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Description Apparatus for the interference-i nmune nodul ati on and
denodul ati on of anal og signals for nessage trans- mssion via the screens

of power t‘g E?Ingégél on cables 5 The invention rel apepEbésioardli r cui t
which is r ﬁ f at interfaces between the screens of power transm ssion

cabl es, which screens serve as transm ssion paths, and the devices for

sel ection and processing of the respective nessages, generally digital
conputers, _for. 10., feeding in or receiving the nessages which are present
in the forPofPERAPBEY frequency- nodul ated signal's. At the transmitting end
of the circuit it is used for the generation of the signals from current

digital selecti e ¥AGUESy LPBLsEEnbRefMokillat?BnS AntabRdatAR i3 n Al
analogen Signalen zur Nachrichtenibertragung Uber die Schir-
5 mungen von Energielbertragungskabeln

Die Erfindung betrifft eine Schaltung, welche an Schnittstel-
len zwischen den als Ubertragungsstrecken dienenden Schirmun-
gen von Energieubertragungskabeln und den Einrichtungen zur
10 Voigabe und Verarbeitung der jeweiligen Nachrichten, in der
Regel Digitalrechner, fur die Einspeisung bzw. den Empfang
der in Form von analogen, frequenzmodulierten Signalen vor-
liegenden Nachrichten bendtigt wird. Auf der Sendeseite der
Schaltung dient sie zur Generierung der Signale aus aktuellen
15 digitalen Vorgabewerten, d.h. zur sogenannten Modulation. Auf
der Empfangsseite der Schaltung dient sie zur Rickgewinnung
der digitalen Vorgabewerte aus empfangenen analogen Signalen,
d.h. zur sogenannten Demodulation. Eine derartige Schaltung
wird haufig auch als ein Modem bzw. eine Modemschaltung be-

20 zeichnet.

Bei der Modulation werden im Sendeteil eines Modems sinusfdr-
mige, analoge Signale mit zwei unterschiedlichen Sendefre-
quenzen gebildet, welche als Ober- und Unterfrequenz bezeich-
25 net werden konnen. Der hochfrequente Takt der Umschaltung
zwischen den Sendefrequenzen, d.h. die eine Frequenzmodulati-
on darstellende Umtastung, ist vom aktuellen Bitmuster des
jeweiligen digitalen Vorgabewertes abhangig. Dabei wird den
beiden bindren Wertigkeiten jeweils eine Sendefrequenz ein-
30 deutig zugeordnet. Bei der Demodulation im Empfangsteil eines
Modems wird erkannt, welche der beiden Sendefrequenzen aktu-
ell smpfangen wird. Dieser wird dann der entsprechende binars
Wert zugeordnet. Aus der Folge der auf diese Weise entstehen-
den binaren Werten wird schlieBlich der die jeweilige Nach-
35 richt darstellende digitale Vorgabewert rekonstruiert.
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15 the receiving end of the circuit, it is used for the recovery of the
digital selection values fromreceived analog signals, that is to say for
the so-called denodul ation. A circuit of this type is also fre%uentl

ref er r ed WQ24123 npdem or a nodemcircuit. 20 #B¥atl ati on,
si nusoi dal, analog signals having two different transn155|on frequenC|es,
whi ch can be designated as upper frequgncy and | ower frequency, are fornmed

in the transmitting section of a nodem The hlg frequency rate of
swi t chi nd3 eXCifel 994k rdpr nERiRAung Wird cglRgesesztt pReZiglto say

the keyi ngivie sopsiding&s Rd@é&@myvrﬁmtuh@ﬁimu@l@pemlbeﬂnwéh@eﬁurrent
'E)Ir;ngﬁ} ;g %%kaﬁe‘i’gecl |V, %ﬁ}‘él %;grgls%nfaﬂectrlegn%val Llfgnzmoduflergase one
Signalen udber die Schirmungen insbesondere von zur Energie-

5 verteilung dienenden Hochspannungskabeln ubertragen. Bei den
Nachrich;en handelt es sich in der Regel um Steuer- und Zu-
standsmeldesignale. Dabei werden Steuersignale meist von ei-
nem Zentralrechner erzeugt und dienen zur Steuerung von Netz-
betriebsmitteln im Energieverteilungsnetz, z.B. von Stufen-

10 transformatoren, Leistungsschaltern und dergleichen. Anderer-
seits koénnen derartige Nachrichten auch Zustandsmeldesignale
sein, womit der aktuelle Betriebszustand des Energievertei-
lungsnetzes durch die darin verteilt angeordneten Netzbe-~
triebsmittel dem Zentralrechner mitgeteilt werden.

15 _

Bei der Kabelschirmkommunikation besteht ein Problem darin,
daf die Energielbertragungskabel in der Regel Bestandteil ei-
nes weit verzweigten Kabelnetzes sind, welches insbesondere
in Stadten zur Energieversorgung dient. Aus diesem Grund er-
20 folgt die Ubertragung der oben genannten Steuer- und Zu-
standsmeldesignale uber Kabelschirmungen nicht in Form einer
einfachen Punkt zu Punkt Ubertragung. Vielmehr miussen die
analogen, frequenzmoduliérten Signale mit Hilfe von sogenann-
ten Relaisstationen Uber die Schirmungen einer Kette von mit-
25 einander verbundenen Energietbertragungskabeln weitergereicht
werden, bis sie die Zielrelaisstation erreichen. Meist befin-
det sich an jedem Knotenpunkt des Energieubertragungsnetzes,

d.h. an jeder Stelle, an der mindestens zwei Kabelenden zu-

sammentreffen, eine derartige Relaisstation. Diese hat die

30 Aufgabe, mit Hilfe jeweils einer integrierten Modemschaltung
von der Schirmung eines Energielbertragungskabels analoge,
frequenzmodulierte Signale zu empfangen und die dazugehdrigen
digitalen Vorgabewerte zu rekonstruieren. Diese werden in ei-
nem lokalen Digitalrechner des Modems ausgewertet. Die Modem-

35 schaltung muf somit in die Richtung aller angeschlossener Ka-

belschirme empfangsbereit sein.



of the two binary val ues. During denodul ati on, that 30 transm ssi on
frequency of the two transm ssion fre- quencies which is currently being
received i §, [ fied in the receiving section of a nodem pdigEP9s/H4751
corresponding binary value is then assigned to this transm ssion frequency.
The digital selection value which represents 35 the respective nessage is
finally reconstructed fromthe sequence & binary values produced in this
way. The circuit according to the invention is enpl oyed specifically in
so-cal l ed cabl e screen conmuni - cations. 1In this case, the nessages in
the form of Die Nachrichten kénnen an die gerade empfangende Relaissta-

tion gerichtst sein. Die hieraus rekonstruierten digitalen
Vorgabewerte kénnen sich dann z.B. als Steuersignale heraus-

S stellen, welche das im jeweiligen Netzpunkt befindliche Netz-
betriebsmittel betreffen. Andererseits kann es sich z.B. um
Steuersignale handeln, welche vom Zentralrechner an ein in
einem anderen Netzpunkt befindliches Netzbetriebsmittel ge-
richtet sind, bzw. z.B. um Zustandsmeldesignale, welche von

10 einem, in'einem bestimmten anderen Netzpunkt befindlichen
Netzbetriebsmittel an den Zentralrechner gerichtet sind. In
diesen Fallen missen die analogen, frequenzmodulierten Signa-
le von jeder Relaisstation aus der Richtung eines Energie-
Ubertragungskabels empfangen und demoduliert werden. Erst nun

15 ist eine Erkennung von deren, an eine andere Relaisstation
bzw. an den Zentralrechner gerichtete Adressierung im lokalen
Digitalrechner des jeweiligen Modems méglich. Diese werden
nun erneut moduliert und in der Richtung des entsprechenden
Energieubertragungskabels in dessen Kabelschirm eingespeist.

20 Es ist auch méglich, daff ein Netzbetriebsmittel selbstandig
eine Zustandsmeldung generiert, welche dann Uber das Modem
der lokalen Relaisstation meist in Richtung auf den Zentral-
rechner in den Kabelschirm des entsprechenden Energielbertra-
gungskabels einspeist.

25
Das zur Ubertragung dienende Kabelschirmnetz weist somit eine

ganz besondere Topoclogie auf. Diese ist insbesondere gekenn-
zeichnet durch die mit Relaisstationen und jeweils einer in-
tegrierten Modemschaltung besetzten Schnittstellen der Kabel-
30 schirmungen in den Knotenpunkten des Energietbertragungsnet-
zes. Diese stellen Unterbrechungspunkte in der aus der Kette
von Kabelschirmungen bestehenden Ubertragungsstrecke dar. Aus
diesem Grund sind insbesondere hohe Anforderungen an die Gate
der NachrichtenUbertragung zu stellen. Die Modulation und De-
35 modulation im Modem einer jeden Relaisstation mufl somit be-
sonders robust sein, d.h. unempfindlich gegen die Einkopplung



anal og,

particularly of high-voltage cables serving 5 for
nessages are generally control signals and state indication signals. In
this casw,‘”é’dg’(’Fol signals are usual ly generated by a cen?FyFP%é‘}ﬁh er

are used to control network operating equi pnent in the power distribution
for exanple 10 stepping trapsforners, circuit-breakers and the

net wor Kk,

e R e T

frequency-nodul ated signals are transmtted via the screens
power distribution. The

like. On the other hand, such nmessages nmay also be state indica- tion
si gnal s, W80 ngudrungenhi dhet heicderctbespeagunggint argenfl ehnepoWebel -

di stributdom ARIMELK 84 €cCRBHUALEALEH] ER kﬂspgﬁﬁ&ﬁﬁkeCegggggﬁeﬂykbhe

net wor k operating equi p- 15 nment arranged 1n a distri

manner in

sai d net k-
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Der Erfindung liegt die Aufgabe zugrunde, eine méglichst ein-
fache Modemschaltung anzugeben, mit der eine Nachrichtenein-

und auskopplung in die bzw. aus den Schirmungen von Energie-

ubertragungskabel dennoch mit hoher Stdérsicherheit méglich

ist.

Die Aufgabe wird geldst mit der im Anspruch 1 angegebenen
Schaltung. Vorteilhafte weitere Ausfihrungsformen sind in den

Unteransprichen angegeben.

Die Erfindung und vorteilhafte weitere Ausfihrungsformen der
Erfindung werden anhand der nachfolgend kurz angefuhrten Fi-
guren ndher erlautert. Dabei zeigt

Fig. 1 : ein Blockschaltbild der erfindungsgemafen Modem-
schaltung fur die Nachrichteneinspeisung in bzw.
Auskopplung aus den Schirmungen von Energietbertra-
gungskabeln,

Fig.2 : eine vorteilhafte Ausfuihrung eines getakteten Band-
pafifilters in der erfindungsgemafien Modemschaltung,

Fig.3 : das Signalverhalten einer vorteilhaften Ausfih-

rungsform eines Schmitt-Triggers im Empfangsteil
der erfindungsgemdaflen Modemschaltung,

Fig.4 : das Signalverhalten am Eingang einer vorteilhaften
Ausfihrungsform eines digitalen Demodulators im
Empfangsteil der erfindungsgemdflen Modemschaltung,

and

th

e



A problem of cable screen comunications is that the power transm ssion
cables are generally constituents of a highly ramfied cable network which

serves the ¢289g1938§ POSe of supplying power particularly in cpétRposeln this
reason, the transm ssion of the abovenentioned control and state indication
signals via cable screens is not effected in the formof a sinple
point-to-point transm ssion. Rather the anal og, frequency-nodul ated 25
signal s nus e.forwarded wth the d of so-called relay stations via the
Phe¥cineetds

. b '
screens of BH%hadih of ?it%+%%%%%%Y%%i5%%5?1??5n%ﬂ¥5§f Ble RET1 they
reach the destina- tiomgsfeymsé¢tteondifitaley Modtlonons ihi Sehypeeid

usual ly situated at e e of ge 0 1.,SSH 0 net wor k, that
is to say at each poié§¥w§g§%9é&n¢ %E§%¥€% &5&&&9&ﬁ§19@n§,
S Fig.6 : das Signalverhalten einer vorteilhaften Ausfdh-
rungsform eines Tiefpaffilters am Ausgang des Sen-
deteiles der erfindungsgemafen Modemschaltung, und

Fig.7 : das Beispiel einer zweikanaligen Ausfihrung der er-
10 findungsgemiaRen Modemschaltung.

Figur 1 zeigt das Blockschaltbild der erfindungsgeméfRen Mo-
demschaltung. Zur besseren Ubersicht sind in dieses eine ver-
tikale Trennungslinie A-D und eine horizontale Trennungslinie

15 E-S eingetragen. Mit der horizontalen Trennungslinie E-S wird
der Empfangsteil E und der Sendeteil S der Modemschaltung ab-
gegrenzt. Mit der vertikalen Trennungslinie A-D werden im
Empfangs~ und Sendeteil E,S der Modemschaltung zusatzlich ab-
gegrenzt je ein analoger Teil A und ein digitaler Teil D,

20 d.h. je ein Teil, in dem analoge Signalverarbeitung bzw. di-
gitale Signalverarbeitung durchgefiihrt wird.

Dem Empfangsteil E der erfindungsgemdfen Schaltung werden die
analogen, von einem anderen Modem ins Energieilbertragungsnetz
25 eingespeisten, frequenzumgetasteten Signale als Empfangssig-
nale EK aus der Schirmung des jeweils benachbarten, lokalen
Energietubertragungskabels entnommen und in Figur 1 auf der
linken Seite zugefuihrt. Diese werden im analogen Teil des
Empfangsteiles E in einem Uber einen zentralen Prazisionstakt
30 T getakteten Bandpaffilter GT aufbereitet und einem die
Schnittstelle zwischen analogem und digitalem Teil des
Empfangsteiles E bildenden Schmitt-Trigger ST zugefihrt.
Dieser leitet aus den aufbereiteten analogen Empfangssignalen
rechteckférmige Triggersignale TR ab, welche einem digitalen
35 Demodulator DDM, der ebenfalls vom zentralen Prazisionstakt T
betrieben wird, als Steuersignale zugefihrt werden. Dieser



cable ends neet. This relay station has the task, with the aid of an

I ntegrated nodemcircuit in each case, of receiving anal og,
frequency-nodul ated signals fromthe screen of a power transm.ssi cabl e
and of rd¥QP&IR3/t- 35 ing the associated digital sel ectl’l'(gﬂ g)f’%gé. The
| atter are evaluated in a local digital conputer of the nodem
Consequently, the nodemcircuit nmust bg ready to receive in the direction

of all the connected cable screens. The nessages may bhe directed to the
rel ay stagemaduligrtchipsTgopagrehanpéeeTRi AYESH BREL LPBHRC. Offe aKtit al

sel ecti ongyabHeseh@e@RehuaCHethEngERAFEBRYNRNEGN HUBN Detektion der
Ober- bzw. Unterfrequenz, und ordnet diesen den jeweiligen
bindren Wert zu. Der auf diese Weise entstehende Strom demo-
5 dulierten Bits wird in Form eines seriellen Empfangsbitstro-
mes EBS einem lokalen Rechner CPU an dessen Dateneingang zu-
gefuhrt. Dieser decodiert schlieflich aus dem aktuellen
"Muster" des Bitstromes EBS die eigentliche Vorgabewerte,
d.h. den jeweiligen Nachrichteninhalt.
10 :
Falls ein Modem der in Figur 1 dargestellten Art in einer so-
genannten Kopfstation enthalten ist, kommuniziert der Rechner
CPU uber einen Ausgangsdatenbus ADB in der Regel mit einem
Zentralrechner KP. Dieser organisiert die Nachrichtenibertra-
15 gung und damit die Steuerung eines gesamten Energieubertra-
gungskabelnetzes. Andererseits ist in jeder der im Energie-
Ubertragungskabelnetz verteilten Relaisstationen ein Modem
entsprechend der Schaltung von Fig.l enthalten. In diesem
Fall kommuniziert der Rechner CPU Uber den Ausgangsdatenbus
20 ADB mit den Steuerelementen des jeweiligen Netzbetriebsmit-
tels.

