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(57) Abstract

The invention relates to a method for automatic address allocation, said method
being based on distance measurement. According to the invention, a master (M) transmits
a preamble (P) via the bus. Said preamble is received by all slaves that are to be
addressed. The slaves react to the preamble (P) by transmitting a sequence of response
signals (A). A slave (S2) located in the direction of the master (M) upstream from a slave
(S3) transmitting a sequence of response signals (A) records the sequence of response
signals (A) from the ransmitting slave (S3) and waits for a new preambile (P). The slave
(Sz) which does not record any sequences of response signals (A) from other slaves is
the last slave when seen from the master (M) without an address allocation on the bus.
Said slave (Sz) becomes available to receive a telegram (T) from the master(M) giving
it a name. During the next cycle of the method the slave (Sz) which has recently been
given a name no longer reacts to the preamble (P) enabling another slave which evaluates
the bus constellation to become available for reception of the telegram giving it a name.
In this way all slaves without an address are gradually given a name.

' (57) Zusammenfassung

Es wird ein auf einer Distanzmessung beruhendes Verfahren zur automatischen
AdreBvergabe angegeben, wobei ein Master (M) iber den Bus eine Priambel (P)
aussendet, diec von simtlichen zu adressierenden Slaves empfangen wird. Die Slaves
reagieren auf die Priiambel (P) mit dem Aussenden einer Antwortsignalfolge (A). Ein
in Richtung auf den Master (M) vor einem eine Antwortsignalforge (A) aussendenden Slave (S3) licgendes Slave (S2) registriert die
Amwortsignalfolge (A) des Slaves (S3) und wartet daraufhin auf eine neue Priambel (P). Der Slave (Sz), der keine Antwortsignalfolgen
(A) von anderen Slaves registriert, ist der vom Master (M) aus gesehen letzte Slave (Sz) ohne AdreSzuordnung am Bus. Dieser Slave (Sz)
schaltet sich zum Empfang eines Tauftelegramms (T) vom Master (M) bereit, mit dem ihn eine cindeutige Adresse zugewicsen wird. Beim
| Néchsten Durchlauf des Verfahrens reagiert der gerade getaufte Slave (Sz) nicht mehr auf die Praambel (P), so daB cin anderer Slave die
Konstellationen am Bus derart auswertet, da8 er sich fiir den Empfang des Tauftelegramms bereitschaltet. Auf diese Weise werden nach
und nach simtliche Slaves ohne Adresse getauft.




automation device S7-300 fron1SIENENS-AktiéngeseII- 25 schaft in which the

comuni cations subscribers which .are. ‘connected to t he bus have,
for exanpl R 97 peBéétrically active- cdorponents with which it is
possible to bring about a situation for the respective - communi cat i ons
subscri ber ip which I gnal sequence 30 which is transmtted by a
superordinatgeégﬁﬁﬁﬁgggtions subscri ber is represented at the
_respective comuni ca- tions subscriber in a different way than in the
case of UdERBA! FEAMEUtRRIiNS 'a{%egﬁ%mlff@ "BYsDEyREERCRL:  On
the bus. In this case, it 1s ensured, for exanpl 35 “that" the signal
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GR 97 P 3551Within the scope of,the me e, derives its own address from
It and passes on the nodifi'ed signal sequence to the next conmunications

subscriber only whengjie modifical)g8n0iohNGeHW S694CH&E RS for
automatic address assignment in a bus system having a

10 plurality of communications subscribers or a bus system
having a plurality of communications subscribers which
are suitable for automatic address assignment, and to
the communications subscribers which can be used in the
bus system and/or within the framework of the method.

15 The communications system here is a bus system in which
no means for address assignment, for example electronic
or mechanical switches, no means for signal delay etc.
are provided for the communications subscribers
themselves.

20 A method for automatic address assignment in
which the actual communications subscribers which are
connected to the bus each have means for address
allocation is known, for example, in the form of the
automation device S7-300 from SIEMENS Aktiengesell-

25 schaft in which the communications subscribers which
are connected to the bus have, for example,
electrically active components with which it is
possible to bring about a situation for the respective
communications subscriber in which a signal sequence

30 which is transmitted by a superordinate communications
subscriber is represented at the respective communica-
tions subscriber in a different way than in the case of
further communications subscribers which may be present
on the bus. In this case, it is ensured, for example,

35 that the signal sequence which is transmitted by the
superordinate communications subscriber firstly reaches
only as far as the first communications subscriber;
this communications subscriber modifies the received



GR 97 P 3551 - 2- t he derivation of the address have been
term nated. The second communi cations subscri ber on the bus adopts the
same procedur@ 97 P 3551 A met hod feril@awtomatic address assignment is 5
al so known for a superordinate conmmuni cat i ons subscri ber which
has in each c SQ-Ga po 1+<CO ni j C ct.ion_with
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t he,
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LORR®Cc?POn to the respective port. Such
star-shaped connections are also referred to 15 as point-to-point
connections and can be wused, for exanpl e, when connecting
peri pheral equipnent to a personal conputer. An automatic
address all ocation is not currently possible in [lacuna] for
comuni cations 20 systens, in particular bus systens, in particular
serial bus systens, in which no neans for address -  assignnent are
provi ded for t he i ndi vi dual conmmuni cati ons subscri bers.

In addition, owing to the topol ogy, an address, 25 even a default address,
may occur only once in a bus



system because otherwise it is inpossible for the conmmuni cati ons

subscri bers to be i dentified unanbi guousl y, and thus
unanbi guous d¢at @7t PaBHBilssi on i s i+pbssi ble. 30 Furt her nore,
in the previously known bus systens, it is not” possible for a

plurality of |cat scribers be. i or at ed
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address so that EI ‘ural ity of communicati ons . GR 97 P
3551 - 3- A methagsdiaherytamatlcderddEasrs dFTRHINBRAY edSes are
added 5Si @ulsbane%swh £hi gali tYSupeﬁﬁﬁéliﬁate Vmb‘éhmun:.@&'t@.%ns
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to the comunicati ons syste whe ange occur
Consequent | y commuya icadijonst su#scr;lp@rs})ﬂ:@sém connected to 1n each

10 case one of these ports of the superordinate
communications subscriber, the address of the
respective communications subscriber being defined
implicitly by means of the connection to the respective
port. Such star-shaped connections are also referred to

15 as point-to-point connections and can be used, for
example, when connecting peripheral equipment to a
personal computer.

An automatic address allocation is not
currently possible in [lacunal for communications

20 systems, in particular bus systems, in particular
serial bus systems, in which no means for address
assignment are provided for the individual
communications subscribers.

In addition, owing to the topology, an address,

25 even a default address, may occur only once in a bus
system because otherwise it is impossible for the
communications subscribers to be identified
unambiguously, and thus unambiguous data transmission
is impossible.

30 Furthermore, in the previously known bus
systems, it 1is not possible for a plurality of
communications subscribers to be incorporated
simultaneously into the bus system. New communications
subscribers which are to be added can be recognized in

35 most cases as new communications subscribers by
reference to a predefinable default address so that if
a plurality of communications



kP nvention consists in disclosing a nethod for automatic addr ess
assignnent in a bus systemof the type nment i oned above, having a
plurality of gromure G85ons subscr+bgrs and/ or a bus system having a
plurality of 15 conmmuni cations subscribers which are suitable for an
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remai ni ng communi cations subscrj ber ferred to bel.ow 30 _as slaves. each
Slave which FRSIAHCY et Leehrertedataathe” Calimaidratd Shnsa=helt iSthnem t s
a signal sequéreexighange rasponse to the preanble, that slave which
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the fact that no furt trons take 35 place int communi Cat1 ons system
within a predgfyenddion cengkshstbp dhecirghng 3cHeEhed fiarcpuknatic

transmtted yddresd t, as8dgnméstVi ened of r gad hes pReéRr , oEherfear e yise
further sl av%en.j:[ohnoeu gg{rgfs haalw}ior{:gat gorblqreasleiq:tylgf communications
subscribers and/or a bus system having a plurality of
15 communications subscribers which are suitable for an
automatic address assignment and/or the communications
subscribers which can be used in the bus system and/or
within the scope of the method, with which method, bus
system and/or communications subscribers the

20 abovementioned problems are avoided.

This object is achieved by means of a method
for automatic address assignment in a communications
system having a plurality of communications
subscribers, at least one of which, referred to below

25 as master, performs a superordinate function, the
master transmitting, for the address assignment, a
signal sequence, in  the following referred to as
preamble, which signal sequence is received by the
remaining communications subscribers, referred to below

30 as slaves, each slave which has not yet been allocated
an address immediately transmits a signal sequence in
response to the preamblé, that slave which is
chronologically the 1last to receive the preamble
detects, from the fact that no further actions take

35 place in the communications system within a predefined
time after the signal sequence which was transmitted by
it, that, as viewed from the master, there are no
further slaves without address allocation present in



©GR 97.P 3551 - 3a- t he communi cations systemspatially after
it, and subsequently switches into an operati ng node B which permts
an address-a®R @% rRy 358legram from t he Bast-er to be received, with which
address-assigning telegram5 the address assignnment for this slave is
carried out, Y/ 35 : he ;turt sl aves
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comuni cations system , hayi n‘g, a ,plhurallt%% of ., 'CO% cations
subscribers W Aar&csdiveds VbR yhich  addnnesTissionirg iSFhht, at
| east one5of tde @ddress raafsirgrawkrito fivet dvhics slesteeris peafoied eut,
superordinate 10 function, the master being suitable for transmtting a
si gnal sequence for address assignnent, referred to



pel ow.. as preanbl e, the remaining comunications subscri bers,

referred to bel ow as sl aves, which have not yet been allocated an
addr ess bei ngrsoit @o3&5flor 15 immediated y-transmtting a signal sequence
i n response to the preanble, each slave being suitable for

nonitorin nlctlons te reception,of the
pr eanbl e, gat IcP‘("-ffasf gﬂ‘aﬁvesseqtféﬁ‘@ug] %’f%%sl sarlt%'r cﬂ eg b sI ave
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action in conmmuni cat 1 ons tem I nabl e
time periodmaBéedg capable of be| ng eval uat ed by the respective

slave to 4 he effect trifdls ?e%jécf@rﬁsab@;#'& 1fyuratéteiexsédivs§ \Metalwtoﬁddr ess

al | ocati on spatially after it cqommuni cati on %Eet %
the result tRIPTERCRAEISBS i veSEPEER caf@Vd ™ t chled PIUiFhd%n rating
node whi ch pebm'mlmla:lataddlrsessubscrllaessgrwm@h ebegr asmita)]niehefcmasaar to be

received, W'Bﬁt%%at & éSS%sasi%fng{yn’?.g tgl egramyt hg addresg aggi gnment
bl 25, 4S5

for this slave can e connuni cat 1 ons
subscri bers, rteﬁercrbjdedzo beloy @@rluxea%@eronpehréoan@ randupkyondanatef a

Super- - 19 OFE@h'&%E%nCOYEHH“rﬁéétéﬁsbéﬂﬁécrshli%%blﬁaeffdf edrifshet £1hdoa as
master, which is suitable fo automati ¢ address assignment in a

communi cat i 0§34 9834t e APAUGRAS of'%r addregfmaidanmant . sqsdengss sto
referred tobehewow ags preshisves, (e Medaiatingeastobfiungcatibabl e

subscribers, referred to below as slaves, which have
not yet been allocated an address being suitable for
15 immediately transmitting a signal sequence in response
to the preamble, each slave being suitable for
monitoring the communications system after the
reception of the preamble, at least one signal sequence
which is transmitted by a slave and is intended for the
20 other slaves being capable of being evaluated as an
action in the communications system, the absence of the
action in the communications system during a
predefinable time period being capable of being
evaluated by the respective slave to the effect that
25 there are no further slaves without address allocation
spatially after it in the communications system, with
the result that the respective slave can be switched
into an operating mode which permits an address-
assigning telegram from the master to be received, with
30 which address-assigning telegram the address assignment
for this slave can be effected.

