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AUTOVATI C GAIN CONTROL 5 TECHNI CAL FI ELD The i nvention
rel ates tdveQv/dwati c gain control cjrcuits of the typBCOASHNT4INd] uSt
the anplitude of an I nput si gnal tblbroduce an out having a power

| evel within a predeterm ned range. 10 BACKGROUND ART

An automatic gain control, AGC, cir the gain, or
anplification, of a receiver so thaqgé%cyfﬁtféno utput remains at a desired
intensity level irrespective 15 of the magnitude of its input. In
effect, an ACGC pr odupgs AL RivadMaradu 19§ coerist, 2 desirabl e

t hreshol d to obtain an optinmal signal-to-noise ratio that is |ess
dependent on the input signal |evel. AGC circuits are

routi neby us@ECHNIDAL FIBLDdeo 20 and other multinedia applications.
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circuitry, wl I reduce the anount of signal strength variation from
channel to cW&ﬁﬁﬁna%u?redeteﬁﬂ%ﬂﬁQk? Ffore consistent signal strength to
t he 10 receiver's internal circuitry. AGC circuits are also wi del y

used as audi qﬁ? th@f%ﬂ‘:hat require their output 30 power to be
substantiall%ﬁ n g%%n ent "of their input strength. Such audio
anplifiers are used, fd&n @auignatic gainjgpontxehphd@es ahdcudlieyarims ch
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to obtain an optimal signal-to-noise ratio that is less
dependent on the input signal level.
AGC circuits are routinely used in audio, video

20 and other multimedia applications. For example, multi-
channel receivers are typically designed for optimal
performance within an ideal input range, but a channel’s
input strength will likely vary from channel to channel.
An AGC inserted between the multi-channel receiver’s

25 input and its internal circuitry, will reduce the amount
of signal strength variation from channel to channel and
provide a more consistent signal strength to the
receiver’s internal circuitry. AGC circuits are also
widely used as audio amplifiers that require their output

30 power to be substantially independent of their input
strength. Such audio amplifiers are used, for example,
in dictaphones and codecs, which perform better if their
audio amplifier’s output is not greatly affected by the
loudness of the person speaking into their microphone.

35 Thus, AGC circuits adjust the strength of an
incoming signal to assure that it remains within a
preferred operating range and thereby produce a more
consistent output guality. Typically, AGC circuits do
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by reducing the intensity of the highest anplitude segnents of an
i nput si gV 08(Ait#24 ncreasi ng the intensity of the weakePCTaisagmrsi
the input signal. If desired, 5 an AGCsmmy al so be used in expansio

an input by
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measure of Sout’s intensity with the reference threshold
voltage, and adjusts the gain of correction unit 10 as
appropriate to maintain Sout within the intensity level
dictated by the threshold voltage.

Evaluation unit 10 typically consists of a
rectifier 14, an AC-to-DC converter 16, and a comparator
18. Sout is applied to rectifier 14 to remove negative
components and thereby facilitate further processing of
Sout. The output of rectifier 14 is applied to AC-to-DC
converter 16, which also serves as a constant delay
component to establish an "attack time", i.e. a wait
period before altering the gain of correction unit 12.
AC-to-DC converter 16 obtains a measure of the intensity
of Sout by tracking its peak amplitudes, and its "attack
time" slows down the response time of AGC 8 in order to
reduce oscillation. If gain correction unit 12 were to
have an immediate response to changes in Sout, then a
slight spike in Sin might cause AGC 8 to continuously

n
of

increase and decrease the gain of correction unit 12. 1In

addition to the attack time, which is typically set from



-3- one to two mlliseconds, conparator 18 is given a
predeterm ned anount of hysteresis to further reduce oscillation.
Conpar at or é%ubﬁégives t he out put of fromAC 5 t o- DC converter 16 and
al so receiV ref erence t hreshol d vol t age. Conpar af&T/USB4¥4L not
alter the of gain correction unit 123mless the output from AC-to-DC
16 drifts away fromthe reference threshold voltage by an anount
beyond the conparator's hxg&are3|s | evel . A 10 typi.cal ,automatic gain
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vol t age. predetermlné'bl amouhtubf, higsteresishad Furtherideiusws.

For one thing ? §§oﬂot provide rmuch flexibility in est abl i shing
the "attack t?ﬁ%l 3r+98ri ous applications. 15 Additionally, since a
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I n galn moul cause_a nofl ceabl e speaker output.
Thi s reduces %ﬂedgoyﬁagauabpvy &hetﬁéreSh°1doW@R£§g%wsten1 30

't 'ﬁ an ob{c ect of the QhQEe&E.rbﬁ\in)t hevelver, has ohd QQ@[\;&\%&@N does
not ave a I

command and a & delagB?BQS apﬁefoﬁﬁ%gl¥%¥¥é£1ﬁ§;ﬁx¥le£¥§i f%fgietﬂgin
obj ect of theegtabdnshingetheoMalBackt dimedyifibe arari@d kgplcatiensi kel y
to resppgd top§49onally,SRikEe b typidaiPHcStdilks the intensity of
its output signal Sout by monitoring its peak magnitudes,
it is still prone to respond to temporary spikes and dips
in Sout and degrade its overall output quality in spite
“of it “attack time" delay and 1ts comparator’s

20 hysteresis.

Lastly, AGC 8 may actually reduce the quality
of Sout under some circumstances. For example, if Sin
experience a sudden increase, or decrease in amplitude
while Sout is audible at a speaker output, not shown,

25 then the corrective action of AGC 8 would result in
corresponding sudden change in Sout. The sudden change
in gain would likely cause a noticeable "clap" at the
speaker output. This reduces the sound quality of the
overall system.

30 It is an object of the present invention to
provide an AGC that does not have a fixed delay for the
application of both an increase gain command and a
decrease gain command.

It is another object of the present invention

35 to provide an AGC that is less likely to respond to short
spikes in its input signal.



-4- . It is a further object of the present invention

to provid t hat reduces the anmpbunt of noticeable
out put . Q%SH""’AA’ RY OF THE | NVENTI ON The Eﬁﬁb’gg%laﬂ’ébts

are net in an automatic gain controf=circuit, AGC, capable of not
only detecting when a change in its gain is necessary, but also

det erm ni ng an 0 I nal ti uring which to,_change th [
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criteria are a chanpt#@ j(:Ptlts ain necé% %Pg{ pﬁﬁéegtls ﬁ%?:tér‘?ﬁnﬁ{b' nput

signal is Ar ab responsive
"increase gaian QR#MB‘#H temeiet@uamaewheghetgaphanssmﬁdgazm The AGC of

the prggpnt invention WPﬂ'éf&értgftaﬂ@éaSe 1f an Eﬂﬁ%&’%fr%éfﬁﬂﬁéﬁéﬁhs
out put signal fromthe var| fier oyer a pragramabl e anount

of time. ThuPOHTe Were ‘br‘gg‘éﬂtbﬁﬁ'ﬁ% E?geESQéBFFbF“é‘T Y X3t @neous
changes the vaeidpleranpYefiet wouldpyeceigeabn Ahmadﬂdtbixbr

vari abl e arrpIc{%fi’%\ge_{;{%ID he g £SEN tl ng@g&&gn %u')gti_mggtaﬁ% am'*ts gai n

unl ess one of |ona conarti ons rs I ncr ease"
and the "decreametngai nSimilartymbfidthef mﬁﬁapltegemus PEwen gexrg cto

controlded  rige sam\lréréypréaété%ﬁaa Aakemah %qwetytml YdtEapidicr ease
35 gal n" command | [ I1 e under st ood that a

SCU
similar funct3®kif b%%c‘f’?‘ﬁ%‘;oﬁnglgﬁpFPcéﬁF‘ﬁdﬁéte (or dedaygd B2 gain”
command, unl esen$tAet Wattacketime") “decrease gain® command. The

present invention deviates from the prior art in that the
variable amplifier does not receive an "increase" or

20 ‘ndecrease" gain command unless additional criteria are
met.

In the present invention, an input signal is
applied to a variable amplifier responsive to an
"increase gain"” command and to a "decrease gain" command.

25 The AGC of the present invention monitors the average
power of a rectified output signal from the variable
amplifier over a programmable amount of time. Thus, the
present AGC is less susceptible to instantaneous changes
in the power level of an input signal. Also, the

30 variable amplifier of the present invention will not
alter its gain unless one of two additional conditions is
met. Both the "increase" and the "decrease" gain
commands of the present invention are controlled
similarly, and for the sake of brevity only the "increase

35 gain® command is discussed here. It is to be understood
that a similar functional description is applicable to
the "decrease gain" command, unless otherwise noted.



The first condition required for changing the gain of the present
variable anplifier is designed to prevent any noticeable "clap" at its
out put. Fwoo0os77924exanpl e, if the output fromthe AGC were IlpeirAtsosmeiayed to
5 a speaker and the "increase gain" c@umand were actuated when the .
vari able anplifier's output was at a hi gh enough voltage to be audible
at the speaker's output, the "increase gain" command woul d cause an
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vari abl e anp????%?dnﬁ9lFeEBBﬁa FBe AnPRkc sdgnal fo the vardahlfe) gain-

command addr@ﬁpﬁgf‘ibrSdﬁbpbl to wibkhif0a predsteirninentlion ntharg}uﬂe@a
tinmer. redetermne . apses w thout t I nput

si gnal nnwnf;i)nce EﬁlnfBPPﬁeS;gpgigg?gdbﬁaﬁ?%n%%uﬁ1353 rQQf%ﬁﬁ' {hﬁﬁ t he
timer Y% | !pseéethemanedvéom pagpituder dssdrngaiatuality a@imsdoregardl ess
of whether i gﬁéukhalbﬂ éu??hhﬁ&%hbe 3§ﬁfe aﬂaﬂfgrodﬂatéﬁaﬁaaggfnﬁéy

preferred e I ment present; i nvention S up to
0.1 seconds ¥BPught of as Pn 8F3§F§H&P B3 ifp FFaMiiF ko reg@nt red gain

transition The "preferred gain transition region" may be

selected close enough to the reference ground so that an

20 abrupt increase (or decrease) in the gain of the variable
amplifier does not cause a noticeable "clap" at the
speaker output. This first condition, however, poses the
problem of what to do if the input signal stays beyond
the "preferred gain transition region", for an extended

25 period of time and thus does not meet the first criteria
for receiving an increase (or decrease) command.

