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An ‘Ef fective Asynchronous Serial Communication Met hod
Enbedded M crocontrollers Field of the Invention The tcb@ir
i nvention relates to a novel nethod of realising asynchronous seri al
comuni cati on between data term nal equi pnent and enbedded
m crocontrol |l ers. Descri ption of thelPrior Art Most of the
exi sting standal one consuner products such as audi o and vi deo systens are
unabl e to perform duplex data transfer with other devices. These products
only respond to renote controller commands and they are incapabl e of

sendi ng feed I mpl ex
formof t ransl%ig ;i% ggéémé%@ﬂcmamﬁmgbﬁ’%@ﬁ?ﬁ‘pﬁsnPn
such products to pAiethod for<Embedded Microcondrellerse worl d, sore
formof interfacing is necessary. In nDst cases t he UART (Universal
Asynchronous Receiver/Transnitter) can be used. However, the use of UART
and ot her ﬁugpoi@ Ba coggonents contributes to the increase in product

cost . m crocontrol l er can al so receive data fromthe
outside world using polling nmethod. Polling method will enable the

m crocontroller to repeatedly check for input signal sent by other

equi prent. This_nethod elimnates the use of UART but m ght not be

efficient sincelBupssentinvantignariaies & a pevel scthodrafreedising %6@95?%93@!1% may
be spent O&rﬁ'ﬂ_ﬂﬁﬁlm Bedivedd @it te?ﬁxﬂﬁflaqmﬁrﬁaﬁ Ghd binBedded iRt ontrolers.

Description of the Prior Art

Most of the existing standalone consumer products such as audio and video
systems are unable to perform duplex data transfer with other devices. These products
only respond to remote controller commands and they are incapable of sending

feedback signals back to the remote controller. This is a simplex form of transmission.

To allow the embedded microcontrollers in such products to perform duplex
communication with the outside world, some form of interfacing is necessary. In most
cases, the UART (Universal Asynchronous Receiver/Transmitter) can be used.
However, the use of UART and other supporting components contributes to the increase

in product cost.

The embedded microcontroller can also receive data from the outside world
using polling method. Polling method will enable the microcontroller to repeatedly
check for input signal sent by other equipment. This method eliminates the use of
UART but might not be efficient since substantial amount of microcontroller’s
processing time may be spent on checking for input signal, especially when the
microcontroller is required to service other feal time activities. The microcontroller may
also miss part of or the entire data if the data is sent at the instant when the

microcontroller is not polling the input port.



m crogontroller is required to service other real tinme activities. The

m crocontroller may also miss part of or the entire data if the data is _
sent at the instant when the mcrocontroller is not polling the input port.
-2 - Alternatively, the mcrocontroller can nake use of its
special input port with interrupt funct2en to receive data. In this case,
the incomng data contain a start bit which trigger a hardware interrupt
event. The mcrocontroller will then poll this input port to read in the
data. This methoghagiely, i %c&ebﬁﬁa&r% fyrnM(@eL&eQﬁt@s biSecPdi 88 portgver
nost | ow cost m crocontrollers have very few special 1'nput por ts wi t

i nt errupt iftenropti fimction to recei®@odmandic tiie ofser tiel meemingvdats pveotam apstark thiti n

| whi ch conf
Comuni cattii Bt dafnblant aerpRCSieat e MieRROBRE e #€h ekl idemicat i on

met hod camet tdfeadsigdthe Sdge rrﬂhalmaﬁbdltfa@lﬁtaiaec‘p@uﬁg O®lyowhéry dafa ishgresent.
m crocontrollers and data term nal %w prent are not equi pped with such

ports. Howevepomosh do% risst deigrospeirelisen et [very @ coapiah iRl eparis with
effecti veIX % Qﬁendata term nal equipnment, it has to reduce the nunber
of |nput/o ttpu pinS Used and to elimnate the use of UART and built-in

on por o cal | o BEPRRCrieley YA Sec R BhiPR el SoBicaBiyin billn® oo

eqU| prent coffirink NG skablished | eiab@omRinitdon protocol such as the PC standard.
SUMVARY OF THE | ENTI ON: .
However, such communication method cannot be used as general solution because

N majority of the microcontrollers and data terminal equipment are not equipped with

such ports.

