized power consumption as a result of the pulsed
30 synchroniz;tiop of said light soﬁ:ce means and said light

collecting and electrical conducting means.




15 being positioned in relation to said |ight source nmeans for receiving
and bgi-ng responsive to |light being produced by said |ight source neans,

. and fwL/ producing an electrical output signal as an indication of such a
response; and, (d) positionable light interrupting means for 20 opening
and éﬁosing the optical path of light being transmtted fromsaid |ight
source neans to said light collecting an | ectrical conducting neans

£i
sufficiently so as tp aff{ect. id electrical output signal. the posjtion of
said light interr upt?‘ng tr?égnmség‘é’lgn éa"ﬁf’é‘@t ga" ¢ nc%aziﬁgggf% °£ sap%gil’ﬁ on of
sai d cursor coniheludtlVicé stepe 6€£suUl ting pul sed output signal of said
| ight collecting and el ectrical conducting nmeans for providing indications

of locations on the conpUfdr 8aingop fizas Rgrdesy cfRi.Cfesatd e decErienli i ng
in mnimzed powe[ con ungijon as a result of the pulsed 30 synchronization
of said Iight sSHFRE ﬁé&ﬂ bff9said 1ight collecting and el ectrical

conducti ng ngans. -27-(by. saviihg HEidRdOpordidn tni)heEcsdusai d step of
sanpling includes the steps of: (a) saving a first portion, [err], of said
el ectrical outpelectyjical; oggputssignal, said secohd portiag Beidgcond portion,

err] of said electrical output ,signal, said second portion bein
'EerreraI ly Ispac&ﬂm?#{iaysfﬁﬁ%%aﬂ'f'!/g&%§§t§&¥i P3P P58 I ¥ itPls?g’p%rti on.
8. The met hod £9fs{ @r®idnWerein said anal yzing and

8. The method of Claim 7 wherein said analyzing and
W, comparing steps include the steps of:

(a) determining whether Inj is equal to Inz;

{b) determining whethér In; and Inz are equal to
an electrical signal directly previously sampled, when the
detefmination in step (a), above, is in the affirmative; and

(¢) signaling said cursor to move whep the
determination in steb {a), above, is_in the affirmative, and

the determination in step (b), above, is in the negative.

9. The method of Claim 7 whe:éin said analyzing and
comparing steps include the steps of: _
(a) determining whether In; is equal to Inz; and
{b) maintaining the cursor in a stationary
position when the determination in'step (a), above, is in the

negative.



conparing steps include the steps of: (a) determning whether [err] is
equagr}o [err] (b) determining V\he'ﬂmnumﬂnluuzﬂmm r] are equal to an
el ectrical signal di rectly previ ou the determnation‘in
step (a), above, is in the affirmatiVe; and c) signaling said cursor tQ«
nove when the deternmination in step (a), above, is in the affirmative, and

the determ nation |n'step (b), above, |s-|213‘t-he negative. 9. The et hod

of Claim?7 wherein sfi driBohetticadof Eha8AN PSR! S8 laRaLpslingt BRA St eps of :
(a) determning whether [err] is equal to [err]; and (b) naintaining the

cursor in a stetmparEing pteps iiogludeethehstepst orfm‘ nation in step (a), above,

is in the negative. . he nmeth of  Cl nsald
anal yzi ng and conparing 55 ée"ﬁﬂ!;ﬁg'ég 8gg?'ép1 10?’ “)a\ihgeterzm ni ng _
whether [err] is equal t@;[%&ddﬁhﬁf%@%&%ﬂb@afwg h£é rdquadeerr] are
equal to 5 an electrical signal dir |y previously sanpl ed, when the :

determ natign an élextriepl Siynad, direatﬁytbnvdbﬁslyrﬁmégdandﬁe@c;he
mai ntaining the cursor in a statlonaryagosmlon when tgg det rm natjon in
step (b), abovéef-?@'it'ﬁtﬁlﬁé 4 SteRafalyeabove, is in the a trnative; an

(c) maintaining the cu:so: in a stationary
position when the detg:mingtion in step (b), above, is in the

affirmative.