The second criteria under which the present
variable amplifier may respond to an “increase (or
decrease) gain" command addresses this problem. The

30 present invention includes a timer. If a predetermined
amount of time elapses without the input signal moving
into the "preferred gain transition region", then the
timer will issue the an overriding "increase gain"
command regardless of whether it results in a noticeable

35 "clap". In the presently preferred embodiment, the AGC
of the present invention waits up to 0.1 seconds for the

input signal to move into the "preferred gain transition
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decr ease) . nmand. Structurally, the output of the
vari abl e Vﬂ%db?r% ifier is rectified and applied to an int efFaUSP9197¢he 5
amount of time over which the rectified o®Tput is integrated is
substantially equal to an "attack tine" controlled via a first
register. By_inteqr t SI it resent AGC obtains a
measur e of tﬁ@gl°g' %&%&ﬁgfﬁiiaﬂnQS INCEeRSCofBEt ed "at t ack
10 t|ne".deEheasanegmamﬁrcmMmanﬂmls applied to a conpar at or
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‘i ncregge gaiimedQMatb tﬁmﬁé&é’lﬁfﬁ&ﬂ \ﬁETDié falfplﬁea to af Eb# Pa‘i@t@f tinme
after the co arison of the |nteggqi ut_and the reference power
si gnal . &fieFahly, having (3 3(R¥§;§Eﬁ$bﬁuldTﬁﬁpP9mPﬁ€atGEbrease
gai n" comran]g:omparest ¢1~Iehe:.ntaergxaiﬂdrmmuﬁpmu: wiskcangoderay efierentdd erI t he
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The first an§*$ 2‘ (}dd% ay ffe%@%{%%ﬁ\;oe'é& {3(.)&2%5 % 43 nglg\%g%rc’é% ers,
and the att aplowemwange. Th#ﬁwﬁqwexﬂyeﬁgnﬁmceoSiGBaietanaedeh&pd|rma.

The fipst 'O%Hﬁ%x nﬁmcearﬁfaﬁafﬁfg %aeml%fe valueé' gnahe! Bakph®l lox it when
it may cause ange I n the aa e varlable anmplifier. In other

words, the 3%he qamﬁﬁﬁa?QQHhﬁlﬁP r%ﬁcﬁ ﬁ&??tnb?gbﬁ bP¥ndiiMeed to the
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delay tinmes) unless t en signa tuated. This abl e signa
s not act uatx'éa(?e&ryleessg&l aim&eé& &or decreasef gain command .

. The present AGC also monitors the input signal

20 to its variable amplifier. If the input signal to its
variable amplifier were within the stated "preferred gain
transition region", the first logic box would apply the
“increase gain" command to the variable amplifier a
first delay time after the comparison of the integrator

25 output and the reference power signal. Similarly, the
first logic box would apply the "decrease gain" command
to the variable amplifier a second delay time after the
comparison of the integrator output and the reference
power sighal. The first and second delay times are

30 stored in respective registers, and the attack time is
preferably equal to the second delay time .

The first logic box also receives an enable
signal that tells it when it may cause a change in the
gain of the variable amplifier. In other words, the

35 output from the comparator will not be transmitted to the
variable amplifier (even after the elapse of the first
or second delay times) unless the enable signal is
actuated. This enable signal is not actuated unless the



-7- ' I nput signal to the variable anplifier is within the
"preferred gain transition region" or unless 0.1 seconds have el apsed
si nce thewB'oB@%zkogi c bl ock received the change gai n_conmand fromthe
conpar at of Therefore, the input to the preSERUSIHIbI e
anplifier is also applied to a feedforward system i ncl uding a second
rectifier whose output is coupled to a second conparator. The second

conpar at or miwaresqhhm to thei vaﬁiabmet Bﬁ\pﬁ&&&@&l 1\&1'%:'1@1:@{1% g ifier with
an intensity 10 éerences L i tude of the |ntenS|t‘¥ih
reference signhar elfge h@aah F’FB %88058‘3'%6%1 frdunless 0.l gaegandses the
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| ogic 2 box. The TREBAECFBgi EhBoinRYtUSLCe $hehprasepite wairlle f

the second &@ﬁpﬂfﬁéﬁrxsndwat applbaa tbeal PRl rordada Isystem W thin the
"preferred fuéranm tion. r seconds have_ el apsed

since the f H97 2 rBREPR eregﬁlgéer f’g@séng?ﬁé’“é'a COHRARA f§R3R t he
conpar at or . second comparator TheTheesenbndatonplatatey Id‘dnﬁ:’afrés e cal ly a

mul tiplier |£h8| féséfrﬁ 5 Eébibggﬂnhj]ﬁ¥1er w:.r%mg I‘?Eﬁ'&'fé‘ll'—%cﬁ s{tY | nput

coeffi ci ent rease or ecrea
si gnat® To %%%W‘F%hs%%%l t hEhesmagnitindel efafkple findenissity ef erabl y

digital andréférence sﬁgﬁiilEseahéséhefiahEQt%@d&ﬁ@“ﬁbﬂ«]ﬂn&- _
coefficients ar e ﬁB k g@ s.less then.one. 'If the IfFUt si gnal
is to be at?%?‘lmpeﬁhe? e éﬁ{"e éﬁé’tp trapsitdon region'ly | (Thei ed by
t he appr oprmatputoéfémcthns sétohfleconparalor issagpllidd e Daserendfl i ed,
then the i I l.i.ad n ropri ate
coefficient, nd t he %251§diﬁé the ongdgggfgﬁtﬁg%ggigﬂﬁ%éqﬁﬁﬁﬂtgﬁkﬁal I n
t hi s Hannerthe actyykionpef §h3n§ﬂabéeaﬁmyl§1nm°t ithiel Sinst dqgmitti ve
coef fi ci entposand tie @é@&ﬂ@tlayiél Bbkeac'&ﬁ&&% Bl Eratl 351 dgﬁaPl upe fewer

l_g?' ¢ gat estﬁeh ‘fisnﬁ.agorr;%l 'L IlE;')ézgétor 1nd1cates t1:Ihia)1tI %%et Vﬁpﬂt s:.gr?aulnbfsrs
within the "preferred gain transition region" or if 0.1
seconds have elapsed since the first logic box received

20 the change gain command from the comparator.

The present variable amplifier is basically a

multiplier which multiplies its input signal by a
specific coefficient to either increase or decrease the

, magnitude of the input signal. To accomplish this, the

25 variable amplifier is preferably digital and the
coefficients are selected from a ROM. The coefficients
are preferably always less then one. If the input signal
is to be attenuated, then the input signal is directly
multiplied by the appropriate coefficient. If the input

30 . signal is to be amplified, then the input signal is first
multiplied by an appropriate coefficient, and the result
is added to the original input signal. In this manner,
the input signal is always multiplied by a positive
coefficient, and the present multiplier may be optimized

35 to use fewer logic gates than a multiplier that.
multiplies two signed numbers.



BRI EF ‘DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a block diagram

of a prior art automatic gain control circuit. Fig. 2
is a bl ocWOf043?4m of an automatic gain 5 control circuifCHYSRMd with
present invention. Fig83 is a pictorial illustration of

t he application of an "anplify" command that results in a cl ap

effect at a speaker outg Fig. 4 is a pictorial
i || ust r at i BRIEF PESCREPTIONQF THE BRAWANGS " anplify” command that avoi ds

the clap EffECFlat a iﬁeakb&oeutﬂdhgram of a prior aftg. 5 portrays
an is a represen atl i npl ement ation of the bl ock

|
di agr am of 2¥fFgmasi galn cBntro1 ol g is an internal view of the
transition 15 regFag.detesterbéh@Wndhagﬁqy of an automatic gaimig. 7

portr%ys ag h@&Si”éhr&hﬁw ?E EE%ord wit®V Yrieldritn idntsiyn in Fig. 5.

Fi g. por an 1tnternal view of the gain correction unit shown in

Fig. 5. 20 Fig.r3gisgy H%ﬁﬁﬂr idfasErak i I St ween a

signal’ %&Hﬁh%l BfaRsh MampldWs™ GUnhand that HEENI1IHEDMFOR CARRYI NG
OUT THE |

erence to Fig. 2, the block
structure $3ap egifegﬁ. R&:alfﬂer?kf&&"g:%et['h the present invention is
shown. As was statedFabove isha mmchonm&l/!llustﬁaﬁiqp of thel is

charagteri zed.h v (et 0 qgggg ds € étéﬂh

noni ?gl‘l ng B’Btlr% R |°3'n%fu% t%(#ﬁ,&&l d@ i co%‘(%}sts % of
Fig. 2 is efifestt ati 2edpegkegniopBMt. py an evaluation unit 27 |n a
fﬁedbafk C|rguLt nomﬁﬁgl?gpﬁFtraygshﬂnggna %ﬁ?ﬁﬁ&e?¥§¥ﬁéﬁ]?fbat a{so I
characterized by edf.orwar ponitoring.its Lnput signa
A err]. digital lmpleme'ﬁ?gw% F(i‘eﬂ\%%‘?)f]mo?ﬁﬁf?ﬂeog Nk a%pl ied to
g?![ n : corG‘;ect i OrFieni t6 A3 awlgtgmndwmmﬁn?hezteanamdlea o

att eguat or, in ?ﬁ}: responsive to two contro

Si gnggs 41% gﬁ&o&dce%roé ro (Egll&é}r;}{all ?ii a§gal n- change si gnal

i ndi cating whet her A®G3@r 7 RAHaAYDARNterRyl view gf Bheenuat ed.

Control si gral) ik ich alRdidnowrPin Otig. 5.
-9 Fig. 8 portrays an internal view of the gain
correction unit shown in Fig. 5.
20 Fig. 9 illustrates the relationship between a

signal’s amplitude gain and its power gain.

BEST MODE FOR CARRYING OUT THE INVENTION
With reference to Fig. 2, the block structure
25 of an AGC 13 in accord with the present invention is
shown. As was stated above, the prior art AGC 8 of Fig.
1 is characterized by an evaluation unit 10 in a feedback
system monitoring output signal Sout of AGC 8. By
contrast, the AGC 13 of Fig. 2 is characterized not only
30 by an evaluation unit 27 in a feedback circuit monitoring
its output signal AGC,:, but also characterized by a
feedforward circuit 25 monitoring its input signal AGC;j,.
Input signal AGC;, on line 21 is applied to gain
correction unit 23, which includes an amplifier and
35 attenuator. Gain correction unit 23 is responsive to two
control signals 41 and 43. Control signal 43 is a gain-
change signal indicating whether AGC;, should be amplified
or attenuated. Control signal 41 is a modify control



signal indicating when gain correction unit 23 nmay respond to control
signal 43. Unlike the prior art, gain correction unit 23 does not
respond iwoei7assly to a change on its gai n-change cegmgssiisaut 43,
but rather 5 must wait for nodify_gantrol signal 41 to indicate that

it may respond to an anplify or attenuate command on control signal
43. Havi ng control of when gain correction unit 23

may reSporBhgzshﬁnmdrpd:afyﬁ@twmuagsmleaﬁi-eeﬁlthuﬁatnzslﬁa change si gnal
43, allows for "tff? est ab f %ﬁ U g{é gilred t.ran3|t|on r.egi on.

