29 OCT 2004 WO 01/06335 PCT/ 1 N99/ 00031 TITLE OF THE I NVENTION "Digital

El ectronic Control Unit ° FIELD OF THE | NVENTI ON This invention relates to
a digital electronic control unit with real-tinme- 5 chock based control,
renote control and networking capabilities for contréld iOgy t2b functions
of donmestic and commercial appliances such as washing nachlnes
refrigerators, dishwashers, electric ovens, and the |iKke. BACKGRClJND Many
nodern conWodl0@3st ens that are used for industrial oPCEINgY8083mrer ci al

applicati ons I ncorporate owing features : 1) Real -tine-clock

(Ti me- of - da ﬂrng Eﬁh%‘?ﬁ%&%b 2) Networking of various devices

I norder to share resources‘gggug{akﬁgtmg&@@A,*.ola@nﬁ@ provi de renbte access to
eno

a device over the network. e control using a hand-held renote

control deviggel DIOFTHRBEVERTEONpUt ers in control systems has further
I ncreased the need for such intercomunications. Final l@é the rapid growh

of the Internet Hnamwegtnorf@atemmtai@lqc&raew qongrel uri pithgealdidromes in t he
novenent to tvvorked S the n ture is expected to
gener at e 5t hm?%g}é#f ‘FQS‘FO ToTPRIF aR ‘fﬁr{ét‘?’??i(l%?qug@ue%'ﬁése devel oBrrents
have led to hﬂt?%]ﬂﬁng%é ﬁﬁctﬁﬁs%ﬁere?ét%dodbnﬁﬂéﬂcié! laB Ilﬁl\éEé’schaL‘he aver age

devi ces of t ore expected that domestic appliances

woul d al so R@Hh?@n@ﬁ‘iﬂks refrip@hitors | distovashibst eldesicgnensfandehe des wi th such
capabilities utilise mcrocomputers or nmicro controllers as the key

conponent f BACKIGROUNRVi | e this approach 25 wor ks very well, it is not
e st oo e ey et LS e PR B RS, L par el
For uhi cly AT R R S S ocont ol lers. Thi's
addi ti onal hardwer e Raal-wasclogk (Tiieabday)tmsedstntenidctions.
2)  Networking of various devices inorder to share resources or data,
as well as to provide remote access to a device over the network.
3)  Remote control using a hand-held remote control device.
15 The use of computers in control systems has further incregsed the need
for such intercommunications. Finally, the rapid growth of the Internet and its
fast expanding reach into offices and homes in the movement towards the
“networked society” of the near future is expected to generate the demand for
internetworking the various. These developments have led to the need for
20 communication abilities even in the average devices of the home. It is
therefore expected that domestic appliances would also require such
capabilities.
Most designs of devices with such capabilities utilise microcomputers
or microcontrollers as the key component for control. While this approach
25 works very well, it is not the most cost-effective or efficient for many
applications. In particular. the cost-sensitive, mass-volume application area of
domestic appliances require special interface circuits, such as AC power

switching devices, for which additional hardware is needed when using

microcontrollers. This additional hardware can easily increase the cost and
1



2 9 OCT 2034 WD 01/06335 PCT/1 N99/ 00031 size of the control for the
appliance very significantly. The use of special custom hardware provides
a better solution, but existing designs of such custom hardware are very

specialised to a particular application or appliance. Z@qygp%p' ance
product therefore needs its own dedi cated design of custom 5 hafdware. The

nost desireable solution is one in which a specially-designed hardware

suitabl e femodbasentire range of appliances, is confi ger@ehegas; Uuse in  each
specific product. Such a design would provide the flexibility of

obj ect of ¢ RIS PDERPTE PLihe Gonast e il Thahes oEpegkLCt roni 0
control uni tefsfim Ha@warke ?‘}gqﬁﬁg 5ge@é}goﬁ{fmﬁleﬁisgﬁgtgalgéig@iﬁ%ﬂchhat provi des

the capabilities of real-tine based.-co and

net wor ki ng. clstoathardward dre ves) specibfiedttd watthiutariappBedtioRorRpeNifes a digital
el ectronic C]i??locgtrpglli unit characterized by: 15 - a pl uralitg of sensor drive
circuits ea fAPRAARSE DIpquet theggloreaieeds ithows dedicatgd desige of cusitre sai d

sensi ng eg erfﬁué‘; qonverts the sensed paranmeter to an electrical signal, -

an anal og mu p‘?re'xer that receives the signal fromeach of the external

sensing el ement sThafse@sResdly Sl RS iUl éedg‘é{ag&%%glggg@pi ts 20

output, - an analog-to-digital converter corinec ut of the
sai d anal odiandware shitabde for&hﬁéntﬁ@?ﬂ@ébfa?}blﬁhn@‘éﬁ,ﬁé Qirnfparedfol B int 0 di gi tal

to the out EEh ectiprodi S aolpsiEntisoul gravide ottty dfor cor et ng e
non-vol at 1 SEGHBeS SR DR OGh o ietiFieniod Tonet colend 5Ge. the corrocted
and generates the aaet oS hatel 33 pRiacRSkble euf BREERL pe <1
appl i ance, &entrelunitafer utrein domestic and commercial appliances, that provides the
capabilities of real-time based control, remote control and networking,
To achieve the said objective this invention provides a digital electronic
control unit characterized by:
15 - a plurality of sensor drive circuits each of which drives an
external sensing element, the said sensing elements converts the sensed
parameter 1o an electrical signal,
- an analog multiplexer that receives the signal from each of the
external sensing elements, and selectively routes one of the signal to its
20 output,
- an analog-to-digital converter connected to the output of the said
analog multiplexer, that converts the multiplexer output to digital form,
- a linearity, sensitivity and offset correction circuit connected to
the output of the said analogue-to-digital converter for correcting the
25 digital values received from it, using sensor calibration data stored in
non-volatile memory,
- a central control unit that receives the corrected output from the

said linearity offset and sensitivity correction circuit, and generates the

control signals necessary for operation of the appliance, as well as the
2



2 2 9 OCT 2004 WO 01/06335 5 PCT/1 N99/ 00031 sel ection signals for
controlling the said analog nmultiplexer, using control data supplied by
the non-volatile nenory, - a digital noise filter connected to the output
of the said central control unit, to elimnate spurious_ out ués, a digital
de-nul ti pl exer connected to the output of the said di29$taﬁ:T ﬁﬂ se filter
and controlled by the said central control unit for selecting the output
to which tWeoEHsSt fromthe said digital noise filter PEEINGYO0BE connect ed,

