APPLI ANCE COMVUNFCATI ON SYSTEM ~ BACKGROUND OF THE | NVENTI QU7 E%el d of t he

f

I-nvent i on This invention relates to appliances and nﬁpéﬁtnpgé
particularly, though not solely to home appliances with inbuilt sound

gener ati ng devi ces capabl e of producing audible noise in a controlled
manner which may then be transmtted (for exanple, by telephone) as data to
a renote receiving | ocation. Descriptiomlof the Prior Art : Sonme
hone appliances (such as Iaundré washi ng nachi nes and refrigerators) are

today fitted with a serial AR CECQ Amomtsa@mwﬂi | ar out put

device) allowi ng the appliance to be connected to a personal conputer
whi ch, utilising purpose built software, may interrogate information stored

wi thin the apPBA@KEROUND OFTHEIINVESTPONI by the appliance may include
t he appliance's present status, tenperatures, status of valves/shutters,

user settings, fault information and nunber of cycles conpleted. As it is
I nconpveni ent for a service person to visit the site

sonetines difficult_ qr
at which the H%&legq%t ed (which may be many kilonetres fromthe

service person's b veh® hSLd L ances,: f] W t h

nodens to allow a 212*3%,} ce p‘_’e’ﬁs%%éét @%PE%(%?%P‘* JH? erp?‘g%%ﬁfydlaﬁfo%dg& é@g\yn: t he
appl i ance. Hove\sme dgptiagétdivitipdhilcsahd E&@&m@cheme; tapabROoBrbdudigguct i on

appliances with a nodemis unacceptably nigh. I'n addition, the user of the

machi ne woul d #lible qoise énia contrelledauannar whichphaythen be transmitted (fop ekamplecby

(either sharing, ap exi stjng tel ephone line or, installing a new one) and
this is cl ear|‘§leaﬂaaf§@ﬁldatm%e.amm°teremwz PR home appliances are at

| east fitted with a buzzer or beeper (for exanple a sinple piezoelectric
device) to, for exanple, alert the user that the washing cycle of a |laundry

washi ng machi rbeseription ofahe ®riorsaonpl et ed or the door of a refrigefator is
open. Accordingly, it would be an advantageous inprovenent to utilise the

exi sting noise prod¥smnbemesappliances,(seth astaundoy washing machineeanst reftigarators) of a
data signal r agrg %datymda\% i a gcr?aq %L!tnixfu?l?éatigx gor}ts &o\x/' %th%{fl gi?n\,\l?arr%htput device) |
 allowing the gppliance to be connected to a personal computer which, utilising

purpose built software, ﬁay interrogate information stored within the appliance. The
information stored by the appliance may include the appliance’s present status,
temperatures, status of valves/shutters, user settings, fault information and number of
cycles conipleted. As it is sometimes difficult or inconvenient for a service person
to visit the site at which the appliance is located (which may be many kilometres
from the service person’s base) some existing home appliances have been fitted with
modems to allow a service person to remotely interrogate data stored in the
appliance. However, the additional cost involved in fitting all production appliances
with a modem is unacceptably high. In addition, the user of the machine would be -
required to connect a telephone line to the appliance (either sharing an existing
telephone line or installing a new one) and this is clearly unacceptable.

Most modern home appliances are at least fitted with a buzzer or beeper (for
example a simple piezo-electric device) to, for example, alert the user that the
washing cycle of a laundry washing machine or dishwasher is completed or the door
of a refrigerator is open. Accordingly, it would be an advantageous improvement to
utilise the existing' noise producing capability of the .nppliunce in the production of a

data signal rather than adding additional expensive hardware.



-2- - In any event, if the audible data signal is produced at the
home appliance and the point of entry of the data signal into the

communi cations network (for exanple the tel ephone network) is sonme distance
fromthe appliance, then the audible data signal nust first travel sone

di stance through (and be influenced by) the hone appliance's surroundi ngs
(for exanple, air, walls, carpets, curtaiQ§ and furniture). These
surroundi ngs introduce changes to the data “signal through the introduction

of noise (such as the introd | on..af eches),whi ch 0
accounted for or reﬁtﬁ‘&f"ﬂ%ﬁ%@“@ﬁﬁﬁ%ﬁSfﬁ‘%_b“c?éﬁ%‘_’cgjé&g\%%m_ 3ffplifince and
Accordingly, '&g?%ixﬁ%f@ﬁﬁ?%fﬂﬁfda% 56 Be donyAiitATorks bV K i(fR eRiimple
‘appl i ance conpri Sing: sound generating neans adapted to, upon .
appropri at e enthedelsphonemetworlk)l iscsormudisthnor fram dse appliance, then the axdibledates a
‘warni ng and/ or verification sjgnal to a user user i nput means to

allow a user t#®gesmayst ﬁﬁﬂ@ﬁ@kﬂ%ﬁsﬂlﬁt@ﬂ@mu&bﬂﬂdebfci@ﬂm“d by) thethema or age
means whi ch st s i nformatieon t he oper.at.i sai d | i

s o o Ginbf B R B, LB SRR s e

i) receive sai vhese%hﬁaﬁﬁdiﬂgﬁn&be‘mesenhﬂgeﬁ@me g Wibugh the introdctiog¥Fer a
speci al . operating node i n Tesponse to Said user 1hput, ahd i) :
‘ener gi se sai d mmsm@udke asthetintooduction sf echosswhich aut bdmeltownbs adcounted for or

predet er mi ned sequence cqrresponding tq information stored in said data
st or age rreans.rem""edﬁ'%ﬂ!f@é’émdg‘ﬁkﬁ 38l he i nvention consists in a

‘met hod of controlli . aNCe,. I appl iance havjng .

generati ng nmeans adgg?g@“g‘&?hd%%"hg@ﬁ%?ﬁg‘ﬁ %@W@F@%ﬁ%ﬂp%%&ﬂé@%gdi ble
tones ordi narié«nﬁﬁmg':ded as a warning and/or verification signal to a
user, user input neans to allow a user to enter instructions to said

appl i ance, ~ cwund gemerating meanssadapted o, apon eppropfiate energisation produce
oper at i on of S g SREBArlygravided sk amHRE REToryeriCeseL g fo 2 iser, 1)
receiving said | ns tdsdf ﬂlipﬂpﬁeﬂs%aﬁ%qi userto dntd thstHRABSs to said appliance,
data storage means which stores information on the operation of said
applianée, .
* control means which stores a program which causes the controller to:
1) receive said instructions from said user input means, |
ii) enter a special operating mode in response to said user input, and
iii) energise said sound generating means to issue audible tones in a
- predetermined sequence corresponding to information stored in said data storage
means. _ | |
“In a second aspect, the invention consists in a method of controlling an
appliance, said appliance having
sound generating means adapted to, upon appropriate energisation, produce
“audible tones ordinarily provided as a warning and/or verification signal to a user,
user input means to allow a user to enter instructions to said appliance,
~ data storage means which stores information on the operation of said
appliance, '
control means which coﬁtrols the operation of said appliance, said method
comprising the steps of:

i) receiving said instructions from said user input means,



-3- - i) entering a special operating node in response to said user
I nput, and i11) energising said sound generating neans to issue
audi bl e tones in a predeterni ned sequence corresponding to information
stored in said data storage neans. To those skilled in the art to
whi ch the invention relates, many changes in construction and w dely

di ffering enbodi mrents and applications of _the invention will suggest

t hensel ves wit hout departing fromthe scopée of the invention as defined in

t he appended cl ai ns.., The. di scl osures_.and e. d LD ' e purely
il lustrative and ar'é) %m}grﬁ @ﬁg%ﬁoqegatg% lf‘h&aWyrg%’fabﬁ‘é%q s?‘fnlf‘f;.gﬁg&’hﬂ afd The

i nvention consi sts i) ehiRistrgy AfPdontid g @4iit6 aEeS andibletonestih ans of

whi ch the follow ng gives exanpl es. BRI EF DESCRI PTI ON OF THE DRAW NGS

One preferred predeterhinet sequensecarrésporsling torinfurination stoted i saidrdatasiosage h
reference to the acconpanying draw ngs in which; Figure 1 is a
schematic di agh&#®showi ng the data transmi ssion path .in the conmunication

syst em accor di ng tof{’gﬁsé’%lﬁfelﬁda{ egﬁ?&m%emvcﬁﬁ&t@iﬁés?man}:ﬁe r e

Figure 1A is a detal I'C Oof data comunications at mte site

shown in Fi gur onbtruction and widgly differihg ebedin@htand applicaionout the énventien
packets transmtted in the comunications systemof Figqure 1 are nade u

and how the cowilbsuggestthemselvds withoup depecting the,ecops ok thesnventiopas defined e
are arranged viithe ApRended G, Fh idelfaieCet B dmmroRons i 2 il ' 1
Figure 3 is a ﬂ{uﬁﬂﬁ%ﬂﬁ%ﬂ ih&ﬂdé@me%?ﬂiweméﬁngﬁf t he data signal

transmtted in e comuni catl ons system wn I n Flglre 1, Figure 4
is a graph of si gnalhsnventipnconsist i the foregbing andralso@nvishgesdahstrstipns bf

transmtted in Fi.%(tirbe 1 which has been filtered at the frequency of the
start/sync bi t whichdhefollawing gives examaples:t i on of sync bits, :

