1 Automatic setting of gain in control -l oops The invention [R3SHI-0

nmet hod and arrangenent for automatically setting the gain in control [oops,
as 5 uséd in CD or DVD players for exanple, in order to foc e scanni ng
or recording light or -l aser beamon the optical recording nediadm or to
follow the information track. In order to det the gain in a control | oop,
It is 10 already known practice to superinpose a sinusoidal signal on the
reference variabl e and Avteamar esethiéngoofr galediny aondirbeé dodps control
difference with one another in order to obtain, fromthis conparison, a
criterion for setting the control_ gain, cf. DE-A 36 35 859. For this 15
purpose, it is prefER@piHveRrkion figtasdde aopethad 2pMhtFOTINALMERY abl e
and of the contrfelr didtomaticallhalse@t&ngopar gdini ih @oataddt Nebpsl nas

addi tion, megtion.lsS qads Qf rﬂ%ﬁ%piapgré ?893%@59&” ﬁ{‘doxg:?zngcc} Notus
measur enent O derive a Ccri terton“fo S_et | n_g control gal n. n
conpari ng the affbei tIeRINIng nekr JiRA9Fdiagt i ¥ights e¥ c 1gsey theam | eor thet

those oscill afi gptseaponaiticrdihgt hediem;r 0br ditbf doane amé ofntdienation
control |l ed vari abl e,whose frequency is equal to the input frequency. Using

a control wunit, ﬁgkgain of the controller is then changed 25 wuntil a

conpar at or establ i shesInt haderthe sé¢t |the @disutin a control loop, it is
10 already known practice to superimpose a sinusoidal signal

on the reference variable and to compare the controlled

variable and the control difference with one another in

order to obtain, from this comparison, a criterion for
setting the control gain, cf. DE-A 36 35 859. For this
15 purpose, it is preferably the amplitudes of the
controlled variable and of the control difference that
are compared with one another. In addition, mention is
made of measuring a phase margin and using this
measurement to derive a criterion for setting the control
20 gain. In comparing the amplitudes, synchronous rectifiers
are used to filter out those oscillation components of
the control difference and of the controlled variable
whose frequency is equal to the input frequency. Using a
control unit, the gain of the controller is then changed
25 until a comparator establishes that the filtered-out
oscillation components of the controlled wvariable and of
the control difference are of equal magnitude. The known
method is therefore an iterative method which takes up a
lot of time or is slow on account of the step-by-step
30 tuning. Evaluating the phase information requires a high
degree of complexity and is likewise slow, as a result of
step-by-step tuning. Reducing the number of comparison
steps inevitably leads to greater inaccuracy. When
comparing the amplitudes of the controlled variable and
35 of the control difference, care should also be taken to
ensure that the control gain is not set exactly, since
oscillation components are not in phase with the‘input
frequency of the controlled variable and the control



oscillation conponents of the controlled variable and of the control

di:-f ference are of equal magnitude. The known nethod is therefore an
iterative method which takes up a lot of time or is slow on account of the
step-by-step 30 tuning. Evaluating the phase information requires a high
degree of conplexity and is |likewise slow, gs a result of step-by-step

tuni ng. Reduci ng the nunber of conparison steps inevitably |eads to greater

i naccuracy. Wen ' th ' es of .the control varjable and 35
of the control di %@%@gg'ca?‘égﬁ%ﬁ%ﬁ%l_sglsfo&elgt aken ’f%qdeeﬁl%% e‘“)thﬁgk‘ t hig
control gain is ribiffamengxafrany thencribienl| firieaneneypdresuBpases ndhatkn

phase with the ingid fdopdyganaya®f tiile fGRIGueaAkLYeds viidwabl € and the control
2 difference. Furthernor usi,n frequency .whi ctg.ig di fferent fvr.o t he
critical frequency pr esuSBSse%bfq{%t P%e"f op *GAPRTAY™ t HiSs ?ecﬁfé’nd}#’g} s2
known. The obpectmeifhach@ndnasnangemérnt tTompramtionetacsl hetseidtiagd ther gagement
for automatical | yirseidrdtid1t N8og8l Nwhick 0REE Obhd PARS ri¥RUCByaBe rapid yet
characterized by a rapid \éeg rell ab‘ye s%ng aggéé)éugel{m ng proceduré. This
obj ect is achi everf fle SPELL LY DY REcitndgy P
This object is achieved by the features specified
in main claims. Advantageous designs and developments are
10 specified in subclaims.
- One aspect of the invention is the acceleration
of the tuning procedure when automatically setting the
gain. To this end, the final tuning value is set by a
single measurement and subsequent calculation. There is
15 no longer any need for a successive approximation to the
tuning value, which means that tuning is considerably
faster. In only one method step, an existing gain factor
is measured whilst a tuning signal is input, a change
which is to be carried out to obtain the desired value is
20 calculated and the desired value of the gain is set. The
tuning signal or tuning frequency used is preferably a
sinusoidal noise frequency which =~ is equal to the
frequency at which the absolute-value curve for the gain
of the open loop intersects the 0-dB line. The sinusoidal
25 noise frequency is added, for example, to the controlled
variable of the control loop. The value of the existing
gain which is formed or the existing gain factor which is
formed is, for example, the quotient of the amplitudes of
controlled variable and control difference. To avoid the
30 disadvantages arising from the phase margin between the
controlled variable and the control difference, the
amplitudes of controlled variable and control difference
are formed from a signal for the controlled variable and
the control difference, respectively, which signal has
35 Dbeen subjected to band-pass filtering, squaring, low-pass
filtering and square-root extraction. Using a band-pass
filter, the tuning frequency is filtered out of the
control or control difference signal. Squaring the



in main clainms. Advantageous desi gns and devel opnents are 10 specified in
subcl aims. One aspect of the invention is the acceleration of the tuning
procedure when autonatically setting the gain. To this end, the final
tuning value is set by a single neasurement and subsequent cal cul ati on.
There is 15 no | onger any need for a successive approximtion to the tuning
val ue, which neans that tuning is considerfbly faster. In only one nethod
steﬁ, an aﬁisaing gaig factor is neasured whilst a tuning signal is input,
a change which is t e _carrli ut ..t I Sir UGht Sh 2

cal cul ated and ?ﬂ%l si'e rggﬁggao%nt§58€%?%§F%Q§E%E %hgg?éﬁ%ngh§§hng? or
tuni ng frequencindemshdentpeds shabFjgar sprdisdi kry-Pagsi Sd1tPredBelEf® Which
is equal to fhenfEBIUSREKgAR! i ehet henaheadl Wwriveg uErequerscy,or from gain

of th . . : . : :
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difference are forimpd,dd oM Hridt116ar vhbeaspatamd | Rsherdl adfilfEededce.

