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1 " COVMUNI CATI ON: SYSTEM HAVI NG AN | NFORVATI ON BUS" e invention rel ateg
a communi cati on system of a type having a single channel information bug
and at | east two asynchronously opeiatl ng apparatuses coupled to the .

information bus 5 «for the transm Ssion of digital information through the
bus between apparat uses, each apparatus including at least a digital data-

processing porti O*bdiﬂtﬂli&'r?oﬂs@ﬁmgﬁm&@tm R PRONISEET at i on of a
-peri odi c cl ock mgvnal and, a dl?f’at al control unit for cougl i ng said data

progessi ng pofte GHvension Zelafes, i errmyplcation YAt PE12 t¥P%ontrol unit
havi ng a Havangra smgla chiinhel ihbatmacton bas undt athddadry tvdie unit between an

"OFF" - st
i nfor rr;t ?%) %eﬁlfﬁo%e gg %Eﬁ%&%p@%iﬁlgﬁag}ﬁhgﬁﬂ@d& %g t he out put
of theg unfar, “Ekltﬁg“%ﬁ ¢ of| dgitalcinfornstioni Hrongh the g PefFEe® he two or

more 15 t4ppasstusesORachdppieitudlinclodiag M NeaspPar #ig1841 Aapar at uses form
wth the information

t h I
transnit t¥C f?) nﬁe‘mﬂ:? %Y%neb%s?c%fetnﬁm"affﬁaggﬁ @géestat ‘?srlr?gﬂgc; i on
syst ens ogeribdicabbock symlar@dusdakigaluswrph wilt uEori conplikgeseidy plurality

of appar a&dé%eﬁro%ﬁﬁiﬁgapé{:il%f:%rcﬂéeﬁithPnZ&Jnoﬁud Nsgicaigiegication. This may
be for the conmunicati on between one or .nore intel l.igent termnals and a

centrag cOm§hekpnit, having,s tragsuisshon sEhtch Shah, PR b8 BHEABSY &Fso be for the

control Ofhedonits betweanpin JOFRTSstdter ark anploN"ytate atws tednsaiso- cal | ed

"hone-co 1 n S eing 25 coupled to
the mfo%?%n %%&qﬁo'f'ﬁqﬂor & ié"ggg% i’ o’{?‘, {"ﬁ%gé AfBL |J;nces and for
appl yi ng E‘@%P%&ntﬂvi@‘tsefm%cﬁhermp'&e# the antt, gk’énsdata havi ng been

obt ai ned &sﬁna@@aswfcha {rEbfhattbn dﬁapouahatm: €tle awe/loemha terminal, etc. A
comruni cati on &f: theﬁgove t S kngwn fromtt e go report on the
" Secorl¥ s P t%c 2 2 OPREAF M APRATAtUSES; 89T ages 299- 304,

R. 'Som‘rerwit:‘ho,:ﬁwufmuqm acgatier oirdcadit ddtich combines the signals
' trinsn;tted to the information bus by these apparatuses. '
Connnnication systems of the above type are usually used in
situationé where a plurality of apparatuses share a ﬁransfer medium
" 20 for intercommunication. This may be for the commnﬁicaiion between
one or more intelligent terminals and a central computer in a
laboratory, but_the communication may also be fbr the control of
domestic appliances, for example by means of a so-called
"hqma-conputer"; audio and/or video equipment possibly being
26 coupled to the information bus both for the control of these
aﬁpliances and for applying text data to a television receiver,

vY)

these text data having been obtained by means of a teletext
demodulator, or a viewdata terminal, etc.
A communication system of the above type is known from the

BT $1

30 report on the "Second Symposium on Micro Architecture 'Euromicro'”,
1976; pages 299-304, R. Sommer: "Cobus, a firmware Epntrolled data
transmission system”. '

This publication discloses a communication system in which the
single-channel bus is'in the.form of a coaxial cable which, in

‘35 combination with :ranshission switches connected thereto, forms an



whi ch the single-channel bus is in the formof a coaxial cable which,

transm ssion systen'.. This publication discloses a conmuni cation syst Z@
i

conmbi nation with transm ssion switches connected thereto, fornms an

AND-gate circuit which is suitable for tRe transnission of information at a
speed_ of approxf mately 200 kBaud, which nmeans, m ni mum waiting peri ods,
priority arbitration, addresses incl udbéhea net transm ssion capacity of

~appr oxi mat el y MP-8abe S e PSR &5 it

eff¥ the fepeamiggian o8 o 10 bits,
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going to the "OFF" state.

.As soon as at least oune transmission switch is in the "OFF”
state, the bus is in the "OFF" state, 1rrespective of the states of
othet transmission switches.

-So~called "open collector” trénsmission switches are uéed
which forn a wire-AND function in combination with the coaxial
cable. _

In this article an AND-gate circuit is used in which the bus

'is in its "ON" state when all the coupled inputs are "ON". “This

definition will also be used in the further course of this

.déscription. _However, it is well known that this definition is

equivalent logically to using an ORrgate circuit (i.e. the wited-OR

function) such that the bus 1s in its "OFF" state when all the
. coupled inputs are "OFF", and is in the "ON" state as soon as at

least one input is "ON". Therefore, the choice between "ON" or
“OFF" is optioﬂal depending on the logic levels use& and these
terms are to be comstrued accordingly in this specification.

Figure 2 of the cited publication shows a simplified
block-diagram of a microprocessor-controlled "Cobus interface",
which, in the art, is usually indicated by the term "control—-unit”. -

The Cobus-interface shown éomprises inter alia a receiving

circuit and an "interference.detector”. By means of these circuilts

_1tlis checked whether another control unit simultaneously requests



25 function) suech that the bus is inits "OFF" state when all the couplf
I nputs are "OFF", and is in the "ON' state as soon as at | east one input
"ON'. Therefore, the choice between "ON' or "OFF" is optional depending or :
the logic |levels used and these ter3rs are to be construed accordingly in

this speC|f|catf0n 30 Fi gure 2 of the cited publlcatlon shows a
sinmplified block-diagramof a m croprocessor-control |l ed "Cobus interface",

ich, ikheHwsaline, by ¢heching thedreamsuictsd ewveaddnessy conpriorivhit”. The

BOUS- i ntrﬁlé 2CuidiO¥HatC @R lappSfatuS IRV IRY ithe AWEE AAMEOG €4 Ig@ved and an
"interferepce. detector”. By neans of these circuits 35 it .is checked

‘Whet her gﬁg?ﬁé?' control unit sinultaneously requests the bus Ii ne, by
checki ng t he Inr addigien,ctthe \wontxidr enits ¢omprisy it jcaruier dataater™ { hat t he

appar gt UsnRaVisNgo (63§ & QIBLIRIEYLSEcdud t it Ry rvi.bosﬂct ¥1ockNagdidi ti0n, the
control units conprise a "carrier detector” s to say a circuit for

r econst r TREHFGEHR8LFiTeR bre (I, e StarRing BFﬁ%anﬂ"ecP?%l}'F‘Fe 80" the starting
phases t lwalhed tééifeﬂud:é; tha|ef€dct ofr el sgnchiboniat foti poéblelis dagnedir oni zati on

probl ens d e %gr ‘%suaﬂﬂt’gg%%ir‘gn‘g“gl‘%&r %galg%\e%n tingover t he bus cabl e.

A carrief Shs of & so-called 10 fl ywheel
oscillator ora aamséqtsemdi# cwpablyc Eoxmed oby ppansOpf arispscaldedii res t he use

of a Merhﬁmheo&m&oge&eaaﬁme Mk&h 163p &amatzer r@aLoyed by the use of |

a crystal - rolled ner at or . a synchronpsati on each .
word has a s?"i‘??lrﬁ “ﬂget’ lr“1\/1“8'? s?nvc‘al’l'?v O?ﬁagglfl gﬂdé?ﬂé’lt which
macr o- syreahrmiwsbﬁ rrenliseémystlié uee dfhe otyatdl-egntyollahgewmsragon. ot her set

bit, (page 3GHenld kv %nehec %&mon:IQQEM QB Jofd habSa esfetpg @l - controlled

cl ock generator .is required he transmtting end and a flywheel
oscil | at(iﬁtor H&c;qjgzp ropigation as well as macro-synchronisation occurs

15 on the starting bit and on any other set bit, (page 300, right-hand
-colunn, paragraph 5.2).