Pr ef er abl 5SIREPF cof r &0 ]6?1 Elgna nt? - 23URkEke Ghe PraPY tag"tgalgf?‘tﬂwl ess

i nput si grdrretonJunit 23idoesthoth réspopdefimmeddatedysitid @ region. By
having a chan %é’r&ﬁe{@d%%{ﬁﬂéﬁéh E8fEPBY THEAEOh3LNButnIRTHAD! € 15

"clap" effe scussed ove e mnimze veéeral |l out put
qual %y ofMysiE ﬁ@%@ﬁ@?%ﬁﬁv@@trﬂ signal 41 tovwmlpﬁt@réﬂ%to Fig.

3, a graphi@ad\ay respbR@ €6 Cah Aanpi ey bheattbABatel temmand Tipwn. Pl ot 60
are entatlfo_ %gf AGC[err] versus time without a preferred 20
h

tran3| ti orPeR 1gna bresent example, it is assumed t hat
AGC[ err] is applied Hawﬁngpeak‘larolooﬂrwuanegamnandirlrrle&tion urtitne23 Pl ot 60

I's shown HBE§QP@§E rgotgﬂaéﬂpiifﬁ/éétePu?te é&ﬁhhﬁeo@;i I#%fgwrectlon

unit 23 of recelves an conman I ne 43
gai *#Corr e@ﬁl@ﬂ\e 2signaling3, 2831 4pwWsnEerhkhe &S pbléshaents &fsia i on region,

thgn féffapf@.d tﬁﬂﬁéi@i@hﬁrégiaﬁnd bpekbBeabagy! | rg%‘di'reci'tuﬁ] comand
ana cause a sle I pCrease, 1 n e @ € n e
present exHhbF e ?ﬁscBPFeQ#'%ﬁ bggt ggén un&esgn&pggg% Eé%]erzﬁcihn 0.5 dB
st eps. Simew:@ﬂﬂﬂrtl]nnopi-dfehnegetﬁansa.tmbanretglband a By giavamb aadi bl e
magni t ude, e C | LU I |n an

audi bl e br%}%zfelsygg Qranslp.bﬂ £88?§ tl(‘)‘agﬂa%> E‘Et %gle\g%g‘g%grl%%u put Thi s

br ead& "clap” c¢é§ecteeme@§ssﬁé abeve| magubgumigdaizegd emd\ddierr] .

Wth referopegair Euepué qaamt§2ofsA@c353 maye%eiﬁﬂixa;véw of AG(err]
versus tinme with an & red transit nreglon 63. In this

exanpl e, AGJ err] Wi hlgegﬁﬁ?ﬂcﬁsgﬂngagto Spe2a AP} a speaker to
produce arrepresentiatibba d6dnthePlolap? effebtwist shoanp uPlsstd eé®wbs d

-130- a representation of AGC,. versus time without a preferred

20 transition region. 1In the present example, it is assumed
that AGC,. is applied to a speaker to produce an audible
tone. Plot 60 is shown to ramp upward toward line 61.
At line 61, gain correction unit 23 of Fig. 2 receives an
"amplify gain" command on line 43. If gain correction

25 unit 23 did not have a preferred transition region, then
it would immediately respond to the "“amplify gain"
command and cause a step increase in the amplitude of
AGCye. In the present example, gain correction unit 23
increases AGC,: in 0.5 dB steps. Since AGC,,: would change

30 when it had a high and audible magnitude, the sudden
increase in amplitude would result in an audible break,
or "clap, in the tone at the speaker output. This break,
or clap, reduces the overall output gquality of AGCg,.

With reference to Fig. 4, plot 62 is a

35 representation of AGC,,; versus time with an enforced
preferred transition region 63. 1In this example, AGCyu
is again assumed to be applied to a speaker to produce an
audible tone. Plot 62 is shown to ramp upward toward



line.61. Again, line 61 indicates when gain correction unit 23 of Fig.

2 receives I,fy gain" conmand on line 43. Since t
exanpl e hasqg S@e g#red transition reglon 63, however, hﬁcﬁygéi#&4‘
i nput 41 5 will send a "don't nDdlfy"“ mmand to gain correction

unit 23 forcing a wait phase until input signal AGCferr] is within the
preferred transiti ang . A ut, line 65. At |iLne 65,
nodi fy cont rg#] %f Qggﬂn, g‘l sgc as(raf caﬁ'eesaﬂhe‘fh sqzﬂﬁl C?Brﬁﬁ ?’i°“
correction umn1t232100f Pégwi 2t regeiveso arreé‘pacmihtﬁy tgmint ncommandgenn”
command '%ge 431388 ERE" p23% AEClstianp Mﬁaérégﬁféférﬁeé dB st ep.

Transition reglon preferably sel ected abouf groun iven a
range such tH%Ia%ﬁlﬁb?UpFeQ&PH ERanfoveyeio m°d1erﬁRREF?1anPBEaG e at

the speaker opfiputseinacva6hl'er modi¥y?6 comn@ind t®Wainassibeetiegani t ude
when t he |ncrease t 5 dB

increase in gﬁp???égggdgeyﬂﬁﬁ éﬂggﬁ 9?%%J#éﬁﬁ§g$b9$§ﬁzxgﬁund€, or

clap, at the'BbéhknrthatpuefEﬁmgdemmms1tmnqnneggnm|ayd AGC out AGC err]
o thereby I npLoufige #ine 65, At 11rEPleH Nifladfy Ront2o1 CORPLS 4l NS 43
SI gha 1

and 41 are s ener at e cont’r 0 generato
responsi ve toSe&0ds AGCF KrF°am@qmﬁ& ersignaky & #ain copreckinr unit 2@hen

A errigis V‘f[)éfinﬂt{:h!ﬁgp ief e eddpcHisidd thé egiﬁh'ea?éi:[ gaih-- commaha
applied to a ransltlgn reqi Qqn det ect

nsi t
det ector 25 aPRoitBEefdedn ﬂﬂﬁﬁﬁQﬁ?;$G out bW ékﬁ%% n&? SkfPch
I ndi cat es t herbansdtipnotegieon 63 1snpﬁe£emnblyamelecbedragbut ghouadand

bel ow ground. ans Q L eal ctio s a
conpar at or de?er ﬁvZﬁ 3 &Eﬁﬁéqéﬁﬂﬁ)ls Wi ébfﬁgbqgégga%¥3§8%032 lF"?)’?_:@th
preferred trame@ibdy ﬂ9§#§ﬁah%ﬁjqﬁeﬁh§;SR%@KﬁﬁpgﬁtPUt- SANERNAGS4r WAI ch
i's coupjgd t0a8Na0RbWoNahatidiWle magnOMEdd iwle OBhEOknePeakt GYhuiRi-step

override control 50_i,S .no then the outp fromtransition
regi on detectdf EBPlled'a%a}H&?eﬁ%ﬂ(iﬂF ¢n,0 t% g%nPPSFegﬁ nd"
generator 31.amplitude does ndﬁﬁnesuﬂttimmanoaeﬂibﬁe tonErchaigeprenents a

Che appl i cat | ShUB! AGLry BEmrpar oS 20 g oygrayiTBRSERE BN

the applicati©o I np 0 gain cofrection-u
23. Ba3|callypf|AGChe is thereby improved. -11-
20 Returning to Fig. 2, control lines 43 and 41

are shown generated by a control signal generator 31
responsive to both AGC;, and AGC,,:. In order to determine
when AGC;, is within the preferred transition region, AGC;,
is applied to a transition region detector 25.

25 Transition region detector 25 also receives a transition
region select signal, which indicates the boundary of the
preferred transition region above and below ground.
Transition region detector 25 basically functions as a
comparator determining when AGC;, is within the boundaries

30 of the preferred transition region, and places its output
on line 34, which is coupled to an optional timer
override control 50. If timer override control 50 is not
used, then the output from transition region detector 25
may be applied directly to control signal generator 31.

35 _ Optional timer override control 50 prevents a
condition that may apply an excessive delay, or
completely prevent, the application of modify control
input 41 to gain correction unit 23. Basically, if the



nmodi fy: control input 41 nust always wait for line 34 to I ndi cate that
A(Iierr] is within the preferred transition region, then a situation
may arise when AGC[err] renains outside the preferred transition .
regi on for"an¥8"24 ynreasonably 1ong extent of time. This RGHEHIVIbNt
gain correction unit 23 fromrespondi nell® a gai n-change command on
control line 43 in a tinely manner. Therefore, tinmer override control
50 resets an internal cl ocki ng neans, of preferably 0.1 to 0.2
seconds, emﬁw congxod inRNtiA} oRUSH 21WaYEnWadsl Sprgdddentidr t8 send a

new 1xﬂ¥ir&[‘Eé‘tth&E AGeRr emithsamadpeefbmﬁ&ﬁ&mml
si gnal generat or | n the‘$resentlxa9refe enbodi nent, del ay

gener at or Z‘E??Fa&“anﬂb?ﬁ SR arsuhl EBQPOAFFHEF%’H de control
50 and to wartside lthe psefertedctreansibti8ih regiiodi €atreamhen its |ine 38
has ag n nd Tlner
overrlde con g%ééﬁgﬁfzfi?g.IQEEéﬁeEgk EQHEB ThlﬁtgPH%F aﬁﬁﬁﬁ means
every tinedgain mrrmm e‘snlt 23 fnem A@EPend]Lan‘bm ﬁhmmlmmﬂarred

transition &g %bn 28ontréhenihé n@349n' adtiﬁbﬁg Rdhez NewW _
i ncrenent/ decr enent onmmand | aced onto line 38. Thus, if

n
he TR TGF froaHLGF (PVRETi46r COVEEPLABOGRERSS 56 AmRarmAk
bef ore AGC[cﬁ'tdc}}lc.ﬁm emeahdp @fepnefeﬂabillgnel.m 6o 0eQi @ecdnda) everyti mer
overrjde c n ener 31
act ua{'tdj %lgc%n%)l&\%éL ner@ﬁ%E E? 3{.‘8 dgllggwbﬁﬁgrﬁ 8\% r}% %eg%} I‘ ec I on unit
23 to respdhmcanemﬁ'fgr "decranqn'at'tgnmaaedcgmﬁn@ec@r& el gonkral3. |n

ot her Wordss.l?nal gbh8Bato¥esil deIﬁoﬁhéobrEQeBlt@&e%r%f'ér‘Féd on the |ength

of the or ce wa hase shown in g fore 30 dopl i cation
of a gain GC%% 2y generator 28 "hds e of the
present i n ¢cﬁu1917écu0ﬂo tmerbegeﬁmaa tbatrypi sal amnlter dammml i ng out put
. rre n Lnist t o, eval,yat i,an In the
bref it ed SR kSRS EPEaf L of8 PRt o5te BuBh0 i B Hhe Y 1S 40mpare

t he anpl|tudawoin¢t£Pent]OMAdhcaemenplGommand-reference S|gnal Rat her, the
present invention co &5 de"Ba5ELB1060t
PEREE overrideNBBRELB106 ?x%e%' : hresh {e}@é%‘ect