- aplurality of control | atches,,.each bejng,conn .one output 10 of
the said digitaslegiémiignals cE)?BPt,rblfl‘BE%Et%}c‘ ?{%‘Qﬁn@“gf"t&%&ﬁhgg a recei ved
fromit and actuatin nethdi@vappl iance in order to
correct the seﬁg]ita&p%rtégr@fﬂe]rg&@%lger%ogﬁ?(\{}%tf aIn?Ie nmenory that stores the data
and control paranetggmital RA fikkst doanedidieloapeoapioof thé stideestaild centr al

control unit, lineraity 15 sensitivity oand offset correction circuits,
out put drive amdnipolotreGtd elimingte Spyriews outpysSc| ock oscill ator that provides

(e {18, %Sl S Do K et R0 RRGL) BT Ayt SO SR I 2,0 0
connect ed to at | eatie AnRcOeniB NG (b batnGomtol st loABblbcm real -time
I me- of - day

cl ock that pI’O\PiO €s 0 ta, a renpte control interface unit, that

provi des the ahd hingut © witie Gieviapuisfesm itepaid digilalmeisd fkerietpbeses to the
user fronmfto a renote control device. 25 - a network interface unit, that
provi des the capabédiéd,y for bidirectional transfer of data between the

digital control unit and. ot.her Vi ces. .
J - a pﬁmﬂlty otf contrcﬂ%atcﬁes, ¢ach being connected at one output

10 of the said digital de-multiplexer, for storing the digital data received
from it and actuating the ﬁecessary part of the appliance in order to
correct the sensed parameter,

- a non-volatile memory that stores the data and control parameters
required for the operation of the said central control unit, lineraity

15 sensitivity oand offset correction circuits, output drive and protection
circuits.

- a clock oscillator that provides the timing signals necessary for
the operation of required circuits of the digiial electronic control unit,
- the said central contro] unit is further connected to at least one of

20 the following at its input:

- a real-time clock that provides time-of-day data,

- a remote control interface unit, that provides the ability to
receive user input and provide responses to the user from/to a
remote control device,

25 - a network interface unit, that provides the capability for
bidirectional transfer of data between the digital control unit and
other devices.

The said remote control interface unit is an infra-red or ultrasonic or radio

frequency remote interface units



The said renote control interface unit is an infra-red or ultrasonic or
radio frequency renote interface units 3 2 9 OCT 2004 WO 01/ 06335
PCT/ 1 N99/ 00031 The said network interface unit is is for a Transport
Control Protocol / |Internet Protocol (TCP/IP) based petwork such as for

| nternet connectivity. The said network interface uni E § I6Ts 68 a
Controller Area Network (CAN) Bus based network. 5 The said sensing

el enent ar WOlA¥r or non-1linear transducers. The sai #CUBN¥Y#8L control unit

dth id i it ffset d tivit ti ' it
di gital Togi cal T8FsedneSvorkBicBaepwAL bris 1o PSRRI EIRENdl 1 at ches i s
K | AehTiBRsRY BREPel | atch:
Govi oo to amtaardbREbLCTRA R AR R b e B B o

correct the senggd sRATRAPSRIinER aBE Qit fels Gser CoafdlRedréiNewriand sel ecti ons
for defining the desired values of the control paraneters, a plurality of

user input (®&N}Basbasedmebedrsd to the said central control unit through

sai d anal og mul tiplexer: .anaJ og-to- digital converter, and linearity offset
and sensBti vity |06PRESENURS 61‘#'%{]? gre hi@g"rfﬂél%" cap UARSIHPetS-reans ar e

potent | oret et s i Sild G col 0} A B LBkl FASPARREhSke e out put

of the said cen control uni e selectrve y of ®either the

sensed par aggt&fiof tirkiie areUigital 30dealfdiebity/al ue from the user input neans on
an external display device. An audio drive unit is connected to the output

of the said cenflhalougenof edch cfeheisdid comrol dgnkesds comneaisdito a8 PYRAL s f or

user's attention using.an external audio. .transducer ower supply for
poweri ng t harg @QEPWQ‘%PF@}HF@&WE? Britching %Vé%ﬁosatcglagf%a | ow | 0ss

S et 1) er MRt A8 pilf PERABPEIaYSH brd a0 CHREL e R kllRerol BTV T2 Ui cal
el ectroni c cont IRl provide ukércddfibed dnjuteanelectionefordefiking thedesired cont r ol
interface unit and netwok interface unit except power supply.
values of the control parameters, a plurality of user input means are cofnected
to the said central control unit through said analog multiplexer, analog-to-
digital converter, and linearity offset and sensitivity correction circuit.
15 The user variable means are potentiometers or switches.
A display drive unit is connected to the output of the said central
control unit for the selective display of either the sensed parameter or the
user-specified value from the user input means on an external display device.
An audio drive unit is connected to the output of the said central control
20 unit for generating audio signals for user’s attention using an external audio
transducer.
Power supply for powering the digital electronic control unit consists of
a low loss capacitive voltage dropping network followed by a voltage
clamping device, a rectifier and a filter network to provide a DC voltage.
25 Entire digital electronic control unit including the real-time clock,
remote control interface unit and netwok interface unit except power supply.
sensing elements, user variable means and external switching devices, is

implemented as a custom Application Specific Integrated Circuit (ASIC). to

provide a miniature and cost effective control element. The ASIC also
4



sensing el enents, user variable neans and external sw tching devices, is

i npl emented as a custom Application Specific Integrated Grcuit (ASIC). to
provide a mniature and cost effective control elenment. The ASIC also 4 2 9
OCT 2004 WD 01/ 06335 PCT/1 N99/ 00031 excludes non-volatile nmenory in order
to provide larger capacities for storage of data, b t9 0631 difs a nenory
interface block for connecting to the external non-volatile nenory. The
out put dri WOHM@IProtection circuit includes a thernal?qreasesi on 5