BRIEF DESCRIPTION OF THE DRAWINGS

One preferred form of the present invention will now be described with

reference to the accompanying drawings in which;

~ Figure 1 is a schematic diagram showing the data transmission path in the
comumunication system according to the preferred embodiment of the present
invention, |

Figure 1A is a detailed schematic of data communications at the remote site
shown in Figure 1,

Figure 2 is a diagram showing how the data packets transmitted in the
communications system of Figure 1 are made up and how the component bytes of
the packets and the packets themselves are divided in time,

| Figure 2A is a diagram showing how the data bits are arranged within each
byte of the packets shown in Figure 2, |
. Figure 3 is a diagram showing the complete structure of the data signal
transmitted in the communications system shown in Figure 1,

Figure 4 is a graph of signal strength versus time for part éf the data signal
transmitted in Figure 1 which has been filtered at the frequency of the start/sync bit
to demonstrate the detection of sync bits,



-4 - Figure 5 is a graph of signal strength versus tine for part of
the data signal transmtted in Figure 1 which has been filtered at the
frequency of the start/sync to denonstrate an end of downl oad conditi on,
Figure 6 is a graph of signal strength versus tine for part of the data
signal transmtted in Figure 1 which has been filtered at the frequency of
the start/sync to denmpbnstrate a start of new downl oad condition,

Figure 7 is a graph of signal strength versus tine for two packets fromthe

extract Con f11ter HEuSCLE agApt Bhsietil sEeng e A8 e ElTihd alif Sl
strength ver sUsuidnifcd G Fighfe | WhiGHRK Bt ﬂrteéaa%e FRqidcylof thiestirtAPnaiomai n

filter has been gure 9 1s a "bit presence table" for two
packets from t&andmﬁtéaxgﬁﬁloﬂdmﬁmdctoadmm Figure 1 show ng the nornalised

"val ue" for each bit after the tine domain filter een l.i ed,
Fihgu(rje 10 is a grapﬁimsrﬂggfﬂm°ﬁ$lgﬁﬂlsﬁ‘mgtbﬁe@!’sWF?"&R@S@?@‘EW&F’&%“‘Ifor
in F
Vel uee whi ch hiSTyed g, | hitFhchet bt AR Al e UMDY ofRfe sulApNC,

in Figure 9,  demonstfatdddbtdrt bf nbw ddwinldddeonlitiohng t he act uaI data pr oduced,
fromthe data signal transmitted in Figure 1, at the renpte service centre

after the downl oad Elgdredhisal graph afsignal strength ensus b@ﬂ forawoqackets Bowpihe D
DESCRI PTI ON OF, THE. PREFERRED

h fe
figures and i nd3iasignal frapsmitted lgurl\éi@%ﬁq %?ﬂ’:’g"c)f regﬁﬁ%@{:%%&%n
appl i ance SUChgﬁ?ﬁ]@b@HﬁQ@'{é‘%tpl' ot hes washing machine 1 is shown. It
ve

shoul d be note ion is to be described with reference to a

cl ot hes washi ng mackigife Bl oPsipmil segastime for the twé packetsofp! e,
refrigerators, freezers I hes drlers | shwashers, stoves, mcrowave

ovens coul d Juﬁguw7uﬁbnmbmnmdmmﬂﬁhhas/mnam}mdachl ne 1 is preferably of

an automatl o 190 e .t SSAhot R it e Mk R S T

transmitted in Figure 1 showing the normalised “value” for each b1t after the time

domain filter has been applied,

Figure 10 is a graph showing the distribution of “bit prescnce vales” for the
data in Figure 9, |

Figure 11 is a table showing the threshold values which have been determined
for each of the bits in each packet shown in Figure 9,

Figure 12 is a table showing the actual data produced, from the data signal
transmitted in Figure 1, at the remote service centre after the download and data

extraction have been carried out.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

With reférence to the figures and in particular Figure 1, an appliance, for
example a home appliance such as an automatic clothes washing machine 1 is
shown. It should be noted that the invention is to be described with reference to a
clothes washing machine, however other appliances such as, for example,
refrigerators, ﬁ-eezers, clothes driers, dishWashérs, stoves, microwave ovens could
just as validly be used. The washing machine 1 is preferably of an automatic type
such as that sold under our Trade Mark SMART DRIVE. The washing machine



-5- Pncludes a spin tub within a water container, the spin tub rotated by
an electric motor (not shown). Washing machine 1 has a control neans or

el ectronic controller 2 which is programmed to carry out the operation of

t he washi ng machi ne by executing software (stored in a nenory device 4
associated wth the controller) in response to inputs from physical sensors
w thin the machine and also fromuser inputssuch as input buttons 3.

During execution of the software controlling operation of washi ng nmachine
1, various inp A ' Wp ),
seri al nunber,%ﬁ‘%ﬁ%@@@@??%’%‘%@%ﬁer s,mgp?%r@/s@ﬁﬁanu??ésﬁ?gﬁ?ﬁ as
drai n punp bl oglegShowi). AWusHisg mhcling 0thad a/toreeb]l areans onelectromic cantjolizn@ ot her
probl ens are detected and recorded in nenory_ device 4. This jnformation,
stored in rrermwjaidieivpmgrmmsdmGhmem@téh%lopeé%ﬁwqomhcammmmﬁyhas caused

t he washi ng nachine to stop,operation (awai ti nq techni ' . or
coul d beI m'gnpr 9xe;qapng §‘E§T’VB &S} FﬁénM%V\%hﬁigﬁgﬁésqc@t%%tpggc;@}%ﬁgﬁ)m As
can be seen i “ﬁg&%% énpu?soﬁ‘éﬁ‘lﬂhkﬁﬁal%eﬁs%rs%ﬁﬁn%@ﬁﬁﬁﬁiﬁé ah® als6 FonP hisdr igput
energi sation o sound "gener at't hg nmeans 5. Sound generating neans 5 nay

conpri se a | ousichesKaputduttonex.0 buzzer as is ordinarily provided on nodem
el ectroni ¢ washi ng nmachi nes and ot her home appli ances., I n_conven jorial

! / As
home appl i ances, coRuriag exgcution of the seftwarrgnirplling opgration of waghipg machine

produce audi bl ' . | R4, LOAS, in a
simlar way tos?‘ﬁ?g%ﬁ%p@%’e t&%ﬁk@“ﬁg@%ﬁ%ﬁ‘%ﬂlgﬁﬂﬁ‘??&e ec?ﬁfepdr%%gtssﬁl ch

produce an audpghBer, ARfbed ofityeles completeidalettsRirors) falle(such dskdintpunter t ai n
events. The audi bl e signal thus produced is encoded with the information

stored i n nmenoblockied;icold wateiMap nat tirsdondertmotor gmer) and othenproblemedre: o a

si gnal conversi,on neans, for .exanple g standard.tgl ephone, handset where the
audi bl e data sﬂﬂﬁ%ﬁggﬁﬁiﬁ‘}ﬂ lﬁé‘%rﬁae@?%ét ﬁ}ﬁi'ﬁé’@gg%éw RymeMIRal for
transm ssion t I t : @Hgﬂgemg@ﬁiﬁeg gnal
coul d be corrpatriée‘gyg?)' Pﬁ@?tbgr“%%@@&dg?%mg’%?m gaur%gﬁll ne or hodem however
there are a nugiaplopefatioh @awditisg tichsicillaesistanee) ot usuld be fivor, eqtueqeiringtthe hat
the audio signal in the present systemnust travel through an air gap

bet ween t he buwashing mechine to be stoppet net wor k. \Wien the audi o signal passes

through the air gap,it ig, 0By D %ig?xlré) f,kc%%kgﬂeroijiseafstosco%ﬂgm AAloP "

furniture and

energisation of a sound generating means 5. Sound generating means 5 may
comprise a loudspéaker or piezo buzzer as is ordinarily provided on modern
electronic washing machines and other home appliances. As in conventional home
appliances, controller 2 is programmed to energise speaker 5 to produce audible
tones of predetermined frequencies and/or durations, in a similar way to modern
electronic household or office equipment which produce an andible tone at
predetermined times to alert a user to certain events. The audible signal thus
produced is encoded with the information stored in memory device 4. The audible
data signal is transmitted to a signal conversion means, for example a standard
telephone handset where the audible data signal is converted to an electronic data
carrying signal for transmission through the telephone network.