10 The desired gain equal, for example, to 1 or 0 dB is then
set using the reciprocal value of the measured gain
factor. For this purpose, a gain setting means fofﬁed by
a multiplier, for example, is provided in the control
loop. This is used to set the gain to a desired value in

15 only one method step. As the absolute-value curve for the
gain is approximately linear in the range of the tuning
frequency, gain factors which differ from the value 1 may
also be set with a high degree of accuracy. The reason
for this is that the frequency-dependent rise in the gain

20 is determined from the quotient of the amplitudes of the
controlled variable and control difference. As this is a
measured existing gain, the tuning procedure has a high
level of reliability in comparison with solutions which
alter the gain using, for example, tables which are

25 determined with the aid of a model.

. However, in addition to the above embodiment,
which wuses the controlled variable and the control
difference to measure the gain, it is also possible to
implement other embodiments, which use other connection

36 points in the control loop to measure the gain. In this
case, it is then also necessary to take into
consideration the particulaf features arising from the
selection of connection points for gain measurements. If
the input noise signal and the control difference are

35 ‘used for measuring gain, for example, such a measurement
will have an offset of 6 dB, but will not differ, in
principle, from the solution indicated here. The offset
of 6 dB should then be taken into account in assessing



the control difference, respectively, which signal has 35 been subjected to
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establish whether the quotient of the amplitudes of
controlled variable and control difference has a value of
less than 1. If this does not apply, a further aspect of
the invenﬁion provides for the gain to be set at a lower
value, before the measurement is even carried out; using
a factor of less than 1, preferably 0.75. '

The invention is explained in greater detail
below with the aid of drawings and an exemplary
embodiment. In the drawings:

Fig. 1 shows a schematic sketch for automatically
setting a gain,

Fig. 2 shows a schematic sketch for automatically
setting a gain using tuning signal measurement,

Fig. 3 shows a schematic sketch for automatically
setting a gain using control-loop signal
measurement,

Fig. 4 shows a schematic sketch for measurement signal

. formation,

Fig. 5 shows a schematic sketch of an embodiment for
measurement signal formation,

Fig. 6 shows a block diagram of a noise signal
generator,

Fig. 7 shows a block diagram of a band-pass filter,

Fig. 8 shows a block diagram of a low-pass filter,

Fig.

\O

shows an amplitude/time graph of a noise

frequency,

Fig. 10 shows an amplitude/time g¢graph of a noise
frequency with a superimposed control difference,

Fig. 11 shows an amplitude/time graph of a noise

frequency which has been subjected to band-pass



frequency, gain factors which differ fromthe value 1 may al so be set with
a high degree of accuracy. The reason for this is that the
frequency-dependent rise in the gain 20 is determned fromthe quotient of
the anplitudes of the controlled variable and control difference. As this
is a measured existing gain, the tuning pragedure has a high |evel of
reliability in conparison with solutions which alter the gain using, for

exanpl e, tables which arg 5 .deter ed th he del ggwﬁyer,
in addition to the abovél% ﬁﬁ%ﬁ marﬂc{1 %seéﬁhgrgkpgs rol?o
variable and the condidfedeneer ence to neasure the gain, it is also
possible to inpl ﬁi@ntlzotslh%seﬁmpll n&aﬁmtd&uﬁﬂlmse idpar cenneet | qsbfé?e

points in the control | 9 feasuyre the g n..t.hi
then also necessary %Orpguenfé’lk@' iChnPgs; 3?1 ndesrukpleé:nef%he dpar ss
features ari sing fromtHdlserdnygi and osquarimeot i@dd points for galn

measurenents. |fpihe mr;lr%weo' Sh S| gﬁﬁilamla/cﬂl%ecorgféﬁh dléf er gncengi e 35
used for neasuring gain, exang% neasurenent Wi
r ooy Hd

of fset of 6 dB, but wllfrﬁGPeBFV R SuRIGheehe %og'ﬁ?ﬁ?o‘hass

i ndi cated here. The off§hﬂtetlﬁgd8sqﬁmmdnbtdna1lba—pakenfllnerxmmbount in
assessl| ng

10 Reference symbols are used condordantly in the

figures. Fig. 1 shows the schematic sketch for

antomatically setting a gain in only one method sxep. in

a control loop comprising a control amplifier ' CT and a

controlled system RS, a tuning signal generator G is used

15 to input a tuning signal d into the control 1loop, and

whilst the tuning signal d is input, or after it has been

input, a gain setting means GA is used to set the gain

automatically in only one method step. In the exemplary

embodiment illustrated in Fig. 1, inputting of the tuning

20 signal d is provided between the output of the controlled

system RS and the input of the control amplifier CT. Or

in other words: the tuning signal d is input at a

summation point which is supplied with the controlled

variable x and whose output provides the control

N
w

difference xd. In principle, however, a tuning signal d
may‘be input at any point in the control loop. However,
the point at which thelfuning signal d is input must be
taken into account when calculating a gain factor which
is to be set using the gain setting means GA. When
30 determining the existing gain factor by comparing the

tuning signal d with the control difference xd, an offset

of 6 dB should be taken into account, for example. Using

the gain setting means GA, an existing gain factor for

the control loop is measured and a change in the gain
35 which is to be carried out is calculated, and this is
then wused to set the gain in the control 1loop
automatically. In general, a gain or a gain factor may be
specified as the ratio of a reference signal to a