- 29 -_11. The nethod of d ai mﬁwuﬁmmullﬂﬂmumep of providing a cursor
control  device includes providi wth an X-axis optical

) encodl\n/g assenbly for encoding afong dn X-dfrettion and a Y-axis optical

encodi ng assenbly 5 for encoding along a Y-direction, each encoding

assembly including; (a) electrical input means for providing an electrical
I nput signal; (b) light source neans e@nected to said 10 electrical input

means for utilizing fﬁi d sgleendtidalbe | WUl $i 1h GAOogeGs Jrul ses of

light; (c) light collecting and el ectrical conducting neans being

positioned in rpratidingt @ satsbr cgitrclodevicendackudesr pravidiingnsuangd bei ng

responsive to |ight beiirég produced by 15 said |ight source neans, and for
u

produci ng an el 8EY#FR A EBURH K21 RAT 151 HPGORENE ASSEAOLY £é’dl'cﬂ“‘%f"’q"'é‘_gponse;
and, (d) positi Qpﬁig?if«‘m{bk%h%&&%f% 'a”g-mgg{:géﬂlfgﬁ&m Bds&idy! N9 the

optical path of eing transmtted from: t sodrce neans to
said |ight 26 eot!|esdddiggaaubngl &cY+dicabt fonjdeath rpcorims asskimbly ently so
as to affect said electrical output signal, the position of said |ight

i nterrupting mednslwdingg affected by a change in position of said cursor

glogf:[?: chVLgﬁauinhrESU|‘t‘>rgg°P Q!LafiﬁxggL Ranyiely 'Q&Q&aﬁf lagCting and
g 25. ans tor provrding 1 ndications of” 'ocations on
t he conputer coghéestiiGdirdiapitasigystem
{b) light source means connected to said
10 electrical input means for utilizing said electrical input
L_/ signal to produce pulses of light;
' {c) 1light collecting and electrical conducting
means being positioned in relation to said light source means
for receiving and being responsive to light being produced by
15 said light source means, and for producing an electrical
output signal as an indi;ation of such é response; and,
{d)} positionable light iﬂter:upting means for
opening and closing the optical path of light being
transmitted from said light source means to said light
20 collecting ahd electrical conducting means sufficiently so as
to affect said elecﬁrical output signal, the position of said
-/ light interrupting means being affected by a change in
: position of said cursor control device, the resulting output
signal of said light collecting and electrical conducting

25 means for providing indications of locations on the computer

controlled display system.



—_—

' \df sanpl i ng includes
,ﬁlﬂl d el ectrical output

- _30__—_ 12.  The method of Caim 11 wh ' st
the steps of: (a) saving a first porﬂ'ﬂ@ﬂﬂ%’ﬂ
sighat; and 5 (b) saving a " [err] of said”®

el ectrical -output signal, said second portion being tenporally spaced g
substantially close proximty to said first pggtion. 13. The nethod of
Cl-ai m 12 wherein said anal yzi ng and conparing steps include the steps of:
(a) determ ni ng whet hdR-[ e¥hq meshed of g]ibi’f I, phexpinggpdd AePn8E whet her

[err] and [err] af £ ‘i‘iﬂﬁ_} %&%iu@@s%h‘aeg%é%&f‘;ﬁi gnal directly previously

sanpl ed, when t he"de&t er atron-in , above, is in the affirmative;
and {c) signaling said cursay tsavinyea \fiest igouxtdebecrimpadf aidn step (a),
above, is in the affirmative, and the determination in step (b), above, is
in-the negative. electripel mtput SYInelaiaRdl2 wherein sai d anal yzing and

conparing ste I ncl ude th?b')ste%%ig%:a (=)~ :qwjhngm\gpegpearaihn I s equal

to[err] and )  maintaining the rsor 1n a stationaly position when the

determination in siRridd)l cHRPUE. sighalp $41 BeESHd Yortion bedhg- 15. The
met hod of Claim 12 wherein sald anal yzi ng and conparing steps include the
steps of: temporally spaced in substantially close proximity to said

£irst portion.