~ The audible data signal could be compared to that produced by a facsimile
machine or modeni however there are a number of significant differences due to the
requirement that the audio signal in the present system must travel thrbugh an air gap
between the buzzer and the telephoﬁe network. Wheh the audio signal passes
through the air gap it is may be blocked by objects such as walls or furniture and



-6- nrmay also be reflected off walls and furniture thus producing a del ayed
echo signal- at the tel ephone handset. In use, a user of the washing
machi ne 1, when discovering that the nmachi ne has devel oped a fault, would

t el ephone the manufacturer (or manufacturer's agent) at a serwvice centre 6,
in the normal way to report the fault. Ordinarily a service person 7 would
be despatched to investigate the fault, idguify the problemand rectify
it. However, in order to make this process nore efficient, in the system
according t 0 gy RIGIENLALMLE Bl vhils o8 Rlinii? i ro@lcidd e dMBHE] AlhomRs A1e 1 s
in tel ephone contact wth the service centre via the user's" tel ephone 8,
the service peﬂﬁqaeﬁud;ﬁﬁahaget. own tel ephone 14) will instruct the user to
hol d the handset 9 of their tel ephone near the console of the washing
machi ne and press dngdise; ausespf thewashingmmachinecle whea dissayening thatdhe machiie, o

W energrse. bpdieelepsd miad, ahold GIepREEE s RSl RRERurFbi AgcRh of
correspondi Ng § Gerbfde cBREOESh e nBimal W/ t@ﬁ'i&%&{‘thﬁtfﬂﬂﬁcbtdihm\r,svﬁrﬁ&\@&%ﬁ

(one preferred nethod of encoding is déscr ed in detail . The
audi bl e t ones Pwosidbeldéspatcheditodinvestigate theGnltcidemtify thaiproblest ansd rectif it.audi o

signals by trapsducer 11 . n th uth piece of_.handset 9. The el ectr.ical
2udio 3i ghal s HPWerteip Grds o Ak RIS AP oS BB 1L the Y HERAS SR R Oe
Network 12 to ' T VA= r rXPInL :

el ectrical si g%a snigl?‘)e@ntﬁﬁg’;&ipag??e e{ﬁﬁ%gﬁsgﬁg%g&gﬁgﬂ*gﬁ ng (t:#ﬁgglht 15
(such as a tr athefservigs contré/viy tht ukérty telephorte 8, eheséeeviceperson (via theirowrl 3 (whi ch
may conprise a further control neans or preferably a personal conputer) at

service cent r etelphone d4hwill instmnt the usegtodiald thechandset O wé theiniglephoranggr & | ¢
to decode the audi ctri,c si | s to reproduce origjnal, i nformation
stored therei nc‘ﬂﬁﬁﬁcﬂi‘ﬁ?Wl}‘?gf"ggﬁﬂﬁa?gpw{%swgghu ) to placg the WashBE, ¢ hys
transmtted t i rqp@ﬁ, t t ??m@, dat abase
to provide i'n\?rg}‘ﬁlggﬁg{tgragg?ﬁ@a uggggﬁ%ﬁd%g:ﬁgpﬁgﬂ%ﬁﬂid or 2 t odralcr’f or

washi ng machi nesntellep? indll chergiseapediiend desuchiawiyas thipeddiice aadiblel tones

provi di ng accurate and pertinent_data to the_ service person tqQ eval uate any

probl em wi t h t ¢RETSARQRdIng ooz perded with) informationstored in MANIOTYdeVISGR A0S o t he
user again ove t | i . [+ ' {ons on how to fix the
probl em (for férg < rﬁé@ﬁ&??%ﬁ“@ﬁ%’ﬁﬁ%ﬁflﬁg&ﬁdﬁt%ﬁﬁ@on a water valve -
whi ch has "acci dent afhe/aeiisle tdrfE broduced by speaker 5 are then converted to electrical
-7- off) depending on the established ‘cause or arrange a suitable time for
‘the service  audio signals by transducer 11 in the mouth piece of handset 9. The electrical audio
signals are then transmitted through the Public Switched Telephone Network 12 to
the service centre 6. At the service centre the audio electrical signals are then passed
through a signal conditioning circuit 15 (such as a transformer and/or ﬁ'lter) toa

remote receiving means 13 (which may comprise a further control meéans or

preferably a personal computer) at service centre 6. Personal computer 13 executes
software which enables it to decode the audio electric signals to reproduce the
original information stored therein and diéplay it to the service person 7.
The data thus transmitted to the service centre could then be stored in a
~_ master database to provide invaluable practical usage and operational information
for washing machines or other home appliances “in the field” as well as providing
" accurate and pertinent data to the service person to evaluate any problem with the
washing machine. The service person may then speak to the user agaih over the
telephone line and issue ix;structioné on how to fix the problem (for example

resetting the machine or turning on a water valve which has accidentally been left



person to call to service the machine, in which case the service person
wi<l | ensure that they have the required spare parts and tools to renedy the
probl em before departing the renote service centre. Illustrative Exanple
The followng is a broad overvi ew of one particul ar enbodi nent of an
application of the present invention followed by a nore detail ed

expl anation of the enbodi nent. Recordingj[he Downl oad The user of
the appliance (this exanple relates to a | aundry washi ng machine 3) dials

t he tel ephone n er of a [Vi.GS: r, dt ' oL i
situation wt h°#ﬂ€ep8ﬂ‘g¥‘§t°8§ﬁe/°§$bqfsﬁ§£é{é§?/ ?E%ﬂ:&étarsghﬁlﬂgﬁ%%r%eév%%
instructed pl aggsdd'@ dafllt8RAINR tHOWACIRE, iR WhidlEchst thelsevivepdisarpwilbedsure 3
and presses the key or key conbination (on the standard user interface
panel ) requi r ethat they have the requiredspareiparts snd tools togempdihths preblemdefansr ed i n
control neans ﬁ. The ¥Pshin machi ne 3 then preferably nakes one beep via
buzzer 5 to in g ZEMOR SIS EPTReys were pressed and then preferably
there is a delay of 2 seconds before the data downl oad starts at which tine
the buzzer commences a stream of audi ble tones which are transmtted from

t he washi ng rranhisﬁe;tﬂvenmgh the air and into the tel ephone nout hpi ece.
The operator 7 at the renpte service centre 6 initiates the recorder part
of a software program stored in personal conputer 13 which starts anal ysing

t he i nput downl oad data.signal and yecor.ds it to a [ 8

persongl conput er 1‘@“{%}}}) ‘ﬁﬁﬁ’@ °W8r°f8ﬂeaa%ﬁ§ﬁg??‘ggﬁ%?&g&Data'
Extraction appliﬁ:ati&‘&fthte IpfeseRMiV&itidn i fBlLGWTPhYPS fifbre BEt8iloSiplAiatibAof RS hi ng
machi ne 3 picks 't he

' embodiment.

