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plex and time-consuming, hence costly. A solution Is known from US patent
4,866,402 in The invention relates to arrangement comprising  which
measures of the first mentioned priorartare ex- a phase-locked loop whose
signal path incorporates  tended such that the pilot detector comprises a
mul- a phase detector, a loop filter and a controlled oscil-   5   tiplier
circuit for synchronous detection of the auxili- lator, and a pilot
generator for generating a local aux-  ary pilot, afirst inputof the
multipliercircuit being cou- iliary pilot which Is applied to the
controlled oscillator,  pled to the signal path of the loop between the
phase and a pilot detector input of which is coupled to the  detector and
the controlled oscillator, and a second signal path of the loop and an
output of which is cou-  Input of the multiplier circuit being coupled to
the pilot pled to a level detector via a filter member.  10  generator, an
output of the multiplier circuit being cou- An arrangement of this type Is
known per se from  pled to the filter member, comprising a low-pass filter.
Japanese Patent publication Kokal 63-107304 and        In this known
arrangement the local auxiliary pilot supplies a binary output signal which
gives an Indica-  is applied to the loop filter. The auxiliary pilot signal
tion about the state of phase lock of the phase-locked  circulates through
the loop filter, the voltage control- loop.
15  led oscillator and the phase detector. Under locked In the phase-locked
state of the loop the output  conditions, the phase detector supplies a
mixing signal of the controlled oscillator Is frequency-modu-  product
which has a frequency equal to that of the lated with the local auxiliary
pilot. In the known ar-  auxiliary pilot, whereas under non-locked
condition rangement this frequency-modulated oscillatorsignal  the phase
detector does not supply such a mixing is applied to a frequency
discriminator operating as a   20  product. The pilot detector comprising a
multiplier cir- pilot detector. To this end an input of the known pilot
cuit is arranged between the phase detector and a detector is coupled tothe
signal path between the out-  comparator for indicating the presence or
absence of put of the controlled oscillator and an input of the  the local
auxiliary pilot. phase detector. The auxiliary pilot demodulated by     It
is an object of the invention to enhance the ac- the frequency
discriminator is applied to the level de-  25  curacy of detecting the
lock-in state of the phase- tector via a bandpass selection in the filter
member.  locked loop in the arrangement. The level detector supplies the
above-mentioned bi-   According to the Invention such an arrangement nary
output signal which has the value of 0 or 1 with  is therefore
characterized in thatafirst phase-shifting respect to a given threshold
value in dependence   circult precedes one of the two first and second
inputs upon the amplitude of the auxiliary pilot selected by  30  of the
multiplier circuit. means of the filter member.
It is based on the recognition that not only the am- In the phase-locked
state of the loop the oscillator  plitude of said mixing product, also
referred to as re- frequency corresponds to the frequency to which the
turn pilot. but also the phase shift with respect to the frequency
discriminator is tuned, Le. the zero fre-  original auxiliary pilot signal
is characteristic of the quency, and the frequency-modulated oscillator
fre-  35  state of phase lock. Loop parameters such as band- quency varies
within the detection range of the fre-  width, phase shift and loop gain in
the phase-locked quency discriminator. The frequency discriminator  state
of the loop deviate from those outside the then supplies the local
auxiliary pilot at an amplitude  phase-locked state. which exceeds said
threshold value and thus gives      When the measure according to the
invention is rise to agiven outputsignal value of the level detector,  40
used, this recognition is utilized for adjusting the pilot for example 1.
detector at an optimum working point at the desired Outside the locking
range the oscillator frequen-  lock-in state. Consequently, the threshold
value of cy deviates from said zero frequency to such an ex-  the level
detector may vary within a comparatively tent that it does not coincide
with the detection range  large tolerance range without influencing the
accura- of the frequency discriminator and that the auxiliary  45  cy and
uniformity of the locking indication obtained in pilot cannot be detected.
Consequently, the frequen-  accordance with the invention. cy discriminator
supplies no orsubstantially no signal  For an effective locking indication
the quantity component at the frequency of the auxiliary pilot so
(amplitude or phase) of the return pilot, which varies that the output
signal of the bandpass filter member  to the greatest extent atthe
transition from the phase- remains below said threshold value and the level
de-  so  locked state to the unlocked state, and conversely, tector
supplies the output signal value of 0.      should be detected. For a
correct locking indication the dimensioning  A preferred embodiment is
therefore character- of the frequency discriminator and hence the loca-
ized in that the frequency of the local auxiliary pilot tion, the steepness
and the range of the detection  is located within the passband of the loop,
the pilot de- curve, as well as said threshold value of the level de-  55
tector being arranged to effect a substantially syn- tector should be
accurately set to correct values with  chronous amplitude detection of the
local auxiliary pi- respect to the locking range of the phase-locked loop.