For the embedded microcontroller to communicate cost effectively with the data
terminal equipment, it has to reduce the number of .input/cutput pins used and to
eliminate the use of UART and built-in serial communication port. To prevent wastage
of the processing time spent on periodically checking' for input signal from the data
terminal equipment, polling should also be avoided.



| n acgordane of one aspect of the present invention, there is disclosed an
asynchronous serial conmunication system said system conprising: a )
si npl ex comuni cation system whereby an enbedded m crocontroller receives
infrared signals froma renote controller; a half-duplex comrunication
syst em whereby said enbedded microconti®ol | er receives serial data from and
transmt data to a data termnal equipnent; said sinplex conmunication

system further conprises an infrared renote control ed to
recei ve infrar eSsbielof the BVesitio] ' emote control | dr pisesitermaas sEenahd
condition saidsignals and send themto said enbedd d m pepcAOEDOl | erfl via

a signal nultiplexer; and said hal f-dupl ex commmuc
conprises a transceiver configured to recel ve serial data fromsaid data
term nal equi prgn i i vel [ Ief
sai d signal nulr%%)cgi%flgg%gééa %?écﬁ‘g§§(cfe se%?(%@gég% rtog Fﬁs'.ékoc? oégF,‘I ve
seri al tr aaféwiissi anynclabacds gerislaicomendneddos systeat, othenissidl Issagtemndssmmgert
said transm ssion data to a level suitable for said data term nal

equi prent , “WHEFEE sai d enbedded microcontroller is configured to receive
serial data fromgsaid renote control]er or said data term nal equi pnent
using a first i#pigraredgemols ¢antohfeseivart function and a second i nput port,
wherein the selection of inputs of said nultiplexer is controlled by a
strobe signal t%@#sroikal egyipoentl data terminal equi pnent, said strobe
signal marking the frame of the serial data fromsaid data term nal

equi pnent, wher&transctizenr esence of serial data is identified by an input
port wth interrupt function of said enbedded m crocontroller and readi ng
in.said serial asigmal nmieiplegeresent, and wherein the source of the signal is
identified by checking the logic |evel of said strobe signal using another
i nput port of s éhmsdideddacrosbmtsieedndol | er.

a communication protocol.

The infrared remote control receiver receives infrared signal from the remote

controller, demodulates and conditions the signals and sends it to the signal multiplexer.

The data terminal equipment communicates with target devices using existing
serial communication means. Three plus one optional signal lines are required. These
comprise one data line from data terminal equipment to embedded microcontroller, one
strobe signal line from data terminal equipment to embedded microcontroller, one data
line from embedded microcontroller to data terminal equipment and one optional strobe
signal line from embedded microcontroller to data terminal equipment. The data format

used for transmission is derived from existing serial communication protocol standards.

The transceiver receives serial data from the data terminal equipment and
converts the logic level of the receiver into a level suitable for both the signal
multiplexer and the embedded microcontroller. The transceiver also receives output
signal sent by.the embedded microcontroller and converts them into logic levels
conforming to the requiremént of the serial communication channel and the data

terminal equipment.

‘This Sheet Hag Been Re,i
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- 4- The signal nmultiplexer receives two input signals, nanely the
signal fromthe infrared renote control receiver and the signal fromthe
transceiver. It 'selects the appropriate signal to be fed into the enbedded
mcrocontroller with the aid of the strgbe signal. This strobe signal is
also fed into the mcrocontroller. Wth the output signal fromthe
mul ti pl exer and the strobe signal, the enbedded m crocontroller identifies
the signal source by verifying the state of the strobe signal and extracts
the data accor diigypignal multiplexerspceiyes WaBRI SiENHse pawsht the| signal fepm dbgy dat a
to the dat; ) IrBme M ivek t t 0,104 QoI g

accordi ng I'?\(f) t dg} e?irzdrt? \e/cgg Con;‘%ﬁfietaatn?ﬁlepsr%ltaggfﬁ ?rgﬁ a%‘gg'i g %‘ﬂ%ést%ent out
via the trappsomiaresigaaldo badedsimto thie enbetidad miztacontralleswitl the aid of the sfrblee
serial comyunicat.ion channel thaj |inks the data.term nal equi pment and the
enbedded nﬁlﬁ?aégﬁHfﬁ%‘Ptleeﬁlg‘@gﬁpﬁﬁ?%@%tP SBNIRRCRPHSTes and a strobe line. One .