13. The method of.CIaim 12 whe:ein said analyzing and

comparing steps include the steps pf;

(a) determining whether In; is equal to Iny;

(b) determining wﬁether_1n1 and In; are equal to
#n electriéﬁl sigﬁal directly pre?ious}y sampled, when the
determinat;pn in step (a), above, is in the affirmative; and

fc) signaling said cursor to move when'the
determinition in step (a), above, is in the affirmative, and

the_determination_in step (b), above,'is in the negative.

14. 'Thé-method of Claim 12 wherein said analyzing and
comparing steps include the steps of:

(a) deﬁermining whether In; is equal to Inz; and
(b) maintaining the cursor in a stationary
poesition when the determination in step (a), above, is in the

negative.



(a). determ ning whether [err] is equal to [err]; (b) determ ning whether
[err._](g‘nd [err] are equal to 5 an electrical signal directly previously

. sanpl €8, when the determ nation in step (a), above, is in the affirnmative;
and (c), maintaining the cursor in a stationary position when the

det-erm nation in step (b), above, is in theg affirmative. 10 16. The net hod
of daim1l wherein said electrical signal” %eﬁerat ed is provided by a
contact encoder. 17. AS3.apPhe segtbod f Glaimil2 whexsidesaiddnadysing mpdenent
in a conputer controlled displa st e C rising: (a) a cursor control

- devi ce capabl e ofcﬁ?ﬁéﬁﬁ?i’n pgny'é‘fslé‘efr nﬂ&%\lsq'ggﬁn *indicative of a position
of said cursor 5 control dex) CRlet@rmining whether(Pd; iZEagsal @0 Saypl i ng at

| east two tenporally 7 spaced portions of said electrical signal, each of

sai*d 8 portions being withi® adeserminingdwheshiesdInd apdninz sxedegalptei od of
time being a function of the predicted rate of 10 _novenent of said cursor
control device 138 electricai sigpal ‘ﬁ’ﬁﬁﬁ%"‘\‘ BF‘Y%?P[?&V i RPRISdy hen they (o

12 tenporally Spaﬁééhﬂn%ﬂ%laﬁ é.W'l%&pGQQP, e, ‘("‘lc‘ihgj 1RO RE alek1ShECIVE;Cahg

signal previously sanpled; means for analyzing said
conparisons for 15 determ feng mdetabringhthe wuseor sitoal dtécicniagpal ed to
nove on 16 the di.sgl ay of said conputer controlled display system - 32
: . position when the determination in step (b), above, is in the
. affirmative.
10
16. The method of Claim 1 wherein said electrical

signal generated is provided by a contact encoder.

17. An apparatus for minimizing undesired cursor
movement in a computer controlled display system, comprising:
(a) a cursor control device capable of generating
an electrical signal indicative of a position éf'said cursor
control device; '
{b) means for sampling at least two temporally
spaced portions of said electrical signal, each of said

portions being within a designated period of time, said

"] o ~ o U

period of time being a function of the predicted rate of

10 movement of said cursor control device;

11 (c) meahs for comparing said at least two

12 temporally spaced portions with each other and to an

13 electrical signal previously sampled; and

14 {d) means for analyzing said comparisons for

15 determining whether the cursor should be signaled to move on

16 the display of said computer controlled display'éystem.