For the communications subscribers, the object
is achieved, on the one hand, by means of a super-
ordinate communications subscriber, referred to below

35 as master, which 1is suitable for automatic address
assignment in a communications system having other
communications subscribers, referred to below as

slaves, the master at least being suitable



GR 97 P 3551 - 4da- for transmtting a signal sequence
in order to initiate the address assignnent, referred to bel ow

as preanble, GR 97 P 356R 97 P 3551 - 4a - - b5- for receiving a
response signal sequence, which can be transmtted via one of the
slaves in - fheact 3 r agﬁé an r transmtti an
address-assigning tele %Eﬁﬁ%ﬁf&%ﬁﬁbpaﬁ t ﬁ?%an%%???%%goﬁjfhgr §bo£ge

si gnal sequence. lnlEgBFeoﬁhﬁhédgFﬁéﬁ [ffd, grieNtearse f¥ reed oboubetawi ons
subscriber, referrad peebmbdw,as sl ave, which is provided for use in a
conmuni cations systemwth aut omati c address assignnment, which can be
ef fected by 10 a superordi nate communi cations subscriber, referred to
bel ow as naster, in which case said naster can be operated in a
configuration node, - in which it is suitable for imediately
transmtting a signal sequence in response to a 15 preanbl e which
can be transmtted by the master, and for nonitoring the
conmuni cat i ons



system after the reception of the preanble, - at |east one
response signal sequence which is transmtted by another slave
and is inten@8d920P 3551 for the sl aved being capabl e of being eval uat ed
as an action in the comuni cati ons system and t he absence of

the action in thef%mw&;&%iggzaabl respopse sysgEM dWd ki edsfiicnabl e

time period being ) )ei ng eval uated by the slave to the
25 ef f ect C@RMat Peas t¥pasEd ttedm VA8 nmR®Ler Of t §8Le” slaves 1in gzre po

further slaves w th@tion to the pad@m@i®,aldreration spatially after it in
t he co ni cations  , system and the s

ave_ can
subsequent | y "be sWiPFc HePR - T p@?aﬁqﬂ59§§’aSSlgnlqﬁxﬁffegraﬁnﬁocan be
operated 5n the reteptiransmideeshioth thie response |sdagtalpeveiuenaa.

addr ess-assi gni,ng tel egra t S o] i W th
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have not yet ;begided @Y InAk an Addf essohmufetSei 84s Okys@Bmbe wdehect ed,
Y eer O O ot aduraes SLISRONEe ShITE SSMYEC&Rrected by N O
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10 a superordinate communications subscriber, referred to

below as master, in which case said master

- can be operated in a configuration mode,

- in which it 1is suitable for immediately
transmitting a signal sequence in response to a
15 preamble which can be transmitted by the
master, and for monitoring the communications
system after the reception of the preamble,
- at least one response signal sequence which is
transmitted by another slave and is intended
20 for the slave being capable of being evaluated
as an action in the communications system, and
the absence of the action in the communications
system during a predefinable time period being
capable of being evaluated by the slave to the
25 effect that, as viewed from the master, there
are no further slaves without
address allocation spatially after it in the
communications system, and the slave can
subsequently be switched into an operating
30 mode,

- and can be operated in the reception mode which at
least permits an address-assigning telegram from
the master to be received, with which address-
assigning telegram the address assignment for the

35 slave can be effected.
If the number of slaves which have not yet been
assigned an address is detected, or can be detected, by
reference to the number of response signal sequences



transmtted by the slaves, a situation in which the met hod for automatic
address assignnent is carried out preci sely the nunber of tines
necessary foGRal97 tth&551 sl aves to be-alSlaoeat ed an unamnbi guous address can
be 5 brought about particularly easy. GR 97 P 3551

- 6- transhii el MBYt &hd I 308FesS aaprsﬁac@&lt‘icﬁgahﬂ afifén the? Slave

has been assigned an_addresSs, if it is ¢l ear that sl aves which have not
yet been al | Bekhed Sipr aubemaeis address| asHigm@ant nis neagsAdnicddt i ons

system 5 iprezigRayl edhéhaiu:ﬂf@fl slfavieimés C s saaty y@brbe@m the

al | ocat ed an ddress is.all ted an address ster
transnits a A eF2gRen ff cated o g% | WAHMRIIIqRS &ddirr?szf p?%?je Shabl e
tinme patt&rnbrougﬁhIabduuapartmﬂuhaﬂlynea$wsten1|s operating, it is 10
ensured that new comuni cati ons subscribers which are added are

all ocated an address even while the conmmuni cations systemis

oper ati ng. If the addresses of the slaves are assigned in

an ascendi ng or descendi ng sequence corresponding to 15 the distance from
the master, each address of a sl ave inmplicitly contains an information
itemwhich rel ates to a relative position and which can be eval uated,

for



exanmpl.e, - within the scope of a fault |ocating operation. If a
slave with the address X can be 20 accessed and, on the other hand, the
slave with tleR 97 mdB3B5,s X+1 can ne boRnger be accessed, it 1is, for
exanple, <clear that the comrunications system for exanple the

bus Iine, between slave, with_the a X and .t he Iave W th
t he address X+1 nust %é E% fgﬁFFﬁr Eﬁﬁﬁ@&%ﬁﬁ %rggégﬁgle %gaﬂh aéﬁ? it is
possi bl e to gensiave aarsapkpnetg ebsipped an opddvgysef ittheit| asesclmamect ed
to the bus byp,. ref }Iﬂ:ﬂ h%a@ﬁ@ %fé@s e;;gttfbpeémdlam%@al & avgs,

this information can- avai | l'e, to 30 a planning and

desi gn tooIsﬂﬁqqﬁﬂseﬁ@%o@?éb%lﬁﬁ¢sent ﬁPo§B§sCﬁﬂﬂ“&%?ﬂ&é%ﬁﬁuﬁﬁﬁ?ﬁﬂnf t he
comuni capi ons: is eWELEd stistdeabBl 0| Rhivht ha ther Sgepe verdn

aut omat i on pr ect for controlling, an noni.t ori t echni cal
process. locatqfijrat’h&é‘gfﬁﬁa% e%d{](;‘?ﬁia‘l:?ﬁe?ﬁl?fgdﬁﬁﬁrl s energe
from the foI | ow ng Iﬁesthla pmasneroftramsmmm apyeamblenbagaientat

GR 97. P. 3551 ede;‘ilnable t]g.mes or in a lpr}emlﬂl}'lable Jc:ilge ]pa a
simplified {FUC

whlle the communications system is operating, it is
10 ensured that new communications subscribers which are
added are allocated an address even while the
communications system is operating.
If the addresses of the slaves are assigned in
an ascending or descending sequence corresponding to
15 the distance from the master, each address of a slave
implicitly contains an information item which relates
to a relative position and which can be evaluated, for
example, within the scope of a fault locating
operation. If a slave with the address X can be
20 accessed and, on the other hand, the slave with the
address X+1 can no longer be accessed, it is, for
example, clear that the communications system, for
example the bus 1line, between the slave with the
address X and the slave with the address X+1 must be
25 faulty, damaged or broken.

' If it is possible to generate a mapping of the
topology of the slaves connected to the bus by
reference to the 'addresses of the individual slaves,
this information can be made available, for example, to

30 a planning and design tool so that a geographical
process map can be generated if the communications
system is used, for example, within the scope of an
automation project for controlling and/or monitoring a
technical process.

35 Further advantages and inventive details emerge
from the following <description of an exemplary
embodiment,



conmuni.cations systemw th a superordinate conmmuni cati ons

subscri ber, mast er, and 5 subor di nate sl aves, FIG 2
shows a schere8?cp 35Bpresentati on ef 7 the processes during
t he execution of the automatic addr ess assi gnnment net hod
according to the in whichtnvention, 10 FIG 3 shows a block circuit
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with the proflbus because a_si sequence

invention for the slave

The invention is concerned with an automatic
address assignment in a communications system. In the
exemplary embodiment, the profibus is treated as the
communications system by way of example. However, the
present invention is in no  way restricted to the
profibus but instead can also advantageously be used in
other bus systems of the abovementioned type, in
particular in the case of bus systems with bus lines in
which no subscriber-related, delaying elements are
provided, in which therefore signal sequences which are
transmitted via the bus are present, as it were,
simultaneously at the respective communications
subscribers and therefore, starting from a transmitter,
a signal sequence cannot be influenced by a first
subscriber in such a way that a following subscriber
perceives a modified signal sequence.

Until now, an automatic assignment of addresses
of the communications subscribers has not been possible
with the profibus because a signal sequence which is
transmitted by the superordinate communications
subscriber, the master, is present, as it were,
simultaneously at all the slaves. If this signal
Sequence were provided for the address assignment, all
the slaves would react to one and

been
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repared for the ut mat | ¢ "address assjignment with_a
gnypr ie here wit e reséﬁt that cabges, optical

waveguldes and plugs which comply with EN50170 can be
used. -

A communications system with a plurality of
communications subscribers can be put into operation
automatically using the method according to the
invention. It is possible to provide all the
communications subscribers which are provided and
prepared for the automatic address assignment with a
subscriber address and to incorporate them into the bus
without collisions and without .crashing or
reconfiguration of the communications system.

In addition, the method according to the
invention can be used to allocate the subscriber
address to the geographical site of installation.

FIG. 1 shows a simple representation of the
structure of a communications system. A superordinate
communications subscriber M, the master M, and at least
one further communications subscriber 81, 82, ...,
referred to below as slave S1, S2, ..., is connected to
the communications system.

A signal sequence which is transmitted by the
master M arrives in most cases at all the slaves, S1,

S2, ... connected to the bus. A dedicated communication
between a master M and a slave S1, S2, ... and/or if
appropriate between two slaves S1, S2, ... between one

another is possible only after the slaves S1, S2, ...
have been assigned an unambiguous address by means of
which it is respectively possible for them to detect
that a signal sequence, which, as described, arrives in
most cases at each communications
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10 As is explained further below in detail, the
slaves S1, S2, ... which have been prepared for the

application of the method according to the invention

have, for this purpose, transmitting and reception

means which are used during the protocol-free

15 operation, which is referred to below as configuration

mode K. Furthermore, you also have, o¢f course, the

customary transmitting and reception means which

. [lacuna] used in normal reception mode in which it is

possible to transmit and receive signal sequences which

20 are sufficient for the bus protocol which is defined

for the respective transmission medium. This normal
reception mode is designated below as operating mode B.