4 the neasured gain value. Fromthis aspect, the inventive nethod for
automatically setting a gain in a control loop is relatively independent of
the. ghoi ce of connection points for gain neasurenent. 5 I n order
to ensure that the existing gain factor was determned in the linear
range of the gain characteristic curve, an additional check is made to
establi sh whether the quotient of the anplitudes of controlled variable and
control difference has a value of 10 _less than 1. If this does not apply,

a further aspect®eFSURRIeNY efisRAL pr b dd$ fBLTERAY ooy BEaSkicet &9
| ower val ue, befcsmpdde thieasmpeiendes Sorvidie @hasead cfuttheusuning $amiay of

ose than 1, P el 2BV ofe SoaTiFenb¥ COLREN LA nOReABEnkn HPAS"

detail 15 below w
enbodi nent. | n t¢RAENFawrhgsgafng in tfsﬁoﬁsnt’éd séﬁ@ﬁ‘at‘%n&lls et §1Hec¥%¥ed
automatical |y se&mpmlﬁi@aﬂrn,pt%%e EagloZ isshenhievad.sabeskding tskeiadh for

automatically sett ‘léhO% gc%l nglf%ilng? gﬂq? gorﬁl%)qallon%a%regﬁgﬁgegl gteé) bfhows"

a schemtic sKet y setting usi n
control -1oop  s$tgml lﬁea@tﬁimﬁp PPLoRCH. hhesrﬂﬁﬂslr&dscmmlénsk@l% for

measurement Si gh@dnner. For automatically setting the gain in a control
loop, therefore, a number of method steps were required.

10 Setting the gain in only one method step is made possible
by the fact that an existing gain factor is measured and

a change which is to be carried out in order to achievéha
desired wvalue of the gain is calculated. The calculated
value then represents the value used to set the gain. The

15 measurement signal used is a signal from the control
loop, the said signal representing the existing gain
factor. The signal representing the existing gain factor

is preferably the amplitude of a measurement signal
whilst the tuning signal d is input. In order to

20 calculate the existing gain factor, the measurement
signal, which represents a gain factor whilst the tuning
signal d is input into the control loop which is not yet
tuned, is put into a ratio with a reference signal. The
reference signal is formed by the tuning signal d, which

25 1is known on account of the known parameters of the tuning
sighal d. A quotient formed from the measurement signal

and the reference signal then represents the existing
gain factor. The quotient representing the existing gain
factor 1is preferably formed using a microprocessor

30 provided in the gain setting means GA. Since the tuning
signal d provided is, for example, a tuning frequency
formed by a sinusoidal noise. frequency whose frequency is
just at the frequency at which the absolute-value curve

for the gain of the open loop intersects the 0-dB line,

35 the gain change to be carried out in the control loop
must take into account the existing gain factor. For
example, in order to set a gain of 1, the gain in the
control loop is multiplied by the reciprocal value of the



formation, Fig. 5 shows a schematic sketch of an enbodi nent for
measurement signal formation, Fig. 6 shows a block diagram of a
noise signal 30 . generator, Fig.-7 shows a block diagramof a
band-pass filter, Fig. 8 shows a block diagramof a |ow pass filter, Fig.
9 shows an anplitude/time graph of 3 noi se frequency, 35 Fig. 10
shows an anplitude/tine graph of a ‘noise frequency with a
superinposed control difference, Fig. 11 shows _ an,, anplitude/tine gr aph
of a noise frRQHREY WhFERr PR s ilieect €41Fb1BANG-IRSs  faGtoraring
and has a Cosiseenenpbged antadtrid didthtdngncef Filge Laishodsm ahe
ampl itude/time . gragh flop 3o MEUSGJLLIHENSY WHAGH JIRS RepRgulggted to
band- pass 5 filtering and squaring,” an ig. 13 shows an
anpl i t ude/ ti me Sigicgphbeorhange nkp skhe r@ideddy thii EAnkER! Heop stidiceded to
band-pass filtead i trdednguandn @xdeaszof isketer R@inl8f 1 is known,
Ref erence Synbodas.marv%lﬂggdwﬁ?&gogpéané{é’feix%ntth%rom the value 1 may also

be set. This is possible, in particular, by virtue of tfhe

fact that the absolute-value curve for the gain in the

region of the tuning frequency is approximately linear.

10 The final tuning value is determined by a single
measurement and subsequent calculation. No successive
approximation is required, which means that tuning 1s
significantly faster. '

In the embodiment shown in Fig. 1, it has been

15 assumed that the tuning signal d is essentially constant.
Under this requirement, the existing gain factor is
determined using only one measurement signal, since the
tuning signal d can be assumed to be known, and the
tuning signal d is a sinusoidal noise frequency whose

20 frequency is equal to or is approximately the frequency
at which the absolute-value curve for the gain of the
open loop intersects the 0-dB line.

However, it is also possible, as shown in Fig. 2,
for the tuning signal d used as reference signal to be

25 included in the measuring procedure. The controlled
syétem RS shown in Fig. 1 is formed by an actuator ACT
and a detector DET in Fig. 2. The microprocessor provided
in the gain setting means GA determines the instant at
which the tuning signal d is input into the control loop.

30 For this purpose, the tuning signal generator G is
connected to the gain setting means GA. In a control loop
as used, for example, in CD or DVD players in order to
focus the scanning 1light or laser beam on the disc
surface and to follow the information track, the actuator

35 ACT and the detector DET are formed by a pick-up. The
means for tracking or for focusing the light beam are the
actuator with its objective lemns, and the photodiodes
which are used to evaluate the light reflected from the
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1 shows the schematic sketch  for automatically
setting.,a gain in only one nethod step. In a control |oop conprising a
anplifier CT and a controlled system RS, a tuning signal
to input a tuning signal .d into the control |oop, and whil st
the tuning signal d is input, or after it has been input, a gain setting

nmeans GA is used to set the gain automati

1y in only one nethod step.
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advance -or be regarded as being known. Including the
tuning signal d, used as reference signal, in the
measuring procedure - nevertheless enables autbmatic
setting of the‘gain in one method step. The principle of
an embodiment of this type is illustrated in Fig. 3. The
essential aspect of this embodiment is that the gain
setting means GA measures measurement signals upstream
and downstream of the point at which the tuning signal d
is input. The schematic sketch shown in Fig. 3 is already
geared towards a subsequent exemplary embodiment:;
however, the invention is not limited to the measurement
signals being tapped off immediately upstream and
downstream of the point at which the tuning signal d is
input.