18. The ap'par. atus of Caim1l7 wherein said rreanst!Er sanpl i ng includes: (a)

means Tor saving a first portion, U "l Ll“l | | ctrical signal; and 5
(b) “méans for savi ng a second por L e

id electrical signdl,.
said second portion being tenporally spaced in substantially cl ose Vi >
proximty to said first portion. 19. The apparatus of Caim 18 wherein said
means for analyzing and conparing include: 33a) neans for determning

whet her [err] is equals.t o Theragpar@abys retacdainmrlidwhereimisagd vihemniscfoferr]
and [err] are equal to an electrical signal directly previously sanpled,
when the deter ni ARG AnCIWPsSta) above, is in the affirmative; and (c)

neans for signaling said ¢y so,;lﬁtg EBY S V188G &1l st hSotaloR!, NIAG! io2Nsdid
e a

el ement (a), above, is int Irmative and the determ nation by el enent

(b), above, is i@léteritagasigmal;28nd The -apparatus of O aim 18 wherein said

means for anal yzing and conparing i ncl ude: gaé neans for .determ ni-@ o
n

whet her [err]5is equal to (P rr’}'e‘é’r?de’E))s".'ﬁB . §e5onfePRACRY NP4 h 8% cur sor
in-a stationary Boshtl QR YRS 1GalE! Falh"dddNd BYréica"BRing VempBLRYE S

in the negative.
' spaced in substantially close proximity to said first

portion.

19. The apparatus of Claim 18 wherein said means for
‘analyzing and comparing iﬁclude: ' _ - _\‘)
(a) means for detgrmining‘whether Iny is equal to.' |
Inz; |
(5)_ means for determining whether In] and Inz are
equal to an electrical signal directly previously sampled,
when the determination in step (a), above, is in the
affirmative; and _ '
(c) means for signaling said cursor to move when
. both the determinétion”by element (a), above, is in the |
affirmative and the determination by element (b), above, is

in the negative.

'20. The apparatus of Claim 18 wherein said means for
énglyzing and compafing include:
(a) means for determining whether In; is equal to
Ins; and
(b) means for maintaining the cursor in a.
-stationary position when the determindt;on by elehent (a),

above, is in the negative.



-

- 33 - 21. The apparatus of C aim 18 wherein sai d means for anal yzing and
conpg rl'ng ‘include: (a) nmeans for determ ning whether [err] is equal to

[efr] 5 (b) ‘nmeans for determining whether [err] and [err] are
equal to the electrical signal directly previously sanpled, when the

det efmi nati on by el errent (a), above, is in_the aff| rmative; and (c) means

f t th 10 t at t
doterm nati on by o erfn  CBF “HRBEEERS i #ﬁ”ﬁhﬁ PRRTSHR: POLA mean 2o

The apparat us of afd ,4,11,,;7,){@@0%&% gngw@pr control devi ce incl udes an
X-axi s optical encodi ng assenbly for encoding along an X-direction and a
Y-axi s optical encoding adsknismeansofor deserminizigonbethey- dn: det egnal gech 5
encodi ng assenbl¥ i ncluding; (a) electrical input means for providing a
pul.sed el ectrical®put signal; (b) |ight source neans connected to said
el.ectrical ingut neans forgpt |,¢é,;,bng°§@eqepﬂ1,gq,q fhédier 84| ahd IRPWresi gnal
t o produce pul ses of light; (c) light collecting and electrical conducting
means being in pegsed tsynhénr@ectatca:nsmn&ﬂ. sidrect iy presionaly sampied,said
light collecting and electri C% conductin gnemsans bein p05| ti oned in

relation to sai d¥heRyfhesgeteminptine by elenent (a), above, in t

affirmative; and
(c) means for maintaining the cursor in a
10 s;gtionary position when the determination by element (b),

aboie, is in the affirmative.