During the automatic address assignment, during

.which the slaves S1, S2, ... which have not yet been

25 assigned an address are therefore in the configuration

mode K, the master, which initiates the method

according to the invention for automatic address

assignment, seizes the bus in order to transmit a

signal sequence and, if appropriate, monitor the

30 reception of response signal sequences. The slaves

si, s2, ..., which are not tied to a bus protocol
during the operation in the configuration mode K,

detect received signal sequences .in accordance with

their internal wiring which is suitable for executing

35 the method according to the invention, and furthermore,

if appropriate, they transmit their own signal
sequences in reaction to the received signal sequences
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15 in the conflguratlon mode K which permits reception,
detection and immediate reaction to the preamble P.

The slave S1 which is located spatially closest
to the master M with respect to the communications line
receives and detects the preamble P first in

20 chronological terms and responds immediately with a
minimum delay by transmitting a response signal
sequence A.
In the meantime, the signal P, the preamble P,
runs on to the next slave S2. The slave Sz, which is
25 furthest away from the master M along the bus line,
receives the preamble P last in chronological terms.
This last slave Sz also directly transmits a response
signal sequence A in response to the preamble P.
All the slaves S1, S2, ... which are located
30 spatially before this last slave Sz have already
received the preamble P chronologically before this
slave Sz and detect, by way of the fact that after they
themselves have responded to the preamble P with their
response signal sequence A, a response signal sequence
35 A - namely the response signal sequence A of the slave
Sz which is furthest away - also runs on the bus at a
later time,



during the operation in the configuration node K, detect received

si gnal sequences in accordance with their internal wiring which is
sui tabl e forcexetupri B§585 the nethod-atktording to the invention, and
furthernore, if appropriate, they transm’t their own signal
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| ocat ed jgpat {8kh¥nSk0%8%hal sequence A, and [lacunal, by virtue of
the fact that no further actions take place on the bus
- i.e. that is to say, for example, no further response
signal sequence A is transmitted over the bus - during
the passage of this time, that it is actually the last
15 communications subscriber (without address guideline)
on the bus.

The configuration mode K is divided up here, as
explained above, into three mutually independent
phases, the preamble P being detected in the first

20 phase Pl, the response signal sequence A being
transmitted in the second phase P2 in response to the
preamble P, and the bus being monitored in the third
phase P3, each action on the bus, which action is
detected in this third phase P3, having the effect

25 that, for security reasons, the respective slave
Ssi1, s2, ... evaluates this situation to determine
whether further slaves 81, 82, ... without address
guideline are located spatially after it, and
consequently drops again into the first phase Pl of the

30 configuration mode K which permits.the preamble P to be
received and detected.

After it is unambiguously clear for the
respective slave Sz that it is actually the last
communications subscriber on the bus, the slave 8z

35 switches from its present mode of operation, the
configuration mode K, which permits the preamble P to
be detected and the response signal sequence A to be
subsequently transmitted, into an operating mode B
which permits an
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10 M.
During the next cycle of the method, the slave
Sz which has just been assigned an address and which
is, of course, now in the normal operating mode B, no
longer reacts to the preamble P and will consequently
15 no longer react to the preamble P, in particular no
longer react with a response signal segquence A, even if
a preamble P is sent over the bus by the master M. For
this reason, according to the method described above
the slave S1, S2, ... which immediately precedes the
20 slave Sz which has been assigned an address will
evaluate the constellations on the bus when a new
preamble P is received, in order to determine that it
is itself the last communications subscriber without
address assignment on the bus, and will appropriately
25 switch into the normal'operating mode B, which in turn
permits the address-assigning telegram T to be
received.
The sequence of the method according to the
invention 1is explained below with reference to the
30 illustration in FIG. 2, which shows by way of example a
location/time diagram for a bus system with four slaves
S1, s2, 83 ... Sz:
The communications subscribers, the master M
and the slaves S1, S2, S3 ... Sz are represented on the
35 abscissa of FIG. 2. Time values TO, T1 ... Tll are
represented on the ordinate.
At the time TO, the master M transmits the
preamble P. The preamble P arrives at the slave S1 at



the cemuni cati ons system. The conmuni cati ons subscribers Sl
S2, ... 5 which are located in front of thi's |ast slave Sz detect
therefore thGR Ofiep B8BR&Asel ves are not Xdee +ast sl ave on the

comuni cations |line, whereas the |ast slave Sz conti nues to nonitor

the Dbus fehe t3meSRAC! Mire slavé’rgﬂeElrQﬂan‘it%' ”%tafélf‘é £{1fe L§aNSHI SSI ON

of its 10 response signal sequence A and || acuna g virtue of t he
fact that norPSPPREP ééﬂP@ﬂsﬁﬁ%ﬂ?ﬁﬂ%mﬁi(ﬁ?t#ﬂ??ﬁﬁpn o. th?ePr?ﬁﬁplﬁs to
say, for exapple, no further response signal sequence Ais transmtted
over the bus - during. the passage of this tinme, that it is actually the
I'ast 15 communi cations subscriber (w thout address guideline) on the
bus. The configuration node K is divided up here, as

expl ai ned above, into three mnutually independent phases, the
preanble P being detected in the first 20 phase Pl, the response signal
sequence A being transmtted in the second phase P2 in response to the
preanble P, and the bus being nonitored in the third phase P3, each
action on the bus, which action is detected in this third phase P3,
having the effect 25 that, for security reasons, the respective slave

S1, S2, ... evaluates this situation to determ ne whet her further
slaves S1, S2, ... wthout address guideline are located spatially
after it, and consequently drops again into the first phase Pl of
the 30 configuration node K which permts the preanble P to be recei ved
and det ect ed. After it is unanbiguously clear for the

respective slave Sz that it is actually the | ast



conmmuni cati ons subscri ber on the bus, the slave Sz 35 switches from its

present node of operation, the configuration node K, which permts
the preanbl eGR 9G P 3554 detected and-t A8 response signal sequence A to be
subsequently transmtted, into an operating node B whi ch perrrits an
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| onger react Wlt a response sig sequence A even
the process the response signal sequence Al of the

10 slave S1 which arrives later is not detected or not
evaluated by the slave S2 because the bus is not
monitored by the respective slave S1, S2, ... until the
third phase P3 of the configuration mode K. The slave
S2 reacts, at the time T4, to the received preamble P

15 with the transmission of the response signal sequence
A2, which propagates in turn in the direction of the
preceding communications subscribers M, S1 and in the
direction of the further slaves S3 ... Sz, and in the
process very largely overlaps (A ... 2) with the

20 response signal sequence Al transmitted by the first
slave S1.

At the time T5, the preamble reaches the slave
S3. Approximately at this time, the response signal
sequence Al transmitted by the slave S1 reaches the

25 master M. At the time T6, the slave S3 reacts to the
received preamble P by transmitting the response signal
sequence A3, which in turn propagates both in the
direction of the further slaves Sz and in the direction
of the preceding communications subscribers M, S1, 82

30 (A3, A ... 3).

At the time T7, the signal seguence A2
transmitted by the slave S2 reaches the slave 81,
which, after the transmission of its own response
signal sequence Al has monitored the bus from the time

35 T2 to the time T7 in the third phase P3 of the
configuration mode K to determine whether there are
actions, and detects the response signal sequence A2
transmitted by the slave S2 as an action on the bus so



a preanble P is sent over the bus by the master M For this reason,

according to the nethod descri bed above the slave S1, S2, ... which
i medi ately pRe®8d&s 364 20 slave Sz 13kith has been assigned an
address wi || eval uate the constellations on the bus when a new
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recei ved. The sequence of the nethod according to the
invention is explained belowwith reference to the 30 illustration in FIG
2, which shows by way of exanple a | ocation/tinme diagramfor a bus
systemw th four slaves S1, S2, S3 ... Sz The
comuni cati ons subscribers, the master M and the slaves S1, S2, S3 ..
Sz are represented on the 35 abscissa of FIG 2. Tinme values TO T1

T11 are represented on the ordinate. At the time TO, the
master Mtransmts the preanble P. The preanble P arrives at the slave

S1 at GR 97 P 3551 - 12a-



the time T1. The slave S1 transmts, at the tine T2, a response signal

sequence Al in reaction to the preanble P, GR 97 P 3551
- 13- wheehoneypBBse si gnal sequerca4AF propagates on the bus, see
FIG 1, both i n the di rection of the further conmmruni cati ons subscri bers

S2, S3 ... d f th
preambl e P 5m]eg ?}fq‘ cglﬂ} s%ﬁg% ghr ec‘#ﬁ‘%n%‘ge%‘%&hgggégribnlgct]{u{ﬁggrggr Fect | oﬁ
of the f urt héirsktapbass? P1S3An .theSxonfiguration AnodéeKs i whiTh, phases| ave
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t he process e response sighal sequenc sl ave S1 mhlc
arrives | aterepstion dget éc@é@aé\blﬁotp tran@#ﬂiﬁ?@tded’ybf%é“asﬁteﬁ}é M» because

the bus is not AR t ofresl bilhae ﬁﬁﬁpecihée %h@h&lSlséﬁhence uaBi | the
third phase P3 of the confi at| é&n e sl S% g h at the
time T4, to tREPSBLESSEN B & ?’V?LS trl‘? &St r n?ls?f%n &

response si gaaboseqmlmetes tAnZLs Whi dby paapdgatyeswitht wtre i Blﬂ:lllatdIOlneC.t I on
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di rection ofj e furiher STlaves process very
| argely oveebaps fofrAa preamblg tth the 20 response si gnal sequence Al

transmtig@d by the fipiStthe time T9, the response signal sequence A2
transmitted by the slave S2 reaches the master M.

At .the time T10, the response signal sequence
A3 transmitted by the slave S3 reaches the slave S1,
but said slave S1 is already in the first phase Pl of

15 the configuration mode K, and consequently does not
react to the response signal sequence A3.

At the time T8, the preamble P has already
reached the last slave Sz. The latter reacts at the

- time T9 by transmitting the response signal sequence
20 Az. At the time T1ll, said response signal sequence Az
reaches the slave S3 located before the last slave Sz,
which slave S3 subsequently switches back - precisely
like the slaves S1 and S2 have already done - into the
first phase Pl of the configuration mode K, with the
25 result that it is thus also clear to the slave S3 that
it is itself not the, viewed from the master M, last
communications subscriber on the communications medium.
At the time T12, the response signal sequence Az
transmitted by the last slave Sz arrives at the master

30 M.

Because the slave Sz is the last communications
subscriber on the bus, no further communications
subscriber receives the preamble P after said slave Sz.
Consequently, the response signal sequence Az which

35 1runs from the last.slave Sz in the direction of the
master M over the bus is the last response signal
sequence A triggered with the current preamble P. The
last slave Sz therefore



sl ave:.Sl.

At the tinme T5, the preanble reaches the slave

S3.

Approximately at this tinme, the response signal sequence Al transmtted

by the slave

reacts to the
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further slav
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configuration mode K is indicated for the respective
slaves S1, S2, ... in FIG. 2 with the vertical arrow in

.each case). After the predefinable time period has

passed, the last slave Sz evaluates the fact that

‘response signal sequences A do not arrive from possible

15

20

25

30

35

further communications subscribers to mean that it is
itself the, | viewed from - the master M, last
communications subscriber on the bus. The slave Sz
consequently switches out of the configuration mode K
into the operating mode B.