A preferred embodiment for measurement signal
formation is illustrated in Fig. 4. As shown in Fig. 4,
the-tuning signal d is input at a point in the controcl
loop which usually corfesponds to the reference variable.
It is also possible to superimpose a reference variable,
which is not shown, on the tuning signal d. In the said
control loops, however, the reference variable is
generally selected to be 0. As shown in the schematic
sketch for measurement signal formation shown in Fig. 4,
the signals for a controlled variable x and a control
difference xd are each supplied to a band-pass filter
BPFl, BPF2. The band-pass filters BPFl, BPF2 are each
connected to a squaring element Q1, Q2 downstream of
which 1is connected a - low-pass filter LPFl, LPF2. The
band-pass filters BPFl, BPF2 are used to filter out the

and



then used to set the gain in the control |oop automatically. In
gener al , @ gain or a gain factor may be specified as the ratio of a
reference signal to a 6 nmeasurenent signal. It is already known practice
to conpare the anplitudes or the phases of the tuning signal and of the
measurenent signal with one another, and tg change the gain in the control

| oop until ‘a specified 5 anplitude or phase ratio is achieved. According to

known net hods, t .gai n.n _the, c o] chgnged: ShaR i S N
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ver e LFqUibre?-h Ja(i)soi(ﬁttﬁi—ﬂﬂlﬁée @atve | fopnltheOnspdtet hoop stiterseaase the
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measur enent signidrm the average of the squared noise frequency. An
output signal Al from the first low-pass filter LPFl and
10 an output signal A2 from the second low-pass filter LPF2
are then supplied to a microprocessor which calculates
amplitude absolute values of the control signal ,and"é'f.
the control difference signal. To this end, the
microprocessor multiplies each of the output signals Al,
15 A2 by itself and then calculates the root function. The
quotient of the amplitudes of controlled variable x and
control difference xd then represents the existing gain
value for the control loop. If the gquotient or the
existing gain for the control loop differs from 1, this
20 means, for the control loop, that the tuning frequency or
the sinusoidal noise frequency is amplified or attenuated
at the present setting according to the existing gain
value. As the tuning frequency selected was a sinusoidal
noise frequency equal to the frequency at which the
25 absolute-value curve for the open loop intersects the 0-
gB line, it is generally desired that tuning be carried
out to a gain value of 1 or to 0 dB. This desired gain is
set automaticélly in that a gain setting means GA is used
to multiply the existing gain of the control loop by the
30 reciprocal value of the quotient of the amplitudes of
controlled variable x and control difference xd. For this
purpose, the control amplifier CT in the control loop
preferably has a multiplier which is set to the
reciprocal value of the value measured as the existing
35 gain. This means that only a single method step is
required for automatically setting the gain in the
control loop. Determining the gain value which is to be
set or the existing gain value from the quotient of the



whil st the tuning signal d is input. In order  to 20 calculate the
existing gain factor, the .- neasurenent signal, which represents a gain
factor whilst the tuning signal d is input into the control |oop which is
not yet tuned, is put into aratio with a reference signal. The reference
signal is fornmed by the tuning signal d, which 25 1is known on account of
t he known paraneters of the tuning signal &% A quotient formed fromthe
nmeasur enent signal and the reference signal then represents the existing
gain factor. Theawypbitedes repfesamntmglite exiatiialdegain f @aodor ¢gntrol
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[oop intersecis the O dBrdjsfy $Reo! et CRABOCaEAVPE pidhEhglePUlehd) L he

control |oop nust take into account the existing gain factor. Eor exanp
in order to set BeEBPR &F 1ikewiseansed nin herdeht BISFSOpaP§°WﬁFf??&}%ﬂ by
the reciprocal vahim ofalues whichudifesd fLriopreaseydinngof tihe Wieki sdn ng

gain factor. existing gain value which differs from 1, the quotient of
the amplitudes of controlled variable x and control
10 difference xd is then multiplied by the desired gain
value in additioxi to multiplication by the reciprocal
value of this quotient. 7
Should the increase in the gain of the control
loop be known, the tuning signal d used may also be a
15 sinusoidal noise frequency which has a frequency other
than the frequency at which the absolute-value curve for
the gain of the open loop intersects the 0-dB line. The
band-pass filters BPFl, BPF2 and, if appropriate, also
the low-pass filters LPFl, LPF2 should then be designed
20 in accordance with this frequency. Using the existing
gain value measured according to the invention, the
frequency at which this gain value was determined and the
increase in the gain, which is assumed to be known, the
frequency at which the gain has the value 1 or intersects
25 the 0-dB line is then determined.
. As can already be seen in the schematic sketch
for measurement signal formation shown in Fig. 4,
corresponding modules are used for forming the output
signals Al, A2. The embodiment of a circuit arrangement
30 for measurement signal formation is therefore provided as
shown in a schematic sketch illustrated in Fig. 5. As
shown in Fig. 5, a controlled variable x, provided by a
detector DET, and a control difference =xd, occurring
upstream of the control amplifier CT, are supplied one
35 after the other to the gain setting means GA which
advantageously has only a band-pass filter, a squaring
element and a low-pass filter. The tuning signal d
produced using the tuning signal generator G is then



Consequently, automatic setting of the gain in the control |oop is achieved
using only one nethod step. Since the change in the gain in the control

| oop which is 5 to be carried out in order to set a gain of -1 is known,
gain values which are different fromthe value 1 may also be set. This is
possible, in particular, by virtue of the ct that the absol ute-val ue
curve for the gain in the region of the tuning frequency is approximately
linear. 10 The, final, ,tuning valu is determned Dby.. singl e
nmeasur enent and g%t &ﬂ“}friogln.l% s‘ﬁU@é‘?s:}g’é’ eﬁgé’ll&%“ﬁﬁt i°§ﬂn the
required, which qrednreliedt wemiagles gigdisfiowasuredastaed. Iwhitlse the
enbodi ment shownj skhge b 'tgxeh%ntﬁ:‘?ﬂ b £ rsueRd xahals tfies dudidNg g onal

d is éssentially constant. Under this requifenent, the eX|st|n$ gai n tactor
i s deternmned uiHYGnI SLBR nEsREF_RRRNt Ssi yhaPrelrRERlY hét AT RL il d
can be assuméd ﬂm\ﬁmwaomleatmblélefnaquerg:ysiagdah doms;misiamﬁdit@alle.noi se
frequency whose 20 fre%ﬁgg% Eﬁoﬁg(‘;?ht Egeﬂgléfya&&"i‘%ﬁrﬁ@{t‘ald’f the i fpyrency

at which the absol ute-va curve he I n of open | oop intersects

the 0-dB |ine. HoWEAdr, daneratarsoGposiie, 1% showAighta g. embodpenthe
tuni ng signal ddsmedizingeheteiggesi Pned winidie a2Firsackedesiter R1 tdied a

