oot hbr ush. The present invention relates to .
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a lasting formation of dental plaque and an adequate removal of dental plaque is

a8 ! AT RIS

mentioned to be the desired performance of toothbrushing. In order to achieve an
* adequate removal of dental plaque a duty time above a minimum time and a duty
: 15 pressure between a minimum and a maximum pressure are acknowledged to be desired.
As a consequence the control means of the known toothbrush is provided with the time-
E measuring means and the pressure-measuring means to determine the duty time and the
duty pressure as well as to drive the indication means to inform the user of the duty
performance, i.e. the achieved removal of dental plaque. In the known toothbrush, to
20 determine the minimum time and the desired pressure, the time-measuring means is
only activated, when the pressure-measuring means determines a duty pressure between
the minimum and the maximum pressure, and the indication means is only activated,
when the time measuring-means determines a duty time exceeding the minimum time.
However, notwithstanding the design and the construction of the known toothbrush, the
25 achieved removal of dental plaque, when the indication means being activated, and the
disclosed display of the duty performance are found to be inaccurate.
As a consequence, the present invention has the object to provide an

electric toothbrush, which provides an accurate determination and an adequate indication
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3 A further embodiment of an electric toothbrush in accordance with the

% 20 invention is characterised in that the duty performance is the product of a scale factor,

: the duty time and the duty pressure. As the duty performance depends inter alia on the

i duty time and the duty pressure, the product of the duty time and the duty pressure is
found to be an accurate indication of the achieved performance during toothbrushing.
However, since a soft pressure is insufficient and a strong pressure is undesirable for a

25 satisfactory performance, the influence of the duty pressure on the product may be
reduced by a scale factor being a function of the duty pressure. For instance, a low
pressure may stretch and a high pressure may compress the time scale for reaching the
duty performance. Further, the scale factor may be a function of both the duty time and
the duty pressure.

30 A further embodiment of an electric toothbrush in accordance with the
invention is characterised in that the control unit further comprises a position-determin-
ing means to determine the duty position during toothbrushing, the position-determining

means driving the computing means and the computing means driving the indication
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relation of the present current and the duty pressure.

. supplied to thé electro-mechanical means, the idle current of the electro-mechanical

%3

20 means must be detracted to achieve a proper indication of the present current and the
duty time.
A further embodiment of an electric toothbrush in accordance with the
- ~ invention is characterised in that the control unit is capable to monitor a current, which _
is carried by the electro-mechanical means, the pressure-measuring means being
25 operative to register the duty pressure in response to the difference of the present
current and the idle current. When the duty pressure is measured from the current,
which is carried by or supplied to the electro-mechanical means, the idle current of the
electro-mechanical means must be detracted to achieve a proportional relation of the
present current and the duty pressure. ‘
30 A further embodiment of an electric toothbrush in accordance with the
invention is characterised in that the control unit is operative to measure and register the
idle current, a returning dip in the characteristic of the current being recognised as the

idle current. The electro-mechanical means needs an idle current, which is subject to a
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the duty pressure. As a result of the display the user may adapt the expressed pressure
20 when toothbrushing.

A further embodiment of an electric toothbrush in accordance with the
invention is characterised in that the duty pressure is displayed as a segmental interval,
The display of the duty pressure as a segmental interval informs the user of the softest
and strongest pressure. A reference to a minimum and a2 maximum pressure in the

25 display may inform the user of the performance in respect of the expressed pressure.

A further embodiment of an electric toothbrush in accordance with the
invention is characterised in that the indication means comprise a display for indicating
the duty position. As a result of the display the user may adapt the positions of the
electric toothbrush.