The master M registers the arrival of the
response signal sequences A, the response signal
sequence A of the slave S1 arriving, in accordance with
FIG. 2 for example, at the time T4, that of the slave
S2 arriving, in accordance with FIG. 2 for example, at
the time T9, that of the slave S3 arriving, in
accordance with FIG. 2 for example, at the time T11
etc. If the master M does not detect any further
arrival of a response signal sequence A during a time
period which can also be predefined, it is clear that
the last response signal sequence A to have arrived is
the response signal sequence Az of the communications
subscriber Sz which, viewed from the master M, is the
furthest away. In this context, the predefinable time
period during which the master M monitors the arrival
of response signal sequences A is determined
essentially by the maximum possible extent of the
communication medium.

The distance between the last communications
subscriber Sz and the master M can be determined by



GR 97 P 3551 -14- medi um The sl ave S1 subsequently drops

back into the first phase P1 in the configuration node K, which phase
P1 permts GRhdéked® I5leption, detectsgn- and the reaction to a
preanble P transnitted by the master Nl 5 At the time T8, the
signal sequeng ﬁ% ransqgtted the slave S3 reaches the slave S2
whi ch al so evallates t s 1"‘Sy Wiffensace t ulistaeen jhunest
descri bed - aé:r@rﬁlsaté-tﬁmmnofhe:btmspaedmmet |t thadatimd 0"1‘0a 2h&ampe P
10 Al tiihe tp e T spon si gn seque transm tted
by the slave Szmréeartl‘cxhes t Cé%ﬁi Pﬁ/l #6%! 8"%0s é@t’?lﬁ% tipe e

response si gnal ofe &P@n@érlvalA@ft rdesnitted by the slave S3 reaches the

sl ave S1, but said slave S1 is already in the first phase Pl of 15 the
configuration node K, and consequently does not react to the response
si gnal sequence A3. At the time T8, the preanble P has already
reached the last slave Sz. The latter reacts at the time T9 by
transmtting the response signal sequence 20 Az. At the time T1l1, said
response signal sequence Az reaches the slave S3 | ocated before the

| ast sl ave Sz, whi ch sl ave S3 subsequently swi tches back - precisely

| i ke the slaves S1 and S2 have already done - into the



first -phase P1 of the configuration node K, with the 25 result that it is
thus also clear to the slave S3 that it is itself not the, viewed from
the master MgR &8t P 3553%0onmuni cati ons -s@gseri ber on the comuni cati ons

medi um At the tinme T12, the response signal sequence Az

transmtted g'y the | ast sl ave Szlarrives at_the

Amastgr Sg.M £ .
Because the sitie I&SRAGHSHIFL TRt MonsAS @ SHRSEAPBePTorYife bus,
no further caisteEnes i and/or asubscfubetivecer esheheqgiradambhmblrafdfer said

Sane 5 IR b L SIORANE i Mg e [ 01

fromthe last™"s in the direction o , over the bus is
the |ast resgonddissieprpunicattiopsefeediuny i ggepeanbighouke agdresst i eanbl e

P. The 5 | 3dsiyYrRME Sid her@fedr e respective GRa%t P ¥adunications - 15-
itself does not receive any response Signal sequence A during the
current cycl LS FetSfod according to the invention. After the

trfansm' ss! on of its aMiy espor‘rsaarriedsiogmal bgemenme AZ, .a:lne aﬂcﬁﬁ:teas-ave Sz,
et ool W MR ECLL TR JE B S b
particul ar Mingndrewpdgbe isi ghat evaluated by the other slaves
10 without address allocation 81, 82, ... which have
dropped back into the first phase Pl of the
configuration mode K, but is received and evaluated by
the respective last communications subscriber which is
then switched into the operating mode B after the
15 termination of the third phase P3 of the configuration
mode K. This fact is no longer illustrated in FIG. 2.

The address-assigning telegram T is defined
here in such a way that possible slaves with address
allocation which are already present on the

20 communications medium do not react to this address-
assigning telegram T.

In this way, the master M can gradually assign
addresses to all the slaves S1, S2, ... on the bus
according to the above-described method in accordance

25 with the invention. Here, the addresses of the slaves
Sl, S2, ... are assigned, for example, in an ascending
or descending order corresponding to the distance from
the master M, in which case, for example when there is
a descending order, that slave S1, 82, ..., which is

30 the first to switch itself into a state of readiness
for the reception of the address-assigning telegram T
during the first cycle of the method according to the
invention is assigned, as address, a predefinable
starting value which is successively incremented

35 whenever the method. is carried out again. However, if
the addresses are assigned in an ascending order
corresponding to the distance from the master M, for
example, either that slave S1, S2, ..., which is the



sequences A, on the bus. (The third phase P3 of the configuration node

Kis indicated for the respective 10 slaves S1, S2, ... in FIG 2 with the
vertical arrer Pm P 35Bach case). Aftendahe predefinable tine period has
passed, the | ast slave Sz eval uates the fact that response si gnal

sequences A o, Dot & ré&’ftél‘ioﬁ‘t%%i%: ?is@'[? fs“cré'&erofo’]?(?é’&:%?etéso”fﬂr

subscri bers to nean that t he Vi ewe

master M thastreceptdsmpfcdthonaddupssrrseigpanghetelegrame Ts| dfe Sz
consequent | yasui B8 8yt s@érthﬁgcﬁaﬁkggéﬁ/} hopréBdeikable wall@el he
operating node B: mast er regi sters the arrival of the 20
response signal sequences A, the response signal sequence A of
the slave S1 arriving, in accordance with FIG 2 for exanple, at the
time T4, that of the slave S2 arriving, in accordance with FIG 2 for
exanpl e, at the time T9, that of the slave S3 arriving, in 25
accordance with FIG 2 for exanple, at the tine T11 etc. If the master
M does not detect any further arrival of a response signal sequence A
during a tine period which can also be predefined, it is clear that
the | ast response signal sequence Ato have arrived is 30 the response

si gnal sequence Az of the conmmunications subscri ber Sz which, viewed
fromthe master M is the furthest away. In this context, the
predefinable tinme period during which the master M nonitors the arrival
of response signal sequences A is determned 35 essentially by
the, maxi mum possible extent of the communi cati on nedi um

The di stance between the | ast comunicati ons subscriber Sz and the
master M can be determ ned by
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- 15a- reference to t he time differen

ce

bet ween the transm ssion of the preanble at the time TO and the tine
Tlerr] - accordiaTgH @5BI1G 2 for exanpl a7the tine T12 of the arrival

GR 97 P 3551

-16- | ast response signal sequence Az. As

of the
a

function of this dj stance and/qr as a functiop, of the total ,nunher of
o f g

sl aves S1, s¥hich ig, e
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ll?%Stthe C?gEBBhgét :f(r}'@s?-l sé&?éﬁéé?eh %tzreqnesdr}iatrﬁeld V\B?’c-#ﬂ:ez

y nmeans an-ad assigni ng

S

laves nBdierS2, .M andethi thei gnefdiodyacgarddngy the toeher
slaves 105 Wit RIOf§SFi At 06AEEP8d Sht, Ehe numbeti &P dlavRs

sl, S2, ..., which have not yet been assigned an
address being capable of being derived from said
response signal sequences A.

In order to carry out the method according to
the invention, the communications subscribers, the
master M and the slaves S1, S2, ... are configured
according to the invention in the following way:

The master M has, according to FIG. 3, a
transmission chanhel S and a reception channel E. The
data TxD which are to be transmitted are transmitted
via the transmission channel S and the received data
RxD are transmitted over the reéeption channel. In
order to transmit the preamblé P, the master M has a
preamble generator PG. The preamble P passes via an
output of the preamble generator PG to the
transmission-channel-end multiplexer MUX. The
transmission of the preamble P is initiated by an
activation/initialization logic I. The
activation/initialization logic I initially sets the
two multiplexers MUX in such a way that the preamble
generator PG with the transmission channel S and the
reception channel E is connected to a device (activity
controller) with which actions on the bus are monitored
and detected.

After the transmission of the preamble P, the
preamble generator PG activates the activity controller
AC; at the same time, a timer TM is started. If data
are then received on the reception channel E after the
transmission of the preamble P, these data pass owing
to the setting, described above, of the multiplexer MUX
to the activity monitor AC, which subsequently triggers
a signal ACa and buffers the received signal in a latch
LT. The time which passes between the transmission of



dropped back into the first phase P1 of the configuration node
K, but is received and eval uat ed by the respective | ast communi cations
subscri ber whRh37sP 3551 hen swi tched-i n7a the operating node B after the
15 termnation of the third phase P3 of the configuration node K. This

fact is no | opger o atged.,, : Th ddress-assi gni ng
telegram T is defPﬁgéHﬁ%E ﬁﬁr%h?niyﬁﬂé%fﬁﬁg}?%a?fpégéi%Felgpa§5%a§??h

addr ess BEDcat Wdirhighitthe sepre ofl tdwiymephedeaccording tive e
conmuni cat i onenv@et Lo Aot Ret 18aed sé? 45h8119d6h8S8etecti8ASI 9N NG
telegram T. In this way, the master M can gradually assign
addresses to all the slaves S1, S2, ... on the bus according to the
above-descri bed nethod in accordance 25 wth the invention. Here, the
addresses of the slaves S1, S2, ... are assigned, for exanple, in an
ascendi ng or descendi ng order corresponding to the distance from

the master M in which case, for exanple when there is a descending
order, that slave S1, S2, ..., which is 30 the first to switch itself into
a state of readi ness for the reception of the address-assigning
telegram T during the first cycle of the nethod according to the

i nvention is assigned, as address, a predefinable starting value
which 1is successively increnmented 35 whenever the nmethod. is carried
out again. However, if t he addresses are assigned in an ascendi ng order
corresponding to the distance fromthe master M for exanpl e, either
‘that slave S1, S2, ..., which is the



GR 97~P 3551 - 16a- first to switch itself into a state of

readi ness for the reception of the address-assigning telegramT is

assi gned, asGRt aft Pnd5&ddress, a predeflfabl e val ue GR 97 P 3551
- 17- which is decrerrent ed whenever the nethod is carried out

again, or thgfp A~ efljerg Stet eﬁinéfhgg&gggggn the %{S}e degéﬁ;ﬂgg?ﬁesponse

si gnal sequences tra avés S

met hod accorbyngﬂﬁﬁn&npeStDnm@ﬁlt#m¢ssﬂgn§ﬂ(ﬂ#ﬁléﬁpﬁéue&ﬁﬂnnaﬁﬁbr of
“sl aves Slase2py- the Winek B@ve not yet been assigned an addr ess
bei ng capabl e of belng derived fromsaid response, si gnal sequences A
I'n order to carry ouflONR¥SKet RRFISSr P g rESPPH S HELINAY eRRABRNCCENe

communi c&g i ops ﬁH?SCrbbéi‘:&ap,theor magt erndtandpéhe shambsgbdus$y,

o ot O B ingBSaRAIphEbls K2VSLhE" ' BelBEclobLoM Ui
frequency of the master M, the chronological occurrence
in the 1last trailing edge of the response signal
sequences A is relevant for the distance measurement.