Recording The Download

The user of the appliance (this example relates to a laundry washing machine
3) dials the telephone number of a service centre 6. After discussing their situation
with the operator 7 at the service centre the user would be instructed place the
telephone down and proceed to the washing machine 3 and presses the key or key
combination (on the standard user interface panel) required to start a download in
accordance with software stored in control means 2. The washing machine 3 then
preferably makes one beep via buzzer 5 to indicate that the key or keys were pressed
and then preferably there is a delay of 2 seconds before the data download starts at-
which time the buzzer commences a stream of audible tones which are transmitted
from the washing machine 3, thrdugh the air and into the telephone mouthpiece. The
operator 7 at the remote service centre 6 initiates the recorder part of a software
program stored in personal computer 13 which starts analysing the input download
data signal and records it to a storage means on personal computer 13 (for example
in RAM or on a magnetic disk). |

. Data Extraction

Once the download is completed, the user of the washing machine 3 picks the



-8- tel ephone up and waits for operator 7 at the service centre 6 to cone
back on to the telephone line. During this time, the personal conputer 13
at the renote service centre 6 extracts the data fromthe downl oad. Because
there is a possibility that errors occurred in the transm ssion/extraction
process (due to background noise and/or signal weakness) the software
according to the present invention is capalye of taking several downl oads
fromthe same washing machi ne and joining themtogether to obtain one good
downl oad, ther O?H:a adnfpe gk 9akéthe
conput er woul déli h??%c?g{g‘ﬁﬁtgg‘? ?xfr?czg'tﬁlﬁsée?‘tlgfe hor?gﬁofg\;\h% and repeat the
procedure to ptelephdfe line.sDadhg dusrpnteeme i:exsnmle:od\pm b3 dt thatremofeisetyice

L %acmmm%wim FERTFELYEN o
f d | oad t th
O o ke B Ao RS eI bl L1

following is asgpbedi vfhaﬁﬁésb @Bﬁﬁﬁtetah&rﬂrngftﬁ tﬂeqﬂ'cmﬂﬂeﬂm 1s<chpﬂm°f
present invention starting wt t e way in which the data signal is

formatted and ;akmgmetabglowﬂeadmfromh@smm mgcmmmddpmg tbetnr togethes ng
machi ne 3 and co t|nU|n on to ec rde and extrac of t he
sof tware execu SQQPWEMJE‘ CIe 7L %ré‘?r%té B%ﬁ%

Detai | ed Descr b&%ﬁ c&fn AR ﬁﬂnEt?&dT‘iﬁe x(st R;’Qlfo%ﬁhé oﬁé’d&% ﬁﬁ&@bgﬁétPC)

"Byt e" erence I n particula 0 F|g rés 2, 2A and In the
present systentie rbwdare tof rdﬁ*ﬂép&@ﬁﬂllcempum $3amowdmﬁnlaadidm mucnlshopaﬁullme
audi bl e si gnal generated by buzzer and each bit is represe ega
particul ar t onedt beepmbingd wntbrthealmﬂyéecordp@i dagasto produge an grmor H"@P"Q‘i t
byte is always represented by a particular frequency, preferably 3. 1kHz.
When a bit is true/l the tone is generated, when the bit is false/0 no tone

Lﬁegenerat ed. AHa&Eﬁg%@%MlofﬁBHtag bit byte there is an extra bit this is

Once an error free download is extracted the operator of the PC would look at
the data and inform the customer of the problem with their product. _

The following is a detailed description of the preferred embodiment of the
present invention starting with the way in which the data signal is formatted and
produced by the software executed by controller 2 of washing machine 3 and
continuing on to the recorder and extractor phases of the software executed by

personal computer 13 at the service centre 6.
Detailed Description of Download Format (From Appliance to Telephone/PC)
l'By t e”

With reference in particular to Figures 2, 2A and 3, in the present system'a
“byte’* of data comprises a series of 9 data bits. In the audible signal generated by
- buzzer 5 and each bit is reptesentéd by a particular tone/frequency, for example, the
5" data bit in each 9 bit byte is always represented by a particular frequericy,
preferably 3.1kHz. When a bit is true/1 the tone is generated, when the bit is false/0
no tone is generated. At the start of each 9 bit byte there is an extra bit this is the



-9- start bit, it is always present and is used by the extractor software
for synchronisation (referred to in this specification as the "sync bit').
Accordi ngly, .as shown in .Figure 2A, each 9 bit byte conprises 8 data bits
preceded by a sync bit. Al'l bits including the start bit are 30ns in
l ength, this length was determ ned by the Q (quality factor) requirenents
of the filter used to extract each bit, thehhigher the Qof the filter the
| ess crosstalk there is between bits/frequencies. The |l ength of each bit
(30nms) can be e i ' i . cBfonisafion
downl oad with s:tseyse%{e}b{t 1%&()1%#2*%5%%&@& rofw’??ﬁée&é‘t;?gﬁtgﬁﬁg{%m{'ﬁg' t el ephone.
In this exanpl@eferrdidto imshis speeifcation asthal'synodbitt]). Alécndinglyf asshownhatFigure

ti me between any one frequency heing.reused shoyld be as,|ong as possi bl e,
this is inport steaFBIQbihbﬁdFFﬂ@PPﬁ?sgéd”&h'&‘WﬁiégﬂtbﬂétsY&Fg‘tpr esent in the
envi ronment that thi | L ogl y. E‘HWS!S .
separati ng each of @eﬁ%ﬁé‘gﬁ%wgidﬁaﬁuﬁﬁ%e?%ghg%%ﬁI(Q)X softviri/géregm}nsedabl e

to ignore echohpihe@lqualtity factoPregiiréthients 6f telfiMee used b erirecteack big the highehen
a different frequency signal is expected. A |lesser nunber of freguencies -

coul d be used thatQ ofithetfilte tiedessccragstadk there is detveey bits/frequensigse Fhe leagthoefnot
be | t han, f le, 1,00ns.. That,.is, 1 Ni f
Frequenci oo~ SACh O IPtS} fari ShoRer b, s Propld Comtpamsh e PORPTTAREE GE R s
used w1 alSosdiGubid WiR eGP b thé distfibe frbih ﬂ@?g@g td18pHoRe. appl i ance

to generate those trequenclres at a satl stactor It should

be noted that the dInahis ehimnpler®distin frequaiciesakeyused. Wehavedfound thas thertimdi t
(the reason for this will becone apparent |ater). The way in_ which the
frequenci es arbketween anjcens frequeney being rensed showldhbe asleeg as pessthledlisiti es are

assigned in such a seg.table 1) t.hat ,there | . i nuem ; \een
The Bits in fritheamebor bR Ting Ve, dtho itk et Rl Tpktent i F GEPINGRRAN Rl B TOT
is used the n ' S i b; ; AR |
(350rey . thi o PatckPWE b fcd. SAULBRENAly, by BRI sehtaridy fadh dTAR Squéatics
arranged that inftimetthe exthiction Sefiwhreds 4blg e isnofe echosigmals arfiviagiatthene of t he

nost separated frequencies_(the | owest fre_%_genci_(I I's the, other).
- 10- telephone outhpiace 4tia gy whenadiffsra trequanpy gigaaks egegsted- A

lesser number of frequencies could be used but the time for a single frequency to be

reused should not be less than, for example, 100ms. That is, the minimum number
of frequencies = (100ms / bit duration (ms)) + 1. The numf:er of frequencies used
will also be influenced by the ability of the buzzer in the appliance to generate those
frequencies at a satisfactory amplitude.

It should be noted that the start bit frequency must only be used for the start
bit (the reason for this will become apparent later). The way in which the
frequencies are assigned to each bit is of importance, the frequencies are assigned in
suqh a way (sce table 1) that there is a maximum space between the bits in frequency
as well as time (that is when a given tone for a bit is used the next tone (in
frequency) is not used for a minimum of 3bits (150Hz), this keeps the crosstalk
between bits to a minimum). We have arranged that the start bit uses the highest
frequency, this is one of the most separated frequencies (the lowest frequency is the
other).



No. - No. . (Hz) Start 0
3200 150 3050
150 1 6 2900 250
2 . 1 3150 150 3 4
3000 150 4 7 2850
250 5 2 . @100 150
6. 5 2950 1 7 8
2800 Fatre As may
be seen in Figure 2, t bitt § friegi@lcyt | afgueaeyd made up of
a series of packets. Aninporftant notelto make be t he packet
format is that each pa 0.4 a sed re is
designed to contain all 2 i|nf or nat i op re uired Its_extragtion, no
information is used fr r.nalketslt odube thel3fi o packet s
fromthe anal ogue signa rded_on p=rsog$ con The
packets are conpiled b Lr’ﬂ?‘anQ i 3B, gi hen
converted to an equi val ;nal tr n by jpuzzer 5
Each packet has 11 byt eg L4 start/sync
bit), the first byte is pr $Eg§0 Th _he packet
so that each bit is rep . for the
extraction software, fqgr |3t f 1ow th th for a
true/l is. The next 8 Wy Tttt ta bit
format.. The last 2 bytgs & dach packel copgsgn t he CRQ4¢ycli dal '
redundancy check) code e PacReE, [t S CRC T It of a

S 2 3100 150

6 5 2950 150

7 8 2800

Table 1

Packet

As may be seen in Figure 2, the data signal transmitted by buzzer S is made

up of a series of packets. An important note to make before explaining the packet
format is that each packet is analysed individually and therefore is designed to
contain all the information required for its extraction, no information is used from

other packets to reproduce the original packets from the analogue signal recorded on

personal computer 13.

