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- Field This invention relates to keyboards used for display entry, and, in 5

Fparticular, to a keyboard that alerts the operator when msuse of the
keyboard may injure the operator over tine. Background of the Invention

Wth the large increase in keyboard usé¢ -w th personal conputers or video

data term nal s, there has been a dramatic 70%rise in currul ative trauma 10
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wor k days Hrrul ative trauma di sorders is 20 days as conpared to an
average of %’F‘;’?t RORETROT PYUMEr k days for all other occupational illnesses
and i nj uri @ackgrunndad théInvention not only just the fingers are involved but
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di sorders is going to I ncrease s pro ect eyboards with
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striking képécanalso be caused by excessive pmchmg, lateral striking of the thumb as in

typing. Also, the occurrence of cumulative trauma disorders is going to increase
since the projected use of keyboards with visual displays is one hundred million in
the United States by the year 2000.

25 The prior art has attempted to solve the rapid increase of cumulative
trauma disorders by developing new ergonomically correct work environment, by
redesigning the keys, and by redesigning the layout of the keyboard itself. Whereas,
the effort in the prior art to redesign the work environment and the layout of
keyboards has helped, the prior art has not addressed an important cause of

30 cumulative trauma disorder which is that many keyboard operators strike the keys on
the keyboard too hard. By redesigning certain key parameters such as peak tactile
point and total key travel, the prior art has attempted to reduce the force used by -
operators to strike keys. The paper entitled "Keyboard Force, Fatigue and Pain in .

| Symptomatic and Asymptomatic Wordprocessors", by M. Feuerstein, et al.,

35 presented at the 12th Congress of the International Ergonomics Association,

Toronto, Canada, August 15-19, 1994, reports the effects of operators striking keys
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-2 & too hard. The paper entitled "Fingertip Forces Wile Using Three

D fferent Keyboards", by D. Renpel, et al., Proceedings of 1991 Human
“Factors Society 35th Annual Meeting, San Francisco, United States,

di scl oses the use of force neasurenments to assist in the design of keys for
keyboards having optimal peak 5 tactil-point and total key travel
paraneters to reduce excessive striking force. The resulting repetitive
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one illustra
alerting information on the computer screen being utilized by the operator. By

alerting the user in these manners, the operator is provided feedback that is
immediate and consistent. This allows the operator to modify their behavior so that
they no longer misuse the keyboard by striking the keys hard.

25 In addition, an operator may only strike certain keys with excessive
force. In the second embodiment, the connected computer is responsive to the key
pressure information to maintain statistics indicating which keys are struck
excessively hard. The operator can then access the statistics in order to assist the
operator in correcting the problem of striking the keys too hard.

30 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, one illustrative embodiment of
35 akeyboard in accordance with the invention;




- 35 .a keyboard in accordance with the invention; -3- FIG 2 illustrates,
in greater detail, the construction of one key of a keyboard matrix; FIG 3
Jillustrates in greater detail the interconnection of amplifiers and
pressure sensors; 5 FIG 4 illustrates, in block diagramform
another illustrative enbodi mrent of a keyboard in accordance with the
invention; FIG 5 illustrates, in greater detail, the-construction of one

Constructon of  one M2 Bestites Sn arraleE B GRuBbESH & odd¥elior oo
great er det k¢yboardmeattizhnecti on of a keyboard to a personal conputer, FIG 8

illustrates a nmessagggds ﬁﬁgﬁgggin%%?%%gﬁm%g%éﬁbn g*lgiﬁgg%érﬁey trates,

in block diagram form anot e connec oard to
a personal PEAE NSO G 10 illustrates the operations perforned by a

pr ogr am bei ng executpsd, PH1Awhe:6 i BRRR Ulsgfar® torkl, Grother iflbGracdd 111 ust rat es

t he operation f a ogram executipng in,a mcroconputer of the keyboard of
FIG 4; 20 emﬁoﬁmcnté){qj?e@goq “FP‘PCGS‘{;P%’&@ shejp¥ention bei ng execut ed by the

m croconput er of Fl GIGYS ilkistated, Gn gredter et [ the teBtr@civrosi dileyecdt ed by a
per sonal cog%ﬂtg{dlﬁf .FI GS. 7 and % Det ai | ed Description 25 FI G
1 illustrat Q4 P& e nbodi nent of the invention. M croconputer 106

suppl i es t he cont r olFIGuf illuswates, imgreitey Betail thd Oenstructionl of ane kepiofrf acing to a
per sonal (poggj%glrd «a.serial link 118. The keys on keyboard matrix 101 are
arranged 1 n standard’ personal conputer configuration, For detection of
whi ch key has been ﬂ@uﬁﬂb’é?’a@h@Wﬁiemleﬂ’é@ﬁmﬂéﬁmfﬁk@fbo)wltﬁétri X. 30