10 After the expiry of a predefinable time period,
the timer TM causes both the reception-channel-end and
the transmission-channel-end multiplexer MUX to switch
over so that the transmission line S and the reception
line E are connected to the interface module UART in a

15 manner known per se.

From the time difference At it is thus possible
to determine, in each case using the signal propagation
velocity on the communications medium which is used,
the spatial distance between the master M and a slave

20 S1, s2, ... which is bringing about an action on the
bus. With a signal propagation time of 4.2 ns/m in
copper (Cu), a signal takes 8.4 ns per meter traveled
from the transmission to the reception of the response.

Usually, a profibus plug is provided with an

25 LRC combination as a filter against faults, for example
reflections. This combination constitutes a line with a
length of approximately 1 m. Given a minimum distance
of 0.5 m between the slaves S1, S2, ... which is also
required for technical reasons, the signal propagation

30 time from the master to the next possible slave S1, S2,

in copper is 1.5 x 4.2 ns = 6.3 ns.

Until the response reaches the master M again,
2 x 6.3 ns, and thus approximately 12.6 ns, pass. A
sampling frequency of approximately 100 MHz is

35 therefore sufficient for sampling and measuring.



t:ransnj ssion channel S and a reception channel E. The 15 data TxD which

are to be transmtted are transmtted via the transm ssion channel S
and the receigged7dat @551 RxD are transmigtted over the reception channel.
In order to transmt the preanble P, the nmaster Mhas a pr eanbl e

gener at or PG The pr I?nbl e P passes via an 20 eanbl e

t put
gener at or addr??éns‘?’r‘?%@i‘or}%hz}ﬁneg n@ss1gneqm|t(q pi&
MUX. Therespedtrlarresrﬁl%ate)rsnf sm,e preawbte EheSauﬂu:bLsat-aéstiy;;namg
activation/ini [L_Ll al_i zat

activation/i mieS |afbt oﬁanl sore qe g%x?r%?‘?ed 28 & ft"hnc‘czjson Q5 the
mul ti pl exer s dilsXancesuth @aeyrddrate t wd thr eahbl rincigsles aﬁ@plﬁ@n\ﬂd h the

t I t I n to a
ransmi ssi on .ghamnely ec%(?ﬁ{gréol‘{we e miSCHT LImERIRAR! dEskAncNBRELRL

devi ce (act|V| ty actions on the bus are
nmonitored  tWghdedireenbd st 3‘0’es S1, Sguter- theW&%‘sn‘i’%%’F%c%fW

preamble P, thg by vmyeaabl exgppeeat CfbrP@mrtpll\eatleso the getvéeni Ey taedt rol | gr
AC, at the s a | mer T I S.S te a r n,receive
on the recepﬁm(%ﬁt c':,chréef;rllr?r?el afte tHe pi tgfgmsgmé;?‘lg of &f ‘?f B?Zg?rbl e P,
these data p&ds Cownag B5Att <t K8 set Si.dgm desdr-ideds/above, 29. ‘th’@s -
mul ti pl exgr t h L\ ni t.er bs QI$£H| Hd 1 ggers
a signal %Cal}élaéﬁg fgh% ?ﬁggltrlée%ﬁé%%% S|é€altﬁ% QQFQ%%H £ T)A:etelt’l me
whi ch passes dl?éte\ﬁé?é-t?nt heft rfé‘r%ml§§|tont%¢lllng edge of the response

signal sequence or sequences A, it is ensured that an
address is to be assigned for a slave S1, S2, ... which |
is located at a distance of between 2.5 m and 3.5 m
15 from the master M, that is to say consequently at the,
viewed from the master M, third possible position on
the bus.
In the case of the numerical example treated
above, the address "3", for example, can be assigned
20 for the slave, in which <case the address then
corresponds directly to the position on the bus, and
the address can thus be evaluated directly as an
information item relating to position.
However, it is equally possible for the slaves
25 81, 82, ..., as further described above, to be numbered
in an ascending or descending order and to be assigned
in each case an address which corresponds to this
numbering. Thus, for example a slave S1 at a distance
of 5 m from the master M has the address "1", a slave
30 82 at a distance of 7 m from the master has the address
"2" and a slave S3 at a distance of 12 m from the
master has the address "3". In this case, the master M
advantageously manages a lookup table LUT from which an
allocation between the assigned addresses and the time
35 differences At determined during the address assignment
can be obtained; LUT = [(1; 5 m), (2; 7 m), (3; 12 m)].
In this case, the information item relating to position
in the lookup table LUT can be obtained at the position



GR 97 ‘P 3551 -17a- the preanble P and the detection of an action
on the bus - within the scope of the nmethod according to the invention,

that is to s&R 8u@ I3pStthe detection - 19a - GR 97 P 3551

- 18- of the response signal sequence A, - can be deternined by
reference togfien e &laNAly W PPLLEE s $8Ckaares§258nlX (e Ligmer TM
However, because the response %Pa seguences A may overlap, or
My not  bélsourkems sfpr slawesifAdui Hfed - owi wich carehadded
respective 13a@R ithd perfdrnt@udmatdic R B8y Mnd & Y idlou cal

occurrence inthelast trailing edge of the response signal

sequences A is relevant for the distance neasurenment. 10 After the
expiry of a predefinable tine period, the tinmer TM causes both the
reception-channel -end and t he transm ssi on-channel -end nul ti pl exer MJX
to switch over so that the transmssion line S and the reception

line E are connected to the interface nodule UART in a 15 manner known per
se. Fromthe tine difference At it is thus possible to

determne, in each case using the signal propagation



vel ocity on the communi cations nmedi.um which is used, t he spati al

di stance between the naster Mand a slave 20 S1, S2, ... whichis
bringi ng abogk em acgssm on the bus20Wt h a signal propagation time of
4.2 ns/min copper (Cu), a signal takes 8.4 ns per meter traveled

fromthetra mSSI n to _the reception of, the respons
Usual |y, Pg?l bt ?)?Iﬂ%t+gnpr305?’geor i 39 % ?’&I?Bl ‘nafi oRS¥LYa
filter agalnaddédub&avdcﬂ4eaanpldlstamuélmﬁtQGnsfrEhl$h@0MmstaroM

‘constitutes i ne. .y p t 1 ve ni mum
di st ance éa*‘ O.Q%I\Mr#%“e‘?mégﬁu{“ﬁgggpgves&g geéggg G‘él,\msTh %3 ?hﬁcw
required forhaeehnﬂcgadweb§@nsadﬂm@&ﬁqﬁnﬂnqﬁ(Hﬁnﬁn¢Q#PQthanbnt©oﬁ1the

mast er tQSthSugexﬁlgﬂsséﬁlea§h§¥§581wh§@h ascends'nm598€8ﬁ0h§l§ Si¥ 4.2 ns
= 6.3 ns. Until the response reaches the naster aga| n, 2

x 6.3 ns, andetABiCAPFLOHIEISTABCE ATOMpAES. MRSTeTisRtteRas f EB§uency

of  approxi fiekel yfre]é)oatﬁ/&Eessl s'43'5 is hatseflghedsuiél ehentndwlly sa&aéung and
measur i ng. addr ess

which is to Béaé{gsusé‘nedui oWPﬁS?‘ Casﬁés&%‘“{?‘(/%r slBVer§fer§?°e t°vﬁP fi the
addr ess- aSS|gnppggatloneItegt%rdiIfMBnMSAbeWhmpeesbataa&% frxomttha of the

distance g n gogeedange Wi h gdhe Qiidieliled eXBheidedusly, with the
result that the information item relating to position
is available again by means of the lookup table LUT =
[(1; Sm), (2; Tm), (3; 12 m), (4; 9 m)].
This information item relating to position can
15 be made available to a planning and design tool so that
a geographical process map can be generated.

According to FIG. 4, the slave'Sl, s2, ... 8x
also has a transmission channel S and a reception
channel E. Data TxD 'which are to be transmitted and

20 data RxD which are received via the reception channel E
are transmitted via the transmission channel 'S. A
multiplexer MUX 'is respectively arranged both in the
transmission-end and in the reception-end channels. The
two multiplexers MUX are initially set by a switching

25 logic SL in such a way that a pattern generator MG for
generating, for example, the response signal sequence A
is connected to the transmission line S. An activity
monitor AC which is specific for the slave Sx 1is
connected to the reception channel E. Furthermore, in

30 the setting of the reception-channel-end multiplexer
MUX which is brought about in this way the reception
channel E is also connected to a device for pattern
recognition PR.

If a preamble P arrives at the slave Sx via the

35 reception channel E, the device for pattern recognition
PR, referred to below as preamble detector PR, detects
this preamble P and activates the pattern generator MG,
which feeds a response signal sequence A into the



-

5 above. Because there nust be a m ni num di stance between two adj acent
slaves S1, S2, ..., which distance nust be, by way of exanple, for
exanpl e 1.0 nPRgiNeR 355ilnme differer@@ At - for exanple (2 x 2. 5 mx
4.2 ns/m = 21.0 ns < At < (2 x 3.5mx 4.2 ns/n) = 29.4 ns -

between the ttraasmilssiionn cefnrdle P! ernbhe i tP Bhsis the d¢LE Eh%@ of

t he | ast tralgaﬁgagdg%q% n%ge ar esponse si gnal sequence or seguences A,
i-t is ensured t di'édss is to be assigned for a slave Sl1, S2,

whi ch is located at a distance of between 2.5 mand 3.5 m 15 fromthe
master M that is to say consequently at the, viewed fromthe master M
t-hi rd possi ble position on t he bus. In the case of the
nunerical exanple treated above, the address "3", for exanple, can be
assigned 20 for the slave, in which case the address then
corresponds directly to the position on the bus, and t he address can
thus be evaluated directly as an information itemrelating to position.
However, it is equally possible for the slaves 25 S1, S2, ..., as further
descri bed above, to be nunbered in an ascendi ng or descending order and
to be assigned in each case an address which corresponds to this
nunberi ng. Thus, for exanple a slave S1 at a distance of 5 mfromthe
master M has the address "1", a slave 30 S2 at a distance of 7 mfromthe
mast er has the address "2" and a slave S3 at a distance of 12 mfrom
t he master has the address "3". In this case, the master M

advant ageousl y manages a | ookup table LUT from which an al l ocation

bet ween the assigned addresses and the tinme 35 differences At determ ned
during the address assi gnnent



can be.obtained; LUT = [(1;, 5mM, (2, 7 m, (3; 12 m]. In this case,
the information itemrelating to position in the | ookup table LUT can
be obt ai ned &R t9% P@EH51 on GR-921P 3551 - 19a- which is
defined by the respective address. Thus, it is also possible for slaves S1,

s2, ... whichare added Laler Lo PG QEUYULQURLLS 3dnesTing and do

det er mi ne rmation item
relating to r}tﬂu ofortheA ﬂb&\#@ Sx; aallethel mameS4timea @i stimee &M disnm from

the master tbee%&@%éddwf#%ersegir@ﬂynﬁomemﬁl Aretedlistehs ITotiumd

have al ready essed, not be inCorporated intoa 5 hus with an
addr ess whi ctPlasEbRdgeesREiOR0 AN E/ F-é;l A9sFates iR §loradc£%3 om the

mast er; i Bst aaghch hgctivabext theepradaiass detedtioisBROAGE1hO sichethesM y
added the slave Sx can react again to a preamble P (return
from the third phase P3 of the configuration mode K to
the first phase Pl).
On the other hand, if the activity monitor AC
10 registers no actions on the bus during a predefinable
time period whose expiry is signaled by the timer TM,
the configuration mode K is terminated for this slave
Sx. The switching logic SL is activated and it switches
over both the reception-channel-end and the
15 transmission-channel-end multiplexers MUX in such a way
that the reception channel E and the transmission
channel 8 are connected directly to the interface
module UART, with the result that the slave Sx is
capable of receiving ordinary telegrams, in particular
20 the address-assigning telegrams T, from the master M;
the slave Sx is now in the operating mode B.