Im Sendeteil S der erfindungsgemafen Schaltung von Figur 1
werden aktualisierte digitale Vorgabewerte vom lokalen Rech-

25 ner CPU des Modems in Form eines bevorzugt pulspausenmodu-
lierten seriellen Sendebitstromes SBS einem digitalen Modula-
tor DM zugefihrt, welcher ebenfalls vom zentralen Prazisions-
takt T betrieben wird. Am Ausgang des digitalen Modulators DM
werden abhangig von der aktuellen Wertigkeit des Sendebit-

30 stromes SBS Rechtecksignale generiert, welche die Ober- bzw.
Unterfrequenz aufweisen. Diese werden schlieflich in einem
die Schnittstelle zwischen digitalem und analogem Teil des
Sendeteiles S der erfindungsgemdfen Schaltung darstellenden
TiefpaRfilter TP in sinusférmige Sendesignale umgewandelt und

35 anschlieRend in die Schirmung von Energietbertragungskabeln

eingespeist.

4



out to be, for exanple, control signals relating to the item of network
operating equipnent situated at the 5 respective network nods On the

ot her hand #py be, for exanple, control signals direc @P P
central conputer 0 an item of network operating equi pnent S|tuate

di fferent network node, or, for exanple, state indication signals dlrected
to the central conputer 10 froman itemof network operating equi pnment
situated at a specific other network node. In these cases, the anal og,
frequency- nodul at ed signals nust be received by each relay station fromthe
di rection ﬁbnmqﬂﬁﬂk dennsr £ indsgsyeeiten anoddes ceabduhat esit QhéySthen-i s

it 15 possiy &d:0 W%%deﬂcﬁ%ﬁ'él&g%{@§sé&g sAhL FELEY dQuEntli LEier 80t
rel ay statlon or tot entr
Empfangsseite E als auch auf der Sendeseite S Gber einen zen-
5 tralen Prézisionssteuertakt T als eine gemeinsame Zeitbasis
bzw. Referenz. Dieser wird zumindest dem getakteten Band-
pafBfilter GT, dem digitalen Demodulator DDM und dem digitalen
Modulator DM als eine gemeinsame Zeitbasis zugefihrt. Alle
diese Elemente kénnen aus dieser Zeitbasis jeweils bendtigte,
10 unterschiedliche Frequenzen hochgenau ableiten. Aufgrund
dieser engen Abstimmung der wesentlichen Elemente auf-
einander, und insbesondere der von diesen durchfihrten Vor-
gangen der Modulation auf der Sendeseite und der Demodulation
auf der Empfangsseite, ist eine besonders prdzise Modulation
15 und Demodulation Ubertragener Signale mdéglich, d.h. eine
schmalbandige und damit stérsichere Ubertragung insgesamt.
Der zentrale Prazisionssteuertakt T kann von einem separaten
Priazisionstaktgeber PT bereitgestellt werden, wie dies im
Beispiel der Fig. 1 dargestellt ist. Andererseits besteht
20 auch die Méglichkeit, daR der Préazisionstakt im Rechner CPU

hochgenau generiert wird.

Die erfindungsgemadfe zentrale Generierung eines Prézisions-
steuertaktes T fir alle wesentlichen Elemente der Modemschal-

25 tung von Figur 1 hat ein Vielzahl von Vorteilen. Zum einen
wird der Schaltungsaufwand bei der Signalaufbereitung auf der
analogen Seite A des Empfangsteils E durch die Exrmdglichung
des Einsatzes eines getakteten Bandpalfilters GT zur Aufbe-
reitung der Empfangssignale EK, und auf der digitalen Seite A

30 des Empfangsteils E durch die Ermdglichung des Einsatzes
eines digitalen Demodulators DDM erheblich reduziert. In dex
gleichen Weise wird auf der Sendeseite S durch die Ermogli-
chung des Einsatzes eines digitalen Modulators DM der
Schaltungsaufwand erheblich reduziert.

35



the local digital conputer of the respective nodem They are then nodul ated
anew and fed in the direction of the correspondi ng power transm ssion

cable, into the cable 20 screen thereof. It is also pos§bp ;&wsan item .
of net woWR96}¥B%t i ng equi prent independently to generate a #£? /Mdi cati on .
which then feeds via the nodem of the |ocal relay station, usually in the
direction of the central conputer, intp the cable screen of the correspon-

25 di ng power transm ssion cable. The cable SCr net war k used for
ransmi s DEBROETNSEATRAtYy IRRS oF RO IGRASTAST STEG - URgT RoR AePt eine

charact e'é'rh%@lllclhepaﬁetribé@s@rud@/ dene Syt raifeagsfi mfl itditk eiab| e s cdeensi at t he
B§d$2|g; %gat-gﬁg%egk%ﬁgﬂégaéﬁl ) ¢ B0 Wil 14 S 2GR Al fg Qe cupi ed

ner Signale, als auch bei Modulation von zu sendenden Signa-

S len erreicht. Die Verbesserung in der Gute bei der Modulation

zu sendender Signale kommt wiederum der Signalverarbeitung

auf der Empfangsseite einer anderen, an einer anderen Stelle

des Energieverteilungsnetzes in einer Relaisstation angeord-

neten Modemschaltung bei dem dort stattfindenden Empfang und

10 der Demodulation zu gute. Dies ist auf die starre Verkopplung
der Empfangsseite E und der Sendeseite S Uber den zentralen
Prazisionssteuertakt T zuruckzufihren. Je genauer die Umset-
zung des Sendebitstromes SBS auf der Sendeseite S in analoge,
sinusférmige Sendesignale bezogen auf den zentralen Prazi-

15 sionssteuertakt T erfolgt, um so leichter und genauer kann
Empfang, Aufbereitung und Rekonstruktion eines adguivalenten
Empfangsbitstromes EBS in einem entsprechenden Modem an ande-
rer Stelle des Energieubertragungsnetzes erfolgen. Die erfin-
dungsgemafe Gestaltung der Modemschaltung kommt somit der

20 Ubertragungsgute der gesamten Nachrichtenubertragung uber die
Kabelschirmﬁngen der Energieubertragungskabel zu Gute. Dies
bewirkt insbesondere eine geringere Empfindlichkeit der
Schaltung gegenuber der Elnkopplung von Stdérungen, welche ge-
rade bei einer Nachrichtenibertragung uber die Schirmungeﬁ

25 von Energieibertragungskabeln in einem besonders starken Aus-

maf auftreten kdnnen.

Ferner wird es durch das erfindungsgemafe Schaltungskonzept
méglich, eine besonders schmalbandige Ubertragung zu reali-

30 sieren. Das Schaltungskonzept gemafl der Exrfindung ist somit
besonders geeignet fur den Einsatz von zwel wertemafig eng
beieinander liegenden Kennfrequenzen. Ober- und Unterfrequenz
kdnnen somit lediglich durch einen ungewdhnlich geringen Tra-
gerfrequenzhub von z.B. etwa 0,5 Kiloherz getrennt sein.

35 Durch die quasi synchrone Steuerung des getakteten Bandpal-
filters GT, des digitalen Demodulators DDM und des digitalen



and an integrated nodemcircuit in each case. These nodes constitute points
of interruption in the transm ssion path conprising the chain of cable
screens. Fego ddi eason, particularly high requirements nusicpepodpgs:of 35
the quality of the nessage transm ssion. Consequently, the nodul ation and
denodul ation in the nodem of each relay station nust be particularly
robust, that is to say insensitive to th@ coupling-in of interference which

may occur dMér%&‘Qa&B? bﬁaﬂﬁg‘rsgéﬂn éeﬂEQ?ﬁgiA %?QE?LS?.%&%@%]{@ ‘Iatkann Ui 10f i he

many nodes e Invention i

eine besonders hohe Frequenzstabllltat errelcht werden Es

ist somit méglich, auch eng beieinander liegende Ober- und

Unterfrequenzen auf der Sendeseite auf einfache Weise zu mo-

5 dulieren und insbesonders auf der Empfangsseite einfach und

stdrsicher wieder zu demodulieren. Die Unterdrickung von Stéd-
rungen, welche in.die analogen frequenzmodulierten Signale
auf den Schirmungen der Energielbertragungskabel eingekoppelt
werden, ist somit besonders effektiv.

10
Das getaktete BandpaRfilter GT im analogen Teil A des Emp-
fangsteiles E der erfindungsgemadfen Schaltung hat zumindest
die Aufgabe, die analogen Empfangssignale EX derart aufzube-
reiten, daf darin enthaltene stérende hohe Frequenzanteile

15 und storende niedere Frequenzanteile, welche Gleichspannungs-
offset ahnlich sind, ausgefiltert werden. Das Frequenzspek-
trum der gefilterten analogen Signale ist somit derart be-
schnitten, daf nur noch Frequenzen aus einem Bereich enthal-
ten sind, der méglichst eng um die zwischen den bei der Modu-

20 lation eingesetzten Werten von Ober- und Unterfrequenz liegt.
Die Mittenfreguenz des getakteten Bandpaffilters GT wird
erfindungsgemdf vom zentralen Prdzisionstaktgeber PT der
Schaltung abgeleitet. Da hiermit die Mittenfrequenz sehr ge-
nau und stabil vorgebbar ist, kann die Ubertragung vorteil-

25 haft schmalbandig ausgelegt werden. Die Filtermittenfrequenz
liegt dann méglichst genau in der Mitte von Ober- und Unter-
frequenz, zwischen denen bei der Modulation und Demodulation
umgetastet wird. Hierdurch wird die Stdrsicherheit der Daten-
ubertragung erheblich verbessert.

30
Die durch das getaktete BandpaRfilter GT aufbereiteten ana-

loge Empfangssignale EK werden nun einem Schmitt-Trigger ST
zugefihrt. Dieser bildet die Schnittstelle zwischen analogem
Teil A und digitalem Teil D der erfindungsgemdfen Schaltung.
35 Der Schmitt-Trigger ST enthalt mindestens einen Komparator,
womit die aufbereiteten Empfangssignale EK in mindestens ein



ing a modemcircuit which is as sinple as possible yet which permts
nmessages to be coupled into and out of the 5 screens of power

transm ssj 0 es with high interfer- ence immunity. Th | ' .
achleved E%@%ﬁ% of the circuit specified in Caiml. Adsgﬁ%ggé@ﬂgffurther .
enbodi nents are specified in the subclains. 10 The invention and
advant ageous further embodi- nents of {he invention are explained in nore
detail with reference to the figures which are briefly referred to bel ow
and in mhfEﬂqu?PéGﬁélfhe§h8ﬂ§h5eﬁkééﬁnéﬂagﬁaHWS?W?ﬁéeiﬁdHﬁF@ﬁﬁch?SEFS
accor di ngqt ent heikleenh eurfl okifeadiung aegsaaeafbmtgendaﬁd deQuRlilRe t hem out

of, the SBr gulaLors DDM.

Der digitale Demodulator DDM hat die Aufgabe, die Frequenz
der analogen Empfangssignale EK zu erfassen und dieser mog-
lichst den Wert Ober- bzw. Unterfrequenz eindeutig zuzuord-
nen. Hierzu verfugt der digitale Demodulator zumindest uber
einen Referenzzdhler, dem das Triggersignal TR vom Schmitt-
10 Trigger ST zugefuhrt wird. Dieser z&hlt die Periodendauer
einer jeden Schwingung, d.h. die den Abstand der Triggersi-
gnale TR aus, so daR sich ein Frequenzmefwert ergibt. Erfin-
dungsgemafs wird der Zahltakt des Referenzzahlers ebenfalls .
vom zentralen Prazisionstakt T des Prdzisionstaktgebers PT
15  Dbestimmt. Auch hierbei erfullt der Prazisionstakt T wieder
die Funktion einer zentralen Zeitbasis fur die gesamte Modem-
schaltung. Damit lassen sich die fur die Frequenzerkennung
notwendigen Frequenzmarken prizise einstellen. Der Hub der
Tragerfrequenz kann somit klein sein, so daf die hierdurch
20 erreichte Schmalbandigkeit der Ubertragung eine erhebliche
Verbesserung der Storunempfindlichkeit der erfindungsgemafien
Modemschaltung bewirkt. Aufgrund der digitalen Ausfihrung des
Demodulators DDM treten ferner keine Toleranzen, Tempera-
turdriftungen und alterungsbedingte Pegelverschiebungen auf.
25 Der Hardwareaufwand wird durch diese Ausfihrung ohne Einbufen
in der Demodulationsgenauigkeit stark reduziert. Der digitale
Demodulator l&8t sich mit einfachen digitalen Bausteinen wie
z.B. Gattern, Flip-Flops, Zahlern realisieren. Im Gegensatz
dazu ist bei bekannten Demodulatorschaltungen, z.B. bei einem
30 zwischenfrequenzdemodulator, einem Quadraturdekoder oder ei-
nem Phase Locked Loop Demodulator der Hardwareaufwand erheb-

lich gréRer.

w

Die erfindungsgemafe Schaltung ist an die speziellen, bei der
35 Datenubertragung uber die Schirmungen von Hochspannungskabein
vorliegenden Randbedingungen optimal angepaft. Mit der oben



power transm ssion cables, Figure 2 shows an advant ageous design of a
cl ocked bandpass filter in the nodemcircuit accordi ng 20 to

t-he inventj Lgure 3 shows the signal characteristic ofp@fEpsinatsi
tageous_ekbggyﬁéa of a Schmtt trigger in the receiving section of the
nmodem circuit accord- ing to the invention, 25 Figure 4 shows the signal
characteristic at the input of an advangggeous enbodi nent of a digital

denodul ator in tg rece|V|n e on of .the n1C|r U|t ccording to the

i nvent i on, IBSGH* "%‘f@éﬁ% %H%?I:’e{’ct errq LerLen I'gér are:

t ageous enhudwaadteaheabﬁqydddrsnhbﬂaﬂSM6ns1cherhelc bel der Daten-
ubertragung durch ein schmalbandiges Ubertragungsspektrum

erreicht.

Bevorzugte weitere Ausfuhrungsformen der Erfindung werden
unter anderem an Hand der nachfolgenden Figuren 2 bis 7 er-

lautert.

