COVPUTER MOUSE W TH SENSORY ALERTI NG TO PREVENT
"HUVAN | NJURY Technical Field This invention rel ates

“ to peripheral equipnment for conputers, and, in 5 particular, to a conputer
-mouse that alerts the operator when m suse of the nouse may injure the
operator over tine. Background of 4he Invention ' Wth
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i nvol ves pressi.ng one of the se gc 'on Keys wth a Fi nger- and_ novi ng
the nouse, imotien. chhase fisprsiersiane eenpomigally quise importangsince they sesulibrualasgef
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~ The prior arWitharsspacttteMmMpmdusﬁm/mtalvemggwsotiinelf&m/injmyldsé@ni ng the 30
mouse and th&:ﬁﬂé&@?ﬁ%ﬁﬁp’ﬁi&’gg&gég?ﬁgﬁ ?eakﬁaegifv%%gelfggtﬁ%afgp g, there are

keyboards that now i ncorpor unctons of € nouse Thto a track ball
nount ed QsupAtiopakiliness is@ Jansa Gumulativg drpumactisorddre may geeur vehep oefaner ent
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strain on the hand and the arm of the operator. In particular, when the operator is
performing the operation of highlighting which involves pressing one of the
25 selection keys with a finger and moving the mouse, it is common for the operator to
exert large amounts of pressure on the finger. A discussion of this and other misuses
of a mouse are detailed in D. Quilter, et al. Repetitive Strain Injury: A Computer
User’s Guide, John Wiley & Sons, Inc., 1994.
The prior art has attempted to solve these problems by redesigning the
30 mouse and the surfaces on which the mouse is used. For example, there are
keyboards that now incorporate the functions of the mouse into a track ball mounted
on a computer keyboard. In addition, there are many different physical
configurations of a mouse in existence. U.'S. Patent 5,413,294 discloses a platform
that is designed to cover a portion of the keyboard for use with a mouse. A mouse
35 positioned on this platform and is much closer to the operator’s hands when resting
on the keyboard.




- 2- ' Al t hough the inprovenents in the physical design of
~the npuse and the work surfaces used with the nouse have hel ped reduce
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FIG 5 illustrates a switch utilized i,y a conputer use;
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20 These and other advantages and features of the invention will become

apparent from the following description of illustrative embodiments of the invention
taken together with the drawing.
Brief Description of the Drawing

FIG. 1 illustrates, in block diagram form, a mouse interconnected to a
25 personal computer;
FIG. 2 illustrates a top view of a mouse in accordance with the
invention;
FIG. 3 illustrates a front view of the computer mouse of FIG. 2;
FIG. 4 illustrates a pressure detector utilized in a computer mouse;
30 FIG. 5 illustrates a switch utilized in a computer mouse;
FIG. 6 illustrates, in block diagram form, the circuitry of a computer
mouse; '

FIG. 7 illustrates, in flow chart form, the operations of a microcomputer
within a computer mouse;
35 FIG. 8 illustrates, in block diagram form, the interconnection of a

computer mouse in accordance with a second embodiment connection to a personal
computer;



35 ' FIG 8 illustrates, in block diagramform the

. interconnection of a .conputer nouse in accordance with a second

enbodi ment connection to a personal comput er;

-3 - . . FIG 9 illustrates the circuitry of a conputer nobuse
I n accordance with - t he second enbodBrent of the invention;:

FIG 10 illustrates a warni ng nessage being displayed to an operator on

a video display scregqig, 9 idstrates the cnrcmtry'ﬂf@coﬁ%mte& bhsE B &2ordaficd Wity Cchart

form the operations performed by m croconputer within a nouse; and
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Description FIG 1 illustrates the interconnection of nobuse
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pressure detector é%iBg Pressure etector 204 is ar_|n e5|gn

Pressure det BESHFe axprted on thera.s Bressurg deteeters203 and 2§T" ﬂﬁ’FgR-ﬂsnm? e
physi cal 115 S telhavie ltlzeefd»rdexapgmdby merbpeﬁ% ingelppifg theRnewse Wpplici-oahdser 25

pl unger 407 t J s Wi t sur nsducer 403. Wen a
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Switch arm Snghﬁe&e}pabl e of pivoting downward from nouse case 401.
FIG. 4 illustrates in greater detail pressure detector 203. Pressure

detector 204 is similar in design. Pressure detector cap 402 and pressure detector
plunger 407 are physically stabilized by guide pins 404 and 406. Pressure detector

25 plunger 407 is in contact at all times with pressure transducer 403. When a user
exerts pressure on pressure detector cap 402, this pressure is transmitted to pressure
transducer 403 via pressure detector plunger 407. Pressure transducer 403 may
advantageously be a piezo-electric type transducer. Alternatively, a strain gauge or

 other types of transducer may also be employed.