Tl N0 aPrOC S multip10@P P! bed SYRREBLER. SPRINELILE fgisde Y M
10 is connected upstream of a second multiplier C2 whose
output is connected to an adder Al which also receiqes

the output signal from the first multiplier Cl. One input
of the single second adder A2 is connected to the output
of the first adder Al, and the output of the second adder

15 A2 is connected to the input of a second register R2. The
second register R2 has a first output connected to a
third multiplier C3, and the second output of the second
register is connected to a third register R3. The output
of the third register R3 is connected to a multiplier C4.

20 whose output is connected to one input of a third adder
A3, whilst the output of the third multiplier C3 is
connected to the other input of the adder A3 via a
squaring element x2. The output of the adder A3 is
connected to one input of the adder A2, and the common

25 connection point of the adder A2 and the second register
R2 is connected to a fifth multiplier whose output
provides a frequency signal F; whose frequency can be
selected by setting the parameters of the multipliers and
has a constant amplitude. :

30 The band-pass filter wused 1is ©preferably a
structure as shown in Fig. 7, in which an input EBPF of
the band-pass filter is connected to a fourth register R4
and- a sixth multiplier C6. The output of the sixth
multiplier C6 is connected to a fourth adder A4, and the

35 other input of the adder A4 is connected to the output of
a seventh multiplier, which is connected to the fourth
register R4. The output of the fourth adder is connected
to one input of a fifth adder AS via an eighth multiplier



and a detector

DET in Fig. 2. The m croprocessor provided in the gain

setting means GA determnes the instant at which the tuning signal dis
i nput into the control loop. 30 For this purpose, the tuning signal

generator G

as used, for exanple,

light or | aser

beam on the disc surface and to follow the i nformati on

is connected to the gain setting neans GA. In a control 1oop
in CD or DVD players 1;mn order to focus the scanning

track, the actuatgr 3. é@gaed& hg, et rhoIE‘idQEtI ggefgﬁﬁmtby ad BuekatP-

The neans for tracki ng or

r focusing the

: . . ! g
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Furthermore, the gof eCtar RERLUEUBL o 88 A1BRCRAPLLAhEE eI EHEO input

manuf act uri ng tolerances

e production of the actuator ACT and

det ect or DET, San@®forthgc£ddkh addeRerS different properties of recording

nmedi a to be scanned,

eam.are the actuator with

t he

it sheul skhrtaseuresl hhatiditalcohw-eapadsoopi pegrmmesers

vary for manufacturing .reasons., This. S t, calthough_ I ters of
the tuning si gnalslll'ﬁ’wé‘r e”kﬂ‘:sd\%, 8n gégﬁggf E?ﬁg 1tfmll:ltrllgl g%rﬁa%ﬁd&géﬁ%g%o%
| onger be det er nifipguheidn by a tenth “multiplier C1 whose output is

10
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30

35

connected to a sixth adder A6. The output of the sixth
adder A6 is fed back to the second input of the adder A6
via a sixth register 'R6 and an eleventh multiplier Cl1,
and the output of the sixth adder forms an output AIPFﬂdf
the low-pass filter via a twelfth multiplier C12. The
characteristics of the band-pass filter and of the low-
pass filter are set using appropriate coefficients. These
coefficients are the corresponding setting values of the
multipliers.

Figures 9 to 13 show appropriate amplitude/time
graphs for illustrating amplitude signal formation.

Fig. 9 shows a sinusoidal noise frequency which
is used as the tuning signal d and is preferably equal to
the frequency at which the absolute-value curve for the
gain of the open loop intersects the 0-dB line. Inputting
the tuning signal d into a control loop leads to a
control difference xd which has, for example, a curve as
shown in Fig. 10.

It can be seen in Fig. 10 that the amplitude and
phase angle of a tuning signal d, as shown in Fig.9, are
influenced in the control loop. This applies both to the
control difference xd and to the controlled variable Xx.
The tuning signal d influenced by the existing gain or
the existing characteristics of the control 1loop is
subjected to band-pass filtering in order to filter out
the frequency of the tuning signal d from the control
signal x or from the control difference xd.

The output of the band-pass filter provides a
signal, as shown in Fig. 11, whose amplitude is levelled
out and which has thé frequency of the tuning signal d.
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The principle
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The low-pass filter for the signal shown in Fig.
12 then produces an amplitude signal which is shown in
Fig. 13 and corresponds to the amplitude of the
controlled variable x and the control difference xd. The
quotient of the thus formed amplitude signals of control
signal and control difference signal then corresponds to
the existing gain of the control 1loop for the input
tuning signal d. As already explained above, a desired
gain value is then set automatically in the control loop
using only one method step.

The invention is not limited to the exemplary
embodiment indicated here, in which the control signal
and the control difference signal were used for measuring
the existing gain of the control loop. When selecting
connection points, which are different from the exemplary
embodiment, for determining an existing gain of the
eontrol loop, appropriate consideration should be given
to their effect on the measured gain factor.