30 A further embodiment of an electric toothbrush in accordance with the
invention is characterised in that the indication means have a continuous display during
toothbrushing. By the continuous display the duty performance during toothbrushing can

be corrected and improved directly. In regard to the duty pressure and the duty position
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A further embodiment of an electric toothbrush in accordance with the
20 invention is characterised in that the indication means is located in the charge device,
the control unit and the charge device being coupled by means of a wireless com- _
P munication link. Since the electric toothbrush is held in a hand during toothbrushing,
- _ the continuous display can not be read by the user. The duty performance, however,

can be corrected and improved the best during toothbrushing. As a consequence, the

r 25 electric toothbrush in accordance with the invention is provided with the Wireless
r control. The indication means located on the charge device can now be seen by the
user.

A further embodiment of an electric toothbrush in accordance with the
invention is characterised in that the wireless communication link comprises an infra-red
30 transmitter located at the control unit and an infra-red receiver located at the charge
device, the wireless communication being achieved by an infra-red transmission.

Although the wireless communication can be implemented in a lot of ways, the infra-red

transmission is found to give an satisfactory result.
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nvent i on itetitimshrin aEtardinze twitr the invention,padat es an executive devi ce 100 and
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| ectrically coupled to the control unit 120 and (via the control unit

) to the driving IndkmBgursocartespensiingiparts ase pprlicateroby Higesameprisrensat r ol
t 120 i r,ltc‘]yrther coupled to the driving nmeans 130 and the switch 150 to
ontrol the®driving neans 130, which neans conprises an el ectronechani cal

ans 131 to dri ve Ii figuler Uah ethB6dimEhcofcdnnelgrric eaotiitausiOR fooqdanceewitan
di cation _neans 210, a char?e unit 220, an infra-red receiver 230, a
ver cor dthsdaventing is;shown; Ahe toothbinshy igporaerates an exprutive dewise ilBh aibans 210 is
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brush 140, and a switch 150. The supply unit is electrically coupled to the control unit

120 and (via the control unit 120) to the driving means 130 to provide a supply voltage.
The control unit 120 is further coupled to the driving means 130 and the switch 150 to

20 control the driving means 130, which means comprises an electro-mechanical means

131 to drive the brush 140. The charge device 200 comprises an indication means 210,
a charge unit 220, an infra-red receiver 230, a power cord 240, and a voltage
transformer 250. The indication means 210 is electrically coupled to the charge unit 220
for receiving a supply voltage and is coupled via the infra-red receiver 230 to receive

25 data signals from the control means 120 in the executive device 100. The tharge unit
220 receives supply voltage via the power cord 240 and the voltage transformer 250. In
the embodiment shown, the charge device 200 comprises the charge unit 220 and the
supply unit 110 is provided with a rechargeable battery. The executive device 100 and
the charge device 200 are detachable and provided with a two-part connector 160,

30 having a male part located on the supply unit 110 and a female part located on the
charge unit 220. Another option is a two part transformer 250, having a primary
winding in the charge device 200 and a secondary winding in the detachable executive

device 100. Alternative configurations without detachable parts are also possible, in
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determining means 124 to receive the duty position and to the infra-red transmitter 125
* to control the indication means 210. In the control unit 120 as shown the time-measur-
ing means 121 is also electrically connected to the pressure-measuring means 122 and
the position-determining means 124, since the duty pressure and the duty position may
25 be determined in dependence on the duty time. -

The time-measuring means 121 and the pressure-measuring means 122 can be -
constructed in conventional way as known from the prior art. However, the time-
measuring means 121 and the pressure-measuring means 122 may be adapted to register
the duty time and the duty pressure in response to the difference of the present current

30 and the idle current of the electro-mechanical means 131. The present current is the
current consumed by the electro-mechanical means 131 when the user exerts pressure
on the brush. The idle current is the current consumed by the electro-mechanical means

131 when the toothbrush is moving freely. The present current may be monitored by a
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t Wob posi t i onpressues Hierdity Bme is given a higher weight than under lower pressure by changing
20 the scale factor in response of the actual value of the duty pressure. In this way the duty

time is stretched under low pressure conditions and compressed under high pressure

