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or ABSTRACT

In 2 manval input device for controlling 2 cursor on a
compuier display {&.g., & mouse), a supplementary pro-
" portional contral device inchiding a spring-lnadeg Jever
dispiaceable from an equifibrivm position in either of
twg directions and protroding ont of the mouse housing
Is provided for concurremtly controlling the scrolling
operation. The supplementary control signai is gener-

- uted in response to operation of a kever designed to be

driven by the thumb of the same hand whizh holds the
mowse, The contrel signal varies according to the disc-
placement amount of the lever from its eguilibrium
position and the displacernent direction and thus is nsed
as & screlling rate end direction comirol. An zespaiaced
method is provided far sening the scrolling direction i
correspondence to the dominant axis of the cursors
trall. Detecting an approximately circular movement of
the cursor sets the scrolling awis perpendicular to the
screen plane {Le., in 2 third dimension),
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MOUSE AND METHOD FOR CONCURRENT
CURSOR POSITION AND SCROLLING CGNTROL
BACKGROUND OF THE INVENTION

The present invention ralates to computer input de-
vices in which a-wansducer converls translationa mo-

" movement of a cursor associsied with a visual display

system. More particularly, the prosent invention relatey

. to an input device capable of generating further addi-

tional contro? signals and an associated method for im.
proving and speeding up its operation,

A mouse, es it has come to be known in the lexicogra-
phy of the prior art, is a widespread compnter inpit

device, which has become greatly aceepted among

personal computer end computer terminal useys.

Computer pericheral input devices of this type are
described for example in T.5, Pat. No. 3,541,541 jssued
to Engelbart for 2 mechanical mowse Nov. 17, 1970 and
U.S. Pal. No. 4,866,602 issuad to Hall, Sep. 12, 1980, A
mechasioal mouse consists essetially of a housing
which can be slid by a single hand over a flat surface 10
generate 8 pair of signals in response to the relative
motion of the housing ovar the flat surface,

These signals are produced by a trznsducer typically
lacated on the bottam or belly of the housing and are
iransnitted 10 computer means via commumication
means (e.g., & flexible cable connected 10 8 compurer's

5

“tion of a housing into’a position signal for canwolling *

- means of the camputer. This §s particularly troe when < .

v—
(=]

—
e

2
Bser-machine interface, made this instrumen 2 very
popular input device, mostly for persanal computer
applications, ’
Moreover, we have observed that in most comypater
applications the data space the vser is working on is 100
large to be displayed at the same time in the display

working in 2 window environment in which the screen
is divided into several separate arens, each of which
display = differant data space. In normal operation of
snonse this situation arises repeatedly forcing the user to
#bandon his or her main task and drive the corsor 1o
screen areas assignad forscrolling commands, usin g up
a significant amount of his or her usefu! time. Hence,
since the display means generally shows just 2 portion
ol its associated dats space, wsefulness of the monse is
Timited when the data field 1o be aceassed it not in-
ciuded in the displayed portion. .
Accordingly there js a need for an Inpot device that
can carry out this operation in 2 fast and efficient man-

- .ner while mainisining the original monse concept of

25

inpta’ poxt). The pair of signals reprasent orthogonal 3¢

incramentel motion components of the mouse in fhe x
and y directions over the fat surface, in a suitable scale,

Generally the mouse movemen is visually fed back
t0 the user by 2 graphic symbol or cursor displayad on
the compiter screen that copiss the mouse’s movement
creating the illusion in the mind of user of directly mova
ing it with his or her own hand. The application pro-~
gram derives wser commands according 1o spatial refa.
tionships berween the displayed information and the

driving z cursor,

A sgueezable mouse i known and is structmred 1o
issue scrolling commands to 4 computer means display-
ing an interactively operated program. When the sgeez-
able mouse is squeezed hinary switches zre closed send-
ing & binary commend to the computer, This is equiva-
lent to providing a mouse with 2 third bution on its back
for sending ap additiona) binary control command but
using 2 different mouss handling technigpe, This solu-
ton is deseribed in 1.8, Fat. No. 5,122,785 issved to

" Cooper, Jun, 16, 1992,

33

sursor posttion on the sereen when a switch is activated 40

(wsually in the form of a pusk-bution or similar means)
providad on the back of the monse for generating bi-
nary (Le., on-off) contro} information.

A three-dimensional mouse, which produces threa

different signals representing orthogonal incremental 45

position components in the , v and z directions for uge
£.g, i positioning an object in a three-dimensional
isometric display on a computer display means, is de-
scribed in U8, Pat, Ng, 5,132,672 issucd to Clark, Jul,
21, 1952 and also in U.S. Pat, No, 5,095,302 fssued to
McLean Mar, 10, 1992, These devices Dperate produes
ing sigrals for ‘positions in the % and v directions in the

'same ymamner 2s in the conventional two-dimensions)

mouse and by producing the signal fer the z direction
By & transducer connected with a digie operablz move-
able companent such as a roller-belt or pressure sensi-
tive button. Thus signals for the % and v direction are
produced by motion of the mouse over & plune surface,
but signals for the z direction are produced by motion of
the moveable component by a finger or thumb f the
hand moving the mouse, )

The mouse's capability to generate posifion signals
plus one or more binary contro) signals with just one
hand of the eser, has turned it into a most useful 100! for
Interactive computer program control,

It flexibility when vsed in combination with graphic
programs, either graphic applicatons themseives or
using the computar's graphics capacity as 4n interactive

&

6

"

All known mice and methods for sorolling informna-
tion displayed by a compwter in 2 computer displzy
means are based on positoning or moving a cursor

within pre-determined areas of the display means and

Issning binary corntrol commands (e, operating push-
butions or similar binary controt means) while the cur-
sor is positioped or moved within the boundaries or
across the boundaries of those pre-determined areas,
For example in U.S. Pat. Na, 5,122,785 referred 10
above, several methods for serolling are disclosed
which are based on these principies,

These solutions do not provide concurrent cursor

positloning and scrolling contral because the apparatus
on which they'rely do not have separate control means
for that purpose, requiring the allocation of the Xy
cursar comirol meens of the mouse fo perform scrolling
aperations.