As a crystal—controlled clock generator is required at the
transnitting end and a flywheel oscillator or a PLLO at ‘the
receiver end, the circuits are relatively expensive. They are

20 guitable for the above-mentioned use in a laboratory but they are
unacceptably expensive for use in simple systems. In the described
- system it 1is furthermore impossible to couple apparatus which
operate with greatly different nominal speeds to one bus. Finally;
the close time tolerances require well-defined and therefore steep

25 pﬁise edges, so that a coaxial cable must be used as the bus line
to render it possible to keep stray radiation to the enviromment at

«“f)

an acceptably low level.

An inexpensive twisted two—-wire system cannot be used in view

)]

of the requirements as regards interference imposed by postal and
30 gimilar authorities. : _ .
It is an object of the invention to provide an inexpensive
communication system in which it is possible to use simple clock
generators, for example an.RC-nécwork, to determine the frequency,
a two-wire bus and 'a means ta connect apparatuses the nominal

. 35 operating speeds of which differ, e.g. by one order of magnitude.



receiver end, the circuits . are relatively expensive.* They are 20 sui tabl_
for the above-nentioned use in a | aboratory but they are unacceptably N
expensive for use in sinple systens. In the described systemit is

furthernore inpossible to coupl e apparatgs which operate with greatly

di fferent nominal speeds to one bus. Finally, the close tine tol erances
require well-defined and therefore steep 25 pul se edges, so that a coaxi al
—cabl e nmust be usediczording mus:hhimendonemjepm‘tnipaslshb&sste@ dfetlee typary

r"agipat i On 10 e E5Pth! HRE Y %Liéﬁtﬂ&gﬁ%ﬁﬁk!od %}% 1§Vﬁl thé""oNPEEARASI Ve

tw sted two-wire system cannot be used in view o e requirenents as
regards i nterf%‘llﬁnéé Phpseerpcsgd poasnisginp 36“§F‘n?‘¥°3!""%u‘FﬁoH thes. It is an
obj ect of the 'ioNvestate)) dn@ iy Qiithe ZOFF"RSLatenss W€ XeRBULbmeCst isald systemin
which it is p 0, U S X ocC rato ry le an

RC- net wor k 8 to&gg{?%r r’hL e tiﬁe P?g %5%{':%’ ﬁ&%\,\g e EP%“P aqprregns to
connect appar a!tqnswnsma aﬁoﬁ%ﬂ\‘-&ﬂ% Uﬂéﬁatqmgs%iﬁée@s]momwpm#@eb“ e.g.

by one order BRGHgihg e outpdt /Nfcﬂr&hﬁﬂnﬂsei&hewii&&eml&Q,“o?FWEEEEN cation
syst em of the eset forth above i wh the i rrratlg ?‘;SISInthe
"ON' state onl P8 AF| 1945k & PPEHLOPR, °5ﬁ“§\ﬂ‘ r ¥deh i the

"ON'-state, arpkrﬂ.cd ihastthe 1&igEh-oft atelnlt‘égxatl wedet meeﬂfodsaoﬁdtbejt puts is in

the "OFF"-stat aj ¥ r n ctrical
DUl ses ¢ rafm EFAOR Rk gl %‘"‘S‘Bﬁé@é&‘ﬁr‘?nﬁﬁg LR hoindtnf©
fransni ssi on sifepemiteninfiogmation-over Jthe {mforpation %“a tpenemigtions an

information bigwiper i18dcontBbIed PAichOthdtaSort Itaelﬁaeihseionaaflmtpag;eal nurber
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an apparatus t Fror mat i on-over rmat on bus
transm ssi on .-the TOFF"-state: during-a portion of the information bit period -

'ts 8reater than half that period and equal to an integral number of

_rperiodq of the petiodic clock signal, and for the transmission of a
pulsé signifying a one ("1") information ﬁlt, the transmission
switch.is in the "OFF"-state during a portion of the information
bit period at least a factor of 2.1 shorter than the duration of a

20 pulse sigunifying a zero ("0”) 1nfornation bit.

o .,As both a "0" and a "1" produce a pulse, the leéding edge of a
pulse may function as the starting point for a timing circuit,
synchronisation between the clock generators of transmitting and

' receiving apparatus being superfluous._After it has detected a

25 pulse edge, receiving apparatus determines after, for example,
approximately 3/4 of the bit period whether the pulse had ended or
‘not, that is to say whether it represents a "1" or a "0".

.~ The large difference in pulse lengths between a "1" and a "0"

af)

_ allows a reliable detection, in spite of large timing tolerances
. 30 which are caused by:

35



switch is controlded such that for the transm ssion of a pul se signifyifg
zero information bit, the transm ssion switch is in-the "OFF'-state du
a portion of- the information bit period 15 greater than half that periot— :

and equal to an. integral nunmber of pgriods of the periodic.clock signal,
and for the trarsnission of a pul se signifying a one ("1") information bit,
the transm ssiaon swtch.is-in the "CFF"-state during a portion of the

nf t bi t I t th th dur at
ofea 20 pul so 5| gni 1oiners 88,07 BPFOIReR, plndeRiBkb bniSflun"s "o "

"1"”producBr3°Bb §esxPﬂealEHGHHQ“EHQ@OB?ranﬁal9§ Haytbumcgﬁo%,as t he
starting point for ab)i ahaguegrsmbulsiénsagealﬁaﬁﬁ% Qa&&ﬁ%Bah]?r%t%BCkAf
gener at or sy of . L1 nd.regce paratus be super f | uous ter
it has detec% é §9§§1L%EPSG Bate f QCé 3Pn3 gpﬁé?ﬁ?ﬁgcagFEPnFﬂéé after, for
exanpl &, aﬁ%?%%#hﬁ?élyn3#4detech30b|thpeshomdmhkrbedytbeipgleapbhdeended or

not, that be éQu§§ﬂgV\Qei:§Jﬁin t 1hRBERSERY S of‘ s&me T‘P oani L- [ggl .

dlfference |n g %eg etween a

det'ecti on,® %? the Ié?g@°t?ﬁ¥n§°P6F%?%ﬂc@§rSOtthcﬁnar€uééu§éacby 35
a) the usepefiS&:thothegemeeabnrs LhhMHEE MOSPEEBELLE: sa@a/a frequency

tol erance of. up to | t | se._edg vi ng.edge
transleon tines frog r%é é%a? er E§1§§ Q%iggs °%?Bsg§8 ﬁ s &HBfr s
variattons®®n B?d%?@%t?% e?h?%sﬂ6361§P¢Ea§9 B¢ ndurapibhe méntausedg a
tin ng lnaeaurﬁ¢y -of. .some tenths of mcro- seconds that- is to say

soneti nes nore than E$§ % g Oﬁ% perlg e case of a 4 Miz
MOS-circuit: and c) g t PR 02f a3e ?%cf%s PR 2T RcoKREePRAL, in
: microseconds, they are approxzmated by the control units
in- integer numbers of clock periods, these numbers depend-
15 f_ing on the nominal value of the clock frequency of the re-
' .levant apparatus, 80 that in gemneral the actual pulse
;1engths and the detection moments at receiving apparatus
- correspond only approximately to the defined periods of

- 7time¢~. )
?q S A number of advantageous embodiments as charac-
' 'terized 1n the sub-claims will be described in detail by
.;way of . example 1n the description of the accompanylng
drawing. '
_— 'Inrthe diawinQS°
25 _ Figure 1 is a simpllfied block-diagram of a
& 'communication system;
-~ Figure 2 shows a schematic survey of the compo-
e sltlon of an informatlonppackage to be transmitted;
- R Fzgure 3 is a circuit dlagram of a portlon of a
-=53q:_control unit having transmlsszon switches and .a receiving
portion- and : :
' Fzgure 4 is a simplified block-diagram of a con-~
?roi unit according to the invention.
35:' Figure 1 shows a bus-structure having an infor-

mation. bus 1 to whlch, at taps 2, a number. of apparatus
-:each having at least a data processing portion 3 compris-—
- ing a control unit 4, are coupled.