30 FIG. § illustrates details of switch 201 of FIG. 2. Switch 202 is similar
in design. Switch arm 501 is capable of pivoting downward from mouse case 401.
As switch 501 pivots downward, switch plunger 502 makes contact with electrodes
507 and electrodes 508. The face of switch plunger 502 making contact with
electrodes 507 and 508 is conductive thus completing an electrical circuit between

35 electrodes 507 and 508. The ability of switch plunger 502 to make an electrical
circuit between the electrodes performs the switch functions of switch 201.



Ass switch 501 pivots downward, switch plunger 502 nakes contact with

el ectrodes. 507 and el ectrodes 508. The face of switch plunger 502

" maki ng contact with el ectrodes 507 and 508 is conductive thus

-conpl eting an electrical circuit between 35 electrodes 507 and 508. The
ability of swtch plunger 502 to nake ant*tezl ectri cal circuit between the
el ectrodes perforns the switch functions of switch 201.

-4- Eldctredts 50Femd 508 arewlomiied en dexiblemhembrane $06eatidb| e

menbr ane 506 | aths on
f-l exible rren%‘?gl?\cn%é? ﬁﬁg{ggé&&géﬁg?&#%ggﬁg{:@ ﬁ%agmﬁrn?én%r us rar?loe as

| eavi ng t he theptheeerare novirep dlusgatedias lepwing ithe apparatus ofdliGdS but thatthisus t o one
skilled in t@guRite o%u?%&ﬁé‘sl&iédﬂﬁ@ﬁe al ZAWﬁﬁxa@&?%&%m ¥ ddheft €Ct r odes

507 and 508, fl exi rane transmts rce rromswtch

ol Unger 500 B SIGSFEGER 408 30 SREIFSINe BOTOrTIe 08 FREsT S aHoRe rosp Awieh

simlar to plung§502 vatepressarseiig@iced 4. Pressure transducer 504 isfsifilafio
illustrates the el ectri caI | rcwtry of the computer nouse of FIG 2.

The st andar dPf Y gu%qr nput er nouse are inplenmented by novenment 10
detection and swi tchP&Etédhnsmates:ihecwcmoﬁnﬁmuﬁtpcﬂdhéeérnpntanmnhswoft he nor nmal

functional sgraa) Wl#e%&&%ﬁrﬁ%ﬂéhoﬁgBPEE&BthQ%mQLﬁeFJtﬁnrl#ier\ﬁh\?t\ﬁé ) kﬁivein ek 104.

The function et ecting pressure” an I'S pressure
i s excessiO ed¢tection and switeh deteetiomrinchis 602 nBlaskHP9 sransmiss @P penpaly y

iIlustrated funchiddal signalbte &mwn%uterlm AIG! B viaQBHAINHRUD4Y Theanni ng the
pressure appéﬁl ed to ‘#é ressurea%tignsducers of 15 switches 201 .and 202
and the presSifFaon ok gpges&re rguging yhen {his peeasure is eXCEISRERR onput er
603 per f or nepdrformed byt renaindecof the clvyuite ildustraed onFGo6t Mitroodmputer
pressure tr | tiplexor
o1, ot S EBhuy GG Brebtor P AL R PRBidER IR 1D PR
anal og S|1§na$W1&h°§ @l and 202and thes prsssupy wansducers efdetestare 20hand 2Qansnit this
anal og si gnaMlér@c&Hﬂitétf 603 pefBbms t‘Mchﬁ)mng ﬁﬂiéﬁbﬁ 8¢ s€i6ctingShé &&Pﬁﬂﬂ"aﬂe to the

output fromanplifier 606, to convert si gnal |g|tal
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25 advantageously a pressure of 100 grams. Advantageously, one skilled in the art
would readily see that under certain circumstances it would be desirable to add the
pressures applied to detectors 203 and 204 in order to calculate the total pressure that
the operator is utilizing to grip the computer mouse.