lot supplied to the first input of the multiplier circuit. The circuit
settings required for this purpose are com-  An optimum synchronous
amplitude detection of 
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pilot can be realised In a further preferred  mentioned first input of the
pilot detector 10 via the embodiment, characterized in that the first
phase-  first phase-shifting circuit 8 and the original auxiliary shifting
circuit precedes the first input of the pilot de-  pilot is applied to the
second inputof the pilotdetector tectorand a second phase-shifting circuit
is arranged  10 via the second phase-shifting circuit 9. The sec- between
the signal generator and the second Input of   5   ond phase-shifting
circuit 9 realises a 90 phase shift the pilotdetectorfora [err] phaseshift
of the local aux-  of the original auxiliary pilot. An output of the
multipli- iary pilot, the output signal of the first phase-shifting  er
circuit 10 is coupled to a level detector 12 via the circuit being
substantially in phase or in anti-phase at  low-pass filter member 11. In
the phase-locked state the frequency of the local auxiliary pilot with
respect  of the loop the auxiliary pilot undergoes a phase shift to the
local auxiliary pilot at the output of the second   io  from the Input of
the adder circuit 5 to the output of phase-shifting circuit.
the ampllfier 4, which phase shift Is dependent on the The invention will
be described in greater detail  phase transferof the loop atthefrequencyof
the local with reference to the sole Figure shown In the draw-  auxiliary
pilot ing.                                                    In the
embodiment shown a synchronous ampli- The Figure shows an arrangement
comprising a   16  tude detection of the return pilot is realised by caus-
phase-locked loop 2 to 6 and a pilot detection device  ing the two pilot
signals applied to the multiplier circuit 8 to 10, a low-pass filter member
11 a level detector  10 to be mutually In phase or in anti-phase. To this
12 and a signal generator 7 for generating a local aux-  end the original
auxiliary pilot is shifted 90 in phase lliary pilot. The phase-locked loop
2 to 6 has a signal  in the second phase-shifting circuit 9 before it Is
ap- input I to which a modulated or unmodulated RF or IF  20   plied to
said second input of the pilot detector 10 and Input signal is applied. The
signal input 1 is coupled  the phase shift realised in the first
phase-shifting cir- to a phase detector 2, a loop filter 3, an amplifier 4,
cuit 8 is chosen to be such that together with the an adder stage 5 and a
controlled oscillator 6. In the  phase shift occurring in the loop at the
auxiliary pilot phase-locked state of the loop phase differences de-
frequency it is either equal to the phase of the auxil- viating from [err]
between the oscillator signal from   25  iary pilot applied to the second
input of the synchron- the controlled oscillator 6 applied to the phase
detec-  ous detector 10, or differs [err] therefrom. tor2 on theone hand
and the carrierof the input signal  The amplitude of the return pilot
becomes avail- applied to the input I on the other hand are negatively
able in theform ofa decomponentatthe output of the fed back In the loop.
This results in a frequency and  pilotdetector 10 and Is applied to the
level detector 12 phase synchronization of said oscillator signal with  30
after low-pass selection in the low-pass filter member the carrier of the
input signal. If the loop is outside its  11. The level detector 12 has a
threshold value which locking range, the oscillator frequency deviates from
Is chosen to be such that it is exceeded by said dc the frequency of the
input carrier by a value which is  component in the phase-locked state of
the loop. In larger than the capture range of the loop.          that case
the level detector 12 supplies a locking in- The local auxiliary pilot
supplied by the signal  35   dication signal having a given binary value,
for exam- generator 7, also referred to as the original auxiliary  ple 1,
which can be further used (not shown) for ad- pilot, is injected in the
signal path of the loop preced-  justing, for example, the loop gain to a
given value or ing the controlled oscillator 6 by adding this original  for
indicating the state of phase lock. auxiliary pilot to the loop signal in
the adder stage 5  Outside the locking range the amplitude of the re-
arranged between the amplifier 4 and the controlled   40  turn pilot Is
zero or substantially zero so that no dc oscillator 6. As a result, the
oscillator signal is modu-  component exceeding the last-mentioned
threshold lated in frequency or phase with the auxiliary pilot  value of
the level detector 12 is obtained at the output (also referred to as angle
modulation). In the phase-  of the pilot detection device 8-10. The level
detector locked state of the loop a mixing product is formed In  then
supplies a locking Indication signal having the the phase detector 2 at a
frequency which is equal to  45   other binary value, i.e. 0 in this case.