10 to the sanme order of magnitude as the durations nentioned sub b). ‘@
bit. periods in the systemare expressed in mcroseconds, they are

approxi mated by the control units in integer nunmbers of cl ock peri ods,

t hese nunbers depend- 15 ing on the nom al value of the clock frequency

of the re- levant apparatus, so that in general the actual pulse |engths
and-t-he detection nonments at receiving apparatus correspond only

'm?I mately to éhe def i nad EQ gueds stbwls a1y t%ﬁ:o of the appﬁzalltlmgﬁ ofo

apt ageous enpodi as arac-. ter e i M Wi e
described in ngaH“rTE 305?’0 © i é’ hﬁ&ﬂ.ﬁ(‘ge 3‘#&3& f» FipFPectively.
acconpanyi ng drawing. In ihheaGWamﬂnggmbﬁugdmegbmeraaly mddﬁlharger,

bl ock-di agram o npgn S Ei t%Ep (ﬁggj

of the conpo- sPto?g%Qo fiallcr&li‘ﬂh#;grsrrét%lt g%sel g'g’é’e t ansnilgtted | gure 3
is acircuil di Rglimest degsribed HP"&’-S'G‘ftGG‘ntﬁsolbamdt Ma’ ng = %4 ssi on

sw tches and a aaa%ubaglaoabpa&at&aq bugurthis i AnSmEPhidyl & theoretical
bl ock- di agram of % n- gregltrg t& according to the invention. Figure 1
shows a bus- strﬁftﬁ *Kavi ng i"STS8r- mation bus 1 to which, at taps 2, a
nunber of apparatus each M-\#hngsat» Benerallyat o¥r @é-és@lmgrp&‘l{sl omst be

conpris- ing a eapablle B?‘Boﬁmuﬁ&%a@g%B!%ch all other apparatus, each
0  apparatus will be occasionally in connection with one or
| more of the other coupled apparatus. Some apparatus will
" then act as "listeners" only, not counting occasional call
or acknowledge signals, such as, for example, a washing
machine%.dfher apparatus will usualiy act only as a
15 'Fapeaker", ag,'fOr example, a fire and/or burglary pro-
”tecfion device, Other apparafus will sometimes act as
"speaker", sometimes as "listener", such as, for example,
a-minicomputer, a viewdata terminal, ete,
e o The bus has one sole
2 communication channel in the form of, for example, a light
ébnductor, a coaxial cable or a pair of twisted wires
- ("twisted pair"),
" _Such a bus system always requires an allocation
regime, A‘"apeaker" occupying the busline must not be
25 disturbed by other apparatus, as this would result in a
mutilation of a transmitted message. Whether a line is

o0

busy can however be easily detected with known means by
v ' other apparatus. -
.~ The situation becomes more complicated when two
30 ~ Pspeakers"®™ request use of the bus at the same time, at the
same time being understood to mean 31multaneously within,
for example, some m1croseconds. Although, at first sight,
this seems statistically highly improbable, it often hap~
pens in actual pfactica. It is namely possible that two
3 or mofe apparatus want to use the bus at greatly different
instants within the period in which the bus line is oc-

cupiéd by a third apparatus; As soon as the latter releas-—



The Figure shows only two of the apparatus 1 to N inclusive, denoted by )
UNI T(1) and UNIT(N), respectively. The actual nunber is generally nuch

| arger, dozens or hundreds of these apparatus nay be used. The em 5
bodi ment described hereinafter is based on 212 = 4096 addressabl e
apparatus, but this is in no way a theoretical or other restriction.

Al t hough, generally, not all apparatus nust be capabl e of comrunication
with all ot kay wwﬁp&nea&ﬁpd&twwﬁm%ﬂl&tmdmgasiroaatbyti n

connectlon th ang mor e of. the. o arat us appar at us
Wi | en a\,gthlfs L le"r?@r%“““rﬁ th te'{tjb a:gam ?lu?l%a?? ﬁeg
acknow edge.ﬁt@ﬂmss,a%lkhﬂm deQnoaae(Ja«rpl e, a vvashl ng nmachi ne. Q her
apparatus wi Il usuall wissdl &0apper §p§a&@;{resa§nefeasemnwih gthige

and/ or Dburglar ro- tection deV| ce aratus w | sorretl nmes_ act as
peaked" SRR ELRE 3 (TRARRAS » 10, CPP BERET GhOLRENPF 108 RPRPEShUL ot
a vi ewdat a tfuma refiqwretin Ei'@nbmthas one soI e 20 communi cati on channel in

the formof, for exar’rg%]ﬁ, 32CARX kA troBRIngt AhedkPai I of
tw sted V\nres( t wi. st ’?axl% Suc Lkgitj:!:s%stemaﬁv\’/é{.’zs rne uires an

al | ocati on répther N“]sﬁﬁ’alé?e %Fb‘i/ Wt%e"%’&gﬂ’ﬂep pdnef Eimes
di st urbed byarif heHerPpApliss MSs tdu &1 x@UbLl: msuIRorl a:mrnaptpiakmdsothﬁf a

{ransi i ed fEssades WIPUIEL fhd | dEl o bUBYoFoR JONRKEE PRSaSLLY MR CC!

wi th known rrean rappar at us esit mor &~ corpl ' cat ed
when two 30 thatpheauk cinformation mae be fmtmm&lim he same tine, at t he
sare time being under A Geshé GsyiRsenL B6TUs traardiittyd Whéddafred .Orwienanpl e, sone

m Croseconds AI,Ihougeh %:ngilvsr s} Swlgfch mode the prospective nslave”
.. can. receive, the mode.symbol correaponding with this mode

15 wiillgenerally be transmitted. All low-mode apparatus
-liStening in stand-by must now release the bus during the
whole period of time indicated as a "time slot”,

_ When the bus is not simultaneously requested by
another apparatus an identification 88 (master address) 'is ..

20 thereafter tramnsmitted and thereafter the address 90 of the
prospebtive slave., At the end of, for example, the "slave
bits" the master waits for onme bit period for an acknow-
ledge signal indicating that the slave is ready to re-
ceive,

25 When this -acknowledge signal does not come, this
means that the relevant slave is not connected,

When the master does not know the mode of the
slave then it starts in his own highest mode., This absence
of the acknowledge signal hay then imply that the slave

- 30 can only receive in a lower mode., The master now restarts
" the message in a lower mode. Should, finally, no
acknowledge signal be foftheoming even in the lowest mod'e.
then the master must conclude that the slave is inacces-
sible, that is to say that it is not coupled to the bus or
35

that it is switched-off,
Normally the acknowledge signal will come and
the rest of the message will be sent., If necessary some
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this seens statistically highly inprobable, it often hap- pens i yal
practice. It is namely possible that two 35 or nore apparatus warlt use
the bus at greatly different instants within the period in which the bus

line is oc- cupied by a third apparatug. As soon as the latter releas- 7
es the bus, *the apparatus which are standi ng-by detect this

"sinmul taneously” and all try.simultaneously to get the bus at their

di sposal . WeheaRk appabatualr Batisr 03 fhee fuiSow tandj |finsligntthe actuwadnsnitting
a ,nmessage, th bej f general for oW, . j gure 2. During
\d/ &g@@%@?ﬁn & sg‘ﬁru??;t. ?ﬁ. L ahdoF éll. \é\@Txlgbﬂ Yithe

testing perio e contro ecks ether pul'ses are absent for a

- certain peri gdo&f 80 the tmedis reheansgprgads P-starting bit 84. For other

v

-

-

?ppa{ at us :pi s tlg stau_hbggth'b: pbas.o&-begg&s?&a?tﬁer _:'Qi;uir%aﬁ:ﬂ'bnﬂus, g6 |
Interr a n I or I ONn na e or om ng. oge s | S
Cranemt (4104 Eher aabdratlogy BRcpRas  REsize. Stndhe FALAPAR SHERs oErEhe

prospecti ve mepldaveymbald.recei ve, the node synbol corresponding with this

mode 15 will generalIihgefg&ig§g5§tggscghhgh%ﬁzﬁgdgagggarg?u§a&i%&ening in

stand- by must now_rel ease the bus during t peri od of time indicated
as a "time sPFARPlpcAT; RebBis tPsYRICHs PRERFATNSUSTY FoyRdefe¥bBphanot her
-apparat us anha¥@ntl humbdeirobfS¥1aLY! A radtents intTinsid sheeasdl.! ahe
LransTthed 30 gahiasl Us O Skt 16 SRR SRS N L1
“for an acknowore complicated situations and also simpler arrangements
.~ can fﬁnction in a similar manner. When, for example, only
one mode occurs the mode symbol may of course be omitted.
. ' The following may serve as an examples
5 - .mode O: clock frequency 0.55 MHz + 25%; mode symbol O
- mode 1: clock frequency 2.2 MHz + 25%; mode symbol 10
‘mode 2: clock frequency 4.43 MHz + O.1%;mode symbol 110,
) ' '~ - The following Table I shows the approximate
_ lengths of bit periods for data information or other bits,
2 a5 well as the corresponding pulse durations.
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-~ -acknow edge signa

| edge si gnal

When t his acknow edge si gnal
slave i s not connected. Wen the naster

indicating that the slave is ready to re- ceive. 25 -

then it starts in,his own highest

si gnal
The mas

does not cone,

this nmeans t hat

t he rel evant

does not know t he npde of khe'Sl-ave

de. This absence of the acknow edge
may then inply that the slave 30 can only receive in a | ower node.
ter nowrestarts the nessage in a | ower node. Shoul d,

finally, no

be forthcom ng even in the | owest node then the naster
ble, that-is to say that it is