FIG. 7 illustrates, in flow chart form, the program being executed by

30 microcomputer 603 of FIG. 6. Microcomputer 603 continuously monitors the
pressure transducers in the switches and detectors. Block 701 starts this monitoring
process. Block 702 transmits the address to analog multiplexer 601 that will select
the output from the pressure transducer of switch 201. Analog multlplexer 601 is
responsive to this address to transfer the input from the pressure transducer to

35 amplifier 606. After amplifying the signal, amplifier 606 transfers it to A/D
converter 602. After an appropriate time has passed, block 703 enables A/D
converter 602 to convert the input analog signal to a digital value. Block 704 then



30" m ¢roconmputer 603 of FIG 6. M croconputer 603 conti-nuously nonitors
.the pressure transducers in the switches and detectors. Block 701
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nmessage or an alarm as_a bel r siren FIG 9
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illustrates, in bloc g g&?‘ﬁﬁ?@&r‘hblqchélwtf?%éhe Jeqigical cirguigy of nmouse
803. Mbuse 8@ibusé 803. dBuRr 3L Sitilices it Htiedetectdts 20316h 2204 aiddwitshéscitds 201

and 202 2 o sl 24 ALl iediy Fas2 BILOHS Biockl 801302 3 B8 B3N 1R 06 of
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to A/ D coB¥etmpsducrand Wansmits thiscdudpiit ity amplifier 906. Amplifier 906 ampliﬁes the
output and transmits the amplified output to A/D converter 902. When signaled by
microcomputer 903, A/D converter 902 converts the amplified output into a digital
value which is transmitted to microcomputer 903 via bus 908. Microcomputer 903
is responsive to this transmitted digital value to form a message that includes the
30 digital value and information identifying the pressure transducer whose output
resulted in the digital value. Microcomputer 903 then transmits this message to
personal computer 801 via serial link 806. One skilled in the art would readily see
that by modifying the internal circuitry of personal computer 801 that terminates
serial link 804 that the information from microcomputer 903 could be transmitted on
35 serial link 804 along with the information from block 909.



m troconputer 903, A/ D converter 902 converts the anplified output into a
_digital val ue which is transmtted to m croconputer 903 via bus 908.

M croconput er 903 is responsive to this transmtted digital value to
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personal conpute strates, .In flow chart
form the program exdd( é%lﬂbl,stryém@ﬂawchartforébﬁhﬂﬂresraawwe BEperieRAlt o t he

![ i st of pres %51?19?&? Sﬁlmn{fbﬁfoﬁé‘é)tﬁnﬁé Bét o‘???es&di‘es from rﬁ@tb@@m?ﬁﬁr 90hin
L anom 1 00 Shel s il bl R ULy s By achiln A RROOR0,,
25 causes an interrupt in personal computer 801. In response to the interrupt,
block 1201 transfers control to block 1202 which reads the list of transmitted
pressures and stores this list internal to personal computer 801. Block 1203 accesses
the first entry in the pressure list and the first entry in the excessive pressure list.The
excessive pressure list has the maximum allowable value for each of the four
30 pressure transducers in mouse 803. The two accessed entries are the pressure on the
transducer of switch 201 and the maximum amount that that pressure should be.
Decision block 1206 then determines if the pressure being experienced by the
pressure transducer is greater than the maximum allowable pressure. If the answer is
no, decision block 1207 determines if there is another entry in the pressui:e list. If
35 the answer is no, processing is terminated by execution of block 1211. If the answer
in decision block 1207 is yes, block 1208 accesses the next entry in the pressure list,
and block 1209 accesses the next entry in the excessive pressure list. After
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bl ock 1201 transfers control' to bl ock 1202 which reads the list of

dransmtted pressures and stores this list internal to personal
conmput er 801. Bl ock 1203 accesses the first entry in the pressure |ist
and the first entry i.n the excessive pressure list. The excessi ve

pressure |ist has the maxi num al | onabl e-Val ue for each of the four 30
pressure transducers in nouse 803. The two accessed entries are the

pressure on txetution of BIGEKEXDIC ontd] isSivdrsteired Daclafpiscibonrtaadkiigdéanount t hat
t hat pressure should 206 JLhen eterm,nes.if the

pressure being exper }%ﬁlggl&gﬁg,d?q‘gon 'bﬁ”kﬁkgééﬁ GSSHE 8f rm}néd‘bq;’égt er than
t he maxi mum gtdamﬂtahehqjmensmmealldWahié]pressmm/eonmd is transfem:d tdddocki I@i2bl ock
o renet e B fo18 URffesiie QAN GObYdide UP ul REGUFodbtlerd | 07 | 1
answer is proce I on o If the
answer 5 nd-:naé'cths iumfa nbmg@se Smalzatusrepeylnwp@mchmsmc&g@émnt he next
entry in thepprRrIsys @etéﬂnﬁhes if sound%?@xﬁhpaﬂ&uﬁg(?sgbéﬁg:@s%aeif JoRRd AR¥ingBL ry i N

t he excessive pressure
-7 - o PeiBG £ e b, %é%llmm%%quaﬂ message dp e APPRECTERRE f8Y deci si on
bl ock 1206. 1dent1fy the unit that the dpefatoriis ﬁﬂsdsihgdjm‘héuse 180B) Ifokisubl Gkertirigfist he