the frequencyof the local auxiliary pilot and atan am-  In a practical
embodiment the loop bandwidth plitude and phase which are characteristic of
the am-  was 75 kHz, the auxiliary pilot was 38 kHz and the plitude and
phase transfer of the controlled oscillator  bandwidth of the low-pass
filterwas 50 Hz. ASchmitt 6 and the phase detector 2 in this state of phase
lock.  trigger was used as a level detection circuit. This mixing product
also referred to as return pilot,  5o  It will be evident that the
inventive idea Is appli- is applied to an Input of the pilot detection
device 8 to  cable in an embodiment which differs from the em- 10 via the
loop filter 3 and the amplifier 4.       bodiment shown. For example, the
amplifier 4 and The pilot detection device 8 to 10 has first and  one of
the two said phase-shifting circuits may be dis- second phase-shifting
circuits 8 and 9 via which the  pensed with, the frequency of the local
auxiliary pilot 



amplifier 4 and the signal generator 7, respectively,  55   may be chosen
outside the 3 dB loop passband. are coupled to first and second inputs of a
multiplier circuit 10 operating as a pilot detector. The return pilot is
applied from the controlled amplifier 4 to the last- 3    5
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mit der Signalstrecke der Schlelfe und sin Aus- gang fiberein
Filterelement(11) miteinem Pegel- 1. An arrangement comprising a
phase-locked loop        detektor (12) gekoppelt ist, wobei der Pilotdetek-
(2, 3, 4, 6) whose signal path incorporates a       tor einen
Multplizierkreis (10) aufweist zur syn- phase detector (2), a loop filter
(3) and a control-   5  chronen Detektlon des Hilfspilotsignals, wobei led
oscillator(6), and a pilotgenerator (7) forgen-  ein ersterEingang des
Multipilzierkreises (10) mit orating a local auxiliary pilot which Is
applied to  der Signalstrecke der Schlelfe zwischen dem the controlled
oscillator (6), and a pilot detector  Phasendetektor (2) und dem geregelten
Oszilla- (8, 9, 10) an Input of which Is coupled to the signal  tor (6)
gekoppelt ist, und wobel eln zweiter Ein- path of the loop and an output of
which is coupled   lo  gang des Multiplizierkrelses (10) mit dem Pilotsl-
to a level detector (12) via a filter member (11),  gnalgenerator (7)
gekoppelt ist, wobei ein Aus- wherein the pilot detector comprises a
multiplier   gang des Multiplizlerkreises (10) mit dem Filter- circuit (10)
for synchronous detection of the aux-  element (11) gekoppelt Ist das ein
Tiefpagfilter iliary pilot a first input ofthe multiplier circuit (10)
aufweist dadurch gekennzeichnet, dail elne or- being coupled to the signal
path of the loop be-  15  ste Phasenverschiebungsschaltung (8) dem or-
tween the phase detector (2) and the controlled     sten odor dem zweiten
Eingang des Multiplizier- oscillator (6), and a second Input of the
multiplier  kreises (10) vorgeschaltet ist. circuit (10) being coupled to
the pilot generator (7), an output of the multiplier circuit (10) being  2.
Schaltungsanordnung miteinerphasenveriegel- coupled to the filter member
(11), comprising a   20  ten Schleife (2,3,4,6) nach Anspruch 1, dadurch
low-pass filter, characterized in that a first phase-  gekennzelchnet, daf3
die Frequenz des 8rtlichen shifting circuit (8) precedes one of the two
first  Hilfspilotsignals Innerhalb des Durchlalbandes and second inputs of
the multiplier circuit (10).    der Schleife liegt wobel der Pilotdetktor
(8, 9, 10) dazu vorgesehen Ist, elne nahezu synchrone 2. An arrangement
comprising a phase-locked loop   25   Amplitudendetektion des dem ersten
Eingang (2, 3, 4, 6) as claimed In Claim 1, characterized   des
Multiplizierkrelses (10)zugefuhrten8rtllchen in that the frequency of the
local auxiliary pilot is  Hilfspiloteignals durchzufflhreni. located within
the passband of the loop, the pilot detector (8, 9, 10) being arranged to
effect a sub-  3. Schaltungsanordnung mitolner phasenverriegel- stantially
synchronous amplitude detection ofthe   3o  ten Schleife (2,3,4,6) nach
Anspruch 2, dadurch local auxiliary pilot supplied to the first input of
gekennzeichnet, dag die erste Phasenverschie- the multiplier circuit (10).