-&nuép conclude that the slave iis i nacces- si
not coupled to the bus or 35 that i

-

acknow edge signa

necessary sone

act yal
the%ﬁus

informati on transfer
_ is released again 96. 0
5 the arbitrati on becones artive at th

The foll owi ng description is pased,

apparatus are coupl ed which hhve an

speeds.

The 0

conplicated situations and al o si
-si mqpar manner. Wen, for exapple,
of course be omtted. The fol}ow ng

15

20

25

30

35

TABLE I

t is switched-off. Normally the
wll conme and the rest of the nessage will be sent. If
check or coptrol bifts Q2 then follow ard, ffinally, the
oM. At the emd pf theca‘\qaiv#agletirre sl ot 80
: = e .
When t s npre. par at us r%qU|re t he bus,
&t} ansnissi on of the node synbol .
y wgy pf exanple, on ajbus to which
mof wdely difffereft intrinsic
invention is napo. y Tiamifed to this emanpl e; nuch nore
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15 node 0: .clock frequency 0.55 MHz 25% node synbol O node 1: clock

frequency 2.2 Mz 25% node synbol 10 node 2: clock frequency 4.43 Miz
[ERR] 0.1% node synbol 110. The following Table I shows the approxi mate
| engths of bit periods for data information or otherbits, 20 as well as

t he. correspondi‘ng pul se durations. 25 3010 TABLE |- 35 [ ERR] 10 In
this exanple the tinme slot has been given an average |ength of 7.
/ﬂ]lllseconds with a maxi num of approximately. 10 mlliseconds. The node

syrpol s -have beth ERLEePxaBPLAathohERTS 51Pﬁoh%P RherR &HYSPaPBsaveyasst t he
bus the | ower nhemgthpefatumilliisécofAdsp Wayht AemakOmAn 3PPapprusimgebiy
prio- rity. As 55 ?ff sgg an AND-circuit is OFF-dom nant and "O'-pul ses
are of a consi derabp f auratlon than 10 "1"-pul ses, all tolerances

i ncl uded, the bus channel e medeaesymbods” baveoheaanchoasnsgonthetarhen

apparat us’ hevi ngwof 8f ﬂ&ﬁ@éﬁgaﬂﬁdﬁssi‘ﬂaﬂhsiotﬁéaﬁﬁ§ the"BdRek RBdeanot her

apparatus hav- L0, 2a09¢ IR0k 00’ D) HEOUT ket Bpbarebudl gets HHE-
' rity.

) As the bus, being an AND-circuit is OFF-dominant

- and “Oﬂ-pﬁlées are of a considerably longer duration than

10 "{"_pulses, all tolerances included, the bus channel be-
.  comes also ”O“fdominaht. _
_ As soon as an apparatus having, for example,
mode symbol 10 starts in mode 1 and another apparatus have
.ing a mode symbol O simulfaﬁéously starts in mode 0O, then
5  the mode 1 apparatus wili already detect when checking
for the first 1 that,'contrary to its expectation, a O is
present on the bus and will immediately release the bus in
| favour of the lower mode apparatus, Likewise, an apparatus
. having mode 2 will read, for example, 10 instead of 11(0)
20 when simu;taheously a mode 1 apparatus has started.
When two apparﬁtus of the same mode try to oc-
cupy the bus, no distinction can be made on the basis of
- the mode symbol. Both apparatus recognize the mode symbol
as good dufing the test and continue with the identifica-
tion address, both still testing each bit simultaneously.
o Also in.this case the bus is immediately reléased when a
deviation is detected. This means that in the case of
= equal modes the apparatus having the lowest address is
' given priority. If, for éxample, the address of apparatus
A is 10100110 and the address of apparatus B is 10100011,
then apparatus A will read a 0 ihstead of a 1 when check-
ing the gixth bit, and it will release the bus. Apparatus

B detects a correct bus behaviour and continues its opera-

25

tion. A must immediately release the bus in order to pre-
vent (in this example) that its eight bit, a O, would dis-
turb the eight bit of B, a 1.

35

The apparatus which reads ifs complete mode sym-



15 the node 1 apparatus will already detect when checking for the fj

that, contrary to its expectation, a 0 is present on the bus and wil
i medi ately rel ease the bus in favour of the | ower nobde apparat us.
an apparatus having node 2_will read, for exanple, 10 insteae of

Li kew se,
11(o0) 20

when .si nul t aneously a modet1 apparatus has started. \Wen two

apparatus of the sane node try to oc- cupy the bus, no distinction can be

made on t

basis. . : - d
R R e
adiress, ©dtMABReT| MAESRPTigOeERRAY bthe sbus| dundngsthe Remaipingnpardase the

uring continue wt entiflca-

tion

bus is i ngediré etiméecseased when a deviation is detected. This neans that

' h f h havi he | dd ' '
oriority 11, for CHANBFEL PRoSIARFcEbR: <A pAPR 1S 505 A¥i 8510100110 and |

t he &ddr esppafatppasrneuinBthe aobbb0ationhparipgapathird apbhratag a 0

instead ofngyliyhel €hegkt tRE HOS akXhhsRihiraBdnithy Walth ' RS ,t he bus.
Apparatus B detects a correct buggngaV|our an

A nust i nifadtafiefgctcpilbar puly

ntinues 1ts opera-

d
BPRE, SPTRPPLoands 1858%AZA0R i s

tion.

exanpl e) theh afdresghs brt ofaalsubeshdeditsmebsapet hademgistt atitof B, a 1.

The appar

address on

us 1rn an un nne

fhys "EheMhEflTs ! b3 ggggg_kste §eBATs3Uror s8Rk Zafhel.dal 1 cat i on

may now occupy the bus during

t he rMtrai arhitpationf ighenlynregudred| inyithe gase| ofr simltanesysn as one

or-nore S5or ap

tries to
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get tﬁe buina&hgssg gkgigag%l%agaggguggggghht the 4,43
MHz apparatus have a crystal-controlled c16ck, for example
pn'the basis of a standard crystal for the television PAL=-
frequency of approximately 8.86 MHz, while the slower ap-
paratus operate with RC-controlled clock generators,

When a mode 2 apparatus transmits a mode 1 or a
mode O message the control remains unchanged, but first
the clock frequency is simply divided by 2 respectively 8.

For the mode 2 apparatus the difference in length

between a "O"~pulse and a "1"-pulse is approximately a fac-

tor of 2.4 in this example: for the slower apparatus with
the wider frequency'tolerances even a factor of approxima-
tely 4 has been chosen.

For a proper understanding of the operation the
data included in Table I are sufficient.