Clrout, arRfles fbALBRlIMahaS!H Qg B rbide RYEL-ciphRaToPuGige | OF

: . €
circuit and SO start circui oviding an effective reduced

vol t age st agftdaed bupinchides 4 arehoty interfadeltdodinforicahnqueing ealthefextemmal- on. The
frequency of the clock oscillator ranges from32 KHz - 25 MHz, preferably
4 MHz. 10 Thon-weatlsmkernonyer f ace unit, in one enbodinent is for connecting

t TCP/ I P | b d t k h f j . th
I gt Zr net. In 2:1 gg’ﬁtpé‘ {Sﬂeﬁ ?‘ﬂglerﬂr‘,) e%tllu%“ ﬁ%%%ﬁ]%lqd%% QWB%EF#H%HFIE degi gned for
connect 109 §ifad, %p%ﬁ)@h%ﬁt &Bg’e‘ti&!‘?&ffaﬁ{f_o@%%n §@Ludmcive@it anpt her

enbodi nment , rk int’ertace unit 'i's designed for 15 connecting to a

cabl e net woj kofPstdit@irtait f@lpestidiopian effedtiveoteduoéd vélmge serupdedbe i bed i n our
co-pending PCT application No. PCT/IN 99/00029. The instant application

i ncl udes t head idaging Heiinkiak pariodef WeMkGThg, renmpte control and ti me- of - day
based control usin areal-ti cl ogk. These faci,l,idti,es not been

cl ai ned or desc&h‘ﬁgﬁqucﬁ(ﬁ’ém 0%@&%&%&%‘?%’%"%8&@%{r’-gﬁ).ﬁqzrhe i nvention
wi Il now be IQF?&FWQ ith reference to the acconpanying drawings Fig - |
shows t he d?gl al“el'ectronic control unit including real- tine clock,

renote ¢ontrol Mhteefask inteface met, \iobke embedinaeas is foc conmtictigg toat his 25
i nvention, usi ?ig potentioneters for providing user-variable input. Fig -2

shows an al TEPARpeotept) baseferetwerk, sl asrfior conpecheg Kyihe dpgmet

In another embodiment, the network interface unit is designed for
connecting to a Controller Area Network (CAN) system.
In yet another embodiment, the network interface unit is designed for
15  connecting 1o a cable network.
A digital electronic control unit has been described in our co-pending
PCT application No. PCT/IN 99/00029. The instant application includes the
facilities for networking, remote control and time-of-day based control using
a real-time clock. These facilities have not been claimed or described in the
20  said co-pending application.
The invention will now be described with reference to the
accompanying drawings :
Fig -1 shows the digital electronic control unit including real-
time clock, remote control interface, and network interface, according to this
25  invention, using potentiometers for providing user-variable mput.
Fig—2 shows an alternate embodiment of the unit. using switches
for providing user-vanable input.
Fig—-3 shows an embodiment in which the entire digital electronic

control circuit including the real-time clock, remote control interface unit and
5



for providing user-variable input. Fig - 3 shows an enbodi ment in which the
entire digital electronic control circuit including the real-tinme clock,
renote control interface unit and 5 29 OCT 2004 netwok interface unit
except the power supply, external sensing elenents, user_ var]lable neans
and external sw tching devices, is inplenented as an Q,Qp@mc @ on Specific
Integrated Circuit (ASIC). Fig-4 shows and alternative enbodi nent in the
formof a ASIC5 in which the non-volatile nenory is also external to the
ASIC. This facilitates the use of |arger capacities of non-volatile
menory. Fig - 5.shaws the internal structure of,the.qu rive and

prot ect i ofCEYek Iteriacgugit £Xeqp qq%erﬁpgﬁgf %)felﬁlélla] é%l%ﬂgﬁggtg‘ppl y used to
provi de i I ' : ' ' /. ows an

ol 1 cati SRebP LS Bpiand R bR el o e e e Fi - 6
shows an apsiticaabn Spedific Imegrated Qircaiti(ASEGMt rol unit in a refrigerator. 15
Referring to the drawings, 1tens, [ | a-_ 1 _d] show the external sensing

el enents. Sensbig-dfi ve diowsand gltgrmative oy O@H@\‘}F.H’ethﬁf@%i‘)&@f’sﬁlgnal s for the

sensors- Anal q |tiplexer [3] selects the,siganal . OJ€. t he sensing
el enent5s Bﬁé’@ﬂgibﬂyet“rﬁ’g" @tﬁﬁﬂ[e&ﬁ’rﬂéﬁ 5% ?ﬁﬁ?&ahf? %Sﬁlt%@%@?%ﬁtﬁmt [ 6]
which 1is FAbd-blafiR Akpyr@nal og-to-digital converter
[4]. This @%ﬁ%ﬁ gﬂ%‘éf%ﬁ%ﬁ%@s ?gg%%j@{))satle orr}gensor linearity, offset and
sensitivity byFidd pear i showssenmidrhalistycame obfhesatpurairivecnidon circuit [ 5]
that receives the correction factor data in digital formfromnon-volatile
menory [ Jpratecton sircudor rect ed digital output is supplied to central control

unit [6] which_stores the ta, er jnput is recejiv b 2ans of

external pot enfl&n terssl?‘(’wsglget-r eéiaesg%lw?réﬂl@@ﬁ"‘ﬁ%%r%mggﬁtral control

unit [8] %o%ﬁ@)ﬂ%él%oﬁfoo{oﬁﬂopﬁﬂ{.t al data received fromthe linearity,
t'y ‘and of f

sensitivi set correction circuit [5] to generate the control
signal for corpgetiing tdhewsensppligaivarafithe eledindrsc comrolobnit in a

washing machine.
Fig—8 shows an application of the electronic control unit in a
 refrigerator.