10 Vorteilhaft wird das getaktete Bandpaffilter GT in Form eines
getakteten Kondensatorfilters realisiert. Derartige Filter
werden auch als "Switched Capacitor Filter* bezeichnet. Beil
diesem getakteten Filter kann bei der Bestimmung der Fre-
quenzeigenschaften auf eine &uBere Beschaltung mit realen

15 Kondensatoren verzichtet werden. Diese miften sehr genau
sein, ein gutes Temperatur- und Alterungsverhalten aufweisen
und waren somit teuer. Die Lage der Polstellen des Filters
wird vielmehr durch den Wert des zentralen Prédzisionstaktes T
und eine einfache, &auRere Widerstandsbeschaltung bestimmt.

20 Trotz des einfachen Aufbaus eines derartigen Filters verfigt
dieses uber eine sehr hohe Gite und reproduzierbare Filterei-
genschaften. Es ist vorteilhaft, wenn das getaktete Bandpaf-
filter GT aus einer Kaskade von mehreren Teilfiltern besteht.
Es kann z.B. als ein Block aus vier universalen switched-

25 capacitor-Teilfiltern aufgebaut sein. Vorteilhaft werden da-
bei die vier Teilfilter kaskadiert und die Polstellen der
Teilfilter aufeinandergelegt. Hierdurch kann trotz begrenzter
Guten der Teilfilter insgesamt eine gute Frequenzselektivitat
erreicht werden. Bei einem Tragerfrequenzhub von z.B. etwa

30 0,5 Kiloherz betragt die Bandbreite des getakteten BandpafR-
filters bevorzugt etwa 1,8 kH=z.

Vorteilhaft kann das getaktete BandpaBfilter GT durch ein zu-
satzliches Vorfilter und gegebenenfalls eine zusatzliches

35 Nachfilter erganzt werden. Eine derartige Filterkette GT ist
im Beispiel der Figur 2 dargestellt und besteht auf einem



the transmtting section of the nodemcircuit according to the invention,
Figure 6 shows the signal characteristic of an advan- tageous enbodi nent

of a lowpass filter at the 35 out put of the tr 1t LLNg
section 2%4823%pdem circuit according to the invention, §ﬁ§ﬂ§$§&&597

shows the exanple of a two-channel design of the nodemcircuit according to
the invention. Figure 1 shows the blo di agram of the nodem circuit
according to the invention. For better clarity, a vertical separating |ine
A-D and  &9nfiHerr afF sepemagigentlichen getakteten Bandpaffilter BF

und einem Nachfilter NF.

Die aus der Schirmung eines Energieubertragungskabels entnom-
S menen analogen Empfangssignale EK werden vorteilhaft in einem
die Eigenschaften eines Bandpasses aufweisenden Vorfilter VF
einer ersten Bearbeitung unterzogen. Durch Ausnutzung der
TiefpaReigenschaften des Vorfilters kdénnen besonders hohe,
storende Frequenzanteile zur Vermeidung von deren Einschlei-
10 fung gleich am Eingang der erfindungsgemdfen Modemschaltung
ausgefiltert werden. Hierdurch wird die Stérempfindlichkeit
der Schaltung verbessert. Ferner werden Gestaltung und Dimen-
sionierung der weiteren Elemente im Empfangsteil der Schal-
tung, insbesondere des getakteten Bandpaffilters BF und des
15 digitalen Demodulators DDM erheblich vereinfacht. Durch Aus-
nutzung der HochpaReigenschaften des Vorfilters kann ein
sogenannter Gleichanteil, auch Offset genannt, im unteren
Frequenzbereich unterdrickt werden. Auch hierdurch werden Ge-
staltung und Dimensionierung der weiteren Schaltungsteile er-
20 heblich vereinfacht und insbesondere deren Wirkungsweise ver-
bessert, da durch die Vermeidung eines méglichen Gleichantei-
les die Eingangsdynamik an nachfolgenden Filtern aufrechter-

halten werden kann.

25 Vorteilhaft wird das Vorfilter VF in Form eines aktiven, kon-
tinuierlichen BandpafRfilters bevorzugt 1. Ordnung ausgefihrt
und z.B. mit einem Operationsverstarker und RC-Beschaltung
realisiert. Dieses kann u.a. vorteilhaft als sogenanntes An-
ti-Aliasing-Filter fur das nachfolgende getaktete Bandpaf-

30 filter BF dienen. Da die eigentliche “Filterarbeit" vom
nachfolgenden, getakteten Bandpaffilter BF geleistet wird,
dessen Filtermittenfrequenz uber den zentralen Prdzisionstakt
T exakt auf die jeweils vorliegenden Werte der Ober- und
Unterfrequenz abgestimmt ist, missen die Bandbreite bzw. die

35 Eckfrequenzen des Vorfilters VF nicht genau auf die bei der
Modulation und Demodulation vorliegenden Frequenzverhaltnisse



ing line E-S are drawn in this diagram The horizontal separating line E-S
demarcates the receiving section 3 5 and the transmtting section S of

the nodem %ﬁg&ﬁ’?A respective anal og section A and a respepgrxpositisost al
section D, to say a respective section in which anal og signal

processing or digital signal processing., respectively, is carried out, are
additionally demarcated 10 in the recgiving and transmtting sections E,

S of the nbdemcircuit by th erti.cal separat] | -D. _Th | og,
Frequency. SHITSHETEY SPima Sebanrarfs SREThEkRP e aHEnter 2L Rs2a8 17,
anot her nodemstrantthaiwuhg ckdthen r somi vi vgrsetihafit Evermipdesi wegidenaccor d-

15 oLn9 Louidle £ eRtL O PErdEGERAGNe 2h 002 2 FENRARELEEE 38ECRANG! nhite
respectivel’y  adjacen ocal “power frans-
anndhernde Abstimmung ausreichend.
5

Vorteilhaft enthalt das Vorfilter VF zusdtzlich Mittel zur
Einstellung der Verstarkung. Hiermit kann der Signalpegel der
empfangenen, analogen Eingangssignale EK an den Eingangsspan-
nungsbereich der nachfolgenden Elemente der Schaltung, insbe-

10 sondere des BandpaRfilters, angepalt werden. Es wird damit
vorteilhaft einerseits ein fur die weitere Signalverarbeitung
benétigter Mindestwert des Signalpegel sichergestellt. Ander-
erseits wird vermieden, daR durch Uberschreitung eines maxi-
malen Signalpegels die im Empfangsteil der erfindungsgemafen

15 Modemschaltung folgenden Elemente ubersteuert werden. Die
Einstellung der Verstarkung bereits im Vorfilter VF hat den
besonderen Vorteil, daR in der weiteren Schaltung keine Ver-
starkungen mehr vorgenommen werden missen. Die Verstarkung
der analogen Empfangssignale EK bereits im Vorfilter VF hat

20 Vorteil, daR eine Verstarkung des von den weiteren Elementen
im Empfangsteil E der Schaltung erzeugte Rauschen, insbeson-
dere das Rauschen des getakteten Bandpaffilters BF, dessen
Maximum gerade im eigenen Durchlafbereich liegt, nicht mit-
verstarkt wird. Der Signal-Rauschabstand kann hiermit erheb-

25 lich verbessert werden.

Vorteilhaft konnen die analogen Eingangssignale durch ein zu-
satzliches Nachfilter NF im Anschluf an das getaktete Band-
pafRfilter BF weiter aufbereitet werden. Zum einen kann hier-
30 mit ein insbesondere bei Ausfihrung des getakteten Bandpaf-
filters BF als Switched Capacitor Filter moglicherweise an
dessen Ausgang auftretendes Rauschen gedémpft werden, welches
auch als Taktdurchgriff oder Ubersprechen des Bandpaftaktes
bezeichnet wird. Zum anderen kann hiermit ein im getakteten
35 BandpaRfilter BF méglicherweise entstehender Gleichanteil
unterdrickt werden, so daf das Empfangssignal symmetrisch zur



m ssion cable and fed in on the left-hand side in Figure 1. These signals
are conditioned in the analog section of the receiving section 3, in a

bandpass f || GT which is 20 cl ocked by neans of a ce reci sion
cl ock si &&élg‘t”%;”%nd are f ed to a Schmtt trigger ST whi c&é@#@mgﬁé

I nterface between the analog and digital sections of the receiving section
E. Fromthe conditioned anal og receptip@ signals, the said Schmtt trigger

ot VoS 2B bR AL e et Sl I el s fed o
the centrakher E:ubfiamgsslngrﬂalﬁ gm@Iun'Etlﬂm Sﬁx@rﬂ@mﬂldrc'ﬁﬁléim&ﬂmt he
95T SEATREERBRL UGS MCHIG IS SRS e of 30
Nacnfllter NF kann vortollhaft als aktives, kontinuierliches
5 Bandpaffilter bevorzugt 1. Ordnung z. B. mit einem Operations-
verstarker und RC-Beschaltung realisiert werden. Aufgrund der
vorteilhaften Struktur der erfindungsgema&fen Modemschaltung
sind wie beim Vorfilter VF auch beim Nachfilter NF keine
hohen Anforderungen an die Einhaltung genauer Werte von Band-

10 breite bzw. Eckfrequenzen zu stellen.

Das gemidR der Darstellung in Fig.. 2 bevorzugt aus einer Kette
von Vorfilter VF, getaktetem Bandpaffilter BF und Nachfilter
NF bestehende getaktete BandpaBfilter GT bereitet die analo-

15 gen Empfangssignale EK derart auf, daf stdrende hohe Fre-
gquenzanteile und niederfrequente, gleichspannungsé&hnliche
Offsetanteile ausgefiltert sind, und daR die Signale eine zur
analogen Bezugsmasse der Schaltung symmetrische sinusférmige
Gestalt aufweisen.

- 20

Das Signalverhalten eines bevorzugten Ausfuhrungsbeispieles
fir einen Schmitt-Trigger ST ist Fig. 3 dargestellt. Dieser
bildet die Schnittstelle zwischen analogem und digitalem Emp-
fangsteil E. Ein uber das getaktete BandpaRfilter GT gefil-

25 terte, sinusfédrmige und zur analogen Masse der Modemschaltung
symmetrische Empfangssignal EK wird im Schmitt-Trigger ST
bevorzugt mittels zweier Komparatoren in zwel komplementére,
frequénzgleiche Rechtecksignale /S und /R umgewandelt. Diese
sind ein digitalisiertes Abbild des analogen Empfangssignals

30 EK. Die Rechtecksignale /S und /R stellen bei dieser
Ausfihrung das Ausgangssignal " TR " des Schmitt-Triggers ST
dar.

Vorteilhaft weist der Schmitt-Trigger zusatzlich Mittel auf,
35 womit den Komparatoren je ein uber bzw. unterhalb der Bezugs-
masse der Modemschaltung liegender Schwellspannungswert +Uh



or | ower frequency, and assigns the respective binary value to them The
stream of denodul ated bits produced in this way is fed in the formof a
seri al rec&,&t“ﬂgﬁl t stream EBS to the data i nput of  a | ocalpcgmppsoas: CPU.
The 35 | at't’er nal |y decodes the actual selection values, that is to say
the respective nessage content, fromthe current "Pattern" of the bit

streamEBS. If a nnden1of t he type illustgated in Figure 1 is cont ai ned in
a so-called head t he conput er - at @s pvi

out put dat @Plis A %?f%e%¢égﬁtvard nﬁ%?@r R#egTﬁéL aﬁ? %én?%és e
nmessage Komparatoren nlcht am Nullgang des sinusfdérmigen Empfang551~—

nales EK schalten, sondern erst jeweils bei Erreichen einer
Schwellspannung +Uh bzw. -Uh. Die dadurch hervorgerufene

5 Schalthysterese bewirkt ein vom sogenannten Grundrauschen
unabhédngiges, flatterfreies Schalten des Schmitt-Triggers.
Damit wird in vorteilhafrer Weise eine Rauschunterdridckung
bewirkt. Der Betrag der Schwellspannung Uh ist bevorzugt ein-
stellbar. Damit laft sich die Empfindlichkeit des Schmitt-

10 Triggers ST auf die aktuellen Rauschverhalnisse auf den als
Ubertragungsstrecke dienenden Kabelschirmungen abstimmen.
Daruber hinaus ist aber eine prazise Einstellung der beiden
Schwellspannungen bezuglich der Frequenzerkennung nicht er-
forderlich. Da die Komparatoren im Schmitt-Trigger in jeder

15 Periode an der gleichen Stelle schalten, wirkt sich der
Betrag der Schwellspannung nicht auf die Frequenz der Recht-
ecksignale /S, /R aus. Deren Frequenz bleibt erhalten und
damit ihre Funktion als frequenzgleiche Triggersignale far
den digitalen Demodulator DDM.

20
Das Signalverhalten am Eingang einer bevorzugten Ausfihrung-
form des digitalen Demodulators DDM ist Beispiel der Fig.4

dargestellt.

25 Der digitale Demodulator DDM gemaf dieser Ausfihrung weist an
seinem Eingang bevorzugt ein RS-Flip-Flop auf, dessen pegel-
sensitiven Set- und Reset-Eingangen die Triggersignale /S und
/R des Schmitt-Triggers ST zugefuhrt werden. Dadurch werden
die komplementaren Flip-Flop-Ausgange Q und /Q gesetzt. Durch

30 ein Flip-Flop mit pegelaktiven Set- und Reset-Eingdngen wird
vorteilhaft eine eventuell'noch vorhandene Schwingung in den
/S- und /R-Signalen, in Figur 4 mit Prellen bezeichnet, un-
terdrickt. Nachfolgend werden im digitalen Demodulator DDM
die positiven Flanken des /Q-Signals differenziert und daraus

35 ein internes Triggersignal TS erzeugt. Dessen Frequenz
entspricht der Frequenz eines analogen Emfangssignals EK.



transm ssion and thus the control of an entire power transm ssion cable
network. On the other hand, a nbdem5 according to the circuit of Figure

1 is contained in each of the relay stations distributed in a
transm sWPAN1¥3Bl e network. In this case, the conputer CF’(F’BB‘FR%(?N“ cates

via the output data bus ADB wth the control elenents of the respective

I tem of network operating 10 eqU|png§ In the transmtting section S of
the inventive circuit of Figure 1, ted digital selection values are
fed, in tRimd cxbiaodf st euefeiqabiny dmj,—mlen eDemdduwbaitbat POMsei rdl mit:

Lo a di ooy ST T reL o 8 SRR et cBre -
preCISIOMQﬁQXﬂ@le Zeit zwischen den p051t1ven Trlggerflanken kann m*t
einem von zentralen Prédzisionstakt T getriebenen Referenzzé&h-
S ler gemessen bzw. der Zahlerstand kann durch einen digitalen
Fensterkomparator ausgewertet werden.