ﬂb%‘@eﬁ%ﬂ@fﬂﬁeﬁ‘%f“xﬁ&élfma@u{se@ﬂ}nasﬂ onRd an&t ion



35 BPFl, BPF2. The band-pass filters [err]BPFl, BPF2 are each
connected to a squaring elenment QL, 2 downstream of which is connected a
| ow- pass filter LPF1l, LPF2. The band-pass filters BPFl, BPF2 are used to
fil.ter out the 9 tuning signal d, which is forned by a sinusoidal noise
frequency and is equal to the frequency at jwhich the absol ute-value curve
for the open loop intersects the 0-dB line, fromthe control signal x and
fromthe control 5 difference xd. Th reng;.elements @ and @ produce
a signal which is independent of %ta%gﬂesdl:g%%x%and t he subsequent

i ntegrators or lowpass filters LPFl, LPF2 formthe average of the squared.
noi se frequency. 1An out pgdtiddn@orAl adtaatikallyr ssetimpass gain ednlPE1
and 10 an output sjgnal fromthe secon OV, fi : en
supplied to a mﬁ?’at)’?%@es%p wHFER9 c &l cg}lﬁg%é ‘é¥1 ;Sat%‘ddehﬁ é% u{%%dleuglg of

the control s$gnghatndiof aree mehmd oftenti famr engeting ggain igomeggpredend,
the microprocessgp; ikt bPkiSngashgRd1 t [ Gl mitiput,gnalga il chbgeARLbyh

itself and then c¢al cul gtes the, root function. E ohiept ;Qf c_t%}%ul‘fed

anpl i tudes of cohfrd R vERTEY ?(u%nﬁnchﬁ?rg Hgfggerlgﬁ e’Xd Then ...

represents the efieti rg ngssured value for- the gain, and the calculated
gain change is used to set the gain automatically.

10
2. Method according to Claim 1, characterized in
that the existing gain is measured whilst a ,tu_ni.n'g
frequency having a constanﬁ amplitude is'input,'the said
tuning frequency being used as a tuning signal (d).

15

3. Method according to Claim 2, characterized in

that the tuning frequency used is’ a sinusoidal noise

frequency which  is equal to a frequency at which the

absolute-value curve for the gain of the open control
20 loop intersects the zero-dB line.

4. Method according to one of Claims 1 to 3,
characterized in that the tuning signal (d) is input into
the control loop by being added to a controlled variable
25 (x) of the control loop.
5. Method according to Claim 1, characterized in
that the existing gain is measured as a quotient of
amplitude values (Al, A2) of a controlled variable :x)
30 and of a control difference (xd).

6. Method according to Claim 5, characterized in
that a dividend of the quotient is formed from an
amplitude value (A2) of the controlled variable (x), and_

35 a divisor of the quotient is formed from an amplitude
value (Al) of the control difference (xd) .

g



value for the control loop. If the quotient or the existing gain for the
control loop differs from1l, this 20 neans, for the control |oop, that the
tuni ng frequency or the sinusoidal noise frequency is anplified or
attenuated at the present setting according to the existing gain value. As
the tuning frequency sel ected was a sinusqigdal noise frequency equal to the
frequency at which the 25 absolute val ue "Curve for the open Ioop
intersects the 0- dB line, eneraII desired_t hat tunlsg arried

out to a gain val ue of ‘ie"d?"dt oaéc BA1Ag; s YHeSPed®Fai aﬁ{‘grra%‘i cally
in that a gain shataogertsss A thatisetet ampllitugdey vlaliaeem(ﬁtll, ndYai of of

the control | 00BoRE:bRFeBOVLEEINOCR VaRHCCBALEDE AUPHLRHCAT (IE are

anplitudes of contro var a e x and contro erenc For this
pur pose, the coﬁ?F@Pdaﬁﬁ?mf?e?1QHa¥rﬁ??m$¥ﬁnﬁ9Qﬂrq1&86 ﬁ?éf@?%%l&xhagn%
mul tiplier whi cRhes comttrbd di€feeenpe oqaa) yalrespettihel w,al wieicteasigrall as

the existing 35,03l Bodhl g MBS (WiAko00l YadsS kRO {1, NQusLengl S1pgaUI T ed
I n %O

for automati cal y sef g the galn in t e“contro Det erm Al ng t

gai n val ue whi cRaps fdlbering amd Pﬁ@aeﬁrﬁ??ﬁgﬁfﬁ£QFt&3Pue fromthe quotlent
of the 10

8. Method according to Claim 1, characterized in
10 that, in order to calculate the gain change which is to
be carried out for automatically setting the gain, a
reciprocal value of the measured gain is used. - —

9. Method according to Claim 1, characterized in

15 that a gain of one or zero dB for the tuning signal (d)
in the control loop is set automatically by multiplying
the gain in the control loop by a reciprocal of the
measured gain.

20 10. Method according to Claim 1, characterized in
that a gain which is different from a gain of one or zero
dB for the tuning signal (d) in the control loop is set
automatically by multiplying the gain in the control loop
by a reciprocal of the measured gain, and multiplying by

25 the gain which is different from one or zero dB.

-

11. Method according to Claim 1,. characterized in
that a first gain is measured whilst a first tuning
signal (d) is input and a second gain is measured whilst
30 a second tuning signal (d) is input, a gain change for
setting a gain for a frequency which is different from
the frequencies of the tuning signals (d) is calculated,
and the calculated gain change is used to set the gain
automatically.
35
12. Arrangement for automatically setting a gain in a

control loop using a tgnihg signal, characterized in that

* c L M S *



anpl i tudes of controlled vari abl e X and control difference xd is
made possi-ble by virtue of the fact that the absol ute-value curve for the
gain inthe region of the tuning frequency is approximately linear. 5
Taking into account the above principle, the nmethod is |ikew se used
in order to set, automatically, gain valuag which differ from a gain of
1. Wth an existing gain value which differs from1, the quotient of the

anplitudes of cont L Labl 8pd (g6 OHgrOl pdustidd es eraRiNg 1S
then nultiplied byglt Eg{‘%’ggu rs\eighégi Jenefatdr | (G} Lo preducy tq: pl i catilo% by

the reciprocal val9Rabfl{dhito bSotPBRE. 1RFR e CRREFRE ¢8R in the gain of
the control |oop-be kiewaitt kerbugemngnsi goal mtassedngayaral epidpeing 1§ain

si nusoi dal noi se,, {?qugﬁy1%ﬁh$@ég?§Pglf(@pqﬁpqx%gkber t han the frequency

at - whi ch the absol ute-val ue cur the gain of the open | oop intersects

the 0-dB |ine> The2 b@F®SEaserf i fater sabpylatip-oaspin  CRARPBprizA™, theso
the | ow pass filheisutdlexidthagsatihd &h@n be designed 20 in accordance
with this frequengy. . Usi the ex|sti (.0 val u according to
the invention, the®f{® ?@ﬁéﬁ%ﬁﬁs ﬁﬁ?é% éﬁ?gg%§5n$éﬁgﬁﬁgn§g§ égggrnined and
the increase in ahe peeviideghi ch is assunmed to be known, the frequency at
whi ch the gain has the value 1 or intersects 25 the 0-dB line is then

determ ned. 10 13. Arrangement according to Claim 12, characterized

in that )

- the tuning . signal generator (G) is a two-terminal

recursive digital filter with stable limits which serves

for producing a tuning signal (d) having a selectable
15 frequency at a constant amplitude.