In a practical implementation the wvarious time
periods, shown in Table IIL, have been chosen by means of a

computer program. The nominal times have been chosen so

~ that at the nominal frequencies they'always correspond to

an integer number of clock periodsffor each apparatus,
. Only the first part of Table 1I will be explain-
ed in detail, _
-Whén, for example, a mode 1 apparatus wants to
start transmitting then a starting bit 5 will be trans-
mitted with a nominal length of 249.2 microseconds. After

a certain propagation time and a portion of a clock period

foRiMa ALY biEmlillCanbbubr #elg@eskeri od a third apparatus that

Y



wi |:| detect, either pul ses of nobde synbol and identifica- tion addresg€s
of .a subsequent nessage and nust wait until the bus has been free of \g
for sone time. The 10 arbitration is onlﬁ required in the case of
si mul t aneous or approxi mately sinultaneou 2requests In this exanple it was
assunmed that the 4.43 MHz apparatus have a crystal-controlled clock, f or

exampl e on the §shacghet sbBRALeCUILab ko Ao Sk 2 vk

. frequency of approxinate OWer ap- paratus operate
Nwtﬁ/RC-controlP€G°€IGEPTQ§%@F596VS1°Mﬁeﬁlarﬁﬁeé°2d&pparatus transmts a

mode 1 or a node 0 nessag@nelea®Bicl,Obriteiailny, onahggggdmlbwbsgbbgusthe

cl ock frequency_js sinply,divi respective
the node 2 appaF%Fuj gﬁe¥8|f98 8n83&Pﬁlléng§ﬁvBEtﬂée%h§ mepeﬁﬁlsé Xﬁ&ﬁ a
"1"-pul se i% apprdgrerdevgfhaofal.1t ar 1ef 2 5.9nmikirosexamdise: Ther lilsden~

sl ower apparatuing'thhEﬁthd§EcBi%€Qe%ﬁistthsénﬁﬁ%he%%&t%15&91%&fﬁ&n
approxi ma- tely,4 has been chosen For roper under st andi ng

of the operatloﬁ fh ?iﬂﬁPasPﬁepﬂaeaflﬁtTSBPe°P°5P§°s&PfP€F€nt apd gdeter-
pract.i cal inpl esdneatpprokiimataliyods 9t mierpeeicofids alften itheldelginnlinghave

been chosen by g e %e%ei%gﬁygﬁifgrQﬂaéﬂkrTQﬁﬁe§GhP%' ib' 059 Q&V%.gee”

chosen so 30 requencl es t correspond to an

Lnteger nuﬁﬂer E?GCFSéRSBéFtGHS FBPa€a§HsaPﬁa¢9FE§ t@ﬁPy°Pﬁ€kh%LﬂP|ﬁ%t of
Table Il will bap%ab:ahatew Ftﬁedﬁhﬁ'd moléar, 7f,0msexads! ehe%kmgd&els the

apparatus wants to_ st rt tr t& ? sta tln bILvS W%H? rans-

mtted with a nSﬁFﬁ&F IgﬁﬁP mgdﬁl r 0SecH) t EFVE e SrPEeR

propagat i on t|nu1ahdaappdshldnreﬂiancb@chppspnndately 22 microseconds.

By means of the bits indicated as “"master-bits"
. the identification address of the master is sent there-

after but shall be interrupted immediately if the. check
indicates that amnother apparatus having a lower address
must be given priority.

20
25
- TABLE II =

30

35



12 of another apparatus this starting bit can be received after
approxi mately 10.8 m croseconds. Thereafter, after 177.0 + 55.5
m croseconds, rhe 1 of the node synbol is given at the nonent 6, wt
pul se length of 4.1 + 1.8 = 5.9 mcroseconds. The |isten- ing apparatus
receives this pulse with certa| nty Wdithin 4.1 nicro-seconds if it can
operate in node 1 and deter- mne approxinmately 9.9 m croseconds after the
egi nning of the received pul se whether the pulse is a 0 or a 1. 10 The
&,éﬁémttlng appar at us performg this check aljso at! appyoximately the sanme
monent 7. If this checl givesjithe Eorrdgct redui t, {the fode-1 "O'-pulse is
gi ven thereafter wit4-§ pul setduref i or-of apyr ox+yat 22 m croseconds.
Byneans of the bits indicatedjas "frastdgr-bitg" 15|the ffdentification
address of the mastereils semt {thexp- affter byt skdl |l &¢ interrupted
imed ately if the chgdk ingfg¢at @s|t hat] anogller g&dparg&ius having a | ower
address nmust be givenyriori®®*y. 20{25 -{ TABrY I1- |30 3 13 [ ERR]
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14 [ ERR]. .[ ERR] Figure 3 shows an exanple of a transmtting- receivigg
portion of a control unit suitable for exciting a symetrical bus chanpg
At points 10 and. 11 the unit is connected to the bus. The point 10 is [/
coupled to ground by 5 a resistor 12 and,the point 11 is coupled to
supply voltage '+ by a resistor 13. The bus is al so connected to the inputs
14 and 15, respectively, of a differential read anplifier 16 having an
~outiput 17. So, if there are no pulses on the bus the input 10 15 has
gpproxinately the level of the supply voltage and the input 14 has
vel; (thisgis the gituagionjgdefinedjas the
Thgq bust}tis furthernoye cqnnectedjto ofit putg 18 and
227115 respect+yel y=— Whi ch
Poditive djgitak sigpals
wn,.{are appjied yo anji nput
diqroétctly cobpl &} 2010 a
§a cont®pl hput 2p of the

approxi mately ground |
ON-condi tion of the bug.
20, respectively, of Trlansmjt sWjtche

do not carry current irn thejrest jcon- di
whi ch are generated byja gatje obﬁcuit, t
23 of the transmttinglporiglon. sThis ingut i
control input 24 of t trafsmt fswitcmj2l
transmt switch 22 by gn ingerte
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25, As soon.as a positive pul se appears at the input 23, the two transmt
switches 21, 22 becone conductive. 25 In the exanple given here these _
switches are inplenented by transistors for which the resistors 13 an&sjﬁs
respec- tively, also formthe colleggor resistors. As soon as the trd .
switches 21, 22 becone conductive, the connecting point 10 rises from
ground | e- 30 vel to slightly less than the supply vol tage, while the
~connecting point 11 is set to ground potential. This is the OFF-condition
far e bus. Thus, the.input polfarity of the read anplifier 16 reverses its
sign and an CFF-signaI appears at the out- 35 put 17. The ON-condition of
the bus can only exist when the outputs of all the transmt switches are in’
the O\ condition, that is to say the switches are non-conducting, so
that tghe -conmbi nation of transmt switches and bus in--deed behave as an-
AND-ci Fcuit for. ON-signals. Wien the output 17 of the read anplifier 16 is
5 -at the OFF-level while no positive signal is applied to the input 23,
thls is-only possible when the transmt switches in another control circuit
are conducting: by neans of this it is possible to check whether anot her

ap- paratus transmts a nessage, or sinultaneously requests 10 t he bus.
Figure 4 is a sinplified bl ock- diagraﬁ1of a control -unit accordlng to the
i*nventig on. Fron1the dat a- processi ng portion of an apparat'us, - i f o
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information is applied to the control wunit on the inputs 50 51, usu
inthe formof data to be transnitted ap- plied to termnal 50 and a
destination address applied to termnal 51. This connection may, for
exanpl e, be forned, by a data bus and addfgss bus, respectively, of a mcro-
processor. The- information is applied to a l:ogic unit 53, which supervises -
and controls in a manner which is known per se the infornmation to be
~transmtted or received. FAgurh sifows aau gramplenmiha datensmaist ticdgd- as,

f
oAl o, onkd i TR U S ot SR [l MUPOSEd By
the | ogic unit.a Eomeihoad W6 t@%ﬁlrarﬁ‘fnltqwq 1 mRd ctf Hihe dg?%t U8 t
53 to a pul se- dpifdcteda '%hlﬂi_b isud N THee ;f&nm of0 aid O wpXEd et & gFdiimia Wy ch
Tabl e I EP%%aLPsE Feffod f U el Bl U B ISt p o S e
gener at or whoktage alby & heesiakic ftﬁ. tThe |g claurdals b Rodimcted to
pul se- Shaper 5%1?@% 5td Nl AP Ofs Wi ddbd d CtiA TR Lof U rSPNELLN AFe 2l

I nt eger nunber ck p I_ods, to the transmt swtches 59, their outputs
18, 19 bei ng cARR EkP RaERE AR Pt Yespectively. For 18
correspondi ng el ement s tmb,same e 19¢ it ﬂmrﬁmtaseéname e rbus etha@sinput he

precedi ng fy gurﬁ% ‘%;g’h" nfé@e[l;baﬁé kEl?expé’f éff AP 4§51 FolfigshyE"