? conditions.
_ The position-determining means 124 may provide a two-position determination
and may be constructed by a mercury switch, as known from electric irons, or by a

25 permanent magnet which is movable in respect to a reed-relay contact. The tWo-position
determination by the position-determining means 124 information about the handling
position of the toothbrush. Preferably in a first position the toothbrush is capable to
clean a left-side tooth-face, and in a second position the toothbrush is capable to clean a
right-side tooth-face. The position-determining means 124 distinguishes the first

30 handling position of the toothbrush from the second handling position of the toothbrush.
The respective times spent for toothbrushing in both handling positions or the difference
between the respective times can be used as a further parameter for increasing the

accuracy of the computed duty performance. The measuring of the respective times may
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shown. The ipedformanceris nesghesl. Ligeuitry for wireless communication, in particular infra-red

20 transmission is known and may be constructed in conventional way. SRR
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In figure 3 an example of an indication means 210 for an electric
* toothbrush in accordance with the invention is shown. The indication means 210
comprises a duty performance display 211 to indicate the duty performance, a duty time,

display 212 to indicate the duty time, a duty pressure display 213 to indicate the duty

25 pressure, a duty position display 214 to indicate the duty position and a supply status
display 215, 216 to give information about the energy status of the supply unit 110.
Additionally, the indication means 210 comprises a receiving window 231 to pass the
infra-red transmission light to the infra-red receiver 230. The duty performance display
211 is constructed as a lamp, which blinks when the computed performance exceeds a

30 threshold. The duty performance display 211 may further be constructed as a segmental
histogram as shown for the duty time display 212. The duty time display 212 is
constructed as a segmental histogram, in which histogram a single threshold 217

indicates the minimum time to achieve a satisfactory performance. The duty pressure
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exefted @O signal PR in a first analog-to-digital converter (ADC) 312. The digital signal PR is

proportional to the present value of the motor current Im. When pressure is exerted on'

brush 140, more current is drawn by the motor 302 to keep the brush 140 in motion.
Therefore the present value of the motor current Im, and thus also, the digital signal PR
is a measure of the pressure exerted on the brush during brushing. The digital signal PR

25 s fed to a central processing unit (CPU) 314 which is programmed to store the digital
signal PR in a non-volatile memory 316, for instance an EEPROM, when no pressure is
exerted on the brush 140. The motor current Im is than equal to the idle current under
no load conditions. The CPU 314 outputs a digital signal IC which represents the value
of the idle current to a digital-to-analog converter (DAC) 318, DAC 318 converts

30 digital signal IC to an analog reference voltage VR, which is compared with the analog
output voltage of the amplifier 310 in a first comparator 320. The output signal NL of
the first comparator 320 is fed to the CPU 314 and indicates whether or not the present

motor current Im is greater than the idle current. Signal NL thus indicates a no load
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+ satisfactory duty performance is reached when the sum of the accumulated timing pulses

passes a predetermined number.
A position signal PS generated by a position switch 328, for instance a reed-
relay and a movable magnet, may be further connected to the CPU 314 in order to
25 provide information about the handling position of the toothbrush. The CPU 314 is
programmed to increment a counter during a first value of the position signal PS and to
decrement the counter during a second value of the position signal PS. Ideally the
number of increments should be equal to the number of decrements. The difference
between the two numbers is output to the display 326 and informs the user about the
30 symmetry of his brush handling. A special warning signal may be generated and output
to the display to inform the user that the symmetry is not sufficient. The position
detection, the calculation of the difference and the display of the difference can be used

entirely separately from the aforementioned duty performance calculation and indication
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exgrt nore5prappliedrte tha Qo314 a5 & digitdl bavesy voltage aipgaloBVL The bbange voltage

dl i ng symetry. . .The voltage of the rechargeable battery is
i tored by SEnRIR¥nthewitching sighgl appridedie Peessire BR prg ysed 1g; mpyfe the