14. Arrangement according to Claim 12, characterized
in that the circuit arrangement for measuring an existing
gain whilst the tuning signal (d) is input contains

20 - a band-pass filter (BPFl1l, BPF2),
- an absolute-value generator (Q1l, Q2) and
- a low-pass filter (LPF1l, LPF2).

15. Arrangement according to Claim 12, characterized
25 in that the processor for calculating a gain change from
the measured existing gain is a processor for forming the
reciprocal of a quotient of amplitude values (Al, A2) of
a controlled variable (x) and of a control difference
(xd) .
30
16. Arrangement according to Claim 12, characterized
in that the gain setting means (GA) is a multiplier added
to the control loop.

A



As can already be seen in the schematic sketch for neasurenent signa
formati on shown in Fig. 4, corresponding nodules are used for forming the
output signals A, A2. The enbodiment of a circuit arrangenent 30 for
measur enent S|gnal formation is therefore provided as shown in a schematic
sketch illustrated in Fig. 5. As shown in Fig. 5 a controlled variable x,
provi ded by a detector DET, and a control “difference xd, occurring upstream
of the control anplifier CI, are supplied one 35 after the other to
the gain setting neans GA which advantageously has only a band- pass
filter, a squaring el enyEOMATIC SETPINGS OF iGATR INTIRONTRAING.COPEnal d
produced using the tuning signal generator Gis then input into the
control loop whilst the anplitude of the contraolled variable x is
measured and whilst the anplitude of AT Htrol difference xd is

nmeasured. Thg tuni ng sighal igestariainoredGatesptef er mbtlyodiraral @rraaigemest
having @ el ect 0LeLESRMENEN ANL LIRS LA oBIR) 1A iR B 01063 NONS an

exenpl ary enbodi-énf!6 uni enef at or Isis a ita
embodi nent conpri si ng aThej g?j@rect t@fv\/rﬁhm ADVEpEion odiSst EP Filr%djea i r st
mul tiplier Cl ah@tﬁganQﬁaegrraﬁﬁéﬁédéﬂfdﬁﬂau&bﬁhtﬁﬁally setting the gain

in control loops, which are characterized by a rapid yet
10 reliable setting and/or tuning procedure.

According to the invention, in one method step,
amplitude values of controlled variable and control
difference are formed from a signal for the controlled
variable and the control difference, respectively, which

15 signal has been subjected to band-pass filtering,
squaring, low-pass filtering and square-root extraction,
and a quotient of the amplitude values is determined
which represents the existing gain and is used for
calculating a gain change which is to be carried out.

20 using a gain setting means.

A field of application for the invention is
control loops, as used in CD or DVD players for example,
in order to focus the scanning or recording light or
laser beam on the optical recording medium, or to follow

25 the information track.

Fig. 1



10 is connected upstreamof a second mul tiplier C2 whose output is
connected to an adder Al -which also receives the output signal fromthe
first miltiplier CL. One input of the single second adder A2 is connected
to the out put of the first adder Al, and the output of the second adder 15
A2 is connected to the input of a second regi ster R2." The second register
R2 has a first output connected to a third multiplier C3, and the second
out put of the second register is connegtgd to a third register R3. The
output of the third register R3 is connected to a nultiplier C4 20 whose
output is connected to one input of a third adder A3, whilst the output of
the third nultiplier C3 is connected to the other input of the adder A3 via
a squaring elenent x2. The output of the adder A3 is connected to one input
of the adder A2, and the conmmon 25 co t he adder A2 and

t he second reglster R2 is connected o a fifth nufjtiplier whose

out put provides a frequency signal F, ose frequency gan be sel ected by
setting the paraneters of the nmultipliegs and has a comstant anp< tude. 30
The band-pass filter used is prefefably a structfire as showg in Fig.
7, in which an input EBPF of the band-ppss filter is cgnnected t:gra fourth
register R4 and- a sixth nultiplier C6.] The output of §he sixth I tiplier
C6 is connected to a fourth adder A4, anhd the :

CT
RS

—>

GA

xd




35 other input of the adder A4 is connected to the output of a seventh

mul tiplier, which is connected to the fourth register R4. The output of the
fourth adder is connected to one input of a fifth adder A5 via an eighth
mul tiplier 12 C8. The output of the fifth adder A5 forms both an out put
ABPF of the band-pass filter as well as a connection point for a feedback
path formed by a fifth register RS and a ninth nultiplier C9 which is
connected to the input 5 of the fifth Q?ger A5. The structure of a digital

| ow- pass filter is showmn in Fig. 8 An put ETPF of the |ow pass filter is
formed by a tenth multiplier CLO0 whose output is connected to a sixth adder
A6. The output of the sixth 10 adder A6 is fed back-to the second input of
the adder A6 via a sixth register R6 and an eleventh nmultiplier Cl1, and
the output of the sixth adder forms an out put ATPF of the |owpass filter
via a twelfth nmultiplier Cl2. The characteristics of the band-pass filter
and of the low 15 pass filter are set using appropriate coefficients.