AGC[ err] over a redefined time period w

si gnal . its internal clocking means every timejdine 34 ingigates

eval uati on that RGC; ATE[ @ithins thier prefedirdd atanition region or
20 when line 40 indicates that a new increment/decrement

command is being placed onto line 38. Thus, if the
clocking means within timer override control 50 times out
before AGC;, enters the preferred transition region, then
timer override control 50 will enable control signal

25 generator 31 to actuate modify control line 41. This
will allow gain correction unit 23 to respond an amplify
and attenuate command control line 43. In other words,
timer override control 50 places a limit on the length of
the forced wait phase, shown in Fig. 4, before

30 application of a gain change in AGCg,.

The feedback part of the present in invention
begins in the typical manner by coupling output AGC,,, of
gain correction unit 23 to evaluation unit 27. In the
preferred embodiment, evaluation unit 27 does not

35 directly compare the amplitude of AGC,, with a simple
reference signal. Rather, the present invention compares
a measure of the signal strength of AGC,,: over a
predefined time period with a threshold select signal.



then applied to an integrator for a predeterm ned tine period. The
result of the integrator is a neasure of the signal strength of
A err], P84 strength neasure is 5 compared with tRETYRO2A%4E d
signal. By conparing the recti f+e2s integral sumof AGCerr] to a
ref erence t hreshol d, instead of conparing the instantaneous
anplitude of AGC[err], the present invention nonitors AGC[err]'

. [} » S
si gnal env@idhdmyaiRatian (nte 27 ¢ SAFFeut THF SEHEF R Fectafied: padyr esent
i n\éent ion ?@@ﬁxiww?im il@tegratoi:'n_fbﬁnéape_ed&tléhﬁﬂg@a iﬁr’]i,dmf err]
and respond only. to actu changes.in. the_si.gnal _strengt
ACC err]. R(?&'i"t‘%/ddnal ; raesul_tt%% g’? sgﬁFe?ﬁégﬁFi o Bameish O[fﬁett%ehape of
t he signal signal eshrsingteh faf AGGutal anddthppl stuenghb, measmree ifsul |y 15
expl aizned : { Bi QB ., ugl Nal gl rt, the
att acl‘lf- %“ﬁ,%rfefd i"'.uei_-fh dte %yﬂtlf?re ﬂ}aéorgga%’ yé't rgkls %%t a%lg.{d g{r?é- .
anpl i fy or rectdfiied sintrgral oswmvafudblfen tRia yefesence gain

correcti on yiyidshord,/ Sinted® N6t a8bmpaRiRg" £hé0 instAvdawiduy) unit 27
applies its output e If“tih adds t he

36 10 del eperator, 28, wh
appr opr i at @RRLEPde, ‘?# rﬁ&éﬁ“ Fhe %‘F%&’égt IBYERFLPP BoPd tes S AGS ad S
Del ay genersbigna emelopesamd nopl the débgapl itselfi.gnathismMpeatmiles er ni nes
t he unt .qf aLed 205 s Ve com ng from
eval ég)i on?glrﬁ &ﬁlﬁ%e ore I%ll'é‘lqilt'géi gv?%g%%g%g q’t inc/dec si.gnal 38.
Sinmilarly, ingtantaneoug ehanges 2B AFSatr andi Yesrandaendiyudice agtual

si gnal , chanji< Ninletes ns [@8a i hetpBRYRh of delcay.pl agad tabrly,
"attenuat e" conmand conjn om eval uaf Id?.{tlp(urt]: t 27 before 30 it s
; e

fr
transmitt eFi® BERSSRL 7YFRELILE. cappe spape of tfe §iomaltsent
i nventi on dagselupe fore spechaliped” appadkations,t iade'mdry tudkly anplify and

atte te c r, the present invention can individually
g'%a feeg&eini¥lq§ed I%'ld?d‘g(fllay times

assi gn dif el ¢ to "anplify" and "attenuate" conmands,
as 35 requi red forAddshrengilyappnildke ¢he prior art, the aikack

adj ust abl e (dglysiid. c@EPAPaEiNe BeEBrkhene trardittan Qs audl uation unit
27 to respond (o the INLegial e oignii?Mon S2ilit Ofn ASHET L] o 1S
the presenta®mAeh i dh 9 233t to
nmodi fy the gdignadorrectbee whitn2eppikt dogndonstdrmAd Rathef, the signal
itseg% [%/éggiﬁgéfght&ﬁigeﬁéyaBSEEQQSits output 36 to a delay
generator 28, which adds the appropriate delay to line 36
before transmitting it to line 38.
Delay éenerator 28 receives an amplify delay
signal, which determines the amount of delay placed on an
25 "amplify" command coming from evaluation unit 27 before
it is transmitted to inc/dec signal 38. Similarly, delay
generator 28 also receives an attenuate delay signal,
which determines the amount of delay placed on an
"attenuate" command coming from evaluation unit 27 before
30 it is transmitted to inc/dec signal 38. Thus, the AGC 13
of the present invention does not have a constant "attack
time" for both amplify and attenuate commands. Rather,
the present invention can individually assign different
delay times to "amplify" and "attenuate" commands, as
35 required for a specific application.
These adjuétable delays in combination with the
ability of evaluation unit 27 to respond to the integral
signal strength of AGC,:, permits the present invention



added to "anplify" and "attenuate" commands, the present AGC 13 can

nodi fy the signal envel ope and adapt itself 5 "on the fly" to specific
types of wupsthiaez4 For exanpl e, an audi o signal sanpl edpéﬁmgﬁ,ﬁ-,J{Hz has
a different bandwi dt h than a v0|ce signal sanpl ed at

over, if the AGC input signal cones froma m cr ophone, |ts envelope
wll be different than an i nput signal that 10 cones froma radio

Anot her ex@%%ih T@?léthshﬁnégceﬁ3el%pQ5%Q iy 1nput‘¥1 | &y Wher e
its input err].is Qné ta frequent shor n0|se

spi kes, tHeE %ys%SPaEe§55ﬁ3fng adjusting éﬁﬁe 4? Rﬁﬁﬁﬁéﬂ coul d be
made | ongesadsantoheanplifydeban Pattenuatday idonmar@sp ﬂ@entf

. d.spik h ld fi
vt BEE AL qan moRtES, RACE: BhaID Ry e End vﬂe”*ﬁ“ off 0 TS
fl uct®at i ohoanth@GELENr Fowsbecidtigr fypesk ofo imputs . enﬁnrtekaple, by
| tsel f, orauhghiss eagg[a&' §§m§ﬁ@ﬁe§%m4§ AT 1 Yils 2 qisFOA0PE I n the

signal intensity_of err| t hus needs e attenuated.
Li ne 40 |ﬁE?BﬁVé@tRhEHaHePaY°@€ﬁeF&B@P 2eqm£;ed at § ‘KHgni tMe¥ea signa

fromline gfet hEnene8ate Imtput signaQNidoilesS it LHanErdtiord, and tl mer
override co trol as a ew i nc/dec. cQo

Contron e PR SnuBloBR watdi BE SATearante EhaAM SIL AR X190 L COBRE do

contt®@l 50cemesr Eromvesrhdies 40 and 38 from del ay generator 28. An

i nc/ dec conmand fro%b@.ﬁe% e'x%mgs e I’Yllot'l{c}%qgér rf?%d% i @seéng the

nodi fy conmand |ine 41 is se | ne cates tﬁat gai n
correcti on2ingpplicatipn WE$§£1%§S|¥ﬂ?%ﬁmﬁﬁcmrﬂ%fP%@Pe FPnﬁrSZ“FHﬁatlons

?ﬁ t ?Buﬁna¥ib§tl-ﬂ.ﬁ%dt 011?1@6 @pm?alugﬁetrwgpdprf&l rclaspondmg di g tal
e Sstruc re_or,ri e realj ze 0 ana angy or Igl a
reu o Eppafysatlanfated 2omihd Zetad' mihae 1ongfR o8 fh8k et %h
prefrsred degayafor an "mmmhmﬁmﬂaunmmanﬂ.tlﬁhuﬁ;tmﬁLm@CwaErg t2. The

anal og exg&c&%!rlb% & 2 E’ﬁ% (b%&) e t&&@' PO :?\lfi%ﬂ £OLE0 QL

-14- I'S consi mnthl e scope 0 ose verse
the art. and see if thigy tsli’%k@f dfe fue tfd’ = th‘KtﬂebY%@eﬁglﬁe 33, 35

and 37 hol gitiBeukefioncana IArmw,n; &vipl VP thors habktt8nabrRal Bhptitudle AGC

1 Thr I r hol t he
3. esgo dtgg %Ct e é% hé)éﬁike represents an actual
20 change in the signal 1nten51ty of AGC;, and thus needs to

be attenuated.

Line 40 indicates when delay generator 28 has
transmitted a signal from line 36 to line 38 to let
control signal generator 31 and timer override control 50

25 know that line 38 has a new inc/dec command. Control
signal generator 31 receives line 52 from timer override
control 50 and receives lines 40 and 38 from delay
generator 28. An inc/dec command from line 38 is
transferred to line 43, and the modify command line 41 is

30 asserted when line 52 indicates that gain correction unit
23 may alter its gain. 1In effect, line 52 functions as
an enable input to control signal generator 31.