15 Referring to the drawings, items, [1a-1d] show the external sensing
elements. Sensor drive circuits [2a — 2d] provide the bias signals for the
sensors. Analog multiplexer [3] selects the signal from one of the sensing
elements based on the selection data from the Central Control Unit {6] which
is then converted to digital form by analog-to-digital converter [4]. This

20 digital output is adjusted for sensor linearity, offset and sensitivity by
linearity, sensitivity and offset correction circuit [5] that receives the
correction factor data in digital form from non-volatile memory [17]. This
corrected digital output is supplied to central control unit [6] which stores the
data. User input is received by means of external potentiometers [12a — 12¢]

25 and is used by the central contro! unit [6] alongwith the stored digital data
received from the linearity, sensitivity and offset correction circuit [5] to 5
generate the control signal for correcting the sensed parameter. This control
signal is passed through digital fiiter [7] to remove noise and then applied 10

the input of digital demultiplexer [8] which routes it to one of the control
6



signal is passed through digital filter [7] to renove noise and then
applied to the input of digital denultiplexer [8] which routes it to one
of the control 6 '29 OCT 2004 |atches [9a - 9fl under the control of the
central control unit [6]. The output of each COntroI'2 t TiQ%ﬁonnected to
an output drive and protection circuit [10a-10q. Each® output ~drive and
protection circuit drives an external switching device [I | a- | I fl to
actuate the relevant part of the appliance to 5 correct the sensed

par anet er . %T%CSE%UQ?LNF&N}{@'coMP&l?f[lﬁJccﬁfrél\t%%trﬁl @his pSJahe dtipue urii t ( 13]

for displa Ser put or sensed paraneter value on an _external display
uni t [ 141, ,ppgheks@raraehdis@oiidows wan bufplibiiritoandprwédiongircalidi o out put
t hrough an external audi o transducer { 161,. The, central coqtrol unit (6]
recei ves t i[b@z-of0fayEadhontput drve and profeaon-eipruit drhyes JPEXIGTARCch enables 1o it

to performconirol, actions ed on tine-of - LI +~A renot e-
control i nseitcawg deNice [F% —ggﬂﬁgé{:tgatct%e Eeﬁefélaxglgﬁag[ ggéri]l'te ragﬁﬁé:]%c%tt?ol unit [ 6]
provi des the i ] ' ' a 6]edmeglayd'§ gyn a hand- hel d
renot e éontcPH?at}hlé %éhsFK&Ré@mﬁf‘;%rt{r‘?}rﬁ?gén%ﬂglg@ilﬁrgfﬁﬁ[ ll/l connects} l?hyen said central
control  unigrivk@hitt[@3pdr dispidyisieudes aput shdentedpayaietepvalae ogiami | ar di gi t al

control .15 units or other 3evi ces such as _corrput[ﬁ]lzf and .enabl es t he
exchange ofexttznal displaywssit [1 4k and pise g ayho daxe upi OREFWI™RE A d ock

Circuit [ 18].and nop- vplatile- r 1 arious points
in the cir@ydto %’Pépu‘itﬁm“@ﬁﬁgf.x{qlﬂﬁgfq@p&akf(ﬁgeﬁgﬁgP@%?%@gcérﬁ%d&t s originate
from ext er nal | £ 208 Irealltifé- SRRk AnitJoliemitioeRitdss. Fig. -3
shows an i M%ﬁ&#&ﬁ?gﬁ%@ﬁ%ﬁﬂ%@%&ﬁi c control lljﬁ'ﬁ] i ncluding the

real -tipg Gl RGlerforen@inerok actiomslbasddrinatithaof day requanethents woteknatert er f ace uni t

and excluding the external blocks [la-I1d], [l la-1 1fl, . [12a&a-12c], [141,
[16], [ 19Xkontnbiniztese Boi](Ri gomnsstedde ﬁheﬁﬁldafi?ﬂia(ﬁgwwli‘l&ﬁ [éﬁeci fic

9o i e T ik PRI 13 oot vy
[221 in whi r‘é{ﬁo{%n%m uni¥ OA et Gk TREHR inst BHLcvaAEdts the Jahbceh®ial i n order to
provi de for T'arger storage o
control unit [6] to external devices, which may be other similar digital control
15 units or other devices such as computers, and enables the exchange of data
between the various devices in the network. A Clock Circuit [18} and non-
volatile-memory [17] are connected to various points in the circuit as
indicated.
In Fig-2, the user variable inputs originate from external switches [20a
20 —20c], instead of potentiometers.
Fig.-3 shows an implementation of the electronic control unit including
the real-time clock, remote control interface unit and network interface unit
and excluding the external blocks {1a-1d}, [11a-11f}, [12a-12c], [14], (16},
_ [19], and [20a-20c] in the form of an Application Specific Integrated Circuitl
25 (ASIC) [21] to provide a solution that is both very miniature and cost-
effective.

Fig-4 shows another embodiment using an ASIC {22] in which the non-

volatile memory is external to the ASIC inorder to provide for larger storage



7 2 9 OCT 2094 WD 01/06335 PCT/ 1 N99/ 00031 capacity- A non-vol atile nenory
i nterface block (23] is provided in the ASIC for connecting to the
external non-volatile menory [24). Fig-5 shows the internal structure of
each output drive and protection circuit. Q/ercurreng éﬂ@@ﬁc@n?n [ 251,
over-heat protection [26] and over 5 voltage protecti on’| Frcuits

I nsi de each output drive and protection circuit nonitor the electrical
conditionswé’t“”f"ﬁﬁ out put of each external switching dJd&VPREYSY | a ) 1)

and limt or cut-off th ' o is QYSFilab@ the asdCt i ons.

Addi ti onal F%Rac#é}"d%f‘f’g's"toga}ﬁé }@\éﬁlyygtérg%@tb%g%%f g)vi des a gradual start-up
drive signal. @ ineQo MidUidrast wonkaslstilomentuzy ¢X4Jer nal switching | o device

[ 11a- 11f] as we as the load (appliance). Fig.-6.sho t he .t ransfornerl ess
power - suppl y [ F93-Scsho@sttioe BitarnltssuctugssefEach opipyl dawe E%PWPBO‘E he digital

| ect ' trol it. A LLd t . , t k [30),
i th o vol cirge: hergmret peveeaooe ora Aeh PREGHRR TR toRe NG Vol t age
A C. vol tage t T S - icaitt h
ecti 11 da Sk molePLt 71 Brg i s o R A e paci tor