These coefficients are the correspondi ng setti ng—vades—of_the ltipliers.
N
— Rl
Q L
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Figures 9 to 13 show appropriate anplitude/tine graphs for illustrating
anplitude signal formation. 20 Fig. 9 shows a sinusoidal noise
frequency which is used as the tuning signal d and is preferably equal to
the frequency at which the absol ute-value curve for the gain of the open

| oop intersects the 0-dB line. Inputting the tuning signal d into a control
|l oop leads to a 25 control difference xd which has, for exanple, a curve
as shown in Fig. 10. It can be seen in Fig. 10 that the anplitude and phase
angl e of a tuning-signal d, as shown i&/%ig.9, are influenced in the
control loop. This applies both to the 30 control difference xd and to the
controlled variable x. The tuning signal dinfluenced by the existing gain
or the existing characteristics of the control |oop is subjected to
band-pass filtering in order to filter out the frequency of the tuning
signal d fromthe control 35 signal x or fromibe.conitol.ifference xd. .
The output of the band-pass filter provide$ a signal, as shpwn in oo 11,
whose anplitude is levelled out and which Ras the frequencyjof the tuning
signal d. 13 @)
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I.f the existing gain value for the control loop differs from1, the phase
of the signal shown in Fig. 11 is shifted with respect to the tuning
signal d. The signal shown in Fig. 11, whose anplitude is already |evelled
5 out, is then squared, so that a signal which is independent of
the sign is provided at the output of the squaring el enent, as shown in.
Fig. 12. On account of having been nmultiplied by itself, this signal has
twice the frequency of the signal shown in Fig. 11. 10 The

| ow pass filter for the signal shown i4¥9%ig. 12 then produces an anplitude
signal which is showm in Fig. 13 and corresponds to the anplitude of the
controlled variable x and the control difference xd. The quotient of the
thus forned anplitude signals of control 15 signal and control difference
signal then corresponds to the existing gain of the control |[oop for the

i nput tuning signal d. As already expl ai ned above, a desired gain value is
then set automatigally in the control 1oop using only one thod step. 20 -
The invention ismot I|imted to the exenplary enbodinment™indicated here,
in which the contgol signal and the control difference sigpal were used for
measuring the exi §ting gain of the control |oop. Wen sel e€tting connecti on
points, which arejdifferent fromthe exenplary 25 enbodingnt, for g
determ ning an xisting gain of the i
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control loop, appropriate consideration should be given to their effect on

the neasured gain factor. 14 Patent Cains 1. Met hod for
automatically setting a gain in a control |oop using a tuning signal,
characterized in 5 that, 1in one nethod step, an existing gain is neasured

whil st a tuning signal (d) is input, a gain change which is to be carried
out in the control loop is calculated froma neasured val ue. for the gain,
and the cal cul ated gain change is used to set the gain automatically. 10 2.
Met hod according to Claim 1, charactSfdzed in that the existing gain
is measured whilst a tuning frequency having a constant anplitude is

i nput, the said tuning frequency being used as a tuning signal (d). 15 3.
Met hod according to Claim 2, characterized in that the tuning frequency
used is a sinusoidal noise frequency-which is equal to a frequency at which
t he absol ute-value curve for the gain of the open control 20 | oop
intersects the zero-dB |line.
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4. Met hod according to one of Cdainms 1 to 3, characterized in
that the tuning signal (d) is input into the control |oop by being added to
a controlled variable 25 (x) of the control loop. 5. Mthod according to
Claim 1, <characterized in that the existing gain is neasured-as a
guotient of anplitude values (A, A2) of a controlled variable x) 30 and
of a control difference (xd). 6. Met hod according to Caim 5,
characterized in that a dividend of t 2 quotient is formed from an
anpl i tude value (A2) of the controlled Vvariable (x),~and 35 a divisor of
the quotient is formed froman anplitude val ue (Alf<3f t he control '

di fference (xd). 15 7. thod according toe one of dains 5
and 6, characterized in th&%ﬂthe anplitude values @@, A2) of controlled
vari able (x) and control differlence (xd) are forne :fronra signal for the

controlled variable (x) and 5 he control differe (xd), respectively,
whi ch signal has been subligctegd Yo band-pass filtering, squaring, |ow pass,
filtering and square-r oot\@xt on. 8. Met hod according to Claim 1,

characterized in

A2




10 that, in order to calculate the gain change which is to be carried out
for autqQmatically setting the gain, a reciprocal value of the neasured
gain is used. 9. Met hod according to Claim 1, characterized in 15
that a gain of one or zero dB for the tuning signal (d) in the control |oop
is set automatically by multiplying the gain in the control |oop by a

reci procal of the nmeasured gain. 20 10. Met hod according to Claim

1, characterized in that a gain which is different froma gain of one or
zero dB.for the tuning signal (d) in thg/gontrol loop is set automatically
by multiplying the gain in the control |loop by a reciprocal of the neasured
gain, and nmultiplying by 25 the g&n which is different fromone or zero
daB. 11. Met hod according tqQq C=gim 1, characterized in that a first
gain is neasured whilst a first tupling signal (d) is input and a second -
gain is neasured whilst 30 a seco; tuning signal (d) is input, a gain
change for setting a gain for a frequency which is different fromthe
frequencies of the tuning signals [d) is calculated, and the cal cul ated
gain change is used to set the gaip automgtH+eaH y. 35 12. Arrangenent

for automatically setting a gain igr_a conijrol og? using a tuning signal
characterized in that / '
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16 - a tuning signal generator (G for producing a tuning signal (d) to be -
input into the control loop, - a circuit arrangenent for measuring an
existing gain whilst the tuning signal (d) is input, 5 - a processor for
cal culating a gain change fromthe nmeasured existing gain, and - a gain
setting neans (GA) for setting the gain are provided. 10 13.

Arrangenent according to Caim1l2, characterized in that - the tuning
signal generator (G is a two-ter @/ al recursive di gital filter with -
stable limts which serves for producing a tuning signal (d) having a
selectable 15 frequency at a constant anplitude. 14. Arrangenent
according to Claim12, charactérjzed in that the circuit arrangenent for
measuring an existing gain whil&f the tuning signal (d) is input contains
20 - a band-pass filter (BPF1}FBPF2), - an absol ute-val ue generator (Qi,
@) and - a lowpass filter (LREL, LPF2). 15. Arrangenment according to
Claim 12, characterized /'\
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25 in that the processor for calculating a gain change fromthe neasured

existing gain is a processor for formng the reciprocal of a quotient of

anplitude values (A, A2) of a controlled variable (x) and of a control

di fference (xd). 30 .16. Arrangenent according to Caim12,

characterized in that the gain setting neans (GA) is a nultiplier added to
|
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