Dabei wird der Zahlerstand des Referenzzéhlers bevorzugt mit
drei Vergleichswerten verglichen, welche drei Frequenzmarken
10 entsprechen. Hierdurch wird quasi ein doppeltes Frequenzfen-
ster gebildet. Eine der drei Frequenzmarken dient als soge-
nannte Mittenfrequenz zwischen der Ober- und Unterfrequenz.
Damit ist es im Demodulator méglich, zu erkennen, ob eine
empfangene Momentanfrequenz gréfRer oder kleiner als die Mit-
15 tenfrequenz ist, und somit entweder der Oberfrequenz oder der
Unterfrequenz zuzuordnen ist. Zur Begrenzung dieses doppelten
Frequenzfensters dienen eine zusdtzliche Oberfrequenzgrenze
und eine zusatzliche Unterfrequenzgrenze. Nun ist es im
Demodulator auch méglich, zu erkennen, ob eine auferhalb des
20 zuldssigen Wertebereiches liegende, unzuldssige Frequenz
empfangen wurde, d.h. ob die aktuelle Momentanfrequenz grdfier
als die Oberfrequenzgrenze oder kleiner als die Unter-
frequenzgrenze ist. Liegt einer der beiden Falle vor, so wird
ein Frequenzfehlersignal generiert. Hiermit kann das Verlie-
25 gen einer gestdrten Ubertragung signalisiert werden. Dies
stellt somit ein weiteres Mittel dar, um die Sicherheit der
Ubertragung zu erhédhen. Die Eckfrequenzen eines Fensterkompa-
rators kénnen ebenfalls uber den zentralen Prézisionstakt T
eingestellt werden.
30
Im Sendeteil S der erfindungsgemafen Schaltung von Figur 1
werden die am Datenausgang des Rechners CPU ausgegebenen di-
gitalen Vorgabewerte von einem digitalen Modulator DM in
analoge Sinusschwingungen umgesetzt, deren Frequenz entspre-
35 chend dem seriellen Sendebitstrom SBS zwischen Ober- und Un-
terfrequenz umgetastet wird. Hierzu enthalt der Modulator



signal T. At the output of the digital nodul ator DX, rectangular signals
havi ng the upper or |ower frequency are generated as a function of the
current val we ggfigidge 20 transm ssion bit stream SBS. The sipgfisipss/ed7€1
finally converted into sinusoidal transm ssion signals in a |low pain
filter TP, which constitutes the interface between the digital and anal og
sections of the transmtting section S oi7the circuit according to the

i nvention, gggtgﬁlhatfft}e’éln A Len %‘rr%%le% g{é?l‘@rattorran?rﬁésivﬁr%

The centrepi ece 1) n1C|rcu accor ion 1S
control of €f8 h?é@ﬁﬂ éﬂen@lfé‘mme@zgtn mme@lats@@tt w3adh @mmn@@kas/mg— si de

E and on thﬁlhﬁaﬁgﬁbbhb&@ans Is¢Ra? RN gIRAAS B B GRRL LRlr RIiQEIS I KB -
contr ol clock S|8nal as a commpn tinme base or, refer-
uenzgenerator sehr frequenzgenau, da die jeweiligen Werte
5 von Ober- und Unterfrequenz im Modulator erfindungsgemaR aus
dem zentralen Prazisionstakt T angeleitet werden. Der digi-
tale Frequenzgenerator tastet ndherungsweise unverzégert

zwischen den beiden Kennfreguenzen um.

10 Das Signalverhalten einer vorteilhaften Ausfuhrungsform eines
digitalen Modulators DM im Sendeteil S der erfindungsgemdfen
Modemschaltung ist beispielhaft in Fig.S5 dargestellt.

Bei dem digitalen Modulator DM wird bevorzugt das sogenannte
15 Continuous Phase Frequency Shift Keying Modulationsverfahren
angewendet . Dabei wird zwischen Oberfrequenz FL und Unter-
frequenz FH umgeschaltet. Nach Aktivierung des digitalen Mo-
dulators DM Uber ein Steuersignal SP wird entsprechend dem
jeweiligen logischen Pegel des dem digitalen Modulator DM vom
20 Rechner CPU seriell zugefihrten Sendebitstromes SBS die Ober-
bzw. Unterfrequenz erzeugt. Im Beispiel der Fig.5 weist das
aktuelle Bit des Sendebitstromes SBS nach Freigabe des Modu-
lators einen hohen Pegel auf. Fir diese Zeit wird beispiel-
haft eip analoges Signal gesendet, welches die Unterfrequenz
25 FL aufweist. In der zweiten Halfte des Freigabezeitraumes des
Modulators weist das aktuelle Bit des Sendebitstromes SBS ei-
nen niedrigen Pegel auf. Fur diese Zeit wird dann ein analo-
ges Signal gesendet, welches die Oberfrequent FH aufweist.
Die Umtastung zwischen Ober- und Unterfrequenz FL und FH ist
30 in Fig. 5 auch im Verlauf des Sendebitstromes SBS durch eine
fallende Flanke markiert.

Vorteilhaft erfolgt die Frequenzumtastung bei Auftreten eines

Nulldurchganges im jeweils aktiven Oberfrequenz- oder Unter-
35 frequenzsendesignales. Dies wird durch Anwendung einer soge-

nannten phasenkohérenten Continuous Phase Frequency Shift



ence. This clock signal is fed as a common tinme base at |least to the
g!opkeﬁ bagdrass filter GI, to the digital denodul ator DDM and to the

igital nodulator DM Fromthis tine base, all of these el derive .
differ- Y409%/8388 fr equenci es that are respectively requi re‘%ﬁ%’%’oﬁﬂgh
accuracy. On account of this close tuning of the essen- tial elenments to
one another, and in particular of the:ﬂ?erations that they carry out,
nanely nodul ation at the transmtting ‘end and denodul ati on_at the receiving
end, pheyingl MedylpEaons émndélgtiemggn MadudafeduPM: PEWisKEttr Risict t ed

signals ipspossiplg. EhalirkR BPeSaA¥rA3ELAY mit dem Signal MOD darge-
stellt. Durch die dabei erzielte Unterdrickung der Phasen-
sprunge wird zwar eine geringfuigige Umtastverzdgerung ver-
5 ursacht, welche in Fig.S5 ebenfalls eingetragen ist. Zur Un-
terdriuckung der Phasensprunge ist eine einfache Logik ausrei-

chend.

Die digitale Ausfuhrung des Modulators hat den Vorteil, daB
10 keine Umschaltung zwischen zwei getrennten, frequenzmafig
verschiedenen, nicht synchronisierbaren Oszillatoren notwen-
dig ist. Eine derartige Ausfuhrung wirde eine Vielzahl von
Nachteilen aufweisen. So wirden bei der Frequenzumtastung
zwangslaufig gréRere Phasensprungen auftreten. Zu deren Aus-
15 gleich muBte die zu uUbertragende Bandbreite erhdht werden,
was wiederum die Storunempfindlichkeit beeintrachtigen wirde.
Da keine zwei analogen Oszillatoren fur die Erzeugung der
beiden Kennfrequenzen verwendet werden, treten auch keine
Einschwingzeiten auf, welche im Bereich von Millisekunden
20 liegen kénnen. Derartige Einschwingzeiten wirden von zwei ge-
trennten Oszillatoren jeweils bendtigt werden, da diese bei
der Umschaltung zwischen jedesmal neu einschwingen malten.
Vielmehr beruht das erfinderische Konzept auf einem digitalen
Modulator, der einen einzigen, vom zentralen Prazisionstakt T
25 getriebenen digitalen Frequenzgenerator aufweist. Dieser kann
nahezu verzdgerungsfrei zwischen Ober- und Unterfrequenz

umgeschaltet werden.

Es ist vorteilhaft, wenn auf der Sendeseite S auf den digita-

30 len Modulator DM noch ein TiefpaBfilter TP folgt. Hierdurch
kann das Auftreten von insbesondere bei der weiteren Signal-
verarbeitung stdérenden hohen Frequenzen von vorne herein be-
grenzt werden. Bévorzugt enthalt das Tiefpaffilter TP zusétz-
lich einen Trapezgenerator. Hierdurch wird das Sendesignal in

35 eine symmetrische Trapezsignalform umgewandelt. In Fig.6 ist
das Sendesignal einer vorteilhaften Ausfuhrungsform eines



band and thus interference-inmune transm ssion overall. The central

preci sion control clock signal T can be 5 provided by a separate precision
cl ock genew Snsghse as is illustrated in the exanple of Fi guiarmEpesedysihe
ot her band, I's al so possible for the precision clock signal to be

gener at ed mnth hi gh accuracy in the conputer CPU. The inventive central
generation of a precision 10 control d%ck signal T for all the essenti al

el enents ofgd fﬁc’?: fLé ﬁfP{,tgfguﬁ*? mhﬁﬁaaahgrﬂés”%ﬁ% er@ jad g%“&&es

On the one e C|rc try 1or signa nlng I S _consl dera
reduced on SHELRGRITISRYBER md@m%ch@ééwgngagaeﬁpéh E- b?aﬁhé‘l@rfmﬁmg of
the use 15 flmel.a ﬁ@PK@dZ\E@I@P@ESdiH sehn A cEee1tendivi seRend dehie diggept i on
signal's EK qﬂe%fe dlé%tgngéggiéggL %211 A dar. Dies hat den Vor-

5 tell, daf die weitere Verarbeitung des nun quasianalogen
Sendesignales, insbesondere dessen Filterung auf der Emp-
fangsseite einer anderen Modemschaltung, erheblich er-
leichtert wird. Méglicherweise stdérende Oberschwingungen
treten somit gar nicht erst auf. So entfallt aufgrund der

10 Trapezform die 3. harmonische Oberschwingung, und die 5.
harmonische Oberschwingung ist bereits erheblich gedampft.
Dieser Trapezgenerator im Tiefpaffilter 1la8t sich mit nur
einem Operationsverstarker realisieren. Ein anschliefender
einfacher Tiefpaf 2. Ordnung ist ausreichend, um die harmo-

15 nischen Schwingungen im oberen Bereich nochmals zu unter-
dricken. Dieser Tiefpaf 2. Ordnung laBt sich ebenfalls mit
einem Operationsverstirker mit RC-Beschaltung realisieren.
Mit diesem Schaltungskonzept 148t sich mit nur zwei Opera-
tionsverstédrkern aus einem Rechtecksignal ein fregquenzmo-

20 duliertes, oberschwingungsarmes und somit leicht Gbertrag-
und demodulierbares Sinussignal erzeugen.

Fig. 7 zeigt schlieflich eine zweikanalige Ausfihrung der er-
findungsgemafen Modemschaltung. Der Kanal 1 auf der Empfangs-

25 seite E besteht dabei aus einem getakteten Bandpaffilter GTI1,
einem Schmitt-Trigger ST1 und einem digitalen Demodulator
DDM1. Das getakteten Bandpaffilter GT1 besteht wiederum vor-
teilhaft aus einer Kette, welche ein Vorfilter VF1l, ein ge-
taktetes Bandpafffilter BF1 und ein Nachfilter NF1l enth&lt.

30 Der Kanal 2 auf der Empfangsseite E besteht dabei in gleicher
Weise aus einem getakteten BandpaBfilter GT2, einem Schmitt-
Trigger ST2 und einem digitalen Demodulator DDM2. Das getak-
teten Bandpaffilter GT2 besteht wiederum vorteilhaft aus ei-
ner Kette, welche ein Vorfilter VF2, ein getaktetes BandpaB-

35 filter BF2 und ein Nachfilter NF2 enthdlt. Eine derartige



receiving section E by the enabling of the use of a digital denodul ator
DDM In the sanme way, the circuitry is considerably reduced at the
transmtting end S by the 20 enabling of the use of a djgital ul at or
DM Nev@¥@PEI%3& the circuit design according to the in%%%ﬁ’og%gi eves a
consi derabl e inprovenent in the insusceptibility to interference during
signal processing both with regard to_ the denodul ati on of received signals
25 and during the nodul ation of sig% |s to be transmtted. The

i npr ovengsh hﬂambgbhtEm@EahbGsH@ﬁuﬂéhigﬂembhxbgnébsaMS lzavetir Seswigt ed in
turn benefl t he 5| ro n [ faeother dem
circuit, 5§Ha€8n i giﬁgg ﬁs ta |%ﬁegt%g§é|$?g?§n?gﬁgg%ﬁa éﬂbéﬁgf 30
dlstrlbuVenhlndnagaBtbllendderngchlrmangeneweptﬂUﬁl qu;glever-

sorgungskabeln auf.



denodul ation taking place in the said circuit. This can be attributed to
the rigid |locking of the receiving end E and of the transmtting end S by

means of tﬂ%ﬁﬁ@@%;al preci sion control clock signal T. The rpmEresosrsat el y
the 35 tra 8n bit stream SBS is converted at the transm t- ting end S

into anal og, sinusoidal transmission signals with reference to the centra
precision control clock signal T, the npge easily a an
equi val ent receﬁt ion hit stream EBS can be received, “mgmﬂ“mﬂﬂ IKnd
r econst r uc P& N3G SES ondi ng modem at a different* pdint i A the power
transm ssi on network. The
1. Vorrichtung zur stérsicheren Modulation und Demodulation
von analogen Signalen, welche fregquenzmoduliert Gber die

5 Schirmungen von Energietbertragungskabeln tbertragen werden,

wobei
a) auf einer Empfangsseite (E) zumindest eine Reihenschal-
tung aus einem getakteten Bandpaffilter (GT), einem
10 Schmitt-Trigger (ST) und einem digitalen Demodulator

(DDM), und auf einer Sendeseite (E) zumindest einen di-
gitalen Modulator (DM) vorhanden ist, und

b) Mittel (PT;CPU} zur Erzeugung eines zentralen Prazi-

15 sionstaktes {(T) vorhanden sind, welcher zumindest dem
getakteten Bandpaffilter (GT) und dem digitalen Demodu-
lator (DDM) auf der Empfangsseite (E}, und dem digitalen
Modulator (DM) auf der Sendeseite (S) als eine gemein-
same Zeitbasis zugefihrt wird.

20

2. Vorrichtung nach Anspruch 1, wobei der digitale Modulator
(DM} auf der Sendeseite (S) mindestens einen vom zentralen
Prazisionstaktes (T) getriebenen digitalen Frequenzgenerator
enthalt, der die Kennfrequenzen (FL,FH) fur die Frequenzmo-

25 dulation zu sendender Vorgabewerte hochgenau aus dem Prézi-

sionstakt (T) ableitet.

3. Vorrichtung nach Anspruch 2, wobei zu sendende digitale
Vorgabewerte im digitalen Modulator (DM) durch modulationsge-
30 steuerte Umtastung des digitalen Frequenzgenerators zwischen
einer Ober- und einer Unterfrequenz als Kennfregquenzen einer
FSK-Modulation (Frequency Shift Keying Modulation) unterzogen

werden.

35



i nventive configuration emcircuit consequently benefits the

transm ssion quality of the ﬁ@&s%&ﬁ“@m&‘ﬁ“ﬁ transm ssion via the cable
screens wer trans I'n particul ar, éﬂt es the
circuit B%OEQ%PQ S suscept ! éoupling-in of inter eré%g@ ich can

occur to a particularly large extent precisely in the event of nessage
transm ssion via the screens of 10 pewer transm ssion cabl es.