"As long as a slave S1, S2, ... is unpara-
metrized, that is to say it has therefore not yet been
assigned an address, it is in the configuiation mode K

25 in  which, during the first phase Pl of the
configuration mode K a preamble detector PR monitors
the reception channel E, while the transmission channel
S is connected to a bit pattern generator MG.

If the preamble detector PR detects a preamble

30 P free of errors, the bit pattern generator MG
generates, during the second phase P2 of the
configuration mode K, the response signal sequence A
for the master M without delay.

If the slave S1, S2, ... receives no further

35 signal for a specific, predefinable time during the
subsequent, third phase P3 of the configuration mode K,
it is thus clear that it is that slave S1, S2, ...
which is spatially



slave-S4, in which case, however, by reference to the propagation tine
di fference At whose di stance fromthe 10 master M can be determ ned

unambi guous| gR 87t P BiB&1 result that2ehe information itemrelating to
posi tion i s avail abl e again by means of the | ookup table LUT = [(1;

5m, (2, 7 3; .12 4:- 9 : hi,s inf ] [
relmat i ﬁ]g to %;Citgﬁegﬁ "fr'?y15 B%mnﬁgy g\?zitlefbl%’ tgné I[S’iséaln @Sgrgnglﬁlﬁoggl :tgnm t ool
so that sogeugigpliicals mubcessibep withdet geddresedallocation on

"Accordi ng to.FEl Gy Sl Geium2: - - - SX al so has a transni ssion
channel S an Iﬁg rééggﬂi%n ot Tehannel E. Data TxD which are to be

transmitted and 20 ddfa tReD sfciounatiaeanedrl Ki athhesSHEEEPLPINO¥RENNEl E

are transnm tet@eh oHed phdi€e PLANDH, STBDNin€babAGl neRt phase BU|tipplexer
MJIX i s respect3| vely arranged both |,r}rTLhe transm . ssion-end and.in the
recept i on- end3chshn&CS St only g G Fpep e G Y nPEREFY et by a

swi tching 25phlaeg cPHL P2, s hasayeliasbly podéérr tegaiovaateay. MXf dis
generati ng, I I t he. po Si ue . [ nnected to
the transms |%3r? ?’?g gb A%géégﬁviﬁsr %i tﬁ-%lgé A%%\%hfl%c%lqgs an?(ei% fI%C for
the sl ave Sxsit@rtingcofinemt ethe o adnf iphtiiaon oedenek Pnkyrtifer mdde, in

30 the sgitipg Qb Uhadeacent oy chennet -end suhiiphexeion mobXgWRireh is
brought about I.n this way the reception channel E is also connected to
a device for *fatedly CtETMOGHRG i ot pREhe  expected) f ogdgreanfit& -Poarri ves

at the slaveiJlusitaaltee 3Sonecepmoze chimnelsummartikeddevigshion pahleern
recognition referred to bel ow, a? greanbl e detector_ P etects
fobh e

PR, o R,
t hi s preanbl ghﬁogr?& e?é"tcla\}atseesqlf%cepa gé’ﬁ@rléltut?r €s an%? 5F8eds a
response sigwalicheqaensbavei rily tI18€, ... runs through during the

15 sequence of the method according to the invention.

A slave S1, 82, ..., which is to be newly
allocated to a communications system, which therefore
has not yet been allocated an address by means of which
it can be addressed unambiguously, is initially in the

20 configuration mode K. The configuration mode K can be
divided into three phases which follow one another
chronologically. During the first phase Pl, the slave
S1, S2, ... monitors the communications medium to
determine whether a preamble P occurs; represented in

25 FIG. 5 as "P ?". As long as no preamble P is detected,
the slave S1, 82, ... remains in the first phase Pl of
the configuration mode K. On the other hand, if the
preamble P is detected, the response signal sequence A
is transmitted in response to the preamble P during the

30 second phase P2 of the configuration mode K;
represented in FIG. 5 as "A". After the transmission of
the response signal sequence A, the slave S1, S2, ...
monitors, during a predefinable time period in the
third phase P3 of the configuration mode K, the bus to

35 determine whether a response signal sequence A which
has been transmitted by = another communications
subscriber occurs; represented in FIG. 5 as "A ?". If a

response signal sequence A is detected during the third



GR 97 P 3551 - 20a - transm ssion channel S. When it transmts

t he response signal sequence A, GR 97 P 3551 - 21-
t he pattern g€RePdt Br 3fBlactivates the &2d vty nonitor AC of the slave
Sx; at the same tine, atimer TMis triggered. If the activity nonitor

AC registers pahsen®3, tH¥ $1&v&e8eptisan chann i enerat es. a_si gnal
ACa 5 which tiyat e% t he preanbl e det ect or .PRagaglsnbtsao_ FHALE 1PER o) ave
Sx can react =08i M1E5taPRASEtle ¢ (FheurRnLigurabirnhaode Kl phraseh®3 of
the confi gurabtbernotent,toif nbhe rdsprnsrhass 2B On; Lhe
other hand, if§ EQS %lat!ﬁﬂ:&%( ggﬂi tor AC_10 _rLegi sdtoers nsoe 1%:Ff‘rllcé)ens %n tRe bus
during a predefrnabTe Pt BePFedeniBablexhime is signaled by the timer
™ the configuration node Kis termnated for this slave



Sx. The switching logic SL is activated and it sw tches over bot h
t he recepti on-channel - end and the 15 transm ssion-channel -end

mul ti pl exers dWJR7 P [5H1 a way t hat 23he- recepti on channel E and the
transm ssi on channel S are connected directly to the interface

nodul e UART, wit.h {he result hat_t he_ sl ave Sx a recei VI ng
ordinary tel e?gerrdt?sé Bar"‘ml ar22% ?’ ghr& gw&s%?%n?ﬁgp? ngga
fromthe nasttdre Mrepres'eheash.a\me Sxcosdhog it t FEGopsr attsngum)de:ﬁen _
As 1ong as a fdye Moo - - IthdMPehdten SMELLNERM. Sfal bg tqmay 1t

has therefore not yet been assi gne _ ress, It is in
confi gur at i orfanddgucatsion nmogdpi &h, °Ve§url|fﬁfgj> the openafinghmede B  of

t he conf ine aégé@flaﬂl)ﬁ@ tﬁoaepraeamt@s d@tecptdysﬁﬁmteéeelve o
recepti on chanpel whi |l e the tra sm ssion ch IS conne&éed to a
bit pattern fé%e‘?eaﬁ Srasidgning  telegram (| EQ’HbI ethd?et BeBFSER dbtects a
preanbl e 30 rl%pn‘ermteaf erIrBG 5 heasbi tT?patt When geher ataaidrdds-
gener at es, ha P the tjon
node K, the resp J‘; equenge zes IZ?CQI A& madler u%l%mbtl%g{ %gdel ay.
I'f the slave mrﬁzs Can b¢ eve$iarediotéuthberespectiiyralslafver Sd,s$ki fi c,
predef i nghl e . Li,Me il hdnbNeor  wAYDACUEREes NLLi N0 8 Had e

conflguratlon mode It 1s thus clear that jt 1s that slave S1, S2,
whichis Spaﬁng%;sed durlng the normal operation in the operatlng

mode B and can thus send and receive telegrams using
the bus protocol defined for the communications system;
represented in FIG. 5 only schematically by the "black

15 Dbox" after the reception of the address-assigning
telegram T.

The normal cycle of parametrizing a slave (baud
rate search, parametrizing etc.) is carried out using
the telegrams received during normal operation -

20 usually directly after the assignment of an address.

The signal sequences which are used within the
scope of the method according to the invention, that is
to say, for example, the preamble P or the response
signal sequence A, must be selected in such a way that

25 they do not adversely affect the normal communications
mode and can be reliably detected as a preamble P or as
a response signal sequence A.
In conclusion, the present invention can be
summarized in brief as follows: a method which is based
300 on a distance measurement is specified for automatic
address assignment, a master M transmitting over the
bus a preamble P which is received by all the slaves
Sl, S2, ... which are to be addressed. The slaves
51, 82, ... react to the preamble P) by transmitting a
35 response signal sequence A. A slave S2 which is
located, in the direction of the master M, upstream of
a slave S3 which transmits a response signal sequence
A, registers the response signal sequence A of the



GR 97 P 3551 - 22 furthest away fromthe master M and is
thus the | ast communi cati ons subscri ber w thout address allocation on
the transm ssG8nSfe® 351 I-h 23w <€onfiguration node K, the

swi tching-over 5 fromone phase P1, P2, P3 into the next phase Pl, P2,

P3 i s possi bl ela%.y §F ke ghbgaaheﬂ't%' 'v&éﬁrsgcgéi N new ﬁé‘?@%ﬁfe '32 P3

has reliably Eg ernlnate sWwtc nto°the
Qper ati ng nod av§t§FtWﬁ@cpréﬁpﬁhéo@o#ﬁgﬁﬁﬁﬁm @Wyhode Konly if all 10
t hree phases P1, P2, P3 of the configuration node K are reliably
termnated in the expected order. FIG 5 illustrates once nore in
sumari zed fashion the chronol ogi cal sequence of the various nodes and
phases which a slave S1, S2, ... runs through during the 15 sequence
of the method according to the invention. A slave S1, S2,
..., Wwhichis to be newy all ocated to a comruni cati ons system

whi ch therefore has not yet been allocated an address by neans of which
it can be addressed unanbi guously, is initially in the 20 configuration
node K. The configuration node K can be divided into three phases
which follow one another chronol ogically. During the first phase P1,
t he sl ave S1, S2, ... nonitors the conmunications nediumto

determ ne whether a preanble P occurs; represented in 25 FIG 5 as "P ?".
As | ong as no preanble P is detected, the slave S1, S2, ... remains in
the first phase Pl of the configuration node K. On the other hand, if

t he



preanble P is detected, the response signal sequence A is transmtted
in response to the preanble P during the 30 second phase P2 of the
configurati orGR raitleP 3§51 represented 245 +1G 5 as "A". After the
transm ssi on of t he response signal sequence A the slave Sl1, S2,

moni tors, during a predefinabl [ erjod ipnt i as 3 of
the confi gurarﬁ or}%edegk?n?ge S%@té‘]etrﬂgc%s Adg é&monrkgle\ﬁne?%%r’é% rggépgsnés:'e
signal sequence. Aighitdte, vigwed Hfom theamadtawrdM,bylastansibue Sz
conmuni cat i ong; u j ' r t i n 5 A B, If a
| ON% thouSUNSEIAEY PO S t{SPr aafnti ashd N Fiifis 5 d%aveéd %2
response signal sequence A 1s detected during the third GR 97 P 3551
- 22a- phaseSWidEcheR &Pagestatesin which gifs bBckeag¥i £o REGHLYE 3% st
phase Pl gf tdu£sE-+488 Bdnh Dilg Mede elyram T hereimheth8ambstidr N, r aspgnse
si gnal sequenche, A is detected during the gr edef |,Inabj:e time GR 97
P 3551 ‘which 5gddress-assignin telegram T 1t is assigned an
unambiguous address. During the next cycle of the
method, the slave Sz_which has just been assigned an
address no longer reacts to the preamble P, with the
10 result that another slave 81, S2, ... evaluates the
constellations on the bus in such a way that it
switches itself to a state in which it is ready to
receive the address-assigning telegram T. In this way,
all the slaves S1, 8S2, ... without an address are