The packets are compiled by control means 2 in a digital form and then

converted to an equivalent analogue signal for transmission by buzzer 5. Each
packet has 11 bytes (each byte containing 8 data bits and a start/sync bit), the first
byte is always FFHex (or $FF). This byte is in the packet so that each bit is

represented at least once. This is important for the extraction software, for it needs to

know what the signal strength for a true/1 is. The next 8 bytes contain data in the
start bit + 8 data bit format. The last 2 bytes of each packet contain the CRC

(cyclical redundancy check) code for the packet, this CRC code is the result of a



cal culation performed using the FFHex byte and the 8 data bytes as is well

known in the art. The reliability of the CRC code will be expl ai ned bel ow
in the section about the extraction software. There is no space (tinme)
bet ween each byte in the packet. Packet s The first packet in the

downl oad is a reference packet and all the bytes in this packet are FFHex
(including the CRC code bytes. The timng fpor the packets is shown in
Figure 2. The nunber of data packets is of course uninportant but affects

the total downpafatldn ReroBEQ il He/FRHex S tndbe REUAR bitbhs i vl iRioWreia t he

total amount o I ans

Description Ofmaﬁﬁmfeli&ﬂ%y\ef the CRO1tbdowill be explainedBetow dmthe spetimhuahott by
ar

t he washi ng nmachi ne buzzer e recorded directly fromthe 'Cgﬂ%le’c ion to

the tel ephone the pxtrantioniseftyares Thete is norspace (time) atwgerueach bite ig hect ed
to the tel ephone line. As the incom ng tones are recorded the software w ||
automatically detected the start and end of the downl oad (stopping the
recording of t keggconi ng signal). Sync Acqui sition The raw
i nput data is obtalned and recorded in nmenory of personal conputer 13,
preferably in 512 byte (8 bit) blocks. In order to determ ne, for exanple,

detects the start dShechret Faskeia e patad Giariersise prekrhand 8 the ests ECH
out 1 real timreRBFERRR HibidathaAh CRE odlc s, (TREitin (1A} phikeke T
requi renents oshodathFigire 23The Aunber offdatil packets is of course unimportant but affects
the total download time, accordingly it would be beneficial to minimise the total
amount of data to be transmitted. |

Description of Recorder Sofiware
Outline

The tones produced by the washing machine buzzer 5 are recorded directly
from the connection to the telephone line by the personal computer]3 using a sound
card connected to the telephone line. As the incoming tones are recorded the
software will automatically detected the start and end of the download (stopping the

recording of the incoming signal).
Sync Acquisition

The raw input data is obtained and recorded in memory of personal computer
13, preferably in 512 byte (8 Bit) blocks. In order to determine, for example, when a
download has started or stopped, the recorder part of the software detects the
| ‘start/sync bits and analyses their positions relative to each other. As all the sync
detecting actions of the recorder must be carried out in real time (and while the
tecording is téking place), the minimﬁm requirements of computer 13 are preferably
of an INTEL PENTIUM 166MHz processor running MICROSOFT WINDOWS



of an-I NTEL PENTI UM 166MHz processor runni ng M CROSOFT W NDOAS

-¥2- NT4.0 or faster. The first step in the recorder software is to
filter the raw i ncom ng waveform (in addition to storing it). The filter
frequency is at the start bit freq (sync bit) so that only the start bits
are passed. The filter is applied for 18.15n8 with 4.5n8 intervals, this is
done so that the personal conputer can car out the necessary cal cul ations
inreal time and the al gorithm does not require any nore information than
this to findt nc. bits. The second thing that happens at this tine is

t he peak inputp@é'rs%%'%?"t he |l ast 46.4ms is worked out and stored. Every
second, 220.5 filteThdRishitep in HeRedobdR seitwartis terfiltér tHE pdtv itikbitfiig waveform
Next, the filter results are integrated. This integration is carried out
over a 30ns pe(inadditioheo storing it Thelfilter fréquency istahtite start bis fnaq ($yine bit) selthah

i nt ti [t i | cul ated f y filt lt. .The _filt
waverorm i s {tﬁéégrt?ééau‘%m”wa wied, Fhs Biter i meplincClor 0.1 dmvs wih S 9mms jsSABn
i'sS nore inpor . | 3 «aa
sync/ star {TD bi tﬁﬂé 1s d&ﬁ%@ﬁﬁ%&%&g@dﬁbﬁ%f éﬂép Ié“?%ﬁﬁ%#g?dﬁ?t" emléﬁi)%yglrnat ed

wave (descri begbabgin@\dhd tH\Elgsithén 8l A6t REuire hiy'\Miofe Bifdmhation thamahisttd fintdast
3.375s of recording when | ooking for sync bits, this is because all the

signal condi t i thesyne bits, Theskeong thing thitihapgens at thistimpiisthg sealoipput valug fagnal
Getection - celaseds Grt R WbrhRF ol B Sorkd Bt el 905 sRp paipecry B

detection of tRRoRIAGNA21S peeRivalues Si gnal ‘conditions (their detection is
descri bed bel ow). An exanple is shown in Figure 4 wherein 7 sync bits are

present in the | astNext3thediltet résnlisiare imtegratedf Thisiintegmtion isaried outioyet ast
3.375s and wor out .t maxi mum paqi nt, .and takes the 30% (of naxi nu). | evel _
as the thres ho}s -BF“%E&“’ P@CM°$2°1'50‘?13§’§ YB¢ bit) a“‘&‘b#?éﬁ%‘?d‘f’ﬂq%ﬁ -

Det ection calculated for every filter result. The filtered waveform is integrated (in real time) as

the area or energy of the signal is more important than the amplitude in deciding if a
peak is actually a sync/start bit.
Next the sync/start bits are found in the integrated wave (described below).
- The sync detector software only analyses the last 3.375s of récording when locking
for sync bits, this is because all the signal conditions it is looking for will fit into this
period, the signal conditions are end of a download and start of a new download.

Sync detection

It should be noted tﬁat this will only cover the detection of the sync bits, not
the signal conditions (their detection is described below). An example is shown in
Figure 4 wherein 7 sync bits are present in the last 3.375s of input. The software
takes all of the last 3.375s and works out the maximum point and takes the 30% (of

maximum) level as the threshold for what is and is not a sync bit.
Signal Condition Detection

After the sync bits have been located (note that if more than 11 or less than 1

sync bit/s have been found then the software will not analyse for signal conditions as



After -the sync bits have been |located (note that if nore than 1 1 or |ess
than 1 sync bit/s have been found then the software will not anal yse for
signal conditions as - 13
- the data is obviously in error) the next step is to |look for the

followi ng conditions, either end of a downl oad or start of a new downl oad.
End of a downl oad For this conditygn the software |ooks for a '
greater than or equal to 2.0s space (no sync bits) fromthe newest sync bit
to the start of t : B i Je Sl ' ' . Hd6ads, t here
at least 3 syn@wlﬁila sigpﬁz\%ﬁgwéng%%%%éévmb ﬁ? {ofl Eg?fértsth%\ir‘dyg“{uﬁgﬁbit C'Eécks
t he gap bet weegithierend of¥ déwhidad ot staftef ainew dowrlogll. eat er t han 0. 21s and | ess
than 0.33s (0.27s nominal) and if that is the case then the end of a

downl oad has been found (see Figure 5 for an exanple). Start of a new
downl oad or, this condition the software | ooks for a greater than
or equal to |.€§‘19€%é@“’{‘4¢?6"sync- bits) fromthe ol dest sync bit to the end
of the 3.375s window if this is found it will then check there at |east 3
sync bits in the 3.375s window. If that is true then it checks the gap

bet ween t he 3 sync Furtthisicondiéien itlie softwase Rpokafora gréater thar® dseqralitol Z8sspahan
0.33s (0.27s nom nal %), if that is the case then tEe starl of .a new. downl oad
has been found{nosyac bitg)fremghe ngwestsynebitfodhe start pf thek3'Rs wondey 1 8t i on

mput and i niosna MM BRshex ihEat 'Y 0B Bt IR 210 7es vl PndgRLEeT

]g%xt ractor sof L flﬁﬁei:cl_ Eﬁccﬁtﬁlthe #p UebenaBe B symehith toGedif it isipreatérahim0.2bkand t as
ast as possible. e
P less than 0.33s (0.27s nominal) and if that is the case then the end of a download has -

been found (see Figure 5 for an example).