of the data lines carries formatted input data fromthe data_term nal
equi pment to t h¥idnihe euiyt sigaldzerm thomultiplexgranddthe gaobs signal cthe emhedded

formt ed gt Abadikeidbied e GEREISEL. ByRRARL LRl Lk BEBK digpL et 2

term.nal equi pment. e stro ne 1s se e data term nal edui pnent
to the si gaml extabtsitiid dateacdondinglyur ce sel ection and to the enbedded

m crocontroller for source identification.

-5 - Bri ef DeBeirthetinbedded mlceodongsller to send data to the data terminal equipment, it

has to format the out going data according to the derived communication protocol. This

data is then sent out via the transceiver and the serial communication channel.

The serial communication channel that links the data terminal equipmenf and the
embedded microcontroller comprises of two data lines and a strobe line. One of the data
lines carries formatted input data from the data terminal equipment to the embedded
microcontroller, while the other carries formatted output data from the embedded
microcontroller back to the data terminal equipmer;t. The strobe line is sent by the data
terminal equipment to the signal multiplexer for source selection and to the embedded

microcontroller for source identification.



Figurg 1 is a schematic block diagramof the cost effective asynchronous
serial communication system nodel showi ng the interaction between the
vari ous nodul es. Figure 2 is a serial data format used in the
serial communication protocol. igure 3 is a timng diagram
illustrating the signal multiplexer servicing different signal source
dependi ng on the state of the strobe signal. Figure 4 is atimng
diagramillustrating an inconplete serial data unit of the infrared renote
control sBuiefiDeséription eEDnawings| end. Figure 5 is a timng diagram
illustrating an inconplete serial data unit of the infrared renote control
signal with mssing front end. Figure 6 is an exanple of the
application of the cost effective asynchronous serial conmunication system
nodel . Figure 1 is a schematic block diagram of the cost effective asyrfthronou®lséidied
Description of fhe Best Mbde of Perform ne the: | nvention Figure 1
shows t hecefemERicatien BYstek madghshowing thefjuteragtion between theerasieynearedBledus seri al
comuni cation nodel. The system conprises of: an infrared renote
control recei vEiguro2 is a serial datg foemat used intheaseriahiedrpmpnication protocol. g
transcei ver 30;

Figure 3 is a timing diagram illustrating the signal multiplexer servicing

different signal source depending on the state of the strobe signal.

Figure 4 is a timing diagram illustrating an incomplete serial data unit of the
infrared remote control signal with missing tail end.

Figure 5 is a timing diagram illustrating an incomplete serial data unit of the
infrared remote control signal with missing front end.

Figure 6 is an example of the application of the cost effective asynchronous

serial communication system model.



a signal nultiplexer 40, and an enbedded m crocontroller 50;

The infrared renote control receiver 10 receives infrared signal froma
renote controller. Generally, the infrared signal is nodul ated before
transm ssion. Therefore, the infrared renote control receiver 10 has to
denodul ate the infrared signal to retrieve the original information. The
denodul ated signal is further conditioned into appropriate logic |evel
suitable for inputting into the signal multiplexer 40. The data
t er m nal ajled Des@ibtiai of thetBestiMadeaf Pe irez thde Invenitdoni tti ng and

recei ving asynchronous serial data, such as a desktop conputer, a notebook
conputer or other equi pnent that supports the derived asynchronous seri al
comuni cation protocol. The derived protocol includes three signal |ines.