15 gradually assigned one.



period - in which case the chronol ogi cal conponent in t he

representation according to FIG 5 is not taken I nto account - the
system swi t cBRs93uP Gb5ilhe confi guar @6i en node K over into the operating
node B. 5 The operating node B nakes it possible to receive the
address-assi%ningttglegran1T fromthe nmaster M represented in FIG 5
as "T?". Weh?tfBta &P as. assigning telegram T is received, an

unanbi guous address can be assigned to the respective slave S1, S2, 10

..., by meags of  whiehyRfdf Sauﬁaﬁgtiél%ﬁﬁre%%na%giqﬁﬁeﬁpd{ sged
during the normal operation in the operating node anhd can thus send
and recei ve cempyniggtionsgy Sy$EeMbus hevdhecol def i mddigadithe of

cglmruEi cigs iboeémﬁ\fﬁ?&%@{tﬁons rse?gésﬂsfeétsihnuﬂd?lﬁ 9P Y, sehemadd catbblgtby th$
"bl ac ox" after .t reception, o e address-assigning el egram T.
The normal c9BFe o8t “helreHALATRFh & Rl (hatRl MASTEL; (MigaPEREOTmS
paranetrizi ng etuperdmiiomrte eflunctiols) Nghe madterd eldeyr aransadekyad,duri ng
nor mal operation - 20 y_di af ter_t SSi f dr ess.
The o gnal | SEqtetts aaihidee ) abhigRhGNER! K Iands S SLORE) BRofRoBHT
according to (Phe ibwertheonfalimwing refegredy,téoraexpmsiambliche (Bleanble P

or the regPoRRSen siYl sRRALC (B TUSRRIRLHPIche BuRDiAINEY that

25 they do not adversely affect the normal _comuni cat’ ons node can
be reliably GeFBERdFasdonrsyrbifeilree? 481/ S% respdnseFeiyrEsd s&quence
A bellBwC@BClsusivess, (d1§ [FHRSent. i Nvedth os1498 81, s2sunmayized in
bri ef s f ol LasRh Bametiud Y Glbdr? £ARSh &0 O 2L 80 EnliBaTYRETS™ 1S
transmits a signal sequence (A) in response to the
15 preamble (P), that slave (81, 82, ...) which is
chronologically the last to receive the preamble (P)
detects, from the fact that no further actions take
place in the communications system within a predefined
time after the signal sequence (A) which was
20 transmitted by it, that there are no further slaves
(S1, S2, ...) without éddress allocation present in the
communications -syétem spatially after it, and
subsequently switches into a normal. reception mode
which permits an address-assigning telegrém (T) from
25 the master (M) to be received, with which address-
assigning telegram (T) the address assignment for this
slave (S1, S2, ...) is carried out, the further slaves
(S1, S2, ...) without address allocation, which detect
actions in the communications system after their own
30 response (A), waiting again for the preamble (P) of the
master (M).
2. The method as claimed in claim 1, characterized
in that, by reference to the number of responses (A)
transmitted by the slaves (81, S2, ...), the master (M)
35 detects the number .of slaves (S1, 82, ...) which has
not yet been allocated an address.

* < L M S *



address assignnent, a master Mtransmtting over the bus a preanble P
which is received by all the sl aves S, S2, ... which are to be
addressed. TBre 9sIRBSH1 S1, S2, .- 2eeact to the preanble P) by
transmtting a 35 response signal sequence A A slave S2 which is

located, in the direghipn rﬁétﬁ&‘? nggte&lykmggstrqpm@j_a m @ Skave 53 which

transmts a response Sig sequence regi'sters the response signal
sequence A ofch%Cterlzqg?JgV applafter the addrggg asgigpdngs ofn@

subsequent |y g¥aives fpsLa gew preappl eche Th@sﬁiéﬁ/e ff) whiceBndaes snota
regi ster any GR 97 P 3551 onse .si gnal

sequences A BSATRYRer {PAvesa®dingy if it is th%leﬁfewe@“rp omtife
master M 5| adongduarMieca¥zions  wikhent adﬁlBsa:cﬁi'dammtlsmatrbe busl, T, sl ave

Sz SWi t Ch.e.s. )t Qﬂh%.csf;[ 6};[a%ei r}lc%]ifeq: iﬁeér? é(ffgé/aéeod raer?eé.a'grggs .
4. The method as claimed in claim 1, 2 or 3,
characterized in that, while the communications system
is operating, the master (M) transmits a preamble (P)
10 again at predefinable times and/or in a predefinable
time pattern. _
5. The method as claimed in one of the above
claims, characterized in that the addresses of the
slaves (S1, S2, ...) are assigned in an ascending or
15 descending sequence corresponding to the distance from
the master (M).
6. The method as claimed in one of the above
claims, characterized in that a mapping of the topology
of the slaves (81, S2, cee) present in the
20 communications system is generated by reference to the
addresses of the individual slaves (S1, S2, ...).
7. A communications system having a plurality of
communications subscribers (M, S1, S2, ...) which are
suitable for an automatic address assignment, at least
25 one of which, referred to below as master (M), performs
a superordinate function, the master (M) being suitable
for transmitting a specific signal sequence (P) for
address assignment, referred to below as preamble (P),
the remaining communications subscribers (S1, S2, ...),
30 referred to below as slaves (S1, S2, ...) which have
not yet been allocated an address being suitable for
immediately transmitting a signal sequence (A) in
response to the preamble

* [ L M S *
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5 addr-ess-assigning telegram T fromthe master M wth whi ch

address-assigning telegram T it is assigned an unanbi guous addr ess.
During the negk gycbe3pfit he nmet hod, 27he slave Sz which has just been
assi gned an address no longer reacts to the preanble P, with the 10

result that agﬁ heregé ve?fgvesz(51 aluate§ t ? n% %89§£8iéatf8ﬁs ?nis

the bus in su a way hﬁtc%es itself ate rn whic
ready to mepétotingie atbeesscommuphtagieovsegrawptiem| n ahterwaythe g

the slaves gc%ﬁgon -of ﬁMet hBHbamBﬂeang?SS atdl 4 b t0r adual §ygAasgsi gned
one. 355 Pat ent d ai ns 1.

A met hod for ﬁﬁﬁBﬁﬁF?c(éddﬁ€§§ﬂhs%?gﬁﬁéﬁ?mﬂﬁtﬁd bY cRdmftAvEat iShrs S52syst em

having & pluyabhhllyis @htehdedofaunittt lcﬁﬂﬁer slsesd bess, $M S1.)S2,
referr QW as nas erforns

2" Shper or di nab € PENCEPRILS 1O (REIDE (WIATIATRT: £l A eeiph, hutBRGr oo
assi gnment, acepmunicatiogaabystqumentbe abs@ﬁpe|qftﬂhafaﬁﬁxmmrmpréherred

to as preambl goffdini Qe ¥A5CHySEAARILSEMEIC Hodde £ S dIPGE! VEfle PY¥e D6

remainin
J being capable of being evaluated by the respective

10 slave (S1, S2, ...) to the effect that there are no
further slaves (S1, S2, ...) without address allocation
spatially after it in the communications system, with
the result that the respective slave (81, S2, ...) can
be switched into a normal reception mode which permits

15 an address-assigning telegram (T) from the master (M)
to be received, with which address-assigning telegram
(T) the address assignment for this slave (S1, S2, ...)
can be effected.

8. The communications system as claimed in claim

20 7, characterized in that, by reference to the number of
response signal sequences (A) transmitted by the slaves
(s1, s2, ...), the master (M) can detect the number of
slaves (S1, S2, ...) which have not vet been allocated
an address.

25 9. The communications system as claimed in claim 7
or 8, characterized in that, during  operation, the
master (M) can transmit a preamble (P) again at
predefinable times and/or in a predefinable time
pattern.

30 10. The communications system as claimed in claim
7, 8 or 9, characterized in that the addresses of the
slaves (S1, S2, ...) can be assigned in an ascending or
descending sequence corresponding to the distance from
the master (M). |

A
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communi cati ons subscribers (S1, S2, ...), referred to bel ow as sl aves

(S1, S2, ...), each slave (S1, S2, ...) whi ch has not yet been

al | ocated an GrRId®®2sB BHbRkdi ately tra28mts a signal sequence (A) in
response to the 15 preanble (P), that slave (S1, S2, ...) which is
chronol ogi caliy. the sl omfidlost s\ PEgabhe aP)c1aind8! 96 Sc14LAM t he
fact that no further acfions take place I n the comuni cati ons system

within a predéfifed® ortife chprarterpged dingrhat saqiierpéng (o thich

was 20 transgppdbBegPy dft . théhaildvesy e (81§ rBszurthcyr stewéest in (e S2,
.) without address aLlocatlon resent .in the g gpunlc tions né stem
#Feen

spatially afPBpuniggtions,gyst msﬁﬁgbdﬂ%n???eg
recepti on Smodehe addbesbeseoﬁ1theamndﬂﬂnéaalasiagasngSﬁeIsgnan1(T) from 25

the master (% to bg ra\gééygpdl V%mnwg‘fféﬁs @éﬁﬂﬂé&

tel egram (1) e address gnnen (Sl
carried out, reaEeruedhép Hededs as m%%ﬂ?rSmM)c.WPlﬂhtWQHSQkkﬁQk% for

?Ihl ocat i OnBOV\E'u@&nQ@iéCéddresQCtEbQE! nfn@ntthfanW1nﬁ§1&Y§t§ ?%Ee\er
eir own esponse , wal U1 a,gal n or rea e
master (M. hRavshg Oth%h) % of eyl Fﬁréngﬁn 1Slch§2)acterr&ed

in that, I’:eéﬁéEﬂéd te mﬁelownmrsméveesp(cms,essz,ﬁ) rTbt rtans];rmfsedrby(t he
sl aves (Sl S t detects the nunber of slaves S1,
" Rmibgles SRR Rt Laday, |

S2, | ocat ed an address.
for transmlttlng a signal sequence (P) in order to

initiate the address assignment, referred to below
as preamble (P),
15 - for receiving a response signal sequence (A),
which can be transmitted via one of the slaves
(s1, S2, ...) in reaction to the preamble (P), and
- for transmitting an address-assigning telegram for
address assignment.

20 13. The superordinate communications subscriber as
claimed in <claim 12, characterized by means for
detecting the number of response signal sequences (A)
transmitted by the slaves (S1, S2, ...).