Furthermore, since methods used with those deviges
are based on driving the cursor to pre-determined areas
of the display means, they do not aliow the isseing of
scralling commands from an arbiscery cursor position.
This terds to increase the average x-y carsor translation
distance since the scrolling commands represeni a sig-

nificant part of the set of commands issned by auserin’

an interactive operation of a computer. This results in
mouse productivity loss and also forees the user to
abandon his or her main task 1o drive the cursor to the
pre-determined screen areas diverting bis or her aien-
tion. .

Moreover, scrolling operations generalty need 10 be
pesformed in 2 gradua) way, scanaing the data space in
incremental steps through snceessive approximations 50
25 1o keep track of the displayed information uniil the
desired dala field is reached, This requires an appropri-
ale appzvatus and an operaling method capable of pro-
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viding a tight scrolling centrol fo allow Fast scrolling
direction switching and 2 wide range of available scrol-
ing veloeities.

Also, with the increasing popularly of application
programs and user interfzces based on three-dimen-
sional data arrey concepts {eg., thres dimensiohal

spreadsheet programs) there is a need of 2 mouse Cap&~__ .. .
" bie of praviding an improved way lo-operate thess

programs, allowing a user to soroll not only within &
plane display but through sneeessive three-dimensional
dats layers,

These requirements are not sarisfied in 2 complete
meanner by any of the conventional mouse devices
known in the industry, Thic is because the conventional
mice are coneeived to drive a cursor an a finile work-

. space bouaded by the screen limits and are equipped

with devices for generating only either movement fn-
Jormation or binary coatre! inloamation.

Thus there is 2 need lor an ergonomic monse device
and, method for using il to enkance productivity, speed
and efficiency of interactive operation of 2 computer by
3 nser.

- SUMMARY OF THE INVENTION

Itis an object of the present invention to extend {hess
limits ‘with 4 new mouse and associzted method far
improving its contro! papabilities while maittaining the
2ase of use and intuitive aperation which has made i 5o
popular, - :

It is also an ohject of the present fvention to provide
an jmproved monse designer to take advantage of avail-
able skills in contemporary nsers, which is heid -and
used much in the same way as the monse of the prior
art, ths requiring no Forther trafning of the user.

2t s u hasic object of the present iavantion to pravide
2 monse which not only enables the user 1o drive .a
cursor over a screen of a display means, but also to
smoothly seroll the displayed information at & vlurzlity
af speeds and at the same time to control (he cursor
position, -

It is an acditiona) object of the invention to minimize
time, arm motion and nser effort in performing scralling
operatians with 2 mouse on 2 display device in.an inter-
active pperating envirorment, ’

Tt is 2lso another object of the present invention to
provide an improved mouse having features set forih
above and which can be easily made fully compatible
with state-pl-the-ar retated means, aceassories and ap-
plications, -

Tt is another object of the present invealion to pro-
vide a mouse of the foregoing type which is noi mere
expensive to manufscture thap 2 conventional twe-di-
mensional mouse and which is fully compatible with
state-of-the-ant compuler means snd accessories,

According to the invention the mouse ‘heving means
for serolling as well as cursar positicning includes a
supplementary control means for producing a supple-
mentary coniro signzl from which serelling commands
are derjved when the supplememary signal is input 10 a
coampiter, The supplementary control means includ=s g
displacesble elemeni movable by & digit of the hand
moving the mouse and having 2 bounded range of dis-
placement amounts. The displaceable slesmeant s moved
Against a Testoring force of a spring means from an
equilibrivm position in which no displacement signal is
Benerated 50 25 to produce B signal representing the
amount ol displacement of the displaceable element

from its equilibrium position,

10

—
™

20

4

The supplementery contrcl means can be a lever -

projecting out of the housing 1o be operajed by the
user's thomb of the same hand with which he or she
operates the mouse. The lever is urged 1o a release or
equilibriam position (ie., ne displacement) with a suit-
able restering mechanism providing a suitable relue-

tance and is mechanically engaged with = supplemeti- .

tary transducer fof generating the supplementary con-
trol signal vepresenting the lever's displacement in an

appropriste scale, This control signal ic encoded, com- -

bined with ather mouse generated signels and-transmit~
ted to the computer using similar techriques and means
45 in conventicnal mice, The supplementary contral
sigmel s then processed combined with the x-v moticn
signals to comtro] the scrolling operation through a
method comprising detection of the dominant axis of
the cursor motion's trail and generating ineremental

scrolling commands pavaliel to that axis al 2 rate deter- .

mined by the amount of displacement of the lever from
its equilibrinm position, in a positive or negative direc-

- tion according o the sign of the displacement.

The main advantage of the mouse and method ao-
cording to the invention is that it allows the user to,

* concurrently and aceurately control the scrolling of the

25

60

[
R

text over which the cursor is being moved, thus extend-

ing the monse's usefulness to coatral not only the cursor

position bot the whole navigation process over a certain

~data space. .

Moreover, the supplementsry control mesns can
brovide 3 signed scrolling rate control, since the sign of
the displacement can be tsed Lo provide a positive ora
negative going control signal. It aliows & tight scrolling
operation and a wide mate vasiation with outpyt signal
proportional to displacement amount, providing ade.

- quate processing of the control signal, 2s i apparent

form the detailed deseription herein below.

From 2 productivity standpoint, smce the control
device s part of the moust system and it is inherently
capable of generating bursts of scrolling commands of

unlimited lengih without any mouse movement and .
Tegardless of its current positicn on the screen, the aver-

age x-y sliding distance of the mouse durin g imeractive

operations can be significantly reduced by eliminating:

Tepetifive 1rips 1o screen areas assigned 10 serolling
cantrol {e.g., the serol) bars). This Jeads to significant
time savings and hencr to greater mouse productivity
and user comfart, Parthermore the mouse accordin £ 10
the invention is comparatively inexpensive since it anly

.Tequires & comparatively few extra parts compared to

those of the conventional prior art monse. The associ-
ated method of operating 4 computer in an interactive
manner using the mouse according to the invention
allows contro} of the serolling operation in both hor
zontal and vertical directions with 2 single supplemen-
tary control means.