They are DATA. iFigh#, 1 sidvathe SheanalicAId dibira®dof the cost effeBEVOhfnbR@ne@d a
term nal equipnment 20 sends qut data, it wmll set the strobe signal S3 to

hi gh. The Ssfiplypsnmppgationgnods]aThe system ¢Pmarises ofi | e data is bei ng
transmtted. To transmt the data DATA.in S2, the data termnnal equi prent
20 first prepar@sinfigeedgamotepanirgl aeisemdd; converting theminto a predefined
data format. This data format is derived from RS-232 serial conmunication
prot ocol st andaaxdata Eirppinad eguiplens2in exanpl e of the data format. The data
is made up of serial data units 110. Each serial data unit 110 conprises of
a start bit 1113uaenspeieee3O;ned nunber of data bits 112, a stop bit 114 and
an -7 - optional parity
bit 1 13. The nugbed miltifiRker 40;k8d 1 12 used and the inclusion of the parity
bit 113 have to bedefined before establishing the communication channel.

The transcei vera3nbdiied hassotRIeeSe the data term nal equipment 20, the
signal multiplexer 40 and the enbedded mi crocontroller 50. The voltage

| evel of the data sent by the data term nal equipnment 20 nornally does not
fit what the mcrocontroller 50 and signal nultiplexer 40 can take. Hence

the transcei VerTI?éoinifr%relﬁsl%%&g cSithot Ei-{zéeix}err"“al()\égéeti@emfrared signal from a remote

controller. Generally, the infrared signal is modulated before transmission. Therefore,
the infrared remote control receiver 10 has to demodulate the infrared signal to retrieve
the original information. The demodulated signal is further conditioned into appropriate

logic level suitable for inputting into the signal multiplexer 40.

The data terminal equipment 20 refers to devices capable of transmitting and
receiving asynchronous serial data, such as a desktop computer, a notebook computer or
other equipment that supports the derived asynchronous serial communication protocol.
The derived protocol includes three signal lines. They are DATA.in S2, strobe S3 and
DATA.out $4.

Before the data terminal equipment 20 sends out data, it will set the strobe signal
S3 to high. The strobe signal S3 shall remain high while data is being transmitted. To
transmit the data DATA.in S2, the data terminal equipment 20 first prepares the out-
going data by converting them into a predefined data format. This data format is derived
from RS-232 serial communication protocol standard. Figure 2 shows an example of the
data format. The data is made up of serial data units 110. Each serial data unit 110

comprises of a start bit 111, a predefined number of data bits 112, a stop bit 114 and an



| evel ,such that it matches the logic |evel required by the signal

mul ti pl exer 40 and the enbedded microcontroller 50. Likew se when sending’
data back to the data term nal equi pnent 20, the data fromthe enbedded

m crocontroller 50 has to be converted_such that it conplies with the logic
| evel of the serial conmunication channel. The signal mnultipl exer
40 receives input signal fromboth the infrared renbte control receiver 10

and the transcej ver 30. one, of these al.l vved | o the
ebedded 1ARIBELHE itd i Sabe SHEbSa oBE i Jadieabend g indision, of i rasti
term nal egui pIRAVe t3@e"déﬁ&b’ile&f&%resébﬁéthﬁﬂhbQBmmﬂﬁic%nSﬁ EEQﬁeP' gnal 53 is fed
into the source select input of the signal nultiplexer 4

menti oned, bef ofgs & c%kg&fsd ﬁ.&é}ﬁ@é& b&%expﬁ%%ta%&nigaﬁ gﬁﬁxﬁ%g hgn‘&! |

set the strobe si gna I gh stro si1 gnal
mul ti pl exemultiplexiet #O snd timrcmhedded niicrecotieolldad@ Themioltgge h:vblr MBldeta sent

t i t her ef h i ng | data
erm nal | Qg Rettcapmal s D AaB0aR des S5 AT G e mirrokiro R 55 when
the strobegishaiitigiexérad &l takd) Hérice IR trhnskdiver F(RMuséd twcblkvehemd %ﬁhléet to