Start of a new download

For this condition the software looks for a greater than or equal to 1.0s space
(no sync bits) from the oldest sync bit to the end of the 3.37Ss window if this is
found it will then check there at least 3 sync bits in the 3.375s window. If that is true
then it checks fhe gap between the 3 sync bits to see if it is greater than 0.21s and
less than 0.33s (0.27s nominal), if that is the case then the start of a new download
has been found (see Figure 6 for an example).

- End of Recorder Execution

When the end of a download is detected the software will take the recorder
input and trim off the ends so that the waveform that is given to the extractor
software is dnly as long as it need to be, this is to make it as fast as possible. The
position of the sync/start bits can also be 'passéd to the extractor software although
the extractor software carries oui its own, more accurate detection of start/sync bits

(not in real time).

Description of the Extractor Software



positi-on of the sync/start bits can al so be passed to the extractor
software although the extractor software carries out its own, nore accurate
detection of start/sync bits (not in real tine).

Description of the Extractor Software

-14- The extractor software takes the raw waveform out putted from
the recorder and extracts the data signal _jgomit, it does this in several
steps. Each step of the extraction will be described separately. Sync Bit
Extraction The first step in the extractor phase is to |locate all

of the sync bits, record their position in tinme and check that the

det erm ned positi ONMPheéRradidr s6RWhRQhkdsthé raWewavéforml sutputidtbfroinsherarordted t o
the extractor is the raw recorded waveform The detection of sync alits S
performed in aaddetttasts the datasignabfromdty itdnes s imseveal gepre Eaghster ob e he
software, the main difference i.s.that the extractor analyses all of the raw
wavef or m exu‘?ﬁ@“ﬁ‘ﬁ&%gfﬂ%dts@%e bne is to find the first sync bit.
For the first sync bit to be valid there nust be a period of 0.9s of no
signal leading up to it. Fromthis point the extractor will use this first
sync bit as-a SpicBieBR@atori i me for finding the remaining sync bits in the
packet and the first sync bit in the next packet (it should be noted that
when the first sync bit of the next packet is found it is used as the new

reference point so raC) ldl@ﬁé gs??cca& £d
timng errors when mgﬁ‘?ﬁﬁgpﬁg@et%%ﬁ'gé\t‘g’ %%ﬁé 1‘2‘#{‘%@“@%‘&1 se #Rléﬂctﬁ{l; m ng of
transnitted sytheifjidsitionSn éaCdnd dheclethiat theldeteriided pokitibn4idall cofrettaw time.
wavef orm after each sync bit is found before | ooking for the next (note

that sync bit sThe datephatdsipdvitied to fherexfracten isthe raw resotsied wayefoom. Théind wher e
it ted to be that P d | l,i st af it ' [
e o b el et L L U B e

contain an ent h%asﬁ:%"fﬂ?é do d%ﬁaﬁ?’&ft‘eﬁh&éis th&AGRE SitPdtdr ARAIysdRN 6ﬂtﬂé‘;ﬁ

recording if they were no
waveform. .

_ The first thing to be done is to find the first sync bit. For the first sync bit to
be valid there must be a period of 0.9s of no signal leading up to it. From this point

the extractor will use this first sync bit as a reference in time for finding the
remaining sync bits in the packet and the first sync bit in the next packet (it should
be noted that when the first sync bit of the next packet is found it is used as the new
reference point so that the extractor does not suffer from accumulated timing errors
when checking the timing of sync bits). Because the timing of transmitted sync bits
is exact the extractor will skip 240ms of raw waveform after each sync bit is found
before lpdking for the next (note that sync bits are spaced 270ms apart). When a
sync bit is not found where it is expected to be that fact is recorded in a list of sync
bits, when all the sync bits in the raw waveform are found the list of sync bits will
contain an entry for all possible sync bits, recording their position or recording if
they were not found. '

- Data Bit Extraction

Filter



Data Bit Extraction Filter ' The first step in extracting
the data is to filter the raw waveform at each of the frequencies that
represent each of the data bits. The filter frequencies could be searched
for to find the peak signal for each bit using the known frequencies the
software uses as a starting point. The frequency search woul d sol ve any
probl em of the frequencies noving due to pigduct har dwar e. Filter in tine
The next step is to filter each "frequency*filter result"” in tinme, this is

d [im h { bi t. d k h bits. ,T
done 12 o 1T 1S SH Eh ol &gl GERT B b O S0 e,
except for the %ﬂ@n@&s%}aﬁ%&ﬁe&ﬂ%&c&%mﬁ(ﬂﬁ@ ThE TPRF freqinBR§ Colldbe DI t

each bit shoul ppear present) in a known positionin tine, so know ng

this infornati geardhed foxtorfagl the pedk éiﬁmﬁlféﬂ catly bitheingftheknowrc fredquenties theesul t
around the known position of a bit by a bell shaped curve. This ig{ﬁc&g&e for
a

all the bits wsafiwarensesss asparting peint. The frrauency segrshiwoudd, sglvoany po nd
is multiplied m&t the."f-re?ﬁe filter . e &Hh‘ for a bit width in tineg,
therefore the WERPePO g%ﬁé{%pgogu ed by zero. A bell shaped
curve is used so a bit that is slight incorrect intime wll still be
passed through the filter but if a bit is nore incorrect intime it wll
progressi vel y BHteelir timaat ed the further away fromits correct position it
is. Figure 7 shows two packets after the filter for a bit is applied but
before the filter in tinme is applied. Figure 8 shows the sane waveform

after the filter fofpd iR ofef ifRMilter dach “fRiguely>HIBR TEsult” in time, this is done to
eliminate any echo of a bit and crosstalk from other bits. The process will be
described as it relates to one bit, all bits are the same except for the timing of the
application. With respect to each sync bit each bit should appear (if present) in a
known position in time, so knowing this information the extractor will multiply the ,
“frequency filter resﬁlt” around the known position of a bit by a bell shaped curve.
This is done for all tht;. bits with a known sync bit. The bell curve is only 2 bits wide
and is multiplied with the “frequency filter result™ for a bit width in time, therefore
the remainder of the byte is multiplied by zero. A bell shaped curve is used so a bit
that is slight incorrect in time will still be passed through the filter but if a bit is more

" incorrect in time it will progressively be eliminated the further away from its correct

position it is. Figure 7 shows two packets after the filter for a bit is applied but
before the filter in time is applied. Figure 8 shows the same waveform after the filter

for time is applied.
Bit presence

Now that all the bit waveforms have been filtered in time the extractor will |
~determine if a bit is present (truc) or not (faise). This process is carried out for each
packet and each bit separately but is the same for all bits and packets. First, a check
is made that all the start bits in a packet are known. If this is true then for a given bit
the filtered in time waveform is added up for 270ms starting at the known position of

the bit. The result of this integration is the “presence value” and is calculated for the



Now that all the bit wavefornms have been filtered in time the extractor
w:ll determne if a bit is present (true) or not (false). This process is
carried out for each packet and each bit separately but is the sane for all
bits and packets. First, a check is made that all the start bits in a
packet are known. If this is true then for a given bit the filtered in tine
waveformis added up for 270nms starting at 16ke known position of the bit.
The result of thisintegration is the "presence value" and is cal cul ated
for the same bit in each byte of the packet giving 11 presence values for hthit insaopaekéti t . i n
each byte of the packet giving 11 presence values for a bit in a packet.
Next the maxi rrmgﬂvemmmresﬁms value i datermmed-andaall the hid prisengsy age

hnalysed t hor o 3aied 8 shbBaBR b A b T4 cdbplposdrbed dhefRER pRAC KRN b8 7
11 val ues. Fi g8* 2363y 6f préenbe valiésCeRnGet cbﬂmﬁ(m Falues.iRigite 9héws i m

the first two gack_ets (A and B), it can be seen that for a given bit the
presence val uebitpresentavalues (forditsiio M) fiopr the dirstdwd packetA and B)ydkean bet hat
is each of the_val esfor.a%?{ticular bif are scaled so that the I mum

val ue is 100) . SSSBgEt 10F & givep bk the peesiefic value is scaledyg fhe mayimuar prssench dog3
presence val Uegivanpakii \that flbfci'6Pthe TAIGRS fof 2 partl i bft dedicafeRMdntFhe'e t at

can be used to determn a partic sina ue or false
state in order mamimwaoahterigd00) he original data. Anything below this
threshold value will beconme a false/0 while anything above will becone a
true/l. Preferably two threshold val ues are determ ned but .only one

may be used (tg'*.t rk%ggﬁmg?{hg?f below). Up to two thresholds (but at |east

one) are found or each packet, for exanple bit 0, packet O
(12 packets*8 bits = 96 and possibly up to 192 threshol d val ues). The first
threshol d picked will be 1% below the top of the | argest gap between
presence val ues, th¥owdbatrall afithebit presendelvialues atel lmommy thelnextystep isgafindt  onl y

if that gap is,l a hapn 20%.,(see,t he exanpl e hi stogram of, Figure 10
which is for t ﬂ%e%ﬁféwﬁw @SF%&‘{ %mé@wﬁﬁ@ﬁaa H%ﬂ?‘ﬁ]alf {“F Bingoiue ofh ot
I's, the presen v, | Bl Lt o . | ysed
to'find whero Te SRS oldef iRCchaRbe BEDLbRRAA. Alyihifl ORI bisihsRR, ¥
threshol d val uealo®will bbcond & €<t/ ahile iRthing abb¢e FfPbétsmelOkugpPnNveni ence we
have deci ded that the threshold
Preferably two threshold values are determined but only one may be used