BRIEF DESCRIFTION OF THE DRAWINGS

The objects, features and sdvantages of the prasent
invention will now be Mustrated in more deral} by the
following detailed description, reference being made to
the accompanying drawing in which:

FIG. 1e i5 & schematic horizontal cross-sectional
view throegh an embodiment of 2 monse according to
the invention showing a mechagical portion of the sup-
plemenzary coniro! mezns for serolling;

F1G. 15 is 8 transverse cross-sectional view through
the mouse shown in FIG. 3¢ taken along the section Jine
BE'—B' ol FIG. ¢
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FIG. lcis a side elevational view of the mouse shown
in FIG. 1a;

FIG. Zn is a detailed transverse cross-sectional view
through the mouse and the supplemeniary control
means shown in FIG. 1)

FI1G. 24 is a dewailed horizontal cross-sectional view
throngh the mouse shown in FIG, 1o

F1G. 3 is 2 block diagram of the mouse of FIG. 1o in
which the conventional mouse’s components are delim-
ited by block 1 and the novsl componenls of the Inven-
tion are delimited by block %

F1G, 45 a time chart showing synchronous quadra-
ture pilse signais generated by the X~y motien transduc-
¢ers of a conventional mouse, and which are also simi-
lacly gemerated by the supplamentary contro} means or
teansducer associated with the scrollmg r;ontml of the
invention;

FIGS. 5o0-5d Mustrate 4 method of using the movse
according o the invention and are diagrammatic views
illustrating how the mouse is operatad;

FIG. 615 a block diagram of a camputer system using
the mouse of FIG. 17 and 3 according 1o ths invention;

FIGS, o and 7b are x-y diagrams showing examples

aof cursar trajectorsies ahd their consecutive enrsor posi-

tions, in which parameters calculated by the mouse

—

driver to detect the dominant axis of the cursar trail -

acvording 1o the invention zre alse shown; and

FIGS. # and 2 is a fiow chart of the daminant seroll-

5,313,225
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FIG. 1 also shows push-butions 34 typically placed
on the top surface 30 of the housing 19, approximatety

- 50 that & vser’s index and mmiddie fingertips cen reach

. movement of & spring Joaded mechanism designed to be

0

5

them when the usec operates the mouse.

"According to the presand invention, the mouse 10 also
includes supplementary control means 40 for generating
an additionel control signal for scrolling in response to

operated by a thumb of the szme hand which holds and
moves the mouse. In the preferred embodiment, this
supplementary control means comprises & mavable part
A2 of approzimately semi-circular shape mounted rotate
ably un an pivot rxle 44 fixed 1o a baseboard 76. Base-
bosard 76 is mounted on the printed ciecuit board 23,
The supplementary control means 44 further comprises
2 lever 78 fized do the movable part 42 and protruding

* through an opening 43 on one side 44 of the housing 19,

20

ing axit detegtion algorithms in the method according 30

to this invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 Tlustrates & physncaJ enbodiment of 2 mouse 44

10 according lo the invention which is derived from a
basic mowse strocture, which is krows in the prior art.

The mouse 30 of FIGS. 1a 10 4 comprises 2 housing
19 heving a flat underside or base 18, The vnderside 18

opens inwardly, approximatély in its center,{o form a )

spherical holiow 16, The honsing 19 accommodates an
Yy movement transducer 12 jncluding a ball 14. The
bal) 14 is retained in the hollow 16 in such a way that it

- may roiate fregly in any direction relative to the

mouse’s housing 12, The housing 19 contzains » printed 45

circuit board 28, on which the mouse logic cirouit
means is mounted. A pair of rotation encoders 20x and
20y which are part of the, x-y movement transducer 12
&re also mounted on the printed circuit board 23. Each
rotation encoder 20x, 20y is coupled 10 the ball M by &
respective roller 22, which transmits rotation from one
(the ball 14) 10 the other (encoder 20x, 20y). The pair of
rollers 22 together with a freely rotatable eylinder 21,
which is uzged by a spring towards the'ball 14, help to

Lever 78 with movable part 42 are urged to a central
released or equilibrium position by spring means 47
which consists of a resilient wire 47 wound around the
pivot axle 46 and held in place by a pair of stops 4% fixed
1o the movable part 42 and by another pair of stops 45
fized to the baseboard 76,

FYGS. 2a and 2b are detafled views of the mechanism
and monnting of the supplementary control means 40,
The baseboard 76 is mounted on the printed cirenit
board 23 and has supporting axle 46 on whick the mov-

" ghle part 42 is pivotally mounted 0 solate within an

angle determined by spring means 47 and the pairs of
stops 45 and 45, The movable part 42 includes an inner,
cancentric semi-cireular siotted skirt 80, At two angu-
larly spaced locations opto-coupler pairs are placed 25
shown in FIGS, 22 and 26 Each opto-couplsr pair
comprise 8 light emitting diode (LED) 82 and a photo-
transistor 84 connected to the printed eirenit board 23,
advantageously by soldering. The skirt 80 has a plural-
ity of slois B& evenly spaced and the skirt 80 s posi-
tioned to alternately block and iet throngh lght emitted

by each LED B2 to its corresponding photo-transistor

84 as the lever 78 is operaled. The angle between one
pair of opto-sensor 824, 84z and the other 825, 84b isset
according to the slol density adopted for the shirt 80, so
that the pulses generated have a phase difference close
to 90° as required to extract the motion sign inlormation

out of these signals. The baseboard 76 further includesa -

" fixed skirt portion 88 extending circumferentially only

50

retain the ball 14 in the spherical hollow 16, The axlesof 55

the transducers 20x, 20p arc connected 10 correspond-
ing mechanical-to-electrical incremental converters 24,

A small part of the ball 4 projects slightly from the
flat base 18, to enable contact with a horizental plane
surface 28 for resting snd mowving (he mouse 10. The
mouse 10 has a topside or bagk 30 on iis top, shaped 0
fit o user's hand to facilitale its operaiion. )