service the signal DATA.inl .S1 fromthe infrared renote control receiver

10. Fi gur develsmohvhat iemeiches e dogigrevel sequind by the signal aopltipleser 40 wmq n 2 S5

and strobe

fromthe i rﬁi #egirag%i r?sjgroc?%tr%eﬁtsro O:L'ﬂfeg%%@gvg?x?%&&é?é) P%trarb%ggggﬁtemr? %gtr?q? equi prrent
20, the endpdisinehtP0¢theciand fromlthe ehBeddedtmibmcorsllel GOIHAS 8 bé yorivested sudtect
source. To achieve this, the state of the strobe signal S6 is exam ned. A
hi.gh st r ofBakit gerap lmﬂ@df’&‘cﬂ%"%@f% S%%FOWWu%Wm nal equi prent
20, whereas a | ow strobe si ?nal denotes data is frominfrared renote
control recei VeThqglgnal multiplexen 0 seeaivest inpiesignab dtpae ot thedafareddemete 50

that, ecel Mol AB BRIl Sl AED, Sl le bR s HoREA VS 13 DO

har dware i Ster por
-8 - porémbédhe&i emisfddontrglidrof0.dThe sBABA signalS83 suppled iyt thesdatantkimimaled as

interrupt port. Wien the signal nultinpl r 40 ds_data to this port, the
transiti orP%‘éRjBeIEfzotlﬁé‘s%df for artyjration, 1Thig F'ﬁg’érségn@-ﬁgg Lhﬁ\SEP’ES’Eéﬁ]FF'OI | er

50 to eXGCﬁﬁ)‘?t &-Qhé gibﬁ&lrﬂlllﬂhpﬁﬁé V4dle routine to read

As mentioned, before the data terminal equipment 20 sends out data, it will set
the strobe signal S3 to high. With a high strobe signal S6, the signal multiplexer 40 will

L€

switch to service the data coming in from the transceiver 30, therefore channelling all
the incoming signal from the data terminal equipmént 20 to the embedded
microcontroller 50. Conversely, when the strobe signal S6 is low, the signal multiplexer
40 will be default to service the signal DATA.inl S1 from the infrared remote control
receiver 10. Figure 3 shows the timing diagram of the data DATA.inl1 S1, DATA.in2 S5
and strobe signal S6.

~ Since the source of the data can be either from the infrared remote control
rec'eiver 10 or the data terminal equipment 20, the embedded microcontroller 50 must be
able to identify the correct source. To achieve this, the state of the strobe signal S6 is
examined. A high strobe signal means data is being sent by the data terminal equipment

20, whereas a low strobe signal denotes data is from infrared remote control receiver 10.

The port of the embedded microcontroller 50 that receives data DATA.in S8

from the signal multiplexer 40 serves as both hardware interrupt port and data input



in the input data. As the serial data bit clock is not transmtted, the

m crocontrol ler has to sanple the data according to certain pre-defined
data rate. Upon conpletion of interrupt service routine, this port is to
set as interrupt port again to detect for next data input. Using this

met hod, the microcontroller 50 does not8meed to poll for the input signal
DATA. in S8 periodically. Such input ports with interrupt function are

al ready widely used in the design of the infrared renote control signal in

noder n aUCBo(Pt. G HiRg FNSARIBATA. in S8, this%ohh?p&ﬁ%ﬂ%edtéﬁ%teﬁﬁﬁ@&t. PR Ol
signal S1 reception is interrupted by strobe signal S6 fromdata term nal

equi prent R sigpakmuliiplexer B0 Gamds data ththisepirb dbettansitionoesigatof ghe startddt SHal |
' t he . ' V2 t ' | e
capture  HERRGD MR plEES BRI SN Ch e Pt} oSO BORSESE a0,

m cr ocont riglthe inpod dita. Ak eekseriak datarbitbeaoskd Gt trisnsitted, the Witrocontdldt has t he
renote control signal . ce the strobe_signal S6 is_detected hig t he