The structure of Fig. 2 may be realized in both
analog and/or digital circuitry. In the remaining

35 figures, however, applicants present a preferred digital
implementation of the structure of Fig. 2. The analog

circuit construct of the structural block diagram of Fig.



reference threshold input to evaluation unit 27. Eval uati on unit 27

eval uat es I fied average val ue of AGCut, and CORREY o the
syt RSyl o

pr ogr ammabl e eshol d stored in threshold sel ect regi ste

result of 10 the conparison places afﬁﬁln signal, logic 0/1, on line
36 indicating whether the gain of correction unit 23 shoul d be
decreased Qr .incre r 28 tr ers
t he data o;ﬁ) F‘an %%rede%%sggé Wi%lﬁﬁ S SPRE ghgrs%a r?éiaqf‘s
Att enuat e Hbeapritagi ster 33 hol ds the anount of del ay that del ay
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eval uati on un|t Simlarly, a dela regi ster 35 Holds t he
amount of and 37dé!°&§1 he ’?Feq%ﬁﬁ'g%ﬁe%'gﬁ‘b?52§°sﬁﬁ Leug,fepctdonalo
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configure iElvaé.Matmn tureL Y I%/T evaluatessphe rectifiped averalge atalumie 21
whi l'e cont Ui, L ﬁay A s 1% w'ihé'ﬂfég'ﬁmﬂgﬁlét th?—’éshféﬁ node

21. nerator 28 geperates the

t he "attenﬁ&ﬁ?eQXﬂQnFn§Qﬁ§P M selechbiragirkes, Adr tﬂhg-result qf ef er abl y,
anpl hby deleme rdw;ﬁxeirso%’é plsa@ee .blzyaiﬁgssgﬂal logiand/iil,s cipntiid s have a

fixed correspaq dence Lo Q our ss| bl e times as
fol | ows: EL r}ﬁ/tc}t% a‘ilhe ga:m of cﬂﬁﬁﬁ ?‘—%P‘éﬁﬂ%
Regi st er (smaund be decreasedrnrllnpSedBed respectively.0 Delay

188 35 generatoré?s transfers the data on linegg% to line 38 2

Similarly, aftegheaParted ApL8rtinets 40  preferably also a 2-bit
regi gger and its contéemdts® delay register 33 holds the amount of

R nuare A8 SRR ESION IR BT
"attenuate" command coming from evaluation unit 27.
Similarly, amplify delay register 35 holds the amount of
delay that delay generator 28 should apply to an

20 "amplify" command coming from evaluation unit 27. These
two programmable delays are used to control the envelope
of the signal instead of signal itself. Registers 33 and
35 thus permit AGC 13 to configure itself "on the fly" to
specific input signals at node 21 while continuing to

25 correct for gain fluctuations at its input node 21.

Delay generator 28 generates the "amplify" and-
the "attenuate® delay times by mean of an internal timer.
Preferably, amplify delay register 35 is a 2-bit register
and its contents have a fixed correspondence to one of

30 four possible amplify delay times as follows:
Amplify Delay Amplify Delay Time
Register (2-Bit) ms / 0.5 dB
0 100
35 1 200
2 400
3 800

Similarly, attenuate delay register 33 is
40 preferably also a 2-bit register and its contents also



At t enuat e Del ay Attenuate Delay Tine 5 Regi ster (2-Bit)
ne / 0.5 dB 0 2
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16 10 Transition regiqn select register 37 ﬁgl 33 one

of a nunber of predeterm ned transitiomT egi on boundary | evel s, as
expl ained nore fully below. The sel ected boundary level is applied to

transiti O%aQ@I Y%%t&{e ]:Eorre%%onmgg 'EgnPg{lgsabES%ig AGGi n and

pl aces theé res Ul arison on | Fi g.
5 al so sh@b&&mlatrﬁ dlelay timesfagnfollows: enbodi nent of tinmer override
control 50. Preferably, timer override control 50 has a nmaster clock

of 10.368 20 avddmadtk irelsed t 0 MepehadteabblhPeTin@e requirenents by
the gystem Bl cegHdrdrs @@enilﬁp force gah® goolscipon unit 23 to
update its gain |levad even if iInput signal 2 AGC[err] is not within the
preferred transitiortregi on set by trangition region select register
37. 25 Atinmer 39 is used to ins@re that the gain

setting of gain corr®ction unit 23 will changé even when there is no
zerd0crossing of digital input signal AGerr]. Timer 39 is

preferably fixed to @rén§ﬁ@mel8re¢iom £818ct regikbet B7MRACRAL @he G err]

has not entered the preferr sitioQn,region, 9 will issue
an overri & & JH st ?g?ﬁﬁr%&eéBQFBnﬁéﬁéPHeFeﬂéEPeg%}‘ ¥ "non- zero
crossing levelss) gzrmléxpalmh.mmiiaﬂueretﬁughynberws Then sedectlednge when

1 gnal ACHGday L0l 44 NEoPt L8 £80LLARSL b B dlicectar,  when

timer f1nmes o 'S Wthin the
prefidrr ed Zt&,awmmkorpompar% et ovith| a€€pd apd Placsist |‘~'€h¢ m@rt %l ect

regi ster Yhe compari$énlé@npihéonsregion detector 25 will preferably place
a |l ogic hi.gh on éﬁ atfes 30 and 32. The first OR_gate 30 w il reset

timer 39, and tiner wi ¥ 1 2189eFhovesap &ﬁFFF“&é vieph oL, @§ut from OR 30
goes | ow. embdienntoORehnée SPerride control 50. Preferably,

s aor HBGETAHRA0, SOREES) HERAE0R, halEel”chOciONY Ao e
20 MHz and is used to generate all the time requirements by
the system. Block 50 is used to force gain correction
unit 23 to update its gain level even if input signal
AGC;, is not within the preferred transition region set by
transition region select register 37.

25 A timer 39 is used to insure that the gain
setting of gain correction unit 23 will change even when
there is no zero crossing of digital input signal AGC;,.
Timer 39 is preferably fixed to 0.1 seconds. If within
this time period AGC;, has not entered the preferred

30 transition region, timer 39 will issue an override signal
causing AGC 13 to consider AGC;j, as a "non-zero crossing
signal” and update its gain. Thus, gain can change when
signal AGC;, is within the preferred transition region or
when timer 39 times out 0.1 seconds.

35 If AGC;, is within the preferred transition
region selected by transition region select register 37,
then transition region detector 25 will preferably place
a logic high on OR gates 30 and 32. The first OR gate 30
will reset timer 39, and timer 39 will remain reset until

40 the output from OR 30 goes low. The second OR gate 32



del ay generator 28 and to update control lines 43 and 41, as
necessary. If AGJerr] is outside the preferred 5 transition region,
then transit Wh0¥B82on detector 25 will place a |ogic | oWPEE/USK/tIELS
30 and 32. Placing a | ogic | ow on ORigate 30 transfers control of
timer 39 to del ay generator 28. Simlarly, placing a logic | ow on OR
gate 32 transfers control of control signal generator 31 10 to timer 39.
Del ay gener attraggmptsces enhbdec siigpalpensd ine 52 to |¢ortrol wadgpadr a
new gain i ”Stégﬁl&ﬁﬂﬂok%&' f,e%ﬂu%lh@m-szt to rés%oxmlwlea@'ﬂhpeegsegege' ine

40 while line | ogi c I"ow, causes tiner 39 reset an gin

its 0.1 15 d@ééﬁnﬁepﬁﬁﬁtSEtzﬁePP@Ht°I9P44§ﬁNCQE$??%|%H%%S|?§ and 41,

second tinme og Aeteesawylhowi A@G,,ﬁris} enteidagthéepreferrpaef erred .
transition region agd resett.i ng ' send a

39 . 39, wil
| ogi ¢ hiYh t o“ERPGALACB2 PP L ‘el ﬁﬁﬁﬂﬁiﬁi?%uF%gﬁéﬁggéF§ﬁ§$%téscontro
si gnal generaWhllZﬁlace33,LMQu§1huannsDRxgﬂte$ 30 gamdl Y2nerBRlacidy o
respond e ﬁéslah&ﬂﬁ%t oF edeyoah&&r@féf&rc&%@&gv ttsﬁ gla&esg to

control and as necessa ) erence
Fig. 6 an i ntdehay geagratox 28. %mlmm tRERRIRI Ny 1@3}%1&&9&% 25

i's shown. | npgfat3532 tyratidFlerdGddiitdol SofidneEol Os Bdnabsgbrbgatarual
circuit_53, whi ¢ ffectlvely rectifies signal AGJerr] and transfers
t he 10 | oshPt KAMER: 2Pagni tude to a conparator 55. Transition

region sel ect reglster Delsyl eeremtowi2éh plabkes af logic hpghdeudisa red

transition regign Q%ug,qﬂ%%‘)fe%vq $ei) q% | hSlrue fnf(O# \?g?aglgaegl?{)'ﬂ,%

51. Bel ow i §7an exa erre oun stored
51 and their 38. Acdlqgé@pmfh@q@ﬁ arrlinge40 whi § line 34 has a
-17- Thbg3 ohSwRe Has 2L Gy 0fo toTPé§§EO$Hd|\'b8g1n Geaf fol.QJ ent

Sel ect f%ngteecogbg%&%e %ﬁé pqq#&%mﬂ(ég)ggper 35 glﬁlsheg l%S 0.1 1

Scal e
-40 sedddd time out period without AGC;, entering the

preferred transition region and resetting timer 39, then
timer 39 will send a logic high to OR gate 32. This
transmits an enable signal to control signal generator

20 31, which permits control signal generator 31 to respond
to the inputs from delay generator 28 and to update
control line 43 and 41, as necessary.

With reference to Fig. 6 an internal view of a

preferred transiting region detector 25 is shown. Input

25 signal AGC;, is applied to an absolute value circuit 53,
which effectively rectifies signal AGC;, and transfers the
resultantant magnitude to a comparator 55. Transition
region select register 37 selects one of a number of
predetermined transition region boundary levels stored in

30 a voltage threshold ROM 51. Below is an example of
preferred boundary levels stored in ROM 51 and their
corresponding register label.