The rotary transdacers 20x, 20y each bave a pair of
ourputs X1-X2 and Y2-Y2, as disclosed further herein
below ip relation to F1G. 3, These sigrals taken to-
gether define all aspects of the rotation of the ball 14
according (o orthogonal directions 2 and y on the plane
surface 28,

&0

o
ch

over a portion of the circumferential extent as ihe slot-
ted skirt 80 and having two complementary fixed slots
90 cach pesitioned between the phoio-transisior 84 and
light emisting diode B2, Thus the fixed skirt porton 8B
acts as a diaphragm or mask to enhance resolution re-
gardless of tolerances obiined when soldering the op-
to-coupler compunents to the printed cirenit board' 23,
Utiliziig suitable small opto-coupler pairs such as the
Motorala's MLEDT! and MRID70] and a slat width of

1 millimeter, a resolution of approximately 80 transi-

tions in a 90° lever shift may be oblained for a skirt
diameter of 2.5 centimeters, which zllows a2 smoath
enough operation. .

The mouse 10 has been designed for righi-hended
users. A Jefi-hand mouse js simply the mirror image of
the one shown with the mirror plane being the central
]onglludmal plane,

FIG. 3 15 a block diagram of the electronic circuil of
the mouse 30 according ta the prelerred embodiment of
FIG. 1a. The figure shows a conventional mouse system
detimited by block 1,including an x-y iransducer assem-
bly 12 responsive 1o movement of mouse 10 over 2
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plane surface 28 of a pad. Although a mechanical mouse
15 used 25 the basis of the embodiments shown hers, it is
-not the only way the invention can be practiced. Trans.
ducer assesnbly 12 may be 0 a mechanical type, like that
diselosed in T8, Pat, No. 3,541,541, referred to herein
above, or of the electro-optical type like the one dis-

. _closed in 11.5. Pat. Nos. 4,364,035 and 4,546,347 both 1o

Kirsch. In ganetal any device capeble of tsacking the
T mouse’s -y movement §s suiteble as this transdueer 12,
Transdocer 12 in the embodiment shown here gener-
ales a set of 1wo pairs of signals X1-X2 and Y1-Y each
one representing signed x and y increments! compo-
nents of the mouse’s movemenl in arthogonal axis. Geas
nerie resistors R2 bias the outpnts X1, X2, Y1, ¥2 from
the transducer 12. These outputs issue synchronous
quadratare pulse signals 25 displayed in FIG. 4. Bach
quarter cycle represents an elementary distance Ad
according to a predetermined scale, As it can be seen in
FIG. 4, the veriation of the signals’ status 1aken together
in each quarter cycle gives all the mation information

provided the signals have a phase difference close to 90° .

1o zach other. A change in the statas of the signals at
1wo different moments defines a transition and provides

the motion direction information as summarized i

Fable I herein below,
TABLE |
Ko X2p Zlasl Mation Direction
bl .
] .0} e}
{0 ot -1
o0 n +1
& 11 x
ol ’ o +1
ar o1 1]
al 10 X
o i1 -}
i0 a0 -l
1] 0f %
id 10 0
10 T +1
1 o2 S
1" oI +1
1 1 —1

11 . 11 ]

In Table I the calumn marked “X1,, X2," represents
the signals’ status prior to detection of the transition and
the column marked “Kizey, XZpi1” represents the
status afer transiten, The third column shows the in-
eremental signed value of the mation detected. Transi-
tions marked with an “x" are not possible in the scheme
of FIG. 4 and are usually used as 2n error signal hdicat-
ing a transducer maifunction,”

A3 shown in FIG. 3, bath pairs of X and Y signais are
tead by parallel inputs P2 throngh P5 of a logic circnit
means 4 which processes the signals 1o detect mopse
molicn accerding to Table 1 and generates ap output
signal 5O an an appropriate lead 5. This signal containg
the ineremental x-y motion information which #s trans-
mitied to the computer. F1G. 4 also shows two binary
{Le., on-off) keys 6 biased via generic resistors R 1, Keys
6 generaie binary signals A and B for inpwis P20 and P1
of the Jogic circuit 4 which encodzs them logether wilh
the x-y pesition signals transmitting a compasite signa)
1o 2 computer {or further processing,

Although output 5 has been represented as consisting
of a single conductor, signal S0 may be copveyed in
cither paraile] or serial forma, via either conductor
mezns 36 or wireless means such as radio link, light
beam or infrared radiation. S

. 8 .

Only two keys 6 are shown however the mouse may
include more than two. The keys can be mechanical
switches but they may also be capacitive swilches, con-
ductive rubber switches or any other suitable type of
binary switches,

In the preferred embodiment the supplementary cone

‘trol means 48 shown in block 2 of FY5. 3 generates &~

third pair of eontral signals 51 and S2 In the same for-
mat 25 the X1, X2, ¥1 and Y2 signals generated by the
xvy mofion transducer. These contro] signals are gener-
ated in response lo 2 displacement of the lever 78 from
its equilibrinm position shown in FIGS. 1z and 0b to &
displaced position (FIG. 5b). These signals are vsed to
control the scrolling rate, Signals outputs 81 and 52 are
respectively connected to inputs P6 and P7 of the logic
circoit seans 4 and are processed inthe same way as the
group of conventional signals X1, X2, Y3, Y2.

The logic circult means 4 can be 2 microcompuiter
coofigured with at least one 8-bit parallel input port and -
a serial output port (or a parellel port capzable of emulat-
ing a serial port), such as Motorola's MC146805 inte-
grated circuit or the Jike. Both the x-y motion signals

- K1, X2, 71, Y2 apd the control signals 51 ang S2 plus

25

30

ihe binary signels A and B ar comected to PO throngh
P7 inpts of a paratlel port of the microcomputer iobe
read and processed as described above. )

I the preferred embodiipent, the signal issued by
outptit 5 is in & serfal format and made into data packets
using a techniqne described by Yahn C. Fall in V5. Pay,
No. 4,866,602, -

According to this technigue, whenever there is any

* change in the state of the mouse, the monge logie circuit

35

45

60

a5

means generates a packet of three 7-bit bytes. A chenge
of stale is defined 2t any mouse movement or ary
change in the status of its binary keys. Each transmitted
three-byte packet is an accumniation of all mouse activ-
ity that has occurred since transmission of the pravious
packet. The foliowing Table II shows this prior art
packet format: .