Furth th t d h k
possi bl 6 40 VRN LURE A9 PSR AT ST WO (1 nrPrat| BF COREGAbEnt 1y, the

circuit ¢&%qyenzgzmehamptcnmrmngrnaﬂémchdwl¢Emr|tﬁbe¢Wasemkahaeenbr 15
e oo oHuz #5% £ DRI ACLEELE 1 £ dd SRUPIRLCngLIRFEs V0L @1 AEE GLP RehBICI MO

The upper requencres
frequenzen zwischen Ober- und Unterfrequenz umtastet.

5 :
S. Vorriqh;ung nach einem der vorangegangenen Anspruche, wo-
bei dem digitalen Modulator (DM) auf der Sendeseite (S) ein
Tiefpaffilter (TP) nachgeschaltet ist.

10 6. Vorrichtung nach Anspruch 5, wobei das Tiefpaffilter (TP)
einen Trapezgenerator enthalt.

7. Vorrichtung nach einem der vorangegangenen Anspriche, wo-

bei das getaktete BandpaBfilter (GT) als getaktetes Kondensa-
15 torfilter (Switched-Capacitor-Filter) ausgefihrt ist und die

Mittenfrequenz des BandpaRfilters (GT) vom zentralen Préazi-

sionstakt (T) bestimmt wird.

8. Vorrichtung nach einem der vorangegangenen Anspriche, wo-

20 bei dem getakteten BandpaRfilter (GT) ein Vorfilter (VF) vor-
geschaltet ist, welches als aktives kontinuierliches Band-
paffilter bevorzugt 1.0Ordnung ausgefihrt ist.

9. Vorrichtung nach Anspruch 8, wobei das Vorfilter (VF)
25 Mittel zur Einstellung der Verstarkung der Signalpegel auf-

welist.

10. Vorrichtung nach einem der vorangegangenen Anspruche,

wobei dem getakteten Bandpaffilter (GT) ein Nachfilter (VF)
30 nachgeschaltet ist, welches als aktives kontinuierliches

BandpaRfilter bevorzugt 1.0rdnung ausgefuhrt ist.

35



consequently be separﬁﬂﬂﬂ unusual |y smal |l carrier frequency
shift of about 0.5 kil 'Hwﬁm rm#m{:’ Specifically, particularly

hi gh fredue)sss st*abi¢l i ty mcan be achleved by the qeesEPSs/0aesrr onous
control of the clocked bandpass filter GI, of the digital denodul ator DDM
and of the digital nodul ator DM by neans of the central precision clock

signal T. It is consequently possible t23nodulate in a sinple manner at 25

the transmjiti oerfaeheme Haeg! e@ﬁgm auer ve&aﬁ%g%gén\é’ﬁ' ﬁhs%'r%cﬂeose

together, and, .in particalar e receivin %nndu then1qga|n
si nply andwphea ﬁﬁﬁn@igiﬁﬁ&ﬁeD?@OﬁﬁﬂéﬁpéréP@ ) eAREBqREAEFFNZERE LS, 2

pression OﬁuéﬁéﬁlﬁﬁbeBEQ P@kQBdbﬁdﬁgéEhethﬁb@e&hgmﬁeangaaab@gle (EK)
frequency- nDduI? gna s_on the screens of .the
ntha des en Za&hltakt wvom zentralen Prazisionstakt (T)

5 bestimmt wird.

12. Vorrichtung nach Anspruch 11, wobei am Eingang des digi-
talen Demodulators (DDM) ein Flip-Flop mit pegelsensitiven
Set- und Reset-Eingdngen vorhanden ist.

10
13. Vorrichtung nach einem der vorangegangenen Anspriche, wo-
bei der Schmitt-Trigger (ST) fur die Erzeugung einer Schalt-
hysterese Mittel zur Vorgabe einer Schwellspannung (x Uh)
aufweist.

15



power transm ssion cables is particularly effective. The cl ocked bandpass
filter GI' in the anal og Section A of the receiving Section E of the circuit
according to tgﬁzénvention has the task at |east of 35 CORpTIEPOL04781 t he
anal og FEC|&%6 ignals EK in such a way that the interfering high
frequency conponents and interfering | ow-frequency conponents, which are
simlar to a DC voltage offset, are filt'ered out. Consequently, the
frequency spectrumof the filtered analog signals is clipped in such a
way that the only frequencies contained are those froma band |lying as

cl ose as possible around
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t he between the upper and | ower frequency val ues used for the nodul ation.
According to the invention, the md- 5 frequency of the clocked bandpass
filter GI iwodens2sed fromthe central precision clock gener apgfppikbst he
circuit. Since the md-frequency can be predetermned in a very accurate
and stable manner by this neans, the transm ssion can advant ageously be
designed with a 10 narr owband nat ure. e filter md-frequency then |ies
as accurately as possible in the mdﬂd%I t he upper and | ower frequencies
bet ween which keying is effected during the nodul ati on and denodul ati on.
Thi s considerably inproves the interference imunity of the data trans-
m ssion. The anal og reception signals EK conditioned by

15
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t he cl ocked bandpass filter GI are then fed to a Schmtt trigger ST. The
|atter fornms the interface between the anal og section A and the digital
section D @foddimass rcuit 20 according to the invention. THarEeboiii
trigger ST contains at |east one conparator, by neans of which the
conditioned reception signals EK are ozv rted into at | east one

rectangul ar signal TR at the sane freéu nfy. This is used in turnto
trigger the followi ng digital 25 denodul ator DDM The di gital denodul at or
DDM has the task of detecting the frequency of the anal og reception signals
EK and of unanbi guously assigning to this frequency as far as possible the
upper or |ower frequency value. For 30 this purpose, the digital

denodul at or has at |east one
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reference counter, to which the trigger signal TR fromthe Schmtt trigger
ST is fed. The said counter counts out the period of each oscillation, that
irs to say the }Eﬁ interval between the trigger signals TR pbekEetiosds
producing‘goﬁﬁé Fed frequency val ue. According to the invention, the
counting clock signal of the reference c ter is |likew se determ ned by
the central precision clock signal T /? e precision clock generator PT.
In this case, too, the precision clock signal T again fulfils the
function of a central tine base for the entire nodemcircuit. As a result,

the frequency markers

‘.
"Prellen”

N

Fig. 4
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necessary for the frequency identification can be set precisely.
Consequently, the swing of the carrier fre- 5 quency can be small, so
t'hat the rqealdgimpis narrowband nature of the transm ssion brigegsepabek; 2
consi derabl e i nprovenment in the insusceptibility of the nodemcircult
according to the invention to interference. Furthernore, on account of the
digital design of the denodul ator DDM 10 tol erances, tenperature
drifting and agei ng-i nduced | evel shi t7 -20 not occur. The outlay on
hardware is greatly reduced by this sfgh without any |osses in the
denodul ati on accuracy. The digital denodul ator can be produced using sinple
digital nodules such as, for 15 exanpl e, gates, flip-flops, counters.
In contrast to this, the outlay on hardware is considerably greater in
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known denodul ator circuits, for exanple in the case of an internediate
frequency denodul ator, a quadrature decoder or a phase | ocked | oop

denodul at ogwo 98238 The circuit according to the pcpu@oidds S
optimally matched to the specific boundary conditions existing for data
transm ssion via the screens of high- voltage cables. Despite a reduced
outlay on hardware, the nodemcircuit portrayed above achieves particularly
hi gh 25 interference imunity for ya7t ransm ssi on using a narrowband
transm ssion spectrum Preferred further enbodi ments of the invention are
explained, inter alia, with reference to the follow ing Figures 2 to 7. 30
The cl ocked bandpass filter GI is advantageously
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realized in the formof a clocked capacitor filter. Filters of this type
are also referred to as "switched capacitor filters". In the case of this

8435 is possible to dispense with an external gEjrfE%'g/&M?P

cl ocked fiﬁk,b%rn
havi ng rea cgpamtors for the determ nation of the frequenCy properties.

The said real capacitors would have ?\ﬁ? very accurate and have a good
t enperature and agei ng behavi our, and - | d consequently be expensive. The
position of the pole points of the filter is instead determ ned by the

val ue of the central precision clock signal T and a sinple, external
resistor circuit. Despite
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the sinple structure of such a filter, the latter has a very high quality

and_ reproducible filter properties. It 5 -is advantageous if the clocked
bandpass filter GT com prises a cascade of a plurality of subfilters. It
can be construct ed eXarrpI e, as a bl oc(l;' of four universal

swi t ched- capaC|t Hlters. In this case the four,_subfilters are

advant ageously cascaded and the pole 10 poi nts of fhe subfilters are
pl aced -one on t heDedwiptiAnr a result, it is possible overall to achieve
good fre- quency selectivity despite the limted qualities of the

subfilters. Gven a carrier freque i ft of _about Q.5 kil oh for

exanpl e, the bandwi dth ofPPRzat ﬁﬂcg‘é‘yd % inferference 9‘1’5"@‘? ?"g‘f‘tﬁ"éir

about 1.8 kHz . Taedchentdalasivdpost dndlay Elgrexde ofhonnbesmags| yrans-
miasion via the screens of power transmission cables

1 The invention relates to a circuit which is
required at interfaces between the screens of power
tranemission cables, which screens serve as transmission
paths, and the devices for selection and processing of
the respective messages, generally digital computers, for

10 feeding in or receiving the messages which are present in
the form of analog, frequency-modulated signals. At the
transmitting end of the circuit., it is used for the
gensration of the signals from current digital selection
values, that is to say for the so-called modulation. At

15 the receiving end of the circuit, it is used for the
recovery of the digital selection values from received
analog signals, that is to say for the so-called
demodulation. A circuit of this type is also frequently
referred to as a modem or a modem circuilt.

20 During modulation, sinusocidal, analog signals
having two different transmission frequencies, which can
be designated as upper frequency and lower frequency, are
formed in the transmitting section of a mcdem. The high-
frequency rate of switching over bhetween the transmission

25 frequencies, that is to say the keying which constitutes
frequency modulation, depends on the current bit pattern
of the respective digital selection value. In this case,
one transmission frequency is uniquely assigned to each
of the two binary values. During demodulation, that

30 tranemission <£frequency of the two transmission fre-
quencies which is currently being received is identified
in the receiving section of a modem. The coriesponding
binary wvalue is then assigned to this transmission
frequency. The digital selection value which represents

a5 the respective message is finally reconstructed from the
sequence of binary values produced in this way.

The circuit according to the invention is



be suppl enented by an additional prefilter and, if appropriate, an

addi tional postfilter. Afilter chain GI of this type is illustrated in the
exanpl e of Figure 2 20 and conprises a prefilter VF, the actual cl ocked
bandpass filter BF and a postfilter NF. The anal og reception signals EK
dravin fromthe9683%2h of a power transmi&ston cable are advantageously

oroperties of SmbTask APeRAIERL L f HedaTIEh 4018 ddlbeR” pompllfi -
properties of taeipne!i Inerthimrcasel athe megsagest cix ethag Sommueficy
corponent s Ca“FQE%L'gltgf ity hRaBiBYed! sifitid 'd¥8 heiahamieepadvia ri ght
at the i nput of the  hode Ircult. a corg! 9 [ tﬂe |nveagt1| on. 30 Thi s
i nproves the s&Becprreens (Ragiqyarly, o |g gfxovo age cables serving
5 for power distribution. The messages are generally
control signals and state indication signals. In this
cage, control mignals are usually generated by a central
computer and are used to control network operating
equipment in the power distribution network, for example
10 stepping transformers, circuit-breakers and the like. On
the other hand, such messages may also be state indica-
tion signals, by means of which the current operating
state of the power distribution network are communicated
to the central computer by the network operating equip-
15 ment arranged in a distributed manner in the said
network. '

A ﬁroblen of cable screen communications is that
the power transmission cables are generally coanstituents
of a highly ramified cable network which serves the

20 purpose of supplying power particularly in cities. For
this reason, the transmission of the abovementioned
control and state indication signals via cable screens is
not effected in the form of a simple point-to-point
transmission. Rather the analog., fiequenoy-modulated

25 signals must be forwarded with the aid of so-called relay
gstations via the screens of a chain of interconnected
power transmission cables, until they reach the destina-
tion relay station. A relay station of this type is
usually situated at each node of the power transmigsion

30 network, that is to say at each point where at least two
cable ends meet. This relay station has the task, with
the aid of an integrated modem circuit in each case, of
raceiving analog, frequency-modulated signals from the
screen of a power transmission cable and of reconstruct-

35 ing the associated digital selection values. The lattexr
are evaluated in a local digital computer of the modem.
Consequently, the modem circuit must be ready to receive
in the direction of all the connected cable screens.

The messages may be directed to the relay station



interference. Purthernore, the.configuration and di nen- sioning of the
ffurther elenents in the receiving section of the circuit, in particul ar of
t he cl ocked bandpass filter BF and of the digital denodul.ator DDM are con-
35 _siderablygi%g?%+fied. By utilizing fhe high-pass filter properties of
the prefilter possible to suppresS a so-called DC conponent, also

call ed of fset, hﬂc#hf.;'& BLviagoge Jm}é %ﬁf‘%urt‘lﬁi' ﬁ&g&é&x

sinptifies the con uratlo and mens ni_n rcult
sections and, PRiBGE ?’&u\’%}““? MARRRETuGEed Refrom BR¥ SheRntutpnce by
avoi ding a possubl to Dbefofotimpliel, control signals relating to the

item of network operating equipment situated at the
5 respective network node. On the other hand, they may be,
for example, control signals directed from the central
computer to an item of network operating equipment
situated at a different network node, or, for example,
state indication signals directed to the central computer
10 from an item of network operating equipment situated at
a specific other network node. In these cases, the
analog, frequency-modulated signals must be received by
each relay station from the direction of a power trans-
mission cable and be demodulated. Only then is it
15 possible to identify their addressing, directed to a
different relay station or teo the central computer, in
the local digital computer of the respective modem. They
are then modulated anew and fed in the direction of the
corresponding power transmisasion cable, into the cable
20 screen therecf. It 1is also possible for an item of
network operating equipment independently to generate a
state indication which then feeds via the modem of the
local relay staticn, usually in the direction of the
central computer, into the cable screen of the correspon-
25 ding power transmission cable.

The cable screen network used for transmission
consequently has a very special topology. This is
characterized, in particular, by the interfaces of the
cable screens at the nodes of the power transmission

30 network, which interfaces are occupied by relay stations
and an integrated modem circuit in each case. These nodes
constitute points of interruption in the transmission
path comprising the chain of cable screemns. For this
reason, particularly high requirements must be made of

35 the quality of the message transmission. Consequently,
the modulation and demodulation in the modem of each
relay station must be particularly rcbust, that is to say
ingensitive to the coupling-in of interference which may
occur during the transmission into any cable screen or at



I's possible to maintain the input dynamc range at the followng filters. 5
The prefilter VF is advantageously designed in the formof an active,

conti nuous bandpass filter, preferably a 1st-order one, and realized using
an oper- ational anplifier and RC circuit, for exanple. This filter can
?dvant ageous| y98B374%d, inter alia, as-a%sd- 10 called anti-aliasing
ilter for the follgwhg, cl bandpass filter BF. Since the actual
"filtering t as D9 gg\(lz\Wi ’83{8 )"t he foll ow ng, clocked bandpass filter
BF, the filter nid-frecTaernventiogn in based andthp abiect Gf ERecdfyr o

preci sion cl ockpgl ANgodbmC¥dcbhit (ehidle P as ISdHRAE iaée poasiBieOiyethe upper
and over {1 eauglicy, pAG BFIdta08 B0 uifred bnkh M BO Lk

5 screens of power transmission cables with high interfer-

' ence immunity.