(this is explained below). Up to two thresholds (but at least one) are found for each

bit, for each packet, for example bit 0, packet 0 (12 packets*8 bits = 96 and possibly

up to 192 threshold values). The first threshold picked will be 1% below the top of

the largest gap between presence values, the second threshold will be the next largest

gap put only if that gap is larger than 20% (sce the example histogram of Figure 10

which is for the data in Figure 9 in the right hand half of row b0). That is, the

presence values for each bit position within a packet are analysed to find where the

one or two largest gapé occur between the values, The threshold value could be
placed anywhere in the gap but for convenience we have decided that the threshold
will be 1% beneath the value at the top of the gap. In the example shown in Figure
10, the horizontal axis has been divided in to 5% blocks but in practice the software
is capable of 1% increments. Figure 11 shows the threshold values determined for
bits 0 to 7 of packet 0 (PA) to packet 11 (PL). The right hand half of the table holds

a number of second thrcshbld values.



will be 1% beneath the value at the top of the gap. In the exanple shown in
Fi:gure 10, the horizontal axis has been divided in to 5% bl ocks but in
practice the software is capable of 1% increnents. Figure 11 shows the

t hreshol d val ues determined for bits O to 7 of packet 0 (PA) to packet 11
(PL). The right hand half of the table holds a nunber of second threshold
val ues. -17- -17- Data
extraction ~The last step is to extract the data fromthe recorded
signal . Using g, bidadiiohhr eshol ds found for each bit, for each packet (for
exanple bit 0, packet 0) the presence |level for each byte is turned into a
1 (true) or 0 (false) depending on whether the presence level is above (1,

true) or below (0, false) the threshold, value. This arison ig carried
out for every byte Thel %EI@@FXWM&BP}&‘“@”’&%% lﬁ‘gﬁ’ﬁe“arﬁﬂ/t es

GRC cbde whi ¢ URE R Rd Rt bt gl R Sl 96, sk BEE (O
and if they ar praenc levélFoldich byt ik alred fnto B¢ (G0Ey @ (falké) dependifConodes do

not match the Second thresholds are used to determ ne new, alternative bit

states and t he whetheCH@ presence level is@hovh@c krue) orbelaw (1}, false)she thresheldiyalue.

til d dat t chi CRC is f d. i bl nbi nat i
of secand. t hr s cREBArEon A St oy syl bs b s TRRE SRS oot bie (one
for each bit positi %gehﬂﬂ{e\?ﬁﬁﬁgifgia@két%% bédiixtraed did ikt 9 Bytes aid welliton

conbi nations in the ta) ry attenpt at extracting valid data the
random chance icmk:nhtasﬁeGRCOMMchisdeecﬂwthequghdmmdmd bad

' d de_ whi ¢ch | h (65535/ I ' '
i oor Ly of  KIGENdE) A il ae(eaial e deinds ks e cortoo. I the s RAEED
h t he final t ' f Tolo% '
Figuros) wit h PRbERNy Sb Bipaol Bt b WBlep ARMHCAP upiun Mg le

col umm i ndi cat ¢ise hdw OREC dli@fs théiecliecke VHliis provessSis tepeate@Hintl gooddatg hecki ng
successful using first _threshol d, OK3=error checking successful using third

threshol d).  (matching GRCxodes)iinfound or ne passthle nombingtionscef sseenddthresholgs are

pacs ol eetr oni AvelAms W it HERhoRE poRiblg Lot o cRAATRB G THEShER (o

O o T SR ln ARG b, W s

speaker/ buzzer ektradting validwiata tHe sntdoasctance mcreaissof obtaitiag i bad tiata CRC code

information in the sqund energy fromtransducer 10 to contral ans 2 in

the form (bad data) and bad transmitted CRC code which actually matc (r6553 /attempts),
lowering the integrity of the data extracted (if the CRC’s match).

Figure 12 shows the final results obtained from an actual download (as do the
other figures) with the packet contents displayed across the table. The final column
indicates if the error checking was successful (OK = error checking successful ﬁsing
first threshold, OK3=error checking successful using third threshold).

In an addition to the system described above, it would also be possible for the
service person to instruct personal computer 13 to paés electronic control signals
back to the washing machine via the PSTN to emanate from transducer 10 of the
earpiece of handset 9 of the user’s telephone. If the user were to hold the earpiece of
the handset near the speaker/buzzer S then it would act as a microphone, relaying the
information in the sound energy from transducer 10 to control means 2 in the form
of audio. electrical signals having the electronic control signals encoded therein. The
electronic control signals could then be processed by controller 2 causing changes in

status or settings within the washing machine to overcome some problems or faults. -



of audio electrical signals having the electronic control signals encoded
therein. The electronic control signals could then be processed by
controller 2 causing changes in status or settings within the washing
machi ne to overcome sone problens or faults.

-18 - The transmtted signal could also represent new or updated operating
software whi ch could then be stored by thehgontroller of the washi ng
machi ne in nmenory ‘for execution during nor WAl operation of the appliance.

Pt or bnce. packBhe RN Bed HEnRlGRBI PR Bra “PAsF PPTERTE Ry E et
| d be t d t ' nmb
et fer 1 1ot AR Shordy b theboRBlle A b Batn i B B o

when the begi n@iedatiod dwil sdrnil dpstatiepef theapdliaace.cut of f. Thus it
can be seen that at least in the preferred formof the (%e ent inve tf’éenpn, a
Y?‘rﬂ}t d

| ow cost syst em r enfbt Enproxgment todhe;ghove mensipngd systee eapld be

reliably extracti ng val | e ,u e._and. f alletowd r ' .

o Gl B eI AR bR Sl e
advant age of Uigdddsd fsth8rbytk ineachPasla i®sdrd/aith pdtkBaimbicr iduntifier. | It would i ng
appliances with only software alterations required to realise the

i nvention. |t beusedfilitokpnewdhe packet nimbeyim cases sucnagwhicothebeginring er endsefa/i ce

person considerable tjne in ideptifying and remedying faults and it is
hoped t hat rran‘}""f"ﬂﬂi"ibaﬂﬁfp @&r emedi ed over the tel ephone due to the

ir g{ng rme ng t iwginf: h Whls iPEAN BiFseRy Blat @0esst iPthe PRefetd foth JTRhS PRRsét idetion,
-19- a 1d% 8bdvBystem remote diagnostic system for producing, transmitting and reliably
' extracting valuable usage and fault information from a remote appliance to a service
- centre is provided. The system disclosed has the advantage of utilising existing
hardware found in most if not all existing appliances with only software alterations
required to realise the invention. It is anticipated that the present invention will save |
a service person considerable time in identifying and remedying fanlts and it is
hoped that many faults could be remedied over the telephone due to the information

which will now be available to the service person at their remote location.



1. An appliance (1) conprising: sound generating (5)

nmeans adapted to, upon appropriate energisation, 5 produce audi bl e
tones ordinarily provided as a warning and/or verification signal to a
user, user input nmeans (3) to allow a user to enter

I nstructions to said appliance, : data storage neans (4)

whi ch stores information on the operation_gf _said Thlsmﬁm‘ﬁa‘?é
control neans (2) which stores a program which causes the Il:
i) receive sai gm%uct ions fromsaid user input neans (

1) enter a sp Yerating node in response to said user input, and
111) energise said sound generating neans (5) to issue audible tones in a
predet er mi ned sequence corresponding to information stored in said data

storage 15 1. neaAs appljance comprising: 2. An appliance (1) as clainmed in
claim1l wherein said sgund generatin rreans p%St)geﬁg‘_&pri.se an.audi o
speaker or buzzer. SOUD@ generaung m plegd 1o, 4PeH APRIOPHAL; Sator BIpdHCe o
cl ai m 2 wher ei ' . - . he i f
sai d audi bl e t&%@e&%ﬁ%%n%ﬁ%«?as %Bvl%f%l‘?’%gn‘gg‘ta{éuﬁr%aw@s@{“%né?%??( 5)
so that said audi blxﬁe&ﬁ@atsmé@dsm&mmhﬁsérm:ﬁeﬁﬂémrmhsmaidapgliance, 4.