S1 h
ni cr ocont ri8l $a8Rple 3he gty a%“Qf%}Pﬁéoi SRR pErdetingd j dafee Faterp PPl completion ot
detect th ,EFQHP' [ ;e}n{p' : t I nal
equi pnent : ?%ﬁgqﬁ\ﬁ{ehtemgegtrt\?g %ohéaytt Bsol:ﬁ y Eg&?tgg?ﬁ gﬁgﬂg?t f?ﬁg@%te(%io%ne
control siippal. Bingfpeanethad, thTicrocoBoller 156 dues siooweed to polj fore tie, inphe

nmbedded mi, | | 50 shal | t, : i.ty. and di dth t
contr ol | A TSAT AR peediritlyy SRER AT otF ity inREEm JGon A HIFate.
Wien the eghredahdtinCihe (REish W1l BE iRfakatERoR b ignallin BéddrR dudR> sl a-

term nal equi pnent 20, the out going data has to be formatted according to
a pre- defvidealsystamaat conforming to that used by the data terninal

equi pnment 20. This data is formatted internally by the mcrocontroller 50.
The out put dat aln thesevent tthattfemotta contrad r signah S legpoépsionnis ipGomiptedt bie strobe
transceiver, 3 t he, serial. communi cation channel . _The m ¢focontr.oller 50
my be r eqUBIRI PR SRR TUROR 20 % HAVE: FoBIEEs dndrs SPRedted
the frame gicrblmuoutPsd dhalidigndieethst pRRE1S r@Bived $8mbke E6ttiod bignabisl hsd not o

—_—r

required in many cases. :

- precepdr to captirsvthe datedanfipm data dermipal| ¢quinment 20 Thie requinse the e

asynchr Onorlrjfcrgc:ecarrxitr%hler 50 to check the strobe signal $6 status while reading the remote control
signal S1. Once the strobe signal S6 is detected high, the microcontroller 50 shall set the
input port to interrupt port so as to detect the falling edge of the start bit 111 in data sent

by data terminal equipment 20.

In the event that only the tail end of the remote control signal S1 appears at
DATA.in S8 line as shown in Figure 5, the embedded microcontroller 50 shall capture,
verify and discard the remote control signal S1 since the header of signal is missing or

incomplete.

When the embedded microcontroller 50 sends data DATA.out S7 to the data
terminal equipment 20, the out going data has to be formatted according to a pre-
defined format conforming to that used by the data terminal equipment 20. This data is
formatted internally by the microcontroller 50. The output data is sent to the data
terminal equipment 20 via the transceiver 30 and the serial communication channel. The
microcontroller 50 may be required to spare an output port to send strobe signal S9 to
mark the frame of the output data. The strobe signal S9 is optional and is not required in

many cases.



comuni cation system It conprises of a renote controller 101, a personal
conput er 102 and an audi o system 103. The audi o system 103 i s equi pped with
t he said communication system The personal conmputer 102 acts as the data
term nal equi pment 20. The renote controller 101 sends infrared signal to

t he audi o system 103. The infrared renot®-control receiver 10 in the audio
system 103 picks up this signal and perfornms necessary denodul ati on and
condition functions. The personal conputer 102 is connected to the
audi 0 syst em 10Figis¢ 68hdoWs as exatspit iof ambkppiRaiic ofaheretfedtivetaspuchpericus bérddl
adopts RS-232 protgcol. The_personal conputer 102 uses the transmt data

(TxD) and FepTwEicaiion spHem( Hreymprisss of jayemgls ¢egtrolen 18L7 persenal &oEPYERra and
strobe sig S HNE i y el cel:\ue
data (RxD) mlé? niéﬁt %??atélgigi \g/ge‘Sté at g@r’ghrr?taﬁgi%a if\e(l%ﬂ ;13% t lesm&ilgéﬁeﬁvmw}?\e E@eﬁ%‘gng
data, the ecmimungptiorsyst@8. Tixepersonal nemputen! (cavts ast the detasegmiahl ajuipmeenthe

personal c er is alrea i dwth,a, U evi ce.