The object is achieved by means of the circuit
specified in Claim 1. Advantageous further embodiments
are specified in the subclaims.

10 The invention and advantageous further embodi-
ments of the invention are explained in more detail with
reference to the figures which are briefly referred to
below and in which: '
Figure 1 shows a block diagram of the modem circuit

15 according to the invention for feeding messages
into, and coupling them out of, the screens of

. power transmission cables,

Figure 2 shows an advantageous design of a clocked
bandpass filter in the modem circuit according

20 to the invention,

Figure 3 shows the signal characteristic of an advan-
tageous smbodiment of a Schmitt trigger in the
receiving section of the modem circuit accord-
ing to the invention,

25 Pigure 4 shows the signal characteristic at the input of
an advantageous embodiment of a digital
demodulator in the receiving section of the
modem circuit according to the invention,

Figure 5 shows the signal characteristic of an advan-

30 tageous embodiment of a digital modulator in
the transmitting section of the modem circuit
according to the invention,

Figure 6 shows the signal characteristic of an advan-
tageous embodiment of a low-pass filter at the

35 output of the transmitting section of the modem
cireuit according to the invention, and

Figure 7 shows the example of a two-channel design of
the modem circuit according to the invention.

Figure 1 shows the block diagram of the modem



do not have to be tuned exactly to the frequency condi- tions present
during nodul ation and denodul ation. Conpli- cated circuit neasures for
keepi ng them constant can thus 20 advant ageously be avoi ded. Only
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5 and the tranemitting section 8 of t:he modem circuit.
respective analog section A and a respective dig:l.t:al
section D, that is to say a respective section in which
analog signal processing or digital sigmal processing,
respectively, is carried out, are additionally demarcated
10 in the receiving and transmitting sections E, § of the
modem circuit by the vertical separating line A-D.

The analog, freguency-shift-keyed signals fed
into the power transmission network by another modem are
dravn from the receiving section E of the circuit accord-

15 ing to the invention as reception sigmals EK from the
gcreen of the respectively adjacent local power trans-
mission cable and fed in on the left-hand side in Figure
1. These signals are conditioned in the analog section of
the receiving section E, in a bandpass filter GT which is

20 clocked by means of a central precision clock signal T,
and are fed to a Schmitt trigger ST which forms the
interface between the analog and digital sections of the
receiving section E. From the conditioned analog
reception signals, the sald Schmitt trigger derives

25 rectangular-waveform trigger signals TR, which are fed as
control signals to a digital demodulator DDM, which is
likewise operated by the central precision clock signal
T. The sald demodulator demodulates the trigger signals
TR by determining the current transmission frequency of

30 the reception signals, that is say by detecting the upper

or lower frequency, and assigns the respective binary
value to them. The stream of demodulated bits produced in
this way is fed in the form of a serial reception bit
stream EBS to the data input of a local computer CPU. The

35 latter finally decodes the actual selection values, that
is to say the respective message content, from the
current "pattern” of the bit stream EBS.

If a modem of the type illustrated in Figure 1 is
contained in a so-called head end, the computer CPU gen-



signal |evel causes the elenents which follow in the receiving section of
the modemcircuit according to the invention to be overdriven. The setting
of the gain as early as in the prefilter VF has the particul ar advantage 35
that it is not necessary to carry out an)é nore anplifica- tion in the rest
of the circuit 94PR&2&nplification of tMe®anal og reception signals EK as

Genel ated byt MEeRIY FERMIFLARATE THe  # PREYY dita CoiF Roh"wiER 301 ¢
circuit, in parentwsdr computers&Pef Thiee latserxe ugandgass the massgge t he
mexi num  of whiGh lain@3aPbRCiaR@ dtud itha QWéhtrol of an entire power
transmission cable network. On the other hand, a modem
5 according to the circuit of Figure 1 is contained in each
of the relay stations distributed in a power transmission
cable network. In this case, the computer CPU communi-
cates via the output data bus ADB with the control
elements of the respective item of network operating
10 equipment.

In the transmitting section § of the inventive
circuit of Pigure 1, updated digital selection values are
fed, in the form of a preferably pulse-interval-modulated
serial transmission bit stream SBS, £from the local

15 computer CPU of the modem to a digital modulator DM,
which is likewise operated by the central precision clock
signal T. At the output of the digital modulator DN,
rectangular signals having the upper or lower frequency
are generated as a function of the current value of the

20 transmission bit stream SBS. The signals are £finally
converted into sinusoidal transmission signals in a low-
pass filter TP, which constitutes the interface between
the digital and analog sections of the transmitting
section S of the circuit according to the invention, and

25 then fed into the.screen of power transmission cables.

The centrepiece, of the modem circuit according
to the invention is the control of the essential elements
of the circuit both on the receiving side E and on the
transmitting side § by means of a central precision

30 control clock signal T as a common time base or refer-
ence. This clock signal is fed as a common time base at
least to the clocked bandpass filter GT, to the digital
demodulator DDM and to the digital modulator DM. From
this time base, all of these elements can derive differ-

35 ent frequencies that are respectively required with high
accuracy. On account of this close tuning of the essen-
tial elements to one another, and in particular of the
operations that they carry out, namely modulation at the
‘transmitting end and demodulation at the recei#ing end,



passband, is not concomtantly .anplified. The signal-to- noise ratio can be
considerably inproved by this neans. 5 Advant ageousl y, the anal og
i nput signals can be conditioned further by an additional postfilter NF
downstream of t gﬁcked bandpass filter, BF. On the one hand, this nakes
It possible to™d t & ate any noi se which ‘possibly occurs at the out put of
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reception S|gna remal Ns anced wth res he “r ef erence
provided by a separate preeision clock generator PT, as

is 1llustrated in the example of Figure 1. On the other
hand, it is also possible for the precision clock signal
to be generated with high accuracy in the computer CPU,.
The inventive central generation of a precision
1o control clock signal T for all the essential elements of
the modem c¢ircult of Figure 1 has a large number of
advantages. on the one hand, the circuitry for signal
conditioning is considerably reduced on the analog side
A of the receiving section E by the enabling of the use
15 of a clocked bandpass filter GT f£or conditioning the
reception signals EXK, and on the digital side A of the
receiving section E by the enabling of the use of a
digital demodulator DDM. In the same way, the circuitry
is considerably reduced at the transmitting end S by the
20 enabling of the use of a digital modulator DM.
Nevertheless, the circuit design according to the
invention achieves a considerable improvement in the
insugceptibility to interference during signal processing
both with regard to the demodulation of received signals
25 and during the modulation of signals to be transmitted.
The improvement in quality of the modulation of signals
to be transmitted in turn benefits the signal processing
at the receiving end of another modem circuit, arranged
in a relay station at a different point in the power
3o distribution network, during the reception and
demodulation taking place in the gald circuit. This can
be attributed to the rigid locking of the receiving end
E and of the transmitting end 8 by means of the central
precision control clock signal T. The more accurately the
35 transmisgion bit stream SBS is converted at the transmit-.
ting end 8 into analog, sinusocidal transmission signals
with reference to the central prescision control clock
signal T, the more easily and more accurately an
equivalent reception bit stream EBS can be received,



earth of the circuit. Noise-free and bal anced reception signals actively
support the error-free conversion thereof into rectangular signals in the
downst ream 20 Schmtt trigger ST. The postfilter NF can advantageously be
realized as an active, continuous bandpass filter, preferably a |st-order
filter, using Pyt ation anpli- fier” id'RC circuit, for exanple. On
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s transmission via the cable screens of the power trans-
mission cables. In particular, this causes the circuit to
be less susceptible to the coupling-in of interference
which can occur to a particularly large extent precisely
in the event of message transmission via the screens of
10 power transmission cables.

Furthermore, the circuit design according to the
invention makes it possible to achieve particularly
narrowband transmission. Consequently, the circuit design
according to the invention is particularly suitable for

15 the use of two characteristic frequencies whose values
are close together. The upper and lower frequenciles ma.y'
consequently be separated merely by an unusually small
carrier frequency shift of about 0.5 kilohertz, £or
example. Specifically, particularly high frequency

20 gtability can be achieved by the quasi-synchronous
control of the clocked bandpass filter GT, of the digital
demodulator DDM and of the digital modulator DM by means
of the central precision clock signal T. It is

consequently possible to modulate in a simple manner at

25 - the transmitting end even upper and lower frequencies

which are close together, and, in particular at the

receiving end, to demodulate them again simply and in a

manner immune to interference. Consequently, the sup-

pression of interference which is coupled intoc the

30 analog, freguency-modulated signals on the screens of the
power transmission cables is particularly effective.

The clocked bandpass filter GT in the analog

Section A of the receiving Section E of the circuit

according to the invention has the task at least of

35 conditioning the analog reception signals EK in such a

way that the interfering high frequency components and

interfering low frequency components, which are similar

to a DC voltage offset, are filtered out. Consequently,

the fregquency spectrum of the filtered analog signals is



conprises a chain forned by the prefilter VF, the clocked bandpass filter
BF and the postfilter NF, conditions the anal og reception signals EK in
such a way that interfer- ing high-frequency conponents and | ow-frequency
of fset 35 conponents simlar to DC vol tsage are filtered out, and that the
signal s have a%4PA#33i dal waveform whi ¢h?i § bal anced with respect to the
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the between the upper and lower frequency valuss used for
the modulation. According to the invention, the mid-
5 frequency of the clocked bandpass filter GT is derived
from the central precision clock generator PT of the
circuit. Since the mid-frequency can be predetermined in
a very accurate and stable manner by this means, the
transmission can advantageously be designed with a
10 narrowband nature. The filter mid-frequency then lies as
accurately as possible in the middle of the upper and
lower frequencies between which keying is effected during
the modulation and demodulation. This considerably
improves the interference immunity of the data trans-
15 migsion. '

The analog reception signals EK conditioned by
the clocked bandpass filter GT are then fed to a Schmitt
trigger ST. The latter forms the interface between the
analog section A and the digital section D of the circuit

20 according to the invention. The Schmitt trigger ST
contains at least one comparator, by means of which the
conditioned reception signals EK are converted into at
least one rectangular signal TR at the same frequency.
This is used in turn to trigger the following digital

25 demodulator DDM. '

The digital demodulator DDM has the task of
detecting the frequency of the analog reception signals
ERK and of unambiguously assigning to this frequency as
far as possible the upper or lower frequency value. For

30 this purpose, the digital demodulator has at least one
reference counter, to which the trigger signal TR from
the Schmitt trigger ST is fed. The said counter counts
out the period of each oscillation, that is to say the
the interval between the trigger signals TR, thereby

35 producing a measured frequency value. According to the
invention, the counting clock signal of the reference
counter is likewise determined by the central precision
clock signal T of the precision clock generator PT. In
this case, too, the precision clock signal T again



between the anal og and digital .receiving section E. A si nusoi dal reception
signal EK which has been filtered by 5 neans of the clocked bandpass
filter GI' and is balanced with respect to the analog earth of the nmodem’
circuit is converted in the Schmtt trigl r ST, preferably by neans of two
corrpa][ ators, iA88374h conpl enentary rectangul ar signals /S and /R with the
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5 quency can be small, so that the resultant narrowband

nature of the transmission brings about a considerable
improvement in the insusceptibility of the modem circuit
according to the invention to interference. Furthermore,
on account of the digital design of the demodulator DDM,

10 tolerances, temperature drifting and ageing-induced level
shifts do not occur. The cutlay on hardware is greatly
reduced by thig design without any losses in the
demodulation accuracy. The digital demodulator can be
produced using simple digital modules such as, for

15 example, gates, flip-flops, counters. In contrast to
this, the outlay on hardware is considerably greater in
known demodulator circuits, for example in the case of an
intermediate frequency demodulator, a quadrature decoder
or a phase locked loop demodulator.

20 The circuit according to the invention is
optimally matched to the specific boundary conditions
existing for data transmission via the screens of high-
voltage cables. Despite a reduced outlay on hardware, the
modem circuit portrayed above achieves particulaxly high

25 interference immunity for data transmission uaing a
narrowband transmission spectrum.

Preferred further embodiments of the invention
are explained, inter alia, with reference to the follow-
ing Figures 2 to 7.

30 The clocked bandpass filter GT is advantageously
realized in the form of a clocked capacitor filter.
Filters of this type are also referred to as "switched
capacitor filters”. In the case of this clocked filter,
it is possible to dispemnse with an external circuit

35 having real capacitors for the determination of the
frequency properties. The said real capacitors would have
to be very accurate and have a good temperature and
ageing behaviour, and would consequently be expensive.
The position of the pole points of the filter is instead



-Uh lying above and bel ow, respectively, the reference earth of t he nmodem
circuit. The effect of this is that the conparators do not swtch at the

zero crossing oaps8he?720  sinusoi dal reckEpts on signal EK, but rather only
on each occasi on when a threshold voltage +Uh or -Uh is reached. The
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constructed, for example, as a block of four universal
switched-capacitor subfilters. In this case, the four
subfilters are advantageously cascaded and the pole
10 points of the subfilters are placed one on the other. As
a result, it is possible overall to achieve good fre-
quency selectivity despite the limited qualities of the
subfilters. Given a carrier £frequency shift of about
0.5 kilohertz, for example, the bandwidth of the clocked
15 Dbandpass filter is preferably about 1.8 kHz. '

The clocked bandpase filter GT can advantageously
be supplemented by an additional prefilter and, if
appropriate, an additional postfilter. A filtexr chain GT
of this type is 1llustrated in the example of Figure 2

20 and comprises a prefilter VF, the actual clocked bandpass
filter BF and a postfilter NF.

The analog reception signals EXK drawn from the
screen of a power transmission cable are advantageously
subjected to a first processing in a prefilter VF having

25 the properties of a bandpass filter. By utilizing the
low-pass filter properties of the prefilter, particularly
high, interfering frequency components can be filtered
out to prevent them from being looped in right at the
input of the modem circuit according to the invention.