An appliance (1) as claimed in claim1 or_claim2 wherein said_ control
means 25 (2) cordatdstorage sndans whighsgorss infermationnthe operaten ebsgitht i ng from
sai d sound i enerating neans (5)so that said audi ble tones
correspond to %’d‘ngﬁforrration. 5. An appliance (1) as clained
in claiml or clai ghd ‘whtel ‘ﬁ?@é 0?.2[,,9 ause eofiroldafy:ed to be
recei ved by signal r%%r?\‘/yg{r%%i on ﬁngg%ts Q)Hp Si t?@?%dc rer?othel y to 30 . said
appl i ance, there exi)stdeivg said instructions fomsaddusainpuapghnsnce (1) and said
si gnal ' conversion neans, (9), ,said;sjgnal converfi on, means ,(9)
converts said audi Hi)enteraspecial operating mode m response to said user input, and

- 20- ' iﬁé} anéé‘gﬁg ls%?tég)ﬁm gen%h%'@ m&fhs 60 isHRY al X8 tdifes Eﬁ gnsmitted

to a renpte receivi
predetermined sequence corresponding to information stored in said data storage

means.

2. Anappliance as claimed in claim 1 wherein said sound generating means

comprise an audio speaker or buzzer,

3.  Anappliance as claimed in claim 1 or claim 2 wherein said control means
controls the duration of said audible tones emanating from said sound generating

means so that said audible tones correspond to said information.

4, An appliance as claimed in claim 1 or claim 2 wherein said control means _
controls the frequency of said audible tones emanating from said sound generating

means so that said audible tones correspond to said information.

5.  An appliance as claimed in claim 1 or claim 2 wherein said audible tones are
- adapted to be received by signal conversion means positioned remotely to said

appliance, there existing an air gap between said appliance and said signal

conversion means, said signal conversion means converts said audible tones into an

electronic signal which may then be transmitted to a remote receiving means

A ™ e |




el ectronically. 6. An appliance (1) as clained in claim5

wherein said signal conversion neans (9) conprise a tel ephone
handset . 7. An appliance (1) as clainmedn T‘I‘m—m—S—whew—H—
said renpote receiving neans (13) conprise a fmrstsh&m&ggén

means whi ch receives said electronic signal and extracts s laced
information relating to the operation of s2a0d appliance. i,u ’l
An appliance (1) as clainmed in claim7 wherein said renote

(13) -eledtpshitally, her control neans are al so provided w th output
means to output said information. 9. An appliance as cl ai ned
in claim7 wherein said renote recei vi ng neans (13) and 15 further
control neans are alsQ ICOVI de ata .a stores
sai d " inf eascalm in'¢l rﬁyﬂereg\x g%qgﬁ‘?%ﬁ?melgﬁsng an
appl iance (1), c&ﬁ &@pﬁ[égﬁmMang - sound generating .
nmeans (5) adapted to n appropriate energisation, produce 20

audi bl e tones ordinarily provided as a warning and/ or verification si gnal
to a user, to,allow a user to enter

t 3
instructions t& salﬁnéBﬂFﬁn&ﬁE%e]E‘ edalﬂclaqg‘ag]w}‘ém%“sa‘dm reCPMeBMeans (4)

whi ch stores '%{?}5 ﬁﬂh &ﬁ%%ﬁﬁﬁ’ al and extracts( 1) »
control means t\?\%l[c control's the opera %gon o?dsal gbapp an?:ne stglid

met hod 25 °  said informativnglating te theppention of said appliance. i) recei vi ng
said instructions fromsaid user input neans (3) i)
entering a special operating node in response to said user input, and

pr edet or m ned Lequcitt SRGRFS e SaBFADR it BphaR B ipisr SobREmbisdnd
rsrte g :] 29 ((94 ?0 further control means are also provided with output means to outputsaid - 21 -

information.

9.  An appliance as claimed in claim 7 wherein said remote receiving means and
further control means are also provided with second data storage means which stores

said information.

10. A method of controlling an appliance, said appliance having

sound generating means adapted to, upon appropriate energisation, produce
audible tones ordinarily provided as a warning and/or verification signal to a user,

user input means to allow a user to enfer instructions to said appliaﬁce,

data storage means which stores information on the operation of said
appliance, . _ _

control means which controls the operation of said appliance, said method
comprising the steps of: .

i) receiving said instructions from said user input means,

ii) entering a special operating mode in response to said user input, and

i) eneréising said sound generating means to issue audible tones ina

predetermived sequence corresponding to information stored in said data storage

means.

| THIS ‘SHEET HAS BEEN |
REPLACED

* [ L M S *



11. A nethod as clainmed in claim210 wherein said sound ggr_lerati ng rreanS---

(5) conpri se an audi o speaker or buzzer.

as claimed in claim10 or claim 11l wherein said step ofT@ h“ﬁ
sai d sound generating neans (5) conprises controlling the Hald
audi bl e tones emanating fromsaid sound generati

that sai d audi bl e tones - correspomnl to said information.

13. A nethod as clained in claim10 or claim1l wherein said step of

The Proquency Wr <A ARG BRI 1M i Y ERRR iR "0

generati ng m%ﬁzﬂrﬁbaﬁ@u&i&%beﬂéh‘@rﬂh&bb' e tones correspond to said
i nf or mati on. nmet hod as claimed in claim110 or claim 11
wherein said rret hod al so i ncl udes the step of: I V)

et el y o s s seneRce v el i SOk i ] PP anR mralet | O

appl i ance (1) e%@%jﬁ?% said 3Gl éétﬂfh?ing‘iﬂéh}ﬁ@ E&hgﬁsﬁ%ﬂﬁoﬁxﬁ ithe durahon ofsaid V)

converting said e tones 1 nto ectronic signal

vi) transm tt iandibletohes Emanating &omlsgudabumbgmemmgtmeanesethmt mgd aedible toas)

el ectronically A nethod as clainmed in claim 14 wherein said
si gnal conver@&?@ﬁ!’éﬁ?%’é}mﬁmﬂm conprise a tel ephone handset .

16. A nethod as clained in claim14 wherein said renpte receiving neans
(13) conprise a further control neans and said nethod includes the

step of: 30 13, An apliiméeadlainied if dlafin 0T claxhi 1 Wheeialsaidasté of

viii) extracting saidinformation relating to the operation of said

appl i ance (1) energising said sound generating means comprises conirolling the frequency of said
2R |4 E/'::SQCENE S audible tones emanating from said sound generating means so that said audible tones

correspond to said information.

14.  An appliance as claimed in claim 10 or claim 11 wherein said method also
includes the step of:

iv) receiving said audible tones at a signal conversion means positioned
remotely to said appliance, there existing an air gap between said appliance and said
signal conversion means, |

v) converting said audible tones into an electronic signal, and

vi) transmitting sa:d clectronic signal to a remote receiving means
clectronically. '

-15.  An appliance as claimed in claim 14 wherein said signal conversion means

comprise a telcphone handset.

- 16.  An appliance as claimed in claim 14 wh-erein. said remote receiving means
comprise a further control means and said method includes the step of:
vii) receiving said electronic signal, and
viii) extracting said information relating to the operation of said appliance

- from said electronic signal.
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-22- ¢ fromsaid el ectronic signal. 17—A+ethed-as
‘claimed in claim16 wherein said rempte receiving neanspflg), and
further control means are al so provided with output meanﬂmjﬁmi‘ dedd

5 i ncludes the step of outputting said information to ans.
18. A nethod as clainmed in claim16 wherein said renote S
(13) and further control neans are2¥so provided with second data
storage neans and said nmet hod al so includes the step of storing said

i nformation in7sai dusappliancetatclaifiied iif 6aind 96 whefdif §&id remote receiving means
and further control means are also provided with output means and said method

includes the step of outputting said information to _said' output means.

18.  An appliance as claimed in claim 16 wherein said remote receiving means
and further control means are also provided with second data storage means and said
method also includes the step of storing said information in said second data storage

means.
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