61, which is co er. clrcul
’ the 1nput 14 has approximately ground level- this is the
v . situation defined as the ON-conditlon-of the bus,

: The bus is furthermore connected to outputs 18
“ and 20, respectively, of transmit switches 21 and 22,

15 respectively, which do not carry current in the rest con-
: dition. o
o Positive digital signals which are gemerated by
" a gate circuit, not shown, are applied to an input 23 of

the transmitting portion. This input is directly coupled

20 to a control input 24 of the transmit switch 21 and to a
 control input 26 of the tramsmit switch 22 by an inverter

25.
"As ‘soon as a positive pulse appears at the input
23, the two transmit switches 21, 22 become conductive.
25 In the example given here these switches are implemented
by transistors for which the resistors 13 and 12, respec-
tively, elso form the collector resistors., -
| As soon as the transmit switches 21, 22 become
conductive, the conmnecting point 10 rises from ground le-
vel to slightly less than the supply voltage, while the
connecting point 11 is set to ground potential. This is
the OFF-condition for the bus.
Thus, the input polarity of the read amplifier

16 reverses its sign and an OFF-signal appears at the out-

% put 17,

The ON-condition of the bus can only exist when
the outputs of all the transmit switches are in the ON-



buffer 63 is also coupled to the logic unit 53. The output signals of t
pul se-shaper 56 as 10 well as the gptput signals of the receiver 61 are
further- nmore .applied to a conparator circuit 67 an output 69 of which is
coupled to an-input 71 for a stop signal of the logic unit 53. This

conpar at orcenrdikd on 57thabdik eto asay ophei gwhFches save Bentpendee pingsi gnal s

\g;\Pm se- s{@Pgla® StHe c@:ﬁ@iﬁ@ﬁ‘cﬁbﬂe&f 6drahdhet H:Q%ﬁ@'éhaﬂ&hﬁ{:saina resul t
the fact that anot her %tgp aééj:ﬁﬂoccupl es the bus because anot her

appar.at us 97°% PERRES 37| PeLh ebeR YNret §ts the bus, as
descri bed |n t he forvdigen nthe Towtpat ust eﬂameaﬂela.doahpm.s:.ei- ﬂﬁe:.sari ous 20

gate gircu J?]O&é‘f-fé &i"%ﬁﬁlétﬂg yﬁoéi‘ﬂi@&fif%néfgﬁ a#,giieér% not

|rrportant e 1 nven |ve functtons are realized.

which are tlé)?rpihlilnlb? 230 thisiimcerbyisPopsiblervhen sbhe cfupnamitor ot her
Circuits, SWtticRés: iR aws Ol CcotitifolUBLtE@6 Qtet B6n@atOingdkt bylescri bed 25

in the prearrbl e 0 present_des t er son._havi normal . skill
i'n the art™tH ?\% %ﬁ'ﬁ :F'ﬁ‘p %n%?\?sn‘ﬁieg L? uﬁlé?{;%ngh ?ﬁe?n?rggeﬁea?eqw Ted.
The essencpavatusctiavsmitomn resssage | nor heimhbtaneousierequestbet ween t he

lengthoof £l pae,"1" 30 pulsesmwhich ratio is greater than 2.1, for
exanple 2.4; 4 or nore, so fhat a reliable transm ssion of information can

be warranted, in spi Te89Fechnis raprplifiedhteckrdizgrar) 8Ekaf requency of
t he cl ock gentrél oand¥,actotdikgdiédf thientreentibhe edge detection by the

receiver 61 of 35 edgggn NGl Nafa L g YBLUERS" pblE: 8hO8PNER°BPUrRE LR P2
' information is applled %o the control unit on the inputs’
B 50, 51, usually in the form of data to be transmitted ap-
- plied to terminal 50 and a destination address applied to
terminal 51, This.connection may, for example, be formed

5 63, which has an output 65 for the transm ssion of infor- mation to (fe
‘dat a- processi ng portion of the apparatus. For this control this output

by a data bus and address bus, respectively, of a micro-
processor.

20 . The information is applied to a logic unit 53,
which supervises and controls in a manner which is known
per se the information to be transmitted or received, A
rnmber of fixed programming data, as well as, for example,
an identification address are stored for this purpose in a

26 read-only memory ROM, PROM or a comparable device 55,

vhich is coupled to the logic unit.-

. The information to be transmitted is applied by
logic unit 53 to a pulse-~shaper 56, which is in the form
of a logic gate circuit which ensures that the pulses are

30 given the length as reduired in accordance with Table I

or Table II, To this end the pulse-shaper is coupled to a

clock generator 57, which is also the clock for the logic

unit 53. |

The pulse-shaper 56 applies the pulses with the
3 correct length, counted as an integer number of clock
periods, to the transmit switches 59, their outputs 18, 19

being commected to the bus 10 and 11, respectively., For



gation-tinme differences on the bus.line. Thereby it now appears to be 2

possi ble to perform 19 the transm ssion of information with the sa
speed and reliability as in the prior ardq in spite of the fact that,
particularly with a view to non-professional donestic uses, extrenely- P
means have to .be used, considerable sav- 5 ings being obtained by the use

of a cheap twi Sid&‘i'e(h%ic{ncﬁ.&% | MM Uihe Nl i i e il 8Y SniRibes! aBek Cl oCcK

_gene- rators .a t he qrRMSS|oj'r:%of ex eneea/ énchronl zation nmeans at the

Xreseiver end. sthe HHF 9N practice, 10

fo t he chosen Iength of tﬁhesigmﬂ. s;bm&qenﬂqeaisltthe Viast dapEpElisd ctn a re-

transmt, in a t &1 node
Ul 60, LpE Y A SR LPNp Y | %gtaem(g&e B r&[lbéa;t .

synbol and addresses, one for exa or 12

bits. At fPrst &g high dafn ATy QIHERIH )gmquq é‘h%Lﬁrq”cS“Pss'-’ﬂD?’é ".L% inEQ¥ 1 ast
enough for proaessidy,td Cﬁhe)ifimﬂ-q;rdd’éﬁm Imﬁ(ﬁﬂ 10 3 fmnépﬂ@%ﬁéd

ei ther direct by, |ndra r.ed frasg 1.8 n.troI |, not
nore than one % t Wlﬁr‘f‘ﬁen Se %‘fj;?p'f very Iﬁ | sec 5&1(%‘?
much | onger). Téhss Jc!zgﬁ-‘benpﬂ)cﬁ-sed in nom naI I y 7 20 and a maxinum of 10
m | liseconds, An appar at Uphd Nod i A ISR pSF 56 tas

approxi matel y tes |n onetlrre sIo n dition to the over ad and
a node- 2 agdpar eﬂ‘h’sﬁl e%‘faql}? R RO T RRe tHirrther~
Pransn183|on\Mmbﬁﬁiapplied to a comparator circuit 67 an outpwt | 69viéo2d for

Organl zati onal WHFH s t&@pl?&'t‘fb’s an Gf.lnlﬁ)'éefl for a stop s:l.gnal of the-

logic unit 53. This comparator circuit 67 produces a stop
signal as soon as the output s;gnals of pulse-shaper 56

5 and receiver 61 differ from each other as a result of the
fact that another apparatus occupies the bus or because
another apparatus of a higher priorzty sxmultaneously re=—
quests the bus, as described in the forego;ng

The actual shape and contents of the various

2 gate circﬁits,'logic circuits, steree”and.buffer regis-~
ters are not important for the inventive idea.'By meane
of them functions are realized which are comparable to the
functions which are also requzred for other circuits, such

: .as, for example, the functions of the prior art described

25 4n the preamble of the present description, Any person

--hawing normal. Sklll in the art can and will implement

these functions as they may be required, :

_ The essence of the invention resides in the

.. choice of the ratio between the length of “0“ and “1“

N 30 pulsesm which ratio is greater than 2.1, fbr example 2 b4,
4 or more, so that a reliable transmission of_lnformatlon
can be warranted, in spite of considerable tolerances in
the clock ffeqﬁenpy of the clock generator 57, of time
_differencee in the edge detection by the feceiﬁer 61 of

35 edges havzng a low value of the steepness and of propa--
gation time differences on the bus line,