14. The superordinate communications subscriber as

25 claimed in claim 12 or 13, characterized in that, after
the address-assigning of a slave (S1, S2, ...), a
preamble (P) can be transmitted again if it is clear
that the communications system still contains slaves

(sl, S2, ...) which have not yet been allocated an
30 address.
15. The superordinate communications subscriber as

claimed in claim 12, 13 or 14, characterized in that,
while the communications system

* c L M 5 *
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97 P 3551 P - 26- PCT/ DE98/ 02076 7. A conmmuni cati ons
system having a plurality of comuni cati ons subscribers (M S1, S2,

...) which agR 97 sw@dsbl e for an aut-omps i-c address assi gnnent, at | east
one of which, referred to bel ow as naster (M performs 5 a superordinate

function, th% f é%@ghagl P %%ntﬁﬁps gﬁbﬂgt@eap%.aln
? ? $o g%ress hsd] %;n E} ?

signal sequence
comuni cat i o preslsﬁsaabléér stimgs smd/or) lnr eﬁerH%QﬁQf)lmﬁlPlﬁv dsimst aves
(S1, S2, . .paceaych have not yet been assigned an 10 address,

referred to bel ow as sl aves havi n nmeans,_ f or
i mredi ately th%mnsnit thhfy ﬁug?ﬁﬂﬁplnates&ﬁ%‘g\’é&"(%lqr}? r e¥BBrsibes Ak
preanbl e 6P) cledeted inslelvein S12,S213, . 1 hewi NG, rreamsréon'tc)«lafmaéaorﬂmg t he
comruni cati o stemafter ther tion,of th 5 ea ,

| east one ﬁ'ban th%eaﬂgﬁggsefA) et?%\ﬁgﬁ?tﬁgé bygoja( sravg % be g

...), for tles=itgreyd insl| ares ésctenszng Or bedlagcenpibye ca‘emxamge

eval uat ed ({ihﬁ:ea%{:&}faﬂr&f i ¢l STl aff&mstrge_/%; ethpypbsence  of

t he actlonln mrunicat1 ons systemdurin redefinable time
period for r esSpct pypersgrgipate QOSE“UTS’EathI)S berRgcEapabl & of

bei ng eV@buathfhi[n{éd hen c1efd eQB thﬂ! spatéal 1), af éwardétetngeq anre no

R s o5 ey, e o U330 5 M4 CEPLED B (e
(S1, S2, .. gan pusessamtt cheml | the acommundcatlionscepyistemrodanhibsh
permits an a%defnee%sated b§S $e¥2rag kel & 2L ( Dhde¥Ddh e fRsHE" diMdvdP e
(s1, s2, ...).
15 18. A communications subscriber, referred to below
as slave (Sl1, S2, ...), which is provided for use in a
communications system with automatic address

assignment, which can be effected by a superordinate

communications subscriber (M), referred to below as
20 master (M), in which case said master (M)

- can be operated in a configuration mode,

- in which it 1is suitable for immediately
transmitting a signal sequence (A) in response
to a preamble (P) which can be transmitted by

25 the master (M), and for monitoring the
communications system after the reception of
the preamble (P),
- at least one response signal sequence (A) which
is transmitted by another slave (S1, S2, ...)
30 and is intended for the slave (S1, 82, ...)
being capable of being evaluated as an action
in the communications system, and the absence
of the action in the communications system
during a predefinable time period being capable

35 of being evaluated by the slave (81, S2, ...)
to the effect that there are no further slaves
(S1, S2, ...) without
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-

recei ved, with which address-assigning telegram (T) the addr ess

assignnent for this slave (S1, S2, ...) can be 30 effected. 12. A
super or di nat @R ®@ImMPuBSGAt i ons  subscri-bal, - referred to bel ow as naster
(M, which is suitable for automatic address assignment in a
communi cations syst eqarediavhigoghgh coggm&ﬂ FrYOSEE AL S thel S2,
...), 35 referred todbéceow as s aves " rg) mast er (M
having at |east communications SYStemANEN%[FIS?-IEE'ita"e (S1975@.,3551 P
-26a - PCT/ DE98/ 02076 , & dEANSsUr¥edquasIV t thaJ swsteRal seagencan (P) in
order to initiate the address ass gnnent, referred to bel ow as preanble
(P) operatlng mode,

5 - and can be operated to the operating mode which at

least permits an address-assigning telegram (T)

from the master (M) to be received, with which

address—assiQnihg telegram (T) the address

assignment for the slave (S1, S2, ...) can be
10 effected.
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Abstract

Method for automatic address assignment, bus system for
automatic address assignment and communications
subscribers which can be used in the bus system or
within the scope of the method

A method for automatic address assignment is
disclosed, said method being based on a distance
measurement, a master (M) transmitting wvia the bus a
preamble (P) which is received by all the slaves which
are to be addressed. The slaves react to the preamble
(P) by transmitting a response signal sequence (A). A
slave (S2) which is located upstream, in the direction
of the master (M), of a slave (S3) which transmits a
response signal sequence (A) registers the response
signal sequence (A) of the slave (S3) and subsequently
waits for a new preamble (P). The slave (Sz) which does
not register any response signal sequences (A) from
other slaves is the last slave (Sz), seen from the.
master (M), without address allocation on the bus. This
slave (Sz) switches into a state in which it is ready
to receive an address-assigning telegram (T) from the
master (M), with which address—assigning.telegram (T)
it is assigned an unambiguous address. During the next
cycle of the method, the slave (Sz) which has just been
assigned an address no 1longer reacts to the preamble
(P) so that another slave evaluates the constellations
at the bus in such a way that it switches into a state
in which it is ready to receive the address-assigning
telegram. In this way, all the slaves without an
address are gradually assigned an address.

FIG. 2
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7. A communications system having a plurality of
communications subscribers (M, S1, S2, ...) which are

suitable for an automatic address assignment, at least
one of which, referred to below as master (M), performs
a superordinate function, the master (M) having means
for transmitting a specific. signal sequence (P) for
address assignment, the remaining communications
subscribers (81, 82, ...), referred to below as slaves
(S1, S2, ...) which have nbt yet been assigned an
address, referred to below as slaves (S1, 82, ...),
having means for immediately transmitting a signal
sequence (A) in response to the preamble (P), each

. slave (S1, S2, ...) having means for monitoring the

communications system after the reception of the
preamble (P), at least one signal sequence (A),
transmitted by a slave (S1, S2, ...), for the other
slaves (S1, S2, ...) being capable of being evaluated
as an action in the communications system, the absence
of the action in the communications system during a
predefinable time period for the respective slave
(S1, s2, ...) being capable of being evaluated to the
effect that, spatially after it, there are no further
slaves (S1, S2, ...) without address allocation in the
communications system, with the result that the
respective slave (S1, S2, ...) can be switched into a
normal reception mode which permits an address-
assigning telegram (T) from the master (M) to be
received, with which address-assigning telegram (T) the

address assignment for this slave (S1, S2, ...) can be
effected.
12. A superordinate communications subscriber,

referred to below as master (M), which is suitable for
automatic address assignment in a communications system
having other commuqications subscribers (S1, S2, ...),
referred to below as slaves (S1, S2, ...), the master
(M) having at least

weewoso sser NN ARRL LA



" AMENDED SHEET GR 97 P 3551 - 29- is operating, a
preanble (P) can be transmtted again at predefinable tinmes and/or in a
predefi nabl e &7 e 3551 Fattern. 16T 26aThe superordi nate conmunications
subscri ber aPCTYDEI&HGAF G n claim 12, 13, 14 or 15, characterized in

that the addresses of the slaves (S1, S2, ...) can be assigned in an

ascending or desceRiifo_$66UN M smi thig espanding t @ edd@ndest apse i om the
Jmaster (M. The super ordi nate comuni cati ons subscri ber as 10

“clained in claim Izg:‘der14to miiate tEﬁaPQ@F@FPzéésﬂﬁnme“tt'hartef&%@&pl ng of
.the topol ogy of the Haurs {Sbrsable (P),) present in the conmmunications

.system can be generated by reference to the addresses of the slaves
(s1, s2, ...). 15 18. A commruni cati ons subscriber, referred to bel ow
as slave (S1, S2, ...), which is provided for use in a

—_— e —————
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- comiuni cati ons system wth automatic addr ess assi gnnent, which

can be effected by a superordinate communi cati ons subscriber (M,
referred to B8l ew3as512@ master (M, Fn2®hich case said master (M -
can be oper apett/DE98/0@0f7i6gur at i on node, ‘ - in which it is suitable
for imediately transmtting a signal sequence (A) in response
to apreamble (P)uaheh €88 Prellppenl! '£d Mesthise signaliCsclishee (M.
and for nonitorin the communj cat | ons. system after the
“reception of (A), whighk pfeBndre (Hyansmitted vigyi qneysefonéheesponse
.Signal sequence (Alawhisch(s1, s2, ...)isidrasastibaddly ewet peeambave (S1,
S22, ...) 30 and is intended for the slave (S1, S2, ...)

bei ng capabl e of ngngaggaluated as an action in the

comuni cad i ors syskeams andotrhe &laesmétting an oadtihesaetssigninghe

conmuni cati ons sy during s ' e tinme period being
capabl e 35 %%ggbggfh Tgygfﬁégggg%f%t%ggg%g@ggn%81, S2, ...)
to the effecl8that tRereommunirationshepubpaydber, referreq o kglow )

W t hout as slaveR lf’é@ﬁ;...%, which- 3@ provided for @84refsSa
al l ocation spatially after it in the , ,
communications system with automatic address
10 assignment, which can be effected by a superordinate
communications subscriber (M), referréd to below as
master (M), having means for immediately transmitting a
signal sequence (A) in response to a preamble (P) which
is transmitted by the master (M), means for monitoring
15 the communications system after the reception of the
preamble (P), and means for receiving an address-
assigning telegram (T) from the master (M), in which
case it
- can be operated in a configuration mode,
20 - in which it is suitable for transmitting the
signal sequence (A) in response to the preamble
(P) and for monitoring the communications
system after the reception of the preamble (P),
- at least one response signal sequence (A) which
25 is transmitted by another slave (S1, S2, ...)
and is intended for the slave (81, S2, ...)
being capable of béing evaluated as an action
in the communications system, and the absence
of the action in the communications system
30 during a predefinable time period being capable
of being evaluated by the slave (S1, S2, ...)
to the effect that there are no further slaves
(s1, S2, eee) without address allocation
spatially after it 'in  the communications
35 _ system, and the slave {81, s2, ces) can
subsequently be switched into an operating
mode,
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" cammuni-cations system and the slave (S1, S2, ...) can

subsequently be switched into an operating node, 5 - and can
- be. operated 189 ®h&5&3erPati ng node whi eh 28t - | east permits an

addr ess- assi GATTHESSI/O0FE ( T) ' fromthe master (M to be received,
wi th which address-assigning telegram (T) the addr ess

assignment for thgry aus Heloperited to)th&€@BplalPng modt lRikRdat
least permits the address-assigning telegram (T)
to be received, with which address-assigning
telegram (T)

* [4 L M 1] *
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the address assignment for the slave (S1, S2, ...)
can be effected.
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