35



1 ' 2 -34 655 2

5 -26 1638 3 10

-20 3277 4 30 -10

9830 10 WO00/7734 50 -6 PCTAI§3B19741

6 70 -3 -17- 22938 7

100 -0 32767 15 The above table al so includes
a list of exanple coefficients stored in ROM 51 for achieving the
desired Thre e3@nt IRAYSPRY ®F_r egi onThrAsheld S’aPrpI e Corfificiéndnt s

are based ﬁg g Rt | LAt TAti nput VBNt lat nodeltored arrives
in 16 bit S 'and therefore varies from 20 32768 t 0 3%?7& Thus,
the sa&ple coeffacients cbrrespond to an-4put with a 03g® 32767 (15
bi t unsi gried) |evel of reXolution. The s ?cted t hresho | eve
fromROM 51 is tJansferred to cpgiparator 55, conp 2% It with

the magni tude ofg AGCJerr] and tsmnsfers the 25-10 result ontosBime 34.

In Fil@ 7, an iriernal view of preferred -6 eval uati on udp38L7 is
shown. Unlike tHe traditional ;go eval uation~ginit shown in g 81, which
nonitor the magni tude of an output signal Sout, the pres rﬁly 30
preferred evaluation unit shown in Fig. 7 nonitors the aver age power

of itl5 out filie salgpreé YaXleralsonihchedes svdist of exappdeet ermined period.
Output S| ONRe i flhts! étapab' £ Rom 51! 2oBnagRiBlilG HldiGeRird t 75,

whi ch functions as full-wave rectif Absaql yt e val ue
circuit 75EE?fer¥?%n§F§?§1Fh@nnﬁﬁﬁ#?ﬂde EpeﬁECFéPPPetGQQ[ﬁ%Q%ﬁQQﬁable

i ntegrator aife basedi ﬁhegnatassumpﬁmogwlathbe dnnampml lsignal _atadjd% ed. By
I ntegratin errl_over fole] 1.on, t t he
bresant v hATERvVeR 11038 BRETKPEER e thererdk IR wull |10
IeveQOIWWﬁfﬁZRﬁq toht32®67. pTbysantthbl eampilegcaeifdiciiemds s set equal to

the "@EA g&' a §£§g€dw%flhhnoa e'&%%@) qals2pitegi st er 33
such at the atte ate is also use the integration
time. The c}mmne@bnieneégeﬁt sesodution. The selected threshold

- 18- level from ROM 51 is transferred to comparator 55, which

compares it with the magnitude of AGC;, and transfers the
25 result onto line 34.

In Fig. 7, an internal view of a preferred
evaluation unit 27 is shown. Unlike the traditional
evaluation unit shown in Fig. 1, which monitor the
magnitude of an output signal Sout, the presently

30 preferred evaluation unit shown in Fig. 7 monitors the
average power of its output signal AGC,,, on line 22 over
a predetermined period. Output sighal AGC,,. is applied
to an absolute value circuit 75, which functions as a
digital full-wave rectifier. Absolute value circuit 75

35 transfers the-magnitude of AGC,,, to a parameterable
integrator 79 whose integration time may be dynamically
adjusted. By integrating AGC,,, over a programmable
integration time, the present evaluation unit 27 monitors
a measure of AGC,,.’s power level. Preferably, the

40 programmable integration time is set equal to the
"attenuate" delay stored within attenuate delay register
33 such at the attenuate delay time is also used to set
the integration time. The output from integrator 79 is



applied to a conparator 73 preferably having a 1 dB hysteresis to
avoid oscillation. Threshol d sel ect register 29 sel ects one
of 4a WRUGE?240f predet ermined power levels stored in a BFHHET/19741
power ROM 71. Preferably, threshold sei&et register 29 is a four bit
regi ster and sel ects one of the ROM power t hreshol d val ues as

fol | ows: Threshol d Threshol d Threshaol d Coef fi ci ent
regi ster (2Pplied f@ea comparaggryéd3 preferably: haydngaid 4B (4 bits)

(dBnD) hysterés to avoia &Skeiahabavsr

ROM (71 0 db < -03.14 d 22827

1 (71) -1 dbnmo 'Phresbgh?lﬁeggg% register Jz_% sel.}l.ecl%:s fne of a _,
dbro nunlierd ofiBpredetetiifidd power levelds stored -ih dbrsignal
-06. 14 dB - B

14 403% power ]@&071. P;gfgganély, thres_héé.f&?%%&gct regljz%f.l‘lzg

6 i@ dbrfour bit regbstgrgsnd selecis] op@ of the ROM power -7
dbno thrdsHd1dBralues 48188110ws: 8 -8 dbno

-11.14 dB 09088 g -9 db -12,14 dB
0009 st Tupplgy  Tiedel gp  coppfisiet

11 10  -(hindiap (deho}4 dB Ja854 25 sibRal Power - 12
dbno -15. 14 dB 05734 13 - 1RodbiDL )

-16.14 dB 05110 14 -14 d -17.14 dB
04556 P15 % B gbm :gi;g. %OdB §§§3559 30

1
VWheras) dBnp is zZefined as-anribmai ti al -3. L4s5dR abf set 1s813bel ow t he

digital full scale, and eachdd®diti onal - +0fBHpaB cor¥sd§Ponds to an
addition -1 dB o@ecrease in_ -to-one :g;'l ggationshii@.g0 5

The sel ected thrgshol d poweg el from si_ggéh dB power 4 71 is

appl i2®d to hysteresis conpal atted 73, ~-lohicdBconpar estalB6éwi t h t he
average power sured by "g dbmoj nt egr at or-1¥914 t he aveg%g power | evel
of AGCJerr] fall be[ TR power tAA8sHbER sel ect §EoRg ROM 71, then
40 hyst er esi sixconpar at or1V @3nmésues an axplif wsconmand dea3a del ay
generZzi or 28. Onl2 he ot her-hardmoi f t he powerld dB | evel0SGB4ACC err] rises
above the power }hreshold sH d g 1, then eresis
conparator 73 isges an  _1s gdkbenuate c Byl gg0 del ay ggRegrator 28. 45
Wth reference to Fig. 8, the internal structure of a preferred gain

corred@ion unit 23 in . accord with present inventjon is_shown. Control
lines 41 Whergu@ dEme, if, 98%91"8% &%} ekt o3 ghd LB abbFeEd to an

below the digital full scale, and each additional -1 dBmo
corresponds to an addition -1 dB decrease in a one-to-one
relationship.

35 The selected threshold power level from signal
power ROM 71 is applied to hysteresis comparator 73,
which'compares it with the average power measured by
integrator 79. If the average power level of AGC,, falls
below the power threshoid selected by ROM 71, then

40 hysteresis comparator 73 issues an amplify command to
delay generator 28. On the other hand, if the power
level of AGC,, rises above the power threshold selected
by ROM 71, then hysteresis comparator 73 issues an
attenuate command to delay generator 28.

45 With reference to Fig. 8, the internal
structure of a preferred gain correction unit 23 in
accord with present invention is shown. Control lines 41
and 43 from control signal generator 31 are applied to an



-19- up/ down counter 91 within gain correction unit 23.

Preferably, up/down counter 91 scans through twenty-five coefficients
stored in a swebdreent ROM 93. A sel ected coefficient fpethuseonon -

coefficient ROM93 is nultiplied with 5 Jdnput signal AGCerr] by means

of a multiplier 95. In ord‘er to decrease the nunber of

| ogi ¢ gates, multiplier 95 is preferably a signed by unsigned

mul tiplier Inﬁwa@w@f countldry 931 eriach iR/ c?a:nt |éﬁrréé‘tlon unthgs vords,

mul tiplier 95 ca mul ti unsi nbers and can therefore
not sgpport nd k’ﬁ'@ obm' '€ ‘ﬂﬁ" (lngelr %Cc?!b% througl tyvesk¥afdvend

anplify an i npoefflcleneqsgrsa:lomﬁ{:[m rd cdefficient (ROMNY3it Ankglected

positive al ue

| ess than uni tyg%@#?nﬁqtet%o% 3% hég.quﬁr%oaqd:’éﬁ oL wggﬁg& r§F¥‘| ine 98
coupl ed $o a éBputoEigRad: AGC:a by meaf#ﬁll‘?fp@eﬁt'éltgpllﬁr PBput AGC[err] is
toI ?e iattenugt9 ed, a In |di@le<‘r |tﬁy\/de]§cﬂéal9£§[-‘@cij:m 1@%95 %9'0}3' 18g98 Paﬁéhng

mul ti pl exer c e ou of multiplier 0 a | pper

101. | nput AGEP é%rlqt %ﬁz‘ ‘?‘%t}éyz’é“S:LgES@fflm ent from
ROM 93 and thmulle;s.@llueurs :mmteatcb dfhea fully omignédAﬁiﬂ:Leiplmra nmht i pl exer
99 and cli ppe r d c high
is placed on bthet vJofrdsdl Wulﬁ%é?‘gﬁss?n%éln ‘?‘ti%‘g‘gré#ié%; 8“%68§? the

out put ¥P addBumbeIiSo agid Heey therefoxgmnicGiupprt snegathvesnumbewst.i pl i ed

by a coeffici gat oyl ¢o H@rauar@ d WeEMAL ang amgi)fgg%tt' &n gtadded to
adder 97 befo I ng set to the

oot A or hobaa’ el ik{de duystriefincke wad wish posirive

To acconpl i shcbl&tﬁf,lcnepuﬁs A& lerodef Sicipmtedeith B0 ROMbOBhhawkt apkagneds
and to a firs p f 9 t oAt o] l,t.. pl.ier .95 is
sent to a fi rg'telsg L&a?l P?ﬂ%%{ Eoeﬁ%*%&%rn@g %%dhégéng]nt%dé gé(?Bﬁ& i nput
of addeil597 controfthélrn@s@& qqtmﬂ%thcteq Hcontephl ivputoofl second i nput of

nul tiplexer 9gyu1thplexsd tgop! exar ﬁﬁ)t{@%ﬁd es; §0t8 BQeagﬁenua%gdeméat ed
AGC err] value frrom.nmul tiplier 95 and A err] val ue

from adder opici oMt is plac qﬂqqntrol lt%engab%aﬂﬁ%ﬁﬁuated t hen
mul ti pl exer 9&uuma@ﬂbam& 9% to coupls ptHe fowputll 6 phaBtifdike oki B &g

circuit 101. cﬁlpper 101. Input AGC;, is multiplied by the appropriate
20 coefficient from ROM 93 and the result is sent to the
output AGC,, via multiplexer 99 and clipper 101. If
input AGC;, is to amplified, a logic high is placed on
control line 98 causing multiplexer 99 to couple the
output of adder 97 to clipper 101. Input AGC, is again
25 multiplied by a coefficient smaller than one from ROM 93.
' The result is added to the original value of A.GCln by
adder 97 before being sent to the output AGC
multiplexer 99 and clipper 101.
To accomplish this, input AGC, is applied to
30 both multiplier 95 and to a first input of adder 97. The
output from multiplier 95 is sent to a first input of a
multiplexer 99 and sent to a second input of adder 97.
The result from adder 97 is applied to a second input of
multiplexer 99. Thus, multiplexer 99 receives both the
35 attenuated AGC;, value from multiplier 95 and the
amplified AGC;, value from adder 97. If input signal AGC,,
is to be attenuated, then multiplexer 99 transfers the
output from multiplier 95 to clipping circuit 101. If

out a



- 20- I nput signal AGCerr] is to be anplified, then nultiplexer 99

transfers ut fromadder 97 to clipping circuit é%%hl | hpi ng
circuit 1d%eﬁ}03%%es AGC[ err], and clips _the out put fron1nu?tﬁ%%@xer
99 to digital full scale if an 5 ovélPow i s detected.