TABLETI
B BS B4 Bx B B R

Byl -1 Left  Right YT Y6 X7 X6
Byte2 0 XS X X2 oxr X0
Bylz 3 ] Y5 ¥4 Yl Yz v) Yo

In this prioy art format, B6is nsedas = synchironizing
bit and is *I" for the first byte and “0" for the second
and third byles, Bits “Left” and “Right” in the first byta
represent the siate of the Jeft and right binary keys 6
respectively. A “1" represents a key pressed and a "0
represents a key released. Bits X7 through X8 and Y7
through Y0 represent incremental motion in the respee-
tve 2 2ad y axjs in an twa's complement. signed integer
eight-bit representation,

According Lo the present invention, the sbove packet
sirocture is modified to include a fourth byte 10 convay
the incremental position Information partaining to the
supplementary control means 40, The resulling struc-
ture is shown in the following Tabie IIL:

TABLE 111
B6  Es B4 B3 m1 WM DO
Byiel 1 Lef Right Y7 Y& X7 X&
Byiez: 0 X5 Xs X3 X1 X1 X
Byie3 0 Vs YA ¥l oYl ¥l YO
Byies 0 58 5¢ 5y 52 5 sb
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The synchronizing bit BE is always “0™ in the fourth
byte. Bits S8 through 80 represent the angle the lever 78
has been turned since the fransmission of the previous
packel in 4 two's complement signed integer six-bit
representation which is adeguate in practice, since the 5
supplementary control means 40 {eads to accumulate a
much lower number of transitions than the x-y trans-

and aliows & mouss driver meaus to sulomatically de« 10
tect what {ype of mouse is connected fo the compnter
and process the signal accordingly. The absshce of the
fourth byte {i.e,, 1 conventional mouse connected 70 a
compuier) may be interpreted as & null Jever displace-
ment by the rest of the system, 15

The disclosure herein before refers to the physical
preferred embodiment of the present invention. Follow-
ing is the explanation of the associated method of using
the serolling mouse 10 according to this inventior to get
full advantage of its operating Jeatures. '

Uniike the conventional methods mentiored herein
before for issaing scrolling commands to a computer
program, using a mouse which are based on driving the
cursor to predetermined screen areas and issuing binary
control commends therein, the method for issuing 25

- serolling commands vsing the movse 10 of the invention

is based on moving the mouse from an arbitrary position
in such a wey a5 to appraximstely define a cursor trail
pattern recognizable by a computer program to dynam.
ically selzct & scrolling axis and start a scrolling operas 30

" tion by moving the lever 78 16 select the scrolling rate

and direction elong the selested axis.

In a two-dim=nsional data space, the recognizable
pattemns are reduced lo two lines parellel respectively to
the x and y screen axis. Thus the scrolling axis is simply 35
set secording to the dominant component in the cursor -
trail,

Ina three-dimensional data space, = third pattern may
be defined 50 a5 to allow the selection of the third scroll
ing axis (perpendicoler to the scraen plane), . 4D

From & user's standpoint the rasulting effect is that
the'lever acts as an axtender of the mouse movement,
since the scrofling axis is always set by the user’s inten-
tion expressed in 1he cursor's trail dominant axis. This
means that the user may drive the sursor all over a 45
cestain window while concurrently serolling saig win-
dow on the rup, using the lever 25 2 conzdnuous in-
mouse seralling contral, -

FIGS. Ba and 5b sketch show how seralling opera-
tions are carried out with the monse and method of the 50
present Invention. In FIG. 5a a window 58 is displayed
before the compater receives & burst of incremental
serolling commands generated by the consrol means 40
of the invention. In FIG, 3k window 58' is displayed
after the compuwier has execuvied the commands, Ac- 55
cording to.the method, in FIG. 50 he user moves the
roouse slightty in the direction 55 he or she wishes to
scroll the window, and the ciwsor moves in Tespanse to
that movement, The computer program ‘dynamically
detects the dominant axis of the cursor trail as a sestll of 60
the mouse movement and sets the scrolling axis status

“variable correspondingly. In FIG. 56 the user turns the

bever 78 10 stant the serolling operation in the axis se-
lemed in FIG. 8¢ The lever displacement measured
from its initial equilibrium position controls the rate and 65
direction pf the seralling motion in the selected axis.
Hence, the action of the sspplementary control
means 40 of the invention complements the x-¥ motion

i6
of the mouse {o reach the desired field, virtually extend-
ing the essential pointlng functon of the mouse beyond
the screen boundaries. ‘The x-y motion detector 12 con-
trols movement of the eursor §3 relative to the window
38 (what may be defined as the physival cursor move-
ment}, while the supplementzry device 40 likewise con-
irols movement of the window 58 relative to its associ-

. ated data space {what henck may be defined s the logi

cal corsor movement).

FIG. 6 Is ablock diagram of a computer system using
the monse and method of the prasent invention. A spe-
cial monse diiver architecture must be used to translate
the signals generated by the mouse 16 into scrolling and -
cursor movemen! commands, The x-y signnls generated
by the z-y transducer plus the scrolfing control signals

=nerated by the supplemsntary cortrol means 40 of the
monse zre processed o allow the user to contro! the
scrolling operation in three 2xes using 2 single serolling
controf means and from an arbitsary cursor position.