Thereby it now appears to be. possible to perform

\



per message. At.a clock frequency of 4.43 MHz, as used in this exanple, the
Byt es consisting of, for exanple, 8 in- formation bits and one parity bit,
cam be transmitted at 30 a speed corresponding to 8.5 m croseconds per bif,
that is approxi mately 120 kBaud. Fgig the chosen | ength of 64 Bytes, t
results in an average speed of approximately 10,000 Bytes per se- con

I ncl udi ng the overhead. For a |longer tine slot cor- responding to 256
Byt es, t hdshev&rhaauhilssipna@t‘l dalfloymadiogl gitil echen sanec sperddigmdiase, SO

at a tr ed,,0 p V. [c i's ob-
20 t ai ned%\%a'fa ggggles%oibﬁft?% l%%g'thagﬁJ %1“393’ Qesug?écu p{;é %rﬁ’il on is
in no wayPprtign Yo wd as yd&ys to H@W?ﬁﬁ%%ﬁlsmq t4feSrexanpl e
was choseRxitireiiedy %hehbeniéﬁﬁsofbaws‘ﬂoogiec us'ia, considerat iy fdge del ays

of appr oxi,mat e bit rat tion 500 kBaud
‘can bg obt"gigﬁekfg"% &ﬁ«?ﬁ' gﬁfe%’“@dé’@ a?&e Z‘H’%e? qp&%ﬁeéeﬁga RATY1y hi gher
rate. |n bosliaet oithand shieldimg ofsimpd e RC-@uplegbrd-ockalgerestti red with
a View 10 LRgaeahll thie0dmisBAATE G0 xR ridANSE sy Hihldafill d 88 bdd HNi C

circuits, the_ transm s- Sion swtches 1 ncluded, "may be I ncorporated in one
singl e i nBdgtRecdeceivsm ends 20 25

_ The following results were obtained in practice,

- 10 : - At the chosen length of the time slot, the slo-
west ‘apparatus can transmit, in addition to the overhead
consisting of the starting bit, mode symbol and addresses,
:one furthexr ihformatiOn-Byte of, for exampie, 9 or 12 bits.
At first sight this may seem only little, but it is more

15 than fast enough for processing, for example, information

| coming from a keyboard, either direct or by indra-red or
ultrasonic remote control. In general, not more than one
character will then be supplied every 100 milliseconds

. (or much longer). This can be processed in nominally 7

2 and a maximum of 10 milliseconds,

' An apparatus in the mode-1 group can -already
transmit épproximately 16 Bytes in one time slot in ad-
dition to the overhead, and a2 mode-2 apparatus approxi-
mately 71 Bytes., In the latter case the transmission was

%5 jimited for organizational reasons to 26 Bytes = 64 Bytes
per message.

At a clock frequency of 4.43 MHz, as used in
this example, the Bytes consisting of, for example, 8 in~
formation bits and one parity bit, can be tramnsmitted at
a spéed-corresponding to 8.5 microseconds per bit, that
is approximately 120 kBaud. '

For the chosen length of 64 Bytes, this results
in an average speed of approximately 10,000 Bytes per se-
cond, including the overhead., For a longer time slot cor-
résponding to 256 Bytes, the overhead is practically ne--
gligible on a percentage base, so that a tranémission
speed of approximately 13,000 symbols per second is ob-

30



30 35 21 CLAILMS: - 1. A comuni cati on system having a single channel
informati on bus and at |east two asynchronously operating apparatuses
coupled to the information bus for the transm ssion of 5 di gi tal
infornation t hrough the bus between appamtuses, each apparatus incl

“least a digrtal data processing portion having a clock generator e
generatlon of a periodic clock signal, and a digital control unit for

pl.ing said datinedr obdsd m@qmnannds(tQIﬂgolﬁﬂawwulon bus, said digita

RoRTFol 10 unit havi ng axowea;s&m s,sseorbfswecwa&mp '%fébbiflthe
S

unit between an "OFF"-state and ‘an " statetotransmt i'gnal s
to the informafided ke, suehy #BG RS 1’%’5 J?ﬁ’%ﬁ%ﬁ%ﬁ‘brﬁ%‘wq rfﬂﬂ‘ﬁ ng the

out put of t he wiamplReiwag @My €h tva.etthbﬁ i reade o:rf bms&wéi.dhat t he
two or transm ssion tc atj n ar at u
Pl RS Al alfs (WP SRS 00er 2 N0 ARDALAL

formvmth helnformatlon%us |nes € SIg
transnmtted toa fdt fadrenmfl @ ehufRProxicaatinm Ml}sﬂﬁldtmmﬁmmvfmﬂ,

bus being in thgd Qﬁenstsai&ﬁyxe Cgesalalrecwtaeuﬁwﬁa&ﬂ%n

outputs are in the ' (ﬂ t at_e, belng%{nﬁﬁ%% {-st [ Ieast one
20 of said outfithes ﬁﬂl?‘ td’—‘iz‘caﬁeat Nl T sﬂ"brﬁ?%e ar e
repr esent ed as releataquiate wisds o rneiresimid ethe credmmmmtimmom dxy
bringing the oq{aq;g of a transmission switch in the "OFF"-state during at
beast a portion o an information bit period, which period has the |ength
of an integral nunber of The irpguigted Rl et IeRiQ R U bk SH aFTan#RLI

tomuni cat i on YAYre Bwist cHeW adicaided)] inky N9 erﬁmé rsﬂmgnés

i nformati .on OV%.n‘é hg%'ated circuit,

15
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i nformation bus, its transm ssion switch is controlled such that for the
transm ssion of a pulse signifying a zero information bit, the transm ssion
switch is in the "OFF'-state during a portion of 30 the information bit
period greater than half that perigg and equal to an integral nunber of
periods of the:periodic clock signal, and for the transm ssion of a pul§
signifyi ng a one information bit, the transm ssion swtch is in the

F'-st gradMderri ng a portion of the information bit period it least a

@ror of 2.3, SN Lub 130 o7l AT £h1RE1eA RUeRE, S 0N fVing @ zero
m .

i nformation bit nlcatl syst ascalrredln Claim1,
char act eilFféﬁ"bE/iqnhH‘%éﬁ‘i r"(}'l l‘tﬁ?ltt i a%ﬁ"&ﬁ?ﬁﬂ“&ﬂ@%&’cﬁiﬁg nmeans for first

t ransm t hppudatuddScouplad o mhemnfm;;dfu‘naw F6L Xhe n&aﬂ@iids@&n @t t he

appar at ug S h SI on ,of i nfaornmat t hi bus request
bei ng5 forlj*%n% % fufg&"fe‘ati En%‘ p "h;}l’&‘,‘ nbgfta neﬁﬁ'faﬁag * 31’ & st 5 tinmes an
i nf or mat #mrsms pgaeluddng aﬁdlwta& digteal dska avefessingbpertigni ng a | ength of

~at | east ndvingta ra&sc@rgeh&fa%mw&ebgén&au&dof& perfddEONEIWEk Cati on system
as clainmed in daiml or the fransm ssion of information

bet ween S1EPALatard A1sltrlysenrrpl Jdt Sarconpling seidydeEd have nutual |y

di ff er enprovessing portfionnmi the tbfdrupetsmodas, caid aa;gﬂaﬂ.sedxtralt hat an

appargtu ag I | b r a | ses the

| engt ﬁs g?%%coﬁ}g{s’%%nai{kogwh é\}n&tnléin% Eléﬁq lE)ermal ion 'Bnlqtlé period or to
15 © t hebptsiegaram oHFF aptater endrar i OF mtatpcho Sermemit ddadradr receiving

Appar at Usigrhls ¥ ERSMPéramatidh ) b8y,S a8 MBurput i sad tﬁn@nﬁﬁb@ characterised

transm ¢ PPHSEpclerEtrs, She FRCegh 85 ="\w§{? | Be1P8 SRReTFo 4 | east one mode
bit, t heibfqtmpdrmoh\mfsuvm ichat ithe ctiwo| erambre t¥ansmission switches of
© 15 two or more operating apparatuses form with the information bus a
gate circuit which combines the signals transmitted to the
information bus by these apparatuses, the information.bus béing in
the "ON“-gtate only if all connected transmission switch outputs
ate in the ON —state, and being in the "OFF"-state 1f at least ome
20 . of said outputs 1s in the "OFF"-state, whereby the digital signals
afe represented as electrical pulses transmitted to the information
bus by bringing the output of a transmission switch in the
“OFF"-étate during at least a portion of an information bit period,
which period has the length of an integral number-of periods of the
25 periodic clock signal; which communication system is characterised
in that when an apparatus transmits information over the
information bus, its transmission switch is controlled such - that
for the transmission of a pulse signifying a zero information bit,
the transmission switch is in the "OFF"-state during a portion of
30 the information bit period greater than half that period and equal
to an integral number of periods of the periodic clock signal, and
for the transmission of a pulse signifying a one information bit,
the transmission switch is in the "OFF"-state during a portion of
the information bit period dat least a factor of 2.1 shorter than

35  the duration of a pulse signifying a zero information bit.