15. rece|V|ng and bei ng respon5|ve-Le—LLghL~be+ng—pLgduced by sald |'i ght

sour ¢e ‘neans, and for producing an electrical out ut si gnal an

i ndi'cati on of such a response; and, Ul mﬂ uﬁ e | i ght |nterrupt|ng
means for opening and closing the o ght bei ng 20 FUP
transmtted fromsaid |ight source neans to sal Ilght col l ecting and '

el ectrical conducting neans sufficiently so3&s to affect said electrica

out put signal, the posRei orfThsf 'apahdaﬂu'sghf ¢-‘r¢tiatr' Llptierginesadd sukser af f ect ed
by ‘a change in p03|t|on o] r devi,ce the esultin ul sed
25. out put  si gnal §onEEPY $T€}$F é%#gﬁgffl L%I%ﬁﬁﬁ”?éaf“°° ﬁ&ﬂc?||1§g%§ans
for providing i ndlféil-t eRBSa g h26A¢ Imi-@ﬁé&goﬁmw&e&-m lopkiaspl ay
system the device resulting in mninized power consunption as a result of
the pul sed synchr mcpdtlnmrascﬂemy&ydfcm gncorymgr stonman¥-dixeatdon. | eagh 30
collecting and electrlggl cond Tﬁ 35 - 23. The apparatus of

d &i'm 22 wherein $AE anpl ?ncludes (a) neans for saving a
first portion, [err] of sai @k)e| mewﬁéuomhm mehfftor prEviding aemefaor
saving a second portion, [err] of said electrical output signal, said

secand portion beielgpcteipok ailnlpytsm.l n substantially close proximty to

saird first portion. 24. The gra us of Cl aim23 V\/nereldn sai dJreans for
. ana| y2| ng and corrparl ng i nc t source means connected to s

electrical input means for utilizing said pulsed electrical

10 input signal to produce pulses of light;
{c) ;ight collecting and electrical conducting' ;."\\)_
means being in pulsed synchronization with said light source
‘means, said light coilecting and electrical conducting means
being positioned in relation to said light source means for
15 receiving and being responsive to light being produced by
said light source means, and for producing an electrical
output signal as an indication of such a respense: and,
(d) positionable light interrupting means for
opening and clbsing the optical path of light being
20 transmitted from said light source means to said light
collecting gnd electrical conducting means sufficiently so as
to affect said eleétrical output signal, the position of said. \?)
light interrupting.means being affected by a change in |
!  position of said cursor control device, the resulting pulsed
25 output signal of said light collecting and electrical
conducting means for providing indications of locations on
the computer control display system, the device resulting ih
minimized power consumption as a result of the pulsed
synchronizg;ion of said light source means and said light

30 collecting and electrical conducting means.



*(a) means for determ ni ng whet her [Jy’} i s equal toferr] (b) neans for

determ:ing whether [err] and [err] Ml el ectrical signal.
,directly previously sanpl ed, when 't i Mﬂ”ﬁi’lby el enent (a), above,

is in-the affirmative; and (c¢) neans for sigflal#ngssaid cursor to nove when
bot h e det ernination by el enent (a), abqQugg .is in the affirmative and the

determ nation by el egent (b above, is in.thg negative. ,25. The _apparatus
of O aim 23 wherein ggt d 1(r*;§)aﬁgp§r “3n%€3#f1‘f’iﬁ g%d'%gﬁﬁ*)’éﬁaﬁé 'f‘?ﬁﬂsuggg (a)
"nmeans for deter ganpding\N@lcheded:crr] is equal to [err] and (b) nmeans for
mai-ntai ning the cursor in a stationary position when the determ nation

provi ded by el ement (a), ¢ovmeans for $3ningegafixgt portiops- Inp ofThaid

apparatus of Cai,m23 erejn said neans for analyzing and conparing
i ncl ude: (a) ‘rrezfﬁ§°€5+‘\’,’wt}ef’8{;?ﬁtr1isr"t§" %8 [err] is equal to [err] 5

(by neans fer determ ni ng)Whgedy £b@rsdvidigdal fddndopértadnd! 18N 88 _
el éctrical signal directly previously sanpled, when the determnation in
el ement (a), aboadd ebedtrital avtput nsiignad; saidl geromt postion bedngt ai ni ng
the cursor in a
. temporally spaced in substantially close proximity to said

first portion.