The signal generated by the lopic cireuit 4 periaining
to the serolling control means 40 is processed by pro-
cessing. cirouit means 92 of FIG. 6, which comprises
software routines far calculating the actual laver posi-
tion from the Incremental signals generated by the lever
position detector. Circuit means 92 generates a first
output proportional to the displacement of the lever 78
from its equilibrinm position which §s fed to 2 serolling
timing generator cirenit means 94 which produces a
pesiodic signal baving a1 rate which s a function of its
input signal, Circult means 2 also produces ancther
signal which is a flag signal representing the sign of the
lever’s displacsment from its equilibrium positien which
represents the sgrolling direction within the selected
axis and which is inpunt directly. into = scrolling incre- |
mental commands, genezgier circuit mesns 93, The
scrolling timing generator circuit means 94 comprises a
herdware-software timer for zenerating periodic signals
to trigger the ineremental scrolling commands issued by
the incremental serolling commands genesator cirowit
means 93 o the application program at & dynamically
adjustable rate under user control, These scrolling com-
mends are communicaled to the application program
through a sujtable software path, by similar means as
the cursor control commands,

The x-y signals generated by the mouse's x-v trans-
ducer 12 are by-passed to the application program 95 of
FIG. 6 or contrelling the eursor movement as jt iy usu-
ally done. A copy of these signals is input 1o processing
circuit means 81 which contzins software algorithms for
detecting the dominant axis (1 or v} of the cursor's trail
as it s moved over the display mean 94, The output of
pracessing circuit eans 91 §s a status variable dynami-
cally updated to reflect the dominant axis (the scrolling
axis variabie),

The scroliing incremenal commands generator 93
includes seftware routines that generate the corme-
sponding incremental commands on receiving the
scralling strobes generated by seroliing siming genera-
101 circuit meens 94, in sccordance with the statos of
the scrolling axis variable and the serolling sign variable
to determine the current scrofling heading (nonh,
south, east or west). The cutput generated by seroiling
inerementa] commands generatar 83 is linked to the
avaiieble jncremental serolling rentines of the applica-
tion program to generate the corresponding visua) el-
fect on the computer's sereen, This result is summarized
in the following Table IV.
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TABLE IV
Output
Incremenind Serolling
Dominsnt Axis  Lever's Displacement Commands
X + -
X s a
Y ot i
Y- T {

The algorithms nsed for detecting the dominant axis
of the cursor irajl ave based on sampling consecutive
corsor positions at 8 fixed rate angd storing them in a
two-dimensional shift regisier data structure, 1o keep
track of the cursor trail us it moves over the screen. For
that purpose, the system must joclede 2 real-fime clock
means 97 to synchronize the sampling process. Since
the method is based or anatyzing brckwards in time the
refative cursor positions considering the current cursor
position as the origin, only the incremental translation
information is stored in the shift register. At each mouse

inptit event, circult means 91 inputs the X~y motion

informetion 2nd adds it in an x-y 2ccomulator provided
thereto, At the following real-fime clock event, the
contents of the accumulater are stored in the head posi-
tion of the shift register, clearing then the accumnlator
to begin = new count. Hence, the contents of the acco-
mulator represent the incremental x-y motion informa-
tion generated by the mouse movemeént berween two
consecutiva real-ime clock events, The information
stored in the tail of the shift register is then discarded,
and the corresponding pointers are updated. The algo-
mithat I8 processing circwit means 91 then analyzes the
information stored in the shift register fo detect pre-
defined patterns 1o be interpreted as a serolling axis user
selection, The jength of the shift register is costomized
according 10 the realtime clack rate, the average length
of the pre-defined patterns and the user's mouse han-
diing style, .

Although a real-time clock is theoreticaily neaded 10
track succéssive cursor positions in time, it is not needed
if'a seriel format is used in the communication link be-
tween the mouse and the computer, since the timing
information s fmplicit in the data transmission velociy
set for the Link. In this case, the increments) motion
tounts contained in the data packets comprising the
seriz] format can be directly stored in the shift register
data strueture oblaining the same resulis while reguiring
Jess computer resources.

5,313,229

12
ing in & "2" axls in 3D dats spaces (ep., a 3D spread-
shest program).

In order to detect the patterns & group of four param-
eters are calculated by the algorithms. The list of these

5 parameters and their definitions is as follows:

sadx: sum of the absolute valuss of the shift register
. contems in % direction;

 sady: sum of the absohrte values of 7tih':'z;ﬁirrtmfegi§ter

4]

—

3

contents in y direction;
asdy: nbsolute value of the sum of the shift register

centents in x direction;
asdy: absolute value of the sum of the shift register

contents i y direction, . .

If a two pattern code is used (ie., only x or y detes-
tion), the slzorithms are simply bated on comparing the
magnitudes of asdx and asdy. It is sasily seen that the
greater of both gives the dominant axis of the cursor's
trail. Abeolmie values are comparsd bepause only axis

p information {5 needed in this case, The scroliing motion

25

40

FiGS. 7a 2nd 76 show two examples of posstble cur- %

sor trajecteries. FIG. Ta shows the 1rail generated by an
almost hovizontal cursor mavement while FIG. b
shows the irail generaied by a cirenlar cursar move-
ment. In these figures the position of the cursar at any
given time """ is shown as a shaded arrow, and the
previous cursor positions stored in the shift Tegister are
drawn in broken lines correspending 1o previous times
a1 Ma—2" Yy—3" . . . and s0 on.

A, nutaber of parameters can then be calculated from
the information present in the shilt register a1 eaph veal-
time clock event te detect the pattern “drawp® by the
user with the mouse movement. .