[33] to prodiesr the @ebtell kagditignsat theppbyt dfraath Exedml poiging o the circuit.
Fi g-7 shows an application of the electronic contol .unit 'in a washing

machi ne [ 34bvicd Mak Eif] bed Binitagws!-aff the drrento 1f Mﬁpge‘éﬁf}qaﬂsi de the wash
tank 20 senses the water level. in the tank t ensi ng el enent
[361 i nsi deondiongadriditionallyessaftSiah VS&H&?‘L{%]@?@&%M\%@E% while. a

detergent |evel .sensi . t Lo sy i bwitglgher gent supply
tank senseS@REYP d‘d‘é@%gg%ﬁ@@%@@@ﬁ]eseagte%@fﬁh??k%ave 1[38]Lg heati ng coi l

[391, degt erggik 1fid111) ulver ab 4@lUoadGipplitse).mot or [4 11, notor-reversing
switch [42] and water-drain 25 valve [43] are con§ rQ%J | e bc%; the electronic
control unit [4Fg -babeds tre transformiegpss poWeESEPRIE 424G OeYQr i ous sensi ng

el ements and fromthe user settin i tch .. Th : s and user
settings angedfiogPPYFEROBIT {%@e ﬁ‘éﬁ}%ll ﬁé\é\&c’mﬁgéﬁlt&(ﬁﬂn& ;Ra%gﬁ%g{r,lgl [46] and when
required, %Ioﬁgggsdﬁbgm%%m&kﬁéﬁﬂ vith 4 U&tage clamping zener diode [31)
reduces the input high-voltage A.C. voltage to a low value. This low value
15 a.c. voltage is then rectified and filtered by a diede [32] and then filtered by a

capacitor [33] to produce a low voltage d.c. supply that feeds power to the

circuit.
Fig-7 shows an application of the electronic contol unit in a washing

machine [34]. A water level sensing element {35] placed inside the wash tank
20 senses the water level in the tank, a temeperature sensing element [36] inside
the wash tank senses the temperature of the water while. a detergent level
sensing element [37] placed inside the detergent supply tank senses the
detergent level. The water-fill valve [38), heating coil [39]. detergent-fill
valve [40], agitator motor [41], motor-reversing switch [42} and water-drain
25 valve [43] are controlled by the electronic control unit [45] based on the
signals received from the various sensing elements and from the user setting
switches [44]. The status and user settings are dispiayed on the machine’s
user-interface panel {46] and when required, alarms are annunciated on the

audio unit [47]. A handheld remote-control unit {[RC] is also used to contro!
8



audio unit [47]. A handheld renote-control unit [PC] is also used to
control 8 2 9 OCT 2004 WO 01/06335 PCT/ 1 N99/ 00031 the user settings and
receive status information, renotely. Areal-time-clock [CL] on the front
panel of the washing-machine displays tine-of-day infdgm@{fodjnd can be
used to set control actions, e.g. turning-on or turning- off the

washi ng- machi ne at programred tinmes during the day. A network 5 |

connect s tWeoMEdhi ng nmachi ne to ot her appliances in tMENWHMO3ANd to hone

R ﬁlg?qt,wsﬁghg’é?ﬁ%_agﬂgﬁée?&@ g MDA Ton RAGAY! £deRBhGLI0OR T om

oWws” "an application o he el ectronic contol unit

inarefri ?EFZBREhe tfré}ﬁkeanﬂotf%f@@é@ﬁng-ﬂlaﬁl@insﬁﬁgla@k amerdf-da49] pl aced i nsi de
the freeze conpartnent senses the tenperature near the copoling coils

[50], anot heformétfipaidatanibe usehii seycesiterivationssa . HITHREED ORTBEE he mai n

conpartnent senses  the tenperature inside fhat comantoent  while a third
terrperatur@f%téﬁs*faﬁ}gmgén@hﬁ'ﬁ’ta‘P@a@gwgégnqsrémpg%ee t@‘r'g&%bﬂ‘t he conpressor

housi ng. A SW. t.c I . 0 g0t he

open-cl &se 'WB?{SE}F‘%%glnﬁgﬁgwﬁog@?é{ﬁﬁ%%g{g%ﬁgﬁﬁgi ?al el ectronic

control U”ihbn{eﬁ:%}néﬂ'u?&%é’t%ﬁeivhﬁ_t§ bERMEcdhneematrobéd ofeestorsiomi ng el enent s
e

and operates onpressor unit [55], circulating fan [56], refrigerator
l'i ght [57] wifihh decdtonapen al arm [ 58] based on the signals received from

each of the sensing el ements, and tches. .In | t.0. ~ rigerator
thasda rFaI -ti rrefi;gi* @@;{SR@L?PHF@’&“E@%‘?@EW‘M%C?rﬁgﬁlfn-'lgﬁ:ieﬁehﬁ% _Eitg{ hatg i s used
o displa i me- of - e actions a

progr aﬁmaé [égﬁ&‘eweﬁw.g%%ﬁ?%%@%?@%?mé‘? afclzlgﬁiensi deéztehe di gi tal

el ectropy KI f}{b?aftﬂienysrgnﬁesitﬁe nferatachdan teamoting coitse SOBfandger ator to a

net wor k I'n the home that connects the various appliances to a central
home conputiempérantre sénsing)elénoent fbhj nlacadrigside thegvp COMPABHEHERING : Sensi ng

G ven by sheisadntibavaic S epsimen e b BB bl o P oo
signal's in response &0 SRRMALRIRRS conlfiesor AORIRY A/ abdragétchi gnal s
[53] located on the door frame senses the open-close condition of the
15 referigerator’s door. The digital electronic control unit {54] receives the
signals from each of these sensing elements and operates the compressor unit
[55], circulating fan {56], refrigerator light [57] and door-open alarm [58]
based on the signals received from each of the sensing elements and
switches.In addition, the refrigerator has a real-time-clock [RCL] display on
20 the front-panel [FP] that is used to display the time-of-day as well as to define
control actions at programmed times of day. The network interface inside the
digital electronic control unit is also used to connect the refrigerator to a
network [NET] in the home that connects the various appliances to a central
home computer (not shown) for monitoring and control.
25  WORKING :
Sensing elements [1a — 1d] (which may be linear or non-linear
transducers) are driven by éensor drive circuits [2a — 2d] and produce analog
voltage signals in response to sensed parameters. These analog voltage signals

are applied to the inputs of analog multiplexer [3]. Analog multiplexer [3]
9



are applied to the inputs of analog nultiplexer [3]. Analog nultiplexer [3]
9 2 9 CCT 2004 WO 01/06335 PCT/1 N99/ 00031 outputs the signal from one of
the sensing elenents to anal og-to-digital converter [4] under control of
channel -sel ect signals received fromthe central contrgl E tzd@] :
Anal og-to-digital converter [4] produces a digital out pﬁﬂ b ;t s the

equi val ent of the anal og voltage supplied at its input. This digital output
5 correspondiongesss t he signal received fromthe sel ect edimanewslg el enent,
is received by linearity and sensitivity and offset correction circuit [5]
and nodi f i edtpbis the signsli frgn @ae af thesenting elenmsntsvolanglopdomegisty [ 17] at the

time of nmanufactu of, the digital elect ' tral it, t t f
non- |1 near Fopeer bfinddexciinal decrnacelest dandafosnedfion e cafding |
element's o . Th .G 1 t