24. The apparatus of Claim 23 wherein said means for
analyzing and comparing includes:

(a) means for determining whether In; is equal to
In2;

{(b) means for determining whether In; and Iny are
equal to an electrical signal directly previously sampléd,
when the determinatibn by element (a), above, is in the
iffirmative; and

(¢) means for signaling said cursor to move when
both the determination by element (a), above, is in the
affirmative and the determination by element (b), above, is

in the negative.

25. The apparatus of Claim 23 wherein said means for
analyzing and comparing include:
_ {a) means for determining whether In; is equal to
Inz2; and
(bs means for maintaining the cursor in a
stationary position when the determination provided by

element (a), above, is in the negative.



10. stationary position when the de l i r oy ded by el ement (b), :
above,:is in the affirmative. - Hmﬁh"ﬂﬂlgnﬂﬂﬂ%t us of Claim17 wherein :
.sai.-d" cursor control device includes o | encoding assenbl’y for *.

encodi ng along an X-direction and a Y-axis optical encoding assenbly feow
encodi ng along a Y-direction, each 5 encodi-ngs assenbly including;, (a) -
efectrical input meang fougr guldliaidsafe RhSER"dF el O lsaltORGlns €BY | gt
source means connect edst-o Sai d el ectrical 1nput neans tor utilizing said
el'ectrical input aAflyfingahdt conpaeihgcingahaes of 1ight; (c) |ight

cal l ecting and el ectrical conducting neans being positioned in relation to
said |ight source neans _foﬁa)rew-’ﬁ% ropresEining shgther A0y 6’I?‘§ﬁ3 BRi ng
produced by said.lLight source neans, and for producing an electrical 15

ouf put signal "as ah’ i ndi cati on of such a response; and, (d) positionable
li.ght interrugting means f@) ofe#hs Fozndetdrmihiny tWhethetiIml apdtinohrei ght
being transmtted fromsaid |ight source neans to said |light collecting and
el'ectrical conduegial treanseiectnicadnsignalodizecrdy peeviously safnjed,

el ectrical output_ signal,, the posi.tion of ' ght. il enrupyt i means

bei ng affected bffhﬁng%é%é’él'ﬁmg%%iﬂ'ofnn oefleégllkg J@& s%tr’wcktdntirgoﬁdﬂgi\% ce, the
resul ting out put «ieghmdtidfe;Sand | i ght collecting and el ectrical conducting

means for providing indications of |ocations on the conputer
: (c¢) means for maintaining the cursor in a

10 stationary position when the determination provided by

element (b), above, is in the affirmative.



25 controlled display system . 38 - 28 The apparatus of O aim 27

Wneréi n said means for sanpling H’i“tuﬁm"nm)r”m for saving a first

i pOI‘tI“(‘)I’I, [err] of said electrical" ! mFd S (b)
rre._ang‘“f or saving a second portion, '[err] of "sai d *el ectrical output signal,
sai d“Second portion being tenporally spac_e% in substantially close

proximty to said first portion. 29. The apparatus of C aim 28 wherein said
means for analyzi ng52\nd '@ﬁwﬁﬁ?ﬁf&"i’nﬁ er@.ig(gi "g‘r‘?éﬁ?fé s3df ERE i ni ng
whether In is &auabl ldevite’ indiRhe SoaA %-hRis GpitSEH] UnkBaElasEmb sy 1] and

[err] are equal to an electrical signal directly previously sanpled, when
t he determ nat ifowr pancadichgdabonelasnirdizes)riombamdea ¥Y-axin opricaltf i rmati ve;

and (c) neans for a%’lggnal [ nﬁhfai d cursor, to nove vvh_refgt botg the determ nation
by el ement (a) 2PSRAVES 3ssefily for ercqding; teng g YTRA*SEEL §2CRon by
el ement (b) g aRQVBaihs dsdelPfy 1GQbaMGy; “30. The apparatus of Caim 28
wher ei n saig means for analyzing and conparing include: (a) nmeans for
det erm ni ng whet her [err{a)i setecaticad imput] mesms (for pEmridiihgrammi nt ai ni ng
the cursor in a :

electrical input signal;