In particular for the scrolling control application
disclesed herein, only fwo patterns are needed corre-
sponding 10 the horizontal and vertical cursor move-
ments (f.e., the x and y selected serolling axis), A further
enhancement can add a third pattern to allow the seroll-

60

direction is set by the jever 78 displacement sign 1o
allow a tight control and reduce mouse movement dur-
ing the operation,

For a three pattern code (e, x-y-z serolling), a sim-
Ple approdeh is 10 define 2 more restrictive criteda to
detect the % and y axis in order to differsnfisse these
cases from a third default sase (e, the “z™ axis). This
approach consists in detecting a insar motion (x or ¥)as

& strictly “one way" well behaved orthogonal cursor -

motion {i.2., Dot oblique),
Such well behaved motions satisfy the following
eqrations:
Horizontal mation:
seds>sady ¥ K (N
sads<asdx * K2 (@)
Vertical motion!

sadysads ¢ Kl [¢9}

sady<asdy *X2 . @)

Equations 1 and 1' goerantes thal the sam of the
absolutes values of the incremental translation matien
urits in one axis are K1 times preater than the corre-
sponding sum in the other axis. This goarantees that the
trall is sufficiently borizomial or vertieal, being the
strictness of the test given by the value assigned to
constant K1,

Equations 2 and 2’ guarantes that the 17sil is clean
enough in the sense that it kas been “drawn™ in just one
direction straight furward {not in 2 back and forth fagh-
ion). The value of constans X2 grades the strictness of
the test. )

Thus the ‘mouse driver updates the cantents of the
shift register and re-caleulates in real time these equa-
tions to determine the patiern preseni in the cursor's

motion path across the display means, to update the -

scrolling axis status variable,

Hence, if the user moves the mouse in one clearly
horizontal or vertical direction, the dominan! axis status
variable is set 10 either "% or “y" respectively. If the
user “‘draws” a circle or any other similar figure
through the mouse movement none of the equations is
satisfied and the alterpative “2™ axis is assumed. The

serofling direction status varizble is set zecordingly. -
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In practice, initializing the constants X1 and K2 to
the valbe 2 has proven to be effective 1 provide & clear
enough differentiation batween the three cases, using &
10-stage shift register and = time bese of 30 milliseconds,

The flow charts corresponding to the algorithms §
diselosed are shown in FIGS. 8 and 9, FIG. Bis the flow
chart corresponding to a two-pattern deteclion algo-
yithm. If the part-of-the flow chart of FIG. § after the-
point marked “C” is replaced by the flaw chart of FIG.
8, the resuiting flow chart coresponds to a three-pat-
tern detection aigorithm, .

While the invention has been llustrated and embod.
ied in a mouse for concurreat cursor position and cursor
comtrol, it & not intended to be limited o the details
shown, since verions modificetions and structurgl
changes may be made withour departing in any way
from the spirit of the present inventior.

Withont further analysis, the foregoing will so fully
reveal the gist of the present invention that others can,
by mpplying current knowledge, readily adapt it for 20
verious applications without omirting features that,
from the standpoint of pricr art, fairly constitute essen-
tial characteristics of the generic or specific aspects of
this invention. -

What is claimed s new and desired to be protected by 25

—
o

i

" Letters Patent is set forth in the appended claims,

‘We clalm: )

1. Mouse for interactive operation of 2 computes, said
computer having display means for displaying informa-
tion to an operator of sald computer, said monse com- 30
prizing

z first sransdncer means for generating x-y position

signals for controlling movement of a cursor oa
said display means in response to movement of said
First transducer means by = hand of an eperator, 35
and

supplementary controt means including a second

transducer means for penerating supplementary
control sipnals for controlling serolling operations
for moving informalion entitles displayed on seid 40
display means, said second transducer means in-
eloding & displeceable body and spring means con-
nected to szid displacesbie body to spring-load sald
displaceable body so that said body is urged into an
initial equilibriom positicn by said spring means but 4
is displaceable from said equilibriom position in
either of two directions by 2 digit of said hand of
said wser, said second transducer means being
structured 5o that said supplementary conircl sig-
nals vary whh a displacement amonnt and displace- 50
ment direction of said body from said equilibrinm
position 50 thet 2 rate of moving said information
entities on said display means can be varied with
said displacement amoust 2nd 2 direction of mav-
ing said information entities can be seiected accord- 55
ing 10 said displacement direction.

2. Mouse as defined in claim 1, wherein said supple-
mentary contrel signal produced by said supplementary
transducer means is substantially proporfional 16 said
displacemenl amonnt from said inftial equilibrium posi- €0
Lo,

3. Mouse as defined in claim 2, wherein said soppla-
mentary control signal is an incremental dighal signal,

4. Mouse as defined in claim 1, further comprising 8
housing and wherein said body comprises a pivolable 85
iever mounted on a pivol axle in seid housing, said
pivotable lever being accessible 1o said digit of said
hand.

Ly

. 14
5. Mouse as defined in claim 4, wherein said pivatable
lever protrudes laterally from said housing so as to be
casily operable by a thumib of said hand of saig user,
-6. Mouse as defined in claim 4, wherein said spring
means comprises a Veshaped spring element in said

- hounsing, said spring element having V-arms and a ver-

tex portion, said vertex portion being secured to said |

body in the vicinity of said pivot axle and said Vearms
sbutting against stafionary stops provided in sajd hous-
ing to urge said body toward said initial equilibrinm
position, but said body being displaceable from said
equilibrivem position in either of two directions by satd
laver, Lo

7. Mouse ag defined in cleim €, further comprising a

baseboard and a printed cirouil board including logic

circuit means, said bascboard being a1 fixed to said
printed cirenit board and said pivor axle and said sta-

tionary stops being attached to said baseboard so as to -

simplify assembly and minimize tolerances. :

8. Mouse as defined ir ¢laim 7, wherei szid displace-
able body comprises said lever and an approximately
semicircular part attached to said iever, said semicircu-
Far part having 2m internal slotled skirt coaxial to szid
pivot axle, and said baseboard having Lwo optosauplers
soldered thereto and conneated electrically to the logie
circuit mezans of said printed circnit board, each of said
optocouplers consisting of & light source and a light
dezector, and sald baseboard aise having a complemen-
tary fixed skint portion provided with twe fixed siots
spaced from each other and positioned between said
light sources sq as to alternately block and pass Hght

" . from 3aig light sonrees to said lght detectors, said Jogic

circuit means generating a digital lever position indicat-
ing signal, when said lever is displayed from said equi-
librivm position, indicative of the displecement amount
and the displacement dirzction,