M cr oconput gérsddabcémpitersi t s signals via bus 105 to scan this matrix and

read the results vi us..107. The identjfjcation of the actuated key is
transmtted via seri a'?flﬁ‘ﬁmﬁ%af’ﬁsﬁ%?%RQW%%‘BG?‘QP“‘E&@.SPI‘% s arrangenent

of keys and scanni nFIG{9 fllustsates, in block diagram form, another embodiment for
15 connecting a keyboard to a personal computer;
FIG. 10 illustrates the operatioﬁs performed by a program being
executed by a microcomputer of FIG. 1;
FIG. 11 illustrates the operations of a program executing in a
microcomputer of the keyboard of FIG. 4;
20 FIG. 12 illustrates a program being executed by the microcomputer of
FIG. 9; and '
FIG. 13 illustrates a program executed by a personal computer of
FIGS. 7 and 9. |
Detailed Description
25 FIG. 1 illustrates a first embodiment of the invention.
Microcomputer 106 supplies the control functions for keyboard 100 as well as

interfacing to a personal computer via serial link 118. The keys on keyboard
matrix 101 are arranged in a standard personal computer configuration. For |
detection of which key has been actuated, the keys are connected in an XY matrix.
30 Microcomputer 106 transmits signals via bus 105 to scan this matrix and read the

results via bus 107. The identification of the actuated key is transmitted via serial
link 118 to personal computer 119. This arrangement of keys and scanning of these
keys in this manner is well known in the art and is commonly used. For example,
the keyboard used with the AT&T 6300 personal computer has such a keyboard

35 matrix controlled by a microcomputer.



-keys in this manner is well known in the art and is commonly used. For
exanpl e, the keyboard used with the AT&T 6300 personal conputer has such a
'keyboard 35 matrix controlled by a m croconputer. -4- FIG 2 illustrates
in greater detail a key position of keyboard matrix 101. El ectrodes 202 and
203 are interconnected to X and Y condugtors of the XY nmatrix on flexible
circuit nmenbrane 204. Wien a key is actuated on keyboard matrix 101,
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pl unger 20lalents/the ogeratonaf Heyhodrd 0y actuating sound transducer 116. The
predefined threshold is determined by the setting of the switches in input circuit 121

or may be downloaded from personal computer 119 via serial link 118. The
predefined threshold is advantageously a pressure of 100.grams.

25 ~ FIG. 2 illustrates in detail a key of keyboard matrix 101. The
mechanical support to support plunger 201 in position as well as the key cap is not
illustrated. Plugger 201 has a conductive surface on the surface that makes contact
with electrodes 202 and 203. Electrode 202 is connected to the X lines of the matrix
on flexible circuit membrane 204, and electrode 203 is connected to the Y lines of

30 the matrix. When the switch is activated, plunger 201 moves downward and makes
contact with electrodes 202 and 203. Since the surface making contact with the
electrodes is conductive, electrodes 202 and 203 are now connected together. This
connection is detected by microcomputer 106 by the transmission of signals on
bus 105 and receiving the resulting signals on bus 107 of FIG. 1. As plunger 201

35 moves downward after making initial contact with electrodes 202 and 203, the
pressure being exerted on plunger 201 is detected by pressure sensor 207 since



contact with el ectrodes 202 and 203. Since the surface nmaking contact with
"the el ectrodes is conductive, electrodes 202 and 203 are now connect ed
.together. This connection is detected by m croconputer 106 by the

transm ssion of signals on bus 105 and receiving the resulting signals on
bus 107 of FIG 1. As plunger 201 35 nBwes downward after making initial
contact with el ectrodes 202 and 203, the pressure being exerted on. plunger
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conductor 412 to A/D converter 404. As with keyboard 100, microcomputer 406