G v 1. - SO0 e o RO e 10 S iRie Riegal &g S5 pidioastesy S The
conpr i si NYinfrared rendotd | dFArEK reeLiVeH 10 GA tth® Budiy SY QSIS fitks ap tBI¥LEsie dnd

m crocontroller receives infrared signals froma renote controller; a
hal f - dupl eReEermpRFCeSATYSiemagdation ard cerditiemfugc@nsedded ni crocontrol | er
receives serial data fromand transnmt data to a data term nal equi pnent;
sai d si npl ex coifiarpersonabcomputee nhOZuist ¢raneatedrto itheegudin systear d3 rusing éts

control receiver. confi.gured to.receive. i,nfrared .S s fr aid rempt e
cont r ol | or Somsaliafchoral EOmRIBGRAR, #5 UL HO8F JRPEE sraloelh e BsrP e s o
enbedded nt&mPELN 10D b the Wadsit Paf"@XDY4hd rdjuedtab-se@ (RTS) linesSiatitHe RS-

hal f - dupl ex comruni cati on system f-urther conprises a _transceiver configured

to recei ve23eabis tadend dpracandssiiole gignal resneptivedy todhe pydie systemd 08 ol pses the aj d

serial dat e it : i L I {H28%6:: i
enbedded m?eg%gzg glﬁlkar gﬁ@ﬁﬂeaﬁaje %ﬁfé%tg?}\?g] %grql{}%}) s?lr'l g{r?sfndl:ﬁém orfa%ggglgf(%(t)a m sai d
enbedded nilerandiongystzi $03 doet momeed to sad dirdbeasignal sinco thegmrsontloccanpuerak
suitable for said data termnmnal Ui pnent ; wherein said enbedded

m cr ocont rG{“Fa&B' §a8PpE W&ﬁ"@%ﬁ{%&&é@el ve serial data fromsaid renpte
controller or said data term nal equipnent wusing a first input port with

interrupt function and a second input port, and wherein the selection of
i nputs of said
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myl tipdexer is controlled By a strobe signal transnitted by said data

term nal equi prretmuﬂﬁ'”i ignal marking the frane of the serial data
fromsaid data t e mﬂ’”ﬁﬂm wherein the pres ' S
identified by an inplt ‘port wit interrupt function THISSHEETRHS BEEY i

m crocontroller and reading in said serildF data wher) pr es&EPLAGER wher gi n
the source of the signal is identified by checking the=Fegrec tevetof said
strobe signal using another input port of said enbedded microcontroller. 2.
An asynchropggs serial communi cation system according to claim1, wherein
sai d enbedded mcrocontroller is configured to transmt serial data to said

data term nal eq]}JAQla‘gtf’gffééﬁbé‘%ﬁg‘?}oﬂbﬁs@éﬁﬁ%ﬁﬁummﬁ%&&eﬁ?Eé{)rﬁ%réérji S

transmitted to sald data term™n equi pnent usi ng one”out pu t-of said

enbedded m cr ocontro%%ﬁarg@gprg&eg&ﬁt}og;@dmr strobe signal that marks
I'al data i

the frame of said transmtted ser I'S transmtted using a second
out put port of said %n ' roller, said optional strobe signal
and second out put po??ﬁﬁﬂgﬁzeg%%#ﬁggﬁﬁﬂn said data term nal equipnent is
equi pped with function to detect the presence of said transmtted serial
data without the ai d&"SPS€AF optional strobe signal. 3. An asynchronous
serial communication sysjem, according to anyone of the preceding clains,
wherein said signal it nhﬁﬁmmnéﬂﬁprises a sw tching nodul e that

swi tches between the signal fromthe infrared renote control receiver and
the transceiver in 8Rg@beddedanicrecoatillss. r educe the anount of input ports
with interrupt function required by the enbedded m crocontroller

2. Apparatus according to claim 1, wherein the cost effective asynchronous
‘serial communication system comprises of new methods to communicate between data
terminal equipment and embedded microcontrollers making use of existing serial

interfacing techniques.

3. Apparatus according to claim 1, wherein the said signal multiplexer comprises
a switching module that switches between the signal from the infrared remote control
receiver and the transceiver in order to efficiently reduce the amount of input ports with

interrupt function required by the embedded microcontroller.

4. Apparatus according to claim 1, wherein the said embedded microcontroller is
capable of identifying the source of the data signal by detecting the state of the strobe
signal and sending formatted serial data to the data terminal equipment system via the

transceiver.

5. Apparatus according to claim 4, wherein the said embedded microcontroller
comprises methods to discard incomplete remote contro] receiver data in the event that
remote control signal reception is interrupted by transmission of data by the said data

terminal equipment.
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