Val e, The CaRfbiyniIR Py AHERS cnfid 1 BbsucHs Sl iBtrBRR P 270 1
of f set corr gothk efuivhlefitoftthebsalelh goltae supsidddcatdisriaputt This Gigat outpact ed sensed

paraneter value is stored by the central control unit [6] which receives
t hese vabuesorrespondiog tothetsignabmesivad fionetheselectedsengngelgmencis t he central

control unit [6 | SO recei ves user-su ied i nputs.fr tentionmeters [
oo 1561 o reshied hedeby dnd Seesi Vit At o ith oA “ona tre !
stored para Vi . | h r it [6] in
accordance \g\ﬁ) ?Eﬁeéio@l frf’g{%l@;(f%ﬁ& aelld Eifn?ﬁg&é}gqﬁl%aﬁ%&*ﬁ?]%gﬁfe\}o %#?I e £re]rmry
[17] . The r gpdhfacfire bhtheeydlal aleb®@onit Sontholtiist, t@Edrrat f@ mngi tal val ue that

is output from 20 the central control unit [6] to the input of the
denul ti pl ex&nedrities adffastprndiseratiatt domatying mathe sehsing ¢lemeanys 98tpthe out put to

which the result is routed. The . sequence of evaluation is.repegted for
each ourgut ThE Rradicss Aapirsrd it SEHEER paRte Gt TR St SOBER ¢ on t he
central con | L1 te”adéﬁ : | | : 25.driving the
di splay dri béﬁé{#p{eﬁ@l n %ﬁ%ﬂﬁ ié[%/dejéigérﬁt t% bﬁ%%@“&%&%ﬁ%ﬁ%&e W th
control dat pgseipipduigd by non-volatile menmory [17]. The output fromthe

denmul tiplexer is stored in one of the control |atches [9a - 9f] based on
the sel ection cdiercorrestiedaensed gammesareialusyis stased by the central control

unit [6] which receives these values for each of the sensing elements. In
15  addition, the central control unit [6] also receives user-supplied inputs from
potentiometers {12a — 12¢] or switches [20a — 20c]. The values of these inputs
and the stored parameter values are evaluated by the central control unit [6] m
accordance with control data that is supplied by the non-volatile memory {17].
The result of the evaluation is in the form of a digital value that is output from
20 the central control unit [6] to the input of the demultiplexer [7] alongwith
selection signals that determine the output to which the result is routed. The
sequence of evaluation is repeated for each output of the demultiplexer in a
repetitive manner.
In addition, the central control unit [6] also outputs digital signals for
25  driving the display drive unit [13] and audio drive unit [15] in accordance
with control data supplied by non-volatile memory [17].
The output from the demultiplexer is stored in one of the control
latches [9a — 9f] based on the selection control signais generated by the

central control unit [6], and is used to enable / disable the corresponding
10



central control unit [6], and is used to enable / disable the corresponding
10 2 9 OCT 2004 output drive and protection circuit [1 Ga - | O]. Each
output drive and protection circuit [I OGa - | O] when enabled by its
correspondi ng control latch [9a - 9f] generates the signals necessary to
drive the external switching device [I | a - | I f] }moiQfgr 2804 actuate the
rel evant part of the appliance to correct the 5 sensed paraneter. The
output drive and protection circuit [I Oa -10f] also nonitors the | oad
conditions continuously and deactivates the drive to the . external

swi tchi ngonﬁﬁﬁﬂ &Svd 3 proteddor dirduit [PULLNORIEGENGIhUOMSvE encountered. A
real time clock unit [C] provides tine-of-day input to the central control

unit [6] protectioakdbicn [ bt t@f] when enatdedmsieicamespondingfcodagl lahues. A 10
renmote control _interface ugTiH’k [R] connected to the sajd _cegt ral contra unit
[6] nakes[9%at PdLeneraies thest RESETSARYJoidatys theetamab pwHeN)E dEYist ead of from

the £ onty panel o gfchl Gk e SRR Qert e pldick el ) @ hand- hel

renot e COH'[] evi ce, nfrar trasonic o

radi 0-5f%%@éw%m.eméaﬂ@npaﬁw@ﬂ%ﬁ@ﬂemn cifcdief MR-k 0fpaBs f ace unit [N

connected to the said central 15 control unit [6] provides the facility to

connect tihenilogitheloadaohditbnucuntintousy fret deadtivateg the drivetodise ot her simil ar

digital control units aqr conputerik_i norder to, .exchange informtion. C ock
;

Gircuit [edpmpbswdchung devicedld 2 —dlykifavederd sonditions seepeoumieredy - 25 Mz

freaquency ra r I 1 .M Moy S to operate 20

eachqgi rcﬁi t Bb? g"é‘g8%°?#“§%ﬁﬁg\lbp&%‘&éﬁgi’@gﬁ'§?y gﬁlﬁﬁeg‘? C'fs"'ﬁléglnecesgary