scans keyboard matrix 401 by transmission of signals on bus 405 and receiving the
resulting signals of bus 407. When microcomputer 406 detects the actuation of a
25 key, microcomputer 406 signals A/D converter 404 via conductor 409 to convert the
analog signal being received on conductor 412 to a digital value and to transmit the
digital value on bus 414 to microcomputer 406. From the transmitted digital value,
microcomputer 406 computes a pressure value. If the computed pressure value
exceeds a predetermined value, microcomputer 406 alerts the operator by actuating
30 sound transducer 416 to emit an audio signal. In addition, microcomputer 406
transmits the identity of the actuated key via serial link 418 to personal '
computer 419.
FIG. 5 illustrates a portion of keyboard matrix 401 of FIG. 4. The
operation of plunger 50 1 with respect to electrodes 502 and 503 of flexible circuit
35 membrane 504 is the same as that described for FIG. 2. When plunger 501 moves
downward making contact with electrode 502 and 503, flexible circuit




m cr.oconput er 406 conputes a pressure value. |If the conputed pressure val ue
exceeds a predeterm ned val ue, mcroconputer 406 alerts the operator by
.actuating 30 sound transducer 416 to enmit an audio signal. In addition,

m croconputer 406 transmits the identity of the actuated key via seri al
link 418 to personal conputer 419. FIGg5 illustrates a portion of keyboard
matrix 401 of FIG 4. The operation of plunger 501 with respect to
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Microcomputer 406 is responsive to the digital value to determine if an audio signal
is to be produced by sound transducer 416. - ' .
One skilled in the art could readily see that A/D converter 404 could be
replaced with a simple threshold detector if only one pressure threshold was used for
25 all operators. The threshold detector would transmit a true signal to
microcomputer 406 if the pressure exceeded the predefined amount or a false signal
if the pressure did not exceed the predefined amount. '
FIG.7 illustrates another embodiment of the invention. In FIG. 7,
keyboard 100 is identical to that illustrated in FIG. 1; however, microcomputer 106
30 isresponsive to the digital value received from A/D converter 104 via bus 114 to
compute the pressure that is being applied to the actuated key on keyboard
matrix 101 but transmits this computed pressure value to personal computer 700 via
serial link 118. Sound transducer 116 of FIG. 1 is not present in this implementation
of keyboard 100 as illustrated on FIG. 7. Keyboard 400 of FIG. 4 could be similarly
35 modified to be used in place of keyboard 100. Central processing unit 702 is
responsive to the computed pressure value to determine if this value exceeds a



25 all operators. The threshold detector would transmt a true signal to

m croconmputer 406 if the pressure exceeded the predefined anmount or a false
.signal if the pressure did not exceed the predefined anount. FIG 7

il lustrates anot her enbodi nent of the invention. In FIG 7, keyboard 100 is
identical to that illustrated in FIG 1y_however, mcroconputer 106 30 ,is
responsive to the digital value received from A/ D-converter 104 via bus 114
to conpute i s being.a 7Ir;ed t.o t.E(@gactu
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processi ng ST 702 maintains 5 statistics that define the nunber of tinmes
a given key was str (&. 8illdstratepomaigpe bbtegtial inkssage thatinay be stligsl bys

utilized,nthi : \ i hCa . i rmng the
oper at ormof E'%xﬁxﬁfo%%ﬁ%@éﬁ%?x ‘}(g)ghil%é' éla#%gfsasréfﬁ%‘s‘\éﬁk é%ﬁﬁ%%gsgﬁgetgéﬁl or siren.

FI G 8 il | udisplay d93oNéhenyheoperatorstugk thentus &ay ¢ot Iraad, inseyt 802 wasi | i zed by 10
central pro ' ek an/dA - " ' | j ayed on
i Spl ay 7030 ppyndoh Rrten o Hittim e SiRoniRARE \F Hhd ek el Bl IR 2
di spl ayed ofts&aR Beseendiom E1G. & dnspit 82 oppriienicst thahisibeingdypedbyHh8 been struck
too hard. AG%Mr beasaitrdct i dpkiator§, atieRGE. t InSé1P 80/ hairgont 2rdent80at 1 S

bei ng typed the operator.so.as to attract the operator's attention.

I nsert 8 fOéyﬁngﬁg?ﬁ%gg%‘i%eéW%é’é%me for sonme predefined period of time. In
FIG 7, the pressur dn¥FiGukshapmsshee valuescan be edndmitted frony oconput er 106 in
keyboard 10Q:i WY, Lr ) Wfs (A héS three
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all zero which is a null character. Finally, the third character transmitted is the
actual character that represented the key that had been actuated. The second way of
transmitting information from keyboard 100 to central processor unit 702 in FIG. 7
is to utilize the fact that serial link 118 is a bilateral serial link capable of