batfery voltage of Gafle H\he biferp 30k SloYstfe! [ &8s Q0R vaRle inl A€ nBMivbifleNd
I ghal SWand the prazésesur ee s?gerll—gl %%ﬁégg&se t%d co Y.It e ]fnhe snt atve of
rge of t hendomiry 81§ aB@4g display tthis @alae ap shoveponBignd. Tak bettéry 304 es recharged
L vol ati | 316 to displ t hi I ' ig.. 3. Th
Bgtn \é?ya?)b 4epg§gg2%§,s g&grngfﬂ,% rei:t'xst?era%ti anldsa s\@tcgz%gausangl};‘?o%fikp wlli{cg is €
20 switched on and off under control of a battery charge signal BC from the CPU 314.
The rectified mains voltage CH is fed to the CPU 314 to sense whether or not mains

* voltage is present and to engage a suitable indication on display 326, for instance
symbol 216 shown in Fig. 3, to warn the user that recharge is negded, but not possible.
The invention is not restricted to the shown embodiments and examples.
25 Within the scope of the invention a man skilled in the art may devise furttrer
embodiments and examples. For instance, the control unit may be an intelligent unit
which is based on fuzzy logic and the position-determining means may be adapted to
realise a multi position determination in order to provide more information about the
handling positions of the toothbrush. The handling time in each position may be used as

30 an additional parameter to influence the calculation of the duty performance.
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a transfornmer 332, a rectifier 334 and a switching transistor 336,
is swWitched on and off under control of a:battery charge si‘gnal BC 4
the CPU 314. The rectified mains voltage CHis fed to the CPU 314 to —
whet her or not mains voltage is present and to engage a suitable

ati on onPHINsPp4.4y5 326, for instance synBol 216 shown in Fig. 35.0b19% n

ser that recharge is needed, but not possible. The

tion is gelimgestricted to the shown enbodi nents and—exanptes:- Wthin

cope of."tHE i-nvention a man skilled in-the art may FEnSE L Hedd 1€ Piaced
I ments and exanpl es. For instance, the control unit ,

ligent unit which is based on fuzzy |ogic and the pogmmgmgumjmni ng
may be adapted to realise a multi position determn to

I de nore information about the handling positions of the toothbrush.

handling tine in each position may be used as an additi-onal paraneter

nfl uence the cal cul ation of the duty performance.

dains: 1 1 An electric toothtPish&ofipidsing 4 Qidob bkt ?m? EBpEkiAg adime-

rol unit (120) conprising a time- neéasuring neans (121) for neasuring

duty ti memeaspiing means (1Biufoninegsuting the drtystime durieg faodthmsbing ansbnpres122)

s (130) cdrivirig e @BO)?'vﬂﬁdHi@mﬂﬁan;ﬂﬁ@bupmﬁfwméJ:Bxlti'olfxﬂﬁt dedy itrgdavipg ush
, and an indication _rreanse£210), ich is driven bal,t‘he control unit
) for Pnfmeass(L30) amprising an elesouneshanical megns i) &o7, driving adrehidéd:in
th traql < . . ] ' :
ing o dityn kb EIobich ARGV SRR uRBIBTRY indiilog 7]
- measur i ng usenosthe klkbirictodthbhsh peiasatsrtedrim that thegontrelbust (1RP2P further vi ng

cat ) on nEARPS 0o BREE Tt S5 RS SHONBaE Ao s TR fomsbE dura:  ve
nform thgndiSRS thefduly fresiule) tREGHEHBGEIMEAIIT12T) AUUEE pheRirblRledSHng-
10 means (122) driving the computing means (123) and the computing means (123) driving
the indication means (210), and in that the indication means (210) is operative to inform

(11“9 "o ch e BBt Bhns U8 K newan i SO Pists Buritd SRHEBRR, i g
a
)

the user of the duty performance during or after toothbrushing.
2. An electric toothbrush as claimed in claim 1, characterised in that the duty
performance i$ the product of a scale factor, the duty time and the duty pressure.