In the presently preferred enbodi nent, gain correction unit 23 can

ncreasts I JECEIRREE NEELP I, o, afifci el SR ALCORGIANeTS0Y

power gal n "range 6}
AGC err] neyrafsferbethedousputo fzem qdder97 tp d?llgﬁ’mg velpeudt -6 dB
and "PY10° bREpEIAGTcRuaY A1 (rBudds QAL NAlankR i ¢

dB. however ,” does not

ct yal anplltu e of, A
need to be PWEPBLsEYORY IRdtdPARXSY J 9 1 %ﬂ(%g*m# Lk scalg| £ angjnce the
pover g evelovrérdilbRcliky derepaed.onal to the square of the anplitude
of i nput signal ACC e d d ed as
20*| og( AGC err]/ AGO eﬁp} che presentéjj%eréfapér)%\fél%ﬁ?%%h%h?f aﬁg%"gt es into
an eqU|vaIeobrrectloAGBpemrPﬁmganﬂﬂqcnﬁnﬁ¢sLﬁnﬁrdﬁ¢tﬁaaﬁ§|thfPOWEUne hal f
to two. 20 Ok E%aR’p! r es a7 -
bit full -scg?lg rl{‘ )6a%prrad% %%%ggﬁﬁiyntyo@%%%%ﬁgb?gt%eﬁég e bel ow
shows exenprangece&s fibcidBnt TRUFos e RWeH level @beinpREcABCRORAS for

achi eypng apebeBaueelbdd @GR quarter WS oift@ulxaml eayaéuatof-sadsl fain@nal

Addi {1 onal may e’ inexegeRit e Y8 Four rines it Sklginal ypppg 4 v O

ROM (93)  dB. Line 98 30 -6 dB 64

32 -5.5 dB Ehe actual Jﬁbﬂ tu%f of AGC;,, ho@ever, does n&idB

0 neeqd &@ be increased Ly more than twice 1tooggglnal -3.5 dB
86 35 value. élnce the powess Iével is d1rect1y9§ro ortional to 0
ngS dB the squarq)of the ampllgp%pdgg input s1gna}0 Egm,and

2210 sintedBhe power level ild4defined as 20*1ogQAGC,,./AGCy ), & 5

+6 dB powé} ratio range translates into an equivalent
AGC,,./AGC;, amplitude ratio ranging from one-half to two.
20 For example, the presently preferred embodiment uses a 7
bit full-scale with a maximum coefficient of 127. The
table below shows exemplary coefficient values stored in
coefficient ROM 93 for achieving a -6dB to +6dB gain
range. The logic value of additional control line 98 is

25 also shown.
Gain Coefficient Additional
to Apply stored in Control
ROM (93) Line 98
30 -6 dB 64 0
-5.5 dB 68 0
-5 dB 72 0
-4.5 dB 76 0
-4 dB 81 0
35 -3.5 dB 86 0
-3 dB 91 0
-2.5 dB 96 0
-2 dB 102 0
-1.5 dB 108 0
40 -1 dB 114 0
-0.5 121 0
0 dB 127 0
+0.5 dB 8 1
+1 dB 16 1



0 dB 127 0 +0.5 dB 8

1 +1 dB 16 1

-21- w0 00/779241. 5 dB 24 1 pcTUsY99r4t2 dB-
33 1 +2.5 dB, . 43 1
+3 dB 53 ﬁ 5 +3.5 dB 64
1 +4 dB 75 1 +4.5 dB
87 +1.51aB +5 2B 1001 1
+5.5 dB +2 dd 13 33 110 +6 dB

127 +2.51dB For exa#&®le, if the desiredlgain is -2.5dB,

then the real +3 dBRpresentation of5S3an appropriate coefflicient is 10([err]
15 Sr 0.749. +JMwatdBs, an input sbgnal at |line 21 shodld be '

mul tiplied by 0.#4Bo achi eve a -2.55dB gain. Since thel preferred
digital full scaté-dfdBoefficient RCWI’93 is 127 (i.&, 7-bit

resol ution), t he*3 4B spondi ng coeff ent stored |ﬁ ROM 93 is 0. 749 +
127, or 96. Sinitar g&ato 20 achi a +1.5 dB gain, &n input signal at
node ¥ should * be multiplied byio[err] , or 1.188% This
corresponds to a value of 0.1885 x 127, or 24, stored in coefficient
ROM 93. I nput signal AGCerr] is nultiplied by 24 and t he result iIs

added to tRomrexampleyalfictbe desived]gain im 28.5dB,nghenattheoreall

shoul d not f@pﬁéé@x’i‘t@éf@n%faﬁm h EgFrlate cbe%ficlii}ﬁﬁ:l %.éJal'(il”"e’G‘O’f”liZt?he”

I nput si gnal err] |
Fi g. ¥5show%rtéi% 435 tFBaEanrtBBe}ngPtlﬁ?@ﬁé&t?t ine 21;5hpuld 'be
ACC[ err]/ AGREEipliedi b OLpapone- hehliewvesavakus, dB0gaiml. 5Sﬁicé)O&h§ Ato
vari 65 ??o&f‘%%ﬁéaﬁaf?tgfrg%?%i”hﬁ RERRe: PEogoonnie S BB d e Ph7
four tines (ise., 7-bitl yesodudionf,pthet cBraespomdd na ldaefficientiB power
range. 35 %Eer%d in Roﬁn9§rg§r0t94§'¢pgbﬁy bpe %'rcﬁﬂﬂiiéfly, to
mﬂtlégler achlevgegeii 5 gain an 1n%u%oglgh%heat node 21 should
[ 4
be multiplied by 1032 _ or 1.1885. This corresponds
to a value of 0.1885 x 127, or 24, stored in coefficient
ROM 93. Input signal AGC;, is multiplied by 24 and the
result is added to the original value of AGC;,. If an
25 input at node 21 should not be attenuated or amplified,
i.e., have a gain of 1, then input signal AGC;, is
multiplied by the ROM full scale of 127.
Fig. 9 shows that as the amplitude, or intensity,
ratio, "I", of AGC_,./AGC;, varies from one-half its value,
30 0.5, at point A to twice its value, 2.0, at point B, its
equivalent power ration "P" varies from one-quarter its
normalized value, 0.25, at point C to four times its
value, 4.0, at point D and thus achieves a *6 dB power
range.
35 In order to simplify the circuitry of
multiplier 95, however, ROM 93 only holds coefficients
with values smaller than 1.0. Therefore, ROM 93 can
store the correct coefficient value for achieving an
intensity ratio "I" smaller then one, but does not store
40 the correct coefficient value for intensity ratios
greater than one. As explained above, ROM 93 stores
truncated coefficients for intensity ratios greater then



with values smaller than 1.0. Therefore, ROM 93 can store the correct

coefficie Vn%'{#{ﬁfor achi eving an intensity ratio "I" smaller then
one, but d store 40 the correct coefficient val ue POFUSAVINT4S ty
ratios greater than one. As expl ak@ed above, ROM 93 stores

truncated coefficients for intensity ratios greater then

-22- one. Coefficients reaterﬁ&’a n one are fjrst reduced by

a val ue of Y- be?%?%fb‘é?'ﬁﬁt& Eﬁtﬁﬁ' Ny Pnegiaps first peducedsb¥ece ves

A err], cpefdluéecof sakubefgreabedinighatored imROM 93 be s£feastructed by

a0di 9, the JLE 47 pecaives pehCCl Udedfeibine NEUEL L oabthorth o0 (he
exanpl e, one ¢anabei eegoaszmstpm gdding\®jervijoheecvdalue bf

mul tigiedp y c 9 I n be
obt ai Iﬁiu’ed by mﬂ"t F% 5?:8%%%"%}?% \ﬁ rﬁlfrl\%:;t:lgg Eggﬁﬁ%‘&@gnt%ro 1vea ue of

0.259 and &fePredt kb §UP§ PPt?Héeérlbg’ mltipliex; 9% ofopcerampile,| n
ot her wor dsto ladhfé&El arn]ds i:o%@c[gamﬂ, NnGC;, neddg580CkEEemulltilplildd S

h d yal d i
ROM 03 and BHidar c99t gcgg“ﬁd&é‘lﬂ&cﬁ& A-335 1 h%g Fimties ’Fe§‘é§§nlﬁgﬂs Forr],

as det er m nebtédinéd by multiplydimngOAGC;, by a truncated coefficient

- 23- L AldE utomatic
0.259 di f‘ﬁ
gai n ](':%ntroY Cl rcﬁlft c%rrpr’amd gdding th t to the ?rf.g %GC[ err] for

ng.
recei ving av@lWpuPL5AGCgj gdd other words, 1. 25%G6u¢ put1 10R&EE:ACE err] for
produci ng ag.2y¥9REE,.. 1In Qﬂtﬁ@ﬁ'case, the truncated value of 0.259,

or 127 x 0.259 = 33, is stored in ROM 93 and adder 97
adds AGC;, to the product of 33 and AGC;,, as determined by
15 multiplier 95.