25 transmitting characters in either direction. The details of the protocol that is used on
serial link 118 is set forth in the article by E. Nisley, entitled "How The PCT
Keyboard Got Its Bits", Circuit Cellar Inc., issue 59, June 1995. Also, information
concerning serial link 118 is set forth in Technical Reference No. 68X2224, IBM,
First Edition (April 1987), pp. 6-3 through 6-43. Utilizing these two references, one

30 skilled in the art could readily determine how to transmit not only the identification
of the key actuated on keyboard 100 but also the pressure that had been applied to
that keyboard. Further, one skilled in the art would readily see how information
could be transferred from central processor unit 702 to microcomputer 106 in
keyboard 100 to update the program running in microcomputer 106 as well as setting

35 various parameters. With a standard keyboard, central processor unit 702 already
transmits information during the initialization of the keyboard. Finally, the third
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second way of transmtting information from keyboard 100 to central

_processor unit 702 in FIG 7 is to utilize the fact that serial link 118 is
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which is obtained b F&brguh} % g
microcomp ter 108 of oc 101 1109 are identical in operations
to blocks 1001 through 1009, respectively. However, there is no equivalent of
25 block 1004 in FIG. 11. The reason is that only one transducer is utilized to measure
the pressure of a key actuated on keyboard matrix 401; hence, it is not necessary to

select an amplifier since there is only amplifier 402.
FIG. 12 illustrates the operations of a program being executed in 2
microcomputer in keyboard 100 of FIG. 7. Keyboard 100 of FIG. 7 is assumed to be
30 identical to the keyboard illustrated in FIG. 1 with the exception that there is no
sound transducer 116. The program is initialized by block 1201 transferring control
to block 1202 which determines if a key has been actuated on keyboard matrix 101.
If the answer is no, decision block 1202 is reexecuted. If the answer is yes in
decision block 1202, block 1204 transmits an address to analog multiplexer 103 to
35 read the amplified signal of the transducer of the actuated key. Block 1206 enables
A/D converter 104, and block 1207 reads the output of A/D converter 104 via



-answer i s yes, block 1009 actuates sound transducer 116 for a predefined
anmount of 20 tinme and transfers control back to decision block 1002. If
the answer in decision block 1008 is no, control is transferred back to
"deci sion block 1002. FIG 11 illustrates the operations performed by the
programrunning in mcroconputer 106 of9FI G 4. Blocks 1101 through 1109
are identical in operations to blocks 1001 through 1009, respectively.
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of times that the actuated key has been found to have excessive pressure being

applied to it. If the answer in decision block 1308 is no, then block 1309 displays a

25 visual message to the operator such as that illustrated in FIG. 8.




-term nated by execution of block 1313. If the answer in decision block 1306
is yes, the key is further identified with respect to its textual '
Jdentification. Decision block 1308 determines if sound alerting is being
used. If the answer .is yes, a sound nessage is tralmﬁ—t—rerd‘t'ﬁ—f‘h_e"fﬁat or

by execution of block 1314 via sound 2 system 904. “ﬂeﬂﬂ esi zer
is being utilized in sound system 904,'qtoh'e t ext ual . l|mmﬁu‘“l iy I|1t he
actuated key is utilized in a voice message to the operdtor. Af t er
execution ofClaimsek 1314, bl ock 1312 increments the counter that defines the
nunber of tinmes th e GV E] excessive
pressure being appﬁ'e‘é%&ﬁﬁﬁpﬁg{'ﬁg ansgaééi?i%ﬁohgfé%ioggx%@%igip 308 i s no,

t hen bl ock beiog applingtakeysofzckeybeard) compsisinge to the operator such as that

illustrated in FIG fRterminifd prefire exerted on a key by the operator; and _
-10- 1. A nethod for alerting 1mediately an’ operator of excessive pressure

being applied to keyBSNERUng & Meswge tp alers Hpmediatedy anjepesater af the kaykossd)r e

-~ exerted on ap&ﬁﬁﬂielditehhﬁxedpﬁsair@éi:ceéﬂiﬂﬁﬁpredeﬁnedpressu@@:nerati ng a nmessage to
alert imedi ately an operator of the keyboard upon the determ ned pressure