30 This improves the susceptibllity of the circuit ¢to
interference. Furthermore, the configuration and dimen-
"sioning of the further elements in the receiving section
of the circuit, in particular of the clocked bandpass
filter BF and of the digital demodulator DDM, are con-

35 piderably simplified. By utilizing the high-pass filter
properties of the prefilter, it is possible to suppress
a so-called DC component, also called offset, in the
lower frequency range. This also considerably simplifies
the configuration and dimensioning of the further circuit



ever, unnecessary wth regard to the frequency identification. Since
the conparators in the Schmtt trigger switch at the same point in each
period, the magnitude of the threshold voltage does not affect the 35
frequency of the rectangular signals /S,_/R The fre- quency of the latter
i s maintai ned 8AB3%&hce so is their fuhctidn as trigger signals with the
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i |l ustrated i nopheatikomp|sinse bygaveiding a possible DC component, it
is possible to maintain the input dynamic range at the
following filters. '

s The prefilter VF is advantageously designed in
the form of an active, continuous bandpass filter,
preferably a lst-order one, and realized using an oper-
ational amplifier and RC ecircuit, for example. This
filter can advantageously be used, inter alia, as a so-

10 called anti-aliasing filter for the following, clocked
bandpass filter BF. Since the actual "filtering task" is
carried out by the following, clocked bandpass filter BF,
the filter mid-frequency of which is tuned by means of
the central precision clock signal T exactly to the

15 respective values of the upper and lower frequency, the
bandwidth and the cut-off frequencies of the prefilter VF
do not have to be tuned exactly to the fregquency condi-
tions present during modulation and demodulation. Compli-
cated circuit measures for keeping them constant can thus

20 advantagecusly be avoided. Only approximate tuning is
also sufficient for the suppression of a DC component.

Advantageously, the prefilter VF additionally
contains means for setting the gain. This enables the
signal level of the received, analog input signals EK to

25 be matched to the input voltage range of the downstream
elements of the circuit, in particular of the bandpass
filter. On the one hand, this advantageously ensures a
minimum value of the signal level which is required for
the further signal processing. On the other hand, this

30 avoids the situation where the exceeding of a maximum
signal level causes the elements which follow in the
receiving section of the modem circuit according to the
invention to be overdriven. The setting of the gain as
early as in the prefilter VF has the particular advantage

35 that it is not necessary to carry out any more amplifica-
tion in the rest of the circuit. The amplification of the
analog reception signals EK as early as in the prefilter
VF has the advantage that a gain in the noise generated
by the further elements in the receiving section E of the



According to this design, the digital denmpdul ator DDM preferably has at its
input an RS flip-flop,  to whose 5 | evel -sensitive set and reset inputs
the trigger signals /S and /R of the Schm'tt trigger ST ar fed. The

conple- nentary. flip:flop outputs Qand Q_are set thereby. A flip-flop
with |evel -act%é'g& and reset inputs agvan- t ageousl y suppresses any
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hdvantageously, the analog input signals can be
conditioned further by an additional postfilter NF
downstream of the clocked bandpass filter BF. On the one
hand, this makes it possible to attenuate any noise which
possibly occurs at the output of the clocked bandpass
10 filter BF, particularly when the latter is deaigned as a
switched capacitor filter, and which is also referred to
as clock feedthrough or crosstalk of the bandpass clock.
On the other hand, this makes it possible to suppress a
DC component which is possibly produced in the clocked
15 bandpass filter BF, with the result that the reception
signal remains balanced with respect to the reference
earth of the circuit. Noise-free and balanced reception
signals actively support the error-free conversion
thereof into rectangular signals in the downstream
20 Schmitt trigger ST. The postfilter NF can advantageously
be realized as an active, continucus bandpass filter,
preferably a lst-order filter, using an operation ampli-
fier and RC circuit, for example. On account of the
advantageous structure of the modem c¢ircuit according to
25 .the invention, as in the case of the prefilter VF, it is
also unnecessary in the case of the postfilter NF to
impose high requirements on maintaining exact values of
bandwidth and cut-off frequencies.
The clocked bandpass filter GT, which, in accord-
30 ance with the illustration in Figure 2, preferably
comprises a chain formed by the prefilter VF, the clocked
bandpass filter BF and the postfilter NF, conditions the
analog reception signals EK in such a way that interfer-
ing high-fregquency components and low-frequency offset
35 components similar to DC voltage are £f£iltered out, and
that the signals have a sinusoidal waveform which is
balanced with respect to the analog reference earth of
the circuit. '
The signal characteristic of a preferred exemp-



DDMis triggered by each positive edge of the internal TS trigger signal
The tinme between the positive trigger edges can be neasured by a reference
counter driven by 20 the central precision clock signal T, and the
counter reading can be evaluated by a digital w ndow conparator. In this
case, the counP@P372Ading of the refer® *¥nce counter is preferably conpared
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5 means of the clocked bandpass filter GT and is balanced

with respect to the analog earth of the modem circuit is

converted in the Schmitt trigger ST, preferably by means

of two comparators, into two complementary rectangular

signals /S and /R with the same frequency. These signals

10 are a digitized representation of the analog reception
signal EK. In this embodiment, the rectangular signals /8
and /R represent the output signal "TR" of the Schmitt
trigger ST.

, Advantageously, the Schmitt trigger additionally

15 has means which make it possible to predetermine for the
comparators a respective threshold voltage value +Uh and
-Uh lying above and below, respectively, the reference
earth of the modem circuit. The effect of this is that
the comparators do not switch at the zero crossing of the

20 sinusoidal reception signal EK, but rather only on each
occasion when a threshold voltage +Uh or -Uh is reached.

The resultant switching hysteresis causes the Schmitt
trigger to switch independently of the so-called funda-
mental noise and in a manner free from jitter. This

25 advantageously effects noise suppression. The magnitude
of the threshold voltage Uh is preferably adjustable. As
a result, the sensitivity of the Schmitt trigger ST can
be tuned to the current noise conditions on the cable
screens serving as a transmission path. Furthermore,

30 precise setting of the two threshold voltages is, how-
ever, unnecessary with regard to the <frequency
identification. Since the comparators in the Schmitt
trigger switch at the same point in each period, the
magnitude of the threshold voltage does not affect the

3s frequency of the rectangular signals /8, /R. The fre-
quency of the latter is maintained and hence so is their
function as trigger signals with the same frequency for
the digital demodulator DDM.

The signal characteristic at the input of a



It is to be assigned either to the upper frequency or to the | ower
frequency. In order to limt this double frequency wi ndow, use is made of
an additional upper frequency limt and of an additional |ower frequency 35
limt. In the denodul ator it is then also possible to identify whether an
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frequency |im illuktracedfin he wxaopiesof sFigure 4ent, then a frequency
error signal is generajgdorBind RoSthis design, the digital demodulator
DDM preferably has at its input an RS flip-flop, to whose
5 level-gensitive set and reset inputs the trigger sigmals
/S and /R of the Schmitt trigger ST are fed. The comple-
mentary flip-flop outputs Q and /Q are set thereby. A
flip-flop with level-active set and reset inputs advan-
tageously suppresses any oscillation which might still be
10 present in the /S and /R signals, designated by bouncing
in Figure 4. The positive edges of the /Q signal are
differentiated in the digital demodulator DDM and an
internal trigger signal TS is generated from this. The
frequency of the said intermal trigger sigmal corresponds
15 to the frequenéy of an analog reception signal EK.
A sequence controller in the digital demodulator
DDM is triggered by each positive edge of the internal TS
trigger signal. The time between the positive trigger
edges can be measured by a reference counter driven by
20 the central precision clock signal T, and the counter
reading can be evaluated by a digital window comparator.
I:i this case, the counter reading of the refer-
ence counter is preferably compared with three comparison
values, which correspond to three frequency markers. This
25 forms, as it were, a double frequency window. One of the
three frequency markers serves as the sgo-called mid-
frequency between the upper and lower frequencies. As a
result, in the demodulator it is possible to identify
whether a received instantaneocus frequency is greater or
30 less than the mid-frequency, and, consequently, whether
it is to be assigned either to the upper frequency or to
the lower fregquency. In order to 1limit this double
frequency window, use is made of an additional upper
frequency limit and of an additiocnal lower £frequency
35 limit. In the demodulator it is then also possible to
identify whether an impermissible frequency lying outside
the permissible range of values has been received, that
is to say whether the current instantanecus frequency is
greater than the upper frequency limit or less than the
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this ’represents a further means for increasing the
security of the transmission. The cut-off frequencies of
a window comparator can likewise be set by means of the
central precision clock signal T.

In the transmitting section S8 of the inventive
circult of Figure 1, the digital selection values output
at the data output of the computer CPU are converted by
a digital modulator DM into analog sinusoidal oscilla-
tions whose frequency is shifted between the upper and
lower frequencies in accordance with the serial trans-
mission bit stream SBS. For this purpose, the modulator
advantageously contains a digital frequency generator,
which is switched over between the two characteristic
fequencies. On account of the circuit design according to
the invention, the digital frequemcy generator is very
accurate in terms of frequency, since the respective
values of the upper and lower fregquencies in the modu-
lator are, according to the invention, derived from the
central precision clock signal T. The digital frequency
generator switches over between the two characteristic
frequencies approximately without any delay.

The signal characteristic of an advantageous
embodiment of a digital modulator DM in the transmitting
section & of the modem circuit according to the invention
is illustrated by way of example in Figure 5.

The so-called continuous phase frequency shift
keying modulation method is preferably employed in the
digital modulator DM. In this case, there is a switch-
over between the upper freguency FL and the lower
frequency FH. After the digital modulator DM has been
activated by means of a control signal SP, the upper or
lower frequency is generated in accordance with the
respective logic level of the transmission bit stream SBS
which is fed serially toc the digital modulator DM by the
computer CPU. In the example of Figure 5, the current bit

al



which is switched over between the two characteristic fequencies. On
account of the circuit design according to the invention, the digital
frequency generator is very 20 accurate in ternms of frequency, since the
respective val ues of the upper and | owey,_frequencies in the nodu- |ator
are, accord|n§4F5 T@fe invention, derivet’ fTomthe central preci sion cl ock

[ | T. Th t t t
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characteri sti conabldnga t BE@LAtAmD 61‘5-& G#@Ptalbﬂmml’atq#r DM i n
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5 of the modulator, the current bit of the transmission bit
stream SBS has a low level. During this time, an analog
signal which has the upper frequency FH is then transmit-
ted. In Figure 5, the keying between the upper and lower
frequencies FL and FH is also marked by a falling edge in
10 the profile of the transmission bit stream SBS.

The frequency shift keying is advantageously
carried out when a zero crcossing occurs in the respect-
ively active upper-fraquency or lower-£frequency
transmission signal. This is effected by employing a so-

15 called phase-coherent continucus phase frequency shift
keying modulation in the digital modulator DM. This is
illustrated in Figure 5 by the sampling with the signal
MOD. The resultant suppression of the sudden phase
changes admittedly causes a slight keying delay, which is

20 likewise shown in Figure 5. A simple logic arrangement is
sufficient to suppress the sudden phase changes.

The digital design of the modulator bas the
advantage that a changeover between fwo separate, non-
. synchronizable oscillators with differing frequencies is
25 unnecessary. Such a design would have a large number of
disadvantages. Thus, greater sudden phase changes would
inevitably occur during the frequency shifting. In order
to compensate for them, the bandwidth to be transmitted
would have to be increased, which would in turn have an

30 adverse effect on the insusceptibility to interference.

' Since use is not made of two analog oscillators for the
generation of the two characteristic fregquencies, settl-
ing times which may lie in the milliseconds range do not
occur either. Such settling times would be required by

35 each of two separate osclillators, since the latter, when
changed over, would have to settle anew betwsen each
time. Instead, the inventive design is based on a digital
modulator which has a single digital fregquency generator
driven by the central precision clock signal T. The said



keyi ng nodul ation nethod is preferably enployed in the digital nodul ator
DM In this case, there is a switch- over between the upper frequency FL
and the |l ower frequency FH After the digital nodul ator DM has been 35
activated by neans _of a control signal f; t he upper or |lower frequency is
generated in 2483 33nce with the respéctrve logic level of the transm ssion

Do o oo, AL 8 56 b4 S0y Shabudle TRl Sopls ol (1
transni ssi on Hiqwen fxammepcies virtiadly) withony any &edd¥i-ng the nodul ator .
During this tinme, by way 1§ advantageous if a low-pass £ilter TP
additionally follows the digital modulator DM at the
5 transmitting end 8. By this means, the occurrence of high
frequencies which have an interfering effect particularly
on the further signal processing can be limited from the
outset. Preferably, the low-pass filter TP additiomnally
contains a trapezium generator. By this means, the
10 transnission signal is converted into a symmetrical
trapezoidal signal waveform. Figure 6 illustrates the
transmission signal of an advantageous embodiment of such
a low-pass filter TP at the output of the transmitting
section 8 of the modem circuit according to the inven-
15 tion. The low-pass filter at the same time constitutes
the interface between the digital section D and the
analog section A. This has the advantage that the further
processing of the now gquasi-analog transmission gignal,
in particular the filtering thereof at the receiving end
20 of another modem circuit, is made considerably easier.
Harmonics which may possibly have an interfering effect
consequently do not even occur in the first place. Thus,
on account of the trapezoidal waveform, the 3rd harmonic
is cmitted, and the 5th harmonic is already considerably
25 attenuated. This  trapezium generator in the low-pass
filter can be realized using just one operational ampli-
fier. A subsequent simple 2nd-order low-pass £filter
guffices to suppresa the harmonice in the upper range
once again. This 2nd-order low-pass filter can likewise
30 be realized using an operational amplifier with RC
circuit. With this circuit degign, it is possible, using
just two operational amplifiers, to generate from a
rectangular signal a frequency-modulated sinusoidal
signal which has a low harmonice content and is thus easy
35 to transmit and demodulate. _
Finally, Figure 7 shows a two-channel design of
the modem circuit according to the invention. The channel
1 at the receiving end E in this case comprises a clocked
bandpass filter GT1, a Schmitt trigger S5T1 and a digital



exanpl e, an anal og signal having the lower frequency FL is transmtted. In
t.he second half of the enabled period 5 of the nodulator, the current bit
of the transm ssion bit stream SBS has a low level. During this tinme, an

anal og si gnal \ng?ﬁﬂ l)a's t he upper frequ%y FHis then transmt- ted. In
Figure 5, the 5 bet ween the upper” Tower frequencies FL and FH i s

2t eam SBS. ?Keﬂr%‘a%'en%eﬁ%ﬁ’#s B caceREalhliapdad £ lir B RATR " hen
zero crossi ng ASVaptagecumly %ét'”l ?eF?‘inaEﬂwni%pemﬁqfé-q-Mncy or
| owner - frequencyrtlr aaselecked) tandpabs 11 texr BFAS Eﬁateobwtﬁrmﬂdym a so- 15

callea phase oS’ Bhafgl kP BnR PRSIV AY WY !l 'eniEY o2yl ation in
5 prises, in the same way, a clocked bandpass filter GT2,
a Schmitt trigger 8T2 and a digital demodulator DDM2. The
¢locked bandpass filter GT2 again advantagecusly com-
prises a chain containing a prefilter VF2, a clocked
bandpass filter BF2 and a postfilter NF2. Such a [lacuna]
10 of analog reception signals simultanecusly from two
transmission directions is possible. This case occurs

particularly at the connection points of the screens of
two power supply cables.



illustrated in Figure 5 by the sanpling with the signal-MXD. _The resul.tant
suppressi on of the sudden phase changes admttedly causes a slight keying

delay, which is 20 likew se shown in Figure 5. A s”M'ﬁ" mlll:nlmg gemant
is sufficient to su gress t he sudden phase changes. n of
t he -nodul at or B483¥ advant age that a cthrgeover betveeh two"separhte,

non- synchronlzable 0

| ators with differing frequencies is 25

unnecessary. S gafkent d‘ég? woul d have a | arge nunber of disadvantages.