f d t
Pt cssur e, coltre iR Yakinl flogk 12 EPRRIGS oS o ek fﬁﬂéﬂé’% [ zes
the posi tlQJnthen displayp ayisuak messaget toghe pperatac susbsis thepnessaga Blustoatedin | dent i fy
the unit in gERYSH, %rfeﬁé’éuubﬁ 3{’ Si@r?ér‘bldlﬂ 1&‘?@09‘1@#7 Qérﬁfo?kg@ans?&%dstbon

bl ock 1213 de{ernl sound or visual alerting bei ng gsed f sound

alerting is k1g WBlcl}é’&‘Hem?%ﬁ W@W@Wﬂ thﬁ‘éh? MR BURASTRS sage t o

t he oper at8 gg cWﬁjblitbr 80 \that 1flentiﬁé§ﬂielrfumﬁebef tiines tliah@dclhhhﬁ hepridéxaessive Im SES| ng
on nouse al.e i Z ec n c
13t ant oPiesseny bt e O Rl jn el Byl o8 iy L AR
vi sual nebtSathe axcessive pogssuralisrconldbe modifiné viadeyhoprd i802 ustrated in FI G
10. After execution of either block 1214 or 1217, control is transferred to
bl ock 1216 which increments a word nmai ntained within the nmenory of personal
conputer 801 that identifies the nunber of tinmes that each unit has had
excessi ve pressure applied to it. One skilled in the art could readily
see that the values listed in 15 the excessive pressure list could be
modi fi ed via keyboard 802. '
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- 8- ' d ai ns\al An apparatus for alerting an operator
.of excessive pre ’@ [iﬁ'@ pplied to a switch of a conputer nouse,

conpri sing: f"’s for determ ning pressure exerted on the
switch by the opera means for generating a
nessage to alert the operator of t he cout er nouse upon the

determ ned pressure exceedi ng a predefined pressure. 2.

The appar at ugyffpsc! ai m 1 further conprises neans for determning the
pressure exerted on _conputer nouse by the operator gripping the conputer
nouse so 10 as to nﬂve‘“’cWWPJB{@F“%@Q@PCM“CXCCSSWC pressure being he neans

for generati ggplied td HowitdlesROcHpeerifodsB offprRingt ned pressure of
gripping to alert the at.or t he nessa t he termi ned pressure
of gr i ppi ng. excBEARHGE Qﬁsw%mg@r%ﬁw.%gﬁe%&@@ iich By e bpecatof} °°°13
The appar &t usndof claim 2 wherein the nessage is an audio rressage

4. A nethod for aler ce ) ein ppI I ed
to a switch of a co He?xgsrf%gégrgcgﬁn m%fé?%ext @WOEFW% %ﬁg" P teg

det er mi ni ng PEwSeHPOR t@@tqm@mrcﬁmc@ﬁngwpmddmp@mmﬁ and

generating a nessage to alert the operator of the conputer nouse upon
t he detern ned 'presiur exceedi ng a, predefined pressure,

5. The nmethod of cl ﬁaPEﬁIP‘H‘éPP@&%F|f%@?f€ﬂ@P§§eér§n‘ii‘Psgfé'td§Fe|W1m‘%the

pressure exeprestresxeftedphl b@hptﬁf&umeusié)byt the oﬁ&%ﬁkﬂﬁplﬁg tHelioffputdtenciReBalt er
e th uter nouse; and the step of

nmouse SO 4

generati n f%fﬁ?ﬁrgao&eggsf%?%q Vén? ’tﬂ’g det erm ned pressure of gripping to
al ert the operator bthetrheansfargroeratpgfurthherespinsiveito g detarssnedgpressui25

gri ppi ng exca%pgﬁxgqsai&@&e B%&%I‘ bgﬁﬂs ﬂéﬁﬁq{ﬁglme deterrmned pressure of0:  The

met hod of claim5 wher I's an 0 nessag
gripping exceedmg another predeﬁned pressure.

3. The apparatus of claim 2 wherein the message is an audio message.

15 4. A method for alerting an operator of excessive pressure being applied
to a switch of a computer mouse, the method comprising the steps of:
determining pressure exerted on the switch by the operator; and
generating a message to alert the operator of the computer mouse upon
the determined pressure exceeding a predefined pressure.

20 5. The method of claim 4 further comprises the step of determining the
pressure exerted on computer mouse by the operator gripping the computer mouse so
as to move the computer mouse; and .
the step of generating further responsive to the determined pressure of
gripping to alert the operator by the message upon the determined pressure of
25 gripping exceeding another predefined pressure.

6. The method of claim 5 wherein the message is an audio message.