exceedi ng a predefined pressure. 2. The nmethod of claim 1l wherein the step

of determ ning preskUFke methpd ofelainal ptheredn theystapf of idetenmthingpresmaech | ocat ed
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i ndi vi dual C a sign representative of Tt pplied
pressure. '3.reswr§1\f¢etpﬁmrmsutqaﬂp%chtormcmdevld@ddepyit@s@ma§@pl of adj usting
the predgd i pgeesehtafivd/dfthe 4ppliEdpreBieod of claim 2 wherein the step of
determ ning pressure further conprises the step of reading the signal
representative of the applied pressure 15 fromthe transducer |ocated with
the key in response.tThe methad vficlhinoD fithekr bemprises thestep ofadjustingithg t he read
signal tot nerating. 5. The nmethod of claim1l wherein the step
of determ np%g‘;ig%r?e@spsusrs@%éonpri ses one transducer responsive to pressure
applied to all keys to generate a signal representative of the applied

pressure. 20 4. Thefmeth5& of BlhiPS whbreid ﬁie%tré Jf%ie?ﬁfniﬁé’?ﬁé&éu%@s the step
of adjusting the predefined pressure. 7/, ;"he t hod of_ cl ap{rlnisg wherein the
step of det Bitehe mhves e step of reading the sigpal representatig of she#pplicd Arasgice ne

si gnal rEpr foithe trakisiuér 1béutedpith tiRtkep ie fspe it &P dchrtion oNtR ke andn
response to the actyaf S r?gf thte Qeeadks@ﬁal %r}ge step of generating.

D

5. The method of claim 1 wherein the step of determining pressure
comprises one transducer responsive to pressure applied to all keys to generate a
signal representative of the applied pressure.

20 6. The method of claim 5 further comprises the step of adjusting the
predefined pressure. '

7. The method of claim 5 wherein the step of determining pressure
further comprises the step of reading the signal representative of the applied pressure
from the transducer in response to the actuation of the key; and

25 transmitting the read signal to the step of generating.

8. An apparatus for alerting immediately an operator of excessive
pressure being applied to keys of a keyboard, comprising:



-25¢ > ' transmtting the read signal to the st ating. 8.

An
apparatus for alerting inmrediately an operator of ex ' Ewnﬁ‘“ei ng
.applied to keys of a keyboard, conprising: nmeans fcg m .
pressure exerted on.a key by the operator; and neans r generdtifg a
message to alert inmediately an operataqr, of the keyboard upon the

det erm ned pressure exceedi ng a predefimed pressure. 9. The apparatus of
claim8 wherein the means for determ ning pressure 5 conprises a plurality
of transducers each mespsfordetermmingpicssire/¢xtuet ok @key by theeoperater; wedt o t he
pressure applied to endi vl g & | ntative
of the applied pr esgﬁjér&gs f#%g#%%g@%%?ﬁ%@%ﬁé‘%@%ﬁﬂ %?%%réﬁgéﬁ%rgi ses -
means for a#iboardiponiike ¢datersinedprassyracgnceeding g predefined pressured. The appar at us
of claim9 wherein the neans for determ ning pressure further conprises
means responsive to the actuatign of the key for reading the signal
representative of thellgApparatsof slaimdvhereimthemeans AL driemning PIESSHC i t h t he

key; and sreanfpri®s alplaalityidf raigiutes eactldc@bd Wit ahndiVidusE@yanior o
generating. _12. The zﬁ(p)%r at us ohﬁ(gl atlhm.B.%I\ﬂer%n t he ans.cfo det er mi ni ng
pressure 15TCBH5FESR EsspreApplied 19 the RAigruslkey  egierie asignahp i ed to al |
keys to gensapatsentativws ¢fitht appliedgsessumt i ve of the applied pressure. 13. The
apparatus of claim 12 further conprises nmeans for adjusting the predefined
pressure. 14. The apparatus of claim 12 wherein the neans for determ ning
20 pressure furthd. clheppparatis o€ glaim Pdurthersiomprises means for adiusting el t he key
for readi ngpfeefitddRésureePr esent atirve of the applied pressure fromthe
transducer; " and nmeans for transmitting the read signal to the nmeans for
gener ati ng.

10 11. The apparatus of claim 9 wherein the means for determining pressure .

further comprises means responsive to the actuation of the key for reading the signal
representative of the applied pressure from the transducer located with the key; and
means for transmitting the read signal to the means for generating.

12. The apparatus of claim 8 wherein the means for determining pressure
15 comprises one transducer responsive to pressure applied to all keys to generate a
signal representative of the applied pressure.

13. The apparatus of claim 12 further comprises means for adjusting the
predefined pressure. |

14. The apparatus of claim 12 wherein the means for determining
20 pressure further comprises means responsive to the actuation of the key for reading
the signal representative of the applied pressure from the transducer; and
means for transmitting the read signal to the means for generating.