-
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times as IQng as an intormation bit period, the node synbol indicating with
which inforntion bit period the transmtting apparatus thereafter

transmi'ts. 5. A commruni cation systemas clained in Claim4, 25
characterised in that the node synbol is transmtted after the star bi t-
and prior to the first address bit. 6. - A% comuni cati on systemas clained .-

I n dny preceding Claim characterised in that the information bus is forned

by a twisted pair of conductor ese_conduct,o bei trolled
'Wtri cally 30 . %S/ tﬁeg%ranédrﬁt%‘g‘?g SEW %hctelgi%fd g‘éc ag‘gﬁt’r ol unit. 7.
A comuni cat i onchkarsctenised divatheedontroll uriith & aphepracatusi hawing meapgtfoxr phus

channel is tern{Qkefedndnfiiibg P RESHrehbede hén %ﬁ&%é&i}&o&u&m@g@eaﬂumg
edges of transm jted pul ses have transition tines of ast

t le .5
mi crosecond. 35°f thezapparatug must.state, phe. tragegisgion %éé&ﬁ?‘?‘”&ﬁi?ﬁ’ 588 cast
one functign, i|bed wegsstnbeing formed hynanitaatinggpulisehhaving eeidenghe odtdrer
appar at us over. N 1.Qn 3R | | qi{al_.Sq | s.., a digital
dat a processi ngmglrttlg% 'avﬁgnjg&a{ﬁgiggltgﬁtaggir%géddr?gngéra;t jé&gﬁo%t? ener at or
for the generat egs bitphaviiggi & lengidkokiafnligastohd Linesnar dinfermation,
coupling the dabfe peeLsasSSi Ng portion with a connector for the bus channel,

said unit having at .l eagt _one_jransm ssjion switch at_.can .be_sw tched by
4 he control. unit b'eP\'Nee %%""Eﬁ#ai%%?%tsgs er'l"dagln‘:l""g’\f‘dE g?a 18%?(} P.Fa(\#g%ﬁ'{}"
digital 10si gnfés the msmsiqmaﬁr@fpmiemtmweyf appardtus)ihavingbei ng
connected to sajghLoRSlRsk Mg 36*&"3::& Ralich avé Nt asl 135S i ke did abfmatlf at

%t east two apparatuses coupled to the bus channel forman AND-circuit, which
AND-s the signaltRfarmation; bitcgexigdsy sharacterispdofn that an apparatus having

a shorter information bit period transmits pulses the lengths of
which correspond to the own nominal information bit period or to
15 the longer nominal information bit period of a slower, receiving
appatqtus. '
4. A communication system as claimed in Claim 3,
,¢héractetised in that a transmitting apparatus transmits at the
bq;inﬁing_of'a transmitting period a mode symbol which is formed by
20 at least one mode bit, the bit périod of which is at least 1.5
times as long as an information bit period, the mode symbol
indicating with which informtion bit period tﬁ? transmitting
~ apparatus t@ereafter transmits.
| 5. A communication system as claimed in Claim 4,
25 characterised in that the mode symbol is transmitted after the
o _ starting bit and prior to the first address bit.
6. A communication system as claimed in any preceding Claim,
W " characterised in that the 1nformation_bus is formed by a twisted
pair of conductors, these conductors being éonttolled syametrically
30 by the transmission switches of each control unit.
7. A communication system as claimed in Claimlé;
characterised in that a bus channel is terminated in such manner
that the ascending and descending edges of transmitted pulses have

-transition times of at least Q.5 microsecond.
35
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by t hese apparatuses, the bus channel being in the "ON -state only 15 if
all connected transm ssion switch outputs are in the "ON'-state, andAeMNg
inthe "OFF"-state if at |east one of said outputs is in the "OYF"-g
whereby the digital signals are repgesented as el ectrical pulses
transmtted to the bus channel by bringing the output of a transm ssion
switch in the "OFF'-state during at.least 20 a portion of an information
biit period, 9hi clhppararesl which,t fier thagixecatioanof mtelpaat amenber of periods of

e peri ?&’dc%i&& OQKcﬁidQE“""meaM‘ eGP &Bﬂﬁi@&k‘ﬁ: g w1602 AQLEY ich ?do:'hgrt hat the

control unit includes counting neans generation o nber of -
el ect r i cAPPASAFG OVeR AP dn on bus¢hanpel p‘GF%?e digitad (¥le8dlfioR, an address
nunber, &fgitahtdash ﬂnobsssiagcuoetmmhwmta QﬂgbtaﬂSah;keeﬁuﬁhb&g al ock pul ses,

such 1 Nag o8 ol iR B3R AePleiBa P 3O YIQG B18t0 Jogf ormt i on

bit, 5t he m SSi gaportlon of the
i nf or mat # cwenkrel paky Sar pospting thﬁaﬁatﬁalprwehatnmoptmnmheimal to an

i nt eg][ al counthesr @br cﬂnec&tspeman%df, Jami ﬁQ:fnﬁw.%&a:tre?atﬁhmnaSI ]g)n ofta pulbste
si gni fyi on bi urj ortion o e information bi
pegl odyaf‘g"r“@&g‘fseign ﬁ@fgﬁ tb?t s34 ‘?nﬁ?’t‘@?‘ ?H’E the, SOMFPA YRS of the pul se
Si gni fyi betrween cano "0 ostatei ol bn ("OND-statd\ypatednesitadigitallng to C aim 8,
char gt ehigRtls |3 b bul NadiIC OB odtpdtnbt sal lditked BElayes a recel ver for

t he receptlon of gna s ont us channel connect or, neans for
conpar i n§°Iaeeted éEt?‘ﬁ’-Ea‘F”Bﬁ‘F@és Bisht hat e sEansmisgion swischaseef i cal
i gnal s whilehst teo adpparatiueés lc%upreanednchal ammhbp fowe .anand means for

St opDi N, e, {53 lnl { b CRIPALLAGNIEANS o5 1Y BdbiLaLpnce bet ween

i nt ended an signal . S channeé ation system
'subst ant balthese apperasissdss f Q\Feebuemmbﬁﬂuhm gher'@®NCestiage tamdy acconpanyi ng -

dr awM§gSif all connected transmission switch outputs are in the "ON"-state,
aod being in the "OFF"-state if at least one of said outputs is in
the "OFF"-state, whereby the digital signals are repfesented as

~ electrical pulses transmitted to the bus channel by bringing the
“output of a transmission switch in thé_”O?F“-state during at least

20- a portiom of an information bit petiod, which period has the length
-of an integral number of periods of the periodic clock signal; '
which apparatus is characterised in that the control unit includes
counting means for the generation of a number of electrical pulses
representing a starting pulse, a mode symbol, an address number,

25 comntrol bits, ahdlor-information bits by counting clock pulses,
such that for the transmission of a pulse signifying a zero
information bit, the transmission switch is in the "OFF"-state
during a portion of the information bit period greater than half
that period and equal to an integral number of clock periods, and

%

r((

30 for the transmission of a pulse signifying a one informatiom bit
" during a portion of the information bit period at least a factor of
2.1 shorter than the duration of the pulse signifying a zero
information bit. |

9. Apparatus according to Claim 8, characterised in that the
35 control unit further includes a receiver for the recéption of

/
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signals on the bus channel connector, means for comparing the
electrical pulses on the connector with the electrical signals
which the apparatus is transmitting to the bus, and means for
stopping the transmission if the comparing means show a difference
between intended and obtained signal on the bus channel.

10. A communication syétem sﬁbstancially as hereinbefore
described with'feference to the accompanying drawings.

-
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