Thus, greater sudden phase changes woul d inevitably occur during the
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in a frequency-modulated manner via the screens of power
transmission cables, in which
a) at least a series circuit formed by a clocked band-
pass filter (GT), a Schmitt trigger (ST) and a
digital demodulator (DDM) is present at a receiving
end (E), and at least a digital modulator (DM) is
present at a transmitting end (E), and
b) means (PT; CPU) for generating a cemtral precision
clock signal (T) are present, which precision clock
~ signal is fed as a common time base at least to the
clocked bandpass filter (GT) and to the digital
demodulator (DDM) at the receiving end (E) and to
the digital modulator (DM) at the transmitting emnd
(8).
2. Apparatus according to Claim 1, in which the
digital modulator (DM) at the transmitting end (8)
contains at least one digital fregquency generator which
is driven by the central precision clock signal (T) and
derives the characteristic frequencies (FL, FH) for the
frequency modulation of selection values to be trans-
mitted from the precision clock signal (T) with high
accuracy.
3. Apparatus according to Claim 2, in which digital
selection values to be transmitted are subjected to FSK
modulation {(frequency shift keying modulation) in the
digital modulator (DM) by means of modulation-controlled
keying of the digital frequency generator between an
upper and a lower frequency as characteristic
frequencies. '
4. Apparatus according to Claim 2 or 3, in which the
digital frequency generator in the digital modulator (DM)
switches over between the upper and lower frequencies in
a phase-cocherent manner only upon the occurrence of a
zero crossing in one of the characteristic frequencies.
5. Apparatus according to one of the preceding



Since use is not nade of two analog oscillators for t”hé'g‘é’hé'rEtT6'h_"o"f""t he
two characteristic frequencies, settl- ing tines V\/ni

m|liseconds range do not occur either. Such settli n E"WI“HI B‘l
required by 35 each of two separate osgillators, sincect mtter,»
changed over, #B2%Rhave to settle anéw4et'ween each time. |nstead, the
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6. Apparatus according to Claim 5, in which the low-
5 pass filter (TP) contains a trapezium generator.
7. Apparatus according to one of the preceding
claims, in which the clocked bandpass filter (GT) is
designed as a clocked capacitor filter (switched-
capacitor filter) and the mid-frequency of the bandpass

10 filter (GT) is determined by the central precision clock
signal (T).

8. Apparatus according to one of the preceding
claims, in which a prefilter (VF) which is designed as an
active continuous bandpass filter, preferably a lst-order

15 one, is connected upstream of the clocked bandpass filter
{GT) .

9. Apparatus according to Claim 8, in which the
prefilter (VF) has means for setting the gain of the
signal levels.

20 10. Apparatus accorxding to one of the preceding
claims, in which a postfilter (VF) which is designed as
an active continuous bandpass filter, preferably a lst-
order one, is connected downstream of the clocked
bandpass filter (GT).

25 11, Apparatus according to one of the preceding
claims, in which the digital demodulator (DDM) contains
a reference counter £for counting out the periods of
analog reception signals (EK), the counting clock signal
of which counter is determined by the central precision

30 clock signal (T).

12, Apparatus according to Claim 11, in which a flip-
flop having level-sensitive set and reset inputs is
present at the input of the digital demodulator (DDM).

13. Apparatus according to one of the preceding

35 claims, in which the Schmitt trigger (ST) has means for
predetermining a threshold voltage {x Uh), for producing
a switching hysterasis.



It is advantageous if a |low pass filter TP additionally follows the digital
nodul ator DM at the 5 transmtting end S. By this neans, the occurrence
of high frequencies which have an interfering effect particularly on the
further signal processing can be limted fromthe outset. Preferably, the

| ow-pass filteB4®P7AUdi tional |y contaih®® “trapezi um generator. By this
means, the 10 transm ssion signal is converted into a symmetri cal
trapezoi dal si B‘HﬁFrViﬁ eform Figure 6 illustrates the transm ssion signal
of an advant ageous enbodi nent of such a |owpass filter TP at the output of

the transmtting sectigiossdtiud #8xrNoEe MritidrEerons s Dinfiii) niodulaeibaven- 15
tion. The | ow pass fil teﬁ atf the samelti meiconft i tiut esﬁ‘tsgg ientt%rafngge
bet ween the di 8Rfademedniphicon A @palog signals Ior g

mission via the screens of power transmission cables

The apparatus according to the invention has at
least a seriea circuit formed by a clocked bandpass
filter (GT), a Schmitt trigger (ST) and a digital
demodulator (DDM) at a receiving end (E) and at least a
digital modulator (DM) at a transmitting end (8). Fur-
thermore, means (PT; CPU) for generating a central
precision clock signal (T) are present, which precision
clock signal is fed as a common time base at least to the
clocked bandpass filter (GT), to the demodulator (DDM)
and to the modulator (DM). The modulator (DM) preferably
containg at least one digital freguency generator which
is driven by the precision clock signal (T) and derives
the characteristic frequencies (FL, FH) for frequency
modulation from the precision clock signal (T) with high
accuracy. The demodulator (DDM) preferably contains a
reference counter for counting out the periods of analog
reception signals (EK), the counting clock signal of
which counter is determined by the precision clock signal
(T). The clocked bandpass £ilter (GT) is preferably
designed as a clocked capacitor filter whose mid-fre-
quency is determined by the precision clock signal (T).

FIGURE 1



anal og section A T2i has the advantage that the further processing of the
now quasi - a 8g3t7r r?zm ssion signal, in particular the filtering thereof

at the receiving end 20 of another nodemcircuit, is nade considerably
easi er. Harnonics which may possi bly have an interfering effect
consequently do not even occur in the first place. Thus, on account of the
trapezoi dal waveform the 3rd harnoni C1|Tﬁ ?m tted, and the 5th harnonic is
al ready considerably 25 at t enuat ed. i's trapeziumgenerator in the

| ow-pass filter can be realized using just one operational anpli- fier. A
subsequent sinple 2nd-order |owpass filter suffices to suppress the
harnmoni cs in the upper range once again. This<2nd-order |ow pass filter can
| i kewi se 30 be realized using an operatlg oIa& ganpl ifier with RC
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circuit. Wt} h? ircuit design, it is possible, using just two
operati.onal94 rrél %iirs, to generate froma rectangul ar signal a

frequency- nodul at ed si nusoi dal signal which has a | ow harnoni cs content and
is thus easy 35 to transmt and denodul ate. Finally, Figure 7 shows a

t wo- channel design of the nbdemcircuit according to the invention. The
channel 1 at the receiving end E in this case conprises a clocked bandpass
filter GIl, a Schmtt trigger STl and agi ital denodul at or DDML. The

cl ocked bandpass filter GI1l again advaZt éously conprises a chain
containing a prefilter
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VF1, a clocked bandpass filter BF1 and a postfilter NF1. The channel 2 at
the recei plAn *re F in"this cane com 5 -prises, in the same way, a cl ocked
bandpass fi'lter GI2, a Schmtt trigger ST2 and a digital denodul ator DDWR.
The cl ocked bandpass filter GI2 again advantageously com prises a chain
containing a prefilter VF2, a clocked bandpass filter BF2 and a postf ilter
NF2. Such a [lacuna] 10 of anal og aez tion signals sinultaneously from
two transm ssion directions in possi .#This case occurs particularly at
the connection points of the screens of two power supply cables.
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Pat ent clahﬂf 13 Apparatus for the interference-i nmune nodul ati on and
denodul at i 8f z&%?og signals which are transmtted in a

frequency- nodul at ed manner via the screens of power 5 transni ssion cables,
in which a) at least a series circuit formed by a cl ocked band- pass
filter (GT), a Schmitt trigger (ST) and a digital denodulator (DDV is
present at a receiving end (E), and at 4 a7t a digital nodulator (DM is 10
present at a transmtting end (E), and4b? means (PT; CPU) for generating
a central precision clock signal (T) are present, whieh precision clock

signal is fed as a common tinme base at |east to the clocked bandpass filter
(GT) and to the digital '
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15 . denodul at (DDM) at the receiving end (E) and to the digital
nodul at or W3a? ﬁe transmtting end (S). 2. Appar atus according to
Claim1, in which the digital nodulator (DX) at the transmtting end (S) 20
contains at | east one digital frequency generator which is driven by the
central precision clock signal (T) and derives the characteristic
frequencies (FL, FE) for the frequency nodul ati on of selection values to be
trans- mtted fromthe precision clock signal (T) with high 25 accuracy.
3. Apparatus according to Claim ,4&7\Mhich di gital selection val ues
to be transmtted are subjected to F dul ation (frequency shift keying

nodul ation) in the
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A

di gi tal nDduIator (DM by neans of nodul ation-controlled 30 keyi ng of the
digital 6?4]@‘?)? g@erator bet ween an upper and a |ower frequency as
characterls requenci es. 4. Apparatus according to Caim2 or 3,-in
which the digital frequency generator in the digital nodulator (DM 35

swi t'ches over between the upper and | ower frequencies in a phase-coherent
manner only upon the occurrence of a zero crossing in one of the

characteristic frequencies. 5. tus according to one of the
precedi ng clainms, in mhlch a |l ow fllter (TP). i s connected
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downstream of the E?t nodul ator (DM at the transmt- ting end (S). 6.
Appar at us acciﬂrd?-ﬁg Caim5, in which the low 5 pass filter (TP)
contains a trapezium generator. 7. Appar atus according to one of the
preceding clainms, in which the clocked bandpass filter (GI) is designed as
a cl ocked capacitor filter (swtched- capaci tor filter) and the

m d-frequency of the bandpass 10 f| | t ré( Is determ ned by the central
precision clock signal (T). 8. tus according to one of the
preceding clains, in which a prefilter (VF) whi ch i s designed as an active
conti nuous bandpass filter, preferably a 1st-order 15 one, is connected
upstream of the clocked bandpass filter :
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(GT).

has nmeans for setting the gain of the signal |evels. 20 10.
according to oPCE the pré@é’&?“ﬁ@m&,"gﬁfék
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9. Appar atus according to Claim8, in which the pre
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(54) Title: DEVICE FOR THE NOISE-FREE MODULATION AND DEMODULATION OF ANALOGUE SIGNALS USED FOR
TRANSMITTING INFORMATION ALONG THE SHIELDING OF POWER TRANSMISSION CABLES

(54) Bezeichnung: VORRICHTUNG ZUR STORSICHEREN MODULATION UND DEMODULATION VON ANALOGEN SIGNALEN
ZUR NACHRICHTENUBERTRAGUNG UBER DIE SCHIRMUNGEN VON ENERGIEUBERTRAGUNGSKABELN

(S7) Abstract | mw.\ o womumondin
The device according to the invention is provided on a e epy
receiver side (E) with at least one series circuit comprising a . . i oo N
clock-pulsed band-pass filter (GT), a Schmitt trigger (ST) and secerwii™ Yo | akeen aginer | o
a digital demodulator (DDM); and on an emitter side (S) with = J i i
at least one digital modulator (DM). In addition, means (PT, UEMOOLATOR A
CPU) are provided for generating a central precision clock signal PT
(T) which is applied as a common time base at least to the . po
clock-pulsed band-pass filter (GT), the demodulator (DDM) and takdgeber
the modulator (DM). The modulator (DM} preferably includes RE
a digital frequency generator driven by the precision clock wp TN RIGHAL] ENTT
signal (T), the frequency generator deriving the characteristic  SamEM, goesomw -
frequencies (FL, FH) for frequency modulation with great il
precision from the precision clock signal (T). The demodulator 2
(DDM) preferably contains a reference counter to count the roTe
pulse repetition period of analogue received signals (EK) whose A-D
counter pulse is determined from the precision clock signal (T). T TRIGGRIIN TG,
The band-pass filter is designed preferably as a switched capacitor filter whose middle frequency is determined from the precision clock

signal (T).
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in which a
I nputs is present at the

Appar at us accordi ng to one
ich the Schmtt trigger (ST) has neans
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30 clock signal (T). 12. Apparatus according to Caim 11,
flip- flop having |l evel-sensitive set and reset
input of the digital dermodulator (DDVM. 13.
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Die erfindungsgemiBe Vorrichtung weist auf einer Empfangsseite (E) zumindest eine Reihenschaltung aus einem getakteten
Bandpagfilter (GT), einem Schmitt-Trigger (ST) und einem digitalen Demodulator (DDM), und auf einer Sendeseite (S) zumindest einen
digitalen Modulator (DM) auf. Ferner sind Mittel (PT; CPU) zur Erzeugung eines zentralen Prizisionstaktes (T) vorhanden, welcher
zumindest dem getakteten BandpaBfilter (GT), dem Demodulator (DDM) und dem Modulator (DM) als eine gemeinsame Zeitbasis zugefithrt
wird. Bevorzugt enthilt der Modulator (DM) mindestens einen vom Priizisionstakt (T) getriebenen digitalen Frequenzgenerator, der die
Kennfrequenzen (FL, FH) fir eine Frequenzmodulation hochgenau aus dem Prézisionstakt (T) ableitet. Bevorzugt enthilt der Demodulator
(DDM) einen Referenzzihler zur Ausziihlung der Periodendauern analoger Empfangssignale (EK), dessen Zihitakt vom Priizisionstakt (T)
bestimmt wird. Bevorzugt ist das getaktete BandpaBfilter (GT) als getaktetes Kondensatorfilter ausgefilhrt, dessen Mittenfrequenz vom
Priizisionstakt (T) bestimmt wird.

LEDIGLICH ZUR INFORMATION

Codes zur Identifizierung von PCT-Vertragsstaaten auf den Kopfbbgen der Schrifwn die internationale
Anmeldungen gemiiss dem PCT verdffentlichen.
AT Osterreich GA Gabon MR Mauretanien
AU Australien GB  Vereinigtes Kdnigreich MW  Malawi
BB Barbados GE Georgien NE Niger
BE Belgien GN Guinea NL Niederlande
BF Burkina Faso GR  Griechenlend NO  Norwegen
BG Bulgarien HU Ungam NZ Neuseeland
BJ Benin IE Irland PL Polen
BR  Brasilien IT Ttalien PT Portugal
BY Belarus Jp Japan RO Rumanien
CA Kanada KE Kenya RU Russische Fdderation
CF Zentrale Afrikanische Republik KG  Kirgisistan sD Sudan
CG Kongo KP Demokratische Volksrepublik Korea SE Schweden
CH Schweiz KR Republik Korea SI Slowenien
Cl Cee d'Ivoire Kz Kasachstan SK Slowakei
CcM Kamerun LI Liechtenstein SN Senegal
CN China LK Sri Lanka ™ Tschad
cs Tschechoslowakei LU- Luxemburg TG Togo
CZ Tschechische Republik Lv Lettland I Tadschikistan
DE Deutschland MC Monaco T Trinidad und Tobago
DK Dianemark MD Republik Moldau UA Ukraine
ES Spanien MG Madagaskar us Vereinigte Stasten von Amerika
FI Finnland ML Mali Uz Usbekistan
FR Frankreich MN  Mongolei VN Vietnam