15 3. An electric toothbrush as claimed in claim 1, characterised in that the

control unit (120) further comprises a position-determining means (124) to determine

* the duty position during toothbrushing, the position-determining means (124) driving the

computing means (123) and the computing means (123) driving the indication means .
(210), and in that the computing means (123) is operative to compute the duty perform- "

— L

20 ance from the duty position.

4. An electric toothbrush as claimed in claim 3, characterised in that the duty
performance is an operation of the duty time, the duty pressure.and the duty position.
5. An electric toothbrush as claimed in claim 1, 2, 3 or 4, characterised in

that the control unit (120) is capable to monitor a current, which is carried by the

25 electro-mechanical means (131), the time-measuring means (123) being operative to
register the duty time in response to the difference of the present current and the idle
current,
6. An electric toothbrush as claimed in claim 1, 2, 3, 4 or 5, characterised
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An electric toothbrush as clainmed in ¢claimi1;— characterised in

that {he duty performance is the product of a Smals&efmb%wlﬂgq duty tine

and t

ne duty pressure. 3. An electric [} _ claimed in

claim 1, characterised in that the control unit el ' conprises a
on- det erpgQilgyReans (124) to determ th n dyring

14 cSfk19%

posi t

t oot hprushi ng, the position-determ ning neans (124) driving the

nmeans
(210)
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recogni sed as the 10

123 : > ndi.caii on.
Cand o1 bt S CSRRA uB (702 cdohidho WniloP | it WALEC SATE e
per f or m elatroenéahamival maeats (13 1p,othe tprassure-measuring means (128) BQE bpdritive Io”

toot hprush as claimed [n claim3, characteriged in that the duty
perfoFmance i Segisten Bier Y BIFSYFe ThEsspafss 1 ﬁ’r‘?ﬁ‘f‘%‘%@"edﬁ{] C pressai sutenh pdl thee

posi ti on.jdle 2urrent. An el ectric toothbrush as claimed in claiml,
or 4, characterised in that the control unit (120) is capable to
or a clirffent, whi cAnielsctigrtoptbbinusly as klaimed incelaiond ol dnicbactassedsin (R e

sponse. 1 o R REDLS ERbish RemEREind Baishes M brerty Freiintne 0t
A R ehatabtegisti®©6f thercusrentteind ficoBsddnascthiide turrént. 3, 4 or 5,

Ict eri sed 14
i's

at the céntrol unidn gleoiic tpathbrish ps elaimed igclaigy 1,a2.c3r$:eht6 oWhi ch
d by th . ' . , i1 CLs
ed by 1t hep - 8Leeh i Wt %ﬁﬁhuﬁﬁ%ﬁ@@ %’tﬁé}%ﬁ Qrcﬁgpﬁéﬁé &1@?&%&1@&1}1% o

(122) berng operative to regl s ressu I'n” response

i ffer &hceheoduty perfomement current and the idle current. 7

1

tric tgqothbrush laimed in claim5 or 6, teri i n_t hat
ol {BOLIr Ush o ol 8L IEC N CLALS O Sup o SELE sp Lpytha
nt, aret t&i;le@'hpthat'd{é ﬁx&i%a%ﬂhaﬁx@&fsetﬁl(@tdoﬁl nse%htﬁ 89§ fd?%&l&ﬁngs