XOld't age @t URTLFE] fok enddARB cBhtFGluictioR 8Kd 6h tiroRUBFLAIGEY. @ control unit.
igital electronic control unit has been described 1n our co-pending PCT

appl i e@t i remaie coREl/ihtREfa¢e00GCGR ] cohrectedstbdhe sag penwatdoatrl imic [Gjdes t he
facilities for. netwarking, renofe control and. tine-aqof-day based control
using 25 HakeHl possile E‘rfdgwsem@ewf daia Temotel’, insleadibtiosa die B9 med or
described, iy bfhe it OGR! Rtn RPAAS BF h Bdnd-hidPrethoddorftitp4 Vi€ el aim
device, which may be an infrared, ultrasonic or radio-frequency remote
control transceiver. A network interface unit [N] connected to the said central
15  control unit [6] provides the facility to connect the digital control unit to other
devices, such as other similar digital control units or computers, inorder to
exchange information.
Clock Circuit [16] based on a quartz Crystal oscillator in the 32 KHz -
25 Mhz freaguency range generates all the timing signals necessary to operate
20 each circuit block. while a Power Supply [18] supplies the necessary voltage
and current to each circuit block of the electronic control unit.
A digital electronic control unit has been described in our co-pending
. PCT application No. PCT/IN99/00031. The instant application includes the
facilities for networking, remote contro! and time-of-day based control using
25 areal-time clock. These facilities have not been claimed or described in the

said co-pending application.
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1. Adigital electronic control unit characterized by: - a plurality of
sensor drive circuits each of which drives an external sensing el enent,
the said sensing el enents converts the sensed 5 par ar‘rét@r{]@p 2m el ectrical
signal, - an analog nultiplexer that receives the signal fromeach of the
external sensing elenments, and selectively routes one of the signal to its
out put, an analog-to-digital converter connected to the output of the said
10 anal og multiplexer, that converts the multiplexer output to digital

form - alinearity, sensitivity and offset correction circuit connected
to the ou .the said anal ogue-to-digital converter for correcting the
digital valués received fromit, using sensor calibration data stored in

non-vol at i | &. mAndigiyal eltronia coamblnalit dRRctPzedByt that receives the :
corrected output fromthe said linearity offset and sensitivity correctio
circuit, and gener a8 phirality of saagosdrive ginellis eadveEwhich droieséper at i on of the

ahal og il 1 pl SR SENTIGE SRR T TS BB JOR VR BR SRR | e
menory, ;20 - a dighidd oWy é?ctfiké]ts?%naFO””_eCt ed to the output of the said
central = contr unit, to el mnat® Spurious outputs, a digital

de-mul ti pl exer -conngsamdog Auiltislexdrtiiatireceivet e sighdl febfliehél of thei se filter
and controlled by the said central control unit for selecting the output

to which the i egtarnalsensing elegwnts, dndybaieativelyireutes ione of thessigral beit25
connected, - asozll urality of control |atches, each being connected at one
out put of the ity gital de-nultiplexer, for storing the digital data

et o ARl S IRES e b TS
menory iphat st eheloginmetighiar, aina coavirtsahe paltiyiBte lonhe 4o diggd] foom, t he
operation of the said central control unit, linearity

- a linearity, sensitivity gnd offset correction circuit connected to

the output of the said analogue-to-digital converter for correcting the

digital values received from it, using sensor calibration data stored in

non-volatile memory,

15 - a central control unit that receives the corrected output from the
said linearity offset and éensitivity correction circuit, and generates the
control signals necessary for operation of the appliance, as well as the
selection signals for controlling the said analog multiplexer, using
control data supplied by the non-volatile memory,

20 - a digital noise filter connected to the output of the said central
control unit, to eliminate spurious outputs,

. a digital de-multiplexer connected to the output of the said digital
noise filter and controlled by the said central control unit for selecting
the output to which the input from the said digital noise filter is to be

25 connected,

- a plurality of controi latches, each being connected at one output
of the said digital de-multiplexer, for storing the digital data received
from it and actuating the necessary part of the appliance in order to

correct the sensed parameter,
12



sensitivity and offset correction circuits, output drive ?&d éﬁ[ﬁktal on
circuits. 5 - a clock oscillator that provides the timng éﬁgo cessary

for 10 15 the operation of required circuits of the digital electronic
control unit: - the said central control unit is further connected to at

| east one of the followng at its input: a real-tinme clock that provides
time-of-day data, a renote control interface unit, that provides the
ability to receive user input and provide responses to the user fromto a
renote control device, - a network interface unit, that provides the

capabi lity for- bi dinoastdlailametoay faesionds thatiata lapd wemtrol tplasanugtefist al  cont r ol
unit and other devices. 2. Adigital electronic control unit as clained in
claim| char aclteﬁﬁllreﬁefbfﬂwoppﬁélpn@gﬂ@ spishasniralceomtrobinit, hinearitice unit is an

infra-red | tr. ' di f 3. A
(i tal el cct rEATEEDR e precionerat gtk B OB EREAEE, o 20”20

that said renn‘g?c[ﬁ@ntrol interface unit is a radio-frequecy renote
interface wunit 4. A digital electronic control unit as claimed in claim!l
charactsri zed i n talcddcksmiilatoe thet @ravades the tirmngsignale necessary $oran ul t r asoni ¢
renote interface unit. 5. A.digital el ectronlc control unit_as claimed in
claim 1 char actherapgeiion @fﬂuﬂﬁéfm@&ﬁd’ ribe digite! ¢lasteomaentyphuntyy s for a

Irensport ont o] Thok Sl LG FUEFlneFERRL M sappd et o s
R Lt g g S ki A et A
A digital electroni-c conteabtimeridckabatqirevidesitine-cfiday mata, char act eri zed in
10 C- a remote control interface unit, that provides the ability to
receive user input and provide responses to the user from/to a
remote control device,
- a network interface unit, that provides the capability for
bidirectional transfer of data between the digital control unit and
15 other devices.
2. A digital electronic control unit as claimed in claim 1 characterized in
that said remote control interface unit is an infra-red or ultrasonic or radio
- frequency remote interface units
3. A digital electronic control unit as claimed in claim 1 characterized in
20 that said remote control interface unit is a radio-frequecy remote interface
unit
4. A digital electronic control unit as claimed in claim I characterized in
that said remote control interface unit is an ultrasonic remote interface unit.
5. A digital electronic control unit as claimed in claim 1 characterized in
25  that said network interface unit is for a Transport Control Protocol / Internet
Protocol (TCP/IP) based network such as for Internet connectivity.
6. A digital electronic control unit as claimed in claim | characterized in

that said network interface unit is for a Controller Area Network (CAN)