bungsschaltung (8) dem ersten Eingang des Mul- tiplizierkreises (10)
vorgeschaltst ist und elne 3. An arrangement comprising a phase-locked loop
zweite Phasenverschiebungsschaltung (9) zwl- (2, 3, 4, 6) as claimed in
Claim 2, characterized   35  schen dem Signalgenerator (7) und dem zweiten
In thatthe first phase-shifting circuit (8) precedes  Elngang des
Multiplizierkrelses (10) fMr eine 900 the first Input of the multiplier
circuit (10) and a  Phasendrehung des  rtdichen Hllfspilotaignals second
phase-shifting circuit (9) is arranged be-   angeordnet ist, wobei
dasAusgangssignal deror- tween the signal generator (7) and the second in-
sten Phasenverschlebungsschaltung (8) im we- put of the multiplier circuit
(10) for a [err] phase   40  sentlichen gleichphasig ist oder gogenphasig
ist shift of the local auxiliary pilot, the output signal  mit der Frequenz
des Brtlichen Hilfspilotsignals of the first phase-shifting circuit (8)
being sub-  gegeniber dem  8rtlichen Hilfspilotsignal am stantially in
phase or in anti-phase at the frequen-  Ausgang der zweiten
Phasenverschiebungs- cy of the local auxiliary pilot with respect to the
schaltung (9). local auxiliary pilot at the output of the second   45
phase-shifting circuit (9). Revendlcations Patentansprfiche
1. Dispositif comprenant une boucle a verrouillage 50      de phase (2, 3,
4, 6) dont Is chemin de signal 1. Schaltungsanordnung mit einer
phasenverriegel-       contient un detecteur de phase (2), un filtre de 



ten Schlelfe (2, 3, 4, 6), deren Signalstrecke ei-  boucle (3) at un
oscillateur command6 (6), ainsi nen Phasendetoktor (2), ein Schleifenfilter
(3)     qu'un ginirateurde signal pilote (7) pour ginirer und einen
geregelten Oszillator (6) aufweist, so-   un signal pilote auxillaire local
qui est applique A wie mit elnem Pilotgenerator (7) zur Erzeugung   5S
loscillateur commande (8) et un detecteur de si- eines 8rtlichen
Hilfspilotsignals, das dem gere-    gnal pilot (8, 9, 10) dont une entree
est connec- gelten Oszillator (6) zugefflhrt wird, und mit ei-  tWe au
chemin de signal de la boucle at dont une nem Pilotdetektor (8, 9, 10), von
dem en Eingang    sortie est connectee A un ditecteur de niveau 4    7
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un 6i6ment de filtrage (11), dane loquel le d6tecteur de signal pilot.
comprend un circuit multiplicateur (1 0) pour la d~tection synchrone du
signal pilots auxillairo, une promibre entr6e du circuit multipilcateur
(10) etant connectee au chs-   5 min de signal de la boucde entre le
d6tecteur de phase (2) ot loscillateur commande (6), une deuxieme entr6e du
circuit multiplicateur (10) etant connectee au generateur de signal pilot.
(7), une sortie du circuit multiplicatour (10) ftant  10 connecteoe A
lelement de filtrage (11) compre- nant un filtre passe-bas, caracterise en
ce qu'un premier circuit de decalage de phase (8) precede une des deux
premibre at deuxieme entrees du circuit multiplicateur (10).
1s 2. Dispositif comprenant une boucle A varroulliage de phase (2, 3, 4, 6)
selon la revendicatbon 1, ca- racterise an oe que la frequence du signal
pilote auxiliaire local so situe dans la band. peasantb  20 de la boucle,
le d~tecteur de signal pilots (8, 9, 10) etant agence pour offectuer une
detection d'amplitude sensiblement synchrone du signal pilot. auxiliaire
local delivre A la premilre entrhe du circuit multiplicatour (10).
25 3. Dispositif comprenant une boucle A verrouillage de phase (2, 3, 4, 6)
selon la revendication 2, ca- racterise on ce qua le premier circuit de
decalage de phase (8) precbde la premibre entr6e du cir-  No cuit
multiplicateur (10) et un deuxibme circuit de decalage de phase (9) est
agence entre le gene- rateur de signal (7) et la deuxieme entree du cir-
cuit multiplicateur (10) pour un decalage de pha- se de 900 du signal
pilot. auxillaire local, le signal  36 de sortie du premier circuit de
dicalage de phase (8) etantsensiblement en phase ou en opposition de phase,
A la frequence du signal pilot. auxilial- re local, par rapport au signal
pilots auxillaire lo- cal A la sortie du deuxieme circuitde decalage de
40 phase (9). 45 50 55    