e current. el ectri’c’ t oot hbru

claied in cl therduty tife. 3, 4, 5, 6 or 7, characterised in that the
i ndi ¢cation nmeapns (210) conpr.i.s di spl ay (211) for jngdi [ he duty
per f or mance. %1'9. An g&mﬂﬁoﬁ%ﬁﬁ&?‘w&ﬁ&%ﬂ iagbqa‘zgﬁt’ﬁg;’ i’ quaﬁﬂm 1,
2, 3{ 4, 55 b¢hafacrised in tHab Bed36&iBAtionSHednd (2 1B lcohpRist A Wiy g%ﬁﬁarﬁdiégﬂag)
conpfise a display (212) for indicating thé duty tine. 0. An
el ectric toot Herduhpegssutg.ai ned in claimi1, 2, 3, 4, 5 6, 7, 8 or 9,
characterised,jn that the  indi l.on.neans. (210) I se Lspl (,R13)
for |ndicati nbf. t he dl‘ﬁrg,elgirhgg g%&léb'rush as cr]am'x(e% 19 cla‘fx%%: cﬁaragtezqéeﬁ in Hat tgg‘
duty pressure is displayed as a segmental interval.
12. An electric toothbrush as claimed in claim 1, 2, 3, 4, 5,6, 7,8, 9, 10 or
20 11, characterised in that the indication means (210) comprise a display (214) for
J indicating the duty position.
? 13. An electric toothbrush as claimed in claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, .
11 or 12, characterised in that the indication means (210) have a continuous display

F -

_ during toothbrushing.

25 14, An electric toothbrush as claimed in claim 1, 2, 3, 4, 5, 6,7, 8, 9, 10,
11, 12 or 13, characterised in that the indication means (210) have a temporary display
after or before toothbrushing.

1. An electric toothbrush as claimed in claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13 or 14, characterised in that the electric toothbrush further comprises a charge

30 device (200), the charge device (200) comprising a charge unit (220) to charge a
rechargeable battery (304) in a supply unit (110), the supply unit (110) being coupled
electrically to the control unit (120).

16. An electric toothbrush as claimed in claim 15, characterised in that the
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An el ectric toothbrush as clainmed in claim 10,. characterised
"t he duty pressure is displayed as a segnental interval .- 12.

£tric toothbrush as clainmed in claiml1, 2, 3, 4, 5 6, 7, 8 9, 10 or
act erised in that the indication nmeans (210) conprise a display

in ﬁf;tl‘;ngljhe duty position. 13is An el ectric tggoshbsgash
|rred|nca|m1 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12, characteri sed

Hat the 'Bgfc%d RBarliRA10) i i 2R HRYR h évméqgaoﬂ'tﬁeoémﬂu&k (£20) and

r ushi. An -electric -t- ohbrushasca.lrred in-claim 1,

-

.4, 5, Tahe chage d6vig(200) being couplathy Uieansiot owhitekds commnakaididink. | <

LLon, e (210 Ahed LETRRLATY usBhRY ot T6. HerRSLE0 o i 1

4, S, Qvuaess&onﬂnunl&noa fink %&npﬁs%s% infra-réd) Bhediféd 81@9) joBatbd af thehe

electric toothbrush further conprises a charge device (200 t he charge

devi cg (206) coowphinii dgOhanchan péracred receiven (230) ledatedps the e@maﬁwdﬁ ), the
bat t 304 b | ed
el Y oy ke OB eoh heibd Mty s Bl R4, e 00, COUPLEC

as cliai ned ingclaim 15An®lb%ﬁ'ﬁ£ﬁoembﬁﬁﬂ ab Blaiéd i &18im 15, 16 or 17, characterised in
15 iindication neans (210) is |located jn the _char ge devi ce (200) t he

contrjol unit thatly “@W&ﬂ?m@e%#fa@é@ epmprise a(display (FddnglOdfopindicape Asiats of a
Wi r eliess commﬂ An el ectric toothbrush as clai ned
in cliaim 16 k@gyt eri tegj(l n that the wirel ess comunication |ink
corrprlses an infra-red transmtter (125) |ocated at the control unit (120)
and an infra-red receiver (230) located at the charge device (200), the

Wi r ss conmuni cati on being achieved by an infra-red transm ssion. 18.

An ectric toothbrush as clained in claim15, 16 or 17, characterised in
that §t he indication neans (210) conprise a display (215, 216) for

i ndi ¢ating a status of the supply unit (110).
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