Bus based network..
13



that said network interface unit is for a cable network. 8. A digital

el ectronic control unit as claimed in-claim1 characterized in that said
sensing elenent is linear or non-linear transducers. 5 9.2§ gtgig@l

el ectronic control unit as clainmed in claiml characterized i'n gt sai d
central control unit and the said |inearity offset and sensitivity
correction circuit are digital logical circuits. 1 Q A digital electronic
control unit as clainmed in claiml characterized in that the output of
each of the said control latches is connected to an output 10 drive and

protection, cirguj.t: | &hi.ng.: I - necessary
part of tﬁe a 4%‘1’?@816?#%?8@}&&“}@?? ?%élﬂ@%fﬁi&géﬁ%%ﬁﬁ%?{e 1%%‘?3} 11. A

di gi tal elpgthiaHetveiRhteRhed it is@sr £éadlomdwbik. cl ai m 1 characterized in

that to provide user-defined i nputs and selections for defining the desired

val ues of & he @odigitabklepomosoriral una asicimmied tuy clafm Usckeracepued means ar e
connected 15 to the said central control unit through said anal og
nul ti pl exdhat saidarating eemanigs linparos poadinesr tragsdiceisnear i ty of f set and

sensitivi conr | L I-GUj . kgl tal troni ntrol unit as

cl ai rred5- i cla &%%QF%@ lglrd{)é%(gju%ﬁésg#gﬁeﬁﬁ%ghggﬂ@%%ﬁ'?gé F‘Pea_ns are

pot ent i ONMBLAISHidEenEHl doRlSunitlahd the di@ linhri! GTEkl M En&aAM ol unit as
claimed in claiml characterized in 20 that a display drive unit is
connect ed correttien cirtupuare digitalHegieal droviat ral control unit for the selective

di splay of either. the sensed paraneter or the user- specified value from
the user i'@put Artigid clspirome sonteol St agickaymsg inelping d chawctenzed g t al

el ectroni i |: ' .M. characteri in that an
audi o dri \%ﬁctgﬁ% @%E@S%%@iﬁ@%%g% 9%%&(}%{%%1{%51‘)8{‘%@@&33 @_&ﬂ‘ltr al control 25
unit for deRetAd pidtecdARodt ANBlvw f QlitdhiRY devicld 8RthheMelSi Ng an external
audio transducer 15 A digital electronic control unit as clainmed in claim
| char act excessaryipart of Hwtapptiowne in wpdryo tomreqidhesdnsel parameiegi t al el ectronic
control unit consists of a 14 2.9 OCT 2004 WO 01/ 06335 PCT/ | N99/ 00031 | ow
| 0SS capagi tiv ‘f}@pﬁ Sl5ETG FRHY wd@Estarned i lgisn [isparaciegEed e cl anpi ng

device, agfgh pldvide RBadded!ihfifts ed WRELtichS £ Rini de Beided L 20€-
values of the control parameters, a plurality of user input means are connected
15  to the said central control unit through said analog multiplexer, analog-to-
digital converter, and linearity offset and sensitivity correction circuit.
12 A digital electronic control unit as claimed in claim 1 characterized in
that the user variable means are potentiometers or switches.
13. A digital electronic control unit as claimed in claim 1 characterized in
20 that a display drive unit is connected to the output of the said central control
unit for the selective display of either the sensed parameter or the user-
specified value from the user input means on an external display device.
14. A digital electronic control unit as claimed in claim 1 characterized in
that an audio drive unit is connected to the output of the said central control
25  umit for generating audio signals for user’s attention using an external audio
transducer.
15 A digital electronic control unit as claimed in claim | characterized in

that power supply for powering the digital electronic control unit consists of a

14



16. A digital electronic control unit as clainmed in claim| characterized
in that entire digital electronic control unit including ttze rg[?T Zﬁﬂ‘im
clock, rempote 5 control interface unit and netwok interface %nl except
power supply, sensing elenents, user variable nmeans and external sw tching
devices, is inplemented as a custom Application Specific Integrated
Crcuit (ASIC} to provide a mniature and cost effectiv% oo trol el enent
17. A di gi Y2®38ct ronic control unit as claimed in cFSPRP¥®%har acteri zed

in 1o thatxom%sﬁ%pgciﬁwoo@g@dﬂ@ﬁﬁ%gwﬁawwm Ao dBMDVYltdge clmeEng t 0 provi de
| arger capacities for storage of data, but includes a nmenory interface

bl ock for davivees réauigier and & Gltexaatwork topoovidoh 211G Meltagienory. 18. A digital
el ectronic control, unit as clali maﬂ i.n claim.l. cpar ct%@{rriiﬂéed i.,n_ that out put

drive and ptot eét fighalglectiontc GorEpLgtasClaimed in claying M Ruit, 15 an

over-curren r ot egt i ' 1 = ratecti [ id and a soft
start ci rcutithlato‘?’ﬁ eg}g&)@rﬂ?ﬁé&ﬁ#"e’?‘%@ﬂ‘ 3@4‘@%‘3@&9 %‘ﬁ“ﬁg&b Cgi xée?r%Ht%Jp to the
load  dugi Nghpkld€intérdde AnitRAA inedlvok intekfate Gt edéept fowegipply, strestigr oni ¢

control unit as clainmed in claiml characterized in that frequency of the
cl ock osci | dlamentsy wagearidbleomeas addexterzs switghingGlez®es,As gnplemgnied| ect r oni ¢

Cl ook osol |9 S ARPFEIBIFOH NEErasl Crcuit (ASIC 1o prdFiae s “AUENeY ©f The

miniature and cost effective control element.
17. A digital electronic control unit as claimed in claim 16 characterized in

10 that the ASIC also excludes non-volatile memory in order to provide larger
capacities for storage of data, but includes a memory interface block for
connecting to the external non-volatile' memory.
18. A digital electronic control unit as claimed in claim ! characterized in
that output drive and protection circuit includes a thermal protection circuit,

15  an over-current protection circuit, over-voltage protection circuit and a soft
start circuit for providing an effective reduced voltage start up to the load
during the initial period of turn-on.
19. A digital electronic contro! unit as claimed in claim 1 characterized in
that frequency of the clock oscillator ranges from 32 KHz - 25 MHz.

20 20. A digital electronic control unit as claimed in claim 19 characterized in

that frequency of the clock oscillator is preferably 4 MHz.

15