a gain correction uni
and sel ectively adjus

|ve sai d I nput | ead AGC err]
HH[‘M@HI anplify or attenuate sai d | nput

si gnal andwploageszthe '« ¢ utput signal on said ¢y dl,

A err]; and a tranS|t59n region detector couple

receive said input lead AGCerr], Said transition region detector
produci ng a control output, said control out put being 15 coupled to said
gain correction unit, said transitioncilajms r€gion detector being effective
for placing a disable signal on said control output in response to
sai d i nput si gnal having a nmagnitude greater than a predeterm ned

val ue, sai dLdi sakheautgmatibegagnetbatirolecivouiteeonprigidy: said gain
correction unit from agj g n. The automatic gain
control of claim1l mh%ﬁeynbgg &558 gEbffgﬁﬁ15?%%#%&ﬂ%ﬂ??kﬂ%ﬁﬂ r inciudes a
transi% i on skndh; sel ect input effective for selectlng said

predeternmined 25  vghUButput lead3AGC.lNfoRUbLBRuULS nGRiah %%g\m of claim
2 wherein sajd . predetgrn1ned val ueIls sePected P%gn1a t e of val ues

stored in &¥ER180 4.  The automatic gain control of claim?2
further having a gaghouosebetuoheghsitelt:put;il@dce:tﬁ adceidfe SSd I r egi on

sel ect 1 egi gty DPLOG SBUP! Gl SHebeIVAY dd LRl SAY gasy £b NS TLoN

regi on dete 5.
The &ft onntamplifyl epnatbenyatel said2 inputeisignaild and placndilie on r egl on

detector furddeitane! sdeput é‘i&hhﬁ%ﬂgsald ou%g o' 23] Gt | ead

the output fromsaid rectifying ynit being coupled to &’ I nput of
as conparator, safd EBHﬁ&F&PS‘r rﬁ&\}Pﬁgd& dqqﬂm}te%&aﬂwelve to

recei ved sasatigr bﬂpﬁtr readdaceljje sailde tranyiitfdroegion sdétesvdPar at or
PtelsngangD'ﬁdo&&cfﬁaest EUREYoT"BBEBuR Qaia cohtirdaC Uit Frdipyt to alter
15 coupled to said gain correction unit, said transition
region detector being effective for placing a disable
signal on said control output in response to said input
signal having a magnitude greater than a predetermined
value, said disable signal being effective for preventing

20 said gain correction unit from adjusting its gain.

2. The automatic gain control of claim 1 wherein said
transition region detector includes a transition region

select input effective for selecting said predetermined
25 value.

3. The automatic gain control of claim 2 wherein said
predetermined value is selected from a table of values
stored in a ROM.

30
4. The automatic gain control of claim 2 further having
a region select register, the contents of said region
select register being couple to said select input of said
transition region detector.

35



10 - The aut ﬁmmﬂ of claim1l1 further i ncluding a
tiner for @&&2& muﬂmﬂm ned time- out perio sai d t| mer
bei ng ef WO or *overr4 difngs  * said transition regi ot ‘EE{P 41and
enabling said gain correction ungé-to adjust its gain. 15 7.

The automatic gain control claim®6 mherein sai d timer has a tinme-out

period of |ess than B. ;He mgtic gain control _of claim

1 further5nmanP%0aut°%$te9aFﬁéPl GANEEPL P 4%%%“(% Bedn #A PRt power

of | S:&rahsfswﬁanég?mpdétecgoal fartheird iNIudted d &Gébtﬁﬂyﬂng .

eval uation % ar ut power wit
(e BELLGIRLT EEILY Enbat SRUE W30 Wb Alln sada

a referen&g’ eve I 'ssSu | NCr ease nd in
response trectdfybegpenipoweeing coubéﬁﬂgtMOWEﬁnﬂﬂﬁ1xnputrqteaence power

| evelg and ééﬁ‘r‘éf‘&t@r salddééﬁ\ﬁal?Stgi" aa%m@%d e&aﬁm&mteoésmaom put
power bel n ref erence power |evel;

a del ay gerRrEg% 1Y%8pﬁﬂ§ vErFaegﬁFﬂléﬁﬂ Yadi the °Qﬁﬁ?taﬁﬂ°@ffect|ve
for rel ay|m@ad:ah\pafamsehemdg?»eoupléebma&mﬁimm&msbie said gain

correctlon un| t?°§§?9t$ Bng 499eL2 %rs‘% ing further effective for
Pa

addi ng a y to Pase gai n command and
adding a second vari able delay to said decrease galn command before

rel ag ng t@e”1tfhéaéétgﬁhﬁléoﬁﬁﬁﬁtb%%ﬁ?él of“Hf im 1 further

- 25- he automati C gain caontrqgl of ¢ 8 erern said
evaluatumiQﬁ#?d}ﬂ%Iﬁdﬁémﬁﬁ fﬁFe&F&ﬁ&l3591QQH§x£¥ﬁ4¢EFrmlne§adePESuItant

out put si gngt, péﬁiddpukéﬂﬂ *&me&l bledinieg effecﬂlniéagﬂﬁ esivéoriaingri od
substanti al | ac,to _sa he automatic

gai n cont r%?y%féﬁ?ﬂﬂhtéoﬂhgﬁgllﬁn gegecq',or %é% eé?ﬁ%l’dﬁ\e‘le’a:f%vg? 1Ps sel ect ed
froma tabteroéctibuennit tosadfiusti its BEAMIN.10

15
7. The automatic gain control claim 6 wherein said.
timer has a time-out period of less than 2 ms.

8. The automatic gain control of claim 1 further having

20 an'evaluation unit for monitoring the output power of .
said resultant output signal on said AGC,, lead, said
evaluation unit being effective for comparing said output
power with a reference power level and issuing an
increase gain command in response to said output power

25 being lower than said reference power level and issuing a
decrease gain command in response to said output power
being higher than said reference power level; and

a delay generator responsive to said evaluation

unit and effective for relaying said increase and

30 decrease gain commands to said gain correction unit, said
delay generators being further effective for adding a
first variable delay to said increase gain command and
adding a second variable delay to said decrease gain
command before relaying them to said gain correction

35 unit.



11. The automatic g aim 10 further i ncluding a
register for storin ,said reference power within said’
ROM 15 woJDB/77921he*aut o control of claim8 wher RQT/ESOU9741

eval uation unit further incl udes a reciadyi ng neans for obtai ning the-
absol ute val ue of said resultant output signal, said absolute val ue
being applied to a an I ntegrator effective for integrating said

absol ute vgl.ue Ahe autmatiy agelreroomecopeot odlaim 8 whei:&inTbaJ.dutomat ic

tral : d d
Jegister afyeaya R i OIdaSE ¢h 1peesfabap c0F MebGALINE |0 %
sel ecting salldl msummt@wmosmabd Sald °“tP!!ﬁ= Siliﬁéa&ubém c gain

control of aﬁtéwef@frh f'lod subétéﬁﬁlé(ﬁl#_agLﬁlﬂﬁi’aiﬁo' gaf@f equal to
sai d secon& vart abl he automatic gain control

of cl & m 15amaR%ide second var| able delay is greater than said
first variable delay 35 The autonatic gain control of

claim8 wh re|n aid Lr d_ya e.d r ect ed
froma or G o4 a8 %ﬁé%?%t ot gerATnn g AR B3¢
- 26- refkrerﬁre pewenalevelals eelneqcbedofretnaantablwh@rfeMalde
table is stq dy%drhﬁigxaé mSai d automatic gain control further having a
first registe or storing the address of said first delay within said
ROM &®d having a second 5 regi ster for storing the address of said

second del ayy. Thevdltomseid ¢&&bh control of claim 10 further
including a register for storing the address of said
reference power within said ROM.

15 12. The automatic gain control of claim 8 wherein said
evaluation unit further includes a rectifying means for
obtaining the absolute value of said resultant output
signal, said absolute value being applied to a an
integrator effective for integrating said absolute value

20 for a predetermined period.

13. The automatic gain control of claim 12 wherein said
second delay is stored in a register and said register is
further coupled to said integrator for selecting said

25 predetermined period.

14. The automatic gain control of claim 8 wherein said
first variable delay is not equal to said second variable

delay.

30
15. The automatic gain control of claim 14 wherein said
second variable delay is greater than said first variable
delay.

35 16. The automatic gain control of claim 8 wherein said

first and second variable delays are selected from a

predetermined table of discrete delay magnitudes.



18. tThe automati c gﬂ”m mﬁHﬁ” Ia: m 1 V\,herel n 3al ddd gain correction
onid m S{V&“?’@ ”ge ! v o |ﬁpu1(:ar Pé:éré”%&f@rlr] and

said mul i ng eoupl ed ceive sald

a coefficient value, said nultiplier =26= further having an internediate
out put and bei ng effect Ive for rruI tipl yi ng said input |ead AG err]
by said coefficient and aC|n g ,on_said internedi ate
output; 17- The au “on Y % S 9L sGhAiRg L8uFBST ARy SAXA her

recei vi ngtadleé unspu;tdzeaml makm}l, asdldl automatnm ggisacéntrol

I nt er medi ut + Pel e aid
ACC err] %lg"ﬁ?%sﬁo }ﬁ‘ﬁﬁ?%ont efif o?éggfg%%e St&%’ing the % @gﬁ}%pl aci ng
t he resulbemamﬂcfxxﬁﬁnﬁgﬂ@Mt@ythln said RQE anﬁehauuogaﬁl@qggndcanrol
of ckai m 18RS NeSRl georing eﬂsf fhakest ual gslassbe-saat A a4ty and

sald gain correction unit further 1 ncludes a multiplexer “receiving 25
sai d i nt eMiddih éﬁﬂp‘ﬁﬁ' and said summ ng output, said mul ti pl exer
being effective for coupli ng sai d sunm ng out put to sai d AGC[ err] in

response an j.ncre n d _eff, c for. cQ ng said

I nt er medi é‘t% he ot p‘Eﬁ'g€1 © %aﬁnA%IgEP? %ﬁ Fg ereld‘ecsra?'ie gain 30
command. gain coﬁxacﬂimmammbhaLSCdgqnha&onndonnGﬂUQha @ ¢t lhimYier
inchﬁdingd%d%)géaéféng said coefficient val ues.

said multiplier being coupled to receive said
input lead AGC;, and a coefficient value, said multiplier
further having an intermediate output and being effective
for multiplying said input lead AGC;, by said coefficient
15 and placing the result on said intermediate output;
said adder having a summing output and further -
receiving said input lead AGC;, and also receiving said
intermediate output, said adder being effective for
summing said AGC;, with said the contents of intermediate
20 output and placing the result on said summing output.

19. The automatic gain control of claim 18 wherein said
coefficient value is less then unity and said gain
correction unit further includes a multiplexer receiving

25 said intermediate output and said summing output, said
multiplexer being effective for coupling said summing
output to said AGC,,: in response to an increase gain
command and effective for coupling said intermediate
output to said AGC,;: in response to a decrease gain

30 command. '

20. The automatic gain control of claim 18 further
including a ROM storing said coefficient wvalues.