9. Mouse for cursar positioning and scrolling in inter-
acttve operation of a computer system said mouse com-
prising supplementary control means producing an
elecironic signal for scrolling and connected to com-
puter means operated by an operator in an interactive
manner, said computer means having display means and
displaying data and/or program onits on said display
means during operation,, said electronic signal being
converted to scrolling commands in sald computer

means 1o move said data apd/or program units on said -

display means, said supplementary control means in-
cinding & movable body moveable in efther of two dis-
ptacement directions by a digit of 2 hand of the operator
against spring means from an equilibrium position over
a range of displacement amouanis, no electronic signal
being generaled when said movable body is in said
equilibrinm position, said electronic signal has a signal

strength varying wilh szid displacemen! gmoun of zaid -

movable body from said equilibrium position at least
over s portion of said range of said displacement
amounts znd said electronic sigmal also varies with said
displacement direction so that a rate of maving said data

and/or program units on said displey mesns can be -

varied with said displacement amount and a direction of
moving said data and or/program unils can be selected
according lo said displacement direction; and
first and second X-¥ motion detection sneans provid-
ing other elecironic signals inpul to said computer
in Tesponse to relative motion of said X-Y motion
detection mazns across 2 plane surface in X and Y
directions, said XY maotion detzction means being
moveable by the hand of the operatar moving said
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movable body and szid other electronic sig-nals
being input io sald computer to move a position

- and/or unit indicating weans across said d:sp]ay

means,

10. Mouse o5 defined in claim 9, further comprisinga &
housing and wherein said movable body comprises a
fever protruding from said bousing and pivotally
mounted in said housing on a pivor axle, said laver being

~ ghaped so as to be-easily operable by a thumb of the —

aperator, and said spring means comprises a V-shaped 19
spnng glement ir said housing, said spring clement haw-
ing two Verras end a vertex portion, sald vertex por-
tion being secured fo seid lever tn the vicinity of said
pivot axle and said Vearms abutting agsinst stationary
stops provided in sald housing so as 4o vrge said lever 15
toward said equilibriom paosition when displaced from
said equilibrium position but being displaceable in either
of said displacement directions from said eghilibsfum
position.

11. Mouse as dafined in claim 10, further comprising 20

‘s circuit board in said housing and having mouse driver -

means, said pivot axie being astached to sald circuit
board end said mouse driver circuil having lever motion
signal generating means mounted thereon generating a
digital lever motion signal substantially proportional to 25
a displacement amount of said lever from said equilib-
rium position

12. Method of operating a computer in an interactive
manrer by a user, said computer including a display
means and a mouse connect to said computer, said 30
monse comprising means for generating x-y incremental

" mevement information for positioning a cursor at any of

a plurzhity of positions displayed on sald display means
dnring interactive operation, binary conlre] means for
generating binary control commands for said computer, 3
supplementary contrel means for Zenerating a supple-.
mentary control signal of variable sign and magmmdc
under contral of said user, and communication means
for transtoitting seid roovement informstion and said
binary control information to said comprter; program- 49
mable cirevit means in saig compuier far generatmg
said display means, satd display means mcludmg display .
aress zecessible by said cursor for wriggering eacecution
of serolling commands on recclpt of sald binary control
eommands while said eursor is positioned on said prede- 4
termined displey arees; sald method comprising gener-
ating scrolling commands 10 meve information tems or
characters displayed on said display means from said
supplementary contral signel by operation of said sup-
plementary conirol means by said user, said method 50
including generating of said scrolling commands includs
ing the steps ofy

a) apalyzing a teail of said cursor at periodic time

intervals;

in
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b) dyndmlcally scmn £ & status variable accordmg tos 55,

dominant axis of said curser irail at said time inter-
vals;

c} according to the status variable determined in step
b}, setting & serolling axis te & direction oplion, sajd
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d) scrolling in a serolling direction along said scroll-
ing axis determined in step ¢) according o asign of
said ‘supplementary coatrol signal and the states of
said status variable.

13, Method as defined in claim 12, further comprising
scrolling in said scrolling divection at a rate determined
by said magnitude of said supplementary control signal,

4. Method as defined in claim 12, wherein $aid sup-

plementary contral signal is & perodic signal and com-

prising scrolling tn said scrolling direction at a rate
determined by said period of said periodic signal,

15, Method as defined in ¢laim 12, whereln said ana-
Tyzing includes determining 2 position of said cursor on

said display means at said periodic time intervals in -
terms of a coordinate system consising of s plurality of -

cartesian coordinates determined by a plurality of carte-
sian axes.

16. Method as defined in claim 15, wherein said set:
ting of said serolling is such that said scrolling occurs
zlong the one of said cartesian axes along which 2 cnr-
sor position difference during travel of said cersor along
said trail is larger than another cursor position differ-
ence along the other carlesian axes,

17. Arrangement for operating & computer in‘an in-
ieractive manuer by a user, soid computer including 2
display means and 2 mouse conneet to said computer,
said mouse comprising means for Eenerating x-y incre-

mental movement mfomat:on for positioning a Cursar

ai any of a plurality of positions displayed on said dis-
_play means during interactive operation, bipary control
means for generating birary control commands for said
computar, supplementary control means for generating
2 supplementary contral signal of vardable sign and
magnitude under control of said user, and commanica-
tiott means for transmitting said movement information
and said binery control information 1o said computer;
programmable circuit medns in seif computsr for gen-
erating said display means, said display means including
display aveas accessible by said cursor for triggering
excecution of scrolling commends on receipt of said
binary control commands while said cursar-is posi-
tioned on said predetermined display areas; said method
comprising generating scrofling comimands to move
information items or characters displayed on seid dis-
play means from said supplementary contral signal by
eperation of said supplementary control means by said
user, sald arrangement comprising:
means for analyzing & l‘.raﬂ of said ctrsor at perjodic
time intervalg;
means far dynamma.lly semng 2 statns variable ac-
cording to 2 dominant axis of said cursor irail a:
said time intervals;
means for setting a scrolling axis (o a direction oprian,
said irection options including an up-down op-
tion; a lefi-right option and an in-onl opiion ac-
cording to the statug variable delermined; and
mezns for seralling in a serclling direction along said
scrolling aris according 10 n sign of said supple-
mentary control signal and the status of said status

direction options inciuding an up-down option; a 60 variable,
Jeft-right option and a In-out option; and oAk ow o
55
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