(b) 1light source means connected to said
electrical input means for utilizing said electrical input

10 signal to produce pulses of light;

{c) 1light collecting and electrical conducting
means being positioned in relation to said light source means
for receiving and being responsive to light being produced by
said light source means, and for producing an electrical

15 output signal as an indication of such a response; and,

(d) positionable light interrupting means for
.opening and closing the optical path of light beihg
transmitted from said light source means to said light
collecting and electrical conducting means sufficiently so as '

20 to affect said electrical output signal; the position of said
light interrupting means being affected by a change in
W, position of said cursor control device, the resulting output
signal - of said light collecting and electrical conducting

means for providing indications of locations on the computer

25 controlled display system.



st'.éti_onary posi ti on when the d | ement (a), above, is in the
negati ve. -39- 31. The appal mm\ﬂmmmmu “wherein said nmeans for
anal yzi ng and conparing include:* (&) aeahs Yor det ermi ni ng whet her [err]-

equal to [err]; 5 - (b) means for determ ning whet her [err]-&.and
[err] are equal to an eI ectrical signal dirgetly previously sanpled, when

the deter i nat o pr gyt degh b eIl o2, G00H Eund b edIF kb T4 | Ve

and (c) neans for e cursor
t he determ nati cu},n@lj_gc?dﬁd;muee{ ement (b) above is in the affirmati ve.

32. The apparatus of aim 17 wherein said cursor contr devi ce jncludes a
contact encoder. 33. A nef®lod meRnsi FRTSAVIRG maésﬁ &P ?EOr I Rhedddi n a

comput er controlled. dis ubstantially as hereinbefore described
wi-th reference t?}ﬁcﬁﬁiﬁgtdﬁﬁgﬁé'?@naﬁ'avﬁ% . 34. An apparatus for

m:nim zing unglesired curses) NxéeARE Ntox Qa&iﬁ@@@béén&@&tﬂbﬁﬁdxﬂ; sgt ay
system substantially as hereinbefore described with reference to the
-acconpanyi ng dr esdidgelectrical output signal, said second portion being
temporally ;paced in substantially close proximity to said

first portion.

29. The apparatus of Claim 28 wherein said means for

analyzing and comparing include:

(a) means for determining .whether In; is equal to
I!iz:

(b) means for determining whether In; and In; are
equal to an electrical signal di:ectly.p:eviously sampled,
when the determination provided by element (a), above, is in

' the.affirmative; and '

_ (c) means for signaling said cursor to move when
both the determination by element (a), above, is in the
affirmative and the determination by elément (b), above, is
in the negative.

.30. The apparatus of Claim 28 wherein said means for

analyzing and comparing include: _

(a) means for determining whether Ini is equa; to
Inz; and

(b) means for maintaining the cursor in a
stgtiona:y position when the.determination by element (a),

above, is in the negative.

0" statronary position when

-



10

W

-39 -
31. The apparatus of Claiﬁ 28 wherein said means for
analyzing and comparing include:

(a) means for determining whether Inj; is equal to
In2:

(b) means for determining whether in; and In2 are
equal to an electiical signal directly previously sampled,
when -the determination provided by element {a), above, is in
the affirmative; and

(c) means for maintaining the cursor in a
stationary position when the determination provided by

element (b), above, is in the affirmative.

32. The apparatus of Claim 17 wherein said cursor

control device includes a contact encoder.

33. A method of minimizing undesired cursor movement in a
computer controlled display system, substantially as hereinbefore
described with reference to the accompanying drawings.

34. An apparatus for minimizing undesired cursor movement in a
computer controlled display system, substantially as hereinbefore
described with reference to the accompanying drawings.




